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Function Block Diagram §

1.1 Function Block Diagram

How /O data are transferred to/from the inverter by the built-in PLC function is

explained using function blocks.

(1) /O data read, write, etc. can be performed by accessing the inverter in the
predetermined method using special relays, special registers, etc.

(2) Operation, parameter read/write, etc. can be performed in accordance with the
created sequence programs (built in the inverter) using input data from the control
input terminals.

With the output signals, output data can be output to outside the inverter from the
control output terminals as not only the inverter's status signals but also pilot lamp
on/off, interlock and other control signals set freely by the user.

Inverter
IS
o
Input signal id B 5
3 I/O data o
Q O
o —
2 . £
. o Special relays, o
Output signal< | c special registers, £
= etc.
>
@




7/ PLC Function Specifications

1.2 PLC Function Specifications

The following table indicates the program capacity and devices of the PLC function.
A700 Sequence Section

Control method Repeated operation (by stored program)

1/0O control method Refresh

Relay symbolic language (ladder mode)
Logic symbolic language (list mode)

Programming language

s < |PLC instructions 23

g% Basic instructions 32

:E;% Application instructions 18

Z <

Processing speed PLC instruction 1.9us to 12ps/step(*2)

128 (X: 64 points, Y: 64 points)

19 points installed, X: 12 points, Y: 7 points (*1)
Number of 1/0 points FR-A7AX, X: 16 points

FR-ATAY, Y: 6 points

FR-A7AR, Y: 3 points

5 points installed, Input: 3 points, Output: 2 points

Number of analog I/O points FR-A7AY output: 2 points
Watchdog timer 10 to 2000(ms)
Memory capacity 6k bytes used by sequence and parameters.
Program capacity 1k step
Internal relay (M) 64(MO to M63)
Latch relay (L) None (Can be set with parameters but will not latch)
Step relay (S) None (Can be set with parameters but will operate as M)
Link relay (B) None
Points 16
Timer (T) 100ms timer: Set time 0.1 to 3276.7s (TO to T15)

Specifications 10ms timer: Set time 0.01 to 327.67s
100ms retentive timer: Set time 0.1 to 3276.7s

Points 16

@ |Counter (C e Normal counter: Setting range 1 to 32767 (CO to C15

.§ © Specifications Interrupt program coun%er: l\?one ( )

8 Data device (D) 120(DO0 to D119)
Link register (W) None
Annunciator (F) None
File register (R) None
Accumulator (A) None
Index register (Z, V) None =
Pointer (P) None o
Interrupt pointer (I) None by
Special relay (M) 256 (M9000 to 9255) with function limit -
Special register (D) 256 (D9000 to 9255) with function limit t;

*1 These signals use the same terminals as used by the input and output signals given in the z

common specifications of the inverter.
One point is always necessary for a sequence start (RUN/STOP).
*2 As inverter control is also performed actually, the scan time is approximately 40ms at 500 steps.



System Configuration §

1.3 System Configuration

The following shows the system configuration for use of the PLC function.
<System configuration example>

[———
GX Developer:
Programming tool

RS-232C/
RS-485
converter

—O0 L 0—=0O

3-phase AC _C’%H
power supply—< o—c

Communication specifications
Set the following setting in communication parameters of the inverter.

Inverter Parameter

GX Developer Setting

Inverter initial setting

Pr.118 PU communication speed

96 (9600bps)

192 (19200bps)

Pr.119 PU communication stop bit length

0 (data length: 8 bits, stop
bit: 1 bit)

1 (data length: 8 bits, stop
bit: 2 bit)

Pr.120 PU communication parity check |1 (with odd parity check) 2 (with even parity check)

Pr122 PU communication check time
interval

9999 (without
communication check)

9999 (without
communication check)

REMARKS

oFor futher details, refer to the Inverter instruction manual (applied).

POINT
eSupport GX Developer ver.8.0 or more
¢GX Developer Setting
PLC series ACPU
PLC type A0J2H

[Project data list}—>[Parameter]—>[PLC parameter]—[A parameter]

—«Memory capacity» tab—"Program capacity"—"Sequence"—"main" Tk step

REMARKS

eRefer to the Inverter instruction manual (applied) for wiring.
eRefer to the GX Developer manuals for the specifications related to GX Developer and the
personal computer that uses GX Developer.
GX Developer Version xx Operating manual
GX Developer Version xx Operating manual (startup)
eThe programming tool that can be used is GX Developer only. (The A6GPP, A7PHP, etc.
cannot be used.)




7 Wiring of the Inverter and Personal Computer Using
GX Developer for RS-485 Communication

1.4 Wiring of the Inverter and Personal Computer Using
GX Developer for RS-485 Communication

Personal computer

GX Developer :
Programming tool

RS-232C-RS-485
converter

§8-23ZC connector

®Personal computer - inverter connection cable
Make connection after conversion between RS-232C and RS-485.

Examples of commercially available products (as of Sep., '05)

Type Maker
SC-FRPC BEIJERS

I When fabricating the cable on the user side, refer to the inverter instruction manual (applied).

z
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Prior to Sequence Program Creation §

1.5 Prior to Sequence Program Creation

1.5.1 Precautions for sequence program creation

POINT
+Online change of the sequence program and access to other stations are not

allowed.
In addition, program read/write from other stations and all PLC memory clear

cannot be performed.

eBack up the ladder configured with the protective function of GX Developer.
If any of the instructions (refer to page 103) and devices (refer to page 3) that cannot
be used with the built-in PLC function exists in a sequence program, an instruction
code error occurs at the execution of that instruction.

Error code D9008=10
Operation error step D9010
D901

I e Refer to page 22 for the error codes.

1.5.2 Usable main GX Developer functions

® Parameter or sequence program read/write
® Ladder monitor

® Device monitor

® Device test

® All device memory clear

® Remote RUN/STOP

—— CAUTION
Device test ([Online] - [Debug] - [Device test]) of GX Developer can be performed, but if
devices corresponding to control terminal (e.g. STF, STR) signals are tested, the
devices turn on in the sequence but the inverter does not perform the corresponding

operation.




7/ Prior to Sequence Program Creation

1.5.3 Sequence program execution key

The sequence program execution key (STOP/RUN) of the PLC is switched by turning
off/on the SQ signal.

POINT

eFor the terminal used for SQ signal input, set "50" in any of Pr.178 to Pr. 189 to
assign the function.
+SQ-SD must be shorted to execute the built-in PLC function.

—— CAUTION

If the SQ signal is not turned on, the start signal of the inverter is designed to
become valid by the factory setting of Pr415 Inverter operation lock mode setting.

Open (STOP) the SQ signal-SD terminals when writing a sequence program, for
example.

When executing the sequence program, short (RUN) the SQ signal-SD terminals.
Remote run/stop of the built-in PLC function can be executed in any of the following
methods:

+ Setting using the built-in PLC function parameter (contact)

* Using GX Developer

* Via CC-Link communication (refer to page 49)

REMARKS

eThe validity limit of the SQ signal can be controlled using Pr.415 Inverter operation lock mode
setting. (Refer to page 43.)

= CAUTION

The outputs (Y) are cleared by turning the SQ signal off (STOP) after sequence program
execution (SQ signal on).

The other devices retain the device data prior to STOP. When you want to clear the
remaining device data, power off or reset (short RES-SD for 0.1s, then open) the
inverter.

z
Q
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Prior to Sequence Program Creation §

1.5.4 Sequence program write

POINT
Sequence program write can be performed in any operation mode.

When rewriting the PLC function parameters and sequence program using GX

Developer, check the following:

1) Check that the sequence program execution key is in the STOP position (SQ signal
is off) (refer to page 7).

2) Check that the inverter is at a stop.

3)Check that the communication specification setting parameters (Pr. 117 to Pr.124) are
set correctly. If any of these parameters is set incorrectly, communication with GX
Developer cannot be made.

REMARKS

Check and set the communication specification parameter (Pr. 117 to Pr. 124) using
the parameter unit (FR-PUO4/FR-PUQ7). (Refer to the FR-PU04/FR-PU07
instruction manual for the handling of the FR-PU04/FR-PUQ7.) GX Developer and
the FR-PU04/FR-PUQ7 cannot be connected and used simultaneously.

4)Check the PLC series and sequence program capacity in the GX Developer
parameters (refer to page 4).
5) Refer to the GX Developer manual and write the sequence program.

—— CAUTION

*A sequence program cannot be written with its steps specified. If written,
the sequence program does not run. (The program outside the specified
range is initialized.)

eDo not read the built-in PLC function parameters and sequence program
without writing them to the inverter once using GX Developer. Since the
inverter does not have normal data, always write the built-in PLC function
parameters and sequence program once.

oSince the built-in PLC function parameters and sequence program are
written to the flash ROM, there are restrictions on the number of write times.
(Approximately 100,000 times)
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Function Block Diagram

1.5.5 Setting list of built-in PLC function parameter

The built-in PLC function parameters are designed to specify the ranges of using the

PLC function, e.g. program capacity, device assignment and various functions.

Item

GX Developer Default

Setting Range
<Usable device range>

Sequence program

i 6k steps 1k step
capacity
File register capacity None Cannot be set (default)
Comment capacity None Cannot be set (default)
Status latch None Cannot be set (default)
Sampling trace None Cannot be set (default)
(l;/la:;;cgtoymputer program None Cannot be set (default)
Latch range setting L1000 to L2047 Cannot be set (invalid if set)
Link range setting None Cannot be set (default)
I/0 assignment None Cannot be set (default)
MO to 999 L and S cannot be set.
Internal relay, _Iatch relay, L1000 to 2047 (Operates as M if set)
step relay setting None for S <MO to M63>
Watchdog timer setting 200ms 10 to 2000ms

Timer setting

100ms: TO to 199
10ms: T200 to 255
(100ms timers since only TOto 7

16 points for 100ms, 10ms and
retentive timers. Timers have
consecutive numbers.

are available) <TO to T15>
Counter setting Without interrupt counters Sca:grlgtg?siet (default)

Remote run/pause

None

Can be set using X0 to 1F.
Otherwise invalid. Pause does not
function.

Error-time operation mode

Fuse blow: Continued

Setting invalid (since there are no
fuses)

I/O verify error: Stop

Setting invalid
(since there are no I/0 modules)

Operation error: Continued

Stop/Continued

Special function module check
error: Stop

Setting invalid (since there are no
special modules)

STOP — RUN output mode

Operation status prior to
STOP is re-output.

Prior to STOP/after operation
execution

Print title registration

None

Cannot be set

Keyword registration

None

Online setting cannot be made but
parameter setting is valid.

REMARKS

not cleared.

Operating Manual.

e The following functions are not supported.
1. Constant scan, 2. Latch (device data backup for power failure), 3. Pause,
4. Status latch, 5. Sampling trace, 6. Offline switch

o|f parameter clear of the inverter is performed, the above built-in PLC function parameters are

eFor the built-in PLC function parameter setting operation, refer to the GX Developer
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Device Map

1.6 Device Map

1.6.1 I/O device map
Device Device
Name Remarks Name Remarks
No. No.
X00 |STF terminal Y00 |[RUN terminal
X01 |STR terminal Y01 [SU terminal
X02 |RH terminal Y02 |OL terminal
- - External
X03 |RM terminal Y03 |IPF terminal N inal
- - ermina
X04 RL terminal Y04 [FU terminal
X05 |JOG terminal External Y05 |ABC1 terminal
O | X06 |RT terminal terminal Y06 |ABC2 terminal
< | X07 |AU terminal Y07
5[ X08 [CS terminal Y08
X[ X09 MRS terminal Y09
XO0A |STOP terminal YOA
XO0B |RES terminal YOB [Empty
XocC YOC
X0D Empty YOD
XO0E YOE
XOF YOF
X10 X0 terminal Y10 |DOO terminal
X11 X1 terminal Y11 |DO1 terminal
X12 X2 terminal Y12 |DO2 terminal Dgital
X13 X3 terminal Y13 |DO3 terminal output
X14 X4 terminal Y14 |DO4 terminal FR-ATAY
O| X15 [X5 terminal Y15 |DOS5 terminal
% X16 X6 terminal 16bit Y16 [DO6 terminal
S| X17 X7 terminal digital Y17 |RA1 terminal Relay
g X18 [X8 terminal Input Y18 |RA2 terminal output
9| X19 X9 terminal FR-A7AX | Y19 |RA3 terminal FR-ATAR
o | X1A [X10 terminal Y1A
X1B [X11 terminal Y1B
X1C [X12 terminal Y1C Empty
X1D |X13 terminal Y1D
X1E |[X14 terminal Y1E
X1F |X15 terminal Y1F

10




7/ Device Map
Device Name Remarks Device Name Remarks
No. No.
X20 Operation mode setting D9140 Y20 Operation mode setting D9140
read completion read command
Set frequency read Set frequency read
X2 completion (RAM) D9141 Y2 command (RAM) D9141
Set frequency read Set frequency read
X22 D9142 Y22 D9142
completion (E2PROM) command (E?PROM)
Operation mode setting Operation mode setting
X23 write completion D9143 Y23 write command D9143
Set frequency write Set frequency write
X24 completion (RAM) D9144 Y24 command (RAM) D9144
X25 Set frequency write D9145 v25 Set frequency write D9145
completion (EZPROM) command (EZPROM)
o Alarm definition batch Alarm definition batch
£ X26 clear completion D9146 Y26 clear command D9146
[0)
Q| X271 Parame?er clear D9147 Y27 |Parameter clear commandD9147
17 completion
Parameter read Parameter read request
X28 | ompletion (RAM) gggﬂ’ ) ngi;’
Parameter write ’ Parameter write request ’
X29 completion (RAM) D9234 Y29 (RAM) D9234
Parameter read Parameter read request
X2A | ompletion (EEPROM) ngﬁ’ Y2A (EEPROM) ngﬁ’
Parameter write ’ Parameter write request ’
X2B completion (EEPROM) D9235 Y2B (EEPROM) D9235
X2C Y2C
X2D Y2D
TY2E | System area YoE System area
X2F Y2F
X30 |RYO Y30 |RXO
X31 [RY1 Y31 |RX1
X32 |RY2 Y32 |RX2
X33 |RY3 Y33 |RX3
O X34 RY4 Y34 |RX4
E X35 |RY5 Y35 |RX5
g X36 |RY6 Y36 |RX6
2| X37 RY7 Y37 |RX7
FR- FR-
Q| X38 |RY8 FRATNC V38 Rxs FR-ATNC
<| X39 RY9 Y39 |RX9
3 X3A RYA Y3A |RXA
O | X3B |RYB Y3B |RXB
X3C |RYC Y3C |RXC
X3D |RYD Y3D |RXD
X3E |RYE Y3E |RXE
X3F |RYF Y3F |RXF

11

o
]
=
o
L2
>
o
(=]

z
Q
=
o
z
=]
[T
o
pu]
o



Device Map §

1.6.2 Internal relay (M) device map
Device No. Description

MO to M63 Use freely on user side.

1.6.3 Data register (D) device map

Data Inverter Pr. Parameter Name Reference
Register (D)| Number Page
DO to D99 |Use freely on user side. —
Pr506 to .
D100 to D119 Prsls User parameters. Use freely on user side. 38

1.6.4 Special relays

The special relays are internal relays with special applications and therefore should
not be switched on-off in the program.

Number Name Description
M9008 Self-diagnostic error Turned on by self-diagnosed error.
M9010 Operation error flag Turned on by an mstru'ctlon execution error.
Turned off when error is removed.
M9011 Operation error flag Turne(_j on by an instruction exec_;utlon error.
Remains on after normal status is restored.
M9036 Normally ON M9036 and M9037 are turned on and off independentl
M9037 Normally OFF an are turned on and off independently
o) v for 1 f of STOP or RUN.
M9038 R[‘J,‘\’l” ytor1scan alter 1y19938 and M9039 change depending on the STOP or
RUN status. In other than the STOP status, M9038 is on
M9039 ggﬁnly for 1 scan after |t one scan only and M9039 is off for one scan only.
M9200 Inverter operation status |Control the STF terminal of the inverter from PLC

control flag (STF)

function

Inverter operation status

Control the STR terminal of the inverter from PLC

M9201 control flag (STR) function

Inverter operation status |Control the RH terminal of the inverter from PLC
M9202 .

control flag (RH) function

Inverter operation status |Control the RM terminal of the inverter from PLC
M9203 .

control flag (RM) function
M9204 Inverter operation status Control the RL terminal of the inverter from PLC function

control flag (RL)

Inverter operation status |Control the JOG terminal of the inverter from PLC
M9205 .

control flag (JOG) function
M9206 Inverter operation status Control the RT terminal of the inverter from PLC function

control flag (RT)

Inverter operation status |Control the AU terminal of the inverter from PLC
M9207 .

control flag (AU) function

Inverter operation status |Control the CS terminal of the inverter from PLC
M9208 .

control flag (CS) function

Inverter operation status |Control the MRS terminal of the inverter from PLC
M9209 .

control flag (MRS) function
M9210 Inverter operation status |Control the STOP terminal of the inverter from PLC

control flag (STOP)

function

12




7/ Device Map
Number Name Description
Inverter operation status |Control the RES terminal of the inverter from PLC
M9211 :
control flag (RES) function
M9216 Inverter status (RUN)  |Inverter running
M9217 Inverter status (FWD) |Forward running
M9218 Inverter status (REV) Reverse running
M9219 Inverter status (SU) Up to frequency
M9220 Inverter status (OL) Overload alarm
M9221 Inverter status (IPF) Instantaneous power failure/undervoltage
M9222 Inverter status (FU) Output frequency detection
M9223 Inverter status (ALM)  |Alarm output
M9224 Inverter status (LF) Minor fault output
M9225 Inverter status (DO0)  |Status of output terminal function set in Pr. 313 is stored *1
M9226 Inverter status (DO1)  [Status of output terminal function set in Pr. 314 is stored *1
M9227 Inverter status (DO2)  [Status of output terminal function set in Pr. 315 is stored *1
M9228 Inverter status (DO3)  [Status of output terminal function set in Pr. 316 is stored *1
M9229 Inverter status (DO4)  |Status of output terminal function set in Pr. 317 is stored *1
M9230 Inverter status (DO5)  |Status of output terminal function set in Pr. 318 is stored *1
M9231 Inverter status (DO6)  |Status of output terminal function set in Pr. 319 is stored *1
M9232 Inverter status (RA1) Status of output terminal function set in Pr. 320 is stored *1
M9233 Inverter status (RA2) Status of output terminal function set in Pr. 321 is stored *1
M9234 Inverter status (RA3) Status of output terminal function set in Pr. 322 is stored *1
Select the inverter status control command from M9200
M9255 Inverter operation status [to M9211 or D9148.

control selection

OFF: Special relay selection
ON : Special register selection

*1. Even if the FR-A7AY, FR-A7AR is not mounted, Pr. 313 to Pr. 322 are accessible during
PLC function operation, and status of output terminal functions are stored in each device.
(virtual output terminal)
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Device Map

AN

1.6.5 Special registers
The special registers are data registers with special applications and therefore data
should not be written to the special registers in the program.

Number Name Description Page
Self-diagnostic  |Stores the self-diagnosed error number in BIN. (Refer
D9008 22
error to page 22 for the error codes.)
Oberation error Stores the step number in BIN, at which an instruction
D9010 stz execution error occurred. After that, data is updated —
P each time operation error occurs.
Stores the step number in BIN, at which an instruction
D901 Operation error |error occurred. Since data is stored into D9011 when .
step M9011 turns from off to on, D9011 data is not updated
unless M9011 is cleared by the user program.
1/O control ) . .
D9014 method 3 (fixed): Both input and output refreshes —
Stores the operating status of the PLC function.
® B15:++-B12B11+++-B8B7 +++ B4B3 -+ BO
& 11 [ ]
o CPU operating
[0
:_: D9015 status Remote run/stop  |Invalid[Remote run/stop using Shorting/ -
5 using GX Developer sequence parameter setting| |opening SQ-SD
e o[ RUN o[ RUN 0| RUN
n 1] sTOP 1]sToP 1| sTOP
Stores the number that indicates which sequence
D9016 |Program number |program is currently in execution. —
1 (fixed): Main program (RAM)
Mlnlmum scan Stores the scan time at every END that is smaller than
D9017 |time . L . . —
. D9017 data, i.e. stores the minimum scan time in BIN.
(10ms units)
Scan time Stores and updates the scan time at every END in
D9018 ; —
(10ms units) BIN.
Maximum scan |Stores the scan time at every END that is greater than
D9019 [time D9019 data, i.e. stores the maximum scan time in —
(10ms units) BIN.
D9062to Remote registers Special registers for communication with the master 50
D9093 9 station in CC-Link.

14




7/ Device Map
Number Name Description Page
Output frequency |Stores the current output frequency.
D9133 . .
monitor 0.01Hz units
D9134 Output current Stores thg current output current. 20
monitor 0.01A units
Output voltage  |Stores the current output voltage.
D9135 . .
monitor 0.1V units
D9136  |Error history 1, 2
D9137  |Error history 3, 4 |Store the errors that occurred in the inverter in order 21
D9138 |Error history 5, 6 |of occurrence.
D9139  |Error history 7, 8
— |D9140 Ope:ratlon mode Stores the current operation mode. 23
o setting read
< Set frequency
]
8 D9141 read (RAM) Reads and stores the set frequency (RAM). 24
o
v Set frequenc
g D9142 read (quPROyM) Reads and stores the set frequency (EEPROM). 24
2 :
2|D9143 Opqratlon_ mode Sets a new operation mode. 26
= setting write
8 Set frequency .
(6]
8 D9144 write (RAM) Sets the running frequency (RAM). 27
n
Set fi
D9145 w‘raiter?;;:;gM) Sets the running frequency (EEPROM). 28
D9146 Alarm definition Write H9696 to clear the error history. 29
batch clear
H9696 write: Parameter clear
H9966 write: All clear
H5ASA write:Parameter clear except communication
parameters
D9147  |Parameter clear H55AA write:All clear except communication 30
parameters

During GX Developer communication, perform
clearing by H5A5A or H55AA.

15

o
1]
=
o
L2
>
[
[a]

z
]
-
()
Z
=)
'8
o
-
o



Device Map §
Number Name Description Page
Turn on/off the corresponding bits to control the
inverter operation status.
The initial value: All "0". When M9255 is off, this
device does not function.
B15+-*B12B11::B8B7 ' B4B3 '+ BO
- 0:0FF
I | I : | | | 1:ON
i Invalid STF
D9148 Inverter operation ar 31
status control RH
RM
RL
JOG
RT
AU
cs
MRS
STOP
RES
Inverter operation Enable/disable the inverter operation status control
P using D9148 and M9200 to M9211 by turning on/off
status control . -
D9149 ; the corresponding bits. 32
enable/disable . :
settin Bit image is the same as D9148.
S 9 The initial value: All "0" (invalid)
£ Inverter Stores the error No. when an error occurs because
g |D9150 |parameter the data stored in the parameter or special register is 33
5 access error not reflected on the inverter.
E) Stores the running status and operating status of the
% inverter.
'aE; B15 v e B8B7 -+ B4B3 - BO o orF
: | | : | H | | | 1;ON
Ry
8 Inverter running(RUN)
a Forward running
(%] Reverse running
D9151 |Inverter status Up"to freq‘den'cy(su) 33
Overload alarm(OL)
Instantaneous power failure
/undervoltage(IPF)
Output frequency
detection(FU)
Alarm output(ALM)
Minor fault output(LF)
Do152 |Freguency 0.01Hz units —
setting
D9153  |Running speed 1(0.1)r/min unit —
D9154  |Motor torque 0.1% units —
Converter output .
D9155 voltage 0.1V units —
Regenerative o . .
D9156 brake duty 0.1% units
Electronic thermal
D9157 |relay function load [0.1% units —
factor
Dg15g |Qutputeurrent 4 o410 1A units —

peak value

16
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Device Map

Number

Name

Description

Page

Special registers for control

D9159

Converter output
voltage peak value

0.1V units

D9160

Input power

0.01kW/0.1kW units

D9161

Output power

0.01kW/0.1kW units

D9162

Input terminal
status

Input terminal status details
B15:+*B12B11:+B8B7

I

D9163

Output terminal
status

Output terminal status details

D9164

Load meter

0.1% units

Motor excitation

D9165 current 0.01A/0.1A units *7 —

D9166 |Position pulse —
Cumulative .

Do167 energization time Th units -

D9169 — Always 0 —
Actual operation :

D9170 time 1h unit —

D9171  |Motor load factor |0.1% units —

D9172  |Cumulative power [1kW unit —

D9179 |Torque command |0.1% units —
Torque current .

D9180 command 0.1% units —

D9181  |Motor output 0.01kW units —

D9182 |Feedback pulse |1 unit —

D9197 Power saving o
effect . .

- Variable according to parameters

D919g |Cumulative _
saving power

D9199 |PID set point 0.1% units —
PID measured .

D9200 value 0.1% units —

D9201 |PID deviation 0.1% units —
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Number

Name

Description

Page

Special registers for control

D9205

Option input
terminal status 1

D9206

Option input
terminal status 2

The input status of the FR-A7AX is stored.
All off (0) when an option is not fitted.

B15'++'B12B11:++:*B8B7 '+ B4B3 :*** BO
o205 [ 4oy Ty FETERERY FENETEN it

X9

X10
X11
X12
X13
X14
X15

B15+B12B11"+"B8B7 =+ B4B3 +* BO
D9206 [ I ] 17T

0:0OFF
' 1:0N

DY

D9207

Option output
terminal status

The output status of the FR-A7AY, FR-A7AR is stored.
All off (0) when an option is not fitted.

B15'::*B12B11**** B8B7 - B4B3 ' BO
I | 7 l T | T || 0:0FF

18




7/ Device Map
Number Name Description Page
Second
D9234 2ﬁ;irgﬁtgr(RAM) When setting the calibration(bias/gain) parameters.
HOO: Frequency(toruque) 34 36
Second HO1: Parameter-set analog value '
D9235 Fc’ﬁ;?]rgi?]tgr HO02: Analog value input from terminal
(EEPROM)
D9236 Pulse train input |The number of pulses counted in count cycle is
sampling pulse |stored. (0 to 32767)
Pulse train input
D9237 |cumulative count
value L The cumulative value of the number of sampling
Pulse train input |pulses is stored. (0 to 99999999)
D9238 |cumulative count 40
value H
Reset request of |The sampling pulses and cumulative count value are
D9239 |pulse train input |cleared. Automatically changes to "0" after reset.
count (1: count clear)
D9240 Count start of the |Start counting the sampling pulses and cumulative
pulse train input |count value. (0: count stop, 1: count start)
D9241 Parameter Set the number of parameter read or written of the
_ number (RAM) |inverter.
2 Parameter The parameter description of the inverter (RAM value)
&|D9242 |description specified by D9241 is stored. Set the parameter
° (RAM) setting for parameter write.
L Parameter 34, 36
» Set the number of parameter read or written of the ’
5(D9243  \number inverter
® (EEPROM) :
E;’ Parameter The parameter description of the inverter (EEPROM
= D9244  |description value) specified by D9243 is stored. Set the
S (EEPROM) parameter setting for parameter write.
2 Analog input value of terminal 1 (0.1% increments) is
»'|D9245 |Terminal 1 input storedg p S
D9246 |Terminal 2 input Qg?é%g input value of terminal 2 (0.1% increments) is 39
D9247  |Terminal 4 input /:trg?éc:jg input value of terminal 4 (0.1% increments) is
D924g |PIDSetpoint/ g0 e pID set point or PID deviation (0.01% unit
PID deviation et the set point o eviation (0.01% units)
PID
D9249 |measurement Set the PID measurement value (0.01% units) 41
value
PID manipulated : : o :
D9250 variable Stores the PID manipulated variable (0.01% units)
: When Pr. 54 is set to "70", pulse train can be output
D9251 Iﬁzmd?al FM from terminal FM. High speed pulse train output can
P be performed. (0.1% increments)
D9252 Terminal AM When Pr. 158 is set to "70", analog output can be 39
output performed from terminal AM. (0.1% increments)
D9253  |AMO output Analog output can be performed from terminal AMO
D9254 |AM1 output and AM1 of the FR-A7AY. (0.1% increments)
D9255 (I;’élat%rl)eration Setting 1 starts PID control. 41
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Inverter Status Monitoring, Special Registers
for Control §

1.7 Inverter Status Monitoring, Special Registers for Control

You can assign the data for grasping and changing the inverter's operation status to
D9133 - D9147 and read/write them from the user sequence. (Refer to page 14 for the
list.)

1.7.1 Data that can be read at all times

The following data can always be read. They are automatically refreshed every time
the END instruction is executed.

(1) Operation monitor

The following data devices are always read-enabled (write-disabled) to allow you to
monitor the output frequency, output current and output voltage of the inverter. Note
the setting units.

Device Name Setting Data Example Data Access Enable
No. Unit P Condition

Do133 |Qutputirequency | g 44 |nevice data 6000 - 60.00Hz
monitor

Dg134 | Qutput current 0.01A | Device data 200 - 2.00A Always
monitor

Do135 |Qutputvoltage 0.1V |Device data 1000 — 100.0V
monitor

—— CAUTION

The frequency can be set in increments of 0.01Hz but actual operation is performed in
increments of 0.1Hz.
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Inverter Status Monitoring, Special Registers
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(2) Error history (error codes and error definitions)
The inverter stores the error codes of the errors that occurred.
The error codes of up to eight errors are stored in the order as shown below and are
always read-enabled (write-disabled).
<Error code storing method details>

b15 to b8 b7 to b0
D9136 |Error history 2 [Error history 1
D9137 |Error history 4 |Error history 3 Newer
D9138 |Error history 6 |Error history 5
D9139 [Error history 8 |Error history 7  Older <

Data | Description Data | Description Data | Description
HOO | No alarm H90 E.OHT HD2 E.ECT
H10 E.OC1 H91 E.PTC HD3 E.OD
H11 E.OC2 HAO E.OPT HD5 E.MB1
H12 E.OC3 HA3 E.OP3 HD6 E.MB2
H20 E.OV1 HBO E.PE HD7 E.MB3
H21 E.OV2 HB1 E.PUE HD8 E.MB4
H22 E.OV3 HB2 E.RET HD9 E.MB5
H30 E.THT HB3 E.PE2 HDA E.MB6
H31 E.THM HCO E.CPU HDB E.MB7
H40 E.FIN HC1 E.CTE HDC E.EP
H50 E.IPF HC2 E.P24 HF1 E.1
H51 E.UVT HC4 E.CDO HF2 E.2
H52 E.ILF HC5 E.IOH HF3 E.3
H60 E.OLT HC6 E.SER HF6 E.6
H70 E.BE HC7 E.AIE HF7 E.7
H80 E.GF HC8 E.USB HFB E. 1
H81 E.LF HDO E.OS HFD E.13
HD1 E.OSD

Refer to the Inverter instruction manual (applied) for alarm definition details.
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Inverter Status Monitoring, Special Registers

for Control §

<Alarm definition read program example>
The following program reads the latest alarm definition of the inverter to DO.

. 4 Alarm definition read request
!

- Stores only the lower 8 bits
I {VANDP  DO128 HOFF Do

of error history 1, 2 (D9136)
into DO.

(The latest error information
is stored into DO.)

°| [END

<Regarding the error No. and details of the self-diagnostic errors>

During execution of a sequence program, any of the following error No. is stored into
D9008 due to an operation error.
At occurrence of a self-diagnostic error, the P.RUN indication (LED) flickers.

Error No. Error Name Details

There is an instruction code that cannot be decoded.
Unusable device is specified.

Main program capacity setting is over 1k step.
Unusable function is set.

Scan time is longer than the time that can be monitored
by the watchdog timer.

24 END NOT EXECUTE END instruction was not executed.

10 INSTRCT CODE ERR.

1 PARAMETER ERR

22 WDT ERR

—— CAUTION
1. For the LD, AND, OR, logical comparison operation and OUT instructions,
device checks are always made. For the other instructions (SET, RST, MOV,
etc.), however, device checks are made when the execution condition holds.
2. Operation at error stop
The outputs (Y) are cleared.
The other devices hold the states prior to an error stop.
When you want to clear them, power off or reset (short RES-SD (0.1s), then
open) the inverter.
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Z
1.7.2 Data that are read by controlling (OFF to ON) the read

command
You can read the operation mode and set frequency of the inverter.
Device N Read Write Data Access
No. ame Command | Completion | Enable Condition
D9140 |Operation mode setting read Y20 X20
D9141 [Set frequency read (RAM) Y21 X21 Always
D9142  |Set frequency read (EEPROM) Y22 X22

Data are stored into the above data devices as soon as the read completion turns from
off to on after the read command has turned from off to on.

If the read command remains on, data is not refreshed. (Data is not updated.)

Turn the device off once, then on again to refresh data.

Data read timing chart

3) In user sequence, ON of read completion
is confirmed and data is read from special
register and processed.
, 4) After completion of read,

read command is turned off.

1) Read command is turned
on in user sequence.

Y2n(n=0 to 2)

Read command _ i -
X2n(n=0 to 2) >l Py

Read completion K

D914n(n=0 to 2) \

Read data \

User sequence / >< \

processing ,

{
5) Inverter CPU confirms that
read command is off and
turns off read completion.

2) Inverter CPU stores inverter data
into special register and turns on
read completion.

(1) Operation mode setting read (D9140)

Data Setting Operation Mode
H0000 NET operation mode
HO0001 External operation mode
H0002 PU operation mode

REMARKS
When the Pr. 79 "operation mode selection" setting is other than "0", the operation mode is as
set. However, when Pr. 79 = "3" or "4", the operation mode is "H0002" (PU operation mode).
<Operation mode setting read program example>
The following program reads the operation mode data to DO.

z
Q
=
o
z
=]
[T
o
pu]
o

<4——— Operation mode read setting request )
Hor Turns on operation mode

ot {ns W 1 read request pulse.
] *20 - Stores operation mode data to DO
A— it {4y oor40 D0 } when operation mode setting read

completion signal turns on.

Turns on operation mode setting
read command. (Until operation
mode setting read completion
signal turns on)

MO X20
3 i
T
— {¥20

1§ [enp ]

V]

(V]
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(2) Set frequency (RAM) (D9141)
The frequency set to the RAM is read to D9141. The unit is 0.01Hz.
(For example, 6000 indicates 60.00Hz.)
When the speed is set, the speed is either 1r/min or 0.1r/min.

<Set frequency (RAM) read program example>

The following program reads the set frequency (RAM) to DO.

o Set frequency read (RAM) setting request Tums on set frequency
o} {rLs 4o Jread (RAM) request pulse.
] X1 Stores data to DO when set
4— —t {Hov  Dpot4s 0o Jfrequency read (RAM)
w0 2l completion signal turns on.
"t £ ¢l Turns on set frequency read (RAM)
W ’ command. (Until set frequency read
o 3y (RAM) completion signal turns on)
[END ]

REMARKS
The read frequency is not the command value of the external signal.

(3) Set frequency (EEPROM) (D9142)
The frequency set to the EEPROM is read to D9142. The unit is 0.01Hz.
(For example, 6000 indicates 60.00Hz.)
When the speed is set, the speed is either 1r/min or 0.1r/min.

<Set frequency read (EEPROM) program example>

The following program reads the set frequency (EZPROM) to DO.

The following program reads the set frequency (E?PROM) to DO.

XOF Set frequency read

o—t {rLs o 1 (E2PROM) setting request
M x22 Stores data to DO when set frequency
't {wov o142 0o ] read (E2PROM) completion signal
w0 2 turns on.
i T s 'l 3 Turns on set frequency read (E2PROM)
W ’ command. (Until set frequency read
(122 ) (E2PROM) completion signal turns on)
{END 1

REMARKS
The read frequency is not the command value of the external signal.
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1.7.3 How to write data by controlling (OFF to ON) the write
command

You can write the operation mode and set frequency to the inverter, batch-clear the
alarm definitions, and clear all parameters.

Device Name Write Write Data Access
No. Command | Completion | Enable Condition
D9143 |Operation mode setting write Y23 X23 Pr.79=0, 2
D9144  |Set frequency write (RAM) Y24 X24 PU operation mode
(PU LED on) or CC-
Set frequency write Link operation mode
D9145 | e2prOM) Y25 X25 (P and EXT LEDs
flicker slowly)
D9146 |Alarm definition batch clear Y26 X26 Always
D9147  |All parameter clear Y27 X271 As setin Pr. 77

The above data are written as soon as the write completion turns on after the write
command has turned from off to on.

(Alarm definition batch clear (D9146) and all parameter clear (D9147) turn on at
completion of clear.)

To write the data again, the write command must be turned off once, then on again.
Data write timing chart

4) After confirmation of write

1) In user sequence, user 2) In user sequence, write f:otmplegonf,fwnte command
data is stored into write command is turned on. 1S furhed oft

data area (D914n).

Y2n(n=3 1o 7) Y
Write command ;

-

X2n(n=3 to 7) ey Py
Write completion \ §
D914n(n=3 to 7)
Write data
g
\ \ 2
0
User data \ \ -
'8
(3}
-
3) Turns on when inverter CPU completes data 5) Inverter CPU confirms that e
write to inverter. write command is off and

Alarm definition clear and parameter

clear turn on at completion of clear.

0 written to D9150 indicates normal completion.

Any value other than 0 indicates abnormal completion.

turns off write completion.
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(1)

Operation mode setting write (D9143)
Data are as follows:

Data Setting Operation Mode
H0000 NET operation mode
HO001 External operation mode
H0002 PU operation mode

The operation mode switching method is as shown below when the Pr79
Operation mode selection value is "0".

NET mode| HO0001 [ External HO002 | PU operation
(CC-Link) operation mode mode
HO000 HOOO1/'
H0002
HO000

When Pr. 79 =2, switching is performed as shown below.

NET mode| HO001 | External
(CC-Link) operation mode
H0000

REMARKS
When Pr. 79 is other than 0, the mode is fixed.

There are no restrictions on operation mode switching.

On normal completion of operation mode setting, the write completion signal
(X23) turns on, and at the same time, 0 is set to D9150.

If the value written is other than HOO00 to HO002 or write is performed during
inverter operation, HFFFF is set to D9150 as soon as the write completion signal
(X23) turns on, resulting in abnormal completion.

If abnormal completion occurs, the operation mode is not changed.

<Operation mode setting write program example>
The following program changes the operation mode to the NET mode.

4 Operation mode write setting request

XoF Turns on operation mode

setting write request pulse.

[PLs o

}
3 X23 .
— — = Ko o156 ] o y Check whether operation mode
Normal write | setting write completion signal
o Ko 09150} ' turned on to judge whether write
o - Abnormal write|was performed normally or not.
——3f W3 ) Stores 0 (CC-Link operation mode)
’“J to D9143 and turns on operation
{sove Ko 03143} mode setting write command.
(Until completion signal turns on)
ez )

{EnD 1
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(2) Set frequency (RAM) (D9144)
The D9144 data is written to the RAM as a set frequency. The unit is 0.01Hz.
(For example, 6000 indicates 60.00Hz.)
When the speed is set, the speed is either 1r/min or 0.1r/min.
The range where the frequency can be set is 0 to 12000 (0 to 120.00Hz).
When the frequency setting is written normally, the write completion signal (X24)
turns on, and at the same time, 0 is set to D9150.
If any value outside the range is written, HFFFF is set to D9150 as soon as the
write completion signal (X24) turns on, resulting in abnormal completion. If
abnormal completion occurs, the set frequency is not changed.

POINT

* The frequency can be set in the PU operation mode and NET operation
mode. Refer to the inverter instruction manual (applied).

<Set frequency write (RAM) program example>
The following program changes the set frequency (RAM) to 30Hz.

o & Set frequency write (RAM) setting request
T

d frLs o Tums on set frequency
" e write (RAM) command pulse.
a— = Ko s ] it ) Check whether set frequency
Normal write | write (RAM) completion signal
o Ko 0950} ) 5| turned on to judge whether write

was performed normally or not.

ot L Qs Stores 3000 (30Hz) into D9144,
M?;J and turns on set frequency write
— Diow koo 0914} (RAM) command.
3 (Until completion signal turns on)

o x4 Abnormal write

V)

(124

[END ]
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(3) Set frequency (EEPROM) (D9145)
The D9145 data is written to the EEPROM as a set frequency. The unit is 0.01Hz.
(For example, 6000 indicates 60.00Hz.)
When the speed is set, the speed is either 1r/min or 0.1r/min.
The range where the frequency can be set is 0 to 12000 (0 to 120.00Hz).
When the frequency setting is written normally, the write completion signal (X25)
turns on, and at the same time, 0 is set to D9150.
If any value outside the range is written, HFFFF is set to D9150 as soon as the
write completion signal (X25) turns on, resulting in abnormal completion. If
abnormal completion occurs, the set frequency is not changed.

POINT
* Setting is enabled in the PU operation mode and NET operation mode.
(Refer to the Inverter instruction manual (applied).)

<Set frequency write (EEPROM) program example>
The following program changes the set frequency (EEPROM) to 10Hz.

& Set frequency write (E2PROM) setting request
Xor Turns on set frequency write

T s w ] (E?PROM) request pulse.
44;“ Ly Ko 9150} W Check whether set frequency
Normal write | write (E2PROM) completion signal
3 Ko 09150 J w 3 turned on to judge whether write

w0 25 Abnormal write | was performed normally or not.

ot I (3 ) Stores 1000 (10Hz) into D9145,
MaJ and turns on set frequency write

[wove k1000  D9145 (E2PROM) command.

(Until completion signal turns on)

(25

[EnD 1

CAUTION

When rewriting the set frequency frequently, use device D9144 "set frequency (RAM)".
There are restrictions on the number of write times of the EEPROM. (Approximately
100,000 times)
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(4) Alarm definition batch clear (D9146)
Writing H9696 to D9146 batch-clears the alarm definitions.
At completion of clear, the write completion signal (X26) turns on, and at the
same time, 0 is set to D9150. If any value outside the setting range is written or
write is performed during inverter operation, HFFFF is set to D9150 as soon as
the write completion signal (X26) turns on, resulting in abnormal completion.
If abnormal completion occurs, the alarm definitions are not cleared.

<Alarm definition batch clear program example>

The following program batch-clears the alarm history.

Turns on alarm definition

r & Alarm definition batch clear request
! batch clear request pulse.

fPLs "o

3 X26

4 — - Ko P 'm 3 Check whether alarm definition
Normal write| patch clear S|gna! turned on to
o Ko 09150 w judge whether write was

Abnormal write| Performed normally or not.
20— | H e )| Stores H9696 (batch clear code)
'“}J to D9146 and turns on alarm
— fwove  wese  peres ] definition batch clear command.
(Until completion signal turns on)

Ho X26
X

Y26

few ]
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for Control §

(5) Parameter clear (D9147)

Setting is ena bled in the PU operation mode and NET operation mode. Refer to
the inverter instruction manual (applied).

Writing H9696 or H9966 to D9147 clears all parameters. Writing H5A5A or
H55AA to D9147 clears the parameters other than the communication
parameters (Refer to the Inverter instruction manual (applied)).

Device No. Setting Description Details
H9696 Terminal functions are not
cleared.
All parameter clear - .
Terminal functions are
H9966 cleared
D9147 .

Terminal functions are not
cleared.

Terminal functions are
cleared.

At completion of clear, the write completion signal (X27) turns on, and at the
same time, 0 is set to D9150. If any value outside the setting range is written or
write is performed during inverter operation, HFFFF is set to D9150 as soon as
the write completion signal (X27) turns on, resulting in abnormal completion. If
abnormal completion occurs, the parameters are not cleared.

REMARKS

Check the terminal function parameters and communication-related parameters in the
parameter list (Refer to the Inverter instruction manual (applied)).

H5A5A Parameters other than
communication parameters
H55AA are cleared.

POINT

<All parameter clear program example>
The following program clears all parameters.

[ Xe7
- = Ko 9150} ' 3 Check whether all parameter
Normal write | l€ar signal turned on to judge
> I 09150 1 e whether write was performed
wo o Abnormal write | "ormally or not.
it M 3 )| Stores H9696 (all parameter
Mg;J clear code) to D9146 and turns
fwove  wess  oor47 ] on alarm definition batch clear
command.
o 5 (Until completion signal turns on)

Turns on all parameter

All parameter clear request
i P Al X q
f clear request pulse.

[PLS 0

[End 1

’— ®Related device ®
D

evice D9150: Parameter access error code (refer to page 33)
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1.7.4 Inverter operation status control

Device No. Name Data Access Enable Condition
D9148 Inverter operation status control |Always
Note that this function is enabled in
D9149 Inverter operation status control |the external/NET operation mode.
enable/disable (Not enabled in the PU
operation mode.)

(1) Inverter operation status control (D9148)
Device for inverter operation status control. The operation of the inverter can be
controlled by turning on/off (1, 0) bits b0 to b11 of D9148.
All bits are factory-set to "0".
Example: When 5 is set to D9148, bits b0 and b2 are 1 (ON), and STF and RH
therefore turn on to give a high-speed forward rotation command.

B15'++'B12B11:+:"B8B7 **** B4B3 :*** BO
[ [oio 0 0Jo000J0 10 1]

0:0OFF
1:O0N

Invalid
STF (Pr.178)

STR (Pr.179)
RH (Pr.182)
RM (Pr.181)
L RL(Pr.180)
L JOG (Pr.185)
RT (Pr.183)
AU (Pr.184)
CS (Pr.186)
MRS (Pr.187)
STOP (Pr.188)
RES (Pr.189)

=—— CAUTION

As in the external input terminals, functions can be assigned to the bits of
D9148 using Pr.178 to Pr.189. However, no function can be assigned to SQ
(sequence RUN setting: 50).
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(2) Inverter operation status control enable/disable setting (D9149)
You can enable or disable D9148 "inverter operation status control". The controls
of the corresponding bits of D9148 are enabled by turning on/off (1, 0) bits b0 to
b11 of D9149. All bits are factory-set to "0".
Example: When H1F is set to D9149, bits b0 to b11 are 1 (ON), the external terminal
inputs are therefore all disabled, and operation control using the inverter
operation status control (D9148) can be performed.

B15'+'B12B11:**B8B7 *** B4B3 '+ BO
[ | EEERERE] ERERERE] EEERERE]

0:0FF
1:0ON

Invalid

STF (Pr.178)
L STR(Pr.179)
RH (Pr.182)
RM (Pr.181)
RL (Pr.180)
JOG (Pr.185)
RT (Pr.183)
AU (Pr.184)
CS (Pr.186)
MRS (Pr.187)
STOP (Pr.188)
RES (Pr.189)

—— CAUTION
*When D9148 "inverter operation status control” is enabled using D9149,
the control performed by external terminal inputs and the control
performed by CC-Link remote inputs are disabled for the enabled bits.
(Same as when "No functions" are set to Pr./78 to Pr.189.)
eWhen the terminal is made valid from PLC function, control from external
terminal is made invalid.
<Operation command setting program example>
The following program example runs the inverter at high speed in forward rotation
direction.

<« Operation start ]
| xor
o— {rs w JTurns on operation start pulse.
036
44— :L {wov HFFF w4 FEnables all inverter operation status
w - control enable/disable bits, and
1—} e Qi y|/disables external terminal inputs.
_;“J ‘ [ave 15 mies ) Self-holds operation start, and turns
) “|on bits 0 (STF) and 2 (RH) of inverter
IG—’iIJI[ @ jJoperation status control, D9148.
‘ ] wieg  JAtinput of stop signal, clears inverter
. operation status control, D9148,
. Operation stop o0 }to 0 and decelerates inverter to stop.
| {
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1.7.5 Inverter parameter access error (D9150)

. Data Access Enable
Device No. Name oy
Condition
D9150 Inverter parameter access error Always

If any value outside the setting range is written during parameter write, set frequency
write, parameter clear, etc. from the sequence program of the inverter, or if write is
performed when write is disabled, a write alarm occurs and the corresponding alarm
code is stored into D9150.

<Parameter>

The parameter No. + H8000 is stored into D9150.

Example: If an error occurs during write of Pr.0 Torque boost, H8000 (HO + H8000) is
stored into D9150.
If an error occurs during write of Pr.10 DC injection brake operation frequency,
H800A is stored into D9150.

<Operation mode, set frequency, alarm definition batch clear, all parameter
clear>

HFFFF is stored into D9150. (Normal 0)
POINT

If write is completed normally after error occurrence, D9150 is not cleared
(D9150 data is held at error occurrence). When using D9150 to stop operation,

etc., the user must clear it.

1.7.6 Inverter status (D9151)

Data Access Enable

Device No. Name Condition
D9151 Inverter status Always
The running status and operating status of the inverter are stored.
The corresponding bits are set according to the inverter status.
B15 B8B7 '+ B4B3 '+ BO

0:0FF
[ [ 1 | 10N

L Inverter running(RUN)
Forward running
Reverse running

Up to frequency(SU)
Overload alarm(OL)
Instantaneous power failure
/undervoltage(IPF)
Output frequency
detection(FU)

Alarm output(ALM)
Minor fault output(LF)
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Inverter Parameter Read/Write Method §

1.8 Inverter Parameter Read/Write Method

1.8.1 Reading the inverter parameters

Data Access Enable
Device No. Name Command | Completion Condition
(Operation mode)

D9241 |Parameter number (RAM)
D9242 |Parameter description (RAM)

- Y28 X28 Always
D9234 Second parameter changing
(RAM)
D9243 |Parameter number (EEPROM)
Parameter description ;
D9244 (EEPROM) P YA X2A PU, NET qperatlon mode
D9235 Second parameter changing (@sin Pr.77)
(EEPROM

When reading the parameter, the parameter description is stored to D9242(D9244) by
storing the parameter number to D9241(D9243) and turning Y28 (Y2A) on. When
reading is completed, X28 (X2A) turns ON to notify the completion. (The device
number within parentheses is used to read the parameter setting value from
EEPROM.)

When reading the calibration parameter (Pr. 902 to Pr. 939), set the following value to
D9234 (D9235) to read each calibration parameter value.

0: Setting value (Frequency/Toruque)

1: Parameter-set analog value

2: Analog value input from terminal

When access error occurs such as "parameter does not exist", value obtained by adding the
parameter number and 8000H is stored to D9150. (Refer to page 33)
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7/ Inverter Parameter Read/Write Method

Inverter parameter data read timing chart

3) In user sequence, ON of read completion
is confirmed and data are read from data
registers D9242(D9243) and processed.
1) Read command is turned 4) After completion of read,
on in user sequence. read command is turned off.
Y28(Y2A) N
Parameter read /

command

N

X28(X2A)
Parameter read >t by

completion f

Inverter
parameter

D9242(D9243)
Parameter
read data

\

User sequence

processing 7 \
2) Inverter CPU stores inverter parameter 5) Inverter CPU confirms that read
data into data registers D9242(D9243), command is off and turns off
and turns on read completion. read completion.
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1.8.2 Writing the inverter parameters

Data Access Enable
Device No. Name Command | Completion Condition
(Operation mode)

D9241 |Parameter number (RAM)
D9242 |Parameter description (RAM)

D9234 Second parameter changing Y29 X29 Always
(RAM)
D9243 |Parameter number (EEPROM)
Parameter description .
D9244 (EEPROM) P Y2B X2B PU, NET qperatlon mode
D9235 Second parameter changing (asin Pr.77)
(EEPROM

Parameter writing is performed when the parameter number is stored to D9241
(D9243) and parameter writing value to D9242 (D9244), and turns ON the Y29 (Y2B).
When writing is completed, X29 (X2B) turns ON to notify the completion. (The device
number within parentheses is used to write the parameter setting value to EEPROM.)
When writing the calibration parameter (Pr. 902 to Pr. 939), set the following value to
D9234 (D9235) to write each calibration parameter value.

0: Setting value (Frequency/Toruque)
1: Parameter-set analog value
2: Analog value input from terminal

As soon as the inverter parameter write completion (X29 (RAM) or X2B (EEPROM))
turns on, 0 is set to D9150 on normal completion.

If an error occurs during access to the parameters, e.g. if any value outside the setting
range is written or write is performed during inverter operation, the value of parameter
No. + H8000 is set to D9150 as soon as the write completion signal (X29 (RAM) or
X2B (EEPROM)) turns on, resulting in abnormal completion. If abnormal completion
occurs, the parameters are not written. (For example, if an error occurs in the torque
boost, H8000 is written to D9150.)

For whether inverter parameter write can be performed or not, refer to Pr.77 Parameter
write selection .

POINT
Inverter parameter write must be performed in the PU operation mode or NET
operation mode. (Refer to the inverter instruction manual (applied).)
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7/ Inverter Parameter Read/Write Method

Inverter parameter data write timing chart

) e stored o parameter wite 4) Aftar confirmation of writa
2) Write command is turned completion, write command
data area (D9242(D9244)). on in user sequence. is turned off.

Y29(Y2B)
Parameter
write command

X29(X2B)
Parameter 3 by

write completion \ (
Inverter parameter \ >< / \

\ /
e N, \

data / \
User sequence >< / \
data T \
3) Turns on when inverter CPU completes inverter 5) Inverter CPU confirms
parameter data write. that write command is
0 written to D9150 indicates normal completion. off and turns off write
Any value other than 0 indicates abnormal completion. completion.
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User Area Read/Write Method §

1.9 User Area Read/Write Method

Inverter parameters Pr.506 to Pr.515 can be used as user parameters.

Since this parameter area and the devices used with the PLC function, D110 to D119,
are accessible to each other, the values set in Pr.506 to Pr.515 can be used in a
sequence program. The result of operation performed in the sequence program can
also be monitored using Pr.506 to Pr.515.

Device Inverter Initial | Setting | Minimum Setting
Parameter | Name . Data Access

No. No Value | Range Unit
D110 to User Oto Always
D119 506 to 515 parameters 0 65535 L enabled

Inverter parameters PLC function devices

Pr.506 to Pr.515 D110 to D119

POINT

Example of using the user parameter area

When the timing is to be changed for machine adjustment using D110 that
stores the timer setting, setting Pr. 506 without modifying the program enters
the set data into D110, enabling adjustment.

1.9.1 User parameter read/write method

User parameter (Pr.506 to Pr.515) and device (D110 to D119) data can be read/written

freely. Data transfer between Pr.506 to Pr.515 and D110 to D119 is executed

automatically.

1)User parameter write processing
When values are written to Pr.506 to Pr.515 using the FR-PU04 or computer link
communication, they are written to the parameter storing RAM area and EEPROM
area, and further to D110 to D119 simultaneously.

2)User parameter read processing
When values are written to D110 to D119 from the PLC function side, they are
written to the parameter storing RAM area (Pr.506 to Pr.515) and read using the FR-
PUO4/FR-PUO7 or communication(RS-485 or communication option). (Since data
are not written to the EEPROM, making power-on reset returns the data to the
original values.)

3)Processing performed at inverter reset or power restoration
When the inverter is reset, the Pr.506 to Pr.515 values stored in the EEPROM are
transferred to the RAM area and D110 to D119.

1) 1)
FR-PUO4 or RS-485 > Pr.506 to Pr.515 >
communication < (RAM) < D110 to D119

2) 2)
A T
3)
3)
1 1
) »| Pr506 to Pr515
(EEPROM)
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/A Analog I/O function

1.10 Analog I/O function

1.10.1 Analog input
Analog input value of termianl 1, 2, 4 can be read from D9245 to D9247.

Device Terminal Name Setting |Data Access Enable
No. Unit Condition

D9245 |Terminal 1 input 0.1%

D9246 |Terminal 2 input 0.1% Always

D9247 [Terminal 4 input 0.1%

Actual read processing is performed at the END processing of the sequence.

REMARKS

Full-scale value of analog input is determined by the setting of Pr. 73 Analog input selection, Pr.
267 Terminal 4 input selection. Refer to the inverter instruction manual (applied).

1.10.2 Analog output

Analog output from each terminal can be performed by setting value on D9251 to
D9254.

Output from PLC function can be performed by setting "7" in output signal selection
parameters of each terminal (terminal FM: Pr. 54, terminal AM: Pr. 158, terminal AMO,
AM1: Pr. 306, Pr. 310).

Device Terminal Name Setting |Data Access Enable
No. Unit Condition
D9251 [Terminal FM 0.1%
D9252 |Terminal AM 0.1%
Terminal AMO o
D9253 (FR-ATAY) 0.1% Always
Terminal AM1 o
D9254 | cr A7AY) 0.1%

Actual read processing is performed at the END processing of the sequence.

REMARKS

High speed pulse train output (Pr. 291) from terminal FM can be performed. (Refer to the
inverter instruction manual (applied).)
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Paluse train input function §

1.11 Paluse train input function

Pulse train (the number of sampling pulses) from terminal JOG is stored to D9236.
When the sampling pulses overflow, make adjustment with the setting of Pr. 476 and
Pr 417.

The number of sampling pulses
= the number of input pulses per count cycle x Pre-scale setting value (Pr. 417) x
increments scaling factor (Pr. 416)

Parameter Name Initial Setting Description
Value Range
291 Pulse train input 0 0, 10,20 Terminal JOG
selection 1,11,21,100 | Pulse train input
Pre-scale function selection
(increments scaling factor)
0: No function
Pre-scale function 1: x1
416 selection 0 Oto5 2:x0.1
3: x0.01
4: x0.001
5: x0.0001
i - Set the pre-scale value to calcute the
417 Pre scalle setting 1 0to 32767 |number of sampling pulse when
value inputting the pulse train.
Device No. Name Setting Description
Range
D9236 Pulse train input sampling 0 to 32767 The number_ of pulses counted in
pulse count cycle is stored.
D9237 Pulse train input cumulative
count value L Oto The cumulative value of the number
Pulse train input cumulative 99999999 |of sampling pulses is stored.
D9238
count value H
D9239 _Reset request of pulse train 0 Not clear
input count 1 Count clear
Count start of the pulse train 0 Stop counting
D9240 | .
input 1 Start counting
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1.12 PID control

With PLC function, PID set point/PID deviation value, PID process value can be set by
setting Pr. 128.

Performing the PID operation using the value of D9248 and D9249 as PID set point/
PID deviation value, PID process value, manipulated variable is stored to D9250.
When performing PID control with PLC function, "1" is set on D9255 instead of X14
signal.

PID set point /

s D9248
PID deviation —I_> PID manipulated variable D9250
PID control or
I ’ Inverter frequency setting
PID measurement D9249
value
Parameter Name Initial Setting Description
Value Range
10 PID reverse action| Deviation value
11 PID forward action S|gna! input
(terminal 1)
20 PID reverse action| Measured value
(terminal 4)
21 PID forward action | Set point (terminal
2 or Pr. 133)
50 PID reverse action| Deviation value
signal input
. (LONWORKS,
51 PID forward action CC-Link
communication)
60 PID reverse action| Measured value,
. set point input
128 | PID action 10 . (LONWORKS ,
selection 61 PID forward action .
CC-Link
communication) >
70 PID reverse action| Deviation value g
. signal input ($)
7 PID forward action (PLC function) §
80 PID reverse action| Measured value, Q
. Set point o
81 PID forward action (PLC function)
90 PID reverse action| Deviation value
. signal input
91 PID forward action (PLC function)
100 PID reverse action| Measured value,
. Set point input
101 PID forward action (PLC function)
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Device No. Name ?Q‘Ztrtilgg Description

. - Set the PID set point or PID
D9248 PID set point / PID deviation -100 to 100% deviation (0.01% units)

Set the PID measurement value
D9249 PID measurement value 0 to 100% (0.01% units)
: : Stores the PID manipulated

D9250 PID manipulated variable -100 to 100% variable (0.01% units)

. 0 PID operation stop
D9255 PID operation control 1 PID operation start
=—— CAUTION

¢ The PID set point/PID deviation value of D9248 automatically switches over
by Pr. 128 setting.

o If Pr. 128 is set to deviation input (70, 71, 90, 91), setting value of PID process
value (D9249) is made invalid.

¢ Operates in the maximum value (the minimum value) of the setting range if
the value outside the range is set.
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7/ Inverter Operation Lock Mode Setting

1.13 Inverter Operation Lock Mode Setting

You can disable a sequence program from being executed until the sequence program
execution key is set to RUN (SQ signal is turned on).

POINT

When you want to perform only inverter operation without using the PLC function,
set "0" (inverter start signal enable) in this parameter.

Parameter Name initial Setting | Minimum Setting
Setting Range Unit
415 Inverter operat_lon 0 0.1 1
lock mode setting
Setting Description
0 The inverter start signal is made valid regardless of the sequence program

execution key.

The inverter start signal is made valid only when the sequence program
execution key is set to RUN (SQ signal is turned on).

1 When the sequence program execution key is in the STOP position (SQ
signal is off), the inverter does not start if the inverter start signal STF or STR
is turned on. (If the key is switched from RUN to STOP during inverter
operation, the inverter is decelerated to a stop.)

—— CAUTION

eindependently of the Pr. 77 setting, this parameter value cannot be rewritten
during inverter operation.

eDuring automatic operation performed using D9148(or M9200 to M9211) in the
sequence program, the inverter comes to a stop when the sequence is setto a
STOP status with "1" set in Pr4/5. However, when "0" is set in Pr415, the
device data are held and the operation status does not change if the sequence
is set to a STOP status. (Inverter operation is continued.)

REMARKS

This parameter setting is also valid for the start signal from the operation panel or FR-
PUO04/FR-PUOQ7.
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2.1 System Configuration

2.1.1 System configuration example

(1) PLC side
Mount the "Control & Communication Link system master/local module" on the
main base unit or extension base unit of the PLC CPU that will act as the master
station.

(2) Connect the PLC CC-Link module master station and inverters by CC-Link
dedicated cables.

Master station

CPU |AJ61
BT11

Inverter Inverter

Up to 42 inverters
can be connected
when only inverters
A% are connected.

Power supply

module

Terminating
resistor

Power supply —O
CC-Link dedicated cable supply

REMARKS

Refer to the FR-A7NC indtruction manual for the CC-Link communication wiring and CC-Link
cables.
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7/ System Configuration

2.1.2 Function block diagram

How /O data are transferred to/from the inverter in CC-Link will be described using
function blocks.

(1)

Between the master station and inverter in the CC-Link system, link refresh is
always made at 3.5 to 18ms (512 points).

I/O refresh and master station's sequence program are executed asynchronously.
Data read from the inverter are read from the buffer memory of the CC-Link
system master/local module using the FROM instruction.

Data to be written to the inverter are written to the buffer memory of the CC-Link
system master/local module using the TO instruction.

Inverter

CC-Link module

1) CC-Link module

1/0 signals CPU

g

Buffer
memory

3) CC-Link
dedicated
cable

5)
[l{e]
data

— Input signal

PLC CPU

2) Buffer memory
read/write

Interface with PLC

@
8
5 2
£ o
< 2
Q
£
3 b
2 g
s} £

— Output signal

CC-Link interface

Built-in sequence program

I/O signals assigned to the CC-Link system master/local module. These signals
are used to make communication between the PLC CPU and CC-Link system
master/local module.

Input data from the inverter can be read, and output data from the inverter can be
written. Buffer memory read/write is performed using the FROM/TO instruction of
the sequence program. Refer to page 57 for details of the buffer memory.

PLC link start is commanded from the sequence program. After PLC link has
started, link refresh is always made asynchronously with the sequence program
execution.

I/O data are transferred between the CC-Link system master/local module and
inverter CPU via the sequence program.

I/O data are transferred between the inverter CPU and sequence program. (5)
indicates the operation performed when CC-Link is not used, and is irrelevant to
1) to 4).)

REMARKS

Programs cannot be read/written via CC-Link communication.
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System Configuration §

POINT

The difference between CC-Link communication (P~ 544 = 100, 112, 114, 118)
with PLC function and normal CC-Link communication (P~ 544 =1, 2,12, 14, 18)
is indicated below.

Inverter

Pr.544=0,1,12,14,18

110 (RX, RY)

Inverter CPU

PLC CPU
CC-Link master module

Parameter read/write, monitor, operation commands,
etc. have been assigned in advance.
Invert

Pr.544=100,112,114,118
Built-in CC-Link module

Built-in
1/0 (RX, RY) | Sequence

program
RWw RWr

Inverter CPU

User
assignment “

PLC CPU
CC-Link master module

Using built-in sequence program, parameters,
monitor, etc. must be assigned.

Other data read/write, etc. can be assigned
freely as user areas.

*Operation and speed commands have

been assigned in advance.
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7/ CC-Link Parameters
2.2 CC-Link Parameters
2.2.1 CC-Link Extended Setting (Pr. 544)

Remote register function can be extended.

Parameter Initial | Setting [ cc.Link e
Number Bame Value | Range Ver. Re=ciiption
0 Occupies one station
1 (FR-A5NC compatible) *1
1 Occupies one station
12 *2 Occupies one station double
14 % 2 Occupies one station
quadrople
CC-Link extended 18 =2 Occupies one station octuple
544 setting 0 Occupies one station
100 1 .
(PLC function)
112 % Occupies one station double
(PLC function)
114 %2 2 Occupies one station
quadrople (PLC function)
118 =2 Occupies one station octuple

(PLC function)

*1  The program used for conventional series inverter (FR-A5NC) can be used.

*2  When using double, quadruple and octuple settings of the CC-Link Ver.2, station data of
the master station must be set to double, quadruple and octuple also.
(If the master station is CC-Link Ver.1 compatible station, the above setting can not be
made.)

REMARKS
The setting change is reflected after an inverter reset.
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2.3 CC-Link I/O Specifications

2.3.1

/O signal when CC-Link Ver.1 one station is occupied
(Pr. 544 = 100)

The device points usable in CC-Link communication are 32 input (RX) points (16
points are available for PLC function), 32 output (RY) points (16 points are available
for PLC function), 4 remote register (RWr) points and 4 remote register (RWw) points.

(1) Remote I/O

PLC Remote PLC Remote
function | output q function input .
doites | e Signal dores | i Signal
No. No. No. No.
X30 | RYnO |Forward rotation command X30 | RXn0 |Forward running
X31 RYn1 | Reverse rotation command X31 RXn1 | Reverse running
High-speed operation Runnin
9
X32 RYn2 E:tcérrnmn;r?anldRH function) *1 X32 | RXn2 (terminal RUN function) *2
Middle-speed operation
X33 | RYn3 |command X33 | Rxn3 |Yptofrequency
(terminal RM function) *1 (terminal SU function) *2
Low-speed operation
X34 | RYn4 |command X34 | Rxn4 |Queroadalarm
(terminal RL function) *1 (terminal OL function) *2
Jog operation command Instantaneous power failure
X35 | RYN5 | lierminal JOG function) *1 X35 | RXn5 | terminal IPF function) *2
Second function selection Frequency detection
X36 RYn6 (terminal RT function) *1 X36 | RXn6 (terminal FU function) *2
Current input selection Error
X37 | RYN7 | (terminal AU function) *1 X37 | RXn7 | terminal ABC1 function) *2
Selection of automatic restart after
X38 RYn8 | instantaneous power failure X38 | RXn8 |— (terminal ABC2 function) *2
(terminal CS function) *1
Pr. 313 assignment function
X39 RYn9 | Output stop X39 | RXn9 (DOO)
Start self-holding selection Pr. 314 assignment function
X3A | RYPA | fterminal STOP function) *1 X3A | RXnA | (5o9)
Reset Pr. 315 assignment function
X3B | RYnB (terminal RES function) *1 X3B | RXnB (DO2)
X3C | RYnC X3C | RXnC
X3D | RYnD | General-purpose remoteinput | | X3D | RXnD | General-purpose remote input
X3E RYnE |available in PLC function X3E | RXnE |available in PLC function
X3F | RYnF X3F | RXnF
RY(n+1)0 RX(n+1)0
— to Reserved — to Reserved
RY(n+1)7 RX(n+1)7
Not used Not used
— | RY(n+1)8 | (initial data process — | RX(n+1)8 | (initial data process request
completion flag) flag)
Not used Not used
— | RY(n+1)9 | (initial data process request — | RX(n+1)9 | (initial data process
flag) completion flag)
— RY(n+1)A | Error reset request flag — RX(n+1)A | Error status flag
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PLC Remote PLC Remote
function | output . function | input .
device | device Blehiil device | device Signal
No. No. No. No.
RY(n+1)B EXX(n:: )(B; Remote station Ready
— to Reserved _ (r; ) R g
RY(n+1)F Rx(nc; - eserve

("n" indicates a value determined according to the station number setting.)

*1  Signal names are initial values. Using Pr. 180 to Pr. 186, Pr. 188, and Pr .189, you can
change input signal functions.
Signals of the RYn0, RYn1, and RYn9 can not be changed. Even when changed using Pr.
178, Pr. 179, and Pr. 187, the settings are invalid.
Refer to the inverter manual (applied) for details of Pr. 178 to Pr.189.

*2 fSignal names are initial values. Using Pr. 190 to Pr .196, you can change output signal
unctions.
Refer to the inverter manual (applied) for details of Pr. 190 to Pr.196.

(2) Remote resister

ngv?;:ﬁ'o"'“ Address Description P'égvfi‘;:",:':“ Address Description
D9062 RWwn | Registers designed to D9078 RWrn | Registers designed to
D9063 RWwn+1 | read data received D9079 RWrn+1 | write data to be sent
D9064 | RWwn+2 |from the master D9080 RWrn+2 | to the master station.
D9065 RWwn+3 | station D9081 RWrn+3

("n" indicates a value determined according to the station number setting.)

(3) Data I/0 image

— FR-A700 series
Devices in built-in sequence

RY00to OF | ——» | X30to 3F
RX00to OF [¢——71— | Y30to3F

Devices in CC-Link (station No. 1)

RWwOQ D9062
Master station RWw1 > D9063
RWw2 D9064
RWw3 D9065
RWr0 D9078
RWr1 | o D9079
RWr2 D9080
RWr3 D9081

Automatically refreshed at every END.

REMARKS

Use the remote registers freely since they are all user areas.
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2.3.2 1/0 signal when CC-Link Ver.2 double setting is selected
(Pr. 544 = 112)
The device points usable in CC-Link communication are 32 input (RX) points (12

points are available for PLC function), 32 output (RY) points (12 points are available
for PLC function), 4 remote register (RWr) points and 4 remote register (RWw) points.

(1) Remote I/O

PLC Remote PLC Remote
function | output - function input .
device device Signal device | device Signal
No. No. No. No.
X30 RYnO | Forward rotation command X30 | RXn0 |Forward running
X31 RYn1 | Reverse rotation command X31 RXn1 | Reverse running
High-speed operation Runni
X32 RYn2 | command X32 RXn2 unning R
(terminal RH function) *1 (terminal RUN function) *2
Middle-speed operation
X33 RYn3 | command X33 | RXn3 ng;?i;g}lqgﬁr}%ction) *9
(terminal RM function) *1
Low-speed operation
X34 RYn4 | command X34 RXn4 ggfnrqlﬁegli SII?:‘Tn ction) *2
(terminal RL function) *1
Jog operation command Instantaneous power failure
X35 RYn5 (terminal JOG function) *1 X35 | RXn5 (terminal IPF function) *2
Second function selection Frequency detection
X36 | RYn6 | (ierminal RT function) *1 X36 | RXn6 | (terminal FU function) *2
Current input selection Error
X37 RYn7 (terminal AU function) *1 X37 | RXn7 (terminal ABC1 function) *2
Selection of automatic restart after
X38 | RYn8 |instantaneous power failure X38 | RXn8 |— (terminal ABC2 function) *2
(terminal CS function) *1
Pr. 313 assignment function
X39 RYn9 | Output stop X39 | RXn9 (DOO)
Start self-holding selection Pr. 314 assignment function
X3A | RYnA (terminal STOP function) *1 X3A | RXnA (DO1)
Reset Pr. 315 assignment function
X3B | RYNB | (teiminal RES function) *1 X3B | RXnB | (p0o)
— RYnC | Monitor command — RXnC | Monitoring
Frequency setting command Frequency setting completion
— RYnD (RAM) — RXnD (RAM)
- RYNE FéeAql\leeE%yPs;gi'\r/\lg); command - RXnE FI'\r’eAql\l/IJeIrEKI;EyP?gil\r/‘lg)l completion
o RYNF Irr;(sthLelgttion code execution o RXnE ICr:)er‘L)lIcet{icz)rll| code execution
RY(n+1)0 RX(n+1)0
— to Reserved — to Reserved
RY(n+1)7 RX(n+1)7
Not used Not used
— | RY(n+1)8 | (initial data process — | RX(n+1)8 | (initial data process request
completion flag) flag)
Not used Not used
— | RY(n+1)9 | (initial data process request — | RX(n+1)9 | (initial data process
flag) completion flag)
— RY(n+1)A | Error reset request flag — RX(n+1)A | Error status flag
RY(n+1)B RX(n+1)B | Remote station Ready
o © Reserved o RX(rgnC Reserved
RY(n+1)F R
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("n" indicates a value determined according to the station number setting.)

*1  Signal names are initial values. Using Pr. 180 to Pr. 186, Pr. 188, and Pr .189, you can
change input signal functions.
Signals of the RYn0, RYn1, and RYn9 can not be changed. Even when changed using Pr.
178, Pr. 179, and Pr. 187, the settings are invalid.
Refer to the inverter manual (applied) for details of Pr. 178 to Pr.189.

*2  Signal names are initial values. Using Pr. 190 to Pr .196, you can change output signal
functions.
Refer to the inverter manual (applied) for details of Pr. 190 to Pr.196.

(2) Remote resister

: Description .
PLCIunction | Address | Upper 8 | Lower 8 | | Faorunction | Address Description
Bits Bits
— RWwn Monitor Monitor — RWrn First monitor value
code 2 code 1
_ Rwwn+1 | Setfrequency (0.01Hz - RWrn+1 Second monitor
increments) value
Link
L RWwn+2 paramgter Instruction . RWrn+2 Reply Reply
expansion code code2 code1
setting
— RWwn+3 Write data — RWrn+3 Read data
D9062 | RWwn+4 | Registers designed to D9078 RWrn+4 |Registers designed
D9063 | RWwn+5 |read data received D9079 RWrn+5 | to write data to be
D9064 RWwn+6 |from the master D9080 RWrn+6 Sen_t to the master
D9065 | RWwn+7 |station D9081 RWrn+7 | station.
("n" indicates a value determined according to the station number setting.)
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2.3.3 1/Ossignal when CC-Link Ver.2 quadruple setting is selected

(Pr. 544 = 114)

The device points usable in CC-Link communication are 32 input (RX) points (12
points are available for PLC function), 32 output (RY) points (12 points are available
for PLC function), 8 remote register (RWr) points and 8 remote register (RWw) points.

(1) Remote I/O
Same as when Pr. 544 = 112 (I35 Refer to page 52)

(2) Remote resister

. Description i
P'Jg,filézc,:z" Address | Upper 8 | Lower 8 P'ngfi‘gﬁ';’_" Address Description
Bits Bits
— RWwn Monitor Monitor — RWrn First monitor value
code 2 code 1
. RWwn+1 Set frgquency (0.01Hz . RWrn+1 Second monitor
increments) value
Link
o RWwn+2 parame_ter Instruction o RWrn+2 Reply Reply
expansion code code2 code1
setting
— RWwn+3 Write data — RWrn+3 Read data
— RWwn+4 Monitor code 3 — RWrn+4 Third monitor value
— RWwn+5 Monitor code 4 — RWrn+5 | Fourth monitor value
— RWwn+6 Monitor code 5 — RWrn+6 Fifth monitor value
— RWwn+7 Monitor code 6 — RWrn+7 Sixth monitor value
D9062 RWwn+8 D9078 RWrn+8
D9063 RWwn+9 D9079 RWrn+9
D9064 | RWwn+A | Registers designed to D9080 RWrn+A | Registers designed
D9065 RWwn+B |read data received D9081 RWrn+B | to write data to be
D9066 RWwn+C | from the master D9082 RWrn+C |sent to the master
D9067 | RWwn+D | station D9083 RWrn+D | station.
D9068 RWwn+E D9084 RWrn+E
D9069 RWwn+F D9085 RWrn+F

("n" indicates a value determined according to the station number setting.)
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2.3.4 1/0O signal when CC-Link Ver.2 octuple setting is selected
(Pr. 544 = 118)

The device points usable in CC-Link communication are 32 input (RX) points (12
points are available for PLC function), 32 output (RY) points (12 points are available
for PLC function), 16 remote register (RWr) points and 16 remote register (RWw)
points.

(1) Remote I/O
Same as when Pr. 544 = 112 (I35 Refer to page 52)

(2) Remote resister

: Description i
P'ngfi‘ézc,:'o"_“ Address | Upper 8 | Lower 8 P'égvfi‘;zc,i'o"_" Address Description
Bits Bits
— RWwn Monitor Monitor — RWrn First monitor value
code 2 code 1
- RWwn+1 Set fr_equency - RWn+1 Second monitor
(0.01Hz increments) value
Link
o RWwn+2 parame_ter Instruction o RWrmn+2 Reply Reply
expansion code code2 code1
setting
— RWwn+3 Write data — RWrn+3 Read data
— RWwn+4 Monitor code 3 — RWrn+4 Third monitor value
— RWwn+5 Monitor code 4 — RWrn+5 | Fourth monitor value
— RWwn+6 Monitor code 5 — RWrn+6 Fifth monitor value
— RWwn+7 Monitor code 6 — RWrn+7 Sixth monitor value
Alarm Alarm Alarm
— RWwn+8 | definition HO0O0 — RWrn+8 | definition | definition
No. No. data
PID set point Alarm definition
o RWwn+9 (0.01% increments) *1 o RWm+9 (output frequency)
PID measured value Alarm definition
o RWwn+A (0.01% increments) *1 o RWmn+A (output current)
PID deviation Alarm definition
o RWwn+B (0.01% increments) *1 o RWm+B (output voltage)
toruge command / limit Alarm definition
o RWwn+C (0.01% increments) o RWm+C (energization time)
— RWwn+D — RWrn+D
— RWwn+E HOO (Free) — RWrn+E HOO (Free)
RWwn+F — RWrn+F

*1  When Pr. 128 ="50, 51, 60, 61", they are valid.
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. Description :
P'ég‘:;‘;:ﬁ:“ Address | Upper 8 | Lower 8 P'ngfi‘;:ﬁ'o"_" Address Description
Bits Bits
D9062 | RWwn+10 D9078 | RWrn+10
D9063 | RWwn+11 D9079 RWrn+11
D9064 | RWwn+12 D9080 | RWrn+12
D9065 RWwn+13 D9081 RWrn+13
D9066 RWwn+14 D9082 RWrn+14
D9067 RWwn+15 D9083 RWrn+15
D9068 | RWwn+16 | Registers designed to D9084 | RWr+16 | Registers designed
D9069 | RWwn+17 |read data received D9085 | RWrn+17 |to write data to be
D9070 | RWwn+18 |from the master D9086 | RWrn+18 |sent to the master
D9071 RWwn+19 | station D9087 RWrn+19 | station.
D9072 | RWwn+1A D9088 RWrn+1A
D9073 | RWwn+1B D9089 RWrn+1B
D9074 | RWwn+1C D9090 | RWrn+1C
D9075 | RWwn+1D D9091 RWrn+1D
D9076 | RWwn+1E D9092 RWrn+1E
D9077 | RWwn+1F D9093 RWrn+1F

("n" indicates a value determined according to the station number setting.)
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2.4 Buffer Memory

2.4.1 Remote output signals
(Master module to inverter(FR-A7NC))

eInput states to the remote device station are stored.
eTwo words are used for each station.
(Do not use address 16n (n = 2(X - 1) + 1, X = station No.))

FR-A700 series

Remote device station
Master Station (Station No. 1: 1 station occupied) Inverter

4
A
I
I
I
I
I
I
I
I
I
I
I
'
I
'
'
a4

Addresses Remote inputs (RY)
For station ] 160+| RY_ Fto RY _0

»| RY OF to RY 00 X3F to X30

No.1 161H | RY 1F to RY 10
For station J 162+ | RY 2F to RY 20

No.2 163+ [ RY 3F to RY 30
For station ] 164+ | RY 4F to RY 40

No.3 165+ [ RY 5F to RY 50
For station ] 1661 | RY 6F to RY 60

No.4 167+ RY 7F to RY 70
For station ] 168+ | RY 8F to RY 80

No.5 169+ | RY 9F to RY 90
For station ] 16AH| RY AF to RY AQ

! 1
! 1
i |
! 1
! 1
! 1
! !
! 1
! 1
| |
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
: |
' No6 16BH|RY BF toRY BO| |
' Forstation [ 16Cx[RY CFloRY CO| !
! 1
! 1
! 1
! 1
i |
! !
! 1
1 1
! 1
! 1
! 1
! !
! 1
! !
| |
! 1
! 1
! 1
! 1
! 1
! 1

No.7 16DH|RY DF to RY DO
For station J 16EH| RY EF to RY EQ

No.8 16FH[RY FF to RY FO
For station ] 1701 |RY10F to RY100

No.9 1714 |RY11F to RY110]
1721

to to

1DBH

For station ]1DCH|RY7CF to RY7COQ

No.63 1DDH|RY7DF to RY7DO
For station J1DEH [RY7EF to RY7EO)

No.64 1DFH [RY7FF to RY7FO

Correspondences between Master Station Buffer Memory Addresses and Station
Numbers

. Buffer . Buffer . Buffer . Buffer
Stﬁgon Memory Stﬁgon Memory Stﬁgon Memory Stﬁgon Memory
: Address : Address : Address : Address
1 160H 17 180H 33 1A0H 49 1COH
2 162H 18 182H 34 1A2H 50 1C2H
3 164H 19 184H 35 1A4H 51 1C4H
4 166H 20 186H 36 1A6BH 52 1C6H
5 168H 21 188H 37 1A8H 53 1C8H z
6 16AH 22 18AH 38 1AAH 54 1CAH ,%
7 16CH 23 18CH 39 1ACH 55 1CCH 5
8 16EH 24 18EH 40 1AEH 56 1CEH | 2
9 170H 25 190H 41 1BOH 57 1DOH §
10 172H 26 192H 42 1B2H 58 1D2H o
11 174n 27 194n 43 1B4n 59 1D4n v
12 176H 28 196H 44 1B6H 60 1D6H 5
13 178H 29 198H 45 1B8H 61 1D8H 8
14 17AH 30 19AH 46 1BAH 62 1DAH
15 17CH 31 19CH 47 1BCH 63 1DCH
16 17EH 32 19EH 48 1BEH 64 1DEH
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2.4.2 Remote input signals Pr.544=100
(Inverter(FR-A7NC) to master module)

¢ Input states from the remote device station are stored.
* Two words are used for each station.

(Do not use address En (n = 2(X - 1) + 1, X = station No.))
FR-A700 series

Remote device station
Master station (Station No. 1: 1 station occupied) Inverter

o= - - - — - -mmmm—— = Bl r a [t a
'
Addresses Remote inputs (RX)

|
For station ] EOn[RX_ FtoRX 0 [* RX OF to RX 00 [¢— Y3F_to Y30

No.1 E1H| RX 1F to RX 10
For station J E2+| RX 2F to RX 20

No.2 E3n| RX 3F to RX 30
For station | E4n| RX 4F to RX 40

No.3 E5H [ RX 5F to RX 50
For station ] E6H| RX 6F to RX 60

No.4 E74| RX 7F to RX 70
For station J E8+| RX 8F to RX 80

No.5 E9H| RX 9F to RX 90
For station ] EAH| RX AF to RX AQ

|
|

|

|

|

|

|

|

I

|

|

|

|

|

|

|

|

|

|

!

! No6 EBw| RX BF to RX B0
! Forstation | ECH[ RXCFtoRXCO
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

No.7 EDw| RX DF to RX DO
For station ] EEH| RX EF to RXEOQ

No.8 EFH| RX FF to RX FO
For station J FOH| RX10F to RX100

No.9 F1u | RX11F to RX110
F2u
to to

15BH

For station J 15CH[RX7CF to RX7C0O

No.63 15DH|RX7DF to RX7D0
For station J 15EH|RX7EF to RX7EQ

No.64 15FH [RX7FF to RX7F0

Correspondences between Master Station Buffer Memory Addresses and Station
Numbers

. Buffer . Buffer . Buffer . Buffer
Stﬁt(;on Memory Stﬁt(:on Memory Stﬁt(;on Memory Stﬁtc',on Memory
: Address : Address : Address ' Address
1 EOH 17 100H 33 120H 49 140H
2 E2H 18 102H 34 122H 50 142H
3 E4H 19 104H 35 124H 51 144H
4 E6H 20 106H 36 126H 52 146H
5 E8H 21 108H 37 128H 53 148H
6 EAH 22 10AH 38 12AH 54 14AH
7 ECH 23 10CH 39 12CH 55 14CH
8 EEH 24 10EH 40 12EH 56 14EH
9 FOH 25 110H 41 130H 57 150H
10 F2H 26 112H 42 132H 58 152H
1 F4H 27 114H 43 134H 59 154H
12 F6H 28 116H 44 136H 60 156H
13 F8H 29 118H 45 138H 61 158H
14 FAH 30 11AH 46 13AH 62 15AH
15 FCH 31 11CH 47 13CH 63 15CH
16 FEH 32 11EH 48 13EH 64 15EH
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2.4.3 Remote registers Pr.544=100
(Master module to inverter(FR-A7NC))
e Data to be sent to the remote registers (RWW) of the remote device station are

stored.
e Four words are used for each station.

FR-A700 series

Remote device station

Master station (Station No. 1: 1 station occupied) Inverter
L a F=--===s========== al F--=s=s=s========= a
Addresses  Remote registers (RWw) | | | | :
1EOR|__ RWw 0 __f] | o [|oRww 0 f) i [|---pooe2 __
For station J1E1H[__ RWw 1 _:__:_, __ Rww 1 | _:_l_’ __D9063 | '
No.1 1E2¢)  RWw 2 || v RWw 2 ff v v D064 !
1E3n RWw RWw 3 D9065 |

No.2 1E6H RWw 6

3
1E4n| _ RWw 4
For station | 1E51 RWw 5
1E7H RWw

7
1E8H|_ _ _RWw 8
For station J 1E9H RWw 9

No.3 1EAH RWw A

1EBH RWw B
{ECH RWw C

!
1

!

i

!

!

!

i

i

i

i
i
|
!
i
1
|
!
For station J 1EDH RWw D '
i
!
|
!
i
1
!
i
i
i
i
i
|
!
i
!
!
i

No.4 1EEH|__ _RWw E __
1EFH RWw_F
1FOu

to to
2DBH;
2DCH|__ RWw FC_

For station J2DDH|__ _RWw FD_ _

No.64 2DEH[__ _RWw FE_ |
2DFH RWw _FF

_____________________________________________________________

Correspondences between Master Station Buffer Memory Addresses and Station
Numbers

. Buffer . Buffer . Buffer . Buffer
Stﬁgon Memory Stﬁtc',on Memory Stﬁt(;on Memory Stﬁt(;on Memory
' Address ' Address ’ Address ' Address
1 1EOH to 1E3H 17 220H to 223H 33 260H to 263H 49 2A0H to 2A3H
2 1E4H to 1E7H 18 224H to 227H 34 264H to 267H 50 2A4H to 2A7H
3 1E8Hto 1EBH| 19 |228Ht022BH| 35 |268H to 26BH 51 2A8H to 2ABH
4 1ECHto 1EFH| 20 |22CHto22FH| 36 |26CHto26FH| 52 |2ACH to 2AFH
5 1FOH to 1F3H| 21 230H to 233H 37 270H to 273H 53 | 2BOH to 2B3H
6 1F4H to 1F7H 22 234H to 237H 38 274H to 277H 54 2B4H to 2B7H
7 1F8H to 1FBH 23 238H to 23BH 39 278H to 27BH 55 2B8H to 2BBH 5
8 1FCH to 1FFH 24 23CH to 23FH 40 27CH to 27FH 56 2BCH to 2BFH E
9 200H to 203H 25 240H to 243H 41 280H to 283H 57 2COH to 2C3H %
10 204H to 207H 26 244H to 247H 42 284H to 287H 58 2C4H to 2C7H g
1" 208H to 20BH 27 248H to 24BH 43 288H to 28BH 59 2C8H to 2CBH 5
12 20CH to 20FH 28 24CH to 24FH 44 28CH to 28FH 60 2CCH to 2CFH ;’
13 210H to 213H 29 250H to 253H 45 290H to 293H 61 2DO0OH to 2D3H 5
14 214H to 217H 30 254H to 257H 46 294H to 297H 62 2D4H to 2D7H 8
15 | 218Hto 21BH 31 258Ht0 25BH| 47 |298Hto29BH| 63 |2D8Hto 2DBH
16 |21CHto 21FH| 32 |25CHto 25FH| 48 |29CHto 29FH| 64 |2DCHto 2DFH
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2.4.4 Remote registers Pr.544=100
(Inverter(FR-A7NC) to master module)

¢ Data sent from the remote registers (RWR) of the remote device station are stored.
¢ Four words are used for each station.

FR-A700 series

Remote device station

Master station (Station No. 1: 1 station occupied) Inverter
L a r===-============ a r===-============ a
1 1 1 1
Addresses  Remote registers (RWr) | . . .
2604 __Rwe 0 _]] v ([ Rwe o _]] __ D978 __ |

For station ) 2E1 RWr 1 RWRr 1 D9079
o oo L |- R e :
: 224 RWR 2 ff | ffL__ RWe 2 ||+ 0 |- D9080 _ _ _ i

2E3H RWr RWR 3 D9081

No.2 2E6BH RWRr 6

3
2E4u|__ RWR 4
For station ) 2E5+ RWrR 5
2E7H RWR

7
2E8H|_ _ _RWR 8
For station ) 2E9 RWr 9

No.3 2EAH RWrR A

2EBH RWr B
{ZECH RWRr C

i
1

i

i

i

i

i

i

1

i

i

1

|

i

i

'

7777777777 i
For station ] 2EDH| ~ RWr D i
No.4 :
1

i

i

i

|

i

i

1

i

i

i

|

i

i

'

|

i

2EEH[__ RWR E

2EFH RWrR F
2FO0n

to to

3DBH
3DCH RWr FC
For station |3DDH RWR FD

No.64 3DEH|__ _RWs FE

3DFH RWR FF

Correspondences between Master Station Buffer Memory Addresses and Station
Numbers

Station Buffer Station Buffer Station Buffer Station Buffer
No Memory No Memory No Memory No Memory
’ Address ’ Address ’ Address ' Address

2EOH to 2E3H| 17 320Hto 3231 | 33 |360Hto363H| 49 |3AO0H to 3A3H

2E4H to 2E7H 18 324H to 327H 34 364H to 367H 50 3A4H to 3ATH

2E8H to 2EBH 19 328H to 32BH 35 368H to 36BH 51 3A8H to 3ABH

2ECHto 2EFH| 20 |[32CHto32FH| 36 |[36CHto36FH| 52 |3ACHto 3AFH

2FOHto 2F3H| 21 330H to 333H 37 370H to 373H 53 | 3BOH to 3B3H

2F4H to 2F7H 22 334H to 337H 38 3741 to 377H 54 3B4H to 3B7H

2F8Hto 2FBH| 23 338Ht033BH| 39 |378Hto 37BH 55 |3B8H to 3BBH

2FCHto 2FFH| 24 |33CHto33FH| 40 |37CHto37FH| 56 |3BCH to 3BFH

300H to 303H 25 340H to 343H 41 380H to 383H 57 3COH to 3C3H

304H to 307H 26 344H to 347H 42 384H to 387H 58 3C4H to 3C7H

308Hto 30BH| 27 |348Hto34BH| 43 |388Ht0o38BH| 59 |3C8Hto3CBH

30CHto 30FH| 28 |34CHto34FH| 44 |38CHto38FH| 60 |3CCHto 3CFH

310nto 313H| 29 350Hto 353H| 45 |390Hto393H| 61 3DO0H to 3D3H

314H to 317H 30 354H to 357H 46 394H to 397H 62 3D4H to 3D7H

318H to 31BH 31 358H to 35BH 47 398H to 39BH 63 3D8H to 3DBH

ol ol n e oD ol o No o A w N~

31CHto 31FH| 32 |35CHto 35FH| 48 |39CHto39FH| 64 |3DCH to 3DFH
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Overview §

3.1 Overview

3.1.1 Outline of Operation Processings
This section outlines processings performed from when the inverter is powered on

until a sequence program is executed.
The built-in PLC function processings are roughly classified into the following three
types.

(1)

62

Initial processing

Pre-processing for executing sequence operation. This processing is executed

only once when power is switched on or a reset is performed.

(a) The inputs/outputs are reset and initialized.

(b) The data memories are initialized (the bit devices are turned off and the word
devices are cleared to 0).

(c) Self-diagnostic checks are made on the built-in PLC function parameter
setting, operation circuit, etc.

The built-in PLC function parameters can be confirmed from GX Developer. (Refer
to the GX Developer Operating Manual.)

Sequence program operation processing

The sequence program written to the built-in PLC function is executed from step 0

to an END instruction.

END processing

Post-processing for terminating one sequence program operation processing and

return the sequence program execution to step 0.

(a) Self-diagnostic checks are performed.

(b) The present values of the timers are updated and their contacts are turned
on/off, and the present values of the counters are updated and their contacts
are turned on.



7/ Overview

< Power on )

A

Initial processing
-1/O initialization
 Data memory initialization
* Self-diagnostic checks

A

I/O refresh processing

Sequence program operation processing
Step 0
to
Until execution of END instruction

A

END processing

- Self-diagnostic checks
*Updating of timer and counter present values
and on/off of their contacts

SEQUENCE PROGRAMMING

Fig 3.1 Operation Processings of Built-in PLC function
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RUN and STOP Operation Processings §

3.2 RUN and STOP Operation Processings

The built-in PLC function has two different operation statuses: RUN status and STOP
status.

This section explains the operation processings of the built-in PLC function in each
operating status.

(1)

In either the RUN or STOP status, the built-in PLC function is performing I/O refresh
processings. In the STOP status, therefore, 1/O monitoring and test operation can be
performed from the peripheral device.

Operation processing in RUN status

A RUN status indicates that a sequence program repeats its operation in order of
step 0 to END (FEND) instruction to step 0 when SQ-SD are shorted. (P.RUN is on)
When entering the RUN status, the function outputs the output status saved at STOP
according to the "STOP to (RUN-time output mode setting" (refer to page 96).
Operation processing in STOP status

A STOP status indicates that a sequence program stops its operation when SQ-
SD are opened or remote STOP is commanded. (P.RUN is off)

When entering the STOP status, the function saves the output status and turns off
all outputs. The contents of the data memories other than the outputs (Y) are
maintained.

POINT

3.3 Program Makeup

(1)

()

64

Program classification

The program that can be used by the built-in PLC function is a main sequence
program only. Microcomputer, interrupt and SFC programs cannot be used.
Program capacity

A program capacity indicates the capacity of the program storage memory, and it
is 1k steps. Set the program capacity in the built-in PLC function parameter.



Z
3.4 Programming Languages

The built-in PLC function has two different programming methods: one that uses

ladders and the other that uses dedicated instructions.

e Programming that uses ladders is performed in the relay symbolic language. *1

e Programming that uses dedicated instructions is performed in the logic symbolic
language. *2

Whether the relay symbolic language or logic symbolic language is used, the same

program is created.

REMARKS

*1. When using GX Developer for programming, perform programming in the "ladder mode".
*2. When using GX Developer for programming, perform programming in the "list mode".

3.4.1 Relay symbolic language (Ladder mode)

The relay symbolic language is based on the concept of a relay control circuit.

You can perform programming in the representation close to the sequence circuit of

relay control.

(1) Ladder block
A ladder block is the minimum unit for performing sequence program operation. It
starts with the left hand side vertical bus and ends with the right hand side vertical
bus.

Programming Languages

Left hand side vertical bus

\ Right hand
SN ! side vertical
i (]_i(ol 10 3 ( bus
y o ____ - __J
Step number /X1X3 ************ o \
Co H o 1 Ladder
| 1 blocks
! (2 b
| L 3 >
E:: - - - - - - - C-C-C--C-C---Z-Z-ZZZZ:Z ::f
| X4 X5 |
8— | s G

|

* X0 to X5: Indicate inputs.
Y10 to Y14: Indicate outputs.

Fig 3.2 Ladder Blocks
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Programming Languages §

(2) Sequence program operation method
Sequence program operation repeats execution from a ladder block at step 0 to
an END instruction.
In a single ladder block, operation is performed from the left hand side vertical
bus to the right, and from the top to the bottom.

Beqinning of Operation from left to right
eginning of one 10)
- 5
ladderblock _ Sa 0 2 2 e o End of one
e oo X1> ) ) ) ladder block
| o —— —— —— ——{ 0 3
| ) 4 i
' Operation 3 %o s !
. from top — — !
| to bottom e)s(‘)1 !
_V, Beginning of *:i{ ,,,,,,,,,,,,,,,,,,,,,,,,,,,, J
| — P
Execution 1 one ladder block | X811) X0A13) X0B 14)Operation from left to right 15)
returnsto | 10— | } I Qi b
[ 12)
step 0 when | 0 : X9 16)
| peration
| 4<
END ' fom top — 8 Y1z )
instruction is 1 to bottom 17) End of one
executed. | (3 ) ladder block
*1) to 17) indicate the sequence of program operation.

Fig 3.3 Operation Processing Sequence
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3.4.2 Logic symbolic language (List mode)

The logic symbolic language uses dedicated instructions for programming contacts,

coils, etc. instead of their symbols used by the relay symbolic language.

(1) Program operation method
Sequence program operation is executed from an instruction at step 0 to an END
instruction in due order. When the END instruction is executed, operation is
executed from the instruction at step 0 again.

Logic symbolic language Relay symbolic language
1) 2) 7) 8) 9)

Step number 10)
S I S S S0
SRR T (T R N P
el 2 LD xz---3)i>_g) =
P22 3 AND X3 ---4) X
P 2% 4 ORB e 5) A
}8—3)0,- 5 OR X4 - - - 6) 1)

! 6 AND X5 - - -7) 10 [END
47 AND X6 - - - 8) - ]
! 8 AND X7 - --09)
9 out Y10 - - - 10)
! 10 END ... 11)
LY
Execution returns to step 0
when END instruction is executed.

Fig 3.4 Operation Processing Sequence

SEQUENCE PROGRAMMING
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3.5 Operation Processing Method of PLC Function

The operation processing method is the repeated operation of a stored program.
(1) Stored program system

1) In a stored program system, a sequence program to be operated is stored in
the internal memory beforehand.

2) When sequence program operation is executed, the sequence program stored
in the built-in PLC function is read to the CPU instruction by instruction to
execute the operation, and the corresponding devices are controlled according
to the results.

(2) Repeated operation system

In a repeated operation system, a sequence of operations is repeated.

The built-in PLC function repeats the following processings.

1) The built-in PLC function executes the sequence program stored in the
internal memory from step 0 in due order.

2)When the END instruction is executed, internal processings, such as timer/
counter present value updating and self-diagnostic checks, are performed, and
the execution returns to step 0 of the sequence program again.

3

Step 0
Step 1
Step 2

Built-in sequence function repeats
this operation.

END
v

- Timer/counter present
value updating

* Self-diagnostic
checks, etc.

L
Fig 3.5 Operation Processing Method of Built-in PLC Function

REMARKS

A processing from step 0 to next step 0 or from END to next END is called one scan.
Therefore, one scan is the sum of the processing time of a user-created program (step 0 to
END) and the internal processing time of the built-in PLC function.
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3.6 1/0 Processing Method

The control system is a refresh system.

3.6.1 What is refresh system?

In the refresh system, control input terminal changes are batch-imported into the input
data memory of the CPU before execution of each scan, and the data of this input data
memory are used as the input data for operation execution.

Each program operation result of the output (Y) is output to the output data memory,
and after the END instruction is executed, the contents of the output data memory are
batch-output from the control output terminal.

PLC
CPU
(Central Processing Unit)
3) Input (X) data Atinput refresh | Control input il
xo’ memory terminal
S R
4)
YZ; Output (Y) At output refresh | ontrol output| S~
—HH——Y20)>| 5) data memory 2) terminal ,O\

¢ Input refresh
Before execution of step 0, input data are batch-read from the input module (1))
and stored into the input (X) data memory.

e Output refresh
Before execution of step 0, the data of the output (Y) data memory (2)) are batch-
output to the output module.

¢ When input contact instruction is executed
Input data are read from the input (X) data memory (3)) and the sequence
program is executed.

¢ When output contact instruction is executed
Output data are read from the output (Y) data memory (4)) and the sequence
program is executed.

¢ When output OUT instruction is executed
The operation result (5) of the sequence program is stored into the output (Y) data
memory.

Fig 3.6 I/O Data Flows in Refresh System
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3.6.2 Response delay in refresh system
This section describes a delay of an output change in response to an input change.

An output change in response to an input change has a delay of up to two scans as
shown in Fig. 2.6.

Ladder example

0 xsl VE In this ladder, output Y1E turns on when input
: ~ X5 turns on.
When Y1E turns on earliest
Input refresh Input refresh Output refresh
O END y0 56 ENDy 0
- - —-—

ON, | |
FF L .
Control input M\:ON; !
terminal OFF ‘ ‘
X5 1 |
| ON |
OFF !

Y1E 'ON

Control output

terminal Delay |

(Minimum 1 scan)
The Y1E output turns on earliest when the control input terminal turns from OFF to
ON immediately before a refresh. X5 turns on at an input refresh, Y1E turns on at
step 0, and the control output terminal turns on at an output refresh after execution of
the END instruction.
In this case, therefore, a delay of a control output terminal change in response to a
control input terminal change is one scan.

When Y1E turns on latest

Input refresh Input refresh Output refresh
0 END*O 56 ENDY, 0
- I
ON | | :
Control input  OFF] o !
terminal |‘ ON :
OFF [ |
X5 —m— 'ON '
OFF '
Y1E | ON
Control output OFF
terminal | Delay
< >

(Maximum 2 scans)
The Y1E output turns on latest when the control input terminal turns from OFF to ON
immediately after a refresh. X5 turns on at the next input refresh, Y1E turns on at
step 0, and the control output terminal turns on at an output refresh after execution of
the END instruction.
In this case, therefore, a delay of a control output terminal change in response to a
control input terminal change is two scans.

Fig 3.7 Output Y Change in Response to Input X Change
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3.7 Scan Time

(1) Scan time
A scan time is a time from when sequence program operation is executed from
step 0 until step 0 is executed again.
The scan time of each scan is not equal, and changes depending on whether the
used instructions are executed or not.

i‘ Scan time =||
END 0 END 0
f I 3 T i

;V Sequence program

» END processing

Timer/counter count processing 1
Self-diagnostic checks

Fig 3.8 Scan Time
(2) Scan time confirmation
(a)The scan time from the END instruction to the next END instruction is timed in
the PLC, and stored into the special registers D9017 to D9019 in units of

10ms.

1) Data stored into special registers D9017 to D9019
¢ DI017 ........... Minimum value of scan time
¢ DI018 ........... Present value of scan time
¢ DI019........... Maximum value of scan time

2) Scan time accuracy
The accuracy of the scan time observed in the PLC is = 10ms.
For example, when the D9018 data is 5, the actual scan time is 40ms to
60ms.

SEQUENCE PROGRAMMING
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3.8 Numerical Values Usable in Sequence Program

The built-in PLC function represents numerical values, alphabets and other data in two

statuses: 0 (OFF) and 1 (ON).

The data represented by these Os and 1s are called BIN (binary code).
The built-in PLC function can also use HEX (hexadecimal code) that represents BIN

data in blocks of four bits.

Table 2.1 indicates the numerical representations of BIN, HEX and decimal code.

Table 3.1 Numerical Representations of BIN,

HEX and Decimal Code

DEC HEX BIN
(Decimal Code) (Hexadecimal Code) (Binary Code)
0 0 0
1 1 1
2 2 10
3 3 1"

9 9 1001
10 A 1010
11 B 1011
12 C 1100
13 D 1101
14 E 1110
15 F 1111
16 10 10000
17 1" 10001
47 2F 101111
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3.8.1 BIN (Binary Code)
(1) Binary code

BIN is a numerical value represented by Os (OFF) and 1s (ON).

In the decimal code, a number is incremented from 0 to 9, and at this point, a

carry occurs and the number is incremented to 10.

In BIN, 0, 1 are followed by a carry, and the number is incremented to 10 (2 in

decimal).

Table 2.2 indicates the numerical representations of BIN and decimal code.

Table 3.2 Differences between Numerical
Representations of BIN and Decimal Code

DEC (Decimal Code) BIN (Binary Code)

0000
0001 ﬂCarry
0010

0011 jCarry
0100

0101
0110
0111 ]Carry
1000

1001

1010
1011

- O © 0o NOoO O A WODN -~ O

_ =

(2) Numerical representation of BIN
1) Each register (e.g. data register) of the built-in PLC function consist of 16 bits.

Each bit of the register is assigned a 2" value.

However, the most significant bit is used to judge whether the value is positive
or negative.

¢ Most significant bitis O ..... Positive

¢ Most significant bitis 1 ..... Negative

The numerical representation of each register of the built-in PLC function is
shown in Fig. 2.8.

Most significant bit (for judgment of positive/negative
v g (for judg p gative)
Bit name — b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0

SEQUENCE PROGRAMMING

3

215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20
T ([ | ([ [ N |
Decimal value -32768 16384 8192 4096 2048 1024 512 256 128 64 32 16 8 4 2 1

Value is negative if most significant bit is 1.

Fig 3.9 Numerical Representation of Each Register of Built-in PLC Function
2)Numerical data usable with the built-in PLC function
In the numerical representation shown in Fig. 2.8, values can be represented in
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the range -32768 to 32767.
Therefore, each register of the built-in PLC function can store any value
between -32768 and 32767.

3.8.2 HEX (HEX Decimal)

(1) HEX
HEX represents four bits of BIN data as one digit.
Using four bits in BIN, you can represent 16 values from 0 to 15.
Since HEX represents any of 0 to 15 in a single digit, 9 is followed by alphabets A
(instead of 10), B (11)..., and F (15) is followed by a carry.
Refer to page 72 for the correspondences between BIN, HEX and decimal code.
(2) Numerical representation of HEX
Each register (e.g. data register) of the built-in PLC function consist of 16 bits.
Therefore, the value that can be stored into each register is represented as any of
0 to HFFFF in HEX.
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3.9 Description of devices

3.9.1 Device List

The following table indicates the device names usable with the built-in PLC function

and their ranges of use.

Table 3.3 Device List

Input (X)

64 (X0 to X3F) <12 points installed>

Output (Y)

64 (YO to Y3F) <7 points installed>

Internal relay (M)

64 (MO to M63)

Latch relay (L)

None (Can be set with built-in PLC function parameters
but will not latch)

Step relay (S)

None (Can be set with built-in PLC function parameters
but will operate as M)

Link relay (B) None
Points 16(TO to T15)

Timer (T) o 100ms_timer: Set_time 0.1 to 3276.7s
Specifications | 10ms timer: Set time 0.01 to 327.67s

100ms retentive timer: Set time 0.1 to 3276.7s

Points 16(C0 to T15)

Counter (C) __— Normal counter: Setting range 1 to 32767
Specifications Interrupt program counter: None

Data device (D) 120(DO0 to D119)

Link register (W) None

Annunciator (F) None

File register (R) None

Accumulator (A) None

Index register (Z, V) None

Pointer (P) None

Interrupt pointer (1) None

Special relay (M)

256 (M9000 to 9255) with function limit

Special register (D)

256 (D9000 to 9255) with function limit
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3.9.2 Inputs, Outputs X, Y

Inputs and outputs are devices designed to transfer data between the inverter and

external devices.

Inputs provide ON/OFF data given to the corresponding control input terminals from
outside the inverter. In a program, they are used as contacts (normally open, normally
closed contacts) and the source data of basic instructions. Outputs are used when the
operation results of a program are output from the control output terminals to outside

the inverter.

* Pushbutton switch
* Select switch

* Digital switch

Inputs ?X)

Inverter

Sequence
operation

Outputs (Y)

Signal lamp

Contactor

76

Fig 3.10 Inputs (X), Outputs (Y)




7/ Description of devices

(1) Inputs X
(a) Inputs are designed to give commands and data from external devices, such
as pushbuttons, select switches, limit switches and digital switches, to the
inverter (built-in PLC function).
(b) On the assumption that the PLC function contains a virtual relay Xn for one
input point, the normally open (N/O) or normally closed (N/C) contact of that
Xn is used in the program.

Virtual relay ‘
PB1 \ X0 ‘
P Sequence
-
O X0 ‘ function
LS2 X1 ‘
————
O X1 !
|
Input circuit (external devices) Program

Fig 3.11 Concept of Inputs (X)
(c) There are no restrictions on the number of N/O and N/C contacts of Xn used
in the program.

No restrictions Ly X0
on the number o— | (10 )
of used contacts. & " ”
o~ b | o)
Y11
li
X0
T— (Y13 b

Fig 3.12 Use of Contacts in Input (X) Program
When no external devices are connected to the control input terminals, "X" can be
used as the internal relay "M".

SEQUENCE PROGRAMMING
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(2) Outputs Y

(a) Outputs are designed to output the control results of a program to outside the
inverter (signal lamps, digital indicators, magnetic switches (contactors),
solenoids, etc.).

(b) An output can be exported to outside the inverter as equivalent to one N/O
contact.

(c) There are no restrictions on the number of N/O and N/C contacts of output
Yn used in the program, if they are used within the program capacity range.

No restrictions on the number of used contacts.
Sequence
function _ /A _ _ — - - - Load
X0
‘ o— | / \ (Y10 I e— }——‘—@—0
| ¥ l |
Y10
X1 Y10 2
3— | H {} i >
Y |
Y10 X3
T 1 oz J
— — — — — — X —
Program Output circuit (external devices)

Fig 3.13 Concept of Outputs (Y)
When no external devices are connected to the control output terminals, "Y" can
be used as the internal relay "M".
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3.9.3 Internal Relays M

Internal relays are auxiliary relays that are used in the PLC function and cannot latch
data (backup for power failure).

All internal relays are turned off when:

e Power is switched from off to on; or

¢ Reset is performed.

There are no restrictions on the number of contacts (N/O and N/C contacts) used in
the program.

Use outputs (Y) when outputting the operation results of the sequence program to
outside the inverter.

No restrictions on the number of When X0 turns_from OFF to ON, MO
used contacts. (internal relay) is set (turned on).
0 x° reeT MO MO may only be turned on in
4 - sequence function and cannot be
Mo K20 output to outside.
2 } (10

ON/OFF data of MO0 is output to
outside.

(Y0

Fig 3.14 Internal Relay
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3.94 TimersT

The timers of the PLC function are count up timers.
The count up timer starts timing the present value when its coil turns on, and the
contact of that timer turns on when the present value reaches the setting (time-out).

3.9.5 100ms, 10ms and 100ms retentive timers

(1) 100ms and 10ms timers
The timer starts timing the present value when its coil turns on, and the present
value is reset to 0 and the contact turns off when the coil turns off.

Ladder example ‘

o2 a2 When input X5 turns on, T2 coil turns on
' - and timer times 5s. (T2 is 100ms timer.)
Timing chart ‘
ON
X5 OFF m OFF
T2 coil OFF “»{ oFF
Timer present L —1
value

T2 contact OFF

Fig 3.15 Timing Chart

REMARKS

100ms, 10ms and 100ms retentive timers can be changed using the built-in PLC function
parameter. (The default is a 100ms timer.)

Since the FR-C500 has 8 timers (TO to T7), it can use only any one type of 100ms, 10ms and
100ms retentive timers.
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(2) 100ms retentive timers
1) A 100ms retentive timer is designed to time the ON period of the timer coil.
When its coil turns on, the timer starts timing the present value and maintains
the present value and contact ON/OFF state if the coil turns off.
When the coil turns on again, the timer resumes timing from the maintained
present value.

2)Use the RST TL] instruction to clear the present value and turn off the contact.

Ladder example |

X5 K200

0 | (15 Times ON of X5 for 20s.
! :
2 PLS Mo
! - Resets T5 contact and clears
o present value when X6 turns on.
6 } [RST 5

X5

T5 coil ( OFF

Timer presentA/
value 15s

TS contact  OFF OFF

Fig 3.16 Timing Chart
3.9.6 Timer processing method and accuracy

(1) Timer processing method

the timer's present value is updated and its contact turned on/off at execution of

the END instruction.

1) When the coil of the timer turns on, the present value of that timer is updated
after execution of the END instruction, and when the timer times out, its contact
turns on.

(a) When the coil of the 10ms or 100ms timer turns off, the present value of
that timer is reset to 0 and the contact is also turned off after execution of 3
the END instruction.

(b) If its coil turns off, the 100ms retentive timer maintains the prevent value
and contact ON/OFF state.

2) When the timer is reset by the RST instruction, the present value of the timer is

[Y)
£
=
:
0]
o
3
o
w
(3]
=z
w
=]
<}
w
n

POINT
If the timer setting is "0", the setting becomes infinite and the timer does not time out.
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(2) Present value update timing and accuracy in refresh system
1) The timer accuracy is +2 scan times independently of the used timer and scan
time.
2) The following shows the present value update timing and accuracy when the
10ms timer is used in a program where the scan time is 10ms or more.

Ladder example

o s | T3 contact turns on 6s after X0 turns
: ~ on. (T3 is 10ms timer.)

Timer timing method

Scan time 25ms

END OUT ouT ouT ouT
T3 END T3 END T3 END END T3 END
When external ' . r . ' . . / .
input turns on 25ms ! 25ms ! 25ms ! kﬂ‘
in hatched Z ON : | i :
range OFF : | | i
X0 : : : :
' ON i ' ' i
Tacol  |9FF ] | ; ; |
. . . . ; ON
OFF ' ' ' '
T3 contact : ; : :
10ms timer } —— " ; : ——t )) ——t } ;
timing 1 2 1 2 3 1 2 \: 172 \L 1 2 3
- A2 | 43 L2 1% 43
Timing set : . : : -
at END ' ! ' ' !
i 10+3=3 1342=5 597+2=599 1599 +3=602
T3 present . L : : - :
value i | : . 1 :
' ' +1scan .
2 ! E 6000ms E
D — ] < >,
+1 scan ! ' '
0
600 appears when monitored

on peripheral device.

Fig 3.17 Timer Timing Method
In Fig. 3.8, the time-out period of the 10ms timer T3 has the following errors.
bt I 10ms timer error (+1 scan time)

The accuracy is +2 scan time (+0.05s in Fig. 3.8)
3) When the timer times out, its contact remains on until END even if the coil turns
off, and turns off at execution of the END instruction.
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3.10 Counters C

The counters of the built-in PLC function are up counters.

An up counter stops counting and its contact turns on when the count value reaches
the setting.

(1) Count processing

and its present value is updated and its contact turns on after execution of the
END instruction.

2) The counter counts on detection of the leading edge (OFF to ON) of the coil. It
does not count if the coil remains on.

(2) Counter resetting

instruction to clear the count value and turn off the contact.

2)When the counter is reset by the RST instruction, the present value and
contact of the counter are cleared at execution of the RST instruction.

Ladder example

X Input condition

0 e 0 k1o CO0 counts on leading edge (OFF to ON)
: v of input X5.
X6
21— | RsT co Resets CO when input X6 turns on.

Fig 3.18 Count Ladder
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3.10.1 Count processing in refresh system

The counter counts on the leading edge of the input condition of the counter imported

at an input refresh.

Ladder example ‘

o @ * 5| When OFF to ON of X5 is counted
twice, C3 contact turns on.

Counting method ‘

Input (X) refresh Does not count since X5 remains on.
ouT ouT ¢ ouT ouT ouT
END C3 END Cc3 END C3 END C3 END C
+—+H —H ——t ——H ——+ —+
ON

----{---F O

X5 OFF| L ]
X5 OFF | oN \—‘—,:
(Image) !

C3 coil CM J

C3 present 0 » 2
value ON

C3 contact OFF

3 EN

Fig 3.19 Counter Counting Method

REMARKS

Refer to page 85 for the maximum counting speed of the counter.
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3.10.2 Maximum counting speed of counter
The maximum counting speed of the counter is determined by the scan time, and the

counter can count only when the ON/OFF period of the input condition is longer than
the scan time.

Maximum counting speed Cmax=% x% [times/s] Fs::%ign(?%e [s]

REMARKS

The duty n is a percent (%) ratio of ON/OFF period to (ON + OFF period) of the count input
signal.

T1

< = 0
WhenT1<T2 n T+ 712 x 100[%]
WhenT1>T2 n - 12 x 100[%
T + T2 %l

T1 T2

ON
Count input signal M

85

SEQUENCE PROGRAMMING

3




Data Registers D §

3.11 Data Registers D

(1) Data registers are memories that can store numerical data (-32768 to 32767 or
HO0000 to HFFFF) in the built-in PLC function.
One point of data register consists of 16 bits and allows data to be read/written in
units of 16 bits.

> It)w"l"'t(l)"'l"'bol
T | — — 1‘6 bits — — o
Data register No. = >

Fig 3.20 Data Register Structure
(2) The data stored once by the sequence program is maintained until other data is
stored.
(3) If more data registers are needed, the unused timers (T) and counters (C) can be
used as data registers.
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3.12 Special Relays, Special Registers

Special relays and special registers are internal relays and data registers, respectively,
whose applications are predetermined by the built-in PLC functions.
They have the following main applications.
(1) Sequence operation check
The special relays and special registers can be used to:
(a)Check the operating status (RUN/STOP)
(b)Detect a fault by the self-diagnostic function
(c)Detect an operation error
(d)Check the scan time
(2) Timing contact
There are special relays that can be used in a sequence program and differ in
operating status.
(a)Normally ON/OFF flag
(b)RUN flag (OFF for 1 scan)
(c)Initial processing flag (ON for 1 scan)

REMARKS

For the special relays and special registers usable with the built-in PLC function,
refer to page 10.
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Table3.4 Special Relay Application List

Special L. i
Item Relay Application/Description
(1) This relay turns on for one scan when the built-in PLC function
switches from STOP to RUN.
Sequence (I) ENID/O END/O ENID/O END/O
program T T T T T
1 scan
Initial ON
processing M9038¢ OFF
flag M9038 W OFF
(1 scan ON) —— Switching from STOP to RUN
(2)Using M9038, you can create a sequence program to be
executed only once without using the PLS instruction at
switching from STOP to RUN.
M9038
l—| F———— Initial processing program —{
Normal OFF M9037 This relay remains off while power is on.
flag Can be used to temporarily disable execution for debugging, etc.
This relay is on while power is on.
Can be used to create a program to be executed only once after
power-on.
fl}lormally ON M9036
ag
H9036
o— ———————— WOV K40 D0 ]{
This relay turns on at the second scan of the sequence program
when SQ-SD are shorted.
Sequence O  END/O
RUN flag M9039 program '
le—>|ON
M9039 OFF
RUN
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3.13 Function List

Function Description
o This function performs remote RUN/STOP from outside the
Remote RUN/STOP inverter when SQ-SD are shorted (PLC function in RUN

status (P.RUN lit)).

. . eThe watchdog timer is an internal timer of the sequence
Watchdog timer variable . -
function designed to detect hardware or program faults and
(10 to 2000ms) : :
can be changed in setting.

eThe built-in PLC function itself diagnoses faults and performs
Self-diagnostic function fault detection, indication, built-in sequence
function stop, etc.

oThis setting is made to determine the output (Y) state when
the function has switched from the STOP status to the RUN
status.

STOP to RUN-time output
setting

oThis setting is made to inhibit read/interrupt of a program

Keyword registration (parameters and main/sub program) and comments.

=—— CAUTION

The following functions are unavailable.

Constant scan, latch (backup for power failure), PAUSE, status latch, sampling trace,
step run, clock, interrupt processing, comment, microcomputer mode, print title
registration, annunciator display mode, ERROR LED priority setting

SEQUENCE PROGRAMMING
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How to RUN/STOP the Built-in PLC Function
from Outside (Remote RUN/STOP)

3.14 How to RUN/STOP the Built-in PLC Function from

Outside (Remote RUN/STOP)

The built-in PLC function is RUN/STOPped by shorting/opening SQ-SD.
Remote RUN/STOP is to RUN/STOP the built-in PLC function from outside the
inverter with SQ-SD shorted (RUN status).

(1)

Applications of remote RUN/STOP
In the following cases, the function can be RUN/STOPped by remote operation
using remote RUN/STOP.
1) When the inverter is out of reach.
2) When the inverter in a control box is RUN/STOPped from outside the control box.
Operation performed at remote RUN/STOP
The operation of the sequence program for performing remote RUN/STOP is as
described below.
¢ Remote STOP....... The function enters the STOP status after the sequence
program is executed up to the END instruction.
¢ Remote RUN ........ When remote RUN is performed after the function has been
put in the "STOP status" by remote STOP, the function
enters the RUN status again and executes the sequence
program from step 0.
Remote RUN/STOP method
There are the following remote RUN/STOP methods.
1) Setting using built-in PLC function parameter (using contact)
Remote RUN/STOP can be performed by turning the remote RUN contact off/on.
For example, this method can be used to STOP the PLC function with the
emergency stop contact.
¢ When the remote RUN contact turns off, the function enters the "RUN" status.
¢ When the remote RUN contact turns on, the function enters the "STOP"

status.
Step 0 —» END Step 0 —» END
0
sSQ terminal4
ON

Remote RUN contact OFF

(External input terminal)

Builti STOP

uilt-in sequence
function: RUN

RUN/STOP status

STOP status
Fig 3.21 Timing Chart for RUN/STOP Using Remote RUN Contact

POINT

Setting of remote RUN contact built-in PLC function parameter
X0 to X1F can be set as the remote RUN contacts.
(Refer to the GX Developer manual for details.)
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2) Method using GX Developer
RUN/STOP can be performed by remote RUN/STOP operation from GX
Developer.
For example, this method can be used to STOP the function for sequence
program write in a place where the inverter is out of reach.

Step 0 END Step 0 END
ON 0

Remote STOP |_|
command

OFF ON

GX Developer
Remote RUN OFF J
command sToP
RUN/STOP RUN
status -
STOP status

Fig 3.22 Timing Chart for RUN/STOP Using GX Developer
(4) Instructions

Note the following points since the built-in PLC function gives priority to STOP.

e The built-in PLC function enters the STOP status when remote STOP is
performed from any of the remote RUN contact, GX Developer, etc.

¢ To place the built-in PLC function in the RUN status again after it has been put
in the STOP status by remote STOP, all external factors (remote RUN contact,
GX Developer, etc.) for remote STOP must be set to RUN.

REMARKS
What are RUN and STOP statuses?

oRUN status............. Status where a sequence program is repeating operation from step 0 to
END instruction.
oSTOP status .......... Status where sequence program operation is at a stop and the outputs @
() are all off. s
=
5
0]
[e]
©
o
w
)
z
w
2
<4
w
(2]

3
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Watchdog Timer (Operation clog up monitor timer) §

3.15 Watchdog Timer (Operation clog up monitor timer)

(1)

92

Watchdog timer

A watchdog timer is the internal timer of the built-in PLC function designed to
detect hardware or sequence program faults.

Its default value is set to 200ms.

Watchdog timer resetting

The built-in PLC function resets the watchdog timer before execution of step 0
(after execution of END processing).

When the built-in PLC function operates properly and the END instruction is
executed within the setting in the sequence program, the watchdog timer does
not time out.

If the hardware fault of the built-in PLC function occurs or the scan time of the
sequence program is too long to execute the END instruction within the setting,
the watchdog timer times out.

Sequence program _ > Excess of scan time over setting
Internal results in watchdog timer error.
processing time
———

0 END O

—

A
WDT resetting

(Internal processing)
Fig 3.23 Watchdog Timer Resetting
Processing performed when watchdog timer times out
If the scan time exceeds the watchdog timer setting, a watchdog timer error
occurs and:
1) The built-in PLC function turns off all outputs.
2) The P.RUN LED goes off or flickers.
3) M9008 turns on and the error code is stored into D9008.

REMARKS

The watchdog timer setting can be changed by built-in PLC function parameter setting of GX
Developer. (Refer to the GX Developer manual for details.)



7/ Self-diagnostic Function

3.16 Self-diagnostic Function

The self-diagnostic function diagnoses faults by the built-in PLC function itself.
(1) Self-diagnostic timing
The self-diagnostic function is performed at power-on, at reset, at execution of
any instruction, or at execution of the END instruction.
1) At power-on, at reset
Whether operation can be executed or not is diagnosed.

2) At execution of any instruction
An error occurs if the operation of any instruction in the sequence program is
not executed properly.

—— CAUTION

For the LD, AND, OR, logical comparison operation, and OUT instructions, the set
devices are always checked. For the other instructions (SET, RST, MOV, etc.), a
check is made as soon as the execution condition holds and the instruction is
ready to be executed.

3) At execution of END instruction

Operation clog up monitor timer
(2) Operation mode at fault detection

There are two different PLC operation modes at detection of a fault by the self-

diagnostic: operation stop mode and operation continuation mode.

The operation continuation mode includes a fault that enables operation to be

stopped by built-in PLC function parameter setting. (Refer to page 94)

1)If an operation stop error is detected by the self-diagnostic, operation is
stopped and outputs (Y) are all turned off as soon as the error is detected. The
other devices maintain their states at occurrence of the error.

2) If an operation continuation error is detected, only the faulty program part is not
executed and the program at the next step is executed.
(3) Error definition checking

When M9008 (self-diagnostic error) turns on at detection of an error, the error
code is stored into D9008 (self-diagnostic error). Especially in the continuation
mode, use it in the program to prevent a mechanical system malfunction.

For the errors detected by the self-diagnostic, refer to the error code list on page
172.

SEQUENCE PROGRAMMING
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3.16.1 Error-time operation mode

The built-in PLC function allows you to set whether the sequence program operation
will be stopped or continued at occurrence of an operation error.

Use the built-in PLC function parameter to set whether operation will be stopped or
continued.

® Default value of error-time operation mode
The following table indicates the default value (initial value) of the error-time

operation mode and the status of the built-in PLC function.

Table 3.5 Error-time Operation Mode

CPU Status
initi Operation . Special Self-
Error Definition P P.RUN s._z::;':' registers | diagnostic
for data error No.
Default value LED turned on storage 09008)

An error occurred in
the sequence
program, e.g. an
attempt was made to . . . M9010 | D9010
make BQD Continuation | Flicker M9011 D9011 50
conversion of any

value outside the
range 0 to 9999 (or 0
to 99999999).

Operation
error
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3.17 Keyword Registration

The keyword is designed to inhibit the read and rewrite of the program and comments
in the built-in PLC function using GX Developer.
(1) Read/write from built-in PLC function where keyword has been registered
When the keyword has been registered, the built-in PLC function parameters,
main program and comments cannot be read/written from the built-in PLC
function to the GX Developer device unless the keyword registered to the built-in
PLC function is entered.
(2) Registration and cancel of keyword
A keyword of up to six digits can be set in hexadecimal (0 to 9, Ato F).
Make built-in PLC function parameter setting to register or cancel the keyword.
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Setting of Output (Y) Status at Switching from
STOP Status to RUN Status

3.18 Setting of Output (Y) Status at Switching from
STOP Status to RUN Status

When the RUN status is switched to the STOP status, the outputs (Y) in the RUN
status are stored into the built-in PLC function.

Using the built-in PLC function parameter, you can set whether the outputs (Y) will be
output again or will be output after execution of operation when the STOP status is
switched to the RUN status.

"Output (Y) status at STOP is output"
The sequence program operation is performed after the output (Y)
status at the time of entering the STOP status is output.

"Outputs (Y) are cleared (output one scan later)"
The outputs (Y) are all cleared, and after execution of the sequence
program operation, the outputs are provided.

< STOP status to RUN status )

Is output (Y) status at NO

STOP to be output?

YES

A4

Output (Y) status at the time of Output (Y) status s cleared.

entering the STOP status is output.

A

Sequence program operation is executed.

Fig 3.24 Processing Performed when STOP Status Is Switched to RUN Status
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3.19 Instruction Format

(1) Many of the instructions can be divided into an instruction part and a device, and
their applications are as described below.

Instruction part ..... Indicates the function of that instruction.
Device ..... Indicates the data used with the instruction.

(2) The instruction format can be roughly classified as follows according to the
instruction part and device combinations.

1) ‘Instruction part ‘ ..... This instruction does not change the device status and
mainly controls the program.

END

2) ‘ Instruction part ‘+‘ Device

..... This instruction performs ON/OFF control of
the device, controls the execution condition
according to the ON/OFF status of the
device, and branches the program.

(Example) LD X0

Device
Instruction part

3) Instrucr:ttlon Sdou.rce + De;;tln.atlon ...... This  instruction  performs
pa evice evice operation using the data of the
destination and source, and
stores the operation result into

the destination. o

Z

(Example) -

woV[Ki00] D0 :

Destination device Q

Source device 8

L———————— Instruction part $

4) Others............... Combinations other than the above 1) to 3). g

=)

<}

w

(2]

3
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(3) Source (S)
The source contains the data to be used for operation.
The data changes depending on the specified device.

o Constant .........cccceevveeeiiiiiee, Specify the numerical value to be used for
operation. Since this value is set at the time of
program creation, it is fixed and cannot be
changed during program execution.

e Bitdevice.......oooiiiiieiii Specify the device that stores the data to be

Word device used for operation. Therefore, the data must
have been stored into the specified device until
operation is executed. By changing the data
stored into the specified device during program
execution, the data used for that instruction can
be changed.

(4) Destination (D)
The destination stores the data resulting from operation. Note that if the format

consists of ‘ Instruction par‘[‘ + ‘ Source device ‘ + ‘ Destination device

the data to be used for operation must have been stored into the destination
before operation.
At the destination, always specify the device for storing data.

REMARKS
eIn this manual, the source and destination are abbreviated as follows.

SOUrCe......evvieiieiieeee, @
Source 1., @

Source 2., @
Destination ......................... @
Destination 1...................... @
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3.20 Bit Device Processing Method

As the processing method when the bit device (X, Y, M) is specified, 1-bit processing
and 16-bit processing using digit designation processing are available.

3.20.1 1-bit processing

When a PLC instruction is used, the device used as the target of operation processing
is one bit (one point) of bit device, and multiple bits cannot be specified.

LD X0O,0UT

3.20.2 Digit designation processing

When a basic or application instruction is used, the bit device used as the target of
operation processing may have to be specified by digit designation. When the
instruction whose processing unit is 16 bits is specified by this digit designation, up to
16 points can be specified in units of four points.

(1) 16-bit instruction: K1 to 4 (4 to 16 points)
Setting ranges of 16-bit data, X0 to F, by digit designation

XF XC XB X8 X7 X4 X3 X0

TTTTTITTTTI I LTl

Designation range
of K1

(4 points)

Designation range of K2
(8 points)
Designation range of K3
(12 points)
Designation range of K4
(16 points)
Fig 3.25 Digit Designation Setting Range for 16-bit Instruction
(a) When there is digit designation on the source (S) side, the numerical values
that can be handled as the source data are as indicated in Table 3.6.

A

Table 3.6 List of Designated Digits and Numerical

Values That Can Be Handled
Number of Designated Digits 16-bit Instruction
K1 (4 points) Oto 15
K2 (8 points) 0to 255
K3 (12 points) 0 to 4095
K4 (16 points) -32768 to 32767
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Ladder Example Processing
For 16-bit instruction ‘

K1x0 | x3|x2 x1
%’_/

X10
Turn to Os.
o’—¢ b———————WovP  KiXo 00 ]‘ N @

b4 b3 b2 b1 bl

Source (S) data 0o 10 UIOLOLD 1ofe] OlOBUWXJ

Fig 3.26 Ladder Example and Processing

(b) When there is digit designation on the destination (D) side, the number of
points specified by digit designation is the target on the destination side.

Ladder Example Processing
When source (S) data 1 2 3 4
is numerical value /—%——%—’ﬁ—f—ﬁ
H1234L0 010 To 71’0]070 |1i0T1|0|0‘
X10 %‘——J
o’—{ b TWovp  H1234 K2Mo ]< @
M1 R MBM? . .
Destination (D) side szol I ] l 1 ] ] I 0 I ! ] 0 I ! 1 O_LJ
A g — A
Remain unchanged. 3 4
When source (S) data b15 ba n“ b0

is word device

S nonnnonono!

non

=
o | 1 l 1
=
X10 C
0 I—[MUVP DO K2M100
M115 MIDBMIT? M] 00

x.:’wut.!_r_rw_[ }_ —[_r[ l_— NE i "

[

Destination (D) side W=
Remain unchanged.

Fig 3.27 Ladder Examples and Processingse
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3.21 Handling of Numerical Value

The built-in PLC function has instructions that handle numerical values indicated in 16
bits.
The most significant bit of the 16 bits is used to judge whether the value is positive or
negative. Therefore, the numerical values that can be handled as 16 bits are as
follows.

16 bits: -32768 to 32767

POINT
eNumerical value setting method
1) Decimal number

X10
0 p———{ov K10 D10 ]I 10 is stored into D10 in BIN.

X10
0}—{ p———Hov K-10 D10 ]| -10 is stored into D10 in BIN.

2) Hexadecimal number

X10 10 is stored into D10 in
0 oV Hio pio ]| hexadecimal.

The decimal notation and hexadecimal notation correspond as indicated below.

Decimal Notation Hexadecimal Notation

32767 H7FFF
to to
5 H0005
4 H0004 2
3 H0003 g
2 H0002 g
1 H0001 2
0 H0000 g
1 HFFFF z
2 HFFFE §
3 HFFFD ®
-4 HFFFC
5 HFFFB 3
to to

-32768 H8000

101



Operation Error §

3.22 Operation Error

When a basic instruction is used, an operation error will occur in the following

case.

(a) If any error described in the description of the corresponding instruction
occurs.

POINT
Note that if the device designation range is outside the corresponding device
range, an operation error does not occur and data is written to other than the
specified device.

X10 M50 to M65 are the targets, but actual
0 f———Wov D0 Kamso setting range is MO to M63, and error
occurs since M64 and M65 do not exist.

(1) Error processing
If an operation error occurred at execution of a basic instruction, the error flag
turns on and the error step number is stored into the error step storage register.

M9010 ... Turns on at an operation error and turns off if the next basic
Error flag instruction is normal.

M9011.... Turns on at the first operation error.

D9010.... Stores the first step number of the instruction where an operation
Error step error occurred.

storage register | D9011 .... Stores the first step number of the instruction where an operation
error occurred first.

1)D9011 stores the step number of the instruction where an operation error occurred
when M9011 turned from OFF to ON. Therefore, D9011 data does not change if
M9011 remains on.

2)To reset M9011 and D9011, program as shown below.

Reset command
|
I

{RST Mo011 Resets (turns off) M9011.

Resets D9011.
(Clears D9011 t0 0.)

Reset command
|

} {RST D9011

Fig 3.28 Special Relay and Register Resetting Ladder
3)Whether sequence processing will be stopped or continued at occurrence of an
operation error can be selected by built-in PLC function parameter setting. Refer to
page 94 for details.
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3.23 Instructions List
3.23.1 How to use the instruction list

Classification Instruction Symbol Processin Execution | Number
Symbol y 9| cCondition |of Steps
MOV
Transfer (S) > (D) 5
(MOVP | | —fer ©]O)}+ f
) ) ) 0 0 )
1) 2) 3) 4) 5) 6)
1) Classifies the instruction by application.
2)....... Indicates the instruction symbol used for programming.
The instructions are based on 16-bit data instructions.
Example MOV
\

16-bit transfer instruction

* Add P to the end of the instruction to define it as executed only on the
leading edge of the preceding condition.
Example MOV —) MOVP
A \

Instruction executed continuously Instruction executed only on leading
while preceding condition is on edge of preceding contact condition

3o Indicates the symbol used in the ladder diagram.
2
s
Mov[(® | © | wano[ 69 [62 [ ()| E
l —— o
o
@
o
Indicates destination. Indicates destination. §
Indicates source. Indicates source. g
Indicates instruction symbol. Indicates instruction symbol. g
Destination:........cccoeeeeeiiiiiieeeiieieeeeeees Indicates the destination of the [
operation result.
SOUMCE: ..ot Indicates the source of the data for

the operation.
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AN

4)....... Indicates the operation.

(S) — (D)

!

Indicates 16 bits.

5).c... Indicates the condition of execution for each instruction as described
below:
Symbol Execution Condition

No entry

The instruction is always executed independently of whether its preceding
condition is on or off. When the preceding condition is off, the instruction is
off.

The instruction is executed continuously only while its preceding condition
is on. When the preceding condition is off, the instruction is not executed
and not processed.

The instruction is executed once only when the preceding condition turns
from off to on. If the condition remains on after that, the instruction is not
executed and not processed.

The instruction is executed continuously only while its preceding condition
is off. When the preceding condition is on, the instruction is not executed
and not processed.

gy

The instruction is executed once only when the preceding condition turns
from on to off. If the condition remains off after that, the instruction is not
executed and not processed.

6)....... Indicates the number of program steps required for each instruction.
The number of steps that changes depending on conditions is two.
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3.23.2 Sequence instruction

Instruct Executi§ g
Classification n;;;b::lm Symbol Processing Condit g g
on || &
3| e
Logical operation start
¢ I (Operation start at N/O 1
contact)
1 | Logical NOT operation start
LDI T 4 (Operation start at N/C contact) 1
Logical product
AND [ (N/O contact series 1
connection)
Contacts Logical product NOT M
F (N/C contact series 1
connection)
Logical sum
| I} | |(N/O contact parallel 1
connection)
Logical sum NOT
| 1y | |(N/C contact parallel 1
connection)
TR |- e - - AND between logical blocks
ANB L L.y}-. |(series connection between 1
blocks) 17
S | []----- OR between logical blocks
ORB TR j}-. |(parallel connection between 1
c " blocks)
onnectio
[ MPS | o Stores the operation result. 1
" wps” |
Reads the operation result
MRD/\},’ stored in MPS. 11120
B Reads and resets the
mpp? - operation result stored in 1
MPS.
1
ouT —O—+ Outputs device. 3 123
1
| SET || —| seT | @ }+4 |Sets device. 3
126
1
RST RST ice. ol
Outputs \ || — | © |4 [Resets device 3
Produces a pulse lasting one
[ PLS || ps | @O |—+ program scan time on the f 3
leading edge of input signal. 129
Produces a pulse lasting one
| PLF || —{ P | © |4 |program scan time on the % 3
trailing edge of input signal.
[ SFT J|—{ sfT [ ©® 4 3
Shift 1-bit device shift 131
[ SFTP || — sFrP[ ©® |4 f 3
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&l &
Instructi Executi| 2 | §
Classification n;;r:b::n Symbol Processing Condit ;‘_’: g
on (2| &
3| &
| MC || —{ wmc ] n [@©}+4 Master control start 5
Master
control 133
| MCR ]| ¢ mMcr | n |4 Master control reset 3
Proaram Must be written at the end of
9 END — sequence program to return to 11137
end
step 0.
NOP . No operation . 1138
No For progra?m deletion or space
operation No operation

NOPLF

Line feed instruction for printer
output
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3.23.3 Basic instructions

]
Instructi Executi E
... |Instruction . on ©
Classification Symbol Symbol Processing Conditi g
on 8
&

LD= - [89]&2)]

(AND= ]| {=TEIE— | Non coninutty when (57 (52)
CORr= ]| {=Tei[eH

[LD<> ] H{=>[&D[&}—
[AND<> | _|<>|@|@|_ Continuity when (81)%()82)

Non-continuity when (S1) = (S2)
[orRe || HTE[@H

[ > ] > [8)]E2}—

16-bit data Continuity when (S1) > (S2)
comparison [AND> ]| — > |6)]€2— Non-continuity when (S1) £ (S2) 140
OR>
(<= H{==[el&}-
= - Continuity when (S1) £ (S2)
[AND< _| b I@ I 82 l_ Non-continuity when (S1) > (S2)
[oR<= || {==]&[ea}H
]
LD<
[ LD< ] g
Continuity when (S1) < (S2)
[ AND< | < |&v]€2 Non-continuity when (S1) § (S2) ?g
©
OR< i
z
o= Hle[E - 2
16-bit data = - Continuity when (S1) S (S2) ®
comparison [AND>= | _| - I@ I 82 l_ Non-continuity when (S1) < (S2) 140

3

ToR= | L{[ei[eH

[¢)] \1\01 \1\01 \1\01 \1\01 \1\01 \1\01 \1\01 \1\01 \1\01 \1\01 \1\01 \1\01 \1\01 \1\01 \1\01 \1‘01 \1‘01 \l‘mNumberofSteps

oV || — B[O}

Transfer (S) —» (D)

[ MOVP | —|MOVP|@|®|—+

153

(@]

ﬂiiiiiiiiiiiiiiiiiii
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. Executi g—% %
Classification In;;r:‘(t:)t::n Symbol Processing Coor:::liti ;‘_’; g
on |g %
B e () [ ! I s
(8) + (D) — (D)
) —{=eleH 1
] e I 17
(S1) + (S2) > (D)
BIN 16-bit | [ *P || — + [s3[c2[©—4 _Ti 7
addition/ 145
subtraction| [ - || — - [®[@}—4 5
(8)-(D)— (D)
P —{=IeleH 3
T e Il
(81)-(S2) - (D)
P { > e 7
* ][]0 7
| | (S1) x (S2) - (D+1, D)
BIN 16bit | | *P || +r [S)]G2[0}—4 +or
mult_ip_licgtion 149
fdivision | [ [ 1|/ [S]&]0}— (S1)/(S2) - Quotient (D) IRk
‘ Ip ‘ _| = |@|@|@H ,Remainder (D+1) _Ti 7
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3.23.4 Application instructions

Instruction

Reference page

Classification Symbol Symbol Processing COnditig
on 5
[WAND || —fmm[ S ®)}—4 1 1s
(D) AND (S) — (D)
ogicar | WANDP|| e ST} 35
product "WAND | _{WAND|@|@|®}_+ 7
(S1) AND (S2) — (D)
WANDP! | —frer ST@alE)— 3
WOR || —{wor[®[D®}—4 I
(D) OR (S) - (D)
Logical WORP W jﬁ ° 159
SUM - TWOR | —[wor[SI[@D—4 IR
(S1) OR (S2) - (D)
WoRP || RSl 1
(WXOR || —fwor SO} I Ls
(D) XOR (S) - (D)
Exclusive [WXORP] | —{wxore[©)[©@)}—4 s 2
logical sum WXOR _‘M@@l@lﬁ 7
(S1) XOR (S2) — (D)
WXORP || o SEo 17
[WXNR'|| —{wxnr[ ][4 5
‘ot (D) XOR (S) — (D)
exclusive ‘WXNRP‘ _|WXNRPI©I@H jﬁ ° 165
logical | "WXNR | | —[wxnr[63] 62—+ J L7
sum (81) XOR (S2) - (D)
[WXNRP | | —[wxnreE)]62[ @4 7
e | NEG || —{ nec [ D |4 JLB
s 0- (D) (D) 168
complemen | NEGP || —]neecr [ @ |4 Y 3
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3.24 Description of the Instructions
In Chapter 6, the instructions are described in the following format.

Output Instructions \ 3) 4)
1) —» 652 Device set, reset ... SET, RST il i
Usable Devices M M
Word (16bit) | Error
Bit devices ra Constants | Level Digit Flag
devices ; .
Designation
X Y M T C D K H N (ICIAQQ(?]:.[J?)
2) —P seT ® oo
RST| O| O] O O| O
SET input
N Device number
! SET SET to be set (turned
5) —Pp RST input @ on)
J_ / RST Device number
]' 1 RST to be reset

6) —pFunctions

SET

(1) Turns on the specified device when the SET input turns on.
(2) The device turned on is held on if the SET input turns off. It can be turned off by
the RST instruction.

.+ SET input oN

I

——seT Y10 X5 OFF m o

N

X1

| L X7 OFF

N . ON

RST input
Y10 OFF

(3) When the SET input is off, the device status does not change.

7) —» Execution Conditions
The SET and RST instructions are executed every scan.

8) — > Program Examples

SET |,[ RST

1) Program that sets (turns on) Y8 when X8 turns on and resets (turns off) Y8 when X9
turns on.

0| [ — e e 1] 8

4 s 1

Description

1) Indicates the section number, instruction outlines and instruction symbols.

2) The devices usable with the instructions are marked.

3) The digit designation that can be set is indicated for the instruction that requires digit
designation when a bit device is used.

4)The instruction for which the error flag turns on at operation error occurrence is

marked.

)Shows the format in the ladder mode.

)Explains the instruction.

) Indicates the execution conditions of the instructions.

)Shows program examples in the ladder mode and list mode.

110
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3.25 Sequence Instructions

Sequence instructions are used for relay control circuits, etc.

3.25.1 Contact Instructions :
Operation start, series connection, parallel connection
... LD, LDI, AND, ANI, OR, ORI

Usable Devices Digit
- - - - . Error Flag
Bit devices Word (16-bit) devices | Constants Level | Desig
X Y M T Cc D K H N nation | (M9010,M9011)
O O O O O

| +«—Device number

I

G
1]
T PPPPY

SEQUENCE PROGRAMMING

3
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Functions

(1) LD is an N/O contact operation start instruction, and LDI is an N/C contact
operation start instruction. Each of them imports the ON/OFF data of the specified
device and uses it as an operation result.

(1) AND is an N/O contact series connection instruction, and ANI is an N/C contact
series connection instruction. Each of them imports the ON/OFF data of the
specified device, ANDs it with the previous operation result, and uses the
resultant value as an operation result.

There are no restrictions on the use of AND and ANI, but there are the following
conditions in the ladder mode.

~
D

1) Write......... When contacts are connected in series by AND or ANI, a ladder of
up to 21 contacts can be created.
2) Read......... When contacts are connected in series by AND or ANI, a ladder of

up to 24 contacts can be displayed. If the ladder has more than 24
contacts, up to 24 contacts are displayed.

(1) ORis an N/O contact parallel connection instruction, and ORI is an N/C contact
parallel connection instruction. Each of them imports the ON/OFF data of the
specified device, ORs it with the previous operation result, and uses the resultant
value as an operation result.

(2) There are no restrictions on the use of OR and ORI, but there are the following
conditions in the ladder mode.

1) Write......... A ladder of up to 23 contacts connected consecutively by OR or
ORI can be created.
2)Read......... A ladder of up to 23 contacts connected consecutively by OR or

ORI can be displayed. If the ladder has more than 23 contacts, it
cannot be displayed properly.
Execution Conditions

Executed every scan independently of the device ON/OFF and preceding operation
result.
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Program Examples
] LD H LDI HANDM ANI H OR H ORI\

- Coding
X8
il « TR
X 2 OR X5
3 ouT Y3
© 4 LD X5
5 AND M11
¥ M1 ¢ X
s Tt o 3 i
X6
o —
- Coding
¥ NG "o 0 LD X3
o— | f H K J 1 AND M6
X4 N 2 LD X4
—| —3+— “ORB 3 ANI X7
¥ 8 M1 é gﬁ? M9
=t 1 f (4 i 6 oUT Y3
ANB o 7 LD X5
— 8 LD Mg
9 OR M9
10 ANB
11 ANI M11
12 0UT Y4
13 END
- Coding
o o LD X5

| i
\_{xs 2 AND X8 o
Y6 3 0UT Y6 z
% 4 ANI X9 =
v 5 OUT Y7 <
6 END %
o
@
o
w
S
3.25.2 Contact Instructions : Ladder block series connection, 4
parallel connection ... ANB, ORB g
: : Usable I.)evme-s Dig!t Error Flag
Bit devices Word (16-bit) devices | Constants Level | Desig 3
X Y M T [ D K H N |nation| (M9010,M9011)
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ANB
e . =
ANB | H [
I Lt f ) el
Block A Block B
BIo_cki__~____
[ |
l»—t —| —} { )—{
:::::::.—_—ZZJ
ORB rF ;l\
LT Bk T ORB

1 Use OR or ORI to connect
T contacts in parallel.
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Functions

ANB

ANDs blocks A and B and uses the resultant value as an operation result.

The symbol of ANB is not a contact symbol but a connection symbol.

ANB can be written up to seven instructions (eight blocks) consecutively.

If ANB is written consecutively more than the above, the PLC cannot perform
normal operation.

ORB

(1) ORs blocks A and B and uses the resultant value as an operation result.
(2) ORB connects in parallel the ladder blocks of two or more contacts. Use OR or
ORI to connect in parallel the ladder blocks of only one contact.

(1
(2
(3

~— ~— ~—

Qo * Coding
0 LD X0
1 AND X1
) 2 LD X2
3 AND X3
! 4 ORB
5 OR X4
6 OuT Y10
7 END

(3) The symbol of ORB is not a contact symbol but a connection symbol.

(4) ORB can be written up to seven instructions (eight blocks) consecutively.
If ORB is written consecutively more than the above, the PLC cannot perform
normal operation.

SEQUENCE PROGRAMMING

3
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AN

Program Examples

Though there are the following two different program coding methods for connecting
ladder blocks in series consecutively, use the coding example 1.

4
|
I

QM7

X2 X X6
Il | Il
1T 1 1T
X3 X X7
Il | Il
1T 1 1T

o

= Coding example 1

X
!
1T
X9
!
1

+ Coding example 2

0 LD X0 0 LD X0
1 OR X1 1 OR X1
2 LD X2 2 LD X2
3 OR X3 3 OR X3
4 ANB 4 LD X4
5 LD X4 5 OR X5
6 OR X5 6 LD X6
7 ANB 7 OR X7
8 LD X6 8 LD X8
9 OR X7 9 OR X9

10 ANB 10 ANB

11 LD X8 11 ANB

12 OR X9 12 ANB

13 ANB 13 ANB

14 0UT M7 14 0UT M7

15 END 15 END

ORB

Though there are the following two different program coding methods for connecting
ladder blocks in parallel consecutively, use the coding example 1.

116

+ Coding example 1

+ Coding example 2

X0 X1
o— 1 I Qi ) 0 LD X0 0 LD X0
A N N
_:(4 © 3 AND X3 le ﬁgo ﬁ
4 ORB
A 5 LD X4 5 AND X5
X6 X7 6 AND X5 6 LD X6
— —— 7 ORB 7 AND X7
8 LD X6 8 ORB
9 AND X7 9 ORB
10 ORB 10 ORB
11 0UT N7 11 0uT M7
12 END 12 END
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3.25.3 Connection Instructions :
Ladder block series connection, parallel connection ...

ANB, ORB
: : Usable I.)evme-s Dig!t Error Flag
Bit devices Word (16-bit) devices | Constants Level | Desig
X Y M T Cc D K H N nation | (M9010,M9011)
ANB
S el
| 11 H R !
ANB | ’ | [
| l [ |
e f s Ll
Block A Block B
Block A
Hr———-ﬂ {F j
ORB l_r: I 3\
[T BlockB_ " ] ORB
Y Use OR or ORI to connect
R contacts in parallel.

SEQUENCE PROGRAMMING
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Functions

ANB

1
2
3

—_~ o~~~
~— ~— ~—

ANDs blocks A and B and uses the resultant value as an operation result.
The symbol of ANB is not a contact symbol but a connection symbol.
ANB can be written up to seven instructions (eight blocks) consecutively.

If ANB is written consecutively more than the above, the PLC cannot perform

normal operation.

ORB

(1) ORs blocks A and B and uses the resultant value as an operation result.
(2) ORB connects in parallel the ladder blocks of two or more contacts. Use OR or
ORI to connect in parallel the ladder blocks of only one contact.

Qo * Coding
LD
AND
LD
AND
ORB
OR
ouT
END

]
~NoaIRhRWN—=O

X4
Y10

(3) The symbol of ORB is not a contact symbol but a connection symbol.
(4) ORB can be written up to seven instructions (eight blocks) consecutively.
If ORB is written consecutively more than the above, the PLC cannot perform

normal operation.
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Program Examples

Though there are the following two different program coding methods for connecting
ladder blocks in series consecutively, use the coding example 1.

X0 X2 X4 X6 X8
o b b = 1 G
Xt X3 X5 X7 xg}J
f {} {t {1} {
= Coding example 1 + Coding example 2
0 LD X0 0 LD X0
1 OR X1 1 OR X1
2 LD X2 2 LD X2
3 OR X3 3 OR X3
4 ANB 4 LD X4
5 LD X4 5 OR X5
6 OR X5 6 LD X6
7 ANB 7 OR X7
8 LD X6 8 LD X8
9 OR X7 9 OR X9
10 ANB 10 ANB
11 LD X8 11 ANB
12 OR X9 12 ANB
13 ANB 13 ANB
14 0UT M7 14 0OUT M7
15 END 15 END

ORB

Though there are the following two different program coding methods for connecting
ladder blocks in parallel consecutively, use the coding example 1.

% i + Coding example 1 + Coding example 2
o— —— | G 0 LD X0 0 LD 0o £
v w 1 AND X1 ; AL\gD g s
L 2 LD X2
_14 . 3D X3 3 M0 X &
4 ORB 8
i 5 LD X4 5 AND X5 E
X6 X7 6 AND X5 6 LD X6 w
- 7 ORB 7 AND X718
8 LD X6 8 ORB @
9 AND X7 9 ORB 3
10 ORB 10 ORB ]
1 ouT 7 11 0UT M7
12 END 12 END

3
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3.25.4 Connection Instructions :
Operation result, push, read, pop ... MPS, MRD, MPP

Usable Devices Digit
- - - - . Error Flag
Bit devices Word (16-bit) devices | Constants Level | Desig
X Y M T C D K H N nation | (M9010,M9011)
/MPS, MRD and MPP do not appear in ladder display.
—— MPS }——O—«
(oo +———A O
MPP }————O—"
Functions
MPS

(1) Stores the operation result (ON/OFF) immediately before itself.

(2) The MPS instruction can be used consecutively up to 12 times.
In the ladder mode, however, it can be used up to 11 times.
When the MPP instruction is used midway, the number of used MPS instructions
is decremented by 1.

MRD

(1) Reads the operation result stored by the MPS instruction, and continues
operation from the next step with that operation result.

MPP

(1) Reads the operation result stored by the MPS instruction, and continues
operation from the next step with that operation resuilt.
(2) Clears the operation result stored by the MPS instruction.
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POINT

(1) Ladders differ as shown below between when MPS, MRD and MPP are used and when they
are not used.

Ladder using MPS, MRD and MPP | Ladder not using MPS, MRD and MPP

X0 3(1 X2 X0 1
1

X X2
o —— | oo o —— — | o
X3 X4 X0 X X3
— ——— = —— —— —} a
X5 X0 X X5
P2 9 —— ——} a2

(2) Use the same number of MPS and MPP instructions. If they differ in the number of used
instructions, operation will be performed as described below.
1) If the MPS instructions are used more than MPP instructions, the ladder is changed and
the built-in PLC function performs operation according to the new ladder.

Before change

- Coding

0 LD X0
X0 X1 X2 1 AND X1

o— {1 {1 (o 2 MPS
o ior Yo

a 5 MRD
X4 6 AND X3
" 7 0OUT Y1

—— 8 MPP
9 AND X4
When MPP is replaced by NOP 10 OUT Y2

11 END

+ Coding

P X

T N S s
3 AND X2
X3 4 0UT YO0

1 5 MRD
" 6 AND X3
12 7 0UT Y1

L—» 8 NOP
9 AND X4
10 0OUT Y2

11 END

2) If the MPP instructions are used more than MPS instructions, that ladder block results in
a ladder creation error, and the built-in PLC function cannot perform normal operation.
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Program Example

‘MPS‘,‘MRD‘,‘MPP‘

1)Program using MPS, MRD and MPP

122

4)8

1)

LD

MPS
AND
ouT
MPP
out

MPS
AND
MPS
AND
ouT
MPP
AND
out
MPP
out

AND
MPS
AND
ouT
MRD
AND
ouT
MRD
AND
ouT
MPP
ouT
END

X1C

M8
YO

Y1
X1D

M9

M18
Y2

T0
Y3

Y4
X1E
M11
M16
Y5
M17
Y6

M18
Y7

Y8
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3.25.5 Output Instructions : Bit device, timer, counter ... OUT

Usable Devices

- Error
Bit devices Word (16-it) | & tants | Level|  Digit Flag
devices . .
Designation (M9010
X Y M T (o3 D K H N M2011)
Bit device O
Device O
Timer
Setting O O
Device O
Counter
Setting O O
— 1 Y15
(Y. M) Device number
K50 +—_ Setting [ Any of 1 to 32767 is ]
—| @_+ valid
! <+—— Device number (TO to 7)
D10 Setting [ Any of data register
(M) contents 1 to 32767
—| TO is valid
Device number (TO to 7)
K50+ Setting [ Any of 1 to 32767 is ]
f I <o valid
<+ Device number (CO to 7)
out D10 «—— Setting [ Any of data register
©) ) I c1 icso\r::jigts 1to 32767
\
Device number (CO to 7)
S
Functions s
=
OUT (Y, M) &
(1) Outputs the operation result up to OUT instruction to the specified device. 2
w
OUT Instruction Q
Operation Result Coil Contacts §
N/O contact N/C contact u
OFF OFF Not energize Energize
ON ON Energize Not energize 3

REMARKS

Three steps are used for the OUT instruction only when the following device is used.
e Special relay (M)
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OUT(T)
(1) When the operation result up to the OUT instruction is ON, the coil of the timer
turns on and the timer times up to the setting, and when the timer times out
(timing value > setting), the contact operates as indicated below.

N/O contact Energize
N/C contact Not energize

(2) When the operation result up to the OUT instruction turns from ON to OFF, the
timer operates as indicated below.

Timer Present Before Time-out After Time-out
Timer Type Coil Value of N/O N/C N/O N/C
Timer contact | contact | contact | contact
100ms ti
ms. mer OFF 0 NOt. Energize NOt. Energize
10ms timer energize energize
100m§ . OFF Maintained NOt. Energize Energize NOt.
retentive timer energize energize

(3) After a time-out, the contact state of the retentive timer remains unchanged until
the RST instruction is executed.

(4) A negative number (-32768 to -1) cannot be specified for the setting.

(5) Ifthe setting is 0, it is timed as infinity. Hence, the timer does not time out.

(6) Refer to page 81 for the timing method of the timer.

OUT(C)
(1) When the operation result up to the OUT instruction turns from OFF to ON, the

present value (count value) is incremented by 1, and when the counter stops
counting (present value = setting), the contact operates as indicated below.

N/O contact Energize
N/C contact Not energize

(2) The counter does not count if the operation result remains ON. (Count inputs
need not be converted into pulses.)

(3) After the counter has stopped counting, the count value and contact state remain
unchanged until the RST instruction is executed.

(4) A negative number (-32768 to -1) cannot be specified for the setting. If the setting
is 0, processing is the same as when the setting is 1.

(5) Refer to page 83 for the counting method of the counter.

Execution Conditions
Executed every scan independently of the operation result up to the OUT instruction.
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Program Examples
ouT
1)Program that outputs to the output module.

+ Coding
X5 0 LD X5
0 f (13 1 0UT Y3
X6 2 LD X6
2 } (Y4 3 0uUT Y4
4 OUT Y5

s 5 END

2)Program that turns on Y10 and Y14 10s after X0 has turned on.

- Coding
X0 K100
o | (n 0 LD X0
. 10Ut T1 K100
A} cio 2 LD T1
3 Ut Y10
4 oUT Y14
(14 5 END

3)Program that turns on YO when X0 turns on 10 times and turns off YO when X1 turns
on.

+ Coding
X0 K10
O— (co 0 LD X0
u 10T GO K10
bl I Yo 2 LD CO
3 ouT YO
x ) 4 LD X1
4 } {RST 0 5 RST co
8 END

4)Program that changes the CO setting to 10 when X0 turns on and to 20 when X1

turns on. 2
s

X0 i
o o Ko o0 j Stores 10 into DO when XO turns on. g
o]
s_i“|—[M0vp K20 00 1 Stores 20 into DO when X1 turns on. x
w
X3 Do )
12— | (co b CO counts data stored in DO as setting. w
co g
14— | (Y0 ) »

When CO stops counting, YO turns on.

+ Coding 3

0 LD X0
1 MOVP K10 DO
6 LD X1
7 MOvVP K20 DO

12 LD X3

13 0UT GO DO

14 LD GO

15 OUT Y0

16 END
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3.25.6 Output Instructions : Device set, reset ... SET, RST

Usable Devices

- Error
Bit devices Word (16-bit) | & tants | Level |  Digit Flag
devices . .
Designation (M9010
X Y M T C D K H N M9011)
SET O
RS © o o|lolo o
SET input

Device number

E’ SET SET to be set (turned
RST input on)

/ @ Device number

b

to be reset
Functions

RST

SET

(1) Turns on the specified device when the SET input turns on.
(2) The device turned on is held on if the SET input turns off. It can be turned off by
the RST instruction.

+ SET input ON

X5
p—sr Yio X5 OFF

ON
X7|—[RST Y10 X7 OFF ) >
™~ RST input ? o q ( i
Y10 OFF
(3) When the SET input is off, the device status does not change.

RST
(1) When the RST input turns on, the specified device operates as described below.

7]

Device Status
Y, M The coil and contact are turned off.
T,C The present value is reset to 0 and the coil and contact are turned off.
D Cleared to 0.

(2) When the RST input is off, the device status does not change.

126



7/ Sequence Instructions

(3) The function of RST (D) is the same as that of the following ladder.

RST input RST input
X0 X0 &
0 p————{RsT D50 ]{ => 0 p———{Mov Ko D50 ]{
]—oDevice number Device number
(D) (D)

Execution Conditions
The SET and RST instructions are executed every scan.

REMARKS

Three steps are used when the following device is used.
SET instruction ... Special relay (M)

RST instruction ... Special relay (M), all word devices

Program Examples

[ SET ], [RST]

1) Program that sets (turns on) Y8 when X8 turns on and resets (turns off) Y8 when X9
turns on.

Coding
X9 . LD X9
0 } {RST Y8 1 RST Y8
18 2 LD X8
P m— [SET v8 3 SET Y8
4 END
ON
X8 (SET input) OFF _!_—I l I
ON
X9 (RST input) OFF
ON
Y8 OFF

Operations of SET and RST instructions
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2) Program that resets the data register contents to 0.

X0
0 v kaxio b8 Stores X10 to 1F contents into D8 when X0
turns on.
X5
6— | {RsT D8 Resets D8 contents to 0 when X5 turns on.
- Coding
0 LD X0
1 MOV K4X10 D8
6 LD X5
7 RST D8
10 END

3) Program that resets the 100ms retentive timer and counter.

0_1(4, ,T5K18000 > When T5 is set as retentive timer, T5 turns on
: - when ON period of X4 reaches 30 minutes.
T K16
2} (co ) Counts the number of times T5 turned on.
{RsT TS ] Resets T5 when T5 turns on.
€0
T— 4 (¥ D When CO stops counting, Y5 turns on.
¥5
9 f {RsT c0 1 When X5 turns on, CO is reset.
- Coding
0 LD X4
1 0UT T5 K18000
2 LD T5
30Ut C0 K16
4 RST T5
7 LD Co
8 OUT Y5
9 LD X5
10 RST Co
13 END
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3.25.7 Output Instructions : Leading edge, trailing edge
differential outputs ... PLS, PLF

Usable Devices Error
Bit devices Word (16-bit) devices | Constants |Level Digit Flag
Designation | (M9010,
X Y M T (o] D K H N M9011)
© oo
/ PLS command Set data
— PLS Device number whose data
@ will be converted into pulses

/PLF command
H

Functions

PLS

(1) Turns the specified device on when the PLS command turns from OFF to ON,
and turns it off except when the PLS command turns from OFF to ON.

When there is one PLS instruction for the device specified at @ during one scan,
the specified device turns on for one scan.

Do not execute the PLS instruction for the same device more than once during
one scan.

X5 ON
o— ——{nts 4o
’_{ ]{ X5 OFF —J u
ON

L] [ 1
a1_‘lscan *L_lj_scan ‘

(2) If the status is switched to STOP and switched to RUN again after execution of
the PLS instruction, the PLS instruction is not executed.

MO OFF

SEQUENCE PROGRAMMING
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PLF

(1) Turns the specified device on one scan when the PLF command turns from ON to
OFF, and turns it off except when the PLF command turns from ON to OFF.

When there is one PLF instruction for the device specified at @ during one scan,
the specified device turns on for one scan.

Do not execute the PLF instruction for the same device more than once during
one scan.

¥5 ON
o | [PLF [
X5 OFF

MO CFF

ON

1scan 1 scan -
(2) If the status is switched to STOP and switched to RUN again after execution of

the PLF instruction, the PLF instruction is not executed.

Program Examples
PLS
Program that executes the PLS instruction when X9 turns on.

» Coding
Bl e R
4 END
ON
X9 OFF ]—
ON
M3 OFF
1 scan

PLF
Program that executes the PLF instruction when X9 turns off.
» Coding
i oov R B
4 END

‘ol

M3 OFF
1 scan
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3.25.8 Shift Instructions : Bit device shift... SFT, SFTP

Usable Devices Error

Bit devices Word (16-bit) devices | Constants |Level Digit Flag
Designation | (M9010,
X | Y| ™M | T | c|D | K| H/ N M9011)

@ ©) @)

SFT commands

Set data

| . -
>—1 ) Device number to which
[ SFT © }—‘ @

data will be shifted

’—‘| { SFTP

Functions

©

(1) Shifts the ON/OFF status of the device preceding the one specified at @ to the
specified device, and turns off the preceding device.

(2) Use the SET instruction to turn on the first device from which data will be shifted.

(3) When using the SFT or SFTP instructions consecutively, program in order of
larger to smaller device numbers.

13_?2 rser o i o[ 0] 1] U‘Il1 [oJo]1]0] Aferfourth shiftinput
nloJoJ1JoJoJo]1]o] Afterfifth shiftinput

Shift range
- Shiftinput MI5 M14 MI3 MT2 MIT MI0 M9 M8
L8 I }1>]O|0|U]0]0[1|1|0|x020N 0
m[olololo‘l/ﬂol 110 ] After first shift input -
L— [P W3 1

alofoJol1[oJo] [ 0] After second shift input g
— W w{oJofo[1]0][1]1]0] xo2oN &
A w
L [sFP i1 1 ® | 0 l 0 I 1 l 0 I 1 I 0 l 1 I 0 ] After third shift input e
=
w
7]

3

*At M8 to 15, 1 indicates ON and 0 indicates OFF.
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Program Example

SFT
1) Program that shifts the Y7 - B data when X8 turns on.

o—ﬁ [sFTP YOB 3
[SFTP YOA 7
Executes shifts when X8 turns on.
{sFTP Yo X [ Program in order of larger to smaller device J
numbers.
[sFTP v8 3
13 X7} [PLS ] 7
e Turns on Y7 when X7 turns on.
17 } [SET Y7 !
A O e
OFF
xg ™ L—'ON )I—I)LI)LSL—JY—" 1 SFTP  YOB
4 SFTP YOA
x7 FERL 7 SFTP Y9
1 10 SFTP Y8
Y7 OFF 13 LD X7
iSO
vs &E 18 SET Y7
19 END
Y9 OFF
YA OFF
YB OFF
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3.25.9 Master Control Instructions : Master control set, reset...

MC, MCR
Usable Devices Error
Bit devices Word (16-bit) devices | Constants |Level Digit Flag
Designation | (M9010,
X Y M T C D K H N M9011)
n O
© oo
MC ON/OFF command Set data
] H— lr G 1 N 1 ® l__l n Nes.ting (NOto 7)
. Device number to be
T T © Device @ turned on
Nesting (NO to 7)
Functions

(1) The master control instructions are designed to create an efficient ladder
switching sequence program by switching on/off the common bus of the ladder.
The ladder that uses master control is as shown below.

Display in ladder mode of GPP ! Actual operation ladder |
JU ] l X0
o e | N Ho
1
N13=M0
X1 X3 M7 o
W Ho | — 1 Executed z
T 5 only when s
L TSI ’I”I - 3 r_‘> i . @_< X0'is on g
* X6 x4 i ]
10— YOF ) J 8
X6 X4 o
— w
15 [HeR Nt ] b
YOF XE 8
18’—{ } Y10 b I Y10 %

3
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(1) When the MC ON/OFF command is on at the start of master control, the
operation results between MC and MCR are as performed by the instructions
(ladder).

(2) If the MC instruction is off, the scan between the MC and MCR instructions is
executed, and therefore, the scan time does not become short.

When the MC instruction is off, the operation results between MC and MCR are
as described below.

The count value is reset to 0 and both the coil and contact
turn off.

The coil turns off but both the count value and contact
maintain the current states.

100ms, 10ms timer

100ms retentive timer, counter

Devices in OUT instruction All turn off.

SET, RST,

SFT or device in instruction | Maintains the current state.
basic

(3) By changing the device at @ the MC instruction can use the same nesting (N)
number any number of times.

(4) When the MC instruction is on, the coil of the device specified at @ turns on.
Since using the same device in the OUT instruction, etc. will result in double coils,

the device specified at @ should not be used in any other instruction.
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MCR

(1) This instruction is designed to reset the master control and indicates the end of the
master control range.

(2) Do not provide a contact instruction in front of the MCR instruction.

The master control instructions can be nested. Their master control ranges are

differentiated by the nesting (N). The nesting can be used from NO to N7.

Using the nesting structure, you can create a ladder that restricts the program

execution conditions in order.

The ladder using the nesting structure is as shown below.

 Display in ladder mode Actual operation ladder
A
e e [
No M5 L
_ NO 2= M15
Executed
-y , N +— *O‘* } when A
I < 5 turns on.
B
e m wo ] r— "
N6 NT 3 M8 Eﬁecu}{ad
T i (O] b
f C ) C turn on.
A - H
— ——nc N2 w7 3 = wn Executed
\ it when A, B
N2 _m7 ! 0 } and C
,:> turn on.
i ¢ vor
Executed
|
MCR N2 i —— |~ when A
| ; and B
—t C b wer turn on.
e —L % N1 i Executed
— O—-A } when A
-y ¢ 3 turns on.
—[
e 1o ] Irrelevant
—t O—( } toA. B
— C p and C.
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Note the following when nesting the instructions.

(1) The instructions can be nested to a level of eight (NO to 7). When nesting them,
use MC from lower to higher nesting (N) numbers and MCR from higher to lower
numbers. In the opposite order, the PLC function cannot perform normal
operation since the instructions cannot be nested.

Display in ladder mode Actual operation ladder
A
'_4)—“40 N MI5 1 -]n__,‘A M15
N M5 NW_‘: M15
H— b
1
B o ow |

i

[
4
&

N

o Mg ,-_ ! O
< b

MeR | N3
I &

N
- I O
<
L fuR 1 1 MCR.
e T O
Nesting numbers of MCR are Since buses cross each other, normal
opposite. master control ladder cannot be created.

(2) When the MCR instructions are gathered in one place in the nesting structure, all
master controls can be terminated by one lowest nesting (N) number.

—i( 1|—[Mc No M5 1 —f ]}—[MC NO (113 i
NO~_M15 NO W15
A D o — J
X2 X2
— ——{me N1 M6 1 — e N1 e i
N1 W16 |:‘> N1 W16
A p e — J
x3 X3
— —me N2 M7 1 — e N2 m7 i
N2 w17 N2 w17
— b L E— 3
L [meR N2 1 e e | NO 1
Xt
\—q WCR Nt 3 e — 3
\—[MCR N 3
’—1 P )
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3.25.10 End Instruction : Sequence program end ... END

Usable Devices Error

Bit devices Word (16-bit) devices | Constants | Level Digit Flag
Designation | (M9010,
X Y M T c D K H N M9011)

— | O—a

| [ e 14

Functions

(1) Indicates the end of a program. Execution terminates scanning at this step and
returns to step 0.

~0
Sequence program
END
)
(2) The END instruction cannot be used halfway through the sequence program.

CAUTION

If the END instruction does not exist in the program, an operation error occurs and the
PLC function does not operate.

SEQUENCE PROGRAMMING
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3.25.11 Other Instructions : No operation ... NOP

Usable Devices Error
Bit devices Word (16-bit) devices | Constants | Level Digit Flag
Designation | (M9010,
X Y M T c D K H N M9011)
O

NOP does not appear in ladder display.

+—‘ NOP O I

Functions

NOP
(1) No-operation instruction that has no influence on the preceding operation.
(2) Use NOP to:
1) Provide space for debugging of a sequence program.
2) Delete an instruction without changing the number of steps. (Change the
instruction for NOP)
3) Delete an instruction temporarily.
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NOP

1) Contact short-circuit (AND, ANI)

Before change

0

Sequence Instructions

-

After change

X8 Y7 Y6
I m L {Y12
I 1 Zd L
Replaced by NOP.
(Y12

Before change

X

S

0

(Y16

Y1

__m__
—_—

2

Replaced by NOP.

After change

g

(6

I,
T—

(Y16

Replaced
by NOP.

After change U

Replaced by LD T3.

+ Coding

BwWN—=O

LD

AND
ANI
out
END

= Coding
? LD
2 ANI
3 0uT
4 END
Note that if LD or LDI is replaced by NOP, the

ladder will be completely changed.

OIhwWhN—=O

NOP

LD

ouT
NOP
AND
ouT
END

+ Coding

]

ORhWN—O

ORhWN—=O

LD
ouT

AND
out
END

LD
ouT
NOP

out
END

X8

Y6
Y12

X0
Y16
Y16

Y6

X0
Y16

T3
Y6

X0
Y16
Y16

Y6

X0
Y16

T3
Y6
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3.26 Basic Instructions

The basic instructions can handle numerical data represented in 16 bits.

3.26.1 Comparison Operation Instructions
(1) The comparison operation instruction is handled as a contact, compares the

magnitudes of two pieces of data (e.g. = <), and turns on when the condition
holds.

Use the comparison operation instructions in the same manner as the contact

instructions of the PLC instructions as indicated below.

e LD, LDI......... LD=
e AND, ANI ..... AND=
e OR,ORI....... OR=

3)

Refer to page 142 for details.

There are the following 18 different comparison operation instructions.

Classification Instruction Classification Instruction Classification Instruction
Symbol Symbol Symbol
LD= LD> LD<
= AND= > AND> < AND<
OR= OR> OR<
LD<> LD<= LD>=
# AND<> < AND<= > AND>=
OR<> OR<= OR>=

(4) The conditions that the comparison operation instructions turn on are as follows.

L. 98 99 100 101 102
| |

Dn = K100 OFF ON OFF
1 |

Dn# K100 ON OFF ON
| |

Dn>K100 OFF | | ON
| |

Dn<K100 ON | OFF

|
Dn <K100 ON } OFF
Dn >K100 OFF ON
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CAUTION

The comparison instruction regards the specified data as BIN values. Hence, if the value
whose most significant bit (b15) is 1 (8 to F) is specified for comparison of hexadecimal
data, it is regarded as a negative BIN value.

Comparison of 4-digit HEX values

> | H8000 | HO568

Regarded Regarded
as -32767 as 1384
in BIN. in BIN.

Therefore, the result is -32767 < 1384 and Y10 does not turn on.

SEQUENCE PROGRAMMING
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3.26.2 Comparison Operation Instructions :
16-bit data comparison ... =, <>, >, <=, <, >=

Usable Devices Error
Bit devices Word (16-bit) devices | Constants | Level Digit Flag
Designation | (M9010,
X | Y| M| T|C|D | K| H/|N M9011)
8 ojojo|o oo |0 O
K1 to K4 O
& | o/ oo oo 0|0 O
L0 [ L] &D] & Instruction symbol in ]

‘=<>><=<>= ‘
y ST T »

S
2

(o =) 4~ Tee— )
[of ] I — ——( )

Functions

(1) Handled as an N/O contact and performs 16-bit comparison operation.
(2) The comparison operation results are as indicated below.

Compared data or head
numbers of devices that
store compared data

Instruction Comparison Instruction Comparison
symbolin | Condition Operation symbolin | Condition Operation
] Result C ] Result

- SR - §9+82
> [ 8-® > 8-%
g @ z @ Energize - @ = @ Not energize
< | 9@ < | o
< §1<82 < §1=82
>= @ > @ >= @ < @

Execution Conditions
The execution conditions of LD[_], AND[__|Jand OR[_] are as indicated below.

Instruction Execution Condition
LD[] Executed every scan.
AND [ ] Executed only when the preceding contact instruction is on.
OR[] Executed every scan.
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REMARKS

Seven steps are used when:
e The digit designation of a bit device is not K4.
® The beginning of a bit device is not a multiple of 8.

Program Examples

[ =]

1) Program that compares the X0-F data and D3 data.

+ Coding
0 LD= K4X0 D3
- I
o}[ K4X0 03 V3 ){ 5 OUT Y3
6 END

2) Program that compares the BCD value 100 and D3 data.

LD M3
AND<> H100 D3

0H3H<> Hioo b3 —m ){ (1)
9 ouT Y3

3) Program that compares the BIN value 100 and D3 data.

+ Coding
M3
0 S e G (1) tB> H?oo D3

T3 6 OR M8
P 7 ANB )
8 OUT Y3 E
9 END =
S
Q
o)
<= x
4) Program that compares the DO and D3 data. §
g
- Coding 8
(2]

M3 M8
o1 w T D W
J 2 OR<= DO D3 3
& 00 D3 7 0UT Y3
8 END
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3.26.3 Arithmetic Operation Instructions
The arithmetic operation instructions are instructions which perform the addition,

subtraction, multiplication, and division of two BIN data.

(1) Arithmetic operation with BIN (Binary)
o If the operation result of an addition instruction exceeds 32767 , the result
becomes a negative value.
¢ If the operation result of a subtraction instruction is less than - 32768 , the result
becomes a positive value.
The operation of a positive value and a negative value is as follows:

5+8 13

5-8-5-3

5x3-515

-5x3->-15

-5x(-3) > 15

-5/3 — -1 and remainder -2
5/(-3) - -1 and remainder 2
-5/ (-3) —» 1 and remainder -2
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3.26.4 Arithmetic Operation Instructions :
BIN 16-bit addition, subtraction ... +, +P, -, -P

Usable Devices
Bit devices Wﬂ:vglz;bit) Constants | Level I_Jigit _ Error Flag
Designation
X | Y | M T c D K H N (Il\wﬂgg:%

& ojlojo o0 0|0]|O
D O/ o000 O
) /o o000 K1 to K4 o
82 o/ o|o|lo|o
(5]} olo|lo o o0

4Addition/subtraction commands Instruction symbol in ]

|

Setting data

"—iy T [o]0 }—4 |- |

) f = = ] ! Addend/subtrahend or
I 1P ] O I o ® head device number
storing addend/
Addition/subtraction commands subtrahend

— Trenl el nn Head device number
+— R (D] 0] ICD] e (D) | storing augend/
minuend
Augend/minuend or

$——— P | 5] 52| OD —e 8§ head device number

storing augend/
minuend
Addend/subtrahend or
head device number
@ storing addend/
subtrahend
Head device number
@ which will store the
operation result

SEQUENCE PROGRAMMING
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Functions

(1) Performs the addition of BIN data specifies at @ and the BIN data specified at
@, and stores the addition result into the device specified at @

5678 (BIN)  [—| 1234 (BIN) (. 4444 (BIN)

(2) Performs the addition of BIN data specified at @ and the BIN data specified at
S2), and stores the addition result into the device specified at ©1.

& @

5678 (BIN) |—| 1234 (BIN) [ a444  (BIN)

(3) At(S), 89, 82 and (D), -32768 to 32767 (BIN 16 bits) can be specified.

(4) The judgment of whether the data of (S), §9, §2 and (D) are positive or negative
is made at the highest bit (b15).
0... Positive
1. Negative
(5) When the 0th bit has underflown, the carry flag does not turn on.
When the 15th bit has overflown, the carry flag does not turn on.
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Functions
(1) Performs the subtraction of BIN data specifies at @ and the BIN data specified

at @ and stores the subtraction result into the device specified at @

© ® ®

A e

5678 (BIN) [—| 1234 (BIN) o 4444 (BIN)

(2) Performs the subtraction of BIN data specified at @ and the BIN data specified

at §2), and stores the subtraction result into the device specified at O7.

&) &3

5678  (BIN)  |— 1234 (BIN) [ a444  (BIN)

(3) At(S), 89, 82 and (D), -32768 to 32767 (BIN 16 bits) can be specified.

(4) The judgment of whether the data of (S), §9, §2 and (D) are positive or negative
is made at the highest bit (b15).
0.... Positive
1. Negative
(5) When the 0Oth bit has underflown, the carry flag does not turn on.
When the 15th bit has overflown, the carry flag does not turn on.
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Execution Conditions
Addition/subtraction command.

ON
Addition/subtraction OFF l I l
command
rExecuted every Executed every ___

scan. scan.

—p [] []

l Executed only once. | Executed only once.

Program Examples

Program which adds the content of AO to the content of D3 and outputs the result to
Y38 to 3F when X5 turns on.

» Coding

X005 P K2 o LD K005
oA+ o2 A0 voss ]‘{ 1 +F D3 A K2vo38
& END

[ -]

Program which outputs the difference between the set value and present value
timer T3 to Y40 to 53 in BCD.

X003 KA8000 + Coding
o | (T3 4 0 LD X003

M9036 P K toour T3 k18000
2t b - 18000 T3 D3 H 2 LD Mo036

s i P Kig0oo T3 D3
- : o 10 DECD D3 K5Y040
- cD D3 40
—[DB_E O W00 ]_ 19 END
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3.26.5 Arithmetic Operation Instructions :
BIN 16-bit multiplication, division ... *, *P, /, /P

Usable Devices
Bit devices Wc:;:v(ilg-sbit) Constants | Level Digit Error Flag
Designation
0
& o|ojo o0 0| 0O O
&  ojo0ojo o000 OO0 Kitoka | O
D ojlojo|o o0
Multiplication/division commands Instruction symbol in [_]

*, [ ‘
+—{ ] GO | D) | @) H Setting data

Multiplicand/dividend or
@ head device number
storing multiplier/dividend

Multiplicand/divider or
H }——' 1P | GD | GD l ® @ head device number

storing multiplier/divider

@ Head device number
which will store the result

SEQUENCE PROGRAMMING
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Functions

(1)

150

Performs the multiplication of BIN data specified at @ and the BIN data specified

at @ and stores the multiplication result into the device specified at @

& = & = 0o+t ©

.

T T YU O [T b0 b 31w b 16 b 15 weeee b0

5678 (BIN) | X 1234 (BIN) = 7006652 (BIN)

When @ is a bit device, specify the bits, beginning with the lower bits.
Example

K1: Lower 4 bits (b0 to 3)

K4: Lower 16 bits (b0 to 15)

At S and 82, -32768 to 32767 (BIN 16 bits) can be specified.
The judgment of whether the data of @ and @ are positive or negative is made

at the highest bit (b15) and that of @ at (b31).
0... Positive
1. Negative
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(1) Performs the division of BIN data specified at @ and the BIN data specified at
@, and stores the result into the device specified at @

Quotient Remainder
& @ ® @+
Bb15.ib0 D15 b0 D 15D 0 D15 i B C
5678BIN) | /| 123aBIN) | D 4BIN) 22(BIN)

(2) Inregards to the operation result, the quotient and remainder are stored by use of
32 bits in the case of word device, and only the quotient is stored by use of 16 bits
in the case of bit device.

Quotient : Stored to the lower 16 bits.
Remainder: Stored to the upper 16 bits. (Storable only in the case of word
device)

(3) At (S and 82, -32768 to 32767 (BIN 16 bits) can be specified.

(4) The judgment of whether the data of §1, §2, (D) and (D)+1 are positive or
negative is made at the highest bit (b15).
(Both quotient and remainder have sign.)
0.... Positive
1. Negative

Execution Conditions
The execution conditions of the transfer instructions are as shown below.

ON

Multiplication/division g m

command

| Executed every Executed every

scan. scan.

] i
| Executed only once. ‘Egecuted only once.
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Operation Errors
In the following case, operation error occurs and the error flag turns on.

¢ A1 orV has been specified at @
e The divisor §2) is 0.

Program Examples

1) Program which stores the multiplication result of 5678 and 1234 in BIN to D3 and 4
when X5 turns on.

o Coaling

x0as P K K 0 LD X005
0 " 5GTS EEr 2
o R 1234 D8 1P KSe7s K124 D3
& END

2)Program which outputs the multiplication result of the BIN data of X8 to F and the
BIN data of X10 to 1B to Y30 to 3F.

s Coding
o038 K2 K3 K4 0 LD Ma03S
o XD0B X010 Y030 1 K2X00% K3X010  K4YD20
2 END

Program which outputs the quotient, obtained by dividing the data of X8 to F by 3.14,
to Y30 to 3F when X3 turns on.

X003 P K2 K * Coding
0 - X008 100 ] o LD X003
1 P K2x008 K100 oo
'j F oo -};14 ﬁg:{, g8 P oo K314 K4 030
15 END
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3.26.6 Data Transfer Instructions
The data transfer instructions are designed to transfer data.

The data moved by the data transfer instruction is maintained until new data is transferred.

3.26.7 Data Transfer Instructions :
16-bit data transfer ... MOV, MOVP

Usable Devices
Word (16-bit) Error
Bit devices devi Constants | Level Digit Flag
evices Designation (M9010
X Y M T Cc D K H N M901 1)’
& o/ojojojo 0|00
MOV K1 to K4 O
@ O O O O O

@

Transfer commands
l ‘4 Transfer source data or
1' } MOV head number of device
[ that stores that data
Head number of transfer
% - - MOVP

©

destination device

Functions
MOV
Transfers the 16-bit data of the device specified at @ to the device specified at @
16 bits
Bef
anster © (L1001 [0 T 10 0l 1[1[oJo T1]T]1
{} Transfer

After

transfer © [1TOT01Tof1T1foJoft[rfofofr]1f1]

Execution Conditions
The execution conditions of the transfer instructions are as shown below.
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ON
Transfer OFF
command
MOV Executed every Executed every
scan. | scan.
MOVP
Executed only once. Executed only once.

Program Examples
MOV

1) Program that stores the input X0-B data into D8.

+Coding
ey Y VA 0 LD M9036
1 MOVP K3X0 D8
6 END

2) Program that stores 155 into D8 in binary when X8 turns on.

= Coding
1 0 LD X8
—1
0’—1 WOVP KI5 08 1 MovP K155 D8
6 END
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3.27 Application instructions

Application instructions are used when special processing is required.

3.27.1 Logical Operation Instructions
(1) The logical operation instructions are instructions which perform the logical

operations such as logical add and logical product.

(2) The logical operation instructions are available in the following 10 types.

e Instruction e . Instruction e Instruction
Classification Symbol Classification Symbol Classification Symbol
. WAND WXOR 2's NEG
Log(;calt —— | Exclusive OR complement
produc WANDP WXORP | | (Signreversal)| NEGP
Logical add | WOR || Exclusive WXNR
WORP NOR WXNRP

REMARKS
The logical operation instructions perform the following processings in units of one bit.

Classification Processing Operati?n Example
Expression A B Y
0 0 0
) Set to 1 only when both inputs A A, 0 1 0
Logical product and B are 1. Set to 0 otherwise. Y=A'B 1 0 0
1 1 1
0 0 0
Set to 0 only when both inputs A 0 1 1 o
Logical add andBare0. Setto1to 1 Y=A+B Z
otherwise. 1 0 1 §
1 1 1 g
0 0 0 8
Set to 0 when inputs A and B are _ _ 0 1 1 &
Exclusive OR | equal. Set to 1 when they are Y=A*B+A+B w
different. 1 0 1 )
1 1 0 u
oo 1] &
Set to 1 when inputs A and B are _ _ 0 1 0 @
Exclusive NOR | equal. Set to 0 when they are Y= (A+B) (A+B)
different. 1 0 0 3
1 1 1
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3.27.2 Logical Operation Instructions :
16-bit Logical Product ... WAND, WANDP

Usable Devices
Word (16-bit) Error
Bit devices devi Constants | Level Digit Flag
evices . .
Designation (M9010
X Y | M T c D K | H N M901 1)’
®|o olojo 0|0 0|0
@ O O O O O
WAND @ o) o) O O o) o) o) o) K1 to K4 O
@ O O O O O O O O
@ O @) O O O

Operation

Head number of device
that will store result of
logical product.

commands “WAND (D] s ] oD —

I»Ir4commands {WAND‘ ® [ ) | @
@ Data to be ANDed or
head numbers of
- wanpp] © | © F—— S2 | devices that store data
Operation @
(o)

——+——{wanpr[GT [ 52| DD F—

Functions

WAND
(1) ANDs the 16-bit data of the device specified at @ and the 16-bit data of the
device specified at @ on a bit-by-bit basis, and stores the result into the device

specified at (D).

" its #11
(o OO Tl o [T+
execution® |0|0]O|1|0|U|1|UI0|0|1|1’0|1|0|0J
After U

exccuton © [0]0]ofrfofo]r]ofofofofoa 1 o]0
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(2) ANDs the 16-bit data of the device specified at @ and the 16-bit data of the
device specified at @ on a bit-by-bit basis, and stores the result into the device
specified at 09.

16 bits

o, (@ OO Do oo o [ [ [
executlo”@ ‘UIOIOM]0[0[1lO]OIOlIIlIOMlolgl

Aft O
St en @ [ST0 [0 [T o] e [ e e e e T Te]e]

(3) More than the digit designation of a bit device is regarded as 0 for operation.

Execution Conditions
The execution conditions of the logical product instructions are as shown below.

ON
Operation OFF
command
Executed every Executed every
WAND soan. [
WANDP
Executed only once. Executed only once.
p———
Program Examples
WAND
1)Program that masks the tenth digit (second place from the least significant digit)
with 0 among the four BCD digits of D10 when XA turns on.
(D10)=1234—1204
+ Coding
X0A
O b—————— [WANOP  HOFFOF D10 0 LD X0A
1 WANDP HOFFOF D10
6 END
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2)Program that ANDs the X10-1B and D33 data and outputs the result to YO-B when
XA turns on.

X0A ANDs X10-1B data and D33 data
0 P {wwop Kxio 033 and stores result to D33.
o 033 K310 Outputs D33 data to YO-F.
+ Coding
0 LD X0A

1 WANDP K3X10 D33
? MOVP D33 K3Y0

11 END

b15 b14 b13 b12 b1l b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 bO

pss [ frfrfofrfrfrfofofofofofr[ofofo]
WAND

____________________ X1B_X1A X19 X18 X17 X16_X15 X14 X13_X12 X11_X10

oo {3751 510 1 [o]1]o] 1[0t o[1[o]r][0]

-~

L Regarded as Os. U

o [olo]o]e]Jo]i o ofo]o]a]1Jo]o]0]

‘gﬂ__—_l
L— Turn to Os.

3)Program that ANDs the X10-1B and D33 data and outputs the result to YO-B when
XA turns on.

+ Coding
HOA ]{ 0 LD XO0A
0 ——{wan0P  K3xi0 D33 K3Y0 1 WANDP K3X10 D33 K3Y0
8 END

X1B X1A X19 X18 X17 X16 X15 X14 X13 X12 X11 X10

xio0i 00 010 0 1 ]ololaJolol il ]olo]1]1]

WAND

-~
L—s»Regarded as Os.
b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 bs b3 b2 bl b

pss [l lrfolt o]t rfo]ol 1ol t]ofo] 1]

YB YA Y9 Y8 Y7 Y6 Y5 Y4 Y3 Y2 Y1

YBto YO .170"0711 1 ] 0 l 0 1 1 [ 0 ] 0 ] 1 1 UJ 0 l 0 [ 0 I :OJ

___________________

A
L— Remain unchanged.
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3.27.3 Logical Operation Instructions :
16-bit Logical Add ... WOR, WORP

Usable Devices
Word (16-bit) Error
Bit devices N Constants | Level Digit Flag
devices . .
Designation (M9010
X Y M T C D K H N M901 1)’
@ @) O O @) @) @) O O
@ O O @) @) @)
WOR @ oO/lo0o|jo0|]O0O|0O0O|]O]|]0O]|O K1 to K4 O
@ @) O O O O @) O O
@ O O @) O O
4Operation
commands — T =
L [wor [6 0 }— | ©
/ @ Data to be ORed or
head numbers of
{1l {WORP] ® | ) }’— 82 | devices that store data
Operation @
commands Head number of device

WOR [SD][ 5] 01—
—— +———worp [GD][52][0D) }F—

that will store result of
logical add.

Functions
WOR
(1) ORs the 16-bit data of the device specified at @ and the 16-bit data of the

device specified at @ on a bit-by-bit basis, and stores the result into the device
specified at (D).

16 bits

Before_ @|0|1|0!1l0|1|0i1%Rﬂ1[0l1|0|1|0]1l
RN O I DD REnn
After O

executon © [o [ o[t ]o]a]o]1]
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(2) ORs the 16-bit data of the device specified at @ and the 16-bit data of the device
specified at §2 on a bit-by-bit basis, and stores the result into the device
specified at 09.

le 16 bits X
Before iO[1|ﬂTOFIOI1O‘LOI110|1IU|1|U|1|
execution[UIO]OIOII]1[1i1é110ﬁ]01011|0l1|

execution @D [0 [ 1ol [t a[r]o]1]a]0]

(3) More than the digit designation of a bit device is regarded as 0 for operation.

Execution Conditions
The execution conditions of the logical add instructions are as shown below.

ON
Operation
command OFF
WOR Executed every Executed every
scan. | scan.
WORP
Executed only once. Executed only once.
——

Program Examples

1) Program that ORs the D10 and D20 data and stores the result into D10 when XA
turns on.

+ Coding
HOA ]( 0 LD XO0A
OF—f F———————#rp D20 D10 1 WORP D20 D10
6 END
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2)Program that ORs the X10-1B and D33 data and outputs the result to YO-F when XA
turns on.

X0A R
5 o R KaK10 033 ?esjnx.; E)o 1DB3§nd D33 and stores
L———{wow D33 k4¥o Outputs D33 data to YO-F.
+ Coding
0 LD XO0A

1 WORP K3X10 D33
6 MOVP D33 K4Yo
11 END

3)Program that ORs the D10 and D20 data and stores the result into D33 when XA
turns on.

+ Coding
X0A 0 LD XO0A
0 F————T{vwre D10 D20 D33 1 WORP D10 D20 D33
8 END

4)Program that ORs the X10-1B and D33 data and outputs the result to YO-B when
XA turns on.

+ Coding
X0A 0 LD XO0A
o— ——{wrP  K3xio D33 K3Y0 1 WORP K3X10 D33 K3Y0
8 END
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AN

3.27.4 Logical Operation Instructions :

16-bit Exclusive Logical Add ... WXOR, WXORP

Usable Devices Error
Bit devices Wzlgv(ilg-sbit) Constants | Level Digit Flag
Designation 901
X Y M T C D K H N (M99:110)’
@ @) O O @) @) O O O
@ O O @) @) O
WXOR @ o|loloj]ojJoOo]O|]O]|O K1 to K4 O
@ O O O @) O O O O
@ O O @) @) O
Operation
d - -
%4comman S 'wxor] ® | © — ® Data for which
@ exclusive OR will be
performed or head
it fwxore] © [ © —— | &2 Q;Tet;e(rjgl‘;evncewhlch
Operation
4copmmands . Head number of device
1 Fwxor [ U] B2 [ D0 F—— | ©3 | which will store the
result of exclusive OR
I {wxorp[GD [ S0 [ DD F—
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Functions

(1

)

©)

Performs the exclusive OR of the 16-bit data of device specified at @ and the

16-bit data of device specified at @ per bit, and stores the result into the device
specified at (D).

o 16 bits N
— ]
B CInnnnDNDN0NDnDnnn
execution WXOR

® [ofoJoJo W[t taoJooo[ 111 ]1]
After N Q
execution © [0 [ Jo i [n o[t JoJoa o1t o1 o]

Performs the exclusive OR of the 16-bit data of device specified at §9 and the
16-bit data of device specified at @ per bit, and stores the result into the device
specified at (D).

16 bits

e .l
Before rf[Dl‘|ﬂ|‘lUl110[110]1|0|1|0[11011]

i WXOR
seM e oo oo [ [ofooo [t [1]1]1]
At ion ©D [0 1o 11 o1 [ofo 1 Jo[r[1]o]1]0]

When operation is performed, the digits of bit device higher than the specified are
regarded as 0.

Execution Conditions
The execution conditions of the exclusive logical add instructions are as shown below.

ON
Operation
command OFF
Executed every Executed every
WXOR scan. scan.
WXORP
i Executed only once. Executed only once.
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Program Examples

1)Program which performs exclusive OR of the data of D10 and that of D20, and
stores the result to D10 when XA turns on.

w005 = Coding
s P .
0 LD X0DOA
—— [WXOR D20 DI . ’
! 1 WXORP D20 D10
& END

2)Program which performs the exclusive OR of the data of X10 to 1B and data of D33,
and sends the result to the Y30 to 3B when XA turns on.

KOOA P K3 Exclusive OR of the data of 10 to 1B and the
}—|:|; WXOR X010 D33 data of D33 is performed and the result is stored
into D33,
K3
MO‘ (BEX Y030 Data of D33 is sent to Y20 to 28,

= Coding
0 LD H00A
1 WXORP K3X010 D33
6 MOVP D33 K2Y030
11 END
3)Program which performs exclusive OR of the data of D10 and that of D20, and
stores the result to D33 when XA turns on.

s Coding
HO0A P 0 LD X00A
—[WXOR Di0 D20 D33 : -
1 WXORP D10 D20 033
8 END

4)Program which performs exclusive OR of the data of X10 to 1B and the data of D33,
and sends the result to the Y30 to 3B when XA turns on.

« Coding
X010 P K3 K3 0
—[WXOR X010 D33 Y030 o tb X0t )
1 WXORP K3X010 D33 K3Y030
8 END
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3.27.5 Logical Operation Instructions :
16-bit NOT Exclusive Logical Add ... WXNR, WXNRP

Usable Devices
Word (16-bit) Error
Bit devices C:;evices Constants | Level Digit Flag
Designation (M9010
X Y M T C D K H N M901 1)’
@ O O O O O O O O
@ O O O O O
WXNR @ oj]o|jo|jo|l O 0|0/ O K1 to K4 (@)
@ O O O O O O O O
@ O O O O O
Operation
commands — T
{4 [fwxnR] © [ © F— ® Data for which
@ exclusive NOR will be
performed or head
I} {WXNRP] S | () J,__ @ number of device which
@ stores data
40peration
commands S — Head number of device
{1 [wxnr [ED] 52| 0D F— ©1 | which will store the
/ result of exclusive NOR
I —{wxnrP[GD] 52 [ 01 F——

SEQUENCE PROGRAMMING
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Functions

(1) Performs the exclusive NOR of the 16-bit data of device specified at @ and the

16-bit data of device specified at @ per bit, and stores the result into the device
specified at (D).

r‘*_h 16 bits .__J]
oo (@ DL To T o[ T Te i o oTo]
execution ® |01010|1ID|DI111‘0111011101111111
After O

execution © IUM1]'II1|U|Ili|1|1ID[D[D[UIUlM
(2) Performs the exclusive NOR of the 16-bit data of device specified at @ and the
16-bit data of device specified at S2) per bit, and stores the result into the device

specified at (D).

16 bits

~ -
Befors {@Mﬂlﬂh!oh|1|11{;111110111010|u|
execution {@|U|U|U|1|UIOIII1]U]1|U|1]U|1|1|1|

After

g
executon @ [0 [T [1To[n i1 oJoJofofo]o]
(3) When operation is performed, the digits of bit device higher than the specified are
regarded as 0.

Execution Conditions

The execution conditions of the not exclusive logical add instructions are as shown
below.

ON
Operation
command OFF
— lExecuted every Executed every
WXN R scan. _ scan.
— —
WXNRP
| | Executed only once. Executed only once.
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Program Examples

1) Program which compares the bit pattern of the 16-bit data of X30 to 3F and that of
the 16-bit data of D99 and stores the number of the same bit patterns and the
number of different bit patterns to D7 and 8, respectively, when XC turns on.

XO0C P K4 Exclusive MOR of the 16-bit data of X230 o 3F
i pb——F——{WxNR X030 D99 H and the data of D99 is performed and the result
is stored into D99,
Comparing the 16-bit data of D99, the total
SUM D=9 ]_ number of "1" bits is stored into AOQ,
. P . Data of AD (number of the same bits) is stored
— —— MOV AD 07 H inio D7
P K
— ——{Mow 16 D8 H 16 is stored into D8 in BIN.
P - . . T ] _
. Operation of 16 - AD is performed and the result
B - AR D8 h (number of different bits) is stored into D8,

« Coding
0 LD HO0C
1 WHXNRP K4x030 D99
6 SUMP D99

9 MOVP  AD o7
14 MOWVP K16 D&
19 -F AD D&
24 END

2)Program which compares the bit pattern of the 16-bit data of X30 to 3F and that of

the data of D99 and stores the result to D7 when X0 turns on. Q
z
« Coding E
X000 P K4 0 LD X000
. - i a + 8 . 0]
O —F—TWxNR X030 Dog i ]‘{ 1 WXNRP K4X030 D9 07 2
8 END iy
(8]
4
w
2
<]
w
7]

3
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3.27.6 Logical Operation Instructions :
BIN 16-bit 2’s complement ... NEG, NEGP

Usable Devices
Word (16-bit) Error
Bit devices N Constants | Level Digit Flag
devices . .
Designation M9010
X Y M T C D K H N (M90 1 1)’
NEG @ O O O O O O O K1 to K4 O
2's complement execution commands Head number of device

ﬂ © which stores data for
L | =/ i which 2" complement
NE
I/ © will be performed

.>_| }i NEGP

Functions
(1) Reverses the sign of the 16-bit data of device specified at @ and stores the

result in device specified at @

1_[= 16 bits —Jl
Sfé?:[?tion@ ‘Tlﬂllljll|UI1IUI1[DL1IDI1JD]1LUJ ......... —21846
Sign [:’:|D|Ul[]]U|0]0|0|U|0I0l0[0|0|0|[]|[}|
conversion _1 [1[0]!]0[1]U|1|Ul‘|lgr1lgl1lgl1lnl
U
Qifgution@ [0[1[0["1”1101110111311]01111]0] --------- 21846

(2) Used to reverse the positive sign to the negative sign and vice versa.
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Execution Conditions

ON
2's complement OFF
execution command
_ __J Executed every Executed every
NEG scan. scan.
NEGP
| ‘Executed only once. Executed only once.

Program Examples

NEG

1) Program which calculates "D10 - D20" when XA turns on, and obtains the absolute
value when the result is negative.

XO00A
0 _| |_[ 010 020 p— M3 H When D10 = D20, M3 turns on.
xo0a =]
T - 020 D10 1 D10 - D20 is executed.
M3 P When M3 is on, absolute value (2's complement)
- When M3 . absolte value (2's complemeant)
B {NEG D10 H is obtained.
» Coding
0 LD XO0A
1 AND= D10 D20
6 ouT M2
7T LD XO0A
B P D20 010
13 AND M2
14 MNEGP D10
17 END
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4.1 How to Read the Error Code

4. ERROR CODE
LIST

Chapter 1

Chapter 2

Chapter 3

Chapter 4
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How to Read the Error Code §

When the built-in PLC function is in the RUN status or if an alarm occurs during RUN,
the self-diagnostic function displays the error and stores the error code and error step
into the special registers. This chapter describes the error definitions and corrective

actions.

4.1 How to Read the Error Code

When an error has occurred, the error code can be read with the peripheral device.
For the operation method, refer to the operating manual of the peripheral device.

The following table indicates the error names, error codes, definitions, causes and
corrective actions.
The error code and error step are stored into the following special registers.

Error code................. D9008
Error step........ccue.... D9010, D9011
Table 4.1 Error Code List
Error
Error Name | Code |Status| Definition and Cause Corrective Action
(D9008)
“INSTRCT The instruction code that
CODE ERR.” cannot be decoded is Read the error step using
[Checked at 10 Stop |included in the program. GX Developer, and correct
instruction e The memory contents that step in the program.
execution] changed for some reason.
“PARAMETER (1) Write to the CPU was
ERROR” performed after the
[Checked at capacity larger than the Check the memory capacit
power-on or memory capacity of the of the CPU with trﬁ/e pacity
STOP to RUN] CPU was set using GX . .
" Stop Developer. memory capacity set using
(2) The parameter data of the G).( D(g/;l%per, Ia nd re-set
CPU memory changed using eveloper.
due to noise or memory
loading fault.
“WDT ERROR” The scan time exceeds the Calculate/check th
[Checked at 22 St watchdog error monitor time. alcuiate/c ect_ e usder
END processing 9P |4 The user program scan f;gg;nt]hsecgga:]n:i?nzn
execution] time has increased. Y '
“END NOT (1) The END instruction has |Reset and RUN again. If
EXECUTE” been read as another the same error appears
[Checked at instruction code due to again, the cause is a CPU
END instruction 24 Sto noise, etc. hardware fault. Consult the
execution]l P (2) The END instruction has |Mitsubishi representative.
changed into another
instruction code for some
reason.
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How to Read the Error Code

Error
Error Name | Code |Status Definition and Cause Corrective Action
(D9008)

“OPERATION Divided by zero Read the error step by use
ERROR” Run of peripheral device, and
[Checked at 50 (Stop) check and correct the
instruction program at that step.
execution]
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Instruction Processing Time

AN

Appendix1 Instruction Processing Time

Instruction Condition | Number | Processing
(Device) | of Steps | Time (us)
LD 1 2.6
LDI 1 2.7
AND 1 2.8
ANI 1 2.8
OR 1 2.7
ORI 1 2.8
ORB 1 2.0
ANB 1 2.0
MPS 1 1.9
MRD 1 1.9
MPP 1 2.0
MC 5 3.7
MCR 3 2.4
NOP 1 21
NOPLF 1 21
END 1 1.3
PLS 3 3.6
PLF 3 3.5
SFT 3 3.6
SFTP 3 4.1
Y,M 1 25
Special M 3 3.2
out T 1 25
C 1 2.6
Y,M 1 2.5
SET Special M 3 3.1
Y,M 1 2.6
Special M 3 3.3
RST T 3 3.8
C 3 3.8
D 3 3.2
MOV 5 7.7
MOVP 5 8.5
WAND 5 10.3
WANDP 5 10.7
WAND 7 10.1
WANDP 7 10.7
WOR 5 10.3
WORP 5 10.7

176

Instruction Condition Number PrPcessing
(Device) | of Steps | Time (us)

WOR 7 10.2
WORP 7 10.6
WXOR 5 10.4
WXORP 5 10.8
WXOR 7 10.3
WXORP 7 10.7
WXNR 5 10.5
WXNRP 5 10.9
WXNR 7 10.3
WXNRP 7 10.7
NEG 3 7.7
NEGP 3 8.1
LD= 5 7.7
LD= 7 8.3
LD<> 5 7.8
LD<> 7 8.3
LD> 5 7.7
LD> 7 8.3
LD<= 5 7.8
LD<= 7 8.3
LD< 5 7.8
LD< 7 8.3
LD>= 5 7.9
LD>= 7 8.3
AND= 5 7.3
AND= 7 7.5
AND<> 5 7.4
AND<> 7 7.5
AND> 5 7.4
AND> 7 7.5
AND<= 5 7.5
AND<= 7 7.7
AND< 5 74
AND< 7 7.7
AND>= 5 7.5
AND>= 7 7.7
OR= 5 7.4
OR= 7 8.1
OR<> 5 7.5




Z

Instruction Processing Time

Instruction Condition | Number | Processing
(Device) | of Steps | Time (us)
OR<> 7 8.2
OR> 5 7.5
OR> 7 8.2
OR<= 5 7.5
OR<= 7 8.2
OR< 5 7.5
OR< 7 8.2
OR>= 5 7.6
OR>= 7 8.2
+ 5 10.3
+P 5 10.7
+ 7 10.3
+P 7 10.7
- 5 10.3
-P 5 10.7
- 7 10.4
-P 7 10.8
* 7 10.8
P 7 1.3
/ 7 1.3
/P 7 11.8

REMARKS
As inverter control is also performed actually, the scan time is approximately 40ms at 500

steps.
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