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PLC Concepts

This chapter introduces basic and advanced concepts of ladder logic, which is the mostly
adopted programming language of PLC. Users familiar with the PLC concepts can move to
the next chapter for further programming concepts. However, for users not familiar with the
operating principles of PLC, please refer to this chapter to get a full understanding of PLC

concepts.
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1.1 PLC Scan Method

PLC utilizes a standard scan method when evaluating user program.

Scanning process:

Scan input status

Read the physical input status and store the data in internal

memory.
Evaluate the user program with data stored in internal memory.

Evaluate user program Program scanning starts from up to down and left to right until
reaching the end of the program.

Refresh the outputs Write the evaluated data to the physical outputs

Input signal 55yt x Input signal:

|

Input terminal

v Storeto memory

| Input signal memory |

Program l Read X0 status from memory

X0 Write YO state into

e

Read YO state from memory|

YO <«
D

Write MO state into

Alowa 921naq

Output v

Output Output latched memory

Y

Output terminal

!

Output Y

Scan time

PLC reads the ON/OFF status of each input and
stores the status into memory before evaluating
the user program.

Once the external input status is stored into
internal memory, any change at the external
inputs will not be updated until next scan cycle
starts.

Program:

PLC executes instructions in user program from
top to down and left to right then stores the
evaluated data into internal memory. Some of this
memory is latched.

Output:

When END command is reached the program
evaluation is complete. The output memory is
transferred to the external physical outputs.

The duration of the full scan cycle (read, evaluate, write) is called “scan time.” With more 1/O or

longer program, scan time becomes longer.

PLC measures its own scan time and stores the value (0.1ms) in register
Rea.d D1010, minimum scan time in register D1011, and maximum scan time in

scan time register D1012.
Measure Scan time can also be measured by toggling an output every scan and then
scan time measuring the pulse width on the output being toggled.

Scan time can be calculated by adding the known time required for each
Calculate instruction in the user program. For scan time information of individual
scan time instruction please refer to Ch3 in this manual.
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1. PLC Concepts

Scan time exception

PLC can process certain items faster than the scan time. Some of these items interrupts and halt
the scan time to process the interrupt subroutine program. A direct I/O refresh instruction REF
allows the PLC to access I/O immediately during user program evaluation instead of waiting until
the next scan cycle.

1.2 Current Flow

Ladder logic follows a left to right principle. In the example below, the current flows through paths
started from either X0 or X3.

Reverse Current

When a current flows from right to left, which makes a reverse current logic, an error will be
detected when compiling the program. The example below shows the reverse current flow.

xo Xt X2 Y0
11

------- —"— L
a2 e
! | ' 1 T
po e |
[
A

1.3 NO Contact, NC Contact

NO contact ‘ I |

Normally Open Contact, A contact

NC Contact | | ,r

Normally Closed Contact, B contact

1-3
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1.4 PLC Registers and Relays

Introduction to the basic internal devices in a PLC

X
(Input Relay)

Bit memory represents the physical input points and receives external input

signals.

B Device indication: Indicated as X and numbered in octal, e.g. X0~X7,
X10~X17...X377

Y
(Output Relay)

Bit memory represents the physical output points and saves the status to be

refreshed to physical output devices.

B Device indication: Indicated as Y and numbered in octal, e.g. YO~Y7,
Y10~Y17...Y377

M
(Internal Relay)

Bit memory indicates PLC status.
B Device indication: Indicated as M and numbered in decimal, e.g. MO, M1,
M2...M4095

S
(Step Relay)

Bit memory indicates PLC status in Step Function Control (SFC) mode. If no

STL instruction is applied in program, step point S can be used as an internal

relay M as well as an annunciator.

B Device indication: Indicated as S and numbered in decimal, e.g. SO, S1,
S2...51023

Bit, word or double word memory used for timing and has coil, contact and

T register in it. When its coil is ON and the set time is reached, the associated
(Relay) contact will be energized. Every timer has its resolution (unit:
(Word) 1ms/10ms/100ms).
(Dword) B Device indication: Indicated as T and numbered in decimal, e.g. TO, T1,
T2...T255
Bit, word or double word memory used for counting and has coil, contact and
C register in it. The counter count once (1 pulse) when the coil goes from OFF to
(Counter) ON. When the predefined counter value is reached, the associated contact will
(Relay) be energized. There are 16-bit and 32-bit high-speed counters available for
(Word) users.
(Dword) B Device indication: Indicated as C and numbered in decimal, e.g. CO, C1,
C2...C255
Word memory stores values and parameters for data operations. Every
D register is able to store a word (16-bit binary value). A double word will occupy

(Data register)
(Word)

2 consecutive data registers.
B Device indication: Indicated as D and numbered in decimal, e.g. DO, D1,
D2...D9999

E,F
(Index register)
(Word)

Word memory used as a modifier to indicate a specified device (word and
double word) by defining an offset. Index registers not used as a modifier can
be used as general purpose register.

B Device indication: indicated as EO ~ E7 and FO ~ F7.
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1.5 Ladder Logic Symbols

The following table displays list of WPLSoft symbols their description, command, and memory

registers that are able to use the symbol.

Ladder Diagram

Structure Explanation Instruction Available Devices
NO (Normally Open)
— contact / A contact LD X, Y,M,S,T,C
NC (Normally Closed
—— (Normally Closed) 1 Lo X,Y,M, S, T,C
contact / B contact
— NO contact in series AND X,Y.M,S,T,C
— —W— NC contact in series ANI X.Y.M.S,T C
— NO contact in parallel OR X,Y,M,S,TC
—
— | NC contact in parallel ORI X, Y,M,S,TC
Rising-edge trigger
— 1 switch LDP X,Y,M,S, T,C
Falling-edge trigger
= switch LDF X,Y,M,S, T,C
Rising-edge trigger in
— = serieg 96199 ANDP X,Y,M, S, T,C
Falling-edge trigger in
— = seriesg 959 ANDF X,Y,M, S, T,C
— F— — Rising-edge trigger in
T parallel ORP X,Y,M,S,T,C
alling-edge trigger in
— Falling-edge trigger i
L — parallel ORF X,Y,M, S, T,C
— | o
Block in series ANB None
_| |_
-
Block in parallel ORB None
—
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Ladger Diagram Explanation Instruction Available Devices
tructure
— | 1| MPS
———— | Multiple output branches | MRD None
— MPP
—— > | Output coil ouT Y,M, S
/
\S> Step ladder STL S
: o Basic instructions and API
Basic / Application . .
4' instruction - instructions. Please refer to
chapter 3 Instruction Set
—— Inverse logic INV None

1.5.1 Creating a PLC Ladder Program

The editing of the program should start from the left side bus line to the right side bus line, and from
up to down. However, the right side bus line is omitted when editing in WPLSoft. A single row can
have maximum 11 contacts on it. If more than 11 contacts are connected, a continuous symbol “0”
will be generated automatically and the 12th contact will be placed at the start of next row. The
same input points can be used repeatedly. See the figure below:

X0 X1 X2 X3 X4 X5 6 X7 X10 C1
1 ]| ] 1 | | ]| |1 | | | | |1 | | | 1 \0
| 11 || 11 11 || LI || || L] I
X11 X12 X13
o > D)

When evaluating the user program, PLC scan starts from left to right and proceeds to next row
down until the PLC reaches END instruction. Output coils and basic / application instructions
belong to the output process and are placed at the right of ladder diagram. The sample program
below explains the execution order of a ladder diagram. The numbers in the black circles indicate

the execution order.

I'_:___________________________________________6________________________________________6_0 _______________________________ Q
00 | [vi a9 g
S ST - D) |
vl mo | b To ms | :
i e | —— TMR | TO | K10 | !
e T | T ‘ ;
B o | e | el | g
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Execution order of the sample program:

1 LD
2 OR
3 AND
4 LD
AND
ORB
5 LD
AND
6 LD
AND
ORB
7 ANB
8 ouT
TMR

X0
MO
X1
X3
M1

Y1
X4
T0
M3

Y1

TO K10

1.5.2 LD/LDI (Load NO contact / Load NC contact)

LD or LDI starts a row or block

LD instruction

AND block

LD instruction

OR block

1.5.3 LDP/LDF (Load Rising edge trigger/ Load Falling edge trigger)

Similar to LD instruction, LDP and LDF instructions only act at the rising edge or falling edge when
the contact is ON, as shown in the figure below.

Rising-edge

X0
—it—

OFF

ON

OFF

Falling-edge

— X0 J —
Time —4yF— Time
OFF ON OFF

1.5.4 AND /ANI (Connect NO contact in series / Connect NC contact in series)

AND (ANI) instruction connects a NO (NC) contact in series with another device or block.

AND instruction

——

AND instruction

G

1.5.5 ANDP /ANDF (Connect Rising edge in series/ Connect Falling edge in series)

Similar to AND instruction, ANDP (ANDF) instruction connects rising (falling) edge triggers in series
with another device or block.

1-7
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1.5.6 OR/ ORI (Connect NO contact in parallel / Connect NC contact in parallel)

OR (ORI) instruction connects a NO (NC) in parallel with another device or block.

T
o EWH

ORinstruction ORinstruction ORinstruction

1.5.7 ORP/ORF (Connect Rising edge in parallel/ Connect Falling edge in parallel)

Similar to OR instruction, ORP (ORF) instruction connects rising (falling) edge triggers in parallel
with another device or block

1.5.8 ANB (Connect block in series)

ANB instruction connects a block in series with another block

ANB command

1.5.9 ORB (Connect block in parallel)

ORB instruction connects a block in parallel with another block

N

ORB instruction

J

1.5.10 MPS / MRD / MPP (Branch instructions)

These instructions provide a method to create multiplexed output branches based on current result
stored by MPS instruction.

1-8
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Branch Branch

instruction | Symbol Description

Start of branches. Stores current result of

MPS T program evaluation. Max. 8 MPS-MPP pairs can
be applied

MRD B II\?Me;ans the stored current result from previous

MPP L End of branches. Pops (reads then resets) the

stored result in previous MPS

Note: When compiling ladder diagram with WPLSoft, MPS, MRD and MPP could be automatically
added to the compiled results in instruction format. However, sometimes the branch instructions
are ignored by WPLSoft if not necessary. Users programming in instruction format can enter branch
instructions as required.
Connection points of MPS, MRD and MPP:

MPS

El——n—\‘e—u
F——F—+ wps

/

MRD

|

AN A W W P

—(
—(
f(—<
wep | M ——

I

Note: Ladder diagram editor in ISPSoft does not support MPS, MRD and MPP instructions. To
achieve the same results as branch instructions, users have to connect all branches to the left
hand bus bar.
WPLSoft ISPSoft
[ |1
! =

I

1.5.11 STL (Step Ladder Programming)

STL programming uses step points, e.g. SO S21, S22, which allow users to program in a clearer
and understandable way as drawing a flow chart. The program will proceed to next step only if the
previous step is completed, therefore it forms a sequential control process similar to SFC
(Sequential Function Chart) mode. The STL sequence can be converted into a PLC ladder diagram
which is called “step ladder diagram” as below.

1-9
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—_— M1002
1 Mm1002 || SET
A4

initial SO
so|| pulse —< s> SET | s21
¢ |:> Ss21
=1 —< s> SET | s22
S22
! —<s> GO
S22 RET

L

1.5.12 RET (Return)

RET instruction has to be placed at the end of sequential control process to indicate the completion
of STL flow.

| s> O
Cs>— 11 D)
X

Note: Always connect RET instruction immediately after the last step point indicated as the above
diagram otherwise program error may occur.
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1.6 Conversion between Ladder Diagram and Instruction List Mode

Ladder Diagram

e o,

- $26 512513,
=S S S

Instruction
LD X0 OR
OorR w1 |9 block
LD X2 OR
OR MO @ piock
ORI M1
ANB «——— Blockin series
LD M2 }® AND
AND YO block
ORB<——— Blockin parallel The output
ANl X1 O ANI continues
OUT YO © based on
AND €O Multiple status of @

tput
SET so ' °MPE
STL SO Startofstepladder @ }@
LD X10 SO status operates with X10 ’ (5)
OUT Y10 }OMmelomm
SET S10 transfer of step point
STL S10 © ReadS10status
LD X11 @ S10operates with X11
OuUT Y11
SET S11 | OutputYiland
SET S12 transfer of step points
SET S13
STL S11 @& Read Silstatus }
LD X12 @® S11operateswith X12 @
OUT Y12 oOutputYi2and
SET S20 transfer of step points
STL S20

Convergence of
STL S1z ® multiple status
STL S13 Fe) End of step
LD X13 } Read X13 status and ladder
OUT SO transfer of step point
RET Return
LD X0

®
CNT COK10
LD CoO & Read CO
MPS
AND X1

®
ouT MO
MRD Multiol
ultiple

AN | X1 outputs
ouT M1
MPP
AN | M2
OouUT M2
RST Co
END End of program

1-11
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1.7 Fuzzy Syntax

Generally, the ladder diagram programming is conducted according to the “up to down and left to
right” principle. However, some programming methods not following this principle still perform the
same control results. Here are some examples explaining this kind of “fuzzy syntax.”

Example 1:

x? >|<|2 ?<|4 Better method OK method

a | xs ;‘;SJ LD X0 LD X0

e OR X1 OR X1
LD X2 LD X2
OR X3 OR X3
ANB LD X4
LD X4 OR X5
OR X5 ANB
ANB ANB

The two instruction programs can be converted into the same ladder diagram. The difference
between Better and OK method is the ANB operation conducted by MPU. ANB instruction cannot
be used continuously for more than 8 times. If more than 8 ANB instructions are used continuously,
program error will occur. Therefore, apply ANB instruction after a block is made is the better
method to prevent the possible errors. In addition, it's also the more logical and clearer
programming method for general users.

Example 2:
X0 Good method Bad method
_|
X1 LD X0 LD X0
— OR X1 LD X1
X2
— OR X2 LD X2
_|X3 OR X3 LD X3
ORB
ORB
ORB

The difference between Good and Bad method is very clear. With longer program code, the
required MPU operation memory increases in the Bad method. To sum up, following the general
principle and applying good / better method when editing programs prevents possible errors and
improves program execution speed as well.

Common Programming Errors

PLC processes the diagram program from up to down and left to right. When editing ladder
diagram users should adopt this principle as well otherwise an error would be detected by WPLSoft
when compiling user program. Common program errors are listed below:
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OR operation upward is not allowed.

L [ —>

11
11 A

II‘\H
- AN

Reverse current

“Reverse current” exists.

Output should be connected on top of the
circuit..

[T —-"~-===-=-==-- S
o o __ )
[ ] Block combination should be made on top of the
A N X -
A= - circuit..
| — [ 1 1
I | I :
| L 1 !
L I I ]

Parallel connection with empty device is not
allowed..

Parallel connection with empty device is not
allowed.

No device in the middle block.

Devices and blocks in series should be
horizontally aligned

5
o

Label PO should be at the first row of the
complete network.
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“Reverse current” exists

|_
'—*.—'D:
.

1.8 Correcting Ladder Diagram

Example 1:
Connect the block to the front for omitting ANB instruction because simplified program improves
processing speed

X0 X1 Instruction List
LD X0
X2
LD X1
OR X2
ANB
4

Instruction List
— LD X1

Xa_{ OR X2

AND X0

Example 2:

When a device is to be connected to a block, connect the device to upper row for omitting ORB
instruction

T0 Instruction List
LD TO
X1 X2
— LD X1
AND X2
ORB

Instruction List

X1 X2

LD X1
TO

AND X2

OR T0
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Example 3:

“Reverse current” existed in diagram (a) is not allowed for PLC processing principle.

Instruction List

X0
——T——— LD X0
X1 X2 OR X1
—
AND X2
X3 X4
— — LD X3
AND X4
(@)
ORB
X3 X4 Instruction List
—| i LD X3
X1 X2
—] AND X4
X0 LD X1
—
OR X0
(b) AND X2
ORB
Example 4:

For multiple outputs, connect the output without additional input devices to the top of the circuit for
omitting MPS and MPP instructions.

==
—
o

Instruction List

@ MPS
—Co A

ouT
MPP
ouT

X0
Y1

YO

Instruction List

SS \_{XO Qo ouT
——C1)  AND

ouT

YO
X0
Y1
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Example 5:
Correct the circuit of reverse current. The pointed reverse current loops are modified on the right.
R A Xt —— === X2 - ——
! | | | | | »
| [ 11 11 !
X0 X1 X2 ! X3 X4 X5 |
I | | 1 | | 11 | \
I JHNS) 5 IR 6 USROS | | ] | :
X3 ;X4 X5 ! X10 |
| —_— |
—A A = | .
X6 X7 . X10 LOOP1 N
_I _| e X5- -~
' A
reverse current | X10 : LOOP1
l I ] ‘
| 11 /‘

Example 6:

Correct the circuit of reverse current. The pointed reverse current loops are modified on the right.

X0 X1 X2
|| =
X3 xa | xs NIRRT TTRT T T XT T
X6 ' x7 Axio . |LOOP1 ! x? ﬁ‘ ﬁ’ |
reverse current ! T'_'___ _________ 4
B ST e
>
Reverse current | X6 !
‘T:ij:_L _________ Loop1
I~ s X2 X0 — Xl —X4 — X7— %16
. r = - - - - il BN
A D
J }
}} ! “ﬂ | e LOOP2
>‘<E‘3 X7 X110
H v | LOOP2

1.9 Basic Program Designh Examples

Example 1 - Stop First latched circuit

When X1 (START) = ON and X2 (STOP) = OFF, Y1 will be ON.
If X2 is turned on, Y1 will be OFF. This is a Stop First circuit
because STOP button has the control priority than START

Y1l X2
l I
! |
STOP
X1
START
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Example 2 - Start First latched circuit

When X1 (START) = ON and X2 (STOP) = OFF, Y1 will be ON | IA
and latched. If X2 is turned ON, Y1 remains ON. This is a Start Y1

X1 X2

| 4
START STOP

First circuit because START button has the control priority than

STOP

Example 3 - Latched circuit of SET and RST

The diagram opposite are latched circuits consist of RST and
SET instructions.

Stop first

In PLC processing principle, the instruction close to the end of gyt first

the program determines the final output status of Y1. Therefore,
if both X1 and X2 are ON, RST which is lower than SET forms a
Stop First circuit while SET which is lower than RST forms a
Start First circuit.

Example 4 - Power down latched circuit

The auxiliary relay M512 is a latched relay. Once X1 is ON, Y1 X1
retains its status before power down and resumes after power

up.

Example 5 - Conditional Control

D

D)

X1 X3
—
Y1l
— |
X2 X4 Y1
— F——|
Y2
—

X1

X3

X2

X4

Y1

Y2

M512

D

.
-

IF

D

e [
st [ v |

st [ ]
e [ ]

————{rst [were]

Because NO contact Y1 is connected to the circuit of Y2 output, Y1 becomes one of the conditions
for enabling Y2, i.e. for turning on Y2, Y1 has to be ON

1-17



DVP-ES2 Operation Manual - Programming

Example 6- Interlock control

L —GD ]

Y1 X3 | [ [

B el i

X2 X4 Y1 X4 : : : L M
@ e
T v2 : — N

NC contact Y1 is connected to Y2 output circuit and NC contact Y2 is connected Y1 output circuit.
If Y1 is ON, Y2 will definitely be OFF and vice versa. This forms an Interlock circuit which prevents
both outputs to be ON at the same time. Even if both X1 and X2 are ON, in this case only Y1 will
be enabled.

Example 7 - Sequential Control

X1 X3 Y2 Connect NC contact Y2 to Y1 output circuit and
— | /] 7 @ NO contact Y1 to Y2 output circuit. Y1 becomes
Y1 one of the conditions to turn on Y2. In addition, Y1
— — will be OFF when Y2 is ON, which forms an
X2 X4 Y1 sequential control process.
— G2
Y2
—

Example 8 - Oscillating Circuit
An oscillating circuit with cycle AT+AT

i Y1 I
i GD g -

AT AT
In the first scan, Y1 turns on. In the second scan, Y1 turns off due to the reversed state of contact
Y1. Y1 output status changes in every scan and forms an oscillating circuit with output cycle A

T(ON)+ A T(OFF)

Example 9 — Oscillating Circuit with Timer
An oscillating circuit with cycle nT+AT

X0 Y1
| | A TMR | TO Kn xo _|
|
TO |
| I
__4| <:EE:> Y1 1 | | | |
nT AT

When X0 = ON, TO starts timing (nT). Once the set time is reached, contact TO = ON to enable
Y1(AT). In next scan, Timer TO is reset due to the reversed status of contact Y1. Therefore contact
TO is reset and Y1 = OFF. In next scan, TO starts timing again. The process forms an oscillating
circuit with output cycle nT+AT.
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Example 10 - Flashing Circuit

The ladder diagram uses two timers to form an oscillating circuit which enables a flashing indicator
or a buzzing alarm. n1 and n2 refer to the set values in T1 and T2 and T refers to timer resolution.

X0 T2
—||—|/]—|TMR| T1|Kn1| xo%

I n2T

T1
| | n [—>|
—| TMR | T2 | Kn2 |

Y1

X0 T1 I I
— | 4 C n1T

Example 11 - Trigger Circuit

In this diagram, rising-edge contact X0 generates trigger pulses to control two actions executing
interchangeably.

X0
it} Mo xo
MO Y1l
I

[
Ry | @ . —| AT :
—VJ Jw I -

MO
— |

Y1

Example 12 - Delay OFF Circuit

If X0 = ON, timer T10 is not energized but coil Y1 is ON. When X0 is OFF, T10 is activated. After
100 seconds (K1000 x 0.1 sec = 100 sec), NC contact T10 is ON to turn off Y1. Turn-off action is
delayed for 100 seconds by this delay OFF circuit..

X0
TMRl T10 |K1000| X0 _I—I
T10
vil | L

[—>»|
Timer Resolution: 0.1 sec 100 seconds

Example 13 - Output delay circuit

The output delay circuit is composed of two timers executing delay actions. No matter input X0 is
ON or OFF, output Y4 will be delayed.

—|XOI—| TMR| TS | K50 | [xo | T
_'|I'5 T6 0 I —
Y4
B m_ L
va X0 LAt
—||—|/|—| TMR| T6 | K30 | T6 :l h_
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Example 14 - Timing extension circuit

T11

T12

X0
—||—| TMRI T11 | Kn1|

The total delay time: (n1+n2)* T. T refers to the

timer resolution.

—||—| TMR| T12 | Kn2| X0

— D

Timer =T11, T12
Timer resolution: T

T
— :
—>» N1*T le—— :
| |
i |y :
1
L 2t T le—
| |
T12 t !
1 1
| |
Y1 |
—>  (N1+n2)*T  je—

Example 15 — Counting Range Extension Circuit

The counting range of a 16-bit counter is 0 ~

32,767. The opposite circuit uses two counters to

increase the counting range as n1*n2. When

value in counter C6 reaches n2, The pulses

X13
| | CNT| c5 | Knl
c5
| | CNT | C6 | Kn2

RST | C5

X14
| | RST| C6

G

counted from X13 will be n1*n2.

Example 16 - Traffic light control (Step Ladder Logic)

Traffic light control

. . . Green light
Red light Yellow light Green light blinking
Vertical light YO Y1l Y2 Y2
Horizontal light Y20 Y21 Y22 Y22
Light Time 35 Sec 5 Sec 25 Sec 5 Sec
O Vertical
O] Light
ol
—cog (] ==
Horizontal
Light
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Timing Diagram:

Vertical
Light

Red YO

Yellow Y1

Green y2 : : 25 Sec ””

Horizontal 5 Sec 5 Sec
Light : H 1
Red Y20

Yellow Y21

Greeny22 ||| | | |
25 Sec

5 Sec 5 Sec

SFC Figure:

M1002

ol L otvr | 1o | Kkaso |T10—— =
ENGD BT
M1013
TMR | T1 | K250 |T11__ —H—@
| 12 | kso | |s32 |——@
1013
— —H—@ 110l —| TMRl T12 | K50 |
[ob——C> [

L twr | T13 | Kkaso |

T13 +

1-21



DVP-ES2 Operation Manual - Programming

Ladder Diagram:

M1002
— | ZRST S0 S127
SET S0
S0
—S SET S20
SET S30

B Go

TMR TO K350

SET S21

S21
B G

TMR T1 K250

T1
{ | SET S22
S22
<S> TMR T2 K50
M1013 ::::
T2
| | SET S23
S23
—Sy——( :: )
S30
—<S> Y22
TMR T10 K250
T10
| | SET S31
s31
-<S TMR T11 K50
M1013
G
T11
] } SET S32

S32
B G

TMR T12 K50

{} SET S33

I >

TMR T13 K350

BB G

RET

END

1-22



1. PLC Concepts

WPLSoft programming (SFC mode)

SFC logic Internal Ladder Logic
LAD-0
M1002 I
| {zrsT| so | s127]
(| LaD-0 |) SET
SO
- Transfer condition 1
0 TO
i | I TRANS*l
S20 S30
<::;; 1;::) S S22
S21 S31 |
ITMR| T2 | K50|
m, T M1013
| Q2>
s22 |) s32
e
F IO
S23 333 Transfer condition 4
[ | Ti3
I ITRANS*|
G
A 4 .
SO Transfer condition 7

T12
l

1

TRANS*
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MEMO
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Programming Concepts

The ES2 is a programmable logic controller spanning an 1/O range of 10-256 I/O points. PLC
can control a wide variety of devices to solve your automation needs. PLC monitors inputs
and modifies outputs as controlled by the user program. User program provides features
such as boolean logic, counting, timing, complex math operations, and communications to
other communicating products.

Chapter Contents

2.1 ES2 MEMOTY AP c.eiiiiiiiiiiiiieit ettt ettt e e e s e e e e e e e s e s e e et e e e s e e e e e e e e s e 2
2.2 Status and Allocation of Latched MemOTry ... e 6
2.3 PLC Bits, Nibbles, Bytes, WOrdS, €1C ...iuiiiiiiiiiiiiieee et e e e e e 7
2.4 Binary, Octal, Decimal, BCD, HEX .....uuuiiiiiiiiiiiiiii it a e 7
2.5 M REIAY ..ottt ettt n et 10
2.8 S REIAY .ottt ettt ettt ettt 21
2 A I (1 T 14 = o TSR 21
S T O (@10 ] U1 | 1= ) SRRSO 22
2.9 High-SPEEA COUNLEIS ....uuuiiiiiiie ettt e e e e e e e e e e e e s s et e e e e e e e e s sannnreeeeeeeeesnnres 24
2.10 Special Data REQISTEN ......uuuiiiiiiee e e e e e e e s s e e e e e s s s te e e e e e e s s snntnrereeaeesarnne 29
P2 N O e [ Vo 1o G =T o [ = PSSR 40
2.12 Nest Level Pointer[N], Pointer[P], Interrupt Pointer [I] ....ccccceviiiiiiieieie e 40
2.13 Applications of M Relay and Special D REQISIEN .......ccuuviiiiiiiiiiiiiie e 44
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2.1 ES2 Memory Map

Items

Specifications

Remarks

Control Method

Stored program, cyclic scan system

I/O Processing Method

Batch processing method (when

END instruction is executed)

Immediate 1/O refresh
instruction can override
batch update

Execution Speed

Basic instructions — 0.54us

MOV instruction — 3.4us

Program language

Instructions + Ladder Logic + SFC

Program Capacity

15872 STEPS

Flash-ROM

X | External inputs

X0~X377, octal number
system, 256 points max,

Physical input points

Total
Note 4
256+
YO0~Y377, octal number 16 1/0
Y | External outputs system, 256 points max, Physical output points
Note 4
MO~M511, 512 points, Note
1
M768~M999, 232 points,
General
Note 1
>
o) M2000~M2047, 48 points,
o Total L
> Note 1 Main internal relay area
M| 5 X 4096
= M512~M767, 256 points, oints for general use.
3 Note 2 P
Latched )
% M2048~M4095, 2048 points,
2 Note 2
8 ) M1000~M1999, 1000 points,
= Special
m some are latched
TO0~T126, 127 points, Note 1
100ms T128~T183, Note 1
(M1028=0N, T184~T199 for Subroutines,
T64~T126: 16 points, Note 1
o) T250~T255(accumulative),
C i Total
T GE) 6 points Note 1 256 Contact = ON when timer
10ms 1 points
(M1038=0N, :
T200~T245: 1ms) T240~T245(accumulative),
6 points, Note 1
T127, 1 points, Note 1
1ms T246~T249(accumulative), 4
points, Note 1
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Items

Specifications

Remarks

16-bit count up

C0~C111, 112 points, Note 1
C128~C199,72 points, Note
1

D2000~D3919, 1920 words,
Note 2

C112~C127,16 points, Note | 1ot
2 232
C200~C223, 24 points, Note |POINtS
32-bit count 1
up/down i
C224~C231, 8 points, Note 2
@ tact = ON wh
% C235~C242, 1 phase 1 input, Contact = ON when
=3 . counter reaches preset
= Soft- | 8 points, Note 2
O value.
_ ware | C232~C234, 2 phase 2 input,
S 3 points, Note 2
high- . Total
C243~C244, 1 phase 1 input,
speed .
2 points, Note 2 .
count points
Hard- | C245~C250, 1 phase 2 input,
up/down
ware | 6 points, Note 2
C251~C254 2 phase 2 input,
4 points, Note 2
Initial step point | S0~S9, 10 points, Note 2
, S$10~S19, 10 points (use with
Zero point return , .
(2] - IST instruction), Note 2
S £ - Total . .
= e S20~S127, 108 points, Note Sequential Function Chart
o o | Latched 1024
(&) 15 2 oints (SFC) usage
@ @ S$128~S911, 784 points, Note|"
General 1
S$912~81023, 112 points,
Alarm
Note 2
Current value TO~T255, 256 words
C0~C199, 16-bit counter, 200 words
Current value C200~C254, 32-bit counter, 55
words
2 D0~D407, 408 words, Note 1
& D600~D999, 400 words, Total
4 General storage for word
- « | General Note 1 10000
= 2 ) length data
= % D3920~D9999, 6080 words, | points
© Note 1
§ D408~D599, 192 words,
Note 2
Latched o
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Items

Specifications

Remarks

Special

D1000~D1999, 1000 words,
some are latched

For AIO mudules

D9900~D9999 > 100 words ,
Note 1, Note 5

Index

EO~E7, FO~F7, 16 words,
Note 1

N | Master control loop

NO~N7, 8 points

Master control nested loop

The location point of CJ,

P | Pointer P0~P255, 256 points
CALL
1000/1001(X0), 1100/1101(X1),
1200/1201(X2), 1300/1301(X3),
. 1400/1401(X4), 1500/1501(X5),
External interrupt
1600/1601(X6), 1700/1701(X7), 8
5 points (01, rising-edge trigger I ,
€ .g 00, falling-edge trigger 1)
(@)
o
Al 1605~1699, 1705~1799, 2 points Address for interrupt
I | g| Timer interrupt , . ;
3 (Timer resolution = 1ms) subroutines
5
=
High-speed 1010, 1020, 1030, 1040, 1050, 1060,
counter interrupt 1070, 1080,8 points
Communication 1140(COM1), 1150(COM2),
interrupt [160(COM3), 3 points, Note 3
. K-32,768 ~ K32,767 (16-bit operation),
€| K | Decimal . .
I K-2,147,483,648 ~ K2,147,483,647 (32-bit operation)
(2]
C
8 , HO000 ~ HFFFF (16-bit operation),
H | Hexadecimal , i
HO00000000 ~HFFFFFFFF (32-bit operation)
COM1: built-in RS-232 ((Master/Slave), COM2: built-in RS-485
Serial ports (Master/Slave), COM3: built-in RS-485 (Master/Slave),
COM1 is typically the programming port.
Clock/Calendar (RTC) Year, Month, Day, Week, Hours, Minutes, Seconds

Special Modules

Up to 8 AIO modules can be connected

Notes:
1. Data area is non-latched.

2. Data area is latched.

3. COM1: built-in RS232 port. COM2: built-in RS485 port. COM3: optional RS485 port.
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When input points(X) are expanded to 256 points, only 16 output points(Y) are applicable. Also,
when ouput points(Y) are expanded to 256 points, only 16 input points(X) are applicable.

This area is applicable only when the MPU is connected with AIO modules. Every AIO module
occupies 10 points.
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2.2 Status and Allocation of Latched Memory

Memo Power Clear all M1031| Clear all Facto
Yy _ STOP=>RUN| RUN=>STOP Non-latched M1032 ory
type QRF=EON area latched area | Setin
When M1033=0FF,
Non- clear
latched Clear Unchanged When M1033=ON, Clear Unchanged 0
No change
Latched Unchanged Unchanged Clear 0
Special M,
Special D, s Initial
Index Initial Unchanged Unchanged setting
Register
General Latched Special auxiliary relay
MO~M511
M512~M999
M M768~M999 M2048~M4095 M1000~M1999
Auxiliary relay M2000~M2047
S latched and
Not latched Latched omevare atehed an
can’t be changed.
100 ms 100 ms |[1ms 10 ms 10ms 1ms 100 ms
TO~T126 T250~T
T184~T199|T127 | T200~T239 | T240~T245 | T246~T249
T T128~T183 255
Timer M1028=1,T64~ For M1038=1,T200~T245:
T126:10ms subroutine 1ms
non-latched non-latched Accumulative non-latched
. ) 32-bit high-speed
16-bit count up 32-bit count up/down
count up/down
© co~C11t C112~C127 C200~C223 | C224~C231 C232~C254
Counter | c128~C199
Non-latched Latched Non-latched Latched Latched
Initial Zero return General Latched Step alarm
S S0~S9 S10~S19 S20~S127 | S128~S911 S912~S1023
Step relay
Latched Non-latched Latched
General Latched Special register For AIO
DO0~D407
D D600~D999 D408~D599 D1000~D19gg | D2o00"D999
. D2000~D3919 9
Register D3920~D9899
Some are latched, and
Non-latched Latched , Non-latched
can’t be changed
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2.3 PLC Bits, Nibbles, Bytes, Words, etc

For different control purposes, there are five types of values inside DVP-PLC for executing the

operations.
Numeric Description

Bit Bit is the basic unit of a binary number system. Range is 0 or 1

Nibble Consists of 4 consecutive bits, e.g. b3~b0. Range 0 ~ 9 in Decimal or O~F in
Hex

Byte Consists of 2 consecutive nibbles, e.g. b7~b0. Range 00 ~ FF in Hex

Word Consists of 2 consecutive bytes, e.g. b15~b0. Range 0000 ~ FFFF in Hex
Consists of 2 consecutive words, e.g. b31~b1. Range 00000000 - FFFFFFFF

Double Word in Hex

Bit, nibble, byte, word, and double word in a binary system:

ﬂv <«— Double Word
’.—_f A
W1 W0 <«— Word
EIS EIZ 511 510 <— Byte
NB7 NB6 NB5 NB4 NB3 NB2 NB1 NBO  «_ Nibble
P e e e e e e e e

~

b31|b30|b29|b28|b 7b26|b25|b24|b23|b22|b21|b20|b19|b18|b17 b16|b15|b14|b13|b12 b11|b10 b9 |b8| 67| b6 b5 b4 b3|b2|b1|b0| €«—— Bit

2.4 Binary, Octal, Decimal, BCD, Hex

For fulllfilling different kinds of internal manipulation, DVP-PLC appies 5 foramts of number systems.
Each number system has its specific purpose and function described as below.
1. Binary Number, (BIN)
PLC internally calculates, operates, and stores the value in Binary format.

2. Octal Number, (OCT)
The external I/O points of dVP-PLC are numbered in octal format.

e.g.
External inputs: X0~X7, X10~X17, ..., X377. (No. of device)

External outputs: YO~Y7, Y10~Y17, ..., Y377. (No. of device)
3. Decimal Number, (DEC)

DVP-PLC appies decimal operation in situations below:

®  Set value for timers and counters, e.g. TMR C0 K50. (K value)
® No.ofS,M, T,C,D,E,F P, Idevices, e.g. M10, T30. (No. of device)
®  For use of operand in APl instructions, e.g. MOV K123 DO0. (K value)
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® Constant K:
Decimal value in PLC operation is attached with an “K”, e.g. K100 indicates the value 100 in

Decimal format.

Exception:
When constant K is used with bit devices X, Y, M, S, the value specifed after K indicates
the groups of 4-bit unit, which forms a digit(4-bit), byte(8 bit), word(16bit), or double
word(32-bit) data, e.g. K2Y10, K4M100, representing Y10 ~ Y17 and M100~M115.

4. BCD (Binary Coded Decimal)
BCD format takes 1 digit or 4 bits to indicate a Decimal value, so that data of consecutive 16
bits indicates a 4-digit decimal value. Used mainly for reading values from DIP switches or
sending data to 7-segement displays

5. Hexadecimal Number, HEX

DVP-PLC appies Hexadecimal operation in situations below:

®  For use of operand in APl instructions, e.g. MOV H1A2B DO - (H value)

® Constant H:

Hexadecimal value in PLC operation is attached with an “H”, e.g. H100 indicates the value
100 in Hex format.

Reference Table:

Binary Octal Decimal (K) BCD Hexadecimal (H)
(BIN) (OCT) (DEC) (Binary Code Decimal) (HEX)
;?;rz;IC Pe?é;f XY i%si;?Q:SKh,/If\lg: '(I)'1E C, :ggnl:w)(laFr:tS d\?/;t[)cli;;nd 7 Constant H
operation D, E, F, P, | devices
0000 0 0 0000 0
0001 1 1 0001 1
0010 2 2 0010 2
0011 3 3 0011 3
0100 4 4 0100 4
0101 5 5 0101 5
0110 6 6 0110 6
0111 7 7 0111 7
1000 10 8 1000 8
1001 11 9 1001 9
1010 12 10 0000 A
1011 13 1 0001 B
1100 14 12 0010 C
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Binary Octal Decimal (K) BCD Hexadecimal (H)
(BIN) (OCT) (DEC) (Binary Code Decimal) (HEX)
For PLC Costant K, No. of .
internal 2%1 of X, ¥ registers M, S, T, C, zgrrggtsc;,ivsltﬁg and 7- Constant H
operation y D, E, F, P, | devices 9 play
1101 15 13 0011 D
1110 16 14 0100
1111 17 15 0101 F
10000 20 16 0110 10
10001 21 17 0111 11

2-9



DVP-ES2 Operation Manual - Programming

2.5 M Relay

The types and functions of special auxiliary relays (special M) are listed in the table below. Care
should be taken that some devices of the same No. may bear different meanings in different series
MPUs. Special M and special D marked with “*” will be further illustrated in 2.13. Columns marked
with “R” refers to “read only”, “R/W” refers to “read and write”, “-*
unchanged and “#” refers to that system will set it up according to the status of the PLC.

refers to the status remains

Special . ES/| ES2/ S .. | Latch |Factory
M Function EX | Ex2 | & N O |ALb) e settin
ON | RUN | STOP 9
M1000* | Monitoring normally open contact O O | OFF | ON | OFF | R | NO | OFF
M1001* | Monitoring normally closed contact Ol O | ON | OFF | ON R NO ON
M1002* Enabling single positive pulse at the moment ol o OFF ON OFF R NO OFF
when RUN is activate (Normally OFF)
M1003* Enabling single negative pulse at the moment ol o ON OFF ON R NO ON
when RUN is activate (Normally ON)
M1004* | ON when syntax errors occur Ol O OFF | OFF - R NO OFF
M1008* | Watchdog timer (ON: PLC WDT time out) O | O | OFF | OFF - R NO OFF
M1009 | Indicating LV signal due to 24VDC insufficiency Ol O OFF - - R NO OFF
M1010 PLSY Y0 mode selection. ON = continuous ol x OFF ) ) RW | NO OFF
output.
M1011* | 10ms clock pulse, 5ms ON/5ms OFF Ol O OFF - - R NO OFF
M1012* | 100ms clock pulse, 50ms ON / 50ms OFF Ol O OFF - - R NO OFF
M1013* | 1s clock pulse, 0.5s ON / 0.5s OFF Ol O OFF - - R NO OFF
M1014* | 1min clock pulse, 30s ON / 30s OFF O| O | OFF - - R NO OFF
M1015* | Enabling high-speed timer X | O OFF - - R/W | NO OFF
M1016* | Indicating Year display mode of RTC. X | O | OFF - - RW | NO | OFF
M1017* | £30 seconds correction on real time clock X | O OFF - - R/W | NO OFF
M1018 | Flag for Radian/Degree, ON for degree X | O OFF - - R/W | NO OFF
M1020 | Zero flag O O | OFF - - R NO | OFF
M1021 | Borrow flag ol O OFF - - R NO OFF
M1022 | Carry flag O O | OFF - - R NO | OFF
M1023 PLSY Y1 mode selection, ON = continuous ol x OFF ) ) RW | NO OFF
output.
M1024 | COM1 monitor request Ol O OFF - - R/W | NO OFF
M1025* | Indicating incorrect request for communication O | O | OFF - - R NO | OFF
M1026 | RAMP mode selection X O OFF - - R/W NO OFF
M1027 | PR output mode selection (8/16 bytes) X | O OFF - - R/W | NO OFF
M1028 Switching T64~T126 timer resulotion ol o OFF ) ) rRW | NO OFF
(10ms/100ms). ON =10ms
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M1029* CHO (YO0, Y1) pulse output execution completed. ol o OFF } } R NO OFF
(ES: Y0)
M1030* | Pulse output Y1 execution completed. (ES: Y1) O O | OFF - - R | NO | OFF
M1031* | Clear all non-latched memory ol O OFF - - R/W | NO OFF
M1032* | Clear all latched memory Ol O OFF - - R/W | NO OFF
M1033* | Output state latched at STOP O | O | OFF - - R/W | NO OFF
M1034* | Disabling all Y outputs O | O | OFF - - R/W | NO OFF
M1035* | Enable X7 input point as RUN/STOP switch X | O - - - R/W | YES | OFF
M1038 Switching T200~T255 timer resulotion x| o OFF } } rRwW | NO OFF
(10ms/1ms). ON = 1ms.
M1039* | Fixing scan time ol O OFF - - R/W | NO OFF
M1040 | Disabling step transition Ol O OFF - - R/W | NO OFF
M1041 | Step transition start O | O | OFF - OFF | RIW | NO OFF
M1042 | Enabling pulse operation O] O | OFF - - R/W | NO OFF
M1043 | Zero return completed Ol O OFF - OFF | R'W | NO OFF
M1044 | Zero point condition Ol O OFF - OFF | R'W | NO OFF
M1045 | Disabling “all output reset” function O | O | OFF - - R/W | NO OFF
M1046 | Indicating STL status O | O | OFF - - R NO OFF
M1047 | Enabling STL monitoring X | O OFF - - R/W | NO OFF
M1048 | Indicating alarm status X | O OFF - - R NO OFF
M1049 | Enabling alarm monitoring X | O OFF - - R/W | NO OFF
M1050 | Disable external interruption 1000 / 1001 O | O | OFF - - R/W | NO OFF
M1051 | Disable external interruption 1100 / 1101 O] O OFF - - R/W | NO OFF
M1052 | Disable external interruption 1200 / 1201 O] O OFF - - R/W | NO OFF
M1053 | Disable external interruption 1300 / 1301 Ol O OFF - - R/W | NO OFF
M1054 | Disable external interruption 1400 / 1401 X | O OFF - - R/W | NO OFF
M1055 :%ig?‘b:soe(;(tﬁ;noa;l interruption 1500 / 1501, 1600 / x| o OFF } } RW | NO OFF
M1056 | Disable time interrupts 1610~1699 ol O OFF - - R/W | NO OFF
M1057 | Disable time interrupts 1710~1799 X1 O OFF - - R/W | NO OFF
M1058 | COM3 monitor request X | O OFF - - R/W | NO OFF
M1059 :?)ifglj:gshégh-speed counter interruptions x| o OFF ) ) RW | NO OFF
M1060 | System error message 1 Ol O OFF - - R NO OFF
M1061 | System error message 2 O] O | OFF - - R NO OFF
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M1062 | System error message 3 O O | OFF - - R NO OFF

M1063 | System error message 4 Ol O OFF - - R NO OFF

M1064 | Incorrect use of operands Ol O OFF | OFF - R NO OFF

M1065 | Syntax error O | O | OFF | OFF - R NO OFF

M1066 | Loop error Ol O OFF | OFF - R NO OFF

M1067* | Program execution error Ol O OFF | OFF - R NO OFF

M1068* | Execution error locked (D1068) Ol O OFF - - R NO OFF

M1070 Switching clock pulse of Y1 for PWM instruction ol o OFF ) ) RW | NO OFF
(ON: 100us; OFF: 1ms)

M1071 Switching clock pulse of Y3 for PWM instruction x| o OFF ) ) RW | NO OFF
(ON: 100us; OFF: 1ms)

M1072 | PLC status (RUN/STOP), ON = RUN O | O | OFF ON OFF | R/\W | NO OFF

M1075 | Error occurring when write in Flash ROM X | O OFF - - R NO | OFF

M1078 | YO pulse output pause (immediate) O | O | OFF | OFF - R/W | NO | OFF

M1079 | Y1 pulse output pause (immediate) O | O | OFF | OFF - R/W | NO | OFF

M1080 | COM2 monitor request O| O | OFF - - RW | NO | OFF

M1081 | Changing conversion mode for FLT instruction X | O OFF - - R/W | NO OFF
Selecting X6 pulse-width detecting mode. M1083

« | = ON, detecting pulse-width when X6 = ON;

M1083" | 111083 = OFF, detecting pulse-width when x6= | ~< | © | OFF | OFF | OFF | RIW | NO | OFF
OFF.

M1084* Enabling X6 Pulse width detecting function. (has ol o ofFf | oFf | ofFf | rwW | NO OFF
to be used with M1183 and D1023)

M1085 | Selecting DVP-PCCO01 duplicating function OFF - - RW | NO | OFF

M1086 | Enabling password function for DVP-PCC01 O| O | OFF - - R/W | NO | OFF
Matrix comparison.

M1088 Comparing between equivalent values (M1088 = X1 0 OFF | OFF ” RW | NO OFF
ON) or different values (M1088 = OFF).

M1089 Indicating the end of Matrix. When the comparison Yale) OFF OFF ) R NO OFF
reaches the last bit, M1089 = ON.

M1090 Indicating start of Matrix comparison. When the Yale) OFfF | OFF } R NO OFF
comparison starts from the first bit, M1090 = ON.
Indicating matrix searching results. When the

M1091 | comparison has matched results, comparison will | X | O | OFF | OFF - R NO | OFF
stop immediately and M1091 = ON.

M1092 Indicating pointer error. When the pointer Pr Yale) OFF OFF } R NO OFF
exceeds the comparison range, M1092 = ON

M1093 Matrix pointer increasing flag. Adding 1 to the O ofFf | OFF ) rRW | NO OFF
current value of the Pr.

M1094 Matrix pointer clear flag. Clear the current value O OoFf | OFF ) rRW | NO OFF

of the Prto 0
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M1095 | Carry flag for matrix rotation/shiftt/output. X | O | OFF | OFF - R NO | OFF

M1096 | Borrow flag for matrix rotation/shift/input X | O | OFF | OFF - R/W | NO | OFF

M1097 | Direction flag for matrix rotation/displacement X | O | OFF | OFF - R/W | NO | OFF

M1098 | Counting the number of bits which are “1” or “0” X | O | OFF | OFF - R/W | NO | OFF

M1099 | ON when the bits counting result is “0” X | O | OFF | OFF - R/W | NO | OFF

M1102* | CH1 (Y2, Y3) pulse output execution completed X | O | OFF - - R/W | NO | OFF

M1103* | Y3 pulse output completed X | O | OFF - - R/W | NO | OFF

M1104 | CH1 (Y2, Y3) pulse output pause (immediate) X | O | OFF | OFF - R/W | NO | OFF

M1105 | Y3 pulse output pause (immediate) X | O | OFF | OFF - R/W | NO | OFF

M1108 | CHO (YO, Y1) pulse output pause (ramp down) X | O | OFF | OFF - R/W | NO | OFF

M1109 | Y1 pulse output pause (ramp down) X'| O | OFF | OFF - R/W | NO | OFF

M1110 | CH1 (Y2, Y3) pulse output pause (ramp down) X'| O | OFF | OFF - R/W | NO | OFF

M1111 | Y3 pulse output pause (ramp down) X | O | OFF | OFF - R/W | NO | OFF
Retaining the communication setting of COM2

M1120* | (RS-485), modifying D1120 will be invalid when O] O | OFF | OFF | OFF | RW | NO | OFF
M1120 is set.

M1121 | For COM2(RS-485), data transmission ready O| O | OFF | OFF | ON R NO | OFF

M1122 | For COM2(RS-485), sending request O| O | OFF | OFF | OFF | RW | NO | OFF

M1123 | For COM2(RS-485), data receiving completed O| O | OFF | OFF | OFF | RW | NO | OFF

M1124 | For COM2(RS-485), data receiving ready O O | OFF | OFF | OFF | R'W | NO | OFF

M1125 For COM2(RS-485), communication ready status ol o off | o | oFf | Rw | NO OFF
reset

M1126 For COM2(RS-485), set STX/ETX as user defined ol o off | o | oFf | Rw | NO OFF
or system defined
For COM2(RS-485), data sending / receiving /

M1127 | converting completed. (RS instruction is not O| O | OFF | OFF | OFF | RW | NO | OFF
supported)

M1128 For COM2(RS-485), Transmitting/Receiving status ol o off | orr | oFf | rw | NO OFF
Indication

M1129 | For COM2(RS-485), receiving time out O | O | OFF | OFF - R/W | NO | OFF

M1130 For COM2(RS-485), set STX/ETX as user defined ol o oFf | OFF ) rRW | NO OFF
or system defined
For COM2(RS-485), ON when

M1131 | MODRD/RDST/MODRW data is being converted | O | O | OFF | OFF - R NO | OFF
form ASCII to Hex

M1132 ON when there are no communication related O OFF ) ) R NO OFF
instructions in the program

M1136* For COM3(RS-485), retaining communication x| o OFF ) ) RW | NO OFF

setting
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For COM1 (RS-232), retaining communication

M1138" | setting. Modifying D1036 will be invalid when O| O | OFF - - RW | NO | OFF
M1138 is set.

M1139* For COM1(RS-232), ASCII/RTU mode selection ol o OFF ) ) RW | NO OFF
(OFF: ASCII; ON: RTU)

M1140 For COM2 (RS-485), MODRD / MODWR / ol o OFf | OFF ) R NO OFF
MODRW data receiving error

M1141 For COM2 (RS-485), MODRD / MODWR / OFF | OFF ) R NO OFF
MODRW parameter error

M1142 | Data receiving error of VFD-A handy instructions OFF | OFF - R NO OFF

M1143* For COM2(RS-485), ASCII/RTU mode selection ol o OFF | OFF ) RW | NO OFF
(OFF: ASCII; ON: RTU)

M1156* Enabling the mask and alignment mark function O OFF | OFF } rRW | NO OFF
on 1400/1401(X4) corresponding to YO

M1158* Enabling the mask and alignment mark function O OFF | OFF } rRW | NO OFF
on 1600/1601(X6) corresponding to Y2

M1161 | 8/16 bit mode (ON = 8 bit mode) Ol O OFF - - R/W | NO OFF
Switching between decimal integer and binary

M1162 | floating point for SCLP instruction O| O | OFF - - R/W | NO | OFF
ON: binary floating point; OFF: decimal integer

M1167 | 16-bit mode for HKY input X | O OFF - - R/W | NO OFF

M1168 | Designating work mode of SMOV X OFF - - R/W | NO OFF
Enable the communication instruction for Delta

M1177 | VFD series inverter. ON: VFD-A (Default), OFF: | X | O | OFF - - RW | NO | OFF
other models of VFD

M1183 M1183 = ON, disable auto mapping function x| o OFF ) ) RW | NO OFF
when connected with AIO modules

M1190 | Set YO high speed output as 0.01~100Hz X | O OFF | OFF - R/W | NO OFF

M1191 | Set Y1 high speed output as 0.01~100Hz X | O OFF | OFF - R/W | NO OFF

M1192 | Set Y2 high speed output as 0.01~100Hz X1 O OFF | OFF - R/W | NO OFF

M1193 | Set Y3 high speed output as 0.01~100Hz X1 O OFF | OFF - R/W | NO OFF

M1200 | C200 counting mode (ON: count down) X | O OFF - - R/W | NO OFF

M1201 | C201 counting mode (ON: count down) X | O OFF - - R/W | NO OFF

M1202 | C202 counting mode ON: count down) X | O OFF - - R/W | NO OFF

M1203 | C203 counting mode (ON: count down) X | O OFF - - R/W | NO OFF

M1204 | C204 counting mode (ON: count down) X | O OFF - - R/W | NO OFF

M1205 | C205 counting mode (ON :count down) X | O OFF - - R/W | NO OFF

M1206 | C206 counting mode (ON: count down) X | O OFF - - R/W | NO OFF

M1207 | C207 counting mode (ON: count down) X | O OFF - - R/W | NO OFF

M1208 | C208 counting mode (ON: count down) X | O OFF - - R/W | NO OFF
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M1209 | C209 counting mode (ON: count down) X | O OFF - - R/W | NO OFF
M1210 | C210 counting mode (ON: count down) X | O OFF - - R/W | NO OFF
M1211 | C211 counting mode (ON: count down) X | O OFF - - R/W | NO OFF
M1212 | C212 counting mode (ON: count down) X | O OFF - - R/W | NO OFF
M1213 | C213 counting mode (ON: count down) X | O OFF - - R/W | NO OFF
M1214 | C214 counting mode (ON: count down) X | O OFF - - R/W | NO OFF
M1215 | C215 counting mode (ON: count down) X | O OFF - - R/W | NO OFF
M1216 | C216 counting mode (ON: count down) X | O OFF - - R/W | NO OFF
M1217 | C217 counting mode (ON: count down) X | O OFF - - R/W | NO OFF
M1218 | C218 counting mode (ON: count down) X | O OFF - - R/W | NO OFF
M1219 | C219 counting mode (ON: count down) X | O OFF - - R/W | NO OFF
M1220 | C220 counting mode (ON: count down) X | O OFF - - R/W | NO OFF
M1221 | C221 counting mode (ON: count down) X1 O OFF - - R/W | NO OFF
M1222 | C222 counting mode (ON: count down) X | O OFF - - R/W | NO OFF
M1223 | C223 counting mode (ON: count down) X | O OFF - - R/W | NO OFF
M1224 | C224 counting mode (ON: count down) X | O OFF - - R/W | NO OFF
M1225 | C225 counting mode (ON: count down) X1 O OFF - - R/W | NO OFF
M1226 | C226 counting mode (ON: count down) X1 O OFF - - R/W | NO OFF
M1227 | C227 counting mode (ON: count down) X | O OFF - - R/W | NO OFF
M1228 | C228 counting mode (ON: count down) X | O OFF - - R/W | NO OFF
M1229 | C229 counting mode (ON: count down) X | O OFF - - R/W | NO OFF
M1230 | C230 counting mode (ON: count down) X | O OFF - - R/W | NO OFF
M1231 | C231 counting mode (ON: count down) X | O OFF - - R/W | NO OFF
M1232 | C232 counter monitor (ON: count down) X | O OFF - - R/W | NO OFF
M1233 | C233 counter monitor (ON: count down) X | O OFF - - R NO OFF
M1234 | C234 counter monitor (ON: count down) X | O OFF - - R NO OFF
M1235 | C235 counting mode (ON: count down) O | O | OFF - - R/W | NO OFF
M1236 | C236 counting mode (ON: count down) O] O OFF - - R/W | NO OFF
M1237 | C237 counting mode (ON: count down) O] O | OFF - - R/W | NO OFF
M1238 | C238 counting mode (ON: count down) O] O | OFF - - R/W | NO OFF
M1239 | C239 counting mode (ON: count down) X | O OFF - - R/W | NO OFF
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M1240 | C240 counting mode (ON: count down) X | O OFF - - R/W | NO OFF
M1241 | C241 counting mode (ON: count down) Ol O OFF - - R/W | NO OFF
M1242 | C242 counting mode (ON: count down) O | O | OFF - - R/W | NO OFF
M1243 C243 Reset function control. ON = R function x| o OFF ) ) RW | NO OFF
disabled
M1244 C244 Reset function control. ON = R function x| o OFF ) ) RW | NO OFF
disabled
M1245 | C245 counter monitor (ON: count down) X | O | OFF - - R NO | OFF
M1246 | C246 counter monitor (ON: count down) Ol O | OFF - - R NO OFF
M1247 | C247 counter monitor (ON: count down) Ol O | OFF - - R NO OFF
M1248 | C248 counter monitor (ON: count down) X | O OFF - - R NO OFF
M1249 | C249 counter monitor (ON: count down) O| O | OFF - - R NO OFF
M1250 | C250 counter monitor (ON: count down) X | O | OFF - - R NO | OFF
M1251 | C251 counter monitor (ON: count down) Ol O | OFF - - R NO OFF
M1252 | C252 counter monitor (ON: count down) O O | OFF - - R NO OFF
M1253 | C253 counter monitor (ON: count down) X | O OFF - - R NO OFF
M1254 | C254 counter monitor (ON: count down) O | O | OFF - - R NO OFF
M1257 Set the ramp up/down of YO0, Y2 to be “S curve.” x| o OFF | OFF } RW | NO OFF
ON = S curve.
M1270 | C235 counting mode (ON: falling-edge count) X | O OFF - - R/W | NO OFF
M1271 | C236 counting mode ON: falling-edge count) X | O OFF - - R/W | NO OFF
M1272 | C237 counting mode (ON: falling-edge count) X | O OFF - - R/W | NO OFF
M1273 | C238 counting mode (ON: falling-edge count) X | O OFF - - R/W | NO OFF
M1274 | C239 counting mode (ON: falling-edge count) X | O OFF - - R/W | NO OFF
M1275 | C240 counting mode (ON: falling-edge count) X | O OFF - - R/W | NO OFF
M1276 | C241 counting mode (ON: falling-edge count) X | O OFF - - R/W | NO OFF
M1277 | C242 counting mode (ON: falling-edge count) X | O OFF - - R/W | NO OFF
M1280* For 1000 / 1001, reverse interrupt trigger pulse x| 0 oFf | OFF ) rRW | NO OFF
direction (Rising/Falling)
M1284* For 1400 / 1401, reverse interrupt trigger pulse x| o OFF | OFF ) RW | NO OFF
direction (Rising/Falling)
M1286* For 1600 / 1601, reverse interrupt trigger pulse x| o OFF | OFF ) RW | NO OFF
direction (Rising/Falling)
M1303 | High / low bits exchange for XCH instruction X | O OFF - - R/W | NO OFF
M1304* | Set ON/OFF X input points of MPU Ol O OFF - - R/W | NO OFF
M1305 Reverse Y1 pulse output direction in high speed x| o ofFf | OFF ) rRW | NO Off

pulse output instructions
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M1306 Reverse Y3 pulse output direction in high speed x| o OFF | OFF } RW | NO Off
pulse output instructions

M1307 | For ZRN instruction, enable left limit switch X | O | OFF | OFF - R/W | NO Off

M1312 For COM1(RS-232), sending request (Only x| o off | oFF } rwW | NO OFF
applicable for MODRW and RS instruction)

M1313 For COM1(RS-232), ready for data receiving x| o off | oFF } rRwW | NO OFF
(Only applicable for MODRW and RS instruction)

M1314 For COM1(RS-232), data receiving completed x| o OFF | OFF } RW | NO OFF
(Only applicable for MODRW and RS instruction)

M1315 For COM1(RS-232), data receiving error (Only x| o OFF | OFF } RW | NO OFF
applicable for MODRW and RS instruction)

M1316 For COM3(RS-485), sending request (Only x| o OFF | OFF } RW | NO OFF
applicable for MODRW and RS instruction)

M1317 For COM3(RS-485), ready for data receiving x| o OFF | OFF ) RW | NO OFF
(Only applicable for MODRW and RS instruction)

M1318 For COM3(RS-485), data receiving completed x| o OFF | OFF ) RW | NO OFF
(Only applicable for MODRW and RS instruction)

M1319 For COM3(RS-485), data receiving error (Only x| o OFF | OFF ) RW | NO OFF
applicable for MODRW and RS instruction)

M1320* For COM3 (RS-485), ASCII/RTU mode selection. x| o OFF } } RW | NO OFF
(OFF: ASCII; ON: RTU)

M1347 Auto-reset YO when high speed pulse output x| o OFF i i rRw | NO OFF
completed

M1348 Auto-reset Y1 when high speed pulse output x| o OFF i i rRw | NO OFF
completed

M1350* | Enabling EASY PLC LINK x| O Off - OFF | R'W | NO OFF

M1351* | Enabling auto mode on EASY PLC LINK X | O OFF - - R/W | NO OFF

M1352* | Enabling manual mode on EASY PLC LINK X | O OFF - - R/W | NO OFF

M1354* Enable simultaneous data read/write in a polling x| o OFF ) } RW | NO OFF
of EASY PLC LINK

M1355 Selecting Slave linking mode in EASY PLC LINK x| o OFF ) ) RW | NO OFF
(ON: manual; OFF: auto-detection)

M1360* | Slave ID#1 status on EASY PLC LINK network X | O | OFF - - R NO | OFF

M1361* | Slave ID#2 status on EASY PLC LINK network X | O | OFF - - R NO | OFF

M1362* | Slave ID#3 status on EASY PLC LINK network X | O | OFF - - R NO | OFF

M1363* | Slave ID#4 status on EASY PLC LINK network X| O | OFF - - R NO | OFF

M1364* | Slave ID#5 status on EASY PLC LINK network X| O | OFF - - R NO | OFF

M1365* | Slave ID#6 status on EASY PLC LINK network X | O | OFF - - R NO | OFF

M1366* | Slave ID#7 status on EASY PLC LINK network X | O | OFF - - R NO | OFF

M1367* | Slave ID#8 status on EASY PLC LINK network X | O | OFF - - R NO | OFF

M1368* | Slave ID#9 status on EASY PLC LINK network X| O | OFF - - R NO | OFF

M1369* | Slave ID#10 status on EASY PLC LINK network | X | O | OFF - - R NO | OFF
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M1370* | Slave ID#11 status on EASY PLC LINK network | X | O | OFF - - R NO | OFF

M1371* | Slave ID#12 status on EASY PLC LINK network | X | O | OFF - - R NO | OFF

M1372* | Slave ID#13 status on EASY PLC LINK network | X | O | OFF - - R NO | OFF

M1373* | Slave ID#14 status on EASY PLC LINK network | X | O | OFF - - R NO | OFF

M1374* | Slave ID#15 status on EASY PLC LINK network | X | O | OFF - - R NO | OFF

M1375* | Slave ID#16 status on EASY PLC LINK network | X | O | OFF - - R NO | OFF

M1376* Indicating Slave ID#1 data interchange status on x| o OFF } } R NO OFF
EASY PLC LINK

M1377* Indicating Slave ID#2 data interchange status on x| o OFF } } R NO OFF
EASY PLC LINK

M1378* Indicating Slave ID#3 data interchange status on x| o OFF } } R NO OFF
EASY PLC LINK

M1379* Indicating Slave ID#4 data interchange status on x| o OFF ) ) R NO OFF
EASY PLC LINK

M1380* Indicating Slave ID#5 data interchange status on x| o OFF ) ) R NO OFF
EASY PLC LINK

M1381* Indicating Slave ID#6 data interchange status on x| o OFF ) ) R NO OFF
EASY PLC LINK

M1382* Indicating Slave ID#7 data interchange status on %! o OFF R NO OFF
EASY PLC LINK i i

M1383* Indicating Slave ID#8 data interchange status on x| o OFF ) ) R NO OFF
EASY PLC LINK

M1384* Indicating Slave ID#9 data interchange status on x| o OFF ) ) R NO OFF
EASY PLC LINK

M1385* Indicating Slave ID#10 data interchange status x| o OFF ) ) R NO OFF
on EASY PLC LINK

M1386* Indicating Slave ID#11 data interchange status on x| o OFF ) ) R NO OFF
EASY PLC LINK

M1387* Indicating Slave ID#12 data interchange status x| 0 OFF } } R NO OFF
on EASY PLC LINK

M1388* Indicating Slave ID#13 data interchange status x| o OFF } } R NO OFF
on EASY PLC LINK

M1389* Indicating Slave ID#14 data interchange status x| 0 OFF } } R NO OFF
on EASY PLC LINK

M1390* Indicating Slave ID#15 data interchange status x| o OFF ) ) R NO OFF
on EASY PLC LINK

M1391* Indicating Slave ID#16 data interchange status x| o OFF ) ) R NO OFF
on EASY PLC LINK

M1392* | Slave ID#1 linking error X | O OFF - - R NO OFF

M1393* | Slave ID#2 linking error X | O OFF - - R NO OFF

M1394* | Slave ID#3 linking error x| O OFF - - R NO OFF

M1395* | Slave ID#4 linking error X O OFF - - R NO OFF

M1396* | Slave ID#5 linking error X | O OFF - - R NO OFF

M1397* | Slave ID#6 linking error X | O OFF - - R NO OFF
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M1398* | Slave ID#7 linking error X | O OFF - - R NO OFF
M1399* | Slave ID#8 linking error x| O OFF - - R NO OFF
M1400* | Slave ID#9 linking error X | O OFF - - R NO OFF
M1401* | Slave ID#10 linking error X | O | OFF - - R NO OFF
M1402* | Slave ID#11 linking error X | O OFF - - R NO OFF
M1403* | Slave ID#12 linking error X | O OFF - - R NO OFF
M1404* | Slave ID#13 linking error X | O OFF - - R NO OFF
M1405* | Slave ID#14 linking error X1 O OFF - - R NO OFF
M1406* | Slave ID#15 linking error X | O | OFF - - R NO OFF
M1407* | Slave ID#16 linking error X | O OFF - - R NO OFF
M1408* | Indicating reading from Slave ID#1 is completed x| O OFF - - R NO OFF
M1409* | Indicating reading from Slave ID#2 is completed x| O OFF - - R NO OFF
M1410* | Indicating reading from Slave ID#3 is completed X | O OFF - - R NO OFF
M1411* | Indicating reading from Slave ID#4 is completed X | O OFF - - R NO OFF
M1412* | Indicating reading from Slave ID#5 is completed X | O OFF - - R NO OFF
M1413* | Indicating reading from Slave ID#6 is completed X | O OFF - - R NO OFF
M1414* | Indicating reading from Slave ID#7 is completed X1 O OFF - - R NO OFF
M1415* | Indicating reading from Slave ID#8 is completed X | O OFF - - R NO OFF
M1416* | Indicating reading from Slave ID#9 is completed X | O OFF - - R NO OFF
M1417* | Indicating reading from Slave ID#10 is completed | X | O OFF - - R NO OFF
M1418* | Indicating reading from Slave ID#11 is completed | X | O OFF - - R NO OFF
M1419* | Indicating reading from Slave ID#12 is completed | X | O OFF - - R NO OFF
M1420* | Indicating reading from Slave ID#13 is completed | X | O OFF - - R NO OFF
M1421* | Indicating reading from Slave ID#14 is completed | X | O OFF - - R NO OFF
M1422* | Indicating reading from Slave ID#15 is completed | X | O OFF - - R NO OFF
M1423* | Indicating reading from Slave ID#16 is completed | XX | O OFF - - R NO OFF
M1424* | Indicating writing to Slave ID#1 is completed X1 O OFF - - R NO OFF
M1425* | Indicating writing to Slave ID#2 is completed X | O OFF - - R NO OFF
M1426* | Indicating writing to Slave ID#3 is completed X | O OFF - - R NO OFF
M1427* | Indicating writing to Slave ID#4 is completed X | O OFF - - R NO OFF
M1428* | Indicating writing to Slave ID#5 is completed X | O OFF - - R NO OFF
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ON RUN | STOP
M1429* | Indicating writing to Slave ID#6 is completed X | O OFF - - R NO OFF
M1430* | Indicating writing to Slave ID#7 is completed X | O OFF - - R NO OFF
M1431* | Indicating writing to Slave ID#8 is completed X | O OFF - - R NO OFF
M1432* | Indicating writing to Slave ID#9 is completed X | O OFF - - R NO OFF
M1433* | Indicating writing to Slave ID#10 is completed X | O OFF - - R NO OFF
M1434* | Indicating writing to Slave ID#11 is completed X | O OFF - - R NO OFF
M1435* | Indicating writing to Slave ID#12 is completed X | O OFF - - R NO OFF
M1436* | Indicating writing to Slave ID#13 is completed X | O OFF - - R NO OFF
M1437* | Indicating writing to Slave ID#14 is completed X | O OFF - - R NO OFF
M1438* | Indicating writing to Slave ID#15 is completed X | O OFF - - R NO OFF
M1439* | Indicating writing to Slave ID#16 is completed X | O OFF - - R NO OFF
M1524 Auto-reset Y2 when high speed pulse output x| o OFF } } rRW | NO OFF
completed
M1525 Auto-reset Y3 when high speed pulse output x| o OFF } } rRW | NO OFF
completed
M1534 Enable ramp-down time setting on YO0. Has to be x| 0 OFF } } rRW | NO OFF
used with D1348.
M1535 Enable ramp-down time setting on Y2. Has to be x| 0 OFF } } rRW | NO OFF
used with D1349.
M1538 | Indicating pause status of YO X | O OFF - OFF | R'W | NO OFF
M1539 | Indicating pause status of Y1 X1 O OFF - OFF | R'W | NO OFF
M1540 | Indicating pause status of Y2 X | O OFF - OFF | R'W | NO OFF
M1541 | Indicating pause status of Y3 X | O OFF - OFF | R'W | NO OFF
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2.6 S Relay
Initial step relay Starting instruction in Sequential Function Chart (SFC).
Zero return step relay Returns to zero point when using IST instruction in program. Zero

return step relays not used for IST instruction can be used as
general step relays.

Latched step relay S20 ~ S127, total 108 points. In sequential function chart (SFC),
latched step relay will be saved when power loss after running.
The state of power on after power loss will be the same as the
sate before power loss.

General purpose step relay  S128 ~ S911, total 784 points. General relays in sequential
function chart (SFC). They will be cleared when power loss after
running.

Alarm step relay S912 ~ S1023, total 112 points. Used with alarm driving
instruction APl 46 ANS as an alarm contact for recording the
alarm messages or eliminating external malfunctions.

2.7 T (Timer)

The units of the timer are 1ms, 10ms and 100ms and the counting method is counting up. When
the present value in the timer equals the set value, the associated output coil will be ON. The set
value should be a K value in decimal and can be specified by the content of data register D.

The actual set time in the timer = timer resolutionx set value

Ex: If set value is K200 and timer resolution is 10ms, the actual set time in timer will be 10ms*200 =
2000ms = 2 sec.

General Timer

The timer executes once when the program reaches END instruction. When TMR instruction is
executed, the timer coil will be ON when the current value reaches its preset value.

When X0 = ON, TMR instruction is driven. When current value achieves K100, the assocailte timer
contact TO is ON to drive YO. If X0 = OFFor the power is off, the current value in TO will be cleared
as 0 and output YO driven by contact TO will be OFF.

X0
F—— TMR TO K100
TO
10 sec
le—>
I
o | ] L
'K100
present ]
value I
TO /I |

YO [ ]
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Accumulative Timer

The timer executes once when the program reaches END instruction. When TMR instruction is
executed, the timer coil will be ON when the current value reaches its preset value. For
accumulative timers, current value will not be cleared when timing is interrupted.

Timer T250 will be driven when X0 = ON. When X0 = OFFor the power is off, timer T250 will pause
and retain the current value. When X0 is ON again, T250 resumes timing from where it was paused.

X0
}_

T250

| T1 | T2 T1+T2=10sec
«—>| ||

X0 | | |

"'K100

present
T250 value I
I
YO

TMR T250 K100

Timers for Subroutines and Interrupts

Timers for subroutines and interrupts count once when END instruction is met. The associated
output coils will be ON if the set value is achieved when End instruction executes. T184~T199 are
the only timers that can be used in subroutines or interrupts. Generals timers used in subroutines
and interrupts will not work if the subroutines or interrupts are not executing.

2.8 C (Counter)

Counters will increment their present count value when input signals are triggered from OFF—ON.

Item 16 bits counters 32 bits counters
Type General General High speed
C232~C242,
Counters C0~C199 C200~C231 C245~C254 C243, C244
Count
direction Count up Count up/down Count up
Range 0~32,767 -2,147,483,648~+2,147,483,647 0~2,147,483,647
Preset Constant K or
value data register D Constant K or data register D (Dword)
register (Word)
Counter will keep on counting Counter will keep on counting
: when preset value reached. .
Counter will stop . when preset value is reached.
Output The count value will become .
X when preset ; The count value will become
operation -2,147,483,648 if one more ) ;
value reached count is added to 0 if one more count is
+2.147 483,647 added to +2,147,483,647
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Iltem 16 bits counters 32 bits counters
Output coil is ON when
Output Ouptut Coil will counter reaches or is above Output coil is ON when
be ON when preset value. .
contact o counter reaches or is above
. counter reaches Output coil is OFF when
function . preset value
preset value. counter is below preset
value.
Associated devices are
High speed ) ) activated immediately when
conparison preset value is reached, i.e.
independant of scan time.
Reset The present value will reset to 0 when RST instruction is executed, output coil
action will be OFF.
Example:
LD X0 X0
RST Co —] —— RST Co
LD X1 X1
CNT  CO K5 _|C|0_ CNT | c0 | &
LD Co
o))
ouT YO0
When X0 = ON, RST instruction resets X0 [ ] |

CO. Every time When X1 is driven, CO will !

count up (add 1). X1 | | | | | | | ||| |
|

When CO reaches the preset value K5,
output coil YO will be ON and CO will stop

|
|
|
Co I
|
|
|

counting and ignore the signals from input present
X1. value

Contacts YO, CO |

M relays M1200 — M1254 are used to set the up/down counting direction for C200 — C254
respectively. Setting the corresponding M relay ON will set the counter to count down.

Example:

LD  X10
X10

OUT M1200 —H—.

LD  X11 X11

RST €200 — €200
X12

LD X12 — —— DCNT | c200 K-5

CNT €200 K-5 ©200

LD  C200 —|)—.

OUT YO
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a)

b)

c)

d)

e)

X10 drives M1200 to
determine counting direction
(up / down) of C200

When X11 goes from OFF to
ON, RST instsruction will be
executed and the PV (present
value) in C200 will be cleared
and contact C200 is OFF.
When X12 goes from Off to
On, PV of C200 will count up
(plus 1) or count down (minus
1).

When PV in C200 changes
from K-6 to K-5, the contact
C200 will be energized. When
PV in C200 changes from K-5
to K-6, the contact of C200
will be reset.

If MOV instruction is applied
through WPLSoft or HPP to
designate a value bigger than
SV to the PV register of CO,
next time when X1 goes from
OFF to ON, the contact CO
will be ON and PV of CO will
equal SV.

2.9 High-speed Counters

Accumulatively Accumulatively
X10 increasing Progressively increasing
decreasing

xi1_[] ! N
xi2__ [IUTUU U Uit

wasOn.\ VB

Contacts
YO0, CO

There are two types of high speed counters provided by DVP-ES2 including Software High Speed
Counter (SHSC) and Hardware High Speed Counter (HHSC). The same Input point (X) can be

designated with only one high speed counter. Double designation on the same input or the same

counter will result in syntax error when executing DCNT instruction.
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Applicable Software High Speed Counters:

» c 1-phase input 2 phase 2 input
C235 | C236 | C237 | C238 | C239 | C240 | C241 | C242 |C232|C233|C234

X0 u/D A

X1 u/D

X2 u/D B

X3 u/D

X4 u/D A

X5 u/D B

X6 u/D A

X7 u/D B

R/F M1270 | M1271 | M1272 | M1273 | M1274 | M1275 | M1276 | M1277 | - - -

u/D M1235 | M1236 | M1237 | M1238 | M1239 | M1240 | M1241 | M1242 | - - -

U: Count up D: Count down A: Phase A input B: Phase B input

Note:

1. U/D (Count up/Count down) can be specified by special M. OFF = count up; ON = count down.

2. R/F (Rising edge ftrigger/ Falling edge trigger) can also be specified by special M. OFF =
Rising; ON = Falling.

3.  SHSC supports max 10kHz input pulse on single point. Max. 8 counters are applicable in the
same time.

4. For 2-phase 2-input conuting, (X4, X5) (C233) and (X6, X7) (C234), max 5kHz. (X0,X2)
(C232), max 15kHz.

5.  2-phase 2-input counting supports double and 4 times frequency, which is selected in D1022

as the table in next page

Applicable Hardware High Speed Counters:

Cc
. 1-phase input 1-phase 2-input 2 phase 2 input
C243 | C244 | C245 | C246 | C247 | C248 | C249 | C250 | C251 | C252 | C253 | C254
X0 u u/D | UD u u A A
X1 R Dir | Dir D D B B
X2 U U/D | UD
X3 R Dir | Dir B B
X4 R R R
X5 R R
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U: Countup A:  Phase Ainput Dir: Directoin signal input
D: Count down B: Phase B input R:  Reset signal input
Note:

1.  The max. frequency of the 1-phase input X0 (C243, C245, C246) and X2(C242) is 100kHz.

2. The max. frequency of the 1-phase 2-input (X0, X1)(C245, C246) and (X2, X3)(C249, C250)
is 100kHz.
The max. frequency of the 1-phase 2-input (X0, X1)(C247, C248) is 10kHz.

4. The max. frequency of the 2-phase 2-input (X0, X1)(C251, C252) and (X2, X3)(C253, C254)
is SkHz.

5. 2-phase 2-input counting supports double and 4 times frequency, which is selected in D1022

as the table in next page. Please refer to the below table for detailed counting wave form.

D1022 Counting mode
A | [ I N S I S I
SEEEEE —
= » |
(Double Frequency) 41—'—

— ey

ii up

v

K4 or other value
(4 times frequency)
(Default)

v

6. €243 and C244 support count-up mode only and occupy the associate input points X1 and
X3 as reset (“R”) function. If users do not need to apply reset function, set ON the associated
special M relays (M1243 and M1244) to disable the reset function.

7. “Dir’ refers to direction control function. OFF indicates counting up; ON indicates counting
down.

8. When X1, X3, X4 and X5 is applied for reset function and associated external interrupts are
disabled, users can define the reset function as Rising/Falling-edge triggered by special M

relays

Reset Function X1 X3 X4 X5
R/F M1271 M1273 M1274 M1275

9.  When X1, X3, X4 and X5 is applied for reset function and external interrupts are applied, the

interrupt instructions have the priority in using the input points. In addition, PLC will move the
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current data in the counters to the associated data registers below then reset the counters.

Special D D1241, D1240 D1243, D1242
Counter C243 C246 C248 C252 C244 C250 | C254
External Interrupt X1 X4 X3 X5

Example:

M1000
— —— DCNT | c243 | K100

FEND

M1000
1101 < }— pmov | p1240 | Do

IRET

RERE

END

When C243 is counting and external interrupt is triggerred from X1(1101), counted value in C243

will be move to DO immediately then C243 is reset. After this interrupt 1101 executes.

1-phase 1 input high-speed counter:

Example:
LD X20 %20
RST C235 — —— RST Cc235
LD X21 X21
OUT  M1235 —
LD X22 X22

l— DCNT C235 K5
DCNT C235 K5 _C|235

LD C235 L ,_.
OuT YO 0

1. X21 drives M1235 to determine counting direction (Up/Down) of C235.

2. When X20 = ON, RST instsruction executes and the current value in C235 will be cleared.
Contact C235 will be OFF

3. When X22 = ON, C235 receives signals from X0 and counter will count up (+1) or count
down (-1).

4. When counter C235 reaches K5, contact C235 will be ON. If there is still input signal input

for X0, it will keep on counting.

2-27



DVP-ES2 Operation Manual - Programming

counting down

X21,M1243 contact counting up |—
x20 ] |

I

1
X22 |

I

C243
present
value

YO, C245 contact

1-phase 2 inputs high-speed counter:

Example:
LD X20 %20
RST C247 — —— RST C247
LD xX21 X21
DCNT  C247 K5 — =] DONT | C247 | K5
LD C247 c247
G
ouT YO0

1. When X20 is ON, RST instsruction executes and the current value in C247 will be cleared.
Contact C247 will be OFF.

2. When X21=0N, C247 receives count signals from X0 and counter counts up (+1), or
C247 receives count signal from X1 and counter counts down (-1)

3. When C247 reaches K5, contact C247 will be ON. If there is still input signal from X0 or
X1, C247 will keep on counting

X20 |_|

1
X21 I
X0 I
count up! | | | | | | |
X1
count down

Cc247
present
value

YO, C247:contact

]
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2-phase AB-input high-speed counter:

Example:
LD M1002 M1002
MOV K2 D1022 — —— MoV K2 D1022
LD X20 X20
RST C251 — —— RST | C251
X21
LD X2 — —— DCNT | C251 K5
DCNT C251 K5 C251
LD C251 —
ouT YO0

1. When X20 is ON, RST instsruction executes and the current value in C251 will be cleared.
Contact C251 will be OFF.

2. When X21 is ON, C251 receives A phase counting signal of X0 input terminal and B
phase counting signal of X1 input terminal and executes count up or count down

3. When counter C251 reaches K5, C251 contact will be ON. If there is still input signal from
X0 or X1, C251 will keep on counting

4. Counting mode can be specified as double frequency or 4-times frequency by D1022.
Default: 4-times frequency.

X20 |_|

X21

A-phase X0: |

]
|

| |

_ |
B-phase X1I T
1

|

|

1

|

]

1
C251 presentivalue
1

3

——— - - ] =

1

Counting up Counting down

0

Y0, C251'contact
1

2.10 Special Data Register

The types and functions of special registers (special D) are listed in the table below. Care should
be taken that some registers of the same No. may bear different meanings in different series MPUs.
Special M and special D marked with “*” will be further illustrated in 2.13. Columns marked with “R”
refers to “read only”, “R/W” refers to “read and write”, “-“ refers to the status remains unchanged
and “#” refers to that system will set it up according to the status of the PLC. For detailed

explanation please also refer to 2.13 in this chapter.
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. OFF | STOP | RUN
Sp(-,lsclal Content Ei E)Sé 4 4 8 | Attrib. thgh Default
ON RUN | STOP
D1000* | Scanning watch dog timer (Unit: 1ms) OO 200 - - R/W | NO 200
D1001 Displaying j[he program version of DVP-PLC (initial olo ) ) ) R NO #
factory setting)
D1002* | Program capacity OO - - - R NO #
D1003 Sum of program memory (sum of the PLC internal olo ) ) ) R YES | 15872
program memory.
D1004* | Syntax check error code OO 0 0 - R NO 0
D1008* | Step address when WDT is ON OO0 0 - - R NO 0
D1009 | Number of LV (Low voltage) signal occurrence OO 0 - - R YES 0
D1010* | Current scan time (Unit: 0.1ms) OO 0 0 0 R NO 0
D1011* | Minimum scan time (Unit: 0.1ms) o110 0 0 0 R NO 0
D1012* | Maximum scan time (Unit: 0.1ms) OO0 0 0 0 R NO 0
D1015* Va!ue of accumulative high-speed timer (0~32,767, X |o 0 ) ) rRwW | NO 0
unit: 0.1ms)
D1018*| 7 PI (Low byte) X | O |HOFDB |HOFDB|HOFDB| R/W | NO |HOFDB
D1019* | = PI(High byte) X | O |H4049 |H'4049|H4049| R/W | NO | H4049
D1020* | X0~X7 input filter (unit: ms) 0~20ms adjustable OO0 10 - - R/W | NO 10
Counting mode selection (Double frequency/ 4
D1022 | times frequency) for AB phase counter (From X0, OO 4 - - R/W | NO 4
X1 input)
D1023* Register for Storing detected pulse width (unit: olo 0 ) ) rRW | NO 0
0.1ms)
D1025* | Code for communication request error O 0 - - R NO 0
D1026* Pulse number for masking YO when M1156 = ON X 0 0 } RIW NO 0
(Low word)
D1027* Pu]se number for masking YO when M1156 = ON yaie) 0 0 ) RIW NO 0
(High word)
D1028 | Index register EO o110 0 - - R/W | NO 0
D1029 | Index register FO OO 0 - - R/W | NO 0
D1030 | Low word of the present value of YO pulse output OO0 - - - R/W | YES 0
D1031 | High word of the present value of YO pulse output | O | O - - - R/W | YES 0
D1032 | Low word of the present value of Y1 pulse output | O | O - - - R/W | NO 0
D1033 | High word of the present value of Y1 pulse output | O | O - - - R/W | NO 0
D1036* | COM1 (RS-232) Communication protocol OO | H86 - - R/W | NO H'86
1. Delay time setting for data response when PLC is
SLAVE in COM2 / COM3 RS-485 communication.
Range: 0 ~ 10,000 (unit: 0.1ms).
D1038 | 5 By using EASY PLC LINK in COM2 (Rs-485), | © | © | - - - | RW ] NO O
D1038 can be set to send next communication data
with delay. Range: 0 ~ 10,000 (Unit: one scan
cycle)
D1039* | Fixed scan time (ms) o110 0 - - R/W | NO 0
D1040 | No. of the 1* step point which is ON. X | O 0 - - R NO 0
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OFF | STOP | RUN

Sp%mal Content Ei Eié 4 4 4 | Attrib. Laetgh Default
ON RUN | STOP
D1041 | No. of the 2" step point which is ON X | O 0 - - R NO 0
D1042 | No. of the 3™ step point which is ON. X 1O 0 - - R NO 0
D1043 | No. of the 4™ step point which is ON X 1O 0 - - R NO 0
D1044 | No. of the 5" step point which is ON. X1 O 0 - - R NO 0
D1045 | No. of the 6" step point which is ON X 1O 0 - - R NO 0
D1046 | No. of the 7" step point which is ON. X|1O| o - - R NO 0
D1047 | No. of the 8" step point which is ON X1 O 0 - - R NO 0
D1049 | No. of alarm which is ON X 1O 0 - - R NO 0
D1050 Converted data for Modbus communication data
rocessing. automatically converts the

| p ing. PLC ically he ASCII olo 0 ) ) R NO 0

D1055 data in D1070~D1085 into Hex data and stores the
16-bit Hex data into D1050~D1055
D1056 gr:ggg; value of EX controller analog input channel 0| x 0 _ ) R NO 0
D1057 I:r(ecss?; value of EX controller analog input channel ol x 0 B } R NO 0
D1058 Zr(zsg;; value of EX controller analog input channel 0| x 0 _ ) R NO 0
D1059 :F;r(ecsgg; value of EX controller analog input channel Ol x 0 B ) R NO 0
« | For EX2 series, sampling range of analog input } }

D1062 channels (CHO~CH3): 1~20 X 2 RIW | NO 2
D1067* | Error code for program execution error O 0 0 - R NO 0
D1068* | Address of program execution error O10 0 - - R NO 0

Feedback data (ASCII) of Modbus communication.
D1070 | When PLC’s RS-485 communication instruction

| receives feedback signals, the data will be savedin | O | O 0 - - R NO 0
D1085 | the registers D1070~D1085. Usres can check the
received data in these registers.

High word of the password in DVP-PCCO01

D1086 (displayed in hex according to its ASCII codes)

Low word of the password in DVP-PCCO01

D1087 (displayed in hex according to its ASCII codes)

Sent data of Modbus communication.

D1089 | When PLC’s RS-485 communication instruction
I sends out data, the data will be stored in o110 0 - - R NO 0

D1099 | D1089~D1099. Users can check the sent data in

these registers.

D1109* | COM3 (RS-485) Communication protocol X | O | H86 - - R/W | NO H’86

Average of EX2 analog input channel 0 (AD 0)
D1110* | When smapling range in D1062 is setto 1,D1110 | O | O 0 - - R NO 0
indicates present value.

Average of EX2 analog input channel 1 (AD 1)
D1111* | When smapling range in D1062 is setto 1,D1110 | O | O 0 - - R NO 0
indicates present value

Average of EX2 analog input channel 2 (AD 2)
D1112* | When smapling range in D1062 is setto 1,D1110 | O | O 0 - - R NO 0
indicates present value
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OFF

STOP

RUN

Sp?;'al Content Ei E)Sé 4 4 4 Attrib. La;tgh Default
ON RUN | STOP

Average of EX2 analog input channel 3 (AD 3)

D1113* | When smapling range in D1062 is set to 1, D1110 OO0 0 - - R NO 0
indicates present value
Analog mode selection (0 : Voltage /1: Current)

D1115* | bit0~bit3 indicates ADO~AD3, X 1O 0 0 0 R/W | NO 0
bit4~bit5 indicates DAO~DA1

D1116* | EX2 analog output channel 0 (DA 0) o110 0 0 0 R/W | NO 0

D1117* | EX2 analog output channel 1 (DA 1) OO 0 0 0 R/W | NO 0
For EX2 only. Sampling time of analog/digital

D1118* | converstion. Default: 2. Unit: 1ms. Sampling time O10 2 - - RW | NO 2
will be regarded as 2ms if D1118=2

D1120* | COM2 (RS-485) communication protocol OO | H86 - - R/W | NO H'86

D1121* COM1(R.S-2.32) and COM2(RS-485) PLC } } ) RW | Yes 1
communication address

D1122 COM2(RS-485) Residual number of words of olo 0 0 ) R NO 0
transmitting data

D1123 COM?(RS-485) Residual number of words of the 0 0 ) R NO 0
receiving data

D1124 | COM2(RS-485) Definition of start character (STX) H'3A - - R/W NO H’'3A

D1125 COMZ2(RS-485) Definition of first ending character H'0D _ _ R/W NO H'0D
(ETX1)

D1126 COM2(RS-485) Definition of second ending olo| Hoa ) ) rRwW | NO HOA
character (ETX2)
The specific end word to be detected for RS
instruction to execute an interruption request (1150) | O | X 0 - - R/W | NO 0

D1127 | (For DVP-ES only)
Number of pulses for ramp-up operation of ) }
positioning instruction (Low word) X0 0 R NO 0
Number of pulses for ramp-up operation of ) }

D1128 positioning instruction (High word) X0 0 R NO 0

D1129 COM2 (RS-485) Communication time-out setting O 0 ) ) RIW NO 0
(ms)

D1130 | COM2 (RS-485) Error code returning from Modbus | O 0 - - R NO 0

D1131 Input/output percentage value of CHO(YO0,Y1) close X 100 _ _ RIW NO 100
loop contro

D1132 Input/output percentage value of CH1(Y2,Y3) close 1o 100 _ _ rRW | NO 100
loop control
Number of pulses for ramp-down operation of ) )

D1133 positioning instruction (Low word) X110 0 R NO 0
Number of pulses for ramp-down operation of ) }

D1134 positioning instruction (High word) X0 0 R NO 0

D1135* Pulse number for masking Y2 when M1158 = ON X |o 0 0 _ RIW NO 0
(Low word)

D1136* quse number for masking Y2 when M1158 = ON ydaRe) 0 0 _ RIW NO 0
(High word)

D1137* | Address where incorrect use of operand occurs ORNO) 0 0 - R NO 0

D1140* | Number of /0O modules (max. 8) O10 0 - - R NO 0

D1142* | Number of input points (X) on DIO modules O10 0 - - R NO 0

2-32




2. Programming Concepts

Sp%cial Content Ei Eié OEF STU(»)P REN Attrib. Laetgh Default
ON RUN | STOP
D1143* | Number of output points (Y) on DIO modules o]0 0 - - R NO 0
The specific end word to be detected for RS
D1167 | instruction to execute an interruption request (1140) | X | O 0 - - R/W NO 0
on COM1 (RS-232).
The specific end word to be detected for RS
D1168 | instruction to execute an interruption request (1150) | X | O 0 - - R/W | NO 0
on COM2 (RS-485)
The specific end word to be detected for RS
D1169 | instruction to execute an interruption request (1160) | X | O 0 - - R/W | NO 0
on COM3 (RS-485)
D1182 | Index register E1 X | O 0 - - RW | NO 0
D1183 | Index register F1 X | O 0 - - R/W | NO 0
D1184 | Index register E2 X 1O 0 - - R/W | NO 0
D1185 | Index register F2 X 1O 0 - - R/W | NO 0
D1186 | Index register E3 X | O 0 - - R/W | NO 0
D1187 | Index register F3 X 1O 0 - - R/W | NO 0
D1188 | Index register E4 X 1O 0 - - R/W | NO 0
D1189 | Index register F4 X 1O 0 - - R/W | NO 0
D1190 | Index register E5 X 1O 0 - - R/W | NO 0
D1191 | Index register F5 X | O 0 - - R/W | NO 0
D1192 | Index register E6 X 1O 0 - - R/W | NO 0
D1193 | Index register F6 X 1O 0 - - R/W | NO 0
D1194 | Index register E7 X | O 0 - - R/W | NO 0
D1195 | Index register F7 X 1O 0 - - R/W | NO 0
D1220 | Pulse output mode setting of CHO (YO, Y1) X 1O 0 - - RW | NO 0
D1221 | Pulse output mode setting of CH1 (Y2, Y3) X 1O 0 - - RW | NO 0
orzaz:| Qi pute unber o o sopwren 0 ||| o | o | - [ Rw | w0 | o
o1za| Qutpulse mber o vampedoun s aben 0 | |0 o | o | - R w0 | o
orzas| Qi pute unber o g o sopunen 2 | 0| o | o | = [ w | w0 | o
oraas | Out puse moer r amp deun sdep wpen2 ||| 0 | o | - | ww | no | o
orzay | Mo woomsonos s 020 o [o[ o [ o | [ r v | @
oraar e ionsouroono senrs 241 oo o [0 | | w [wo| o
orzaz | M enessiorsosoonsnscomrs o122 [ o[ o [0 [ | m [0 | o
orzay e menessorsosonis sonrs 1269 [ o [0 | | m o o
D1244 Idle time (pulse number) setting of CHO (YO, Y1) The x| o 0 ) ) RIW NO 0

function is disabled if set value <0.
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. OFF | STOP | RUN
Sp(-,lsclal Content Ei E)Sé 4 4 4 Attrib. thgh Default
ON RUN | STOP

Idle time (pulse number) setting of CH2 (Y2, Y3) The
D1245 |t 1nction is disabled if set value <O0. X|O| o - - |RW I NO |0

Set value for COM1 (RS-232) data receiving time-

out (Unit: 1ms, min. 50ms, value smaller than 50ms
D1249 | will be regarded as 50ms) (only applicable for X 10O 0 - - R/W NO 0

MODRWI/RS instruction) In RS instruction, no time-

out setting if “0” is specified.

COM1 (RS-232) communication error code (only ) }
D1250 | b plicable for MODRWI/RS instruction) X0 0 RW | NO | O

Set value for COM3 (RS-485) data receiving time-

out (Unit: 1ms, min. 50ms, value smaller than 50ms
D1252 | will be regarded as 50ms) (only applicable for X 10O 50 - - R/W NO 50

MODRWI/RS instruction) In RS instruction, no time-

out setting if “0” is specified

COM3 (RS-485) communication error code (only ) )
D1253 | bplicable for MODRWIRS instruction) O 0 RW | NO | O
D1255* | COM3 (RS-485) PLC communication address O 50 - - R/W | YES 1

For COM2 RS-485 MODRW instruction.
D1256 | D1256~D1295 store the sent data of MODRW

I instruction. When MODRW instruction sends out OO0 0 - - R NO 0

D1295 | data, the data will be stored in D1256~D1295.

Users can check the sent data in these registers.

For COM2 RS-485 MODRW instruction.
D1296 | D1296~D1311 store the converted hex data from

I D1070 ~ D1085 (ASCII). PLC automatically O10 0 - - R NO 0

D1311 | converts the received ASCII data in D1070 ~

D1085 into hex data.
D1313* | Second in RTC: 00 ~ 59 X |1O - - - R/W | YES 0
D1314* | Minute in RTC: 00 ~ 59 X |1O - - - R/W | YES 0
D1315* | Hour in RTC: 00 ~ 23 X |1O - - - R/W | YES 0
D1316*| Day in RTC: 01 ~ 31 X |O - - - R/W | YES 1
D1317* | Month in RTC: 01 ~ 12 X |1O - - - R/W | YES 1
D1318* | Week in RTC: 1~ 7 X1O| - - - | RW |YES | 2
D1319* | Year in RTC: 00 ~ 99 (A.D.) X | O - - - R/W | YES 8
D1320* | ID of the 1°* I/O module X 1O 0 - - R NO 0
D1321* | ID of the 2" I/O module X 1O 0 - - R NO 0
D1322* | |D of the 3" I/O module X|{O}] o - - R NO 0
D1323* | ID of the 4™ I/O module X |1 O 0 - - R NO 0
D1324* | ID of the 5" I/O module X|1O]| o - - R | NO 0
D1325" | ID of the 6" I/O module X|O| o - - R NO 0
D1326*| ID of the 7" /O module X|{O| o - - R NO 0
D1327* | ID of the 8" I/O module X|1O]| o - - R | NO 0
D1336 | Low word of the present value of Y2 pulse output X 10O - - - R/W | YES 0
D1337 | High word of the present value of Y2 pulse output X 1O - - - R/W | YES 0
D1338 | Low word of the present value of Y3 pulse output X 10O - - - R/W NO 0
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Spgﬂw Content Ei Eié CEF Szfp REN Attrib. L?ﬁh Default
ON RUN | STOP

D1339 | High word of the present value of Y3 pulse output X 1O - - - R/W NO 0
D1340 gtstr)t/(?g f\r(e;c;uency of the 1% group pulse output X |o 100 ) ) RIW NO 100
D1343 garg;z\?g/(ﬁv)vn time of the 1* group pulse output X |o 100 ) } RIW NO 100
I EI A I
orsas e 1558~ o o1 soresneramoson | [0 [ vop || | w0 | 1o
D1352 gtgqt/g?; f\rg;uency of the 2™ group pulse output X |o 100 ) } RIW NO 100
D1353 EZT?Yuzp/i%\;vn time of the 2™ group pulse output yake 100 _ ) RIW NO 100
D1355* %ir;ing reference for Master to read from Slave X o | 1064 _ ) rRW | YEs | H1064
D1356* |S|:§:tr2ﬁng reference for Master to read from Slave X 1 O] 1064 _ ) rRW | YEs | H1064
D1357* %z;r;ing reference for Master to read from Slave X o | 1064 ) } rRW | YEs | H1064
D1358* ISl:t):;rting reference for Master to read from Slave X 1 O] 1064 _ ) rRW | YEs | H1064
D1359* %ir;ing reference for Master to read from Slave X O | 1064 _ ) rRW | YEs | H1064
D1360* ISl:t)::;ing reference for Master to read from Slave Y o | 1064 ) ) rRW | YEs | H1064
D1361* ISl:t):tr;ing reference for Master to read from Slave X o | 1064 _ ) rRW | YEs | H1064
D1362* %zr;ing reference for Master to read from Slave X o | 1064 ) } rRW | YEs | H1064
D1363* ISS:Er;ing reference for Master to read from Slave X 1 O] 1064 _ ) rRW | YEs | H1064
D1364* %a#l;tlgg reference for Master to read from Slave X o | 1064 ) } rRW | YEs | H1064
D1365* |S|:t):t?i1ng reference for Master to read from Slave Y o | 1064 ) ) rRW | YEs | H1064
D1366* %a#r:lgg reference for Master to read from Slave X o | 1064 _ ) rRW | YEs | H1064
D1367* %ZT:?Q reference for Master to read from Slave Y o | 1064 ) ) rRW | YEs | H1064
D1368* %Z?Tg reference for Master to read from Slave % 1 O] 1064 _ ) rRW | YEs | H1064
D1369* %Z??g reference for Master to read from Slave X o | 1064 ) } rRW | YEs | H1064
D1370* ISEt):;tgg reference for Master to read from Slave % 1 O] 1064 _ ) rRW | YEs | H1064
D1399* | Starting Slave ID designated by EASY PLC LINK X 1O 1 - - R/W | YES 1
D1415* | Starting reference for Master to write in Slave ID#1 | XX | O | 10C8 - - R/W | YES | H'10C8
D1416* | Starting reference for Master to write in Slave ID#2 | X | O | 10C8 - - R/W | YES | H'10C8

2-35




DVP-ES2 Operation Manual - Programming

Sp%ﬂm Content Ei Eig CEF SE?P REN Attrib. L?gh Default
ON | RUN | STOP

D1417* | Starting reference for Master to write in Slave ID#3 | XX | O | 10C8 - - R/W | YES | 10C8
D1418* | Starting reference for Master to write in Slave ID#4 | X | O | 10C8 - - R/W | YES | H'10C8
D1419* | Starting reference for Master to write in Slave ID#5 | > | O | 10C8 - - R/W | YES | H10C8
D1420* | Starting reference for Master to write in Slave ID#6 | X | O | 10C8 - - R/W | YES | H'10C8
D1421*| Starting reference for Master to write in Slave ID#7 | X | O | 10C8 - - R/W | YES | H'10C8
D1422* | Starting reference for Master to write in Slave ID#8 | > | O | 10C8 - - R/W | YES | H10C8
D1423* | Starting reference for Master to write in Slave ID#9 | X | O | 10C8 - - R/W | YES | H'10C8
D1424* %a#r:gg reference for Master to write in Slave % o | 10cs } } rRw | YEs | H10C8
D1425* |SI:’;a#r1ti1ng reference for Master to write in Slave % | o | 10cs ) ) rRw | YEs | H10cs
D1426* %a#l;n;g reference for Master to write in Slave % | o | 10cs ) ) rRw | YEs | H10C8
D1427* %a#r:g\g reference for Master to write in Slave % | o | 10cs ) ) rRw | YEs | H10cs
D1428* ﬁ:t;l;h:g reference for Master to write in Slave % 1 O] 10c8 } ) rRw | YEs | H10C8
D1429* %a#r:?g reference for Master to write in Slave % | o | 10cs } } rRw | YEs | H10C8
D1430* |S|:t)a#r1tler;]g reference for Master to write in Slave % 1 O] 10c8 } ) rRw | YEs | H10C8
D1431* | Times of EASY PLC LINK polling cycle X 1O 0 - - R/W | NO 0
D1432 | Current times of EASY PLC LINK polling cycle X 1O 0 - - R/W | NO 0
D1433* | Number of slave units linked to EASY PLC LINK X 1O 0 - - R/W NO 0
D1434* | Data length to be read on Slave ID#1 X 1O 16 - - R/W | YES 16
D1435* | Data length to be read on Slave ID#2 X 1O 16 - - R/W | YES 16
D1436* | Data length to be read on Slave ID#3 X 1O 16 - - R/W | YES 16
D1437* | Data length to be read on Slave ID#4 X 10O 16 - - R/W | YES 16
D1438* | Data length to be read on Slave ID#5 X | O 16 - - R/W | YES 16
D1439* | Data length to be read on Slave ID#6 X 1O 16 - - R/W | YES 16
D1440* | Data length to be read on Slave ID#7 X 1O 16 - - R/W | YES 16
D1441* | Data length to be read on Slave ID#8 X 1O 16 - - R/W | YES 16
D1442* | Data length to be read on Slave ID#9 X 1O 16 - - R/W | YES 16
D1443* | Data length to be read on Slave ID#10 X 1O 16 - - R/W | YES 16
D1444* | Data length to be read on Slave ID#11 X 1O 16 - - R/W | YES 16
D1445* | Data length to be read on Slave ID#12 X 1O 16 - - R/W | YES 16
D1446™ | Data length to be read on Slave ID#13 X 1O 16 - - R/W | YES 16
D1447* | Data length to be read on Slave ID#14 X 1O 16 - - R/W | YES 16
D1448* | Data length to be read on Slave ID#15 X 1O 16 - - R/W | YES 16
D1449* | Data length to be read on Slave ID#16 X 1O 16 - - R/W | YES 16

2-36




2. Programming Concepts

. OFF | STOP | RUN
Sp%mal Content Ei Eié 4 4 4 | Attrib. Laetgh Default
ON | RUN |STOP

D1450* | Data length to be written on Slave ID#1 X 1O 16 - - R/W | YES 16
D1451* | Data length to be written on Slave ID#2 X 1O 16 - - R/W | YES 16
D1452* | Data length to be written on Slave ID#3 X 1O 16 - - R/W | YES 16
D1453* | Data length to be written on Slave ID#4 X 1O 16 - - R/W | YES 16
D1454* | Data length to be written on Slave ID#5 X 1O 16 - - R/W | YES 16
D1455* | Data length to be written on Slave ID#6 X 1O 16 - - R/W | YES 16
D1456™ | Data length to be written on Slave ID#7 X 1O 16 - - R/W | YES 16
D1457* | Data length to be written on Slave ID#8 X 1O 16 - - R/W | YES 16
D1458* | Data length to be written on Slave ID#9 X 1O 16 - - R/W | YES 16
D1459* | Data length to be written on Slave ID#10 X 1O 16 - - R/W | YES 16
D1460* | Data length to be written on Slave ID#11 X 1O 16 - - R/W | YES 16
D1461* | Data length to be written on Slave ID#12 X 1O 16 - - R/W | YES 16
D1462* | Data length to be written on Slave ID#13 X 1O 16 - - R/W | YES 16
D1463* | Data length to be written on Slave ID#14 X 1O 16 - - R/W | YES 16
D1464* | Data length to be written on Slave ID#15 X 1O 16 - - R/W | YES 16
D1465* | Data length to be written on Slave ID#16 X 1O 16 - - R/W | YES 16
D1480* | Data buffer to store the data read from Slave ID#1.

! PLC reads 16 data from the starting reference set | X | O - - - R NO 0
D1495¢ | in D1355. (Default of D1355: D100)
D1496" | Data buffer to store the data to be written on Slave

I ID#1. PLC writes 16 data into the starting reference | X | O - - - R/W | NO 0
D1511* | setin D1415. (Default of D1415: D200)
D1512%| Data buffer to store the data read from Slave ID#2

l PLC reads 16 data from the starting reference set | X | O - - - R NO 0
D1527* | in D1356. (Default of D1356: D100)
D1528" | Data buffer to store the data to be written on Slave

| ID#2. PLC writes 16 data into the starting reference | X | O - - - R/W | NO 0
D1543* | setin D1416. (Default of D1416: D200)
D1544* | Data buffer to store the data read from Slave ID#3.

I PLC reads 16 data from the starting reference set | X | O - - - R NO 0
D1559* | in D1357. (Default of D1357: D100)
D1560" | Data buffer to store the data to be written on Slave

I ID#3. PLC writes 16 data into the starting reference | X | O - - - R/W | NO 0
D1575* | setin D1417. (Default of D1417: D200)
D1576" | Data buffer to store the data read from Slave ID#4.

I PLC reads 16 data from the starting reference set | X | O - - - R NO 0
D1591* | in D1358. (Default of D1358: D100)
D1592" | Data buffer to store the data to be written on Slave

! ID#4. PLC writes 16 data into the starting reference | X | O - - - R/W | NO 0
D1607* | setin D1418. (Default of D1418: D200)
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Special
D

Content

ES
EX

ES2
EX2

OFF

ON

STOP

RUN

RUN

STOP

Attrib.

Latch
ed

Default

D1608*
!
D1623*

Data buffer to store the data read from Slave ID#5.
PLC reads 16 data from the starting reference set
in D1359. (Default of D1359: D100)

NO

D1624*
!
D1639*

Data buffer to store the data to be written on Slave
ID#5. PLC writes 16 data into the starting reference
set in D1419. (Default of D1419: D200)

R/W

NO

D1640*
\
D1655*

Data buffer to store the data read from Slave ID#6.
PLC reads 16 data from the starting reference set
in D1360. (Default of D1360: D100)

NO

D1656*
!
D1671*

Data buffer to store the data to be written on Slave
ID#6. PLC writes 16 data into the starting reference
set in D1420. (Default of D1420: D200)

R/W

NO

D1672*
\
D1687*

Data buffer to store the data read from Slave ID#7.
PLC reads 16 data from the starting reference set
in D1361. (Default of D1361: D100)

NO

D1688*
I
D1703*

Data buffer to store the data to be written on Slave
ID#7. PLC writes 16 data into the starting reference
set in D1421. (Default of D1421: D200)

R/wW

NO

D1704*
I
D1719*

Data buffer to store the data read from Slave ID#8.
PLC reads 16 data from the starting reference set
in D1362. (Default of D1362: D100)

NO

D1720*
I
D1735*

Data buffer to store the data to be written on Slave
ID#8. PLC writes 16 data into the starting reference
set in D1422. (Default of D1422: D200)

R/wW

NO

D1736*
V
D1751*

Data buffer to store the data read from Slave ID#9.
PLC reads 16 data from the starting reference set
in D1363. (Default of D1363: D100)

NO

D1752*
V
D1767*

Data buffer to store the data to be written on Slave
ID#9. PLC writes 16 data into the starting reference
set in D1423. (Default of D1423: D200)

R/wW

NO

D1768*
V
D1783*

Data buffer to store the data read from Slave
ID#10. PLC reads 16 data from the starting
reference set in D1364. (Default of D1364: D100)

NO

D1784*
!
D1799*

Data buffer to store the data to be written on Slave
ID#10. PLC writes 16 data into the starting
reference set in D1424. (Default of D1424: D200)

R/W

NO

D1800*
!
D1815*

Data buffer to store the data read from Slave
ID#11. PLC reads 16 data from the starting
reference set in D1365. (Default of D1365: D100)

NO

D1816*
!
D1831*

Data buffer to store the data to be written on Slave
ID#11. PLC writes 16 data into the starting
reference set in D1425. (Default of D1425: D200)

R/W

NO
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Special
D

Content

ES
EX

ES2
EX2

OFF

ON

STOP

RUN

RUN

STOP

Attrib.

Latch
ed

Default

D1832*
v
D1847*

Data buffer to store the data read from Slave
ID#12. PLC reads 16 data from the starting
reference set in D1366. (Default of D1366: D100)

NO

D1848*
v
D1863*

Data buffer to store the data to be written on Slave
ID#12. PLC writes 16 data into the starting
reference set in D1426. (Default of D1426: D200)

R/W

NO

D1864*
y
D1879*

Data buffer to store the data read from Slave
ID#13. PLC reads 16 data from the starting
reference set in D1367. (Default of D1367: D100)

NO

D1880*
y
D1895*

Data buffer to store the data to be written on Slave
ID#13. PLC writes 16 data into the starting
reference set in D1427. (Default of D1427: D200)

R/W

NO

D1896*
y
D1911*

Data buffer to store the data read from Slave
ID#14. PLC reads 16 data from the starting
reference set in D1368. (Default of D1368: D100)

NO

D1912*
y
D1927*

Data buffer to store the data to be written on Slave
ID#14. PLC writes 16 data into the starting
reference set in D1428. (Default of D1428: D200)

R/W

NO

D1928*
y
D1943*

Data buffer to store the data read from Slave
ID#15. PLC reads 16 data from the starting
reference set in D1369. (Default of D1369: D100)

NO

D1944*
!
D1959*

Data buffer to store the data to be written on Slave
ID#15. PLC writes 16 data into the starting
reference set in D1429. (Default of D1429: D200)

R/wW

NO

D1960*
I
D1975*

Data buffer to store the data read from Slave
ID#16. PLC reads 16 data from the starting
reference set in D1370. (Default of D1370: D100)

NO

D1976*
I
D1991*

Data buffer to store the data to be written on Slave
ID#16. PLC writes 16 data into the starting
reference set in D1430. (Default of D1430: D200)

R/wW

NO

D1995

Data length of PLC ID Setting for DVP-PCCO01

R/W

NO

D1996

1% Word of PLC ID Setting for DVP-PCCO01
(Indicated by Hex format corresponding to ASCII
codes)

R/W

NO

D1997

2" Word of PLC ID Setting for DVP-PCC01
(Indicated by Hex format corresponding to ASCII
codes)

R/W

NO

D1998

3" Word of PLC ID Setting for DVP-PCCO1
(Indicated by Hex format corresponding to ASCII
codes)

R/W

NO

D1999

4™ word of PLC ID Setting for DVP-PCCO01
(Indicated by Hex format corresponding to ASCII
codes)

R/W

NO

D9900~
D9999

For AIO modules only. (Please refer to DVP-PLC
Operation Manual — Modules for more
information)

R/W

NO
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2.11 E, F Index Registers

Index registers are used as modifiers to indicate a specified device (word, double word) by defining
an offset. Devices can be modified includes byte device (KnX, KnY, KnM, KnS, T, C, D) and bit
device (X, Y, M, S). E, F registers cannot be used for modifying constant (K, H) Index registers not
used as a modifier can be used as general purpose register.

Index register [E], [F]
Index registers are 16-bit registers which can be read and written. There are 16 points indicated as
EO~E7 and FO~F7 in DVP-ES2. If you need a 32-bit register, you have to designate E. In this case,
F will be covered up by E and cannot be used. It is recommended to use instruction DMOVP KO E

to reset E (including F) at power-on.

’ 1|Ez—0bit ‘ ’ 1EISE-(t))it ‘
’/FO 32‘-bit \‘

High word  Low word

The combinations of E and F when designating a 32-bit register are:

(EO, FO), (E1, F1) (E2, F2) (E3, F3) (E4, F4), (E5, F5) (E6, F6) (E7, F7)

Example:

When X0 = ON and EO = 8, FO = 14, D5EO = D(5+8) = D13, D10F0 = D(10+14) = D24, the content
in D13 will be moved to D24.

X0

_|

MOV K8 EO
MOV K14 FO
MOV D5EO | D10FO

2.12 Nest Level Pointer[N], Pointer[P], Interrupt Pointer [I]

Pointer

Master control nested

NO~N7, 8 points

The control point of
master control nested

For CJ, CALL instructions

P0~P255, 256 points

The location point of CJ,
CALL
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Pointer

External interrupt

1000/1001(X0)
1100/1101(X1)
1200/1201(X2),
1300/1301(X3),
(X4)
(X5)
(X6)

’

’

1400/1401
1500/1501
1600/1601 ,
I700/1701(X7), 8 points
(01, rising-edge trigger
1, 00, falling-edge

trigger —L)

’

’

The location point of

For interrupt

Timer interrupt

1610/1699, 1710/1799, 2
points (Timer
resolution=1ms)

interrupt subroutine.

High-speed counter
interrupt

1010, 1020, 1030, 1040,
1050, 1060, 1070, 1080, 8
points

Communication
interrupt

[140(COM1),
1150(COM2),
1160(COM3), 3 points

Nest Level Pointer N: used with instruction MC and MCR. MC is master start instruction. When
the MC instruction is executed, the instructions between MC and MCR will be executed normally.
MC-MCR master control instruction is nested level structure and max. 8 levels can be applicable,
which is numbered from NO to N7.

Pointer P: used with application instructions CJ, CALL, and SRET.
CJ condition jump:

When X0 = ON, program will jump from address O to N (designated label P1) and keep on the
execution. Instructions between 0 and N will be ignored.
When X0 = OFF, program will execute from 0 and keep on executing the followings. CJ instruction
won'’t be executed at this time.

o

P1 N

CALL subroutine, SRET subroutine END:

o prs
—— cJ P1
x1 ¥
_|
X2
_|

When X0 is ON, program will jump to P2 to execute the designated subroutine. When SRET
instruction is executed, it returns to address 24 to go on executing.

2-41



DVP-ES2 Operation Manual - Programming

- P**

20 — ———— cCALL P2 | Call subroutine P**
X1

w i —GD

FEND

P2 }—.
(subroutine — o o } .
P2) I subroutine
HE—GD

= SRET | subroutine return

<

Interrupt pointer I: used with application instruction API 04 EI, API 05 DI, API 03 IRET. There are
four types of interruption pointers in DVP-ES2. To insert an interruption, users need to combine El
(enable interruption), DI (disable interruption) and IRET (interruption return) instructions

1.  External interrupt

B When input signal of input terminal X0~X7 is triggered on rising-edge or falling-edge, it will
interrupt current program execution and jump to the designated interrupt subroutine pointer
1000/1001(X0), 1100/1101(X1), 1200/1201(X2), 1300/1301(X3), 1400/1401(X4), 1500/1501(X5),
1600/1601(X6), 1700/I701(X7). When IRET instruction is executed, program execution returns
to the address before interrupt occurs.

B When X0 (C243) works with 1100/1101 (X1), X0/X1 (C246, C248, C252) works with 1400/1401,
the value of C243, C246, C248, C252 will be stored in (D1240, D1241)

B When X2 (C244) works with 1300/1301 (X3), X2/X3 (C250, C254) works with 1500/1501, the
value of C244, C250, C254 will be stored in (D1242, D1243).

2. Timer interrupt

PLC automatically interrupts the currently executed program every a fixed period of time (05~99ms)

and jumps to the execution of a designated interruption subroutine

3.  Counter interrupt

The high-speed counter comparison instruction APl 53 DHSCS can designate that when the
comparison reaches the target, the currently executed program will be interrupted and jump to the
designated interruption subrountine executing the interruption pointers 1010, 1020, 1030, 1040,
1050 ,1060, 1070, 1080..

4. Communication interrupt

1140:
Communication instruction RS (COM1 RS-232) can be designated to send interrupt request when
specific charcters are received. Interrupt 1140 and specific characters is set to low byte of D1167.

This function can be adopted when the PLC receives data of different length during the
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communication. Set up the specific end word in D1167 and write the interruption subroutine 1140.
When PLC receives the end word, the program will execute 1140.

1150:

Communication instruction RS (COM2 RS-485) can be designated to send interrupt request when
specific charcters are received. Interrupt 1150 and specific characters is set to low byte of D1168.
This function can be adopted when the PLC receives data of different length during the
communication. Set up the specific end word in D1168 and write the interruption subroutine 1150.
When PLC receives the end word, the program will execute 1150..

1160:

Communication instruction RS (COM3 RS-485) can be designated to send interrupt request when
specific charcters are received. Interrupt 1160 and specific characters is set to low byte of D1169
This function can be adopted when the PLC receives data of different length during the
communication. Set up the specific end word in D1169 and write the interruption subroutine 1160.
When PLC receives the end word, the program will execute 1160
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2.13 Applications of M Relay and Special D Register
Function Group  PLC Operation Flag

Number M1000~M1003

Contents:
These relays provide information of PLC operation in RUN status.

M1000:
NO contact for monitoring PLC status. M1000 remains “ON” when PLC is running.
M1000
|—| PLC is running
Normally ON contact N
in PLC RUN status Keeps being ON
M1001:

NC contact for monitoring PLC status. M1001 remains “OFF” when PLC is running.

M1002:
Enables single positive pulse for the first scan when PLC RUN is activated. Used to initialize
registers, ouptuts, or counters when RUN is executed..

M1003:
Enables single negative pulse for the first scan when PLC RUN is activated. Used to initialize
registers, ouptuts, or counters when RUN is executed.

PLCRUN | N
|
M1000
] 1
M1001 | N
|
M1002 '| '|
1
M1003 _J i_l
—»| |&—— scan time

Function Group  Monitor Timer
Number D1000

Contents:

1. Monitor timer is used for moitoring PLC scan time. When the scan time exceeds the set value
(SV) in the monitor timer, the red ERROR LED will be ON and all outputs will be “OFF”.
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2. The default in the monitor timer is 200ms. If the program is long or the operation is too
complicated, MOV instruction can be used to modify SV. See the example below for SV =
300ms.

M1002
0 H} MOV K300 | D1000
Initial pulse

3. The maximum SV in the monitor timer is 32,767ms. However, care should be taken when
adjusting SV. If SV in D1000 is too big, it cost much longer for operation errors to be detected.
Therefore, SV is suggested to be shorter than 200ms.

4. Scan time could be prolonged due to complicated instruction operations or too many 1/O
modules being connected. Check D1010 ~ D1012 to see if the scan time exceeds the SV in
D1000. Besides modifying the SV in D1000, users can also apply WDT instruction (APl 07).
When program execution progresses to WDT instruction, the internal monitor timer will be
reset and therefore the scan time will not exceed the set value in the monitor timer.

Function Group  Program Capacity
Number D1002

Contents:
This register holds the program capacity of the PLC.

ES2 / EX2 series: 15,872 Steps (Word)

Function Group  Syntax Check
Number M1004, D1004, D1137

Contents:

1. When errors occur in syntax check, ERROR LED indicator will flash and special relay M1004
= ON.
2. Timings for PLC syntax check:
a) When the power goes from “OFF” to “ON”.
b) When WPLSoft writes the program into PLC.
c) When on-line editing is being conducted between DVP-ES2/EX2 and WPLSoft.

3. Errors might result from parameter error or grammar error. The error code of the error will be
placed in D1004. The address where the fault is located is saved in D1137. If the error
belongs to loop error it may not have an address associated with it. In this case the value in
D1137 is invalid.

Function Group  Watchdog Timer
Number M1008, D1008

Contents:
1. When the scan is time-out during execution, ERROR LED will be ON and M1008 = ON.

2. D1008 saves the STEP address where the timeout occurred
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Function Group  Scan Time Monitor
Number D1010~D1012

Contents:

The present value, minimum value and maximum value of scan time are stored in D1010 ~ D1012.
D1010: current scan time

D1011: minimum scan time

D1012: maximum scan time

Function Group Internal Clock Pulse
Number M1011~M1014

Contents:
PLC provides four different clock pulses to aid the application. When PLC is power-on, the four
clock pulses will start automatically. Clock pulse works even in PLC STOP mode, i.e. activation of
clock pulse is not synchronized with PLC RUN execution.

10 ms

le—>
M1011 (10 ms) | | | 100 Hz

100 ms

miot2(¢tooms) | | | || 1oHz

1sec

| »|
"= 1

M1013 (1 sec) 1Hz

1 min

|l
|

M1014 (60 sec) _‘ | |

y

Function Group  High-speed Timer
Number M1015, D1015

Contents:

1. When M1015 = ON, high-speed timer D1015 will be activated when the current scan
proceeds to END instruction. The minimum resolution of D1015 is 100us.

2.  Therange of D1015 is 0~32,767. When it counts to 32,767, it will start from 0 again.
3.  When M1015 = OFF, D1015 will stop timing immediately.

Example:
4.  When X10 = ON, M1015 = ON to start high-speed timer and record the present value in
D1015.

5. When X10 = OFF, M1015 = OFF. High-speed timer is disabled.

o)
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Function Group M1016~M1017, D1313~D1319
Number Real Time Clock

Contents:

6. Special M and special D relevant to RTC

Device Name Function
W1016 | YearDispiay | i B aet s of year n ALD. plus 2,000
+30 seconds When triggered frpm Oﬁ“ to “On”, the correction is enabled.
M1017 correction 0 ~ 29 second: mlpute intact; second reset to 0
30~ 59 second: mimute + 1; second reset to 0
D1313 Second 0~59
D1314 Minute 0~59
D1315 Hour 0~23
D1316 Day 1~31
D1317 Month 1~12
D1318 Week 1~7
D1319 Year 0 ~ 99 (last 2 digits of Year in A.D.)

7. If set value for RTC is invalid. RTC will display the time as Second—0, Minute—0, Hour—0,
Day—1, Month—1, Week—1, Year—0.

8. Memory of RTC is latched. RTC will resume the time when power is down. For higher
accuracy of RTC, please conduction calibratoin on RTC when power resumes.

9. Methods of modifying RTC:
a) Apply TWR instruction to modify the built-in real time clock of DVP-ES2. Please refer to
TWR for detail.
b)  Use peripheral devices or WPLSoft to set the RTc value.

Function Group 7 (PI)
Number D1018~D1019

Contents:

1.  D1018 and D1019 are combined as 32-bit data register for storing the floating point value of

2. Floating point value = H 40490FDB

Function Group  Adjustment on Input Terminal Response Time
Number D1020
Contents:

1. D1020 can be used for setting up the response time of receiving pulses at X0 ~X7 for ES2
series MPU. Default: 10ms, 0~20ms adjustable.
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2. When the power of PLC goes from “OFF” to “ON”, the content of D1020 is set to 10
automatically.

Terminal response time

Oms
1

: Set by D1020
I (default: 10) .
10 / Update input

O« o status

15
O Status
memory

3. If the following programs are executed, the response time of X0 ~ X7 will be set to Oms.
However, the fastest response time of input terminals will be 50us due to that all terminals are
connected with RC filters..

|
|
I
I

M1000
}_”7 MOV Ko | D1020

normally ON contact

4. ltis not necessary to adjust response time when using high-speed counters or interrupts

5. Using API 51 REFF instruction has the same effect as modifying D1020.

Function Group X6 pulse width detecting function
Number M1083,M1084, D1023

Contents:

When M1084 = ON, X6 pulse width detecting function is enabled and the detected pulse width is
stored in D1023 (unit: 0.1ms)
M1083 On : detecting width of negative half cycle (OFF>ON)

M1083 Off : detecting width of positive half cycle (ON->OFF)

Function Group  Communication Error Code
Number M1025, D1025

Contents:

Slave mode error code when receiving incorrect communication request:
01: illegal instruction code
02: illegal device address.
03: requested data exceeds the range.
07: checksum error

Function Group  Pulse output Mark and Mask function

M1108, M1110, M1156, M1158, M1538, M1540, D1026, D1027, D1135, D1136,

Number D1232, D1233, D1234, D1235, D1348, D1349

2-48



2. Programming Concepts

Contents:

Please refer to explanations of API 59 PLSR / APl 158 DDRVI / API 197 DCLLM instructions.

Function Group  Execution Completed Flag
Number M1029, M1030, M1102, M1103

Contents:
Execution Completed Flag:

MTR, HKY, DSW, SEGL, PR:

M1029 = ON for a scan cycle whenever the above instructions complete the execution.
PLSY, PLSR:

1. M1029 = ON when YO pulse output completes.

2 M1030 = ON when Y1 pulse output completes

3 M1031 = ON when Y2 pulse output completes.

4. M1032 = ON when Y3 pulse output completes.
5

When PLSY, PLSR instruction are OFF, M1029, M1030, M1102, M1103 will be OFF as well.
When pulse output instructions executes again, M1029, M1030, M1102, M1103 will be OFF
and turn ON when execution completes.

6. Users have to clear M1029 and M1030 manually.

INCD:

M1029 will be “ON” for a scan period when the assigned groups of data comparison is completed
RAMP, SORT:

1. M1029= ON when instruction is completed. M1029 must be cleared by user manually.

2. If this instruction is OFF, M1029 will be OFF.

DABSR:

1. M1029= ON when instruction is completed.

2. When the instruction is re-executed for the next time, M1029 will turn off first then ON again
when the instruction is completed

ZRN, DRVI, DRVA:

1. M1029 will be “ON” after YO and Y1 pulse output of ES2 is completed. M1102 will be “ON”
after Y2 and Y3 pulse output is compeleted.

2.  When the instruction is re-executed for the next time, M1029 / M1102 will turn off first then
ON again when the instruction is completed.

Function Group  Clear Instruction
Number M1031, M1032
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Contents:

M1031 (clear non-latched memory) , M1032 (clear latched memory)

Device Devices will be cleared

M1031 Contact status of Y, general-purpose M and general-purpose S
Clear non-latched area | ® General-purpose contact and timing coil of T

= General-purpose contact, counting coil reset coil of C

m General-purpose present value register of D

= General-purpose present value register of T

m General-purpose present value register of C

M1032 Contact status of M and S for latched

Clear latched area = Contact and timing coil of accumulative timer T

® Contact and timing coil of high-speed counter C for latched
m Present value register of D for latched

® Present value register of accumulative timer T

= Present value register of high-speed counter C for latched

Function Group  Output State Latched in STOP mode
Number M1033

Contents:

When M1033 = ON, PLC outputs will be latched when PLC is switched from RUN to STOP.

Function Group  Disabling all Y outputs
Number M1034

Contents:

When M1034 = ON, all outputs will turn off.

Function Group  RUN/STOP Switch
Number M1035

Contents:

When M1035 = ON, DVP-ES2 uses input point X7 as the switch of RUN/STOP.

Function Group COM Port Function

o Port | com1 | com2 | coms

Communication format D1036 | D1120 | D1109
Number Communication setting holding | M1138 | M1120 | M1136

ASCII/RTU mode M1139 | M1143 | M1320

Slave communication address D1121 D1255
Contents:
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COM ports (COM1: RS-232, COM2: RS-485, COM3: RS-485) in DVP-ES2 support communication
format of MODBUS ASCII/RTU modes. COM2 and COMS3 support transmission speed up to
921kbps. COM1, COM2 and COM3 can be used simultaneously.

COM1:

Can be used in master or slave mode. Supports ASCII/RTU communication format, baudrate
(115200bps max), and modification on data length (data bits, parity bits, stop bits). D1036: COM1
(RS-232) communication protocol of master/slave PLC. (b8 - b15 are not used) Please refer to
table below for setting.

COM2:

Can be used in master or slave mode. Supports ASCII/RTU communication format, baudrate
(921kbps max), and modification on data length (data bits, parity bits, stop bits). D1120: COM2
(RS-485) communication protocol of master/slave PLC. Please refer to table below for setting.

COM3:

Can be used in master or slave mode. Supports ASCII/RTU communication format, baudrate
(921kbps max), and modification on data length (data bits, parity bits, stop bits). D1109: COM3
(RS-485) communication protocol of master/slave PLC. (b8 - b15 are not used) Please refer to
table below for setting.

Content
b0 Data Length 0: 7 data bits, 1: 8 data bits
b1 00: None
b2 Parity bit 01: Odd
11: Even
b3 Stop bits 0: 1 bit, 1: 2bits
b4 0001(H1): 110
Eg 0010(H2): 150
b7 0011(H3): 300
0100(H4): 600
0101(H5): 1200
0110(H6): 2400
0111(H7): 4800
Baud rate 1000(H8): 9600
1001(H9): 19200
1010(HA): 38400
1011(HB): 57600
1100(HC): 115200
1101(HD): 500000 (COM2 / COM3)
1110(HE): 31250 (COM2 / COM3)
1111(HF): 921000 (COM2 / COM3)
b8 Select start bit 0: None 1: D1124
b9 Select the 1° end bit 0: None 1: D1125
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Content

b10

Select the 2" end bit 0: None 1: D1126

b11~b15 Undefined

Example 1: Modifying COM1 communication format

1.

Note

1.

2.

Add the below instructions on top of the program to modify the communication format of
COM1. When PLC switches from STOP to RUN, the program will detect whether M1138 is
ON in the first scan. If M1138 is ON, the program will modify the communication settings of
COM1 according to the value set in D1036

Modify COM1 communication format to ASCII mode, 9600bps, 7 data bits, even parity, 1 stop

bits (9600, 7, E, 1).
M1002

I MOV | H86 | D1036

SET M1138

After the communication format is modified, the format will stay intact when PLC switches
from RUN to STOP.

Communication format will be reset to default setting after power is shut down.

Example 2: Modiying COM2 communication format

1.

Note
1.
2.

Add the below instructions on top of the program to modify the communication format of
COM2. When PLC switches from STOP to RUN, the program will detect whether M1120 is
ON in the first scan. If M1120 is ON, the program will modify the communication settings of
COM2 according to the value setin D1120

Modify COM2 communication format to ASCIl mode, 9600bps, 7 data bits, even parity, 1 stop
bits (9600, 7, E, 1)

M1002
I MOV H86 | D1120

SET M1120

Do NOT write any communication instruction in the program when COM2 is used as slave.

After the communication format is modified, the format will stay intact when PLC switches
from RUN to STOP.

Communication format will be reset to default setting after power is shut down.
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Example 3: Modifying COM3 communication format

1.

Add the below instructions on top of the program to modify the communication format of
COM3. When PLC switches from STOP to RUN, the program will detect whether M1136 is
ON in the first scan. If M1136 is ON, the program will modify the communication settings of
COM3 according to the value set in D1109

Modify COM3 communication format to ASCII mode, 9600bps, 7 data bits, even parity, 1 stop

bits (9600, 7, E, 1).

M1002
|

MOV

H86

D1109

SET

M1136

Example 4: RTU mode setting of COM1 ~ COM2 ~ COM3

1.

COM1, COM2 and COM3 support ASCII/RTU mode. COM1 is set by M1139, COM2 is set by
M1143 and COM3 is set by M1320. Set the flags ON enables RTU mode while OFF enables

ASCIl mode.

Modify COM1/COM2/COM3 communication format to RTU mode, 9600bps, 8 data bits, even
parity, 1 stop bits (9600, 8, E, 1).

COM1:
M1002
|
I
COoM2:
M1002
|
I
COM3:
M1002
|
I

MOV H87 D1036
SET M1138
SET M1139
MOV H87 D1120
SET M1120
SET M1143
MOV H87 D1109
SET M1136
SET M1320
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Note:

1.  The modified communication format will not be changed when PLC state turns from RUN to
STOP.

2. If the PLC is powered OFF then ON again after communication format is modified,
COM1~COM3 will be reset to default communication format (9600, 7, E, 1).

Function Group  Communication Response Delay
Number D1038
Contents:

1. Data response delay time can be set when PLC is a Slave in COM2, COM3 RS-485
communication. Unit: 0.1ms. 0~10,000 adjustable.

2. By using PLC-Link, D1038 can be set to send next communication data with delay. Unit: 1
scan cycle. 0~10,000 adjustable

Function Group Fixed scan time
Number M1039, D1039
Contents:

1. When M1039 is ON, program scan time is determined by D1039. When program execution is
completed, next scan will be activated only when the fixed scan time is reached. If D1039 is
less than actual scan time, it will scan by the actual program scan time.

M1000

I—I I— Fix scan time
normally ON
contact MOV P K20 D1039

Scan time is fixed to 20ms
2. Instructions related to scan time, RAMP, HKY, SEGL, ARWS and PR should be used with
“fixed scan time” or “timed interrupt”.

3. Particularly for instruction HKY, which is applied for 16-keys input operated by 4x4 matrix,
scan time should be set to 20ms or above.

4. Scan time displayed in D1010~D1012 also includes fixed scan time.

Function Group  Analog Function
Number D1062, D1110~D1113, D1116~D1118

Contents:
1. The function is for EX2 MPU Only
2.  Resolution of analog input channel : 12 bits.

Voltage: -10V~10V < Value: -2000~2000.
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Current; -20mA~20mA< Value: -2000~2000
3. Resolution of analog output channel: 12 bits
Voltage: -10V~10V < Value: -2000~2000
Current: 0~20mA < Value: 0~4000
4. IfD1118 < 2, it will be regarded as 2ms.

Default of analog input sampling range: (K2). If set value = K1, PLC takes the present value..

Device Function

D1062 Sampling range of EX2 analog input channels (CHO~CH3): 1~20, Default = K2

D1110 Average value of EX2 analog input channel 0 (AD 0

D111 Average value of EX2 analog input channel 1 (AD 1

D1112 Average value of EX2 analog input channel 2 (AD 2

)
)
)

D1113 Average value of EX2 analog input channel 3 (AD 3)

D1115 bit0~bit3 refer to ADO~ADS3,
bit4~bit5 refer to DAO, DA1,

Analog mode selection (Voltage / Current) O: voltage, 1: current (Default: voltage)

D1116 Analog output channel 0 (DA 0)

D1117 Analog output channel 1 (DA 1)

D1118

regarded as 2ms If D1118=2.

For EX2 series, sampling time of analog/digital conversion Sampling time will be

Function Group  Program Execution Error

Number M1067~M1068, D1067~D1068
Contents:
Device Explanation Latched | STOP—RUN | RUN—STOP
M1067 Program execution error None Clear Unchanged
M1068 Execution error locked None Unchanged | Unchanged
D1067 Error code for program execution None Clear Unchanged
D1068 Qgg:ess of program execution None Unchanged | Unchanged
Error code explanation:
D1067 error code Function
OE18 BCD conversion error
OE19 Divisor is 0
OE1A Use of device exceeds the range (including E, F index register modification)
OE1B Square root value is negative
OE1C FROM/TO instruction communication error
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Function Group  1/O Modules Detection

Number D1140, D1142, D1143

Contents:

D1140: Number of right-side modules (AIO, PT, TC, etc.), max. 8. modules can be connected.

D1142: Number of input points (X) on DIO modules.

D1143: Number of output points (Y) on DIO modules.

Function Group  Reverse Interrupt Trigger Pulse Direction
Number M1280, M1284, M1286

Contents:
1. The falgs should be used with El instruction and should be inserted before El instruction

2. The default setting of interrupt 1101 (X0) is rising-edge triggered. If M1280 is ON and El
instruction is executed, PLC will reverse the trigger direction as falling-edge triggered. The
trigger pulse direction of X1 will be set as rising-edge again by resetting M1280.

3. When MO = OFF, M1280 = OFF. X0 external interrupt will be triggered by rising-edge pulse.

4. When MO = ON, M1280 = ON. X0 external interrupt will be triggered by falling-edge pulse.
Users do not have to change 1101 to 1000.

—I\I/I}O—| ouT |M1280|

E

FEND

M1000
1001 —H— ¢ | Do |

OE(S

IRET

END

Function Group  Stores Value of High-speed Counter when Interrupt Occurs
Number D1240~D1241, D1242~D1243

Contents:

1.  If extertal interrupts are applied on input points for Reset, the interrupt instructions have the
priority in using the input points. In addition, PLC will move the current data in the counters to

the associated data registers below then reset the counters.

Special D D1241, D1240 D1243, D1242
Counter C243 C246 C248 C252 C244 C250 C254
Interrupt signal X1 X4 X3 X5
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2. Function:

a) When X0 (counter input) and X1 (external Interrupt) correspondingly work together with C243,
and 1100/1101, PLC will move the count value to D1241 and D1240.

b) When X0 (counter input) and X4 (external Interrupt) correspondingly work together with C246,
C248, C252 and 1400/1401, PLC will move the count value to D1241 and D1240

c) When X2 (counter input) and X3 (external Interrupt) correspondingly work together with C244,
and 1300/1301, PLC will move the count value to D1243 and D1242.

d) When X2 (counter input) and X5 (external Interrupt) correspondingly work together with C250,
C254 and 1500/1501, PLC will move the count value to D1243 and D1242.

Example:

ﬂf& DONT | c243 | K100

FEND

M1000
1101 —— pmov | D1240 | Do

IRET

RERE

END

When external interrupt (X1, 1101) occurs during counting process of C243, the count value in
C243 will be stored in (D1241, D1240) and C243 is reset. After this, the interrupt subroutine 1101

will be executed

Function Group  Enabling set-ON/OFF of input point X

Number M1304

Contents:
When M1304 = ON, WPLSoft or ISPSoft can set ON/OFF of input pont X, but the associated
hardware LED will not respond to it.

ID of I/0O modules
D1320~ D1327

Function Group
Number
Contents:

When I/O modules are connected, the ID of each I/O module will be stored in D1320~D1327 in
connection order.

ID of each AIO module:

Name ID (HEX) Name ID (HEX)
DVP0O4AD-E2 H’0080 DVPO6XA-E2 H’00C4
DVPO02DA-E2 H’0041 DVP0O4PT-E2 H’0082
DVP04DA-E2 H’0081 DVP0O4TC-E2 H’0083
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Function Group

EASY PLC LINK

M1350-M1355, M1360-M1439, D1355-D1370, D1399, D1415-D1465, D1480-

Number D1991
Contents:
1. EASY PLC LINK supports COM2 (RS-485) of ES2 model with communication of up to 16
slaves and access of 16 data.
2. Special D and special M of ID1~ID8 Slaves:
MASTER PLC
SLAVEID1 | SLAVEID2 | SLAVEID 3 SLAVE ID 4 SLAVEID5 | SLAVEID6 | SLAVEID7 | SLAVEID 8
Read | Write | Read | Write | Read | Write | Read | Write | Read | Write | Read | Write | Read | Write | Read | Write
out in out in out in out in out in out in out in out in
No. of special D registers for storing the read/written 16 data
D1480|D1496|D1512|D1528|D1544|D1560| D1576 |D1592|{D1608|D1624|D1640|D1656|D1672|D1688|D1704|D1720
\ \ \ \ | \ | \ \ \ \ \ \ | \ |
D1495|D1511|D1527|D1543|{D1559|D1575| D1591 |D1607 |D1623|D1639|D1655(D1671|{D1687|D1703|D1719|D1735
Data | Data | Data | Data | Data | Data | Data | Data | Data | Data | Data | Data | Data | Data | Data | Data
length | length | length | length | length | length | length |length |length | length | length | length | length | length | length | length
D1434|D1450|D1435|D1451|{D1436|D1452| D1437 |D1453|{D1438|D1454|D1439|D1455(D1440|D1456|D1441|D1457
Starting reference of the Slave to be accessed
D1355|D1415|D1356|D1416|{D1357|D1417| D1358 |D1418{D1359|D1419|D1360|D1420({D1361|D1421|D1362|D1422
M1355 = ON, Slave status is user-defined. Set the linking status of Slave manually by M1360~M1375.
M1355 = OFF, Slave status is auto-detected. Linking status of Slave can be monitored by M1360~M1375
M1360 M1361 M1362 M1363 M1364 M1365 M1366 M1367
Data interchange status of Slaves.
M1376 M1377 M1378 M1379 M1380 M1381 M1382 M1383
Linking error flag
M1392 M1393 M1394 M1395 M1396 M1397 M1398 M1399
“Reading completed” flag (turns “Off’ whenever access of a Slave is completed)
M1408 M1409 M1410 M1411 M1412 M1413 M1414 M1415
“Writing completed” flag (turns “Off’ whenever access of a Slave is completed)
M1424 M1425 M1426 M1427 M1428 M1429 M1430 M1431
\A \A \A A \2 \2 \ \A
SLAVEID1 | SLAVEID2 | SLAVEID 3 SLAVE ID 4 SLAVEID5 | SLAVEID6 | SLAVEID7 | SLAVEID 8
Read | Write | Read | Write | Read | Write | Read | Write | Read | Write | Read | Write | Read | Write | Read | Write
out in out in out in out in out in out in out in out in
D100 | D200 | D100 | D200 | D100 | D200 | D100 | D200 | D100 | D200 | D100 | D200 | D100 | D200 | D100 | D200
D115 | D215 | D115 | D215 | D115 | D215 | D115 | D215 | D115 | D215 | D115 | D215 | D115 | D215 | D115 | D215

2-58



2. Programming Concepts

3. Special D and special M of ID9~ID16 Slaves:

MASTER PLC

SLAVEID9 | SLAVEID 10 | SLAVE ID 11 | SLAVE ID 12 | SLAVE ID 13 | SLAVE ID 14 | SLAVE ID 15 | SLAVE ID 16

Read | Write | Read | Write | Read | Write |Reado| Write | Read | Write | Read | Write | Read | Write | Read | Write
out in out in out in ut in out in out in out in out in

No. of special D registers for storing the read/written 16 data

D1736|D1752|D1768|D1784|D1800|{D1816 |D1832|D1848|D1864 |[D1880|D1896|D1912{D1928 | D1944|D1960|D1976

| \ \ \ \ \ \ \ \ \ \ | \ | \ \
D1751|D1767|D1783|D1799|D1815|D1831|D1847|D1863 |D1879|D1895|D1911 D1927 [D1943 |D1959 | D1975|D1991

Data | Data | Data | Data | Data | Data | Data | Data | Data | Data | Data | Data | Data | Data | Data | Data
length | length | length | length | length | length | length | length | length | length | length | length | length | length | length | length

D1442|D1458 | D1443|D1459|D1444 |D1460 | D1445|D1461|D1446 |D1462|D1447|D1463 | D1448 | D1464 | D1449 | D1465

Starting reference of the Slave to be accessed

D1363|D1423|D1364|D1424|D1365|D1425|D1366 |D1426 |D1367 |D1427|D1368 | D1428 |D1369|D1429|D1370|D1430

M1355 = ON, Slave status is user-defined. Set the linking status of Slave manually by M1360~M1375.
M1355 = OFF, Slave status is auto-detected. Linking status of Slave can be monitored by M1360~M1375

M1368 M1369 M1370 M1371 M1372 M1373 M1374 M1375

Data interchange status of Slaves

M1384 M1385 M1386 M1387 M1388 M1389 M1390 M1391

Linking error flag

M1400 M1401 M1402 M1403 M1404 M1405 M1406 M1407

“Reading completed” flag (turns “Off” whenever access of a Slave is completed)

M1416 M1417 M1418 M1419 M1420 M1421 M1422 M1423

“Writing completed” flag (turns “Off” whenever access of a Slave is completed)

M1432 M1433 M1434 M1435 M1436 M1437 M1438 M1439
{ \A \A 1 { A A {

SLAVEID9 | SLAVEID 10 | SLAVE ID 11 | SLAVE ID 12 | SLAVE ID 13 | SLAVE ID 14 | SLAVE ID 15 | SLAVE ID 16

Read | Write | Read | Write | Read | Write |Reado| Write | Read | Write | Read | Write | Read | Write | Read | Write
out in out in out in ut in out in out in out in out in
D100 | D200 | D100 | D200 | D100 | D200 | D100 | D200 | D100 | D200 | D100 | D200 | D100 | D200 | D100 | D200
| | \ \ \ \ | | \ \ \ | | | | \
D115 | D215 | D115 | D215 | D115 | D215 | D115 | D215 | D115 | D215 | D115 | D215 | D115 | D215 | D115 | D215

Default setting for starting reference to be read: H1064 (D100)

Default setting for starting reference to be written: H10C8 (D200)

4. Explanation:

a) EASY PLC LINK is based on MODBUS communication protocol

b) When Slave PLC is connected through COM1 (RS-232), baud rate and communication format
of all Slaves must be the same (set in D1036). DVP-ES2 supports both ASCII and RTU mode

c) When Slave PLC is connected through COM2 (RS-485), baud rate and communication format
of all Slaves must be the same (set in D1120). DVP-ES2 supports both ASCIl and RTU mode.
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d)

b)

c)

d)

e)

b)

When Slave PLC is connected through COM3 (RS-485), baud rate and communication format
of all Slaves must be the same (set in D1109). DVP-ES2 supports both ASCII and RTU mode.
The ID number of the starting slave can be designated by D1399 and should be limited to the
range K1~K214. Slave ID cannot be repeated or the same as Master ID (set in D1121/D1255)

Operation:

Set up the baud rates and communication formats. Master PLC and all connected Slave
PLCs should have the same communication settings. COM1_RS-232: D1036, COM2_RS-485:
D1120, COM3_RS-485: D1109.

Set up Master PLC ID by D1121 and the starting slave ID by D1399. Then, set slave ID of
each slave PLC. The ID of master PLC and slave PLC cannot be the same.

Set data length for accessing. (If data length is not specified, PLC will take default setting or
the previous value as the set value. For details of data length registers, please refer to the
tables above)

Set starting reference of the Slave to be accessed. (Default setting for starting reference to be
read: H1064 (D100); default setting for starting reference to be written: H10C8 (D200). For
details of starting reference registers, please refer to the tables above)

Steps to start EASY PLC LINK:

B Set ON M1354 to enable simultabeous data read/write in a polling of EASY PLC LINK..

B M1355 = ON, Slave status is user-defined. Set the linking status of Slave manually by
M1360~M1375. M1355 = OFF, Slave status is auto-detected. Linking status of Slave
can be monitored by M1360~M1375

B Select auto mode on EASY PLC LINK by M1351 or manual mode by M1352. Then, set
up the times of polling cycle by D1431.

B Finally, enable EASY PLC LINK (M1350)

The Operation of Master PLC:

M1355 = ON, Slave status is user-defined. Set the linking status of Slave manually by

M1360~M1375.

B Select auto mode on EASY PLC LINK by M1351 or manual mode by M1352. Auto mode
and manual mode should not be enabled at the same time.

B Enable EASY PLC LINK (M1350). The linking status is specified by M1360~M1375,
therefore Master PLC will access the designated Slaves according to M1352~M1375
continuously no matter how many Slave PLC are physically connected.

M1355 = OFF, Slave status is auto-detected. Linking status of Slave can be monitored by

M1360~M1375.

B Select auto mode on EASY PLC LINK by M1351 or manual mode by M1352. Auto mode
and manual mode should not be enabled at the same time.

B Enable EASY PLC LINK (M1350). Master PLC will detect the connected Slaves and
store the number of connected PLCs in D1433. The time for detection differs by number
of connected Slaves and time-out setting in D1129.

B M1360~M1375 indicate the linking status of Slave ID 1~16

If no slave is detected, M1350 will be OFF and EASY PLC Link will be stopped.

B PLC will only detect the number of slaves at the first time when M1350 turns ON.
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B After auto-detection is completed, master PLC starts to access each connected slave.
Once slave PLC is added after auto-detection, master PLC cannot access it unless
auto-detection is conducted again.

Simultaneous read/write function (M1354) has to be set up before enabling EASY PLC LINK.

Setting up this flag during EASY PLC LINK execution will not take effect.

When M1354 = ON, PLC takes Modbus Function H17 (simultaneous read/write function) for

EASY PLC LINK communication function. If the data length to be written is set to 0, PLC will

select Modbus Function HO3 (read multiple WORDs) automatically. In the same way, if data

length to be read is set to 0, PLC will select Modbus Function HO6 (write single WORD) or

Modbus Function H10 (write multiple WORDs) for PLC EASY LINK communication function.

Master PLC conducts reading before writing. Both reading and writing is executed according

to the range specified by user.

Master PLC accesses slave PLCs in order, i.e. data access moves to next slave only when

access on previous slave is completed.

Auto mode and Manual mode:

Auto mode (M1351): when M1351 = ON, Master PLC will access slave PLCs as the operation

described above, and stop the polling till M1350 or M1351 is OFF.

Manual mode (M1352): When manual mode is selected, times of polling cycle in D1431 has

to be set up. A full polling cycle refers to the completion of accessing all Slaves. When EASY

PLC LINK is enabled, D1432 starts to store the times of polling. When D1431 = D1432, EASY

PLC LINK stops and M1352 is reset. When M1352 is set ON again, PLC will start the polling

according to times set in D1431 automatically.

Note:

B Auto mode M1351 and manual mode M1352 cannot be enabled at the same time. If
M1351 is enabled after M1352 is ON, EASY PLC LINK will stop and M1350 will be reset.

B Communication timeout setting can be modified by D1129 with available range 200 =
D1129 = 3000. PLC will take the upper / lower bound value as the set value if the
specified value is out of the available range. D1129 has to be set up before M1350 = ON.

B PLC LINK function is only valid when baud rate is higher than 1200 bps. When baud
rate is less than 9600 bps, please set communication time-out to more than 1 second.

B The communication is invalid when data length to be accessed is set to 0.

B Access on 32-bit high speed counters (C200~C254) is not supported.

B Available range for D1399: 1 ~ 230. PLC will take the upper / lower bound value as the
set value if the specified value exceeds the availanle range.

B D1399 has to be set up before enabling EASY PLC LINK. Setting up this register during
EASY PLC LINK execution will not take effect.

B Advantage of using D1399 (Designating the ID of starting Slave):
In old version EASY PLC LINK, PLC detects Slaves from ID1 to ID16. Therefore, when
EASY PLC LINK is applied in multi-layer networks, e.g. 3 layers of networks, the Slave
ID of 2" and 3™ layer will be repeated. When Slave ID is repeated, i.e. the same as
Master ID, the Slave will be passed. In this case, only 15 Slaves can be connected in 3
layer. To solve this problem, D1399 can be applied for increasing the connectable
Slaves in multi-layer network structure.
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8. Operation flow chart:

Set starting reference for reading from slave PLC

Set data length to be read on Slave PLC

Set starting reference for writing in Slave PLC

Set data length to be written on Slave PLC

(PLC will take default or previous setting as the set value
if these registers are not specified)

Enable Disable

Y y

M1355 = ON, auto-detection disabled. -
Set the Slave to be linked by M1360~ M1350=0FF, Slave ID

M1375 manually auto-detection enabled

Enable

ommunication by

Disable
Modbus 0X17 function

\ 4 \ 4
SET M1354 >@< RST M1354

Enable auto mode Enable manual mode

Manual / Auto mode
EASY PLC LINK

Y Y

SET M1351 > < SET M1352
Set times of polling
cycle (D1431)
SET M1350

Start to execute EASY PLC LINK
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Example 1: Connect 1 Master and 2 Slaves by RS-485 and exchange 16 data between
Master and Slaves through EASY PLC LINK

Write the ladder diagram program into Master PLC (ID#17)

M1002
— | MOV K17 D1121 | Master ID#

MOV H86 D1120 | COM2 communication protocol

SET | M1120 | Retain communication protocol

MOV K16 D1434 | Data length to be read from Slave ID#1

MOV K16 D1450 | Data length to be written into Slave ID#1

MOV K16 D1435 | Data length to be read from Slave ID#2

MOV K16 D1451 | Data length to be written into Slave 1D#2

X1
—] |— Auto mode
Enable EASY PLC LINK

END

When X1 = On, the data exchange between Master and the two Slaves will be automatically
executed by EASY PLC LINK. The data in D100 ~ D115 in the two Slaves will be read into
D1480 ~ D1495 and D1512 ~ D1527 of the Master, and the data in D1496 ~ D1511 and
D1528 ~ D1543 will be written into D200 ~ D215 of the two Slaves.

Master PLC *1 Slave PLC*2
Read

D1480 ~ D1495 — y D100 ~ D115 of Slave ID#1
Write

D1496 ~ D1511 [ — D200 ~ D215 of Slave |D#1
Read

D1512 ~ D1527 - 1 D100 ~ D115 of Slave ID#2
Write

D1528 ~D1543 [ — D200 ~ D215 of Slave ID#2

Assume the data in registers for data exchange before enabling EASY PLC LINK (M1350 =
OFF) is as below:

Master PLC Preset value Slave PLC Preset value
D1480 ~ D1495 KO D100 ~ D115 of Slave ID#1 K5,000
D1496 ~ D1511 K1,000 D200 ~ D215 of Slave ID#1 KO
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Master PLC Preset value Slave PLC Preset value
D1512 ~ D1527 KO D100 ~ D115 of Slave ID#2 K6,000
D1528 ~ D1543 K2,000 D200 ~ D215 of Slave ID#2 KO

After EASY PLC LINK is enabled (M1350 = ON), the data in registers for data exchange
becomes:

Master PLC Preset value Slave PLC Preset value
D1480 ~ D1495 K5,000 D100 ~ D115 of Slave ID#1 K5,000
D1496 ~ D1511 K1,000 D200 ~ D215 of Slave ID#1 K1,000
D1512 ~ D1527 K6,000 D100 ~ D115 of Slave ID#2 K6,000
D1528 ~ D1543 K2,000 D200 ~ D215 of Slave ID#2 K2,000

d) Up to16 Slaves can be accessed through EASY PLC LINK. For allocation of D100 ~ D115
and D200 ~ D215 in each Slave PLC, please refer to the tables of Special M and Special D at
Content 2 of this function.

10. Example 2: Conncet DVP-PLC with VFD-M inverter and control the Start, Stop, Forward
operation, Reverse operation through EASY PLC LINK.
a) Write the ladder diagram program into Master PLC (ID#17)

M1002
— | MOV K17 | D1121 | Master ID#

MOV H86 D1120 | COM2 communication protocol

SET | M1120 | Retain communication setting

MOV K6 D1434 | Datalength to be read

MOV K2 D1450 | Data length to be witten

Starting reference of data
to be read on Slave

MOV | H2100 | D1355

MOV | H2000 | D1415 Starting reference of data
to be written on Slave

MOV K1 D1399 | |D# of the starting Slave

SET | M1355 | Setthe Slave to be linked manaully

SET M1360 | Link Slave ID#1

X1
—] |— Auto mode
Enable EASY PLC LINK

END
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b)

c)

d)

)

M1355 = ON. Set the Slave to be linked manually by M1360~M1375. Set ON M1360 to link
Slave ID#1.

Address H2100-H2105 maps to registers D1480-D1485 of PLC. When X1 = ON, EASY PLC
LINK executes, and the data in H2100-H2105 will be displayed in D1480-D1485.

Address H2000-H2001 maps to registers D1496-D1497 of PLC. When X1 = ON, EASY PLC
LINK executes, and the parameter in H2000-H2001 will be specified by D1496-D1497.
Commands of VFD can be specified by changing the value in D1496, e.g. D1496 =
H12=>VFD forward operation; D1496 = H1=> VFD stops )

Frequency of VFD can be specified by changing the value in D1497, e.g. D1497 = K5000, set
VFD frequency as 50kHz.

In addition to VFD AC motor drives, devices support MODBUS protocol such as DTA/DTB
temperature controllers and ASDA servo drives can also be connected as Slaves. Up to 16
Slaves can be connected.
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Instruction Set

This chapter explains all of the instructions that are used with DVP-PLC as well as
detailed information concerning the usage of the instructions.

Chapter Contents

3.1 Basic Instructions (Without API NUMDBDEIS) ...

3.2 Explanations t0 BasiC INSIIUCLIONS ......uiiiiieeiiiiiiiiiiee e e e e e e s reer e e e e e e e e nnnes

L T o 1T ] =T £ PR PP PRSP 3-10
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3.5 Application Programming INStrUCLIONS .....ccveeiiiiiiiiiiiic e e e e e 3-12
3.6 Numerical LiSt Of INSTrUCTIONS .....ociiiiiiiiieie e 3-22
3.7 Detailed INStruction EXPlanation.........cc.uuiiiiieeiiiiciieee e e e e e e e e ee e e e 3-31
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3.1 Basic Instructions (without APl numbers)

Execution speed (us)

Instruction Function Operand Steps
ES/EX ES2/EX2
LD Load NO contact X, Y,M,S,T,C 3.8 0.76 1~-3
LDI Load NC contact X, Y,M,S, T,C 3.88 0.78 1~-3
AND Connect NO contact in series X, Y,M,S, T,C 2.32 0.54 1~3
ANI Connect NC contact in series X, Y,M,S, TC 24 0.56 1~3
OR Connect NO contact in parallel | X,Y,M, S, T, C 2.32 0.54 1~-3
ORI Connect NC contact in parallel X, Y,M,S, T,C 2.4 0.56 1~-3
ANB Connect a block in series N/A 1.76 0.68 1
ORB Connect a block in parallel N/A 1.76 0.76 1
MPS Start of branches. Stores current| N/A 168 0.74 1
result of program evaluation
Reads the stored current result | N/A
MRD 1.6 0.64 1
from previous MPS
End of branches. Pops (reads| N/A
MPP and resets) the stored result in 1.6 0.64 1
previous MPS
ouT Output coil Y, S, M 5.04 0.88 1-3
SET Latches the ON status Y,S, M 3.8 0.76 1~-3
RST Resets contacts, registers or Y,M,S, T,C,D, 28 9 3
coils E, F
MC Master control Start NO~N7 5.6 1 3
MCR Master control Reset NO~N7 5.7 1 3
END Program End N/A 5 1 1
NOP No operation N/A 0.88 0.4 1
P Pointer PO~P255 0.88 0.4 1
I Interrupt program pointer ] 0.88 0.4 1
STL Step ladder start instruction S 11.6 2.2 1
RET Step ladder return instruction N/A 7.04 1.6 1
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3.2 Explanations to Basic Instructions

Mnemonic Operands Function Program steps Controllers

LD X,Y,M,S,T,C | Load NO contact 1~3 ES2 | EX2

Explanations:
The LD instruction is used to load NO contact which connects to left side bus line or starts a new

block of program connecting in series or parallel connection.

Program example:

Ladder diagram: Instruction: Operation:
X0 X1 LD X0 Load NO contact X0
|_| a— |—® AND X1 Connect NO contact X1 in series
ouT Y1 Drive coil Y1
Mnemonic Operands Function Program steps Controllers
LDI X,Y,M,S,T,C | Load NC contact 1~3 ES2 | EXx2

Explanations:
The LDI instruction is used to load NC contact which connects to left side bus line or starts a new

block of program connecting in series or parallel connection.

Program example:

Ladder diagram: Instruction: Operation:

X0 X1 LDI X0 Load NC contact X0

L | < :) AND X1 Connect NO contact X1 in series

ouT Y1 Drive coil Y1
Mnemonic Operands Function Program steps
Controllers
AND | X,Y,M, s T, C | SomnectNO 1-3 ES2 | EX2
contact in series

Explanations:

The AND instruction is used to connect NO contact in series.

Program example:

3-3



DVP-ES2 Operation Manual - Programming

Ladder diagram: Instruction; Operation:
X1 X0 LDI X1 Load NC contact X1
| 4 Il ( > AND X0 Connect NO contact X0 in series
ouT Y1 Drive Y1 caoll
Mnemonic Operands Function Program steps
Controllers
ANI | X, Y,M, s, T,c | SonnectNC contact 1-3 ES2 | Ex2
in series
Explanations:
The ANI instruction is used to connect NC contact in series.
Program example:
Ladder diagram: Instruction: Operation:
X1 X0 LD X1 Load NO contact X1
I_” 4 < > ANI X0 Connect NC contact X0 in series
ouT Y1 Drive Y1 caoll
Mnemonic Operands Function Program steps

Controllers
OR X Y M. S,T.C Connect NO contact 1-3 ES2 | EX2
in parallel
Explanations:
The OR instruction is used to connect NO contact in parallel.
Program example:
Ladder diagram: Instruction; Operation:
X0
| y @ LD X0 Load NO contact X0 |
‘ u)lj OR X1 Connect NO contact X1 in parallel
ouT Y1 Drive Y1 coll
Mnemonic Operands Function Program steps
c NTS Controllers
onnect contact N ES2 EX2
ORI XYM ST, C | allel 1~3 I

Explanations:

The ORI instruction is used to connect NC contact in parallel.

Program example:
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Ladder diagram: Instruction; Operation:
X0
| | @ LD X0 Load NO contact X0 |
‘ ‘ X1 | ORI X1 Connect NC contact X1 in parallel
ouT Y1l Drive Y1 coill
Mnemonic Function Program steps Controllers
ANB Connect a block in series 1 ES2 | EX2

Explanations:

The ANB instruction is used to connect a circuit block to the preceding block in series. Generally,

the circuit block to be connected in series consists of several contacts which form a parallel

connection structure.

Program example:

Ladder diagram:

X0 aAnB X1
I )

Instruction:
LD X0

@ ORI X2

[N Vi
X2 X3
— LD X1

Operation:

Load NO contact X0
Connect NC contact X2 in parallel

Load NC contact X1

BlockA Block B OR X3 Connect NO contact X3 in parallel
ANB Connect circuit block in series
ouT Y1l Drive Y1 coil
Mnemonic Function Program steps Controllers
ORB Connect a block in parallel 1 ES2 | EX2

Explanations:

The ORB instruction is used to connect a circuit block to the preceding block in parallel. Generally,

the circuit block to be connected in parallel consists of several contacts which form a serial

connection structure.

Program example:
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Ladder diagram: Instruction: Operation:
x0 x1 BlockA LD X0 Load NO contact X0
| Y1 ANI X1 Connect NC contact X1 in series
X2 X3
I T ORB LDI X2 Load NC contact X2
Block B AND X3 Connect NO contact X3 in series
ORB Connect circuit block in parallel
ouT Y1l Drive Y1 coil
Mnemonic Function Program steps
Controllers
MPS Start of branche;. Stores current result of 1 ES2 | EX2
program evaluation

Explanations:

As the start of branches, MPS stores current result of program evaluation at the point of

divergence.
Mnemonic Function Program steps
Controllers
MRD Reac_is the stored current result from 1 ES2 | EX2
previous MPS

Explanations:
MRD reads the stored current result from previous MPS and operates with the contact connected
after MRD.

Mnemonic Function Program steps
End of branches. Pops (reads and Controllers
MPP resets) the stored result in previous 1 ES2 | EX2
MPS.

Explanations:

As the end of branches, MPP pops the stored result in previous MPP, which means it operates

with the contact connected first then resets the storage memory.

Points to note:
1. Every MPS can not be applied without a corresponding MPP
2. Max. 8 MPS-MPP pairs can be applied..
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Program example:

Ladder dia

X0

gram:

7 X1

|
[ial-

»
MPP

oo
G
G

END

Instruction:
LD X0
MPS

AND X1
ouT Y1
MRD

AND X2
ouT MO
MPP

ouT Y2
END

Operation:
Load NO contact X0
Store current status
Connect NO contact X1 in series
Drive Y1 caoll
Read the stored status
Connect NO contact X2 in series
Drive MO caoll
Read the stored status and reset
Drive Y2 caoll

End of program

Note: When compiling ladder diagram with WPLSoft, MPS, MRD and MPP will be automatically

added to the compiled results in instruction format. However, users programming in instruction

mode have to enter branch instructions as required.

Mnemonic

Operands

Function

Program steps Controllers

ouT

Y,M, S

Output call

ES2 | EX2

1-3

Explanations:

Output the program evaluation results before OUT instruction to specific device.

Status of coil contact

OUT instruction
Evaluation result _ Associated Contacts
Coll NO contact (normal open) NC contact (normal close)
FALSE OFF | Current blocked Current flows
TRUE ON Current flows Current blocked

Program example:

Ladder diagram: Instruction: Operation:
X0 X1 LDI X0 Load NC contact X0
}_M_| }—® AND X1 Connect NO contact X1 in series
ouT Y1 Drive Y1 coll
Mnemonic Operands Function Program steps Controllers
SET Y, M, S gggjr;es the ON 1~3 ES2 | Ex2
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Explanations:
When the SET instruction is driven, its designated device will be ON and latched whether the SET

instruction is still driven. In this case, RST instruction can be applied to turn off the device.

Program example:

Ladder Diagram: Instruction: Operation:
X0 YO LD X0 Load NO contact X0
|—| |—|/1—| SET | Y1 | . .
ANI YO Connect NC contact YO in series
SET Y1 Drive Y1 and latch the status
Mnemonic Operands Function Program steps
Controllers
RST Y,M,S, T,C,D,E, Re;ets contac;s, 3 ES2 [ EX2
F registers or coils

Explanations:

Device status when RST instruction is driven:

Device Status

S,Y,M Coil and contact are set to OFF.

T,C Current value is cleared. Associated contacts or coils are reset .

D,E,F The content is set to 0.

Status of designated devices remains the same when RST instruction is not executed.

Program example:
Ladder diagram: Instruction: Operation:
LD X0 Load NO contact X0

X0
|—||—| oy | — | RST Y5 Reset contact Y5

Mnemonic| Operands Function Program steps
" I Controllers
B aster contro ES2 EX2
MC/MCR NO~N7 Start/Reset 3 I

Explanations:

MC is the master-control start instruction. When MC instruction executes, the program execution

turns to the designated nest level and executes the instructions between MC and MCR. However,
MCR is the master-control reset instruction placed at the end of the designated nest level and no
drive contact is required before MCR. When MC/MCR is not active, devices and instructions

between MC/MCR will operate as the following table.
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Instruction type

Explanation

General purpose timer

Present value = 0, Coil is OFF, No action on associated contact

Subroutine timer

Present value = 0, Coil is OFF, No action on associated contact

Accumulative timer

Coil is OFF, present value and contact status remains

Counter

Coil is OFF, present value and contact status remains

Coils driven by OUT instruction

All OFF

Devices driven by SET/RST

instructions

Stay intact

Application instructions

All disabled.
The FOR-NEXT nested loop will still execute back and forth for N
times. Instructions between FOR-NEXT will act as other

instructions between MC and MCR.

Note: MC-MCR master-control instruction supports max 8 layers of nest levels. Please use the

instructions in order from NO~ N7.

Program example:

Ladder diagram: Instruction: Operation:
X0 LD X0  Load NO contact X0
— | MC NO MC NO Enable NO nest level
X1 LD X1 Load NO contact X1
— OUT YO  Drive coil Y1
X2 @ :
— — MC N1 LD X2 Load NO contact X2
X3 MC N1 Enable N1 nest level
| |—® LD X3  Load NO contact X3
ﬁ ouT Y1 Drive coil Y1
MCR N1 :
ﬁ MCR N1 Reset N1 nest level
MCR NO :
= MCR NO Reset NO nest level
X10 @ :

— | MC NO LD X10  Load NO contact X10
X11 MC NO Enable NO nest level
1 - - LD X11  Load NO contact X11

4L OUT Y10  Drive coil Y10
MCR NO :
MCR NO Reset NO nest level
Mnemonic Function Program steps Controllers
END Program End 1 ES2 [ EXx2

Explanations:
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END instruction needs to be connected at the end of program. PLC will scan from address 0 to

END instruction and return to address 0 to scan again.

Mnemonic Function Program steps Controllers
NOP No operation 1 ES2 | EX2
Explanation:

NOP instruction does not conduct any operations in the program, i.e. the operation result remains

the same after NOP is executed. Generally NOP is used for replacing certain instruction without

altering original program length.

Program example:

Ladder Diagram: Instruction: Operation:
NOP inS.truction will be LD X0 Load NO contact X0
omitted in the ladder diagram NOP No operation
X0 / ouT Y1 Drive coil Y1
- <>
3.3 Pointers
Mnemonic Operands Function Program steps Controllers
P PO~P255 Pointer 1 ES2 | Ex2
Explanation:

Pointer P is used with APl 00 CJ and APl 01 CALL instructions. The use of P does not need to start

from PO, and the No. of P cannot be repeated; otherwise, unexpected errors may occur. For other

information on P pointers, please refer to section 2.12 in this manual

Program example 1:

Ladder Diagram:

T [ e |
X1 ﬁ
P10 I4®

Instruction:
LD X0
cJ P10
P10

LD X1
outT Y1

Operation:

Load NO contact X0
Jump to P10

Pointer P10
Load NO contact X1

Drive coil Y1
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3.4 Interrupt Pointers

Mnemonic Function Program steps Controllers

I Interrupt program pointer 1 ES2 | EX2

Explanations:
A interruption program has to start with a interruption pointer (ILJ_J]) and ends with API 03 IRET.
| instruction has to be used with AP1 03 IRET, API 04 El, and API 05 DI. For detailed information on

interrupt pointes, please refer to section 2.12 in this manual

Program example:

Ladder diagram: Instruction  Operation:
code:
E| El Enable interruption
1 AIIo_wabIe range LD X1 Load NO contact X1
forinterruption 51 y1 Drive Y1 coil
— | —
DI DI Disable interruption
Pointer of =
interruption @ '
program \ FEND FEND Main program ends
_>|<|2 1001 Interruption pointer
1001 4 ——— 2D
ﬁ Interruption LD X2 Load NO contact X2
subroutine ouT Y2 Drive Y2 coil
IRET
IRET Interruption return

External interrupt:
ES2 supports 8 external input interrupts: (1000/1001, X0), (1100/1101, X1), (1200/1201, X2),
(1300/1301, X3), (1400/1401, X4), (1500/1501, X5), (1600/1601, X6) and (1700/1701, X7). (01,

rising-edge trigger 1, 00, falling-edge trigger 1)

Timer Interrupts:

ES2 supports 2 timer interrupts: 1605~1699, 1705~1799, (Timer resolution: 1ms)
Communication Interrupts:

ES2 supports 3 communication interrupts: 1140, 1150 and 1160.

Counter Interrupts:
ES2 supports 8 high-speed counter interrupts: 1010, 1020, 1030, 1040, 1050, 1060, 1070 and 1080.
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3.5 Application Programming Instructions

1. PLC instructions are provided with a unigue mnemonic name to make it easy to remember
instructions. In the example below the APl number given to the instruction is 12, the

mnemonic name is MOV and the function description is Move.

API Mnemonic Operands Function
Controllers
12 |[D| Mov |P| GO (@ | Move ES2 /EX2
Type | Bit Devices Word devices Program Steps
OoP XY |M|S|K|HIKnX|KnNY|KNnM|KnS| T |C |D | E | F |[MOV, MOVP: 5 steps
S lEl R TR Y 1Y IDMOV, DMOVP: 9 steps
D * * * * * * * *
PULSE 16-bit 32-bit
ES2 / EX2 ES2 / EX2 ES2 / EX2

2. The area of ‘Operands’ lists the devices (operands) required for the instruction. Identification
letters are used to associate each operand with its function, e.g. D-destination, S-source, n,
m-number of devices. Additional numeric suffixes will be attached if there are more than one
operand with the same function, e.g. Sy, S,,

3. When using WPLSoft for programming user program, it is not necessary to remember the
API number of an instruction since WPLSoft offers drop down list to select an instruction.

4.  Applicable controllers are identified by the boxes at the right of the table. For individual
instruction properties of Pulse, 16-bit or 32-bit, please refer to the box down the table.

5.  Pulse operation requires a ‘P’ to be added directly after the mnemonic while 32 bit operation
requires a ‘D’ to be added before the mnemonic, i.e. if an instruction was being used with

both pulse and 32 bit operation it appears as “D***P” where *** is the basic mnemonic.

Instruction Composition

The application instructions of DVP-ES2 are specified by APl numbers 0~246 and each has its
mnemonic. When designing the user program with ladder editing program (WPLSoft), users only
need to key in the mnemonic, e.g. MOV, and the instruction will be inserted. Instructions consist of
either just the instruction or the instruction followed by operands for parameter settings. Take MOV

instruction for example:

o > @
——— ™oV K10 D10
~—— —
Instruction Operand
Mnemonic : Indicated the name and the function of the instruction
Operand . The parameter setting for the instruction
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(8D | Source: if there are more than one source is required, it will be indicated as Sy, S,....etc.
(DD | Destination: if there are more than one destination is required, it will be indicated as D,
D,...etc.

n,...etc.

If the operand can only be constant K/H or a register, it will be represented as m, my, m,, n, ny,

Length of Operand (16-bit or 32-bit instruction)

The length of operand can be divided into two groups: 16-bit and 32-bit to process data of different

length. A prefix "D” indicates 32-bit instructions.

16-bit MOV instruction

X0

|—

MOV

K10

D10

32-bit DMOV instruction

When X0 = ON, K10 will be sent to D10.

When X1 = ON, the content in (D11, D10) will be

H1|—| pmov | p1o | p20 | sentto (D21, D20).

Explanation of the format of application instruction

7

3

v

:

¢

API Mnemonic Operands Function Controllers
10 ||D| cwmP P (D) Compare Es2 | Exe
Type Bit Devices Word Devices Program Steps
OP XY | M| S |K|H]|KnX|KnY|KnM Kns‘ T|C ‘ E|F | CMP,CMPP: 7 steps
@{ S, T % %1% = DCMP, DCMPP: 13steps
S» * | * * * * | x| * ﬁ
D * | % | % ‘ ‘ @

) APl number for instruction

(8)—>»

The core mnemonic code of instruction

A prefix “D” indicates a 32 hit instruction
A suffix “P* in this box indicates a pulse instruction

®
@

s
\
/
\

5
é\

Function of the instruction
Applicable PLC models for this instruction

Operand format of the instruction

16-bit

32-bit

ES2

Ex2 | ESs2 |

EX2

A symbol “*” is the device can use the index register. For example, device D of operand S1
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£
)

o

supports index E and F.

A symbol “*" is given to device which can be used for this operand
Steps occupied by the 16-bit/32-bit/pulse

Applicable PLC models for 16-bit/32-bit/pulse execution instruction.

Continuous execution vs. Pulse execution

1. The execution type of instructions can be divided into two types: continuous execution
instruction and pulse execution instruction. Program scan time is shorter when instructions
are not executed. Therefore, using the pulse execution instruction can reduce the scan
time of the program.

2. The ‘pulse’ function allows the associated instruction to be activated on the rising edge of the
control input.  The instruction is driven ON for the duration of one program scan.

3. Inaddition, while the control input remains ON, the associate instruction will not be executed
for the second time. To re-execute the instruction the control input must be turned from
OFF to ON again.

Pulse execution instruction When X0 goes from OFF to ON, MOVP
0 instruction will be executed once and the

——+ movp D10 D12 instruction will not be executed again in the scan
period

Continuous execution instruction When X1=0N, the MOV instruction can be
1 re-executed again in every scan of program. This

—— w™mov D10 D12 is called continuous execution instruction.

Operands

1. Bit devices X, Y, M, and S can be combined into word device, storing values and data for
operaions in the form of KnX, KnY, KnM and KnS in an application instruction.

2. Data register D, timer T, counter C and index register E, F are designated by general
operands.

3. A dataregister is usually in 16 bits, i.e. of the length of 1 register D. A designated 32-bit data
register refers to 2 consecutive register Ds.

4. If an operand of a 32-bit instruction designates DO, the 32-bit data register composed of (D1,
DO0) will be occupied. D1 is the higher 16 bits; DO is the lower 16 bits. The same rule also
apply to timer T, 16-bit timers and CO ~ C199.

5. When the 32-bit counters C200 ~ C255 are used as data registers, they can only be

designataed by the operands of 32-bit instructions.

3-14



3. Instruction Set

Operand Data format
1. ,Y, M, and S can only ON/OFF a single point and are defined as bit devices.
2. 16-bit (or 32-bit) devices T, C, D, and registers E, F are defined as word devices.
3. “Kn" can be placed before bit devices X, Y, M and S to make it a word device for performing
word-device operations. (n = 1 refers to 4 bits. For 16-bit instruction, n = K1 ~ K4; for 32-bit
instruction, n = K1 ~ K8). For example, K2MO refers to 8 bits, MO ~ M7.

When X0 = ON, the contents in MO ~ M7 will be moved
to bit0 ~ 7 in D10 and bit8 ~ 15 will be set to “0".

D10

MOV

K2MO

H(O

Kn values

16-bit instruction 32-bit instruction

Designated value: K-2,147,483,648 ~
K2,147,483,647
32-bit instruction: (K1~K8)

Designated value: K-32,768 ~ K32,767

16-bit instruction: (K1~K4)

K1 (4 points) |0~15 K1 (4 points) |0~15

K2 (8 points) | 0~255 K2 (8 points) | 0~255

K3 (12 points) | 0~4,095 K3 (12 points) | 0~4,095

K4 (16 points) |-32,768~+32,767 K4 (16 points) | 0~65,535
K5 (20 points) | 0~1,048,575

Flags

K6 (24 points)

0~167,772,165

K7 (28 points)

0~268,435,455

K8 (32 points)

-2,147,483,648~+2,147,483,647

1. General Flags
The flags listed below are for indicating the operational result of the application instruction:
M1020: Zero flag
M1021: Borrow flag
M1022: Carry flag
M1029: Execution of instruction is completed
All flags will turn ON or OFF according to the operational result of an instruction. For
example, the execution result of operation instructions ADD/SUB/MUL/DVI will affect the
status of M1020 ~ M1022. When the instruction is not executed, the ON/OFF status of the
flag will be held. The status of the four flags relates to many instructions. See relevant

instructions for more details.
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2. Error Operation Flags

X0
— ——— seT| MO
MO
—] DSW| X10 | Y10| DO | KO
M1029
RST| MO

When X0 = ON, DSW will be
enabled.

When X0 = OFF, MO is
latched. MO will be reset
only when DSW instruction
is completed to activate
M1029.

Errors occur during the execution of the instruction when the combination of application

instructions is incorrect or the devices designated by the operand exceed their range. Other

than errors, the flags listed in the table below will be On, and error codes will also appear.

3. Flags to Extend Functions

Some instructions can extend their function by using some special flags.

Example: instruction RS can switch transmission mode 8-bit and 16-bit by using M1161.

Device

Explanation

cleared.

M1067 When operational errors occur, M1067 = ON. D1067 displays the error code.
D1067 D1069 displays the address where the error occurs. Other errors occurring will
D1069 update the contents in D1067 and D1069. M1067 will be OFF when the error is

M1068
D1068

When operational errors occur, M1068 = ON. D1068 displays the address
where the error occurs. Other errors occurring wil not update the content in
D1068. RST instruction is required to reset M1068 otherwise M1068 is latched.

Limitations for times of using instructions

Some instructions can only be used a certain number of times in a program. These instructions

can be modified by index registers to extend their functionality.

1. Instructions can be used once in a program;

API 60 (IST)

API 155 (DABSR)

2. Instruction can be used twice in a program:
API 77 (PR)

3. Instruction can be used 8 times in a program:
AP| 64 (TTMR)

4.  For counters C232~C242, the total max times for using DHSCS, DHSCR and DHSZ

instructions: 6. DHSZ can only be used less than 6 times.
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For counters C243, C245~C248, C251, C252, the total max times for using DHSCS, DHSCR

and DHSZ instructions: 4. DHSZ takes up 2 times of the total available times.

For counters C244, C249, C250, C253, C254, the total max times for using DHSCS, DHSCR

and DHSZ instructions: 4. DHSZ takes up 2 times of the total available times.

Limitation of synchronized execution

Most instructions have no limitation on the times to be used in a program, but there are limitations

on the number of instruction to be executed in the same scan cycle.

1.

Only 1 instruction can be executed at the same scan cycle: API 52 MTR, APl 69 SORT, API
70 TKY, API 71 HKY, API 72 DSW, API 74 SEGL, APl 75 ARWS.

. Only 4 instruction can be executed at the same scan cycle: AP1 56 SPD, APl 169 HOUR.

. There is no limitation on the times of using the high-speed output instructions API 57 PLSY,

API 58 PWM, API 59 PLSR, APl 156DZRN, API 158 DDRVI, API 159 DDRVA and API 195

DPTPO, but only one high-speed output instruction will be executed in the same scan time.

. There is no limitation on the times of using the communication instructions API 80 RS, API

100 MODRD, API 101 MODWR, API 102 FWD, API 103 REV, API 104 STOP, API 105 RDST,
API1 106 RSTEF , API 150 MODRW, but only one communication instruction will be executed

on single COM port during the same scan cycle.

Numeric Values

1.

Devices only with ON/OFF status are called bit devices, e.g. X, Y, M and S. Devices used
exclusively for storing numeric values are called word devices, e.g. T, C, D, E and F.
Although bit device can only be a single point ON/OFF, they can also be used as humeric
values (larger than bits) in the operands of instructions if the specified bit device (Kn) is
added in front of the operand.

n = K1 ~ K4 for a 16-bit value; n = K1 ~ K8 for a 32-bit value. For example, K2MO refers to a
8-bit value composed of MO ~ M7

Valid data

—_—

M15 M14 M13 M12 M11 M10 M9 M8 M7 M6 M5 M4 M3 M2 M1 MO
[oJT1JoJaJoJaJoJaJoJaJoJlaJoJaJolua]

Low byte
Transmit to
Resetto O

bl5 bl4 bl3 bl2 bll bl0 b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Equals
Low byte

DifoJoJoJofofoJoJoJofJafofiJoJalof1]
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3.  Transmit KIMO, K2M0O, K3MO to 16-bit registers and the unused upper bit data are not
transmitted. The same rule applies when sending KIMO, K2M0, K3M0, K4MO0, K5M0, K6MO,

K7MO to 32-bit registers. Unused upper bit data are not transmitted.

4.  The unused upper bits will be defined as 0 when the content of the operand assign K1 to K3

in a 16-bit operation or assign K4 to K7 in 32-bit operation. Therefore, the operation result is

positive since the MSB is defined as 0.

MO
-

BIN K2X0

DO

Assign Continuous Bit Numbers

As already explained, bit devices can be grouped into 4 bit units.
number of groups of 4 bits to be combined for data operation.

refers to DO, D1, D2, D3, D4...; For bit devices with Kn, consecutive No. refers to:

The BCD value combined by X0 to X7 will

be converted to DO as BIN value.

The “n” in KNnMO defines the

For data register D, consecutive D

K1X0 K1X4 K1X10 K1X14...
K2Y0 K2Y10 K2Y20 Y2X30...
K3MO K3M12 K3M24 K3M36...
K4S0 K4S16 K4S32 K4S48...

Note: To avoid errors, please do not skip over the continuous numbers. In additoin, when K4YO0 is

used in 32-bit operation, the upper 16-bit is defined as 0. Therefore, it is recommended to use
K8YO in 32bit operation.

Floating Point Operation

The operations in DVP-PLC are conducted in BIN integers. When the integer performs division,

e.g. 40 + 3 = 13, the remainder will be 1. When the integer performs square root operations, the

decimal point will be left out. Use floating point operation instructions to obtain the operation result

with decimal point.

Application instructions revelant to floating point:

FLT DECMP DEZCP DMOVR DRAD
DDEG DEBCD DEBIN DEADD DESUB
DEMUL DEDIV DEXP DLN DLOG
DESQR DPOW INT DSIN DCOS
DTAN DASIN DACOS DATAN DADDR
DSUBR DMULR DDIVR

Binary Floating Point
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DVP-PLC represents floating points in 32 bits, following the IEEE754 standard:

_— 8-bit\ 23-bit
| S | exponent | mantissa
b31 b0
Sign bit
0: positive
1: negative

Equation (-1)° x25°®x1.M;B =127
Therefore, the range of 32-bit floating is from +2*°to +2*'?8 j.e. from +1.1755x10%to

+3.4028x10"%,

Example 1: using 32-bit floating point to represent decimal number 23
Step 1: Convert “23” into a binary value: 23.0 = 10111
Step 2: Normalize the binary value: 10111 = 1.0111 x 2*, in which 0111 is mantissa and 4 is
exponent.
Step 3: Obtain the exponent: *." E—-B=4 > E-127=4 .. E=131=10000011,

Step 4: Combine the sign bit, exponent and mantissa into a floating point
010000011 01110000000000000000000, = 41B800004

Example 2: using 32-bit floating point to represent decimal number -23
The steps required are the same as those in Example 1 and only differs in modifying the sign bit

into “1”.

110000011 01110000000000000000000,=C1B80000,4
DVP-PLC uses registers of 2 continuous No. to combine into a 32-bit floating point. For

example, we use registers (D1, DO) for storing a binary floating point as below:

je—— D1(b15~b0) >l DO(b15~b0) —|
27 26 25 21 20 2»1 2-2 2»3 2—17 2»18 2-19 2-20 2-21 2-22 2-23
[s Terlee]es] §G TJE1]eoaz2[a21]a20[§ § JAa6[As[aa][az]az]a1] a0
b31 b30 b29 b28 b24 b23 b22 b21 b20 b6 b5 b4 b3 b2 bl bo
|¢>|e—38 bits of exponent—>|< 23 bits of mantissa  —————|

L Hidden decimal point

Sign bit (0: positive 1: negative)
When b0~b31 is 0, the content is 0.

Decimal Floating Point
= Since the binary floating point are not very user-friendly, we can convert it into a decimal floating
point for use. However please note that the decimal point operation in DVP-PLC is still in binary

floating point.
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= The decimal floating point is represented by 2 continuous registers. The register of smaller

number is for the constant while the register of bigger number is for the exponent.

Example: Storing a decimal floating point in registers (D1, DO)
Decimal floating point = [constant DO] x 10 [xPonentbLl
Constant DO = +1,000 ~ +9,999

Exponent D1 = -41 ~ +35

The constant 100 does not exist in DO due to 100 is represented as 1,000 x 10™. The range of
decimal floating point is #1175 x 10™*" ~ +3402x10*%.

® The decimal floating point can be used in the following instructions:

D EBCD: Converting binary floating point to decimal floating point

D EBIN: Converting decimal floating point to binary floating point

m Zero flag (M1020), borrow flag (M1021), carry flag (M1022) and the floating point operation

instruction

Zero flag: M1020 = On if the operational result is “0".

Borrow flag: M1021 = On if the operational result exceeds the minimum unit.
Carry flag: M1022 = On if the absolute value of the operational result exceeds the range of use.

Index register E, F

The index registers are 16-bit registers. There are 16 devices for ES2 models (EO ~ E7 and FO ~
F7).

= E and F index registers are 16-bit data registers,
can be read and written.

= |[f you need a 32-bit register, you have to designate

16-bit 16-bit E. In this case, F will be covered up by E and
’ Fo ‘ ’ EO ‘ cannot be used; otherwise, the contents in E may
e 32-bit become incorrect. (We recommend you use MOVP
{ FO ‘ EO ‘ instruction to reset the contents in D to 0 when the
High byte  Low byte PLC is switched on.)

= Combination of E and F when you designate a
32-bit index register: (EO, F0), (E1, F1), (E2, F2), ...
(E7, F7)
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The opposite diagram E, F index register modification

refers to the content in the operand changes with the
————— mov [k20€0[D10F0]
contents in E and F.

E0O=8 F0=14
20+8=28 10+14=24
Transmission K28 — D24

For example, EO = 8 and K20EO represents constant
K28 (20 + 8). When the condition is true, constant K28

will be transmitted to register D24.

Devices modifiable in ES2 series MPU: P, X, Y, M, S, KnX, KnY, KnM, KnS, T, C, D.
E and F can modify the devices listed above but cannot modify themselves and Kn. KAMOEO is
valid and KOEOMO is invalid. Grey columns in the table of operand at the beginning page of each

application instruction indicate the operands modifiable by E and F.

If you need to modify device P, I, X, Y, M, S, KnX, KnY, KnM, KnS, T, C and D by applying E, F, you
have to select a 16-bit register, i.e. you can designate E or F. To modify constant K and H in a

32-bit instruction, you have to select a 32-bit register, i.e. you have to designate E.
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3.6 Numerical List of Instructions

Loop Control

Applicable
Mnemonic . STEPS
API PULSE Function to
16 bits 32 bits ES | ES2 | 16-bit | 32-bit
00 |CJ - v" | Conditional jump v v | 3 -
01 | CALL - v" | Call subroutine v v 3 -
02 | SRET - - | Subroutine return Vvl -
03 | IRET - - | Interrupt return Vi1 -
04 | El - - | Enable interrupt Vi1 -
05 | DI - - | Disable interrupt Vi1 -
06 | FEND - - | The end of the main program (First end) vV 1 -
07 |WDT - v | Watchdog timer refresh Vvl -
08 |FOR - - | Start of a For-Next Loop v v | 3 -
09 | NEXT - - | End of a For-Next Loop Vvl -
Transmission Comparison
Applicable
Mnemonic STEPS
API PULSE Function to
16 bits 32 bits ES | ES2 | 16-bit | 32-bit
10 | CMP DCMP | v |Compare Vv | 7|13
11 | zCP DzZCP v" | Zone compare Vil 9 |17
12 | MOV DMOV v" | Move vV 5 9
13 | SMOV - v" | Shift move -1 -
14 |CML DCML v | Complement v v | 5 9
15 | BMOV - v" | Block move Vv 7 -
16 | FMOV DFMOV | v | Fill move Vi v 7 13
17 | XCH DXCH v | Exchange v | v | 5 9
18 |BCD DBCD v' | Convert BIN to BCD v | v 1] 5 9
19 | BIN DBIN v | Convert BCD to BIN vV 5 9
Four Arithmetic Operations
Applicable
Mnemonic STEPS
API PULSE Function to
16 bits 32 bits ES | ES2 | 16-bit | 32-bit
20 | ADD DADD v" | Addition Vi v 7 13
21 |SuB DSUB v" | Subtraction Vi v| 7 | 13
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Applicable
Mnemonic STEPS
API PULSE Function to
16 bits 32 bits ES | ES2 | 16-bit | 32-bit
22 | MUL DMUL v | Multiplication vV 7 13
23 | DIV DDIV v" | Division v v 7 13
24 | INC DINC v | Increment vVivl 3 5
25 | DEC DDEC v' | Decrement A 5
26 | WAND DAND v" | Logical Word AND v v 7 13
27 | WOR DOR v" | Logical Word OR ViY77 |13
28 |[WXOR |DXOR v | Logical XOR v v 7 13
29 |NEG DNEG v | 2’'s Complement (Negation) vV iV 3 5
Rotation and Displacement
Applicable
Mnemonic STEPS
API PULSE Function to
16 bits 32 bits ES | ES2 | 16-bit | 32-bit
30 |ROR DROR v" | Rotate right v Iiv | 5 9
31 |ROL DROL v | Rotate left v |Iv | 5 9
32 |RCR DRCR v | Rotate right with carry v Iv ]| 5 9
33 |RCL DRCL v | Rotate left with carry v Iv ]| 5 9
34 | SFTR - v" | Bit shift right vVIiv] o9 -
35 | SFTL - v | Bit shift left vV 9 -
36 | WSFR - v | Word shift right - v 9 -
37 | WSFL - v' | Word shift left - Y| 9 -
38 | SFWR - v" | Shift register write -V 7 -
39 | SFRD - v" | Shift register read - |V 7 -
Data Processing
Applicable
Mnemonic STEPS
API PULSE Function to
16 bits 32 bits ES | ES2 | 16-bit | 32-bit
40 | ZRST - v' | Zone reset v | v | 5 -
41 | DECO - v | Decode Vvl T -
42 | ENCO - v | Encode Vvl T -
43 | SUM DSUM v | Sum of Active bits v v 5 9
44 | BON DBON v" | Check specified bit status vV 7 | 13
45 | MEAN DMEAN v" | Mean v v 7 13
46 | ANS - - | Timed Annunciator Set - V7 -
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Applicable
Mnemonic STEPS
API PULSE Function to
16 bits 32 bits ES | ES2 |16-bit | 32-bit
47 | ANR - v" | Annunciator Reset -1 Y1 -
48 | SQR DSQR Square Root v v 5 9
49 |FLT DFLT v" | Floating point v | v | 5 9
High Speed Processing
Applicable
Mnemonic STEPS
API PULSE Function to
16 bits 32 bits ES | ES2 |16-bit|32-bit
50 | REF - Refresh v 4 5 -
51 | REFF - v | Refresh and filter adjust - v | 3 -
52 | MTR - - | Input Matrix - v |9 -
53 - DHSCS - | High speed counter SET v | - | 13
54 - DHSCR - | High speed counter RESET v - 13
55 - DHSZ - | High speed zone compare - v - 17
56 | SPD - - | Speed detection vV v 7 -
57 | PLSY DPLSY - Pulse output v 4 7 13
58 | PWM - - | Pulse width modulation A A I -
59 | PLSR DPLSR - Pulse ramp v 4 9 17
Handy Instructions
Applicable
Mnemonic STEPS
API PULSE Function to
16 bits 32 bits ES | ES2 |16-bit |32-bit
60 |IST - - | Initial state VoI YT -
61 | SER DSER v' | Search a data stack - vl 9 |17
62 | ABSD DABSD - | Absolute drum sequencer - v 9 | 17
63 | INCD - - Incremental drum sequencer - v 9 -
64 | TTMR - - | Teaching timer - | v | 5 -
65 | STMR - - | Special timer - v 7 -
66 | ALT - v' | Alternate state vV v ] 3 -
67 | RAMP DRAMP | - | Ramp variable value - 4 9 | 17
68 |DTM - v' | Data transform and move -1 V19 -
69 | SORT DSORT - Data sort - vVl |2
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External I/O Display

Applicable
Mnemonic STEPS
API PULSE Function to
16 bits 32 bits ES | ES2 |16-bit|32-bit
70 | TKY DTKY - 10-key input - 4 7 13
71 | HKY DHKY - | Hexadecimal key input - v 9 17
72 | DSW - - DIP Switch - v 9 -
73 | SEGD - v | 7-segment decoder v | v | 5 -
74 | SEGL - - | 7-segment with latch Vv 7 -
75 | ARWS - - | Arrow switch -l Y9 -
76 | ASC - - | ASCII code conversion -V -
77 |PR - - | Print (ASCII code output) - | v |5 -
Serial I/O
Applicable
Mnemonic STEPS
API PULSE Function to
16 bits 32 bits ES | ES2 |16-bit|32-bit
78 | FROM DFROM Read CR data from special modules VY9 |17
79 | TO DTO v | Write CR data into special modules VY9 |17
80 |RS - - | Serial communication Vi vYlo9 -
81 | PRUN DPRUN | v |Parallel run -1 v 1|5 9
82 | ASCII - v' | Convert HEX to ASCII vioi7 -
83 |HEX - v' | Convert ASCII to HEX v 7 -
84 |CCD - v" | Check code - V7 -
87 | ABS DABS v" | Absolute value v I Y| 3 5
88 | PID DPID - PID control v 9 17
Basic Instructions
Applicable
Mnemonic STEPS
API PULSE Function to
16 bits 32 bits ES | ES2 |16-bit|32-bit
89 |PLS - - | Rising-edge output v v 3 -
90 |LDP - - | Rising—edge detection operation v v 3 -
91 |LDF - - | Falling—edge detection operation vV v | 3 -
92 | ANDP - - | Rising-edge series connection vV v | 3 -
93 | ANDF - - | Falling-edge series connection vV v | 3 -
94 | ORP - - | Rising-edge parallel connection v | v | 3 -
95 | ORF - - | Falling-edge parallel connection v | v | 3 -
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Applicable
Mnemonic STEPS
API PULSE Function to
16 bits 32 bits ES | ES2 |16-bit|32-bit
96 | TMR - - | Timer Vi Y|4 -
97 |CNT DCNT - Counter 4 4 4 6
98 | INV - - | Inverse operation ViVl -
99 | PLF - - | Falling-edge output v v | 3 -
Communication Instructions
Applicable
Mnemonic STEPS
API PULSE Function to
16 bits 32 bits ES | ES2 |16-bit|32-bit
100 | MODRD - - | Read Modbus data Vv 7 -
101 | MODWR - - | Write Modbus Data VIV 7 -
102 | FWD - - | Forward Operation of VFD Vi v T -
103 | REV - - | Reverse Operation of VFD Vi v 7 -
104 | STOP - - Stop VFD 4 4 7 —
105 | RDST - - | Read VFD Status v | v |5 -
106 | RSTEF - - | Reset Abnormal VFD v I Y| 5 -
107 | LRC - v | LRC checksum AN A -
108 | CRC - v | CRC checksum AN A -
150 | MODRW - - MODBUS Read/ Write 4 v 1 -
206 | ASDRW - - | ASDA servo drive R/IW - v 7 -
Floating Point Operation
Applicable
Mnemonics STEPS
API PULSE Function to
16 bits 32 bits ES | ES2 |16-bit|32-bit
110 - DECMP v" | Floating point compare 4 - | 13
111 - DEZCP v | Floating point zone compare 4 - 17
112 DMOVR v | Move floating point data v 9
116 - DRAD v" | Degree = Radian - v - 9
117 - DDEG v" | Radian - Degree - Vv - 9
118 - DEBCD v" | Float to scientific conversion oV - 9
119 - DEBIN v" | Scientific to float conversion oV - 9
120 - DEADD v" | Floating point addition v v | - |13
121 - DESUB v" | Floating point subtraction v v | - |13
122 - DEMUL v" | Floating point multiplication v v | - |13
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Applicable
Mnemonics STEPS
API PULSE Function to
16 bits 32 bits ES | ES2 |16-bit|32-bit
123 - DEDIV v" | Floating point division VoY - | 13
124 - DEXP v | Float exponent operation vV - 9
125 - DLN v" | Float natural logarithm operation vV - 9
126 - DLOG v" | Float logarithm operation vV - | 13
127 - DESQR v | Floating point square root vVioivoo- 9
128 - DPOW v" | Floating point power operation vV - |13
129 | INT DINT v | Float to integer v I Y| 5 9
130 - DSIN v | Sine Vioivoo- 9
131 - DCOS v | Cosine Vil voo- 9
132 - DTAN v" | Tangent vV - 9
133 - DASIN v | Arc Sine - 4 - 9
134 - DACOS v | Arc Cosine - Vo 9
135 - DATAN v" | Arc Tangent - 4 - 9
172 - DADDR v | Floating point addition vV - | 13
173 - DSUBR v" | Floating point subtraction vV - | 13
174 - DMULR v" | Floating point multiplication vV - | 13
175 - DDIVR v" | Floating point division vV - |13
Additional Instruction
Applicable
Mnemonic STEPS
API PULSE Function to
16 bits 32 bits ES | ES2 |16-bit |32-bit
143 | DELAY - v" | Delay - v 3 -
144 | GPWM - - | General PWM output - v T -
147 | SWAP | DSWAP v' | Byte swap v v 3 5
154 | RAND DRAND | ¥ | Random number - v 7 13
176 | MMOV - v' | 16-bit—32-bit Conversion - v 5 -
177 | GPS - - | GPS data receiving -1 v |5 -
178 - DSPA - | Solar cell positioning -V - 9
179 | WSUM [DWSUM| v | Sum of multiple devices - v | 7 | 13
202 | SCAL - v" | Proportional value calculation v 9 -
203 | SCLP DSCLP v | Parameter proportional value calculation v 9 13
205 | CMPT - v | Compare table - v | 9 -
207 | CSFO - - Catch speed and proportional output - v 7 -
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Positioning Control

Applicable
Mnemonic STEPS
API PULSE Function to
16 bits 32 bits ES | ES2 | 16-bit | 32-bit
155 - DABSR - | Absolute position read - | v - 13
156 - DZRN - | Zeroreturn - v - 17
157 - DPLSV Adjustable speed pulse output v - 13
158 - DDRVI - | Relative position control -V - 17
159 - DDRVA - | Absolute position control - |V - 17
195 - DPTPO - | Single-Axis pulse output by table - 4 - 13
197 - DCLLM - | Close loop position control - 4 - 17
198 - DVSPO - | Variable speed pulse output - 4 - 17
199 - DICF v | Immediately change frequency - v - 13
Real Time Calendar
Applicable
Mnemonic ) STEPS
API PULSE Function to
16 bits 32 bits ES | ES2 | 16-bit | 32-bit
160 | TCMP - v | Time compare - v i1 -
161 | TZCP - v | Time Zone Compare - V|9 -
162 | TADD - v' | Time addition - V|7 -
163 | TSUB - v' | Time subtraction -\ V|7 -
166 | TRD - v' | Time read - v | 3 -
167 | TWR - v' | Time write - | v 3 -
169 | HOUR DHOUR - Hour meter - v 7 13
Gray Code
Applicable
Mnemonic STEPS
API PULSE Function to
16 bits 32 bits ES | ES2 | 16-bit | 32-bit
170 | GRY DGRY v | BIN - Gray Code - | v | 5 9
171 | GBIN DGBIN | v |Gray Code — BIN - | v |5 |9
Matrix Operation
Applicable
Mnemonic STEPS
API PULSE Function to
16 bits 32 bits ES | ES2 | 16-bit | 32-bit
180 | MAND - v" | Matrix AND - 4 9 -
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Applicable
Mnemonic STEPS
API PULSE Function to
16 bits 32 bits ES | ES2 |16-bit|32-bit
181 | MOR - v" | Matrix OR - v 9 -
182 | MXOR - v | Matrix XOR - v 9 -
183 | MXNR - v | Matrix XNR - v 9 -
184 | MINV - v | Matrix inverse - V7 -
185 | MCMP - v' | Matrix compare -1 Y19 -
186 | MBRD - V' | Matrix bit read - V7 -
187 | MBWR - V' | Matrix bit write - V7 -
188 | MBS - v' | Matrix bit shift S A -
189 | MBR - v' | Matrix bit rotate S A -
190 | MBC - v' | Matrix bit status count -l V|7 -
Contact Type Logic Operation
Applicable
Mnemonic STEPS
API PULSE Function to
16 bits 32 bits ES | ES2 |16-bit | 32-bit
215|LD& DLD& - S;1&S; - v 5 9
216 | LD| DLD| - |S1]Ss - | v 5] 09
217 | LD" DLD? - SIS, - v 5 9
218 | AND& DAND& - S:&S; - v 5 9
219 | AND| DAND]| - |siSs - | v | 5|09
220 | AND? DAND” - SIS, - v 5 9
221 | OR& DOR& - S:1&S; - v 5 9
222 | OR| DOR| - 1SS, - | v |5 |9
223 | OR™ DOR? - SIS, - v 5 9
Contact Type Comparison
Applicable
Mnemonic STEPS
API PULSE Function to
16 bits 32 bits ES | ES2 | 16-bit | 32-bit
224 | LD= DLD= - S:1=5; vV 5 9
225 | LD> DLD> - S,>S, v v 5 9
226 | LD< DLD< - S:<S, v v 5 9
228 | LD<> DLD<> - |S1 #F S, v | v 5 9
229 |LD<= |DLD<= - s =S v vi]is5l|o9
230 | LD>= DLD>= - S =S, vVIv |5 9
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Applicable

Mnemonic STEPS

API PULSE Function to
16 bits 32 bits ES | ES2 |16-bit | 32-bit

232 | AND= | DAND= - 1S1=S; VoY 5 9
233 | AND> | DAND> - 1S1>S; VoY 5 9
234 | AND< | DAND< - 1S1<S; vV 5 9
236 | AND<> |DAND<> - S # S, v | v 5 9
237 | AND<= |DAND<= - 1S =85, VIV 5 9
238 | AND>= |DAND>= - 1S =S, VIV 5 9
240 | OR= DOR= - |S1=5; VIV 5 9
241 | OR> DOR> - |S;>S, v v 5 9
242 | OR< DOR< - |S1<S; vV 5 9
244 | OR<> | DOR<> - S #F S, v | v 5 9
245|OR<= |DOR<= - 1S =5 VoY 5 9
246 | OR>= | DOR>= - 1S =S, VoY 5 9
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3.7 Detailed Instruction Explanation

API Mnemonic Operands Function
Controllers

00 cJ P €D Conditional Jump ES2 /EX2

OoP Range Program Steps

S |P0~P255 CJ, CJP: 3 steps

PULSE 16-bit 32-hit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: The destination pointer P of the conditional jump.

Explanations:
1.

a)
h)

If users need to skip a particular part of PLC program in order to shorten the scan time and
execute dual outputs, CJ instruction or CJP instruction can be adopted.

When the program designated by pointer P is prior to CJ instruction, WDT timeout will occur
and PLC will stop running. Please use it carefully.

CJ instruction can designate the same pointer P repeatedly. However, CJ and CALL cannot
designate the same pointer P; otherwise an error will occur

Actions of all devices while conditional jump is being executed:

Y, M and S remain their previous status before the conditional jump takes place.

Timer 10ms and 100ms that is executing stops.

Timer T192 ~ T199 that execute the subroutine program will continue and the output contact
executes normally.

The high-speed counter that is executing the counting continues counting and the output
contact executes normally.

The ordinary counters stop executing.

If the “reset instruction” of the timer is executed before the conditional jump, the device will
still be in the reset status while conditional jumping is being executed.

Ordinary application instructions are not executed.

The application instructions that are being executed, i.e. DHSCS, DHSCR, DHSZ, SPD,
PLSY, PWM, PLSR, PLSV, DRVI, DRVA, continue being executed.
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Program example 1:

When X0 = ON the program will skip from address 0 to N (label P1) automatically and keep on

executing. Logic between address 0 and N will be skipped and will not be executed.

When X0 = OFF, program flow will proceed with the row immediately after the CJ instruction.

(CJinstruction)

G

Program example 2:

The table explains the device status in the ladder diagram below.

Contact state

Contact state

Output coil state

Device ) ) ) ) )
before CJ execution| during CJ execution during CJ execution

M1, M2, M3 1

M1, M2, M3 OFF Y1, M20, S1 OFF
OFF—ON

Y, M, S

M1, M2, M3 1

M1, M2, M3 ON Y1, M20, S1 ON
ON—OFF

M4 OFF M4 OFF—ON Timer is not activated
10ms, . . .
100ms Timer interrupt is latched.
Timer M4 ON M4 ON—OFF Keep on counting after MO is

OFF.

M6 OFF M6 OFF—ON Timer (T240) is not activated
1ms,10ms, All accumulative timers will stop
100ms but latched once executing
accumulative ) , )
Timer M6 ON M6 ON—OFF instruction CJ. When MO is from

ON-OFF, T240 will be
unchanged.

M7, M10 OFF M10 ON/OFF trigger | Counter does not count

«3 The interrupt of counter latched.
C0~C234 M7 OFF, M10 _ _ _
] M10 ON/OFF trigger | Keep on counting after MO is
ON/OFF trigger
OFF.

L Application instructions won't be
Application M11 OFF M11 OFF—ON
instruction executed.
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M11 ON

M11 ON—>OFF

Do not execute the skipped
application instruction but API
53~59, API 157~159 keep

executing.

*1: Y1 is dual output. When MO is OFF, it is controlled by M1. When MO is ON, M12 will control Y1

*2: When timer that subroutine used (T184~T199) executes first and then CJ instruction is

executed, the timer will keep counting. After the timer reaches the set value, output contact of

timer will be ON.

*3: When high-speed counters (C235~C254) executes first and then CJ instruction is executed, he

counter will keep counting and its associated output status remains.

Y1 is a dual output. When MO = OFF, Y1 is controlled by M1. MO = ON, Y1 is controlled by M12.

—||—| TMR | TO | K10 |
M5
—||—| RST | T240 |
M6
—{—— ™R | T240 | K1000 |
M7
—||—| RST | co |
M10
—HF—— ont | co | ka0 |
M11
—||—| MOV| K3 | DO |
MO
PO CJ | P63 |
M12
— < : )
M13
P63 — F———— RsT | T240 |
RST co
1 rsT | Do |
END

3-33



DVP-ES2 Operation Manual - Programming

API Mnemonic Operands Function
Controllers
01 CALL |P (D) Call Subroutine ES2 /EX2
OP Valid Range Program Steps
s |PO~P255 CALL, CALLP: 3 steps
PULSE 16-bit 32-bit
ES2 / EX2 ES2 /| EX2 ES2 /| EX2
Operands:

S: The destination pointer P of the call subroutine.

Explanations:

1. When the CALL instruction is active it forces the program to run the subroutine associated
with the called pointer.

2. A CALL instruction must be used in conjunction with FEND (API 06) and SRET (API 02)
instructions.

3. The program jumps to the subroutine pointer (located after an FEND instruction) and
processes the contents until an SRET instruction is encountered. This forces the program

flow back to the line of ladder immediately following the original CALL instruction.

Points to note:

1. Subroutine must be placed after the FEND instruction.

Subroutines must end with the SRET instruction.

CALL pointers and CJ instruction pointers are not allowed to coincide.

CALL instructions can call any other CALL subroutine any number of times.

a M W DN

Subroutines can be nested 5 levels including the initial CALL instruction. (If entering the six

levels, the subroutine won’t be executed.)
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API || Mnemonic Function Controllers
02 SRET Subroutine Return ES2 /EX2
OoP Descriptions Program Steps
No contact to drive the instruction is required SRET: 1 steps
N/A Automatically returns to the address immediately following

the CALL instruction which activated the subroutine

Explanations:

PULSE

16-bit

32-bit

ES2/EX2

ES2 / EX2

ES2/EX2

SRET indicates the end of subroutine program. The subroutine will return to main program and

begin execution with the instruction after the CALL instruction.

Program example 1:

When X0 = ON, the CALL instruction will jump to P2 and run the subroutine. With the execution of

the SRET instruction, it will jump back to address 24 and continue execution.

20

24

P2

Subroutine

s
—>|(|O—| CALL | p2 |Ca||subr0utine P2
G
0
M1
_| :
M2 ﬂ
A2

SRET Subroutine return
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Program example 2:

1.

a > W DN

When the rising-edge of X20 is triggered, CALL P10 instruction will transfer execution to

subroutine P10.
When X21 is ON, execute CALL P11, jump to and run subroutine P11.
When X22 is ON, execute CALL P12, jump to and run subroutine P12.
When X23 is ON, execute CALL P13, jump to and run subroutine P13.
When X24 is ON, execute CALL P14, jump to and run subroutine P14. When the SRET

instruction is reached, jump back to the last P*** subroutine and keep executing until the last

SRET instruction is reached which will return execution back to the main program.

P10

P11

X0
—

—| INC | DO M P12
X20
—|ﬂ—{ CALL | P10 | Vi
alin
_>|((|)__| INC | D1 | Program
FEND
X2
—|/|——| INC | D10 H P13
X21
B CALL' i | Subroutine
X2
—t+—1—1 N | bu |
SRET
X2
— INC D20 \ P14
X22
— —— CALL P12
X2 Subroutine
—— mnc | b1 |

<%

INC

D30

P13

Subroutine

D31

D40

P14

Subroutine

D41

D50

Subroutine
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API Mnemonic Function
Controllers
03 IRET Interrupt Return ES2 /EX2
OP Descriptions Program Steps
No contact to drive the instruction is required. IRET: 1 steps
N/A IRET ends the processing of an interrupt subroutine and
returns execution back to the main program
PULSE 16-bit 32-hit
ES2/ EX2 ES2 / EX2 ES2/EX2
API Mnemonic Function
Controllers
04 El Enable Interrupt ES2 /EX2
OP Descriptions Program Steps
No contact to drive the instruction is required. El: 1 steps
Enables Interrupts, explanation of this instruction also
N/A | coincides with the explanation of the DI (disable interrupts
instruction), see the DI instruction for more information.
M1050~M1059
PULSE 16-bit 32-hit
ES2/EX2 ES2/ EX2 ES2/EX2
API Mnemonic Function
Controllers
05 DI Disable Interrupt ES2 /EX2
OoP Descriptions Program Steps
No contact to drive the instruction is required. DI: 1 steps
Dl instruction disables PLC to accept interrupts.
NIA When the special auxiliary relay M1050 ~ M1059 for
disabling interruption is driven, the corresponding
interruption request will not be executed even in the range
allowed for interruptions.
PULSE 16-bit 32-bit
ES2/EX2 ES2 / EX2 ES2/EX2

Explanations:

1.

interruption, and high-speed counter interruption.

is no section requires to be interrupt-disabled, DI instruction can be omitted.

Interrupt subroutines must be placed after the FEND instruction.

Other interrupts are not allowed during execution of a current interrupt routine.

El instruction allows interrupting subroutine in the program, e.g. external interruption, timer

In the program, interruption subroutines are enabled between El and DI instructions. If there
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When many interruptions occur, the priority is given to the firstly executed interruption. If
several interruptions occur simultaneously, the priority is given to the interruption with the
smaller pointer No.

Any interrupt request occurring between DI and EI instructions will not be executed
immediately. The interrupt will be memorized and executed when the next El occurs.

When using the interruption pointer, DO NOT repeatedly use the high-speed counter driven
by the same X input contact.

When immediate I/O is required during the interruption, write REF instruction in the program

to update the status of I/O

Points to note:

ES2 interrupt pointers (1):

a)

b)

c)

d)

e)

External interrupts: 8 points including (1000/1001, X0), (1100/1101, X1), (1200/1201, X2),
(1300/1301, X3), (1400/1401, X4), (1500/1501, X5), (1600/1601, X6) and (1700/1701, X7) (00
designates interruption in falling-edge, 01 designates interruption in rising-edge)

Timer interrupts: 2 points including 1605~1699 and 1705~1799 (Timer resolution = 1ms)
High-speed counter interrupts: 8 points including 1010, 1020, 1030, 1040, 1050, 1060, 1070, and
1080. (used with API 53 DHSCS instruction to generate interrupt signals)

Communication interrupts: 3 points including 1140, 1150 and 1160

Flags:

Flag Function

M1050 Disable external interruption 1000 / 1001

M1051 Disable external interruption 1100 / 1101

M1052 Disable external interruption 1200 / 1201

M1053 Disable external interruption 1300 / 1301

M1054 Disable external interruption 1400 / 1401

M1055 Disable external interruption 1500 / 1501, 1600 / 1601, 1700 / 1701

M1056 Disable timer interrupts 1605~1699

M1057 Disable timer interrupts 1705~1799

M1059 Disable high-speed counter interruptions 1010~1080

M1280 |1000/I1001 Reverse interrupt trigger pulse direction (Rising/Falling)

M1284 |1400/1401 Reverse interrupt trigger pulse direction (Rising/Falling)

M1286 |1600/I1601 Reverse interrupt trigger pulse direction (Rising/Falling)

Note: Default setting of 1000 is falling-edge triggered. When M1280 = ON and El instruction is

enabled, PLC will reverse the interrupt at X0 as rising-edge triggered. If users need to reset the

interrupt as falling-edge, M1280 has to be reset (OFF) first and then DI instruction has to be

enabled. After this, the interrupt will be reset as falling-edge when El is executed again.
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Instruction Set

Program example:

During the PLC operation, the program scans the instructions between El and DI, if X1 or X2 are

ON, the subroutine A or B will be interruptted. When IRET is reached, the main program will

resume.

1101

1201

El

=

X1

E

Dﬂg

FEND

MO

|

IRET

M1

|

IRET

Enabled interrupt

} Disabled interrupt

Enabled interrupt

Interrupt subroutine A

Interrupt subroutine B
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API Mnemonic Function
Controllers
06 FEND The End of The Main Program (First End) ES2 /EX2
OoP Descriptions Program Steps
N/A No contact to drive the instruction is required. FEND: 1 steps
PULSE 16-bit 32-hit
ES2/ EX2 ES2 / EX2 ES2/EX2

Explanations:

1.

Use FEND instruction when the program uses either CALL instructions or uses interrupts. If
these CALL or interrupts are not used then use the END instruction to end the main program.
CALL subroutines must be placed after the FEND instruction. Each CALL subroutine must
end with the SRET instruction.

Interrupt subroutines must be placed after the FEND instruction. Each interrupt subroutine
must end with the IRET instruction.

When using the FEND instruction, an END instruction is still required, but should be placed
as the last instruction after the main program and all subroutines.

If several FEND instructions are in use, place the subroutine and interruption service
programs between the final FEND and END instruction.

When CALL instruction is executed, executing FEND before SRET will result in errors.

When FOR instruction is executed, executing FEND before NEXT will result in errors

3-40



3. Instruction Set

CJ Instruction Program Flow

The program flow '_’ 0 El : The program flow when X0=0On
when X0=0ff, : : program jumps to PO
X1=off : .
4| Main program |
: X0 X
— |—| cJ | PO | o
. X1 .

- 1 cALL | P63 .

4| Main program |

FEND

I

PO Main program h

FEND | ‘- :

ﬁ

P63

|

Command CALL subroutine |

i

SRET

1301 Interrupt subroutine

IRET

END
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CALL Instruction Program Flow

1

k—————{ CALL | P63 | T

Main program

> ————,
The program flow '
when X0=0ff, : 0 The program flow ;
X1=off : when X0=0Off, .
: 4| Main program | X1=0n.

: X0 :

: —{— cJ PO :

X1 :

FEND

I

|

PO Main program | .o

FEND P

i

P63 Command CALL subroutine

HJ

SRET

1301 Interrupt subroutine

IRET

END
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API Mnemonic Function
Controllers
07 WDT | P | Watchdog Timer Refresh ES2 /EX2
OP Descriptions Program Steps
N/A WDT, WDTP: 1 steps
PULSE 16-bit 32-hit
ES2 / EX2 ES2 / EX2 ES2/ EX2

Explanations:
1. WDT instruction can be used to reset the Watch Dog Timer. If the PLC scan time (from

address 0 to END or FEND instruction) is more than 200ms, the ERROR LED will flash. In
this case, users have to turn the power OFF and then ON to clear the fault. PLC will
determine the status of RUN/STOP according to RUN/STOP switch. If there is no
RUN/STOP switch, PLC will return to STOP status automatically.

2. Timeto use WDT:

a) When error occur in PLC system.

b) When the scan time of the program exceeds the WDT value in D1000. It can be modified by
using the following two methods.
i. Use WDT instruction

STEPO  \ypr END(FEND)
|
[——f——>]

T1 T2

ii. Use the set value in D1000 (Default: 200ms) to change the time for watchdog.

Points to note:

1. When the WDT instruction is used it will operate on every program scan as long as its input
condition has been made. To force the WDT instruction to operate for only ONE scan,
users have to use the pulse (P) format of the WDT instruction, i.e. WDTP.

2. The watchdog timer has a default setting of 200ms. This time limit can be customized to

users requirement by editing the content in D1000, the wathdog timer register.
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Program example:

If the program scan time is over 300ms, users can divide the program into 2 parts. Insert the WDT
instruction in between, making scan time of the first half and second half of the program being less
than 200ms.

300ms program
END .
Dividing the program to two parts
so that both parts scan time are
less than 200ms.
4| 150ms program |
X0 )
] WDT ——> Watchdog timer reset
4| 150ms program |
END
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Set

APl || Mnemonic Operands Function
Controllers
08 FOR D) Start of a FOR-NEXT Loop ES2 /EX2
Type | Bit Devices Word devices Program Steps
OP X|Y|M|S|K KnX|KnY|KNnM|KnS| T E | F |FOR: 3 steps
S * * * * * * * *
PULSE 16-bit 32-hit
ES2/ EX2 ES2 / EX2 ES2/EX2
Operands:
S: The number of times for the loop to be repeated.
APl || Mnemonic Function
Controllers
09 NEXT End of a FOR-NEXT Loop ES2/EX2
OoP Descriptions Program Steps
N/A  |No contact to drive the instruction is required. NEXT: 1 steps

Explanations:

PULSE

16-bit

32-bit

ES2/EX2

ES2/ EX2

ES2/EX2

1. FOR and NEXT instructions are used when loops are needed. No contact to drive the

instruction is required.

2. “N” (number of times loop is repeated) may be within the range of K1 to K32767. If the range

N=K1, N is regarded as K1.

3. An error will occur in the following conditions:

e NEXT instruction is before FOR instruction.

e FOR instruction exists but NEXT instruction does not exist..
e There is a NEXT instruction after the FEND or END instruction.

e Number of FOR instructions differs from that of NEXT instructinos.

4. FOR~NEXT loops can be nested for maximum five levels. Be careful that if there are too

many loops, the increased PLC scan time may cause timeout of watchdog timer and error.

Users can use WDT instruction to modify this problem.
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Program example 1:

After program A has been executed for 3 times, it will resume its execution after NEXT instruction.
Program B will be executed for 4 times whenever program A is executed once. Therefore, program

B will be executed 3 x 4 = 12 times in total.

4JJ|FOR|K3| X

Program example 2:

When X7 = OFF, PLC will execute the program between FOR ~ NEXT. When X7 = ON, CJ

instruction jumps to P6 and avoids executing the programs between FOR ~ NEXT.

X7

————— ¢cJ P6

MO

—/}——— MoV KO DO

FOR K3
MO
— MOV DO D1
INC DO
MEXT

)
[¢]
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Program example 3:
Users can adopt CJ instruction to skip a specified FOR ~ NEXT loop. When X1 = ON, CJ

instruction executes to skip the most inner FOR ~ NEXT loop.

X0
———— T™MR | To | K10 |
| FOR [K4X100
X0
———— inc | Do |
| FOR | k2 |
X0
—fF—— INC D1
| FOR | K3 |
X0
———— inc | D2 |
} FOR | K4 |
X0
—— WDT
—— iNnc | D3 |
——?ﬁ———————{ ci | o
| FOR | K5 |
X0
—+——— iNnc | D4 |
i NEXT|
PO i NEXT|
NEXT
i NEXT|
NEXT
END
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API Mnemonic Operands Function
Controllers
10 ||[D|] cMP |P| GG G (B | Compare ES2 /EX2
Type | Bit Devices Word devices Program Steps
OoP X|Y|M|S|K|H|KnX|KnYKnM|KnS| T |C |D|E|F |CMP, CMPP: 7 steps
Sy LR T Y 1Y IDCMP, DCMPP: 13 steps
SZ * * * * * * * * * * *
D * * *
PULSE 16-bit 32-bit
ES2 /| EX2 ES2 / EX2 ES2 / EX2
Operands:

S;: Comparison Value 1 S,: Comparison Value 2 D: Comparison result

Explanations:

1. The contents of S; and S, are compared and D denotes the compare result.

2. The comparison values are signed binary values. If b15=1 in 16-bit instruction or b31=1 in
32-bit instruction, the comparison will regard the value as a negative binary value.

3. Operand D occupies 3 continuous devices. D, D +1, D +2 hold the comparison results,
D=ONifS;>S,, D+1=ONifS;=S,, D+2=O0ONifS;<S;

4. Ifoperand Sy, S, use index register F, only 16-bit instruction is available.

Program example:
1. IfDissetas YO, then YO, Y1, Y2 will display the comparison results as shown below.
2. When X20 = ON, CMP instruction is executed and one of YO, Y1, Y2 will be ON. When X20 =

OFF, CMP instruction is not executed and YO, Y1, Y2 remain in their previous condition.

X20

—||——| CMmP | K10 | D10 | YO |
Y0

— — 1fK10>D10, YO =0n
Y1

— — 1fK10=D10,Y1=0n

Y2
— — 1fK10<D10, Y2=0On

3. Use RST or ZRST instruction to reset the comparison result.
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API Mnemonic Operands Function
Controllers
11 ||D| zcP Pl(SD (G2 3 (B | zone Compare ES2 /EX2
Type | Bit Devices Word devices Program Steps
oP X|Y|M|S|K|H|KnX|KnY|KnM|KnS| T |C |D|E|F |ZCP, ZCPP: 9 steps
Sy il LI * IDZCP, DZCPP: 17 steps
SZ * * * * * * * * * *
S * * * * * * * * * * *
D * * *
PULSE 16-bit 32-bit
ES2 | EX2 ES2 | EX2 ES2 / EX2
Operands:

S;: Lower bound of zone comparison  S,: Upper bound of zone comparison S: Comparison

value D: Comparison result

Expl
1.
2.

anations:

S is compared with its lower limit S; and upper limit S, and D denotes the compare result.
The comparison values are signed binary values. If b15=1 in 16-bit instruction or b31=1 in
32-bit instruction, the comparison will regard the value as a negative binary value.

Operand S; should be smaller than operand S, When S; > S,, the instruction performs
comparison by taking S; as the lower/upper bound.

If operand Si, S, , and S use index register F, only 16-bit instruction is available.

Operand D occupies 3 continuous devices. D, D +1, D +2 hold the comparison results,
D=ONifS;>S, D+1=ONifS; =S =S, D+2=0ONifS,<S

Program example:

1.
2.

If D is set as MO, then MO, M1, M2 will work as the program example below.
When X0 = ON, ZCP instruction is driven and one of MO, M1, M2 is ON. When X0 = OFF,

ZCP instruction is not driven and MO, M1, M2 remain in the previous status.
X0
———— zcp | k10 | k100 | ci0 | wmo |

MO
— — 1fC10<K10,M0O=0n

M1
— — 1fK10£C10<K100, M1=0n

M2
—| — 1fC10>K100, M2 =0On

Use RST or ZRST instruction to reset the comparison result.
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API Mnemonic Operands Function
Controllers
12 ||[D| Mov |P| CD (D Move ES2/EX2
Type | Bit Devices Word devices Program Steps
OP X|Y|M|S|K|H|KnX|KnY|KnM|KnS| T [C |D|E | F MOV, MOVP: 5 steps
S LTI Y Y IDMOV, DMOVP: 9 steps
D * * * * * * * *
PULSE 16-bit 32-bit
ES2 /| EX2 ES2 / EX2 ES2 / EX2
Operands:

S: Source of data

Expl
1.

D: Destination of data

anations:

When this instruction is executed, the content of S will be moved directly to D. When this
instruction is not executed, the content of D remains unchanged

If operand S and D use index register F, only 16-bit instruction is applicable

If the operation result refers to a 32-bit output, (e.g. application instruction MUL and so on),
users need to move the present value in the 32-bit high-speed counter, DMQV instruction

has to be adopted.

Program example:

1.

a)

b)

b)

MOV will move a 16-bit value from the source location to the destination.

When X0 = OFF, the content of DO remains unchanged. If X0 = ON, the data in K10 is
moved to DO.

When X1 = OFF, the content of D10 remains unchanged. If X1 = ON, the data of TO is
moved to D10 data register.

DMOV will move a 32-bit value from the source location to the destination.

When X2 = OFF, the content of (D31, D30) and (D41, D40) remain unchanged.

When X2 = ON, the data of (D21, D20) is moved to (D31, D30) data register. Meanwhile, the
data of C235 is moved to (D41, D40) data register.

X0
— —— w™ov K10 DO
X1
— —— MoV TO D10
X2
— | DMOV D20 D30
4| DMOV| C235 | D40 |
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API Mnemonic Operands Function
i Controllers
13| | smov [P @ @ @ @] oy ES2/EX2
Type | Bit Devices Word devices Program Steps
OP XY |M|S|K|HIKnX|KNnY|IKNnMKnS| T |C |D | E | F |SMOV, SMOVP: 11 steps
S * * * * * * * * *
ml * *
m2 * *
D * * * * * * * *
n * *
PULSE 16-hit 32-bit
ES2/ EX2 ES2/ EX2 ES2/EX2
Operands:

S: Source device

m,: Start digit to be moved from source device m,: Number of digits to be

moved D: Destination device n: Start digit of the destination device for the moved digits

Explanation:

1.

This instruction is able to re-allocate or combine data. When the instruction is executed, m,

digits of contents starting from digit m, (from high digit to low digit) of S will be sent to m,

digits starting from digit n (from high digit to low digit) of D.

M1168 is used for designating SMOV working mode. When M1168 = ON, the instruction is in
BIN mode. When M1168 = OFF, the instruction is in BCD mode.

Points to note:

1.
2.
3.

Therangeof my: 1 -4
The range of my: 1 —my

The range of n: m, — 4
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Program example 1:

1.  When M1168 = OFF (in BCD mode) and X0 = ON, the 4" (thousand) and 3" (hundred) digit
of the decimal value in D10 start to move to the 3™ (hundred) and 2" (ten) digit of the
decimal value in D20. 10°and 10° of D20 remain unchanged after this instruction is executed.

2. When the BCD value exceeds the range of 0 ~ 9,999, PLC detects an operation error and will
not execute the instruction. M1067, M1068 = ON and D1067 stores the error code OE18
(hex).

M1001

X0
—||—|SMOV| D10| K4 | K2 | D20| K3 |

HEEEEEREREEEEN D10(BIN 16bit)
Auto conversion

100 | 100 [ 100 | 1o D10(BCD 4 digits)
No variatiom \4 No variation i Shift move
100 | 100 | 100 [ 10 D20(BCD 4 digits)

v v i Auto conversion
HEEEEEEEEEEEEN D20(BIN 16bit)

If D10 = K1234, D20 = K5678 before execution, D10 remains unchanged and D20 = K5128

after execution.

Program example 2:
When M1168 = ON (in BIN mode) and SMOV instruction is in use, D10 and D20 will not be

converted in BCD format but be moved in BIN format (4 digits as a unit)..
M1000

0
—|X|—| SMOV| DlOl K4 | K2 | D20| K3 |

Digit4  Digit 3 Digit2 Digit 1
LITTTPTTT T ITT[]  oio@insebiy

\\ | snitmove

LTIl Tl D20(BIN 16bit)
Digit4  Digit 3 Digit 2 Digit 1
No variation No variation

If D10 = H1234, D20 = H5678 before execution, D10 remains unchanged and D20 = H5128 after

execution
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Program example 3:

1. This instruction can be used to combine the DIP switches connected to the input terminals
without continuous numbers.

2.  Move the 2 digits of the right DIP switch (X27~X20) to the 2 digits of D2, and the 1 digit of the
DIP switch (X33~X30) to the 1% digit of D1.

3. Use SMOV instruction to move the 1* digit of D1 to the 3" digit of D2 and combine the values
from two DIP switches into one set of value.

| [ |
g 1| [zH
H 4 2
[ [] [

T T

X33~X30 X27~X20

PLC
M1001
R
M1000

I BIN K2X20 D2 (X20~X27)BCD, 2 digits —» D2(BIN)

BIN | K1X30 D1 | (X30~X33)BCD, 1 digit—» D1(BIN)
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API Mnemonic Operands Function
Controllers
14 ||D| CML P| & (1B | Compliment ES2 /EX2
Type | Bit Devices Word devices Program Steps
OP X|Y|M|S|K|H|KnX|KnY|KnM|KnS| T |C |D|E|F |CML, CMLP:5 steps
S LR T Y ¥ IDCML, DCMLP: 9 steps
D * * * * * * * *
PULSE 16-bit 32-bit
ES2 /| EX2 ES2 / EX2 ES2 / EX2
Operands:

S: Source of data  D: Destination device

Explanations:
1. The instruction reverses the bit pattern (0—1, 1—0) of all the contents in S and sends the
contents to D.

2. Ifoperand S and D use index register F, only 16-bit instruction is available

Program example 1:
When X10 = ON, b0 ~ b3 in D1 will be inverted and sentto YO ~ Y3

X20
}—H—| CML | D1 | K1Y0|

b15 b3 b2 bl b0

Dif1JoJ1JoJ1JoJl1JoJ1JoJaJoJaJoJaJo]

t Symbol bit (0=positive, 1=negative)
O R R S S S A S S SR SR HNC I N N I
TR e N -
———— N
No variation Transfer data

Program example 2:

The diagram below can be substituted by the instruction on the right.

X001 C

X002 C
X003 :/\ Normally ON contact
V : : M1000
|7 CML K1X0 K1MO
X000 }_{
oD
X001
£

X002

X003 :
_|
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API Mnemonic Operands Function

Controllers
15 BMOV |P| G (@ (D | Block Move ES2/EX2
Type | Bit Devices Word devices Program Steps
oP XY |M|S|K|H|KnX|KnY|KnM|KnS| T |C|D | E|F |BMOV, BMOVP: 7 steps
S * * * * * * *
D * * * * * *
n * * * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Start of source devices  D: Start of destination devices

Explanations:

n: Number of data to be moved

1. The program copies a specified block of devices to another destination. Contents in n

registers starting from S will be moved to n registers starting from D. If n exceeds the actual

number of available source devices, only the devices that fall within the valid range will be

used
2. Rangeofn:1-~512.

Program example 1:

When X20 = ON, the contents in registers DO ~ D3 will be moved to the 4 registers D20 ~ D23

X20
}—H—lBMOVl DO | D20| K4 |

DO |[—» | D20
D1 |—™ | D21
n=4
D2 |— | D22
D3 |—» | D23
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Program example 2:
Assume the bit devices KnX, KnY, KnM and KnS are designated for moving, the number of digits

of S and D has to be the same, i.e. their n has to be the same.

M1000
}—H—| BMOVl K1MO | K1Y0 | K3 | MO

— YO
M1 [— Y1
M2 | Y2
M3 | — Y3
M4 | —> Y4
M5 | —> Y5 n=3
M6 |[— Y6
M7 | —> Y7
M8 |—» | Y10
M9 | — Y11
M10 |/ | Y12
M11 [— | Y13

Program example 3:
The BMOV instruction will operate differently, automatically, to prevent errors when S and D
coincide.

1. When S > D, the BMOV instruction is processed in the order ©®—>@—->®.

X20 o
I—|BMOV| D20 | D19 | K3 | D20 }-=>[ b19
D21 -S> D20
D22 > D21

2. When S < D, the BMOV instruction is processed in the order ® >@—®, then D11~D13 all

equal to D10.
X21
}—H—| BMOVl D10 | D11 | K3 | STELONE
on 12, D12
o1 95 o13

3-56



3. Instruction Set

API Mnemonic Operands Function
Controllers
16 ||D| FMOV |P| G (@ () | Fill Move ES2/EX2
Type | Bit Devices Word devices Program Steps
OP X|Y|M]|S|K|H|KnX|KnNY|[KNnM|KnS| T |C |D | E | F [FMOV, FMOVP: 7 steps
S PR r R R R R Y Y IDFMOVY, DFMOVP: 13
D * * * * * *
n * | * steps
PULSE 16-bit 32-bit
ES2 /| EX2 ES2 /| EX2 ES2 /| EX2
Operands:

S: Source of data  D: Destination of data  n: Number of data to be moved

Explanations:

1. The contents in n registers starting from the device designated by S will be moved to n
registers starting from the device designated by D. If n exceeds the actual number of
available source devices, only the devices that fall within the valid range will be used

2. If operand S use index register F, only 16-bit instruction is available

3. Therange of n: 1~ 512

Program example:

When X20 = ON, K10 will be moved to the 5 consecutive registers starting from D10

[ [Frov [ o [ow | ]

K10 Kio —— D10
— K0 — D11
— K10 —_— D12 n=5
— K0 — D13
L~ kK10 —— D14
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API Mnemonic Operands Function
Controllers
17 ||[D| XCH P Exchange ES2/EX2
Type | Bit Devices Word devices Program Steps
OoP X|Y|M|S|K|H|KnX|KnYKNnM|KnS| T |C |D|E |F |XCH, XCHP: 5 steps
D, LTI Y IDXCH, DXCHP: 9 steps
D2 * * * * * * * *
PULSE 16-bit 32-bit
ES2 /| EX2 ES2 / EX2 ES2 / EX2
Operands:

D,: Device to be exchanged 1 D,: Device to be exchanged 2

Explanations:
1. The contents in the devices designated by D; and D, will exchange
2. ltis better to apply a pulse execution for this instruction (XCHP).

3. Ifoperand D1 and D2 use index register F, only 16-bit instruction is available.

Program example:
When X0=OFF—ON, the contents of D20 and D40 exchange with each other.

}—{|—| XCHP | D20 | Dao |

After
execunon

Before
executlon

Points to note:

2] iy L2

1. As a 16-hit instruction, when the devices designated by D, and D, are the same and M1303
= ON, the upper and lower 8 bits of the designated devices exchange with each other.

2. As a 32-bit instruction, when the devices designated by D; and D, are the same and M1303
= ON, the upper and lower 16 bits in the designated device exchange with each other.

3. When X0 = ON and M1303 = ON, 16-bit contents in D100 and those in D101 will exchange

with each other.

Before After
X0 execution execution
|_ prooL [ 9 ] HE,J) D100L
—|DXCHP| D100 | D100 | D100H | 20 | | 40 | p1ooH
D101L [ 9 ]ob1o1L
D101H | 40 | [II:> | 20 | D101H
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API Mnemonic Operands Function
Controllers
18 ||D BCD P| (G @ | ConvertBINtoBCD ES2/EX2
Type | Bit Devices Word devices Program Steps
oP X|Y|M|S|K|H|KnX|KnY|KnM|KnS| T |C |D|E|F |BCD, BCDP:5 steps
S Lt T IT* 1" Y IpBCD, DBCDP: 9 steps
D * * * * * * * *
PULSE 16-bit 32-bit
ES2 | EX2 ES2 | EX2 ES2 / EX2
Operands:

S: Source of data

Expl
1.
2.

4.

anations:

D: Conversion result

The content in S (BIN value) is converted into BCD value and stored in D

As a 16-bit (32-bit) instruction, when the conversion result exceeds the range of 0 ~ 9,999 (0
~99,999,999), and M1067, M1068 = ON, D1067 will record the error code OE18 (hex)

If operand S and D use index register F, only 16-bit instruction is available.

Flags: M1067 (operation error), M1068 (operation error), D1067 (error code)

Program example:

1.

2.

When X0 = On, the binary value of D10 will be converted into BCD value, and the 1s digit of

the conversion result will be stored in K1YO0 (YO ~ Y3, the 4 bit devices).

HOI—| BCD | D10 | Kivo |

If D10=001E(Hex) = 0030(decimal), the result will be YO~Y3=0000(BIN).
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API Mnemonic Operands Function
Controllers
19 ||D BIN P & Convert BCD to BIN ES2 /EX2
Type | Bit Devices Word devices Program Steps
OoP X|Y|M|S|K|H|KnX|KnY|KnM|KnS| T |C |D | E|F [BIN, BINP: 5 steps
S LT IT 1Y 1Y IDBIN, DBINP: 9 steps
D * * * * * * * *
PULSE 16-bit 32-bit
ES2 /| EX2 ES2 / EX2 ES2 / EX2
Operands:

S: Source of data D: Converted result

Explanations:

1. The contentin S (BCD value) is converted into BIN value and stored in D.

2. The valid range of source S: BCD (0 to 9,999), DBCD (0 to 99,999,999)

3. Ifthe content of S is not a valid BCD value, an operation error will occur, error flags M1067
and M1068 = ON, and D1067 holds error code HOE18.

4. If operand S and D use index register F, only 16-bit instruction is available.

Flags: M1067 (operation error), M1068 (operation error), D1067 (error code)

Program example:
When X0 = ON, the BCD value of K1IMO will be converted to BIN value and stored in D10.

X0
}—H—| BIN |KlX20| D10 |

Points to note:

1. When PLC needs to read an external DIP switch in BCD format, BIN instruction has to be
first adopted to convert the read data into BIN value and store the data in PLC.

2. On the contrary when PLC needs to display a value on a BCD format 7-segment displayer,
BCD instruction is required to convert the internal data into BCD value then sent the value to
the displayer.

3. When X0 = ON, the BCD value of K4X20 is converted into BIN value and sent to D100. The
BIN value of D100 will then be converted into BCD value and sent to K4Y20.

X0

|——| BIN |K4X20| D100 |

—| BCD | D100 |K4Y20|
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[]

EE EE EE EE 4-digit DIP switch in BCD format
H
L]

8TTTTT 8[[[1T 8[[[[

|X37 X2p

4-digit BCD value

Using BIN instruction to store
the BIN value into D100

v

Using BCD instruction to convert the
content in D100 into a 4-digit BCD value.

[Y37 Y20]|

YYVY YYYY YVYY vvvy

E E Ll E 4-digit 7-segment display in BCD format
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API Mnemonic Operands Function
Controllers
20 ||D| ADD P| S (S (B | Addition ES2/EX2
Type | Bit Devices Word devices Program Steps
OoP XY |M|S|K|H|KnX|KnY|KnMKnS| T |C |D|E|F |ADD, ADDP: 7 steps
31 Pt LTl 1T IDADD, DADDP: 13 steps
2
D * * * * * * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S:: Summand  S,: Addend D: Sum

Explanations:

1. This instruction adds S;and S, in BIN format and store the result in D.

2. The most significant bit (MSB) is the sign bit of the data. O indicates positive and 1 indicates
negative. All calculations is algebraically processed, e.g. 3 + (-9) = -6.
If S;, S, and D use device F, only 16-bit instruction is applicable.
Flags: M1020 (Zero flag), M1021 (Borrow flag), M1022 (Carry flag)

Program Example 1:
In 16-bit BIN addition:
When X0 = ON, the content in DO will plus the content in D10 and the sum will be stored in D20.

{0 [ oo [ o0 [ om0 |

Program Example 2:

In 32-bit BIN addition:

When X0 = ON, the content in (D31, D30) will plus the content in (D41, D40) and the sum will be
stored in (D51, D50). D30, D40 and D50 are low word; D31, D41 and D51 are high word

}—)1(|0—| papp | p3o | pso [ Dpso |

(D31, D30) + (D41, D40) = (D51, D50)

Flag operations:

16-bit instruction:

1.  If the operation result is “0”, then the Zero flag M1020 is set ON.

2.  If the operation result exceeds -32,768, the borrow flag M1021 is set ON.
3. If the operation result exceeds 32,767, the carry flag M1022 is set ON.

32-bit instruction:

3-62



3. Instruction Set

1.
2.
3.

If the operation result is “0”, then the Zero flag, M1020 is set ON.
If the operation result exceeds -2,147,483,648, the borrow flag M1021 is set ON.
If the operation result exceeds 2,147,483,647, the carry flag M1022 is set ON

16-bit command: Zero flag Zero flag Zero flag
-2, -1, 0. -32,768 «— -1, 0, 1 —> 32,767, 0. 1. 2
Borrow fla the most significant bit the most significant bit Carrv fla
9 becomes 1 (negative) becomes 0 (positive) ytag
32-bit command: Zero flag Zero flag Zero flag
-2, -1, 0. -2,147,483,648 €«<— -1, 0. 11— 2,147,483,647, 0, 1. 2
the most significant bit the most significant bit
Borrow flag becomes 1 (negative) becomes 0 (positive) Carry flag
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21 ||[D| sSuB |P| GED G2 (@ | Subtraction ES2/EX2
Type | Bit Devices Word devices Program Steps
OoP X1Y|M|S|K|H|[KnXKnY|KnMKnS| T |C |D | E|F |SUB, SUBP: 7 steps
31 et Lttt T LT IDSUB, DSUBP: 13 steps
2
D * * * * * * * *
PULSE 16-bit 32-bit
ES2 / EX2 ES2 / EX2 ES2 / EX2
Operands:

S;: Minuend S,: Subtrahend D: Remainder

Explanations:

1.  This instruction subtracts S; and S, in BIN format and stores the result in D

2. The MSB is the sign bit. 0 indicates positive and 1 indicates negative. All calculation is
algebraically processed.
If S;, S, and D use device F, only 16-bit instruction is applicable.
Flags: M1020 (Zero flag), M1021 (Borrow flag), M1022 (Carry flag). The flag operations of

ADD instruction can also be applied to the subtract instruction.

Program Example 1:

In 16-bit BIN subtraction:

When X0 = ON, the content in DO will minus the content in D10 and the remainder will be stored in
D20

}—1X|0—| SUB | DO | D10 | D20 |

Program Example 2:

In 32-bit BIN subtraction:

When X10 = ON, the content in (D31, D30) will minus the content in (D41, D40) and the remainder
will be stored in (D51, D50). D30, D40 and D50 are low word; D31, D41 and D51 are high word

X20
——— psus | D30 [ pao | Dso |

(D31, D30) — (D41, D40) = (D51, D50)
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API Mnemonic

Operands

Function

22 |[D|] MUL |P| G G M

Multiplication

Controllers

ES2 [ EX2

Type | Bit Devices Word devices Program Steps
oP X|Y|M|S|K|H|KnX|KnYKnM|KnS| T |C |D F |[MUL, DMULP: 7 steps
21 DMUL, DMULP: 13 steps
2
D * * * * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

Si: Multiplicand  S,: Multiplicator  D: Product

Explanations:

1.

A S

This instruction multiplies S1 by S, in BIN format and stores the result in D. Care should be
taken on positive/negative signs of S4, S, and D when doing 16-bit and 32-bit operations.
MSB = 0, positive; MSB = 1, negative.

If operands Sy, S, use index F, then only 16-bit instruction is available.

If operand D use index E, then only 16-bit instruction is available.

16-bit BIN multiplication

Go €Dy DD +1 @
/_/\—\ /—/\—\
b15.. b00 b15. .. b00 b31............ b16 b15............. b00
I | x| | = |
b15 is a symbol bit b15is a symbol bit b31 is a symbol bit(b15 of D+1)
b15=0,S1is a positive value b15=0,S2is a positive value b31=0,D(D+1)is a positive value
b15=1,S1is a negative value b15=1,S2is a negative value b31=1,D(D+1)is a negative value

If D is specified with a bit device, it can designate K1 ~ K4 to store a 16-bit result. Users can
use consecutive 2 16-bit registers to store 32-bit data.

32-bit BIN multiplication

Go+1 Go+1 &2 @+3 @+2 @+1 @
—T—— —T—— —— ——— — Y —
b31..b16 b15..b00 b31..b16 b15..b00 b63.b48 b47.b32 b31.b16 b15. b00
I | X | = | |
b31 is a symbol bit b31 is a symbol bit b63 is a symbol bit(b15 of D+3)

b31=0,S1(S1+1) are positive value b31=0,S2(S2+1) are positive value b63=0, D~(D+3) are positive value
b31=1,S1(S1+1) are negative value b31=1,S2(S2+1) are negative value b63=1, D~(D+3) are negative value

If D is specified with a word device, it can specify K1~K8 to store a 32-bit result. Users can

use consecutive 2 32-bit registers to store 64-bit data.
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Program Example:
The 16-bit DO is multiplied by the 16-bit D10 and brings forth a 32-bit product. The higher 16 bits
are stored in D21 and the lower 16-bit are stored in D20. ON/OFF of the most significant bit

indicates the positive/negative status of the result value.

X0
———— MUL DO D10 D20

(DO) x (D10) = (D21, D20)
16-bit x 16-bit = 32-bit
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API Mnemonic Operands Function
Controllers
23 ||D DIV P| S (S (B | Division ES2 /EX2
Type | Bit Devices Word devices Program Steps
oP X|Y|M|S|K|H|KnX|KnY|KnM|KnS| T |C |D|E |F DIV, DIVP: 7 steps
S LT It IDDIV, DDIVP: 13 steps
82 * * * * * * * * * *
D * * * * * * *
PULSE 16-bit 32-bit
ES2 /EX2 ES2 / EX2 ES2 / EX2
Operands:

S;: Dividend  S,: Divisor  D: Quotient and remainder

Exp
1.

Pro

lanation:
This instruction divides S; and S, in BIN format and stores the result in D. Care should be
taken on positive/negative signs of S;, S, and D when doing 16-bit and 32-bit operations.
This instruction will not be executed when the divisor is 0. M1067 and M1068 will be ON and
D1067 records the error code OE19 (hex).
If operands S;, S, use index F, then only 16-bit instruction is available.
If operand D use index E, then only 16-bit instruction is available.
16-bit BIN division:
Quotient Remainder

@) @ +1

b15............. b00  bi5............. b00 bis5............. b00 b15............. b00

| /| |- | | | |

If D is specified with a bit device, it can designate K1 ~ K4 to store a 16-bit result. Users can

use consecutive 2 16-bit registers to store 32-bit data of the quotient and remainder.
32-bit BIN division:
Quotient Remainder

CSo+1 GS+1 @+ @ @@+3 D+2
—— —— — ——
b15..b00 b15..000 b15..000 b15..b00 b31..b16 b15..b00 b31..b16 b15..b00

| |/ | - | | | |

If D is specified with a bit device, it can designate K1 ~ K8 to store a 32-bit result. Users can

use consecutive 2 32-bit registers to store the quotient and remainder.

gram Example:

When X0 = ON, DO will be divided by D10 and the quotient will be stored in D20 and remainder in

D21

. ON/OFF of the MSB indicates the positive/negative status of the result value..

X0
f——+ DIv DO D10 D20
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24 ||D INC P (@D) Increment ES2/EX2
Type | Bit Devices Word devices Program Steps
OoP X|Y|M|S |K|H|KnX|KnY|KnM|KnS| T|C|D|E|F |INC, INCP: 3 steps
D * * * | *]1*]*]*|* |DINC, DINCP: 5 steps
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

D: Destination device

Explanations:

1.

Program Example:

If the instruction is not used in pulse execution mode, the content in the designated device D

will plus “1” in every scan whenever the instruction is executed

This instruction is generally used in pulse execution mode (INCP, DINCP).

In 16-bit instruction, if +32,767 is reached and “1” is added, it will write a value of —32,768 to
the destination. In 32-bit instruction, if +2,147,483,647 is reached and “1” is added, it will
write a value of -2,147,483,648 to the destination.

If operand D uses index F, only a 16-bit instruction is applicable..
The operation results will not affect M1020 ~ M1022.

When X0 is ON, the content of DO will be incremented by 1.

X0
—

INCP

DO
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API Mnemonic

Operands

Function

25 ||D DEC P

@

Decrement

Controllers

ES2 / EX2

Type | Bit Devices

Word devices

Program Steps

OoP XY |M|S|K|H|KnX|[KnY|[KnMKnS| T |C |D | E|F |DEC, DECP: 3 steps
D * * * | *|*|*|*|*|DDEC, DDECP: 5 steps
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:
D: Destination device
Explanation:
1. If the instruction is not used in pulse execution mode, the content in the designated device D

will minus “1” in every scan whenever the instruction is executed.

This instruction is generally used in pulse execution mode (DECP, DDECP).

3. In 16-bit instruction, if +32,767 is reached and “1” is added, it will write a value of —32,768 to

the destination. In 32-bit instruction, if +2,147,483,647 is reached and “1” is added, it will
write a value of -2,147,483,648 to the destination.

If operand D uses index F, only a 16-bit instruction is applicable.
The operation results will not affect M1020 ~ M1022

Program Example:

When X0 is ON, the value in DO will be decremented by 1.

X0
———— DEcCP

DO
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API Mnemonic Operands Function
Controllers
26 WAND [P | (S»D (2 (D | Logical Word AND ES2/EX2
Type | Bit Devices Word devices Program Steps
OoP X|Y|M|S|K|H|[KnX|KnY|KnM|KnS| T|C |D|E|F |WAND, WANDP: 7 steps
81 * * * * * * * * * * *
SZ * * * * * * * * * * *
D * * * * * * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S;: Source data device 1 S,: Source data device 2  D: Operation result

Explanations:
1. This instruction conducts logical AND operation of S; and S, in 16-bit mode and stores the
result in D

2.  For 32-bit operation please refer to DAND instruction..

Program Example:
When X0 = ON, the 16-bit source DO and D2 are analyzed and the operation result of the logical
AND operation is stored in D4.

X0

————— WAND DO D2 D4

b15 b00
Go po1{1][1]1{1]1]1]1]olofofol1]1]1]1]
Before
execution WAND
@2 Dp2|ofofo]1]ofo]1]ofo|o]1]1[0]1]0]0]
After ﬂ

execution (@D D4[0]ofof1]o[o[1]o]o]o]o]o]o]1]o]0]
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API Mnemonic Operands Function
Controllers
26 DAND |P| (8D (G2 (B | Logical DWord AND ES2/EX2

Type | Bit Devices Word devices Program Steps
oP XY |M|S|K|H|KnX|[KnY|[KnM|KnS| T |C |D | E | F |DAND, DANDP: 13 steps

S1 * * * * * * * * * *

82 * * * * * * * * * *

D * * * * * * *

PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2

Operands:
S;: Source data device 1 S,: Source data device 2 D: Operation result

Explanations:

1. Logical double word (32-bit) AND operation.

2. This instruction conducts logical AND operation of S; and S, in 32-bit mode and stores the
resultin D.

3. Ifoperands S;, S,, D use index F, only a 16-bit instruction is available.

Program Example:
When X1 = ON, the 32-bit source (D11, D10) and (D21, D20) are analyzed and the result of the
logical AND is stored in (D41, D40).

X1
I | | DAND D10 D20 D40
b31 b15 b0
Go [l l1]1]1]1]1]ofolofof1]111] [1Ja[aJ1]1]1J1T1Jo o]0 o 1] 1]1]1]
Before D11 D10 DAND
execution
Go |ofofo[1fo]of1]ofofo]1{1]o[1]o]o] [oJoJo]1]o]o]1]o]o o]1]1]o]1]o]0]
D21 D20
After D J:L
execution (@D [0]ofo[1[ofof1[o[ofo]ofo]of1]ofo] [oJoJo]1]o]o]1]o]ofo o]0 o] 1]o]0]
D41 D40
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27 WOR |P| D G2 (D | Logical Word OR ES2/EX2
Type | Bit Devices Word devices Program Steps
OP X|Y|M|S|K|H|KnX|KnY|KnMKnS| T|C|D|E|F |WOR, WORP: 7 steps
81 * * * * * * * * * * *
SZ * * * * * * * * * * *
D * * * * * * * *
PULSE 16-bit 32-bit
ES2 / EX2 ES2 / EX2 ES2/EX2
Operands:
S.: Source data device 1 S,: Source data device 2 D: Operation result

Explanations:
1. This instruction conducts logical OR operation of S; and S, in 16-bit mode and stores the
result in D.

2. For 32-bit operation please refer to DOR instruction.

Program Example:

When X0 = ON, the 16-bit data source DO and D2 are analyzed and the result of the logical OR is
stored in D4.

X0
F——- WOR DO D2 D4

b15 b00
G oo [o]1]of1]o]1]o[1]o[1]o]1]0[1]0]1]
Before{ WOR
execution
Go D2 |ofofofo]1{1[1]1][1]o[1]o[o[1]0]1]
After J:L

execution (B D4 [0 1fo]1]1[1]1]r[r]*]1]1]o[*]o]1]
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API Mnemonic Operands Function
Controllers
27 DOR |P| (8D G2 (B | Logical DWord OR ES2/EX2
Type | Bit Devices Word devices Program Steps
oP XY |M|S |K|H|KnX|[KnY|[KnMKnS| T |C|D | E|F |DOR, DORP: 13 steps
S1 * * * * * * * * * *
82 * * * * * * * * * *
D * * * * * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S;: Source data device 1  S,: Source data device 2  D: Operation result

Explanations:

1.  Logical double word (32-bit) OR operation.

2. This instruction conducts logical OR operation of S; and S, in 32-bit mode and stores the
result in D.

3. Ifoperands Sy, S,, D use index F, then only a 16-bit instruction is available.

Program Example:
When X1 is ON, the 32-bit data source (D11, D10) and (D21, D20) are analyzed and the operation
result of the logical OR is stored in (D41, D40).

X1
———— DOR D10 D20 D40

b31 b15 b0
sefore | lo[1]o]1]of1]o]1]o]1]of1]0[1]o]1] [ol1]o]1]o[1[o]1]o[1]o[1]o]1]o]1]
execution D11 D10 DOR
Go [ofofofof1][1]1]1]1]o[1]ofof1]o[1] [ofofoo[1[1]1[1[1]o[1]o]o[1]o]1]
D21 D20 ﬂ J:L
After
execution @@ [0l 1fol1[1{1]1{1[1]1{1]1]o[1]o]1] [oft]ol1 1|11 [1[1]1][1]1]o[1]o]1]
D41 D40
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28 WXOR |P | (8D (G2 (B | Logical Word XOR ES2 /EX2
Type | Bit Devices Word devices Program Steps
oP X|Y|M|S|K|H[KnXKnY|KnMKnS| T|C|D|E|F|WXOR, WXORP: 7 steps
81 * * * * * * * * * * *
SZ * * * * * * * * * * *
D * * * * * * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:
S.: Source data device 1 S,: Source data device 2 D: Operation result

Explanations:
1. This instruction conducts logical XOR operation of S; and S, in 16-bit mode and stores the
result in D

2.  For 32-bit operation please refer to DXOR instruction.

Program Example:
When X0 = ON, the 16-bit data source DO and D2 are analyzed and the operation result of the
logical XOR is stored in D4.

X0
——— WXOR DO D2 D4

b15 b0O0

G pofol1]of1]of1]o[1]o[1[o]1]o]1]0]1]
WOR

Go Dp2[ofofofof1]1[1]1]1]of1]ofo[1]0[1]
After J:L

execution (@D D4o[1]o]1[1]of1]o[1[1]1]1]ofofo]oO]

Before
execution
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API Mnemonic Operands Function
Controllers
28 DXOR |P| (8D (G2 (B | Logical DWord XOR ES2 /EX2
Type | Bit Devices Word devices Program Steps
oP XY |M|S |K|H|KnX[KnY|[KnMKnS| T |C |D | E|F |DXOR, DXORP: 13 steps
S1 * * * * * * * * * *
82 * * * * * * * * * *
D * * * * * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S;: Source data device 1 S,: Source data device 2  D: Operation result

Explanations:

1. Logical double word (32-bit) XOR operation.

2. This instruction conducts logical XOR operation of S; and S; in 32-bit mode and stores the
resultin D

3. Ifoperands S;, S,, D use index F, only a 16-bit instruction is available.

Program Example:
When X1 = ON, the 32-bit data source (D11, D10) and (D21, D20) are analyzed and the operation

result of the logical XOR is stored in (D41, D40).

X1
——— DXOR D10 D20 D40

b31 b15 b0
seiore [ 2 L{l1[1l1]1]1{1]ofolofola {11 1] [afa 1[4 111 1]ofolofo]1[1]1]1]
execution{ D11 D10 DXOR
o [olofo]1[o]of1]ofolof1]1[o]1]o]o] [o]o]of1]ofo]1[olofo]1]1]0]1]0]0]
D21 D20 ﬂ J:L
After
execution B [1[1[1Jo[1 1 Jo[1 o Jo[1[1 1 o 1 1] [AT*TaJo[1 Tt Jo[1JoTo[1[1 1o 1 1]
D41 D40
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29 ||D| NEG |P @ (steggt?;ﬂ')eme”t ES2/EX2
Type | Bit Devices Word devices Program Steps
OoP XY |M|S|K|H[KnXKnY|KnMKnS| T |C |D | E|F |[NEG, NEGP: 3 steps
D * * *{*|1*|*|*|* |DNEG, DNEGP: 5 steps
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

D: Device to store the operation of 2’'s Compliment

Explanations:

1. This instruction conducts operation of 2's complement and can be used for converting a
negative BIN value into an absolute value

2. This instruction is generally used in pulse execution mode (NEGP, DNEGP).

3. If operand D uses index F, only a 16-bit instruction is available.

Program Example 1:

When X0 goes from OFF to ON, the phase of each bit in D10 will be reversed (0—1, 1->0) and
then 1 will be added to the Least Significant Bit (LSB) of the register. Operation result will then be
stored in D10.

}—)|(|0—| NEGP | D10 |

Program Example 2:

Obtaining the absolute value of a negative value:
1. When MSB (the 15" bit) of DO is “1”, MO = ON. (DO is a negative value).
2. When MO = ON, the absolute value of DO can be obtained by NEG instruction.

M1000

|—|BON| o | mo | kis |

NEGP DO

Program Example 3:

Obtain the absolute value of the remainder of the subtraction. When X0 = ON,
a) If DO > D2, MO = ON.
b) 1f DO =D2, M1 =ON.
c) IfD0O < D2, M2 =ON.

d) D4 is then able to remain positive.
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—] | CMP DO D2 MO

MO

—] SUB DO D2 D4
M1

—

M2
——— suB D2 DO D4

Detailed explanations on negative value and its absolute value
1. MSB = 0 indicates the value is positive while MSB = 1 indicates the value is negative.
2. NEG instruction can be applied to convert a negative value into its absolute value.

(D0=2)
lofofolofolofo]olofo]ofo]ofo]1]0]

(D0=1)
loJofofo]ofofoo]ofofo]ofofo]o]1]

(D0=0)
loJofofo]ofofoo]ofofo]o]ofo]o0]0]

(D0=-1) (DO)+1=1
Lifafalafala{a[afa {411 [1]1][1[1]1]—>[o]o]o]o]o[o]ofo]o]ofo]ofo]o]o]1]

(D0=-2) (DO)+1=2
Lifafafalt{ef1[1]1{1[1]1[1]1[1]o|—>[o]ofofoo[ofo[o]ofofolo]ofo[1]0]

(D0=-3) (D0)+1=3
Lftfalefa]a {1 [1]1[4]1[1]1][1]o]1|—>[o]o[o]o]o[o]ofo]o[ofo]ofo]o[1]1]

(D0=+4) (a))+1 =4
L[l {ef1[1]1{1[1]1[1]1]o]o|—>[o]ofofoo[ofo[o]ofofolo]of1]o]0]

(D0=-5) (D0)+1=5
Lifafalafala {1 ({1411 [1]1]o[1]1|—>[o]o[o]o]ofo]o[o]o]ofo]ofo]1]0]1]

(D0=-32,765) (D0)+1=32,765
[1]ofofolofofoofofofo]ofofof1]1|—[ol1{1[1]1]1f1[1]1{1[1]1]1{1]o]1]

(D0=-32,766) (D0)+1=32,766
[1]ofofolofofoolofofo]ofofof1]o|—[ol1 11111 1]1{1[1]1]1]1]1]0]

(D0=-32,767) (D0)+1=32,767
[1]ofofolofofoolofofo]ofofofo]1|—[ol1 {1 1] ]1f1 1] {11 ]1]1{1[1]1]

(D0=-32,768) (D0)+1=-32,768
[1]ofoJofoJofo]ofofolofo]ofo]ofo|—>[1]o[o[o]ofo]o[o]o]ofo]ofo]ofo]0]

Max. absolute value is 32,767
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API Mnemonic Operands Function
Controllers
30 ||[D| ROR Pl (@& (O Rotation Right ES2 /EX2
Type | Bit Devices Word devices Program Steps
OoP X1Y|M|S|K|H|[KnX|KnY|KnMKnS| T |C |D | E|F |ROR, RORP: 5 steps
D | TP LT ITIT T 1" IDROR, DRORP: 9 steps
n
PULSE 16-bit 32-bit
ES2 / EX2 ES2 / EX2 ES2 / EX2
Operands:

D: Device to be rotated  n: Number of bits to be rotated in 1 rotation

Explanations:
1.
2.

o o » oW

This instruction rotates bit status of the device D to the right for n bits

The status of the last bit rotated (marked with 3%) is copied to the carry flag M1022 (Carry
flag)

This instruction is generally used in pulse execution mode (RORP, DRORP).

If operand D uses index F, only a 16-bit instruction is available.

If operand D is specified as KnY, KnM or KnS, only K4 (16-bit) or K8 (32-bit) is valid.
Valid range of operand n: 1< n <16 (16-bit), 1< n <32 (32-bit)

Program Example:

When X0 goes from OFF to ON, t the 16 bits (4 bits as a group) in D10 will rotate to the right, as

shown in the figure below. The bit marked with 3% will be sent to carry flag M1022..

® flag

| X0
| | | RORP | D10 K4
Rotate to the right
Upperbit Lower bit
D10 [o[1]1]1]1]o[1 1 o[ 1]oool1]o]1} M1022 ?‘;rgr]y
16 bits .
After one rotation :
. to the right .
Upper bit lower bit | M1022
p10 [o[1Jo[+[o[+[1[*[1To[+1]o[1]oJo]  +»[ 0 ]carry
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Instruction Set

API Mnemonic Operands Function
Controllers
31 [|[D| ROL |P| (B (@ | Rotate Left ES2/EX2
Type | Bit Devices Word devices Program Steps
oP X|Y|M|S|K|H|KnX|KnYKnM|KnS| T |C E | F |ROL, ROLP: 5 steps
D | TP TP [T T " 1 IDROL, DROLP: 9 steps
n
PULSE 16-bit 32-bit
ES2 /EX2 ES2 / EX2 ES2 / EX2
Operands:

D: Device to be rotated

Expl

2 e o

anation:

n: Number of bits to be rotated in 1 rotation

This instruction rotates bit status of the device D to the left for n bits

The status of the last bit rotated (marked with %) is copied to the carry flag M1022.

This instruction is generally used in pulse execution mode (ROLP, DROLP).

If operand D uses index F, only a 16-bit instruction is available.
If operand D is specified as KnY, KnM or KnS, only K4 (16-bit) or K8 (32-bit) is valid.
Valid range of operand n: 1< n <16 (16-bit), 1< n <32 (32-bit)

Program Example:
When X0 goes from OFF to ON, all 16 the 16 bits (4 bits as a group) in D10 will rotate to the left, as
shown in the figure below. The bit marked with % will be sent to carry flag M1022.

| X0
| | | ROLP | D10 K4
Rotate to the left
Upper bit

Carry

Lower bit

*

flag

______

M1022

Carry
flag

Upper bit

4

16 bits
After one rotation
to the left

M1022 [ Je——1T1[1Ja1]1]1]1]JoJoJoJo]oJo]o]o] D10
- f

Lower bit

[1[1]1]1]o]o]o]ofololofo]1]1[1]1] D10
%
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API Mnemonic Operands Function
Controllers
32 [|[D| RCR Pl (@ Rotation Right with Carry ES2/EX2
Type | Bit Devices Word devices Program Steps
OoP X1Y|M|S|K|H[KnXKnY|KnM|KnS| T |C |D |E|F |RCR, RCRP: 5 steps
D | TP LT T[T T 1" IDRCR, DRCRP: 9 steps
n
PULSE 16-bit 32-bit
ES2 / EX2 ES2 / EX2 ES2 / EX2
Operands:

D: Device to be rotated  n: Number of bits to be rotated in 1 rotation

Explanation:

If operand D uses index F, only a 16-bit instruction is available.

S o

Valid range of operand n: 1< n <16 (16-bit), 1< n <32 (32-bit)

Program Example:

This instruction rotates bit status of the device D together with M1022 to the right for n bits.
The status of the last bit rotated (marked with %) is moved to the carry flag M1022.

This instruction is generally used in pulse execution mode (RCRP, DRCRP).

If operand D is specified as KnY, KnM or KnS, only K4 (16-bit) or K8 (32-bit) is valid.

When X0 goes from OFF to ON, the 16 bits (4 bits as a group) in D10 together with carry flag
M1022 (total 17 bits) will rotate to the right, as shown in the figure below. The bit marked with %

will be moved to carry flag M1022

| X0

| | | RCRP | D10 K4
Rotate to the right
—_—

Upper bit Lower bit

D10 |o|o|o|o|1|1|1|1|0|o|0|o|0|1|1|0 M1022
*
T : Carry

16 bits . flag

After one rotation
Upper bit totheright | ower bi

- ———

p1o [1[1]o]1]oJolofol1]1]1]1To]o]o]0] ~—» o | m1022
¥ Carry
flag
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API Mnemonic Operands Function
Controllers
33 [|[D| RCL Pl (@ (O Rotation Left with Carry ES2 /EX2
Type | Bit Devices Word devices Program Steps
oP X|Y|M|S|K|H|KnX|KnY|KnM|KnS| T |C |D|E|F |RCL, RCLP: 5 steps
D | TP TP [T T " 1" IDRCL, DRCLP: 9 steps
n
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

D: Device to be rotated  n: Number of bits to be rotated in 1 rotation

Explanations:

2 e o

Prog

This instruction rotates bit status of the device D together with M1022 to the left for n bits..
The status of the last bit rotated (marked with %) is moved to the carry flag M1022.

This instruction is generally used in pulse execution mode (RCLP, DRCLP).

If operand D uses index F, only a 16-bit instruction is available.

If operand D is specified as KnY, KnM or KnS, only K4 (16-bit) or K8 (32-bit) is valid.

Valid range of operand n: 1< n <16 (16-bit), 1< n <32 (32-bit)

ram Example:

When X0 goes from OFF to ON, the 16 bits (4 bits as a group) in D10 together with carry flag
M1022 (total 17 bits) will rotate to the left, as shown in the figure below. The bit marked with 3% will

be sent to carry flag M1022.

| X0
| | | RCLP D10 K4
Rotate to the left
—
Upper bit Lower bit
M1022 1[4]1]1]1]1][1[1]oJo]o]o]o]o]o]0] D10
Carry 7 T
flag  —— ! 16 bits
@ After one rotation
| . to the left
. Upper bit Lower bit
M1022{ 1 |<«----* [1]1]1][1][of[o]o[ofofofofofof1[1]1]| D10
Carry =
flag
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API Mnemonic Operands Function
Controllers
34 SFTR P (@ (v (n2) | Bit Shift Right ES2/EX2
Type | Bit Devices Word devices Program Steps
OP X|Y|M|S|K|H|KnX|KnY|KnM|KnS| T|C|D|E|F |SFTR, SFTRP: 9 steps
S * * * *
D * * *
n1 * *
n2 * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Start No. of source device  D: Start No. of destination device  nj: Length of data to be

shifted n,: Number of bits to be shifted as a group

Explanation:

1.

Prog
1.

This instruction performs a right shift from source device of n, bits starting from S to
destination device of n; bits starting from D.
This instruction is generally used in pulse execution mode (SFTRP).

Valid range of operand n1, n2: 1€ n2 <nl1 <1024

ram Example:

When X0 is rising edge triggered, SFTR instruction shifts X0~X4 into 16 bit data MO~M15
and M0~M15 also shift to the right with a group of 4 bits.

The figure below illustrates the right shift of the bits in one scan.

0 M3~MO0 — Carry

e M7~M4 -  M3~MO
© M11~M8 -  M7~-M4
O M15~M12 -  M11~M8
O X3~X0 -  M15~M12 completed
X0
$—— SFTR X0 MO K16 K4
4 bits in a group shift to the right
[ X3 ] X2 ] X1] X0 | e
o

[M15[M14IM13[M12[M11M10[ MO [ M8 [ M7 T M6 [ M5 M4 [ M3 [ M2 ] M1] M0 | Carry
/\__/\___/\

N, A A N,
(4] (3] e o
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API Mnemonic Operands Function
Controllers
35 SFTL Pl (@ (o (n2) | BitShift Left ES2 /EX2
Type | Bit Devices Word devices Program Steps
oP XY |M|S |K|H|KnX|[KnY|[KnMKnS| T |C|D | E|F |SFTL, SFTLP: 9 steps
S * * * *
D * * *
n1 * *
n2 * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Start No. of source device  D: Start No. of destination device  n;: Length of data to be

shifted  n,: Number of bits to be shifted as a group

Explanations:

1. This instruction performs a left shift from source device of n, bits starting from S to
destination device of n; bits starting from D
This instruction is generally used in pulse execution mode (SFTLP).

3. Valid range of operand n1, n2 : 1= n2 < nl <1024

Program Example:

1. When X0 is rising edge triggered, SFTL instruction shifts X0~X4 into 16-bit data MO~M15
and M0~M15 also shift to the left with a group of 4 bits.

2.  The figure below illustrates the left shift of the bits in one scan
O M15~M12 —  Carry
e M11~M8 -  M15~M12

© M7~M4 -  M11~M8
0 M3~M0 -  M7~M4
O X3~X0 —  M3~MO0 completed

X0
t— SFTR X0 MO K16 K4

U

4 bits in a group shift to the left
— [ X3 ] X2] X1] X0 |
Je

Carry [M15[M14][M13[M12[M11IM10[ M9 [ M8 [ M7 [ M6 [ M5 M4 [ M3 [ M2 M1][ MO

AN
(1) (2] © ©
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API Mnemonic Operands Function
Controllers
36 WSFR [P | (3 (B (o (n2) | Word Shift Right ES2/EX2
Type | Bit Devices Word devices Program Steps
OoP X|Y|M|S|K|H|KnX|KnY|KnM|KnS| T|C|D|E|F |WSFR, WSFRP: 9 steps
S * * * * * * *
D * * * * * *
n1 * *
n2 * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Start No. of source device
shifted

Expl
1.

anations:

D: Start No. of destination device

n,: Number of devices to be shifted as a group

n.: Length of data to be

This instruction performs a right shift from source device of n, registers starting from S to

destination device of n; registers starting from D.

This instruction is generally used in pulse execution mode (WSFRP).

The type of devices designated by S and D has to be the same, e.g. K, X, K.Y, K.M, and K,;S

as a category and T, C, and D as another category

Provided the devices designated by S and D belong to K, type, the number of digits of K, in S

and D has to be the same.

Valid range of operand n1, n2: 1€ n2 <nl <512

Program Example 1:
When X0 is triggered, WSFRP instruction shifts D10~D13 into data stack D20~D35 and

1.

o g

D20~D35 also shift to the right with a group of 4 registers.

The figure below illustrates the right shift of the registers in one scan.

0 D23~D20 -

Carry

D23~D20
D27~D24
D31~D28

D35~D32 completed

® D27~D24 >
© D31~D28 —
O D35~D32 >
6 D13~D10 —

X0
— WSFRP

D10 D20

K16

K4

\D13\D12\ D11\D1o\

—

4 registers in one group shift to the right

@

N

®

@

[ D35 \ D34 \ D33\ D32] D31] D30 [ D29 | D28 | D27 | D26 | D25 | D24 | D23 [ D22 [ D21 ] D20 | Carry
v

“ A
@
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3. Instruction Set

Program Example 2:
1. When X0 is triggered, WSFRP instruction shifts X20~X27 into data stack Y20~Y37 and
Y20~Y37 also shift to the right with a group of 4 devices.
2. The figure below illustrates the right shift of the devices in one scan
O Y27~Y20 — carry
® Y37~Y30 - Y27~Y20
© X27~X20 —» Y37~Y30 completed

When using Kn device, the specified Kn value
(digit) must be the same.

X0
|—‘ WSFRP | K1X20 [ K1Y20 K4 K2

2 digits (8 devices)in a group
[ X27 [ Xx26 | X25 [ X24 | x23 | x22 | X21] X20 | shift to the right
CI i i ’

1 1
| !

! 4
[ Y37 Y36 [Y35]VY34]VY33[Y32]VY31[Y30]Y27[Y26]VY25][VY24[Y23]Y22]Y21[Y20] carr

v
N

@ @
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API Mnemonic Operands Function
Controllers
37 WSFL |P| D (@ (o (2 | Word Shift Left ES2/EX2
Type | Bit Devices Word devices Program Steps
OoP X|Y|M|S |K|H|KnX|KnY|KnM|KnS| T|C|D|E|F |WSFL, WSFLP: 9 steps
S * * * * * * *
D * * * * * *
n1 * *
n2 * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Start No. of source device  D: Start No. of destination device  nj: Length of data to be

shifted  n,: Number of devices to be shifted as a group

Explanations:

1. This instruction performs a left shift from source device of n, registers starting from S to
destination device of n, registers starting from D.

2. This instruction is generally used in pulse execution mode (WSFLP).

3. The type of devices designated by S and D has to be the same, e.g. K. X, K\Y, KM, and K,S

as a category and T, C, and D as another category

4.  Provided the devices designated by S and D belong to K, type, the number of digits of K, in S

and D has to be the same.

5.  Valid range of operand n1, n2 : 1< n2 <nl <512

Program Example:

1. When X0 is triggered, WSFLP instruction shifts D10~D13 into data stack D20~D35 and
D20~D35 also shift to the left with a group of 4 registers.

2. The figure below illustrates the left shift of the words in one scan

O D35~D32 —» Carry

® D31~D28 —» D35~D32
© D27~D24 —» D31~D28
® D23~D20 —» D27~D24
© D13~D10 —» D23~D20 completed
X0
—{ WSFLP | D10 D20 K16 K4
4 registers in one group shift to the left +—— [D13[D12][ D11[ D10

Carry [ D35 | D34 [ D33 [ D32 D31][ D30 [ D29 D28 [ D27 [ D26 | D25 [ D24 [ D23 [ D22 [ D21][ D20

Kk
@ @ ©), @
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API Mnemonic Operands Function
Controllers
38 SFWR |P| 3 (1B D | Shift Register Write ES2 /EX2
Type | Bit Devices Word devices Program Steps
oP XY |M|S|K|H|KnX|[KnY|[KnMKnS| T |C |D | E|F |SFWR, SFWRP: 7 steps
S * * * * * * * * * * *
D * * * * * *
n * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Source device  D: Head address of data stack  n: Length of data stack

Explanations:

1.

This instruction defines the data stack of n words starting from D as a “first-in, first out
(FIFO)” data stack and specifies the first device as the pointer (D). When SFWRP is
executed, content in pointer pluses 1, and the content in S will be written into the device
designated by the pointer. When the content in pointer exceeds n-1, the instruction stops and
carry flag M1022= ON.

This instruction is generally used in pulse execution mode (SFWRP).

Valid range of operand n: 2< n <512

Program Example:

1.

First, reset the content of DO. When X0 goes from OFF to ON, the content of DO (pointer)
becomes 1, and D20 is written into D1. If the content of D20 is changed and X0 is triggered
again, pointer DO becomes 2, and the content of D20 is then written into D2.

P The figure below illustrates the shift and writing process of the instruction.

© The content of DO becomes 1.

®. The content of D20 is written into D1.

X20
|—| RST | DO |ResetthecontentofDOto0(zero)previous|y
X

0
{sFwrp| D20 | Do [ k10 |
n = 10 points
D20 | D9 [ D8 [ D7 [ D6 [ D5 | D4 [ D3 [ D2 [ D1 | DO |
A 3 A

Pointer

Points to note:

This instruction can be used together with API 39 SFRD for the reading/writing of “first-in, first-out”

stack data.
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API Mnemonic Operands Function
Controllers
39 SFRD |P| G (1@ D | Shift Register Read ES2/EX2
Type | Bit Devices Word devices Program Steps
OP X|Y|M|S |K|H|KnX|KnY|KnM|KnS| T|C|D|E|F |SFRD, SFRDP: 7 steps
S * * * * * *
D * * * * * * * *
n * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Head address of data stack  D: Destination device  n: Length of data stack

Explanation:

1.

Prog
1.

This instruction defines the data stack of n words starting from S as a FIFO data stack and
specifies the first device as the pointer (S). The content of pointer indicates current length of
the stack. When SFRDP is executed, first data (S+1) will be read out to D, all data in this
stack moves up to fill the read device and content in pointer minuses 1. When the content in
pointer = 0, the instruction stops and carry flag M1022= ON

This instruction is generally used in pulse execution mode (SFRDP).

Valid range of operand n: 2< n <512

ram Example:

When X0 goes from OFF to ON, D9~D2 are all shifted to the right and the pointer DO is
decremented by 1 when the content of D1 is read and moved to D21.

The figure below illustrates the shift and reading of the instruction.

© The content of D1 is read and moved to D21.

® D9~D2 are all shifted to the right.

© The content of DO is decremented by 1.

+—4X1——4 SFRDP | DO | D21 | K10 |

n = 10 points
| D9 [ D8 [ D7 [ D6 [ D5 [ D4 [ D3 [ D2 [ D1 [ DO | [D21]
A
Pointer I
Data read
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API Mnemonic Operands Function Controllers
40 ZRST |P Zone Reset ES2/EX2
Type | Bit Devices Word devices Program Steps
oP XY |M|S|K|H|KnX|[KnY|[KnM|KnS| T |C |D | E | F |ZRST, ZRSTP: 5 steps
D1 * * * * * *
D2 * * * * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

D,: Starting device of the resetrange  D,: End device of the reset range

Explanations:

1. When the instruction is executed, range D4 to D, will be reset.

2.  Operand D; and D, must be the same data type, Valid range: D; = D,
3. When D; > D,, only operands designated by D, will be reset.
4.

This instruction is generally used in pulse execution mode (ZRSTP).

Program Example:

1. When X0 = ON, M300 to M399 will be reset.

2. When X1 = ON, CO to C127 will all be reset, i.e. present value = 0 and associated contact/
output will be reset as well.

3. When X20 = ON, TO to T127 will all be reset, i.e. present value = 0 and associated contact/
output will be reset as well.

4.  When X2 = ON, the steps of SO to S127 will be reset.
When X3 = ON, the data of DO to D100 will be reset.

6. When X4 = ON, C235 to C254 will all be reset, i.e. present value = 0 and associated contact/

output will be reset as well.

—|X|O—| ZRST | M300 | M39g |
—|X1 ZRST| co | c127 |
X20

— ZRST| TO |T127 |
L [ret| so [ s |
L [ zrst| o0 [ ovo0 |
X4

| zRsT| c235 | c254 |

Points to note:

1. Devices, e.g. bit devices Y, M, S and word devices T, C, D, can be reset RST instruction.
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2. For clearing multiple devices, APl 16 FMOV instruction can be used to send KO to word

devices T, C, D or bit devices KnY, KnM, KnS.

X0
— | RST MO
RST TO
RST YO
FMOV KO D10 K5
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Set

API Mnemonic Operands Function
Controllers
41 DECO |P| D (@ (1D | Decode ES2/EX2
Type | Bit Devices Word devices Program Steps
oP XY |M|S|K|H|KnX|[KnY|[KnM[KnS| T |C |D | E|F |DECO, DECOP: 7 steps
S * * * * * * * * * * *
D * * * * * * * *
n * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Source device to be decoded  D: Device for storing the result

bits of S

Explanation:

n: Number of consecutive

1. The instruction decodes the lower “n” bits of S and stores the result of “2"” bits in D.

2. This instruction is generally used in pulse execution mode (DECOP).

3. When operand D is a bit device, n = 1~8, when operand D is a word device, n = 1~4

Program Example 1:

1. When D is used as a bit device, n =1 ~ 8. Errors will occurif n =0 or n > 8.

o o DN

their operation.

X20

If n = 8, the decoded data is 2%= 256 bits data.
When X20 goes from OFF to ON, the data of X0~X2 will be decoded to M100~M107.
If the source data is 3, M103 (third bit from M100) = ON.

After the execution is completed, X20 is turned OFF. The decoded results or outputs will retain

|7

DECOP

X0 M100 K3

X2

X1

X0

2 1 0

[o[ 111 ]
9@“@\
/ ©)
7 6 5 4 3
o[ oo o]

[ o ofo]

M107 M106 M105 M104 M103 M102 M101 M100
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Program Example 2:

1. When D is used as a word device, n =1 ~ 4. Errors will occurifn=0or n > 4.

2. When n = 4, the decoded data is 2* = 16 bits.

3.  When X20 goes from OFF to ON, the data in D10 (b2 to b0) will be decoded and stored in
D20 (b7 to b0). The unused bits in D20 (b15 to b8) will be set to 0.

4.  The lower 3 bits of D10 are decoded and stored in the lower 8 bits of D20. The higher 8 bits
of D20 are all 0.

5.  After the execution is completed, X20 is turned OFF. The decoded results or outputs will

retain their operation.

H”|_| bEcor] 1o | o20 | Ko |

b15 D10 b0

of1]ofs1fof1]Jof1Jofrfof1fofof1]1]

all be 0 /l

76 5 4@ 21 0
[olofolofofolofololofolofl1[o]ofo]

b15 D20 b0
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API Mnemonic Operands Function
Controllers
42 ENCO |P| G (@ (D | Encode ES2/EX2
Type | Bit Devices Word devices Program Steps
oP XY |M|S|K|H|KnX|[KnY|[KnM[KnS| T |C |D | E|F |DECO, DECOP: 7 steps
S * * * * * * * * *
D * * * * *
n * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:
S: Source device to be encoded  D: Device for storing the result  n: Number of consecutive
bits of S
Explanation:

1.

o > DN

The instruction encodes the lower “2" bits of source S and stores the result in D.

They highest active bit in S has the priority for encoding operation.

This instruction is generally used in pulse execution mode (ENCOP).

When operand S is a bit device, n=1~8, when operand S is a word device, n=1~4

If no bits in S is active (1), M1067, M1068 = ON and D1067 records the error code OE1A
(hex).

Program Example 1:
1.
2.
3.

When S is used as a bit device, n =1 ~ 8. Errors will occurifn =0orn > 8.

fn = 8, the decoded data is 28= 256 bits data.

When X0 goes from OFF to ON, the data in (MO to M7) will be encoded and stored in lower 3
bits of DO (b2 to b0). The unused bits in DO (b15 to b3) will be set to 0.

After the execution is completed, X0 is turned OFF and the data in D remains unchanged.

X0

— ——— ENCOP| MO DO K3

M7 M6 M5 M4 M3 M2 M1 MO
o fofofJoJ1]ofo] o]
6 5 2 0

4 3 1

allbe 0
— — 14 2 1
lolofoloJlofololofofolofofolof1[1]
b15 DO b0
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Program Example 2:

1.
2.
3.

When S is used as a word device, n = 1 ~ 4. Errors will occur if n =0 orn > 4.

When n = 4, the decoded data is 2* = 16 bits data.

When X0 goes from OFF to ON, the 2° bits (b0 ~ b7) in D10 will be encoded and the result
will be stored in the lower 3 bits of D20 (b2 to b0). The unused bits in D20 (b15 to b3) will be
set to 0.

After the execution is completed, X0 is turned OFF and the data in D remains unchanged

H?_| encor] oo | 20 | Ko |

Invalid data
lol1]ofl1]of1fol1]oflofofof1]olo]0]
7
allbe 0 l
[o]loloJofoflofoJoJolofJofofolol1]1]
b15 D20 b0
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API Mnemonic Operands Function
Controllers
43 ||D| SUM Pl & (D Sum of Active bits ES2 /EX2
Type | Bit Devices Word devices Program Steps
oP XY |M|S|K|H|KnX|[KnY|[KnM|KnS| T |C |D | E|F |SUM, DSUMP: 5 steps
g Tttt T LT IDSUM, DSUMP: 9 steps
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Source device

Explanation:

D: Destination device for storing counted value

1. This instruction counts the total active bits in S and store the value in D.

D will occupy two registers when using in 32-bit instruction.

2.
3. Ifoperand S, D use index F, only a 16-bit instruction is available.
4.

If there is no active bits, zero flag M1020 =ON.

Program Example:

When X20 = ON, all active bits in DO will be counted and the result will be stored in D2.

Hz.°_| som | o0 | oz |

[ofofoJt1Jofoft1]ofofJoJofofoJtfofo] [3]

DO

D2
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API Mnemonic Operands Functlf).n | Controllers
44 D BON =3 @ @ @ Stra\telj)sk SpeCIfled bit ES2 / EX2
Type | Bit Devices Word devices Program Steps
OoP X|Y|M|S |K|H|KnX|KnY|KnM|KnS| T|C|D|E|F |BON, BONP: 7 steps
g L Pttt ET L | IDBON, DBONP: 13 steps
n * * * * * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Source device  D: Device for storing check result  n: Bit number to be checked

Explanation:

1.  The instruction checks the status of designated bit (specified by n) in S and stores the result
inD

2. Ifoperand S uses index F, only 16-bit instruction is available.

3. Valid range of operand n : n = 0~15 (16-bit), n = 0~31 (32-bit)

Program Example:
1. When X0 = ON, and bit15 of DO = “1”, MO will be ON. If the bit15 is “0”, MO is OFF.
2. When X0 is OFF, MO will retain its previous status.

H‘MBON|DO|MO|K15|

b15 b0

[oJoJoJ1TJoJoJ1JoJoJoJoJoJoJ1JoJo] mo=0f
DO

b15 b0

[1JoJol1ToJoJ1JoJoJoJoJoJoJ1JoJo] mo=on
DO
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API Mnemonic Operands Function Controllers
45 ||ID| MEAN |P| & (@ D | Mean ES2 /EX2
Type | Bit Devices Word devices Program Steps
oP XY |M|S|K|H|KnX|[KnY[KnM[KnS| T | C | D | E | F |MEAN, MEANP: 7 steps
S TPt 1ttt | IDMEAN, DMEANP: 13
2 * | % * * * * * | x| *x | * | % steps
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Source device

Explanations:

1.

Program Example:

D: Destination for storing result

n: Number of consecutive device from S

The instruction obtains the mean value from n consecutive registers from S and stores the

value in D.

Remainders in the operation will be ignored.

If S is not within the valid range, only those addresses within the valid range will be

processed.

If n is out of the valid range (1~64), PLC will determine it as an “instruction operation error”.

If operand D uses index F, only a 16-bit instruction is available.

Valid range of operand n : n = 1~64

When X10 = ON, the contents in 3 (n = 3) registers starting from DO will be summed and then

divided by 3 to obtain the mean value. The result will be stored in D10 and the remainder will be

left o

ut
X10
—— MEAN | DO D10 K3
(D0+D1+D2)/3 —» D10
DO | K100
D1 K113 — D10 K112
Remainder = 3, left out
D2 | K125
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APl || Mnemonic Operands Function
Controllers
46 ANS G (m) (B | Timed Annunciator Set ES2 /EX2
Type | Bit Devices Word devices Program Steps
OP X|Y|M|S |K|H|KnX|KnY|KnM|KnS| T|C|D|E|F |ANS: 7 steps
S *
m *
D *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Alarm timer  m: Time setting  D: Alarm

Explanations:
1. ANS instruction is used to drive the output alarm device in designated time.
2.  Operand S valid range: TO~T183

Operand m valid range: K1~K32,767 (unit: 100 ms)

Operand D valid range: S912~S1023

Flag: M1048 (ON: Alarm is active), M1049 (ON: Alarm monitoring is enabled)

See ANR instruction for more information

Program Example:
If X3 = ON for more than 5 sec, alarm step relay S999 will be ON. S999 will remains ON after X3 is

reset. (T10 will be reset, present value = 0)

X3
F—— ANS T10 K50 S999
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API Mnemonic Function
Controllers
47 ANR | P | Annunciator Reset ES2/EX2
OP Descriptions Program Steps
N/A Instruction driven by contact is necessary. ANR, ANRP: 1 steps
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2

Explanations:

1.
2.
3.

ANR instruction is used to reset an alarm.

When several alarm devices are ON, the alarm with smaller number will be reset.

This instruction is generally used in pulse execution mode (ANRP).

Program Example:

1.

If X20 and X21 are ON at the same time for more than 2 sec, the alarm S912 will be ON. If

X20 or X21 is reset, alarm S912 will remain ON but T10 will be reset and present value is
cleared.

If X20 and X21 are ON less than 2 sec, the present value of T10 will be cleared.

When X3 goes from OFF — ON, activated alarms S912 will be reset.

When X3 goes from OFF — ON again, the alarm device with second lower number will be

reset.
AT ans | 1o | xa0 | sor2 |
X3

ANRP

Points to note:

Flags:

1. M1048 (indicating alarm status): When M1049 = ON, enabling any of the alarm S912~S1023
turns M1048 ON.

M1049 (Enabling alarm monitoring): When M1049 = ON, D1049 will automatically hold the

lowest alarm number in active alarms.

Application example of alarm device (production line):
X0 = Forward switch X1 = Backward switch
X2 = Front position switch X3 = Back position switch
X4 = Alarm reset button
YO0 = Forward

Y2 = Alarm indicator

Y1 = Backward

S912 = Forward alarm S920 = Backward alarm
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mooo -
YO X2

—||—M—| ANS | T0 | K100 | S912 |
Yi X3

—||—V|—| ANS | T | K200 | S920 |
X0

X2

— Y0 D>

YO
_“_
X1 X3

— 1D

Y1
—

M1048

A2 D

X4

Hi——— (]

1. M1048 and D1049 are valid only when M1049 = ON.

2. When YO0 = ON for more than 10 sec and the product fails to reach the front position X2,
S912 = ON

3. When Y1 = ON for more than 10 sec and the product fails to reach the back position X3,
S920= ON.

4.  When backward switch X1 = ON and backward device Y1 = ON, Y1 will go OFF only when

the product reaches the back position switch X3.

5.  Y2is ON when any alarm is enabled.
Whenever X4 is ON, 1 active alarm will be reset. If there are several active alarms, the reset
will start from the alarm with the lowest number and then the alarm with second lower

number, etc.
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API Mnemonic Operands Function
Controllers
48 [|[D| SQR |P O @ Square Root ES2/EX2
Type | Bit Devices Word devices Program Steps
OP XY |M|S|K|H|KnX|[KnYI[KnMKnS| T |C |D | E|F |SQR, SQRP: 5 steps
g "t ’ DSQR, DSQRP: 9 steps
PULSE 16-bit 32-bit
ES2 /EX2 ES2 / EX2 ES2 / EX2
Operands:

S: Source device

Explanation:

D: Device for storing the result

1. This instruction performs a square root operation on S and stores the result in D.

2. S canonly be a positive value. Performing a square root operation on a negative value will

result in an error and the instruction will not be executed. The error flag M1067 and M1068 =
ON and D1067 records error code HOE1B.
3.  The operation result D should be integer only, and the decimal will be left out. When decimal
is left out, borrow flag M1021 = ON.
4.  When the operation result D = 0, zero flag M1020 = ON.

Program Example:

When X20 = ON, square root of DO will be stored in D12.

HZ.°_| sar | o0 | o1z |

D0 — D12
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API Mnemonic Operands Function
Controllers
49 ||D FLT P O @ Floating Point ES2/EX2
Type | Bit Devices Word devices Program Steps
OoP XY |M|S|K|H|KnXKnY|KnM|KnS| T |C |D | E|F |FLT, FLTP: 5 steps
g DFLT, DFLTP: 9 steps
PULSE 16-bit 32-bit
ES2 / EX2 ES2 / EX2 ES2 / EX2
Operands:

S: Source device  D: Device for storing the conversion result

Explanations:
1.

a)

b)
c)
d)

When M1081 = OFF, the source S is converted from BIN integer to binary floating point value.
At this time, 16-bit instruction FLT occupies 1 register for S and 2 registers for D.

If the absolute value of the conversion result > max. floating value, carry flag M1022 = ON.
If the absolute value of the conversion result < min. floating value, carry flag M1021 = ON.
If conversion result is 0, zero flag M1020 = ON.

When M1081 is ON, the source S is converted from binary floating point value to BIN integer.
(Decimal ignored). At this time, 16-bit instruction FLT occupies 2 registers for S and 1
register for D. The operation is same as instruction INT.

If the conversion result exceeds the available range of BIN integer in D (for 16-bit: -32,768 ~
32,767; for 32-bit: -2,147,483,648 ~ 2,147,483,647), D will obtain the maximum or minimum
value and carry flag M1022 = ON.

If the decimal is ignored, borrow flag M1021=0ON.

If the conversion result = 0, zero flag M1020=ON.

After the conversion, D stores the result in 16 bits.

Program Example 1:
1.

2
3.
4

When M1081 = OFF, the BIN integer is converted into binary floating point value.

When X20 = ON, DO is converted to D13, D12 (floating point).

When X21 = ON, D1, DO are converted to D21, D20 (floating point).

Assume DO is K10. When X10 is ON, the converted 32-bit value will be H41200000 and
stored in 32-bit register D12 (D13)

If 32-bit register DO (D1)=K100,000, X21 = ON. 32-bit of floating point after conversion will be
H4735000 and it will be saved in 32-bit register D20 (D21)
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ﬂ& RST | M1081 |
—>|(2|0—| FLT | DO | D12 |
—>|(2|1—| DFLT | DO | D20 |

Program Example 2:

1. When M1081 = ON, the source data is converted from floating point value to BIN integer.
(Decimal ignored)

2. When X20 = ON, D1 and DO (floating point) are converted to D12 (BIN integer). If DO (D1) =
H47C35000, the result will be 100,000 which exceeds the available range of BIN integer in
16-bit register D12. In this case the result will be D12 = K32767, and M1022 = ON

3.  When X21 = ON, D1 and DO (floating point) are converted to D21, D20 (BIN integer). If DO
(D1) = H47C35000, the result is 100,000 and will be saved in 32-bit register D20 (D21).

M1002

—||—| SET | M1081 |
—>|(2|0—| FLT | DO | D12 |
—>|(2|1—| DFLT | DO | D20 |

Program Example 3:

Apply FLT instruction to complete the following operation

(D10)+ (X7~X0) X K61.5 > ' (D21 ,D20) .
16-bit BIN  2-digit BCD ® Binary floating point
@ ® ® @ Q,(DM,DSO)
v v Decimal floating point
for monitor
(D101,D100) (D200) BIN  (D301,D300) ( itor)
Binary floating point Binary floating point — > (D41,D40)
@ 32-bitinteger

(D203,D202)
Binary floating point
(D401,D400)
Binary floating point
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M1000
— | FLT D10 D100
@ BIN K2X0 | D200
©) FLT D200 | D202
@ DEDIV | K615 K10 D300
® DEDIV | D100 | D202 | D400
® DEMUL | D400 | D300 D20
@ DEBCD| D20 D30
DINT D20 D40

Covert D10 (BIN integer) to D101, D100 (floating point).
Covert the value of X7~X0 (BCD value) to D200 (BIN value).
Covert D200 (BIN integer) to D203, D202 (floating point).
Save the result of K615 + K10 to D301, D300 (floating point).
Divide the floating point:
Save the result of (D101, D100) + (D203, D202) to D401, D400 (floating point).
6.  Multiply floating point:
Save the result of (D401, D400) x (D301, D300) to D21, D20 (floating point).
7.  Covert floating point (D21, D20) to decimal floating point (D31, D30).
Covert floating point (D21, D20) to BIN integer (D41, D40).

o~ w0 N =
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3. Instruction Set

API Mnemonic

Operands

Function

50 REF P

@

Refresh

Controllers

ES2 / EX2

Type | Bit Devices

Word devices

Program Steps

OoP XY |M|S|K|H|KnX|[KnY|[KnM|KnS| T | C |D | E | F |REF, REFP: 5 steps
D * *
n * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

D: Start device for I/O refresh

Explanations:

n: Number of devices for I/O refresh

1.  PLC updates I/O status between END instruction and the start of next program scan. If an

immediate 1/O refresh is needed, REF can be applied for performing I/O refresh immediately.

2. D can only be a multiple of 10, i.e. X0 or YO, and the instruction is NOT applicable for I/O

points on DIO modules.

3. Only the I/O points on MPU can be specified for operand D for 1/O refresh.

® When D specifies X0 and n = 8, only X0~X7 will be refreshed. If n > 8, all I/O points on

MPU will be refreshed.

® \When D specifies YO and n = 4, only YO~X3 will be refreshed. If n >4, all I/O points on

MPU will be refreshed.
® When D specifies X10 or Y10, I/O points on MPU starting from X10 or Y4 will all be
refreshed regardless of n value, i.e. status of X0~X7 or YO~Y3 remains.
4. For EX2 MPU only: If M1180 = ON and REF instruction executes, PLC will read the A/D
value and update the read value to D1110~D1113. If M1181 = ON and REF instruction

executes, PLC will output the D/A value in D1116 and D1117 immediately. When A/D or D/A

values are refreshed, PLC will reset M1180 or M1181 automatically.

5. Range for n: 4 ~ total I/0O points on MPU. n should always be a multiple of 4.

Program Example 1:

When X0 = ON, PLC will refresh the status of input points X0 ~ X7 immediately without delay.

X0

—— REF

X0 K8

Program Example 2:

When X0 = ON, the 4 output signals on YO ~ Y3 will be sent to output terminals immediately before

the program proceeds to END instruction.

X0

F—— REF YO

K4
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Program Example 3:
When X0 = ON, I/O points starting from X10 or Y4 will all be refreshed.

H?_| xer | xio | ke |

Or
H?_| xer | vio | ke |

Program Example 4:
For DVP-EX2 only: When X0 = ON and M1180 = ON, A/D signal in D1110~D1113 will be refreshed

immediately regardless of the settings of operands D and n

X0
}—H SET M1180

—| REF | X0 | K8 |
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API Mnemonic Operands Function Controllers
51 REFF | P @) Refresh and Filter Adjust ES2 /EX2
Type | Bit Devices Word devices Program Steps
OoP XY |M|S|K|H|KnX|[KnY[KnM|KnS| T | C | D | E | F |REFF, REFFP: 3 steps
n * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

n: Response time (unit: ms)

Expl
1.

5.

Prog
1.

anation:

PLC provides digital input filters to avoid interference. The response time (n) of X0 ~ X7 input

filters can be adjusted by REFF instruction. The instruction sets the value specified in n to
D1020 (X0 ~ X7 input filter time) directly.
When PLC turns from OFF to ON or the END instruction is reached, the response time is
dictated by the value of D1020.

During program execution, the value in D1020 can be changed by using MOV instruction.

When using REFF instruction during program execution, the modified response time will be

move to D1020 and refreshed until next program scan..
Range of n: = K2 ~ K20.

ram Example:

When the power of PLC turns from OFF to ON, the response time of X0~X7 inputs is

specified by the value

in D1020.

When X20 = ON, REFF K5 instruction is executed, response time changes to 5 ms and takes

affect the next scan.

When X20 = OFF, the REFF instruction will not be executed, the response time changes to

20ms and takes affect the next scan.

X20

K5|

— —— REFF |
i

X20

—M—| REFF |

K20 |

X1
H—C2 D
S
END

Points to note:

Response time is ignored (no delay) when input points are occupied by external interrupts,

high-speed counters or SPD instruction.
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APl || Mnemonic Operands Function
Controllers
52 MTR D) (D | Input Matrix ES2/EX2
Type | Bit Devices Word devices Program Steps
OoP X|Y|M|S|K|H|[KnX|[KnY|KnMKnS| T|C|D|E|F|MTR:9 steps
S *
D, *
D2 * * *
n * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Head address of input device  D;: Head address of output device  D,: Head address of

matrix scan  n: Number of arrays in the matrix

Expl
1.

anations:

S is the source device of the matrix input and occupies 8 consecutive points.

D, is the trigger device (transistor output Y) to read input signals and occupies n consecutive
points

D, is the head address of the matrix which stores the read status from inputs

This instruction allows 8 continuous input devices starting from S to be used n times, which
means the operation result can be displayed with a matrix table starting from D, Each set of
8 input signals are grouped into an “array” and there are n number of arrays. Each array is
selected to be read by triggering output devices starting from D;. The result is stored in a
matrix-table which starts at corresponding head address D..

Maximum 8 arrays can be specified (n = 8) to obtain 64 input points (8 x 8 = 64).

The processing time of each array is approximately 25ms, i.e. an 8 array matrix would cost
200ms to finish reading. In this case, input signals with ON/OFF speed faster than 200ms are
not applicable in the matrix input.

It is recommended to use special auxiliary relay M1000 (normally open contact).

Whenever this instruction finishes a matrix scan, M1029 will be ON for one scan period..
There is no limitation on the number of times for using the instruction, but only one instruction
can be executed in the same time.

Flag: M1029, execution completed flag.

Program Example:

Whe

n PLC runs, MTR instruction executes. The status of input points X40~X47 is read 2 times in

the driven order of output points Y40 and Y41, i.e. 16 signals will be generated and stored in
internal relay M10~M17 and M20~M27.
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M1000
}—H—| MTR | x40 | vao | mio [ k2 |
The figure below illustrates the external wiring of the 2-array matrix input loop constructed by X40

~ X47 and Y40 ~ Y41. The 16 switches correspond to the internal relays M10 ~ M17, M20 ~ M27.
The wiring should be applied with MTR instruction.

Diode
0.1A/50V

R A AR AL AR T A
\0|M200|M21o 3 O|M24O|M250|M260|M27
Internal relays i iZ ifi §4 jS iﬁi j?

NN

‘ M1O M11 M12 |M13 |M14 |M15 |M16 |M17

I

| [ |
— 24G [+24V| s/S | X40 | x41 | x42 | x43 | x44 | x45 | x46 | x47

IRERREYE

| Y40 | Y41 | a2 | va3| va4 | vas | vae | va7

When output Y40 is ON, only inputs in the first array are read. The results are stored in auxiliary
relays M10~M17. After Y40 goes OFF, Y41 turns ON. This time only inputs in the second array are
read. The results are stored in M20~M27.

Read input signal in the 1st array

Wil

Y40 |@| |Zf3| |

Read input signal in the 2nd array

Y41 |®| /\7|@|
—>|—|<— 25ms

Processing time of each array: approx. 25ms
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Points to note:

1. Operand S must be a multiple of 10, e.g. 00, 10, 20, which means X0, X10... etc. and
occupies 8 continuous devices.

2. Operand D; should be a multiple of 10, i.e. 00, 10, 20, which means YO0, Y10... etc. and
occupies n continuous devices
Operand D, should be a multiple of 10, i.e. 00, 10, which means M0, M10, S0, S10... etc.
Valid range of n = 2~8
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3. Instruction Set

API Mnemonic Operands Function
: Controllers
53 D HSCS @ @ @ glegth Speed Counter ES2 / EX2
Type | Bit Devices Word devices Program Steps
oP XY |M|S |K|H|KnX|[KnY|KnMKnS| T |C|D|E|F |DHSCS: 13 steps
81 * * * * * * * * * *
S, *
D * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

Si: Comparative value  S,: No. of high-speed counter  D: Compare result

Explanations:

1.

Functions related to high-speed counters adopt an interrupt process; therefore, devices
specified in D which indicates comparison results are updated immediately. This instruction
compares the present value of the designated high-speed counter S, against a specified
comparative value S;. When the current value in counters equals S, device in D will be ON
even when values in S; and S; are no longer equal.

If D is specified as YO~Y3, when the instruction is executed and the count value equals to S, ,

the compare result will immediately output to the external outputs YO~Y3. However, other Y

outputs will still be updated till the end of program. Also, M and S devices, not affected by the

program scan time, will be immediate updated as the Y devices specified by this instruction.

Operand D can designate I0[_]0, [ ]=1~8

High speed counters include software high speed counters and hardware high speed

counters. In addtiion, there are also two types of comparators including software

comparators and hardware comparators. For detailed explanations of high speed counters
please refer to section 2.9 in this manual.

Explanations on software comparators:

»  There are 6 software comparators available corresponding to associated high speed
counter interrupts. Numbers of the applied interrupts should also be specified correctly
in front of the associated interrupt subroutines in the program.

»  When programming DHSCS and DHSCR instructions, the total of Set/Reset
comparisons for both instructions can not be more than 6, otherwise syntax check error
will occur.

»  Table of settings for software counters and software comparators:
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Counter C232 C233 C234 C235 C236 C237
DHSCS Hi-speed 1010 1050 1070 1010 1020 1030

interrupt
Hi-speed compare C232~C242 share 6 software comparators

Set / Reset

Counter C238 C239 C240 C241 C242
DHSCS Hi-speed 1040 1050 1060 1070 1080

interrupt

Hi-speed compare
Set / Reset

C232~C242 share 6 software comparators

Block diagram of software counters and comparators:

Software
comparatorx 6
Software
—P
Counter 1 O’/' Set/reset 1
Soft / O p| Set/reset 2
oftware
—@—» Count value [— o
counter 2 .
. o :
: O :
. O
| set/reset 6
Software -
counter 8

6. Explanations on hardware comparators:

>

There are 2 groups of hardware comparators provided respectively for 2 groups of
hardware counters (A group and B group), and each group shares 4 comparators with
individual Compare Set/Reset function.

When programming DHSCS and DHSCR instructions, the total of Set/Reset
comparisons for both instructions can not be more than 4, otherwise syntax check error
will occur.

Each high-speed counter interrupt occupies an associated hardware comparator,
consequently the interrupt number can not be repeated. Also, 1010~1040 can only be
applied for group A comparators and 1050~1080 for group B.

If DCNT instruction enables C243 as high speed counter (group A) and DHSC/DHSC
instruction uses C245 as high speed counter (group A) at the same time, PLC takes
C243 as the source counter automatically and no syntax check error will be detected.

Table of settings for hardware counters and comparators:
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A group B group
A1 A2 A3 A4 B1 B2 B3 B4
Counter No. C243, C245~C248, C251,C252|C244, C249, C250, C253, C254

High-speed counter

Hardware counter

1010 | 1020 | 1030 | 1040 | 1050 | 1060 | 1070 | 1080

interrupt
Hi-speed compare Share 4 hardware Share 4 hardware
Set/Reset comparators for group A comparators for group B

»  Block diagram of hardware counters and comparators:

Hardware
comparator AX 4/'0/7 Set/reset A1
O] TRl 010 Af
Hardware Count g © .
counter A " value A d @) !
C\\‘O/y Set/reset A4
"""" A 1040 A4
Hardware
comparatorBX4/vo/' Set/reset B1
M 050 BT

Hardware I Count —-b/

counterB value B

po ol

\O/y Set/reset B4

& |080 B4

7. Difference between software and hardware comparators:
» 6 comparators are available for software counters while 8 comparators are available for
2 groups of hardware counters ( 4 comparators for each group)
» Output timing of software comparator - count value equals to comparative value in both
counting up/down modes.
» Output timing of hardware comparator - count value equals to comparative value+1 in

counting-up mode; count value equals to comparative value -1 in counting-down mode.

Program Example 1:
Set/reset MO by applying software comparator
M1000

DCNT| C235 | K100 |

DHSCS| K100 | C235 | MO |

DHSCRl K100 | C235 | MO |

»  When value in C235 varies from 99 t0100, DHSCS instruction sets MO ON. (M1235 =
OFF, C235 counts up)
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»  When value in C235 varies from 101 to100, DHSCR instruction resets M0. (M1235 = ON,

C235 counts down)

»  Timing diagram for the comparison:

@\ /@
MO
Counting
No. .
101"
00
R 4“ up R

» Time

Program Example 2:

Set/reset MO by applying hardware comparator

M1000
F— DpoNT| c2s1 | k100 |
— prscs | koo | c251 | wmo |
—|DHSCR| K100 | C251 | MO |

»  When value in C251 varies from 100 to101, DHSCS instruction sets MO ON.
»  When value in C251 varies from 100 to 99, DHSCR instruction resets MO.
»  Timing diagram for the comparison:

©) @
N v

MO

Counting
No. "I_I

101—" —101
o 100 Al I 100 0
B s
. Countup Countdown

.
.
o*

Program Example 3:

Executes interrupt subroutine by applying software comparator.
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El
M1000
—H—[ DCNT | C235 K100
DHSCS | K100 | €235 | 1010
FEND
M1000
1010 4 pb——+——— ouT | Y10
IRET
END

»  When value in C235 varies from 99 t0100, interrupt subroutine triggered by 1010 executes

immediately to set YO ON.

Points to note:
>  If operand D is specified as S, M or YO~Y3 for the above high speed comparison, the compare
result will immediately output to the external outputs YO~Y3. However, if D is specified as

Y4~Y 337, external outputs will be updated till the end of program (delay for one scan cycle).

8.  Count value storage function of high speed interrupt:

»  When X1, X3, X4 and X5 is applied for reset function and associated external interrupts
are disabled, users can define the reset function as Rising/Falling-edge triggered by
special M relays specified in the table: Applicable Software High Speed Counters.
However, if external interrupts are applied, the interrupt instructions have the priority in
using the input points. In addition, PLC will move the current data in the counters to the
associated data registers below then reset the counters

»  When X0 (counter input) and X1 (external Interrupt 1100/1101) work with C243, the
count value will be moved to D1240 and D1241 when interrupt occurs and then the
counter will be reset.

»  When X2 (counter input) and X3 (external Interrupt 1300/1301) work with C244, the
count value will be moved to D1242 and D1243 when interrupt occurs and then the
counter will be reset.

»  When X0 (counter input) and X4 (external Interrupt 1400/1401) work with C246, C248,
C252, the count value will be moved to D1240 and D1241 when interrupt occurs and
then the counter will be reset.

»  When X2 (counter input) and X5 (external Interrupt 1500/1501) work with C244, C250,

C254, the count value will be moved to D1242 and D1243 when interrupt occurs and
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then the counter will be reset.

Special D D1241, D1240 D1243, D1242
Counter C243 C246 C248 C252 C244 C250 C254
Interrupt X1 X4 X3 X5

Program Example 4:

M1000
— —— DCNT | c243 | K100

FEND

M1000
1101 <+ pmov | 1240 | Do

RERE

IRET

END

» Ifinterrupt 1101 is triggered from input point X1 while C243 is counting, 1101 interrupt
subroutine executes immediately and the count value in C243 will be moved to DO.
After this, C243 is reset.
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APl || Mnemonic Operands Function
: Controllers
54 ||D| HSCR | GD G (D ggshets'peed Counter ES2/EX2
Type | Bit Devices Word devices Program Steps
oP X|Y|M|S|K|H|KnX|KnY|KnMKnS| T |C |D|E|F |DHSCR: 13 steps
81 * * * * * * * * * *
S, *
D * * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

Si1: Comparative value  S,: No. of high speed counter  D: Comparison result

Explanations:

1.

DHSCR compares the current value of the counter S, against a compare value S;. When the
counters current value changes to a value equal to S;, then device D is reset to OFF. Once
reset, even if the compare result is no longer unequal, D will still be OFF.

If D is specified as YO~Y3 in this instruction, the compare result will immediately output to the
external outputs YO~Y3 (reset the designated Y). However, other Y outputs will still be updated
till the end of program (delay for one scan cycle). Also, M and S devices, not affected by the
program scan time, will be immediately updated as well.

Operand D can be specified with high speed counters (C232~C254) the same as S,

High speed counters include software high speed counters and hardware high speed counters.
In addtiion, there are also two types of comparators including software comparators and
hardware comparators. For detailed explanations of high speed counters please refer to
section 2.9 in this manual.

For explanations on software counters and hardware counters, please refer to AP153 DHSCS.

For program examples, please refer to Program Example1 and 2 in API53 DHSCS.
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APl || Mnemonic Operands Function
Hioh Sooed 2 Controllers
Igh speed zone ES2/EX2
55 |[D| HSZ | GD G @ D | pomome
Type| Bit Devices Word devices Program Steps
OoP XY |M|S|K|H|[KnX|[KnY|KnM|KnS| T |C |D |E|F |DHSZ: 17 steps
81 * * * * * * * * * *
82 * * * * * * * * * *
S *
D * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:
S;: Lower bound of the comparison zone  S,: Upper bound of the comparison zone  S: No. of

high speed counter

D: Comparison result (3 consecutive devices)

Explanations:

1.

@z

S; should be equal to or smaller than S, (S; = S,).

If D is specified as YO~Y3 in this instruction, the compare result will immediately output to the
external outputs YO~Y3. However, other Y outputs will still be updated till the end of program.
Also, M and S devices, not affected by the program scan cycle, will be immediately updated as
well.

High speed counters include software high speed counters and hardware high speed counters.
In addtiion, there are also two types of comparators including software comparators and
hardware comparators. For detailed explanations of high speed counters please refer to
section 2.9 in this manual.

Explanations on software comparators for DHSZ instruction

»  Corresponding table for software counters and comparators:
Counter C232|C233|C234|C235|C236|C237|C238|C239|C240|C241|C242
Hi-speed compare Share 6 software comparators
Set/Reset
»  Block diagram of software counters and comparators:
Software
comparatorx 6
Software
Counter 1 ) O’/' Set/reset 1
O p Set/reset 2
Software ‘O/
counter 2 —@—»( Count value > O :
. o :
: o :
: O
| Set/reset 6
Software >
counter8
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»  There are 6 software zone comparators available exclusively for zone compare operation,

hence the limit of 6 comparisons for zone compare does not include the comparisons of

DHSCS and DHSCR.

5. Explanations on hardware comparators for HSZ instruction:

»  Corresponding table for hardware counters and comparators

Hardware counter

A group

B group

A1

A2

A3 A4

B1

B2 B3

B4

Counter No.

C243, C245~C248, C251,C252

C244, C249, C250, C253, C254

Hi-speed compare
Set/Reset

Shares 4 hardware

comparators for group A

Shares 4 hardware

comparators for group B

Hardware

comparatorAx 4

Block diagram of hardware counters and comparators:

o
O
%O/ o

O

Hardware

Hardware Count
counter A "1 value A
Hardware .| Count
counter B “| value B

o
o/o
» o

O

comparator B x4/vo/v
\\\\\\ N

Set/reset A1

1010 A1l

Set/reset A4

1040 A4

Set/reset B1

1050 B1

Set/reset B4

1080 B4

»  The two groups can only be used once for each group, occupying 2 comparators. For

example, when DHSZ instruction uses A3 and A4 of group A comparators, only the other
2 comparators (A1, A2) are available for DHSCS and DHSCR instructions.

When DHSCS uses 1030 or 1040, comparators A3 and A4 are no longer available for

DHSZ instruction. Also, when DHSCS uses 1070 or 1080, comparators B3 and B4 are no

longer available for DHSZ instruction. If comparators are used repeatedly, the syntax

error will be detected on the instruction behind.

Program Example 1: (Applying Hardware High Speed Counter)

1. When D is specified as YO0, then YO~Y2 will be occupied automatically.

2.  When DHSZ is executed, the instruction compares the current value in C246 with the

upper/lower bound (1500/2000) of the comparison zone, and YO~Y2 will be ON according to
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the comparison result.

M1000 |
i} | DONT | C246 | K20000 |

—| DHSZ | K1500 | K2000 | C246 | Yo |
YO

— ——— When current value of C246 < K1500, YO=On
Y1

— ——— When K1500 < current value of C246 < K2000, Y1=0On
Y2

— ———  When current value of C246 > K2000, Y2=0n

Program Example 2: (Applying DHSZ instruction for performing ramp down operation)

1.  C251 is AB-phase high speed counter. When X10 = ON, DHSZ compare the present value
with K2000. Present value <K2000, Y10 = ON.

2. When X10 = OFF, Y10~Y12 are reset.

X10
— RST | C251
ZRST | Y10 Y12
M1000
— ——— DCNT | €251 | K10000
X10
— ——— DHSZ | K2000 | K2400 | C251 Y10

Timing diagram

Speed variable
transmission device

I
I
! I
0 | : 1
| I :
|
A T
X10 \ o +_
I
|
Highspeed Y10 1« Voo

Lowspeed v1]

Stop Y12

Present value)

1
1
1
1
1
1
1
1
1
of C251 ;
1
1
1

0
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API Mnemonic Operands Function
Controllers
56 SPD G G2 (D | Speed Detection ES2/EX2
Type | Bit Devices Word devices Program Steps
oP X|Y|M|S|K|H|KnX|KnY|KnMKnS| T |C |D|E|F |SPD: 7 steps
Sy *
82 * * * * * * * * * * *
D * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2 / EX2 ES2/ EX2
Operands:

S;: External pulse input ~ S,: Pulse receiving time (ms)  D: Detected result (5 consecutive

devices)

Explanations:
1. The instruction counts the number of pulses received at input terminal S; during the time S,
(ms) and stores the result in the register D.

2.  External pulse input terminals designated in S; for ES2 series PLC:

Available input points X0, X2 X1 (X0/X1) X6, X7
1-phase input AB-phase input 1-phase input
Input mode (Supports single (Supports 4 tmes (Supports single
frequency ) frequency) frequency)
Maximum frequency 100KHz 5KHz 10KHz

3. D occupies 5 consecutive registers, D + 1 and D store the results of previous pulse detection;
D +3 and D + 2 store the current accumulated number of pulses; D + 4 store the current time
remaining (max. 32,767ms).

4. If X0, X1, X2, X6 or X7 are used in a SPD instruction, their associated high-speed counters or
external interrupts 1000/1001, 1100/1101, 1200/1201, 1600/1601 or 1700/1701 can not be used.

5. When X0, X2, X6 and X7 are used, they will be detected as 1-phase input. When X1 is used,
XO(A) and X1(B) will be detected as AB-phase input.

6. This instruction is mainly used to obtain the value of rotation speed and the results in D are in
proportion to the rotation speed. Rotation speed N can be calculated by the following equation

N: Rotation speed
60(D0)

N=——"/x103 (rpm) n: The number of pulses produced per rotation

nt
t:  Detecting time specified by S, (ms)

Program Example:
1. When X7 = ON, D2 stores the high-speed pulses at X0 for 1,000ms and stops automatically.

The results are stored in DO, D1.
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2. When the 1000ms of counting is completed, D2 will be reset. When X7 turns ON again, D2

starts counting again.

X7
—— sPD X0 K1000 DO

X7

o JUUIINT T

' T
D2: Preserjt value )_rerO: Detefg_drvalue

4 /
1 s ,

1
Contentin D:'_I'rr/ _I_r)_r
>
1,000ms 1,000ms

: ﬂ\f\\

ContentinD4 py. Remaining time (ms)
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API Mnemonic Operands Function Controllers
57 ||D| PLSY G G2 (@ | Pulse Output ES2/EX2
Type | Bit Devices Word devices Program Steps
oP XY |M|S|K|H|KnX|[KnY|[KnMKnS| T |C |D | E|F |PLSY:7 steps
S B A - ST IDPLSY: 13 steps
82 * * * * * * * * * * *
D *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

Si: Pulse output frequency  S,: Number of output pulses  D: Pulse output device (YO ~ Y3

available)

Explanations:

1. When PLSY instruction has been executed, the specified quantity of pulses S, will be output
through the pulse output device D at the specified pulse output frequency S;

2.  S; specifies the pulse output frequency

Output frequency range of ES2/EX2 MPU

Output YO0, Y2 Y1,Y3
range 16-bit instruction 0~32,767 Hz 0~10,000Hz
32-bit instruction 0~100,000Hz 0~10,000Hz

If OHz is specified, pulse output will be disabled

3. S, specifies the number of output pulses.
16-bit instruction: -32,768~32,767. 32-bit instruction: -2,147,483,648~2,147,483,647.
When S, is specified as KO, the pulse will be continuous output.

4. ES2 series have four modes pulse output as below list.

Mode D1220 D1221
Output KO K1 | K2 K3 KO K1 | K2 K3*
YO Pulse Pulse | A cw
Y1 Pulse | Dir B Pulse
Y2 Pulse Pulse | A |CCW
Y3 Pulse | Dir B Pulse
Pulse: Pulse A: Aphase pulse CW: clockwise
Dir:  Direction B: B phase pulse CCW: Counter-clockwise

Note * : When D1220 is specified as K3, D1221 is invalid.

5. Pulse output flags for ES2 series:
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PLC model name
Output device YO Y1 Y2 Y3
Completed Flag M1029 M1030 M1102 M1103
Immediately pause M1078 M1079 M1104 M1105
0.01~100Hz output M1190 M1191 M1192 M1193

a) For ES2 series,
M1029 = ON after YO/Y1 (D1220=K1, pulse/Dir) output is completed.
M1102 = ON after Y2/Y3 (D1221=K1, pulse/Dir) output is completed.
M1029 = ON after the YO/Y2 (D1220 = K3, CW/CCW) output is completed.
b) The execution completed flag M1029, M1030, M1102, and M1103 should be manually
reset by users after pulse output is completed.
c) When M1190~M1192 is ON, frequency 0.01~100Hz is available on YO~Y3.
d) When PLSY / DPLSY instruction is OFF, the pulse output completed flags will all be reset.
e) When M1190~M1192 = ON, the available output range for PLSY Y0~Y3 is 0.01~100Hz.
6. While the PLSY instruction is being executed, the output will not be affected if S, is changed.
To change the pulse output number, stop the PLSY instruction, then change the pulse number.
7. S; can be changed during program execution and the change will take effects until the
modified PLSY instruction is being executed.
8. The ratio of OFF time and ON time of the pulse output is 1:1.
9. Ifoperand S;, S, use index F, only 16-bit instruction is available.
10. For ES2 series, there is no limitation on the times of using this instruction, however the
program allows only 4 instructions (PLSY, PWM, PLSR) to be executed at the same time. If Y1
is used for several high speed pulse output instructions, PLC will output according to the

execution order of these instructions.

Program Example:
1. When X0 = ON, 200 pulses of 1kHz are generated from output YO, after the pulse output has
been completed, M1029 = ON to set Y20.

2. When X0 = OFF, pulse output YO will immediately stop. When X0 turns ON again, the pulse

output will start from the first pulse.
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X0

|—| PLSY | K1000 | K200 | YO |

M1029

0.5ms
le—>]
Output Yﬂ 1 2 3 L """ 200
le——]
1ms

Points to note:

1.  Description of related flags:

M1029:
M1030:
M1102:
M1103:
M1078:
M1079:
M1104:
M1105:
M1190

M1191

M1192

M1193

M1347:
M1348:
M1524:
M1525:
M1538:
M1539:
M1540:
M1541:

D1030:

M1029 = ON when YO0 pulse output is completed.
M1030 = ON when Y1 pulse output is completed.
M1102 = ON when Y2 pulse output is completed.
M1103 = ON when Y3 pulse output is completed.
YO pulse output pause (immediately)

Y1 pulse output pause (immediately)

Y2 pulse output pause (immediately)

Y3 pulse output pause (immediately)

Se t YO high speed output as 0.01~100Hz

Se t Y1 high speed output as 0.01~100Hz

Se t Y2 high speed output as 0.01~100Hz

Se t Y3 high speed output as 0.01~100Hz

Auto reset YO when high speed pulse output completed
Auto reset Y1 when high speed pulse output completed
Auto reset Y2 when high speed pulse output completed
Auto reset Y3 when high speed pulse output completed
Indicating pause status of YO

Indicating pause status of Y1

Indicating pause status of Y2

Indicating pause status of Y3

Description of related special D registers:

Present number of YO output pulses (LOW WORD).
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D1031: Present number of YO output pulses (HIGH WORD).
D1032: Present number of Y1 output pulses (LOW WORD).
D1033: Present number of Y1 output pulses (HIGH WORD).
D1336: Present number of Y2 output pulses (LOW WORD).
D1337: Present number of Y2 output pulses (HIGH WORD).
D1338: Present number of Y3 output pulses (LOW WORD).
D1339: Present number of Y3 output pulses (HIGH WORD).
D1220: Phase of the 1% group pulse output (YO,Y1), please refer to explanations of the

instruction.

D1221: Phase of the 2™ group pulse output (Y2,Y3), please refer to explanations of the
instruction.

3. More explanations for M1347,M1348, M1524, M1525:

Generally when pulse output is completed, PLSY instruction has to be reset so that the
instruction can start pulse output one more time. When M1347, M1348, M1524 or M1525 is
enabled, the associated output terminals (YO~Y3) will be reset automatically when pulse
output is completed, i.e. the PLSY instruction is reset. When PLC scans to PLSY instruction
again, the pulse output starts automatically. In addition, PLC scans the 4 flags after END
instruction, hence PLSY instruction in continuous pulse output mode requires a delay time of

one scan cycle for next pulse output operation.

The function is mainly used in subroutines or interrupts which require high speed pulse output.

Here are some examples:
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Program Example 1:

El

M1000

FEND

1001

SET

M1347

DPLSY

K1000 | K1000

YO

M1000
1101 |

IRET

SET

M1524

DPLSY

K1000 | K1000

Y2

IRET

Explanations:

END

a) Whenever 1001 is triggered, YO will output 1,000 pulses; whenever 1101 is triggered, Y2 will

output 1,000 pulses.

b) When pulse output is completed, there should be an interval of at least one scan cycle

before next pulse output operation is triggered. .

Program Example 2:

X1
|

SET | M1347

X2

|

PLSY | K1000 | K1000

YO

END

Explanations:

When both X1 and X2 are ON, YO0 pulse output will operate continuously. However, there will be

a delay of approx. 1 scan cycle every 1000 pulses.
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APl || Mnemonic Operands Function
Controllers
58 PWM G G2 D | Pulse Width Modulation ES2/EX2
Type | Bit Devices Word devices Program Steps
OoP X|Y|M|S|K|H|[KnX|KnY|[KnM|KnS| T|C|D|E|F |PWM:7 steps
81 * * * * * * * * * * *
SZ * * * * * * * * * * *
D *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S;: Pulse output width (ms)  S,: Pulse output cycle (ms)  D: Pulse output device (Y1, Y3)

Expl
1.

© N o o

anations:

S, is specified as pulse output width as t: 0~32,767ms (or 3276.7ms). S, is specified as pulse
output cycle as T:1~32,767ms(or 3276.7ms), S1 = S2.

D for ES2/EX2 PLC: Y1, Y3

When several pulse output instructions (PLSY, PWM, PLSR) use Y1 or Y3 as the output
device in the same scan cycle, PLC will perform the instruction which is executed first.

When S; =0, S,=0o0r S;>S;, errors will occur (M1067 and M1068 will not be ON) and no
output will be generated from pulse output devices. When S; = S, the pulse output device will
be ON continuously.

Si, S, can be changed when PWM instruction is being executed.

When M1070 = ON, the unit of Y1 output pulse is 100us, when M1070 = OFF, the unit is 1ms.
When M1071 = ON, the unit of Y3 output pulse is 100us, when M1071 = OFF, the unit is 1ms.
There is no limitation on the times of using this instruction in the program, but only 2

instructions can be executed at the same time.

Program Example:

Whe

opposite. When X0 = OFF, output Y1 turns OFF.

f————— PWM | K1000 | K2000 Y1

n X0 = ON, Y1 output the pulse as shown |_<xo

t=1000ms

fe—>]

Outputh L

e

T=2000ms

Note:

1. Flag description:

M1070: Switching clock pulse of Y1 for PWM instruction (ON:100 us, OFF: 1ms)
M1071: Switching clock pulse of Y3 for PWM instruction (ON:100 us, OFF: 1ms)
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2. Special D registers description:

D1032:

D1033

D1338:
D1339:

Low word of the present value of Y1 pulse output
High word of the present value of Y1 pulse output

Low word of the present value of Y3 pulse output.

High word of the present value of Y3 pulse output.
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API Mnemonic Operands Function
Controllers
59 |[|D| PLSR Gy G G @ | Pulse Ramp ES2/EX2
Type | Bit Devices Word devices Program Steps
OoP XY |M|S|K|HKnXKnYKnMKnS| T|C|D|E|F |[PLSR: 9 steps
S LTI Y IDPLSR: 17 steps
SZ * * * * * * * * * * *
83 * * * * * * * * * * *
D *
PULSE 16-bit 32-bit
ES2/EX2 ES2 / EX2 ES2 / EX2
Operands:

S;: Maximum frequency (Hz)

S»: Number of pulses

D: Pulse output device (YO0, Y1, Y2 and Y3 are available)

Explanations:

1.  PLSR instruction performs a frequency ramp up/down process when positioning. Speed ramp
up process is activated between static status to the target speed. Pulse output persists in

target speed before getting close to target position. When target position is near, speed ramp

Siz: Ramp up/down time (ms)

down process executes, and pulse output stops when target position is achieved.

2. Setrange of S; pulse output frequency:
Range of S; pulse output frequency:
Output Y0, Y2 Y1,Y3
Output i
16-bit 6~32,767 Hz 6~10,000Hz
frequency:
32-bit 6~100,000Hz 6~10,000Hz
PLC will output 6Hz if 1~5Hz is specified. Output will be disabled if OHz is specified.
3.  When output device is specified with YO0, Y2, the start/end frequency of YO is set by D1340 and
start/end frequency of Y2 is set by D1352.
4.  When output device is specified with Y1, Y3, the start/end frequency is OHz.

PLSR instruction supports two modes of pulse output as below list.

Mode D1220 D1221
Output KO K1 KO K1
YO Pulse Pulse
Y1 Pulse | Dir
Y2 Pulse Pulse
Y3 Pulse | Dir
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10.
11.

12.
13.

14.

15.

When assigning YO0 and Y2 output mode as Pulse, i.e. D1220 = KO, D1221 = KO, the available
range for S, is 1~32,767 (16-bit instruction) and 1~2,147,483,647 (32-bit instruction).

When assigning YO0 and Y2 output mode as Pulse/Dir, i.e. D1220 = K1, D1221 = K1, the
available range for S, is 1~32,767 or -1~-32,768 (16-bit instruction) and 1~2,147,483,647 or
-1~-2,147,483,648 (32-bit instruction)

When assigning output device as Y1 and Y3, the available range for S, is 1~32,767 (16-bit
instruction) and 1~2,147,483,647 (32-bit instruction).

Si: Ramp up/down time (unit: ms, min. 20ms). When assigning output device as Y1 and Y3,
the set value of ramp up and ramp down time are the same. When assigning output device as
Y0 and Y2, and if:

M1534 = OFF (Y0) and M1535 = OFF (Y2), then the ramp up and ramp down time are the
same.

M1534 = ON and M1535 = ON, then S; specifies ramp up time only. The ramp down time is
specified by value set in D1348 (Y0) and D1349 (Y2).

D for ES2/EX2 PLC: YO, Y1, Y2, Y3

When M1257 = OFF, ramp up/down curve of YO and Y2 is straight line. When M1257 = ON,
ramp up/down curve will be S curve.

The ramp up/down curve of Y1 and Y3 is straight line.

The output will not be affected if S;, S, or S; are changed when PLSR instruction is being
executed. PLSR instruction has to be stopped if changing values in S;, S, or Sz is required.

Flags for indicating pulse output status:

Output YO Y1 Y2 Y3
Completion M1029 M1030 M1102 M1103
Immediately Pause M1078 M1079 M1104 M1105

a) When pulse output on YO/Y1 specified as Pulse/Dir (D1220 = K1) is completed,
completion flag M1029 = ON.

b)  When pulse output on Y2/Y3 specified as Pulse/Dir (D1221 = K1) is completed,
completion flag M1102 = On -

c) When PLSR/DPLSR instruction is activated again, the completion flags will automatically
be reset.

During the ramp up process, the pulse numbers (frequency x time) of each speed shift may not

all be integer values, and PLC will operate integer value only. In this case, the omitted

decimals will result in errors between each speed shift, i.e. pulse number for each shift may

differ due to this operation. However, for ensuring the required output pulse number, PLC will

fill in pulses as need to the last shift in order to correct the deviation.
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16. For ES2 PLC, there is no limitation on the times of using this instruction in the program.
However, only 4 instructions can be executed at the same scan time. When several pulse
output instructions (PLSY, PWM, PLSR) use Y1 as the output device in the same scan cycle,
PLC will execute pulse output according to the driven order of these instructions.

17. Set value falls out of the available range of operands will be automatically corrected with the

min. or max available value.

Program Example:

1. When X0 = ON, PLSR performs pulse output on YO with a target speed of 1000Hz, output
pulse number D10 and ramp up/down time of 3000ms. Ramp up process begins to increase
1000/20 Hz in every shift and every shift outputs D10/40 pulses for 3000/20 ms.

2. When X0 = OFF, the output stops immediately and starts from the count value in D1030,
D1031 when PLSR is executed again.

3.  Ramp up/down shifts for YO, Y2: 20. Ramp up/down shifts for Y1, Y3: 10

X0
———— PLSR | K1000 D10 K3000 YO

A
Pulse speed(Hz)

Time for pulse .
outputin @Targetspeed.moo Hz Frequency

each shift:
3000/20 ms

increased/decreased
in every shift:

16-bit instruction:1~32,767
32-bitinstductiont~2,147,483,647
| |

™ Time(Sec)

€ Ramp uptime@ >: :‘ Ramp down time (S3) >

3000ms - - 3000ms

Points to note:

1.  Description on associated flags:
For M1029, M1030, M1102, M1103, M1078, M1079, M1104, M1105, M1538, M1539, M1540,
M1541, M1347, M1348, M1524, M1525, please refer to PLSY instruction.
M1108: YO pulse output pause (ramp down). ON = pause, OFF = resume
M1109: Y1 pulse output pause (ramp down). ON = pause, OFF = resume
M1110: Y2 pulse output pause (ramp down). ON = pause, OFF = resume

)-

M1111: Y3 pulse output pause (ramp down). ON = pause, OFF = resume
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M1156:

M1257:
M1158:

M1534:
M1535:

Enabling the mask and alignment mark function on 1400/1401(X4) corresponding to
YO.
Set the ramp up/down of YO, Y2 to be “S curve.” ON = S curve.

Enabling the mask and alignment mark function on 1600/1601(X6) corresponding to
Y2.
Enable ramp-down time setting on Y0. Has to be used with D1348

Enable ramp-down time setting on Y2. Has to be used with D1349

2.  Description on associated special registers:
For D1030~D1033, D1336~D1339, D1220, D1221, please refer to PLSY instruction

D1026:
D1027:
D1135:
D1136:
D1232:

D1233:

D1234:

D1235:

D1348:
D1349:

D1340
D1352

M1156 = ON, D1026 stores pulse number for masking YO (LOW WORD).
M1156 = ON, D1026 stores pulse number for masking YO (HIGH WORD).
M1158 = ON, D1135 stores pulse number for masking Y2 (LOW WORD).

M1158 = ON, D1135 stores pulse number for masking Y2 (HIGH WORD).

Output pulse number for ramp-down stop when YO mark sensor receives signals.
(LOW WORD).
Output pulse number for ramp-down stop when YO mark sensor receives signals.
(HIGH WORD).
Output pulse number for ramp-down stop when Y2 mark sensor receives signals
(LOW WORD).
Output pulse number for ramp-down stop when Y2 mark sensor receives signals
(HIGH WORD).

M1534 = ON, D1348 stores the ramp-down time of CHO(YO, Y1) pulse output.
M1535 = ON, D1349 stores the ramp-down time of CH1(Y2, Y3) pulse output.
Start/end frequency of the pulse output CHO (Y0, Y1)
Start/end frequency of the pulse output CH1 (Y2, Y3)

3.  Operation of Mark function on YO:

Frequency

Target
speed

Start/end

freuquency —>

D1340

A

X4 external interrupt

4

~

RN

' o
.

Pulse numberif no
external interrupt on X4

.
.
S
S
~,
.
~,
,
~
.,
S
S
~
hS
~
~

' Time

D1;’348I Ramp-down time | " Pulse

Ramp-up RN > b
time D1348 Ramp-down time namber

Koo emreneeeeeeneeneees >

! Ramp down pulse
number when Mark
is detected

B When M1156 = ON, enable ramp-down pause on YO when X4 receives interrupt signals.
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When Mark function is enabled, ramp down time is independent of the ramp up time. Users

can set ramp up time in Sz and ramp down time in D1348. (Range: 20ms~32767ms)

When PLSR instruction is executed, PLC will automatically calculate the min. pulse number

required for ramp down when Mark is detected, and store the pulse number in D1232~D1233

The ramp down pulse number for Mark function can be specified by users. However, the

specified number should be more than the number which PLC calculated according to

ramp-down time, otherwise PLC will fill D1232~D1233 with the min. pulse number calculated

automatically.

When Mark signal is detected, M1108 = ON. YO pulse output paused with ramp down process.

YO0,Y2 relative parameters for Mask and Alignment Mark function:

Explanations:

arameter Pulse number | Output
Ramp | Pulse number
Mark | Input for ramp-down | pause | Pause
down for masking
Output flag | points of Mark (ramp | status
time output
function down)
YO M1156| X4 D1348 | D1026, D1027 | D1232, D1233 | M1108 | M1538
Y2 M1158| X6 D1349 |D1135, D1136 | D1234, D1235 | M1110 | M1540
Program example 1:
MO
—M SET | M1156
DMOQOV | K10000| D1232
MO
I DPLSR |K100000|K1000000] K20 YO
FEND
M1000
1401 — | INCP DO
IRET
END

B When MO is triggered, YO executes pulse output. If external interrupt is detected on X4,

pulse output will perform ramp down process for 10,000 pulses and then stop. M1108 will

be ON to indicate the pause status (ramp down). If no interrupt is detected, YO pulse

output will stop after 1,000,000 pulses are completed.

B When pulse output ramps down and stops after Mark is detected, M1538 will be ON to

indicate the pause status. If users need to complete the remaining pulses, set OFF the

flag M1108 and pulse output will resume.
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4. Operation of Mask function on YO:

Frequency
A YO0 is masked from ; YO0 is ready for
interrupts on X4 : interrupts from X4
X4 external interrupt
Target :
speed —>
S Pulse numberif no
P T external interrupt on X4
Start/end : S
frequency —> .. l/ e
D1340 ! >
: : Pulse
< —> i —> number

Pulse to be masked, : Ramp down time H

Specified by D1026,D1027 i (D1348) >'
(32bits) Ramp down pulse

number when Mark

is detected (D1232~D1233)

B Mask function is enabled when D1026 and D1027 are specified with values other than 0. Mask
function is disabled when D1026 and D1027 are specified with 0.

Program example 2:

MO
—1 SET | M1156
DMOV | K50000| D1026
DMOV | K10000| D1232
MO
I DPLSR |K100000|K1000000| K20 YO
FEND
M1000
1401 | INCP DO
IRET
END

€ When MO is triggered, YO executes pulse output. When external interrupt is detected on X4
after 50,000 pulses, pulse output will perform ramp down process for 10,000 pulses and then
stop. M1108 will be ON. If no interrupt is detected on X4, YO pulse output will stop after
1,000,000 pulses are completed.

¢ Interrupt triggered between 0 ~ 50,000 pulses will be invalid, i.e. no ramp-down process will be

performed before 50,000 pulses are achieved.
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APl || Mnemonic Operands Function
Controllers
60 IST D) Initial State ES2/EX2
Type | Bit Devices Word devices Program Steps
OoP X|Y|M|S|K|H|[KnXKnY|KnMKnS| T|C |D|E|F|IST: 7 steps
S * * *
D, *
D, *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Source device for assigning pre-defined operation modes (8 continuous devices). D; The

smallest No. of step points in auto mode.  D,: The greatest No. of step points in auto mode.

Explanations:

1.  The IST is a handy instruction specifically for the initial state of the step ladder operation
modes.
The range of D; and D, : S20~S911, D, < D,.

3. IST instruction can only be used one time in a program.

Program Example 1:

M1000
p—— IST X20 S20 S60

S:  X20: Individual operation (Manual operation) X24: Continuous operation

X21: Zero return X25: Zero return start switch
X22: Step operation X26: Start switch
X23: One cycle operation X27: Stop switch

1. When IST instruction is executed, the following special auxiliary relays will be assigned

automatically.

M1040: Movement inhibited S0: Manual operation/initial state step point
M1041: Movement start S1: Zero point return/initial state step point
M1042: Status pulse S2: Auto operation/initial state step point

M1047: STL monitor enable

2. When IST instruction is used, S10~S19 are occupied for zero point return operation and
cannot be used as a general step point. In addition, when S0~S9 are in use, SO initiates
“manual operation mode”, S1 initiates “zero return mode” and S2 initiates “auto mode”. Thus,

the three step points of initial state have to be programmed in first priority.
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3. When S1 (zero return mode) is initialized, i.e. selected, zero return will NOT be executed if any
of the state S10~S19 is ON.
4. When S2 (auto mode) is initialized, i.e. selected, auto mode will NOT be executed if M1043 =

ON or any of the state between D; to D, is ON.

Program Example 2:
Robot arm control (by IST instruction):
1. Control purpose:
Select the big balls and small balls and move them to corresponding boxes. Configure the
control panel for each operation.
2. Motion of the Robot arm:
lower robot arm, clip balls, raise robot arm, shift to right, lower robot arm, release balls, raise
robot arm, shift to left to finish the operation cycle.
3. 1/O Devices
Right-limit X2 Right-limit X3

Left-limit X1 (bigballs) (small balls)
Y O O
Upper-limit X40 = '
Y1
Upper-limit X50
Ball size Big |Sma|||
sensor X0

4. Control panel

Kl Power start @ Zeroreturn X35

® Power stop
Clip Right
balls Ascend gpift
xzo xgz x;4 Zero return X31
o
Release Left
balls Descend shift
o () Manual
operation X30

[
Q21 X23 X25

@ Auto start X36 \

@ Auto stop X37

Step X32

One cycle
® operation X33

Continuous
operation X34

a) XO: ball size sensor.

b) X1: left-limit of robot arm, X2: right-limit (big balls), X3: right-limit (small balls), X4: upper-limit

of clamp, X5: lower-limit of clamp.

c) YO: raise robot arm, Y1: lower robot arm, Y2: shift to right, Y3: shift to left, Y4: clip balls.

5. START circuit:
X0 X1 Y4

— 1049

M1000
f IST X30 S20

S80
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6. Manual operation mode:

SO X20
L (¢SS [} SET Y4 Clip balls

X21

— | RST Y4 Release balls
X22 Y1

- @ Raise robot arm
X23 YO ) Interlock

— /4 @ Lower robot arm
X24 X4 Y3

— FM—@ Shifttoright v and Y3 interlocked and
X25 X4 Y2 ) X4 = ONis the condition

— )_M—® Shifttoleft 7/ for output Y2 and Y3

7.  Zero point return mode:

a) SFC:
S1
X35+
S10 RST Y4 Release balls
RST Y1 Stop lowering robot arm
Raise robot arm to the
X4 4 upper-limit (X4 = ON)
S11 RST Y2 Stop shifting to right
4@ Shift to left to reach the
X1 4 left-limit (X1 = ON)
S12 SET | M1043 | Enable zero return completed flag

RST S12 Zeroreturn completed

b) Ladder Diagram:

S1 X35

—S>— — SET S10 | Enterzero return mode
S$10

—<S> RST Y4 Release balls

RST Y1 Stop lowering robot arm

» Raise robot arm to the
upper-limit (X4 = ON)

X4
——— SET S11
S11
—<S> RST Y2 Stop shifting to right
X1 Shift to left and to reach
—F——— SET | S12 | theleft-limit(X1=0n)
S12
—<S> SET | M1043 | Enable zero return completed flag

RST S12 | Zeroreturn completed
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8.  Auto operation (step/one-cycle/continuous operation modes):

a) SFC:
s2
M1041F
M1044+
X5 4 X5
X0 T X0 1
S30 SET | a4 S40 SET | V4
TMR | TO | K30 TMR | T1 K30
Tor ., T1 i
X4 X4
T X2 T X3
S$32 —M—@ S42 —M—@
x2 -+ x3+
X5
S50 —M—@
X5 1
S60 RST | Y4
TMR | T2 | K30
T2+
X4
S70
X4
T X1
S80 @
x1T
S2
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b) Ladder Diagram:
S2M1041 M1044
—<S | | SET S20 | Enterauto operation mode
S20
—(S)—4® Lower robot arm
X5 X0
— | SET | S30
X5 X0
— SET | sS40
S30
—S> SET Y4 Clip balls
TMR TO K30
TO
I SET | S31
_gg;_ T 0 Raise robot arm to the
upper-limit (X4 = ON)
X4
I SET | S32
S32 X2
—<s>——M—® Shift to right
X2
— | SET | S50
S40
—<S> SET Y4 Clip balls
TMR T1 K30
T1
I SET | S41
cal o Rai bot to th
s _M_. aise robot arm to the
BRe X4 upper-limit (X4 = ON)
I SET | S42
S42 X3
4S>_—M—® Shift to right
X3
I SET | S50
S50 X5
_<S>__M—® Lower robot arm
X5
— | SET | S60
S60
—S> RST Y4 Release balls
TMR T2 K30
T2
I SET | S70
29 v Rai bot toth
s @ aise robot arm to the
<S5 Xl4 - upper-limit (X4 = ON)
I SET | s80
% " Shift to left t h
s _44_____{:::::> ift to left to reac
<5 X1 the left-limit (X1 = On)
G
RET
END
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Flag explanation:

M1040:

Disable step transition. When M1040 = ON, all motion of step points are disabled.

1. Manual operation mode: M1040 remains ON in manual mode.

2.  Zero return mode/one cycle operation mode: M1040 remains ON in the interval after Auto
Stop and before Auto Start is pressed.
Step operation mode: M1040 remians ON until Auto Start is pressed.
Continuous operation mode: When PLC goes from STOP—RUN, M1040 = ON. When Auto
Start is pressed, M1040 turns OFF.

M1041:

Step transition starts. This special M indicates the transition from step point S2 to the next step
point.

1. Manual operation mode/Zero return mode: M1041 remians OFF.

2. Step operation mode/One cycle operation mode: M1041 = ON when Auto Start is pressed.
3. Continuous operation mode: M1041 stays ON when Auto Start is pressed and turns OFF

when Auto Stop is pressed.

M1042:

Enable pulse operation: When Auto Start is pressed, PLC sents out pulse once for operation. .

M1043:

Zero return completed: M1043 = ON indicates that zero return is completed.

M1044:
Zero point condition: In continuous operation mode, M1044 has to be ON as a condition for enabling

step transition from S2 to the next step point.

M1045:
Disable “all output reset” function.
¢ If the machine (not at the zero point) goes,
- from manual (S0) to zero return (S1)
- from auto (S2) to manual (S0)
- from auto (S2) to zero return (S1)
And
M1045 = OFF, any of the S among D; ~ D, in action will be reset as well as the output Y.

M1045 = ON, output Y will be retained but the step in action will be reset.

¢ |f the machine (at the zero point) goes from zero return (S1) to manual (S0), no matter M1045

is ON or OFF, Y output will be retained but the step in action will be reset.
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M1046:

Indicates STL(Step Ladder) status. When STL operation is activate, M1046 = ON if any of the step
point S is ON. If M1047 = ON, M1046 also activates to indicate ON status of step points. In addition,
D1040 ~ D1047 records 8 step numbers from the current ON step to the previous 7 ON steps.

M1047:
Enable STL monitoring. When IST instruction executes, M1047 will be forced ON, i.e. M1047
remains ON in every scan cycle as long as IST instruction is executing. This flag is used to monitor

all step points (S).

D1040~D1047:

Records 8 step numbers from the current ON step to the previous 7 ON steps.
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API Mnemonic Operands Function Controllers
61 ||D| SER [P|GD GD @ @D | g 2000 o
Type | Bit Devices Word devices Program Steps
oP X|Y|M|S|K|H|KnX|KnY|KnM|KnS| T |C |D | E | F |SER, SERP: 9 steps
21 Lt sttt | IDSER, DSERP: 17 steps
2
D * * * * * *
N * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S;: Start device of data stack  S,: Device to be searched  D: Start device for storing search

result (occupies 5 consecutive devices) n: Stack length

Explanations:

1.  SERinstruction searches for the value stored in S, from the data stack starting with Sy, with a
stack length n. The search results are stored in the 5 registers starting from D

2. D stores the total of the matched results; D+1 stores the No. of device storing the first matched
result; D+2 stores the No. of device storing the last matched result; D+3 stores the No. of
device storing the smallest value; D+4 stores the No. of device storing the biggest value..
If operand S, uses index F, only 16-bit instruction is available

4. If the instruction applied 32-bit instruction, operands S;, S,, D, n will specify 32-bit registers.
The range of operand n: n = 1~256 (16-bit instruction), n = 1~128 (32-bit instruction)

Program Example:

1. When X0 = ON, the data stack D10~D19 are compared with DO and the result is stored in
D50~D54. If there is no matched result, the content of D50~D52 will all be 0.

2. D53 and D54 store the location of the smallest and biggest value. When there are more than

one smallest and biggest values, the devices with bigger No. will be recorded.

X0
— —— SER D10 DO D50 K10
S; |Content Data to be Data No.| Result D |Content Explanation
compared
D10 88 0 D50 4 The total data numbers of equal value
D11 100 S, 1 Equal || D51 1 The number of the first equal value
D12 | 110 2 D52 8 The number of the last equal value
D13 | 150 3 D53 7 The number of the smallest value
D14 | 100 4 Equal || D54 9 The number of the largest value
D15| 300 |DO=K100| 5
D16 | 100 6 Equal
D17 5 7 Smallest
D18 | 100 8 Equal
D19 | 500 9 Largest

3-143



DVP-ES2 Operation Manual - Programming

API || Mnemonic Operands Function
Absolule D Controllers
solute brum ES2 / EX2
62 ||D| ABSD | GD G @ @ | soruencer
Type | Bit Devices Word devices Program Steps
OoP X1Y|M|S|K|H|KnXKnY|KnM|KnS| T |C |D |E|F |ABSD: 9 steps
S B A N B DABSD: 17 steps
SZ * * *
D * * *
n * *
PULSE 16-bit 32-bit
ES2/EX2 ES2 / EX2 ES2 / EX2
Operands:

S;: Start device of the data table  S,: No. of counter  D: Start device for indicating comparison

result n: Groups of data to be compared (n: 1~64)

Explanations:

1.

ABSD instruction creates various output wave forms according to the current value of the
counter designated by S, Usually, the instruction is applied for absolute cam control.

S, of DABSD instruction can designate high speed counters. However, when the present value
in the high speed counter is compared with the target value, the result cannot output
immediately owing to the scan time. If an immediate output is required, please use DHSZ
instruction that is exclusively for high speed counters.

When operand S; uses KnX, KnY, KnM, KnS patterns, Kn should be K4 for 16-bit instruction
and K8 for 32-bit instruction.

Program Example:

1.

Before the execution of ABSD instruction, use MOV instruction to write all the set values into
D100 ~ D107 in advance. The even-number D is for lower bound value and the odd-number D
is for upper bound value.

When X10 = ON, the present value in counter C10 will be compared with the four groups of
lower and upper bound values in D100 ~ D107. The comparison results will be stored in M10 ~
M13.

When X10 = OFF, the original ON/OFF status of M10 ~ M13 will be retained.

X20

—||—| ABSD| D100 | c10 | M10 | K4 |
C10 X21

——W#—— RsT | cio |

X21

—————— onT | c10 | Kaoo |
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M10~ M13 = ON when the current value of C10 falls between lower and upper bounds.

Lower-bound value | Upper- bound value Current value of C10 Output
D100= 40 D101 =100 40=C10=100 M10 = ON
D102 =120 D103 =210 120=C10=210 M11 = ON
D104 = 140 D105 =170 140=C10=170 M12 = ON
D106 = 150 D107 = 390 150=C10=390 M13 = ON

If the lower bound value is bigger than upper bound value, when C10<60 or C10 > 140, M12 =

ON.
Lower- bound value | Upper- bound value Current value of C10 Output
D100 = 40 D101 =100 40=C10=100 M10 = ON
D102 =120 D103 =210 120=C10=210 M11 = ON
D104 =140 D105 =60 60=<C10=140 M12 = OFF
D106 = 150 D107 =390 150=C10=390 M13 = ON
40 100

—

M10

120

60 140

210

M11 | |

L

150

M12

390

M13 |

200

400
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API ||Mnemonic Operands Function
I al g Controllers
ncremental drum ES2/EX2
63 || INCD |G G (@ M sequencer
Type | Bit Devices Word devices Program Steps
OP XY |M|S|K|H|KnX|KnNY/[KnM|KnS| T |C D | E | F [INCD: 9 steps
81 * * * * * * *
S, *
D * * *
n * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S;: Start device of the data table  S,: No. of counter  D: Start device for indicating comparison

resu

Exp
1.

It n: Number of data to be compared (n: 1~64)

lanations:
INCD instruction creates various output wave forms according to the current value of the
counter designated by S, and S, +1. Usually, the instruction is applied for relative cam control
The current value in S, is compared with the set points specified by S; (n consecutive devices)
When value in S, reaches the first set point, S, +1 counts once for indicating the number of
present section, associated D turns ON, and S, is reset then counts up from 0 again. When the
drive contact of INCD instruction is OFF, the content in S, and S, +1 will be cleared.
When operand S; uses KnX, KnY, KnM, KnS patterns, Kn should be K4 for 16-bit instruction.
Operand S, should be C0~C198 and occupies 2 consecutive counters.
When the comparison of n data has been completed, the execution completed flag M1029 =

ON for one scan cycle.

Program Example:

1.

Before the execution of INCD instruction, use MOV instruction to write all the set values into
D100 ~ D104 in advance. D100 = 15, D101 = 30, D102 = 10, D103 = 40, D104 = 25.

The current value of counter C10 is compared against the set-point value of D100~D104.
Once the current value is equal to the set-point value, C10 will be reset and count up from 0
again. Meanwhile C11 counts once for indicating the number of present section

When the content of C11 increase 1, M10~M14 will be ON sequentially. Please refer to the
following timing diagram.

When the comparison of 5 data has been completed, the execution completed flag M1029 =

ON for one scan cycle and C11 is reset for next comparison cycle.
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5. When X0 turns from ON —OFF, C10 and C11 will all be reset to 0 and M10~M14 = OFF.

When X0 turns ON again, this instruction will be executed again from the beginning.

X0 M1013
f | CNT c10 K100

4| INCD | D100 | c10 | M10 | K5 |

X0
— o

30

C10
Current value

M10 [ |

M12 i

M13 ]

M14 —

T
M11 | | ri
I
I
T
I
I
T
I
T
I

M1029 M
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API Mnemonic Operands Function
Controllers
64 TTMR @ ™ Teaching Timer ES2/EX2
Type | Bit Devices Word devices Program Steps
OoP X|Y|M|S|K|H|KnX|KnY|KnM|KnS| T|C|D|E|F |TTMR: 5 steps
D *
n * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

D: Device No. for storing the ON time of the input

Explanations:

n: setting of multiple (n: KO~K2)

1. The ON time of the external button switch is measured and stored in D + 1(unit: 100ms). Value

in D + 1 is multiplied with a multiple specified by n and stored in D (unit: sec).

2. When n = KO0, the value in D + 1(unit: 100ms) is multiplied with 1 and converted to D (unit: sec).

When n = K1, the value in D + 1(unit: 100ms) is multiplied with 10 and converted to D (unit:

sec). When n = K2, the value in D + 1(unit: 100ms) is multiplied with 100 and converted to D

(unit: sec).

3. TTMR instruction can be used max 8 times in a program.

Program Example 1:
1. The duration that input X0 is pressed (ON duration of X0) will be stored in D1. The value in D1,

multiplied by a multiple specified by n, is then moved to DO. In this case, the button switch can be

used to adjust the set value of a timer.

2. When X0 = OFF, the content of D1 will be reset but the content of DO remains.

X0

—

TTMR

DO

KO

xo [ ] I

D1

D1 | 'I_
DO
f«—>| |
T

Ontime (sec)

T

<>

Ontime (sec)

DO

3. If ON duration of X0 is T sec, the relation between DO, D1 and n are shown as the table below.
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n DO (unit: sec) D1 (unit: 100 ms)
KO T (sec) x1 D1 =D0x10

K1 T (sec) x10 D1=D0

K2 T (sec) x100 D1 =D0/10

Program Example 2:

1.

2
3.
4

Note:

Use TMR instruction to write in 10 groups of set time.

Write the set values into D100 ~ D109 in advance

The timer resolution is 0.1 sec for timers TO ~ T9 and 1 sec for the teaching timer.

Connect the 1-bit DIP switch to X0 ~ X3 and use BIN instruction to convert the set value of the

switch into a bin value and store it in E.
The ON duration (in sec) of X20 is stored in D200.

MO is a pulse for one scan cycle generated when the teaching timer button X20 is released.

Use the set number of the DIP switch as the index pointer and send the content in D200 to

D100E (D100 ~ D109).

M10

— — TMR TO D100
M11

— —— TMR T1 D101
M19

— ————— TMR T9 D109
M1000

— —— BIN K1X0 E
X20

— ———— TTMR | D200 KO
X20

— —— PLF MO

MO

—||—| MOV | D100 |D200E|

For DVP-ES2, The TTMR instruction can only be used 8 times in a program. If TTMR is used in a

CALL subroutine or interrupt subroutine, it only can be use once.
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APl || Mnemonic Operands Function
Controllers
65 STMR GO (m) (@ | Special Timer ES2/EX2
Type | Bit Devices Word devices Program Steps
OoP X|Y|M|S |K|H|KnX|KnY|KnMKnS| T|C|D|E|F|STMR: 7 steps
S *
m * *
D * * *
PULSE 16-bit 32-bit
| ES2/EX2 ES2/EX2 ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: No. of timer (TO~T183) m: Set value in timer (m = 1~32,767, unit: 100ms)

D: Start No. of output devices (occupies 4 consecutive devices)

Explanations:
1.  STMR instruction is specifically used for delay-OFF, ON/OFF triggered timer and flashing
circuit.

2. The timer number (S) specified by STMR instruction can be used only once

Program Example:

1. When X20 = ON, STMR sets TO as the 5 sec special timer.

2. YO0 is the delay-OFF contact. When X20 is triggered, YO = ON; When X20 is OFF, YO = OFF
after a 5 sec delay.
When X20 goes from ON to OFF, Y1 = ON for 5 seconds.
When X20 goes from OFF to ON, Y2 = ON for 5 seconds.
When X20 goes from OFF to ON, Y3 = ON after a 5 second delay. When X20 turns from ON to
OFF, Y3 = OFF after a 5 second delay.

X20
}—1 —— STMR TO K50 YO

X20 B
1 h I

YO ; 5 sec| : 5 secl
| ! | :

Y1 I |5 secl 1|5 secl
] 1 ]

Y2 5 secl : I_
. ! |

Y3 Bsec| 1 [ |

6. Apply a NC contact Y3 after the drive contact X20, and Y1, Y2 will form a flashing circuit output.
When X20 turns OFF, Y0, Y1 and Y3 = OFF and the content of T10 will be reset.
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X20 Y3
|—M—|3TMR| T10 | K50 | YO |

X20 [ 1
Y1 [ LI 1_T1
Y2 |Ssec|55ec| | | |
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API Mnemonic Operands Function
Controllers
66 ALT |P @ Alternate State ES2/EX2
Type | Bit Devices Word devices Program Steps
OoP X|Y|[M|S |K|H|KnX|KnY|KnM|KnS| T|C|D|E|F |ALT, ALTP: 3 steps
D * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

D: Destination device

Explanations:

1.  The status of D is alternated every time when the ALT instruction is executed.

2. When ALT instruction is executed, ON/OFF state of D will be switched which is usually applied
on switching two operation modes, e.g. Start/Stop

3.  This instruction is generally used in pulse execution mode (ALTP).

Program Example 1:
When X0 goes from OFF to ON, YO will be ON. When X0 goes from OFF to ON for the second time,
YO will be OFF.

}—><<|0—| ALTP | YO |
A A
xo| L
f —
Y0|

Program Example 2:

Creating a flashing circuit by applying ALTP with a timer
When X20 = ON, TO will generate a pulse every two seconds and output YO will be switched
between ON and OFF by the pulses from TO.

X20 TO

TMR| T0 | K20 |

TO

|—| ALTP | Y0 |
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APl || Mnemonic Operands Function
: Controllers
67 ||D| RAMP |GD GD @ GD | (omp variable ES2/EX2
Type | Bit Devices Word devices Program Steps
oP X|Y|M|S|K|H|KnX|KnY|KnM|KnS| T |C |D|E | F |RAMP: 9 steps
S * DRAMP: 17 steps
S, *
D *
n * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

1.

S;: Start of ramp signal  S,: End of ramp signal  D: Current value of ramp signal (occupies

2 consecutive devices) n: Times for scan (n: 1~32,767)

Explanations:

2.

This instruction creates a ramp output. A ramp output linearity depends on a consistent scan
time. Therefore, scan time has to be fixed before executing RAMP instruction.

When RAMP instruction is executed, the ramp signal will vary from S; to S,. Current value of
ramp signal is stored in D and D+1 stores the current number of accumulated scans. When
ramp signal reaches S,, or when the drive contact of RAMP instruction turns OFF, the content
in D varies according to the setting of M1026 which is explained later in Points to note.
When n specifies a D register, the value in D cannot be modified during the execution of the
instruction. Please modify the content of D when the instruction is stopped.

When this instruction is applied with analog output function, Ramp start and Ramp stop

function can be achieved.

Program example:

1.

}i%o

Before executing the instruction, first drive M1039 = ON to fix the scan time. Use MOV
instruction to write the fixed scan time to the special data register D1039. Assume the scan
time is 30ms and take the below program for example, n = K100, the time for D10 to increase
to D11 will be 3 seconds (30ms x 100).

When X20 goes OFF, the instruction will stop its execution. When X10 goes ON again, the
content in D12 will be reset to O for recalculation

When M1026 = OFF, M1029 will be ON to indicate the completion of ramp process and the
content in D12 will be reset to the set value in D10.

Set the Start and End of ramp signal in D10 and D11. When X20 = ON, D10 increases towards
D11, the current value of the variation is stored in D12 and the number of current scans is
stored in D13.

I RAMP D10 D11 D12 K100
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If X20 = ON,
D11
D10
D12~ 1 D12
! D11
|
D10 ! !
| I
fe——I fe———]
n scans n scans
D10<D11 D10>D11

The scan times is stored in D13

Points to note:

The variation of the content in D12 according to ON/OFF state of M1026:

M1026 = ON M1026 = OFF|

X20 | L x20 | L

D11} - - D11

D10 D12 D10

M1029 | | M1029 T

3-154



3. Instruction Set

APl || Mnemonic Operands Function
SaaT . Controllers
ata lranstorm ES2 / EX2
68 || DTM [P D @ @ @ | 2 Vowe
Type | Bit Devices Word devices Program Steps
OP XY |[M|S|K|H|KnX|[KnY[KnM[KnS| T |C |D | E | F |DTM: 9 steps
S *
D *
m * * *
n * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S,: Start device of the source data stack  D: Start device of the destination data stack m:

Transformation mode  n: Length of source data stack

Expl
1.

anations:

For parameter settings of operand m, please refer to the following description. K, H, D devices
can be specified by operand m. If the set value is not in the available range, no transformation
or move operation will be executed and no error will be detected.

K, H, D devices can be specified by operand n, which indicates the length of the source data
stack. The available range for n is 1~256. If the set value falls out of available range, PLC will
take the max value (256) or the min value (1) as the set value automatically.

Explanations on parameters of m operand:

kO: Transform 8-bit data into 16-bit data (Hi-byte, Lo-byte) in the following rule:
Hi-byte Lo-byte

) Hi-byte Lo-byte

@ O] @
® |:‘> ® @
@

k1: Transform 8-bit data into 16-bit data (Lo-byte, Hi-byte) in the following rule:
Hi-byte Lo-byte

@ Hi-byte Lo-byte

@ @ @
® |:'> @ ®
@
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k2: Transform 16-bit data (Hi-byte, Lo-byte) into 8-bit data in the following rule:

Hi-byte Lo-byte

@

@

®

@

—

Hi-byte Lo-byte

@

@
©)
@

k3: Transform 16-bit data (Lo-byte, Hi-byte) into 8-bit data in the following rule:

Hi-byte Lo-byte

O]

@

®

@

—

Hi-byte Lo-byte

@

@
@
®

k4: Transform 8-bit HEX data into ASCII data (higher 4 bits, lower 4 bits) in the following rule:

Hi-byte Lo-byte

@

@

©)

—)

Hi-byte Lo-byte

OH

oL

@H

QL

®H

QL

k5: Transform 8-bit HEX data into ASCII data (lower 4 bits, higher 4 bits) in the following rule:

Hi-byte Lo-byte

@

@

©)

—)

Hi-byte Lo-byte

oL

OH

QL

@H

oL

OH
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k6: Transform 8-bit ASCII data (higher 4 bits, lower 4 bits) into HEX data in the following rule:
(ASCII value to be transformed includes 0 ~ 9 (0x30~0x39), A ~ F (0x41~0x46), and a ~ f

(0x61~0x66).)
Hi-byte Lo-byte

) Hi-byte Lo-byte

@ ON)
® |:‘> ® ®
@

k7: Transform 8-bit ASCII data (lower 4 bits, higher 4 bits) into HEX data in the following rule:
Hi-byte Lo-byte

©) Hi-byte Lo-byte

@ @ O
® :> ONE)
@

K8: Transform 8-bit GPS data into 32-bit floating point data in the following rule:

Hi-byte Lo-byte

32bit Floating (S+4=H4E)

S+0 dd
S+1 mm, | dd.mm,;mm,mm, | D+0
S+2 mm, 32bit Floating (S+4 != H4E)
S+3 mmg | —dd.mm;mm,mm, | D+0
S+4 4E
S+5 dd,
S+6 dd,

32bit Floating (S+10=H45)
7 ke | dd,ddy.mm;mm,mmj | D+2
S+8 mm,
S+9 mm; 32bit Floating (S+10 = H45)
S+10 45 |—dd1ddo.mm1mm2mm3| D+2

Program Example:
B When MO = ON, transform 16-bit data in DO, D1 into ASCII data in the following order: H

byte - L byte - H byte - Low byte, and store the results in D10 ~ D17.

MO
}—1 f I DTM DO D2 K2 K2 |

—| DTM | D2 | D10 | K4 | K4 |

[ | Value of source devices DO, D1:
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Register

DO

D1

Value

H1234

H5678

When the 1% DTM instruction executes, PLC transforms the 16-bit data (Hi-byte, Lo-byte)

into 8-bit data and move to registers D2~D5.

Register

D2

D3

D4

D5

Value

H12

H34

H56

H78

When the 2™ DTM instruction executes, PLC transforms the 8-bit HEX data into ASCII

data and move to registers D10~D17.

Register

D10

D11

D12

D13

D14

D15

D16

D17

Value

H0031

H0032

H0033

H0034

HO0035

H0036

H0037

H0038
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API || Mnemonic Operands Function
Controllers
69 || SORT | & @ @» (@ (D | Data sort Esaliong
Type | Bit Devices Word devices Program Steps
oP XY |M|S|K|H|KnX|[KnY|[KnMKnS| T |C |D | E|F |SORT: 11 steps
S 1 i DSORT: 21 steps
m4
m2 * *
D *
n * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Start device for the source data m;: Groups of data to be sorted (m;=1~32) m,: Number of
columns in the table (m,=1~6) D: Start device for the sorted data n: The No. of column to be

sorted. (n=1~m2)

Explanations:

1.  The sorted data is stored in the m; x m, registers starting from the device designated in D. 3
Therefore, if S and D designate the same register, the sorted results will be the same.

2. SORT instruction is completed after m; times of scan. Once the SORT instruction is completed,
the Flag M1029 (Execution completed flag) = ON.

3.  There is no limitation on the times of using this instruction in the program. However, only one

instruction can be executed at a time

Program Example:
When X0 = ON, the sorting process starts. When the sorting is completed, M1029 will be ON. DO
NOT change the data to be sorted during the execution of the instruction. If the sorting needs to be

executed again, turn X0 from OFF to ON again.

X0
—— SORT DO K5 K5 D50 D100
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Example table of data sort

Groups of data: m;

Sort data table when D100 = K3

Groups of data: my

Sort data table when D100 = K5

Groups of data: m;

Columns of data: m»,
Data Column
Column 1 2 3 4 5
Row Stu,\?:nts English Math. Physics | Chemistry
1 (D0) 1 (D5) 90 | (D10) 75| (D15) 66| (D20) 79
2 (D1) 2 (D6) 55 | (D11) 65| (D16) 54| (D21) 63
3 (D2) 3 (D7) 80 | (D12) 98| (D17) 89| (D22) 90
4 (D3) 4 (D8) 70 | (D13) 60| (D18) 99| (D23) 50
5 (D4) 5 (D9) 95 | (D14) 79| (D19) 75| (D24) 69
Columns of data: m»,
Data Column
Column 1 2 3 4 5
Row Stul\tljéents English Math. Physics | Chemistry
1 (D50) 4 | (D55) 70| (D60) 60| (D65) 99| (D70) 50
2 (D51) 2 | (D56) 55| (D61) 65| (D66) 54| (D71) 63
3 (D52) 1 | (D57) 90| (D62) 75| (D67 ) 66| (D72) 79
4 (D53) 5 | (D58) 95| (D63) 79| (D68) 75| (D73) 69
5 (D54) 3 | (D59) 80| (D64) 98| (D69) 89| (D74) 90
Columns of data: m»,
Data Column
Column 1 2 3 4 5
Row Swdents | ngiish | Math. | Physics |Chemistry
1 (D50) 4 | (D55) 70| (D60) 60| (D65) 99| (D70) 50
2 (D51) 2 | (D56) 55| (D61) 65| (D66) 54| (D71) 63
3 (D52) 5 | (D57) 95| (D62) 79| (D67) 75| (D72) 69
4 (D53) 1 | (D58) 90| (D63) 75| (D68) 66| (D73) 79
5 (D54) 3 | (D59) 80| (D64) 98| (D69) 89| (D74) 90
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API Mnemonic Operands Function
Controllers
70 [|D| TKY (&D) Ten key input ES2/EX2

Type | Bit Devices Word devices Program Steps
oP XY |M|S |K|H|KnX|[KnY|[KnMKnS| T |C|D|E|F |TKY: 7 steps

S I I T DTKY: 13 steps

D1 * * * * * * * *

D2 * * *

PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2

Operands:

S: Start device for key input (occupies 10 consecutive devices) D;: Device for storing keyed-in

value  D,: Output signal (occupies 11 consecutive devices)

Explanations:

1. This instruction designates 10 external input points (corresponding to decimal numbers 0 ~ 9)
starting from S, connecting to 10 keys respectively. Input point started from S triggers
associated device in D, and D, maps to a decimal value, a 4-digit decimal value 0~9,999 3
(16-bit instruction) or an 8-digit value 0~99,999,999 (32-bit instruction). The decimal value is
stored in Dy

2. There is no limitation on the times of using this instruction in the program, however only one

instruction is allowed to be executed at the same time.

Program Example:

1. Connect the 10 input points starting from X30 to the 10 keys (0 ~ 9). When X20 = ON, the
instruction will be executed and the key-in values will be stored in DO in BIN form. The key
status will be stored in M10 ~ M19.

X20
—— TKY X30 DO M10

meen T A O O A

246 |+24v | sis | x30| x31| xs2| xa3| xa4| xss| xse| xa7| x40

ELC
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(O D@DEX XXX TXEXD) number key

~—— —
———"

BCD value| 1-digit BCD code

overflow «— 10° 10? 10' 10° [«
BCD value
BIN value| DO

2. As shown in the timing diagram below, four keys connected with X35, X33, X31 and X30 are
pressed in order. Therefore, the number 5,301 is generated and stored in D0. 9,999 is the
maximum value allowed for DO. If the entered number exceeds the available range, the
highest digit performs overflow.

3.  When X35 is pressed, M15 remains ON until another key is pressed and the rule applies to
other inputs.

4.  M20 = ON when any of the keys is pressed.

When X20 is OFF, the value in DO remains unchanged but M10~M20 will be OFF.

X30 3

X31
X33 2
X35 | 1 I
1
1
1
1
1
1
1
1
1
1
1
1
1

KR

M10

M11

M13

M15

Key output
signal

M20
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API || Mnemonic Operands Function
Controllers
71 ||[D| HKY | Hexadecimal key input ES2/EX2
Type | Bit Devices Word devices Program Steps
OoP XY |M|S|K|HKnX|KnYKnM|KnS| T |C |D|E |F |HKY: 9 steps
S * DHKY: 17 steps
D4 *
D2 * * * * *
D3 * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2 / EX2 ES2 / EX2
Operands:

S: The start of input devices (occupies 4 consecutive devices) Dj: The start of output devices

(occupies 4 consecutive devices)  D,: Device for storing key input value  Djs: Key input status

(occupies 8 consecutive devices)

Explanations:

1.

This instruction creates a 16-key keyboard by a multiplex of 4 consecutive external input
devices from S and 4 consecutive external output devices from D;. By matrix scan, the key
input value will be stored in D,. D3 stores the condition of keys A~F and indicates the key input
status of both 0~9 and A~F..

M1029 = ON for a scan cycle every time when a key is pressed.

If several keys are pressed, only the first pressed key is valid.

D, maps to a decimal value, a 4-digit decimal value 0~9,999 (16-bit instruction) or an 8-digit
value 0~99,999,999 (32-bit instruction). If the entered number exceeds the available range, i.e.
4 digit in 16-bit and 8 digits in 32-bit instruction, the highest digit performs overflow

There is no limitation on the times of using this instruction in the program, but only one

instruction is allowed to be executed in the same scan time.

Program Example:

1.

Designate 4 input points X20 ~ X23 and the other 4 output points Y20 ~ Y23 to construct a
16-key keyboard. When X4 = ON, the instruction will be executed and the keyed-in value will
be stored in DO in BIN form. The key status will be stored in M10 ~ M19.

}—){(T—| HKY | X20 | Y20 | DO | MO |
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2. Input keys 0~9:

ODREOEEXD(END) number key

~—— —

BCD value| 1-digit BCD code

overflowe— 10° 10? 10’ 10° |«

———"

BCD value

&

BIN value | DO

3. Input keys A~F:
a) When Ais pressed, MO will be ON and retained. When D is pressed next, MO will be OFF, M3

will be ON and retained..

b) If two or more keys are pressed at the same time, only the key activated first is effective.

| M5 | M4 | m3 | m2 | M1 | Mo |

4. Key input status:
a) When any key of A~ F is pressed, M6 = ON for one scan time.
b) When any key of 0 ~ 9 is pressed, M7 = ON for one scan time.
5. When the drive contact X4 = OFF, the value d in DO remains unchanged but MO~M7 = OFF.
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6. External wiring:

FFLR
EakaaE
ARG

— 24G | +24v | s/s | x20 | x21 | x22 | x23 |—

'

{ C |Y20|Y21|Y22|Y23|—

BRVANAN " an

PLC(Transistor output)

Points to note:

1. When HKY instruction is executed, 8 scan cycles (matrix scan) are required for reading the
input value successfully. A scan cycle that is too long or too short may cause the input to be
read incorrectly. In this case we suggest the following solutions:

a) If the scan cycle is too short, I/O may not be able to respond in time, resulting in incorrect input
values. To solve this problem please fix the scan time.

b) If the scan period is too long, the key may respond slowly. In this case, write this instruction
into the time-interrupt subroutine to fix the execution time for this instruction.

2. The function of flag M1167:

a) When M1167 = ON, HKY instruction can input hexadecimal value consists of O~F.
b) When M1167 = OFF, A~F of HKY instruction are used as function keys.
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APl || Mnemonic Operands Function
Controllers
72 DSW D) (oD | DIP Switch ES2/EX2
Type | Bit Devices Word devices Program Steps
OoP X|Y|M|S |K|H|KnX|KnY|KnM|KnS| T|C|D|E|F |DSW: 9 steps
S *
D, *
D2 * * *
n * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: The Start of input devices

value n: Groups of switches (n = 1~2)

Explanations:

1. This instruction creates 1(2) group of 4-digit DIP switch by the combination of 4(8) consecutive

input points starting from S and 4 consecutive output points starting from D;. The set value will

D;: The Start of output devices

D,: Device for storing switch input

be read in D, and the value in n specifies the number of groups (1~2) of the DIP switch.

2.  n =K1, D, occupies 1 register. n = K2, D, occupies 2 consecutive registers..

3. There is no limitation on the times of using this instruction in the program, however only one

instruction is allowed to be executed at the same scan time.

Program Example:

1. The first group of DIP switches consists of X20 ~ X23 and Y20 ~ Y23. The second group of
switches consists of X24 ~ X27 and Y20 ~ Y23. When X10 = ON, the instruction will be

executed and the set value of the first switch will be read and converted into BIN value then

stored in D20. BIN value of 2™ switch will be stored in D21.

X0

—— Dsw

X20 Y20

D20

K2

2. When X0 = ON, Y20~Y23 are scanned repeatedly. M1029 = ON for a scan time when a scan

cycle from Y20 to Y23 is completed.

X0 |

operation start

Y20 0.1s 0.1s I 0.1s
[
Y21 0.1s I []
; interrupt
Y22 0.1s ,
1
Y23 |0_1s 1
M1029 execution completed I-I
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3. Please use ftransistor output for Y20 ~ Y23. Every pin 1, 2, 4, 8 shall be connected to a diode

(0.1A/50V) in series before connecting to the input terminals on PLC.

Wiring diagram of DIP switch:

0 2 3
DIP switches for 10 10 10 10

BCD wiring . .
\ L L Must connect to a

PPN P—ma T
— T M
g Y M\ M

L M\
| 1 —|2 4 Ta |1 |2 |4 |8

|
ov |+24v| sis | X20 | X21 | X22 | X23 |—| x24 | x25 | x26 | x27 p—

The first group The second group @

PLC

c |Y20|Y21|Y22|Y23:

1@ |10 i |1o3

Points to note:

When the terminals to be scanned are relay outputs, the following program methods can be applied:

1. When X30 = ON, DSW instruction will be executed. When X30 goes OFF, M10 remains ON
until the current scan cycle of output terminals is completed..

2. If the drive contact X30 uses button switch, M10 turns off only when the current scan cycle on
outputs is completed, so that a correct value from DIP switch can be read. In addition, the
continuous scan cycle on outputs will be performed only when the drive contact is pressed and
held. Applying this method can reduce the driving frequency of relay outputs so as to extend to

life-span of relays.

X30

SET | M10 |
M10

DSW| X20 | Y20 | D20 | K2 |
M1029

RST | M10 |
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API Mnemonic Operands Function
Controllers
73 SEGD |P| G (@ | 7-segment decoder ES2/EX2
Type | Bit Devices Word devices Program Steps
OoP X|Y|M|S|K|H|KnX|KnY|KnM|KnS| T|C |D|E|F |SEGD, SEGDP: 5 steps
S * * * * * * * * * * *
D * * * * * * * *
PULSE 16-bit 32-bit
ES2 / EX2 ES2 / EX2 ES2/EX2
Operands:

S: Source device for decoding  D: Output device after decoding

Explanations:
The instruction decodes the lower 4 bits (Hex data: 0 to 9, A to F) of source device S and stores the

decoded data in lower 8 bits of D so as to form a 7-segment display.

Program Example:
When X20 = ON, the content of the lower 4 bits (b0~b3) of %20
D10 will be decoded into the 7-segment display. . The F—— SEGD D10 K2Y20

decoded results will be stored in Y20~Y27. If the source

data exceeds 4bits, still only lower 4 bits will be decoded.

Decoding table of the 7-segment display:

Bit Composition Status of each segment

Hex . Data
combi- ofthe?— displayed
nation segmentdisplay Bo(a) B1(b) B2(c) B3(d) B4(e) B5(f) B6(q)

0 0000 ON ON ON ON ON ON OFF I

1 0001 OFF ON ON OFF OFF OFF OFF |

2 0010 ON ON OFF ON ON OFF ON =

3 0011 ON ON ON ON OFF OFF ON -

4 0100 OFF ON ON OFF OFF ON ON -

5 0101 ON OFF ON ON OFF ON ON =,

6 0110 . ON OFF ON ON ON ON ON =

(] 171

7 0111 Bl ON ON ON OFF OFF ON OFF .

D -
8 1000 e' 'c ON ON ON ON ON ON ON =
- —

9 1001 d ON ON ON ON OFF ON ON .

A 1010 ON ON ON OFF ON ON ON -

B 1011 OFF OFF ON ON ON ON ON -

c 1100 ON OFF OFF ON ON ON OFF I

D 1101 OFF ON ON ON ON OFF ON ol

E 1110 ON OFF OFF ON ON ON ON -

Fooo1111 ON OFF OFF OFF ON ON ON -
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3. Instruction Set

APl || Mnemonic Operands Function
Controllers
74 SEGL S @ G | 7-segment with Latch ES2/EX2
Type | Bit Devices Word devices Program Steps
oP XY |M|S|K|H|KnX|[KnY|[KnMKnS| T |C |D|E|F |SEGL: 7 steps
S * * * * * * * * * * *
D *
n * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Source device storing the value to be displayed in 7-segment display = D: Output device for

7-segment display

n: Configuration setting of output signal (n = 0~7)

Expl
1.

anations:

This instruction occupies 8 or 12 consecutive external output points starting from D for
displaying the data of 1 or 2 sets of 4-digit 7-segment display. Every digit of the 7-segment
display carries a “Drive” which converts the BCD codes into 7-segment display signal. The
drive also carries latch control signals to retain the display data of 7-segment display.

n specifies the number of sets of 7-segment display (1 set or 2 sets ), and designates the
positive / negative output of PLC and the 7-segment display.

When there is 1 set of 4-digit output, 8 output points will be occupied. When there are 2 sets of
4-digit output, 12 output points will be occupied

When the instruction is executed, the output terminals will be scanned circularly. When the
drive contact goes from OFF to ON again during the execution of instruction, the scan will
restart from the beginning of the output terminals.

Flag: When SEGL is completed, M1029 = ON for one scan cycle.

There is no limitation on the times of using this instruction in the program, however only one

instruction is allowed to be executed at a time.

Program Example:

1.

When X20 = ON, SEGL instruction executes and Y24~Y27 forms an output scan loop for
7-segment display. The value of D10 will be mapped to Y20~Y23, converted to BCD code and
sent to the 1st set of 7-segment display. The value of D11 will be mapped to Y30~Y33,
converted to BCD code and sent to the 2™ set of 7-segment display. If the values in D10 and

D11 exceed 9,999, operational error will occur.

X20
}—H— SEGL D10 Y20 K4
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b)

When X20 = ON, Y24~Y27 will be scanned in circles automatically. Each circle requires 12
scan cycles. M1029 = ON for a scan cycle whenever a circle is completed.

When there is 1 set of 4-digit 7-segment display,n =0~ 3

Connect the 7-segment display terminals 1, 2, 4, 8 in parallel then connect them to Y20 ~ Y23
on PLC. After this, connect the latch terminals of each digit to Y24 ~ Y27 on PLC.

When X20 = ON, the content of D10 will be decoded through Y20 ~ Y23 and sent to
7-segment display in sequence by the circulation of Y24 ~ Y27

When there are 2 sets of 4-digit 7-segment display, n =4 ~ 7

Connect the 7-segment display terminals 1, 2, 4, 8 in parallel then connect them to Y30 ~ Y33
on PLC. After this, connect the latch terminals of each digit to Y24 ~ Y27 on PLC.

The content in D10 is sent to the 1*' set of 7-segment display. The content in D11 is sent to the
2" set of 7-segment display. If D10 = K1234 and D11 = K4321, the 1% set will display 1 2 3 4,
and the 2" set will display 4 3 2 1.

Wiring of the 7-segment display scan output:

P

c | v20]v21]v22]v23] c [v2a4]vas[vae|ver| c [y30]v31]vys2]v33

N
Tho® J1o® 10" Jio°

=8888 £ +&BBHB-"
The first set _l 'I' The second set _I

(i

Points to note:
1.

For executing this instruction, scan time must be longer than 10ms. If scan time is shorter than
10ms, please fix the scan time at 10ms.

Operand n is used for setting up the polarity of the transistor output and the number of sets of
the 4-digit 7-segment display.

The output point must be a transistor module of NPN output type with open collector outputs.
The output has to connect to a pull-up resistor to VCC (less than 30VDC). When wiring, output
should connect a pull-high resistor to VCC (less than 30VDC). Therefore, when output point Y
is ON, the output signal will be LOW.
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3. Instruction

Set

4.

5.

6.

| Drive Y

On
L

VCC

PLC

|

Pull-up resistor

Y -—l:>— Signal output

Positive logic (negative polarity) output of BCD code

BCD value Y output (BCD code) Signal output
bs | b, | by | b 8 4 2 1 A B C D
0 0 0 0 0 0 0 0 1 1 1 1
0 0 0 1 0 0 0 1 1 1 1 0
0 0 1 0 0 0 1 0 1 1 0 1
0 0 1 1 0 0 1 1 1 1 0 0
0 1 0 0 0 1 0 0 1 0 1 1
0 1 0 1 0 1 0 1 1 0 1 0
0 1 1 0 0 1 1 0 1 0 0 1
0 1 1 1 0 1 1 1 1 0 0 0
1 0 0 0 1 0 0 0 0 1 1 1
1 0 0 1 1 0 0 1 0 1 1 0
Negative logic (Positive polarity) output of BCD code
BCD value Y output (BCD code) Signal output
b; | by | by bo 8 4 2 1 A B C D
0 0 0 0 1 1 1 1 0 0 0 0
0 0 0 1 1 1 1 0 0 0 0 1
0 0 1 0 1 1 0 1 0 0 1 0
0 0 1 1 1 1 0 0 0 0 1 1
0 1 0 0 1 0 1 1 0 1 0 0
0 1 0 1 1 0 1 0 0 1 0 1
0 1 1 0 1 0 0 1 0 1 1 0
0 1 1 1 1 0 0 0 0 1 1 1
1 0 0 0 0 1 1 1 1 0 0 0
1 0 0 1 0 1 1 0 1 0 0 1

Operation logic of output signal

Positive logic (negative polarity)

Negative logic (positive polarity)

Drive signal (latch)

Data control signal

Drive signal (latch)

Data control signal

1 0 0 1
Parameter n settings:
Sets of 7-segment display 1 set 2 sets
BCD code data control signal + — + —
Drive (latch) signal + — — + — + —
n 0 1 2 3 4 5 6 7
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'+’: Positive logic (Negative polarity) output
‘—’: Negative logic (Positive polarity) output

8.  The polarity of PLC transistor output and the polarity of the 7-segment display input can be
designated by the setting of n.
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3. Instruction Set

API || Mnemonic Operands Function
Controllers
75 ARWS D) (D | Arrow switch ES2/EX2
Type | Bit Devices Word devices Program Steps
oP XY |[M|S|K|H|KnX|[KnY[KnM[KnS| T |C |D | E|F |ARWS: 9 steps
S * * * *
D1 * * * * *
D, *
n * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Start device for key input (occupies 4 consecutive devices) D;: Device storing the value to be

displayed in 7-segment display  D,: Output device for 7-segment display  n: Configuration

setting of output signal (n = 0~3). Please refer to explanations of SEGL instruction for the n usage.

Expl
1.

anations:

ARWS instruction displays the value set in device D; on a set of 4-digit 7 segment display.
PLC automatically converts the decimal value in D, to BCD format for displaying on the 7
segment display. Each digit of the display can be modified by changing the value in D; through
the operation of the arrow switch.

Number of D, only can be specified as a multiple of 10, e.g. YO, Y10, Y20...etc.

Output points designated by this instruction should be transistor output.

When using this instruction, please fix the scan time, or place this instruction in the timer
interruption subroutine (1610/1699, 1710/1799).

There is no limitation on the times of using this instruction in the program, but only one

instruction is allowed to be executed at a time.

Program Example:

1.

When the instruction is executed, X20 is defined as the Minus key, X21 is defined as the Add
key, X22 is defined as the Right key and X23 is defined as the Left key. The keys are used to
modify the set values (range: 0 ~ 9,999) stored in D20..

When X0 = ON, digit 10° will be the valid digit for setup. When Left key is pressed, the valid
digit will shift as the following sequence: 10°->10°->10"->10*->10°->10°.

When Right key is pressed, the valid digit will shift as the following sequence: 10°-10*->10"
—10°->10°-107 Besides, the digit indicators (LED, Y24 to Y27) will be ON for indicating the
position of the valid digit during shift operation.

When Add key is pressed, the content in the valid digit will changeas0 — 1 — 2 ... — 8 —
9 — 0 —1. When Minus key is pressed, the content in the valid digit will change as 0 — 9

— 8... = 1 — 0 — 9. The changed value will also be displayed in the 7-segment display
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X0
——- ARWS X20 D20 Y20 KO
Y24 T Add / up
Y25 Digitindication
Y26 LED
Y27
Move Move
10° 10° 10’ 10° to left to right

Y20
Y21

Y23

VA

Minus / down

7-segment display for the 4-digit set value . )
The 4 switches are used for moving

the digits and modifying set values.
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APl || Mnemonic Operands Function
Controllers
76 ASC O @ ASCII code conversion ES2/EX2
Type | Bit Devices Word devices Program Steps
OP X|Y|M|S|K|[|H|KnX|KnY|KnM|KnS| T |C |D|E|F |ASC: 11 steps
S
D * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2 / EX2 ES2/ EX2
Operands:

S: English letters to be converted into ASCll code  D: Device for storing ASCII code

Explanation:

1. The ASC instruction converts 8 English letters stored in S and save the converted ASCII code
in D. The value in S can be input by WPLSoft or ISPSoft.

2. If PLC is connected to a 7-segment display while executing ASC instruction, the error
message can be displayed by English letters

3.  Flag: M1161 (8/16 bit mode switch)

Program Example:

When X0 = ON, A~H is converted to ASCII code and stored in DO~D3.

X0 b15 bo
F—— ASC |ABCDEFGH| DO DO| 42H (B) | 41H (A) |

D1| 44H (D) | 43H (C) |

D2| 46H (F) | 45H (E) |

D3| 48H (H) | 47H (G) |

High byte Low byte

When M1161 = ON, every ASCII code converted from b15 b0
the letters will occupy the lower 8 bits (b7 ~ b0) of a bo 00 H (A)
D1 0O0H 42H (B)
register and the upper 8 bits are invalid (filled by 0), D2 00H 43H (C)
i.e. one register stores a letter D3 00H 44H (D)
D4 O0OH 45H (E)
D5 00H 46H (F)
D6 0O0OH 47H (G)
D7 00H 48H (H)

High byte Low byte
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API || Mnemonic Operands Function
Controllers
77 PR O @ Print (ASCII Code Output) ES2/EX2
Type | Bit Devices Word devices Program Steps
OoP XY |M|S|K|H[KnX|KnY|KnMIKnS| T |C |D | E|F |PR:5 steps
S * * *
D *
PULSE 16-bit 32-bit
ES2/EX2 ES2 / EX2 ES2/EX2
Operands:

S: Device for storing ASCII code (occupies 4 consecutive devices) D: External ASCII code output

points (occupies 10 consecutive devices)

Expl
1.

4.

anations:

This instruction will output the ASCII codes in the 4 registers starting from S through output
points started from D.

Do ~ D7 map to source data (ASCII code) directly in order, Dy is the scan signal and Dy, is the
execution flag.

This instruction can only be used twice in the program.

Flags: M1029 (PR execution completed); M1027 (PR output mode selection).

Program Example 1:

1.

Use API 76 ASC to convert A ~ H into ASCII codes and store them in DO ~ D3. After this, use
this instruction to output the codes in sequence.

When M1027 = OFF and X20 = ON, the instruction will designate Y20 (lowest bit) ~ Y27
(highest bit) as the output points and Y30 as scan signals, Y31 as execution flag. In this mode,

users can execute an output for 8 letters in sequence..

If X20 turns from ON — OFF during the execution of the instruction, the data output will be
interrupted, and all the output points will be OFF. When X20 = ON again, the data output will

start from the first letter again.

X20
}—1 —— PR DO Y20

X20 start signal |

e (mEBXOXOX A

T : scan time(ms)

Y30 scan signal ] (] [ [] I

Y31 being executed
1 L
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3. Instruction Set

Program Example 2:

1. PRinstruction supports ASCII data output of 8-bit data string when M1027 = OFF. When
M1027 = ON, the PR instruction is able to execute an output of 1~16 bit data string.

2. When M1027 = ON and X20 = ON, this instruction will designate Y20 (lowest bit) ~ Y27
(highest bit) as the output points and Y30 as scan signals, Y31 as execution flag. In this mode,
users can execute an output for 16 letters in sequence. In addition, if the drive contact X20 is
OFF during execution, the data output will stop until a full data string is completed.

3. The data 00H (NULL) in a data string indicates the end of the string and the letters coming
after will not be processed.

4. If the drive contact X20 is OFF during execution, the data output will stop until a full data string
is completed. However, if X20 remains ON, execution completed flag M1029 will not be active

as the timing diagram below.

M1002

k———————{ SET | M1027|

X20

F——————{ PR | DO | Y20 |
PR

X20: drive signal_ﬂ%" - /v
\ .-
Y20~Y27 A first letter >< \ h Xlast letter >\
data string TITI.T N T : scantime or
|H|4_’|H| interrupt time
Y30: scan signal |_| |_|_ |_|
N

Y31: execution status |

>y
M1029: execution (rl

completed flag

Points to note:
1.  Please use transistor output for the output points designated by this instruction.
2. When using this instruction, please fix the scan time or place this instruction in a timer interrupt

subroutine.
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API Mnemonic Operands Function
Read CR data Controllers
78 ||D| FROM |P|(mD (m2 (B) ()| from Special ES2 /EX2
Modules
Type | Bit Devices Word devices Program Steps
OP X Y M S [K[HKnX[KnY[KnM[KnS] T [ C D E [ F |FROM. FROMP: 9 steps
m * * *
o T : DFROM, DFROMP: 17
D —— : steps
n
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

m,: No. of special module m,: CR# in special module to be read  D: Device for storing read
data n: Number of data to be read at a time

Explanations:

1. PLC uses this instruction to read CR (Control register) data from special modules.

2. Rangeofmy:0~7.

3. Range of m,: 0 ~ 255.

4. Range of n: 16-bit instruction: 1~4. 32-bit instruction: 1~2.

Program Example:

1. Read out the data in CR#29 of special module NO.0 to register DO in PLC, and CR#30 of
special module No.0 to register D1 in PLC. 2 16-bit data are read at one time (n = 2).

2. When X0 = ON, the instruction executes; when X0 = OFF, the previous content in DO and D1
won'’t be changed.

X0
—— FROM KO K29 DO K2
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API Mnemonic Operands Function
Write CR data Controllers
79 ||[ID| TO |P|@m») (m2 & ()| into Special ES2/EX2
Modules
Type | Bit Devices Word devices Program Steps
OoP X|Y|M|S|K|H|KnX|KnY|KnMKnS| T |C|D|E|F |TO, TOP: 9 steps
m4 1 i DTO, DTOP: 17 steps
m2 * * *
S * * *
n * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/ EX2
Operands:

m;: No. of special module  m,: CR# in special module to be written S: Data to be written in CR

n: Number of data to be written at a time

Expl
1.

2.
3.
4.

anations:

PLC uses this instruction to write data into CR (Control register) on special modules.
Setting range of m: 0 ~ 7.

Setting range of m,: 0 ~ 255.

Setting range of n: 16-bit instruction: 1 ~ 4. 32-bit instruction:1 ~ 2..

Program Example:

1.

The
1.

Use 32-bit instruction DTO to write the content in D11 and D10 into CR#13 and CR#12 of
special module No.0. One 32-bit data is written at a time (n = 1)
When X0 = ON, the instruction executes; when X0 = OFF, the previous content in D10 and

D11 won’t be changed.

X0
—— DTO KO K12 D10 K1

rules for operand:

m;: number of special module. The modules are numbered from O (closest to MPU) to 7
automatically by their distance from MPU. Maximum 8 modules are allowed to connect to MPU
and will not occupy any digital 1/0 points

m,: number of CR (Control Register). CR is the 16-bit memory built in the special module for
control or monitor purpose, numbering in decimal. All operation status and settings of the
special module are recorded in the CR. Available setting range for DVP-ES2: 0~255
FROM/TO instruction reads/writes 1 CR at a time. DFROM/DTO instruction reads/writes 2

CRs at a time

Upper 16-bit Lower 16-bit
CR#10 CR#9 <— Specified CR number
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4. n: Number of data to be written at a time. n = 2 in 16-bit instruction has the same operation

results as n = 1 in 32-bit instruction.

Specified device Specified CR Specified device Specified CR
DO <«—>» | CR#5 DO CR#5

D1 | «——> | CR#6 o1 |J<—L| crue
D2 | «—> | CR#7 D2 CR#7
D3 | «——> | CR#8 D3 J—[ CR#8
D4 | «—> | CR#9 D4 CR#9
D5 | «—> | CR#10 o5 1L cri10

/" (/"
16-bit instruction when n=6 32-bit instruction when n=3
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API |{|Mnemonic Operands Function
Controllers
80 RS GO (m) (@ (D | Serial Communication ES2/EX2
Type | Bit Devices Word devices Program Steps
oP XY |M|S|K|H|KnX|[KnY|[KnMKnS| T |C |D | E|F |RS:9 steps
S *
m * * *
D *
n * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Start device for data to be sent  m: Length of data to be sent (m = 0~256)  D: Start device for

data

Expl
1.

to be received  n: Length of data to be received (n = 0~255)

anations:

RS instruction is used for data transmitting and receiving between PLC and external/peripheral
equipment (AC motor drive, etc.). Users have to pre-store word data in registers starting from
S, set up data length m, specify the data receiving register D and the receiving data length n.
RS instruction supports communication on COM1 (RS-232), COM2 (RS-485) and COM3
(RS-485).

Designate m as KO if data sending is not required. Designate n as KO if data receiving is not
required.

Modifying the communication data during the execution of RS instruction is invalid.

There is no limitation on times of using this instruction, however, only 1 instruction can be
executed on one communication port at the same time..

If the communication format of the peripheral device is Modbus, DVP series PLC offers handy
communication instructions MODRD, MODWR, and MODRW, to work with the device.

If the connected peripheral devices are Delta VFD series products, there are several
communication instructions available including FWD, REV, STOP, RDST and RSTEF.

Program Example 1: COM2 RS-485

1.

Write the data to be transmitted in advance into registers starting from D100 and set M1122
(Sending request) as ON.

When X10 = ON, RS instruction executes and PLC is ready for communication. D100 will then
start to send out 10 data continuously. When data sending is over, M1122 will be automatically
reset. (DO NOT apply RST M1122 in program). After approximate 1ms, PLC will start to
receive 10 data and store the data in 10 consecutive registers starting from D120.

When data receiving is completed, M1123 will automatically be ON. When data processing on
the received data is completed, M1123 has to be reset (OFF) and the PLC will be ready for

communication again. However, DO NOT continuously execute RST M1123, i.e. it is
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suggested to connect the RST M1123 instruction after the drive contact M1123.

Retain communication protocol

senclling request

M1002
— | MOV H86 | D1120
SET | M1120
MOV | K100 | D1129
Pulses for

[
Pulse

Write transmitting data in advance

Receiving
corr}pleted

—IX(I)— RS

I
M1123

Program Example 2: COM2 RS-485
Switching between 8-bit mode (M1161 = ON) and 16-bit mode (M1161 = OFF)

8-bit mode:

1. STX (Start of Text) and ETX (End of text) are set up by M1126 and M1130 together with
D1124~D1126. When PLC executed RS instruction, STX and ETX will be sent out

automatically.

2. When M1161 = ON, only the low byte (lower 8 bits) is valid for data communication, i.e. high

byte will be ignored and low byte will be received and transmitted.

M1000

RS | D100 |

| D120 | K7 |

Sending data: (PLC -> external equipment)

SET M1122 | Sending request

D100 K10 D120 K10
Processing received data
RST M1123 | Reset M1123

Set up communication protocol as
9600, 7, E, 1

Set up communication time-out as 100ms

STX

D100L D101L

D102L

D103L

ETX1

ETX2

source data register, starting from
the lower 8 bits of D100

(m) length =4
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Instruction Set

Receiving data: (External equipment -> PLC)

D120L | D121L | D122L | D123L | D124L | D125L | D126L
Registers for received data,
STX €D, starting from the lower 8 bits ETX1 ETX2
of D120
(D length=7

3. The STX and ETX of external equipments will be received by PLC in data receiving process,
therefore, care should be taken on the setting of operand n (Length of data to be received).

16-bit mode:

1.  STX (Start of Text) and ETX (End of text) are set up by M1126 and M1130 together with
D1124~D1126. When PLC executed RS instruction, STX and ETX will be sent out
automatically.

2. When M1161 = OFF, the 16-bit mode is selected, i.e. both high byte and low byte of the 16-bit
data will be received and transmitted.

M1001 -
X0
—— RS D100 | K4 D120 K7
Sending data: (PLC -> external equipment)
STX D100L D100H | D101L | D101H ETX1 ETX2
Source data register, starting
from the lower 8 bits of D100
D)
(m) length =4
Receiving data: (External equipment -> PLC)
D120L D120H D121L D121H D122L D122H D123L
STX ™ Registers for received data, ETX1 ETX2
starting from the lower 8 bits
of D120
(D Length=7
3. The STX and ETX of external equipments will be received by PLC in data receiving process,

therefore, care should be taken on the setting of operand n (Length of data to be received)
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Program Example 3: COM2 RS-485

1. Connect PLC to VFD-B series AC motor drives (AC motor drive in ASCIl Mode; PLC in 16-bit
mode and M1161 = OFF).

2. Write the data to be sent into registers starting from D100 in advance in order to read 6 data

starting from address H2101 on VFD-B

_M|1 |002 Set up communication protocol as
I MOV H86 D1120 9600,7,E.1

SET | M1120 | Retain communication protocol

MOV K100 | D1129 | Set up communication time-out as 100ms

Pulse for
sending request

—|TI Write transmitting data in advance

SET | M1122 | Sending request

X0
— —— Rs D100 | K17 | D120 | K35

Receiving
completed

I Processing received data
M1123

RST M1123 | Reset M1123

PLC = VFD-B, PLC sends “: 01 03 2101 0006 D4 CR LF *
VFD-B = PLC, PLC receives “: 01 03 0C 0100 1766 0000 0000 0136 0000 3B CR LF *

Registers for sent data (PLC sends out messages)

Register Data Explanation

D100 low o 3AH STX
D100 high ‘0’ 30H ADR 1

J Address of AC motor drive: ADR (1,0)
D101 low 1’ 31H ADR O
D101 high ‘0’ 30H CMD 1

9 Instruction code: CMD (1,0)
D102 low ‘3 33H CMD 0
D102 high ‘2 32H
D103 low 1’ 31H

Start data address

D103 high ‘0 30H
D104 low 1’ 31H
D104 high ‘0 30H
D105 low ‘0 30H

- Number of data (counted by words)
D105 high ‘0 30H
D106 low ‘6’ 36 H
D106 high ‘D 44 H LRC CHK 1

9 Error checksum: LRC CHK (0,1)
D107 low ‘4 34H LRC CHK 0
D107 high CR DH

END

D108 low LF AH
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Registers for received data (VFD-B responds with messages)

Register Data Explanation
D120 low 7 3AH STX
D120 high ‘0’ 30H ADR 1
D121 low 1’ 31H ADR O
D121 high ‘0’ 30H CMD 1
D122 low ‘3 33H CMDO
D122 high ‘0’ 30H
Number of data (counted by byte)

D123 low ‘C 43 H
D123 high ‘0’ 30H
D124 low 1’ 31H

- Content of address 2101 H
D124 high ‘0’ 30H
D125 low ‘o 30H
D125 high ‘1’ 31H
D126 low 7 37H Content of address 2102 H
D126 high ‘6’ 36 H
D127 low ‘e’ 36 H
D127 high ‘0’ 30H
D128 low 0 30H Content of address 2103 H
D128 high ‘0’ 30H
D129 low ‘o 30H
D129 high ‘0’ 30H
D130 low 0 30H Content of address 2104 H
D130 high ‘0’ 30H
D131 low ‘o 30H
D131 high ‘0’ 30H
D132 low L 31H Content of address 2105 H
D132 high ‘3 33H
D133 low ‘e’ 36 H
D133 high ‘0’ 30H
D134 low 0 30H Content of address 2106 H
D134 high ‘0’ 30H
D135 low ‘o 30H
D135 high ‘3 33H LRC CHK 1
D136 low ‘B’ 42 H LRC CHK O
D136 high CR DH END
D137 low LF AH

3. The status of Delta VFD series inverters can also be accessed by handy instruction APl 105
RDST instruction through COM2/COM3 on PLC.

Program Example 4: COM2 RS-485
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1. Connect PLC to VFD-B series AC motor drives (AC motor drive in RTU Mode; PLC in 16-bit

mode and M1161 = ON).

2. Write the data to be sent into registers starting from D100 in advance in order to writing H12

(Forward running) into address H2000 on VFD-B.

Set up communication protocol as 9600,7,E,1

Set up communication time-out as 100ms

PLC = VFD-B, PLC sends: 01 06 2000 0012 02 07
VFD-B = PLC, PLC receives: 01 06 2000 0012 02 07

Registers for sent data (PLC sends out messages)

M1002
I MOV | Hse | D1120
SET M1120 | Retain communication protocol
MOV K100 | D1129
SET M1161 | 8-bit mode
Pulse for
sending request
—|ﬂ Write transmitting data in advance
SET M1122 | Sending request
X0
—| |7 RS D100 K8 D120 K8
M1123
— | Processing Received data
RST | M1123 | Reset M1123.

Register Data Explanation
D100 low 0O1H Address
D101 low 06 H Function
D102 low 20 H
Data address
D103 low OOH
D104 low O0OH
Data content
D105 low 12 H
D106 low 02 H CRC CHK Low
D107 low 07H CRC CHK High
Registers for received data (VFD-B responds with messages)
Register Data Explanation
D120 low O1H Address
D121 low 06 H Function
D122 low 20H
Data address
D123 low OOH
D124 low OOH
Data content
D125 low 12 H
D126 low 02 H CRC CHK Low
D127 low 07 H CRC CHK High
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3.

The forward running function of Delta’s VFD series inverter can also be set by handy

instruction APl 102 FWD instruction through COM2/COM3 on PLC.

Program Example 5: COM1 RS-232

1.

2
3.
4

Only 8-bit mode is supported (PLC sets M1161 = ON automatically)

STX/ETX setting function (M1126/M1130/D1124~D1126) is not supported.

High byte of 16-bit data is not available. Only low byte is valid for data communication.

Write the data to be transmitted in advance into registers starting from D100 and set M1312
(COM1 sending request) as ON

When X10 = ON, RS instruction executes and PLC is ready for communication. DO will then
start to send out 4 data continuously. When data sending is over, M1312 will be automatically
reset. (DO NOT apply RST M1312 in program). After approximate 1ms, PLC will start to
receive 7 data and store the data in 7 consecutive registers starting from D20.

When data receiving is completed, M1314 will automatically be ON. When data processing on
the received data is completed, M1314 has to be reset (OFF) and the PLC will be ready for
communication again. However, DO NOT continuously execute RST M1314, i.e. it is

suggested to connect the RST M1314 instruction after the drive contact M1314

M1002
— | MOV H87 D1036 | Setting communication protocol as 9600,8,E,1
SET M1138 | Retain communication protocol
MOV K100 | D1249 | Setup communication time out as 100ms
Pulse for
sending request
— 4} Write transmitting data in advance
Pulse
SET M1312 | Sending request
X0
— RS D100 K4 D120 | K7
M1314
I Processing received data
RST M1314 | Receiving completed and flag reset

Sending data: (PLC—External equipment)

D100L | D101L | D102L | D103L

(SD Source data register, starting from
lower 8 bits of D100

(m) Length=4
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Receving data: (External equipment—PLC)

D120L | D121L | D122L | D123L | D124L | D125L | D126L

(8D Registers for received data, starting from
lower 8 bits of D120

() Length=7

Program Example 6: COM3 RS-485

1.

2
3.
4

Only 8-bit mode is supported (PLC sets M1161 = ON automatically)

STX/ETX setting function (M1126/M1130/D1124~D1126) is not supported.

High byte of 16-bit data is not available. Only low byte is valid for data communication.

Write the data to be transmitted in advance into registers starting from D100 and set M1316
(COM3 sending request) as ON

When X10 = ON, RS instruction executes and PLC is ready for communication. DO will then
start to send out 4 data continuously. When data sending is over, M1318 will be automatically
reset. (DO NOT apply RST M1318 in program). After approximate 1ms, PLC will start to
receive 7 data and store the data in 7 consecutive registers starting from D20.

When data receiving is completed, M1318 will automatically be ON. When data processing on
the received data is completed, M1318 has to be reset (OFF) and the PLC will be ready for
communication again. However, DO NOT continuously execute RST M1318, ie. it is

suggested to connect the RST M1318 instruction after the drive contact M1318.
M1002
— | MOV H87 D1120 | Setting communication protocol as 9600,8,E,1

SET M1136 | Retain communication protocol

MOV K100 | D1252 | Setup communication time out as 100ms

Pulse for
sending request
—|ﬂ Write transmitting data in advance
Pulse
SET M1316 | Sending request
X0
— RS D100 K4 D120 K7

M1318
I Processing received data

RST M1318 | Receiving completed and flag reset
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Points to note:
1.

Sending data: (PLC—External equipment)

D100L

D101L | D102L | D103L

(8D Source data register, starting from
lower 8 bits of D100

(mD) Length=4

Receving data: (External equipment—PLC)

D120L

D121L | D122L | D123L | D124L | D125L | D126L

PLC COM1 RS-232: Related flags (Auxiliary relays) and special registers (Special D) for

(8D Registers for received data, starting from
lower 8 bits of D120

(D Length=7

communication instructions RS / MODRD

Flag Function Action
COMA1 retain communication settings. Communication settings will
be reset (changed) according to the content in D1036 after every
scan cycle. Users can set ON M1138 if the communication protocol User
M1138 | requires to be retained. When M1138 = ON, communication settings | sets and
will not be reset (changed) when communication instructions are resets
being processed, even if the content in D1036 is changed.
Supported communication instructions: RS / MODRW
COM1 ASCII / RTU mode selection, ON: RTU mode, OFF: ASCII User
M1139 | mode. sets and
Supported communication instructions: RS / MODRW resets
COM1 sending request. Before executing communication
instructions, users need to set M1312 to ON by trigger pulse, so that User
M1312 | the data sending and receiving will be started. When the s:;:t:rr;d
communication is completed, PLC will reset M1312 automatically. resets
Supported communication instructions: RS / MODRW
COM1 data receiving ready. When M1313 is ON, PLC is ready for
M1313 | data receiving System

Supported communication instructions: RS / MODRW
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Flag Function Action
COM1 Data receiving completed. When data receiving of
communication instructions is completed, M1314 will be ON. Users System
M1314 | can process the received data when M1314 is ON. When data an?jeLtJSser
processing is completed, M1314 has to be reset by users. resets
Supported communication instructions: RS / MODRW
COM1 receiving error. M1315 will be set ON when errors occur and System
M1315 | the error code will be stored in D1250. sel’sz::d
Supported communication instructions: RS / MODRW resets

Special register Function
D1036 COM1 (RS-232) communication protocol. Refer to the following table in
point 4 for protocol setting.
The specific end word to be detected for RS instruction to execute an
D1167 interruption request (1140) on COM1 (RS-232).
Supported communication instructions: RS
D1121 COM1 (RS-232) and COM2 (RS-485) communication address.
COM1 (RS-232) Communication time-out setting (unit: ms). If users set
up time-out value in D1249 and the data receiving time exceeds the
D1249 time-out value, M1315 will be set ON and the error code K1 will be
stored in D1250. M1315 has to be reset manually when time-out status
is cleared.
COM1 (RS-232) communication error code.
D1250
Supported communication instructions: MODRW

2. PLC COM2 RS-485: Related flags (Auxiliary relays) and special registers (Special D) for
communication instructions RS / MODRD / MODWR / FWD / REV / STOP / RDST / RSTEF /

MODRW.
Flag Function Action

Retain communication settings. Communication settings will be
reset (changed) according to the content in D1120 after every

M1120 scan cycle. Users can set ON M1120 if the communication User
protocol requires to be retained. When M1120 = ON, | Sets/resets
communication settings will not be reset (changed) when
communication instructions are being processed, even if the
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Flag Function Action
content in D1120 is changed.
Data transmission ready. M1121 = OFF indicates that RS-485 in
M1121 COMz2 is transmitting System sets
Sending request. Before executing communication instructions,
users need to set M1122 to ON by trigger pulse, so that the data User sets,
M1122 sending and receiving will be started. When the communication Srésst;r:
is completed, PLC will reset M1122 automatically.
Data receiving completed. When data receiving of
communication instructions is completed, M1123 will be ON.
System sets
M1123 | Users can process the received data when M1123 is ON. When ON and user
data processing is completed, M1123 has to be reset by users. resets
Supported communication instructions: RS
Data receiving ready. When M1124 is ON, PLC is ready for data
M1124 o System sets
receiving..
Communication ready status reset. When M1125 is set ON, PLC
M1125 resets the communication (transmitting/receiving) ready status.
M1125 has to be reset by users after resetting the
communication ready status.
Set STX/ETX as user-defined or system-defined in RS User
M1126 | communication. For details please refer to the table in point 5. sets/resets
M1126 only supports RS instruction.
Set STX/ETX as user-defined or system-defined in RS
M1130 | communication. For details please refer to the table in point 5.
M1130 only supports RS instruction
COM2 (RS-485) data sending/receiving/converting completed.
RS instruction is NOT supported.
System sets
M1127 | Supported communication instructions: and user
resets
MODRD / MODWR / FWD / REV / STOP / RDST / RSTEF /
MODRW
M1128 | Transmitting/receiving status indication. System sets
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Flag

Function

Action

M1129

Receiving time out. If users set up time-out value in D1129 and
the data receiving time exceeds the time-out value, M1129 will

be set ON.

System sets
and user
resets

M1131

In ASCIl mode, M1131 = ON only when MODRD/RDST/MODRW
data is being converted to HEX.

Supported communication instructions:

MODRD / RDST / MODRW

M1140

MODRD/MODWR/MODRW data receiving error
Supported communication instructions:

MODRD / MODWR / MODRW

M1141

MODRD/MODWR/MODRW parameter error
Supported communication instructions:

MODRD / MODWR/ MODRW

M1142

Data receiving error of VFD-A handy instructions.
Supported communication instructions:

FWD /REV /STOP / RDST / RSTEF

System sets

M1143

ASCII / RTU mode selection. ON : RTU mode, OFF: ASCII

mode.
Supported communication instructions:

RS / MODRD / MODWR / MODRW (When M1177 = ON, FWD /
REV / STOP / RDST / RSTEF can also be applied.

User sets
and resets

M1161

8/16-bit mode. ON: 8-bit mode. OFF: 16-bit mode

Supported communication instructions: RS

M1177

Enable the communication instruction for Delta VFD series
inverter. ON: VFD-A (Default), OFF: other models of VFD

Supported communication instructions:

FWD/REV/STOP /RDST/RSTEF

User sets

Special register Function

D1038

communication data with delay. (unit: one scan cycle)

Delay time of data response when PLC is SLAVE in COM2, COM3
RS-485 communication, Range: 0~10,000. (Unit: 0.1ms).

By using EASY PLC LINK in COM2, D1038 can be set to send next
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Special register

Function

D1050~D1055

Converted data for Modbus communication data processing. PLC
automatically converts the ASCII data in D1070~D1085 into Hex data
and stores the 16-bit Hex data into D1050~D1055

Supported communication instructions: MODRD / RDST

D1070~D1085

Feedback data (ASCII) of Modbus communication. When PLC’s
RS-485 communication instruction receives feedback signals, the data
will be saved in the registers D1070~D1085 and then converted into

Hex in other registers.

RS instruction is not supported.

D1089~D1099

Sent data of Modbus communication. When PLC’s RS-485
communication instruction (MODRD) sends out data, the data will be
stored in D1089~D1099. Users can check the sent data in these

registers.

RS instruction is not supported

COM2 (RS-485) communication protocol. Refer to the following table in

D1120
point 4 for protocol setting.
D1121 COM1 (RS-232) and COM2 (RS-485) PLC communication address
when PLC is slave.
D1122 COM2 (RS-485) Residual number of words of transmitting data.
D1123 COM2 (RS-485) Residual number of words of the receiving data.
COM2 (RS-485) Definition of start character (STX) Refer to the
D1124 following table in point 3 for the setting..
Supported communication instruction: RS
COM2 (RS-485) Definition of first ending character (ETX1) Refer to the
D1125 following table in point 3 for the setting.
Supported communication instruction: RS
COM2 (RS-485) Definition of second ending character (ETX2) Refer to
D1126 the following table in point 3 for the setting.
Supported communication instruction: RS
COM2 (RS-485) Communication time-out setting (unit: ms). If users set
D1129 up time-out value in D1129 and the data receiving time exceeds the

time-out value, M1129 will be set ON and the error code K1 will be

stored in D1130. M1129 has to be reset manually when time-out status

3-193




DVP-ES2 Operation Manual - Programming

Special register

Function

is cleared.

COM2 (RS-485) Error code returning from Modbus. RS instruction is

not included..

D1130
Supported communication instructions: MODRD / MODWR / FWD /
REV / STOP /RDST / RSTEF / MODRW
The specific end word to be detected for RS instruction to execute an
D1168 interruption request (1150) on COM2 (RS-485).

Supported communication instruction: RS

D1256~D1295

For COM2 RS-485 MODRW instruction. D1256~D1295 store the sent
data of MODRW instruction. When MODRW instruction sends out data,
the data will be stored in D1256~D1295. Users can check the sent data

in these registers.

Supported communication instruction: MODRW

D1296~D1311

For COM2 RS-485 MODRW instruction. D1296~D1311 store the
converted hex data from D1070 ~ D1085 (ASCII). PLC automatically
converts the received ASCII data in D1070 ~ D1085 into hex data.

Supported communication instruction: MODRW

3. PLC COM3 RS-485: Related flags (Auxiliary relays) and special registers (Special D) for
communication instructions RS / MODRW and FWD / REV / STOP / RDST / RSTEF when

M1177 = ON.
Flag Function Action

COMBS retain communication settings. Communication settings will
be reset (changed) according to the content in D1109 after every selijssgad

M1136 scan cycle. Users can set ON M1136 if the communication protocol resets
requires to be retained. When M1136 = ON, communication settings
will not be reset (changed) when communication instructions are User
being processed, even if the content in D1109 is changed sets and

M1320 COMBS3 ASCII / RTU mode selection. ON : RTU mode, OFF: ASCII resets
mode.
COM3 sending request. Before executing communication

M1316 instructions, users need to set M1316 to ON by trigger pulse, so that ;Jestir
the data sending and receiving will be started. When the Sréssﬁr:
communication is completed, PLC will reset M1316 automatically.
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Flag Function Action
M1317 Data receiving ready. When M1317 is ON, PLC is ready for data System
receiving. sets
System
o sets,
M1318 | COM3 data receiving completed. user
resets
L . System
M1319 COM3 data receiving error. M1319 will be set ON when errors occur sets.
and the error code will be stored in D1252 user
resets

Special register

Function

D1038

Delay time of data response when PLC is SLAVE in COM2, COM3
RS-485 communication, Range: 0~10,000. (unit: 0.1ms).

By using EASY PLC LINK in COM2, D1038 can be set to send next

communication data with delay. (unit: one scan cycle)

D1109

COM3 (RS-485) communication protocol. Refer to the following table in

point 4 for protocol setting.

D1169

The specific end word to be detected for RS instruction to execute an
interruption request (1160) on COM3 (RS-485).

Supported communication instructions: RS

D1252

COM3 (RS-485) Communication time-out setting (ms). If users set up
time-out value in D1252 and the data receiving time exceeds the
time-out value, M1319 will be set ON and the error code K1 will be
stored in D1253. M1319 has to be reset manually when time-out status

is cleared.

D1253

COM3 (RS-485) communication error code

D1255

COM3 (RS-485) PLC communication address when PLC is Slave.

4. Corresponding table between COM ports and communication settings/status.

COM1

COM2 COM3 Function Description

M1138

M1120 M1136 Retain communication setting

Protocol M1139

M1143 M1320 ASCII/RTU mode selection

setting D1036

D1120 D1109 Communication protocol

D1121

D1121 D1255 PLC communication address

Sending -

M1161 - 8/16 bit mode selection
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COM1 COM2 COM3 Function Description
request - M1121 - Indicate transmission status
M1312 | M1122 | M1316 Sending request
- M1126 - Set STX/ETX as user/system defined. (RS)
- M1130 - Set STX/ETX as user/system defined. (RS)
- D1124 - Definition of STX (RS)
- D1125 - Definition of ETX1 (RS)
- D1126 - Definition of ETX2 (RS)
D1249 D1129 D1252 Communication timeout setting (ms)
- D1122 - Residual number of words of transmitting data
D1256
- ~ - Store the sent data of MODRW instruction.
D1295
D1089 Store the sent data of MODRD / MODWR / FWD
- / REV / STOP / RDST / RSTEF instruction
D1099
M1313 | M1124 | M1317 Data receiving ready
- M1125 - Communication ready status reset
- M1128 - Transmitting/Receiving status Indication
Data - D1123 - Residual number of words of the receiving data
receiving D1070 Store the feedback data of Modbus
D1085 communication. RS instruction is not supported.
Store the specific end word to be detected for
D1167 D1168 D1169
executing interrupts 1140/1150/1160 (RS)
M1314 | M1123 | M1318 Data receiving completed
COM2 (RS-485) data sending / receiving /
- M1127 - converting completed. (RS instruction is not
supported)
ON when MODRD/RDST/MODRW data is being
Receiving - M1131 -
converted from ASCII to Hex
completed
D1296
Store the converted HEX data of MODRW
D1311 instruction.
D1050 Store the converted HEX data of MODRD
D1055 instruction
Errors M1315 - M1319 Data receiving error
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5.

COM1 COM2 COM3 Function Description
D1250 - D1253 Communication error code
- M1129 - COM2 (RS-485) receiving time out
] M1140 ] COM2 (RS-485) MODRD/MODWR/MODRW
data receiving error
MODRD/MODWR/MODRW parameter error
- M1141 - (Exception Code exists in received data)
Exception Code is stored in D1130
] M1142 ] Data receiving error of VFD-A handy instructions
(FWD/REV/STOP/RDST/RSTEF)
] D1130 ] COM2 (RS-485) Error code returning from
Modbus communication

Communication protocol settings: D1036(COM1 RS-232) / D1120(COM2 RS-485) /
D1109(COM3 RS-485)

Content
b0 Data Length 0: 7 data bits 1: 8 data bits
00: None
b1
Parity bit 01: Odd
b2
11: Even
b3 Stop bits 0: 1 bit 1: 2bits
b4 0001(H1): 110 bps
b5 0010(H2): 150 bps
b6 0011(H3): 300 bps
b7 0100(H4): 600 bps
0101(H5): 1200 bps
0110(H6): 2400 bps
Baud rate
0111(H7): 4800 bps
1000(H8): 9600 bps
1001(H9): 19200 bps
1010(HA): 38400 bps
1011(HB): 57600 bps
1100(HC): 115200 bps
b8 (D1120) STX 0: None 1: D1124
b9 (D1120) ETX1 0: None 1: D1125
b10 (D1120) ETX2 0: None 1: D1126
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b11~b15 N/A

6. When RS instruction is applied for communication between PLC and peripheral devices on
COM2 RS-485, usually STX (Start of the text) and ETX (End of the text) have to be set into
communication format. In this case, b8~10 of D1120 should be set to 1, so that users can set
up STX/ETX as user-defined or system-defined by using M1126, M1130, and D1124~D1126.
For settings of M1126 and M1130, please refer to the following table.

M1130
0 1
D1124: user defined D1124: H 0002
0 | D1125: user defined D1125: H 0003
§ D1126: user defined D1126: H 0000 ( no setting)
S D1124: user defined D1124: H 003A ()
1| D1125: user defined D1125: H 000D (CR)
D1126: user defined D1126: H 000A (LF)
@ 7 Example of setting communication format in D1120:

Communication format:
Baud rate: 9600, 7, N, 2

STX ¢
ETX1:“CR”
ETX2 : “LF”

Check to the table in point 4 and the set value H788 can be referenced corresponding to the
baud rate. Set the value into D1120.

b15 b0
D1120 [0]ofofofof1]1]1]1]ofofof]ofo]o]

0
|N/A|7|8|8‘

}ﬂ}?oz—| MOV | H788 |D1120|

When STX, ETX1 and ETX2 are applied, care should be taken on setting the ON/OFF status
of M1126 and M1130.

8. D1250(COM1) ~ D1253(COM3) communication error code:

Value Error Description

HO001 Communication time-out
H0002 Checksum error
HO0003 Exception Code exists
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H0004
H0005

Command code error / data error

Communication data length error

9.  Corresponding table between D1167~D1169 and the associated interrupt pointers. (Only

lower 8 bits are valid)

COM Port 1100 interrupt Special D
COM1 1140 D1167
COM2 1150 D1168
COM3 1160 D1169

10. Take standard MODBUS format for example:

ASCIl mode
Field Name Descriptions
STX Start word = *: * (3AH)
Address Hi Communication address:
Address Lo The 8-bit address consists of 2 ASCII codes
Function Hi Function code:
Function Lo The 8-bit function code consists of 2 ASCII codes
DATA (n-1)
Data content:
"""" n x 8-bit data content consists of 2n ASCII codes
DATAO
LRC CHK Hi LRC check sum:
LRC CHK Lo 8-bit check sum consists of 2 ASCIl code
END Hi End word:
END Lo END Hi = CR (ODH), END Lo = LF(0AH)

The communication protocol is in Modbus ASCII mode, i.e. every byte is composed of 2 ASCII
characters. For example, 64Hex is ‘64’ in ASCIIl, composed by ‘6’ (36Hex) and ‘4’ (34Hex). Every

character ‘0°...’9’, ‘A’...’F’ corresponds to an ASCII code.

Character ‘0 9’ 2 ‘3’ ‘4 ‘5’ ‘©’ e
ASCII code 30H 31H 32H 33H 34H 35H 36H 37H

Character ‘8’ ‘0’ ‘A ‘B’ ‘C ‘D’ ‘E’ ‘F
ASCII code 38H 39H 41H 42H 43H 44H 45H 46H

Start word (STX): : ’ (3AH)
Address:
‘0’ ‘0’; Broadcasting to all drives (Broadcast)

‘0’ ‘1’: toward the drive at address 01
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‘0’ ‘F’: toward the drive at address 15

‘1’ ‘0’: toward the drive at address 16

... and so on, max. address: 254 (‘FE’)
Function code:

‘0’ ‘3’: read contents from multiple registers

‘0’ ‘6’: write one word into a single register

‘1’ ‘0’: write contents to multiple registers
Data characters:

The data sent by the user
LRC checksum:

LCR checksum is 2’s complement of the value added from Address to Data Characters.
For example: 01H + 03H + 21H + 02H + 00H + 02H = 29H. 2’s complement of 29H = D7H.

End word (END):

Fix the END as END Hi = CR (ODH), END Lo = LF (0AH)

Example:

Read 2 continuous data stored in the registers of the drive at address 01H (see the table

below). The start register is at address 2102H.

Inquiry message:

Response message:

STX o STX L
Address ? Address (1)

: ‘o : ‘o
Function code 3 Function code Y
2 Number of data ‘0

q (count by byte) ‘q

Start address ‘o v’
> Content of start 2

— address —

0 2102H I

Number of data ‘0 ‘0
(count by word) ‘o ‘o
2 Content of address ‘0

‘D’ 2103H ‘0

LRC Checksum — —
7 0

END CR LRC Checksum !

LF 1’
END CR

LF

RTU mode
Field Name Descriptions
START Refer to the following explanation
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Address Communication address: n 8-bit binary
Function Function code: n 8-bit binary
DATA (n-1)
Data:
"""" n x 8-bit data
DATA O
CRC CHK Low | CRC checksum:
CRC CHK High 16-bit CRC consists of 2 8-bit binary data
END Refer to the following explanation
START/END:
RTU Timeout Timer:
Baud rate(bps) | RTU timeout timer (ms) | Baud rate (bps) | RTU timeout timer (ms)
300 40 9,600 2
600 21 19,200 1
1,200 10 38,400 1
2,400 5 57,600 1
4,800 3 115,200 1

Address:
00 H: Broadcasting to all drives (Broadcast)
01 H: toward the drive at address 01
OF H: toward the drive at address 15
10 H: toward the drive at address 16

... and so on, max. address: 254 (‘FE’)

Function code:
03 H: read contents from multiple registers
06 H: write one word into single register

10 H: write contents to multiple registers

Data characters:

The data sent by the user

CRC checksum: Starting from Address and ending at Data Content. The calculation is as follows:
Step 1: Set the 16-bit register (CRC register) = FFFFH

Step 2: Operate XOR on the first 8-bit message (Address) and the lower 8 bits of CRC
register. Store the result in the CRC register.

Step 3: Right shift CRC register for a bit and fill “0” into the highest bit.

Step 4: Check the lowest bit (bit 0) of the shifted value. If bit 0 is O, fill in the new value
obtained at step 3 to CRC register; if bit 0 is NOT 0, operate XOR on A001H and the
shifted value and store the result in the CRC register.

Step 5: Repeat step 3 — 4 to finish all operation on all the 8 bits.

Step 6: Repeat step 2 — 5 until the operation of all the messages are completed. The final
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value obtained in the CRC register is the CRC checksum. Care should be taken when
placing the LOW byte and HIGH byte of the obtained CRC checksum.
Example:
Read 2 continuous data stored in the registers of the drive at address 01H (see the table

below). The start register is at address 2102H

Inquiry message: Response message:

Field Name Data (Hex) Field Name Data (Hex)
Address 0O1H Address 0O1H
Function O3 H Function O3 H
Start data 21H Number of data 04 H
address 02 H (count by byte)

Number of data 00 H Content of data address 17H
(count by word) 02 H 2102H 70 H
CRC CHK Low 6F H Content of data address 00H
CRC CHK High F7 H 2103H 00 H
CRC CHK Low FEH
CRC CHK High 5CH
Example program of RS-485 communication:
M1002
—| I MOV H86 D1120 | Setting communication protocol 9600, 7, E, 1

4' SET | M1120 | Communication protocol latched

MOV | K100 | D1129 |Setting communication time out 100ms

Transmission
request

X0
—HI—" Write transmitting data in advance |

Pulse

SET M1122 | Sending request

X20
—F—— Rs | ptoo | k2 | D120 | ks |

Receiving
completed

— |—4| Process of receiving data |

M1123
4' RST | M1123 | Receiving completed and flag reset
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Timing diagram:

SET M1122 X0 —l I_
RS executes X20 Q |_

Transmission ready M1121 —I_l

) | | Auto reset after transmitting completed
Sending request M1122

Receiving completed M1123 -
' ' resetin program

Receiving ready M1124

Reset the status to the initial
|_| communication ready status.

Communication reset M1125

E ASCII to HEX,

M1127
MODRD/RDST/MODRW ' Change ;  lessthanascan cycle
data receiving/converting . status '
completed :/ immediately ,

Tl T T T T T 11
|15253:15253i45556i758

Transmitting/receiving M1128

i Activated when time-out timer reaches
the set value !

Receiving time out M1129

Stop timing after complete
data is received

Receive time out
timer set by D1129

rl Converting data

Coverting data of M1131
MODRD/RDST/MODRW .
to hexadecimal

| |2
Residual words of 1
transmitting data D1122

Residual words of
receiving data D1123

1
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API Mnemonic Operands Function
Controllers
81 ||D| PRUN |P| & (B | ParallelRun ES2/EX2
Type | Bit Devices Word devices Program Steps
OoP X|Y|M|S|K|H|KnX|KnY|KNnM|KnS| T E | F |PRUN, PRUNP: 5 steps
S * * DPRUN, DPRUNP: 9
D * * steps
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Source device

Explanations:

D: Destination device

1.  This instruction sends the content in S to D in the form of octal system
2. The start device of X, Y, M in KnX, KnY, KnM format should be a multiple of 10, e.g. X20, M20,

Y20.

When operand S is specified as KnX, operand D should be specified as KnM.

When operand S is specified as KnM, operand D should be specified as KnY.

Program Example 1:
When X3 = ON, the content in K4X20 will be sent to K4M10 in octal form.

X3

|_

PRUN

K4X20

K4M10

[x37|x36| x35x34| x33| x32|x31|x30| 27| X26] X25| x24| X23| x22| X21|X20]

~—

e ~~—

e

«

_—

.

——— _—

——

Program Example 2:
When X2 = ON, the content in K4M10 will be sent to K4Y20 in octal form.

X2

No change

|_

PRUN

K4M10

K4Y20

These two devices will not be transmitted

~——

e

~——

B

N

.

—_—

T~

—

[Y37|v36| v35v34|v33| Y32 v31|Y30| 27| Y26] Y25|Y24| Y23| Y22| Y21]| Y20
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API Mnemonic Operands Function
Controllers
82 ASCl |P| G (@D (D | Convert Hex to ASCII ES2/EX2
Type | Bit Devices Word devices Program Steps
oP X|Y|M|S|K|H|KnX|KnY|KnM|KnS| T |C |D|E |F |ASCI, ASCIP: 7 steps
S * * * * * * * * *
D * * * * * *
n * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Source device  D: Destination device  n: Number of nibbles to be converted (n = 1~256)

Expl
1.

anations:

16-bit conversion mode: When M1161 = OFF, the instruction converts every nibble of the Hex
data in S into ASCII codes and send them to the higher 8 bits and lower 8 bits of D. n = the
converted number of nibbles.

8-bit conversion mode: When M1161 = ON, the instruction converts every nibble of the Hex
data in S into ASCII codes and send them to the lower 8 bits of D. n = the number of converted
nibbles. (All higher 8 bits of D = 0).

Flag: M1161 (8/16 bit mode switch)

Available range for Hex data: 0~9, A~F

Program Example 1:

1.
2.

M1161 = OFF, 16-bit conversion.
When X0 = ON, convert the 4 hex values (nibbles) in D10 into ASCII codes and send the result

to registers starting from D20.

'f1 001 .

X(I)—| asci | p1o | D20 | ke |

Assume:

(D10)=0123 H ‘0’=30H ‘4’ = 34H ‘8’ = 38H
(D11) = 4567 H ‘1’=31H ‘6’ = 35H ‘9’ = 39H
(D12) = 89AB H ‘2’=32H ‘6’ = 36H ‘A =41H
(D13) = CDEF H ‘3 =33H “7’=37H ‘B’ =42H
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4.  When n =4, the bit structure will be as:

D10=0123 H
[ofofofoJoJoJo[1fofoJt1]ofofof1]1]
I 0 I 1 | 2 | 3 |
D20 high byte low byte
[ofoft1f1]oJoJof1fofo]J1]1]ofofo]o]
| "1” — 31H | “0” —» 30H |
D21 high byte low byte
[oJol1]t1]ofoftfs1fofof1[1]ofo]1]0]
I “3” —» 33H I " 2" —» 32H I

5. When n is 6, the bit structure will be as:
b15 D10=H 0123 b0
[oJoJoJofofofof1fofof1fofojof1]1]
I 0 | 1 I 2 I 3 |
b15 D11 =H 4567 b0
loft1]ofofof1fof1fof1[1]ofo[1]1]1]
| 4 | 5 | 6 | 7 |

Converted to

b15 D20 b0
lofoft1]1]of1]1]1]ofof1]1]of1]1]0]
| 7 > H37 | 8 > H36 |
b15 D21 b0
[oJof1[1fofofof1fofof1[1]ofofo]o]
| 1" > H31 | 0> H30 |
b15 D22 b0
[ofoft[1]ofof1[1]ofJof1]1]ofof1]0]
| 3 > H33 | 2 > H32 |

6. Whenn=1to 16:

o n K1 K2 | K3 | K& | K5 | K6 | K7 | K8
D20 low byte “3” “Q” “1” “0” “7 “6” “5” “4”
D20 high byte “3” “Q” “1” “0” “7 “6” “5”
D21 low byte “3” “2 “9” “0” “7 “6”
D21 high byte “3” “Q” “9” “0” “7
D22 low byte No “3” “Q” “9” “0”
D22 high byte change “3” “” “q”
D23 low byte “3” “2
D23 high byte “3”
D24 low byte
D24 high byte
D25 low byte
D25 high byte
D26 low byte
D26 high byte
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D27 low byte
D27 high byte

D N K9 K10 | K11 K12 | K13 | K14 | K15 | K16
D20 low byte “B” ‘A’ “9” “8” “F” “E” “D” “c
D20 high byte “q” “B” A “gy 8 “pr E D
D21 low byte ‘5 “4” B ‘A 9 8 F E
D21 high byte “6” “5” 4 “B” A “9” 8 F
D22 low byte ‘7 “6” “5” ‘47 “B” “A” «gy ug
D22 high byte ‘0 7 “6” “5” “4” “B” “p\” “g
D23 low byte ‘17 “0” 7 “6” “5” “4” “g” “p”
D23 high byte ‘2 “1” “0” “7v “6” “5 “gq? g
D24 low byte “3” 2 “1” “0” “7 “G” “g5p ayr
D24 high byte “3” 2 “1” “0” “7” “G agp
D25 low byte “3” 2 “1” “0” wg» 6"
D25 high byte “3” agy “q” “0” wp
D26 low byte wgn w» “q” 0’
D26 high byte Ch';‘r?ge 3 | g p
D27 low byte ugy 2
D27 high byte 3

Program Example 2:
1. M1161 = ON, 8-bit conversion.
2. When X0 = ON, convert the 4 hex values (nibbles) in D10 into ASCII codes and send the result

to registers starting from D20.

M1000

X0
———— AScCI D10 D20 K4

3. Assume:

(D10) = 0123 H ‘0’ = 30H ‘4’ = 34H ‘8" = 38H
(D11) = 4567 H ‘9= 31H ‘5" = 35H ‘9’ = 39H
(D12) = 89AB H 2’ = 32H ‘6’ = 36H ‘A= 41H
(D13) = CDEFH 3’ = 33H 7= 37H ‘B’ = 42H

4.  When n is 2, the bit structure will be as:
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D10=0123 H
[oJoJoJofoJoJo[1foJolt1foJoJof1]1]
I 0 I 1 I 2 I 3 I

ASCII code of "2" in D20 is 32H
[ofoJoJofofJoJofofJoJoft1]41]ofof1]o]
I 3 I 2 I
ASCII code of "3"in D21 is 33H
[oJofoJofoJofoJofoJofJt1f1Jofo]t1]f1]
I 3 I 3 I

5. When n is 4, the bit structure will be as:
5 D10=H 0123 b0
[ofofofofofof1]oJof1fofofof1[1]
0 | 1 | 2 | 3 |

b

1
0

I
|
Converted to

b15 D20 b0
[olofofofofofoJoJolof[1[1]of0]o0]0]
0> H30 |

b15 D21 b0
lofofofofofofofoJoJo[1[1]ofofo0f1]
| "> H31 |

b15 D22 b0
[ofofoJofJofoJoJofoJoJ1[1]ofJof1]0]
| 2 > H32 |

b15 D23 b0
[oflofofofofoJoJoJolol[1[1fofo0f1]1]
| 3 > H33 |

6. Whenn=1~16:

D n K1 K2 K3 K4 K5 K6 K7 K8
D20 “3” “2" “1” “0” “7” “6” “5” “4”
D21 “3” “2" “1” “0” “7’ “6” “5”
D22 “3” “2” “1” “0” “7” “6”
D23 “3” “2" “1” “0” “7”
D24 “3” “2” “1” “0”
D25 “3” “2” “1”
D26 “3” “2"
D27 w3
D28
D29 No
D30 change
D31
D32
D33
D34
D35
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K9

K10

K11

K12

K13

K14

K15

K16

D20

uBu

nAu

ugn

“8”

nFu

uEn

HDH

ucu

D21

::4!;

‘;Bu

uAu

‘:931

“81!

uFu

nEu

nDn

D22

n5u

:541!

“Bu

nAn

“9”

“8”

nFn

uEn

D23

D24

(5711

“6”

51577

55477

an

uA”

ngu

“8”

D25

::0!;

“717

“6"

n5!v

1:4!!

“Bu

uAu

:59!:

D26

n1 ”

non

n7n

“6”

1:51!

n4n

uBn

nAn

D27

D28

(5311

u2”

n1 ”

uou

1(7!1

“6”

55577

u4”

D29

D30

D31

D32

D33

D34

D35

::31!

u2n

“1n

“017

‘:711

“6”

“51!

5;311

n2n

:51 ”

uon

n7n

“6”

No
change

u3”

n27!

551 ”

(5011

“3n

“2n

::1 ”

n3n

n2u
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API Mnemonic Operands Function
Controllers
83 HEX |P| GO (B (@ | Convert ASCIl to HEX ES2/EX2
Type | Bit Devices Word devices Program Steps
OP XY |M|S|K|H[KnX|KnNY|[KnMKnS| T|C |D | E | F |HEX, HEXP: 7 steps
S * * * * * * * * *
D * * * * * *
n * *
PULSE 16-bit 32-bit
ES2 / EX2 ES2 / EX2 ES2/EX2
Operands:

S: Source device  D: Destination device  n: number of bytes to be converted (n = 1~256)

Explanations:

1. 16-bit conversion mode: When M1161 = OFF, the instruction converts n bytes of ASCII codes
starting from S into Hex data in byte mode and send them to high byte and low byte of D. n =
the converted number of bytes.

2. 8-bit conversion mode: When M1161 = ON, the instruction converts n bytes (low bytes only) of
ASCII codes starting from S into Hex data in byte mode and send them to the low byte of D. n
= the converted number of bytes. (All higher 8 bits of D = 0)

Flag: M1161 (8/16 bit mode switch)
4.  Available range for Hex data: 0~9, A~F

Program Example 1:
1. M1161 = OFF: 16-bit conversion.
2. When X0 = ON, convert 4 bytes of ASCII codes stored in registers D20~ D21 into Hex value

and send the result in byte mode to register D10. n =4

'%1 001 I

x|o_| HEX | D20 | D10 | K4 |

3. Assume:

s ASCIl code HEX s ASCli code | HEX
conversion conversion
D20 low byte H 43 “C’ D24 low byte H 34 @
D20 high byte H 44 D’ D24 high byte H 35 5
D21 low byte H 45 = D25 low byte H 36 3
D21 high byte H 46 F D25 high byte H 37 7
D22 low byte H 38 ‘g D26 low byte H 30 ‘0"
D22 high byte H 39 ‘9 D26 high byte H 31 ¢
D23 low byte H 41 A D27 low byte H 32 2
D23 high byte H 42 B D27 high byte H 33 3
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4.  When n = 4, the bit structure will be as:
D20 |[o]|1|ofo]o]1]ofofo]1]ofofofo]1]1]
| 44H > D | 43H > C |
D21 [ofl1]ololol1]l1]olol1]olo]ol1]ol1]
| 46H > F’ | 45H > E |
D10 [1]1]olol1lafolalalal1lola[1]1]1]
| c | D | E | Fooo
5. Whenn=1~16:
) D D13 D12 D11 D10
1 ***C H
2 *CDH
3 *CDE H
4 CDEFH
5 The **CH DEF8 H
6 undesignated “*CD H EF89 H
parts in the "
’ registers in use CDEH F89A H
8 are all 0. CDEF H 89AB H
9 **CH DEF8 H 9AB4 H
10 *CDH EF89 H AB45H
11 *CDEH F89AH B456 H
12 CDEF H 89AB H 4567 H
13 **CH DEF8 H 9AB4 H 5670 H
14 *CDH EF89 H AB45H 6701 H
15 *CDEH F89AH B456 H 7012 H
16 CDEF H 89AB H 4567 H 0123 H
Program Example 2:
1.  M1161 = ON: 8-bit conversion.
M1000 .
X0
——— HEX D20 D10 K4
2. Assume:
HEX HEX
S ASEL ERRE conversion S ASEL ERRE conversion
D20 H 43 “C” D25 H 39 “9”
D21 H 44 D D26 H 41 “A”
D22 H 45 “E” D27 H 42 “B”
D23 H 46 “F” D28 H 34 “4”
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HEX HEX
S ASCI| code conversion S ASCI| code conversion
D24 H 38 “8” D29 H 35 “5”
D30 H 36 “6” D33 H 31 “1”
D31 H 37 “7” D34 H 32 “2"
D32 H 30 “0” D35 H 33 “3”
When n is 2, the bit structure will be as
D20 | | [ [ [ [ | | foft[oJoJofof1[H1]
| 43H > C |
D21 [ [ [ [ [ [ [ | Jof4fofofof1]o]0o]
| 44H > D |
D10 [o]JofoJofofoJofolt1][1]o]o[1]1]o]1]
I c | D |
When n =1 to 16:
) D D13 D12 D11 D10
1 ***C H
2 *CD H
3 *CDE H
4 CDEFH
5 The used **CH DEF8 H
6 registers which “*CD H EF89 H
are not "
’ specified are all CDE H F89A H
8 0 CDEF H 89AB H
9 **CH DEF8 H 9AB4 H
10 *CDH EF89 H AB45 H
1" *CDEH F89AH B456 H
12 CDEF H 89AB H 4567 H
13 **CH DEF8 H 9AB4 H 5670 H
14 *CDH EF89 H AB45 H 6701 H
15 *CDEH F89AH B456 H 7012 H
16 CDEFH 89AB H 4567 H 0123 H
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API Mnemonic Operands Function
Controllers
84 CCD |P| G5 (1B (D | Check Code ES2/EX2
Type | Bit Devices Word devices Program Steps
oP XY |M|S|K|H|KnX|[KnY/KnMKnS| T |C |D|E|F |CCD, CCDP: 7 steps
S * * * * * * *
D * * * * *
n * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: source data  D: Destination device for storing check sum  n: Number of byte (n = 1~256)

Explanations:

1. This instruction performs a sum check for ensuring the validity of the communication data.

2. 16-bit conversion: If M1161 = OFF, n bytes of data starting from low byte of S will be summed
up, the checksum is stored in D and the parity bits are stored in D+1.

3.  8-bit conversion: If M1161 = ON, n bytes of data starting from low byte of S (only low byte is

valid) will be summed up, the check sum is stored in D and the parity bits are stored in D+1.

Program Example 1:
1.  M1161 = OFF, 16-bit conversion.
2. When X0 = ON, 6 bytes from low byte of DO to high byte of D2 will be summed up, and the

checksum is stored in D100 while the parity bits are stored in D101.

CQut16D)
X0

b——1 ccD DO D100 K6

M1000

(S) Content of data
DO low byte | K100=01100100
DO high byte | K111=01101 1 1D
D1 lowbyte | K120=01111000
D1 high byte | K202=11001010
D2 lowbyte | K123=0111101
D2 high byte | K211=110100 1D
D100 K867 Total

D101 000100 O@ < The parity is 1 when there is an odd number of 1.
The parity is 0 when there is an even number of 1

p1ooj{o|o]ofo|o|of[1|[1|of1]1]o]o]o]1]1]

D101 o]Jofofo]ofo]ofofo]ofo]1]o]o]o]1] <= Parity
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Program Example 2:
1. M1161 = ON, 8-bit conversion.
2. When X0 = ON, 6 bytes from low byte of DO to low byte of D5 will be summed up, and the

checksum is stored in D100 while the parity bits are stored in D101.

M1000

MG

X0
— — ccbD DO D100 K6

(S) Content of data
DO low byte | K100=01100100
D1 lowbyte | K111=01101111)
D2 low byte | K120=01111000

D3 low byte | K202=11001010
D4 low byte | K123=01111011)
D5 low byte | K211=1101001(1)
D100 K867 Total

D101 000100 0@ < The parity is 1 when there is a odd number of 1.
The parity is 0 when there is a even number of 1.

D100/ 0]ofo]ofofof[1][1]o]1]1]0]olo][1]1]

D101 0/0]olololololofoflolol1]o0l0]lo0]1]<=Prariy
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API Mnemonic Operands Function Controllers
87 ||D| ABS |P @ Absolute Value ES2/EX2
Type | Bit Devices Word devices Program Steps
oP X|Y|M|S|K|H|KnX|KnY|KnM|KnS| T |C |D|E |F |ABS, ABSP: 3 steps
D * * **1*|*|*|*|DABS, DABSP: 5 steps
PULSE 16-bit 32-bit
ES2/EX2 ES2 /EX2 ES2 / EX2
Operands:

D: Device for absolute value operation

Explanation
1. The instruct ion conducts absolute value operation on D
2. This instruction is generally used in pulse execution mode (ABSP, DABSP).

3. Ifoperand D uses index F, then only 16-bit instruction is available.

Program Example:

When X0 goes from OFF to ON, ABS instruction obtains the absolute value of the content in DO.

X0
f— ABS DO
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API Mnemonic Operands Function
Controllers
88 ||D| PID Gy G G» @ | PID control ES2/EX2
Type | Bit Devices Word devices Program Steps
OoP XY |M|S|K|H[KnXKnNY|KNnM|KnS| T|C |D|E|F |PID:9 steps
S i DPID: 17 steps
S, *
S; *
D *
PULSE 16-bit 32-bit
ES2/EX2 ES2 / EX2 ES2 / EX2
Operands:

S;: Setvalue (SV) Sy Present value (PV)  Ss: Parameter setting (for 16-bit instruction, uses 20

consecutive devices, for 32-bit instruction, uses 21 consecutive devices) D: Output value (MV)

Explanations:

1. This instruction is specifically for PID control. PID operation will be executed only when the
sampling time is reached. PID refers to “proportion, integration and derivative”. PID control is
widely applied to many mechanical, pneumatic and electronic equipment.

2. After all the parameters are set up, PID instruction can be executed and the results will be
stored in D. D has to be unlatched data register. (If users want to designate a latched data

register area, please clear the latched registers to 0 in the beginning of user program.

Program Example:
1.  Complete the parameter setting before executing PID instruction.
2. When X0 = ON, the instruction will be executed and the result will be stored in D150. When X0

= OFF, the instruction will not be executed and the previous data in D150 will stay intact.
X0
—— Po | po | b1 | D100 | piso |

3.  Timing chart of the PID operation (max. operation time is approx. 80us)

Scan cycle Scan cycle

/ \‘ \ ‘ \
o o] - [ .___ — -

Sampling time (Ts) g Sampling time (Ts)

A
A

Note: #1-> The time for equation calculation during PID operation (approx. 72us)
#2-> The PID operation time without equation calculation (approx. 8us)
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Points to note:

1. There is no limitation on the times of using this instruction. However, the register No.

designated in S; cannot be repeated.

2. For 16-bit instruction, S; occupies 20 registers. In the program example above, the area
designated in S; is D100 ~ D119. Before the execution of PID instruction, users have to
transmit the parameters to the designated register area by MOV instruction. If the designated
registers are latched, use MOVP instruction to transmit all parameters only once

3.  Settings of Sz in the 16-bit instruction:

Device No. Function Setup Range Explanation
Time interval between PID
calculations and updates of MV. If Tg
= 0, PID instruction will not be
1~2,000 enabled. If Ts is less than 1 program
S3: Sampling time (Ts)
(unit: 10ms) scan time, PID instruction sets S; as 1
program scan time, i.e. the minimum
Ts has to be longer than the program
scan time.
The proportion for
Propotional gain
Sa+1: (Ko) 0~30,000(%) magnifying/minifying the error
] between SV and PV.
The proportion for
magnifying/minifying the integral
Integral gain (K)) 0~30,000(%)
I value (The accumulated error). For
+2:
: control mode KO~KS5.
Integral time
0~30,000 (ms) For control mode K10
constant (T))
The proportion for
magnifying/minifying the derivative
-30,000~30,000
Derivative gain (Kp) ) value (The rate of change of the
(o]
Ss+3: process error). For control mode
KO~K5
Derivative time -30,000~30,000
For control mode K10
constant (Tp) (ms)
0: Automatic control
1: Forward control (E = SV - PV).
S;+4: Control mode

2: Reverse control (E = PV - SV).

3: Auto-tuning of parameter exclusively for the temperature
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Device No. Function Setup Range Explanation
control. The device will automatically become K4 when
the auto-tuning is completed and K, K, and Kp, is set with
appropriate value (not avaliable in the 32-bit instruction).
4: Exclusively for the adjusted temperature control (not
avaliable in the 32-bit instruction).
5: Automatic mode with MV upper/lower bound control.
When MV reaches upper/lower bound, the accumulation
of integral value stops.
10: T,/ Tp mode with MV upper/lower bound control. When
MV reaches upper/lower bound, the accumulation of
integral value stops.
E = the error between SV and PV. If S3
Tolerable range for +5 is set as 5, when E is between -5
Sst+5: 0~32,767
error (E) and 5, MV will be 0. When S; +5 = KO,
the function will not be enabled.
Ex: if S3+6 is set as 1,000, MV will be
1,000 when it exceeds 1,000. S3;+6 has
Upper bound of )
S3+6: -32,768~32,767 to be bigger or equal to
output value (MV)
S3+7, otherwise the upper bound and
lower bound value will switch.
Lower bound of Ex: if S3+7 is set as -1,000, MV will be
S3t+7: -32,768~32,767
output value (MV) -1,000 when it is smaller than -1,000..
Ex: if S3+8 is set as 1,000, the integral
value will be 1,000 when it is bigger
Upper bound of than 1,000 and the integration will
S3t+8: ) -32,768~32,767
integral value stop. S;+8 has to be bigger or equal S;3
+9; otherwise the upper bound and
lower bound value will switch
Ex: if S3+9 is set as -1,000, the integral
Lower bound of value will be -1,000 when it is smaller
S3+9: -32,768~32,767
integral value than -1,000 and the integration will
stop.
Available range The accumulated integral value is
Accumulated
S:+10, 11: of 32-bit floating usually for reference. Users can clear

integral value

point or modify it (in 32-bit floating point)
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Device No. Function Setup Range Explanation
according to specific needs.
The previous PV is usually for

S; +12: The previous PV -32,768~32,767 reference. Users can clear or modify it
according to specific needs.

83+13:

~ For system use only..
S3+19
4.  When parameter setting exceeds its range, the upper / lower bound will be selected as the set

value. However, if the control direction (DIR) exceeds the available range, it will be set to 0,

PID instruction can be used in interruption subroutines, step ladders and CJ instruction.

(Kp)

6. The maximum error of sampling time Ts = - (1 scan time + 1ms) ~ + (1 scan time). When the
error affects the output, please fix the scan time or execute PID instruction in timer interrupt.
7. PV of PID instruction has to be stable before PID operation executes. If users need to take the
value input from AlO modules for PID operation, care should be taken on the A/D conversion
time of these modules
8.  For 32-bit instruction, S; occupies 21 registers. In the program example above, the area
designated in S; will be D100 ~ D120. Before the execution of PID instruction, users have to
transmit the parameters to the designated register area by MOV instruction. If the designated
registers are latched, use MOVP instruction to transmit all parameters only once.
9. Parameter table of 32-bit Ss:
Device No. Function Set-point range Explanation
Time interval between PID
calculations and updates of MV. If
Ts= 0, PID instruction will not be
s, Sampling time (Te) 1~2,000 enabled. If T is less than 1
(unit: 10ms) program scan time, PID instruction
sets S;as 1 program scan time,
i.e. the minimum Tg has to be
longer than the program scan time.
The proportion for
Sa+1: Proportional gain 0~30,000(%) magnifying/minifying the error

between SV and PV.
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Device No. Function Set-point range Explanation
The proportion for
magnifying/minifying the integral

Integration gain (K)) 0~30,000(%)
value (The accumulated error). For

S3+2:

control mode KO~K2, K5.

Integral time constant

) 0~30,000 (ms) For control mode K10

|
The proportion for
magnifying/minifying the derivative
o ) -30,000~30,000( gniying ying
Derivative gain (Kp) %) value (The rate of change of the
(o]
S,+3: process error). For control mode
K0~K2, K5.
Derivative time -30,000~30,000
For control mode K10
constant (Tp) (ms)
0: Automatic control
1: Forward control (E = SV - PV).
2: Reverse control (E = PV - SV).
5: Automatic mode with MV upper/lower bound control.
Sst+4: Control mode When MV reaches upper/lower bound, the
accumulation of integral value stops.
10: T,/ Tp mode with MV upper/lower bound control.
When MV reaches upper/lower bound, the
accumulation of integral value stops.
E = the error between SV and PV.
0 If S; +5 is set as 5, when E is
Si#5,6: | po\orable range for eror between -5 and 5, MV will be 0.
(E), 32-bi 2,147,483,647
When S; +5 = KO0, the function will
not be enabled.
Ex: if S3+6 is set as 1,000, MV will
0 147 483,648 be 1,000 when it exceeds 1,000.
. Upper bound of output 4 , 040~ .

S;+7, 8: value (MV) , 32-bit 2 147 483,647 S3+6 has to be bigger or equal to
S3+7, otherwise the upper bound
and lower bound value will switch

0 147 483.648 Ex: if S3+7 is set as -1,000, MV will
) Lower bound of output 4, ) ) - -
S;+9, 10: value (MV) , 32-bit 2 147 483 647 be -1,000 when it is smaller than
-1,000.
. Upper bound of integral » .
Sz+11, 12: -2,147,483,648~ | Ex: if S3+8 is set as 1,000, the

value, 32-bit
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Device No. Function Set-point range Explanation

2,147,483,647 integral value will be 1,000 when it
is bigger than 1,000 and the
integration will stop. S;+8 has to
be bigger or equal S; +9;
otherwise the upper bound and

lower bound value will switch.

S3+13, 14:

Ex: if S3+9 is set as -1,000, the
Lower bound of integral -2,147,483,648~ integral value will be -1,000 when

value, 32-bit 2,147,483,647 it is smaller than -1,000 and the
integration will stop.
The accumulated integral value is
Available range I § ‘ U
| Accumulated integral . _ usually for reference. Users can
S;+15, 16: value, 32-bit of 32-bit floating

- clear or modify it (in 32-bit floating
poin
point) according to specific needs.

S;+17, 18: | The previous PV, 32-bit

The previous PV is usually for
-2,147,483,648~ reference. Users can clear or
2,147,483,647 modify it according to specific

needs.

S3+19, 20 For system use only.

10. The explanation of 32-bit Sz and 16-bit S; are almost the same. The difference is the capacity

of S3+5 ~ S3+20.

PID Equations:

1.

When control mode (Sz+4) is selected as KO, K1, K2 and K5:

° In this control mode, PID operation can be selected as Automatic, Forward, Reverse and
Automatic with MV upper/lower bound control modes. Forward / Reverse direction is
designated in Sz+4. Other relevant settings of PID operation are set by the registers
designated in S3 ~ S3+5.

. PID equation for control mode kO~k2:

MV =K, *E(t)+ K, * E(t);+ Kp *PV(t)S

where

MV : Output value
K, : Proprotional gain

E(t): Error value
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PV (t): Present measured value
SV (t): Target value

K, : Derivative gain

PV (t)S : Derivative value of PV(t)
K, : Integral gain

E(t)% . Integral value of E(t)

4 When E(t) is smaller than 0 as the control mode is selected as forward or inverse, E(t)

will be regarded as “0"

Control mode PID equation
Forward, automatic E(t)= SV-PV
Inverse E(t) = PV-SV

. Control diagram:
In diagram below, S is derivative operation, referring to “(PV- previous PV) + sampling time”.

1/ S is integral operation, referring to “previous integral value + (error value x sampling time)”.

G(S) refers to the device being controlled.

PID operation is within dotted area

1/S

K,

Y

. The equation above illustrates that this operation is different from a general PID
operation on the application of the derivative value. To avoid the fault that the transient
derivative value could be too big when a general PID instruction is first executed, our PID
instruction monitors the derivative value of the PV. When the variation of PV is excessive, the

instruction will reduce the output of MV

2. When control mode (Ss;+4) is selected as K3 and K4:

° The equation is exclusively for temperature control will be modified as:

MV :L{E(t)+i(E(t)éj+ Ky * E(t)S]

K, K,

where E(t)=SV(t)-PV(t)
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° Control diagram:
In diagram below, 1/K,and 1/Kp refer to “divided by K,” and “divided by Kp”. Because this mode
is exclusively for temperature control, users have to use PID instruction together with GPWM

instruction. See Application 3 for more details

y+

. F 1/S 1/K,
g ¥
SV——»* E 1/KPP"—¥ G(s)

S < PV

° This equation is exclusively designed for temperature control. Therefore, when the
sampling time (Ts) is set as 4 seconds (K400), the range of output value (MV) will be KO ~
K4,000 and the cycle time of GPWM instruction used together has to be set as 4 seconds
(K4000) as well.

. If users have no idea on parameter adjustment, select K3 (auto-tuning). After all the
parameters are adjusted (the control direction will be automatically set as K4), users can

modify the parameters to better ones according to the adjusted results.

When control mode (Sz+4) is selected as K10:

. S3+2 (K)) and S3+3 (Kp) in this mode will be switched to parameter settings of Integral
time constant (T,) and Derivative time constant (Tp).

° When output value (MV) reaches the upper bound, the accumulated integral value will
not increase. Also, when MV reaches the lower bound, the accumulated integral value will not
decrease.

. The equation for this mode will be modified as:

MV =K, x E(t)+T£J.E(t)dt+TD%E(t)}

Where
E(t)=SV(t)-PV(t)

° Control diagram:
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1/ —{1/T,
SV E F { V
. G(s)

y+

~
-T2

\

- L {
S T PV

Notes and suggestion:

1.
2.

S, + 3 can only be the value within 0 ~ 30,000.

There are a lot of circumstances where PID instruction can be applied; therefore, please
choose the control functions appropriately. For example, when users select parameter
auto-tuning for the temperature (S, + 4 = K3), the instruction can not be used in a motor control
environment otherwise improper control may occur.

When you adjust the three main parameters, K, K, and K (S; + 4 = KO ~ K2), please adjust K,
first (according to your experiences) and set K, and K, as 0. When the output can roughly be
controlled, proceed to increase K, and K (see example 4 below for adjustment methods). K, =
100 refers to 100%, i.e. the proportional gain to the error is 1. K, < 100% will decrease the
error and K, > 100% will increase the error

When temperature auto-tuning function is selected(S, + 4 = K3, K4), it is suggested that
store the parameters in D register in latched area in case the adjusted parameters will
disappear after the power is cut off. There is no guarantee that the adjusted parameters are
suitable for every control requirement. Therefore, users can modify the adjusted parameters
according to specific needs, but it is suggested to modify only K, or K

PID instruction has to be controlled with many parameters; therefore care should be taken

when setting each parameter in case the PID operation is out of control.

Example 1: Block diagram of application on positioning (Sz+4 = 0)

Position instruction —————» PID MV > C(()jntrglled
(SV) evice
X
A
Encoder
PV |

Example 2: Block diagram of application on AC motor drive (S;+4 = 0)
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Speed instruction (S) —+>© S+Mv > A%mc;tor

+
Acceleration/deceleration
output (MV) y
Speed
Acceleration/deceleration det%ction
instruction (V) ———— > PID 1 evice (P)
Actual acceleration/

deceleration speed
(PV=S-P)

1)

Example 3: Block diagram of application on temperature control (S;+4

) ) Heating (MV)
Temperature instruction (SV) —— PID > Heater
X
A
Temperature
detection

Actual temperature device
(PV)

Example 4: PID parameters adjustment

Assume that the transfer function of the controlled device G(S) in a control system is a first-order

function G(s) _b  (model of general motors), SV = 1, and sampling time (Ts) = 10ms. Suggested
S+a

steps for adjusting the parameters are as follows:

Stepl:
Set K, and K, as 0, and K, as 5, 10, 20, 40. Record the SV and PV respectively and the results are

as the figure below.

15 1 1 1 1 1 1 1 1 1

Kp=40 sv=1

Kp=20 Kp=10 J

1 /

¥ 4

\Kp=5

0.5 .
0007 02 03 04 05 08 07 08 oo 1 1ime (sec)

Step 2:
When Kpis 40, response overshoot occurs, so we will not select it.
When K is 20, PV response is close to SV and won’t overshoot, but transient MV will be to large

due to a fast start-up. We can put it aside and observe if there are better curves.
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When Kp is 10, PV response is close to SV and is smooth. We can consider using it.

When K is 5, the response is too slow. So we won't use it.
Step 3:

Select K, = 10 and increase K, gradually, e.g. 1, 2, 4, 8. K, should not be bigger than K. Then,
increase Kp as well, e.g. 0.01, 0.05, 0.1, 0.2. K, should not exceed 10% of K. Finally we obtain the
figure of PV and SV below.

15 1 1 1 1 1 1 1 1 1
PV=SV
1 /
N—
0-5 Kp=10,K, =8,Kp=0.2 1
0 1 1 1 1 1 1 1 1 1 Tlme (sec)

0 0.1 0.2 03 04 05 06 0.7 08 0.9 1

Application 1:
PID instruction in pressure control system. (Use block diagram of example 1)

Control purpose:

Enabling the control system to reach the target pressure.

Control properties:

The system requires a gradual control. Therefore, the system will be overloaded or out of
control if the process progresses too fast.

Suggested solution:

Solution 1: Longer sampling time

Solution 2: Using delay instruction. See the figure below
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0 OrrlJm
|
3000
511 rpm
Pressure Set value sV A% Speed AC
ramp up MV, ted
SV (D0) — —»| PID [—»fonverted—plonverteq—p motor
D1 D5 to to drive
PV speed voltage | 1116
Wave Voltage
B D1110 | converted ¢ pressure

to meter
SV
0
|
511
SV
A
D2 stores increased
280 —— 280 value of each shift
288 D3 stores the time interval
150 of each shift
100
50 Values in can modify D2 and D3
0 »  according to actual requirement

Wave A 0 Wave B
Example program of SV ramp up function:
M1002
L i MOV | K10 | D3 |
MO
| | ™vr [ 0 | D3 |
T0
— | I RST | T0 |
MOV | K50 D2
MOV | K-50 D2
wor %o [ o]
IADDl D2 | D1 | D1 |
CMP D2 KO M10
M10
— > D1 DO MOV | DO | D1 |
M12
L1 < b1 po mov | po | D1 |
MO
- | i PID | D1 |D1116| D10 | D5 |
Application 2:

Speed control system and pressure control system work individually (use diagram of Example 2)
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Control purpose:

After the speed control operates in open loop for a period of time, adding pressure control
system (PID instruction) to perform a close loop control.
Control properties:

Since the speed and pressure control systems are not interrelated, we have to structure an
open loop for speed control first following by a close loop pressure control. If users afraid that
the pressure control system changes excessively, consider adding the SC ramp-up function

illustrated in Application 1 into this control. See the control diagram below.

9
M3 4 M2=ON 255

\
D40 speed
SV of o D32 convert [D1116] AC
speed D30" \_ +> . tlct> > drive
D31 A voltage
Orpm
|
3000rpm TV
convert to
accel/decel
A
DO [""MO=ON" D5 [MV
SV PV
SV of _;.rai\é_up D15 piD | D1110 [pressure
pressure (optional meter
M1=0ON

Part of the example program:

3-228



3. Instruction Set

M1002
| i MOV | K1000 | D40 |
MO
— i MOV | DO | D1 |
M1
1/ i MOV | KO | D5 |
M3
— 4 MOV D40 D30
M2
| i ADD | D30 | D31 | D32 |
H > b3z K3ooo|—| MOV | K3000| D32 |
{ < ps2 ko |—— mov | ko | D32 |
| ov [ ps2 | ki1 | b3z |
H > D32 k255 |—— wmov | k255 | D32 |
i MOV | D32 |D1116|
M1
— | i PID | D1 |D1110| D10 | D5 |
Application 3:

Using auto-tuning for temperature control

Control purpose:

Calculating optimal parameter of PID instruction for temperature control

Control properties:

Users may not be familiar with a new temperature environment. In this case, selecting

auto-tuning (Sz+4 = K3) for an initial adjustment is suggested. After initial tuning is completed,

the instruction will auto modify control mode to the mode exclusively for adjusted temperature

(Ss+4 = K4). In this example, the control environment is a heating oven. See the example

program below.
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M1002
f MOV | K4000 D20

MOV K400 D200

—|MOV|Ksoo| D10|
4|TO|KO|K2|K2|K1|

M1013

—{———— FROM KO K6 D11 K1

MO

—||——| MOV |
—| RST | MO |
M1
|
|

——— P

D10 | D11 | D200| DO |

D0|D20|YO|

1300

1200

o0

o000

400

a00

700

B0

500

400

et}

200

Time P 01:44:03 P 01:52:23 P 02:00:43 P 02:059:03 PM 02:17:23 P 02:25:43
Pt 01:48:13 P 01:56:33 Pt 02:04:53 P 021313 P4 02:21:33

] =

Auto tuning area 'I PID control area
S;+4 =k3 S+4=k4

—

Results of using adjusted parameters generated by initial auto-tuning function.
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3.

m,..u.

733

ol 4

i
=]

2]
in R

ol

03

22
]
53

an.0

A 10:50:29 Ak 10:58:49 AW 11:07:09 Ak 11:15:29

A 10:42:09

q0.0

an.0

0.0
E0.0
50.0
40.0
300
200

Tirne

A 11:13:39

Ak 11:11:19

Ak 11:02:53

Ak 10:54:39

AW 10:46:13

From the figure above, we can see that the temperature control after auto-tuning is working

fine and it spent only approximately 20 minutes for the control. Next, we modify the target

temperature from 80°C to 100°C and obtain the result below.

11:47:44

A bA

Akd 17:239:24

Akd 17:37:04

1100

1050

1000

35.0

a0.0

a25.0

a0.0

5.0

Tirme

Abd 17:43:34 Akd 171:51:54

Akl 17:35:714

From the result above, we can see that when the parameter is 100°C, temperature control

works fine and costs only 20 minutes same as that in 80°C.
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API Mnemonic Operands Function
Controllers
89 PLS (&D) Rising-edge output ES2/EX2

Type | Bit Devices Word devices Program Steps
OP X|Y|M|S|K|H|KnX[KnY|KNnMKnS| T | C PLS: 3 steps

S * *

PULSE 16-bit 32-bit
ES2/EX2 ES2 / EX2 ES2/EX2

Operands:

S: Rising pulse output device

Explanations:

When X0 goes from OFF to ON (Rising-edge trigger), PLS instruction executes and S generates a

cycle pulse for one operation cycle.

Program Example:

Ladder Diagram:

X0
F——-/ PLS MO
MO
———o seT | vo |
Timing Diagram:
X0__ [

A scan cycle

MO
vyo__|

—1

Instruction Code: Operation:
LD X0 ; Load NO contact of X0
PLS MO ; MO rising-edge output
LD MO ; Load NO contact of MO
SET YO0 ; YO latched (ON)
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API || Mnemonic | Operands Function
Controllers
90 LDP @€D) Rising—edge detection operation ES2/EX2
Type | Bit Devices Word devices Program Steps
OP X|Y|M|S|K|H|KnX|KnY|KnM|KnS| T |C |D|E|F [LDP: 3 steps
S * * * * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2 / EX2 ES2/ EX2
Operands:

S: device to be rising-edge triggered

Explanations:
LDP should be connected to the left side bus line. When the associated device S is driven from OFF

to ON, LDP will be ON for one scan cycle.

Program Example:

Ladder Diagram:
X0 X1
Ht———C 1
Instruction Code: Operation:
LDP X0 ; Load rising-edge contact X0
AND X1 ; Connect NO contact X1 in series
ouT Y1 ; Drive Y1 coll

Points to Note:
1.  If the associated rising-edge contact is ON before PLC is power on, the contact will be

activated after PLC is power on.
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APl || Mnemonic | Operands Function
Controllers
91 LDF D) Falling—edge detection operation ES2/EX2
Type | Bit Devices Word devices Program Steps
OoP XY |M|S|K|H|[KnX|KnY|KnM|KnS| T |C |D | E|F |LDF: 3 steps
S * * * * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2 / EX2 ES2/EX2
Operands:

S: device to be falling pulse triggered

Explanations:
LDF should be connected to the left side bus line. When the associated device S is driven from ON

to OFF, LDF will be ON for one scan cycle.

Program Example:

Ladder Diagram:

}_|X$O |_)|( 1 :

Instruction Code: Operation:
LDF X0 ; Load falling-edge contact X0
AND X1 ; Connect NO contact X1 in series.
ouT Y1 ; Drive Y1 coil
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APl || Mnemonic | Operands Function
Controllers
92 ANDP @€D) Rising-edge series connection ES2/EX2

Type | Bit Devices Word devices Program Steps
oP X|Y|[M]|S |K|HI[KnX[KnY[KnM[KnS| T |C|D | E | F | ANDP: 3 steps

S * * * * * *

PULSE 16-bit 32-bit
ES2/EX2 ES2 / EX2 ES2/ EX2
Operands:
S: rising-edge contact to be connected in series
Explanations:
ANDP instruction is used in the series connection of the rising-edge contact.
Program Example:
Ladder Diagram:
X0 X1

Hi—it—GD
Instruction Code: Operation:

LD X0 ; Load NO contact of X0

ANDP X1 ; X1 rising-edge contact in series connection

ouT Y1 ; Drive Y1 coll
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APl || Mnemonic | Operands Function
Controllers
93 ANDF D) Falling-edge series connection ES2/EX2

Type | Bit Devices Word devices Program Steps
OoP X1Y|M|S|K|H|KnXKnY|KnM|KnS| T |C |D | E|F |ANDF: 3 steps

S * * * * * *

PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:
S: falling edge contact to be connected in series
Explanations:
ANDF instruction is used in the series connection of the falling-edge contact.
Program Example:
Ladder Diagram:
X0 X1

iG>
Instruction Code: Operation:

LD X0 ; Load NO contact of X0

ANDF X1 ; X1 falling-edge contact in series connection

ouT Y1 ; Drive Y1 coll
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APl || Mnemonic | Operands Function
Controllers
94 ORP D) Rising-edge parallel connection ES2/EX2
Type | Bit Devices Word devices Program Steps
oP X|Y|M|S|K|H|KnX|KnY|KnM|KnS| T |[C |D|E | F |ORP: 3 steps
S * * * * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: rising-edge contact to be connected in parallel

Expl

anations:

ORRP instruction is used in the parallel connection of the rising-edge contact.

Program Example:

Ladder Diagram:

Instruction Code:

LD X0
ORP X1
ouT Y1

G

Operation:

; Load NO contact of X0

; X1 rising-edge contact in parallel connection

; Drive Y1 coil
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API Mnemonic | Operands Function Controllers
95 ORF D) Falling-edge parallel connection ES2/EX2
Type | Bit Devices Word devices Program Steps
OP X|Y|M|S |K|H|[KnX|KnY|KnM|KnS| T|C |D|E|F |ORF: 3 steps
S * * * * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:
S: falling-edge contact to be connected in parallel
Explanations:
OREF instruction is used in the parallel connection of the falling-edge contact..
Program Example:
Ladder Diagram:
X0
X1
v
Instruction Code: Operation:
LD X0 ; Load NO contact of X0
ORF X1 ; X1 falling-edge contact in parallel connection
ouT Y1 ; Drive Y1 coll
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API Mnemonic Operands Function
Controllers
96 TMR G & | Timer ES2/EX2
Type | Bit Devices Word devices Program Steps
oP X|Y|M|S|K|H|[KnXKnY|[KNMKnS| T |C E | F |TMR: 5 steps
Sy *
S, *
PULSE 16-bit 32-bit
ES2/EX2 ES2 / EX2 ES2/ EX2
Operands:
S;: No. of timer  (TO~T255) S,: Set value (KO~K32,767, D0~D9,999)

Explanations:

When TMR instruction is executed, the specific coil of timer is ON and the timer is enabled. When

the set value of timer is achieved, the associated NO/NC contact will be driven.

Program example:

Ladder Diagram:
X0
|—| — TMR T5 K1000
Instruction Code: Operation:
LD X0 : Load NO contact X0
TMR T5 K1000 ; T5 timer setting is K1000
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API Mnemonic Operands Function
Controllers
97 CNT G (GS2 | 16-bit counter ES2/EX2
Type | Bit Devices Word devices Program Steps
OoP XY |M|S|K|H[KnX|[KnY|KNnM|KnS| T E | F |CNT: 5 steps
Sy
S, *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S1: No. of 16-bit counter (CO~C199) S,: Set value (KO~K32,767, D0~D9,999)

Explanations:

1. When the CNT instruction is executed, the specific coil of counter is driven from OFF to ON

once, which means the count value of counter will be added by7 1. When the accumulated

count value achieves the set value, the associated NO/NC contact will be driven.

2. When set value of counter is achieved and the counter is driven again, the count value and the

status of the associated contact will remain intact. If users need to restart the counting or clear

the count value, please use RST instruction.

Program example:

Ladder Diagram:

X0
|—| —— CNT C20 K100
Instruction Code: Operation:
LD X0 ; Load NO contact X0
CNT C20 K100

; C20 counter setting is K100
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API Mnemonic Operands Function
Controllers
97 DCNT GD (82 | 32-bit counter ES2/EX2
Type | Bit Devices Word devices Program Steps
oP XY |M|S|K|H|KnX|[KnY|[KnMKnS| T |C |D | E|F |DCNT: 9 steps
Sy *
82 * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S;: No. of 32-bit counter (C200~C254)
S,: Set value (K-2,147,483,648~K2,147,483,647, D0~D9,999)

Explanations:

1. DCNT is the startup instruction for the 32-bit counters C200 to C254.

2. For general counting up/down counters C200~C231, the present value will plus 1 or minus 1
according to the counting mode set by flags M1200~M1231 when instruction DCNT is 3
executed.

3.  For high speed counters C232~C254, when the specified high speed counter input is triggered
by pulse, the counters will start counting. For details about high-speed input terminals (X0~X7)
and counting modes (count up/down), please refer to section 2.8 C (Counter).

4.  When DCNT instruction is OFF, the counter will stop counting, but the count value will not be
cleared. Users can use RST instruction to remove the count value and reset the contact. For
high-speed counters C232~C254, use specified external input point to clear the count value

and reset the contacts.

Program Example:

Ladder Diagram:

MO
|—||— DCNT C254 K1000

Instruction Code: Operation:
LD MO ; Load NO contact MO
DCNT C254 K1000 ; C254 counter setting is K1000
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API Mnemonic Operands Function
Controllers
98 INV - Inverse operation ES2/EX2
OoP Descriptions Program Steps
N/A Invert the current result of the internal PLC operations INV: 1 step
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Explanations:
INV instruction inverts the logical operation result.
Program Example:
Ladder Diagram:
Hi G
Instruction Code: Operation:
LD X0 ; Load NO contact X0
INV ; Invert the operation result
ouT Y1 ; Drive Y1 coll
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API Mnemonic Operands Function
Controllers
99 PLF D) Falling-edge output ES2/EX2
Type | Bit Devices Word devices Program Steps
oP X|Y|M|S|K|H|KnX|KnY|KNnM|KnS| T E | F |PLF: 3 steps
S * *
PULSE 16-bit 32-bit
ES2/EX2 ES2 / EX2 ES2/ EX2
Operands:

S: Falling pulse output device

Explanations:

When X0 goes from ON to OFF (Falling-edge trigger), PLS instruction executes and S generates a

cycle pulse for one operation cycle..

Program Example:

Ladder Diagram:
X0
}—| PLF | MO |
MO
F——— SET YO
Timing Diagram:
X0_ |1 [
MO I—l A scan cycle |-|_
yo___ |
Instruction Code: Operation:
LD X0 ; Load NO contact X0
PLF MO ; MO falling-edge output
LD MO ; Load NO contact MO
SET YO0 ; YO latched (ON)
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API || Mnemonic Operands Function
Controllers
100 || MODRD | (S» (S (D | Read Modbus Data ES2/EX2
Type | Bit Devices Word devices Program Steps
OP X|Y|M|S |K|H|KnX|[KnY|[KnM|[KnS| T |C |D|E|F |MODRD: 7 steps
S'] * * *
82 * * *
n * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S,: Device address (KO~K254) S,: Data address  n: Data length (K1 <n=K®6)

Expl
1.
2.

anations:

MODRD instruction supports COM2 (RS-485).

MODRD is an instruction exclusively for peripheral communication equipment in MODBUS
ASCII/RTU mode. The built-in RS-485 communication ports in Delta VFD drives (except for
VFD-A series) are all compatible with MODBUS communication format. MODRD can be used
for communication (read data) of Delta drives.

If the address of S, is illegal for the designed communication device, the device will respond
with an error, PLC will records the error code in D1130 and M1141 will be ON.

The feedback (returned) data from the peripheral equipment will be stored in D1070 ~ D1085.
After data receiving is completed, PLC will check the validity of the data automatically. If there
is an error, M1140 will be ON.

The feedback data are all ASCII codes in ASCII mode, so PLC will convert the feedback data
into hex data and store them in D1050 ~ D1055. D1050 ~ D1055 is invalid in RTU mode.

If peripheral device receives a correct record (data) from PLC after M1140/M1141 = ON, the
peripheral device will send out feedback data and PLC will reset M1140/M1141 after the
validity of data is confirmed.

There is no limitation on the times of using this instruction, but only one instruction can be
executed at a time on the same COM port.

Rising-edge contact (LDP, ANDP, ORP) and falling-edge contact (LDF, ANDF, ORF) can not
be used with MODRD instruction, otherwise the data stored in the receiving registers will be
incorrect.

For related flags and special registers, please refer to Points to note of APl 80 RS instruction.
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Program Example 1:
Communication between PLC and VFD-B series AC motor drives (ASCII Mode, M1143 = OFF)

M1002
—| I MOV H87 D1120 | Set communication protocol as 9600, 8, E, 1
SET M1120 | Retain communication protocol
MOV K100 | D1129 | Set receiving time-out as 100ms
X1
_Hli SET M1122 | Sending request
X0
—| I— MODRD K1 H2101 K6 S ]
Set communication instruction:

L Data length: 6 words
Data address: H2101
Device address: 01

M1 1|27 - - PLC converts the received ASCII data in
— | Processing received data| D1070~D1085 into Hex data and stores them
into D1050~D1055
Receiving RST M1127 | Reset M1127
completed

PLC —» VFD-B, PLC transmits: “01 03 2101 0006 D4”
VFD-B — PLC , PLC receives: “01 03 0C 0100 1766 0000 0000 0136 0000 3B”

Registers for data to be sent (sending messages)

Register Data Descriptions
D1089 low byte 0" | 30H | ADR1 Address of AC motor drive:
D1089 high byte ‘1’ | 31H | ADRO ADR (1,0)

D1090 low byte ‘0" | 30H | CMD 1
D1090 high byte ‘3 | 33H | CMDO
D1091 low byte 2 | 32H

Command code: CMD (1,0)

D1091 high byte ‘1’ | 31H
Starting data address
D1092 low byte ‘0" | 30H
D1092 high byte ‘1’ | 31H
D1093 low byte ‘0" | 30H
D1093 high byte ‘0" | 30H
Number of data (count by word)
D1094 low byte ‘0" | 30H

D1094 highbyte | ‘6" | 36 H
D1095 low byte | ‘D’ | 44 H | LRC CHK 1
D1095 highbyte | ‘4 | 34 H | LRC CHKO

Checksum: LRC CHK (0,1)
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Registers for received data (responding messages)

Register Data Descriptions
D1070 low byte ‘O | 30H | ADR 1
D1070 high byte ‘1’ | 31H | ADRO
D1071 low byte ‘O | 30H | CMD 1
D1071 highbyte | ‘3 | 33H | CMDO
D1072 low byte 0 | S0H Number of data (count by byte)
D1072 high byte | ‘C’ | 43 H
D1073 low byte ‘0" | 30H 0100 H
D1073 high byte ‘1" | 31 H | Content of address | PLC automatically converts
D1074 low byte ‘0" | 30H | 2101 H ASCII codes and store the
D1074 high byte ‘0 | 30H converted value in D1050
D1075 low byte ‘1" | 31H 1766 H
D1075 high byte 7" | 37 H | Content of address | PLC automatically converts
D1076 low byte 6" | 36H | 2102 H ASCII codes and store the
D1076 high byte ‘6’ | 36 H converted value in D1051
D1077 low byte ‘0" | 30H 0000 H
D1077 high byte ‘0" | 30H | Content of address | PLC automatically converts
D1078 low byte ‘0" | 30H | 2103 H ASCII codes and store the
D1078 high byte ‘0 | 30H converted value in D1052
D1079 low byte ‘0 | 30H 0000 H
D1079 high byte ‘0" | 30H | Content of address | PLC automatically converts
D1080 low byte ‘0" | 30H | 2104 H ASCII codes and store the
D1080 high byte ‘O | 30H converted value in D1053
D1081 low byte ‘0 | 30H 0136 H
D1081 high byte ‘1" | 31H | Content of address | PLC automatically converts
D1082 low byte ‘3 | 33H | 2105 H ASCII codes and store the
D1082 high byte ‘6’ | 36 H converted value in D1054
D1083 low byte ‘0 | 30H 0000 H
D1083 high byte ‘0" | 30H | Content of address | PLC automatically converts
D1084 low byte ‘0 | 30H | 2106 H ASCII codes and store the
D1084 high byte ‘0 | 30H converted value in D1055
D1085 low byte ‘3 | 33H | LRC CHK 1
D1085 high byte ‘B | 42H | LRCCHKO
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Program Example 2:

Communication between PLC and VFD-B series AC motor drive (RTU Mode, M1143= ON)

—mi SET

M1122

Sending request

X0
— ——{MODRD| K1

H2102 K2

| L—— Data length: 2 words
Data address: H2102

Device address: 01

The received data is stored
in D1070~D1085 in HEX.

Reset M1127

M1127
I I Processing received data
Receiving RST M1127
completed

PLC — VFD-B, PLC transmits: 01 03 2102 0002 6F F7

VFD-B — PLC, PLC receives: 01 03 04

1770 0000 FE 5C

Registers for data to be sent (sending messages)

—M|1 ?02 MOV H87 D1120 | Set communication protocol as 9600, 8, E, 1
SET M1120 | Retain communication protocol
MOV K100 D1129 Sett receiving timeout as 100ms
SET M1143 | Setas RTU mode

Set communication instruction:

Register Data Descriptions
D1089 low byte 01H Address of AC motor drive
D1090 low byte 03H Command code of AC motor drive
D1091 low byte 21 H )

Starting data address
D1092 low byte 02H
D1093 low byte O0H
Number of data (count by word)
D1094 low byte 02H
D1095 low byte 6F H CRC CHK Low
D1096 low byte F7H CRC CHK High
Registers for received data (responding messages)

Register Data Descriptions

D1070 low byte 01H Address of AC motor drive
D1071 low byte 03H Command code of AC motor drive
D1072 low byte 04 H Number of data (count by byte)
D1073 low byte 17H

Content of address 2102 H
D1074 low byte 70H
D1075 low byte O0OH

Content of address 2103 H
D1076 low byte O0OH
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D1077 low byte FEH CRC CHK Low
D1078 low byte 5C H CRC CHK High

Program Example 3:

1.

In the communication between PLC and VFD-B series AC motor drive (ASCII Mode, M1143 =
OFF), executes Retry when communication time-out, data receiving error or parameter error
occurs.

When X0 = ON, PLC will read the data of address H2100 in device 01(VFD-B) and stores the
data in ASCII format in D1070 ~ D1085. PLC will automatically convert the data and store
them in D1050 ~ D1055.

M1129 will be ON when communication time-out occurs. The program will trigger M1129 and
send request for reading the data again.

M1140 will be ON when data receiving error occurs. The program will trigger M1140 and
send request for reading the data again.

M1141 will be ON when parameter error occurs. The program will trigger M1141 and send

request for reading the data again.

M1002
— | MOV H87 D1120 | Set communication protocol as 9600, 8, E, 1

—| SET | M1120 | Retain communication protocol

—| MOV | K100 | D1129 | Set communication time-out as 100ms

X0
—|ﬂ——| SET | M1122 | Sending request

M1129

—4— Retry when communication time-out occurs
M1140

—{4— Retry when data receiving error occurs
M1141

—{4}—) Retry when parameter error occurs

—>|(())—|MODRD| K1 |H2100| K6 |
L

Set communication instruction:
Data length: 6 words

Data address: H2100

Device address: 01

Receiving completed
M1127 The received ASCII data is stored in D1070-D1085

_| Handle received data | @nd PLC converts the data and store them into
1 | D1050-D1055 automatically.

L RsT [ M1127 |Resetmit27

M1129
—H—| RST | M1129 |ResetM1129 (receiving timeout)

3-248



3. Instruction Set

API || Mnemonic Operands Function
Controllers
101 MODWR | G» (S () | Write Modbus Data ES2/EX2
Type | Bit Devices Word devices Program Steps
OoP X|Y|M|S|K|H|KnX|[KnY|[KnMKnS| T |C |D|E|F |MODWR: 7 steps
S1 * * *
SZ * * *
n * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S;: Device address (KO~K254) S,: Data address  n: Data to be written

Expl
1.
2.

anations:

MODWR instruction supports COM2 (RS-485).

MODWR is an instruction exclusively for peripheral communication equipment in MODBUS
ASCII/RTU mode. The built-in RS-485 communication ports in Delta VFD drives (except for
VFD-A series) are all compatible with MODBUS communication format. MODRD can be used
for communication (write data) of Delta drives.

If the address of S, is illegal for the designed communication device, the device will respond
with an error, PLC will record the error code in D1130 and M1141 will be ON. For example, if
8000H is invalid to VFD-B, M1141 will be ON and D1130 = 2. For error code explanations,
please see the user manual of VFD-B.

The feedback (returned) data from the peripheral equipment will be stored in D1070 ~ D1085.
After data receiving is completed, PLC will check the validity of the data automatically. If there
is an error, M1140 will be ON

If peripheral device receives a correct record (data) from PLC after M1140/M1141 = ON, the
peripheral device will send out feedback data and PLC will reset M1140/M1141 after the
validity of data is confirmed.

There is no limitation on the times of using this instruction, but only one instruction can be
executed at a time on the same COM port.

If rising-edge contacts (LDP, ANDP, ORP) or falling-edge contacts (LDF, ANDF, ORF) is used
before MODWR instruction, sending request flag M1122 has to be executed as a requirement.

For related flags and special registers, please refer to Points to note of API 80 RS instruction
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Program Example 1:
Communication between PLC and VFD-B series AC motor drives (ASCII Mode, M1143 = OFF)

Set communication protocol as 9600, 8, E, 1

Set receiving timeout as 100ms

Set communication instruction:
I— Data: H1770

Data address: H0100
Device address: 01

PLC — VFD-B, PLC transmits: “01 06 0100 1770 71"~
VFD-B — PLC, PLC receives: “01 06 0100 1770 71~

Registers for data to be sent (sending messages)

The received data is stored in
D1070~D1085 in ASCII format.

M1002
I MOV H87 | D1120
SET M1120 Retain communication protocol
MOV K100 D1129
X1
—{t—— SET | M1122 | Sending request
X0
— ——{MODWR H0100 | H1770
M1127
— | Processing received data
Receiving RST M1127 Reset M1127
completed

Register Data Descriptions

D1089 low 0" | 30H | ADR1 Address of AC motor drive: ADR
D1089 high “’ | 31H | ADRO (1,0)
D1090 low 0" | 30H | CMD 1 Command code of AC motor
D1090 high ‘6" | 3H | CMDO drive: CMD (1,0)
D1091 low ‘0 | 30H
D1091 high “1” | 31H

Data address
D1092 low ‘0 | 30H
D1092 high ‘O | 30H
D1093 low ‘1" | 31H
D1093 high ‘77 | 3TH

Data contents
D1094 low 7 37H
D1094 high ‘0 | 30H
D1095 low 7 37H | LRC CHK 1

Checksum: LRC CHK (0,1)

D1095 high ‘1” | 31H | LRC CHKO
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Registers for received data (responding messages)

Register Data Descriptions
D1070 low 0 | 30H | ADR 1
D1070 high 1 | 31H | ADRO
D1071 low ‘0’ | 30H | CMD 1
D1071 high ‘6 | 36H | CMDO
D1072 low ‘0 | 30H
D1072 high 1 | 31H
D1073 low ‘0 | 30H Data address
D1073 high ‘0" | 30H
D1074 low “1” | 31H
D1074 high ‘7 | 37H
D1075 low ‘7 | 37H Data content
D1075 high ‘0" | 30H
D1076 low ‘77 | 37H | LRC CHK 1
D1076 high 1’ | 31 H | LRCCHKO

Program Example 2:
Communication between PLC and VFD-B series AC motor drives (RTU Mode, M1143 = ON)

M1002
I MOV H87 D1120 | Set communication protocol as 9600, 8, E, 1
SET M1120 | Retain communication protocol
MOV K100 D1129 | Set receiving timeout as 100ms
SET M1143 | Setas RTU mode
X1
—J4——— SET | M1122 | Sending request
X0
— ——{MODWR| K1 H2000 | H12 e :
Set communication instruction:

L Write in data H12
Data address: H2000
Device address: 01

M11| 27 p o The receiving data is stored in
— | rocess of receiving data | H4570~D1085 in Hex.
Receiving
completed RST M1127 | Reset M1127

PLC — VFD-B, PLC transmits: 01 06 2000 0012 02 07
VFD-B — PLC, PLC receives: 01 06 2000 0012 02 07
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Registers for data to be sent (sending messages)

Register Data Descriptions
D1089 low 0O1H Address of AC motor drive
D1090 low 06 H Command code of AC motor drive
D1091 low 20 H

Data address
D1092 low O0OH
D1093 low O0OH

Data content
D1094 low 12 H
D1095 low 02H CRC CHK Low
D1096 low 07H CRC CHK High

Registers for received data (responding messages)

Register Data Descriptions
D1070 low 01H Address of AC motor drive
D1071 low 06 H Command code of AC motor drive
D1072 low 20H

Data address
D1073 low O0OH
D1074 low O0OH

Data content
D1075 low 12 H
D1076 low 02H CRC CHK Low
D1077 low 07H CRC CHK High
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Program Example 3:

1.

In the communication between PLC and VFD-B series AC motor drive (ASCII Mode, M1143 =
OFF), executes Retry when communication time-out, data receiving error or parameter error
occurs

When X0 = ON, PLC will write data H1770 K6000) into address H0100 in device 01 (VFD-B).
M1129 will be ON when communication time-out occurs. The program will trigger M1129 and
send request for reading the data again.

M1140 will be ON when data receiving error occurs. The program will trigger M1140 and send
request for reading the data again.

M1141 will be ON when parameter error occurs. The program will trigger M1141 and send

request for reading the data again.

M1002
— | MOV H87 | D1120 | Setcommunication protocol as 9600, 8, E, 1
SET M1120 | Retain communication protocol
MOV K100 D1129 | Setcommunication timeout as 100ms
X0
—141 SET | M1122 | Sending request
M1129
—4— Retry when communication time-out occurs
M1140
—|4— Retry when data receiving error occurs
M1141
—|4— Retry when parameter error occurs
X0

—] ——MODWR K1 HO100 | H1770 o .
Set communication instruction:

L Data: H1770
Data address: H0100
Device address: 01

Receiving completed

M1127
| Processing received data | The received data is stored in D1070-D1085
in ASCII format .
RST | M1127 | Reset M1127
M1129
f RST | M1129 | Reset M1129 (receiving timeout)
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API || Mnemonic Operands Function
i Controllers
102 FWD G G (™D \F/gre)/vard Operation of ESO/EX2
Type | Bit Devices Word devices Program Steps
oP X|Y|M|S|K|H|KnX[KnY|KnM|KnS| T|C|D|E|F |FWD: 7 steps
81 * * *
SZ * * *
n * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
API || Mnemonic Operands Function
: Controllers
103 REV G & (D \F;g\lserse Operation of ES2/EX2
Type | Bit Devices Word devices Program Steps
OoP XY |M|S|K|H|KnX|[KnY|[KNnMKnS| T |C |D | E | F |REV: 7 steps
81 * * *
82 * * *
n * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
API || Mnemonic Operands Function
Controllers
104(| sToP | GD G (@™ | Stop VFD ES2/EX2
Type | Bit Devices Word devices Program Steps
oP X|Y|M|S|K|HKnX[KnY|[KNnMKnS| T |C |D | E | F |STOP: 7 steps
S1 * * *
Sz * * *
n * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S,: Device address S,: Operation frequency of VFD n: Operation mode

Explanations:

1.  M1177 = OFF (Default), FWD, REV, STOP instructions support COM2(RS-485).

2.  M1177= ON, FWD, REV, STOP instructions support COM2(RS-485), COM3(RS-485).

3. M1177 has to be set up in advance for selecting the target model of VFD. When M1177 = OFF
(Default), FWD, REV, STOP instructions support Delta’s VFD-A inverter. When M1177 = ON,
these instructions support other models of VFD inverters, e.g. VFD-B, VFD.

There is no limitation on the times of using FWD, REV, STOP instruction, however only one

instruction can be executed on single COM port at a time.
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If rising-edge (LDP, ANDP, ORP) or falling-edge (LDF, ANDF, ORF) contacts are used before

FWD, REV, STOP instructions, sending request flags M1122 (COM2) / M1316 (COM3) has to

be enabled in advance for obtaining correct operation.

For detailed information of related flags and special registers, please refer to RS instruction.

M1177 = OFF, only Delta VFD-A is supported and the definition of each operand is:

a) S, = Address of VFD-A. Range of S;: KO ~ K31

b) S, = Operation frequency of VFD. Set value for VFD A-type inverter: KO ~ K4,000
(0.0Hz ~ 400.0Hz).

c) n=Communication mode. Range: K1 ~ K2. n = 1: communicate with VFD at designated
address. n = 2: communicate with all connected VFDs. .

d) The feedback data from the peripheral equipment will be stored in D1070 ~ D1080 After
data receiving is completed, PLC will check if all data are correct automatically. If there

is an error, M1142 will be ON. When n = 2, PLC will not receive any data.

Program Example: COM2 (RS-485)
1. Communication between PLC and VFD-A series inverter. Retry for communication @
time-out and data receiving error.
M1002 Set up communication protocol as
L
— | MOV | H0073 | D120 | 40006 4
SET M1120 | Retain communication protocol
MOV K100 D1129 Set up communication time-out: 100ms
X0
—14 SET | M1122 | Sending request

Retry when receiving time-out occurs

Retry when data receiving error

Communication instruction setting:

Device address: 0
— ——— FwD KO K500 K1 | Frequency: 500Hz

K1: communicate with the designated VFD

Receiving completed

M1|1 27 i ) The received data is stored in low byte
— | Processing received data of D1070 ~ D1080 in ASCII format.

RST M1127 | Reset M1127

PLC = VFD-A, PLC sends: “C v © 0001 0500 ”
VFD-A = PLC, PLC receives: “C v « 0001 0500 ”

Registers for data to be sent (sending messages)

Register Data Descriptions
D1089 low ‘C 43 H | Header of control string
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D1090 low ‘v’ 03 H | Checksum
(@ Command acknowledgement

D1091 low © 01H (communication mode)
D1092 low ‘0 30H
D1093 low ‘0 30H

Communication address
D1094 low ‘0 30H
D1095 low 1 31H
D1096 low 0 30H
D1097 low ‘5’ 35H

Operation command
D1098 low ‘0 30H
D1099 low ‘0 30H

Registers for received data (responding messages)

Register DATA Explanation
D1070 low ‘C 43 H Header of control string
D1071 low ‘v 03 H Checksum
" Acknowledge back. (Check feedback data)
D1072 low * 06 H (correct: 06H, Error: 07 H)
D1073 low ‘0 30H
D1074 low 0 30H
Communication address
D1075 low 0 30H
D1076 low 1 31H
D1077 low ‘0 30H
D1078 low ‘5’ 35H
Operation command
D1079 low ‘0 30H
D1080 low ‘0 30H

8.  M1177 = ON, other Delta VFDs are supoported
a) S, = Address of VFD-A. Range of S;4: KO ~ K255, when 8, is specified as KO, PLC will
broadcast to all connected VFDs.
b) S, =Running frequency of VFD. Please refer to manuals of specific VFD. In STOP
instruction, operand S, is reserved.
¢) n=Operation mode.
® |n FWD instruction: n = 0 - Forward mode; n = 1 &> Forward JOG. Other values
will be regarded as normal forward mode.
® |n REV instruction: n = 0 > Reverse mode; n = 1 > Reverse JOG. Other values
will be regarded as normal reverse mode
® |n STOP instruction: operand n is reserved.
d) When Forward JOG is selected in FWR instruction, set value in S, is invalid. If users

need to modify the JOG frequency, please refer to manuals of specific VFDs.

3-256



3. Instruction Set

Program Example: COM2 (RS-485)
Communication between PLC and VFD-B series inverter (ASCIl Mode, M1143 = OFF), Retry

when communication time-out occurs.

M1002 Set up communication protocol as
L
— | MOV | H86 | D1120 9600.7 E, 1
SET M1120 | Retain communication protocol
MOV K100 D1129 Set up communication time-out: 100ms
X0
—|TI SET M1122 | Sending request
M1129

_|T|_ Retry when communication time-out occurs

X0 Communication instruction setting:
— —— FwbD K1 K500 KO Device address: 1
Frequency: 500Hz
Receiving completed KO:normal forward

M1127

—] | Processing received data

RST | M1127 | Reset M1127

PLC = VFD, PLC sends: “:01 10 2000 0002 04 0012 01F4 C2"~
VFD = PLC, PLC sends: “:01 10 2000 0002 CD ”

Data to be sent (sending messages)

Data Descriptions
‘0" | 30H | ADR 1 Address of AC motor drive: ADR
‘1’ | 31H | ADRO (1,0)
1’ | 31H | CMD 1
Command code: CMD (1,0)

‘ | 30H | CMDO
‘2 | 32H
‘0 | 30H

Data Address
‘0 | 30H
‘0 | 30H
‘0 | 30H
‘0 | 30H

Data content
‘0 | 30H
‘2 | 32H
‘0 | 30H

Byte Count
‘4 | 34H
‘0’ | 30H | Data content 1 H1: forward operation
‘0 | 30H
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‘1’ | 31H

‘2" | 32H

‘0 | 30H

‘1’ | 31H Operation frequency = K500Hz
= | 261 Data content 2 HO1F4

‘4 | 34H

‘C’ | 43H | LRCCHK 1 Error checksum: LRC CHK

2 | 32H | LRC CHK 0 (0.1)

Received data (responding messages)

Data Descriptions
‘0’ | 30H | ADR 1
‘1’ | 31 H | ADRO
1’ | 31H | CMD 1
‘0’ | 30H | CMDO
‘2 | 32H
‘0" | 30H
o | 301 Data Address
‘0" | 30H
‘0" | 30H
‘0" | 30H )
o | s0n Number of Register
‘2’ | 32H
‘C’ | 43H | LRC CHK 1
‘D | 44H | LRCCHKO
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API || Mnemonic Operands Function
Controllers
105 RDST EDYED) Read VFD Status ES2/EX2
Type | Bit Devices Word devices Program Steps
OoP XY |M|S|K|H|KnX|[KnY|[KnM|KnS| T |C |D | E|F |RDST: 5 steps
S * * *
n * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Device address n: Status content to be retrieved

Expl
1.
2.
3.

anations:

M1177 = OFF (Default), RDST instruction supports COM2(RS-485).

M1177= ON, RDST instruction supports COM2(RS-485), COM3(RS-485).

M1177 has to be set up in advance for selecting the target model of VFD. When M1177 = OFF
(Default), RDST instruction supports Delta’s VFD-A inverter. When M1177 = ON, the
instruction supports other models of VFD inverters, e.g. VFD-B, VFD.

There is no limitation on the times of using RDST instruction, however only one instruction can
be executed on single COM port at a time

Rising-edge contacts (LDP, ANDP, ORP) and falling-edge contacts (LDF, ANDF, ORF) can
not be used with RDST instructions. Otherwise, the data in receiving registers will be
incorrect.

For detailed information of related flags and special registers, please refer to RS instruction.
M1177 = OFF, only VFD-A is supported

a) Range of S: KO ~ K31

b) Range of n: KO ~ K3
c) n: Status content to be retrieved

n=0, frequency

n=1, output frequency
n=2, output current

n=3, Operation command

d) The feedback data consists of 11 bytes (refer to VFD-A user manual), and will be stored

in low bytes of D1070 ~ D1080.
’Q, S, B, Uu, Nn, ABCD”

Feedback Explanation Data storage
Q Header of question string: 'Q’ (51H). D1070 low
S Checksum: 03H. D0171 low
B Acknowledge back. Correct: 06H, Error: 07H. D1072 low
U Communication address (range: 00~31). Displayed in D1073 low
U ASCII format. D1074 low
N Status content to be retrieved (00 ~ 03). Displayed in ASCII D1075 low
N format. D1076 low
A Retrieved status content. The content of "ABCD” differs D1077 low
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g0O|m

according to value 00~03 set in NN. 00 ~ 03 indicates D1078 low
frequency, current and operation mode respectively. D1079 low
Please refer to the explanations below for details. D1080 low

Nn = “00” Frequency command = ABC.D (Hz)
Nn = “01” Output frequency = ABC.D (Hz)
Nn = “02” Output current = ABC.D (A)

PLC will automatically convert the ASCII characters "ABCD” into D1050. For
example, "ABCD” = “0600”, PLC will convert ABCD into KO600 (0258 H) and store
it in the special register D1050.

Nn = “03” Operation command
‘A= ‘0 Stop, ‘5" JOG (forward)
1’ Forward operation ‘6" JOG (reverse)
‘2 Stop, 7 JOG (reverse)
‘3 Reverse operation ‘8" Abnormal
‘4 JOG (forward),
PLC will automatically convert the ASCII character in "A” into D1051.
For example, "A” = “3”, PLC will convert A into K3 and store it in the
special register D1051.
B'=| b7 | b6 | b5 | b4 Frequency reference source
0 0 0 0 Digital keypad
0 0 0 1 1% Step Speed
0 0 1 0 2" Step Speed
0 0 1 1 3" Step Speed
0 1 0 0 4" Step Speed
0 1 0 1 5" Step Speed
0 1 1 0 6" Step Speed
0 1 1 1 7" Step Speed
1 0 0 0 JOG frequency
1 0 0 1 Analog input frequency command
1 0 1 0 RS-485 communication interface
1 0 1 1 Up/Down control
b3 = 0 Non-DC braking stop 1 DC braking stop
b2 = 0 Non-DC braking start 1 DC braking start
b1 = 0 Forward 1 Reverse
b0 = 0 Stop 1 Run
PLC will store bit status of "B” in special auxiliary relay M1168 (b0) ~
M1175 (b7).
“CD” = “00” No error “10” OcA
“01” oc “11” Ocd
‘02’ ov “12” Ocn
“03” oH “13” GFF
‘04" oL “14” Lv
“05” olL1 “15” Lv1
“06” EF “16” cF2
“‘07” cF1 “17” bb
“08” cF3 “18” olL2
“‘09” HPF “19”
PLC will automatically convert the ASCII characters in "CD” into D1052.
For example, "CD” = “16”, PLC will convert CD into K16 and store it in
the special register D10512

8. M1177 = ON, other Delta VFDs are supoported
a) Range of §;: K1 ~ K255
b)  The instruction will read VFD status at parameter address 2100H~2104H (Please refer
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to user manual of specific VFD for details.) and store the feedback data in
D1070~D1074. However, the content in D1070~D1074 will not be updated when
receiving error or timeout occurs. Therefore, please check the status of receiving

completed flag before applying the received data

Program Example: COM2 (RS-485)
1. Communication between PLC and VFD-B series inverter (ASCII Mode, M1143 = OFF).
Retry when communication time-out occurs.

2.  Read VFD status at parameter address 2100H~2104H and store the received data in D1070 ~

D1074.
M1002 Set up communication protocol as
1
— | MOV | H86 | D1120 | S " e
SET M1120 | Retain communication protocol
MOV K100 D1129 Set up communication time-out: 100ms
X0
— 11 SET | M1122 | Sending request
M1129
_|T|_ Retry when communication time-out occurs
X0 C . .
Communication instruction setting:
— 1 RDST K1 KO Device address: 1
Receiving completed KO: Reserved
M1127
| Processing received data The received data is stored in
D1070 ~D1074.
RST M1127 | Reset M1127.

PLC = VFD-B, PLC sends: “:01 03 2100 0005 D6 ”
VFD-B = PLC, PLC receives: “.01 03 0A 00C8 7C08 3E00 93AB 0000 2A ”

Data to be sent (sending messages)

Data Descriptions
‘0’ | 30H | ADR1
AC drive address : ADR (1,0)
‘1” | 31H | ADRO
‘0’ | 30H | CMD 1
Command code: CMD (1,0)
‘3 | 33H | CMDO
2 | 32H
‘1 | 31H
Starting data address
‘0" | 30H
‘0" | 30H
‘0’ | 30H | Number of data (count by word)
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‘0" | 30H

‘0" | 30H

‘5> | 35H

D" | 44H | LRCCHK1 Error checksum: LRC CHK
‘6" | 36 H | LRCCHKO (0.1)

Received data (responding messages)

Data Descriptions

‘0 | 30H | ADR1

“1” | 31H | ADRO

‘0" | 30H | CMD 1

3 | 33H | CMDO

‘0 | 30H

~ a1n Number of data (count by byte)

‘0 | 30H PLC automatically converts

‘0" | 30H | Contentof address | ASCII codes and store the

‘C | 43H | 2100H converted value in D1070 =

‘@ | 38H 00C8 H

7| 3TH PLC automatically converts

‘C’ | 43H | Content of address | ASCII codes and store the

‘0" | 30H | 2101 H converted value in D1071 =

‘@ | 38H 7C08 H

‘3 | 38H PLC automatically converts

‘E’ | 45H | Contentof address | ASCII codes and store the

‘0" | 30H | 2102H converted value in D1072 =

‘0 | 30H 3EO00H

‘9 | 39H PLC automatically converts

‘3" | 33H | Content of address | ASCII codes and store the

‘AN | 41H | 2103H converted value in D1073 =

‘B’ | 42H 93AB H

‘0 | 30H PLC automatically converts
30 H | Content of address | ASCII codes and store the
30H | 2104 H converted value in D1074 =

‘0 | 30H 0000 H

2 | 32H | LRC CHK 1

‘A | 41H | LRCCHKO
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API || Mnemonic Operands Function
Controllers
106 || RSTEF ERCD) Reset Abnormal VFD ES2/EX2
Type | Bit Devices Word devices Program Steps
OoP XY |[M|S|K|H|KnX|[KnY|[KnMKnS| T |C |D | E|F |RSTEF: 5 steps
S * * *
n * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Address of communication device n: Operation mode

Expl
1.
2.

8.

anations:

M1177 = OFF (Default), RSTEF instruction supports COM2(RS-485).

M1177= ON, RSTEF instruction supports COM2(RS-485), COM3(RS-485). (For ES2/EX2

only)

M1177 has to be set up in advance for selecting the target model of VFD. When M1177 = OFF

(Default), RSTEF instruction supports Delta’s VFD-A inverter. When M1177 = ON, these

instructions support other models of VFD inverters, e.g. VFD-B, VFD.

There is no limitation on the times of using RSTEF instruction, however only one instruction

can be executed on single COM port at a time.

If rising-edge (LDP, ANDP, ORP) or falling-edge (LDF, ANDF, ORF) contacts are used before

RSTEF instruction, sending request flags M1122 (COM2) / M1316 (COM3) has to be enabled

in advance for obtaining correct operation.

For detailed information of related flags and special registers, please refer to RS instruction.

M1177 = OFF, only Delta VFD-A is supported and the definition of each operand is:

a) S4=Address of VFD-A. Range of S;: KO ~ K31

b) n=Communication mode. Range: K1 ~ K2. n = 1: communicate with VFD at designated
address. n = 2: communicate with all connected VFDs. .

c¢) RSTEF is a handy communication instruction used for reset when errors occur in AC
motor drive operation.

d) The feedback data from the peripheral equipment will be stored in D1070 ~ D1080.
When n = 2, PLC will not receive any data.

M1177 = ON, other Delta VFDs are supoported

o S, = Address of VFD. Range of S;: KO ~ K255, when S; is specified as KO, PLC will

broadcast to all connected VFDs

Program Example: COM2 (RS-485)

Communication between PLC and VFD-B series AC motor drives (ASCIl Mode, M1143 =

OFF). Retry when communication time-out occurs.
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Set up communication protocol as
9600, 7,E, 1

M1120 | Retain communication protocol

X0
A —
Receiving compl
M1127

K100 D1129 Set up communication time-out: 100ms

M1002
— | MOV H86 | D1120
SET
MOV

X0

SET

M1122 | Sending request

_|T
M1129
_|T Retry when communication time-out occurs

RSTEF

Communication instruction setting:

K1 KO Device address: 1 KO: Reserved

eted

ml

Processing received data

RST

M1127 | ResetM1127.

PLC = VFD, PLC sends: “:01 06 2002 0002 D5 ”
VFD = PLC, PLC sends: “:01 06 2002 0002 D5 ”

Data to be sent (sending messages):

Data Descriptions
‘0’ | 30H | ADR 1
AC drive address : ADR (1,0)
‘1’ | 31H | ADRO
‘0’ | 30H | CMD 1
Command code: CMD (1,0)
6’ | 36H | CMDO
2 | 32H
‘0" | 30H
Data address
‘0 | 30H
‘2 | 32H
‘0’ | 30H
‘0’ | 30H
Data contents
‘0 | 30H
2 | 32H
‘D | 44H | LRC CHK 1
Error checksum: LRC CHK (0,1)
‘5> | 35H | LRCCHKO
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Received data (responding messages)

Data Descriptions
‘0’ | 30H | ADR 1
“’” | 31H | ADRO
‘0" | 30H | CMD 1
‘> | 36H | CMDO
2 | 32H
‘0 | 30H
o | 30H Data address
2 | 32H
‘0 | 30H
‘0 | 30H
o | s0H Data content
‘2 | 32H
44H | LRC CHK 1
‘5> | 35H | LRCCHKO
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API Mnemonic Operands Function
Controllers
107 LRC |P| G (D (D | LRC checksum ES2/EX2
Type | Bit Devices Word devices Program Steps
OP X|Y|M|S |K|H|KnX|KnY|KnM|KnS| T|C|D|E|F |LRC, LRCP: 7 steps
S *
n * * *
D *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Starting device for ASCIl mode checksum  n: Data length for LRC operation (n = K1~K256)

D: Starting device for storing the operation result

Explanations:
1. n:nmust be an even number. If n is out of range, an error will occur and the instruction will not

be executed. At this time, M1067 and M1068 = ON and error code H'OE1A will be recorded in

@ D1067.
2. 16-bit mode: When LRC instruction operates with M1161 = OFF, hexadecimal data starting

from S is divided into high byte and low byte and the checksum operation is operated on n
number of bytes. After this, operation result will be stored in both hi-byte and low byte of D.

3.  8-bit mode: When LRC instruction operates with M1161 = ON, hexadecimal data starting from
S is divided into high byte (invalid) and low byte and the checksum operation is operated on n
number of low bytes. After this, operation result will be stored in low bytes of D (Consecutive 2
registers).

4. Flag: M1161 8/16-bit mode
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Program Example:
Connect PLC to VFD series AC motor drive (ASCII mode, M1143 = OFF), (8-bit mode, M1161 = ON),
Write the data to be sent into registers starting from D100 in advance for reading 6 data from

address HO708 on VFD.

M1(|)02
I

MOV H86 D1120 | Setup communication protocol to 9600, 7, E, 1

SET M1120 | Retain communication protocol

MOV K100 | D1129 | Setup communication time-out: 100ms

Sending request puls

—|ﬂ Write data to be sent in advance
pulse

[0

SET M1122 | Sending request

X10

——— Rs D100 | K17 | D120 | K35

Receiving completed

—] I Processing received data
M1123

RST | M1123 | Reset M1123

PLC = VFD, PLC sends: “: 01 03 07 08 0006 E7 CRLF ”

Registers for sent data (sending messages)

Register Data Explanation
D100 low 7 3AH |STX
D101 low ‘0 30H |ADR1 Address of AC motor
D102 low 1’ 31H |ADRO drive: ADR (1,0)
D103 low ‘0 30H CMD 1 Command code: CMD
D104 low ‘3 33H |CMDO (1,0)
D105 low ‘o 30H
D106 low 7 37H .
D107 low 0 30H Starting data address
D108 low ‘8 38 H
D109 low ‘o 30H
D110 low ‘o 30H
D111 low 0 30 H Number of data (words)
D112 low ‘6’ 36 H
D113 low ‘B’ 45 H LRC CHK 0 Error checksum: LRC
D114 low 7 37H LRC CHK 1 CHK (0,1)
D115 low CR DH
D116 low LF AH END

The error checksum LRC CHK (0, 1) can be calculated by LRC instruction (8-bit mode, M1161 =
ON).

M1000
b—— LRC D101 K12 D113

LRC checksum: 01 H+03H+07H+08H+00H+ 06 H=19 H. Operate 2's complement on 19H
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and the result is E7H. Store ‘E’(45 H) in the low byte of D113 and ‘7’ (37 H) in the low byte of D114.

Remarks:
ASCIl mode communication data:
STX "’ | Startword = ‘'’ (3AH)
Address Hi ‘0’ | Communication:
Address Lo ‘1’ 8-bit address consists of 2 ASCIl codes
Function Hi ‘0’ | Function code:
Function Lo ‘3’ 8-bit function consists of 2 ASCIl codes
DATA (n-1) ‘2’ | Data content:
....... ‘1’ n x 8-bit data consists of 2n ASCII
DATAO ‘0’ codes
T
K
K
K
T
LRCCHKHi | ‘D’ |LRC checksum:
LRCCHKLo | ‘7’ 8-bit checksum consists of 2 ASCIl codes
END Hi CR | End word:
@ END Lo LF END Hi = CR (ODH), END Lo = LF(0AH)
LRC checksum: Operate 2’s complement on the summed up value from communication address

to the end of data,i.e. 01 H+03H+21H+ 02 H+ 00 H+02H =29 H, the operation result of 29H
is D7H.
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API Mnemonic Operands Function Controllers
108 CRC |P| G (D (D) | CRC checksum ES2/EX2
Type | Bit Devices Word devices Program Steps
oP X|Y|M|S|K|H|KnX|KnY|KnM|KnS| T |C |D|E|F |[CRC, CRCP: 7 steps
S *
n P *
D *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2

Operands:

S: Starting device for RTU mode checksum  n: Data length for CRC operation (n = K1~K256)  D:

Starting device for storing the operation result

Explanations:

1. n:nmust be an even number. If n is out of range, an error will occur and the instruction will not
be executed. At this time, M1067 and M1068 = ON and error code H’0OE1A will be recorded in
D1067.

2. 16-bit mode: When CRC instruction operates with M1161 = OFF, hexadecimal data starting
from S is divided into high byte and low byte and the checksum operation is operated on n
number of bytes. After this, operation result will be stored in both hi-byte and low byte of D.

3.  8-bit mode: When CRC instruction operates with M1161 = ON, hexadecimal data starting from
S is divided into high byte (invalid) and low byte and the checksum operation is operated on n
number of low bytes. After this, operation result will be stored in low bytes of D (Consecutive 2
registers).

4. Flag: M1161 8/16-bit mode
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Program Example:
Connect PLC to VFD series AC motor drive (RTU mode, M1143 = ON), (8-bit mode, M1161 = ON),
Write the data to be sent (H1770) into address H0706 on VFD.

M1002
l Set communication protocol as
— | MOV | H86 | D1120 | o0 o™
SET M1120 Retain communication setting
Set communication timeout as:
MOV K100 | D1129 100ms
. SET M1161 8-bit mode
Sending

request pulse
I Write data to be sentin advance

SET M1122 Sending request

X0
— — RS D100 K8 D120 K8

Receiving completed
M1123
— |

Processing received data

RST M1123 | Reset M1123

PLC = VFD, PLC sends: 01 06 0706 1770 66 AB
Registers for sent data (sending messages)

Register Data Explanation
D100 low 01H Address
D101 low 06 H Function
D102 low 07 H
D103 low 06 H Data address
D104 low 17H Data content
D105 low 70 H
D106 low 66 H CRC CHK 0
D107 low ABH CRC CHK 1

The error checksum CRC CHK (0,1) can be calculated by CRC instruction (8-bit mode, M1161 =
ON).

M1000
j—— CRC | D100 K6 D106

CRC checksum: 66 H is stored in low byte of D106 and AB H in low byte of of D107,
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API Mnemonic Operands Function
Controllers
110 ||D| ECMP |P|(ED (G2 (D] Floating point compare ES2/EX2
Type | Bit Devices Word devices Program Steps
OP X|Y|M|S|K|H|KnX|KnY[KnM|KnS| T|C |D | E|F |DECMP, DECMPP: 13
S, P — * steps
SZ * * *
D * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S;: 1% comparison value ~ Sj: 2 comparison value  D: Comparison result, 3 consecutive

devices

Explanations:

1.

The data of S, is compared to the data of S, and the result (>, =, <)is indicated by three bit

devices in D.
If the source operand S, or S, is specified as constant K or H, the integer value will

automatically be converted to binary floating point for comparison.

Program Example:

1.
2.

If the specified device is M10, M10~M12 will automatically be used.

When X0 = ON, one of M10~M12 will be ON. When X0 = OFF, DECMP is not executed,
M10~M12 will retain their previous state before X0 = OFF.

Connect M10~M12 in series or parallel for achieving the results of =, =, #.

RST or ZRST instruction is required if users need to reset the comparison result.

X0

— | DECMP| DO D100 M10
M10
L |——— M10=0ON when (D1,D0)>(D101,D100)
M11
L |———  M11=0Nwhen (D1,D0)=(D101,D100)
M12

| —— M12=0Nwhen (D1,D0)<(D101,D100)
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APl || Mnemonic Operands Function
i i Controllers
11 D|EZCP | P @ @ @ @ FIoatlng point zone ES2/EX2
compare
Type| Bit Devices Word devices Program Steps
OP XY |M|S|K|H|KnX|KnY|KnM|KnS| T|C|D|E | F |DEZCP, DEZCPP: 17
S, - * steps
SZ * * *
S * * *
D * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S;: Lower bound of zone comparison  S,: Upper bound of zone comparison  S: Comparison

value D: Comparison result, 3 consecutive devices

Expl
1.

anations:

The data of S is compared to the data range of 84~ S, and the result (>, =, <) is indicated
by three bit devices in D.

If the source operand S; or S, is specified as constant K or H, the integer value will
automatically be converted to binary floating point for comparison.

Operand S, should be smaller than operand S,, when S;>S,, S; will be used as both upper

and lower bounds for the comparison.

Program Example:

1.
2.

If the specified device is M10, M10~M12 will automatically be used.
When X0 = ON, one of M10~M12 will be ON. When X0 = OFF, DEZCP instruction is not
executed, M10~M12 will retain their previous state before X0= OFF.

RST or ZRST instruction is required if users need to reset the comparison result.

X0
— | DEZCP DO D10 D20 M10
M10
L |——— M10=0ON when (D1,D0)>(D21,D20)
M11
L | ——— M11=0Nwhen (D1,D0) < (D21,D20)< (D11,D10)
M12
L |——— M12=0N when (D21,D20)>(D11,D10)
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API Mnemonic Operands Function
Controllers
112 ||D| MOVR |P O @ Move floating point data ES2/EX2
Type| Bit Devices Word devices Program Steps
OP X|Y|M|S|K|H|[KnX|KnY|KnM|KnS| T |C|D | E | F |DMOVR, DMOVRP: 9
S steps
D * * * * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Source device  D: Destination device

Explanations:
1. Directly input floating point value in S.

2.  When the instruction executed, content of S will be moved to D.

Program Example:
When X0 = OFF, D10 and D11 will not change. When X0 = ON, transmit F1.200E+0 (Input F1.2,
and scientific notation F1.200E+0 will be displayed on ladder diagram. Users can set monitoring

data format as float on the function View) to D10 and D11.

X0
}—1 I DMOVR |F1.200E+0| D10
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API Mnemonic Operands Function
Controllers
16 ||D| RAD |P| & M Degree - Radian ES2/EX2
Type| Bit Devices Word devices Program Steps
OoP X|Y|M|S|K|H|KnX|[KnY|KnM[KnS| T |C |D | E|F |DRAD, DRADP: 9 steps
S * * *
D *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Source device (degree)  D: Conversion result (radian)

Explanation:

1.  Use the following formula to convert degree to radian:
Radian = degree x (7 /180)

2.  Flags: M1020 Zero flag, M1021 Borrow flag, M1022 Carry flag
If absolute value of the result is exceeds the max. floating point value, carry flag M1022 = ON.
If absolute value of the result is less than min. floating point value, borrow flag M1021 = ON.

If the conversion result is 0, zero flag M1020 = ON.

Program Example:
When X0 = ON, convert degree value of the binary floating point in (D1, DO) to radian and save the
binary floating point result in (D11, D10).

X0
—— DRAD DO D10
) D 1 DO Degree value

binary floating point

@ D11 D10 Radian value (degree x 7 /180)
binary floating point
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API Mnemonic Operands Function
Controllers
117 ||D| DEG |P| & M Radian - Degree ES2/EX2
Type| Bit Devices Word devices Program Steps
OP X|Y|M|S|K|H|KnX|KnY|[KnM|KnS| T|C |D | E | F |DDEG, DDEGP: 9 steps
S * * *
D *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Source device (radian)  D: Conversion result (degree)

Explanation
1. Use the following formula to convert radian to degree:
Degree = Radian x (180/ 1)
Flags: M1020 Zero flag, M1021 Borrow flag and M1022 Carry flag.
If the absolute value of the result exceeds the max. floating point value, carry flag M1022 = ON.
If the absolute value of the result is less than the min. floating point value, borrow flag M1021 = ON.

If the conversion result is 0, zero flag M1020 = ON.

Program Example:
When X0 = ON, convert the radian of the binary floating point in (D1, DO) to degree and save the
binary floating point result in (D11, D10).

X0
F—— DDEG | DO D10
(D) D1 DO Radian value

binary floating point

@ D 11 D10 Degree value (radian x 180/xt)
binary floating point
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API Mnemonic Operands Function
Controllers
118 ||D| EBCD |P| (3D (@D | Float to scientific conversion ES2/EX2
Type | Bit Devices Word devices Program Steps
OP X|Y|M|S|K|H|KnX|KnY|KnM|KnS| T|C |D|E | F |DEBCD, DEBCDP: 9
S 7 steps
D *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Source device

Explanation

D: Conversion result

1. The instruction converts the binary floating point value in S to decimal floating point value and

stores the results in the register specified by D.

2. PLC floating point is operated by the binary floating point format. DEBCD instruction is the

specific instruction used to convert binary floating point to decimal floating point.
3. Flag: M1020 Zero flag, M1021 Borrow flag, M1022 Carry flag

If absolute value of the result exceeds the max. floating point value, carry flag M1022 = ON.

If absolute value of the result is less than the min. floating point value, borrow flag M1021 = ON.

If the conversion result is 0, zero flag M1020 = ON.

Program Example:

When X0 = ON, the binary floating point value in D1, DO will be converted to decimal floating point

and the conversion result is stored in D3, D2.

X0
|—|DEBCD| DO | D2 |

Binary
Floating Point

D1

DO

Exponent Real number

U

Decimal
Floating Point

D3

D2

23 bits for real number, 8 bits for exponent
1 bit for sign bit

Real number Exponent

D2]* 10"
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API Mnemonic Operands Function
Controllers
119 |[D| EBIN |P| (3O (@B | Scientific to float conversion ES2/EX2
Type| Bit Devices Word devices Program Steps
OP X|Y|M|S |K|H[KnX|[KnY|KnM|KnS| T | C |D | E | F |DEBIN, DEBINP: 9 steps
S *
D *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Source device  D: Conversion result

Explanation:

1.

The instruction converts the decimal floating point value in S to a binary floating point value
and stores the results in the register specified by D.

For example, S = 1234, S +1 = 3. The decimal floating point value will be: 1.234 x 10°

D must be binary floating point format. S and S +1 represent the real number and exponent of
the floating point number.

EBIN instruction is the specific instruction used to convert decimal floating point value to binary
floating point value

Range of real number: -9,999 ~ +9,999. Range of exponent: - 41 ~ +35. Range of PLC decimal

floating point value. If the conversion result is 0, zero flag M1020 = ON.

Program Example 1:

When X1 = ON, the decimal floating point value in (D1, D0O) will be converted to binary floating point

and the conversion result is stored in (D3, D2).

X1
}—H—|DEB|N| DO | D2 |

Exponent Real number

Decimal Real number Exponent
Floating Point| D1 DO oo} * 10°"

Binary @ 23 bits for real number
Floating Point| D3 D2 8 bits for exponent

1 bit for sign bit

Program Example 2:

1.

Use FLT instruction (API 49) to convert BIN integer into binary floating point value before
performing floating point operation. The value to be converted must be BIN integer and use
DEBIN instruction to convert the decimal floating point value into a binary one.

When X0 = ON, move K314 to DO and K-2 to D1 to generate decimal floating point value (3.14
=314 x 107).
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1 move | k314 | D0 | K314 — D0~ [D1]
2
— movp | k2 | D1 | k2 —>D1] ooy

[DO]
— [oesn| po | bz | (P1DO) —(D3.D2)
5 Binary

314x10 Floating Point
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API Mnemonic Operands Function
Controllers
120 ||D| EADD |[P|(SD (2 (B@D| Floating point addition ES2/EX2
Type| Bit Devices Word devices Program Steps
OP X|Y|M|S|K|H|KnX|[KnY|KnM|KnS| T |C |D | E | F |DEADD, DEADDP: 13
S, * | * * steps
SZ * * *
D *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S;:Augend  S,: Addend  D: Addition result

Explanations:

1. 8+ S, =D. The floating point value in 8; and S, are added and the result is stored in D.

2. If the source operand S, or S, is specified as constant K or H, the constant will automatically
be converted to binary floating point value for the addition operation.

3. 8;and S, can designate the same register. In this case, if the instruction is specified as
“continuous execution instruction” (generally DEADDP instruction) and the drive contact is ON,
the register will be added once in every scan.

4. Flags: M1020 (Zero flag), M1021 (Borrow flag) and M1022 (Carry flag)

If absolute value of the result exceeds max. floating point value, carry flag M1022 = ON.
If absolute value of the result is less than min. floating point value, borrow flag M1021 = ON.

If the conversion result is 0, zero flag M1020 = ON.

Program Example 1:
When X0 = ON, add the binary floating point value (D1, DO) with binary floating point value (D3, D2)
and store the result in (D11, D10).

X0
}—|DEADD| DO | D2 |D1o |

Program Example 2:
When X2 = ON, add the binary floating point value of (D11, D10) with K1234 (automatically

converted to binary floating point value) and store the result in (D21, D20).

X2
|—|DEADD| D10 |K1234| D20 |
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API Mnemonic Operands Function
Controllers
121 ||D| ESUB |P|(ED (S22 (@] Floating point subtraction ES2/EX2
Type| Bit Devices Word devices Program Steps
OoP X|Y|[M]|S|K|H|[KnX|KnY|KnM|KnS| T |C |D | E | F |DESUB, DESUBP: 13
S, * | * * steps
SZ * * *
D *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S:: Minuend  S,: Subtrahend  D: Subtraction result

Explanation:

1.  8,-8,=D. The floating point value in S, is subtracted from the floating point value in $; and
the result is stored in D. The subtraction is conducted in binary floating point format.

2. If S4 or S, is designated as constant K or H, the instruction will convert the constant into a
binary floating point value before the operation.

3. §;and S, can designate the same register. In this case, if the instruction is specified as
“continuous execution instruction” (generally DESUBP instruction) and the drive contact is ON,
the register will be subtracted once in every scan.

4. Flags: M1020 (Zero flag), M1021 (Borrow flag) and M1022 (Carry flag)

If absolute value of the result exceeds max. floating point value, carry flag M1022 = ON.
If absolute value of the result is less than min. floating point value, borrow flag M1021 = ON.

If the conversion result is 0, zero flag M1020 = ON.

Program Example 1:
When X0 = ON, binary floating point value (D1, DO) minuses binary floating point value (D3, D2) and
the result is stored in (D11, D10).

X0
——DbEsuB| Do D2 D10

Program Example 2:

When X2 = ON, K1234 (automatically converted into binary floating point value) minuses binary
floating point (D1, DO) and the result is stored in (D11, D10).

X2
|7 DESUB | K1234 DO D10
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API Mnemonic Operands Function
Controllers
122 ||D| EMUL |P|(ED (&2 (D) | Floating point multiplication ES2/EX2
Type| Bit Devices Word devices Program Steps
OP X|Y|M|S|K|H|[KnX|KnY|KnM|KnS| T |C |D|E | F|DEMUL, DEMULP: 13
S, * | * * steps
SZ * * *
D *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S;: Multiplicand  S,: Multiplier  D: Multiplication result

Explanations:

1. 84 x 8, =D. The floating point value in S, is multiplied with the floating point value in S, and the
result is D. The multiplication is conducted in binary floating point format

2. If S4 or S, is designated as constant K or H, the instruction will convert the constant into a
binary floating point value before the operation

3.  §;and S, can designate the same register. In this case, if the instruction is specified as
“continuous execution instruction” (generally DEMULP instruction) and the drive contact is ON,
the register will be multiplied once in every scan.

4. Flags: M1020 (Zero flag), M1021 (Borrow flag) and M1022 (Carry flag)
If absolute value of the result exceeds max. floating point value, carry flag M1022 = ON.
If absolute value of the result is less than min. floating point value, borrow flag M1021 = ON.

If the conversion result is 0, zero flag M1020 = ON.

Program Example 1:
When X1 = ON, binary floating point (D1, DO) multiplies binary floating point (D11, D10) and the
result is stored in (D21, D20).

X1
’—{ ——DbEMUL| DO D10 | D20

Program Example 2:

When X2 = ON, K1234 (automatically converted into binary floating point value) multiplies binary
floating point (D1, DO) and the result is stored in (D11, D10).

X2
|7 DEMUL | K1234 DO D10
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API Mnemonic Operands Function
Controllers
123 ||D| EDIV |P|ED (2 (D] Floating point division ES2/EX2
Type| Bit Devices Word devices Program Steps
OoP X|Y|M|S|K|H|KnX|[KnY|KnM|KnS| T |C |D | E | F |DEADD, DEADDP: 13
S, . — * steps
82 * * *
D *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S.: Dividend  S,: Divisor D: Quotient and Remainder

Explanation:

1. 8, +8,=D. The floating point value in 8, is divided by the floating point value in S, and the

result is stored in D. The division is conducted in binary floating point format.

2. If S4 or S, is designated as constant K or H, the instruction will convert the constant into a

binary floating point value before the operation.

If S, = 0, operation error will occur, the instruction will not be executed

Flags: M1020 (Zero flag), M1021 (Borrow flag) and M1022 (Carry flag)

If absolute value of the result exceeds max. floating point value, carry flag M1022 = ON.

If absolute value of the result is less than min. floating point value, borrow flag M1021 = ON.

If the conversion result is 0, zero flag M1020 = ON.

Program Example 1:

When X1 = ON, binary floating point value of (D1, DO) is divided by binary floating point (D11, D10)

and the quotient and remainder is stored in (D21, D20).

X1
}—H—| pebiv [ oo | p1o | p20 |

Program Example 2:

When X2 = ON, binary floating point value of (D1, DO) is divided by K1234 (automatically converted

to binary floating point value) and the result is stored in (D11, D10).

X2
’—{|—| DEDIV | Do | k1234 | D10 |
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API Mnemonic Operands Function
Controllers
124 ||D| EXP |P| & @ Float exponent operation ES2/EX2
Type| Bit Devices Word devices Program Steps
OP X|Y|M|S|K KnX|KnY|KNnM|KnS| T D F |DEXP, DEXPP: 9 steps
S * *
D *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:
S: Exponent  D: Operation result

Explanations:

1.  The baseis e =2.71828 and exponent is S

2. EXP[S+1,S]=[D+1,D]

3. Both positive and negative values are valid for S. Register D has to be 32-bit format. Operation

is conducted in floating point value, so the value in S needs to be converted into floating value

before exponent operation.

4. The contentin D: e ® e =2.71828 and S is the specified exponent..
Flags: M1020 (Zero flag), M1021 (Borrow flag) and M1022 (Carry flag).

If absolute value of the result is larger than max. floating value, carry flag M1022 = ON.

If absolute value of the result is smaller than min. floating value, borrow flag M1021 = ON.

If the conversion result is 0, zero flag M1020 = ON.

Program Example:
1. When MO = ON, convert (D1, DO) to binary floating value and save the result in (D11, D10).

2. When M1= ON, perform exponent operation with (D11, D10) as the exponent. The value is

saved in register (D21, D20) in binary floating format.

3. When M2 = ON, convert the value in (D21, D20) into decimal floating point value and save the
result in (D31, D30). (At this time, D31 indicates powers of 10 for D30)

MO
|

RST

M1081

DFLT

DO

D10

M1
——lF——————————{ DEXP | D10 | D20 |

M2
—|)—| DEBCD| D20 | D30 |
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API Mnemonic | Operands Function
Controllers
125 ||D| LN |P| (D (D | Float natural logarithm operation ES2/EX2
Type| Bit Devices Word devices Program Steps
OoP X|Y|M|S|K|H|KnX|[KnY|[KnM|KnS| T|C |D |E | F |DLN, DLNP: 9 steps
S * * *
D *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Source device  D: Operation result

Explanations:

1. Perform natural logarithm (LN) operation on operand S:
LN[S +1,S]=[D +1,D]

2. Only a positive number is valid for S. Register D has to be 32-bit format. Operation is
conducted in floating point value, so the value in S needs to be converted into floating value
before exponent operation.
e®=8. The content of D = LN S, where the value in S is specified by users.

Flags: M1020 (Zero flag), M1021 (Borrow flag) and M1022 (Carry flag).
If absolute value of the result is larger than max. floating value, carry flag M1022 = ON.
If absolute value of the result is smaller than min. floating value, borrow flag M1021 = ON.

If the conversion result is 0, zero flag M1020 = ON

Program Example:

1. When MO = ON, convert (D1, DO) to binary floating value and save the result in (D11, D10).

2. When M1= ON, perform natural logarithm operation with (D11, D10) as the antilogarithm. The

value is saved in register (D21, D20) in binary floating format.

3. When M2 = ON, convert the value in (D21, D20) into decimal floating point value and save the

result in (D31, D30). (At this time, D31 indicates powers of 10 for D30)

—'\|A|o—4| RST | M1081|
4| DFLT| DO | D10 |

— b——— DLN D10 D20

— b—— DEBCD D20 D30
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API Mnemonic Operands Function
Controllers
126 ||[D| LOG |P|ED (2 (D] Float logarithm operation ES2/EX2
Type| Bit Devices Word devices Program Steps
OP X|Y|M|S|K|H|KnX|KnY|KnM|KnS| T|C |D | E|F |DLOG, DLOGP: 13 steps
81 * * *
82 * * *
D *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S,: Base S,: Antilogarithm  D: Operation result

Explanations:

1. Perform logarithm operation with S, as the base and S, as the antilogarithm and save the
resultin D.

2. Only a positive number is valid for S. Register D has to be 32-bit format. Operation is
conducted in floating point value, so the value in S needs to be converted into floating value
before exponent operation.

3. Logarithm operation: $;,° =S,, D = ? > Logs,”? = D
Example: Assume S;=5,S, =125 D=1logs > =?8,"=85,>5°=125 > D =logs'* =3

4. Flags: M1020 (Zero flag), M1021 (Borrow flag) and M1022 (Carry flag).

If absolute value of the result is larger than max. floating value, carry flag M1022 = ON.
If absolute value of the result is smaller than min. floating value, borrow flag M1021 = ON.

If the conversion result is 0, zero flag M1020 = ON.

Program Example:

1. When MO = ON, convert (D1, D0O) and (D3, D2) to binary floating value and save the result in
register (D11, D10) and (D13, D12) individually.

2. When M1= ON, perform natural logarithm operation with (D11, D10) as base and (D13, D12)
as antilogarithm. The value is saved in register (D21, D20) in binary floating format.

3. When M2 = ON, convert the value in (D21, D20) into decimal floating point value and save the
result in (D31, D30). (At this time, D31 indicates powers of 10 for D30)

MO |
- | RsT ||v|1081|

4| DFLT | DO | D10 |

4| DFLT | D2 | D12 |

—|M|1—| DLOG | D10 | D12 | D20 |
M2

— —————— pescp| D20 | D30 |
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API Mnemonic Operands Function
Controllers
127 ||D| ESQR |P| &S M Floating point square root ES2/EX2
Type| Bit Devices Word devices Program Steps
OoP X|Y|M|S|K|H|KnX|[KnY|KNnM|KnS| T|C |D | E | F |DESQR, DESQRP: 9
S tT i steps
D * P
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Source device  D: Operation result

Explanations:

1. This instruction performs a square root operation on the floating point value in S and stores the
result in D. All data will be operated in binary floating point format and the result will also be
stored in floating point format.

2.  If the source device S is specified as constant K or H, the integer value will automatically be
converted to binary floating value.

If operation result of D is O (zero), Zero flag M1020 = ON.

S can only be a positive value. Performing any square root operation on a negative value will
result in an “operation error” and instruction will not be executed. M1067 and M1068 = ON and
error code “OE1B” will be recorded in D1067.

5.  Flags: M1020 (Zero flag), M1067 (Program execution error), M1068 (Execution Error Locked)

Program Example 1:
When X0 = ON, the square root of binary floating point (D1, D0) is stored in (D11, D10) after the

operation of square root.

X0
1 DESQR| DO D10

\[(D1,D0) — (D11, D10)

Binary floating point Binary floating point

Program Example 2:
When X2 = ON, the square root of K1234 (automatically converted to binary floating value) is stored
(D11, D10).

’—H—'DESQR| K1234 | D10 |
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API Mnemonic Operands Function
Fioat = Controllers
oating point power ES2/EX2
128||D| POW |PIED G2 | yperation
Type| Bit Devices Word devices Program Steps
OP X|Y|M|S|K|H|KnXKnY|KNnMKnS| T|C |D | E|F |DPOW, DPOWP: 13
S T - steps
82 * * * p
D *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S;:Base. S, Exponent. D: Operation result

Explanations:

1.

Perform power operation on binary floating value S; and S, and save the result in D.
POW [S4+1, §1 ][ S2+1,82] =D

Only a positive number is valid for S. Register D has to be 32-bit format. Operation is

conducted in floating point value, so the value in S; and S, needs to be converted into floating

value before exponent operation.

Example of power operation:

When S$;°2=D, D = ? Assume $;=5, S,=3,D =5°=125

Flags: M1020 (Zero flag), M1021 (Borrow flag) and M1022 (Carry flag).

If absolute value of the result is larger than max. floating value, carry flag M1022 = ON.

If absolute value of the result is smaller than min. floating value, borrow flag M1021 = ON.

If the conversion result is 0, zero flag M1020 = ON.

Program Example:

1.

When MO = ON, convert (D1, DO) and (D3, D2) to binary floating value and save the result in
register (D11, D10) and (D13, D12) individually.
When M1 = ON, perform power operation with (D11, D10) as base and (D13, D12) as

exponent. The value is saved in register (D21, D20) in binary floating format.

When M2 = ON, convert the value in (D21, D20) into decimal floating point value and save the
result in (D31, D30). (At this time, D31 indicates powers of 10 for D30)

MO
-y RST | M1081
DFLT DO D10
4| DFLT| D2 | D12 |
M1
L —— {ppow | D10 D12 D20
M2
—| ——{ DEBCD | D20 D30
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API Mnemonic Operands Function
Controllers
129 |ID| INT |P| & M Float to integer ES2/EX2
Type| Bit Devices Word devices Program Steps
OoP X|Y | M|S|K|H[KnX|[KNY|KNnM[KnS| T |C [D | E|F |INT, INTP: 5 steps
g DINT, DINTP: 9 steps
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Source device  D: Operation result

Explanations:

1.  The binary floating point value in the register S is converted to BIN integer and stored in
register D. The decimal of the operation result will be left out.

2.  This instruction is the opposite of the APl 49 (FLT) instruction.

3.  Flags: M1020 (Zero flag), M1021 (Borrow flag) and M1022 (Carry flag).

@ If absolute value of the result is larger than max. floating value, carry flag M1022 = ON.

If absolute value of the result is smaller than min. floating value, borrow flag M1021 = ON.
If the conversion result is 0, zero flag M1020 = ON.
16-bit instruction: -32,768 ~ 32,767
32-bit instruction: -2,147,483,648 ~ 2,147,483,647

Program Example:

1. When X0 = ON, the binary floating point value of (D1, DO) will be converted to BIN integer and
the result is stored in D10. The decimal of the result will be left out.

2. When X1 = ON, the binary floating point value of (D21, D20) will be converted to BIN integer

and the result is stored in (D31, D30). The decimal of the result will be left out.

X0

}—| INT | DO | D10 |
X1

——— ownt | p20 | p3o |
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API Mnemonic Operands Function
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130 || D SIN Pl & M@ Sine ES2/EX2
Type| Bit Devices Word devices Program Steps
OP X|Y|M|S|K|H|KnX|KnY|[KnM|KnS| T |C |D | E|F |DSIN, DSINP: 9 steps
S * * *
D *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Source device (0°<8<360°) D: Operation result

Explanations:

SIN instruction performs sine operation on S and stores the result in D.
The value in S can be set as radian or degree by flag M1018.

M1018 = OFF, radian mode. RAD = degree x 7z /180.

M1018 = ON, degree mode. Degree range: 0° = degree < 360".

Flag: M1018 (Flag for Radian/Degree)

o g A~ W DN =

See the figure below for the relation between the radian and the operation result:

I? S: Radian
h R: Result (SIN value)

.........................................

7. If operation resultin D is 0, Zero flag M1020 = ON.

Program Example 1:
M1018 = OFF, radian mode. When X0 = ON, DSIN instruction conducts sine operation on binary
floating value in (D1, DO) and stores the SIN value in (D11, D10) in binary floating format.

M1002
F—— RST | M1018
X0
—— DSIN DO D10
) D1 DO RAD value(d.egree x 7/180)
binary floating point

v

SIN value
@D D11 D10 | binary floating point
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Program Example 2:
M1018 = OFF, radian mode. Select the degree value from inputs X0 and X1 and convert it to RAD

value for further sine operation.

X0
— ——— MOVP | K30 D10 (K30—>D10):|

X1
— —— MOVP | K60 D10 (K60 —D10)

M1000
—| I FLT D10 D14 (D10— D15, D14) Binary floating point

(7 /180)—> (D21, D20)
DEDIV | K31415926 | K1800000000 | D20 Binary Binary

floating point floating point

(D15,D14) Degree x n /180 —
DEMUL D14 D20 D40 (D41, D40) RAD binary floating point

DSIN D40 D50 (D41, D40) RAD — (D51, D50) SIN
binary floating point

Program Example 3:
M1018 = ON, degree mode. When X0 = ON, DSIN instruction performs sine operation on the
degree value (0°=degree <360°) in (D1, DO) and stores the SIN value in (D11, D10) in binary

floating format.

M1002
—— SET | M1018
X0
—— DSIN DO D10
@) D1 DO Degree value

SIN value
@ D11 D10 | (binary floating point)
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API Mnemonic Operands Function
Controllers
131||D| cos [P GO M Cosine ES2/EX2
Type| Bit Devices Word devices Program Steps
OP X|Y|M|S|K KnX|KnY|KNnM|KnS| T |C | D | E | F [DCOS, DCOSP: 9 steps
S * *
D *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Source device (0°<S<360°)

Explanations:

o g A~ w DN =

R
A

D: Operation result

The value in S can be set as radian or degree by flag M1018.
M1018 = OFF, radian mode. RAD = degree x 7z /180.
M1018 = ON, degree mode. Degree range: 0° < degree < 360".
Flag: M1018 (Flag for Radian/Degree)

S: Radian
R: Result (COS value)

7. If operation resultin D is 0, Zero flag M1020 = ON.

Program Example 1:

COS instruction performs cosine operation on S and stores the result in D.

See the figure below for the relation between the radian and the operation result:

M1018 = OFF, radian mode. When X0 = ON, DCOS instruction conducts cosine operation on binary

floating value in (D1, DO) and stores the COS value in (D11, D10) in binary floating format.

M1002
F—— RST | M1018
X0
—— DCOS DO D10
RAD value(degree x 7/180)
€D D1 bo binary floating point
COS value
@ D11 D10 binary floating point
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Program Example 2:
M1018 = ON, degree mode. When X0 = ON, DCOS instruction performs cosine operation on the
degree value (0° =degree <360°) in (D1, DO) and stores the COS value in (D11, D10) in binary

floating format..

M1002
F—— SET | M1018
X0
—— Dcos DO D10
D) D1 DO Degree value

COS value
@ DM D10 binary floating point
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API Mnemonic Operands Function
Controllers
132 ||D| TAN [P M Tangent ES2/EX2
Type| Bit Devices Word devices Program Steps
OP X|Y|M|S|K|H|KnX|KnY|[KNnM|KnS| T |C |D | E | F |DTAN, DTANP: 9 steps
S * * *
D *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Source device (0°<S<360°)

Explanations:

o g A~ W DN =

D: Operation result

7. If operation result in D is 0, Zero flag M1020 = ON.

Program Example 1:

The value in S can be set as radian or degree by flag M1018.
M1018 = OFF, radian mode. RAD = degree x 7z /180.

M1018 = ON, degree mode. Degree range: 0° = degree < 360".
Flag: M1018 (Flag for Radian/Degree)

S: Radian
R: Result (TAN value)

TAN instruction performs tangent operation on S and stores the result in D.

See the figure below for the relation between the radian and the operation result

M1018 = OFF, radian mode. When X0 = ON, DTAN instruction performs tangent operation on the

radian value in (D1, DO) and stores the TAN value in (D11, D10) in binary floating format.

M1002

—— RST | M1018

X0

——— DTAN DO D10
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RAD value(degree x = / 180)
binary floating point

) D1 DO

v

@ | b1t D10 | TANvalue
binary floating point

Program Example 2:
M1018 = ON, degree mode. When X0 = ON, DTAN instruction performs tangent operation on the

degree value (0°=degree <360°) in (D1, DO) and stores the TAN value in (D11, D10) in binary

floating format.

M1002
b—— SET | M1018
X0
—— DTAN DO D10
D) D1 DO Degree value

TAN value
@ D 11 D10 | (binary floating point)
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API Mnemonic Operands Function
Controllers
133 (|D| ASIN [P (@ NED) Arc Sine ES2/EX2
Type| Bit Devices Word devices Program Steps
OP X|Y|M|S|K|H|KnX[KnY|KNMKnS| T|C |D F |DASIN, DASINP: 9 steps
S * * *
D *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Source device (binary floating value)

Explanations:
1. ASIN instruction performs arc sine operation on S and stores the result in D

2. ASIN value = SIN™

D: Operation result

3.  See the figure below for the relation between input S and the result:

A

S: Input (SIN value)
R: Result (ASIN value)

4. If operation resultin D is 0, Zero flag M1020 = ON.
5.  The decimal value of the SIN value designated by S should be within -1.0 ~ +1.0. If the value
exceeds the range, M1067 and M1068 will be ON and instruction will be disabled.

Program Example:
When X0 = ON, DASIN instruction performs arc sine operation on the binary floating value in (D1,

DO0) and stores the ASIN value in (D11, D10) in binary floating format..

X0
H—

DASIN

DO

D10

D1

DO Binary floating point

D11

D10 ASIN value
binary floating point

dd
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API Mnemonic Operands Function
Controllers
134 ||D| ACOS |[P| (D D Arc Cosine ES2/EX2
Type| Bit Devices Word devices Program Steps
OoP X|Y|M|S|K KnX[KnY|KNnM|KnS| T | C E | F |DACOS, DACOSP: 9
S i steps
D p
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Source device (binary floating value)

Explanations:

D: Operation result

1. ACOS instruction performs arc cosine operation on S and stores the result in D
2. ACOS value = COS™

3.  See the figure below for the relation between the input S and the result:

A

S: Input (COS value)
R: Result (ACOS value)

4. |If operation resultin D is 0, Zero flag M1020 = ON.

5. The decimal value of the COS value designated by S should be within -1.0 ~ +1.0. If the value

exceeds the range, M1067 and M1068 will be ON and instruction will be disabled.

Program Example:

When X0 = ON, DACOS instruction performs arc cosine operation on the binary floating value in (D1,

DO0) and stores the ACOS value in (D11, D10) in binary floating format.

X0
i

DACOS

DO

D10

D1

DO

D11

D10

Binary floating point

ACOS value
binary floating point
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API Mnemonic Operands Function
Controllers
135||D| ATAN |P| D M Arc Tangent ES2/EX2
Type| Bit Devices Word devices Program Steps
OP X|Y|M|S|K|H[|KnX|[KnY|KNnM|KnS| T|C |D | E | F |DATAN, DATANP: 9
S T i steps
D * P
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Source device (binary floating value)  D: Operation result

Explanations:

1. ATAN instruction performs arc tangent operation on S and stores the result in D

2. ATAN value=TAN"

3.  See the figure below for the relation between the input and the result:

R
A
S: Input (TAN value)
R: Result (ATAN value)
R RREREEEE ! EELEELS PP EPCPEEEEPEEy
2
0 »S
_E .......................
2

4. If operation result in D is 0, Zero flag M1020 = ON.

Program Example:

When X0 = ON, DATAN instruction performs arc tangent operation on the binary floating value in
(D1, DO) and stores the ATAN value in (D11, D10) in binary floating format.

X0
|7

DATAN DO D10

DO

Binary floating point

v

D10

ATAN value

binary floating point
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API Mnemonic Operands Function
Controllers
143 DELAY |P D) Delay ES2/EX2
Type| Bit Devices Word devices Program Steps
OoP X|Y|M|S|K|H|KnX|[KnY|[KnM[KnS| T |C |D | E | F |DELAY, DELAYP: 3
S L * steps
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Delay time, unit: 0.1ms (K1~K1000)

Explanations:
When DELAY instruction executes, in every scan cycle, the execution of the program after DELAY

instruction will be delayed according to the delay time.

Program Example:
When interrupt input X0 is triggered from OFF to ON, interrupt subroutine executes DELAY
instruction first, therefore the program after DELAY instruction (X1 = ON, YO = ON...) will be delayed

for 2ms.

:

E

Interrupt input X0 |

4| Main program Input X1 J
FEND Output YO ;
M1000 | T=2ms
1001 - —— DELAY | K20
X1

1

REF

YO|K8|

IRET

:

END

Points to note:

1. User can adjust the delay time according to the actual needs.

2. The delay time of DELAY instruction could be increased due to the execution of
communication, high-speed counter and high-speed pulse output instructions.

3. The delay time of DELAY instruction could be increased due to the delay of transistor or relay

when external output (transistor or relay) is specified.
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API || Mnemonic Operands Function
Controllers
144 || GPWM |GG G2 (D General PWM output ES2/EX2
Type| Bit Devices Word devices Program Steps
OoP XY |M|S|K|H|KnX|[KnY[KnM|KnS| T |C |D |E | F |GPWM: 7 steps
Sy *
S, *
D * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S,: Width of output pulse  S,: Pulse output cycle (occupies 3 devices) D: Pulse output device

Expl
1.

o a0 &~ 0N

anations:

When GPWM instruction executes, pulse output will be executes on device specified by D
according to pulse output width $4 and pulse output cycle S,.

S;: pulse output width. Range: t = 0~32,767ms.

S,: pulse output cycle. Range: T = 1~32,767ms, §; = S,.

S, +1 and S, +2 are system-defined parameters, please don’t use them.

D: pulse output device: Y, M and S.

When S; = 0, no pulse output will be performed. When S; = S,, the pulse output device
remains ON.

S, and S, can be modified when GPWM instruction is being executed

Program Example:
Assume DO = K1000, D2 = K2000. When X0 = ON, Y20 will output pulses as the following diagram.

Whe

Poin
1.

n X0 = OFF, Y20 output will be OFF.

%0 t T
b— GPWM DO D2 Y20

t=1000ms
le—>{
Output Y2ﬂ L
le——>]
T=2000ms
ts to note:

The instruction operates by the scan cycle; therefore the maximum error will be one PLC
scan cycle. 84, S, and (S, - S1) should be bigger than PLC scan cycle, otherwise malfunction
will occur during GPWM outputs.

Please note that placing this instruction in a subroutine will cause inaccurate GPWM outputs
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API Mnemonic Operands Function
Controllers
147 ||D| SWAP |P D) Byte swap ES2/EX2
Type| Bit Devices Word devices Program Steps
OoP X1Y|M|S|K|H|[KnX[KnY|KnMKnS| T|C |D|E|F |SWAP, SWAPP: 3 steps
S . . « | x|+l «]| «|« |DSWAP, DSWAPP: 5
steps
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Device for byte swap.

Explanations:

1. For 16-bit instruction, high byte and low byte of the register will be swapped.
2 For 32-bit instruction, byte swap is conducted on the 2 registers separately.
3.  This instruction adopts pulse execution instructions (SWAPP, DSWAPP)
4

If operand D uses device F, only 16-bit instruction is available

Program Example 1:
When X0 = ON, high byte and low byte of DO will be swapped.

X0
— —— swAPP| DO

DO
High Byte | Low Byte

~_

Program Example 2:
When X0 = ON, high byte and low byte of D11 will be swapped as well as the high byte and low byte
of D10.

X0
—{t}————bswar | D10

D11 D10
High Byte | Low Byte High Byte | Low Byte

~_ "~
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API || Mnemonic Operands Function
Controllers
150 || MODRW |GG (E2 S SO CnD)| MODBUS Read/ Write ES2/EX2
Type| Bit Devices Word devices Program Steps
OP X|Y|M|S|K|H|KnX|KnY|KnM|KnS| T |C |D | E | F|MODRW: 11 steps
Sl * * *
SZ * * *
83 * * *
S *
n * * *
PULSE 16-bit 32-bit
ES2/ EX2 ES2 /| EX2 ES2/EX2
Operands:
S;: Device address (K1~K254)  S,: Function code: K2(H2), K3(H3), K5(H5), K6(H6), K15(HOF) ,
K16(H10) Sj: Data address S: Dataregister n: Data length.

Explanations:

1. MODRW supports COM1 (RS-232), COM2 (RS-485), COM3 (RS-485),

2.  S;: Address of the device to be accessed. Range: K1~K254.

3. S,: Function code. HO2: read multiple bit devices of DVP-PLC; HO3: read multiple word
devices of AC motor drive or DVP-PLC; HO5: force ON/OFF DVP-PLC; HO6: write in single
word device of AC motor drive or DVP-PLC; HOF: write in multiple bit devices of DVP-PLC;
H10: write in multiple word devices of AC motor drive or DVP-PLC. Only these function codes
are available currently; other function codes are not executable. Please refer to the program
examples below for more information

4. Sz Address of the data to be accessed. If the address is illegal for the designated
communication device, the communication device will respond with an error message and
DVP-PLC will store the error code and associated error flag will be ON.
®  Associated registers and flags indicating errors on PLC com ports: (For detailed

information please refer to Points to note of APl 80 RS instruction.)

PLC COM COM1 COM2 COM3
Error flag M1315 M1141 M1319
Error code D1250 D1130 D1253

® For example, if 8000H is illegal for DVP-PLC, the error will be in indicated by different set
of flags and registers. For COM2, M1141 will be ON and D1130 = 2; for COM1, M1315 =
ON and D1250 = 3, for COM3, M1319 = ON and D1253 = 3. Please check the user

manual of DVP-PLC for error code explanations.

S: Registers for storing read/written data. Registers starting from S stores the data to be

written in connected devices or the data read from connected devices.

n: Data length for accessing.
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10.

® When S, (MODBUS function code) is specified as HO5 which designates the PLC force
ON/OFF status, n = 0 indicates ON and n = 1 indicates OFF.

® When S; is specified as H02, HO3, HOF, H10 which designate the data length for
accessing, the available set range will be K1~Km, where m value should be specified
according to communication modes and COM ports as the table below. (H02/HOF, unit:
Bit. HO3/H10, unit: Word.)

COM. mode| COM HO2 HO3 HOF H10
Ccom1 K 64 K16 K 64 K16

RTU COM2 K 64 K 16 K 64 K16
COM3 K 64 K16 K 64 K16

COM1 K 64 K 16 K 64 K 16

ASCII COom2 K 64 K8 K 64 K8
COM3 K 64 K 16 K 64 K 16

There is no limitation on the times of using this instruction, however only one instruction can be
executed on the same COM port at a time.

Rising-edge contact (LDP, ANDP, ORP) and falling-edge contact (LDF, ANDF, ORF) can not
be used as drive contact of MODRW (Function code H02, HO3) instruction, otherwise the data
stored in the receiving registers will be incorrect.

If rising-edge contacts (LDP, ANDP, ORP) or falling-edge contacts (LDF, ANDF, ORF) is used
before MODWR instruction, sending request flag M1122(COM2) / M1314(COM1) /
M1318(COM3) has to be executed as a requirement.

For detailed explanation of the related flags and special registers, please refer to Points to
note of API 80 RS instruction.

Program Example 1: COM2(RS-485), Function Code H02

1.
2.
3.

Function code K2 (H02): read multiple bit devices, up to 64 bits can be read..

PLC1 connects to PLC2: (M1143 = OFF, ASCII mode), (M1143 = ON, RTU Mode)

In ASCII or RTU mode, when PLC’s COM2 sends out data, the data will be stored in
D1256~D1295. The feedback data will be stored in registers starting with S and converted into
D1296~D1311 in Hex automatically.

Take the connection between PLC1 (PLC COMZ2) and PLC2(PLC COML1) for example, the
tables below explains the status when PLC1 reads YO~Y17 of PLC2.

3-302



3. Instruction Set

Ml?OZ

X0

X0

M1127

Slja

—] |—|MODRW|

Receiving completed

I MOV H87 D1120 | Setcommunication protocol as 9600, 8, E, 1
—| SET | M1120 | Retain communication protocol
—| MOV I K100 I D1129 | Set communication timeout as 100ms
RST | M1143 | M1143=OFF SET | M1143 | M1143=ON
ASCIl mode RTU mode
_HI—' SET | M1122 | Sending request
K1 | K2 | HO500 | DO | K16 |

Data length (bit)
Data storing register

Data address YO=H0500

Function code K2

read multiple bits
Connection device

Processing received data

address K1

ASCII mode: The received data is stored in registers starting from DO in ASCII format and
PLC converts the content to registers D1296~D1311 in hexadecimal automatically.

RTU mode: The received data is stored in registers starting from DO in Hex.

ASCII Mode (M1143 = OFF):

When X0 = ON, MODRW instruction executes the function specified by Function Code 02.
PLC1= PLC2 > PLC1 sends: “01 02 0500 0010 E8”

PLC2 =PLC1 > PLC1 receives: “01 02 02 3412 B5”

—| RST | M1127 | Reset M1127

Registers for data to be sent (sending messages)

Register Data Descriptions
D1256 Low ‘0’ 30H | ADR1 )
: Device address: ADR (1,0)
D1256 High ‘1 31H | ADRDO
D1257 Low ‘0’ 30H | CMD1
Control parameter: CMD (1,0)
D1257 High ‘2’ 32H | CMDO
D1258 Low ‘0’ 30H
D1258 High ‘5’ 35H | yo=H0500
D1259 Low ‘0’ 30H | Starting Data Address
D1259 High ‘0’ 30H
D1260 Low ‘0’ 30H
D1260 High ‘0’ 30H ]
Number of Data(count by bit)
D1261 Low ‘1 31H
D1261 High ‘0’ 30H
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D1262 Low = 45H | LRCCHK 1 Checksum: LRC CHK (0,1)
D1262 High ‘g’ 38H | LRCCHKO
Registers for received data (responding messages)
Register Data Descriptions
DO Low {0} 30H | ADR1
DO High ‘1 31H | ADRO
D1 Low {0} 30H | CMD 1
D1 High 2 33H | CMDO
D2 Low ‘0 30H
Number of Data (count by Byte)
D2 High 2 32H
D3 Low ‘3 33H 1234 H
D3 High d 34H ggg:gg; 8200H~ PLC automatically converts ASCII
D4 Low ‘r 31H | 0515H codes and store the converted
D4 High Y 32H value in D1296
D5 Low ‘B’ 52H LRC CHK 1
D5 High ‘5’ 35H | LRCCHKO
Analysis of the read status of PLC2 YO~Y17: 1234H
Device Status Device Status Device Status Device Status
YO OFF Y1l OFF Y2 ON Y3 OFF
Y4 ON Y5 ON Y6 OFF Y7 OFF
Y10 OFF Y11 ON Y12 OFF Y13 OFF
Y14 ON Y15 OFF Y16 OFF Y17 OFF

RTU Mode (M1143 = ON):
When X0 = ON, MODRW instruction executes the function specified by Function Code 02
PLC1= PLC2 > PLClsends: “01 02 0500 0010 79 OA”
PLC2 = PLC1 > PLClreceives: “01 02 02 34 12 2F 75"

Registers for data to be sent (sending messages)

Register Data Descriptions
D1256 Low O1H Address
D1257 Low 02H Function
D1258 Low 0O5H YO0 = HO500
D1259 Low 00 H Starting Data Address
D1260 Low OOH

Number of Data (count by word)

D1261 Low 10H
D1262 Low 79H CRC CHK Low
D1263 Low OAH CRC CHK High

Registers for received data (responding messages)
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Register Data Descriptions
DO 1234 H PLC stores the value 1234H into D1296
D1 Low 02H Function
D2 Low 02H Number of Data (Byte)
D3 Low 34H Content of address
D4 Low 12 H HO0500~H0515
D5 Low 2FH CRC CHK Low
D6 Low 75 H CRC CHK High
Analysis of the read status of PLC2 YO~Y17: 1234H
Device Status Device Status Device Status Device Status
YO OFF Y1 OFF Y2 ON Y3 OFF
Y4 ON Y5 ON Y6 OFF Y7 OFF
Y10 OFF Y11 ON Y12 OFF Y13 OFF
Y14 ON Y15 OFF Y16 OFF Y17 OFF

Program Example 2: COM1(RS-232) / COM3(RS-485), Function Code HO2

1.
2.
3.

Function code K2 (H02): read multiple bit devices. Up to 64 bits can be read.

PLC1 connects to PLC2: (M1320 = OFF, ASCII mode), (M1320 = ON, RTU mode)

For both ASCII and RTU modes, PLC COM1/COM3 only stores the received data in registers

starting from S, and will not store the data to be sent. The stored data can be transformed and

moved by using DTM instruction for applications of other purposes.
Take the connection between PLC1 (PLC COM3) and PLC2(PLC COML1) for example, the
tables below explains the status when PLC1 reads YO~Y17 of PLC2

® |[f PLC1 applies COM1 for communication, the below program can be usable by

changing:

1. D1109—D1036: communication protocol

o a0k wDN

M1136—M1138: retain communication setting
D1252—D1249: Set value for data receiving timeout
M1320—-M1139: ASCII/RTU mode selection
M1316—M1312: sending request

M1318—-M1314: receiving completed flag
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M1002

_|

MOV | H87 |D1109‘ Set communication protocol as 9600, 8,E,1

—| SET |M1136| Retain communication setting

MOV K100 D1252 Setreceiving timeout as 100ms

M1320 = OFF, ] M1320= ON
RST M1320 ASCII mode SET M1320 RTU mode

X0

_|ﬂ—| SET |M1316| Sending request

X0

—H—|MODRW| K1 | K2 |Ho5oo| DO | K16|

Datalength(bit)
Data storing register
Dataaddress: YO=H0500

Function code: K2
read multiple bits
Connection device
Receiving completed address: K1

M1318
| Processing received data

ASCIll mode: The received data is converted to Hex value
and stored in registers starting from DO

RTU mode: Thereceived data is stored inregisters starting from DO

—| RST | M1318 | Reset M1318

® ASCIl mode (COM3: M1320 = OFF, COM1: M1139 = OFF):
When X0 = ON, MODRW instruction executes the function specified by Function Code 02
PLC1= PLC2, PLC1 sends: “01 02 0500 0010 E8"
PLC2 =PLC1, PLC1 receives: “01 02 02 3412 B5”

PLC1 data receiving register DO

Register Data Descriptions
PLC converts the ASCII data in address 0500H~0515H and
DO 1234H )
stores the converted data automatically.

Analysis of the read status of PLC2 YO~Y17: 1234H

Device Status Device Status Device Status Device Status
YO OFF Y1 OFF Y2 ON Y3 OFF
Y4 ON Y5 ON Y6 OFF Y7 OFF
Y10 OFF Y11 ON Y12 OFF Y13 |OFF
Y14 ON Y15 OFF Y16 OFF Y17 |OFF

® RTU mode (COM3: M1320 = ON, COM1: M1139 = ON):
When X0 = ON, MODRW instruction executes the function specified by Function Code 02
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5.

PLC1 = PLC2, PLC1 sends: “01 02 0500 0010 79 OA”
PLC2 = PLC1, PLC1 receives: “01 02 02 34 12 2F 75"

PLC data receiving register:

Register Data Descriptions
PLC converts the data in address 0500H ~ 0515H and stores the
DO 1234 H )
converted data automatically.

Analysis of the read st

atus of PLC2 YO~Y17: 1234H

Device Status Device Status Device Status Device Status
YO OFF Y1 OFF Y2 ON Y3 OFF
Y4 ON Y5 ON Y6 OFF Y7 OFF
Y10 OFF Y11 On Y12 OFF Y13 OFF
Y14 ON Y15 OFF Y16 OFF Y17 OFF

Relative flags and data registers when COM1 / COM2 / COM3 works as Master:

COM2 | COM1 | COMS3 Function
M1120 | M1138 | M1136 | Retain communication setting
COM. M1143 | M1139 | M1320 | ASCII/RTU mode selection
setting D1120 | D1036 | D1109 | Communication protocol
D1121 | D1121 | D1255 | PLC communication address
Sending | M1122 | M1312 | M1316 | Sending request
request | D1129 | D1249 | D1252 | Set value for data receiving timeout (ms)
Receiving Data receiving completed
M1127 | M1314 | M1318
completed
- M1315 | M1319 | Data receiving error
- D1250 | D1253 | Communication error code
M1129 - - Receiving timeout
M1140 - - Data receiving error
Errors
Parameter error. Exception Code is stored in
M1141 - -
D1130
Error code (Exception code) returning from
D1130 - - o
Modbus communication

Program Example 3: COM2 (RS-485), Function Code HO3

1.

ASCII mode, only 8 words can be read.

Function code K3 (H03): read multiple Word devices. Up to 16 words can be read. For COM2
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2. For ASCIl or RTU mode, PLC COM2 stores the data to be sent in D1256~D1295, converts the
received data in registers starting from S, and stores the converted 16-bit data in D1296 ~
D1311.

3.  Take the connection between PLC (PLC COM2) and VFD-B for example, the tables below
explains the status when PLC reads status of VFD-B. (M1143 = OFF, ASCIl Mode) (M1143 =

ON, RTU Mode)

M1002
— MOV | H87 | D1120 | Set communication protocol as 9600, 8, E, 1

—| SET | M1120 | Retain communication protocol

—| MOV | K100 | D1129 | Set communication timeout as 100ms

M1143 = OFF _| | | M1143 = ON
—| RST | M1143 | ASCI mode SET | M1143 | RTU mode

X0

—|T|—| SET |M1122 | Sending request

X0

—||—|MODRW| K1 | K3 |H2100| DO | K6 |

Data length(word)
Data storing register
Data address: H2100

Function code: K3
read multiple words

Receiving completed Connection device
M1127 address: K1

—| |——| Processing received data

ASCII mode : The received ASCII data is stored in registers starting from DO
and PLC converts the ASCII data to Hex value and stores them in
D1296~D1301 automatically.

RTU mode : The received data is stored in registers starting from DO in Hex value.

—| RST | M1127 | Reset M1127

ASCIl mode (M1143 = OFF):
When X0 = ON, MODRW instruction executes the function specified by Function Code 03
PLC = VFD-B, PLC sends: “01 03 2100 0006 D5"
VFD-B = PLC, PLC receives: “01 03 0C 0100 1766 0000 0000 0136 0000 3B”

Registers for data to be sent (sending messages)

Register Data Descriptions
D1256 Low byte ‘0 |30H| ADR1
D1256 High byte ‘1’ |31H| ADRO
D1257 Low byte ‘O |[30H| CMD 1
D1257 High byte ‘3 |33H| CMDO
D1258 Low hyte ‘2" | 32 H | Data Address
D1258 High byte | ‘1’ | 31 H
D1259 Low byte ‘0 | 30H

Address of VFD-B: ADR (1,0)

Control parameter: CMD (1,0)
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D1259 High byte ‘0" |30H
D1260 Low byte ‘0" |30H
D1260 High byte ‘0" |30H
Number of data (count by word)
D1261 Low byte ‘0" |30H
D1261 High byte ‘6’ |36 H
D1262 Low byte ‘D' |44H | LRCCHK1
- Checksum: LRC CHK (0,1)
D1262 High byte ‘5" |35H | LRCCHKO

Registers for received data (responding messages)

Register Data Descriptions
DO low byte ‘0 |30H| ADR1
DO high byte ‘1’ |31H| ADRO
D1 low byte ‘0 |30H| CMD 1
D1 high byte ‘3 |33H| CMDO
D2 low byte ‘O | 30H
. Number of data (count by byte)
D2 high byte ‘C’ | 43H
D3 low byte ‘O | 30H 0100 H
D3 high byte ‘1" | 31H PLC COM2 automatically
— Content of
D4 low byte 0 [30H converts ASCII codes to Hex
address H2100
) and stores the converted
D4 high byte ‘O | 30H
value in D1296
D5 low byte ‘1" | 31H 1766 H
D5 high byte ‘7" | 37H PLC COM2 automatically
. Content of
D6 low byte 6’ | 36 H converts ASCII codes to Hex
address H2101
) and stores the converted
D6 high byte ‘6’ | 36 H
value in D1297
D7 low byte ‘O | 30H 0000 H
D7 high byte ‘0" | 30H PLC COM2 automatically
— Content of
D8 low byte 0 | 30H converts ASCII codes to hex
address H2102
) and stores the converted
D8 high byte ‘O | 30H
value in D1298
D9 low byte ‘O | 30H 0000 H
D9 high byte ‘0 | 30H PLC COM2 automatically
— Content of
D10 low byte 0 [30H converts ASCII codes to hex
address H2103
) and stores the converted
D10 high byte ‘O | 30H
value in D1299
D11 low byte ‘0" | 30H | Content of 0136 H
D11 high byte ‘" | 31H
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D12 low byte ‘3" | 33 H | address H2104 PLC COM2 automatically
converts ASCII codes to hex

D12 high byte ‘6’ |36 H and stores the converted
value in D1300

D13 low byte ‘0" |30H 0000 H

D13 high byte ‘0" |30H PLC COM2 automatically

— Content of
D14 low byte 0 | 30H converts ASCII codes to hex
address H2105
] and stores the converted

D14 high byte ‘O | 30H
value in D1301

D15 low byte ‘3 | 33H | LRC CHK 1

D15 high byte ‘B | 42H | LRCCHKO

RTU mode (M1143 = ON):
When X0 = ON, MODRW instruction executes the function specified by Function Code 03
PLC = VFD-B, PLC sends:” 01 03 2100 0006 CF F4”
VFD-B = PLC, PLC receives: “01 03 0C 0000 0503 0BB8 0BB8 0000 012D 8E C5”

Registers for data to be sent (sending messages)

Register Data Descriptions
D1256 Low byte O1H Address
D1257 Low byte 03 H Function
D1258 Low byte 21H
Data Address
D1259 Low byte OOH
D1260 Low byte O0OH
Number of data (count by word)
D1261 Low byte 06 H
D1262 Low byte CFH CRC CHK Low
D1263 Low byte F4H CRC CHK High

Registers for received data (responding messages)

Register Data Descriptions
DO low byte O1H Address
D1 low byte 03 H Function
D2 low byte OCH Number of data (count by byte)
0000 H
D3 low byte O0OH Content of

PLC COM2 automatically
address H2100

D4 low byte 00 H stores the value in D1296
0503 H
D5 low byte 05 H Content of
i 2101 PLC COM2 automatically
address
D6 low byte 03 H store the value in D1297
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0BB8 H
D7 low byte 0B H Content of .
» H2102 PLC COM2 automatically
address
D8 low byte B8 H stores the value in D1298
0BB8 H
D9 low byte 0B H Content of
dd H2103 PLC COM2 automatically
address
D10 low byte B8 H store the value in D1299
0000 H
D11 low byte 00 H Content of
dd H2104 PLC COM2 automatically
address
D12 low byte 00H store the value in D1300
012D H
D13 low byte O1H Content of
dd 2105 PLC COM2 automatically
address
D14 low byte 2DH store the value in D1301
D15 low byte 8EH CRC CHK Low
D16 low byte C5H CRC CHK High

Program example 4: COM1(RS-232) / COM3(RS-485), Function Code HO3

1.

Function code K3 (H03): read multiple Word devices, up to 16 words can be read. For COM2

ASCII mode, only 8 words can be read..

PLC COM1 / COMS3 stores the received data in registers starting from S, and the stored data

can be transformed and moved by using DTM instruction for applications of other purposes.

Take the connection between PLC and VFD-B for example, the tables below explains the

status when PLC reads VFD-B status. (M1320 = OFF, ASCIlI Mode ), (M1320 = ON, RTU

Mode)

® |f PLC applies COM1 for communication, the below program can be usable by changing:
1. D1109—D1036: communication protocol

M1136—M1138: retain communication setting

D1252—D1249: Set value for data receiving timeout

M1320—M1139: ASCII/RTU mode selection

M1316—M1312: sending request

o o D

M1318—M1314: receiving completed flag
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M1002
} MOV H87 D1109 Set communication protocol as 9600,8,E,1
SET M1136 Retain communication setting
MOV K100 D1252 Set communicationtimeout as 100ms
M1320 = OFF M1320=0ON
RST M1320 — SET M1320
ASCII mode RTU mode
X0
4”‘7 SET M1316 Sendingrequest
X0
— ————MODRW| K1 K3 H2100 DO K6

M1318

Receiving completed

]—Datalength(word)

—— Datastoringregister

Data address: H2100
Function code: K3

Read multiple words

|

Processing received data

Connection device
address: K1

ASCIll mode: The received data is converted to Hex value
and stored in registers starting from DO

RTU mode: Thereceived data is stored inregisters starting from DO

RST

M1318

Reset M1318

ASCIl mode (COM3: M1320 = OFF, COM1: M1139 = OFF):

When X0 = ON, MODRW instruction executes the function specified by Function Code 03
PLC = VFD-B, PLC sends: “01 03 2100 0006 D5”

VFD-B = PLC, PLC receives: “01 03 0C 0100 1766 0000 0000 0136 0000 3B”

Registers for received data (responding messages)

Register Data Descriptions

PLC converts ASCII codes in 2100 H and stores the converted
DO 0100 H .

data automatically.

PLC converts ASCII codes in 2101 H and stores the converted
D1 1766 H .

data automatically.

PLC converts ASCII codes in 2102 H and stores the converted
D2 0000 H .

data automatically.

PLC converts ASCII codes in 2103 H and stores the converted
D3 0000 H .

data automatically.

PLC converts ASCII codes in 2104 H and stores the converted
D4 0136 H .

data automatically.
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PLC converts ASCII codes in 2105 H and stores the converted
D5 0000 H

data automatically.

RTU mode (COM3: M1320 = ON COM1: M1139 = ON):
When X0 = ON, MODRW instruction executes the function specified by Function Code 03
PLC = VFD-B, PLC sends: " 01 03 2100 0006 CF F4”
VFD-B = PLC, PLC receives: “01 03 0C 0000 0503 0BB8 0BB8 0000 012D 8E C5”

Registers for received data (responding messages)

Register Data Descriptions

PLC converts data in 2100 H and stores the converted data
DO 0000 H .
automatically.

PLC converts data in 2101 H and stores the converted data
D1 0503 H .
automatically.

PLC converts data in 2102 H and stores the converted data
D2 0BB8 H .
automatically.

PLC converts data in 2103 H and stores the converted data
D3 0BB8 H _
automatically.

PLC converts data in 2104 H and stores the converted data
D4 0136 H _
automatically.

PLC converts data in 2105 H and stores the converted data
D5 012D H

automatically.

Program example 5: COM2(RS-485), Function Code HO5

1. Function code K5(H05): Force ON/OFF bit device

2 PLC1 connects to PLC2: (M1143 = OFF, ASCIl mode), (M1143 = ON, RTU Mode)

3.  n=1indicates Force ON (set FFOOH) and n = 0 indicates Force OFF (set 0000H)

4 For ASCII or RTU mode, PLC COM2 stores the data to be sent in D1256~D1295 and stores
the received data in D1070~D1085

5. Take the connection between PLC1 (PLC COM2) and PLC2 (PLC COML1) for example, the
tables below explain the status when PLC1 Force ON PLC2 YO0.
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M1127

Receiving completed

M1002
I MOV H87 D1120 Set communication protocol as 9600,8,E,1
SET M1120 Retain communication protocol
MOV K100 D1129 Setreceiving timeout as 100ms
M1143 = OFF | M1143=0ON
RST M1143 ASCII mode SET M1143 RTU mode
X0
—t—— sET M1122 | Sendingrequest
X0
—| I— MODRW K1 K5 HO500 DO K1

L Force ON status (Set FFOOH)

Reserved

Dataaddress : YO=H0500
Function Code K5:

Force ON/OFF bit device

—

Processing received data

Connection device address: K1

ASCII mode: The received datais storedin D1070~D1085 in ASCII format
RTU mode: The received data is storedin D1070~D1085in Hex.

RST M1127

ASCIl mode (M1143 = OFF):
When X0 = ON, MODRW instruction executes the function specified by Function Code 05
PLC1 = PLC2, PLC sends: “01 05 0500 FFO0 6F”

PLC2 = PLC1, PLC receives: “01 05 0500 FFOO 6F”

Reset M1127

Registers for data to be sent (sending messages)

Register Data Descriptions

D1256 low byte ‘0’ | 30H| ADR 1 ,

- Device address: ADR (1,0)
D1256 high byte ‘' | 31H| ADRO
D1257 low byte ‘0" | 30H| CMD 1

- CMD (1,0) Control parameter
D1257 high byte ‘5’ 35H| CMD O
D1258 low byte ‘0" | 30H
D1258 high byte ‘5" | 35 H
D1259 low byte ‘0 | 30H| DataAddress
D1259 high byte ‘0 | 30H
D1260 low byte ‘| 46H|

- High byte to be force ON/OFF
D1260 high byte ‘| 46 H
D1261 low byte ‘0" | 30H

Low byte to be force ON/OFF

D1261 high byte ‘0" | 30H
D1262 low byte ‘6’ | 36 H

- n LRC CHK 1 Checksum: LRC CHK (0,1)
D1262 high byte | ‘F’ | 46 H| LRC CHKO
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Registers for received data (responding messages)

Register Data Descriptions
D1070 low byte ‘0’| 30H| ADR1
D1070 high byte ‘1’| 31H| ADRO
D1071 low byte ‘0’| 30H| CMD 1

D1071 high byte ‘5| 35H| CMD O
D1072 low byte ‘0’| 30H
D1072 high byte ‘5" | 35H
D1073 low byte ‘0 | 30H| DataAddress
D1073 high byte ‘0| 30H
D1074 low byte ‘F | 46 H
D1074 highbyte | ‘F| 46 H

High byte to be force ON/OFF

D1075 low byte ‘0" | 30H

- Low byte to be force ON/OFF
D1075 high byte ‘0| 30H
D1076 low byte ‘6’| 36 H| LRCCHK1

D1076 high byte ‘F"| 46 H| LRCCHKO

RTU mode (M1143 = ON)
When X0 = ON, MODRW instruction executes the function specified by Function Code 05
PLC1= PLC2, PLC1 sends: “01 05 0500 FF0O0 8C F6"
PLC2 =PLC1, PLC1 receives: “01 05 0500 FF0O 8C F6”

Registers for data to be sent (sending messages)

Register Data Descriptions
D1256 Low byte 0O1H Address
D1257 Low byte O5H Function
D1258 Low byte O5H
Data Address
D1259 Low byte OOH
D1260 Low byte FFH
Data content (ON = FFOOH)
D1261 Low byte OOH
D1262 Low byte 8CH CRC CHK Low
D1263 Low byte F6 H CRC CHK High

Registers for received data (responding messages)

Register Data Descriptions
D1070 Low byte 0O1H Address
D1071 Low byte 05H Function
D1072 Low byte O5H
D1073 Low byte 00 H Data Address
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Register Data Descriptions
D1074 Low byte FFH
Data content (ON = FFOOH)
D1075 Low byte O0OH
D1076 Low byte 8CH CRC CHK Low
D1077 Low byte F6 H CRC CHK High

Program example 6: COM1(RS-232) / COM3(RS-485), Function Code HO5

1.

o > w0

Function Code K5 (H05): Force ON/OFF bit device.
PLC1 connects PLC2: (M1320 = OFF, ASCII Mode ), (M1320 = ON, RTU Mode)
n = 1 indicates Force ON (set FFOOH) and n = 0 indicates Force OFF (set 0000H)
PLC COM1/COMS3 will not process the received data.
Take the connection between PLC1 (PLC COMS3) and PLC2(PLC COML1) for example, the
tables below explains the status when PLC1 reads YO~Y17 of PLC2
® |f PLC1 applies COM1 for communication, the below program can be usable by
changing:
1. D1109—D1036: communication protocol
2 M1136—M1138: retain communication setting
3 D1252—D1249: Set value for data receiving timeout
4.  M1320—M1139: ASCII/RTU mode selection
5 M1316—-M1312: sending request
6 M1318—-M1314: receiving completed flag

MOV | H87 |D1109| Set communication protocol as 9600,8,E,1

SET |M1136| Retain communication protocol

MOV | K100 | D1252| Setreceiving timeout as 100ms

NN

M1320 = OFF ‘| | ‘ M1320=0ON
RST | M1320 | ASCII mode SET M1320 RTU mode
X0
—Hl_l SET |M1316| Sending request

X0
—H—lMODRWl K1 | K5 |Ho500| DO | K1 |

[ Force ON status (Set FFOOH)

Reserved

Data address : YO=H0500

Function Code K5:
Force ON/OFF hit device

Connection device address: K1

Receiving completed
M1318

|_4{ Received data |

ASCII mode: No processing onreceived data .

RTU mode: No processing on received data .

—{ RST | M1318 | Reset M1318
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ASCIl mode (COM3: M1320 = OFF, COM1: M1139 = OFF):

When X0 = ON, MODRW instruction executes the function specified by Function Code 05
PLC1 = PLC2, PLC sends: “01 05 0500 FF0O 6F"

PLC2 = PLC1, PLC receives: “01 05 0500 FF0OO0 6F”

(No data processing on received data)

RTU mode (COM3: M1320 = ON, COM1: M1139 = ON):

When X0 = ON, MODRW instruction executes the function specified by Function Code 05
PLC1= PLC2, PLC1 sends: “01 05 0500 FFOO 8C F6”

PLC2 =PLC1, PLC1 receives: “01 05 0500 FF0O0 8C F6”

(No data processing on received data)

Program Example 7: COM2(RS-485), Function Code HO6

1.  Function code K6 (HO6): Write in single word device.

2.  Set the value to be written into VFD-B in the register specified by operand S.

3. For ASCIl or RTU mode, PLC COM2 stores the data to be sent in D1256~D1295, and
received data in D1070~D1085.

4.  Take the connection between PLC (PLC COM2) and VFD-B for example, the tables below
explains the status when PLC reads status of VFD-B. (M1143 = OFF, ASCIl Mode) (M1143 =

ON, RTU Mode)

M1127

—

M1002
—| |——| MOV | H87 | D1120 | Set communication protocol as 9600, 8, E, 1
—| SET | M1120 | Retain communication protocol
—| MOV | K100 | D1129 | Set communication timeout as 100ms
M1143 = OFF _| | | M1143 = ON
—| RST ||v|1143| s = OF SET | M1143 | RTU mode
X0
—4——— sSET | M1122 | Sending request
X0

—||—|MODRW| K1 | K6 IHZOOOI D50 | K1 |

Receiving completed

[ Dpata length

Data storing register
D50=H1770

Data address: H2000

Function code K6
write in single data

Connection device

address: K1

— | Processing received data |

ASCII mode: The received data is stored in D1070~D1085 in ASCII format
RTU mode: The received data is stored in D1070~D1085 in Hex format

—| RST | M1127 | Reset M1127
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ASCII mode (M1143 = OFF)
When X0 = ON, MODRW instruction executes the function specified by Function Code 06
PLC = VFD-B, PLC sends: “01 06 2000 1770 52"
VFD-B = PLC, PLC receives: “01 06 2000 1770 52"

Registers for data to be sent (sending messages)

Register Data Descriptions
D1256 Lowbyte | ‘0" | 30H | ADR1 Device address of VFD-B:
D1256 Highbyte | ‘1’ | 31H | ADRO ADR (1,0)

D1257 Lowbyte | ‘0’ | 30H | CMD 1
D1257 Highbyte | ‘6’ | 36 H | CMD 0
D1258 Low byte | ‘2’ | 32 H
D1258 High byte | ‘0’ | 30 H

Control parameter: CMD (1,0)

D1259 Low byte ‘O | 30H Data Address

D1259 High byte | ‘0’ | 30 H

D1260 Low byte ‘1’ | 31H

D1260 High byte ‘7" | 37 H | Data H1770 = K6000.

D1261 Low byte ‘7" | 37H | content The content of register D50

D1261 High byte | ‘0’ | 30 H
D1262 Lowbyte | ‘5" | 35H | LRC CHK 1
D1262 High byte | ‘2 | 32H | LRC CHKO

Checksum: LRC CHK (0,1)

Registers for received data (responding messages)

Register Data Descriptions
D1070 Low byte ‘0 | 30H | ADR1
D1070 High byte 1’ | 31H | ADRO
D1071 Low byte ‘0 | 30H | CMD 1
D1071 Highbyte | ‘6" | 36 H | CMD O
D1072 Low byte ‘2" | 32H
D1072 High byte ‘0" | 30H
D1073 Low hyte ‘0’ | 30H
D1073 High byte ‘0" | 30H
D1074 Low byte ‘1’ | 31H
D1074 High byte | ‘7" | 37 H
D1075 Low byte ‘77 | 37TH
D1075 High byte | ‘0’ | 30 H
D1076 Low byte ‘6’ | 36 H | LRCCHK1
D1076 High byte ‘5’ | 35H | LRCCHKO

Data Address

Data content

3-318



3. Instruction Set

RTU mode (M1143 = ON)
When X0 = ON, MODRW instruction executes the function specified by Function Code 06
PLC = VFD-B, PLC sends: “01 06 2000 1770 8C 1E”
VFD-B — PLC, PLC receives: “01 06 2000 1770 8C 1E”

Registers for data to be sent (sending messages)

Register Data Descriptions
D1256 Low byte O1H Address
D1257 Low byte 06 H Function
D1258 Low byte 20H

Data Address

D1259 Low byte O0OH
D1260 Low byte 17H Data H1770 = K6000.
D1261 Low byte 70 H content The content of register D50
D1262 Low byte 8CH CRC CHK Low
D1263 Low byte 1EH CRC CHK High

Registers for received data (responding messages)

Register Data Descriptions
D1070 Low byte O1H Address
D1071 Low byte 06 H Function
D1072 Low byte 20H

Data Address
D1073 Low byte O0OH
D1074 Low byte 17H

Data content
D1075 Low byte 70H
D1076 Low byte 8CH CRC CHK Low
D1077 Low byte 1EH CRC CHK High

Program example 8: COM1 (RS-232) / COM3 (RS-485), Function Code HO06

1.  Function code K6 (HO06): Write in single Word device.

2 Set the value to be written into VFD-B in the register specified by operand S.

3. PLC COM1/COMS3 will not process the received data.

4.  Take the connection between PLC (PLC COM3) and VFD-B for example, the tables below
explains the status when PLC COMS3 writes in single Word device in VFD-B (M1320 = OFF,
ASCIl Mode ), (M1320 = ON, RTU Mode)
® |[f PLC applies COM1 for communication, the below program can be usable by changing:

1. D1109—D1036: communication protocol

M1136—M1138: retain communication setting

D1252—D1249: Set value for data receiving timeout

M1320—-M1139: ASCII/RTU mode selection

M1316—-M1312: sending request

o M 0w
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6. M1318—-M1314: receiving completed flag

M1002
I MOV H87 D1109 | Setcommunicationprotocolas 9600,8,E,1

—l SET | M1136 | Retain communication setting

MOV K100 D1252 | Setreceiving timeoutas100ms

M1320 = ON M1320= OFF

RST M1320 ASCI| mode — SET M1320 | RTU mode

X0
14— seT | mM1316 | Sendingrequest

X0
—H—|MODRW| K1 | K6 |H2000| D50 | K1 |

Data length
Data register: D50=H1770

Data address: H2000
Function code: K6
Write in single Word data

Connection device

Receiving completed address: K1
M1318
— | | Received data ‘

ASCII mode: No processing onreceived data .
RTU mode: No processing on received data .

—l RST | M1318 | Reset M1318

ASCII mode (COM3: M1320 = OFF, COM1: M1139 = OFF):
When X0 = ON, MODRW instruction executes the function specified by Function Code 06
PLC = VFD-B, PLC sends: “01 06 2000 1770 52"
VFD-B = PLC, PLC receives: “01 06 2000 1770 52"

(No data processing on received data)

RTU mode (COM3: M1320 = ON, COM1: M1139 = ON)
When X0 = ON, MODRW instruction executes the function specified by Function Code 06
PLC = VFD-B, PLC sends: “01 06 2000 1770 8C 1E”
VFD-B — PLC, PLC receives: “01 06 2000 1770 8C 1E”

(No data processing on received data)

Program Example 9: COM2 (RS-485), Function Code HOF

1.
2.
3.

Function code K15 (HOF): write in multiple bit devices. Up to 64bits can be written.

PLC1 connects to PLC2: (M1143 = OFF, ASCII Mode), (M1143 = ON, RTU Mode)

For ASCII or RTU mode, PLC COM2 stores the data to be sent in D1256~D1295 and the
received data in D1070~D1085.

Take the connection between PLC1 (PLC COM2) and PLC2 (PLC COML1) for example, the
tables below explain the status when PLC1 force ON/OFF YO~Y17 of PLC2.
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Set value: K4Y0=1234H

Device | Status | Device | Status | Device | Status | Device | Status
YO OFF Y1l OFF Y2 ON Y3 OFF
Y4 ON Y5 ON Y6 OFF Y7 OFF
Y10 OFF Y11 ON Y12 OFF Y13 OFF
Y14 ON Y15 OFF Y16 OFF Y17 OFF
M1002
4| MOV | H87 | D1120 | Set communication protocol as 9600, 8, E, 1
4| SET | M1120 | Retain communication protocol
4| MOV | K100 | D1129 | Set receiving timeout as 100ms
M1143 = OFF M1143 = ON
o | RST | M1143 | ASCIl mode _| SET | MI1143 | RTU mode
—|T|—| SET | M1122 | Sending request
X0

— F————{moprw| k1 | k15 | Hosoo [ po | kie |

M1127

Receiving completed

Data length(bit)
Data storing register

Data address: HO500
Function code: K15

Write in multiple bit devices
Connection device

—| |—4| Processing received data |

ASCIl mode (M1143 = OFF)

address: K1

ASCII mode: The received data is stored in D1070~D1085 in ASCII format.
RTU mode: The received data is stored in D1070~D1085 in Hex format.

—| RST | M1127 | Reset M1127

When X0 = ON, MODRW instruction executes the function specified by Function Code HOF.
PLC1 = PLC2, PLC sends: “ 01 OF 0500 0010 02 3412 93"

PLC2 = PLC1, PLC receives: “ 01 OF 0500 0010 DB "

Registers for data to be sent (sending messages)

Register Data Descriptions

D1256 * ‘0’ 30H | ADR1 i

Device address: ADR (1,0)
D1256 ‘1 31H | ADRO
D1257 * ‘0’ 30H | CMD 1

Control parameter: CMD (1,0)
D1257 ‘F 46H | CMDO
D1258 * ‘0 30H
D1258 - ‘5’ 35H

Data Address

D1259 ™ ‘0’ 30 H
D1259 ‘0’ 30 H
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D1260 + ‘0’ 30H
D1260 + ‘0’ 30H )

Number of Data (count by bit)
D1261 *+ ‘1’ 31H
D1261 + ‘0’ 30H
D1262 + ‘0’ 30H

Byte Count
D1262 + ‘2 32H
D1263 '+ ‘3 33H
D1263 + ‘q 46 H 1234H
D1264 1’ 33 H Data contents Content of register DO
D1264 + ‘2 46 H
D1265 + ‘9’ 39H LRC CHK 1

Checksum: LRC CHK (0,1)

D1265 + ‘3’ 33H | LRCCHKO

Registers for received data (responding messages)

Register Data Descriptions
D1070 ™ ‘0’ 30H | ADR 1
D1070 * ‘1’ 31H | ADRO
D1071 ™ ‘0’ 31H | CMD 1
D1071 ‘F’ 46 H | CMDO
D1072 ™ ‘0 30H
D1072 ‘5’ 35H
D1073 ‘0 30H | DataAddress
D1073 = ‘0 30H
D1074 ™+ ‘0 30H
D1074 - ‘0 30H .
D1075 + T 31 1 Number of Data(count by bit)
D1075 ‘0 30 H
D1076 * ‘D’ 44H | LRC CHK 1
D1076 * ‘B’ 42H | LRCCHKO

RTU mode (M1143 = ON)
When X0 = ON, MODRW instruction executes the function specified by Function Code HOF
PLC1 = PLC2 » PLC1 sends: “01 OF 0500 0010 02 34 12 21 ED”
PLC2 = PLC1 > PLC1 receives: “01 OF 0500 0010 54 CB”

Registers for data to be sent (sending messages)

Register Data Descriptions
D1256 * O1H Address
D1257 OFH Function
D1258 ™ 05 H Data Address
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Instruction

Set

Program example 10: COM1 (RS-232) / COM3 (RS-485), Function Code HOF
1.

2
3.
4

D1259 * OOH
D1260 ™ OOH )
Number of Data(count by bit)
D1261 ™+ 10H
D1262 ™+ 02 H Byte Count
D1263 + 34 H Data content 1 Content of DO: H34
D1264 + 12 H Data content 2 Content of D1: H12
D1265 + 21 H CRC CHK Low
D1266 + EDH CRC CHK High

Registers for receive

d data (responding messages)

Register Data Descriptions

D1070 *+ O1H Address

D1071 "+ OFH Function

D1072 ™ 05H
Data Address

D1073 ™ O0OH

D1074 ™ O0OH ]
Number of Data(count by bit)

D1075 ™ 10H

D1076 ™ 54H CRC CHK Low

D1077 ™ CBH CRC CHK High

Function code K15 (HOF): write in multiple bit devices. Up to 64 bits can be written
PLC1 connects to PLC2: (M1143 = OFF, ASCII mode), (M1143 = ON, RTU mode)

PLC COM1/COM3 will not process the received data.

Take the connection between PLC1 (PLC COM3) and PLC2 (PLC COM1) for example, the

tables below explain the status when PLC1 force ON/OFF YO~Y17 of PLC2.
Set value: K4Y0=1234H

Device | Status | Device | Status | Device | Status | Device | Status
YO OFF Y1 OFF Y2 ON Y3 OFF
Y4 ON Y5 ON Y6 OFF Y7 OFF
Y10 OFF Y11 ON Y12 OFF Y13 OFF
Y14 ON Y15 OFF Y16 OFF Y17 OFF

® |[f PLC applies COM1 for communication, the below program can be usable by changing:

1. D1109—D1036: communication protocol

M1136—-M1138: retain communication setting

D1252—-D1249: Set value for data receiving timeout

M1316—-M1312: sending request

2.
3
4.  M1320—-M1139: ASCII/RTU mode selection
5
6

M1318—-M1314: receiving completed flag
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M1002
— | MOV H87 | D1109 | Setcommunication protocol as 9600, 8, E, 1

SET M1136 | Retain communication protocol

MOV K100 D1252 | Setreceiving timeout as 100ms

M1320 = OFF M1320 = ON
RST M1320 ASCIl mode — SET M1320 RTU mode

X0
_|T|7 SET M1316 | Sending request
X0
—| |7 MODRW K1 K15 HO500 DO K16

L Data length(bit)
Data storing register
Data address: HO500

Function code: K15
Write in multiple bit devices

Connection device

Receiving completed address: K1
M1318
—| I Received data

ASCII mode: No processing on received data .
RTU mode: No processing onreceived data .

RST M1318 | ResetM1318

ASCIl mode (COM3: M1320 = OFF, COM1: M1139 = OFF):
When X0 = ON, MODRW executes the function specified by Function Code HOF
PLC1 = PLC2, PLC sends: “ 01 OF 0500 0010 02 3412 93"~
PLC2 = PLC1, PLC receives: “ 01 OF 0500 0010 DB "

(No data processing on received data)

RTU mode (COM3: M1320 = ON, COM1: M1139 = ON):
When X0 = ON, MODRW executes the function specified by Function Code HOF
PLC1 = PLC2, PLC1 sends: “01 OF 0500 0010 02 34 12 21 ED”
PLC2 = PLC1, PLC1 receives: “01 OF 0500 0010 54 CB",

(No data processing on received data)

Program Example 11: COM2 (RS-485), Function Code H10

1. Function code K16 (H10): Write in multiple Word devices. Up to 16 Words can be written. For
PLC COM2 ASCII mode, only 8 words can be written.

2. For ASCIl or RTU mode, PLC COM2 stores the data to be sent in D1256~D1295, and the
received data in D1070~D1085.
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3.

_M|1<|)oz I
' |

MOV

SET M1120

Take the connection between PLC COM2 and VFD-B AC motor drive for example, the tables

below explain the status when PLC COM2 writes multiple word devices in VFD-B.

| H87 | D1120 | Set communication protocol as 9600, 8, E, 1

Retain communication protocol

—

MOV | K100 |

D1129 | Set communication timeout as 100ms

—

0
]

X0
]

RST | Mm1143 | M1143=OFF [ ser [ muraz | Mz =ON
ASCIl mode RTU mode

SET | M1122 | Sending request

ODRW K1 K16 H2000 D50 K2

Receiving completed
M1127

L Data length(word)
Data storing register

Data address: H2000
Function code: K16

write in multiple Words
Connection device

|

Processing received data

ASCIl mode (M1143 = OFF)

address: K1

ASCII mode: The received data is stored in D1070~D1085 in ASCII format
RTU mode: The received data is stored in D1070~D1085 in Hex

—| RST | M1127 | Reset M1127

When X0 = ON, MODRW instruction executes the function specified by Function Code H10

PLC =VFD-B, PLC transmits: “01 10 2000 0002 04 1770 0012 30"
VFD=PLC, PLC receives: “01 10 2000 0002 CD”

Registers for data to be sent (sending messages)

Register Data Descriptions
D1256 Low byte ‘0" | 30H | ADR1
Address of VFD: ADR (1,0)

D1256 High byte ‘1" | 31H | ADRO

D1257 Low byte ‘1" | 31H | CMD 1

- Control parameter: CMD (1,0)

D1257 High byte ‘0" | 30H | CMDO

D1258 Low hyte 2" | 32H

D1258 High byte ‘O | 30H

Data Address

D1259 Low byte ‘O | 30H

D1259 High byte ‘O | 30H

D1260 Low byte ‘0" | 30H | Number of Register

D1260 High byte ‘0" | 30H

D1261 Low byte ‘0" | 30H
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D1261 High byte ‘2" | 32H
D1262 Low byte ‘0’ | 30H
Byte Count
D1262 High byte ‘4" | 34H
D1263 Low byte ‘7" | 31H
D1263 High byte ‘7 | 37TH The content of register D50:
Data contents 1
D1264 Low byte ‘7" | 37H H1770(K6000)
D1264 High byte ‘0" | 30H
D1265 Low byte ‘0" | 30H
D1265 High byte ‘0 | 30H The content of register D51
Data contents 2
D1266 Low byte ‘7’ | 31H H0012(K18)
D1266 High byte ‘2" | 32H
D1267 Low byte ‘3 | 33H | LRCCHK 1 ]
LRC CHK (0,1) is error check
D1267 High byte ‘0" | 30H | LRCCHKDO

Registers for received data (responding messages)

@ Register Data Descriptions
D1070 Low byte ‘0" | 30H | ADR1

D1070 High byte ‘2’ | 31H | ADRO
D1071 Low byte ‘1’ | 31H | CMD 1
D1071 High byte ‘0 | 30H | CMDO
D1072 Low byte 2| 32H
D1072 High byte | ‘0’ | 30 H
D1073 Low byte ‘O | 30H
D1073 High byte | ‘0’ | 30 H
D1074 Low byte ‘O | 30H
D1074 High byte | ‘0’ | 30 H
D1075 Low byte ‘0 | 30H
D1075 High byte | 2 | 32H
D1076 Low byte ‘C | 43H | LRCCHK 1
D1076 High byte ‘D | 44H | LRCCHKO

Data Address

Number of Register

RTU mode (M1143 = ON)
When X0 = ON, MODRW instruction executes the function specified by Function Code H10
PLC =VFD-B,PLC transmits: “01 10 2000 0002 04 1770 0012 EE 0C”
VFD-B=PLC, PLC receives: "01 10 2000 0002 4A08”

Registers for data to be sent (sending messages)

Register Data Descriptions
D1256 Low byte O1H Address
D1257 Low bhyte 10H Function
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D1258 Low byte 20H
Data Address
D1259 Low byte 00 H
D1260 Low byte 00 H ,
Number of Register
D1261 Low byte 02H
D1262 Low byte 04 H Byte Count
D1263 Low byte 17 H
i Data L | The content of D50: H1770 (K600O)
D1264 Low byte 70 H content
D1265 Low byte 00 H
th Data , | The content of D51: H0012 (K18)
D1266 Low byte 12 H content
D1262 Low byte EEH CRC CHK Low
D1263 Low byte OCH CRC CHK High

Registers for received data (responding messages)

Register Data Descriptions
D1070 Low byte O1H Address
D1071 Low byte 10H Function
D1072 Low byte 20H
Data Address
D1073 Low byte O0OH
D1074 Low byte O0OH _
Number of Register
D1075 Low byte 02H
D1076 Low byte 4AH CRC CHK Low
D1077 Low byte 08 H CRC CHK High

Program example 12: COM1 (RS-232) / COM3 (RS-485), Function Code H10
1. Function code K16 (H10): Write in multiple Word devices. Up to 16 Words can be written. For
PLC COM2 ASCII mode, only 8 words can be written.
2. PLC COM1/COMS3 will not process the received data
3. Take the connection between PLC COM3 and VFD-B for example, the tables below explain
the status when PLC COM3 writes multiple Words in VFD-B. (M1320 = OFF, ASCIlI mode)
(M1320 = ON, RTU mode)
® |f PLC applies COM1 for communication, the below program can be usable by changing:
1. D1109—D1036: communication protocol
2. M1136—M1138: retain communication setting
3 D1252—D1249: Set value for data receiving timeout
4.  M1320—M1139: ASCII/RTU mode selection
5 M1316—M1312: sending request
6 M1318—M1314: receiving completed flag
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M1002
% 7‘ MOV ‘ H87 ‘ D1109 ‘ Set communication protocol as 9600,8,E,1

4{ SET ‘M1136‘ Retain communication setting

4{ MOV ‘ K100 ‘D1252 ‘ Set communication timeout as 100ms
—{ RST ‘ M1320 ‘ M1320 = OFF % SET ‘ M1320 ‘ M1320=ON
ASCII mode RTU mode
X0
4”}—{ SET ‘ M1316‘ Sending request
X0
—H—{MODRW‘ K1 ‘ K16 ‘ HZOOO‘ D50 ‘ K2 ‘

[ Data length: K2

Datat register:

D50 = H1770, D51=H12
Data address: H2000
Function Code: K16

Write in multiple Word data

Receiving completed Connection device address: K1

M1318

—‘ }74{ Received data ‘

ASCII mode: No processing onreceived data .

RTU mode: No processing on received data .

7‘ RST ‘ M1318 ‘ Reset M1318

® ASCIl mode (COM3: M1320 = OFF, COM1: M1139 = OFF):
When X0 = ON, MODRW executes the function specified by Function Code H10
PLC =VFD-B, PLC sends: “01 10 2000 0002 04 1770 0012 30"
VFD=PLC, PLC receives: “01 10 2000 0002 CD"

(No processing on received data)

® RTU Mode (COM3: M1320=0On, COM1: M1139=0n):
When X0 = ON, MODRW executes the function specified by Function Code H10
PLC =VFD-B,PLC sends: “01 10 2000 0002 04 1770 0012 EE OC”
VFD-B=PLC, PLC receives :” 01 10 2000 0002 4A08"

(No processing on received data)
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API Mnemonic Operands Function
Controllers
154 ||D| RAND |P|GD G (M Random number ES2 /EX2
Type | Bit Devices Word devices Program Steps
OP XY |[M|S|K|H|KnX|[KnNYI[KNnMIKnS| T |C|D | E | F|RAND, RANDP: 7 steps
S1 Rl r PR M %1% 1Y IDRAND, DRANDP: 13
SZ * * * * * * * * * * *
D * * * | x| x| x| = | * |Steps
PULSE 16-bit 32-bit
ES2 /| EX2 ES2 /| EX2 ES2 / EX2
Operands:

S;: Lower bound of the random number  S,: Upper bound of the random number  D: Operation

result

Explanations:

1. The range of 16-bit operands Si, S,: KOS, , S,=<K32,767; the range of 32-bit operands S;,
S KO=S;, S,=K2,147,483,647.

2.  Entering S; > S, will result in operation error. The instruction will not be executed at this time,
M1067, M1068 = ON and D1067 records the error code OE1A (HEX)

Program Example:
When X10 = ON, RAND will produce the random number between the lower bound DO and upper
bound D10 and store the result in D20.

X0
—— RAND DO D10 D20
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API Mnemonic Operands Function
Controllers
155 ||D| ABSR D) Absolute position read ES2/EX2
Type| Bit Devices Word devices Program Steps
oP X|Y|M|S|K|H|[KnX|[KnY|KnM|KnS| T|C |D|E|F |DABSR: 13 steps
S * * * *
Dl * * *
D2 * * * * * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Input signal from servo (occupies 3 consecutive devices)  D;: Control signal for controlling

servo (occupies 3 consecutive devices)  D,: Absolute position data (32-bit) read from servo

Explanations:

1.

9 .

5.

This instruction reads the absolute position (ABS) of servo drive with absolute position check
function, e.g. MITSUBISHI MR-J2.

Only 32-bit instruction is applicable for ABSR instruction (DABSR) and it can only be used
ONCE in the program.

S: input signal from servo. 3 consecutive devices S, S +1, S +2 are occupied. S and S +1 are
connected to the ABS (bitO, bitl) of servo for data transmitting. S +2 is connected to servo for
indicating transmission data being prepared.

D;: control signal for controlling servo. 3 consecutive devices D, D;+1, D;+2 are occupied. D,
is connected to servo ON (SON) of servo, D;+1 is connected to ABS transmission mode of

servo and D;+2 is connected to ABS request.

PLC-DVP32ES200T SERVO AMP
MR-J2-A
D CN1B
+24V —{"VvDD 3]
SIS :
ABS(bit0
T e T )
I Transmission ready
14 VVv X2 TLC 6
24G SG |10
S ON
ervo
%/ Y0 ABS transmission mode SON 15
%/ Y1 ABS request ABSM) 8
% / Y2 ABSR]| 9
C H
|

D,: Absolute position data (32-bit) read from servo. 2 consecutive devices D,, D,+1 are
occupied. D, is low word and D,+1 is high word. When DABSR instruction is completed,
M21029 will be ON. M1029 has to be reset by users.
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6. Please use NO contact as the drive contact of DABSR instruction. If the drive contact is OFF
during the execution of DABSR, the instruction will be stopped and errors will occur on read
data.

7. If the drive contact of DABSR instruction turns OFF after the instruction is completed, the
servo ON (SON) signal connected to D; will also turn OFF and the operation will be disabled.

8. Flags: For the descriptions of M1010, M1029, M1102, M1103, M1334, M1335, M1336, M1337,
M1346, please refer to Points to Note.

Program Example:

1. When X7 = ON, the 32-bit absolute position data read from servo will be stored in the registers
storing present value of CHO pulse output (D1348, D1349). At the same time, timer T10 is
enabled and starts to count for 5 seconds. If the instruction is not completed within 5 seconds,
M210 will be ON, indicating operation errors.

2. When enabling the connection to the system, please synchronize the power input of DVP-PLC

and SERVO AMP or activate the power of SERVO AMP earlier than DVP-PLC.
D) )]

X7
— | DABSR X0 Y4 D1348
M11
—/f—— TMR TO K50
ABSR
completed

T0 ABS absolute position
— @ data read is abnormal
ABSR timeout

M1029

— ABS absolute position
;ecution SET M1l data read is completed

completed flag

Points to note:

1. Timing diagram of the operation of DABSR instruction:

Servo ON SON |
ABS data
transmission mode ABSM | |
Transmissionready TLC | | | | | AMP output
ABSrequest  ABSR | | | | Controller output

|l »|
= g
Current position data 32-bit
+ check data 6-bit
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2. When DABSR instruciton executes, servo ON (SON) and ABS data transmission mode are
driven for output.

3. By “transmission ready” and “ABS request” signals, users can confirm the transmitting and
receiving status of both sides as well as processing the transmission of the 32-bit ABS position
data and the 6-bit check data..

4. Datais transmitted by ABS (bitO, bitl).

This instruction is applicable for servo drive with absolute position check function, e.g.
MITSUBISHI MR-J2-A.

6. Select one of the following methods for the initial ABSR instruction:
® Execute API 156 ZRN instruction with reset function to complete zero return.
®  Apply JOG function or manual adjustment to complete zero return, then input the reset

signal to the servo. Please refer to the diagram below for the wiring method of reset
signal. For the detailed wiring between DVP-PLC and Mitsubishi MR-J2-A, please refer
to API 159 DRVA instruction.

Ex: Mitsubishi MR-J2-A

A—
(AT

[ s [10]
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API Mnemonic Operands Function
Controllers
156 ||D| ZRN Gy G G @ | Zeroreturn ES2 /EX2
Type| Bit Devices Word devices Program Steps
oP X|Y|M]|S|K|H[KnX|KNY|KNnMIKnS| T |C |D | E | F |DZRN: 17 steps
Sl * * * * * * * * * *
SZ * * * * * * * * * *
S *
D *
PULSE 16-bit 32-bit
ES2 / EX2 ES2 / EX2 ES2 / EX2
Operands:

S,: Target frequency for zero return  S,: JOG frequency for DOG  Si: input device for DOG  D:

Pulse output device

Explanations:
1. S (zero return speed): max. 100kHz. S, (JOG speed for DOG) has to be lower than S; JOG
speed for DOG also refers to the start frequency. 3
2. Sz and D operands have to be used as an input/output set according to the table below, i.e. when
Sz is specified as X4, D has to be specified as YO0; also when S; is specified as X6, D has to be
specified as Y2.
3.  M1307 enables (ON) / disables (OFF) left limit switch of CHO (YO, Y1) and CH1 (Y2, Y3). M1307
has to be set up before the instruction executes. M1305 and M1306 can reverse the pulse output
direction on Y1 and Y3 and have to be set up before instruction executes. Associated left limit
switch for CHO (Y0, Y1) is X5; associated left limit switch for CH1 (Y2, Y3) is X7.

Input CUENE CHO(YO,Y1) CH1(Y2,Y3)
DOG point X4 X6
Left limit switch (M1307 = ON) X5 X7
Reverse pulse output direction M1305 M1306

4.  When D is specified as YO0, its direction signal output is Y1; when D is specified as Y2, its direction
signal output is Y3.

5. When the instruction executes, pulse output starts with reverse operation. PLC then controls the
operation direction according to limit switch and DOG switch. Current position of YO output:
(D1030,D1031); current position of Y1 output (D1032, D1033)

6. When pulse output reaches zero point, pulse output execution completed flag M1029 (CHO),

M1102 (CH1) is ON and the register indicating current position is reset to 0.
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7. When DZRN instruction executes, external interrupt 140x (YO) or 160x (Y2) in program will be
disabled until DZRN instruction is completed. Also. If left limit switch (X5 / X7) is enabled during
instruction execution, external interrupt will be disabled as well.

8. Timing Diagram:

Model: Current position at right side of DOG switch, pulse output in reverse, limit switch disabled.

Outputinreverse
End flag OFE
M1029/M1102 ON |
OFF
DOG switch: X4/X6 ON
Freq.

Target freq. ——

JOG freq——>

» Time

o b N

Start Meet DOG switch  DOG switch OFF
Mode 2: DOG switch is ON, pulse output in reverse, limit switch disabled.

Outputin reverse

End flag ; Off
M1029/M1102 w\—

Oon Off

o

DOG switch: X4/X6 J
Freq.

JOG freq. ——

» Time

/ ™

Start DOG switch OFF

Mode 3: Current position at left side of zero point, pulse output in reverse, limit switch enabled.
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Set

End flag
M1029/M1102

Limit switch X5/X7

DOG switch: X4/X6
Freq.
Target freq——

JOG freq. —>

Program Example:
When MO = ON, YO pulse output executes zero return with a frequency of 20kHz. When it reaches the

/,:

Start

Limit switch ON

Limit switch OFF
DOG switch ON

Reverse Forward Reverse
output output output
Off on]
off 119"
Off On
l_ » Time

™\

DOG switch OFF

DOG switch, X4 = ON and the frequency changes to JOG frequency of 1kHz. YO will then stop when X4

= OFF.

-

0

}—| DZRN | K20000| K1000 | X4

|YO
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APl || Mnemonic Operands Function
i Controllers
157 ||D| PLSV | | D éﬂ’t‘;ﬂf‘ ble Speed Pulse ES2/EX2
Type | Bit Devices Word Devices Program Steps
oP XY |M|S|K|H|[KnX|KnY[KnM|KnS| T |C | D | E | F |DPLSV: 13 steps
S * * * * * * * * * * *
D, *
D2 * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Pulse output frequency D,: Pulse output device (YO, Y2)  D,: Direction signal output

Explanations:

1.

S is the designated pulse output frequency. Available range: -100,000Hz ~ +100,000 Hz. “+/-"
signs indicate forward/reverse output direction. The frequency can be changed during pulse
output. However, if the specified output direction is diferent from the current output direction, the
instruction will stop for 1 scan cycle then restart with the changed frequency.

D, is the pulse output device. It can designate CHO(Y0) and CH1(Y2).

D, is the direction signal output device. It can designate CHO(Y1) and CH1(Y3).

The operation of D, corresponds to the “+” or “-“ of S. When S is “+”, D, will be OFF; when S is “-*,
D, will be ON.

M1305 and M1306 can change the output direction of CHO/CH1 set in D,. When S is “-“, D, will
be ON, however, if M1305/M1306 is set ON before instruction executes, D, will be OFF during
execution of instruction.

PLSV instruction does not support settings for ramp up or ramp down. If ramp up/down process is
required, please use APl 67 RAMP instruction.

If the drive contact turns off during pulse output process, pulse output will stop immediately.

Program Example:
When M10 = ON, YO will output pulses at 20kHz. Y1 = OFF indicates forward direction.

10

}_“?

—— DPLSV| K20000| YO Y1
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API |{[Mnemonic Operands Function
i _ Controllers
158 ||D| DRVI |BD GD Relative Position ES2/EX2
Type| Bit Devices Word devices Program Steps
oP X|Y|M|S|K|H[KNX|KnY|KNnMIKnS| T |C |D | E | F |DRVI: 9 steps
Sy LT T | Y IDDRVI: 17 steps
SZ * * * * * * * * * * *
D, *
D2 * * *
PULSE 16-bit 32-bit
ES2 /| EX2 ES2 | EX2 ES2 / EX2
Operands:
S;: Numbers of pulses (relative positioning)  S,: Pulse output frequency  D;: Pulse output
device D,: Direction signal output
Explanations:
1. S; is the number of pulses (relative positioning). Available range: -2,147,483,648 ~

o M 0w

10.

+2,147,483,647. “+/-" signs indicate forward and reverse direction.

S, is the pulse output frequency. Available range: 6 ~ 100,000Hz.

D, is the pulse output device. It can designate CHO (Y0) and CH1 (Y2).

D, is the direction signal output device. It can designate CHO (Y1) and CH1 (Y3).

The operation of D, corresponds to the “+” or “-“ of S. When S is “+”, D, will be OFF; when S is
“-“ D, will be ON. D, will not be OFF immediately after pulse output completion and will be
OFF when the drive contact is OFF.

The set value in S; is the relative position of

- current position (32-bit data) of CHO (YO, Y1) which is stored in D1031(high), D1030 (low)

- current position (32-bit data) of CH1 (Y2, Y3) which is stored in D1337(high), D1336 (low).
In reverse direction pulse output, value in (D1031, D1330) and (D1336, D1337) decreases.
D1343 (D1353) is the ramp up/down time setting of CHO (CH1). Available range: 20 ~
32,767ms. Default: 100ms. PLC will take the upper/lower bound value as the set value when
specified value exceeds the available range.

D1340 (D1352) is start/end frequency setting of CHO (CH1). Available range: 6 to 100,000Hz.
PLC will take the upper/lower bound value as the set value when specified value exceeds the
available range.

M1305 and M1306 can change the output direction of CHO/CHL1 set in D,. When S is “-“, D, will
be ON, however, if M1305/M1306 is set ON before instruction executes, D, will be OFF during
execution of instruction..

Ramp-down time of CHO and CH1 can be particularly modified by using (M1534, D1348) and
(M1535, D1349). When M1534 / M1535 = ON, CHO / CH1 ramp-down time is specified by
D1348 / D1349.
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11. 1f M1078/M1104 = ON during instruction execution, YO / Y2 will pause immediately and
M1538 / M1540 = ON indicates the pause status. When M1078 / M1104 = OFF, M1538 /

M1540 = OFF, YO/ Y2 will proceed to finish the remaining pulses.

12. DRVI instruction supports Alignment Mark and Mask function. Please refer to the explanation

in APl 59 PLSR instruction.

Program Example:

When M10= ON, 20,000 pulses (relative position) at 2kHz frequency will be generated from Y0. Y1=

OFF indicates positive direction.

M10
}—H— DDRVI [ K20000| K2000 YO Y1

Points to note:

1. Operation of relative positioning:

Pulse output executes according to the relative distance and direction from the current position

+3,000

A -
>
A -

»

Ramp up time Ramp down time
(D1340) Start/End freq. Min: 6Hz

\\ : /

Current
position [« 3000
2. Registers for setting ramp up/down time and start/end frequency:

® Output YO:
Sample time
of ramp-up Pulse output frequency

> €Dy
Ramp-up

slope \

Start freq. d
YO(D1340)¢ :
Min: 6Hz '

- . A 4

Ramp up time
Current  pefaylt: 100ms
position YO(D1343)

__ Endfreq.
Y0 (D1340)
Min: 6Hz

' x
|«——>| "Numbers of SD

Ramp down time OuUtputpulses

Default: 100ms
Y0(D1343)
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® This instruction can be used many times in user program, but only one instruction will be

activated at a time. For example, if YO is currently activated, other instructions use YO

won’t be executed. Therefore, instructions first activated will be first executed.

@ After activating the instruction, all parameters cannot be modified unless instruction is
OFF.

Related Flags:

M1029
M1102
M1078
M1104
M1108
M1110
M1156

M1158

M1305
M1306
M1347
M1524
M1534
M1535
M1538
M1540

CHO (YO0, Y1) pulse output execution completed.
CH1 (Y2, Y3) pulse output execution completed
CHO (YO, Y1) pulse output pause (immediate)
CH1 (Y2, Y3) pulse output pause (immediate)
CHO (YO, Y1) pulse output pause (ramp down).
CH1 (Y2, Y3) pulse output pause (ramp down)

Enabling the mask and alignment mark function on 1400/1401(X4) corresponding
to YO.
Enabling the mask and alignment mark function on 1600/I601(X6) corresponding
to Y2.

Reverse Y1 pulse output direction in high speed pulse output instructions
Reverse Y3 pulse output direction in high speed pulse output instructions
Auto-reset YO when high speed pulse output completed

Auto-reset Y2 when high speed pulse output completed

Enable ramp-down time setting on Y0. Has to be used with D1348
Enable ramp-down time setting on Y2. Has to be used with D1349.
Indicating pause status of CHO (YO, Y1)

Indicating pause status of CH1 (Y2, Y3)

Special D registers:

D1030
D1031
D1336
D1337
D1340
D1352
D1343
D1353
D1348:

Low word of the present value of YO pulse output

High word of the present value of YO pulse output

Low word of the present value of Y2 pulse output

High word of the present value of Y2 pulse output

Start/end frequency of the 1st group pulse output CHO (YO, Y1)

Start/end frequency of the 2nd group pulse output CH1 (Y2, Y3)

Ramp up/down time of the 1st group pulse output CHO (YO, Y1)

Ramp up/down time of the 2nd group pulse output CH1 (Y2, Y3)

CHO(YO0, Y1) pulse output. When M1534 = ON, D1348 stores the ramp-down time
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D1349: CH1(Y2, Y3) pulse output. When M1535 = ON, D1349 stores the ramp-down time

D1232  Output pulse number for ramp-down stop when YO masking sensor receives
signals. (LOW WORD)

D1233  Output pulse number for ramp-down stop when Y0 masking sensor receives
signals. (HIGH WORD).

D1234  Output pulse number for ramp-down stop when Y2 masking sensor receives
signals (LOW WORD).

D1235  Output pulse number for ramp-down stop when Y2 masking sensor receives
signals (HIGH WORD).

D1026  Pulse number for masking YO when M1156 = ON (Low word)

D1027  Pulse number for masking YO when M1156 = ON (High word)

D1135  Pulse number for masking Y2 when M1158 = ON (Low word)

D1136  Pulse number for masking Y2 when M1158 = ON (High word)
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API ||Mnemonic Operands Function
_ Controllers
159 ||D| DRVA |ED & Absolute Position ES2/EX2
Type| Bit Devices Word devices Program Steps
OP XY |M]|S|K|H|KnX|KNnY|KNnM|KnS| T |C | D | E | F |DRVA: 9 steps
Sy lEp TR T IT I Y |Y IDDRVA: 17 steps
SZ * * * * * * * * * * *
D, *
D2 * * *
PULSE 16-hit 32-bit
ES2/EX2 ES2/ EX2 ES2/ EX2
Operands:

S;: Numbers of pulses (Absolute positioning)  S,: Pulse output frequency  D;: Pulse output

device D,: Direction signal output

Expl
1.

anations:

S; is the number of pulses (Absolute positioning). Available range: -2,147,483,648 ~
+2,147,483,647. “+/-" signs indicate forward and reverse direction.

S, is the pulse output frequency. Available range: 6 ~ 100,000Hz.

D, is the pulse output device. It can designate CHO (Y0) and CH1 (Y2).

D, is the direction signal output device. If Y output is designated, only CHO (Y1) and CH1 (Y3)
are available.

S, is the target position for absolute positioning. The actual number of output pulses (S; —
current position) will be calculated by PLC. When the result is positive, pulse output executes
forward operation, i.e. D, = OFF; when the results is negative, pulse output executes reverse
operation, i.e. D, = ON.

The set value in S; is the absolute position from zero point. The calculated actual number of
output pulses will be the relative position of

- current position (32-bit data) of CHO (YO, Y1) which is stored in D1031(high), D1030 (low)

- current position (32-bit data) of CH1 (Y2, Y3) which is stored in D1337(high), D1336 (low).
In reverse direction pulse output, value in (D1031, D1330) and (D1336, D1337) decreases.
D1343 (D1353) is the ramp up/down time setting of CHO (CH1). Available range: 20 ~
32,767ms. Default: 100ms. PLC will take the upper/lower bound value as the set value when
specified value exceeds the available range.

D1340 (D1352) is start/end frequency setting of CHO (CH1). Available range: 6 to 100,000Hz.
PLC will take the upper/lower bound value as the set value when specified value exceeds the
available range.

M1305 and M1306 can change the output direction of CHO/CHL1 set in D,. When S is “-“, D, will
be ON, however, if M1305/M1306 is set ON before instruction executes, D, will be OFF during

execution of instruction..
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10. Ramp-down time of CHO and CH1 can be particularly modified by using (M1534, D1348) and
(M1535, D1349). When M1534 / M1535 = ON, CHO / CH1 ramp-down time is specified by
D1348 / D1349.

11. 1f M1078/M1104 = ON during instruction execution, YO / Y2 will pause immediately and
M1538 / M1540 = ON indicates the pause status. When M1078 / M1104 = OFF, M1538 /
M1540 = OFF, YO / Y2 will proceed to finish the remaining pulses.

12. DRVA/DDRVA instructions do NOT support Alignment Mark and Mask function.

Program Example:
When M10 = ON, DRVA instruction executes absolute positioning on YO at target position 20000,

target frequency 2kHz. Y5 = OFF indicates positive direction.
M10
F———1 DRVA | K20000| K2000| YO Y5

Points to note:
1. Operation of absolute positioning:

Pulse output executes according to the specified absolute position from zero point

+3,000

i -
>
A -
»
Ramp up time Ramp down time
0 (D1340) Start/End freq. Min: 6Hz Target position
Zero point \ <t /
<

0

2. Registers for setting ramp up/down time and start/end frequency:
® Output YO:

Sample time
of ramp-up Pulse output frequency

_> <_
Ramp-up Go

slope \

Startfreq. _ | ; | __ Endfreq.
Y0(D1340) ¢ : : YO (D1340)
Min: 6Hz L v Min: 6Hz
% .
|<—>| |¢«——>| "Target position
Ramp up time Ramp down time
Current  pefaylt; 100ms Default: 100ms
position  yo(D1343) Y0(D1343)
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This instruction can be used many times in user program, but only one instruction will be
activated at a time. For example, if YO is currently activated, other instructions use YO
won't be executed. Therefore, instructions first activated will be first executed.

After activating the instruction, all parameters cannot be modified unless instruction is
OFF.

For related special flags and special registers, please refer to Points to note of DDRVI

instruction.
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APl |[Mnemonic Operands Function
Controllers
160 || TCMP |[P|GGD G2 G» G (BD| Time compare ES2/EX2
Type| Bit Devices Word devices Program Steps
oP X|Y|M|S|K|H|[KnX|[KnY|KnM|KnS| T|C |D|E|F|TCMP, TCMPP: 11 steps
Sl * * * * * * * * * * *
SZ * * * * * * * * * * *
83 * * * * * * * * * * *
S * * *
D * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

Si: “Hour” for comparison (KO~K23)  S,: “Minute” for comparison (KO~K59)  Ss: “Second” for
comparison (KO~K59)  S: Current time of RTC (occupies 3 consecutive devices) D:

Comparison result (occupies 3 consecutive devices)

Explanations:

1. TCMP instruction compares the time setin Sy, S,, S; with RTC current value in S and stores
the comparison result in D.

2. S:"Hour” of current time of RTC. Content: KO~K23. S +1: “Minute” of current time of RTC.
Content: KO~K59. S +2: “Second” of current time of RTC. Content: KO~K59.

3. Usually the time of RTC in S is read by TRD instruction first then compared by TCMP
instruction. If operand S exceeds the available range, operation error occurs and M1067 = ON,
M1068 = ON. D1067 stores the error code OE1A (HEX).

Program Example:

1. When X0 = ON, the instruction executes and the RTC current time in D20~D22 is compared
with the set value 12:20:45. Comparison result is indicated by M10~M12. When X0 goes from
ON—OFF, the instruction is disabled however the ON/OFF status of M10~M12 remains.

2. Connect M10 ~ M12 in series or in parallel to obtain the results of =, <, and +#.

X0
'—{ | TCMP K12 K20 K45 D20 M10
M10 D20 Hour
—| |— ON when 12:20:45 > D21 Minute
D22 Second
Mll D20 Hour
— —— ONwhen1220:45 = [D21 Minute
D22 Second
D20 Hour
M12 D21 Minute
—| —— ONwhen12:20:45 <
D22 Second
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API || Mnemonic Operands Function
Controllers
161 || TzCP |P| D G2 & (M@ | Time zone compare ES2 /EX2
Type| Bit Devices Word devices Program Steps
oP XY |M|S|K|H|[KnX|KnY|KNnM|KnS| T|C |D|E|F |TZCP, TZCPP: 9 steps
Sl * * *
SZ * * *
S * * *
D * * *
PULSE 16-bit 32-bit
ES2 | EX2 ES2 | EX2 ES2 / EX2
Operands:

S;: Lower bound of the time for comparison (occupies 3 consecutive devices) S,: Upper bound of
the time for comparison (occupies 3 consecutive devices) S: Current time of RTC (occupies 3

consecutive devices) D: Comparison result (occupies 3 consecutive devices)

Explanations:

1. TZCP instruction compares current RTC time in S with the range set in S;~ S, and the
comparison result is stored in D.

S, S1 +1, S; +2: The “hour”, “minute” and “second” of the lower bound value for comparison.
S,, S, +1, S, +2: The “hour”, “minute” and “second” of the upper bound value for comparison.

S, S +1, S +2: The “hour”, “minute” and “second” of the current time of RTC.

o M 0w

Usually the time of RTC in S is read by TRD instruction first then compared by TZMP
instruction. If operand S, S;, S, exceed the available range, operation error occurs and M1067
= ON, M1068 = ON. D1067 stores the error code OE1A (HEX).

6. IfS<S;andS<S,, DisON.WhenS>S;andS>S,, D+2 is ON. For other conditions, D + 1
will be ON. (Lower bound S; should be less than upper bound S;.)

Program Example:
When X0 = ON, TZCP instruction executes and M10~M12 will be ON to indicate the comparison
results. When X0 = OFF, the instruction is disabled but the ON/OFF status of M10~M12 remains.
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X0
-

TZCP DO D20 D10 M10
M10 DO Hour D10 Hour
—| I— ON when
D1 Minute >| D11 Minute
D2 Second D12 Second
M11 DO Hour D10 Hour D20 Hour
—| I— ON when
D1 Minute <| D11 Minute < | D21 Minute
D2 Second D12 Second D22 Second
M12 D10 Hour D20 Hour
1] ON when D11 Minute | > | D21 Minute
D12 Second D22 Second
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3. Instruction Set

API Mnemonic Operands Function
Controllers
162 TADD [P G M Time addition ES2 /EX2
Type| Bit Devices Word devices Program Steps
oP X|Y|M|S|K|H|KnX|KnY|KnM|KnS| T|C |D | E|F |TADD, TADDP: 7 steps
Sl * * *
SZ * * *
D * * *
PULSE 16-bit 32-bit
ES2 | EX2 ES2 | EX2 ES2 / EX2
Operands:

S,: Time augend (occupies 3 consecutive devices) S,: Time addend (occupies 3 consecutive

devices) D: Addition result (occupies 3 consecutive devices)

Explanations:

1. TADD instruction adds the time value (Hour, Minute Second) S; with the time value (Hour,
Minute Second) S, and stores the result in D.

2. If operand S;, S, exceed the available range, operation error occurs and M1067 = ON, M1068
= ON. D1067 stores the error code OE1A (HEX).

3. Ifthe addition result is larger than 24 hours, the carry flag M1022 will be ON and the value in D
will be the result of “sum minuses 24 hours”.

4.  If the sum equals 0 (00:00:00), Zero flag M1020 will be ON.

Program Example:
When X0 = ON, TADD instruction executes and the time value in DO~D2 is added with the time
value in D10~D12. The addition result is stored in D20~D22.

—>|((I)—| TADD| DO | D10 | D20 |

DO 08(Hour)

D10 06(Hour)

D20 14(Hour)

D1 10(Min) [+ (D11 40(Min) D21 50(Min)
D2 20(Sec) D12 06(Sec) D22 26(Sec)
08:10:20 06:40:06 14:50:26

If the addition result is greater than 24 hours, the Carry flag M1022 = ON.

X0
—||—| TADD| DO | D10 | D20 |

DO 18(Hour)

D10 11(Hour)

D20 06(Hour)

D1 40(Min) [+ |D11 30(Min) D21 10(Min)
D2 30(Sec) | [D12 08(Sec) D22 38(Sec)
18:40:30 11:30:08 06:10:38
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API Mnemonic Operands Function
Controllers
163 TsuB (PG G (D Time subtraction ES2/EX2
Type| Bit Devices Word devices Program Steps
oP X|Y|M]|S|K KnX|KnY KNnM|KnS| T |C | D | E | F |TSUB, TSUBP: 7 steps
Sl * * *
82 * * *
D * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S;: Time minuend (occupies 3 consecutive devices)

consecutive devices)

Explanations:

1. TSUB instruction subtracts the time value (Hour, Minute Second) S; with the time value (Hour,

Minute Second) S, and stores the result in D.

2. Ifoperand S;, S, exceed the available range, operation error occurs and M1067 = ON, M1068

= ON. D1067 stores the error code OE1A (HEX).

S,: Time subtrahend (occupies 3

D: Subtraction result (occupies 3 consecutive devices)

3. If the subtraction result is a negative value (less than 0), Borrow flag M1020 = ON and the

value in D will be the result of “the negative value pluses 24 hours”.
4.  If the subtraction result (remainder) equals 0 (00:00:00), Zero flag M1020 will be ON.

5. Besides using TRD instruction, MOV instruction can also be used to move the RTC value to
D1315 (Hour), D1314 (Minute), D1313 (Second) for reading the current time of RTC..

Program Example:

When X0 = ON, TSUB instruction executes and the time value in DO~D2 is subtracted by the time
value in D10~D12. The subtraction result is stored in D20~D22.

X0
— ——{ TsuB DO D10 D20
DO 20(Hour) D10 14(Hour) D20 05(Hour)
D1 20(Min) [—[D11 30(Min) [— [D21 49(Min)
D2 05(Sec) D12 08(Sec) D22 57(Sec)
20:20:05 14:30:08 05:49:57
If the subtraction result is a negative value (less than 0), Borrow flag M1021 = ON.
X0
——{ TsuB DO D10 D20
DO 05(Hour) D10 19(Hour) D20 10(Hour)
D1 20(Min) |—|D11 11(Min) |—>[D21 09(Min)
D2 30(Sec) D12 15(Sec) D22 15(Sec)
05:20:30 19:11:15 10:09:15
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Instruction Set

API Mnemonic Operands Function
Controllers
166 TRD |P @ Time read ES2 /EX2
Type| Bit Devices Word devices Program Steps
oP X|Y|M|S|K|H[KnX|KNY|KNnMIKnS| T |C |D | E | F|TRD, TRDP: 3 steps
D * * *
PULSE 16-bit 32-bit
ES2 | EX2 ES2 | EX2 ES2 / EX2
Operand:

D: Current time of RTC (occupies 7 consecutive devices)

Explanations:

1. TRD instruction reads the 7 real-time data of RTC (year (A.D.), day(Mon.Sun.), month, day,

hour, minute, second from D1319~D1313 and stores the read data in registers specified by D.

2. Real Time Clock of DVP-ES2 maintains normal operation only under power up condition. The

RTC data registers D1319~D1313 are latched. When power is resumed, the RTC will resume

the stored time value before power down. Therefore, we suggest users modify the RTC value

every time when power is ON.

3. D1319 only stores the 2-digit year in A.D. If 4-digit year data is required, please refer to Points

to note below.

4.  For relative flags and registers please refer to Points to note.

Program Example:

When X0 = ON, TRD instruction reads the current time of RTC to the specified register DO~D6.
The content of D1318: 1 = Monday; 2 = Tuesday ... 7 = Sunday.

X0

|—| —— TRD DO

Special D Item Content Normal D Item
D1319 Year (A.D.) 00~99 - DO Year (A.D.)
D1318 Day (Mon.~Sun.) | 1~7 - D1 Day (Mon.~Sun.)
D1317 Month 1~-12 - D2 Month
D1316 Day 1-31 - D3 Day
D1315 Hour 0~23 — D4 Hour
D1314 Minute 0~59 - D5 Minute
D1313 Second 0~59 - D6 Second

Points to note:

1. There are two methods to correct built-in RTC:

®  Correcting by API167 TWR instruction
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Please refer to explanation of instruction TWR (API 167)

®  Setting by peripheral device
Using WPLSoft / ISPSoft (Ladder editor)
2. Display 4-digit year data:

® D1319 only stores the 2-digit year in A.D. If 4-digit year data is required, please insert the

following instruction at the start of program.

M1002
—— SsET

M1016

Display 4-digit year data

® The original 2-digit year will be switched to a 4-digit year, i.e. the 2-digit year will pluses

2,000. If users need to write in new time in 4-digit year display mode, only a 2-digit year
data is applicable (0 ~ 99, indicating year 2000 ~ 2099). For example, 00 = year 2000, 50
=year 2050 and 99 = year 2099.

® Flags and special registers for RTC

Device Content Function
M1016 Year display OFF: D1319 stores 2-digit year data in A.D.
mode of RTC ON: D1319 stores 2-digit year data in A.D + 2000
M1017 130 seconds Correction takes place when M1017 goes from OFF to
correction on ON (Second data in 0 ~ 29: reset to 0. Second data in
RTC 30 ~ 59: minute data pluses 1, second data resets)
Device Content Range
D1313 Second 0-59
D1314 Minute 0-59
D1315 Hour 0-23
D1316 Day 1-31
D1317 Month 1-12
D1318 Day 1-7
(Mon. ~ Sun.)
D1319 Year 0-99 (two digit year data)
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API Mnemonic Operands Function
Controllers
167 TWR |P D) Time write ES2 /EX2
Type| Bit Devices Word devices Program Steps
oP X|Y|M]|S|K KnX|KnYKNnM|KnS| T |C | D | E | F |TWR, TWRP: 5 steps
S * * *
PULSE 16-bit 32-bit
ES2 | EX2 ES2 | EX2 ES2 / EX2
Operand:

S: Set value for RTC (occupies 7 consecutive devices)

Explanations:
1. TWR instruction updates the RTC with the value setin S.

2. Ifthe time data in S exceeds the valid calendar range, it will result in an “operation error”. PLC

will writes in the smallest valid value automatically, M1067 = ON, M1068 = ON, and error code
OE1A (HEX) is recorded in D1067

3.  For explanations of related flags and registers please refer to Points to note of TRD

instruction.

Program Example 1:

When X0 = ON, write the new time into RTC.

X0
|—| —— TWRP D20
Normal D Item Range Special D Item
D20 Year (A.D.) 00~99 | —» D1319 Year (A.D.)
Day _ Day

D21 (Mon.~Sun.) 1~7 - D1318 (Mon.~Sun.)
D22 Month 1~12 - D1317 Month

Setvalue | p23 Day 1~31 | —» | D1316 | Day RTC
D24 Hour 0~23 - D1315 Hour
D25 Minute 0~59 - D1314 Minute
D26 Second 0~59 - D1313 Second

Program Example 2:
1. Setthe current time in RTC as 2004/12/15, Tuesday, 15:27:30.

2 The content of DO~D6 is the set value for adjusting RTC.
3. When X0 = ON, update the time of RTC with the set value.
4

When X1 = ON, perform £30 seconds correction. Correction takes place when M1017 goes

from OFF to ON (Second data in 0 ~ 29: reset to 0. Second data in 30 ~ 59: minute data pluses

1, second data resets).
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Year (2004)

Day (Tuesday)

Month (December)

Day

Hour

Minute

Second

Wirite the set time into RTC

X0

1| MOV K04 DO
MOV K2 D1
MOV K12 D2
MOV K15 D3
MOV K15 D4
MOV K27 D5
MOV K30 D6
TWR DO

X1

M1017 ) + 30 seconds correction
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3. Instruction Set

API Mnemonic Operands Function
Controllers
169 ||D| HOUR @) Hour meter ES2 /EX2
Type| Bit Devices Word devices Program Steps
oP XY |M|S|K|H|KnX[KnY|KnM|KnS| T |C |D|E |F |HOUR: 7 steps
S il Ml ¥ ¥ 1P IE1I* 1" Y IDHOUR: 13 steps
D, *
D2 * * *
PULSE 16-bit 32-hit
ES2/ EX2 ES2 / EX2 ES2 / EX2
Operands:

S: Set-point value for driving the output device (Unit: hour)  D;: Current time being measured

D,: Output device

Explanations:

1. HOUR instruction drives the output device D, when the measured current time D, reaches the
set-point value in S.

2.  Range of S: K1~K32,767; unit: hour. Range of D, in 16-bit instruction: KO~K32,767. Range of
D; +1 (current time less than an hour): KO ~K3,599; unit: second.

3. When the ON-time of the drive contact reaches the set-point value, output device will be ON.
The instruction can be applied for controlling the working hours of machine or conducting
preventive maintenance.

4.  After output device is ON, the current time will still be measured in D;.

In 16-bit instruction, when the current time measured reaches the maximum 32,767 hours /
3,599 seconds, the timing will stop. To restart the timing, D; and D; + 1 have to be reset.

6. In 32-bit instruction, when the current time measured reaches the maximum 2,147,483,647
hours / 3,599 seconds, the timing will stop. To restart the timing, D; ~ D; + 2 have to be reset.

7. If operand S uses device F, only 16-bit instruction is available.

8. HOUR instruction can be used for four times in the program.

Program Example 1:
In 16-bit instruction, when X0 = ON, Y20 will be ON and the timing will start. When the timing
reaches 100 hours, YO will be ON and DO will record the current time measured (in hour). D1 will

record the current time less than an hour (0 ~ 3,599; unit: second)..

X0
Y20
— | HOUR | K100 DO Y0

Program Example 2:

In 32-bit instruction, when X0 = ON, Y10 will be ON and the timing will start. When the timing
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reaches 40,000 hours, YO will be ON. D1 and DO will record the current time measured (in hour) and

D2 will record the current time less than an hour (0 ~ 3,599; unit: second).

X0
I Y10

Y10
I DHOUR | K40000 DO YO
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API Mnemonic Operands

Function

Controllers
170 ||D| GRY |P| & M@ BIN — Gray Code ES2/EX2
Type| Bit Devices Word devices Program Steps
OoP X|Y|M|S|K|H|KnX[KnY[KnM|KnS| T |C |D | E | F |GRY, GRYP: 5 steps
g e Lt LT " IDGRY, DGRYP: 9 steps
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Source device  D: Operation result (Gray code)

Explanations:

1. GRY instruction converts the BIN value in S to Gray Code and stores the converted result in

specified register D.
2. Available range of S:
16-bit instruction: 0~32,767

32-bit instruction: 0~2,147,483,647

3. If operand S exceeds the available range, operation error occurs and M1067 = ON, M1068 =
ON. D1067 stores the error code OE1A (HEX)

4. If operands S and D use device F, only 16-bit instruction is applicable.

Program Example:

When X0 = ON, GRY instruction executes and converts K6513 to Gray Code. The operation result

is stored in K4Y20, i.e. Y20 ~ Y37.

X0

—— GRY K6513

K4Y20

b0

b15
K6513=H1971 [o]o]o[1[1]o]o[1]o]1]1]1]0]o]o]1]

Y37 :

Y20

GRAY 6513 [o[o[o[1]o[t]o[1]1 ]t o]o[1]o]o]1]

K4Y20
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API Mnemonic Operands Function
Controllers
171||D| GBIN |P| & @ Gray Code — BIN ES2/EX2
Type| Bit Devices Word devices Program Steps
OoP X|Y|M|S |K|H[KnX|[KnY|KnMKnS| T |C |D | E | F |GBIN, GBINP: 5 steps
S * % | % | = | = | = | =]|=]|=]|=*]|*|DGBIN, DGBINP: 9
D * * * * * * * * StepS
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Source device  D: Operation result (BIN value)

Expl
1.

anations:

GBIN instruction converts the Gray Code in S to BIN value and stores the converted result in
specified register D.

This instruction can be used to read the value from an absolute position type encoder
(generally a Gray Code encoder) which is connected to the PLC inputs. The Gray code is
converted to BIN value and stored in the specified register.

Available range of S:

16-bit instruction : 0~32,767

32-bit instruction : 0~2,147,483,647

If operand S exceeds the available range, operation error occurs and the instruction is
disabled.

If operands S and D use device F, only 16-bit instruction is applicable.

Program Example:

Whe

n X20 = ON, the Gray Code value in the absolute position type encoder connected to X0~X17

inputs is converted to BIN value and stored in D10.

X20
}—H— GBIN | K4X0 D10

X17 K4X0 X0
GRAY coDE 6513 [0]o[o1]o]1]o]1][1]1]o|o[1]o[o]1]

b15 : b0

H1971=k6513 [0]o[o[1]1]o[o[1]0]1]1]1]0]o]o]1]
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API Mnemonic Operands Function
Controllers
172 ||D| ADDR |[P| G (S22 (D | Floating point addition ES2/EX2
Type| Bit Devices Word devices Program Steps
oP XY |M]|S|K|H|KnX|KnY|KnM|KnS| T |C |D | E | F |DADDR, DADDRP: 13
S i steps
S, * P
D *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

Si: Floating point summand  S,: Floating point addend  D: Sum

Explanations:

1. ADDR instruction adds the floating point summand S; with floating point addend S, and stores

the operation result in D.

2. In ADDR instruction, floating point values can be directly entered into S; and S,

3. In DADDR instruction, floating point values (e.g. F1.2) can be either entered directly into S;
and S, or stored in data registers for operation.

4. When S; and S, is specified as data registers, the function of DADDR instruction is the same
as API 120 EADD instruction.

5. S; and S, can designate the same register. In this case, if the instruction is specified as
“continuous execution instruction” (generally DADDRP instruction) and the drive contact is ON,
the register will be added once in every scan.

6. Flags: M1020 (Zero flag), M1021 (Borrow flag) and M1022 (Carry flag)

If absolute value of the result exceeds max floating point value, carry flag M1022 = ON.
If absolute value of the result is less than min. floating point value, borrow flag M1021 = ON.

If the conversion result is 0, zero flag M1020 = ON

Program Example 1:

When X0 = ON, add floating point number F1.200E+0 (Input F1.2, and scientific notation
F1.200E+0 will be displayed on ladder diagram. Users can set monitoring data format as float on
the function View) with F2.200E+0 and store the obtained result F3.400E+0 in register D10 and
D11.

X0
I—H DADDR | F1.200E+0 |F2.200E+0| D10

Program example 2:

When X0 = ON, add floating point value (D1, DO) with (D3, D2) and store the result in (D11, D10).

X0
—— DADDR| DO D2 D10
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API Mnemonic Operands Function
Fioat o Controllers
oating poin ES2 / EX2
173|/D| SUBR |P| GD G (D subtraction
Type| Bit Devices Word devices Program Steps
OP X|Y|M|S|K|H|KnX|[KnY|[KnM|KnS| T |C |D |E | F |DSUBR: 13 steps
Sy *
S, *
D *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S;: Floating point minuend  S,: Floating point subtrahend  D: Remainder

Explanations:

1. SUBR instruction subtracts S; with S, and stores the operation result in D.

2. In SUBR instruction, floating point values can be directly entered into S; and S,

3. In DSUBR instruction, floating point values (e.g. F1.2) can be either entered directly into S;
and S; or stored in data registers for operation.

4. When S; and S; is specified as data registers, the function of DSUBR instruction is the same
as APl 121 ESUB instruction.

5. S; and S, can designate the same register. In this case, if the instruction is specified as
“continuous execution instruction” (generally DSUBRP instruction) and the drive contact is ON,
the register will be subtracted once in every scan.

6. Flags: M1020 (Zero flag), M1021 (Borrow flag) and M1022 (Carry flag)

If absolute value of the result exceeds max floating point value, carry flag M1022 = ON.
If absolute value of the result is less than min. floating point value, borrow flag M1021 = ON.

If the conversion result is 0, zero flag M1020 = ON

Program example 1:

When X0 = ON, subtract floating point number F1.200E+0 (Input F1.2, and scientific notation
F1.200E+0 will be displayed on ladder diagram. Users can set monitoring data format as float on
the function View) with F2.200E+0 and store the obtained result F-1.000E+0 in register D10 and
D11.

X0
——DSUBR | F1.200E+0 |F2.200E+0| D10

Program example 2:
When X0 = ON, subtract the floating point value (D1, D0O) with (D3, D2) and store the result in (D11,

D10).

X0
F—— DSUBR| DO D2 D10
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API Mnemonic Operands Function
Fioat : Controllers
oating p0|nt ES2 / EX2
174]|D| MULR 1P| G» G (D multiplication
Type| Bit Devices Word devices Program Steps
OP X|Y|M|S|K|H|KnX[KnY|KnM|[KnS| T|C|D|E|F |DMULR, DMULRP: 13
S; * steps
S, *
D *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S;: Floating point multiplicand  S,: Floating point multiplicator ~ D: Product

Explanations:

1. MULR instruction multiplies S; with S, and stores the operation result in D.

2. In MULR instruction, floating point values can be directly entered into S; and S,.

3. In DMULR instruction, floating point values (e.g. F1.2) can be either entered directly into S;
and S, or stored in data registers for operation.

4. When S; and S; is specified as data registers, the function of DMULR instruction is the same
as AP| 122 EMUL instruction.

5. S; and S, can designate the same register. In this case, if the instruction is specified as
“continuous execution instruction” (generally DMULRP instruction) and the drive contact is ON,
the register will be multiplied once in every scan

6. Flags: M1020 (Zero flag), M1021 (Borrow flag) and M1022 (Carry flag)

If absolute value of the result exceeds max floating point value, carry flag M1022 = ON.
If absolute value of the result is less than min. floating point value, borrow flag M1021 = ON.

If the conversion result is 0, zero flag M1020 = ON.

Program Example 1:

When X0= ON, multiply floating point number F1.200E+0 (Input F1.2, and scientific notation
F1.200E+0 will be displayed on ladder diagram. Users can set monitoring data format as float on
the function View) with F2.200E+0 and store the obtained result F2.640E+0 in register D10 and
D11.

X0
|—H DMULR | F1.200E+0 |F2.200E+0| D10

Program example 2:
When X1= ON, multiply the floating point value (D1, DO) with (D11, D10) and store the result in
(D21, D20).

X1
—— DMULR DO D10 D20
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API Mnemonic Operands Function
Controllers
175 ||D| DIVR |P| G (2 (B | Floating point division ES2/EX2
Type| Bit Devices Word devices Program Steps
OoP X|Y | M|S|K|H[KnX|KnY|KnM[KnS| T |C |D | E | F |DDIVR: 13 steps
Sy *
S, *
D *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S;: Floating point n dividend  S,: Floating point divisor ~ D: Quotient

Explanations:

1. DIVR instruction divides S; by S, and stores the operation result in D

2. In DIVR instruction, floating point values can be directly entered into S; and S,

3. In DDIVR instruction, floating point values (e.g. F1.2) can be either entered directly into S; and
S, or stored in data registers for operation.

4. When S; and S; is specified as data registers, the function of DDIVR instruction is the same as
API 123 EDIV instruction.

5. If S, =0, operation error occurs and M1067 = ON, M1068 = ON. D1067 stores the error code
0E19 (HEX).

6. Flags: M1020 (Zero flag), M1021 (Borrow flag) and M1022 (Carry flag)
If absolute value of the result exceeds max floating point value, carry flag M1022 = ON.
If absolute value of the result is less than min. floating point value, borrow flag M1021 = ON.

If the conversion result is 0, zero flag M1020 = ON.

Program example 1:

When X0 = ON, divide floating point number F1.200E+0 (Input F1.2, and scientific notation
F1.200E+0 will be displayed on ladder diagram. Users can set monitoring data format as float on
the function View) with F2.200E+0 and store the obtained result F0.545E+0 in D10 and D11.

X0
— DDIVR | F1.200E+0 |F2.200E+0| D10

Program example 2:
When X1= ON, divide the floating point number value (D1, DO) by (D11, D10) and store the

obtained quotient into registers (D21, D20).

X1
—— DDIVR| DO D10 D20
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API Mnemonic Operands Function
Controllers
176 MMOV |P @ NCD) 16-bit—32-bit Conversion ES2/EX2
Type | Bit Devices Word devices Program Steps
oP XY |M|S|K|H|KnX|KnY|KnM|KnS| T |C |D | E | F |MMOV, MMOVP: 5 steps
S * * * * * * * * *
D * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Source device (16-bit)  D: Destination device (32-bit)

Explanations:
1. MMOV instruction sends the data in 16-bit device S to 32-bit device D. Sign bit (MSB) of

source device will be copied to every bit in the high byte of D.

Program example:
When X23 = ON, 16-bit data in D4will be sent to D6 and D7.

X23
}—1 —— MMOV D4 D6

................... L b15 b0
(1) It » [1[ofo[1]1]o]o]1]o[1]1][1]0[o]o]1] D4
l g

[l e [ e [ [ Jo[o] 1] 1]o o[ ]o]1]1[1]o]o]o]1 | D7, D6
b31 b16b15 b0

In the example above, b15 in D4 will be sent to b15~b31 of D7/D6, therefore all bits

form b15~b31 will be “negative.”
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API Mnemonic Operands Function
Controllers
177 GPS GO @ GPS data receiving ES2 /EX2
Type | Bit Devices Word devices Program Steps
OoP XY |M|S|K|H[KnX|[KnY|KNnM|KnS| T D|E|F |GPS:5 steps
S * * *
D *
PULSE 16-bit 32-bit
ES2/EX2 ES2 / EX2 ES2/EX2
Operands:

S: Sentence identifier for GPS data receiving

Explanations:

1.

2.

33.

D: Destination device for feedback data

GPS data receiving instruction is only applicable on COM1 (RS-232), with communication

format: 9600,8,N,1, protocol: NMEA-0183, and communication frequency: 1Hz.
Operand S is sentence identifier for GPS data receiving. KO: $GPGGA, K1: $GPRMC.

Operand D stores the received data. Up to 17 consecutive words will be occupied and can

not be used repeatedly. Please refer to the table below for the explanations of each D device.

When S is set as K0, sentence identifier S§GPGGA is specified. D devices refer to:

No. Content Range Format Note
D+0 Hour 0~23 Word
D+1 Minute 0~59 Word
D+2 Second 0~59 Word
D+ 3~4 Latitude 0~90 Float Unit: dd.mmmmmm
D+5 North / South Oor1 Word  |0(+)->North, 1(-)>South
D +6~7 Longitude 0~180 Float Unit: ddd.mmmmmm
D+8 East / West Oor1 Word 0(+)>East, 1(-)>West
D+9 GPS data valid / invalid 0,1,2 Word 0 = invalid
D +10~11 Altitude 0~9999.9 Float Unit: meter
D+12~13 Latitude -90 ~ 90 Float Unit: +dd.ddddd
D +14~15 Longitude -180 ~ 180 Float Unit: +ddd.ddddd

When S is set as K1, sentence identifier §GPRMC is specified. D devices refer to:

No. Content Range Format Note
D+0 Hour 0~23 Word
D+1 Minute 0~59 Word
D+2 Second 0~59 Word
D+3~4 Latitude 0~90 Float Unit: dd.mmmmmm
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No. Content Range Format Note
D+5 North / South Oor1 Word  |0(+)>North, 1(-)>South
D+ 6~7 Longitude 0~180 Float Unit: ddd.mmmmmm
D+8 East / West Oor1 Word 0(+)>East, 1(-)>West
D+9 GPS data valid / invalid 0,1,2 Word 0 =invalid
D+10 Day 1~31 Word
D+11 Month 1~12 Word
D+12 Year 2000 ~ Word
D+13~14 Latitude -90 ~ 90 Float Unit: +dd.ddddd
D+ 15~16 Longitude -180 ~ 180 Float Unit: £ddd.ddddd

When applying GPS instruction, COM1 has to be applied in Master mode, i.e. M1312 has to

be enabled to sending request. In addition, M1314 = ON indicates receiving completed.
M1315 = ON indicates receiving error. (D1250 = K1, receiving time-out; D1250 = K2,

checksum error)

5.  Associated M flags and special D registers:

No. Function
M1312 |COM1 (RS-232) sending request
M1313 |COM1 (RS-232) ready for data receiving
M1314  |COM1 (RS-232) data receiving completed
M1315 COM1 (RS-232) data receiving error
M1138 Retaining communication setting of COM1
D1036 COM1 (RS-232) Communication protocol
D1249 COM1 (RS-232) data receiving time-out setting. (Suggested value: >1s)
D1250 COM1 (RS-232) communication error code

data is invalid.

Before applying the received GPS data, please check the value in D+9. If D+9 = 0, the GPS

If data receiving error occurs, the previous data in D registers will not be cleared, i.e. the

previous received data remains intact.

Program example: Sentence identifier: $GPGGA

1. Set COM1communication protocol first

M1002

— |

Set communication protocol
as 9600,8,N,1

MOV H81 D1036

SET | M1138 [ Retain communication setting

MOV | K2000 [ D1249 | Setreceiving time-outas 2s
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2.

3.

4.

Then enable MO to execute GPS instruction with sentence identifier $§GPGGA

MO

—4—— SET [ M1312

MO

— | GPS KO DO
M1314 -
M1315

When receiving completed, M1314 = ON. When receiving failed, M1315 = ON. The received

data will be stored in devices starting with DO.

No. Content No. Content
DO Hour D8 East / West
D1 Minute D9 GPS data valid / invalid
D2 Second D10~D11 Altitude
D3~D4 Latitude D12~D13 Latitude. Unit: +dd.ddddd
D5 North / South D14~D15 Longitude. Unit: +ddd.ddddd
D6~D7 Longitude

Pin number description on GPS module (LS20022)

Pin No. of GPS 1 2 3 4 5
Definition VCC(+5V) Rx TX GND GND
o &)
12345
o 00000 o
Bottom view

5. Pin number description on PLC COM1:

Pin No. of COM1 1 2 3 4 5 6 7 8

Definition VCC(+5V) -- Rx TX -- -- GND
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Instruction Set

API Mnemonic Operands Function
Solar Cel Controllers
olar e ES2/EX2
1781 1D SPA e @ Positioning
Type| Bit Devices Word devices Program Steps
oP XY |M|S|K|H|KnX|KnY[KnM|KnS| T |C |D | E | F |DSPA: 9 steps
S * * *
D *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2 / EX2
Operands:

S: Start device for

Explanations:

input parameters

D: Start device for output parameters

1.  Operand S occupies 208 consecutive word registers. The function of each device is as below:

No. Content Range Format Note
S+0 Year 2000 ~ Word
S+1 Month 1~12 Word
S+2 Day 1~31 Word
S+3 Hour 0~23 Word
S+4 Minute 0~59 Word
S+5 Second 0~59 Word
S+6~7 Time difference (At) (sec) + 8000 Float
S+8~9 Local time zone 12 Float West=negative
S +10~11 |Longitude + 180 Float West=negative
S +12~13 |Latitude +90 Float South=negative
S + 14~15 |Elevation 0~ Float Unit: meter
6500000
S +16~17 |Pressure 0~ 5000 Float Unit: millibar
S + 18~19 |Mean annual temperature (MAT) |-273~6000| Float Unit: °C
S +20~21 |Slope + 360 Float
S +22~23 |Azimuth + 360 Float
S + 24~25 |Refraction of sunrise/sunset 5 Float
S +26~207 |Reserved for system operation
2.  Operand D occupies 8 consecutive word registers. The function of each device is as below:
No. Content Range Format Note
D+ 0~1 |Zenith 0~90 Float Horizontal=0
D +2~3 |Azimuth 0~ 360 Float North point=0
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No.

Content Range Format Note
D +4~5 |Incidence 0~90 Float
D+6 Converted DA value of Zenith 0~ 2000 Word 1LSB = 0.045
degree
D+7 Converted DA value of Azimuth | 0~ 2000 Word 1LSB =0.18
degree

3. The execution time of SPA instruction costs up to 50ms, therefore we suggest users to

execute this instruction with an interval not less than 1 sec, preventing the instruction from

taking too much PLC operation time.

Program example:

1. Input parameters starting from D4000: 2009/3/23/(y/m/d),10:10:30, At = 0, Local time zone =

+8, Longitude/Latitude = +119.192345 East, +24.593456 North, Elevation = 132.2M,
Pressure = 820m, MAT = 15.0°C, Slope = 0 degree, Azimuth = -10 degree.

MOM1013

41—

DSPA | D4000

D5000

2. Output results:

D5000: Zenith = F37.2394 degree

D5002: Azimuth = F124.7042 degree
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API Mnemonic Operands Function
_ Controllers
179||D| wsum |P| (D @ GD | jumof muliple ES2/EX2
evices
Type| Bit Devices Word devices Program Steps
OoP X|Y|M]|S|K|H|KnX|KnY[KnMKnS| T |C |D|E|F |[WSUM, WSUMP: 7 steps
S | B DWSUM, DWSUMP: 13
n
D BERE steps
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Source device  n: Data length to be summed up D: Device for storing the result

Explanations:

1. WSUM instruction sums up n devices starting from S and store the result in D.

2. If the specified source devices S are out of valid range, only the devices in valid range will be
processed.

3. Valid range for n: 1~64. If the specified n value is out of the available range (1~64), PLC will

take the upper (64) or lower (1) bound value as the set value.

Program example:

When X10 = ON, 3 consecutive devices (n = 3) from DO will be summed up and the result will be
stored in D10

X10
b— wsumMm| DO K3 D10

(D0+D1+D2)  —> D10

00
D1 —> Result: D10
02
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API Mnemonic Operands Function
Controllers
180 MAND (PG G M Matrix AND ES2/EX2
Type| Bit Devices Word devices Program Steps
OoP XY |M|S|K|H|KnX|KnY|KnM|KnS| T|C |D | E|F |MAND, MANDP: 9 steps
81 * * * * * * *
SZ * * * * * * *
D * * * * * *
n * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S;: Matrix source device 1  S,: Matrix source device 2  D: Operation result
n: Matrix length (n = K1~K256)

Explanations:

1. MAND instruction performs matrix AND operation between matrix source device 1 and 2 with
matrix length n and stores the operation result in D.
Rule of AND operation: the result is 1 only when both two bits are 1; otherwise the result is 0.

3. Ifoperands Sy, S,, D use KnX, KnY, KnM, KnS format, only n = 4 is applicable.

Program Example:
When X0 = ON, MAND performs matrix AND operation between 16-bit registers DO~D2 and 16-bit
registers D10~D12. The operation result is then stored in 16-bit registers D20~D22.

X0
——— MAND DO D10 D20 K3
b15 b0
(@DO 11|11 )1 [1] 1] 11
D1 [|1|1|1|1|1|1]1]1]1]1 11
D2 |1|1lalrfaf1li]1]1 ] |olofofof1]4
Before MAND
Execution | G2 D10|o 11ofo|1]olofo]1]|1]o|1]o]0
D11 (o 1]ojof1]ofofof1]1]0]1
\ D120 1 1{ofofo]1]1]o]4
a8
After @O D20]o 1]olof1]olo]o
Execution D21 |o 1 1{0]o
D22 |ololof1|ofof1|of0
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Points to note:

4. A matrix consists of more than 1 consecutive 16-bit registers. The number of registers is
indicated as the matrix length (n). A matrix contains 16 x n bits (points) and the matrix
instructions conduct bit operation, i.e. operation is performed bit by bit.

5. Matrix instructions designate a single bit of the 16 x n bits (bg ~ b1en.1) for operation. The bits
in matrix are not operated as value operation.

6. The matrix instructions process the moving, copying, comparing and searching of
one-to-many or many-to-many matrix operation, which are a very handy and important
application instructions.

7. The matrix operation requires a 16-bit register for designating a bit among the 16n bits in the
matrix. The register is the Pointer (Pr) of the matrix, designated by the user in the instruction.
The valid range of Pris 0 ~ 16n -1, corresponding to b0 ~ b16n-1 in the matrix.

8. The bit number decreases from left to right (see the figure below). With the bit number, matrix

operation such as bit shift left, bit shift right, bit rotation can be performed and identified.

Left Width: 16 bits Right
oo ots [t[ 1 [ [1[a [+ [ [s Tt oofof o] [1] so )
D1 ba1 [1[1[1]1[1[1[1]1]1]1]o[ofo[o[1[1]b1e | _
D2 va7 [T [ [ Jolofof o] 1[1] b3z | &
0
igh >5
Lo[olo[1[ofo[1[o[o]o[1]1]o][o]o]
[o[1]o]o[o]1][o]1]o[o]

Dn-1 bien-1|0]0[o[1]o

9. The matrix width (C) is fixed as 16 bits.
10. Pr: matrix pointer. E.g. if Pris 15, the designated bit is b15.
11. Matrix length (R)is n: n =1 ~ 256.
Example: This matrix is composed of DO, n = 3; DO = HAAAA, D1 = H5555, D2 = HAAFF

Cis C14 C13 C12 C4y Cyp Cg Cg C; GCg Cs C4 C3 Cy Cy Gy
Rgy|1]0(1]0|1]0]|1]0|1]0|1]|]0|1]0(|1|0]|DO0
Ry{O|1]]0|1]0|1]0|1]0(1]O0[1]0|1[0]|1|D1
R,{1{0{1]0|1]O0|1T]O0O 1|11 |[1[1]1|1]|1]|D2

Example: This matrix is composed of K2X20, n = 3; K2X20 = H37, K2X30 = H68, K2X40 =

H45

Cis Cis C43 C12 C44 Cip Gy Cg C; Cg Cs C4 C3 Cy, Cy Gy
Rp|]O|O0O|O0O]O0O|O0O]O|O0O]O]|]O|O0O]1 11011 111 | Xog~Xo7
RiylO|]O0O|O0O]O]|J]O|O]O|O]|O0]|1 110|110 ] 0|0 |Xz~Xs
R,IO|O0O|O0]O0O|O0]O0O|O0O|O0O[O0O|1]0|0|0|1]0]|1]|Xs0~Xyr

Fill “0” into the blank in RO(C15-Cg), R1(C15-Cs), and R2(C15-Ca).
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API Mnemonic Operands Function
Controllers
181 MOR PG G (& Matrix OR ES2/EX2
Type| Bit Devices Word devices Program Steps
OoP XY |M|S|K|H|KnX|KnY|KnM|KnS| T|C|D|E|F |MOR, MORP: 9 steps
81 * * * * * * *
SZ * * * * * * *
D * * * * * *
n * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S;: Matrix source device 1  S,: Matrix source device 2.

n: Matrix length (n = K1~K256)

Explanations:

D: Operation result

1.  MOR instruction performs matrix OR operation between matrix source device 1 and 2 with

matrix length n and stores the operation result in D.

2. Rule of matrix OR operation: the result is 1 if either of the two bits is 1. The result is 0 only

when both two bits are 0.

3. Ifoperands Sy, S,, D use KnX, KnY, KnM, KnS format, only n = 4 is applicable.

Program Example:

When X0 = ON, MOR performs matrix OR operation between 16-bit registers DO~D2 and 16-bit

registers D10~D12. The operation result is then stored in 16-bit registers D20~D22.

X0

————— MOR DO D10 D20 K3
b15 b0
(GDpo |o]1]ol1]o]1|o]1]o]1]o]1]0]1]0]4
D1 |o]1]o|1{o|1]o[1]of1]o[1]0[1]0
D2 |o]1{o|1{o|1]o[1]of1]o[1]0[1]0
Before< MOR
Execution
(2 p10 |olofolof1|1]1[1]1]o[1]0lo]1 o]
D11 [olofolo|1]1]1[1]1]o]1|o]o|1]0|4
\ D12 [ofo]o|of1]1[1]1]1[o]1|o[0]1[o]4
At g
er
Execution 22 D20 [of1{ol1f1]1[1]1]1[1]1]1[o]1|o]1
D21 |of1|o|1f1]1|1[1]1|1][1]|1{o]1]0|4
D22 [ol1fo1[1]1|1|1]1]1]1|1]o[1]0|4
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API Mnemonic Operands Function
Controllers
182 MXOR [P G G (M Matrix XOR ES2/EX2
Type| Bit Devices Word devices Program Steps
oP XY |M|S|K|H|KnX|KnY|[KNnM|KnS| T|C |D | E|F |MXOR, MXORP: 9 steps
S1 * * * * * * *
82 * * * * * * *
D * * * * * *
n * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S,: Matrix source device 1  S,: Matrix source device 2  D: Operation result
n: Matrix length (n = K1~K256)

Explanations:

1.  MXOR instruction performs matrix XOR operation between matrix source device 1 and 2 with
matrix length n and stores the operation result in D

2. Rule of matrix XOR operation: the result is 1 if the two bits are different. The result is 0 if the
two bits are the same

3. [Ifoperands S;, S,, D use KnX, KnY, KnM, KnS format, only n = 4 is applicable..

Program Example:
When X0 = ON, MXOR performs matrix XOR operation between 16-bit registers DO~D2 and 16-bit
registers D10~D12. The operation result is then stored in 16-bit registers D20~D22

X0
————— MXOR DO D10 D20 K3
b15 b0
(EDpo |ol|1|of1[o[1]0]1]o|1[of1]o]1]0]4
D1 |o]l1|o]1]|o[1]of1]of1]o]1[o]1[o]1
D2 [o]|1|o]1]|o[1]o[1]of1]o]|1[0]1[o0]1
Before{ MXOR
Execution
(82 D10 |o]o]olo|1|1{1[1]1]o]1 1ol
D11 [ofo]olol1]1]1]1]1|of4 1{o]1

\ D12 |ofo]o]o[1[1]1]1

-
o
N
o
o
N
o
N

(W

After (@D D20 [o]1[o]1]1]0]1
Execution o21 [ol1To[1[1 [0l

D22 (0]1]0]1]1]0]1

N
-
N
N

o|o
o
o

[} =) k=)
Al a
a |l a
[N N
[N N
o
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API Mnemonic Operands Function
Controllers
183 MXNR (PGB0 G (M Matrix XNR ES2/EX2
Type | Bit Devices Word devices Program Steps
OoP X1Y|M|S|K|H|KnX|KnY|[KNnM|KnS| T|C |D | E | F |MXNR, MXNRP: 9 steps
S'] * * * * * * *
82 * * * * * * *
D * * * * * *
n * * *
PULSE 16-bit 32-bit
ES2 | EX2 ES2 | EX2 ES2 EX2
Operands:

S;: Matrix source device 1  S,: Matrix source device 2  D: Operation result
n: Matrix length (K1~K256)

Explanations:

1.  MXNR instruction performs matrix XNR operation between matrix source device 1 and 2 with
matrix length n and stores the operation result in D.

2.  Rule of matrix XNR operation: The result is 1 if the two bits are the same. The result is 0 if the
two bits are different.

3. Ifoperands Sy, S,, D use KnX, KnY, KnM, KnS format, only n = 4 is applicable.

Program Example:
When X0 = ON, MXNR performs matrix XNR operation between 16-bit registers DO~D2 and 16-bit
registers D10~D12. The operation result is then stored in 16-bit registers D20~D22.

X
IO— MXNR | DO D10 | D20 K3
b15 b0
(G po |of1]o[1]o]1[o]1[o]1]0]1]0[1]o]1
p1 [o]1[o]1]o]1]o[1]o[1]o[1]0]1]0]1
p2 [o]1[o[1]o[1]o[1]o[1|o]1[o]1]o]1

eronton | MXNR
(2 p1o [ofofofo[1[1[1]1]1]o]1 1/0]1
D11 [ofofofo[1[1[1]+]1]o[4 1]o[1
\ 12 |ofofo]of1[1[1]1]1]o[1]o[o]1]o]

&

After @ D20 [1]o]1]o]o[1]0
Execution
D21 (1|of1]o|of1|0
D22 [1]0]1]0]0|1]0

-
o
-
-
-
-

N
o
[N
-
N
N

N
o
(@)
=X k=2 k=]
[N
N
[N
[N
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API Mnemonic Operands Function
Controllers
184 MINV |[P|ICSD (D Matrix inverse ES2/EX2
Type| Bit Devices Word devices Program Steps
oP XY |M|S|K|H|KnX|KnY|KnM|KnS| T |C | D | E | F |MINV, MINVP: 7 steps
S * * * * * * *
D * * * * * *
n * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Matrix source device  D: Operation result  n: Matrix length (K1~K256)

Explanations:
1. MINV instruction performs inverse operation on matrix source device S with matrix length n
and stores the result in D.

2. Ifoperands S D use KnX, KnY, KnM, KnS format, only n = 4 is applicable.

Program Example:
When X0 = ON, MINV performs inverse operation on 16-bit registers DO~D2. The operation result
is then stored in 16-bit registers D20~D22

X0
— MINV DO D20 K3

b15 b0

Before (S DO |o|1]|o|1]|o|1|o|1|o|1]|o|1]|0]1]0]1
Execution D1 |o]|1]o|1]|o|1|o|1|o|1]o|1]|0]1]0]4
D2 |of1|o|1]o|1|o[1]|o]1|of1|o]1]0]1

MINV
=
20
@ 0
After D20|1 1 1 1 1 1 1 1
Execution D21]1]0[1[0[1[0[1[0f1]0]1]0]1]0|1
D221 1 1 11011 1 1 1
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API Mnemonic Operands Function
Controllers
185 MCMP (PG G2 (D (B Matrix compare ES2/EX2
Type| Bit Devices Word devices Program Steps
OoP XY |M|S|K|H|[KnX|KnY|KnM|KnS| T|C |D|E |F |MCMP, MCMPP: 9 steps
S1 * * * * * * *
SZ * * * * * * *
n * * *
D * * * * * * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S;: Matrix source device 1 Sj: Matrix source device 2  n: Matrix length (K1~K256)

D: Pointer Pr; comparison result (bit number)

Explanations:

1.  MCMP instruction compares each bit between S; and S, and stores the bit number of the
comparison result in D.

2. The matrix comparison flag (M1088) decides to compare between equivalent values (M1088
= ON) or different values (M1088 = OFF). When the comparison is completed, it will stop
immediately and M1091= ON to indicate that matched result is found. When the comparison
progresses to the last bit, M1089 = ON to indicate that the comparison has come to the end of
the matrix and the number of the last bit will be stored in D. In next scan cycle, comparison
starts again from the first bit (bit 0), at the same time M1090 = ON to indicate the start of the
comparison. When D (Pr) exceeds the valid range, M1092 = ON to indicate pointer error, and
the instruction will be disabled.

3. The matrix operation requires a 16-bit register for designating a bit among the 16n bits in the
matrix. The register is the Pointer (Pr) of the matrix, designated by the user in the instruction.
The valid range of Pris 0 ~ 16n -1, corresponding to b0 ~ b16n-1 in the matrix. The value of
pointer should not be modified during the execution of matrix instructions so as to prevent
execution errors.

4.  When M1089 and M1091 take place at the same time, both flags will ON..

5. Ifoperands S; S, or D use KnX, KnY, KnM, KnS format, only n = 4 is applicable.

Program Example:

When X0 goes from OFF to ON with M1090 = OFF (comparison starts from Pr), the search will

start from the bit marked with “*” (current Pr value +1) for the bits with different status (M1088 =
OFF).

Assume pointer D20 = 2, the following four results (@, ®, ©, @) can be obtained when X0 goes
from OFF—ON for four times.

O D20 =5, M1091 = ON (matched result found), M1089 = OFF
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® D20 =45, M1091 = ON, M1089 = OFF.
© D20 =47, M1091 = OFF, M1089 = ON (comparison proceeds to he last bit)
0 D20 =1, M1091 = ON, = OFF.

XIO— MCMPP | DO D10 K3 D20
2
*v b0 D20
®D00101010101n101 1 Pointer

D1 |o]1|ol1]of1]|o]1|o[1]of1]|o]1|o]1

D2 01“1010101010101

ba7
MCMP

(2 D10|o|1]|o]1]o]1|of4
D11 [o]1]o[1]o[1]o]1[o]1]0]4
p12[o] [l o[ [o[]o[+]o[x

o
N
-
[N

IR RN RN

oo c:<2j

Related flags:

M1088:

Matrix comparison. Comparing between equivalent values (M1088 = ON) or different values
(M1088 = OFF).

M1089:

Indicating the end of Matrix. When the comparison reaches the last bit, M1089 = ON

M1090:

Indicating start of Matrix comparison. When the comparison starts from the first bit, M1090 = ON
M1091:

Indicating matrix searching results. When the comparison has matched results, comparison will
stop immediately and M1091 = ON

M1092:

Indicating pointer error. When the pointer Pr exceeds the comparison range, M1092 = ON.
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186 MBRD (P|CSD) (D) (D Matrix bit read ES2/EX2
Type| Bit Devices Word devices Program Steps
OP XY |M|S|K|H|KnX|KnY|KnM|KnS| T|C |D | E|F |MBRD, MBRDP: 7 steps
S * * * * * * *
n * * *
D * * * * * * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Matrix source device  n: Matrix length (K1~K256).  D: Pointer Pr (bit number)

Expl
1.

anations:

MBRD instruction reads the bit status of the matrix. When MBRD executes, the status of
M1094 (Matrix pointer clear flag) will be checked first. If M1094 = ON, Pr value in D will be
cleared and the instruction reads from the first bit. The bit status is read out and mapped to
M1095 (Carry flag for matrix operation). After a bit is read, MBRD checks the status of
M1093 (Matrix pointer increasing flag). If M1093 = ON, MBRD instruction will proceed to read
the next bit, i.e. Pr value plus 1. When MBRD proceeds to the last bit, M1089 = ON,
indicating the end of the Matrix, and D records the last bit number. After this, MBRD
instruction stops.

The Pointer (Pr) of the matrix is designated by the user in the instruction. The valid range of
Pris 0 ~ 16n -1, corresponding to b0 ~ b16n-1 in the matrix. If the Pr value exceeds the valid
range, M1092 = ON and the instruction will be disabled.

If operands S or D use KnX, KnY, KnM, KnS format, only n = 4 is applicable.

Program Example:

1.

When X0 goes from OFF—ON with M1094 = ON (Clear Pr value) and M1093 = ON (Increase
Pr value), the reading will start from the first bit and Pr value increases 1 after a bit is read.
Assume present value of pointer D20 = 45, the following 3 results (@, ®, ©) can be obtained
when X0 is executed from OFF—ON for 3 times.

© D20 =45, M1095 = OFF, M1089 = OFF

@® D20 = 46, M1095 = ON (bit status is ON), M1089 = OFF.

© D20 =47, M1095 = OFF, M1089 = ON. (reading proceeds to the last bit)

X0
j———— MBRDP DO K3 D20
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b0
CS Do |o|1]o|1]o|1]o]1]o]1]of1|of1]1]1
D1 [o|1]o|1]o{1[o]1]o[1]of1[o]1]0f4

D2 110({1|0|1]0J110(1]0 0
b47 Pointer
45

D20

—_
—_

Related flags:

M1089:

Indicating the end of Matrix. When the comparison reaches the last bit, M1089 = ON
M1092:

Indicating pointer error. When the pointer Pr exceeds the comparison range, M1092 = ON
M1093:

Matrix pointer increasing flag. Adding 1 to the current value of the Pr

M1094:

Matrix pointer clear flag. Clear the current value of the Prto 0

M1095:

Carry flag for matrix rotation/shift/output
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API Mnemonic Operands Function
Controllers
187 MBWR |P|1CD (D) (DM Matrix bit write ES2/EX2

Type | Bit Devices Word devices Program Steps
OoP X|Y|M|S |K|H|KnX[KnY|[KnMKnS| T |C |D|E|F|MBWR, MBWRP: 7 steps

S * * * * * * *

n * * *

D * * * * * * * *

PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2

Operands:

S: Matrix source device  n: Matrix length (K1~K256)  D: Pointer Pr (bit number).

Expl
1.

anations:

MBWR instruction writes the bit status of the matrix. When MBWR executes, the status of
M1094 (Matrix pointer clear flag) will be checked first. If M1094 = ON, Pr value in D will be
cleared and the instruction writes from the first bit. The bit status of M1096 (Borrow flag for
matrix operation) is written into the first bit of the matrix. After a bit is written, MBWR checks
the status of M1093 (Matrix pointer increasing flag). If M1093 = ON, MBWR instruction will
proceed to write the next bit, i.e. Pr value plus 1. When MBWR proceeds to the last bit,
M1089 = ON, indicating the end of the Matrix, and D records the last bit number. After this,
MBWR instruction stops.

The Pointer (Pr) of the matrix is designated by the user in the instruction. The valid range of
Pris 0 ~ 16n -1, corresponding to bO ~ b16n-1 in the matrix. If the Pr value exceeds the valid
range, M1092 = ON and the instruction will be disabled.

If operands S or D use KnX, KnY, KnM, KnS format, only n = 4 is applicable.

Program Example:

1.

When X0 goes from OFF—ON with M1094 = OFF (Starts from Pr value) and M1093 = ON
(Increase Pr value), the writing will start from the bit number in Pr and Pr value increases 1
after a bit is written.

Assume present value of pointer D20 = 45 and M1096 = ON (1) , the following result can be

obtained when X0 is executed once from OFF—ON.

X0
f———- MBWRP DO K3 D20
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3. Instruction Set

Before (SO DO |of1]o[1
Execution D1 |o|1]|o[1]of1]o[1{o]|1|o]1|0] 1|01
p2 [o[1fJ1]o[]o]1]o]t]o[1]o[1]o[1

b47 M1096
T (Borrow flag for matrix rotation / shift / input)

45 D20 Pointer

1 110(110]1]|0|1]|1]1

0
0

o|lo|o

EAﬂetr_ & o |o]1]o]1]o|1]o[1]o]1{o]1[o]1]1]1
xecution D1 [o[1]o]1]of1[o[1]o]1]0]1]o[1]0]4
D2 |0 11 1lo[1]o[1{o]1]0|1[o]1
b47 T
45 D20 Pointer

Related flags:

M1089:

Indicating the end of Matrix. When the comparison reaches the last bit, M1089 = ON
M1092:

Indicating pointer error. When the pointer Pr exceeds the comparison range, M1092 = ON
M1093:

Matrix pointer increasing flag. Adding 1 to the current value of the Pr

M1094:

Matrix pointer clear flag. Clear the current value of the Prto 0

M1096:

Borrow flag for matrix rotation/shift/input
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API Mnemonic Operands Function
Controllers
188 MBS |[PICS (B Matrix bit shift ES2/EX2
Type| Bit Devices Word devices Program Steps
OoP XY |M|S|K|H|KnX|KnY|KnM|KnS| T|C |D|E|F |MBS, MBSP: 7 steps
S * * * * * * *
D * * * * * *
n * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Matrix source device

Explanations:

1. MBS instruction shifts the bits in the matrix to the left or the right. M1097 = OFF, bits shift to
the left, M1097 = ON, bits shift to the right. The empty bit (left shift: bO; right shift: b16n-1)
after every bit is shifted once will be filled with the value of M1096 (Borrow flag for matrix

operation). The bit which is shifted out of the matrix (left shift: b16n-1; right shift: b0O) will be

D: Operation result

n: Matrix length (K1~K256)

sent to M1095 (Carry flag for matrix operation) and operation result is stored in D.

2. The pulse execution instruction (MBSP) is generally adopted.

If operands S or D use KnX, KnY, KnM, KnS format, only n = 4 is applicable

Related flags:

M1095: Carry flag for matrix rotation/shift/output

M1096: Borrow flag for matrix rotation/shift/input

M1097: Direction flag for matrix rotation/shift

Program Example 1:

When X0 = ON, M1097 = OFF, indicating a left matrix shift is performed. Assume matrix borrow
flag M1096 = OFF (0) and the 16-bit registers DO ~ D2 will perform a left matrix shift and the result

will be stored in the matrix of the 16-bit registers D20 ~ D22, meanwhile the matrix carry flag
M1095 will be ON (1). .

X0
l

RST

M1097

MBSP

DO

D20

K3
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Instruction Set

b15 b0

. 11011 1{0]1]0|1]0|1]0]|1 1
Before execution

0f1 110(1(0]j1]0|1[0|1 1

[M1095 [«1]o[1]o[1[o] 1]o]1]o]1]0[1]0]1

MBS £ M1097=
L

D@ 1]o]1 o[1]o[1]o[1To[1]o]o
After bits shift to left

1 1 11011]0(1(0|1 11011

mioos[ 1 | [o]1]o]1]o]1]o]1]o]1]o]1]o]+]o]4

Program Example 2:

M1096

DO
D1
D2

D20
D21
D22

When X1 = ON, M1097 = ON, indicating a right matrix shift is performed. Assume matrix borrow

flag M1096 = ON (1) and the 16-bit registers DO ~ D2 will perform a right matrix shift and the result

will be stored in the matrix of the 16-bit registers D20 ~ D22, meanwhile the matrix carry flag

M1095 will be OFF (0).
X1

——CuosD

MBSP DO D20 K3
b15 b0
GO DO [1]o]1]o]1[o[1]o[1[o]1]o]1]0]1]0
Before execution p1 ToliTols ol ] Tolilo
D2 110(1]0|1(0f1f{O]1]0|1(O0]|1 110

M1096 MBS M1097=1

iyt
®D20 of|1]o0]1|o|1|{of1)0f1]0]1 11011
After bits shift

to the right D21 1 1 1 110(1|0]|1 110(1
D22 [1]1]0]1]0|1|{Of1|O|1 1 1 1

Y

M1095

M1095
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API Mnemonic Operands Function
Controllers
189 MBR (P (O Matrix bit rotate ES2/EX2
Type| Bit Devices Word devices Program Steps
OoP XY |M|S|K|H|KnX|KnY|KnM|KnS| T|C |D | E|F |MBR, MBRP: 7 steps
S * * * * * * *
D * * * * * *
n * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Matrix source device  D: Operation result  n: Matrix length (K1~K256)

Explanations:

1. MBR instruction rotates the bits in the matrix to the left or the right. M1097 = OFF, bits rotate
to the left, M1097 = ON, bits rotate to the right. The empty bit (left rotate: b0; right rotate:
b16n-1) after rotation performed once will be filled with the bit which is rotated out of the
matrix (left rotate: b16n-1; right rotate: b0) and the operation result is stored in D. In addition,
the bit which is rotated out of the matrix will also be moved to M1095 (Carry flag for matrix
operation).

2. The pulse execution instruction MBRP is generally adopted.

If operands S or D use KnX, KnY, KnM, KnS format, only n = 4 is applicable.
Related flags:

M1095: Carry flag for matrix rotation/shift/output.

M1097: Direction flag for matrix rotation/shift

Program Example 1:

When X0 = ON, M1097 = OFF, indicating a left matrix rotation is performed. The 16-bit registers
D0 ~ D2 will perform a left matrix rotation and the result will be stored in the matrix of the 16-bit
registers D20 ~ D22. The matrix carry flag M1095 will be ON (1)

X0
I RST | M1097

MBRP DO D20 K3
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Instruction Set

b15 BO
Before execution 1]011]011]0]1]0]1]0} 1 0
1{0]1]0]|1|{0|1]0]1]0|1 0
M1095 1/0]1]0]|1{0|1]0]1]0|1 0
MBR <} M1097
@ 1{o[1]o|1{o]1]o[1]o]1 o[+
Atfter rotation to the left Tol1lol ol ol Tols ol
M1095 1 1 1]0(1 1{0]1]0]1 0l1

Program Example 2:

A

DO
D1
D2

D20
D21
D22

When X1 = ON, M1097 = ON, indicating a right matrix rotation is performed. The 16-bit registers

DO ~ D2 will perform a right matrix rotation and the result will be stored in the matrix of the 16-bit

registers D20 ~ D22. The matrix carry flag M1095 will be OFF (0).

X1

G

MBRP DO D20 K3
b15 b0
S po | |10 1]o[1]o[1[o[4]o[4
Before execution D1 110 1lol1lol1Tol4 1
D2 1|0 1{of1]o|1]o]1{o]4
MBRE M1097=
@ p20 [of4[o]1]o[1]o]1[o]1 o] 1
After rotation  p21 - [o]1]o[1]o[1]o[1]o[1]o]1 1
to the right
D22 1{of1{o[1|o1]o]1]0]1 1

M1095

M1095
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API Mnemonic Operands Function
Controllers

190 MBC |P|CSD (nD (DD| Matrix bit status count ES2 /EX2

Type| Bit Devices Word devices Program Steps
OoP XY |M|S|K|H|KnX|KnY|KnM|KnS| T|C |D|E|F |MBC, MBCP: 7 steps

S * * * * * * *

n * * *

D * * * * * * * *

PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2

Operands:

S: Matrix source device  n: Matrix length (K1~K256)  D: Operation result

Explanations:

1. MBC instruction counts the number of bit 1 or bit 0 in the matrix with matrix length n and
stores the counted number in D.

2. If operands S or D use KnX, KnY, KnM, KnS format, only n = 4 is applicable.

3. When M1098 = ON, MBC instruction counts the number of bit 1. M1098 = OFF, MBC counts
the number of bit 0. If bits counting result is 0, M1099 = ON

4. Related flags:
M1098: Counting the number of bits which are “1” or “0”
M1099: ON when the bits counting result is “0”..

Program Example:
When X0 = ON with M1098 = ON, MBC instruction counts the number of bit 1 in DO~D2 and store
the counted number in D10. When X0 = ON with M1098 = OFF, the instruction counts the number

of bit 0 in DO~D2 and store the counted number in D10.

X0
———- wMBC DO K3 D10

DO ([1f1]1{1[1]1{1]1|{1[1]0[{0|O|Of1]1
D1 |[1|1]1|1|1|{1|1|1|{1|{1{0]|0]O]|O]1]1
D2 |1|1|1|1|1|{1|1|1|1|{1{0]0]|0O|O1]1

D10 12 M1098=0

D10 36 M1098=1
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API Mnemonic Operands Function
: : Controllers
195 |ID| PTPO @@@ tsalglgeb-aXIS pulse output by ES2/EX2
Type| Bit Devices Word devices Program Steps
oP X|Y|M|S|K|H|KnX[KnY[KnM|KnS| T|C |D |E|F |DPTPO: 13 steps
Sy *
S, *
D *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S;: Source start device

S,: Number of segments D: Pulse output device

Explanations:

1.

S, specifies the output frequency and the number of pulses according to the number of
segments set by S,. Each segment occupies consecutive 4 registers in S;. (S;+0) and (S;+1)
stores the output frequency; (S;+2) and (S;+3) stores the number of output pulses.
Available output frequency for S; : 6Hz~100,000Hz.

S, + 0: total number of segments (range: 1 ~ 40). S, + 1: The No. of current executing
segment. The number in S, + 1 will be updated when the PLC scan reaches this instruction.
D can only be designated with output devices YO and Y2, i.e. only pulse output is supported.
Users need to apply other instructions if a control on direction signal output is required.

This instruction does not offer ramp up/down function. Therefore, when the instruction is
disabled, the output pulses will stop immediately.

There is no limitation on the times of using this instruction, however during each scan cycle,
output channel can be driven by one instruction at a time.

When the instruction is being executed, changes to the instruction parameter will be invalid.

Program Example:

1.

2.

When MO = ON, pulse output will be operated according to the set frequency and number of
pulses in every segment.

Format of the table:

S, = D300, number of S; = D0, frequency (S; + 0) S; = DO, number of output
segments (D300 = K60) pulses (S; + 2)

K1 (1% segment) D1, DO D3, D2

K2 (2nd segment) D5, D4 D7, D6

K60 (60" segment) D237, D236 D239, D238
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3. Current executing segment can be monitored by D301.

X0
| DPTPO| DO D300 YO

END
4. Timing diagram:
Frequency (Hz)
A
(D237,D0236)}= = — = = = = = — — — — = R
1
1
————————— 1
| I
1(D239,D238)!
(D5,D4)[F — — — ! |
| wwws | 1
I | I
(D1,00) (D7,D6) | |
(D3,D2) | | | 1
< ' ' ' ' > Time (S)
| t | ts | t |

Points to note:

1. Flags:
M1029 CHO (Y0) pulse output execution completed.
M1102 CH1 (Y2) pulse output execution completed
M1078 CHO (Y0) pulse output pause (immediate)
M1104 CH1 (Y2) pulse output pause (immediate)
M1538 Indicating pause status of YO
M1540 Indicating pause status of Y2

2. Special registers:
D1030 Low word of the present value of YO pulse output
D1031 High word of the present value of YO pulse output
D1336 Low word of the present value of Y2 pulse output
D1337 High word of the present value of Y2 pulse output
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3. Instruction Set

Mnemonic Operands Function
API Controllers
Close loop position ES2/EX2
197 |D| CLLM | | GDEDED D | conpo
Type| Bit Devices Word devices Program Steps
oP X|Y|M|S|K|H|KnX|KnY|KNnM|KnS| T|C |D | E|F |DCLLM: 17 steps
81 * *
82 * * *
83 * * *
D *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S,: Feedback source device S,: Target number of feedbacks Si: Target frequency of

output D: Pulse output device

Explanations:

1.

The corresponding interrupt pointers of S;:

Source device X4 X6 C243 ~ C254

Associted outout YO Y2 YO Y2

No. of Interrupt pointer | 1400 | 1600 | 1010 | 1030

1 = 1: rising-edige triggered; (1 = 0: falling-edge triggered

a) When S; designates input points X and the pulse output reaches the target number of
feedbacks in S,, the output will continue to operate by the frequency of the last shift (end
frequency) until interrupts occur on input points X.

b) When S; designates high speed counters and the pulse output reaches the target
number of feedbacks in S,, the output will continue to operate by the frequency of the
last shift (end frequency) until the feedback pulses reaches the target number.

c) S; can be a high speed counter C or an input point X with external interrupt. If S; is C,
DCNT instruction should be executed in advance to enable the high-speed counting
function, and El instruction with 10x0 should be enabled for external interrupts. If S; is X,
El instruction with 10x0 should be enabled for external interrupts.

d) If S;is specifed with counters, DHSCS instruction has to be programmed in user
program. Please refer to Program example 2 for details.

Range of S,: -2,147,483,648 ~ +2,147,483,647 (+ / - indicates the positive / negative rotation

direction). the present value of pulse output in CHO (YO, Y1) and CH1 (Y2, Y3) increases in

positive direction and decreases in negative direction. Registers storing present value of
pulse output: CHO(D1031 High, 1030 Low), CH1(D1337 High, D1336 Low)

If Sz is lower than 6Hz, the output will operate at 6Hz; if Sz is higher than 100kHz, the output

will operate at 100kHz.
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4.

10.

11.

D can only designate YO (Direction signal output: Y1) or Y2 (Direction signal output: Y3). The
direction signal output will be OFF only when the drive contact of the instruction is OFF, i.e.
completion of pulse output will not reset Y1 or Y3.

D1340 and D1352 stores the start/end frequencies of CHO and CH1. Min. 6Hz, default:
100Hz.

D1343 and D1353 stores the ramp up/down time of CHO and CH1. If the ramp up/down time
is shorter than 20ms, PLC will operate in 20ms. Dafault: 100ms.

Ramp-down time of CHO and CH1 can be particularlily specified by the setting of (M1534,
D1348) and (M1535, D1349). When M1534 / M1535 is ON, ramp-down time of CHO and CH1
is set by D1348 and D1349.

D1131 and D1132 are the output/input ratio(%) of the close loop control in CHO and CH1. K1
refers to 1 output pulse out of 100 feedback pulses; K200 refers to 200 output pulses out of
the 100 feedback pulses. In general percentage equation, the value setin D1131 and D1132
represents numerators (output pulses, available range: K1 ~ K10,000) and the denominator
(the input feedbacks) is fixed as K100 (System defined).

M1305 and M1306 can reverse the direction of CHO, CH1 pulse output. For example, when
direction signal output (Y1/Y3) is OFF, pulse output will operate in positive direction. If
M1305/M1306 is set ON before the execution of this instruction, the pulse output will be
reversed as negative output direction.

When S; designates input points X with interrupt pointers, D1244 / D1255 can be applied for
setting the idle time as limited pulse number, in case the interrupt is not properly triggered.
DCLLM instruction supports Alignment Mark and Mask function. Please refer to Points to

note for details.

Close Loop Explanations:

1.

Function: Immediately stop the high-speed pulse output according to the number of
feedback pulses or external interruption signals.
Timing diagram:

Frequency
A

High speed counter receives
target number of feedbacks

Target s or

” Pulse Number

frequency External interrupt occurs
Start/end / _
frequency : » Time

:\ ,I\ 7N\ /'< 7
1 Ramp-up ' Highspeedtime * Ramp-down
time time ' Idle time

' Number of output pulses =
target number of feedbacks x D1131(D1132)/ 100
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Principles for adjusting the completion time of positioning:

a)

The completion time of positioning refers to the total time of “ramp up + high speed +
ramp down + idle” (see the figure above). When percentage value (D1131/D1132) is
modified, the total number of output pulses will be increased or decreased as well as the
completion time.

When S; designates input points X with interrupt pointers, D1244 / D1255 can be
applied for setting the idle time as limited pulse number, in case the interrupt is not
properly triggered.Users can determine if the execution result is good or bad by the
length of the idling time. In theory, a bit of idling left is the best result for a positioning.
Owing to the close loop operation, the length of idle time will not be the same in every
execution. Therefore, when the content in the special D for displaying the actial number
of output pulses is smaller or larger than the calculated number of output pulses (target
number of feedbacks x percentage value / 100), users can improve the situation by

adjusting the percentage value, ramp-up/ramp-down time or target frequency.

Program Examplel: Immediate stop high-speed pulse output by external interrupt

1.

Adopt X4 as the input for external interrupt and 1401 (rising-edge trigger) as the interrupt

pointer. Set target number of feedbacks = 50,000; target frequency = 100kHz; pulse output
device: YO, Y1 (CHO); start/end frequency (D1340) = 100Hz; ramp-up time (D1343) = 100ms;
ramp-down time (D1348) = 100ms; percentage value (D1131) = 100; present value of output
pulses (D1030, D1031) = 0.

3-389



DVP-ES2 Operation Manual - Programming

El
M1002
- | MOV | K100 | D1131
MOV | K100 | D1348
MOV | K100 | D1343
MOV | K100 | D1348
SET | M1534
pmMov | ko | p1oso
MO
— | DCLLM| X4 |K50000[K100000| YO
FEND
M1000
1401 | INC DO
IRET
END

2. Execution results:

Frequency
A

X4 = OFF --> ON
YO output stops

D1340

:

: D1343 . . D1348
Specified number of output pulses: 50,000 ,

100kHz
—>

D1340
—

- Time
" Pulse number

N
Actual number of output pulses (D1030, D1031) = K51000

Program Example 2: Immediate stop high-speed pulse output by high speed counter

1. Adopt counter C243 (better to be reset before execution) with AB-phase input from the
encoder. Set target number of feedbacks = 50,000; target frequency = 100kHz; pulse
output device: YO, Y1 (CHO); start/end frequency (D1340) = 100Hz; ramp-up time
(D1343) = 100ms; ramp-down time (D1348) = 100ms; percentage value (D1131) = 100;
present value of output pulses (D1030, D1031) = 0..
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El
M1002
— | MOV | K100 | D1131
MOV | k200 | D1340
MOV | K300 | D1343
MOV | K600 | D1348
SET | M1534
DMOV KO D1030
DMOV Ko | c243
MO
— | DCNT | c243 | K9999
DHSCS| k50000 C243 | 1010
DCLLM| c243 | K50000|K100000| YO
FEND
M1000
1010 — | INC DO
IRET
END

2. Assume the first execution results are as below:

Frequency
A

100KHz ; : €243 =K50000
> : . YO stops output

D1340

T 1 . Time
. " Pulse number

>
: D1343 | . D1348 : 6s :

1 Specified number of output pulses: 50,000
N

0 7
* Actual number of output pulses (D1030, D1031) = K50,600

3. Observe the results of the first execution:

a) The actual output number 50,600 — specified output number 50,000 = 600
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b) 600 x (1/100Hz) = 6s (idle time)

c) 3 seconds are too long. Therefore, increase the percentage value (D1131) to K101.

4. Obatin the results of the second execution:

Frequency
A

100KHz : : €243 =K50000
s

D1340

YO output stops

/

:%E < 2 :
+ D1343 . . D1348 : 600ms .

» Time
>
Pulse number

& S

~ Cal
. Specified number of output pulses: 50,500
Wz

: Actual number of output pulses (D1030, D1031) = K50,560

5. Observe the results of the second execution:

a) The actual output number 50,560 — specified output number 50,500 = 60
b) 60 x (1/100Hz) = 600ms (idle time)

c) 600ms is an appropriate value. Therefore, set the percentage value (D1131) as K101 to

complete the design.

Points to note:

1. Flag explanations:

M1029
M1102
M1078
M1104
M1108
M1110
M1156

M1158

M1538
M1540
M1305

M1306

M1347

CHO (YO0, Y1) pulse output execution completed.

CH1 (Y2, Y3) pulse output execution completed.

M1078 = ON, CHO (YO0, Y1) pulse output pause (immediate)

M1104 = ON CH1 (Y2, Y3) pulse output pause (immediate)

CHO (YO0, Y1) pulse output pause (ramp down). M1108 = ON during ramp down.
CH1 (Y2, Y3) pulse output pause (ramp down). M1110 = ON during ramp down.

Enabling the mask and alignment mark function on 1400/1401(X4) corresponding
to YO.

Enabling the mask and alignment mark function on 1600/1601(X6) corresponding
to Y2.

Indicating pause status of CHO (YO0, Y1).M1538 = ON when output paused.
Indicating pause status of CH1 (Y2, Y3). M1540 = ON when output paused
Reverse CHO (YO, Y1) pulse output direction. M1305 = ON, pulse output direction
is reversed.

Reverse CH1 (Y2, Y3) pulse output direction. M1306 = ON, pulse output direction
is reversed

Auto-reset CHO (YO, Y1) when high speed pulse output completed. M1347 will be
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M1524

M1534
M1535

reset after CHO (YO, Y1) pulse output is completed.

Auto-reset CH1 (Y2, Y3) when high speed pulse output completed. M524 will be
reset after CH1 (Y2, Y3) pulse output is completed.
Enable ramp-down time setting on Y0. Has to be used with D1348

Enable ramp-down time setting on Y2. Has to be used with D1349

2. Special register explanations:

D1026:

D1027:

D1135:

D1136:

D1030:
D1031:
D1131:
D1132:

D1244:

D1245:

D1336:
D1337:
D1340:
D1352:

D1343:

D1353:

D1348:

D1349:

Pulse number for masking YO when M1156 = ON (Low word). The function is
disabled when set value <0. (Default =0 )

Pulse number for masking YO when M1156 = ON (High word). The function is
disabled when set value 0. (Default =0)

Pulse number for masking Y2 when M1156 = ON (Low word). The function is
disabled when set value <0. (Default = 0 )

Pulse number for masking Y2 when M1156 = ON (High word). The function is
disabled when set value =0. (Default =0 )

Low word of the present value of CHO (YO0, Y1) pulse output
High word of the present value of CHO (YO, Y1) pulse output
Input/output percentage value of CHO (YO, Y1) close loop control. Default: K100
Input/output percentage value of CH1 (Y2, Y3) close loop control. Default: K100

Idle time (pulse number) setting of CHO (YO, Y1) The function is disabled if set
value=0.

Idle time (pulse number) setting of CH2 (Y2, Y3) The function is disabled if set
value =0.

Low word of the present value of CH1 (Y2, Y3) pulse output
High word of the present value of CH1 (Y2, Y3) pulse output
Start/end frequency of the 1st group pulse output CHO (YO, Y1). Default: K100
Start/end frequency of the 2st group pulse output CH1 (Y2, Y3). Default: K100

Ramp up/down time of the 1st group pulse output CHO (YO, Y1). Default: K100

Ramp up/down time of the 2nd group pulse output CH1 (Y2, Y3). Default: K100

CHO(YO0, Y1) pulse output. When M1534 = ON, D1348 stores the ramp-down
time. Default: K100

CH1(Y2, Y3) pulse output. When M1535 = ON, D1349 stores the ramp-down
time. Default: K100
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API Mnemonic Operands Function
Variable speed pulse Controllers
198 ||D| VsPO | | GDEDE& @ ES2/EX2
output
Type| Bit Devices Word devices Program Steps
OoP XY |M|S|K|H|KnX[KnNY[KnM|KnS| T |C |D | E | F |DVSPO: 17 steps
Sy *
SZ * * *
83 * * *
D *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S;: Target frequency of output S,: Target number of pulses Si: Gap time and gap

frequency D: Pulse output device (Y0, Y2)

Explanations:

1.

Max frequency for S;: 100kHz. Target frequency can be modified during the execution of
instruction. When S; is modified, VSPO will ramp up/down to the target frequency according
to the ramp-up gap time and gap frequency set in S,

S, target number of pulses is valid only when the instruction is executed first time. S, can
NOT be modified during the execution of instruction. S, can be a negative value, however, if
the output direction is not specified in D1220/D1221, PLC will take this value as a positive
value.

Sz occupies 2 consecutive 16-bit devices. S;+0 stores the gap frequency S;+1 stores the gap
time. Parameter setting can be modified during the execution of instruction. Set range for
S3+0: 6Hz ~ 32767Hz; set range for S;+0: 5ms ~ 80ms. If set value exceeds the available
range, PLC will take the upper or lower bound value.

D pulse output device supports only YO and Y2. If Y1 and Y3 is required for output direction
control, D1220 or D1221 has tobe set as K1(Pulse/Dir).

Parameters set in S; can only be modified while modifying the value in S;. When target
frequency is set as 0, PLC will ramp down to stop according to parameters set in S;. When
the output is stopped, PLC will enable the flags indicating pause status (YO: M1538, Y2:
M1540). If target frequency other than 0 is specified again, pulse output will ramp up to target

frequency and operates untill target number of pulses are completed.

Function Explanations:

Pulse output diagram:
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Freq.
A 12
t1

; : 3

: : _ Time
: . : ” Pulse number
D S <mee D SOTREEES >
P g1 g2 g3
[ >

1. Definitions:

t1 > target frequency of 1% shift
t2 > target frequency of 2™ shift
t3 > target frequency of 3" shift
g1 > ramp-up time of 1 shift
g2 > ramp-up time of 2™ shift
g3 > ramp-down time of 3" shift
Sy - total output pulses

2. Explanations on each shift :
& 1% shift:
Assume t1 = 6kHz, gap fregency = 1kHz, gap time = 10ms
Ramp-up steps of 1 shift:

Freq.
A
t1=6kHz

1kHz

OHz 1 f » Time
110ms { 10msi10ms} 10ms!10ms}

g1=50ms
& 2" shift:
Assume t2 = 11kHz, internal frequency = 2kHz, gap time = 20ms

Ramp-up steps of 2™ shift:
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Points to note:

Freq.
A
t2=11kHz
1kHZ¢
2kHz
2kHz
t1=6kHz -
+ > Time
20ms ; 20ms ; 20ms ;
D >
g2=40ms
& 3"shift:

Assume t3 = 3kHz, gap frequency = 2kHz, gap time = 20ms
Ramp-down steps of 3" shift:
Freq.

y
i Changeto t3

122 T KHZ oo e

t3=3kHz

» Time

20ms§20ms 20ms§20mq

H H
P S

g3=60ms

Start to change

€ For program examples please refer to API 199

Flag explanations:

M1029
M1102
M1078
M1104
M1305
M1306
M1538
M1540

CHO (Y0, Y1) pulse output execution completed

CH1 (Y2, Y3) pulse output execution completed

YO0 pulse output pause (immediate)

Y2 pulse output pause (immediate)

Reverse Y1 pulse output direction in high speed pulse output instructions
Reverse Y3 pulse output direction in high speed pulse output instructions
Indicating pause status of YO

Indicating pause status of Y2

Special register explanations:

D1030

Low word of the present value of YO pulse output
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D1031  High word of the present value of YO pulse output
D1336 Low word of the present value of Y2 pulse output
D1337  High word of the present value of Y2 pulse output
D1220  Pulse output mode setting of CHO (YO, Y1). Please refer to PLSY instruction.
D1221  Pulse output mode setting of CH1 (Y2, Y3). Please refer to PLSY instruction
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API Mnemonic Operands Function
Immediately change Controllers
199 ||D| ICF G G @ =222
frequency
Type| Bit Devices Word devices Program Steps
X|Y|M|S|K|H|KnX[KnNY[KnM|KnS| T |C |D | E | F |DVSPO: 13 steps
Sy *
SZ * * *
D *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S;: Target frequency to be changed S,: Gap time and gap frequency D: Pulse output
device (YO0, Y2)

Explanations:

1.

Max frequency for S;: 100kHz. When ICF instruction executes, frequecy changing will start
immediately with ramp-up/down process.

ICF instruction has to be executed after the execution of DVSPO or DPLSY instructions.
When the instruction is used together with DVSPO, operands S;, S,, D of DICF has to be
assigned the same device with Sy, Sz, D of DVSPO. When the instruction is used with DPLSY,
operands S; and D has to be assigned the same device with S; and D of DPLSY.

If ICF instruction is used with DPLSY instruction, operand S is invalid.

When ICF instruction is used with DVSPO instruction, parameter setting of S, functions the
same as S; in DVSPO instruction, specifying the gap time and gap frequency of
ramp-up/down process.

D pulse output device supports only YO and Y2.

The instruction is suggested to be applied in interrupt subroutines for obtaining the better
response time and eexecution results

For associated flags and registers, please refer to Points to note of APl 198 DVSPO

instruction.

Function Explanations:

1.  If users change the target frequency by using DVSPO instruction, the actual changing

timing will be delayed due to the program scan time and the gap time as below.
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Change target freq.
A Actual timing of changing
Freq. /

% Gap freq.

|

Gap GapE
,\ timeitime'!

» Time

Delayed by program scan cycle

2. If users change the target frequency by applying DICF instruction in insterupt
subroutines, the actual changing timing will be executed immediately with only an
approx. 10us delay (execution time of DICF instruction).

The timing diagram is as below:

Interrupt
A Actual timing of changing
Freq. ,
% Gap freq.
: | » Time
Gap | Gap
T time i time

approx.10us

Program Example:

1.

When MO = ON, pulse output ramps up to 100kHz. Total shifts: 100, Gap frequency: 1000Hz,
Gap time: 10ms. Calculation of total shifts: (100,000 - 0) + 1000 = 100.

When X6 external interrupt executes, target frequency is changed and ramp down to 50kHz
immediately. Total shifts: 150, Gap frequency: 800Hz, Gap time: 20ms. Calculation of total
shifts: (100,000 - 50,000) + 800 = 125

When X7 external interrupt executes, target frequency is changed and ramp down to 100Hz
immediately. Total shifts: 25, Gap frequency: 2000Hz, Gap time: 100ms. Calculation of total
shifts: (50,000 - 100) + 2000 = 25.

When pulse output reaches 100Hz, the frequency is kept constant and pulse output stops

when 1,000,000 pulses is completed.
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100KHz

Freq.

A

50KHz |

100Hz

1
(H2)
1

1,000,000pulse
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El
MO
— | DMOVP |K100000| D500
MOV | K1000 | D502
MOV K10 D503
DVSPO| D500 |K1000000| D502 Y0
FEND
M1000
1601 — | DMOV | K50000| D500
MOV K800 | D502
MOV K20 D503
DICF | D500 | D502 YO
IRET
M1000
1701 — } DMOV KO D500
MOV | K2000 | D502
MOV | K100 | D503
DICF | D500 | D502 YO
IRET
END
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APl || Mnemonic Operands Function
5 o Controllers
roportiona ES2/EX2
202 || | SCAL |P| G G G ® | 4culation
Type| BitDevices Word devices Program Steps
OP XY |M|S|K|H|KnX|KnY|KnMIKnS| T |C|D | E | F |SCAL,SCLAP: 9 steps
S'] * * *
82 * * *
S3 * * *
D *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S;: Source value  S,: Slope (unit: 0.001)  Sjz: Offset  D: Operation result

Range of operands S;, S;, S3: -32767~32767.

Explanations:
1. SCAL instruction performs a proportional calculation according to the internal slope equation.
2. Operation equation in the instruction: D = (S; x S,) + 1000 + S3
3.  Users have to obtain S, and S; (decimals are rounded up into 16-bit integers) by using the
slope and offset equations below.
Slope equation: S, = [(max. destination value — min. destination value) + (max. source value —
min. source value)] x 1,000
Offset equation: S; = min. destination value — min. source value x S, + 1,000

4.  The output curve is shown as the figure:

Destination value
A

_"Max. Destination value

— ¢ ® » Source value
Min. ! S1 ' Max.
sourcg value »source value

Min. destination value

Program Example 1:
1. Assume S; =500, S, = 168 and S; = -4. When X0 = ON, SCAL instruction executes and the

result of proportional calculation will be stored in DO.
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2. Equation: DO = (500 x 168 ) + 1000 + (-4) = 80

X0
|—H SCAL | K500 | K168 | K-4 DO

Destination value
A

D
Offset=-4

Slope=168

» Source value
0 S1=500

Program Example 2:

1.  Assume S; =500, S, =-168 and S; = 534. When X0 = ON, SCAL instruction executes and the @
result of proportional calculation will be stored in D10..

2. Equation: D10 = (500 x -168 ) + 1000+ 534 = 450

X10
|—H SCAL | K500 | K-168| K534 | D10

Destination value
A

D
Slope =-168
Offset =534
» Source value
0 S+=500

Points to note:

1. This instruction is applicable for known slope and offset. If slope and offset are unknown,
please use SCLP instruction for the calculation.

2. S, has to be within the range -32,768 ~ 32,767. If S, exceeds the applicable range, use SCLP
instruction instead.

3. When adopting the slope equation, please note that the Max. source value must be larger than
the min. source value. However the max. destination value does not need to be larger than the
min. destination value.

4. IfD> 32,767, D will be set as 32,767. If D < -32,768, D will be set as -32,768.
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APl || Mnemonic Operands Function
5 " o Controllers
arameter proportiona ES2/EX2
203 ||D|sCLP Pl G0 G (D calculation
Type| Bit Devices Word devices Program Steps
OP X|Y|M|S|K|H|KnXKnY|KnM|KnS| T|C |D |E |F |SCLP, SCLPP: 9 steps
Sy b * DSCLP, DSCLPP: 13
S[’)2 : steps
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S;: Source value  S,: Parameters  D: Operation result

Explanations:
1.  SCLP instruction performs a proportional calculation according to the internal slope equation
as well as the parameters set in this instruction.

2.  Settings of S, for 16-bit instruction (occupies 4 consecutive devices):

Device No. Parameter Range
S, Max. source value -32768~32767
S,+1 Min. source value -32768~32767
S,+2 Max. destination value -32768~32767
S,+3 Min. destination value -32768~32767
3. Settings of S, for 32-bit instruction (occupies 8 consecutive devices).
) Range
Device No. Parameter
Integer Floating point number
S, ~ S;+1 | Max. source value
S,+2 ~ 3 | Min. source value Range of 32-bit
-2,147,483,648~2,147,483,647 ) )
S,+4 ~ 5 |Max. destination value floating point number
S,+6 ~ 7 |Min. destination value

4.  Operation equation in the instruction: D = [(S; — min. source value) x (max. destination value —
min. destination value)] + (max. source value — min. source value) + min. destination value
5.  The equation to obtain the operation equation of the instruction:
y=kx+b
where
y = Destination value (D)
k = Slope = (max. destination value — min. destination value) + (max. source value — min.
source value)
X = Source value (S;)

b = Offset = Min. destination value — Min. source value x slope
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Substitute the above parameters into y = kx + b and the operation instruction can be obtained.

y=kx+b=D=KkS; +b=slope x S; + offset = slope x S; + min. destination value — min.

source value x slope = slope x (S; — min. source value) + min. destination value = (S; — min.

source value) x (max. destination value — min. destination value) + (max. source value — min.

source value) + min. destination value

If S; > max. source value, S; will be set as max. source value. If S; < min. source value, S; will

be set as min. source value. When the source value and parameters are set, the following

output figure can be obtained:

Destination value

Py

A
Max. Destination value

Qe :

» Source value

Min. !
sourcg value

Program Example 1:
1.

max. destination value

S1 ' Max.
.source value

*
Min. destination value

Assume source value S; = 500, max. source value DO = 3000, min. source value D1 = 200,

D2 = 500, and min. destination value D3 = 30. When X0 = ON, SCLP

instruction executes and the result of proportional calculation will be stored in D10.

Equation: D10 = [(500 —

200) x (500 — 30)] = (3000 — 200) + 30 = 80.35. Rounding off the

result into an integer, D10 =80.

—)|(f(? MOV | K3000 DO
MOV | K200 D1
MOV | K500 D2
MOV K30 D3
X0
— | SCLP | K500 | DO D10
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Destination value

A

Max.
destination = 500 ===r=--=rmrmarmmm e
value
D | E
Min. '
destination= 30 :
value P :
:51=500 » Source value
0 Min. Max.
Source =200 source =3000
value value

Program Example 2:

1. Assume source value S; = 500, max. source value DO = 3000, min. source value D1 = 200,

max. destination value D2 = 30, and min. destination value D3 = 500. When X0 = ON, SCLP

instruction executes and the result of proportional calculation will be stored in D10.
2. Equation: D10 = [(500 — 200) x (30 — 500)] +(3000 — 200) + 500 = 449.64. Rounding off the
result into an integer, D10 = 450.

X0

—4 MOV | K3000 DO

MOV | K200 D1

MOV | K30 D2

MOV [ K500 D3

X0
— | SCLP | K500| DO D10
Destination value
A
Max.
destination =50
value
D
Min.
Destination = 30 ,
value :
$1=500 7 » Source value
0 Min. Max.
source =200 source = 3000
value value
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Program Example 3:

1.

Assume the source value S;, D100 = F500, max. source value DO = F3000, min. source value
D2 = F200, max. destination value D4 = F500, and min. destination value D6 = F30. When X0
= ON, M1162 is set up to adopt floating point operation. DSCLP instruction executes and the
result of proportional calculation will be stored in D10.

Equation: D10 = [(F500 — F200) x (F500 — F30)] + (F3000 — F200) + F30 = F80.35. Round off
the result into an integer, D10 = F80.

X0
14| SET | M1162

DMOVR| F500 | D100

DMOVR| F3000 DO

DMOVR]| F200 D2

DMOVR| F500 | p4

DMOVR| F30 D6

X0
— | DSCLP| D100 DO D10

Points to note:

1.

Range of S; for 16-bit instruction: max. source value = S; = min. source value; -32,768 ~
32,767. If the value exceeds the bounds, the bound value will be used for calculation.

Range of integer S; for 32-bit instruction: max. source value = S; = min. source value;
-2,147,483,648 ~ 2,147,483,647. If the value exceeds the bounds, the bound value will be
used for calculation.

Range of floating point S; for 32-bit instruction: max. source value 2 S; = min. source value;
adopting the range of 32-bit floating point. If the value exceeds the bounds, the bound value
will be used for calculation.

When adopting the slope equation, please note that the Max. source value must be larger than
the min. source value. However the max. destination value does not need to be larger than the

min. destination value.
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API Mnemonic Operands Function
Controllers
205|| CMPT P 1 Gy G (b M Compare table ES2/EX2
Type | Bit Devices Word devices Program Steps
OP X|Y|M|S|K|HKnX[KnY|[KNnMKnS| T |C |D | E | F |CMPT: 9 steps
S B T CMPTP: 9 steps
Sz * * *
n * * *
D * * * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S;: Source device 1

Explanations:

1.
2.

S,: Source device 2

n: Data length (n = 1~16)

D: Destination device

S;and S, can be T/C/D devices, for C devices only 16-bit devices are applicable (C0~C199).

Range for operand n: 1~16. PLC will take the upper/lower bound value if set value exceeds

the available range.

Data written in operand D will all be stored in 16-bit format. When data length is less than 16,

the null bits are fixed as 0, e.g. if n = K8, bit 0~7 will be set according to compare results, and
bit 8~15 will all be 0.

Program example:
When MO = ON, compare the 16-bit value in DO~D7 with D20~D27 and store the results in D100.

MO

—— CMPT DO D20 K8 D100
o Content in DO~D7:

No. DO D1 D2 D3 D4 D5 D6 D7
Value K10 K20 K30 K40 K50 K60 K70 K80
. Content in D20~D27:

No. D20 D21 D22 D23 D24 D25 D26 D27
Value K12 K20 K33 K44 K50 K66 K70 K88

*  After the comparison of CMPT instruction, the associated bit will be 1 if two devices have

the same value, and other bits will all be 0. Therefore the results in D100 will be as below:

Bit0

Bit1

Bit2

Bit3

Bit4

Bit5

Bit6

Bit7

Bit8~15

D100

0

1

0

0

1

0

1

0

0...0

H0052

(K82)
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API || Mnemonic Operands Function
: Controllers
206 ASDRW @@@ Q/SV\[/)A servo drive ES2/EX2
Type | Bit Devices Word devices Program Steps
OoP X|Y|M|S|K|H|KnX|[KnY|[KNnMKnS| T |C |D | E | F |ASDRW: 7 steps
S1 * * *
Sz * * *
S *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S;: Address of servo drive (KO~K254)

Explanations:

S,: Function code

S: Register for read/written data

1. ASDRW communication instruction supports COM2 (RS-485) and COM3 (RS-485)

2.

not receive feedback data.

S,: function code. Please refer to the table below.

S;: station number of servo drive. Range: KO~K254. KO indicates broadcasting, i.e. PLC will

S: Register for read/written data. Please refer to the table below for explanations.

Explanations of function code:

Exclusively for ASDA of A-type, AB type, A+ type, B type
Code Function Parameter Com. Addr. Read/Write data (Settings)
KO(HO) |Status monitor P0-04 ~ P0-08/0004H ~ 0008H |S+0 ~ S+4: Please refer to
explanations in ASDA
manuals.
K1(H1) |Block Data Read |P0-09 ~ P0-16|0009H ~ 0010H |S+0 ~ S+7: Please refer to
Register explanations in ASDA
manuals. B Type is not
supported.
K2(H2) |Block Data Write |P0-09 ~ P0-16|0009H ~ 0010H |S+0 ~ S+7: Please refer to
Register explanations in ASDA
manuals. B Type is not
supported.
K3(H3) |JOG Operation P4-05 0405H S: Range: 1~3000, 4999, 4998,
5000
K4(H4) |Servo ON/OFF P2-30 021EH S: K1 =ON, Others = OFF
K5(H5) [Speed Command |P1-09 ~P1-11|0109H ~ 010BH [S+0 ~ S+2: Range:
(3 sets) -5000~+5000
K6(H6) |Torque Command |P1-12 ~ P1-14|010CH ~ 010EH |S+0 ~ S+2: Range:
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(3 sets) -300~+300
For A2-type only
Code Function Parameter Com. Addr. Read/Write data (Settings)
K16(H10)|Status monitor P0-09 ~ P0-13|0012H ~ 001BH [S+0 ~ S+9: Please refer to
(Read) explanations in ASDA-A2
manual.
K17(H11)|Status monitor P0-17 ~ P0-21|0022H ~ 002BH |S+0 ~ S+9: Please refer to
selection (Write) explanations in ASDA-A2
manual.
K18(H12)|Mapping P0-25 ~ P0-32|0032H ~ 0041H |S+0 ~ S+15: Please refer to
parameter (Write) explanations in ASDA-A2
manual.
K19(H13)|JOG Operation |P4-05 040AH S: Range:
1~5000, 4999, 4998, 0
K20(H14)|Auxiliary Function |P2-30 023CH S: K1 = ON, Others = OFF
(Servo ON/OFF)
K21(H15)|Speed Command [P1-09 ~ P1-11 |0112H ~ 0117H |S+0 ~ S+5: Range:
(3 sets) -60000~+60000
K22(H16)|Torque Command |P1-12 ~ P1-14|0118H ~ 011DH |S+0 ~ S+5: Range: -300~+300
(3 sets)
K23(H17)|Block Data Read /|P0-35 ~ P0-42 |0046H~ 0055H |S+0 ~ S+15: Please refer to
Write Register explanations in ASDA-A2
(for mapping manual.
parameter )

6. Forrelative M flags and special D registers, please refer to explanations of APl 80 RS

instruction.

Program example 1: COM2 (RS-485)

1. When X0 = ON, PLC will send out communication commands by COM2 to read status of servo
drive.

2. When PLC received the feedback data from ASDA, M1127 will be active and the read data will
be stored in DO~D4.
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M

1E
-

N
RN

o
o
N

—| MOV | H87 |D1120| Set communication protocol as 9600,8,E,1

—| SET |M1120| Retain communication setting

MOV K100 D1129 Set time-out value as 100ms

—| RST | M1143 | Set up in ASCII mode —| SET | M1143 | Set up in RTU mode

_|);(|)_| SET |M1122| Sending request
I ——TJasorn | ®1 | k0 | o0 |

Data Register

Function Code: KO
Monitor ASDA status
ASDA address: K1

27

I——| Processing received data |

ASCII mode: Store the received data into specified registers DO~D4 in Hex

RTU mode : Store the received data into specified registers DO~D4 in Hex

—| RST | M1127 | Reset communication completed flag M1127

Program example 2: COM3(RS-485)

1.

<
-0

When MO = ON, PLC will send out communication commands by COM3 to read status of
servo drive.

When PLC received the feedback data from ASDA, M1318 will be active and the read data will
be stored in DO~D4.

02

MOV H87 D1109 Set communication protocol as 9600,8,E,1

—| SET | M1136| Retain communication setting

—| MOV | K100 | D1252| Set reveiving time-out as 100ms

RST M1320 | Setup in ASCII mode — SET M1320 Setup in RTU mode

—|T|—| SET |M1316| Sending request
— ——{AsDbRrw K1 KO DO

Data Register

Function Code: KO
Monitor ASDA status
ASDA address: K1

—] |——| Processing received data |

ASCII mode: Store the received data into specified registers DO~D4 in Hex
RTU mode : Store the received data into specified registers DO~D4 in Hex

RST M1318 Reset communication completed flag M1318
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Points to note:

Relative flags and special D registers of COM2/COM3 :

COM2 COM3 Function Description
M1120 M1136 Retain communication setting
Protocol | M1143 | M1320 | ASCII/RTU mode selection
setting D1120 D1109 Communication protocol
D1121 D1255 PLC communication address
Sending | M1122 M1316 Sending request
request D1129 D1252 Communication timeout setting (ms)
Receiving
completed M1127 | M1318 Data receiving completed
- M1319 Data receiving error
- D1253 Communication error code
M1129 - Communication timeout setting (ms)
M1140 ) COM2 (RS-485) MODRD/MODWR/MODRW
Errors data receiving error
MODRD/MODWR/MODRW parameter error
M1141 - (Exception Code exists in received data)
Exception Code is stored in D1130
D1130 ) COM2 (RS-485) Error code (exception code)
returning from Modbus communication
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API || Mnemonic Operands Function
Satch T and Controllers
ailch speed an ES2 / EX2
207 CSFO S G D proportional output
Type| Bit Devices Word devices Program Steps
OP X|Y|M|S|K|H|KnX|KnNY[KnM|IKnS| T |C |D |E|F |CSFO: 7 steps
Sy *
S, *
S *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S: Source device of signal input (Only X0~X3 are available) S;: Sample time setting and the

input speed information D: Output proportion setting and output speed information

Explanations:

1.

When S specifies X0, PLC only uses X0 input point and its associated high speed pulse output:
YO0, in this case Y1 is normal output point. When S specifies X1, PLC uses X0 (A phase) and
X1 (B phase) input points and their associated output: YO (Pulse) / Y1 (Dir). When S specifies
X2, PLC only uses X2 input point and its associated high speed pulse output: Y2, in this case
Y3 is normal output point. When S specifies X3, PLC uses X2 (A phase) and X3 (B phase)
input points and their associated output: Y2 (Pulse) / Y3 (Dir).

The execution of CSFO requires hardware high speed counter function as well as the high
speed output function. Therefore, when program scan proceeds to CSFO instruction with high
speed counter input points (X0, X1) or (X2, X3) enabled by DCNT instruction, or high speed
pulse outputs (YO, Y1) or (Y2, Y3) enabled by other high speed output instructions, CSFO
instruction will not be activated.

If S specifies X1 / X3 with 2-phase 2 inputs, the counting mode is fixed as 4-times frequency.
During pulse output process of Y0 or Y2, special registers (D1031, D1330/ D1337, D1336)
storing the current number of output pulses will be updated when program scan proceeds to
this instruction.

S; occupies consecutive 4 16-bit registers. S; +0 specifies the sample time, i.e. when S; +0
specifies K1, PLC catches the speed every time when 1 pulse is outputted. Valid range for S;
+0 in 1-phase 1-input mode: K1~K100, and 2-phase 2-input mode: K2~K100. If the specified
value exceeds the valid range, PLC will take the lower/upper bound value as the set value.
Sample time can be changed during PLC operation, however the modified value will take
effect until program scan proceeds to this instruction. S;+1 indicates the latest speed sampled
by PLC (Read-only). Unit: 1Hz. Valid range: +10kHz. S;+2 and S;+3 indicate the accumulated
number of pulses in 32-bit data (Read-only).

S; +0 specifies the sample time. The set value of sample time is suggested to be bigger when

the input speed increases, so as to achieve a higher accuracy for speed catching. For example,
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set S; +0 as K1 for the speed range 1Hz~1KHz, K10 for the speed range 10Hz~10KHz, K100
for the speed range 100Hz~10KHz.

D occupies consecutive 3 16-bit registers. D +0 specifies the output proportion value. Valid
range: K1 (1%) ~ K10000 (10000%). If the specified value exceeds the valid range, PLC will
take the lower/upper bound value as the set value. Output proportion can be changed during
PLC operation, however the modified value will take effect until program scan proceeds to this
instruction. D+2 and D+1 indicates the output speed in 32-bit data. Unit: 1Hz. Valid range:
+100kHz.

The speed sampled by PLC will be multiplied with the output proportion D+0, then PLC will
generate the actual output speed. PLC will take the integer of the calculated value, i.e. if the
calculated result is smaller than 1Hz, PLC will output with OHz. For example, input speed:
10Hz, output proportion: K5 (5%), then the calculation result will be 10 x 0.05 = 0.5Hz. Pulse
output will be OHz; if output proportion is modified as K15 (15%), then the calculation result will

be 10 x 0.15 = 1.5Hz. Pulse output will be 1Hz.

@ Program Example:

1.

If DO is set as K2, D10 is set as K100:

When the sampled speed on (X0, X1) is +10Hz (D1 = K10), (YO, Y1) will output pulses with
+10Hz (D12, D11 = K10); When the sampled speed is -10Hz (D1 = K-10), (YO, Y1) will output
pulses with -10Hz (D12, D11 = K-10)

If DO is set as K2, D10 is set as K1000:

When the sampled speed on (X0, X1) is +10Hz (D1 = K10), (YO, Y1) will output pulses with
+100Hz (D12, D11 = K100); When the sampled speed is -100Hz (D1 = K-100), (YO, Y1) will
output pulses with -100Hz (D12, D11 = K-100)

If DO is set as K10, D10 is set as K10:

When the sampled speed on (X0, X1) is +10Hz (D1 = K10), (YO, Y1) will output pulses with
+1Hz (D12, D11 = K1); When the sampled speed is -10Hz (D1 = K-10), (YO0, Y1) will output
pulses with -1Hz (D12, D11 = K-1)

MO
——-/ CSFO X1 DO D10
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API Mnemonic Operands Function
Controllers
22115; D| LD# (8D (82 | Contact Type Logic Operation ES2/EX2
Type | Bit Devices Word devices Program Steps
OP X|Y|M|S|K|H|KnX|KnNY|[KnM|KnS| T |C |D | E | F |LD#: 5 steps
S1 * * * * * * * * * * * DLD# g Steps
82 * * * * * * * * * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S;: Source device 1 S,: Source device 2

Explanations:

1. This instruction conducts logic operation between the content in S; and S,. If the result is not
“0”, the continuity of the instruction is enabled. If the result is “0”, the continuity of the
instruction is disabled.

2. LD# #: &, |, ") instruction is used for direct connection with Left bus bar.

API No. . 16 -bi_t . 32 -bi_t Contipgity Disconf[i'nuity
instruction instruction condition condition
215 LD& DLD& S1 & S,;#0 S1 & S,=0
216 LD| DLD| S1]S,#0 S1]S,=0
217 LD? DLD? S; A S,#0 S;17S,=0
3.  Operation:
& : Logic “AND” operation, | : Logic “OR” operation, * : Logic “XOR” operation
4.  When 32-bit counters (C200 ~ C254) are used in this instruction, make sure to adopt 32-bit

instruction (DLD#). If 16-bit instruction (LD#) is adopted, a “program error” will occur and the
ERROR indicator on the MPU panel will flash.

Program Example:
When the result of logical AND operation between C0 and C10 # 0, Y20 = ON.
When the result of logical OR operation between D200 and D300 # 0 and X1 = ON, Y21 = ON

1.
2.

and latched.
LD & (010] C10
X1
LD | D200 D300 —|

SET

Y21
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API Mnemonic Operands Function Controllers
221280~ D| AND# (D (82 | Serial Type Logic Operation ES2/EX2
Type | Bit Devices Word devices Program Steps
OoP XY |M|S|K|H[KNXKnY|KnMKnS| T | C |D | E|F | AND#: 5 steps
S1 * * * * * * * * * * * DAND#: 9 Steps
SZ * * * * * * * * * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

Si: Source device 1 S,: Source device 2

Explanation:

1. This instruction conducts logic operation between the content in S; and S,. If the result is not
“0”, the continuity of the instruction is enabled. If the result is “0”, the continuity of the
instruction is disabled.

AND# (#: &, |, *) instruction is used for serial connection with contacts.

@2.

16 -bit 32 -bit Continuity Discontinuity
API No. : , : , " .
instruction instruction condition condition
218 AND& DAND& S; & S,#0 S;&S,=0
219 AND| DAND| S;|S,#0 S:|S,=0
220 ANDA DANDA S; MS,#0 S;7S,=0
3.  Operation:

& : Logic “AND” operation, | : Logic “OR” operation, * : Logic “XOR” operation

4.  When 32-bit counters (C200 ~ C254) are used in this instruction, make sure to adopt 32-bit
instruction (DAND#). If 16-bit instruction (AND#) is adopted, a “program error” will occur and
the ERROR indicator on the MPU panel will flash

Program Example:
1. When X0 = ON, and the result of logical AND operation between C0O and C10 # 0, Y20 = ON
2. When X1 = OFF, and the result of logical OR operation between D10 and DO # 0, Y21 = ON

and latched

X0

|—| AND&| co |c10
” L [ser [ var |

AND|| D10| DO
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API Mnemonic Operands Function
Controllers
222213~ D| OR# (D (82 | Parallel Type Logic Operation ES2/EX2
Type | Bit Devices Word devices Program Steps
OP X|Y|M|S|K|H|[KnX|KnNYI[KNnM|KnS| T |C |D | E | F |OR#: 5 steps
S1 * * * * * * * * * * * DOR# 9 Steps
82 * * * * * * * * * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S;: Source device 1 S,: Source device 2

Explanation:

1. This instruction conducts logic operation between the contentin S; and S,. If the result is not
“0”, the continuity of the instruction is enabled. If the result is “0”, the continuity of the
instruction is disabled.

2.  OR# (#: &, |, ") instruction is used for parallel connection with contacts.

16 -bit 32 -bit Continuity Discontinuity
API No. . . . . " "
instruction instruction condition condition
221 OR& DOR& S;&S,#0 S; &S,=0
222 OR| DOR| S:]S,#0 S;11S,=0
223 ORA DORA S MS,#0 S;1S,=0
3.  Operation:

& : Logic “AND” operation, | : Logic “OR” operation, * : Logic “XOR” operation

4.  When 32-bit counters (C200 ~ C254) are used in this instruction, make sure to adopt 32-bit
instruction (DOR#). If 16-bit instruction (OR#) is adopted, a “program error” will occur and the
ERROR indicator on the MPU panel will flash

Program Example:
M60 will be ON either when both X2 and M30 are “ON”, or 1: the result of logical OR operation
between D10 and D20 # 0, or 2: the result of logical XOR operation between CD100 and D200 # 0.

X2 M30
— | {1 M60
—{ OR | | D10 | D20

— OR

D100 | D200
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API Mnemonic Operands Function
Controllers
222;(; D| LD (D (82 | Contact Type Comparison ES2/EX2
Type | Bit Devices Word devices Program Steps
OP X|1Y|M|S|K|HKNXKnY|KnMIKnS| T |C |D |E|F |LD: 5 steps
81 * * * * * * * * * * * DLD>:< 9 steps
Sz * * * * * * * * * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S;: Source device 1 S,: Source device 2

Explanations:

1.

This instruction compares the content in S; and S,. Take API224 (LD=) for example, if the
result is “=", the continuity of the instruction is enabled. If the result is “#”, the continuity of the
instruction is disabled.

LD (c%: =, >, <, <>, <, 2) instruction is used for direct connection with left hand bus bar.

API No. _ 16 -bi_t _ 32 -bi_t Contin_uity Disconj[i_nuity
instruction instruction condition condition
224 LD= DLD= S1=S; S1#S;
225 LD > DLD > S1>S; S1=S;
226 LD < DLD < S1<S; S$1=S;
228 LD<> DLD < > S1#S; S$,=S;
229 LD< = DLD< = S1=S; S1>S;
230 LD>= DLD > = S1=S; S1<S;

When the MSB (16-bit instruction: b15, 32-bit instruction: b31) of S; and S, is 1, the
comparison value will be viewed as a negative value in comparison.

When 32-bit counters (C200 ~ C254) are used in this instruction, make sure to adopt 32-bit
instruction (DLD ). If 16-bit instruction (LD:%) is adopted, a “program error” will occur and the

ERROR indicator on the MPU panel will flash.

Program Example:

1.
2.

When the content in C10 = K200, Y20 = ON.
When the content in D200 > K-30 and X1 = ON, Y21 = ON and latched.

O R T
|_D<=| D200| K-30 |—)1<1|—| SET | Y21 |
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API Mnemonic Operands Function
Controllers
223328~ D| AND:% D (S | Serial Type Comparison ES2/EX2
Type | Bit Devices Word devices Program Steps
OP X|Y[|M]|S|K KnX|KnY|[KNnM|KnS| T |C | D F |AND:%: 5 steps
S i S I I R ol Bl e " |DAND:%: 9 steps
82 * * * * * * * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S;: Source device 1

Explanations:

S,: Source device 2

1. This instruction compares the contentin S; and S,. Take API1232 (AND =) for example, if the

result is “=", the continuity of the instruction is enabled. If the result is “#”, the continuity of the

instruction is disabled

2. AND:x (%: &, |, #) instruction is used for serial connection with contacts.

API No. _ 16 -bi_t _ 32 -bi_t Contil_'l_uity Discon_ti_nuity
instruction instruction condition condition
232 AND = DAND = S1=S; S1#S;
233 AND > DAND > S:1>S; S1=S;
234 AND < DAND < S1<S; S$1=S;
236 AND < > DAND < > S1#S; S$:=S,
237 AND < = DAND < = S1=S; S1>S;
238 AND > = DAND > = S1=S; S1<S;

3. When the MSB (16-bit instruction: b15, 32-bit instruction: b31) of S; and S, is 1, the

comparison value will be viewed as a negative value in comparison.
4.  When 32-bit counters (C200 ~ C254) are used in this instruction, make sure to adopt 32-bit

instruction (DAND ). If 16-bit instruction (AND %) is adopted, a “program error” will occur and

the ERROR indicator on the MPU panel will flash.

Program Example:
1. When X0 = ON, and the content in C10 = K200, Y20 = ON
2.  When X1 = OFF and the content in DO # K-10, Y21= ON and latched.

X0

X

AND<> K-10

DO

— Anp= | K200 | c10
]

SET

Y21
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API Mnemonic Operands Function
Controllers
2;40(; D| OR: D (S | Parallel Type Comparison ES2/EX2
Type | Bit Devices Word devices Program Steps
OoP X|Y|M|S|K|H[KnX|[KnY|KnM|KnS| T|C|D|E|F |OR:%:5 steps
81 * * * * * * * * * * * DOR%: 9 steps
82 * * * * * * * * * * *
PULSE 16-bit 32-bit
ES2/EX2 ES2/EX2 ES2/EX2
Operands:

S;: Source device 1 S,: Source device 2

Explanations:

1. This instruction compares the contentin S; and S,. Take API1240 (OR =) for example, if the
result is “=", the continuity of the instruction is enabled. If the result is “#”, the continuity of the
instruction is disabled

2. OR3x (3%¢: &, |, ) instruction is used for parallel connection with contacts.

API No. _ 16-bit_ _ 32-bi'F Contingity Disconfci_nuity
instruction instruction condition condition
240 OR= DOR= S;=S; S1#S;
241 OR> DOR > S;>S; S1=S,
242 OR< DOR< S$:1<S; S$1=S;
244 OR<> DOR< > S1#S; S$,=S;
245 OR< = DOR< = S1=S; S1>S;
246 OR> = DOR> = S$:1=S, S:<S;

3.  When the MSB (16-bit instruction: b15, 32-bit instruction: b31) of S; and S, is 1, the
comparison value will be viewed as a negative value in comparison..

4.  When 32-bit counters (C200 ~ C254) are used in this instruction, make sure to adopt 32-bit
instruction (DOR ). If 16-bit instruction (OR ) is adopted, a “program error” will occur and

the ERROR indicator on the MPU panel will flash

Program Example:
M60 will be ON either when both X2 and M30 are “ON”, or when the content in 32-bit register D100

(D101) = K100,000

I 11 J M60
DOR>= D100 | K100000
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Communications

This chapter introduces information regarding the communications ports of the PLC.
Through this chapter, users can obtain a full understanding about PLC communication ports.
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4.1 Communication Ports

All models of DVP-ES2 offer 3 COM (communication) ports. COM ports of ES2 support DELTA Q-link
communication format on HMI. Refresh rate of HMI can be increased by this function.

COM1: RS-232 communication port. COM1 can be used as master or slave and is the major COM port
for PLC programming.

COM2/COMS port: RS-485 communication port. COM2/COM3 can be used as master or slave.

Both 3 COM ports support Modbus ASCII or RTU communication format..

Communication Frame:

COM RS-232 RS-485 RS-485
Parameter (CoM1) (COM2) (COM3)
Baud rate 110~115200 bps 110~921,000 bps
Data length 7~8bits
Parity Even/Odd/None parity check
Stop bits length 1~2 bits
Setting D1036 D1120 D1109
ASCII mode Available for both Master/Slave
RTU mode Available for both Master/Slave
E:‘St%: I”e)ngth for access 100 registers
(DF?'It'EEJ ;ength for access 100 registers

Default communication settings for all COM ports:
— Modbus ASCII
— 7 data bits
— 1 stop bit
— Even parity

— 9600 baud
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4.2 Communication Protocol ASCIl mode

Communication Data Structure
9600 (Baud rate), 7 (data bits), Even (Parity), 1 (Start bit), 1 (Stop bit)

Field name Content Explanation
Start bit STX Start bit ' (3AH)
icati ADR 1

Communication Address consists of 2 ASCII codes

address ADR 0
CMD 1 i

Command code Command code consists of 2 ASCII
CMD 0 codes
DATA (0)

Data DATA (1) Data content consist of 2n ASCII codes,
.......... n<205
DATA (n-1)
LRC CHK 1 )

LRC checksum LRC checksum consists of 2 ASCII codes
LRC CHK O
END1 Stop bit consists of 2 ASCII codes

Stop bit END1 = CR (ODH),
ENDO ENDO = LF (0AH)

Corresponding table for Hexadecimal value and ASCII codes

ASCII “0* “1¢ “2" “3* “4¢ “5¢ “6" “r
Hex 30H 31H 32H 33H 34H 35H 36H 37H
ASCII “8" “ot “A “B* “C* “D* “E* “F
Hex 38H 39H 41H 42H 43H 44H 45H 46H

4.2.1 ADR (Communication Address)

Valid communication addresses are in the range of 0~254. Communication address equals to 0 means
broadcast to all PLCs. PLC will not respond to a broadcast message. PLC will reply a normal message
to the master device when communication address is not 0.

Example, ASCII codes for communication address 16 in Decimal. (16 in Decimal = 10 in Hex)
(ADR 1, ADR 0)="1"0'='1'=31H, ‘0’ = 30H
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4.2.2 CMD (Command code) and DATA
The content of access data depends on the command code.

Available setting for command code:

CMD(Hex) Explanation Device
01 (01 H) | Read status of contact S, Y,MTC

02 (02 H) | Read status of contact S, X, Y, MT,C

03 (03 H) | Read content of register T,C,D

05 (04 H) | Force ON/OFF single contact S, Y,MTC

06 (06 H) | Set content of single register T,C,D

15 (OF H) | Force ON/OFF multiple contacts SSY,M,TC

16 (10 H) | Set content of multiple registers T,C,D

17 (11 H) | Retrieve information of Slave None

257 1) | Sutsneoys dts eI 0| e

Example: Read devices T20~T27 (address: H0614~H61B) from Slave ID#01(station number)

PC—PLC
“:01 03 06 14 00 08 DACR LF”
Sent massage:

Field name ASCII Hex
STX : 3A
Slave Address 01 3031
Command code 03 3033
Starting Address High 06 30 36
Starting Address Low 14 3134
Number of Points High 00 30 30
Number of Points Low 08 30 38
LRC checksum DA 44 41
END CRLF 0D OA

PLC—PC
“:01 03 1000 01 00 02 00 03 00 04 00 05 00 06 00 07 00 08 C8 CR LF”
Responded massage:

Field name ASCII Hex
STX : 3A
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4.2.3

Field name ASCII Hex
Slave Address 01 3031
Command code 03 3033
Bytes Count 10 3130
Data Hi (T20) 00 30 30
Data Lo (T20) 01 3031
Data Hi (T21) 00 30 30
Data Lo (T21) 02 30 32
Data Hi (T22) 00 30 30
Data Lo (T22) 03 30 33
Data Hi (T23) 00 30 30
Data Lo (T23) 04 30 34
Data Hi (T24) 00 3030
Data Lo (T24) 05 3035
Data Hi (T25) 00 3030
Data Lo (T25) 06 30 36
Data Hi (T26) 00 30 30
Data Lo (T26) 07 30 37
Data Hi (T27) 00 30 30
Data Lo (T27) 08 30 38
Check sum(LRC) c8 43 38
END CRLF 0D 0A

LRC CHK (checksum)

LRC (Longitudinal Redundancy Check) is calculated by summing up the Hex values from ADR1 to last

data character then finding the 2’s-complement negation of the sum.

Example: Read the content of register at address 0401H. 01H+03H+04H+01H+00+01H = OAH.

The 2's-complement of 0AH: F6H

Field name ASCII Hex
STX 3A
Slave Address 01 3031
Command code 03 3033
Starting data address Hi 04 30 34
Starting data address Lo 01 3031
Number of data Hi 00 30 30
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Field name ASCII Hex
Number of data Lo 01 3031
LRC checksum F6 46 36
END CRLF 0D OA

Exception response:

The PLC is expected to return a normal response after receiving command messages from the master
device. The following table depicts the conditions that either a no response or an error response is
replied to the master device.

1. The PLC did not receive a valid message due to a communication error; thus the PLC has no
response. The master device will eventually process a timeout condition.

2. The PLC receives a valid message without a communication error, but cannot accommodate it,
an exception response will return to the master device. In the exception response, the most
significant bit of the original command code is set to 1, and an exception code explaining the
condition that caused the exception is returned.

An example of exception response of command code 01H and exception 02H:
Sent message:

Field Name ASCII Hex
STX : 3A
Slave Address 01 3031
Command code 01 3031
Starting Address Hi 04 3034
Starting Address Lo 00 3030
Number of Points Hi 00 3030
Number of Points Lo 10 3130
Error Check (LRC) EA 45 41
END CRLF 0D OA

Feedback message:

Field Name ASCII Hex
STX : 3A
Slave Address 01 3031
Function 81 3831
Exception Code 02 30 32
Error Check (LRC) 7C 3743
END CRLF 0D OA
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Exceptl.on Explanation:
code:
01 lllegal command code:
The command code received in the command message is invalid for PLC.
02 lllegal device address:
The device address received in the command message is invalid for PLC.
03 lllegal device content:
The data received in the command message is invalid for PLC.
1. Checksum Error
- Check if the checksum is correct
07 2. lllegal command messages
- The command message is too short.
- Length command message is out of range.

4.3 Communication Protocol RTU mode

Communication Data Structure
9600 (Baud rate), 8 (data bits), EVEN (Parity), 1 (Start bit), 1 (Stop bit)

START No data input = 10 ms
Address Communication Address: the 8-bit binary address
Command code Command Code: the 8-bit binary address
DATA (n-1)
Data Contents:
"""" n x 8-bit BIN data, n=202
DATAO
CRC CHK Low CRC Checksum:
CRC CHK High The 16-bit CRC checksum is composed of 2 8-bit binary codes
END No data input = 10 ms

4.3.1 Address (Communication Address)

Valid communication addresses are in the range of 0~254. Communication address equals to 0 means
broadcast to all PLCs. PLC will not respond to a broadcast message. PLC will reply a normal message
to the master device when communication address is not 0.

Example, communication address should be set to 10 (Hex) when communicating with a PLC with

address 16 (Dec) (16 in Decimal = 10 in Hex)
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4.3.2 CMD (Command code) and DATA

The content of access data depends on the command code. For descriptions of available command
codes, please refer to 4.2.2 in this chapter.

Example: read consecutive 8 words from address 0614H~H61B (T20~T27) of PLC Slave ID#1.
PC—PLC

“01 03 06 14 00 08 04 80"

Sent message:

Field Name Example (Hex)
START No data input = 10 ms
Slave Address 01
Command code 03
) 06
Starting Address
14
00
Number of Points
08
CRC CHK Low 04
CRC CHK High 80
END No data input = 10 ms

PLC—PC
“01 0310000100 02 00 03 00 04 000500060007 0008 7298"

Feedback message:

Field Name Example (Hex)
START No data input = 10 ms
Slave Address 01
Command code 03
Bytes Count 10
Data Hi (T20) 00
Data Lo (T20) 01
Data Hi (T21) 00
Data Lo (T21) 02
Data Hi (T22) 00
Data Lo (T22) 03
Data Hi (T23) 00
Data Lo (T23) 04
Data Hi (T24) 00
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Field Name Example (Hex)
Data Lo (T24) 05
Data Hi (T25) 00
Data Lo (T25) 06
Data Hi (T26) 00
Data Lo (T26) 07
Data Hi (T27) 00
Data Lo (T27) 08
CRC CHK Low 72
CRC CHK High 98
END No data input = 10 ms

4.3.3 CRC CHK (check sum)

The CRC Check starts from “Slave Address” and ends in “The last data content.” Calculation of CRC:
Step 1: Set the 16-bit register (CRC register) = FFFFH. é{!]

Step 2: Operate XOR on the first 8-bit message (Address) and the lower 8 bits of CRC register. Store
the result in the CRC register

Step 3: Right shift CRC register for a bit and fill “0” into the highest bit.

Step 4: Check the lowest bit (bit 0) of the shifted value. If bit 0 is O, fill in the new value obtained at step
3 to CRC register; if bit 0 is NOT 0, operate XOR on A001H and the shifted value and store the result in
the CRC register.

Step 5: Repeat step 3 — 4 to finish all operation on all the 8 bits.

Step 6: Repeat step 2 — 5 until the operation of all the messages are completed. The final value
obtained in the CRC register is the CRC checksum. Care should be taken when placing the LOW byte
and HIGH byte of the obtained CRC checksum.

Calculation example of the CRC Check using the C language:
unsigned char* data < // index of the command message
unsigned char length < // length of the command message
unsigned int crc_chk(unsigned char* data, unsigned char length)
{

int j;

unsigned int reg_crc=0Xffff;

while(length--)
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reg_crc "= *data++;
for (j=0;j<8;j++)
{
If (reg_crc & 0x01) reg_crc=(reg_crc>>1) * 0Xa001; /* LSB(b0)=1 */

else reg_crc=reg_crc >>1;

}

return reg_crc; / the value that sent back to the CRC register finally

Exception response:

The PLC is expected to return a normal response after receiving command messages from the master
device. The following content depicts the conditions that either no response situation occurs or an error
response is replied to the master device.

1. The PLC did not receive a valid message due to a communication error; thus the PLC has no
response. In this case, condition of communication timeout has to be set up in the master device

2. The PLC receives a valid message without a communication error, but cannot accommodate it. In
this case, an exception response will return to the master device. In the exception response, the
most significant bit of the original command code is set to 1, and an exception code explaining
the condition that caused the exception is returned.

An example of exception response of command code 01H and exception 02H:
Sent message:

Field Name Example (Hex)
START No data input = 10 ms
Slave Address 01
Command code 01
) 04
Starting Address
00
00
Number of Points
10
CRC CHK Low 3C
CRC CHK High F6
END No data input = 10 ms
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Feedback message:

4.4

Field Name Example (Hex)

START No data input = 10 ms

Slave Address 01

Function 81

Exception Code 02

CRC CHK Low C1

CRC CHK High 91

END No data input = 10 ms

PLC Device Address

Device Range EI;ffectlve RangI;EeSZ '\,ggclijrzgss Address
S 000~255 000001~000256 0000~00FF
S 246~511 000257~000512 0100~01FF
s |512~767 000-127 00071023 - 0 00513-000768 | 0200-02FF
S 768~1023 000769~001024 0300~03FF
X 000~377 (Octal) 000~177 000~357 101025~101280 0400~04FF
Y 000~377 (Octal) 000~177 000~357 001281~001536 0500~05FF
T 000~255 bhit 000~127 000~255 001537~001792 0600~06FF
000~255 word 000~127 000~255 401537~401792 0600~06FF

M 000~255 0800~08FF
M 256~511 0900~09FF
M 512~767 OAOO~OAFF
M 768~1023 002049-003584 0BO0O~0BFF
M 1024~1279 0CO00~0CFF
M 1280~1535 0DO0~0ODFF
M 1536~1791 BOOO~BOFF
M 1792~2047 B100~B1FF
M | 2048~2303 0000~1279 ) 0000~4095 B200~B2FF
M 2304~2559 B300~B3FF
M 2560~2815 B400~B4FF
M 2816~3071 045057-047616 B500~B5FF
M 3072~3327 B600~B6FF
M 3328~3583 B700~B7FF
M 3584~3839 B800~B8FF
M 3840~4095 B900~B9FF
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Device Range Eiffectlve Ran?;sz '\,g\golljrigss Address
000~190 (L6-bit) 000~127 000~199 003585~003784 | OEO0~OEC7?
000~127 000~199 403585~403784 | OE00~OEC7?
C 235~255 200~255 003785~003840 | OEC8~0EFF
200~255 (32-bit) 35255 200255 401793~40190:_4, 0700~076F
(Odd address valid)
D |000~255 1000~10FF
D 256~511 000~599 1100~11FF
D |512~767 1000~1143 0000~1279 404097~405376 | 1200~12FF
D |768~1023 1256~1311 1300~13FF
D |1024~1279 1400~14FF
D |1280~1535 1500~15FF
D |1536~1791 1600~16FF
D |1792~2047 1700~17FF
D |2048~2303 1800~18FF
D | 2304~2559 1900~19FF
D |2560~2815 405377~408192 | 1A00~1AFF
D |2816~3071 1B00~1BFF
D |3072~3327 1C00~1CFF
D |3328~3583 1D00~1DFF
D | 3584~3839 1E00~1EFF
D | 3840~4095 1FO0~1FFF
D |4096~4351 9000~90FF
D | 4352~4999 9100~91FF
D |4608~4863 None 1280~9999 9200~92FF
D | 4864~5119 9300~93FF
D |5120~5375 9400~94FF
D |5376~5631 9500~95FF
D |5632~5887 9600~96FF
D |5888~6143 9700~97FF
436865~440960
D |6144~6399 9800~98FF
D | 6400~6655 9900~99FF
D |6656~6911 9A00~9AFF
D |6912~7167 9B00~9BFF
D |7168~7423 9C00~9CFF
D | 7424~7679 9D00~9DFF
D |7680~7935 9E00~9EFF
D |7936~8191 9F00~9FFF
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Device Range Elszectlve RangEeSZ '\,ggclijrzgss Address
D 8192~8447 AO0O0~AOQOFF
D 8448~8703 A100~AlFF
D 8704~8959 A200~A2FF
D 8960~9215 A300~A3FF
None 1280~9999 440961~443008
D 9216~9471 A400~A4FF
D 9472~9727 A500~A5FF
D 9728~9983 A600~A6FF
D 9984~9999 A700~A70F
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45 Command Code
451 Command Code: 01, Read Status of Contact (Input point X is not included)

Number of Points (max) = 255 (Dec) = FF (Hex)
Example : Read contacts T20~T56 from Slave ID#1
PC—PLC “:01 01 06 14 00 25 BF CR LF”

Sent message:

Field Name ASCII
STX 3A (Hex)
Slave Address 01
Command code 01
Starting Address Hi 06
Starting Address Lo 14
Number of Points Hi 00
Number of Points Lo 25
Error Check (LRC) BF
ETX 1 0D (Hex)
ETX 0 0A (Hex)

Assume Number of Points in sent message is n (Dec), quotient of n/8 is M and the remainder is N.
When N = 0, Bytes Count in feedback message will be M; when N+ 0, Bytes Count will be M+1.

PLC—PC *:01 01 05 CD 6B B2 OE 1B D6 CR LF”
Feedback message:

Field Name ASCII
STX 3A (Hex)
Slave Address 01
Command code 01
Bytes Count 05
Data (Coils T27...T20) CD
Data (Coils T35...T38) 6B
Data (Coils T43...T36) B2
Data (Coils T51...T44) OE
Data (Coils T56...T52) 1B
Error Check (LRC) E6
END 1 0D (Hex)
END 0 0A (Hex)
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4.5.2 Command Code: 02, Read Status of Contact (Input point X is included)

Example: Read status of contact Y024~YQ70 from Slave ID#01
PC—PLC “: 01 02 05 14 00 25 BF CR LF”

Sent message:

Field Name ASCII

STX 3A (Hex)
Slave Address 01
Command code 02
Starting Address Hi 05
Starting Address Lo 14
Number of Points Hi 00
Number of Points Lo 25
Error Check (LRC) BF
END 1 0D (Hex)
END 0 0A (Hex) 4

Assume Number of Points in sent message is n (Dec), quotient of n/8 is M and the remainder is N.
When N = 0, Bytes Count in feedback message will be M; when N+ 0, Bytes Count will be M+1.

PLC—PC *: 01 01 05 CD 6B B2 OE 1B E5 CR LF”
Feedback message:

Field Name ASCII
STX 3A (Hex)
Slave Address 01
Command code 02
Bytes Count 05
Data (Coils Y033...Y024) CD
Data (Coils Y043...Y034) 6B
Data (Coils Y053...Y044) B2
Data (Coils Y063...Y054) OE
Data (Coils Y070...Y064) 1B
Error Check (LRC) E5
END 1 0D (Hex)
END 0 0A (Hex)

4-15



DVP-ES2 Operation Manual - Programming

4.5.3 Command Code: 03, Read Content of Register (T, C, D)

Example: Read coils T20~T27 from Slave ID#01
PC—PLC “: 01 03 06 14 00 08 DA CR LF"

Sent message:

Field Name ASCII

STX 3A (Hex)
Slave Address 01
Command code 03
Starting Address Hi 06
Starting Address Lo 14
Number of Points Hi 00
Number of Points Lo 08
Error Check (LRC) DA
END 1 0D

4 END O 0A (Hex)

PLC—PC
“:01 03 10 00 01 00 02 00 03 00 04 00 05 00 06 00 07 00 08 B8 CR LF”

Feedback message:

Field Name ASCII
STX 3A (Hex)
Slave Address 01
Command code 03
Bytes Count 10
Data Hi (T20) 00
Data Lo (T20) 01
Data Hi (T21) 00
Data Lo (T21) 02
Data Hi (T22) 00
Data Lo (T22) 03
Data Hi (T23) 00
Data Lo (T23) 04
Data Hi (T24) 00
Data Lo (T24) 05
Data Hi (T25) 00
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Field Name ASCII
Data Lo (T25) 06
Data Hi (T26) 00
Data Lo (T26) 07
Data Hi (T27) 00
Data Lo (T27) 08
Error Check (LRC) C8
END 1 0D (Hex)
END O 0A (Hex)

4.5.4 Command Code: 05, Force ON/OFF single contact

The Force data FFOO (Hex) indicates force ON the contact. The Force data 0000 (Hex) indicates force
OFF the contact. Also, When MMNN = 0xFFO00, the coil will be ON, when MMNN = 0x0000, the coil will

be OFF. Other force data is invalid and will not take any effect.

Example: Force coil YO ON

PC—PLC “: 01050500 FF 00 F6 CR LF”

Sent message:

Field Name ASCII
STX 3A (Hex)
Slave Address 01
Command code 05
Coil Address Hi 05
Coil Address Lo 00
Force Data Hi FF
Force Data Lo 00
Error Check (LRC) F6
END 1 0D (Hex)
END 0 0A (Hex)
PLC—PC *: 01050500 FF00F6CR LF”
Feedback message:
Field Name ASCII
STX 3A (Hex)
Slave Address 01
Command code 05
Coil Address Hi 05
Coil Address Lo 00

4

4-17



DVP-ES2 Operation Manual - Programming

Field Name ASCII
Force Data Hi FF
Force Data Lo 00
Error Check (LRC) F6
END 1 0D (Hex)
END 0 0A (Hex)

455 Command Code: 06, Set content of single register

Example: Set content of register TO: 12 34 (Hex)

PC—PLC *:0106 0600 12 34 AD CR LF”

Sent message:

Field Name ASCII
STX 3A (Hex)
Slave Address 01
Command code 06
Register Address Hi 06
Register Address Lo 00
Preset Data Hi 12
Preset Data Lo 34
Error Check (LRC) AD
END 1 0D (Hex)
END 0 0A (Hex)
PLC—PC * 01060600 1234 AD CR LF”
Feedback message:
Field Name ASCII
STX 3A (Hex)
Slave Address 01
Command code 06
Register TO Address Hi 06
Register TO Address Lo 00
Preset Data Hi 12
Preset Data Lo 34
Error Check (LRC) AD
END 1 0D (Hex)
END O 0A (Hex)
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45,6 Command Code: 15, Force ON/OFF multiple contacts

Max contacts/coils available for Force ON/OFF: 255
Example: Set Coil Y007...Y000 = 1100 1101, Y011...Y010 = 01.

PC—PLC “ 010FO0500000A02CDO0111CRLF"
Sent message:

Field Name ASCII
STX 3A (Hex)
Slave Address 01
Command code OF
Coil Address Hi 05
Coil Address Lo 00
Quantity of Coils Hi 00
Quantity of Coils Lo 0A
Byte Count 02
Force Data Hi CD
Force Data Lo 01
Error Check (LRC) 11
END 1 0D (Hex)
END O 0A (Hex)

PLC—PC “ 010F0500000AE1CRLF”
Feedback message:

Field Name ASCII
STX 3A (Hex)
Slave Address 01
Command code OF
Register TO Address Hi 05
Register TO Address Lo 00
Preset Data Hi 00
Preset Data Lo O0A
Error Check (LRC) El
END 1 0D (Hex)
END O 0A (Hex)
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4.5.7 Command Code: 16, Set content of multiple registers

Example: Set register TO to 00 0A, T1to 01 02 .

PC—PLC *“: 011006 00 0002 04 00 0A01 02 C6 CR LF”
Sent message:

Field Name ASCII
STX 3A (Hex)
Slave Address 01
Command code 10
Starting Address Hi 06
Starting Address Lo 00
Number of Register Hi 00
Number of Register Lo 02
Byte Count 04
Data Hi 00
Data Lo O0A
Data Hi 01
Data Lo 02
Error Check (LRC) C6
END 1 0D
END O 0A

PLC—PC *011006000002E7CRLF"
Feedback message:

Field Name ASCII
STX 3A
Slave Address 01
Command code 10
Starting Address Hi 06
Starting Address Lo 00
Number of Registers Hi 00
Number of Registers Lo 02
Error Check (LRC) E7
END 1 0D (Hex)
END 0 0A (Hex)
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This chapter provides information for programming in SFC mode.
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5.1 Step Ladder Instruction [STL], [RET]

Mnemonic| Operands Function Program steps Controllers
STL S0~S1023 Starts STL program 1 ES2 [ EX2
Explanation:

STL Sn constructs a step point. When STL instruction appears in the program, the main program will
enter a step ladder status controlled by steps. The initial STL program has to start from SO ~ S9 as

initial step points. The No. of Step points cannot be repeated.

Mnemonic| Operands Function Program steps Controllers
RET None Ends STL program 1 ES2 [ EX2
Explanation:

RET instruction indicates the end of a step ladder program starting from SO ~ S9, i.e. the execution
returns to main program after RET is executed. Maximum 10 initial steps (SO ~ S9) can be applied
and every initial step requires a RET instruction as an end of STL program. With the step ladder

program composed of STL/RET instructions, SFC can perform a step by step control process.

Program Example:

Step ladder diagram: SFC:
M1002

—||—4| ZRST | S0 | S127 | M1002_‘|‘_
SeT

S0 X0 X0 —|—
B e T

o S20
<S> - X1+

X1
_|

S30

B G of

S40 X3
8 G

)]
m
—
%}
w
o
0
w
o
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5.2 Sequential Function Chart (SFC)

In the application of automation control, a seamless combination between electrical control and
mechanical control is required for completing an automation process. The sequential control of
automation process can be divided into several steps (states). Each step is designated with own
action and the transition from one step to another generally requires some transition criteria
(condition). The action of the previous step finishes as long as all criteria is true. When next step
begins, the action of previous step will be cleared. The step-by-step transition process is the

concept for designing sequential function chart (SFC).

Features:

1. Users do not have to consider the sequential relationship SFC:

between outputs as general ladder logic because STL

operation process can execute multiple outputs or interlocked
outputs automatically. An easy sequential design between the X0 %
steps is the only thing required to control the machines. S21
o _ X1¥  x2 }
2. The actions in SFC are easy to understand. Also, it's easy to 522 S24
do a trial operation, error detecting or period maintenance. X3
3.  SFC functions as a flow chart. The STL operation works on
the internal step relay S, which is also the step points ik 2
representing each state in SFC. When current step is finished, 524
the program proceeds to the next step according to the Xssi_s
transition condition and the desired continuous control X6 $
purpose can be achieved by this process. S0

4.  Cycle process can be performed. Please refer to the SFC
opposite. Initial step SO transfers to general step S21 by
transition condition X0. S21 transfers to S22 or jumps to S24
by the condition X1 and X2. The process finally proceeds to
S25 then a single cycle process is completed when S25

returns to SO with transition condition X6 fulfilled.

Explanation on SFC Toolbar Icons in Ladder Editor (WPLSoft)

Ladder diagram mode. The icon inserts general ladder diagram before the STL

,_
Mz
o

diagram, usually the instructions for initializing the STL program.
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= Initial step in SFC. SO ~ S9.are applicable
Fz General step. S10 ~ S1023 are applicable.
Step jump. Used for a step to jump to another non-adjacent step. (Jumping
- up/down to non-adjacent steps in the same sequence, returning to initial step, or
jumping among different sequences.)
5= Transition condition. The transition condition to move between each step point.
Alternative divergence. Alternative divergence is used for a step point to
+—
FE transfer to different corresponding step points by different transition conditions.
pus Alternative convergence. Alternative convergence is used for two step points or
F7 . . .. ..
more to transfer to the same step point according to transition condition.
s Simultaneous divergence. Simultaneous divergence is used for a step point to
F& . . ..
transfer to two step points or more by the same transition condition.
Simultaneous convergence. Simultaneous convergence is used for two step
Fa points or more to transfer to the same step point with the same transition
condition when multiple conditions are fulfilled at the same time.
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5.3 The Operation of STL Program

Step ladder diagram (STL) is a programming method for users to write a program which functions
similar to SFC. STL provides PLC program designers a more readable and clear programming
method as drawing a flow chart. The sequences or steps in the below SFC is quite understandable

and can be translated into the ladder diagram opposite.

STL program starts with STL instruction and ends with RET instruction. STL Sn constructs a step
point. When STL instruction appears in the program, the main program will enter a step ladder
status controlled by steps. RET instruction indicates the end of a step ladder program starting from

initial steps SO ~ S9 and every initial step requires a RET instruction as an end of STL program.

If there is no RET instruction at the end of a step sequence, errors will be detected by WPLSoft.

> M1002 M1002
vy primarypulse | 4y | gg7 )
S0 S0
—S)>——— SET | s21
T ) s
S21 —(S>——— SET | S22
Y _?22
S)>——— SET S23
S22
S23
, GO
S23
RET

Actions of Step Points:

STL program is composed of many step points, and each step point represents a single task in the
STL control process. To perform a sequential control result, every step point needs to do 3 actions.
1.  Drive output coils

2. Designate the transition condition

3. Designate which step will take over the control from the current step
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Example:

\/
TN
SET Y1
X0
1 — SET | Ss20
S20
S Y20
X1
L }—— SET S30
Explanation:

When S10 = ON, Y0 and Y1 will be ON. When X0 = ON, S20 will be ON and Y20 will be ON. When
S10 = OFF, YO will be OFF but Y1 will still be ON (SET instruction is applied on Y1, so Y1 will be ON

and latched.)

Timing Diagram of STL Transition:

When step point Sn is ON, the following output circuit will be activated. When Sn = OFF, the

=)

When X0 = ON,
S20 = ON,
S10 = OFF.

S10
-E—Go
SET Y1
X0
| —— SET S20
\/
N X1
—— SET S30

following output circuit will not be activated. The actions between the activation of step points and

output circuits will be delayed for a scan cycle. Please refer to the timing diagram below.

The transition of S10 and S12 will be

activated first. After one program scan
cycle, Y10 and Y11 will be ON. There

will not be overlapping outputs.

z?

S10
—s <,
X0
- SET S12
S12
- <S
X1
F— SET S14
| STL S10 —>»| |&— Update Input/OLitput status
P/ | IR T ST |
s10 T l : :
Y10 E i : Circuit not activated
o — 5 5
S12 ) i i
Y11 : | -
X1 : ! !
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Repeated Usage of Output Coil:

1.

Output coils of the same number could be used
in different step points.

See the diagram opposite. There can be the
same output device (YO) among different steps
(sequences). YO remains ON when S10
transfers to S20.

YO will be OFF due to the transition from S10 to
S20. However when S20 is ON, YO will be ON
again. Therefore in this case, YO remains ON
when S10 transfers to S20.

For general ladder diagrams, repeated usages
of output coils should be avoided. The No. of
output coil used by a step should also avoid
being used when the step ladder diagram

returns to a general ladder diagram.

Repeated usage of timer:

See the opposite diagram. Timers can only be used

repeatedly in non-adjacent steps.

Transfer of Step Points:

S10
SET Y1
X0
——}— SET S20
S20
X1
—— SET S30
S20 H TMR T1 K10
X1+
S30 H TMR T2 K20
X2+
S40 H TMR T1 K30

SET Sn and OUT Sn instructions are used to enable (or transfer to) another step. Because there

can be many step control sequences (i.e. the initial steps starting with SO ~ S9) existing in the
program. The transfer of a step can take place in the same step sequence, or be transferred to

different step sequence. Usages of SET Sn and OUT Sn are different according to the transfer

methods. Please see the explanations below

SET Sn

Used for driving the next step in the same sequence. After the transition, all output in the previous
step will be OFF.
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OUT Sn

S10
G
X0
— | SET | S12 When SET S12 executes,
/51\2 S10 transfers to S12 and
S 1 @ output Y10 in S10 will be OFF.
—{}— SET | s14

Used for 1: returning to the initial step in the same step sequence, 2: jumping up/down to

non-adjacent steps in the same sequence, or 3: driving steps in different sequences. After the

transition, all outputs in the previous step will be cleared.

@ Returning to
the initial
step in the
same
sequence.

@® Jumping
up/down to
non-adjacent
steps in the
same

sequence.

® Driving steps
in different

sequences.

Two different step sequence: SO and S1

SFC:

S25 returns to the initial
step SO by using OUT.

SFC:

Ladder diagram:

Jump to another step

S0
—(S)>———---  of step

S21 ﬂ Using OUT S24
_< X_2_ - |

RET

Ladder diagram:

Drive the step in
S0 different sequence

<S> ’
2 D [morrse
Rk
E -
(S ---

saz [

(s> -~
S43

—<S -
S23 returns to initial step SO by using OUT.
S43 returns to initial step S1 by using OUT. RET /

—~(SH>——---
S24 -
L (S e - Return to initial step
S25 | Using OUT SO
_<S>__X_7_ -
— s

Step

> sequence
initiated
by SO

Step

> sequence
initiated
by S1
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Cautions for Driving Output Point:
Once LD or LDl instructions are written into the second line after the step point, the bus will not be

able to connect output coils directly otherwise errors will occur when compiling the ladder diagram.

The following diagram explains the methods for correcting the ladder ion correct diagram.
BUS
Sn Sn Sn
SE D S S OO
MO MO
- []I:> - :: ) or @

MO M1000
NG | D D
Modify the Normally open
position of MO. contact in RUN

X O mode O

Restrictions on Using Certain Instructions:
Serial/parallel circuits or instructions in general ladder diagram are also applicable in step points of
STL diagram. However, there are restrictions on some of the instructions. Care should be taken

when using the instructions listed in the table below.

Basic Instructions Applicable in a Step

o ; LD/LDI/LDP/LDF
Basic instruction
AND/ANI/ANDP/ANDF | ANB/ORB
MC/MCR
) OR/ORI/ORP/ORF MPS/MRD/MPP
Step point

INV/IOUT/SET/RST
Primary step point/ General step point Yes Yes No
Diverging step | General output Yes Yes No
point/
Converging Step point transfer Yes Yes No
step point

1. DO NOT use MC/MCR instruction in the step.

2. DO NOT use STL instruction in a general subroutine or interruption subroutine.

3. CJinstruction can be used in STL instruction, however this is not recommended because the
actions will thus become more complicated.

4.  Position of MPS/MRD/MPP instruction:
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Ladder diagram: Instruction code:  Explanation:
STL Sn i ;
LD X0 . o o MPS/MRD/MPP instruction
Sn x|0| MPS >|<|1 MPS cannot be used directly on
< / 11 )|<|2 AND X1 the new bus. You have to
BUS VIRD /| @ OUT V1 execute LD or LDI
X3 MRD instruction first before
| @ AND X2 applying MPS/MRD/MPP.
MPP ouT MO
MPP
AND X3
ouT Y2

Other Points to Note:

1. The instruction used for transferring the step (SET S[] or OUT S[]) are suggested to be

executed after all the relevant outputs and actions in the current step are completed.

The execution results by the PLC are the same. However, if there are many conditions or
actions in S10, it is recommended to modify the diagram in the left into the diagram in the right,
which executes SET S20 after all actions are completed. The sequence will be more

understandable and clear with this modification.

oo | sy

SET | s20 —@
_® |]|:> SET | s20
S20 S20
B—Go B

2. Asindicated in the below diagram, make sure to connect RET instruction directly after the step

point rather than the NO or NC contact.

S20 X1
S H—GD

RET | O

S20 X1
B G

RET | X
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5.4 Points to Note for Designing a Step Ladder Program

5.

10.

11.

12.

13.

The first step in the SFC is called the “initial step”, SO ~ S9. Use the initial step as the start of a
sequence and ends with RET instruction.

If no STL instruction is in use, step point S can be used as a general-purpose auxiliary relay..
When STL instruction is in use, the No. of step S cannot be repeated.

Types of sequences:

Single sequence: Only one simple sequence without alternative divergence, alternative

convergence, simultaneous divergence or simultaneous convergence in the program.

Complicated single sequence: Only one sequence with alternative divergence, alternative

convergence, simultaneous divergence and simultaneous convergence in the program.

Multiple sequences: More than one sequence in a program, maximum 10 sequences, SO ~ S9.

Sequence jump: Multiple sequences are allowed to be written into the step ladder diagram.

® There are two sequences, SO and S1. PLC writes in OUT} S0 OU'I; s1
SO0 ~ S30 first and S1 ~ S43 next.. + +
®  Users can assign a step in the sequence to jump to s21 S41
any step in another sequence. T lout +
> S42
® \When the condition below S21 is fulfilled, the sequence % +
will jump to step S42 in sequence S1, which is called S30 S43
“sequence jump.” + +

Restrictions on diverging sequence: Please refer to section 5.5 for examples
a) Max. 8 step points could be used for single divergence sequence.
b) Max. 16 step points could be used for the convergence of multiple diverted sequences.

c) Users can assign a step in the sequence to jump to any step in another sequence.

Reset step points and disable outputs
a) Use the ZRST instruction to reset (turn off) a specified step sequence..
b) Set ON the flag M1034 to disable Y outputs.

Latched step:
The ON/OFF status of the latched step will be memorized when the power of the PLC is
switched off. When the PLC is powered up again, PLC will resume the status before power-off

and executes from the interrupted point. Please be aware of the area for the latched steps.

Special auxiliary relays and special registers: For more details please refer to 5.6 IST

Instruction.
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Device Description

M1040 Disabling step transition.

M1041 Step transition start. Flag for IST instruction.

M1042 Enabling pulse operation. Flag for IST instruction.
M1043 Zero return completed. Flag for IST instruction.

M1044 Zero point condition. Flag for IST instruction.

M1045 Disabling “all output reset” function. Flag for IST instruction.
M1046 Indicating STL status. M1046 = ON when any step is ON
M1047 Enabling STL monitoring

D1040 No. of the 1st step point which is ON.

D1041 No. of the 2nd step point which is ON

D1042 No. of the 3rd step point which is ON.

D1043 No. of the 4th step point which is ON

D1044 No. of the 5th step point which is ON.

D1045 No. of the 6th step point which is ON

D1046 No. of the 7th step point which is ON.

D1047 No. of the 8th step point which is ON
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5.5 Types of Sequences

Single Sequence: The basic type of sequence
The first step in a step ladder diagram is called initial step, ranged as SO ~ S9. The steps following
the initial step are general steps numbered as S10 ~ S1023. When IST instruction is applied, S10 ~

S19 will become the steps for zero return operation.

1. Single Sequence without Divergence and Convergence

After a sequence is completed, the control power on the steps will be transferred to the initial

step.
Step Ladder Diagram SFC diagram
M1002 M1002 |
— | ZRST ) S127
S0
SET S0 X0 -|-
SO0 XO S20
—S> - —— SET | S20 x1—|—

S20
_<S>_4. S30

| —— SsET S30

R o

0008

_>|<2 S50
—— SET S40
X4+
sS40
(D 560
X3 X5
| — SET S50
S50
G .
X4

' — SET S60

R D
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2. Step Jump

a) The control power over the step is transferred to a certain step on top.

ouT
>| SO

%

S21

ouT

A

b) The control power over the step is transferred to the step in another sequence.

ouT ouT
> SO > s1
T T
s21 s41
1 Jour ¥
; > S42
s41 S43
-+ L+

3. Reset Sequence

As the opposite diagram indicates, S50 will reset itself

SO

when the transition condition is fulfilled and the sequence

ends here. %
S21

;
RS;I' +
T

Complicated Single Sequence: Includes simultaneous divergence, alternative divergence,

simultaneous convergence and alternative convergence

1.  Structure of Simultaneous Divergence
When the condition at the current step is true, the step can be transferred to multiple steps. For

example, when X0 = ON, S20 will be simultaneously transferred to S21, S22, S23 and S24.
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Ladder diagram of simultaneous divergence:

S20
%s

T O

SET S21
SET S22
SET S23
SET S24

SFC diagram of simultaneous divergence:

S21| | S22

S24

T

T

Structure of Alternative Divergence

When the individual condition at the current status is true, the step will be transferred to

another individual step. For example, when X0 = ON, S20 will be transferred to S30; when X1

= ON, S20 will be transferred to S31; when X2 = ON, S20 will be transferred to S32.

Ladder diagram of alternative divergence:

S20 X0

) [ SET | s30
X1
— SsET S31
X2
—— SET | s32

SFC diagram of alternative divergence:

S20
X0+ X1+ X2+
S30 S31 S32

Structure of Simultaneous Convergence

Consecutive STL instructions construct a simultaneous convergence structure. When the

transition condition is true after continuous steps, the operation will be transferred to next step.
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In simultaneous convergence, only when all sequences are completed will the transfer be

allowed.

Ladder diagram of simultaneous convergence:
S40 S41 S42 X2
}—(s {S s> |} SET S50
SFC diagram of simultaneous convergence:
S40 S41 S42

4.  Structure of Alternative Convergence

The following ladder explains the structure of alternative convergence. Program operation will
transfer to S60 as long as one of the transition conditions of S30, S40 or S50 is ON.

Ladder diagram of alternative convergence:

S30 XO
Sy— —— SET S60
S40 X1
S>—pb—— SET S60
S50 X2
S>— —— SET S60

SFC diagram of alternative convergence:

1 l I
S30| [ S40| [ S50

X0+ X1+ X2+

S60
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Example of alternative divergence & alternative convergence:

Step Ladder Diagram: SFC Diagram:

M1002 M1002
—||—4| ZRST | SO0 | S127 | s1

S1 X0 S20

<S> SET | s20 @

G

X1

—] SET S30

X4

— SET S31

X7

— SET S32
S30
B CD

X2

— SET sS40
S40
G

X3

| SET | S50 S1
S31
B

X5

— SET | s41
S41
G

X6

— SET | S50
S32
—<S>—

5o

X21

— SET | S50
s Twr | 71 | Ko ]

—T|1 SET | S60

S60
8 G

RET

END

Example of simultaneous divergence & simultaneous convergence:
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Step Ladder Diagram: SFC Diagram:

M1002

—||—4| ZRST | S{o | S127 | M1002
o

S20 X1+
—<S
X2 X3 X4
X5 4+
S30
- <s |350|—| TMR | T1 | K10 |
X2 T1
SET S40 S60 o
S40
B G C
S31
S S3
X3
SET S41
S41
—o——C¥4D
S32
—<S
X4
SET S42
S42
6D

S40 S41 S42 X5
< S>—<S>—<s>—] S50

S50

—<S>—4| TMR| T1 | K10 |
e [ow ]

S60
—~S>T—C1D
G
RET
END
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Example of the simultaneous divergence & alternative convergence:

Step Ladder Diagram: SFC Diagram:

—||—4| ZRST | S0 | S127 |’\"1002
-s4

X0

X1+
X2 X4 X6
X3+ X5 X7

| seT | s32
S30
—~S>—T— : ) |s5o|—| TMR| T1 | K10 |
T1

X2
—] SET S40
_5,42_ S60 o
G
X3 X6
— SET | S50
s31 S4
G
X4
—] SET | s41
s41
G
X5
— SET | S50
$32
BTG
X6
— SET | s42
s42
G
X7
—] SET | S50
S50
—<S>—4| TMR| T1 | K10|
T1
—] SET | S60
S60
B
X6
HE—Go
RET
END
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Combination example 1: (Includes alternative divergence/convergence and simultaneous

divergence/convergence)

Step Ladder Diagram:

M1002 S5l
— | ZRST | so | s127 —<s @
X22
S0 S61
o R D
X0 S60 S61 X25
L — seT | s20 —S>—<S>—F— SET | s70

20 S70

B G B——GD
X1 X27

— —— SeT | s30 —
X2 32

——— seT | s31 —<3>_

X3 X6
— —— SET S32 ' }—— SET | s41
B HB—Go
4 X20
_”_ SET S40 [ SET S52
| 25 <:> SET | s53
x5 S52
L —— seT | s40 —s
S40 X23
L (s> <:> F—— SET | s62
s6

X7 _<82
— | SET S50 2 < :>

S53
L <s
SET S51 X24

_ggo —— SET | s63

o1 S63
F—— SET S60 <) -

S62 S63 X26

S60
o B G

RET

END
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SFC Diagram:
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Combination example 2: (Includes alternative divergence/convergence and simultaneous

divergence/convergence)

Step Ladder Diagram: SFC Diagram:

M1002
—||—4| ZRST | ) | S127 | M1002
)

e
SO X0 X0
—s>—| SET S30 330 °
S30 X1
BTG F—=
e o] oot} [5G
X1 1

SET | sS32 X2 X3
S31
BEEGTS EIRGD
X2 X4 +
—] SET S33
o st s}~

X3 X5 X6

SET | S33
s sa5]—¥5 ) <>
X7

G
Ea

\
SO

S34

X6
SET S37
S37
—<S
S35 S37 X7
—s>—<s
RET
END
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Restrictions on Divergence Sequence:

1. Max. 8 step points could be used for single divergence sequence. As the diagram below, there
are maximum 8 diverged steps S30 ~ S37 after step S20.

2. Max. 16 step points could be used for the convergence of multiple diverted sequences. As the
diagram below, there are 4 steps diverged after S40, 7 steps diverged after S41, and 5 steps
diverged after S42. There are maximum 16 loops in this sequence.

3. Users can assign a step in the sequence to jump to any step in another sequence.

SFC Diagram:

x4 X5 X6 X7
X15 X15 X15 x16 T pr
s41 536
l X214 x22F x23
@ @ S52 SZOOUT S53 S54 @ 55 @ S56 @ S57 @
X32 X33 X34
sto|-Cva2) [s71 @ s72 @ X35 X36
Xa4
X45 X46
G
X51 @
SET X52
S0 SET

X25 X26 X27 X30 X31
X40 X41 X42

X43
G
SET X50
S0 ouT
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5.6 IST Instruction
API || Mnemonic Operands Function
Controllers
60 IST D) Initial State ES2/EX2
Type | Bit Devices Word devices Program Steps
OoP XY |M|S|K|HKnX|KNYIKNnM|KNS| T |C |D | E | F |IST: 7 steps
S * * *
D, *
D, *
PULSE 16-bit 32-bit
ES2/EX2 ES2 / EX2 ES2/EX2
Operands:

S: Source device for assigning pre-defined operation modes (8 continuous devices). D; The

smal

Expl
1.

lest No. of step points in auto mode.  D,: The greatest No. of step points in auto mode.

anations:

The IST is a handy instruction specifically for the initial state of the step ladder operation
modes.

The range of D; and D,: S20~S911, D; < D..

IST instruction can only be used one time in a program.

Program Example 1:

M1000
f———— IST X20 S20 S60

X20: Individual operation (Manual operation) X24: Continuous operation

X21: Zero return X25: Zero return start switch
X22: Step operation X26: Start switch
X23: One cycle operation X27: Stop switch

When IST instruction is executed, the following special auxiliary relays will be assigned

automatically.

M1040: Movement inhibited S0: Manual operation/initial state step point
M1041: Movement start S1: Zero point return/initial state step point
M1042: Status pulse S2: Auto operation/initial state step point

M1047: STL monitor enable

When IST instruction is used, S10~S19 are occupied for zero point return operation and
cannot be used as a general step point. In addition, when S0~S9 are in use, SO initiates
“manual operation mode”, S1 initiates “zero return mode” and S2 initiates “auto mode”. Thus,

the three step points of initial state have to be programmed in first priority.
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3. When S1 (zero return mode) is initialized, i.e. selected, zero return will NOT be executed if any
of the state S10~S19 is ON.

4.  When S2 (auto mode) is initialized, i.e. selected, auto mode will NOT be executed if M1043 =
ON or any of the state between D; to D, is ON.

Program Example 2:

Robot arm control (by IST instruction):

1. Control purpose:
Select the big balls and small balls and move them to corresponding boxes. Configure the
control panel for each operation.

2. Motion of the Robot arm:
lower robot arm, clip balls, raise robot arm, shift to right, lower robot arm, release balls, raise
robot arm, shift to left to finish the operation cycle.

3. 1/O Devices
Right-limit X2 Right-limit X3

Left-limit X1 (big balls)  (small balls)
Y0 = =
Upper-limit X4 P '
Y1

Upper-limit X50
Q Q Q Q II Ball size Big “Small”
sensor X0

4.  Control panel

/l Power start @ Zeroreturn X35 @ Auto start X36 \
® Power stop @ Auto stop X37
Cli Right
baIIF; Ascend  ghift Step X32
[ o @
Zeroreturn X31 One cycle
X20 X22 X24 o Y operation X33
Release g Le_ft
ba.lls Des.cen Smft Manual @ Continuous
QZl X23  X25 operation X30 operation X34

a) XO: ball size sensor.

b) X1: left-limit of robot arm, X2: right-limit (big balls), X3: right-limit (small balls), X4: upper-limit
of clamp, X5: lower-limit of clamp.

c) YO: raise robot arm, Y1: lower robot arm, Y2: shift to right, Y3: shift to left, Y4: clip balls.

5.  START circuit:
xcl)_>|<1 Y4 .
M1000
| IIST|X30|SZO|880|
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6.

7.

a)

Manual operation mode:

SO
__<S\

Y4 Clip balls

Y4 Release balls

) Interlock

— 7 < : > Shifttoright ' v and v3 interlocked and

X20
I I SET

X21
- | RST

X22 Y1
A @ Raise robot arm

X23 YO
| 4/ @ Lower robot arm

X24 X4 Y3

X25 X4 Y2 ) X4 = ONis the condition
— }—M—@ Shifttoleft / for output Y2 and Y3

Zero point return mode:

Release balls

Stop lowering robot arm

Raise robot armto the
upper-limit (X4 = ON)

Stop shifting to right

Shift to left to reach the
left-limit (X1 = ON)

Enable zero return completed flag

Zero return completed

SFC:
S1
X354
S10 RST Y4
RST Y1
X4 1
S11 RST Y2
X1+ :::::>
S12 SET | M1043
RST S12
b) Ladder Diagram:
S1 X35
—S>—{ —— SET S10
S10
<S> RST Y4
RST Y1
X4 III
< ——— SET S11
S11
—S> RST Y2
X1 :::
— ——— SET S12
S12
—S> SET | M1043
RST S12

Enter zero return mode
Release balls

Stop lowering robot arm

Raise robot arm to the
upper-limit (X4 = ON)

Stop shifting to right

Shift to left and to reach
the left-limit (X1 = On)

Enable zero return completed flag

Zeroreturn completed
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5. Sequential Function Chart

8.  Auto operation (step/one-cycle/continuous operation modes):

a) SFC:
s2
M1041+
M1044+
X5 |- X5 1
X0+ X0+
S30 SET | v4 S40 SET | Y4
TMR | TO | K30 TMR | T1 | K30
To T1
X4 X4
X4 X4
T T
s32 —M—@ s42 —M—@
x2 -+ x3+
X5
S50 —M—@
X5 T
S60 RST | Y4
TMR | T2 | K30
T2
X4

[0)]
\l
o

X4 “

()]
(o]
o
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b) Ladder Diagram:
S2 M1041 M1044
—S | | SET S20 | Enterauto operation mode
S20
—<S>— Lower robot arm
X5 XO
— | SET | S30
X5 XO
— A SET | S40
S30
—<S> SET Y4 Clip balls
TMR TO K30
TO
I SET | S31
_?:53;_ o 0 Raise robot arm to the
upper-limit (X4 = ON)
X4
I SET | S32
S32 X2
—<s>——M—® Shift to right
X2
— | SET | S50
S40
—<S> SET Y4 Clip balls
TMR T1 K30
T1
I SET | S41
cas i Rai bot to th
IS _44______1'IIII" aise robot arm to the
<S> X4 upper-limit (X4 = ON)
I SET | S42
S42 X3
—<S>——%4—————{:::::) Shift to right
X3
I SET | S50
S50 X5
—<S> M—( : ) Lower robot arm
X5
— | SET | S60
S60
—S> RST Y4 Release balls
TMR T2 K30
T2
l SET S70
229 o Rai bot to th
S Y - aise robot arm to the
S X4 upper-limit (X4 = ON)
I SET | S80
oS " Shiftto leftt h
s ift to left to reac
<S> C the left-limit (X1 = On)
X1
G
RET
END
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Troubleshooting

This chapter offers error code table and information for troubleshooting during PLC operation.

Chapter Contents

6.1 Common Problems and SOIULIONS .....ccooiieeiieie e e e s rerabe e e e eees 6-2
6.2 Error code TaDIe (HEX) .o.eeiiiiiiiii ettt e e e 6-4
S = § (o T g = (=Toa d (o] I B 1SNV (o1 =TI 6-7
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6.1 Common Problems and Solutions

The following tables list some common problems and troubleshooting procedures for the PLC system

in the event of faulty operation.

System Operation

Symptom

Troubleshooting and Corrective Actions

All LEDs are OFF 1.

Check the power supply wiring.
Check If the power supplied to the PLC control units is in the range of
the rating.

Be sure to check the fluctuation in the power supply.

Disconnect the power supply wiring to the other devices if the power
supplied to the PLC control unit is shared with them.

If the LEDs on the PLC control unit turn ON at this moment, the
capacity of the power supply is not enough to control other devices
as well. Prepare another power supply for other devices or increase
the capacity of the power supply.

If the POWER LED still does not light up when the power is on after
the above corrective actions, the PLC should be sent back to the
dealer or the distributor whom you purchased the product from.

ERROR LED is
flashing

If the ERROR LED is flashing, the problem may be an invalid
commands, communication error, invalid operation, or missing
instructions, error indication is given by self-checking function and
corresponding error code and error step are stored in special
registers. The corresponding error codes can be read from the
WPLSoft or HPP.  Error codes and error steps are stored in the
following special registers.

Error code: D1004
Error step: D1137

If the connections between the PLC are failed and the LED will flash
rapidly, this indicates the DC24V power supply is down and please
check for possible DC24V overload.

The LED will be steady if the program loop execution time is over the
preset time (set in D1000), check the programs or the WDT (Watch
Dog Timer). If the LED remains steady, download user program
again and then power up to see if the LED will be OFF. If not, please
check if there is any noise interference or any foreign object in the
PLC.
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6. Troubleshooting

Symptom Troubleshooting and Corrective Actions

Diagnosing Input

When input indicator LEDs are OFF,
Malfunction

1. Check the wiring of the input devices.
2. Check that the power is properly supplied to the input terminals.

3. Ifthe power is properly supplied to the input terminal, there is
probably an abnormality in the PLC’s input circuit. Please contact
your dealer.

4. If the power is not properly supplied to the input terminal, there is
probably an abnormality in the input device or input power supply.
Check the input device and input power supply.

When input indicator LEDs are ON,

1.  Monitor the input condition using a programming tool. If the input
monitored is OFF, there is probably an abnormality in the
PLC’s input circuit. Please contact your dealer.

2. If the input monitored is ON, check the program again. Also, check
the leakage current at the input devices (e.g., two-wire sensor) and
check for the duplicated use of output or the program flow when a
control instruction such as MC or CJ is used.

3.  Check the settings of the I/O allocation.

Diagnosing Output

. When output indicator LEDs are ON,
Malfunction

1. Check the wiring of the loads.
2.  Check if the power is properly supplied to the loads.

3. If the power is properly supplied to the load, there is probably an
abnormality in the load. Check the load again.

4.  If the power is not supplied to the load, there is probably an
abnormality in the PLC’s output circuit. Pleas contact your dealer.

When output indicator LEDs are OFF,

1. Monitor the output condition using a programming tool. If the output
monitored is turned ON, there is probably a duplicated output error.

2. Forcing ON the output using a programming tool. If the output
indicator LED is turned ON, go to input condition check. If the output
LED remains OFF, there is probably an abnormality in the PLC's
output circuit. Please contact your dealer.
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6.2 Error code Table (Hex)

After you write the program into the PLC, the illegal use of operands (devices) or incorrect syntax in
the program will result in flashing of ERROR indicator and M1004 = ON. In this case, you can find
out the cause of the error by checking the error code (hex) in special register D1004. The address
where the error occurs is stored in the data register D1137. If the error is a general loop error, the
address stored in D1137 will be invalid.

Error code Description Action
0001 Operand bit device S exceeds the valid range
0002 Label P exceeds the valid range or duplicated
0003 Operand KnSm exceeds the valid range
0102 Interrupt pointer | exceeds the valid range or duplicated
0202 Instruction MC exceeds the valid range
0302 Instruction MCR exceeds the valid range
0401 Operand bit device X exceeds the valid range
0403 Operand KnXm exceeds the valid range
0501 Operand bit device Y exceeds the valid range
0503 Operand KnYm exceeds the valid range
0601 Operand bit device T exceeds the valid range
0604 Operand word device T register exceeds limit Check D1137 (Error
0801 Operand bit device M exceeds the valid range step number)
0803 Operand KnMm exceeds the valid range
0B0O1 Operand K, H available range error Eiifunctg(r);hceorrectly
0DO01 DECO operand misuse
0D02 ENCO operand misuse
0D03 DHSCS operand misuse
0D04 DHSCR operand misuse
0D05 PLSY operand misuse
0DO06 PWM operand misuse
0DO07 FROM/TO operand misuse
0D08 PID operand misuse
0D09 SPD operand misuse
ODOA DHSZ operand misuse
0DOB IST operand misuse
OEO1 Operand bit device C exceeds the valid range
OE04 Operand word device C register exceeds limit
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Error code Description Action
OEO05 DCNT operand CXXX misuse
OE18 BCD conversion error
OE19 Division error (divisor=0)
OE1A Device use is out of range (including index registers E, F)
OE1B Negative number after radical expression Check the D1137
OE1C FROM/TO communication error (Error step number)
0F04 Operand word device D register exceeds limit Re-enter the
OF05 DCNT operand DXXX misuse instruction correctly
OF06 SFTR operand misuse
OFO07 SFTL operand misuse
OFO08 REF operand misuse
O0F09 Improper use of operands of WSFR, WSFL instructions
OFOA Times of using TTMR, STMR instruction exceed the range
OFOB Times of using SORT instruction exceed the range
OF0C Times of using TKY instruction exceed the range
OFOD Times of using HKY instruction exceed the range
1000 ZRST operand misuse
10EF E and F misuse operand or exceed the usage range
2000 Usage exceed limit (MTR, ARWS, TTMR, PR, HOUR)
C400 An unrecognized instruction code is being used
C401 Loop Error
C402 LD / LDI continuously use more than 9 times
C403 MPS continuously use more than 9 times
C404 FOR-NEXT exceed 6 levels
STL/RET used between FOR and NEXT A circuit error occurs
C405 SRET / IRET used between FOR and NEXT if a combination of
MC / MCR used between FOR and NEXT instructions is
END / FEND used between FOR and NEXT incorrectly specified.
c407 STL continuously use more than 9 times
C408 Use MC / MCR in STL, Use I / P in STL Select programming
C409 Use STL/RET in subroutine or interrupt program modg an(.j.correct
the identified error
C40A Use MC/MCR in subroutine
Use MC/MCR in interrupt program
C40B MC / MCR does not begin from NO or discontinuously
c40C MC / MCR corresponding value N is different
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Error code Description Action
C40D Use | / P incorrectly
CA0E IRET doesn't follow by the last FEND instruction
SRET doesn't follow by the last FEND instruction
PLC program and data in parameters have not been
C40F Lot
initialized
C41B Invalid RUN/STOP instruction to extension module o
: : : — A circuit error occurs
ca1c The number of mput/putpyt pomts of 1/0 extension unit is if 2 combination of
larger than the specified limit ) ) ]
calb ) instructions is
Number of extension modules exceeds the range incorrectly specified.
C41F Failing to write data into memory
C430 Initializing parallel interface error Select programming
mode and correct the
C440 Hardware error in high-speed counter identified error
C441 Hardware error in high-speed comparator
C442 Hardware error in MCU pulse output
C443 No response from extension unit
C4EE No END command in the program
CAFF Invalid instruction (no such instruction existing)
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6.3 Error Detection Devices

Error Check Description Drop Latch| STOP > RUN | RUN - STOP
Devices
M1067 Program execution error flag None Reset Latch
M1068 Execution error latch flag None Latch Latch
D1067 Algorithm error code None Reset Latch
D1068 Step value of algorithm errors None Latch Latch
Dé\r/rig? CD(}(?S Description
OE18 BCD conversion error
OE19 Division error (divisor=0)
OE1A Floating point exceeds the usage range
OE1B The value of square root is negative
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MEMO

6-8



	DVP-ES2 Operation Manual: Programming
	1. PLC Concepts
	1.1 PLC Scan Method
	1.2 Current Flow
	1.3 NO Contact, NC Contact
	1.4 PLC Registers and Relays
	1.5 Ladder Logic Symbols
	1.5.1 Creating a PLC Ladder Program
	1.5.2 LD / LDI (Load NO contact / Load NC contact)
	1.5.3 LDP / LDF (Load Rising edge trigger/ Load Falling edge trigger)
	1.5.4 AND / ANI (Connect NO contact in series / Connect NC contact in series)
	1.5.5 ANDP / ANDF (Connect Rising edge in series/ Connect Falling edge in series)
	1.5.6 OR / ORI (Connect NO contact in parallel / Connect NC contact in parallel)
	1.5.7 ORP / ORF (Connect Rising edge in parallel/ Connect Falling edge in parallel)
	1.5.8 ANB (Connect block in series)
	1.5.9 ORB (Connect block in parallel)
	1.5.10 MPS / MRD / MPP (Branch instructions)
	1.5.11 STL (Step Ladder Programming)
	1.5.12 RET (Return)

	1.6 Conversion between Ladder Diagram and Instruction List Mode
	1.7 Fuzzy Syntax
	1.8 Correcting Ladder Diagram
	1.9 Basic Program Design Examples

	2. Programming Concepts
	2.1 ES2 Memory Map
	2.2 Status and Allocation of Latched Memory
	2.3 PLC Bits, Nibbles, Bytes, Words, etc
	2.4 Binary, Octal, Decimal, BCD, Hex
	2.5 M Relay
	2.6 S Relay
	2.7 T (Timer)
	2.8 C (Counter)
	2.9 High-speed Counters
	2.10 Special Data Register
	2.11 E, F Index Registers
	2.12 Nest Level Pointer[N], Pointer[P], Interrupt Pointer [I]
	2.13 Applications of M Relay and Special D Register

	3. Instruction Set
	3.1 Basic Instructions (without API numbers)
	3.2 Explanations to Basic Instructions
	3.3 Pointers
	3.4 Interrupt Pointers
	3.5 Application Programming Instructions
	3.6 Numerical List of Instructions
	3.7 Detailed Instruction Explanation

	4. Communications
	4.1 Communication Ports
	4.2 Communication Protocol ASCII mode
	4.2.1 ADR (Communication Address)
	4.2.2 CMD (Command code) and DATA
	4.2.3 LRC CHK (checksum)

	4.3 Communication Protocol RTU mode
	4.3.1 Address (Communication Address)
	4.3.2 CMD (Command code) and DATA
	4.3.3 CRC CHK (check sum)

	4.4 PLC Device Address
	4.5 Command Code
	4.5.1 Command Code: 01, Read Status of Contact (Input point X is not included)
	4.5.2 Command Code: 02, Read Status of Contact (Input point X is included)
	4.5.3 Command Code: 03, Read Content of Register (T, C, D)
	4.5.4 Command Code: 05, Force ON/OFF single contact
	4.5.5 Command Code: 06, Set content of single register
	4.5.6 Command Code: 15, Force ON/OFF multiple contacts
	4.5.7 Command Code: 16, Set content of multiple registers


	5. Sequential Function Chart
	5.1 Step Ladder Instruction [STL], [RET]
	5.2 Sequential Function Chart (SFC)
	5.3 The Operation of STL Program
	5.4 Points to Note for Designing a Step Ladder Program
	5.5 Types of Sequences
	5.6 IST Instruction

	6. Troubleshooting
	6.1 Common Problems and Solutions
	6.2 Error code Table (Hex)
	6.3 Error Detection Devices


