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Sa fe ty Gui de li nes

For use by qual i fied staff only

This manual is only inten ded for use by pro perly trai ned and qua li fied elec tri cal tech ni ci ans
who are fully acquain ted with the rele vant auto ma tion tech no logy safety stan dards. All work
with the hard ware des cri bed, inclu ding sys tem design, instal la tion, con fi gu ra tion, main ten -
ance, ser vice and testing of the equip ment, may only be per for med by trai ned elec tri cal tech ni -
ci ans with appro ved qua li fi ca tions who are fully acquain ted with all the appli ca ble auto ma tion
tech no logy safety stan dards and regu la tions. Any ope ra tions or modi fi ca tions to the hard ware
and/or soft ware of our pro ducts not spe ci fi cally des cri bed in this manual may only be
performed by authorised Mitsubishi Electric staff.

Proper use of the prod ucts

The pro gram ma ble logic con trol lers of the FX3G, FX3GC, FX3GE, FX3S, FX3U, FX3UC, FX5U and 
FX5UC series are only intended for the spe cific appli ca tions explic itly described in this man ual.
All param e ters and set tings spec i fied in this man ual must be observed. The prod ucts
described have all been designed, man u fac tured, tested and doc u mented in strict com pli ance
with the rel e vant safety stan dards. Unqual i fied mod i fi ca tion of the hard ware or soft ware or fail -
ure to observe the warn ings on the prod ucts and in this man ual may result in seri ous per sonal
injury and/or dam age to prop erty. Only periph er als and expan sion equip ment spe cif i cally rec -
om mended and approved by Mitsubishi Elec tric may be used with the pro gram ma ble logic
con trol lers of the FX3G, FX3GC, FX3GE, FX3S, FX3U, FX3UC, FX5U and FX5UC series.

All and any other uses or appli ca tion of the pro ducts shall be dee med to be impro per. 

Rel e vant safety reg u la tions

All safety and acci dent pre ven tion regu la tions rele vant to your spe ci fic appli ca tion must be
obser ved in the sys tem design, instal la tion, con fi gu ra tion, main ten ance, ser vi cing and testing
of these pro ducts. The regu la tions lis ted below are par ti cu larly impor tant in this regard. This
list does not claim to be com plete, howe ver; you are respon si ble for being fami liar with and
con for ming to the regu la tions applicable to you in your location.

P VDE Stan dards

– VDE 0100
Re gu la tions for the erec ti on of po wer in stal la tions with ra ted vol ta ges be low 1000 V

– VDE 0105
Ope ra ti on of po wer in stal la tions

– VDE 0113
Elec tri cal in stal la tions with elec tro nic equip ment 

– VDE 0160
Elec tro nic equip ment for use in po wer in stal la tions

– VDE 0550/0551
Re gu la tions for trans for mers

– VDE 0700
Sa fe ty of elec tri cal ap pli an ces for hou se hold use and si mi lar ap pli ca tions

– VDE 0860
Sa fe ty re gu la tions for mains-po we red elec tro nic ap pli an ces and their ac ces so ries for
hou se hold use and si mi lar applications.

P Fire safety reg u la tions
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P Acci dent pre ven tion reg u la tions

– VBG Nr.4 
Elec tri cal sys tems and equip ment

Safety warn ings in this man ual

In this manual war nings that are rele vant for safety are iden ti fied as fol lows:

P
DAN GER:
Fail ure to ob serve the safety warn ings iden ti fied with this sym bol can re sult in health
and in jury haz ards for the user.

E
WARN ING:
Fail ure to ob serve the safety warn ings iden ti fied with this sym bol can re sult in dam age
to the equip ment or other prop erty.
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Gen eral safety in for ma tion and pre cau tions

The fol lo wing safety pre cau tions are inten ded as a gene ral gui de line for using PLC sys tems
toget her with other equip ment. These pre cau tions must always be obser ved in the design,
instal la tion and ope ra tion of all control systems.

P
DAN GER:

FX Beginners Manual  III

Sa fe ty Gui de li nes

P Observe all safety and acci dent pre ven tion reg u la tions appli ca ble to your spe cific
appli ca tion. Always dis con nect all power sup plies before per form ing instal la tion
and wir ing work or open ing any of the assem blies, com po nents and devices.

P Assem blies, com po nents and devi ces must always be instal led in a shoc kproof
hou sing fit ted with a pro per cover and fuses or cir cuit brea kers.

P Devices with a per ma nent con nec tion to the mains power sup ply must be inte -
grated in the build ing instal la tions with an all-pole dis con nec tion switch and a suit -
able fuse.

P Check power cables and lines con nected to the equip ment reg u larly for breaks and
insu la tion dam age. If cable dam age is found imme di ately dis con nect the equip ment
and the cables from the power sup ply and replace the defec tive cabling.

P Before using the equip ment for the first time check that the power supply rating
mat ches that of the local mains power.

P Take appro priate steps to ensure that cable damage or core bre aks in the sig nal
lines can not cause unde fi ned sta tes in the equip ment.

P You are respon si ble for taking the neces sary pre cau tions to ensure that pro -
grams inter rup ted by brownouts and power fai lu res can be res tar ted pro perly
and safely. In par ti cu lar, you must ensure that dan ge rous con di tions can not
occur under any cir cums tan ces, even for brief peri ods.

P EMER GENCY OFF faci li ties con for ming to EN 60204/IEC 204 and VDE 0113
must remain fully ope ra tive at all times and in all PLC ope ra ting modes. The
EMER GENCY OFF faci lity reset function must be desig ned so that it can not
ever cause an uncon trol led or unde fi ned res tart.

P You must imple ment both hard ware and soft ware safety pre cau tions to pre vent
the pos si bi lity of unde fi ned con trol sys tem sta tes cau sed by sig nal line cable or 
core bre aks.

P When using modu les always ensure that all elec tri cal and mecha ni cal spe ci fi -
ca tions and requi re ments are obser ved exactly.
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1 In tro duc ti on

1.1 About this Ma nu al

This manual will help you to fami lia rise your self with the use of the MEL SEC FX family of pro -
gram ma ble logic con trol lers. It is desig ned for users who do not yet have any exper ience with
pro gram ming pro gram ma ble logic con trol lers (PLCs).

Pro gram mers who already have exper ience with PLCs from other manu fac tu rers can also use
this manual as a guide for making the tran si tion to the MEL SEC FX family.

The sym bol "l" is used as a place holder to iden tify dif fer ent con trol lers in the same range. For
exam ple, the des ig na tion "FX3S-10l-ll" is used to refer to all con trol lers whose name begins
with FX3S-10, i.e. FX3S-10MR-DS, FX3S-10MR-ES, FX3S-10MT-DSS and FX3S-10MT-ESS.

1.2 More In for ma ti on 

You can find more detai led infor ma tion on the indi vi dual pro ducts in the series in the ope ra ting
and instal la tion manu als of the indi vi dual modules.

See the MEL SEC FX Family Cata lo gue, art. no. 167840, for a gene ral over view of all the con -
trol lers in the MEL SEC FX family. This cata lo gue also con tains infor ma tion on expan sion
options and the avai la ble accessories.

For an intro duc tion to using the pro gram ming soft ware pack age see the var i ous begin ner’s or
train ing man u als for the soft ware in use. 

You can find detailed doc u men ta tion of all pro gram ming instruc tions for the FX3 series in the
Pro gram ming Man ual for the MELSEC FX fam ily, art. no. 132738.

The Pro gram ming Man ual for the MELSEC iQ-F series con tains detailed descrip tions of  all
pro gram ming instruc tions for the FX5U and FX5UC.

The com mu ni ca tions capa bi li ties and options of the MEL SEC FX con trol lers are docu men ted
in detail in the Com mu ni ca tions Manual, art. no. 070143.

All Mitsubishi man u als and cat a logues can be down loaded free of charge from the Mitsubishi
website at https://eu3a.mitsubishielectric.com.
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2 Pro gram ma ble Lo gic Con trol lers

2.1 What is a PLC?

In con trast to con ven tional con trol lers with func tions deter mined by their phys i cal wir ing the
func tions of pro gram ma ble logic con trol lers or PLCs are defined by a pro gram. PLCs also have 
to be con nected to the out side world with cables, but the con tents of their pro gram mem ory can 
be changed at any time to adapt their pro grams to dif fer ent con trol tasks.

Pro gram ma ble logic con trol lers input data, pro cess it and then out put the results. This pro cess
is per formed in three stages:

P an input stage,

P a pro ces sing stage

and

P an out put stage

The in put sta ge

The input stage passes con trol sig nals from switches, but tons or sen sors on to the pro cess ing stage.

The sig nals from these com po nents are gen er ated as part of the con trol pro cess and are fed to
the inputs as log i cal states. The input stage passes them on to the pro cess ing stage in a pre-pro -
cessed for mat.

The pro ces sing sta ge

In the pro cess ing stage the pre-pro cessed sig nals from the input stage are pro cessed and
com bined with the help of log i cal oper a tions and other func tions. The pro gram mem ory of the
pro cess ing stage is fully pro gram ma ble. The pro cess ing sequence can be changed at any time 
by mod i fy ing or replac ing the stored pro gram.

The out put sta ge

The results of the pro cess ing of the input sig nals by the pro gram are fed to the out put stage
where they con trol con nected switch able ele ments such as contactors, sig nal lamps, sole noid
valves and so on.
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2.2 How PLCs Pro cess Pro grams

A PLC per forms its tasks by exe cut ing a pro gram that is usu ally devel oped out side the con trol -
ler and then trans ferred to the con trol ler’s pro gram mem ory. Before you start pro gram ming it is
use ful to have a basic under stand ing of how PLCs pro cess these pro grams.

A PLC pro gram con sists of a sequence of instruc tions that con trol the func tions of the con trol -
ler. The PLC exe cutes these con trol instruc tions sequen tially, i.e. one after another. The entire
pro gram sequence is cycli cal, which means that it is repeated in a con tin u ous loop. The time
required for one pro gram rep e ti tion is referred to as the pro gram cycle time or period.

Pro cess ima ge pro ces sing

The pro gram in the PLC is not exe cuted directly on the inputs and out puts, but on a “pro cess
image” of the inputs and out puts: 

In put pro cess ima ge 

At the begin ning of each pro gram cycle the sys tem polls the sig nal states of the inputs and
stores them in a buffer, cre at ing a “pro cess image” of the inputs.
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....

....

....

Switch on PLC

Delete output memory

Input terminals

Process image
of inputs

PLC program

Process image
of outputs 

Output terminals
Transfer process image

to outputs

Instruction 1
Instruction 2
Instruction 3

Instruction n

Poll inputs and signal states
and save them in the process

image of the inputs

Input signals

Output signals



Pro gram exe cu ti on

After this the pro gram is exe cuted, dur ing which the PLC accesses the stored states of the
inputs in the pro cess image. This means that any sub se quent changes in the input states will
not be reg is tered until the next pro gram cycle!

The pro gram is exe cuted from top to bot tom, in the order in which the instruc tions were pro -
grammed. Results of indi vid ual pro gram ming steps are stored and can be used dur ing the cur -
rent pro gram cycle. 

Out put pro cess ima ge

Results of log i cal oper a tions that are rel e vant for the out puts are stored in an out put buffer – the 
out put pro cess image. The out put pro cess image is stored in the out put buffer until the buffer is
rewrit ten. After the val ues have been writ ten to the out puts the pro gram cycle is repeated.

Dif fer en ces bet ween sig nal pro ces sing in the PLC and in hard-wi red con trol lers

In hard-wired con trol lers the pro gram is defined by the func tional ele ments and their con nec -
tions (the wir ing). All con trol oper a tions are per formed simul ta neously (par al lel exe cu tion).
Every change in an input sig nal state causes an instan ta neous change in the cor re spond ing
out put sig nal state.

In a PLC it is not pos si ble to respond to changes in input sig nal states until the next pro gram
cycle after the change. Now a days this dis ad van tage is largely com pen sated by very short pro -
gram cycle peri ods. The dura tion of the pro gram cycle period depends on the num ber and type
of instruc tions exe cuted.
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2.3 The MELSEC FX Family

The compact micro-controllers of the MELSEC FX series provide the foundation for building
economical solutions for small to medium-sized control and positioning tasks requiring 10 to
256 integrated inputs and outputs in applications in industry and building services.

All the controllers of the FX series can be expanded to keep pace with the changes in the appli-
cation and the user’s growing requirements.

Network connections are also supported. This makes it possible for the controllers of the FX
family to communicate with other PLCs and controller systems and HMIs (Human-Machine
Interfaces and control panels). The PLC systems can be integrated both in MITSUBISHI net-
works as local stations and as master or slave stations in open networks like PROFIBUS DP.

In addition to this you can also build multi-drop and peer-to-peer networks with the controllers
of the MELSEC FX family.

All controllers described in this manual have modular expansion capabilities, making them the
right choice for complex applications and tasks requiring special functions like analog-digital
and digital-analog conversion and network capabilities.

All the controllers in the series are part of the larger MELSEC FX family and are fully compati-
ble with one another.

�
For base units of the FX3S series, the connection of expansion modules with digital I/Os is not possible. However,
expansion adapters, offering 4 digital inputs or 2 digital outputs, can be mounted directly into a FX3S base unit.

�
For FX3S-30M�/E�-2AD only.
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Specifications FX3G FX3GC FX3GE FX3S FX3U FX3UC FX5U FX5UC

Max integrated I/O
points 60 32 40 30 128 96 80 96

Expansion capability
(max. possible I/Os) 256 256 256 —

�
384 384 512 512

Program memory
(steps) 32000 32000 32000 4000 64000 64000 64000/128000 64000/128000

Cycle time per log.
instruction (�s) 0.21/0.42 0.21/0.42 0.21/0.42 0.21 0.065 0.065 0.034 0.034

Build-in analog inputs — — 2 2
�

— — 2 —

Build-in analog outputs — — 1 — — — 1 —

Built-in communication
port

RS422
USB

RS422
USB

RS422
USB

Ethernet

RS422
USB

RS422 RS422
RS485

Ethernet
RS485

Ethernet

Max. special function
modules connectable

8 right
4 left

8 right
4 left

8 right
2 left

2 left
8 right
10 left

8 right
6 left

16 right
6 left

16 right
6 left



2.4 Selecting the Right Controller

The base units of the MELSEC FX family are available in a number of different versions with different
power supply options and output technologies. You can choose between units designed for power
supplies of 100–240 V AC, 24 V DC or 12–24 V DC, and between relay and transistor outputs.

To choose the right controller for your application you need to answer the following questions:

� How many signals (external switch contacts, buttons and sensors) do you need to input?

� What types of functions do you need to switch, and how many of them are there?

� What power supply options are available?

� How high are the loads that the outputs need to switch? Choose relay outputs for switching
high loads and transistor outputs for switching fast, trigger-free switching operations.
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Series I/Os Type No. of
inputs

No. of
outputs Power supply Output type

FX3G

14 FX3G-14M�/��� 8 6

100–240 V AC
Optional
transistor
or relay

24 FX3G-24M�/��� 14 10

40 FX3G-40M�/��� 24 16

60 FX3G-60M�/��� 36 24

FX3GC 32 FX3GC-32MT/D�� 16 16 24 V DC Transistor

FX3GE
24 FX3GE-24MR/ES 14 10 24 V DC

or
100–240 V AC

Optional
transistor
or relay40 FX3GE-40MR/ES 16 14

FX3S

10 FX3S-10M�/ES� 6 4

24 V DC
or
100–240 V AC

Optional
transistor
or relay

14 FX3S-14M�/ES� 8 6

20 FX3S-20M�/ES� 12 8

30 FX3S-30M�/ES� 16 14

FX3U

16 FX3U-16M�-�� 8 8

24 V DC
or
100–240 V AC

Transistor
or relay

32 FX3U-32M�-�� 16 16

48 FX3U-48M�-�� 24 24

64 FX3U-64M�-�� 32 32

80 FX3U-80M�-�� 40 40

128 FX3U-128M�-�� 64 64 100–240 V AC Transistor
or relay

FX3UC

16 FX3UC-16M�/��� 8 8

24 V DC Transistor
32 FX3UC-32M�/��� 16 16

64 FX3UC-64M�/��� 32 32

96 FX3UC-96M�/��� 48 48

FX5U

32 FX5U-32M�/��� 16 16
24 V DC
or
100–240 V AC

Optional
transistor
or relay

64 FX5U-64M�/��� 32 32

80 FX5U-80M�/��� 40 40

FX5UC

32

FX5UC-32MR/DS-TS

16 16

24 V DC

Relay

FX5UC-32MT/D��

Transistor
FX5UC-32MT/D��-TS

64 FX5UC-64MT/D�� 32 32

96 FX5UC-96MT/D�� 48 48



2.5 Con trol ler De sign

All the con trol lers in the series have the same basic design. The main func tional ele ments and
assem blies are described in the glos sary in sec tion 2.5.7.

2.5.1 In put and out put cir cuits

The input cir cuits use floa ting inputs. They are elec tri cally iso la ted from the other cir cuits of the PLC 
with optical coup lers. The out put cir cuits use eit her relay or tran sis tor out put tech no logy. The tran -
sis tor out puts are also elec tri cally iso la ted from the other PLC cir cuits with opti cal coup lers.

The switch ing volt age at all the dig i tal inputs must have a cer tain value (e.g. 24 V DC). This volt -
age can be taken from the PLC’s inte grated power sup ply unit. If the switch ing volt age at the
inputs is less than the rated value (e.g. <24 V DC) then the input will not be pro cessed. 

The max i mum out put cur rents are 2 A on 250 V three-phase AC and non-reac tive loads with
relay out puts and 0.5 A on 24 V DC and non-reac tive loads.

2.5.2 Lay out of the MELSEC FX3G base units
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Shock pro tec tion

Cover for expan sion
bus

Shock pro tec tion

LEDs for indi ca ting
out put sta tus

Cover of the right
expan sion slot and
the optio nal bat tery

LEDs for indi ca ting
input sta tus

Ter mi nal strip for
digi tal inputs

Pro tec tive cover

LEDs for indi ca ting
ope ra ting mode

Out put ter mi nals

Pro tec tive cover

Slots for memory
cas sette, dis play and

expan sion adap ter

Mount for
optio nal bat tery

Cover for pro gram ming
unit con nec tions, poten -

tio me ter and
RUN/STOP switch

Cover of the left
expan sion slot

2 ana log set point
poten tio me ters

RUN/STOP switch

Con nec tion for pro gram -
ming unit (RS422)

Con nec tion for pro gram -
ming unit (USB)



2.5.3 Lay out of the MELSEC FX3GC base units

2.5.4 Lay out of the MELSEC FX3GE base units
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Bat tery

RUN/STOP switch

Spe cial adap ter con nec tor
cover LEDs for indi ca ting the

out put sta tus

Pro tec tive cover for
expan sion bus

LEDs for indi ca ting
the input sta tus

Ter mi nals for digi tal out puts

Ter mi nals for digi tal inputs

Peri phe ral device con nec tor
(RS-422)

Bat tery cover

Bat tery connector

Spe cial adap ter
con nector

Peri phe ral device con nec tor
(USB)

LEDs for indi ca ting
the ope ra ting sta tus

Pro tec tive cover

Shock pro tec tion

Shock pro tec tion

Pro tec tive cover

Cover for interfaces,
poten tio me ter and
RUN/STOP switch

Cover of the expan sion 
slot and the optio nal
bat tery

USB Interface

RJ45 connector
(10BASE-T/100BASE-TX)

Ter mi nals for ana log
out put

Ter mi nals for ana log inputs

2 ana log poten tio me ters

RUN/STOP switch

Spe cial adap ter con nector

RS-422 Interface

Ter mi nals for digi tal
inputs

LEDs for indi ca ting
input sta tus

Bat tery holder

LEDs for indi ca ting
ope ra ting mode
Cover for expan sion
bus
LEDs for output status

Ter mi nals for digi tal
outputs

Slot for memory
cas sette, dis play and

expan sion adap ter



2.5.5 Lay out of the MELSEC FX3S base units

* The base units FX3S-30Mm/Em-2AD are not equipped with ana log poten ti om eters. In these base units, the ter mi -
nals for the build in ana log inputs are located in this posi tion.
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Pro tec tive cover

Pro tec tive cover

Shock pro tec tion

Shock pro tec tion

Ter mi nals for digi tal inputs

2 ana log poten tio me ters*
RUN/STOP switch

USB Inter face
RS-422 Inter face

Cover for inter fa ces, poten tio -
me ter and RUN/STOP switch

Cover of the expan sion slot

Power supply terminals

Slot for memory cas sette and
expan sion adap ter

LEDs for input status

LEDs for indi ca ting
output sta tus

LEDs for indi ca ting
ope ra ting mode

Ter mi nals for digi tal outputs



2.5.6 Lay out of the MELSEC FX3U base units

2.5.7 Lay out of the MELSEC FX3UC base units
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Buf fer bat tery

Slot for memory
cas set tes

Memory cas sette
(optio nal)

Cover for bat tery
com part ment

RUN/STOP switch

LEDs for indi ca ting
ope ra ting mode

Cover of the adap ter
board ter mi nal

Expan sion bus
(to the side)

LEDs for indi ca ting
out put sta tus

Pro tec tive cover for
expan sion bus

LEDs for indi ca ting
input sta tus

Ter mi nals for
digi tal out puts

Ter mi nals for
digi tal inputs

Con nec tion for
pro gram ming unit

Bat tery cover

Instal la tion place for the
FX3U-7DM display

Con nec tion for
pro gram ming unit

LEDs for indi ca ting
the out put sta tus

Blind cover for
expan sion board

LEDs for indi ca ting
the ope ra ting sta tus

RUN/STOP switch

Pro tec tive cover for
expan sion bus

LEDs for indi ca ting
the input sta tus

Top cover
(used if FX3U-7DM

is not instal led)

Memory bat tery

Pro tec tive cover

Out put terminals

Ter mi nal cover

Pro tec tive cover

Ter mi nals for
digi tal inputs

Ter mi nal cover



2.5.8 Layout of the MELSEC FX5U base units

2.5.9 Layout of the MELSEC FX5UC base units

FX5UC-�M�/���
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Cover of the adapter
board terminal

SD memory card slot

RS485 port

LED display
RUN/STOP/RESET switch

Cover for expansion bus

Extension connector

Cover

Protective cover

Terminals for
digital outputs

Protective cover

Cover of expansion slot
and optional battery

Terminals for
digital inputs

Expansion board connector

Battery connector

Analog inputs/outputs

Ethernet port

RS485 terminal resistor
selector switch

SD memory card
disable switch

SD memory card
disable switch

RUN/STOP/RESET switch

LED display

Cover of the adapter
board terminal

LEDs for indicating
input/output status

Cover for expansion bus

Connector for digital
outputs

Selector switch for
input/output status
display

Ethernet port

At the bottom side:
� Battery compartment
� Power supply

terminals
� RS485 terminal resis-

tor selector switch

RS485 port

SD memory card slot

Connector for digital
inputs



FX5UC-32M�/���-TS
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SD memory card
disable switch

RUN/STOP/RESET switch

LED display

Cover of the adapter
board terminal

LEDs for indicating
input status

Cover for expansion bus

Spring clamp terminals for
digital outputs

Ethernet port

At the bottom side:
� Battery compartment
� Power supply

terminals
� RS485 terminal resis-

tor selector switch

RS485 port

SD memory card slot

Spring clamp terminals for
digital inputs

LEDs for indicating
output status



2.5.10 PLC components glossary

The following table describes the meaning and functionality of the single components und
parts of a Mitsubishi Electric PLC.
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Component Description

Connection for
expansion
adapter boards

Optional expansion adapter boards can be connected to this interface. A variety of differ-
ent adapters are available for all FX lines (except the FX3GC and FX5UC). These adapters
extend the capabilities of the controllers with additional functions or communications inter-
faces. The adapter boards are plugged directly into the slot.

Connection for pro-
gramming units

This connection can be used for connecting the FX-20P-E hand-held programming unit or
an external PC or notebook with a programming software package (e.g. GX Works2 FX).

EEPROM
Read/write memory in which the PLC program can be stored and read with the program-
ming software. This solid-state memory retains its contents without power, even in the
event of a power failure, and does not need a battery.

Memory cassette slot Slot for optional memory cassettes. Inserting a memory cassette disables the controller’s
internal memory – the controller will then only execute the program stored in the cassette.

Extension bus
Both additional I/O expansion modules and special function modules that add additional
capabilities to the PLC system can be connected here. See chapter 6 for an overview of
the available modules.

Analog
potentiometers

The analog potentiometers are used for setting analog setpoint values. The setting can be
polled by the PLC program and used for timers, pulse outputs and other functions (see
Section 4.6.1).

Service power supply

The service power supply (not for FX3GC, FX3UC, and FX5UC) provides a regulated 24V
DC power supply source for the input signals and the sensors. The capacity of this power
supply depends on the controller model (e.g. FX3G, FX3GE, and FX3S: 400 mA; FX3U: 400
resp. 600 mA; FX5U: 400 to 770 mA)

Digital inputs
The digital inputs are used for inputting control signals from the connected switches, but-
tons or sensors. These inputs can read the values ON (power signal on) and OFF (no
power signal).

Digital outputs You can connect a variety of different actuators and other devices to these outputs,
depending on the nature of your application and the output type.

LEDs for indicating
the input status

These LEDs show which inputs are currently connected to a power signal, i.e. a defined
voltage. When a signal is applied to an input the corresponding LED lights up, indicating
that the state of the input is ON.

LEDs for indicating
the output status

These LEDs show the current ON/OFF states of the digital outputs. These outputs can
switch a variety of different voltages and currents depending on the model and output type.

LEDs for indicating
the operating status

The LEDs RUN, POWER and ERROR show the current status of the controller. POWER
shows that the power is switched on, RUN lights up when  the PLC program is being exe-
cuted and ERROR lights up when an error or malfunction is registered.

Memory battery

The battery protects the contents of the MELSELC PLC’s volatile RAM memory in the
event of a power failure (FX3GC, FX3U and FX3UC only). It protects the latched ranges for
timers, counters and relays. In addition to this it also provides power for the integrated
real-time clock when the PLC’s power supply is switched off.

For the FX5U and FX5UC base units, the battery is optional, a capacitor saves the data of
the build-in clock in case of a power failure.

RUN/STOP switch

MELSEC PLCs have two operating modes, RUN and STOP. The RUN/STOP switch
allows you to switch between these two modes manually.

In RUN mode the PLC executes the program stored in its memory.

In STOP mode program execution is stopped.



3 An In tro duc ti on to Pro gram ming

A pro gram con sists of a sequence of pro gram instruc tions. These instruc tions deter mine the
func tion al ity of the PLC and they are pro cessed sequen tially, in the order in which they were
entered by the pro gram mer. To cre ate a PLC pro gram you thus need to ana lyse the pro cess to be 
con trolled and break it up into steps that can be rep re sented by instruc tions. A pro gram instruc -
tion, rep re sented by a line or “rung” in lad der dia gram for mat, is the small est unit of a PLC appli -
ca tion pro gram.

3.1 Struc tu re of a Pro gram In struc ti on

A pro gram instruc tion con sists of the instruc tion itself (some times referred to as a com mand)
and one or more (in the case of applied instruc tions) operands, which in a PLC are ref er ences
to devices. Some instruc tions are entered on their own with out spec i fy ing any operands –
these are the instruc tions that con trol pro gram exe cu tion in the PLC. 

Every instruc tion you enter is auto mat i cally assigned a step num ber that uniquely iden ti fies its
posi tion in the pro gram. This is impor tant because it is quite pos si ble to enter the same instruc -
tion refer ring to the same device in sev eral places in the program.

The illus tra tions below show how pro gram instruc tions are rep re sented in the Lad der Dia gram
(LD, left) and Instruc tion List (IL, right) pro gram ming lan guage for mats:

The instruc tion describes what is to be done, i.e. the func tion you want the con trol ler to per -
form. The oper and or device is what you want to per form the func tion on. Its des ig na tion con -
sists of two parts, the device name and the device address:

Exam ples of devices:

See Chap ter 4 for a detailed descrip tion of the avail able devices.

The spe cific device is iden ti fied by its address. For exam ple, since every con trol ler has mul ti ple
inputs you need to spec ify both the device name and the address in order to read a spe cific input.
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X0
Device

Instruc tion

AND X0
Device

Instruc tion

X 0
Device addressDevice name

De vi ce name Type Function

X Input Input ter mi nal on the PLC (e.g. con nec ted to a switch)

Y Out put Out put ter mi nal on the PLC (e.g. for a con tac tor or lamp)

M Relay A buf fer memory in the PLC that can have two sta tes, ON or OFF

T Timer A “time relay” that can be used to pro gram timed functions

C Counter A counter

D Data regis ter Data sto rage in the PLC in which you can store things like mea su red
values and the results of cal cu la tions.



3.2 Bits, By tes and Words

As in all dig i tal tech nol ogy, the small est unit of infor ma tion in a PLC is a “bit”. A bit can only have
two states: “0” (OFF or FALSE) and “1” (ON or TRUE). PLCs have a num ber of so-called bit
devices that can only have two states, includ ing inputs, out puts and relays.

The next larger infor ma tion units are the “byte”, which con sists of 8 bits, and the “word”, which
con sists of two bytes. In the PLCs of the MELSEC FX fam i lies the data reg is ters are “word
devices”, which means that they can store 16-bit val ues.

Since a data reg is ter is 16 bits wide it can store signed val ues between -32,768 and +32,767 (see
Chap ter 3.3). When larger val ues need to be stored two words are com bined to form a 32-bit long
word, which can store signed val ues between -2,147,483,648 and +2,147,483,647. Coun ters
make use of this capa bil ity, for exam ple.

3.3 Num ber Sys tems

The PLCs of the MELSEC FX fam ily use sev eral dif fer ent num ber sys tems for input ting and
dis play ing val ues and for spec i fy ing device addresses.

De ci mal num bers

The dec i mal num ber sys tem is the sys tem we use most com monly in every day life. It is a “posi -
tional base 10” sys tem, in which each digit (posi tion) in a numeral is ten times the value of the
digit to its right. After the count reaches 9 in each posi tion the count in the cur rent posi tion is
returned to 0 and the next posi tion is incre mented by 1 to indi cate the next decade (9 à 10, 99
à 100, 199 à 1,000 etc). 

– Base: 10

– Digits: 0, 1, 2, 3, 4, 5, 6, 7, 8, 9

In the MELSEC FX fam ily of PLCs dec i mal num bers are used for enter ing con stants and the
setpoint val ues for tim ers and coun ters. Device addresses are also entered in dec i mal for mat,
with the excep tion of the addresses of inputs and outputs. 

Bi na ry num bers 

Like all com put ers a PLC can only really dis tin guish between two states, ON/OFF or 0/1. These 
“binary states” are stored in indi vid ual bits. When num bers need to be entered or dis played in
other for mats the pro gram ming soft ware auto mat i cally con verts the binary num bers into the
other num ber systems. 

– Base: 2

– Digits: 0 and 1
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00 0 0 0 0 0 0 0 0 0 0 0 0 00

1 Byte 1 Byte
1 Word

Bit 15 Bit 0



When binary num bers are stored in a word (see above) the value of each digit (posi tion) in the
word is one power of 2 higher than that of the digit to its right. The prin ci ple is exactly the same
as in dec i mal rep re sen ta tion, but with incre ments of 2 instead of 10 (see graphic):

 

* In binary values bit 15 is used to repre sent the sign (bit 15=0: posi tive value, bit 15=1: nega tive value)

To con vert a binary value to a dec i mal value you just have to mul ti ply each digit with a value of 1 by
its cor re spond ing power of 2 and cal cu late the sum of the results.

Ex am ple n 00000010 00011001 (binary)

00000010 00011001 (binary) = 1 x 29 + 1 x 24 + 1 x 23 + 1 x 20

00000010 00011001 (binary) = 512 + 16 + 8 + 1
00000010 00011001 (binary) = 537 (dec i mal)

g

He xa de ci mal num bers

Hexadecimal num bers are eas ier to han dle than binary and it is very easy to con vert binary
num bers to hex a dec i mal. This is why hex a dec i mal num bers are used so often in dig i tal tech -
nol ogy and pro gram ma ble logic con trol lers. In the con trol lers of the MELSEC FX fam ily hex a -
dec i mal num bers are used for the rep re sen ta tion of con stants. In the pro gram ming man ual
and other man u als hex a dec i mal num bers are always iden ti fied with an H after the num ber to
avoid con fu sion with dec i mal num bers (e.g. 12345H).

– Base: 16

– Digits: 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, A, B, C, D, E, F (the let ters A, B, C, D, E and F repre sent the
deci mal values  10, 11, 12, 13, 14 and 15)

The hex a dec i mal sys tem works in the same way as the dec i mal sys tem – you just count to FH

(15) instead of to 9 before reset ting to 0 and incre ment ing the next digit (FH à 10H, 1FH à 20H,
2FH à 30H, FFH à 100H etc). The value of digit is a power of 16, rather than a power of 10:
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Base 2 No ta ti on De ci mal Va lue Base 2 No ta ti on De ci mal Va lu et

20 1 28 256

21 2 29 512

22 4 210 1024

23 8 211 2048

24 16 212 4096

25 32 213 8192

26 64 214 16384

27 128 215 32768*

1A7FH

160= 1 (in this exam ple: 15 x 1 = 15) 
161= 16 (in this exam ple: 7 x 16 = 112)
162= 256 (in this exam ple: 10 x 256 = 2560)
163= 4096 (in this exam ple: 1 x 4096 = 4096)

6783 (deci mal)

215   214   213   212   211   210   29    28    27    26    25    24    23    22    21    20

0     0     0     0     0     0     0     0     0     0     0     0     0     0    0     0



The fol low ing exam ple illus trates why it is so easy to con vert binary val ues hex a dec i mal val ues:

* Con ver ting the 4-bit blocks to deci mal values does not directly pro duce a value that cor re sponds to the com plete
16-bit binary value! In con trast, the binary value can be con ver ted directly to hexa de ci mal nota tion with exactly the
same value as the binary value.

Oc tal num bers

Inputs X8 and X9 and out puts Y8 and Y9 do not exist on the base units of the MELSEC FX fam -
ily. This is because the inputs and out puts of MELSEC PLCs are num bered using the octal
num ber sys tem, in which the dig its 8 and 9 don’t exist. Here, the cur rent digit is reset to 0 and
the digit in the next posi tion is incre mented after the count reaches 7 (0 – 7, 10 – 17, 70 – 77,
100 – 107 etc).

– Base: 8

– Digits: 0, 1, 2, 3, 4, 5, 6, 7

Sum ma ry

The fol low ing table pro vides an over view of the four dif fer ent num ber sys tems:
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De ci mal nota ti on Oc tal nota ti on He xa de ci mal no ta ti on Bi na ry nota ti on

0 0 0 0000 0000 0000 0000

1 1 1 0000 0000 0000 0001

2 2 2 0000 0000 0000 0010

3 3 3 0000 0000 0000 0011

4 4 4 0000 0000 0000 0100

5 5 5 0000 0000 0000 0101

6 6 6 0000 0000 0000 0110

7 7 7 0000 0000 0000 0111

8 10 8 0000 0000 0000 1000

9 11 9 0000 0000 0000 1001

10 12 A 0000 0000 0000 1010

11 13 B 0000 0000 0000 1011

12 14 C 0000 0000 0000 1100

13 15 D 0000 0000 0000 1101

14 16 E 0000 0000 0000 1110

15 17 F 0000 0000 0000 1111

16 20 10 0000 0000 0001 0000

: : : :

99 143 63 0000 0000 0110 0011

: : : :

Binary

Decimal*

Hexadecimal



3.4 The Ba sic In struc ti on Set

The instruc tions of the PLCs of the MELSEC FX fam ily can be divided into two basic cat e go -
ries, basic instruc tions and applied instruc tions, which are some times referred to as “appli ca -
tion instruc tions”.

The func tions per formed by the basic instruc tions are com pa ra ble to the func tions achieved by
the phys i cal wir ing of a hard-wired con trol ler. All con trol lers of the MELSEC FX fam ily sup port
the instruc tions in the basic instruc tion set, but the applied instruc tions sup ported vary from
model to model (see Chapter 5).

Ba sic in struc ti on set quick re fer en ce
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In struc ti on Functi on Des crip ti on Re fe rence

LD Load Initial logic ope ra tion, polls for sig nal state “1” (nor mally open)
Chap ter 3.4.1

LDI Load invers Initial logic ope ra tion, polls for sig nal state “0” (nor mally clo sed)

OUT Out put instruction Assigns the result of a logic ope ra tion to a device Chap ter 3.4.2

AND Logi cal AND Logi cal AND ope ra tion, polls for sig nal state “1”
Chap ter 3.4.4

ANI AND NOT Logi cal AND NOT ope ra tion, polls for sig nal state “0”

OR Logi cal OR Logi cal OR ope ra tion, polls for sig nal state “1”
Chap ter 3.4.5

ORI OR NOT Logi cal OR NOT ope ra tion, polls for sig nal state “0"

ANB AND Block Con nects a par al lel branch cir cuit block to the pre ced ing par al lel block, in series.
Chap ter 3.4.6

ORB OR Block Con nects a serial block of cir cuits to the pre ce ding serial block, in par al lel.

LDP

Pulse sig nal
instruc tions

Load Pulse, load on detec tion of rising edge of device sig nal pulse

Chap ter 3.4.7

LDF Load Fal ling Pulse, load on fal ling device sig nal pulse

ANDP AND  Pulse, logi cal AND on rising device sig nal pulse

ANDF AND Fal ling Pulse, logi cal AND on fal ling device sig nal pulse

ORP OR Pulse, logi cal OR on rising device sig nal pulse

ORF OR Fal ling Pulse, logi cal OR on fal ling device sig nal pulse

SET Set device Assigns a sig nal state that is retai ned even if after input con di tion is no
lon ger true Chap ter 3.4.8

RST Reset device

MPS
Store, read and delete
inter me di ate ope ra tion
results

Memory Point Store, store an ope ra tion result in the stack

Chap ter 3.4.9MRD Memory Read, read a sto red ope ra tion result from the stack

MPP Memory POP, read a sto red ope ra tion result and delete it from the stack

PLS
Pulse instruc tions

Pulse, sets a device for one ope ra tion cycle on the rising pulse of the input 
con di tion (input turns ON) Chap ter

3.4.10
PLF Pulse Fal ling, sets a device* for one ope ra tion cycle on the fal ling pulse of

the input con di tion (input turns OFF)

MC Mas ter Con trol Instruc tions for acti va ting or deac ti va ting the exe cu tion of defi ned parts of
the pro gram

Chap ter
3.4.11MCR Mas ter Con trol Reset

INV Invert Inverts the result of an ope ra tion Chap ter
3.4.12



3.4.1 Star ting lo gic ope ra tions

A cir cuit in a pro gram always begins with an  LD- or LDI instruc tion. These instruc tions can be
per formed on inputs, relays, tim ers and coun ters.

For exam ples of using these instruc tions see the descrip tion of the OUT instruc tion in the next
sec tion.

3.4.2 Out put ting the re sult of a lo gic ope ra ti on

The OUT instruc tion can be used to ter mi nate a cir cuit. You can also pro gram cir cuits that use
mul ti ple OUT instruc tions as their result. This is not nec es sar ily the end of the pro gram, how -
ever. The device set with the result of the oper a tion using OUT can then be used as an input
sig nal state in sub se quent steps of the program.

Ex am ple (LD and OUT in struc tions)

These two instruc tions result in the fol low ing sig nal sequence:
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In struc ti on Functi on Sym bol GX Works2 FX

OUT Out put instruc tion, assigns the result of
an ope ra tion to a device

Lad der Dia gram Instruc tion List

0 LD X000
1 OUT Y000 

The condition of the LD instruction (poll for signal state “1”) is true so the result of the 
operation is also true (“1”) and the output is set.

t

In struc ti on Functi on Sym bol GX Works2 FX

LD
Load instruc tion, starts a logic ope ra tion
and polls the spe ci fied device for sig nal
state “1”

LDI
Load instruc tion, starts a logic ope ra tion
and polls the spe ci fied device for sig nal
state “0”



Ex am ple (LDI and OUT in struc tions)

Dou ble as signment of re lays or out puts

Never assign the result of an oper a tion to the same device in more than one place in the
pro gram!
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You can solve this prob lem
with mod i fi ca tion shown on
the right. This takes all the
required input con di tions
into account and sets the
result cor rectly.

Lad der Dia gram Instruc tion List

0 LDI X000
1 OUT Y000 

The condition of the LDI instruction (poll for signal state “0”) is no
longer true so the output is reset. t

The pro gram is exe cuted
sequen tially from top to bot -
tom, so in this exam ple the
sec ond assign ment of M10
would sim ply over write the
result of the first assign ment.



3.4.3 Using swit ches and sen sors

Before we con tinue with the descrip tion of the rest of the instruc tions we should first describe
how sig nals from switches, sen sors and so on can be used in your pro grams.

PLC pro grams need to be able respond to sig nals from switches, but tons and sen sors to per form 
the cor rect func tions. It is impor tant to under stand that pro gram instruc tions can only poll the
binary sig nal state of the spec i fied input – irre spec tive of the type of input and how it is con trolled.

Usu ally, switches with make con tacts are used. Some times, how ever, break con tacts are used
for safety rea sons – for exam ple for switch ing off drives (see section 3.5).

The illus tra tion below shows two pro gram sequences in which the result is exactly the same,
even though dif fer ent switch types are used: When the switch is oper ated the out put is
switched on.
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Make
con tact

When a make con tact is ope -
ra ted the input is set 
(ON, sig nal state “1”)

Break
con tact

When a break con tact is ope -
ra ted the input is reset 
(OFF, sig nal state “0”)

As you can ima gine, this means that when you
are wri ting your pro gram you need to be aware
whet her the ele ment con nec ted to the input of
your PLC is a make or a break device. An input
con nec ted to a make device must be trea ted
dif fer ently to an input con nec ted to a break
device. The fol lo wing exam ple illu stra tes this.



3.4.4 AND ope ra tions

Note that the pro gram ming soft ware uses the same icons and func tion keys for the AND and ANI
instruc tions as for the LD and LDI instruc tions. When you pro gram in Lad der Dia gram for mat the
soft ware auto mat i cally assigns the cor rect instruc tions on the basis of the inser tion posi tion. 

When you pro gram in Instruc tion List for mat remem ber that you can’t use the AND and ANI
instruc tions at the begin ning of cir cuit (a pro gram line in lad der dia gram for mat)! Cir cuits must
begin with an LD or LDI instruc tion (see Chap ter 3.4.1).

Ex am ple of an AND in struc ti on

In the exam ple out put Y0 is only switched on when inputs X0 and X1 are both on:
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In struc ti on Functi on Sym bol GX Works2 FX

AND Logi cal AND (AND ope ra tion with poll for
sig nal state “1” or ON)

ANI Logi cal AND NOT (AND ope ra tion with
poll for sig nal state “0” or OFF)

An AND oper a tion is log i cally the same as a
serial con nec tion of two or more switches in
an elec tri cal cir cuit. Cur rent will only flow if all
the switches are closed. If one or more of the
switches are open no cur rent flows – the AND
con di tion is false.

Lad der Dia gram Instruc tion List

0 LD X000
1 AND X001
2 OUT Y000 

AND instruc tion

t



Ex am ple of an ANI in struc ti on

In the exam ple out put Y0 is only switched on when input X0 is on and input X1 is off:

3 – 10 MITSUBISHI ELECTRIC

The Ba sic In struc ti on Set An In tro duc ti on to Pro gram ming

t

0 LD X000
1 ANI X001
2 OUT Y000 

Instruc tion ListLad der Dia gram

ANI instruc tion



3.4.5 OR ope ra tions

Ex am ple of an OR in struc ti on

In the exam ple out put Y0 is switched on when either input X0 or input X1 is on:
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In struc ti on Functi on Sym bol GX Works2 FX

OR Logi cal OR (OR ope ra tion with poll for
sig nal state “1” or ON)

ORI Logi cal OR NOT (OR ope ra tion with poll
for sig nal state “0” or OFF)

An OR oper a tion is log i cally the same as the
par al lel con nec tion of mul ti ple switches in an
elec tri cal cir cuit. As soon as any of the switches
is closed cur rent will flow. Cur rent will only stop
flow ing when all the switches are open.

0 LD X000
1 OR X001
2 OUT Y000 

Instruc tion ListLad der Dia gram

OR instruc tion

t



Ex am ple of an ORI in struc ti on

In the exam ple out put Y0 is switched on when either input X0 is on or input X1 is off:

3.4.6 In struc tions for con nec ting ope ra ti on blocks 

Although ANB- and ORB are PLC instruc tions they are only dis played and entered as con nect -
ing lines in the Lad der Dia gram dis play. They are only shown as instruc tions in Instruc tion List
for mat, where you must enter them with their acro nyms ANB and ORB.

Both instruc tions are entered with out devices and can be used as often as you like in a pro -
gram. How ever, the max i mum num ber of LD and LDI instruc tions is restricted to 8, which effec -
tively also lim its the num ber of ORB or ANB instruc tions you can use before an out put instruc -
tion to 8 as well.
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In struc ti on Functi on Sym bol GX Works2 FX

ANB AND Block (serial con nec tion of blocks of 
par al lel ope ra tions/cir cuits)

ORB OR Block (par al lel con nec tion of blocks
of serial ope ra tions/cir cuits)

0 LD X000
1 ORI X001
2 OUT Y000 

Instruc tion ListLad der Dia gram

ORI instruction



Ex am ple of an ANB in struc ti on

In this exam ple out put Y07 is switched on if input X00 is “1”, or if relay M2 is “0” and input X01 is
“0”, or if relay M10 is “1”.

Ex am ple of an ORB in struc ti on

In this exam ple out put Y07 is switched on if input X00 is “1” and input X01 is “0”, or if relay M2 is
“0” and relay M10 is “1”.
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0 LD X000
1 ORI M2
2 LDI X001
3 OR M10
4 ANB
5 OUT Y007 

Instruc tion List

Lad der Dia gram

ANB instruc tion

1st par al lel con nec tion (OR ope ra tion)

2nd par al lel con nec tion (OR ope ra tion)
ANB instruc tion con nec ting both OR ope ra tions

0 LD X000
1 ANI X001
2 LDI M2
3 AND M10
4 ORB
5 OUT Y007 

Instruc tion List

Lad der Dia gram

ORB instruction

1st serial con nec tion (AND ope ra tion)

2nd serial con nec tion (AND ope ra tion)
ORB instruc tion con nec ting both AND ope ra tions



3.4.7 Pul se-trig ge red exe cu ti on of ope ra tions

In PLC pro grams you will often need to detect and respond to the rising or falling edge of a bit
device’s switch ing sig nal. A ris ing edge indi cates a switch of the device value from “0” to “1”, a fall -
ing edge indi cates a switch from “1” to “0”.

Dur ing pro gram exe cu tion oper a tions that respond to ris ing and fall ing pulses only deliver a value
of  “1” when the sig nal state of the ref er enced device changes.

When do you need to use this? For exam ple, sup pose you have a con veyor belt with a sen sor
switch that acti vates to incre ment a coun ter every time a pack age passes it on the belt. If you don’t
use a pulse-trig gered func tion you will get incor rect results because the coun ter will incre ment by
1 in every pro gram cycle in which the switch reg is ters as set. If you only reg is ter the ris ing pulse of
the switch sig nal the coun ter will be incre mented cor rectly, increas ing by 1 for each pack age.

Note Most ap plied in struc tions can also be exe cu ted by pul se sig nals. (For de tails see chap ter . 5).

Eva lua ting a ri sing sig nal pul se
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In struc ti on Functi on Sym bol GX Works2 FX

LDP Load Pulse, loads on the rising edge of
the device’s sig nal

LDF Load Fal ling Pulse, loads on the fal ling
edge of the device’s sig nal 

ANDP AND Pulse, logi cal AND ope ra tion on the 
rising edge of the device’s sig nal

ANDF AND Fal ling Pulse, logi cal AND ope ra tion 
on the fal ling edge of the device’s sig nal

ORP OR Pulse, logi cal OR ope ra tion on the
rising edge of the device’s sig nal

ORF OR Fal ling Pulse, logi cal OR ope ra tion
on the fal ling edge of the device’s sig nal

Lad der Dia gram Instruc tion List

0 LDP X001
1 OUT M0 

Relay M0 is only switched on for the duration of a single
program cycle

t



Eva lua ting a fal ling sig nal pul se

With the excep tion of the pulse trig ger char ac ter is tic the func tions of the LDP, LDF, ANDP,
ANDF, ORP and ORF instruc tions are iden ti cal to those of the LD, AND and OR instruc tions.
This means that you can use pulse-trig ger oper a tions in your pro grams in exactly the same
way as the con ven tional versions.

3.4.8 Set ting and re set ting de vi ces

a
The SET in struc ti on can be used to set out puts (Y), re lays (M) and sta te re lays (S).

b
The RST in struc ti on can be used to re set out puts (Y), re lays (M), sta te re lays (S), ti mers (T), coun ters (C) and 
reg is ters (D, V, Z).

The sig nal state of an OUT instruc tion will nor mally only remain “1” as long as the result of the
oper a tion con nected to the OUT instruc tion eval u ates to “1”. For exam ple, if you con nect
a pushbutton to an input and a lamp to the cor re spond ing out put and con nect them with an LD
and an OUT instruc tion the lamp will only remain on while the but ton remains pressed.

The SET instruc tion can be used to use a brief switch ing pulse to switch an out put or relay on
(set) and leave them on. The device will then remain on until you switch it off (reset) with a RST
instruc tion. This enables you to imple ment latched func tions or switch drives on and off with
pushbuttons. (Out puts are gen er ally also switched off when the PLC is stopped or the power
sup ply is turned off. How ever, some relays also retain their last sig nal state under these con di -
tions – for exam ple a set relay would then remain set.)

To enter a SET or RST instruc tion in Lad der Dia gram for mat just click on the icon shown in the
table above in GX Works2, or press the F8 key. Then enter the instruc tion and the name of the
device you want to set or reset, for exam ple SET Y1.
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Lad der Dia gram Instruc tion List

0 LD M235
1 ANDF X010
2 OUT M374 

If X10 is off (0) and M235 is on (1) relay M374 is switched on for the
duration of a single program cycle.

t

In struc ti on Functi on Sym bol GX Works2 FX

SET Set a device1,
(assign sig nal state “1”) SET m

RST Reset a device2,
(assign sig nal state “0”) RST m



This exam ple is a pro gram for con trol ling a pump to fill a con tainer. The pump is con trolled
man u ally with two pushbuttons, ON and OFF. For safety rea sons a break con tact is used for the 
OFF func tion. When the con tainer is full a level sen sor auto mat i cally switches the pump off.
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Lad der Dia gram Instruc tion List

0 LD X001
1 SET Y000
2 LDI X002
3 OR X003
4 RST Y000 

Pump
ON

Pump
OFF

Level
sensor

Pump

Pump

If the set and reset instruc tions for the same
device both eva luate to “1” the last ope ra tion
per for med has prio rity. In this exam ple that is
the RST instruc tion, and so M0 remains off.

t

Lad der Dia gram Instruc tion List

0 LD X001
1 SET M0
2 LD X002
3 RST M0 



3.4.9 Sto ring, rea ding and de le ting ope ra ti on re sults

The MPS, MRD and MPP instruc tions are used to store the results of oper a tions and inter me -
di ate val ues in a mem ory called the “stack”, and to read and delete the stored results. These
instruc tions make it pos si ble to pro gram multi-level oper a tions, which makes pro grams eas ier
to read  and manage.

When you enter pro grams in Lad der Dia gram for mat these instruc tions are inserted auto mat i -
cally by the pro gram ming soft ware. The MPS, MRD and MPP instruc tions are only actu ally
shown when you dis play your pro gram in Instruc tion List for mat, and they must also be entered
man u ally when you pro gram in this format.

To make the advan tage of these instruc tions clearer the exam ple below shows the same pro -
gram sequence pro grammed with out MPS, MRD and MPP:

When you use this approach you must pro gram the devices (X0 in this exam ple) repeat edly.
This results in more pro gram ming work, which can make quite a dif fer ence in lon ger pro grams
and com plex cir cuit con struc tions.

In the last out put instruc tion you must use MPP instead of MRD to delete the stack. You can use 
mul ti ple MPS instruc tions to cre ate oper a tions with up to 11 lev els. For more exam ples of how
to use the MPS, MRD and MPP instruc tions see the Pro gram ming Man ual for the FX Fam ily. 
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Instruction Function Sym bol GX Works2 FX

MPS Memory Point Store, sto res the result of
an ope ra tion — —

MRD Memory Read, reads a sto red ope ra tion
result — —

MPP Memory POP, reads a sto red ope ra tion
result and dele tes it — —

Lad der Dia gram Instruc tion List

0 LD X000
1 MPS
2 AND X001
3 OUT Y000
4 MRD
5 AND X002
6 OUT Y001
7 MPP
8 AND X003
9 OUT Y002

MPS

MRD

MPP

Lad der Dia gram

0 LD X000
1 AND X001
2 OUT Y000
3 LD X000
4 AND X002
5 OUT Y001
6 LD X000
7 AND X003
8 OUT Y002

Instruc tion List



3.4.10 Ge ner ating pul ses

* PLC and PLF instruc tions can be used to set out puts (Y) and relays (M).

These instruc tions effec tively con vert a static sig nal into a brief pulse, the dura tion of which
depends on the length of the pro gram cycle. If you use PLS instead of an OUT instruc tion the
sig nal state of the spec i fied device will only be set to “1” for a sin gle pro gram cycle, spe cif i cally
dur ing the cycle in which the sig nal state of the device before the PLS instruc tion in the cir cuit
switches from “0” to “1” (ris ing edge pulse).

The PLF instruc tion responds to a fall ing edge pulse and sets the spec i fied device to “1” for
a sin gle pro gram cycle, dur ing the cycle in which the sig nal state of the device before the PLF
instruc tion in the cir cuit switches from “1” to “0” (fall ing edge pulse).

To enter a PLS or PLF instruc tion in Lad der Dia gram for mat click in the GX Works2 toolbar on
the tool icon shown above or press F8. Then enter the instruc tion and the cor re spond ing
device to be set in the dia log, e.g. PLS Y2.
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Instruction Function Sym bol GX Works2 FX

PLS

Pulse, sets an device* for the dura tion of
a single pro gram cycle on the rising edge 
of the swit ching pulse of the input con di -
tion / device

PLS m

PLF

Pulse Fal ling, sets a device* for the dura -
tion of a single pro gram cycle on the fal -
ling edge of the swit ching pulse of the
input con di tion / device

PLF m

Lad der Dia gram Instruc tion List

0 LD X000
1 PLS M0
2 LD M0
3 SET Y000
4 LD X001
5 PLF M1
6 LD M1
7 RST Y000

The rising edge of the device X0
signal triggers the function.

Relays M0 and M1 are only
switched on for the duration of
a single program cycle.

In the case of device X1 the falling
edge of the signal is the trigger.

t



3.4.11 Mas ter con trol functi on (MC and MCR in struc tions)

a
The MC in struc ti on can be used on out puts (Y) and re lays (M). n: N0 through N7

b
n: N0 through N7

The Mas ter Con trol Set (MC) and Reset (MCR) instruc tions can be used to set con di tions on
the basis of which indi vid ual pro gram blocks can be acti vated or deac ti vated. In Lad der Dia -
gram for mat a Mas ter Con trol instruc tion func tions like a switch in the left-hand bus bar that
must be closed for the fol low ing pro gram block to be executed.

In the exam ple above the pro gram lines between the MC and MCR instruc tions are only exe -
cuted when input X001 is on.

The sec tion of the pro gram to be exe cuted can be spec i fied with the nest ing address N0
through N7, which allows you to enter mul ti ple MC instruc tions before the clos ing MCR instruc -
tion. (See the FX Pro gram ming Man ual for an exam ple of nest ing.) Address ing a Y or M device
spec i fies a make con tact. This con tact acti vates the pro gram sec tion when the input con di tion
for the MC instruc tion evaluates true.
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In struc ti on Function Sym bol GX Works2 FX

MC
Mas ter Con trol, sets a mas ter con trol
con di tion, mar king the begin ning of
a pro gram block1 MC n m

MCR
Mas ter Con trol Reset, resets a mas ter
con trol con di tion, mar king the end of
a pro gram block2 MCR n

Lad der Dia gram

Instruc tion List

0 LD X001
1 MC N0 M10
4 LD X002
5 OUT Y003
6 LD X003
7 OUT Y004
8 MCR N0
10 LD X002
11 AND X004
12 OUT M155

The “switch” does not have to
be pro gram med manu ally and
it is only actu ally dis played
during pro gram exe cu tion in
Moni tor mode.



If the input con di tion of the MC instruc tion eval u ates false the states of the devices between the 
MC and MCR instruc tions change as fol lows:

– Lat ched timers and coun ters and devi ces that are con trol led with SET an RST instruc tions
retain their cur rent state.

– Unlat ched timers and devi ces that are con trol led with OUT instruc tions are reset.

(See chap ter 4 for details on these tim ers and coun ters.)

3.4.12 In ver ting the re sult of an ope ra ti on

The INV instruc tion is used on its own with out any operands. It inverts the result of the oper a -
tion that comes directly before it:

– If the ope ra tion result was “1” it is inver ted to “0”

– If the ope ra tion result was “0” it is inver ted to “1”.

The above exam ple pro duces the fol low ing sig nal sequence:

The INV instruc tion can be used when you need to invert the result of a com plex oper a tion.
It can be used in the same posi tion as the AND and ANI instruc tions. 

The INV instruc tion can not be used at the begin ning of an oper a tion (cir cuit) like an LD, LDI,
LDP or LDF instruc tion.
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In struc ti on Functi on Sym bol GX Works2 FX

INV Invert, rever ses the result of an ope ra tion

Lad der Dia gram Instruc tion List

0 LD X001
1 AND X002
2 INV
3 OUT Y000 INV instruction

Operation result before the
INV instruction

Operation result after the
INV instruction

t



3.5 Sa fe ty First!

PLCs have many advan tages over hard-wired con trol lers. How ever, when it comes to safety it
is impor tant to under stand that you can not trust a PLC blindly. 

Emer gen cy STOP de vi ces

It is essen tial to ensure that errors in the con trol sys tem or pro gram can not cause haz ards for
staff or machines. Emer gency STOP devices must remain fully func tional even when the PLC
is not work ing prop erly – for exam ple to switch off the power to the PLC out puts if necessary.

Never imple ment an Emer gency STOP switch solely as an input that is pro cessed by the PLC,
with the PLC pro gram acti vat ing the shut down. This would be much too risky.

Sa fe ty pre cau tions for ca ble bre aks

You must also take steps to ensure safety in the event that the trans mis sion of sig nals from the
switches to the PLC are inter rupted by cable breaks. When switch ing equip ment on and off via
the PLC always use switches or pushbuttons with make con tacts for switch ing on and with
break con tacts for switch ing off.

This ensures that if there is a cable break the drive is switched off auto mat i cally and it is not
pos si ble to acti vate the drive. In addi tion to this, switch ing off has pri or ity because it is pro -
cessed by the pro gram after the switch on instruc tion.

In ter lock con tacts

If you have two out puts that should never both be switched on at the same time – for exam ple
out puts for select ing for ward or reverse oper a tion for a motor – the inter lock for the out puts
must also be imple mented with phys i cal con tacts in the contactors con trolled by the PLC. This
is nec es sary because only an inter nal inter lock is pos si ble in the pro gram and an error in the
PLC could cause both out puts to be acti vated at the same time.
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EMERG.
OFF

0 V

+24 V

ON OFF

In this exam ple the con tac tor for a drive sys -
tem can also be swit ched off manu ally with
an Emer gency OFF switch.

In the pro gram for this instal la tion the make
con tact of the ON switch is pol led with an LD
instruc tion, the break con tact of the OFF
switch with an LDI instruc tion. The out put,
and thus also the drive, is swit ched off when
the input X002 has a sig nal state of “0”. This
is the case when the OFF switch is ope ra ted
or when the con nec tion bet ween the switch
and input X002 is interrupted.

Motor ON Motor ON

Motor OFF Motor ON



Au to ma tic shut down

When a PLC is used to con trol motion sequences in which haz ards can arise when com po -
nents move past cer tain points addi tional limit switches must be installed to inter rupt the move -
ment auto mat i cally. These switches must func tion directly and inde pend ently of the PLC. See
Chap ter 3.6.2 for an exam ple of such an auto matic shut down facility.  

Out put sig nal feed back

Gen er ally, the out puts of PLCs are not mon i tored. When an out put is acti vated the pro gram
assumes that the cor rect response has taken place out side the PLC. In most cases no addi -
tional facil i ties are required. How ever, in crit i cal appli ca tions you should also mon i tor the out -
put sig nals with the PLC – for exam ple when errors in the out put cir cuit (wire breaks, seized
con tacts) could have seri ous con se quences for safety or system functioning.  
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In the exam ple on the right a make con tact in
contactor K1 switches input X002 on when out -
put Y000 is switched on. This allows the pro -
gram to mon i tor whether the out put and the con -
nected contactor are func tion ing prop erly. Note
that this sim ple solu tion does not check whether 
the switched equip ment is func tion ing prop erly
(for exam ple if a motor is really turn ing). Addi -
tional func tions would be nec es sary to check
this, for exam ple a speed sen sor or a volt age
load mon i tor.

+24 V

K1

The exam ple on the right shows such an inter -
lock with contactor con tacts. Here it is phys i -
cally impos si ble for contactors K1 and K2 to be 
switched on at the same time.

K2

K1 K2

K1



3.6 Pro gram ming PLC Ap pli ca tions

Pro gram ma ble logic con trol lers pro vide an almost unlim ited num ber of ways to link inputs with
out puts. Your task is to choose the right instruc tions from the many sup ported by the con trol -
lers of the MELSEC FX fam ily to pro gram a suit able solu tion for your application.

This chap ter pro vides two sim ple exam ples that dem on strate the devel op ment of a PLC appli -
ca tion from the def i ni tion of the task to the fin ished program. 

3.6.1 An alarm sys tem

The first step is to have a clear con cept of what you want to do. This means that you need to
take a “bot tom-up” approach and write a clear descrip tion of what it is you want the PLC to do.

Task des crip ti on 

The objec tive is to cre ate an alarm sys tem with sev eral alarm cir cuits and a delay func tion for
arm ing and dis arm ing the system.

– The sys tem will be armed with a key switch, with a 20-second delay bet ween tur ning the
switch and acti vat ion. This pro vi des enough time for the user to leave the house wit hout
trip ping the alarm. During this delay period a dis play will show whet her the alarm cir cuits
are clo sed.

– An alarm will be trig ge red when one of the cir cuits is inter rup ted (clo sed-cir cuit sys tem,
also trig gers an alarm when a cir cuit is sabo ta ged). In addi tion to this we want to show
which cir cuit trig ge red the alarm.

– When an alarm is trig ge red a siren and a blin king alarm lamp are acti vated after a delay of
10 seconds. (The acous tic and visual alarms are acti vated after a delay to make it pos si ble
to dis arm the sys tem after ente ring the house. This is also why we want to use a spe cial
lamp to show that the sys tem is armed.)

– The siren will only be soun ded for 30 seconds, but the alarm lamp will remain acti vated
until the sys tem is dis ar med. 

– A key-ope ra ted switch will also be used to deac ti vate the alarm sys tem.

As signment of the in put and out put sig nals

The next step is to define the input and out put sig nals we need to pro cess. On the basis of the
spec i fi ca tions we know that we are going to need 1 key-oper ated switch and 4 alarm lamps. In
addi tion to this we need at least 3 inputs for the alarm cir cuits and 2 out puts for the siren and the 
blink ing alarm lamp. This makes a total of 4 inputs and 6 out puts. Then we assign these sig nals
to the inputs and out puts of the PLC:
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Function Name Adress Remarks

Input

Arm sys tem S1 X1 Make con tact (key-ope ra ted switch)

Alarm cir cuit 1 S11, S12 X2
Break con tacts (an alarm is trig ge red
when the input has the sig nal state “0”)Alarm cir cuit 2 S21, S22 X3

Alarm cir cuit 3 S31, S32 X4

Output

Dis play “sys tem armed” H0 Y0

The out puts functions are acti vated when 
the cor re spon ding out puts are swit ched
on (set). For exam ple, if Y1 is set the
acous tic alarm will sound.

Acous tic alarm (siren) E1 Y1

Opti cal alarm (rota ting bea con) H1 Y2

Alarm cir cuit 1 dis play H2 Y3

Alarm cir cuit 2 dis play H3 Y4

Alarm cir cuit 3 dis play H4 Y5



Pro gram ming

Now we can start writ ing the pro gram. Whether relay devices are going to be needed and if so
how many usu ally only becomes clear once you actu ally start pro gram ming. What is cer tain in
this pro ject is that we are going to need three tim ers for impor tant func tions. If we were using
a hard-wired con trol ler we would use timer relays for this. In a PLC you have pro gram ma ble
elec tronic tim ers (see section 4.3). These tim ers can also be defined before we start
programming: 

Next we can pro gram the indi vid ual con trol tasks:

P Delayed arming of the alarm sys tem

When the key-oper ated switch is turned to ON the delay imple mented with timer T0 starts to
run. After 20 sec onds (K200 = 200 x 0.1 s = 20 s) the indi ca tor lamp con nected to out put Y000
lights up, indi cat ing that the sys tem is armed. 

P Moni tor alarm cir cuits and trig ger alarm sig nal

Out put Y000 is polled in this rou tine to check whether the alarm sys tem is armed. You could
also use a relay here that would then be set and reset together with Y000. An inter rup tion of an
alarm cir cuit will only set relay M1 (indi cat ing that an alarm has been trig gered) if the alarm sys -
tem is actu ally armed. In addi tion to this out puts Y003 through Y005 are used to indi cate which
alarm cir cuit trig gered the alarm. Relay M1 and the cor re spond ing alarm cir cuit out put will
remain set even when the alarm cir cuit is closed again.
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Function Adres s Remarks

Timer

Arming delay T0 Time: 20 seconds

Alarm trig ge ring delay T1 Time: 10 seconds

Siren acti vat ion dura tion T2 Time: 30 seconds

Lad der Dia gram Instruc tion List

0 LD X001
1 OUT T0 K200
4 LD T0
5 OUT Y000

Lad der Dia gram Instruc tion List

6 LDI X002
7 AND Y000
8 SET M1
9 SET Y003
10 LDI X003
11 AND Y000
12 SET M1
13 SET Y004
14 LDI X004
15 AND Y000
16 SET M1
17 SET Y005



P Alarm acti vat ion delay

When an alarm is trig gered (M1 switches to “1”) the 10 s delay timer starts. After the 10 sec -
onds T1 then starts timer T2, which is set to 30 sec onds, and the siren acti va tion time begins.

P Alarm dis play (switch on siren and rota ting bea con)

The siren is acti vated after the 10 s acti va tion delay (T1) and remains on while timer T2 is run -
ning. After the end of the 30 s acti va tion period (T2) the siren deac ti vates. The rotat ing bea con
is also switched on after the 10 s delay. The fol low ing illus tra tion shows the sig nal sequence
gen er ated by this sec tion of the program:
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Lad der Dia gram Instruc tion List

26 LD T1
27 ANI T2
28 OUT Y001
29 LD T1
30 OUT Y002

Lad der Dia gram Instruc tion List

18 LD M1
19 OUT T1 K100
22 LD T1
23 OUT T2 K300



P Reset ting all out puts and the relay

When the alarm sys tem is switched off with the key-oper ated switch all the out puts used by the
pro gram and the relay M1 are all reset. If an alarm was trig gered the inter rupted alarm cir cuit
which was released until the sys tem was switched off is dis played.
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Lad der Dia gram Instruc tion List

31 LDI X001
32 RST Y000
33 RST Y001
34 RST Y002
35 RST Y003
36 RST Y004
37 RST Y005
38 RST M1



Con nec ti on of the PLC

The sketch below shows how easy it is to imple ment this alarm sys tem with a PLC of the FX fam ily.
The exam ple shows a FX3G-14MR.
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3.6.2 A rol ling shut ter gate

Task des crip ti on

We want to imple ment a con trol sys tem for a ware house’s roll ing shut ter gate that will enable easy
oper a tion from both out side and inside. Safety facil i ties must also be inte grated in the sys tem.

P Ope ra tion

– It must be pos si ble to open the gate from out si de with the key-ope ra ted switch S1 and to 
clo se it with pushbut ton S5. In si de the hall it should be pos si ble to open the gate with
pushbut ton S2 and to clo se it with S4.

– An ad di tio nal time switch must clo se the gate au to ma ti cal ly if it is open for lon ger than 20  s.

– The sta tes “gate in mo ti on” and “gate in un de fi ned po si ti on” must be in di ca ted by a blin -
king war ning lamp.

P Safety faci li ties

– A stop but ton (S0) must be instal led that can halt the motion of the gate imme di ately at any
time, stop ping the gate in its cur rent posi tion. This Stop switch is not an Emer gency OFF
function, howe ver! The switch sig nal is only pro ces sed by the PLC and does not switch any
exter nal power con nec tions.

– A pho toe lec tric bar rier (S7) must be instal led to iden tify obsta cles in the gate way. If it regis -
ters an obsta cle while the gate is clo sing the gate must open auto ma ti cally.

– Two limit swit ches must be instal led to stop the gate motor when the gate rea ches the fully
open (S3) and fully clo sed (S6) posi tions.
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STOP

S1

War ning lamp H1

S5

S3

S6

S7

S0 S2 S4



As signment of the in put and out put sig nals

The task descrip tion clearly defines the num ber of inputs and out puts needed. The gate drive
motor is con trolled with two out puts. The sig nals required are assigned to the PLC inputs and
out puts as fol lows:

The pro gram com po nents

P Ope ra tion of the rol ling shut ter gate with the pushbut tons

The pro gram must con vert the input sig nals for the oper a tion of the gate into two com mands for 
the drive motor: “Open Gate” and “Close Gate”. Since these are sig nals from pushbuttons that
are only avail able briefly at the inputs they need to be stored. To do this we use two relays to
rep re sent the inputs in the pro gram and set and reset them as required:

– M1: open gate

– M2: close gate
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Func ti on Name Adress Remarks

Inputs

STOP but ton S0 X0 Break con tact (when the switch is ope ra -
ted X0 = “0” and the gate stops)

OPEN key-ope ra ted switch
(out side) S1 X1

Make con tacts

OPEN but ton (inside) S2 X2

Upper limit switch (gate open) S3 X3 Break con tact (X2 =”0” when the gate is
up and S3 is acti vated)

CLOSE but ton (inside) S4 X4
Make con tacts

CLOSE but ton (out side) S5 X5

Lower limit switch (gate clo sed) S6 X6 Break con tact (X6 = “0” when the gate is
down and S6 is acti vated)

Pho toe lec tric bar rier S7 X7 X7 is set to “1” when an obsta cle is
regis te red

Outputs

Warning lamp H1 Y0 —

Motor con tac tor (motor reverse) K1 Y1 Reverse = OPEN gate

Motor con tac tor (motor for ward) K2 Y2 For ward = CLOSE gate

Timer Delay for auto ma tic close — T0 Time: 20 seconds

Lad der Dia gram Instruc tion List

0 LD X001
1 OR X002
2 PLS M100
4 LD M100
5 ANI M2
6 SET M1
7 LD X004
8 OR X005
9 PLS M200
11 LD M200
12 ANI M1
13 SET M2



The sig nals for open ing the gate are pro cessed first: When key-oper ated switch S1 or but ton
S2 are oper ated a sig nal is gen er ated and M001 is set to a sig nal state of “1” for just one pro -
gram cycle. This ensures that the gate can not be blocked if the but ton sticks or of the oper a tor
does not release it.

It must be ensured that the drive can only be switched on when it is not already turn ing in the
oppo site direc tion. This is imple mented by pro gram ming the PLC so that M1 can only be set
when M2 is not set.

NOTE The mo tor di rec ti on in ter lock must also be com ple men ted by an ad di tio nal in ter lock with
phy si cal con tac tors out si de the PLC (see wi ring dia gram).

A sim i lar approach is used to pro cess the sig nals from but tons S4 and S5 for clos ing the gate.
Here, M1 is polled for a sig nal state of “0” to ensure that M1 and M2 can not both be set at the
same time.

P Close gate auto ma ti cally after 20 seconds

When the gate is open limit switch S3 acti vates and input X3 is switched off. (For safety rea sons S3
is a break con tact.) When this hap pens timer T0 starts the 20 s delay (K200 = 200 x 0.1 s = 20 s).
When the timer reaches 20 s relay M2 is set and the gate is closed.

P Stop gate with STOP switch

Press ing the STOP but ton (S0) resets relays M1 and M2, stop ping the gate motor.

P Iden ti fy ing obsta cles with the pho toe lec tric bar rier

If an obsta cle is reg is tered by the pho to elec tric bar rier while the gate is clos ing relay M2 is
reset and the close oper a tion is halted. After this relay M1 is set, open ing the gate again.
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Lad der Dia gram Instruc tion List

14 LDI X003
15 OUT T0 K200
18 LD T0
19 SET M2

Lad der Dia gram Instruc tion List

20 LDI X000
21 RST M1
22 RST M2

Lad der Dia gram Instruc tion List

23 LD X007
24 AND M2
25 RST M2
26 SET M1



P Swit ching the motor off with the limit swit ches

When the gate is open limit switch S3 is acti vated and input X3 is switched off. This resets relay
M1, turn ing off the motor. When the gate is fully closed S6 is acti vated, X6 is switched off and
M2 is reset, turn ing off the motor. For safety rea sons the limit switches are break con tacts. This
ensures that the motor is also switched off auto mat i cally (or can not be switched on) if the con -
nec tion between the switch and the input is inter rupted.

NOTE The li mit swit ches must be wi red so that they also switch off the mo tor au to ma ti cal ly wit hout
sup port from the PLC (see wi ring diagram).

P Con trol ling the motor

At the end of the pro gram the sig nal states of relays M1 and M2 are trans ferred to out puts Y001
and Y002. 

P War ning lamp: “Gate in Motion” and “Gate in Unde fi ned Posi tion”

If nei ther of the limit switches is acti vated this means that the gate is being opened or closed or
has been stopped in an inter me di ate posi tion. In all these sit u a tions the warn ing lamp blinks.
The blink speed is con trolled with spe cial relay M8013, which is auto mat i cally set and reset at
1 s inter vals (see Chapter 4.2).
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Lad der Dia gram Instruc tion List

27 LDI X003
28 RST M1
29 LDI X006
30 RST M2

Lad der Dia gram Instruc tion List

31 LD M1
32 OUT Y001
33 LD M2
34 OUT Y002

Lad der Dia gram Instruc tion List

35 LD X003
36 AND X006
37 AND M8013
38 OUT Y000



Con nec ti on of the PLC

The roll ing shut ter gate con trol sys tem can be imple mented with a con trol ler like the FX3G-14MR.
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Inter lock by contactor

Deac ti vat ion by limit swit ches
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4 De vi ces in De tail

The devices in PLCs are used directly in con trol pro gram instruc tions. Their sig nal states can
be both read and changed by the PLC pro gram. A device ref er ence has two parts:

– the device name and

– the device address.

4.1 In puts and Out puts

The PLC’s inputs and out puts con nect it to the pro cess that it is con trol ling. When an input is
polled by the PLC pro gram the volt age on the input ter mi nal of the con trol ler is mea sured.
Since these inputs are dig i tal they can only have two sig nal states, ON or OFF. When the volt -
age at the input ter mi nal reaches 24V the input is on (state “1”). If the volt age is lower than 24V
the input eval u ates as off (signal state “0”).

In MELSEC PLCs the iden ti fier “X” is used for inputs. The same input can be polled as often as
nec es sary in the same pro gram.

NOTE The PLC can not chan ge the sta te of in puts. For ex am ple, it is not pos si ble to exe cu te an OUT 
in struc ti on on an in put device.

If an out put instruc tion is exe cuted on an out put the result of the cur rent oper a tion (the sig nal
state) is applied to the out put ter mi nal of the PLC. If it is a relay out put the relay closes (all relays 
have make con tacts). If it is a tran sis tor out put the tran sis tor makes the con nec tion and acti -
vates the connected circuit. 

The iden ti fier for out put devices is “Y”. Out puts can be used in logic oper a tion instruc tions as
well as with out put instruc tions. How ever, it is impor tant to remem ber that you can never use an 
out put instruc tion on the same out put more than once (see also section 3.4.2).
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The illu stra tion on the left shows an exam ple
of how you can con nect swit ches to the
inputs and lamps and con tac tors to the out -
puts of a MEL SEC PLC.

X 0
 Device address       Device name

Exam ple of a device refer ence (e.g. input 0):



The fol low ing table pro vides a gen eral over view of the inputs and out puts of the con trol lers of
the MELSEC FX fam ily.

a
With expan sion mod ules, the total num ber of inputs can be increased to max. 128 (X177) and the total num ber of
out puts can be increased to max. 128 (Y177). How ever, the sum of all inputs and out puts can not exceed 128.

b
With expan sion mod ules, the total num ber of inputs can be increased to max. 248 (X367) and the total num ber of
out puts can be increased to max. 248 (Y367). How ever, the sum of all inputs and out puts can not exceed 256.

c
With expan sion mod ules, the num ber of inputs and the num ber of out puts can be increased. The total num ber of
input/out put points must not exceed 256 points.
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Device In puts Out puts

Device iden ti fier X Y

Device type Bit device

Pos si ble values 0 or 1

Device address for mat Octal

Num ber of
devices and
addresses
(depends on con -
trol ler base unit
type)

FX3G a

8 (X00–X07)

14 (X00–X07, X10–X15)

24 (X00–X07, X10–X17, X20–X27)

36 (X00–X07, X10–X17, X20–X27,
X30–X37, X40–X43)

6 (Y00–Y05)

10 (Y00–Y07, Y10–Y11)

16 (Y00–Y07, Y10–Y17)

24 (Y00–Y07, Y10–Y17, Y20–Y27)

FX3GC a 16 (X00–X07, X10–X17) 16 (Y00–Y07, Y10–Y17)

FX3GE a
14 (X00–X07, X10–X15)

24 (X00–X07, X10–X17, X20–X27)

10 (Y00–Y07, Y10–Y11)

16 (Y00–Y07, Y10–Y17)

FX3S a

6 (X00–X05)

8 (X00–X07)

12 (X00–X07, X10, X11, X12, X13)

16 (X00–X07, X10–X17)

4 (Y00–Y03)

6 (Y00–Y05)

8 (Y00–Y07)

14 (Y00–Y07, Y10–Y15)

FX3U b

8   (X00–X07)

16 (X00–X07, X10–X17)

24 (X00–X07, X10–X17, X20–X27)

32 (X00–X07, X10–X17, X20–X27,
X30–X37)

40 (X00–X07, X10–X17, X20–X27,
X30–X37, X40–X47)

64 (X00–X07, X10–X17, X20–X27,
X30–X37, X40–X47, X50–X57,
X60–X67, X70–X77)

8   (Y00–Y07)

16 (Y00–Y07, Y10–Y17)

24 (Y00–Y07, Y10–Y17, Y20–Y27)

32 (Y00–Y07, Y10–Y17, Y20–Y27,
Y30–Y37)

40 (Y00–Y07, Y10–Y17, Y20–Y27,
Y30–Y37, Y40–Y47)

64 (Y00–Y07, Y10–Y17, Y20–Y27,
Y30–Y37, Y40–Y47, Y50–Y57,
Y60–Y67, Y70–Y77)

FX3UC b

8 (X00–X07)

16 (X00–X07, X10–X17)

32 (X00–X07, X10–X17, X20–X27,
X30–X37)

48 (X00–X07, X10–X17, X20–X27,
X30–X37, X40–X47, X50–X57)

8 (Y00–Y07)

16 (Y00–Y07, Y10–Y17)

32 (Y00–Y07, Y10–Y17, Y20–Y27,
Y30–Y37)

48 (Y00–Y07, Y10–Y17, Y20–Y27,
Y30–Y37, Y40–Y47, Y50–Y57)

FX5U c

16 (X00–X07, X10–X17)

32 (X00–X07, X10–X17, X20–X27,
X30–X37)

40 (X00–X07, X10–X17, X20–X27,
X30–X37, X40–X47)

16 (Y00–Y07, Y10–Y17)

32 (Y00–Y07, Y10–Y17, Y20–Y27,
Y30–Y37)

40 (Y00–Y07, Y10–Y17, Y20–Y27,
Y30–Y37, Y40–Y47)

FX5UC c

16 (X00–X07, X10–X17)

32 (X00–X07, X10–X17, X20–X27,
X30–X37)

48 (X00–X07, X10–X17, X20–X27,
X30–X37, X40–X47, X50–X57)

16 (Y00–Y07, Y10–Y17)

32 (Y00–Y07, Y10–Y17, Y20–Y27,
Y30–Y37)

48 (Y00–Y07, Y10–Y17, Y20–Y27,
Y30–Y37, Y40–Y47, Y50–Y57)



4.2 Re lays

In your PLC pro grams you will often need to store inter me di ate binary results (a sig nal state of
“0” or “1”) tem po rarily for future ref er ence. The PLC has spe cial mem ory cells avail able for this
pur pose known as “aux il iary relays”, or “relays” for short (device iden ti fier: "M").

You can store the binary result of an oper a tion in a relay, for exam ple with an OUT instruc tion,
and then use the result in future oper a tions. Relays help to make pro grams eas ier to read and
also reduce the num ber of pro gram steps: You can store the results of oper a tions that need to
be used more than once in a relay and then poll it is often as you like in the rest of the program.

In addi tion to nor mal relays the FX con trol lers also have reten tive or “latched” relays. The nor -
mal unlatched relays are all reset to a sig nal state of “0” when the PLC power sup ply is switched 
off, and this is also their stan dard state when the con trol ler is switched on. In con trast to this,
latched relays retain their cur rent states when the power is switched off and on again.

a
If the optional bat tery is installed, the func tion of latched reg is ters can be assigned to these reg is ters in the PLC
param e ters. They are then buf fered by the bat tery.

b
You can also con fig ure these relays as latched relays with the PLC param e ters.

c
You can also con fig ure these relays as unlatched relays with the PLC param e ters.

d
Can be changed with param e ters within the capac ity range of the CPU built-in mem ory.
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De vi ces in De tail Re lays

Poll for signal state “1” (relay set)

Poll for signal state “0” (has the relay been reset?)

Device
Re lay types

Un lat ched relays Lat ched relays

Device identifier M

Device type Bit device

Pos si ble values für a device 0 or 1

Device address for mat Decimal

Num ber of devices and
addresses

FX3G

FX3GC

FX3GE

384 (M0–M383)

6144 (M1536–M7679)1 1152 (M384–M1535)

FX3S
384 (M0–M383)

1024 (M512–M1535)
128 (M384–M511)

FX3U

FX3UC
500 (M0–M499)2 524 (M500–M1023)3

6656 (M1024–M7679)

FX5U

FX5UC
max. 32768 (M0–M32767)4 max. 32768  (M0–M32767)4



4.2.1 Spe cial Re lays

In addi tion to the relays that you can switch on and off with the PLC pro gram there is also
another class of relays known as spe cial or diag nos tic relays. These relays use the address
range start ing with M8000. Some con tain infor ma tion on sys tem sta tus and oth ers can be used 
to influ ence pro gram exe cu tion. The fol low ing table shows a few exam ples of the many spe cial
relays available.

The base units of the FX5U and FX5UC series offer not only the (FX-com pat i ble) spe cial relays
from M8000, but also spe cial relays with a sep a rate device iden ti fier (SM) in the range of SM0
to SM9999. These relays are com pat i ble in part with the spe cial relays of the con trol lers of the
MELSEC Sys tem Q and L series, have some of the same func tion al ity as the relays start ing
with M8000, but are also tuned to the new fea tures of the iQ-F series.
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Re lays De vi ces in De tail

Spe ci al
relay Function Pro gram pro ces sing

op tions

M8000 When the PLC is in RUN mode this relay is always set to “1”.

Poll sig nal state

M8001 When the PLC is in Run mode this relay is always set to “0”. 

M8002 Initia li sa tion pulse (fol lo wing acti vat ion of RUN mode this relay is set
to “1” for the dura tion of one pro gram cycle.

M8004 PLC error

M8005 Low bat tery vol tage

M8013 Clock sig nal pulse: 1 second

M8031 Clear all devi ces (except data regis ters D) that are not regis te red as
bat tery-lat ched. Poll sig nal state

Set sig nal state.
M8034 Dis able out puts – the PLC out puts remain off but pro gram exe cu tion

con ti nues.



4.3 Timers

When you are con trol ling pro cesses you will often want to pro gram a spe cific delay before
start ing and stop ping cer tain oper a tions. In hard-wired con trol lers this is achieved with timer
relays. In PLCs this is achieved with pro gram ma ble inter nal timers.

Tim ers are really just coun ters that count the PLCs inter nal clock sig nals (e.g. 0.1 s pulses).
When the coun ter value reaches the setpoint value the timer’s out put is switched on.

All tim ers func tion as make delay switches and are acti vated with a “1” sig nal. To start and reset 
tim ers you pro gram them in the same way as out puts. You can poll the out puts of tim ers as
often as you like in your pro gram. 

In the above exam ple timer T200 is started when input X0 is switched on. The setpoint value is
123 x 10 ms = 1.23 s, so T200 switches on out put Y0 after a delay of 1.23 s. The sig nal
sequence gen er ated by the fol low ing pro gram exam ple is as fol lows:

You can also spec ify the timer setpoint value indi rectly with a dec i mal value stored in a data
reg is ter. See section 4.6.1 for details.
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De vi ces in De tail Timers

Lad der Dia gram Instruc tion List

0 LD X0
1 OUT T200 K123
4 LD T200
5 OUT Y0

The timer con ti nues to count the inter nal
10ms pul ses as long as X0 remains on.
When the set point value is rea ched the
out put of T200 is swit ched on.

If input X0 or the power supply of the PLC
are swit ched off the timer is reset and its
out put is also swit ched off.



Re ten ti ve ti mers

In addi tion to the nor mal tim ers described above, all con trol lers cov ered in this man ual also
have reten tive tim ers that retain their cur rent time coun ter value even if the device con trol ling
them is switched off.

The cur rent timer coun ter value is stored in a mem ory that is retained even in the event of
a power fail ure.

Exam ple of a pro gram using a reten tive timer:

Timer T250 is started when input X0 is switched on. The setpoint value is 345 x 0.1 s = 34.5 s.
When the setpoint value is reached T250 switches out put Y1 on. Input X2 resets the timer and
switches its out put off.
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Timers De vi ces in De tail

Lad der Dia gram Instruc tion List

0 LD X0
1 OUT T250 K345
4 LD T250
5 OUT Y1
6 LD X2
7 RST T250

When X1 is on the timer counts the inter nal
100 ms pul ses. When X1 is swit ched off the
cur rent time coun ter value is retai ned. The
timer’s out put is swit ched on when the cur rent 
value rea ches the set point value of the timer. 

A sepa rate instruc tion must be pro gram med to
reset the timer since it is not reset by swit ching 
off input X1 or the PLC’s power. Input X2
resets timer T250 and swit ches off its out put.



Ti mers in the base units of the MEL SEC FX fa mi ly

a
Can be changed with param e ters within the capac ity range of the CPU built-in mem ory.
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De vi ces in De tail Timers

Device
Timer types

Nor mal Ti mers Re ten ti ve Ti mers

Device identifier T

Device type (for set ting and pol ling) Bit device

Pos si ble values (timer out put) 0 or 1

Device address for mat Decimal

Timer set point value entry
As a deci mal inte ger cons tant. The set point can
be set eit her directly in the instruc tion or indi -
rectly in a data regis ter.

Num ber of devices
and addresses

FX3G

FX3GC

FX3GE

100 ms
(Range 0.1 to 3276.7 s) 200 (T0–T199) 6 (T250–T255)

10 ms
(Range 0.01 to 327.67 s) 46 (T200–T245) —

1 ms
(Range 0.001 to 32.767 s) 64 (T256–T319) 4 (T246–T249)

FX3S

100 ms
(Range 0.1 to 3276.7 s) 32 (T0–T31) 6 (T131–T137)

100 ms/10 ms
(Range 0.1 to 3276.7 s/
0.01 to 327.67 s)

31 (T32–T62) —

1 ms
(Range 0.001 to 32.767 s) 65 (T63–T127) 4 (T128–T131)

FX3U

FX3UC

100 ms
(Range 0.1 to 3276.7 s) 200 (T0–T199) 6 (T250–T255)

10 ms
(Range 0.01 to 327.67 s) 46 (T200–T245) —

1 ms
(Range 0.001 to 32.767 s) 256 (T256–T511) 4 (T246–T249)

FX5U

FX5UC
100 ms / 10 ms / 1 ms max. 1024

(T0–T1023) 1
max. 1024
(T0–T1023) 1



4.4 Coun ters

The pro gram mers of the FX fam ily also have inter nal coun ters that you can use for pro gram -
ming count ing oper a tions.

Coun ters count sig nal pulses that are applied to their inputs by the pro gram. The coun ter out -
put is switched on when the cur rent coun ter value reaches the setpoint value defined by the
pro gram. Like tim ers, coun ter out puts can also be polled as often as you like in the program.

Exam ple of a pro gram using a coun ter:

When ever input X1 is switched on the value of coun ter C0 is incre mented by 1. Out put Y0 is
switched on when X1 has been switched on and off ten times (the coun ter setpoint is K10). 

The sig nal sequence gen er ated by this pro gram is as fol lows:

There are two kinds of coun ters, 16-bit coun ters and 32-bit coun ters. As their names indi cate,
they can count up to either 16-bit or 32-bit val ues and they use 16 bits and 32 bits, respec tively,
to store their setpoint val ues. The fol low ing table shows the key fea tures of these coun ters.
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Coun ters De vi ces in De tail

Lad der Dia gram Instruc tion List

0 LD X0
1 RST C0
3 LD X1
4 OUT C0 K10
7 LD C0
8 OUT Y0

Once the coun ter value has rea ched the set -
point value any addi tio nal pul ses on input X1
no lon ger have any effect on the coun ter.

First the coun ter is reset with input X0 and a RST
instruc tion. This resets the coun ter value to 0 and
swit ches off the coun ter out put.



In addi tion to nor mal coun ters the con trol lers of the MELSEC FX fam ily also have high-speed
coun ters. These are 32-bit coun ters that can pro cess high-speed exter nal coun ter sig nals
read on inputs X0 to X7. In com bi na tion with some spe cial instruc tions it is very easy to use
these coun ters to auto mate posi tion ing tasks and other functions.

High-speed coun ters use an inter rupt prin ci ple: The PLC pro gram is inter rupted and responds
imme di ately to the coun ter sig nal. For a detailed descrip tion of high-speed coun ters please
refer to the Pro gram ming Man ual for the MELSEC FX fam ily.
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De vi ces in De tail Coun ters

Feature 16 Bit Coun ters 32 Bit Coun ters

Count direc tion Incre men ting
Incre men ting and decre men ting (the direc -
tion is spe ci fied by swit ching a spe cial relay
on or off)

Setpoint value range 1 to 32767 -2 147 483 648 to 2 147 483 647

Set point value entry Directly as a deci mal cons tant (K) in the
instruc tion, or indi rectly in a data regis ter

Directly as a deci mal cons tant (K) in the
instruc tion or indi rectly in a pair of data
regis ters

Coun ter over flow
beha vi our

Counts to a maxi mum of 32,767, after which 
the coun ter value no lon ger chan ges.

Ring coun ter: After rea ching 2,147,483,647
the next incre men ting value is
-2,147483,648. (When coun ting bac kwards
the jump is from -2,147483,648 to
2,147,483,647)

Coun ter out put Once the set point value has been rea ched
the out put remains on.

When incre men ting the out put remains on
once the set point value has been rea ched.
When decre men ting the out put is reset
(swit ched off) once the value drops below
the set point value.

Reset ting An RST instruc tion is used to delete the cur rent value of the coun ter and turn off its out put.



Coun ter over view

a
The cur rent coun ter val ues of reten tive coun ters are retained when the power sup ply is switched off.

b
You can set the PLC param e ters to con fig ure whether the cur rent val ues of these coun ters should be retained
when the power sup ply is switched off.

c
Can be changed with param e ters within the capac ity range of the CPU built-in mem ory.
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Coun ters De vi ces in De tail

Device
Coun ter types

Nor ma l coun ters Re ten ti ve coun ters1

Device iden ti fier C

Device type (for set ting and pol ling) Bit device

Pos si ble device values (coun ter out put) 0 or 1

Device address for mat Deci mal

Coun ter set point value entry

As a deci mal inte ger cons tant. The set point can
be set eit her directly in the instruc tion or indi -
rectly in a data regis ter (two data regis ters for
32-bit coun ters).

Num ber of devices
and addresses

FX3G

FX3GC

FX3GE

16 bit counter 16 (C0–C15) 184 (C16–C199)

32 bit counter 20 (C200–C219) 15 (C220–C234)

32 bit high-speed counter — 21 (C235–C255)

FX3S

16 bit coun ter 16 (C0–C15) 16 (C16–C31)

32 bit coun ter 35 (C200–C234) —

32 bit high-speed coun ter — 21 (C235–C255)

FX3U

FX3UC

16 bit coun ter 100 (C0–C99)2 100 (C100–C199)2

32 bit coun ter 20 (C200–C219)2 15 (C220–C234)2

32 bit high-speed coun ter 21 (C235–C255)2

FX5U

FX5UC

16 bit coun ter max. 1024 (C0–C1023)3

32 bit coun ter max. 1024 (C0–C1023)3



4.5 Reg is ters

The PLC’s relays are used to store the results of oper a tions tem po rarily. How ever, relays can
only store val ues of On/Off or 1/0, which means that they are not suit able for stor ing mea sure -
ments or the results of cal cu la tions. Val ues like this can be stored in the “reg is ters” of the con -
trol lers of the FX family.

Reg is ters are 16 bits or one word wide (see sec tion 3.2). You can cre ate “dou ble word” reg is -
ters capa ble of stor ing 32-bit val ues by com bin ing two con sec u tive data registers.

A nor mal reg is ter can store val ues from 0000H – FFFFH (-32,768 – 32,767). Dou ble-word reg -
is ters can store val ues from 00000000H – FFFFFFFFH (-2,147,483,648 – 2,147,483,647).

The con trol lers of the FX fam ily have a large num ber of instruc tions for using and manip u lat ing
reg is ters. You can write and read val ues to and from reg is ters, copy the con tents of reg is ters,
com pare them and per form math func tions on their con tents (see chap ter 5). 
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De vi ces in De tail Reg is ters

2 2 2 2 2 2 2 2 2 2 2 2 2 2 214 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0: = positive value
1: = negative value

1 sign bit   

0: = positive value
1: = negative value

Register:
16 bit

15 data bits

1 sign bit   

2 2 22 1 0

Double word register:
32 bit

2 2 230 29 28

. . . 

31 data bits

. . . 



4.5.1 Data reg is ters

Data reg is ters can be used as mem ory in your PLC pro grams. A value that the pro gram writes
to a data reg is ter remains stored there until the pro gram overwrites it with another value.

When you use instruc tions for manip u lat ing 32-bit data you only need to spec ify the address of
a 16-bit reg is ter. The more sig nif i cant part of the 32-bit data is auto mat i cally writ ten to the next
con sec u tive reg is ter. For exam ple, if you spec ify reg is ter D0 to store a 32-bit value D0 will con -
tain bits 0 through 15 and D1 will con tain bits 16 through 31.

What hap pens when the PLC is swit ched off or stop ped

In addi tion to the nor mal reg is ters whose con tents are lost when the PLC is stopped or the
power sup ply is turned off, the FX PLCs also have latched reg is ters, whose con tents are
retained in these sit u a tions.

NOTE When spe ci al re lay M8033 is set the con tents of the un lat ched data re gis ters are also not
clea red when the PLC is stop ped.

Data re gis ter over view

a
If the optional bat tery is installed, the func tion of latched reg is ters can be assigned to these reg is ters in the PLC
param e ters. They are then buf fered by the bat tery.

b
You can also con fig ure these reg is ters as latched reg is ters with the PLC param e ters.

c
You can also con fig ure these reg is ters as unlatched reg is ters with the PLC param e ters.

d
Can be changed with param e ters within the capac ity range of the CPU built-in mem ory.
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Reg is ters De vi ces in De tail

Device
Data re gister types

Nor mal regis ters Lat ched regis ters

Device iden ti fier D

Device type (for set ting and pol ling) Word device (two reg is ters can be com bined to store dou ble-word val ues)

Pos si ble device values
16 bit regis ters: 0000H to FFFFH (-32768 to 32767)

32 bit reg is ter: 00000000H to FFFFFFFFH (-2 147 483 648 to
2 147 483 647)

Device address for mat Deci mal

Num ber of devices and
addresses

FX3G

FX3GC

FX3GE

128 (D0–D127)

6900 (D1100–D7999)1 972 (D128–D1099)

FX3S
128 (D0–D127)

2744 (D256–D2999)
128 (D128–D255)

FX3U

FX3UC
200 (D0–D199)2 312 (D200–D511)3

7488 (D512–D7999)

FX5U

FX5UC
max. 8000 (D0–D7999)4 max. 8000 (D0–D7999)4



4.5.2 Spe cial reg is ters

Just like the special relays (Chap ter 4.2.1) start ing at address M8000 the FX con trol lers also have
spe cial or diag nos tic reg is ters, whose addresses start at D8000. Often there is also a direct con -
nec tion between the spe cial relays and spe cial reg is ters. For exam ple, spe cial relay M8005 shows
that the volt age of the PLC’s bat tery is too low, and the cor re spond ing volt age value is stored in
spe cial reg is ter D8005. The fol low ing table shows a small selec tion of the avail able spe cial reg is -
ters as exam ples.

The base units of the FX5U and FX5UC series offer not only the (FX-com pat i ble) spe cial reg is -
ters from D8000, but also spe cial reg is ters with a sep a rate device iden ti fier (SD) in the range of 
SD0 to SD11999. These reg is ters are com pat i ble in part with the spe cial reg is ters of the con -
trol lers of the MELSEC Sys tem Q and L series, have some of the same func tion al ity as the reg -
is ters start ing with D8000, but are also tuned to the new fea tures of the iQ-F series.

Re gis ters with ex ter nal ly mo di fi ab le con tents

The con trol lers of the FX3G, FX3GE and FX3S series have two inte grated poten ti om eters with
which you can adjust the con tents of spe cial reg is ters D8030 and D8031 in the range from 0 to
255 (see sec tion 4.6.1). These poten ti om eters can be used for a vari ety of pur poses – for
exam ple to adjust setpoint val ues for tim ers and coun ters with out hav ing to con nect a pro gram -
ming unit to the con trol ler.
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De vi ces in De tail Reg is ters

Spe ci al
regis ter Function Pro gram pro ces sing

op tions

D8004 Error relay address (shows which error relays are set)

Read regis ter con tentsD8005 Bat tery vol tage (e.g. the value “36” means 3.6V)

D8010 Cur rent pro gram cycle time

D8013–D8019 Time and date of the inte gra ted real-time clock
Read regis ter con tents

Change regis ter con tents

D8030 Value read from poten tio me ter VR1 (0–255) Read reg is ter con tents 
(FX3G, FX3GE and FX3S only)D8031 Value read from poten tio me ter VR2 (0–255)



4.5.3 File reg is ters

The con tents of file reg is ters are also not lost when the power sup ply is switched off. File reg is -
ters can thus be used for stor ing val ues that you need to trans fer to data reg is ters when the
PLC is switched on, so that they can be used by the pro gram for cal cu la tions, com par i sons or
as setpoints for timers.

File reg is ters have the same struc ture as data reg is ters. In fact, they are data reg is ters – they
con sist of blocks of 500 addresses each in the range from D1000 to D7999 (except the FX5
series).

a
Can be changed with param e ters within the capac ity range of the CPU built-in mem ory.

For a detailed descrip tion of the file reg is ters see the Pro gram ming Man ual for the MELSEC FX fam ily.
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Reg is ters De vi ces in De tail

Device File regis ters

Device iden ti fier D (R for FX5U and FX5UC only)

Device type (for set ting and pol ling) Word device (two reg is ters can be com bined to store dou ble-word val ues)

Pos si ble device values
16 bit regis ter: 0000H to FFFFH (-32768 to 32767)

32 bit regis ter: 00000000H to FFFFFFFFH (-2 147 483 648 to
2 147 483 647)

Device address for mat Decimal

Num ber of devices and
addresses

FX3G

FX3GC

FX3GE

7000 (D1000–D7999)

A max i mum of 14 blocks of 500 file reg is ters each can be defined in
the PLC param e ters.

FX3S

2000 (D1000–D2999)

A max i mum of 4 blocks of 500 file reg is ters each can be defined in
the PLC param e ters.

FX3U

FX3UC

7000 (D1000–D7999)

A max i mum of 14 blocks of 500 file reg is ters each can be defined in
the PLC param e ters.

FX5U

FX5UC
max. 32768 (R0–R32767)1



4.6 Pro gram ming Tips for Tim ers and Coun ters

4.6.1 Spec i fy ing timer and coun ter setpoints in di rectly

The usual way to spec ify timer and coun ter setpoint val ues is directly, in an out put instruc tion:

In the exam ple above T31 is a 100 ms timer. The con stant K500 sets the delay to 500 x 0.1 s =
50 s. The setpoint for coun ter C0 is also set directly, to a value of 34 with the con stant K34.

The advan tage of spec i fy ing setpoints like this is that you don’t have to con cern your self with
the setpoint value once you have set it. The val ues you use in the pro gram are always valid,
even after power fail ures and directly after switch ing the con trol ler on. How ever, there is also
a dis ad van tage: If you want to change the setpoint you need to edit the pro gram. This applies
par tic u larly for timer setpoint val ues, which are often adjusted dur ing con trol ler con fig u ra tion
and program tests.

You can also store setpoint val ues for tim ers and coun ters in data reg is ters and have the pro -
gram read them from the reg is ters. It is then pos si ble to change the val ues quickly with a pro -
gram ming unit if nec es sary, or to spec ify setpoint val ues with switches on a con trol con sole or
a HMI control panel.

The fol low ing list ing shows an exam ple of how to spec ify setpoint val ues indi rectly:

– When relay M15 is one the con tents of data regis ter D100 are copied to D131. This regis ter
con tains the set point value for T131. You could use a pro gram ming or con trol unit to adjust
the con tents of D100.

– The spe cial relay M8002 is only set for a single pro gram cycle directly after the PLC is swit -
ched on. This is used to copy the cons tant value of 34 to data regis ter D5, which is then
used as the set point value for coun ter C0.

You don’t have to write pro gram instruc tions to copy the setpoint val ues to the data reg is ters.
You could also use a pro gram ming unit to set them before the pro gram is started, for exam ple. 
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Instruc tion List

0 LD X17
1 OUT T31 K500
4 LD M50
5 OUT C0 K34

Lad der Dia gram

Instruc tion List

0 LD M15
1 MOV D100  D131
6 LD X17
7 OUT T31 D131
10 LD M8002
11 MOV K34 D5
16 LD M50
17 OUT C0 D5

Lad der Dia gram



E
WAR NING:
If you use nor mal re gis ters the set point va lu es will be lost when the po wer supp ly is
swit ched off and when the RUN/STOP switch is set to the STOP po si ti on. If this hap pens
ha zar dous con di tions may be crea ted next time the po wer is swit ched on and/or when
the PLC is start ed again, be cau se all the set points will have a value of “0”.

If you don’t con fi gu re your pro gram to copy the va lu es au to ma ti cal ly you should al ways
use lat ched data re gis ters for sto ring the set point va lu es for ti mers and coun ters. Also,
re mem ber that even the con tents of the se re gis ters will also be lost when the PLC is
swit ched off if the backup battery is empty.

Set ting set points with the in te gra ted po ten tio me ters

The con trol lers of the FX3G, FX3GE and FX3S series have two inte grated ana log poten ti om -
eters with which you can adjust setpoint val ues for tim ers and other func tions quickly and
eas ily. 

In the pro gram exam ple above Y0 is switched on after the delay spec i fied for timer T1, for the
time spec i fied for timer T2 (delayed pulse gen er a tion).

4 – 16 MITSUBISHI ELECTRIC

Pro gram ming Tips for Tim ers and Coun ters De vi ces in De tail

The image on the left shows a basic unit of the
FX3S series. The lay out of the poten tio me ters is
simi lar in the FX3G and FX3GE series.

The value of the upper poten tio me ter (VR1) can
be read from spe cial data regis ter D8031, the
value of the lower poten tio me ter (VR2) from regis -
ter D8031. To use one of the poten tio me ters as the
set point value source for a timer you just spe cify
the cor re spon ding regis ter in your pro gram ins -
tead of a constant.
The value in the regis ter can be adjus ted bet ween
0 and 255 by tur ning the poten tio me ter.

Potentiometer

Lad der Dia gram Instruc tion List

0 LD X001
1 OUT T1 D8030
4 LD T1
5 OUT T2 D8031
8 LD T1
8 ANI T2
10 OUT Y000



4.6.2 Switch-off de lay

By default, all the tim ers in MELSEC PLCs are delayed make tim ers, i.e. the out put is switched
ON after the defined delay period. How ever, you will often also want to pro gram a delayed
break oper a tion (switch OFF after a delay). A typ i cal exam ple of this is a ven ti la tion fan in
a bath room that needs to con tinue run ning for sev eral min utes after the lights are switched off.

Pro gram ver si on 1 (lat ching)

As long as input X1 (e.g. a light switch) is on out put Y0 (fan) is also on. How ever, the latch ing func -
tion ensures that Y0 also remains on after X1 has been switched off, because timer T0 is still run -
ning. T0 is started when X1 is switched off. At the end of the delay period (300 x 0.1 s = 30 s in the
exam ple) T0 inter rupts the Y0 latch and switches the out put off.

Pro gram ver si on 2 (set/re set)

When X1 is switched on out put Y0 is set (switched on). When X1 is switched off timer T0 is
started. After the delay period T0 then resets out put Y0. The result ing sig nal sequence is iden -
ti cal with that pro duced by pro gram ver sion 1.
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Lad der Dia gram Instruc tion List

0 LD X001
1 LD Y000
2 ANI T0
3 ORB
4 OUT Y000
5 LDI X001
6 OUT T0 K300

Sig nal sequence

Lad der Dia gram Instruc tion List

0 LD X001
1 SET Y000
2 LDI X001
3 OUT T0 K300
6 LD T0
7 RST Y000



4.6.3 ON- and OFF-De lay

Some times you will want to switch an out put on after a delay and then switch it off again after
another delay. This is very easy to imple ment with the con trol ler’s basic log i cal instruc tions. 

Out put Y000 is latched with the help of T1, keep ing the out put switched on until the end of the
break delay period.
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Lad der Dia gram Instruc tion List

0 LD X000
1 OUT T1 K25
4 LDI X000
5 OUT T2 K50
8 LD T1
9 OR Y000
10 ANI T2
11 OUT Y000

Sig nal sequence

t



4.6.4 Clock sig nal gen er a tors 

The con trol lers have spe cial relays that make it very easy to pro gram tasks requir ing a reg u lar
clock sig nal (for exam ple for con trol ling a blink ing error indi ca tor light). Relay M8013 switches
on and off at 1-sec ond inter vals, for exam ple. For full details on all spe cial relays see the Pro -
gram ming Man ual for the FX fam ily. 

If you need a dif fer ent clock fre quency or dif fer ent on and off times you can pro gram your own
clock sig nal gen er a tor with two tim ers, like this:

Input X1 starts the clock gen er a tor. If you want, you can omit this input – then the clock gen er a -
tor is always on. In the pro gram you could use the out put of T1 to con trol a blink ing warn ing
light. The on period is deter mined by T2, the off period by T1.

The out put of timer T2 is only switched on for a sin gle pro gram cycle. This time is shown much
lon ger than it really is in the sig nal sequence illus tra tion below. T2 switches T1 off and imme di -
ately after this T2 itself is also switched off. In effect this means that the dura tion of the on
period is increased by the time that it takes to exe cute a pro gram cycle. How ever, since the
cycle is only a few mil li sec onds long it can usu ally be ignored.
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Lad der Dia gram Instruc tion List

0 LD X001
1 ANI T2
2 OUT T1 K10
5 LD T1
6 OUT T2 K20
9 OUT Y000

Sig nal sequence
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5 More Ad van ced Pro gram ming

The basic logic instruc tions listed in Chap ter 3 can be used to emu late the func tions of a hard-wired
contactor con trol ler with a pro gram ma ble logic con trol ler. How ever, this only scratches the sur face of
the capa bil i ties of mod ern PLCs. Since every PLC is built around a micro pro ces sor they can also
eas ily per form oper a tions like math e mat i cal cal cu la tions, com par ing num bers, con vert ing from one
num ber sys tem to another or pro cess ing ana log val ues.

Func tions like these that go beyond the capa bil i ties of logic oper a tions are per formed with spe -
cial instruc tions, which are referred to as applied or appli ca tion instruc tions.

5.1 Ap plied In struc tions Ref er ence

Applied instruc tions have short names that are based on the Eng lish names of their func tions.
For exam ple, the instruc tion for com par ing two 16-bit or 32-bit num bers is called CMP, which is
short for com pare. 

When you pro gram an applied instruc tion you enter the instruc tion name fol lowed by the
device name. The fol low ing table shows all the applied instruc tions cur rently sup ported by the
MELSEC FX fam ily of con trol lers. This list may look a lit tle over whelm ing at first, but don’t worry 
– you don’t have to memo rise them all! When you are pro gram ming you can use the pow er ful
Help func tions of the pro gram ming soft ware to find the instruc tions you need.

In this chap ter we will only cover the more fre quently-used instruc tions, which are shown with
a grey shaded back ground in the ref er ence table. For full doc u men ta tion of all the instruc tions
with exam ples please refer to the Pro gram ming Man ual for the FX fam ily or the iQ-F series.

Many instruc tions for pro cess ing 16-bit data can be used also for 32-bit data, when a "D" is
added (e.g. for addi tion: ADD R DADD).
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Cat e gory Instruc-
tion Func tion

Con trol ler

FX3G

FX3GC

FX3GE

FX3S
FX3U

FX3UC

FX5U

FX5UC

Pro gram flow
func tions

CJ Con di tional Jump to a pro gram posi tion

U U U U

CALL Calls (exe cutes) a sub rou tine

SRET Sub rou tine Return, marks the end of a sub rou tine

IRET Inter rupt Return, marks the end of an inter rupt
rou tine

EI Enable Inter rupt, enables pro cess ing of inter rupt
rou tines

DI Dis able Inter rupt, dis ables pro cess ing of inter rupt
rou tines

FEND First End, marks end of main pro gram block

WDT Watch Dog Timer refresh

FOR Marks begin ning of a pro gram loop

NEXT Marks end of a pro gram loop

BREAK Exit pro gram rep e ti tion forc ibly

U

XCALL Calls (exe cutes) a sub rou tine

STOP Stops the sequence oper a tion

GOEND Jump to END instruc tion

IMASK Inter rupt pro gram mask

SIMASK Dis ables/enables the spec i fied inter rupt pointer 
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Cat e gory Instruc-
tion Func tion

Con trol ler

FX3G

FX3GC

FX3GE

FX3S
FX3U

FX3UC

FX5U

FX5UC

Move and com -
pare func tions

CMP Com pare numer i cal val ues U U U U

ZCP Zone Com pare, com pares numer i cal ranges U U U U

MOV Move data from one stor age area to another U U U U

MOVB Trans fer ring 1-bit data U

BLKMOVB Trans fer ring n-bit data U

SMOV Shift Move U U U U

CML Com pli ment, cop ies and inverts U U /U U

CMLB Invert ing and trans fer ring 1-bit data U

BMOV Block Move U U U U

FMOV Fill Move, copy to a range of devices U U U U

XCH Exchange data in spec i fied devices U U

Math and logic
instruc tions

ADD Add numer i cal val ues U U U U

+ Add numer i cal val ues U

SUB Sub tract numer i cal val ues U U U U

- Sub tract numer i cal val ues U

MUL Mul ti ply numer i cal val ues U U U U

* Mul ti ply numer i cal val ues U

DIV Divide numer i cal val ues U U U U

/ Divide numer i cal val ues U

INC Incre ment U U U U

DEC Dec re ment U U U U

WAND Log i cal AND U U U U

WOR Logical OR U U U U

WXOR Log i cal exclu sive OR U U U U

WXNR
XNOR oper a tion on 16-bit/32-bit data

U

DXNR U

NEG Nega tion, log i cal inver sion of device con tents U U

Rotate and shift
func tions

ROR Rotate right U U U U

ROL Rotate left U U U U

RCR Rota tion right with carry U U

RCL Rota tion left with carry U U

SFTR Shift right, bitwise shift to the right U U U U

SFTL Shift left, bitwise shift to the left U U U U

WSFR Word shift right, shift word val ues to the right U U U U

WSFL Word shift left, shift word val ues to the left U U U U

SFT Shift ing bit devices by 1 bit U

BSFR
Shift ing n-bit data to the right/left by 1 bit

U

BSFL U

DSFR
Shift ing n-word data to the right/left by 1 word

U

DSFL U

SFWR Shift reg is ter write, writes to a FIFO stack U U U U

SFRD Shift reg is ter read, reads from a FIFO stack U U U U
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Cat e gory Instruc-
tion Func tion

Con trol ler

FX3G

FX3GC

FX3GE

FX3S
FX3U

FX3UC

FX5U

FX5UC

Data oper a tion
func tions

ZRST Zone Reset, resets ranges of like devices U U U U

DECO Decode data U U U U

ENCO Encode data U U U U

SUM Sum (num ber) of active bits U U U U

BON Bit on, checks sta tus of a bit U U U U

BSET Set ting a bit in a word device U

BRST Reset ting a bit in a word device U

TEST Per forms a bit test U

MEAN Cal cu lates mean val ues U U U U

MAX Search ing the max i mum value U

MIN Search ing the min i mum value U

ANS Timed annun ci a tor set, starts a timer inter val U U U

ANR Annun ci a tor reset U U U

SQR Square root U U

FLT

Float ing point, con verts data

U U U

INT2FLT U

UINT2FLT U

High-speed
instruc tions

REF Refresh inputs and out puts U U U U

REFF Refresh inputs and fil ter adjust U

MTR Input matrix, read a matrix (MTR) U U U U

DHSCS High-speed coun ter set U U U U

DHSCR High-speed coun ter reset U U U U

DHSZ High speed zone com pare U U U U

HIOEN Start/stop of the 16-bit/32-bit data high-speed I/O
func tion

U

SPD Speed detec tion U U U U

PLSY Pulse Y out put (fre quency) U U U U

PWM Pulse out put with pulse width mod u la tion U U U U

PLSR
Pulse ramp 
(accelleration/decel er a tion setup) U U U

Appli ca tion
instruc tions

IST Ini tial state, set up multi-mode STL sys tem U U U U

SER Search data stack U U U U

ABSD Abso lute coun ter com par i son U U U U

INCD Incre men tal coun ter com par i son U U U U

TTMR Teach ing timer U U

STMR Spe cial timer U U

UDCNTF Signed 32-bit bi-direc tional coun ter U

ALT Alter nate state, flip-flop func tion U U U U

RAMP
Ramp func tion

U U U

RAMPF U

ROTC Rotary table con trol U U

SORT
Sort table data on selected fields

U

SORTTBL U
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Cat e gory Instruc-
tion Func tion

Con trol ler

FX3G

FX3GC

FX3GE

FX3S
FX3U

FX3UC

FX5U

FX5UC

Instruc tions for
exter nal
I/O devices

TKY Ten key input U

HKY Hex a dec i mal key input U

DSW Dig i tal switch U U U U

SEGD 7-seg ment dis play decoder U U

SEGL 7-seg ment dis play with latch U U U U

ARWS Arrow switch U

ASC ASCII con ver sion U

PR Print, data out put via the out puts U

FROM Read data from a spe cial func tion mod ule U U U

TO Write data to a spe cial func tion mod ule U U U

Instruc tions for
exter nal serial
devices

RS Serial com mu ni ca tion U U U

RS2 Serial com mu ni ca tion (2) U U U U

PRUN Par al lel run (octal mode) U U U U

ASCI Con vert to an ASCII char ac ter U U U U

HEX
Con vert to a hex a dec i mal char ac ter

U U U

HEXA U

CCD Check Code, sum and par ity check U U U U

Instruc tions for
expan sion board
FXmm-8AV-BD

VRRD Read setpoint val ues from FXmm-8AV-BD U U U

VRSC Read switch set tings from FXmm-8AV-BD U U U

PID con trol
instruc tion PID PID con trol loop U U U U

Store/restore
index reg is ters

ZPUSH Zone push, store con tents of index reg is ters
U

ZPOP Zone pop, restore con tents of index reg is ters

Float ing point
oper a tions

LDEm Com pare data within oper a tions U

DECMP Com pare float ing point val ues U U U U

DEZCP Com pare float ing point val ues (range) U U

DEMOV Move float ing point val ues U U U U

DESTR Con vert float ing point value to a string U U

DEVAL Con vert string to float ing point value U U

DEBCD Con vert float ing point value to sci en tific nota tion U U

DEBIN Con vert sci en tific nota tion to float ing point U U

DEADD
Add float ing point num bers

U U U U

E+ U

DESUB
Sub tract float ing point num bers

U U U U

E- U

DEMUL
Mul ti ply float ing point num bers

U U U U

E* U

DEDIV
Divide float ing point num bers

U U U U

E/ U
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Cat e gory Instruc-
tion Func tion

Con trol ler

FX3G

FX3GC

FX3GE

FX3S
FX3U

FX3UC

FX5U

FX5UC

Float ing point
oper a tions

DEXP Float ing point expo nent U U

DLOGE Cal cu late nat u ral log a rithm U U

DLOG10 Cal cu late decadic log a rithm U U

POW Cal cu late the exponentiation of a float ing point
num ber

U

DESQR Square root of float ing point num bers U U U U

DENEG Reverse sign of float ing point num bers U U

INT Con vert float ing-point num bers to inte gers U U U

EMAX Search ing the max i mum value U

EMIN Search ing the min i mum value U

Trig o nom e try
instruc tions for
float ing point
num bers

SIN Cal cu late the sine U U

COS Cal cu late the cosine U U

TAN Cal cu late the tan gent U U

ASIN Cal cu late the arc sine U U

ACOS Cal cu late the arc cosine U U

ATAN Cal cu late the arc tan gent U U

RAD Con vert degrees to radi ans U U

DEG Con vert radi ans to degrees U U

Data oper a tions

WSUM Sum of the con tents of word devices U U

WTOB Word to byte, divide words into bytes U U

BTOW Byte To Word, form words from indi vid ual bytes U U

UNI Com bine groups of 4 bits to form words U U

NUNI Con nect ing the spec i fied num ber of bits U

DIS Divide words into groups of 4 bits U U

NDIS Sep a rat ing the spec i fied num ber of bits U

SWAP Swap least and most sig nif i cant bits U U

SORT2
Sort the data in a table

U

SORTTBL2 U

Posi tion ing
instruc tions

DSZR Return to zero home point (with prox im ity switch) U U U U

DVIT Posi tion ing with inter rupt U U

TBL Posi tion ing with data table U U U

DRVTBL Posi tion ing by mul ti ple table oper a tion U

DRVMUL Mul ti ple axes con cur rent drive posi tion ing U

DABS Read abso lute cur rent posi tion U U U

ZRN Return to zero home point U U

PLSV Out put pulses with vari able fre quency U U U U

DRVI Posi tion to an incre men tal value U U U U

DRVA Posi tion to an abso lute value U U U U
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Cat e gory Instruc-
tion Func tion

Con trol ler

FX3G

FX3GC

FX3GE

FX3S
FX3U

FX3UC

FX5U

FX5UC

Oper a tions with
the PLC’s inte -
grated clock

TCMP Com pare clock data U U U U

TZCP Com pare clock data with a zone (range) U U U U

TADD Add clock data U U U U

TSUB Sub tract clock data U U U U

HTOS Con vert hours / min utes / sec onds time value to
sec onds

U U

STOH Con vert sec onds time value to hours / min utes /
sec onds

U U

LDDTm
ANDDTm
ORDTm

Com par ing date data U

LDTMm
ANDTMm
ORTMm

Com par ing time data U

TRD Read clock time and date U U U U

TWR Write time and date to PLC clock U U U U

HOUR
Oper at ing hours coun ter

U U U

HOURM U

Gray code
con ver sion

GRY Con vert Gray code to dec i mal
U U U U

GBIN Con vert dec i mal num ber to Gray code

Data exchange
with ana log
mod ules

RD3A Read ana log input val ues
U U U

WR3A Write ana log out put val ues

Instruc tions in
exter nal mem ory EXTR Exe cute com mand stored in an exter nal ROM

Mis cel la neous
instruc tions

COMRD Read device com ment U

RND Gen er ate a ran dom num ber U U

DUTY Gen er ate a pulse with a defined length U U

CRC Check data (CRC check) U U

HCMOV Move the cur rent value of a high-speed coun ter U U

ADRSET Stor ing the indi rect address U

Instruc tions for
data stored in
con sec u tive
devices (data
blocks)

BK+ Add data in a data block

U U

BK- Sub tract data in a data block

BKCMP=

Com pare data in data blocks

BKCMP>

BKCMP<

BKCMP<>

BKCMP<=

BKCMP>=

BKAND AND oper a tion on block data

U

BKOR OR oper a tion on block data

BKXOR XOR oper a tion on block data

BKXNR XNOR oper a tion on block data

BKRST Batch-reset ting of bit devices
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Cat e gory Instruc-
tion Func tion

Con trol ler

FX3G

FX3GC

FX3GE

FX3S
FX3U

FX3UC

FX5U

FX5UC

String oper a tions

STR Con vert binary data to a string

U U

VAL Con vert a string to binary data

$+ Link char ac ter strings

LEN Returns the length of a string

RIGHT Extract substring from right

LEFT Extract substring from left

MIDR Select a char ac ter string

MIDW Replace a char ac ter strings

INSTR Search for a char ac ter string

STRINS Insert ing char ac ter string

U

STRDEL Delet ing char ac ter string

LD$m
AND$m
OR$m

Com par ing char ac ter strings within oper a tions

$MOV Move a char ac ter string U U

Math instruc tions
for BCD data

B+ Add ing BCD 4-digit data

U

B- Sub tract ing BCD 4-digit data

DB+ Add ing BCD 8-digit data

DB- Sub tract ing BCD 8-digit data

B* Mul ti ply ing BCD 4-digit data

B/ Divid ing BCD 4-digit data

DB* Mul ti ply ing BCD 8-digit data

DB/ Divid ing BCD 8-digit data

Data table
oper a tions

FDEL Delete data from a table

U U

FINS Insert data in a table

POP Read last data inserted in a table

SFR Shift a 16-bit data word right

SFL Shift a 16-bit data word left

Com par i son
oper a tions

LD=

Com pare data within oper a tions U U U U

LD>

LD<

LD<>

LD<=

LD>=

AND=

AND>

AND<

AND>=

OR=

OR>

OR<

OR<>

OR<=

OR>=
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Cat e gory Instruc-
tion Func tion

Con trol ler

FX3G

FX3GC

FX3GE

FX3S
FX3U

FX3UC

FX5U

FX5UC

Data con trol
instruc tions

LIMIT Lim its the out put range of val ues

U U

BAND Define input off set

ZONE Define out put off set

SCL Scale val ues

DABIN Con vert an ASCII num ber to a binary value

BINDA Con vert a binary value to ASCII code

SCL2 Scale val ues (dif fer ent value table struc ture to SCL) 

Instruc tions for
com mu ni ca tion
with fre quency
invert ers

IVCK Check sta tus of fre quency inverter

U U U U
IVDR Con trol fre quency inverter

IVRD Read fre quency inverter param e ter

IVWR Write param e ter to fre quency inverter

IVBWR Write param e ters to fre quency inverter in blocks U U

IVMC
Writes oper a tion com mand and set fre quency to the
inverter and reads the inverter sta tus and the out put
fre quency (speed) from the inverter

U U U U

MODBUS
com mu ni ca tion ADPRW Com mu ni ca tion of the MODBUS mas ter with slaves

(read/write data)
U U U U

Pre de fined pro to -
col sup port func -
tion Instruc tions

S.CPRTC
Exe cutes the pro to col spec i fied by the com mu ni ca -
tion pro to col sup port tool of the engi neer ing tool

US.CPRTCL

SP.ECPRTCL

Data exchange
with spe cial func -
tion mod ules

RBFM Read from mod ule buffer mem ory
U U

WBFM Write to mod ule buffer mem ory

High-speed coun -
ter instruc tion HSCT Com pare cur rent value of a high-speed coun ter with

data in data tables
U

Data con ver sion
instruc tions

BCD BCD con ver sion U U U U

BIN Binary con ver sion U U U U

FLT2INT
FLT2DINT

Real num ber R 16-bit/32-bit signed binary data

U

FLT2UINT
FLT2UDINT

Real num ber R 16-bit/32-bit unsigned binary data

INT2UINT
INT2UDINT

16-bit signed binary data R
16-bit/32-bit unsigned binary data

INT2DINT
16-bit signed binary data R
32-bit signed binary data

UINT2INT
UINT2DINT

16-bit unsigned binary data R
16-bit/32-bit signed binary data

UINT2UDINT
16-bit unsigned binary data R
32-bit unsigned binary data

DINT2INT
32-bit signed binary data R
16-bit signed binary data

DINT2UINT

DINT2UDINT

32-bit signed binary data R
16-bit/32-bit unsigned binary data

UDINT2INT

UDINT2DINT

32-bit unsigned binary data R
16-bit/32-bit signed binary data

UDINT2UINT
32-bit unsigned binary data R
16-bit unsigned binary data
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Cat e gory Instruc-
tion Func tion

Con trol ler

FX3G

FX3GC

FX3GE

FX3S
FX3U

FX3UC

FX5U

FX5UC

Instruc tions for
exten sion file
reg is ters

LOADR Read data from exten sion file reg is ters U U

SAVER Write data to exten sion file reg is ters U

INITR Initial ise exten sion reg is ters and exten sion file
reg is ters

U

LOGR Read val ues from devices in exten sion
reg is ters and exten sion file reg is ters

U

RWER Write data from exten sion reg is ters to
exten sion file reg is ters

U U

INITER Initial ise exten sion file reg is ters U

Insructions for
a CF mem ory
card mounted in
a spe cial adapter  
FX3U-CF-ADP

FLCRT Cre ate/check file

U

FLDEL Delete file/CF card for mat

FLWR Write data to CF card

FLRD Read data from CF card

FLCMD FX3U-CF-ADP com mand

FLSTRD FX3U-CF-ADP sta tus read

Instruc tions for
the build-in
Ethernet port

SP.SOCO PEN Open ing a con nec tion

U

SP.SOC CLOSE Clos ing a con nec tion

SP.SOCRCV
Read ing data received by socket com mu ni ca tion

S.SOCRDATA

SP.SOCSND Send ing data through socket com mu ni ca tion

SP.SOC CINF
Read ing con nec tion infor ma tion of socket
com mu ni ca tion



5.1.1 En ter ing ap plied in struc tions

Pro gram ming applied instruc tions in GX Works2 FX is sim ple. Just posi tion the cur sor in the
place in the pro gram line where you want to insert the instruc tion and type the abbre vi a tions for 
the instruc tion and its oper and(s). GX Work2 will auto mat i cally reg is ter that you are enter ing
an instruc tion and will open the input dia log (see below). Alter na tively, you can also posi tion the 
cur sor and then click on the insert instruc tion tool in the toolbar   . 

Then enter the abbre vi a tions for the instruc tion and its oper and(s) in the input field, sep a rat ing
them by spaces.

All num bers must be pre ceded by a let ter char ac ter, which either iden ti fies the device type or –
in the case of con stants – spec i fies the num ber for mat. The let ter “K” iden ti fies dec i mal con -
stants and “H” iden ti fies hex a dec i mal constants.

The Help but ton opens a dia log in which you can search for a suit able instruc tion for the func -
tion you want to per form. The help also con tains infor ma tion on how the func tions work and the
type and num ber of devices that they take as operands.

If you are pro gram ming in Instruc tion List for mat enter the instruc tion and its oper and(s) in a sin -
gle line, sep a rated by spaces.
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Then you just click on OK to insert the
applied instruc tion into the pro gram.

In the exam ple on the left a MOV instruc tion is
used to write the value 5 to data regis ter D12.

You can also select the instruc tion from the
drop-down list, which you can dis play by
click ing on the "D" icon.



5.2 In struc tions for Mov ing Data

The PLC uses data reg is ters for stor ing mea sure ments, out put val ues, inter me di ate results of
oper a tions and table val ues. The con trol ler’s math instruc tions can read their operands directly 
from the data reg is ters and can also write their results back to the reg is ters if you want. How -
ever, these instruc tions are also sup ported by addi tional “move" instruc tions, with which you
can copy data from one reg is ter to another and write con stant values to data registers.

5.2.1 Mov ing in di vid ual val ues with the MOV in struc tion

The MOV instruc tion “moves” data from the spec i fied source to the spec i fied des ti na tion.

NOTE Note that despite its name this is actu ally a copy pro cess – it does not delete the data from
the source loca tion.

A Data source (this can also be a con stant)

B Data des ti na tion

In the exam ple the value in data reg is ter D10 will be cop ied to reg is ter D200 when input X1 is on.
This results in the fol low ing sig nal sequence:

Pul se-trig ge red exe cu ti on of the MOV in struc ti on

In some appli ca tions it is better if the value is writ ten to the des ti na tion in one pro gram cycle
only. For exam ple, you will want to do this if other instruc tions in the pro gram also write to the
same des ti na tion or if the move oper a tion must be per formed at a defined time. 

If you add a “P” to the MOV instruc tion (MOVP) it will only be exe cuted once, on the ris ing edge
of the sig nal pulse gen er ated by the input con di tion. 
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The con tents of the data source will be copied to 
the data des ti na tion as long as the input con di -
tion eva lua tes true. The copy ope ra tion does not 
change the con tents of the data source.

When the input con di tion is no lon ger
true the instruc tion will no lon ger change 
the con tents of the data des ti na tion.

Lad der Dia gram Instruc tion List

0 MOV D10 D200
1 2 1 2



In the exam ple below the con tents of D20 are writ ten to data reg is ter D387 when the state of
M110 changes from “0" to ”1".  

After this sin gle oper a tion has been per formed copy ing to reg is ter D387 stops, even if the
M110 remains set. The sig nal sequence illus trates this:

Mo ving 32-bit data

To move 32-bit data just pre fix a D to the MOV instruc tion (DMOV):

When input X010 is on the cur rent value of 32-bit coun ter C200 is writ ten to data reg is ters D40
and D41. D40 con tains the least sig nif i cant bits.

As you might expect, there is also a pulse-trig gered ver sion of the 32-bit DMOV instruc tion:

When relay M10 is set the con tents of reg is ters D10 and D11 are writ ten to reg is ters D610 and D611.
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Lad der Dia gram Instruc tion List

0 LD X010
1 DMOV C200 D40

Lad der Dia gram Instruc tion List

0 LD M10
1 DMOVP D10 D610

The con tents of the data source are only copied to the des ti na -
tion on the rising pulse of the input con di tion. 

Lad der Dia gram Instruc tion List

0 LD M110
1 MOVP D20 D387



5.2.2 Mov ing groups of bit de vices

The pre vi ous sec tion showed how you can use the MOV instruc tion to write con stants or the
con tents of data reg is ters to other data reg is ters. Con sec u tive sequences of relays and other
bit devices can also be used to store numer i cal val ues, and you can copy them as groups with
applied instruc tions. To do this you pre fix ing a “K” fac tor to the address of the first bit device,
spec i fy ing the num ber of devices you want to copy with the operation.

Bit devices are counted in groups of 4, so the K fac tor spec i fies the num ber of these groups of
4. K1 = 4 devices, K2 = 8 devices, K3 = 12 devices and so on.

For exam ple, K2M0 spec i fies the 8 relays from M0 through M7. The sup ported range is K1 (4 devices)
to K8 (32 devices).

Exam ples for address ing groups of bit devices:

– K1X0: 4 inputs, start at X0 (X0 to X3)

– K2X4: 8 inputs, start at X4 (X4 to X13, octal nota tion)

– K4M16: 16 relays, start at 16 (M16 to M31)

– K3Y0: 12 out puts, start at Y0 (Y0 to Y13, octal nota tion)

– K8M0: 32 relays, start at M0 (M0 to M31)

Address ing mul ti ple bit devices with a sin gle instruc tion makes pro gram ming quicker and pro -
duces more com pact pro grams. The fol low ing two exam ples both trans fer the sig nal states of
relays M0 – M3 to out puts Y10 – Y13:

If the des ti na tion range is smaller than the source range the excess bits are sim ply ignored
(see the fol low ing illus tra tion, top exam ple). If the des ti na tion is larger than the source “0” is
writ ten to the excess devices. Note that when this hap pens the result is always pos i tive
because bit 15 is inter preted as the sign bit (lower exam ple in the fol low ing illustration).

FX Beginners Manual 5 – 13

More Ad van ced Pro gram ming In struc tions for Mov ing Data

These relays will not be changed

Sign bit (0: positive, 1: negative)

Sign bit (0: positive, 1: negative)

MOV D0 K2 M0

MOV K2 M0 D1

Bit 0Bit 15

Bit 0Bit 15



5.2.3 Mov ing blocks of data with the BMOV in struc tion

The MOV instruc tion described in sec tion 5.2.1 can only write sin gle 16 or 32 bit val ues to a des ti -
na tion. If you want, you can pro gram mul ti ple sequences of MOV instruc tions to move con tig u -
ous blocks of data. How ever, it is more effi cient to use the BMOV (Block MOVe) instruc tion, which 
is pro vided spe cif i cally for this pur pose.

A Data source (16-bit de vice, first de vice in source range)

B Data des ti na tion (16-bit de vice, first de vice in des ti na tion range)

C Num ber of el e ments to be moved (max. 512)

The exam ple above works as fol lows:

BMOV also has a pulse-trig gered ver sion, BMOVP (see sec tion 5.1.2 for details on pulse-trig -
gered exe cu tion).

Blocks of bit devices: When you move blocks of bit devices with BMOV the K fac tors of the data
source and the data des ti na tion must always be iden ti cal.

Example
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Lad der Dia gram Instruc tion List

0 BMOV D10 D200 K5

1 2 1 23 3

This copies 2 blocks with 4 bit devi ces each.

5 data regis ters 

D 10    1234                       1234     D 200

D 14    4321                       4321     D 204

D 11    5678                       5678     D 201
D 12    -156                        -156      D 202
D 13    8765                      8765      D 202

BMOV    D10    D200     K5



5.2.4 Copy ing source de vices to mul ti ple des ti na tions (FMOV)

The FMOV (Fill MOVe) instruc tion cop ies the con tents of a word or dou ble word device or a con -
stant to mul ti ple con sec u tive word or dou ble word devices. It is gen er ally used to delete data
tables and to set data reg is tered to a pre de fined start ing value.

A Data to be writ ten to the tar get de vices (con stants can also be used here)

B Data des ti na tion (first de vice of the des ti na tion range)

C Num ber of el e ments to be writ ten in the des ti na tion range (max. 512)

The fol low ing exam ple writes the value “0” to 7 ele ments:

Here too, FMOV has a pulse-trig gered ver sion, FMOVP (see sec tion 5.1.2 for details on
pulse-trig gered exe cu tion).

You can also trans fer 32-bit data by pre fix ing the instruc tion with “D” (DFMOV and DFMOVP).
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Lad der Dia gram Instruc tion List

0 FMOV D4 D250 K20

1 2 1 23 3

7 data words

0                         0        D 10

0        D 14

0        D 11

0        D 15
0        D 16

0        D 12
0        D 13

FMOV   K0   D10   K7



5.2.5 Exchanging data with spe cial func tion mod ules

You can add expansion mod ules to increase the num ber of inputs and out puts avail able to all
base units of the MELSEC FX series except the FX3S mod els. In addi tion to this you can also
sup ple ment the con trol ler’s func tions by add ing so-called “spe cial func tion mod ules” – for
exam ple for read ing ana log sig nals for cur rents and volt ages, for con trol ling tem per a tures and
for com mu ni cat ing with exter nal equip ment.

The dig i tal I/O expan sion mod ules do not require spe cial instruc tions; the addi tional inputs and 
out puts are han dled in exactly the same way as those in the base unit. Com mu ni ca tion
between the base unit and spe cial func tion mod ules is per formed with two spe cial applied
instruc tions: the FROM and TO instructions.

Each spe cial func tion mod ule has a mem ory range assigned as a buffer for tem po rary stor age
of data, such as ana log mea sure ment val ues or received data. The base unit can access this
buffer and both read the stored val ues from it and write new val ues to it, which the mod ule can
then pro cess (set tings for the mod ule’s func tions, data for trans mis sion etc).

The fol low ing infor ma tion is required when you use the FROM and TO instruc tions:

– The spe cial function module to be read from or writ ten to

– The address of the first buf fer memory cell to be read from or writ ten to

– The num ber of buf fer memory cells to be read from or writ ten to

– The loca tion in the base unit where the data from the module is to be sto red or con tai ning
the data to be writ ten to the module
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Base unit Special function module

Buffer memoryDevice memory

TO

FROM

The buffer mem ory can have up to 32,767 indi -
vid ual address able mem ory cells, each of
which can store 16 bits of data. The func tions of 
the buffer mem ory cells depends on the indi -
vid ual spe cial func tion mod ule – see the mod -
ule’s doc u men ta tion for details. 

Buffer memory address 0

Buffer memory address 1

Buffer memory address 2

Buffer memory address n-1

Buffer memory address n-1

:

:



Special function module address

Since you can attach multiple special function modules to a single controller each module
needs to have a unique identifier so that you can address it to transfer data to and from it. Each
module is automatically assigned a numerical ID in the range from 0 to 7 (1 to 16 for
FX5U/FX5UC). The numbers are assigned consecutively, in the order in which the special func-
tion modules are connected to the PLC.

Starting address in the buffer memory

Every single one of the 32,767 buffer addresses can be addressed directly in decimal notation
in the range from 0 to 32,767 (FX5U/FX5UC: 0 to 65,535). When you access 32-bit data you
need to know that the memory cell with the lower address stores the less significant 16 bits and
the cell with the higher address stores the more significant bits.

This means that the starting address for 32-bit data is always the address containing the less
significant 16 bits of the double word.

Number of data units to be transferred

The quantity of data is defined by the number of data units to be transferred.When you execute
a FROM or TO instruction as a 16-bit instruction this parameter is the number of words to be
transferred. In the case of the 32-bit versions DFROM and DTO the parameter specifies the
number of double words to be transferred.
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Special function
module 1

Module 2

Less significant 16 bitsMore significant 16 bits

Buffer address n+1 Buffer address n

32-bit data

D100

D101

D102

D103

D104

Adr. 5

Adr. 6

Adr. 7

Adr. 8

Adr. 9

D100

D101

D102

D103

D104

Adr. 5

Adr. 6

Adr. 7

Adr. 8

Adr. 9

16-bit instruction
Units of data: 5

32-bit instruction
Units of data: 2



The value you can enter for the num ber of data units depends on the PLC model you are using
and whether you are using the 16-bit or 32-bit ver sion of the FROM instruc tion:

Data des ti na ti on or sour ce in the base unit

In most cases you will read data from reg is ters and write it to a spe cial func tion mod ule, or copy 
data from the mod ule’s buffer to data reg is ters in the base unit. How ever, you can also use out -
puts, relays and the cur rent val ues of tim ers and coun ters as data sources and des ti na tions.

Pul se-trig ge red exe cu ti on of the in struc tions

If you add a P suf fix to the instruc tions the data trans fer is ini ti ated by pulse trig ger (for details
see the descrip tion of the MOV instruc tion in sec tion 5.2.1). 

How to use the FROM in struc ti on 

The FROM instruc tion is used to trans fer data from the buffer of a spe cial func tion mod ule to
the con trol ler base unit. Note that this is a copy oper a tion – the con tents of the data in the mod -
ule buffer are not changed.

A Spe cial func tion mod ule ad dress (0 to 7)

B Start ing ad dress in buffer (FX3G, FX3GC, FX3GE, FX3U and FX3UC: 0 to 32,766, FX5U and
FX5UC: 0 to 65,535). You can use a con stant or a data reg is ter con tain ing the value.

C Data des ti na tion in the con trol ler base unit

D Num ber of data units to be trans fer red

The exam ple above uses FROM to trans fer data from an FX3U-4AD ana log/dig i tal con verter
mod ule with the address 0. The instruc tion reads the cur rent value of chan nel 1 from buffer
address 10 and writes it to data reg is ter D0.

The next exam ple shows how the 32-bit ver sion of the instruc tion is used to read data from
address 2 in the spe cial func tion mod ule. The instruc tion reads 4 dou ble words start ing at
buffer address 8 and writes them to data reg is ters D8 to D15.

The next exam ple illus trates the use of the pulse trig gered ver sion, FROMP. Here the con tents
of the four buffer addresses 0 – 3 are only trans ferred to data reg is ters D10 – D13 when the sig -
nal state of the input con di tion changes from “0” to “1”.

5 – 18 MITSUBISHI ELECTRIC

In struc tions for Mov ing Data More Ad van ced Pro gram ming

PLC Mo del
Va lid ran ge for no. of data units to be trans fer red

16-Bit In struc ti on (FROM, TO) 32-Bit In struc ti on (DFROM, DTO)

FX3G, FX3GC, FX3GE, FX3U, FX3UC 1 to 32767 1 to 16383

FX5U, FX5UC 1 to 65535 1 to 32767

Lad der Dia gram Instruc tion List

0 FROM K0 K10 D0 K1

2 3 1 24 31 4



How to use the TO in struc ti on 

The TO instruc tion trans fers data from the con trol ler base unit to the buffer of a spe cial func tion
mod ule. Note that this is a copy oper a tion, it does not change the data in the source loca tion.

A Spe cial func tion mod ule ad dress (0 to 7)

B Start ing ad dress in buffer (FX3G, FX3GC, FX3GE, FX3U and FX3UC: 0 to 32,766, FX5U and
FX5UC: 0 to 65,535). You can use a con stant or a data reg is ter con tain ing the value.

C Data source in the con trol ler base unit

D Num ber of data units to be trans fer red

In the exam ple above the con tents of data reg is ter D0 is cop ied to the buffer address 1 of spe -
cial func tion mod ule num ber 0.

5.3 Com pare In struc tions

Check ing the sta tus of bit devices like inputs and relays can be achieved with basic logic
instruc tions because these devices can only have two states, “0” and “1”.  How ever, you will
also often want to check the con tents of word devices before doing some thing – for exam ple
switch ing on a cool ing fan when a spec i fied setpoint tem per a ture is exceeded. The con trol lers
of the MELSEC FX fam ily pro vide a num ber of dif fer ent ways to compare data.

5.3.1 The CMP in struc tion

CMP com pares two numer i cal val ues, which can be con stants or the con tents of data reg is -
ters. You can also com pare the cur rent val ues of tim ers and coun ters. Depend ing on the result
of the com par i son (greater than, less than or equal) one of three bit devices is set. 

A In put con di tion

B First value to be com pared

C Sec ond value to be com pared

D First of three con se cu ti ve re lays or out puts, which are set (sig nal sta tus “1”) de pen ding on
the re sult of the com pa ri son:

Device 1: ON if Value 1 > Value 2
Device 2: ON if Value 1 = Value 2
Device 3: ON if Value 1 < Value 2
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Lad der Dia gram Instruc tion List

0 TO K0 K1 D0 K1
2 3 1 24 31 4

Lad der Dia gram Instruc tion List

0 LD ....
1 CMP D0 K100 M0

2 3 4 2 3 41

1



In this exam ple the CMP instruc tion con trols relays M0, M1 and M2. M0 is “1” if the con tents of
D0 is greater than 100; M1 is “1” if the con tents of D0 is pre cisely 100 and M2 is “1” if D0 is less
than 100. The state of the three bit devices is main tained even after the input con di tion has
been switched off because their last state is stored.

To com pare 32-bit data you just use DCMP instead of CMP:

In the exam ple above the con tents of D0 and D1 are com pared with the con tents of D2 and D3.
The han dling of the three bit devices indi cat ing the result of the com par i son is exactly the same 
as for the 16-bit ver sion of the instruc tion.

Ap pli ca ti on ex am ple

It is easy to cre ate a two-point con trol loop with the CMP instruc tion:

In this exam ple the CMP instruc tion is exe cuted cycli cally. M8000 is always “1” when the PLC is 
exe cut ing the pro gram. Reg is ter D20 con tains the value for the cur rent room tem per a ture.
Con stant K22 con tains the setpoint value of 22 °C. Relays M20 and M22 show when the tem -
per a ture goes higher or lower than the setpoint. If the room is too warm out put Y0 is switched
off. If the tem per a ture is too low M22 switches out put Y0 on again. This out put could be used to
con trol a pump for add ing hot water, for example.
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Lad der Dia gram Instruc tion List

0 LD ....
1 DCMP D0 D2 M0

Lad der Dia gram Instruc tion List

0 LD M8000
1 CMP D20 K22 M20
8 LD M20
9 RST Y000
10 LD M22
11 SET Y0001



5.3.2 Com par i sons within logic op er a tions

In the CMP instruc tion described in the last sec tion the result of the com par i son is stored in
three bit devices. Often, how ever, you only want to exe cute an out put instruc tion or a logic oper -
a tion on the basis of the result of a com par i son, and you gen er ally won’t want to have to use
three bit devices for this. You can achieve this with the “load com pare” instruc tions and the AND 
and OR bitwise logic comparisons.

Com pa ri son at the be gin ning of a lo gic ope ra ti on

A Com pare con di tion

B First com pare value

C Sec ond com pare value

If the con di tion eval u ates true the sig nal state after the com par i son is set to “1”. A sig nal state of 
“0” shows that the com par i son eval u ated as false. The fol low ing com par i sons are possible:

– Com pare for "equals": = (value 1 = value 2)

The out put of the in struc ti on is only set to "1" if the va lu es of both de vi ces are iden ti cal.

– Com pare for "grea ter than": > (value 1 > value 2)

The out put of the in struc ti on is only set to "1" if the first va lue is grea ter than the se cond va lue.

– Com pare for "less than": < (value 1 < value 2)

The out put of the in struc ti on is only set to "1" if the first va lue is smal ler than the se cond va lue.

– Com pare for "not equal": <> (value 1 <> value 2)

The out put of the in struc ti on is only set to "1" if the two va lu es are not equal.

– Com pare for "less than or equal to":       <= (value 1 m value 2)

The out put of the in struc ti on is only set to "1" if the first va lue is less than or equal to the se -
cond va lue.

– Com pare for "grea ter than or equal to":   >= (value 1 M value 2)

The out put of the in struc ti on is only set to "1" if the first va lue is grea ter than or equal to the
se cond va lue.

To com pare 32-bit data pre fix a D (for dou ble word) to the com pare con di tion:
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Lad der Dia gram Instruc tion List

0 LD>= D40 D50

2 3 1 2 31

Lad der Dia gram Instruc tion List

0 LDD> D10 D250

       This "D" spe ci fies 32-bit data



The exam ple above checks whether the con tents of data reg is ters D10 and D11 are greater
than the con tents of reg is ters D250 and D251.

More exam ples:

Relay M12 is set to "1" when the value of coun ter C0 is equal to or greater than the con tents of D20.

Out put Y003 is switched on when the con tents of D10 is greater than -2,500 and timer T52 has
fin ished run ning.

Relay M53 is set to "1" if either the value of coun ter C200 is less than 182,547 or relay M110 is
set to "1".

Com pa re as a lo gi cal AND ope ra ti on

A Com pare con di tion

B First com par i son value

C Sec ond com par i son value

An AND com par i son can be used just like a nor mal AND instruc tion (see chap ter 3).

The com par i son options are the same as those described above for a com par i son at the begin -
ning of an oper a tion. Here too, you can also com pare 32-bit val ues with an AND oper a tion:
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Lad der Dia gram Instruc tion List

0 LD>= C0 D20
5 OUT M12

Lad der Dia gram Instruc tion List

0 LD> D10 K-2500
5 AND T52
6 OUT Y003

Lad der Dia gram Instruc tion List

0 LDD< C200 K182547
9 OR M110
10 OUT M53

Lad der Dia gram Instruc tion List

0 LD ...
1 AND<= D40 D50

2 3 1 2 31

Lad der Dia gram Instruc tion List

0 ANDD= D30 D400

       This "D" spe ci fies 32-bit data



Com pa re as a lo gi cal OR ope ra ti on

A Com pare con di tion

B First com par i son value

C Sec ond com par i son value

An OR com par i son can be used just like a nor mal OR instruc tion (see chap ter 3).

The com par i son options are the same as those described above for a com par i son at the begin -
ning of an oper a tion. Here too, you can also com pare 32-bit val ues with an OR oper a tion:
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2 3

1 2 3

1

0 LD ...
1 OR>= C20 K200

Lad der Dia gram Instruc tion List

0 LD ...
1 ORD= C200 D10

       This "D" spe ci fies 32-bit data



5.4 Math In struc tions

All the con trol lers of the MELSEC FX fam ily can per form all four basic arith met i cal oper a tions
and can add, sub tract, mul ti ply and divide inte ger num bers (i.e. non-float ing-point num bers).
These instruc tions are described in this section.

The con trol ler base units can also pro cess float ing-point num bers. This is done with spe cial
instruc tions that are doc u mented in detail in the Pro gram ming Man ual of the MELSEC FX
series or the iQ-F series.

After every addi tion or sub trac tion you should always pro gram instruc tions to check the states
of the spe cial relays listed below to see whether the result is 0 or has exceeded the per mit ted
value range.

P M8020

This spe ci al re lay is set to "1" if the re sult of an ad di ti on or sub trac ti on is 0.

P M8021

Spe ci al re lay M8021 is set to "1" if the re sult of an ad di ti on or sub trac ti on is smal ler than
-32,767 (16-bit ope ra tions) or -2,147,483,648 (32-bit ope ra tions).

P M8022

Spe ci al re lay M8022 is set to "1" if the re sult of an ad di ti on or sub trac ti on is grea ter than
+32,767 (16-bit ope ra tions) or +2,147,483,647 (32-bit ope ra tions).

These spe cial relays can be used as enable flags for con tin u ing with addi tional math oper a -
tions. In the fol low ing exam ple the result of the sub trac tion oper a tion in D2 is used as a divi sor.
Since divid ing by 0 is impos si ble and causes an error the divi sion is only exe cuted if the divisor
is not 0.
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Lad der Dia gram Instruc tion List

0 LD M8000
1 SUB D0 D1 D2
8 LDI M8020
9 DIV D3 D2 D5



5.4.1 Ad di tion

The ADD instruc tion cal cu lates the sum of two 16-bit or 32-bit val ues and writes the result to
another device.

A First source de vice or con stant

B Sec ond source de vice or con stant

C De vice in which the re sult of the ad di tion is stored

The exam ple above adds the con tents of D0 and D1 and writes the result to D2.

Ex am ples

Add 1,000 to the con tents of data reg is ter D100:

The signs of the val ues are taken into account by the ADD instruc tion:

You can also add 32-bit val ues by pre fix ing a "D" to the ADD instruc tion (DADD):

If you want you can also write the result to one of the source devices. How ever, if you do this
remem ber that the result will then change in every pro gram cycle if the ADD instruc tion is exe -
cuted cycli cally!

The ADD instruc tion can also be exe cuted in pulse-trig gered mode. Then it is only exe cuted
when the sig nal state of the input con di tion changes from "0" to "1". To use this mode just add
a "P" suf fix to the ADD instruc tions (ADDP, DADDP).

In the fol low ing exam ple the con stant value 27 is only added to the con tents of D47 once, in the
pro gram cycle in which the sig nal state of relay M47 changes from "0" to "1":
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Lad der Dia gram Instruc tion List

0 ADD D0 D1 D2

1 2 1 23 3

Lad der Dia gram Instruc tion List

0 LD M47
1 ADDP D47 K27 D51



5.4.2 Sub trac tion

The SUB instruc tion cal cu lates the dif fer ence between two numer i cal val ues (con tents of
16-bit or 32-bit devices or con stants). The result of the sub trac tion is writ ten to a third device.

A Min u end (the sub tra hend is sub tracted from this value)

B Sub tra hend (this value is sub tracted from the min u end)

C Dif fer ence (re sult of the sub trac tion)

In the exam ple above the con tents of D1 is sub tracted from the con tents of D0 and the dif fer -
ence is writ ten to D2.

Ex am ples

Sub tract 100 from the con tents of data reg is ter D11 and write the result to D101:

The signs of the val ues are taken into account by the SUB instruc tion:

You can also sub tract 32-bit val ues by pre fix ing a “D” to the SUB instruc tion (DSUB):

If you want you can also write the result to one of the source devices. How ever, if you do this
remem ber that the result will then change in every pro gram cycle if the SUB instruc tion is exe -
cuted cycli cally!

The SUB instruc tion can also be exe cuted in pulse-trig gered mode. Then it is only exe cuted
when the sig nal state of the input con di tion changes from "0" to "1". To use this mode just add
a "P" suf fix to the SUB instruc tions (SUBP, DSUBP).

In the fol low ing exam ple the con tents of D394 is only sub tracted from con tents of D50 once, in
the pro gram cycle in which the sig nal state of relay M50 changes from "0" to "1":
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Lad der Dia gram Instruc tion List

0 SUB D0 D1 D2

1 2 1 23 3

Lad der Dia gram Instruc tion List

0 LD M50
1 SUBP D50 D394 D51



5.4.3 Mul ti pli ca tion

The FX con trol lers’ MUL instruc tion mul ti plies two 16-bit or 32-bit val ues and writes the result
to a third device.

A Mul ti pli cand

B Mul ti plier

C Prod uct (Mul ti pli cand x Mul ti plier = Prod uct)

The exam ple above multiplies the con tents of D0 and D1 and writes the result to D2.

NOTE When you mul ti ply two 16-bit val ues the result can quite eas ily exceed the range that can be
dis played with 16 bits. Because of this the prod uct of mul ti pli ca tions is always writ ten to two
con sec u tive 16-bit devices (i.e. a 32-bit dou ble word).

When you mul ti ply two 32-bit val ues the prod uct is writ ten to four con sec u tive 16-bit devices
(64 bits, two dou ble words).

Always take the size of these device ranges into account when you are pro gram ming and
take care not to cre ate range over laps by using the devices in the ranges to which the prod -
ucts are writ ten!

Ex am ples

Mul ti ply the con tents of D0 and D1 and store the prod uct in D3 and D2:

The signs of the val ues are taken into account by the MUL instruc tion. In this exam ple the value 
in D10 is mul ti plied by the con stant value -5:

You can also mul ti ply 32-bit val ues by pre fix ing a "D" to the MUL instruc tion (DMUL):

The MUL instruc tion can also be exe cuted in pulse-trig gered mode by add ing a "P" suf fix to the
MUL instruc tions (MULP, DMULP). The fol low ing mul ti pli ca tion is only exe cuted when input
X24 switches from "0" to "1":
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Lad der Dia gram Instruc tion List

0 MUL D0 D1 D2

1 2 1 23 3

Lad der Dia gram Instruc tion List

0 LD X24
1 MULP D25 D300 D26



5.4.4 Di vi sion

The MELSEC FX fam ily’s DIV instruc tion divides one num ber by another (con tents of two
16-bit or 32-bit devices or con stants). This is an inte ger oper a tion and can not pro cess float -
ing-point val ues. The result is always an inte ger and the remain der is stored separately.

A Div i dend

B Di vi sor

C Quo tient (re sult of the di vi sion, div i dend ¸ di vi sor = quo tient)

NOTES The divi sor should never be 0. Divi sion by 0 is not pos si ble and will gen er ate an error.

When two 16-bit val ues are divided the quo tient is writ ten to one 16-bit device and the
remain der is writ ten to the next device. This means that the result of a divi sion always
requires two con sec u tive 16-bit devices (= 32 bits).

When you divide two 32-bit val ues the quo tient is writ ten to two 16-bit devices and the
remain der is writ ten to the next two 16-bit devices. This means that four con sec u tive 16-bit
devices are always required for the result of a 32-bit divi sion.

Always take the size of these device ranges into account when you are pro gram ming and
take care not to cre ate range over laps by using the devices in the ranges to which the results
of the cal cu la tions are writ ten!

Ex am ples

Divide the con tents of D0 by the con tents of D1 and write the result to D2 and D3:

The signs of the val ues are taken into account by the DIV instruc tion. In this exam ple the coun -
ter value of C0 is divided by the value in D10:
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Lad der Dia gram Instruc tion List

0 DIV D0 D1 D2

1 2 1 23 3

Quo tient (6 x 6 = 36)

Remain der (40 - 36 = 4)

Quo tient

Remain der



Divi sion with 32-bit val ues:

Add ing a “P” suf fix to the DIV instruc tions exe cutes the instruc tions in pulse-trig gered mode
(DIV -> DIVP, DDIVPL -> DMULP). In the fol low ing exam ple the coun ter value of C12 is only
divided by 4 in the pro gram cycle in which input X30 is switched on:

5.4.5 Com bin ing math in struc tions

In real life one cal cu la tion is sel dom all you want to per form. The FX con trol lers allow you to
com bine math instruc tions to solve more com plex cal cu la tions. Depend ing on the nature of the 
cal cu la tion you may have to use addi tional devices to store inter me di ate results.

The fol low ing exam ple shows how you could cal cu late the sum of the val ues in data reg is ters
D101, D102 and D103 and then mul ti ply the result by the fac tor 4:

– First the con tents of D101 and D102 are added and the result is sto red in D200.

– If (and only if) the sum of D101 and D102 does not exceed the per mit ted range it is then
added to the value in D103.

– If the sum of D101 through D103 does not exceed the per mit ted range it is mul ti plied by the
fac tor 4 and the result is writ ten to D104 and D105.
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Quo tient

Remain der

Lad der Dia gram Instruc tion List

0 LD X30
1 DIVP C12 K4 D12

Lad der Dia gram Instruc tion List

0 LD M101
1 ADD D101 D102 D200
8 MPS
9 ANI M8022
10 ADD D200 D103 D200
17 MPP
18 ANI M8021
19 ANI M8022
20 MUL D200 K4 D104
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6 Ex pan si on Op tions

6.1 In tro duc ti on

You can expand the base units of the MELSEC FX series with expan sion mod ules and spe cial
func tion mod ules. 

These mod ules are divided into three cat e go ries:

P Modu les that that occupy digi tal inputs and out puts (instal led on the right of the con trol ler).
These include the com pact and modu lar digi tal expan sion and spe cial function modules.

P Modu les that do not occupy any digi tal inputs and out puts (instal led on the left side of the
con trol ler).

P Inter face and com mu ni ca tions adap ters that do not occupy any digi tal inputs and out puts
(instal led directly in the con trol ler unit).

6.2 Avai la ble Mo du les

6.2.1 Mo du les for ad ding more di gi tal in puts and out puts

Except for the FX3S series, a vari ety of dif fer ent mod u lar and com pact expan sion mod ules are
avail able for add ing I/Os to a MELSEC base unit. In addi tion to this, dig i tal I/Os can also be
added to the con trol lers of the FX3G, FX3GE and FX3S series with spe cial expan sion adapt ers
that are installed directly in the con trol ler itself. These adapt ers are a par tic u larly good choice
when you only need a few addi tional I/Os and/or do not have enough space to install expan sion 
mod ules on the side of the con trol ler.

The "mod u lar" expan sion units only con tain the dig i tal inputs and out puts, they do not have
their own power sup plies. The "com pact" expan sion units have a larger num ber of I/Os and an
inte grated power sup ply unit for the sys tem bus and the dig i tal inputs. 

The avail able base units and expan sion units can be mixed and matched in a huge vari ety of
dif fer ent com bi na tions, mak ing it pos si ble to con fig ure your con trol ler sys tem very pre cisely to
the needs of your appli ca tion.

6.2.2 Ana log I/O mo du les

Ana log I/O mod ules con vert ana log input sig nals to dig i tal val ues or dig i tal val ues to ana log
out put sig nals.

A num ber of mod ules are avail able for cur rent/volt age sig nals and for tem per a ture mon i tor ing
with direct con nec tions for Pt100 resis tance ther mom e ters or thermocouples.

The base units of the FX3GE and FX5U series can input two ana log sig nals and out put one ana -
log sig nal (FX3GE: 0–10 V or 4–20 mA in each case, FX5U: 0–10 V in each case) with out addi -
tional mod ules.

The base units FX3S-30Mm/Em-2AD offer two build in ana log inputs (0–10 V).

See Chap ter 7 for an intro duc tion to ana log sig nal pro cess ing.
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6.2.3 Com mu ni ca tions mo du les

Mitsubishi Elec tric pro duces a range of inter face mod ules and adapt ers with serial ports
(RS-232, RS-422 and RS-485) for con nect ing periph er als or other con trol lers.

A num ber of spe cial com mu ni ca tions mod ules are avail able for inte grat ing the MELSEC FX3

and FX5 con trol lers in a vari ety of dif fer ent net works.

Network inter face mod ules are cur rently avail able for Ethernet, Profibus DP, AS-inter face,
DeviceNet, CANopen, CC-Link and Mitsubishi’s own pro pri etary net works.

The base units of the FX3GE, FX5U, and FX5UC series are already equipped with an Ethernet
inter face.

6.2.4 Po si tio ning mo du les

You can com ple ment the inter nal high-speed coun ters of the MELSEC FX con trol lers with
addi tional exter nal hard ware high-speed coun ter mod ules, which you can use for con nect ing
devices like incre men tal rotary trans duc ers and posi tion ing mod ules for servo and step ping
drive sys tems.

You can pro gram pre cise posi tion ing appli ca tions with the MELSEC FX fam ily with the help of
posi tion ing mod ules for pulse train gen er a tion. These mod ules can be used to con trol both
step ping and servo drives.

6.2.5 HMI con trol and dis play pa nels

Mitsubishi Elec tric’s con trol and dis play pan els pro vide an effec tive and user-friendly
human-machine inter face (HMI) for work ing with the MELSEC FX series. HMI con trol units
make the func tions of the con trolled appli ca tion trans par ent and com pre hen si ble.

All the avail able units can mon i tor and edit all rel e vant PLC param e ters, such as actual and
setpoint val ues for times, coun ters, data reg is ters and sequen tial instruc tions.

HMI units are avail able with both text and graphics based dis plays. Fully-pro gram ma ble func -
tion keys and touch-sen si tive screens make them even eas ier to use. The units are pro -
grammed and con fig ured with a Win dows®-based PC run ning user-friendly soft ware.

The HMI units com mu ni cate with the FX PLCs via the pro gram ming inter face, and they are
con nected directly with their stan dard cable. No addi tional mod ules are required to con nect
the units to the PLCs.
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7 Pro ces sing Ana log Va lu es

7.1 Ana log Mo du les

When you auto mate pro cesses you will fre quently need to acquire or con trol ana log val ues
such as tem per a tures, pres sures and fill ing lev els. With the excep tion of the FX3GE*, the
FX5U*, and the base units FX3S-30Mm/Em-2AD*, with out addi tional mod ules the base units of
the MELSEC FX fam ily can only pro cess dig i tal input and out put sig nals (i.e. ON/OFF data).
Addi tional ana log mod ules are thus required for input ting and out put ting ana log sig nals.

Basi cally, there are two dif fer ent kinds of ana log mod ules:

P Ana log input mod ules and

P Ana log out put mod ules.

Ana log input mod ules can acquire cur rent, volt age and tem per a ture val ues. Ana log out put
mod ules send cur rent or volt age sig nals to the mod ule’s out puts. In addi tion to this there are
also com bi na tion mod ules, which can both acquire and out put analog signals.

* The base units of the FX3GE and FX5U series can input two ana log sig nals and out put one ana log sig nal (FX3GE:
0–10 V or 4–20 mA in each case, FX5U: 0–10 V in each case) with out addi tional mod ules. The base units
FX3S-30Mm/Em-2AD offer two build in ana log inputs (0–10 V).

An a log in put mod ules

Ana log input mod ules  con vert a mea sured ana log value (e.g. 10 V) into a dig i tal value (e.g.
4000) that can be pro cessed by the PLC. This con ver sion pro cess is known as ana log/dig i tal
con ver sion or A/D con ver sion for short.

Tem per a tures can be acquired directly by the ana log mod ules of the MELSEC FX fam ily but
other phys i cal val ues like pres sures or flow rates must first be con verted into cur rent or volt age
val ues before they can be con verted into dig i tal val ues for pro cess ing by the PLC. This con ver -
sion is per formed by sen sors that out put sig nals in stand ard ised ranges (for exam ple 0 to 10 V
or 4 to 20 mA). The mea sure ment of a cur rent sig nal has the advan tage that the value is not fal -
si fied by the length of the cables or contact resistances.

The fol low ing exam ple of ana log value acqui si tion shows a flow mea sure ment solu tion with a PLC
of the MELSEC FX3U series.
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Flow measurement device with
voltage or current output

Voltage or
current

Analog input
module

Di gi ta l value

Analog/Digital
conversion

Base unit of
FX3U series

e. g. 5 V
or 12 mA e. g. 2000

e. g. 50 l/s



An a log in put mod ules for tem per a ture ac qui si tion

Tem per a ture val ues can be acquired with two dif fer ent sen sor tech nol o gies: Pt100 resis tance
ther mom e ters and thermocouples.

P Pt100 resis tance ther mom e ters

These devices mea sure the resis tance of a plat i num ele ment, which increases with tem -
per a ture. At 0 °C the ele ment has a resis tance of 100 !C (thus the name Pt100). The resis -
tance sen sors are con nected in a three-wire con fig u ra tion, which helps to ensure that the
resis tance of the con nect ing cables does not influ ence the mea sure ment result.

The max i mum mea sure ment range of Pt100 resis tance ther mom e ters is from -200 °C to
+600 °C but in prac tice it also depends on the capa bil i ties of the tem per a ture acqui si tion
mod ule being used.

P Thermocouples

These tem per a ture mea sure ment devices take advan tage of the fact that a volt age is gen -
er ated when heat is applied to an ele ment made of two dif fer ent met als. This method thus
mea sures a tem per a ture with the help of a volt age sig nal.

There are dif fer ent kinds of thermocouples. They dif fer in their ther mal elec tro mo tive force
(ther mal e.m.f.) and the tem per a ture ranges they can mea sure. The mate rial com bi na tions 
used are stan dard ized and are iden ti fied by a type code. Types J and K are both com monly
used. Type J thermocouples use a com bi na tion of iron (Fe) and a cop per/nickel alloy
(CuNi), type K thermocouples use a NiCr and Ni com bi na tion. In addi tion to their basic con -
struc tion thermocouples also dif fer in the tem per a ture range they can mea sure.

Thermocouples can be used to mea sure tem per a tures from -200 °C to +1,200 °C.

Exam ple of tem per a ture mea sure ment:

An a log out put mod ules

Ana log out put mod ules con vert a dig i tal value from the PLC base unit into an ana log volt age or
cur rent sig nal that can be used to con trol an exter nal device (dig i tal/ana log con ver sion or D/A
conversion).

The ana log out put sig nals gen er ated by the MELSEC FX fam ily use the stan dard indus trial
ranges of 0–10 V and 4–20 mA.

The exam ple on the next page shows an ana log sig nal being used as a setpoint value for a fre -
quency inverter drive. In this appli ca tion the cur rent or volt age sig nal from the PLC adjusts the
speed of the motor con nected to the fre quency inverter.
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7.1.1 Criteria for selecting analog modules

A wide range of analog modules are available for the MELSEC FX family and you need to choose
the correct module for each automation task. The main criteria for selection are as follows:

� Compatibility with the PLC base unit

The analog module must be compatible the with PLC base unit you are using. For example,
you cannot connect the analog modules of the FX5 series to a base unit of the FX3U series.

� Resolution

The resolution describes the smallest physical value that can be acquired or output by the
analog module.

In the case of analog input modules the resolution is defined as the change in voltage, cur-
rent or temperature at the input that will increase or decrease the digital output value by 1.

In the case of analog output modules the resolution is the change in the voltage or current
value at the module output caused by increasing or decreasing the digital input value by 1.

The resolution is restricted by the internal design of the analog modules and depends on the
number of bits required to store the digital value. For example, if a 10V voltage is acquired
with a 12-bit A/D converter the voltage range is divided into 4,096 steps (212 = 4096, see sec-
tion 3.3). This results in a resolution of 10V/4096 = 2.5 mV.

� Number of analog inputs or outputs

The inputs or outputs of analog modules are also referred to as channels.You can choose ana-
log input modules with 2, 4 or 8 channels, depending on the number of channels you need.
Please note that there is a limit to the number of special function modules you can connect to
a PLC base unit (see section 7.1.2). If you know that you will need to install other special func-
tion modules it is thus better to use one module with four channels rather than two modules
with two channels each, because this allows you to connect more additional modules.
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7.1.2 Adapter boards, spe cial adapt ers and spe cial func tion modules

A num ber of dif fer ent types of ana log mod ules are avail able for the MELSEC FX fam ily.

Adapter Boards

Adapter boards are small cir cuit boards that are installed directly in the FX3G, FX3GE or FX3S

con trol lers, which means that they don’t take up any extra space in the switchgear cab i net.

Spe cial Adapter

Adapter mod ules can be con nected only to the left side of a basic unit of the MELSEC FX3G,
FX3GC, FX3GE, FX3S, FX3U, FX3UC, FX5U or FX5UC series.

Spe cial func tion mod ules

With the excep tion of the FX3S, up to eight (16 for FX5U/FX5UC) spe cial func tion mod ules can
be con nected on the right side of a sin gle base unit of the MELSEC FX fam ily.
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The ana log input adap ter enters the digi tal values of both
input chan nels directly into the spe cial regis ter. This
makes the furt her pro ces sing of the mea su red values
espe ci ally simple.
The out put value for the ana log out put adap ter is like wise
writ ten into a spe cial regis ter by the pro gram and then
con ver ted by the adap ter and outputted.

The instal la tion of one ana log adap ter module is pos si ble
in FX3G basic units with 14 or 24 inputs and out puts and
also to FX3GE or FX3S base units.
Up to two ana log adap ter modu les can be con nec ted to
FX3G basic units with 40 or 60 I/Os and FX3GC base units
and up to four to a FX3U, FX3UC, FX5U or FX5UC.
Spe cial adap ters do not use any input or out put points in
the base unit. They com mu ni cate directly with the base
unit via spe cial relays and regis ters. Because of this, no
instruc tions for com mu ni ca tion with spe cial function
modu les are nee ded in the pro gram (see below).

In addi tion to ana log modu les the avai la ble spe cial
function modu les include com mu ni ca tion modu les, posi -
tio ning modu les and other types. Each spe cial function
module occu pies eight input points and eight out put
points in the base unit. Com mu ni ca tion bet ween the spe -
cial function module and the PLC base unit is car ried out
via the memory buf fer of the spe cial function module with
the help of FROM and TO instruc tions (see sec tion 5.2.5).



7.2 List of Analog Modules

* The special function modules FX2N-8AD and FX5-8AD can acquire temperatures as well as currents and voltages.

FX Beginners Manual 7 – 5

Processing Analog Values List of Analog Modules

Modul Type Designation No. of
channels Range Resolution FX3G

FX3GE
FX3GC FX3S

FX3U
FX3UC

FX5U
FX5UC

Adapter
Board FX3G-2AD-BD 2

Voltage:
0 V to 10 V DC 2.5 mV (12 bit)

� � � � �
Current:
4 mA to 20 mA DC 8 µA (11 bit)

Special
Adapter

FX3U-4AD-ADP 4

Voltage:
0 V to 10 V DC 2.5 mV (12 bits)

� � � � �
Current:
4 mA to 20 mA DC 10 µA (11 bits)

FX5U-4AD-ADP

Voltage:
-10 V to 10 V DC 312.5 µV (14 bits)

� � � � �
Current:
-20 mA to 20 mA DC 1.25 µA (14 bits)

Special
Function
Modules

FX2N-2AD 2

Voltage:
0 V to 5 V DC
0 V to 10 V DC

2.5 mV (12 bits)
� � � � �

Current:
4 mA to 20 mA DC 4 µA (12 bits)

FX2N-8AD* 8

Voltage:
-10 V to 10 V DC

0.63 mV
(with sign, 15 bits)

� � � � �Current:
4 mA to 20 mA DC
-20 mA to 20 mA DC

2.50 µA
(with sign, 14 bits)

FX3U-4AD 4

Voltage:
-10 V to 10 V DC

0.32 mV
(with sign, 16 bits)

� � � � �Current:
4 mA to 20 mA DC
-20 mA to 20 mA DC

1.25 µA
(with sign, 15 bits)

FX5-4AD 4

Voltage:
-10 V to 10 V DC 312.5 µV

� � � � �
Current:
-20 mA to 20 mA DC 0.63 µA

FX5-8AD* 8

Voltage:
-10 V to 10 V DC 312.5 µV

� � � � �
Current:
-20 mA to 20 mA DC 0.63 µA

Adapter
Board FX3G-1DA-BD 1

Voltage:
0 V to 10 V DC 2,5 mV (12 bit)

� � � � �
Current:
4 mA to 20 mA DC 8 µA (11 bit)

Special
Adapter

FX3U-4DA-ADP 4

Voltage:
0 V to 10 V DC 2.5 mV (12 bits)

� � � � �
Current:
4 mA to 20 mA DC 4 µA (12 bits)

FX5U-4DA-ADP 4

Voltage:
-10 V to 10 V DC 312.5 µV (14 bits)

� � � � �
Current:
0 mA to 20 mA DC 1 µA (14 bits)

Special
Function
Modules

FX2N-2DA 2

Voltage:
0 V to 5 V DC
0 V to 10 V DC

2.5 mV (12 bits)
� � � � �

Current:
4 mA to 20 mA DC 4 µA (12 bits)

FX3U-4DA 4

Voltage:
-10 V to 10 V DC

0.32 mV
(with sign, 16 bits)

� � � � �Current:
0 mA to 20 mA DC
4 mA to 20 mA DC

0.63 µA (15 bits)

FX5-4DA 4

Voltage:
-10 V to 10 V DC 312.5 µV

� � � � �
Current:
0mA/4 mA to 20 mA DC 0.63 µA/0.50 µA
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* The special func tion mod ules FX2N-8AD and FX5-8AD are able to mea sure volt age, cur rent and tem per a ture.
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Modul Type Desig na tion  No. of
chan nels

Range Res o lu tion FX3G
FX3GE

FX3GC FX3S
FX3U
FX3UC

FX5U
FX5UC

Spe cial
Adapter FX3U-3A-ADP

2
in puts

Volt age:
0 V to 10 V DC 2.5 mV (10 V/4000)

P P P P p

Cur rent:
4 mA to 20 mA DC 5 µA (16 mA/3200)

1
out put

Volt age:
0 V to 10 V DC 2.5 mV (10 V/4000)

Cur rent:
4 mA to 20 mA DC 4 µA (16 mA/4000)

Spe cial
Func tion 
Block

FX2N-5A

4
in puts

Volt age:
-100 mV to 100 mV DC
-10 V to 10 V DC

50 µV
(with sign, 12 bits)
0.312 mV
(with sign, 16 bits)

P P p P p
Cur rent:
4 mA to 20 mA DC
-20 mA to 20 mA DC

10 µA/1,25 µA
(with sign, 15 bits)

1
out put

Volt age:
-10 V to 10 V DC

5 mV
(with sign, 12 bits)

Cur rent:
0 mA to 20 mA DC 20 µA (10 bits)

Spe cial
Adapter

FX3U-4AD-PT-ADP 4
Pt100 resis tance
ther mom e ter:
-50 !C to 250 !C

0.1 !C P P P P p

FX3U-4AD-PTW-ADP 4
Pt100 resis tance
ther mom e ter:
-100 !C to 600 !C

0.2 !C to 0.3 !C P P P P p

FX3U-4AD-PNK-ADP 4

Pt1000 resis tance
ther mom e ter:
-50 !C to 250 !C

0.1 !C P P P P p

Ni1000 resis tance
ther mom e ter:
-40 !C to 110 !C

0.1 !C P P P P p

FX3U-4AD-TC-ADP 4

Ther mo cou ple type K:
-100 !C to 1000 !C 0.4 !C

P P P P p
Ther mo cou ple type J:
-100 !C to 600 !C 0.3 !C

FX5-4AD-PT-ADP 4

Pt100 resis tance
ther mom e ter:
-200 !C to 850 !C

0.1 !C p p p p P
Ni100 resis tance
ther mom e ter:
-60 !C to 250 !C

FX5-4AD-TC-ADP 4
For exam ple with a
ther mo cou ple type K:
-200 !C to 1200 !C

0.1 !C p p p p P

Spe cial
Func tion 
modules

FX2N-8AD* 8

Ther mo cou ple type K:
-100 !C to 1200 !C 0.1 !C

P P p P PTher mo cou ple type J:
-100 !C to 600 !C 0.1 !C

Ther mo cou ple type T:
-100 !C to 350 !C 0.1 !C

FX5-8AD* 8

Pt100 resis tance
ther mom e ter:
-200 !C to 850 !C

0.1 !C p p p p P
Ni100 resis tance
ther mom e ter:
-60 !C to 250 !C
For exam ple with a
ther mo cou ple type K:
-200 !C to 1200 !C



P The adap ter board, spe ci al adap ter or spe ci al functi on block can be used with a base unit or ex pan si -
on unit of this se ries.

p The adap ter board, spe ci al adap ter or spe ci al functi on block can not be used with this series.
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Modul Type Desig na tion  No. of
chan nels

Range Res o lu tion FX3G
FX3GE

FX3GC FX3S
FX3U
FX3UC

FX5U
FX5UC

Tem per a ture
Control
Mod ules
(Spe cial
Func tion
Blocks)

FX2N-2LC 2

For exam ple with a
ther mo cou ple type K:
-100 !C to 1300 !C 0.1 !C or 1 !C

(depends on tem per a -
ture probe used)

P P p P p
Pt100 resis tance
ther mom e ter:
-200 !C to 600 !C

FX3U-4LC 4

For exam ple with a
ther mo cou ple type K:
-100 !C to 1300 !C 0.6 !C to 3 !C

(depends on tem per a -
ture probe used)

P P p P P
Pt100 resis tance
ther mom e ter:
-200 !C to 600 !C

FX5-4LC 4

For exam ple with a
ther mo cou ple type K:
-200 !C to 1300 !C

0.6 !C to 9 !C
(depends on tem per a -
ture probe used)

p p p p P

Pt100 resis tance
ther mom e ter:
-200 !C to 600 !C
Pt1000 resis tance
ther mom e ter:
-200 !C to 650 !C
JPt100 resis tance
ther mom e ter:
-200 !C to 500 !C
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