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Safety Information

For qualified staff only

This manual is only intended for use by properly trained and qualified electrical technicians who
are fully acquainted with automation technology safety standards. All work with the hardware
described, including system design, installation, setup, maintenance, service and testing, may
only be performed by trained electrical technicians with approved qualifications who are fully
acquainted with the applicable automation technology safety standards and regulations.

Proper use of equipment

The programmable logic controllers are only intended for the specific applications explicitly
described in this manual. Please take care to observe all the installation and operating parame-
ters specified in the manual. All products are designed, manufactured, tested and
documentated in agreement with the safety regulations. Any modification of the hardware or
software or disregarding of the safety warnings given in this manual or printed on the product
can cause injury to persons or damage to equipment or other property. Only accessories and
peripherals specifically approved by MITSUBISHI ELECTRIC may be used. Any other use or
application of the products is deemed to be improper.

Relevant safety regulations

All safety and accident prevention regulations relevant to your specific application must be
observed in the system design, installation, setup, maintenance, servicing and testing of these
products. The regulations listed below are particularly important. This list does not claim to be
complete; however, you are responsible for knowing and applying the regulations applicable to
you.

� VDE Standards

– VDE 0100
(Regulations for electrical installations with rated voltages up to 1,000 V)

– VDE 0105
(Operation of electrical installations)

– VDE 0113
(Electrical systems with electronic equipment)

– VDE 0160
(Configuration of electrical systems and electrical equipment)

– VDE 0550/0551
(Regulations for transformers)

– VDE 0700
(Safety of electrical appliances for household use and similar applications)

– VDE 0860
(Safety regulations for mains-powered electronic appliances and their accessories for
household use and similar applications)

� Fire prevention regulations

� Accident prevention regulations

– VBG No. 4 (Electrical systems and equipment)
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Safety warnings in this manual

In this manual special warnings that are important for the proper and safe use of the products are
clearly identified as follows:

P
DANGER:
Personnel health and injury warnings. Failure to observe the precautions described
here can result in serious health and injury hazards.

E
CAUTION:
Equipment and property damage warnings. Failure to observe the precautions
described here can result in serious damage to the equipment or other property.
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General safety information and precautions

The following safety precautions are intended as a general guideline for using the PLC together
with other equipment. These precautions must always be observed in the design, installation
and operation of all control systems.

P
CAUTION:
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� Observe all safety and accident prevention regulations applicable to your
specific application. Installation, wiring and opening of the assemblies, com-
ponents and devices may only be performed with all power supplies discon-
nected.

� Assemblies, components and devices must always be installed in a shockproof
housing fitted with a proper cover and protective equipment.

� Devices with a permanent connection to the mains power supply must be inte-
grated in the building installations with an all-pole disconnection switch and a
suitable fuse.

� Check power cables and lines connected to the equipment regularly for breaks
and insulation damage. If cable damage is found, immediately disconnect the
equipment and the cables from the power supply and replace the defective
cabling.

� Before using the equipment for the first time check that the power supply rating
matches that of the local mains power.

� Residual current protective devices pursuant to DIN VDE Standard 0641 Parts
1-3 are not adequate on their own as protection against indirect contact for
installations with positioning drive systems. Additional and/or other protection
facilities are essential for such installations.

� EMERGENCY OFF facilities pursuant to EN 60204/IEC 204 VDE 0113 must
remain fully operative at all times and in all control system operating modes.The
EMERGENCY OFF facility reset function must be designed so that it cannot
cause an uncontrolled or undefined restart.

� You must also implement hardware and software safety precautions to prevent
the possibility of undefined control system states caused by signal line cable or
core breaks.

� All relevant electrical and physical specifications must be strictly observed
and maintained for all the modules in the installation.
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1 Course Overview and Requirements

This course has been specially produced as an introduction to the PLC’s of Mitsubishi’s FX fam-
ily utilising the GX Developer Version 8 software package.

The course content has been selectively produced to provide an introduction into the functional-
ity of the Mitsubishi range of the FX family, together with the GX Developer programming sys-
tem. The first section deals with the PLC hardware configuration and operation, whilst the
remainder covers the use of Mitsubishi’s programming system, which is illustrated using worked
examples.

It is assumed that student will have will have a sound working knowledge of the Microsoft Win-
dows operating environment.

1.1 Modular PLC Training Hardware

There are various models of training rigs for Mitsubishis FX family. Most exercises within this
training manual are based around use of the facilities offered in these training systems. The
examples used in these course notes assume the following configuration:

� 6 Digital input simulator switches: X0-X5

� Variable clock input (1–100 Hz and 0.1– 10 kHz): X7

� 6 Digital output LED indicators: Y0-Y5

� 1 Special function block FX2N-5A with 4 analog inputs and 1 analog output

� 1 Temperature acquisition special adapter FX3U-4AD-PT-ADP

Thus, adjustments according to other training simulators may be accommodated with appropri-
ate address alterations to the example code provided this training document.

Course Overview and Requirements Modular PLC Training Hardware
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2 The Hardware

2.1 General Introduction to PLCs

2.1.1 History & Development

Bedford Associates, founded by Richard Morley introduced the first Programmable Logic Con-
troller in 1968. This PLC was known as the Modular Digital Controller from which the MODICON
Company derived its name.

Programmable Logic Controllers were developed to provide a replacement for large relay based
control panels. These systems were inflexible requiring major rewiring or replacement when-
ever the control sequence was to be changed.

The development of the Microprocessor from the mid 1970’s have allowed Programmable Logic
Controllers to take on more complex tasks and larger functions as the speed of the processor
increased. It is now common for PLC’s to provide the heart of the control functions within a sys-
tem often integrated with SCADA (Supervisory Control And Data Acquisition), HMI (Human
Machine Interfaces), Expert Systems and Graphical User Interfaces (GUI). The requirements of
the PLC have expanded to providing control, data processing and management functionality.

2.1.2 The initial specification for the PLC

� Easily programmed and reprogrammed in plant to enable its sequence of operations, to be
altered.

� Easily maintained and repaired – preferably using ‘plug-in’ cards or modules.

� Able to withstand the rigorous Environmental, Mechanical and Electrical conditions, found
in plant environments.

� Smaller than its relay and “discrete solid state” equivalents.

� Cost effective in comparison with “discrete solid state” and relay based systems.

2.1.3 Comparison of PLC and Relay Systems

The Hardware General Introduction to PLCs
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Characteristic PLC Relay

Price per function Low Low - If equivalent relay program uses more than 10 relays

Physical size Very compact Bulky

Operating speed Fast Slow

Electrical noise
immunity Good Excellent

Construction Easy to program Wiring - time consuming

Advanced instructions Yes No

Changing the control
sequence Very simple Very difficult – requires changes to wiring

Maintenance
Excellent

PLC’s rarely fail
Poor - relays require constant maintenance



2.1.4 Programming

Ladder Logic

PLC’s had to be maintainable by technicians and electrical personnel. To support this, the pro-
gramming language of Ladder Logic was developed. Ladder Logic is based on the relay and
contact symbols technicians were used to through wiring diagrams of electrical control panels.

The documentation for early PLC Programs was either non existent or very poor, just providing
simple addressing or basic comments, making large programs difficult to follow. This has been
greatly improved with the development of PLC Programming packages such as Mitsubishi’s
Windows based, GX Developer (covered in detail later in this document).

Until recently there has been no formal programming standard for PLC’s. The introduction of the
IEC 61131-3 Standard in 1998 provides a more formal approach to coding. Mitsubishi Electric
has developed a programming package, “GX IEC Developer”. This enables IEC compliant cod-
ing to be adopted.

2.1.5 Human Machine Interfaces

The early programmable logic controllers interfaced with the operator in much the same way as
the relay control panel, via push-buttons and switches for control and lamps for indication.

The introduction of the Personal Computer (PC) in the 1980’s allowed for the development of a
computer based interface to the operator, these where initially via simple Supervisory Control
And Data Acquisition (SCADA) systems and more recently via Dedicated Operator Control Pan-
els, known as Human Machine Interfaces (HMI). It is now common place to see PLC’s heavily
integrated with these products to form user friendly control system solutions.

Mitsubishi offer a very wide range of HMI and SCADA products to suit a variety of operator inter-
face applications.

General Introduction to PLCs The Hardware
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It is now commonplace to find HMI’s inte-
grated into PLC based control systems, pro-
viding the operator interface functionality.



2.2 What is a PLC?

In contrast to conventional controllers with functions determined by their physical wiring the
functions of programmable logic controllers or PLCs are defined by a program. PLCs also have
to be connected to the outside world with cables, but the contents of their program memory can
be changed at any time to adapt their programs to different control tasks.

Programmable logic controllers input data, process it and then output the results. This process
is performed in three stages:

� an input stage,

� a processing stage

and

� an output stage

The input stage

The input stage passes control signals from switches, buttons or sensors on to the processing
stage.

The signals from these components are generated as part of the control process and are fed to
the inputs as logical states. The input stage passes them on to the processing stage in a pre-pro-
cessed format.

The processing stage

In the processing stage the pre-processed signals from the input stage are processed and com-
bined with the help of logical operations and other functions. The program memory of the pro-
cessing stage is fully programmable. The processing sequence can be changed at any time by
modifying or replacing the stored program.

The output stage

The results of the processing of the input signals by the program are fed to the output stage
where they control connected switchable elements such as contactors, signal lamps, solenoid
valves and so on.

The Hardware What is a PLC?
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Programmable Logic Controller

Input Stage Output StageProcessing Stage

Contactors

Switch

Input Output



2.3 How PLCs Process Programs

A PLC performs its tasks by executing a program that is usually developed outside the controller
and then transferred to the controller’s program memory. Before you start programming it is use-
ful to have a basic understanding of how PLCs process these programs.

A PLC program consists of a sequence of instructions that control the functions of the controller.
The PLC executes these control instructions sequentially, i.e. one after another. The entire pro-
gram sequence is cyclical, which means that it is repeated in a continuous loop. The time
required for one program repetition is referred to as the program cycle time or period.

Process image processing

The program in the PLC is not executed directly on the inputs and outputs, but on a “process
image” of the inputs and outputs:

Input process image

At the beginning of each program cycle the system polls the signal states of the inputs and stores
them in a buffer, creating a “process image” of the inputs.

How PLCs Process Programs The Hardware
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Program execution

After this the program is executed, during which the PLC accesses the stored states of the inputs
in the process image. This means that any subsequent changes in the input states will not be
registered until the next program cycle!

The program is executed from top to bottom, in the order in which the instructions were pro-
grammed. Results of individual programming steps are stored and can be used during the cur-
rent program cycle.

Output process image

Results of logical operations that are relevant for the outputs are stored in an output buffer – the
output process image. The output process image is stored in the output buffer until the buffer is
rewritten. After the values have been written to the outputs the program cycle is repeated.

Differences between signal processing in the PLC and in hard-wired controllers

In hard-wired controllers the program is defined by the functional elements and their connec-
tions (the wiring). All control operations are performed simultaneously (parallel execution).
Every change in an input signal state causes an instantaneous change in the corresponding out-
put signal state.

In a PLC it is not possible to respond to changes in input signal states until the next program
cycle after the change. Nowadays this disadvantage is largely compensated by very short pro-
gram cycle periods. The duration of the program cycle period depends on the number and type
of instructions executed.

The Hardware How PLCs Process Programs
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2.4 The MELSEC FX Family

MELSEC means MITSUBISHI ELECTRIC SEQUENCER. 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.

With the exception of the FX1S all the controllers of the FX series can be expanded to keep pace
with the changes in the application 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 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.

The FX1N, FX2N, FX3G, FX3UC and FX3U 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 compatible
with one another.

�
Connectable to the left side

�
Connectable to the right side

The MELSEC FX Family The Hardware
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Specifications FX1S FX1N FX2N FX2NC FX3G FX3U FX3UC

Max integrated I/O points 30 60 128 96 60 128 96

Expansion capability
(max. possible I/Os) 34 132 256 256 256 384 384

Program memory (steps) 2000 8000 16000 16000 32000 64000 64000

Cycle time per logical
instruction (�s)

0.55–0.7 0.55–0.7 0.08 0.08 0.21/0.42 0.065 0.065

No. of instructions
(standard / step ladder /
special function)

27 / 2 / 85 27 / 2 / 89 27 / 2 / 107 27 / 2 / 107 29 / 2 / 123 27 / 2 / 209 29 / 2 / 209

Max. special function
modules connectable — 2 8 4 4� / 8� 10� / 8� 6� / 8�



2.5 Selecting the Right Controller

The base units of the MELSEC FX family are available in a number of different versions with dif-
ferent 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.

The Hardware Selecting the Right Controller
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Series I/Os Type No. of
inputs

No. of
outputs Power supply Output type

FX1S

10 FX1S-10 M�-�� 6 4

24 V DC
or
100–240 V AC

Transistor
or relay

14 FX1S-14 M�-�� 8 6

20 FX1S-20 M�-�� 12 8

30 FX1S-30 M�-�� 16 14

FX1N

14 FX1N-14 M�-�� 8 6

12–24 V DC
or
100–240 V AC

Transistor
or relay

24 FX1N-24 M�-�� 14 10

40 FX1N-40 M�-�� 24 16

60 FX1N-60 M�-�� 36 24

FX2N

16 FX2N-16 M�-�� 8 8

24 V DC
or
100–240 V AC

Transistor
or relay

32 FX2N-32 M�-�� 16 16

48 FX2N-48 M�-�� 24 24

64 FX2N-64 M�-�� 32 32

80 FX2N-80 M�-�� 40 40

128 FX2N-128 M�-�� 64 64

FX2NC

16 FX2NC-16 M�-�� 8 8

24 V DC Transistor
or relay

32 FX2NC-32 M�-�� 16 16

64 FX2NC-64 M�-�� 32 32

96 FX2NC-96 M�-�� 48 48

FX3G

14 FX3G-14M�/��� 8 6

24 V DC
or
100–240 V AC

Transistor
or relay

24 FX3G-24M�/��� 14 10

40 FX3G-40M�/��� 24 16

60 FX3G-60M�/��� 36 24

FX3U

16 FX3U-16 M�-�� 8 8

24 V DC
or
100–240 V AC

Transistor
or relay

32 FX3U-32 M�-�� 16 16

48 FX3U-48 M�-�� 24 24

64 FX3U-64 M�-�� 32 32

80 FX3U-80 M�-�� 40 40

128 FX3U-128 M�-�� 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



Here are some considerations that should be taken into account when configuring a system:

� Power supply requirements

Supply voltage: 24 V DC or 100–240 V AC

� Input/Output requirements

– 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?

– How high are the loads that the outputs need to switch?

Choose relay outputs for switching high loads and transistor outputs for switching fast, trig-
ger-free switching operations.

� Special Function Modules

– Number of modules in system

– External power supply requirements

Selecting the Right Controller The Hardware
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2.6 Controller Design

All the controllers in the series have the same basic design. The main functional elements and
assemblies are described in the glossary in the appendix.

2.6.1 Input and output circuits

The input circuits use floating inputs. They are electrically isolated from the other circuits of the
PLC with optical couplers. The output circuits use either relay or transistor output technology.
The transistor outputs are also electrically isolated from the other PLC circuits with optical
couplers.

The switching voltage at all the digital inputs must have a certain value (e.g. 24 V DC). This volt-
age can be taken from the PLC’s integrated power supply unit. If the switching voltage at the
inputs is less than the rated value (e.g. <24 V DC) then the input will not be processed.

The maximum output currents are 2 A on 250 V three-phase AC and non-reactive loads with
relay outputs and 0.5 A on 24 V DC and non-reactive loads.

2.6.2 Layout of the MELSEC FX1S base units

The Hardware Controller Design
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2.6.3 Layout of the MELSEC FX1N base units

2.6.4 Layout of the MELSEC FX2N base units

Controller Design The Hardware

2 - 10 MITSUBISHI ELECTRIC

Memory battery

Terminals for
digital inputs

Removable terminal
strip for digital outputs

Connection for
extensions

LEDs for indicating
the output status

Protective cover for
expansion bus

Housing cover

Connection for
expansion adapter boards

Connection for
programming units

LEDs for indicating
the operating status

RUN/STOP switch

LEDs for indicating
the input status

Slot for memory
cassettes

Connection for the
service power supply

Mounting hole

Terminal cover

Protective cover

Protective cover

Terminals for
digital outputs

Connection for the
service power supply

Connection for
programming units

Mounting hole

Terminal cover

RUN/STOP switch

Slot for memory cassettes,
adapters and displays

2 analog
potentiometers

0 1 2 3
4 5 6 7
8 9 10 11
12 13 14 15

0 1 2 3
4 5 6 7
10 11

IN

OUT

POWER

FX -24MR1N

RUN
ERROR

100-240
VAC

X7 X11 X13 X15
X5X3X1S/S X6 X10 X12 X14

X4X2X0NL

24MR
-ES/ULY10Y6Y5Y3

COM3 Y4 COM4 Y7 Y11
COM2COM1COM024+

Y2Y1Y00V

MITSUBISHI

Extension bus

Connection of the
power supply

LEDs for indicating
the operating status

LEDs for indicating
the input status

Protective cover

Lid

Terminals for
digital inputs

LEDs for indicating
the output status

Housing cover



2.6.5 Layout of the MELSEC FX2NC base units

2.6.6 Layout of the MELSEC FX3G base units
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2.6.7 Layout of the MELSEC FX3U base units

2.6.8 Layout of the MELSEC FX3UC base units
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2.7 Wiring

2.7.1 Power Supply

Power Supply Specifications

Grounding

The PLC should be grounded.

� The grounding resistance should be 100 � or less.

� The grounding point should be close to the PLC. Keep the grounding wires as short as
possible.

� Independent grounding should be performed for best results. When independent ground-
ing is not performed, perform "shared grounding" of the following figure.

� The ground wire size should be at least 2 mm2.

The Hardware Wiring
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Specification Units for DC Power Supply Units for AC Power Supply

Rated voltage 12 to 24 V DC 24 V DC 100 to 240 V AC

Voltage range 10.2 to 26.4 V DC 20.4 to 26.4 V DC 85 to 264 V AC

Allowable momentary
power failure time 5 ms 20 ms

24 V DC

FX base unit

+

–

Connection of units with DC power supply

L

N

100 to 240 V AC
50/60 Hz

FX base unit

Connection of units with AC power supply

PLC
Another

equipmentPLC
Another

equipmentPLC
Another

equipment

Shared grounding
Good condition

Common grounding
Not allowed

Independent grounding
Best condition



2.7.2 Wiring of Inputs

Connecting sink or source devices

The base units of the FX family series can be used with sink or source switching devices. The
decision is made by the different connections of the "S/S" terminal.

All inputs of a base unit or an extension unit can be either used as sink or source inputs, but it is
not possible to mix sink and source inputs in one unit. Separate units in one PLC however can be
set as sink or source inputs types, since the base unit and input/output powered extension units
are individually set to sink or source input mode.

Examples for input types

AC powered base units

Wiring The Hardware
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terminal is connected to the 24V terminal of
the service power supply or, when a DC pow-
ered base unit is used, to the positive pole of
the power supply.
Sink input means that a contact wired to the
input (X) or a sensor with NPN open collector
transistor output connects the input of the
PLC with the negative pole of a power
supply.

FX base unit

24V

N

L

X

S/S

0V

In the case of the source input type, the S/S
terminal is connected to the 0V terminal of the
service power supply or, when a DC powered
base unit is used, to the negative pole of the
power supply.
Source input means that a contact wired to
the input (X) or a sensor with PNP open col-
lector transistor output connects the input of
the PLC with the positive pole of a power
supply.

FX base unit

L

N

S/S
0V

24V

X000
X001
X002
X003

L

N

S/S
0V

24V

X000
X001
X002
X003

Sink Source



DC powered base units

2.7.3 Wiring of Outputs

In case of base units with only few outputs (e. g. FX3G-14M� or FX3U-16M�) each output can
be connected separately. In case of the base units with more outputs, the outputs are pooled into
groups of 2, 3, 4, 8 or 16 outputs. Each group has a common contact for the load voltage. These
terminals are marked "COM�" for base units with relays outputs or transistor outputs of the sink
type and "+V�" for base units with source transistor outputs. "�" stands for the number of the
output group e. g. "COM1".

Because the outputs groups are isolated against each other, one base unit can switch several
voltages with different potentials. base units with relay outputs can even switch AC and DC
voltages.

The selection of sink and source output type is done by the selection of a correspondent base
unit. Both types are available with DC or AC power supply. The output type is given in the model
designation code: base units with the code "MT/�S" provide transistor sink type outputs (e. g.
FX3U-16MT/ES) while base units with the code "MT/�SS" provide transistor source type out-
puts (e. g. FX3U-16MT/ESS).

The Hardware Wiring
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S/S
(0V)

(24V)

X000
X001
X002
X003

24 V DC
S/S
(0V)

(24V)

X000
X001
X002
X003

24 V DC

Sink Source

FX3U base unit with relay outputs

The first group of outputs is used to switch a DC voltage.

The second group of relays controls AC powered loads.



Examples of output wiring

Relay output

Transistor output (sink)

Transistor output (source)

Wiring The Hardware
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Y

COM

Fuse

Load

PLC

COM

Y

Fuse

Load

PLC

Y

+V

Fuse

Load

PLC



2.8 Extending the Range of Digital Inputs/Outputs

For the MELSEC FX family of PLCs several ways and means are available to provide a base unit
with additional inputs and outputs.

2.8.1 Extension Boards

� : The extension board can be used with a base unit of this series.

� : The extension board cannot be used with this series.

2.8.2 Compact Extension Units

Compact Extension Units of the FX0N Series

� : The extension unit can be used with a base unit of this series.

� : The extension unit cannot be used with this series.

The Hardware Extending the Range of Digital Inputs/Outputs
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FX1N-2EYT-BD

•
BY0+

BY0- BY1+
BY1-

For a small number of I/O (2 to 4) an exten-
sion adapter board can be installed directly in
a FX1S or FX1N base unit. Extension boards
therefore do not require any additional instal-
lation space.
The state of the additional input and outputs
is reflected in special relays in the PLC (see
section A.1.5). In the program these relays
are used instead of X and Y devices.

FX1N-2EYT-BD
with two digital
outputs

Connector side

Designation
Number of I/O

Output
type

Power
supply FX1S FX1N

FX2N

FX2NC
FX3G

FX3U

FX3UCTotal No. of
inputs

No. of
outputs

FX1N-4EX-BD 4 4 — — From base
unit � � � � �

FX1N-2EYT-BD 2 — 2 Transistor

The powered compact input/output extension
units have their own power supply. The inte-
grated service power supply (24 V DC) of AC
powered extension units can be used for the
supply of external devices.
It is possible to choose between relay and
transistor (source) output type.

Designation
Number of I/O

Output
type

Power
supply FX1S FX1N

FX2N

FX2NC
FX3G

FX3U

FX3UCTotal No. of
inputs

No. of
outputs

FX0N-40ER/ES-UL 40 24 16 Relay 100–240 V
AC

� � � � �FX0N-40ER/DS 40 24 16 Relay
24 V DC

FX0N-40ET/DSS 40 24 16 Transistor



Compact Extension Units of the FX2N Series

� : The extension unit can be used with a base unit of this series.

� : The extension unit cannot be used with this series.

* These extension units cannot be connected to a base unit of the FX2NC or FX3UC series.

2.8.3 Modular Extension Blocks

�
The extension block FX2N-8ER-ES/UL occupies 16 input/output points of the PLC. Four inputs and four outputs
are occupied but cannot be used.

�
The FX2NC series extension blocks can only be connected to a base unit of the FX2NC or FX3UC series.

Extending the Range of Digital Inputs/Outputs The Hardware
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Designation
Number of I/O

Output
type

Power
supply FX1S FX1N

FX2N

FX2NC
FX3U

FX3U

FX3UCTotal No. of
inputs

No. of
outputs

FX2N-32ER-ES/UL 32 16 16 Relay

100–240 V
AC

� � �* � �*

FX2N-32ET-ESS/UL 32 16 16 Transistor

FX2N-48ER-ES/UL 48 16 16 Relay

FX2N-48ET-ESS/UL 48 24 24 Transistor

FX2N-48ER-DS 48 24 24 Relay
24 V DC

FX2N-48ET-DSS 48 24 24 Transistor

IN

2

Modular extension blocks have no build-in
power supply but very compact dimensions.
The FX2N series modular extension blocks
are available with 8 or 16 input/output points.
It is possible to choose between relay and
transistor (source) output type.

The FX2NC series extension blocks are avail-
able with 16 or 32 integrated I/O with
selectable relay or transistor 16-output mod-
els (source type).

Designation
Number of I/O

Output
type

Power
supply FX1S FX1N

FX2N

FX2NC
FX3G

FX3U

FX3UCTotal No. of
inputs

No. of
outputs

FX2N-8ER-ES/UL 16� 4 4 Relay

100–240 V
AC

� � � �

FX2N-8EX-ES/UL 8 8 — —

FX2N-16EX-ES/UL 16 16 — —

FX2N-8EYR-ES/UL 8 — 8 Relay

FX2N-8EYT-ESS/UL 8 — 8 Transistor

24 V DCFX2N-16EYR-ES/UL 16 — 16 Relay

FX2N-16EYT-ESS/UL 16 — 16 Transistor

FX2NC-16EX-DS 16 16 — —
From base
unit

� � �� � ��

FX2NC-16EX-T-DS 16 16 — —

FX2NC-32EX-DS 32 32 — —

FX2NC-16EYT-DSS 16 — 16 Transistor
From base
unitFX2NC-16EYR-T-DS 16 — 16 Relay

FX2NC-32EYT-DSS 32 — 32 Transistor



2.9 Extending for Special Functions

A variety of hardware for special functions are available for the MELSEC FX family.

Adapter Boards

Adapter boards are small circuit boards that are installed directly in the FX1S, FX1N or FX3G con-
trollers, which means that they don’t take up any extra space in the switchgear cabinet.

Special Adapter

Special adapters can only be connected on the left side of a base unit of the MELSEC FX3G,
FX3U andr FX3UC series.

Special function modules

Up to eight special function modules can be connected on the right side of a single base unit of
the MELSEC FX family.

The Hardware Extending for Special Functions
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FX1N-2AD

•
BY0+

BY0- BY1+
BY1-

In the case of analog adapter boards, the digital values
generated from the signals coming from the analog input
adapter’s two input channels are written directly to special
registers, which makes it particularly easy to process
them.
The output value for the analog output adapter is written by
the program also to a special register and then converted
by the adapter and sent to the output.

You can install one analog special adapter to a FX3G base
unit with 14 or 24 inputs and outputs.Up to two analog spe-
cial adapter can be mounted to a FX3G base unit with 40 or
60 inputs and outputs. To a FX3U or FX3UC base unit up to
four analog special adapters can be connected.

Special adapters do not use any input or output points in
the base unit. They communicate directly with the base
unit via special relays and registers. Because of this, no
instructions for communication with special function mod-
ules are needed in the program.

FX -4AD-TC2N

A / D

In addition to analog modules the available special func-
tion modules include communication modules, positioning
modules and other types. Each special function module
occupies eight input points and eight output points in the
base unit.

Communication between the special function module and
the PLC base unit is carried out via the memory buffer of
the special function module with the help of FROM and TO
instructions.



2.9.1 Analog Modules

Without additional modules the base units of the MELSEC FX family can only process digital
input and output signals (i.e. ON/OFF data). Additional analog modules are thus required for
inputting and outputting analog signals.

�
The special function block FX2N-8AD is able to measure voltage, current and temperature.

�
The FX3UC-4AD can be connected to base units of the FX3UC series only.

Extending for Special Functions The Hardware
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Modul Type Designation No. of
channels Range Resolution FX1S FX1N

FX2N
FX2NC

FX3G
FX3U
FX3UC

Adapter
Board

FX1N-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)

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 Bit)

� � � � �
Current:
4 mA to 20 mA DC 10 µA (11 Bit)

Special
Function
Modules

FX2N-2AD 2

Voltage:
0 V to 5 V DC
0 V to 10 V DC

2.5 mV (12 Bit)
� � � � �

Current:
4 mA to 20 mA DC 4 µA (12 Bit)

FX2N-4AD 4

Voltage:
-10 V to 10 V DC

5 mV
(with sign, 12 bits)

� � � � �Current:
4 mA to 20 mA DC
-20 mA to 20 mA DC

10 µA
(with sign, 11 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

FX3UC-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)

Adapter
Board

FX1N-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)

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 Bit)

� � � � �
Current:
4 mA to 20 mA DC 4 µA (12 Bit)

Special
Function
Modules

FX2N-2DA 2

Voltage:
0 V to 5 V DC
0 V to 10 V DC

2.5 mV (12 Bit)
� � � � �

Current:
4 mA to 20 mA DC 4 µA (12 Bit)

A
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�
A FX0N-3A can not be connected to base units of the FX3UC series.
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Modul Type Designation No. of
channels Range Resolution FX1S FX1N

FX2N
FX2NC

FX3G
FX3U
FX3UC

Special
Function
Modules

FX2N-4DA 4

Voltage:
-10 V to 10 V DC

5 mV
(with sign, 12 bits)

� � � � �Current:
0 mA to 20 mA DC
4 mA to 20 mA DC

20 µA (10 Bit)

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 Bit)

Special
Function
Modules

FX0N-3A

2 inputs

Voltage:
0 V to 5 V DC
0 V to 10 V DC

40 mV (8 Bit)

� � � � ��

Current:
4 mA to 20 mA DC 64 µA (8 Bit)

1 output

Voltage:
0 V to 5 V DC
0 V to 10 V DC

40 mV (8 Bit)

Current:
4 mA to 20 mA DC 64 µA (8 Bit)

FX2N-5A

4 inputs

Voltage:
-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)

� � � � �
Current:
4 mA to 20 mA DC
-20 mA to 20 mA DC

10 µA/1,25 µA
(with sign, 15 bits)

1 output

Voltage:
-10 V to 10 V DC

5 mV
(with sign, 12 bits)

Current:
0 mA to 20 mA DC 20 µA (10 Bit)

Special
Adapter FX3U-3A-ADP

2 inputs

Voltage:
0 V to 10 V DC 2,5  mV (12 Bit)

� � � � �

Current:
4 mA to 20 mA DC 5 µA (12 Bit)

1 output

Voltage:
0 V to 10 V DC 2.5  mV (12 Bit)

Current:
4 mA to 20 mA DC 4 µA (12 Bit)

Special
Adapter

FX3U-4AD-PT-ADP 4
Pt100 resistance
thermometer:
-50 �C to 250 �C

0.1 �C � � � � �

FX3U-4AD-PTW-ADP 4
Pt100 resistance
thermometer:
-100 �C to 600 �C

0.2 �C to 0.3 �C � � � � �

FX3U-4AD-PNK-ADP 4

Pt100 resistance
thermometer:
-50 �C to 250 �C

0.1 �C � � � � �

Ni1000 resistance
thermometer:
-40 �C to110 �C

0.1 �C � � � � �

FX3U-4AD-TC-ADP 4

Thermocouple type K:
-100 �C to 1000 �C 0.4 �C

� � � � �
Thermocouple type J:
-100 �C to 600 �C 0.3 �C



* The special function block FX2N-8AD is able to measure voltage, current and temperature.

� The adapter board, special adapter or special function module can be used with a base unit or expansion unit of
this series.

� The adapter board, special adapter or special function module cannot be used with this series.

Extending for Special Functions The Hardware

2 - 22 MITSUBISHI ELECTRIC

T
em

pe
ra

tu
re

A
cq

ui
si

tio
n

M
od

ul
es

Modul Type Designation No. of
channels Range Resolution FX1S FX1N

FX2N
FX2NC

FX3G
FX3U
FX3UC

Special
Function
Modules

FX2N-8AD� 8

Thermocouple type K:
-100 �C to 1200 �C 0.1 �C

� � � � �Thermocouple type J:
-100 �C to 600 �C 0.1 �C

Thermocouple type T:
-100 �C to 350 �C 0.1 �C

FX2N-4AD-PT 4
Pt100 resistance
thermometer:
-100 �C to 600 �C

0.2 �C to 0.3 �C � � � � �

FX2N-4AD-TC 4

Thermocouple type K:
-100 �C to 1200 �C 0.4 �C

� � � � �
Thermocouple type J:
-100 �C to 600 �C 0.3 �C

Temperature
Control
Modules
(Special Func-
tion Modules)

FX2N-2LC 2 For example with a
thermocouple type K:
-100 �C to 1300 �C

Pt100 resistance
thermometer:
-200 �C to 600 �C

0.1 �C or 1 �C
(depends on
temperature probe
used)

� � � � �

FX3U-4LC 4 � � � � �



2.9.2 High-Speed Counter Modules and Adapters

FX2N-1HC, FX2NC-1HC and FX3U-2HC

In addition to the internal high-speed MELSEC FX counters, the high-speed counter modules
FX2N-1HC, FX2NC-1HC and FX3U-2HC provide the user with an external counter. They count 1-
or 2-phase pulses up to a frequency of 50 kHz resp. 200 kHz for the FX3U-2HC. The counting
range covers either 16 or 32 bit.

FX3U-4HSX-ADP and FX3U-2HSY-ADP

These adapter modules allow direct processing of positioning application data.

Overview of High-Speed Counter Modules/Adapters

� The special adapter or special function module can be used with a base unit or expansion unit of this series.

� The special adapter or special function module cannot be used with this series.
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FX -1HC2N

The two integrated transistor outputs can be switched
independently of one another by means of internal compar-
ison functions. Hence, simple positioning tasks can also
be realized economically. In addition, the high-speed coun-
ter modules can be used as ring counters.

X1/4 X6/7

X2/5X0/3

POWER

FX3U-2HSX-ADP

S
G

S
G

X
6
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X
0
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B
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Y
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4
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-
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Y
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/2
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Y4/6 Y5/7

Y1/3Y0/2

POWER

FX3U -2HSY-ADP

FP.RP

PLS DIR

S
G

A

The FX3U-4HSX-ADP (far left) provides four
high speed counter inputs up to 200 kHz while
the FX3U-2HSY-ADP (left) delivers two chan-
nels of pulse train outputs up to 200 kHz.

CAUTION:
When connecting these special adapters,
same input resp. output numbers are allocated
to the base unit and the special adapter. Wire
either one of the input or output terminals

Module type Designation Description FX1S FX1N FX2N FX2NC FX3G FX3U FX3UC

Special function
module

FX2N-1HC 1-ch high speed
counter

� � � � � � �

FX2NC-1HC � � � � � � �

FX3U-2HC 2-ch high speed
counter � � � � � �

Special adapter

FX3U-4HSX-ADP
Differential line driver
input (high-speed
counter)

� � � � � � �

FX3U-2HSY-ADP
Differential line driver
input (positioning
output)



2.9.3 Positioning Modules

FX2N-1PG-E, FX2N-10PG

The positioning modules FX2N-1PG-E and FX2N-10PG are extremely efficient single-axis posi-
tioning modules for controlling either step drives or servo drives (by external regulator) with a
pulse chain.

FX3U-20SSC-H

The SSCNET* module FX3U-20SSC-H can be used in combination with a FX3U or FX3UC pro-
grammable controller to achieve a cost effective solution for high precision, high speed position-
ing. The plug-and-play fiber optic SSCNET cabling reduces setup time and increases control
distance for positioning operations in a wide range of applications.

* SSCNET: Servo System Controller Network

Overview of Positioning Modules

� The special function module can be used with a base unit or expansion unit of this series.

� The special function module cannot be used with this series.
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2N-10PGFX

START

POWER

DOG

ERROR

X0 PGO

X1 FP

øA RP

øB CLR

They are very suitable for achieving accurate positioning
in combination with the MELSEC FX series. The configu-
ration and allocation of the position data are carried out
directly via the PLC program.

The FX2N-1PG-E provides an 100 kHz open collector out-
put while the FX2N-10PG is equipped with a 1 MHz
differential line driver output.

A very wide range of manual and automatic functions are
available to the user.

X READY

Y READY

X ERROR

Y ERROR

POWER

START

DOG

INT 0

INT 1

A

B

INT 0

INT 1

A

B

FX2CU-20SSC-H

Servo parameters and positioning information for the
FX3U-20SSC-H are easily set up with an FX3U or FX3UC
base unit and a personal computer. For parameter setting,
monitoring and testing the easy programming software FX
Configurator-FP is available.

Module type Designation Description FX1S FX1N
FX2N

FX2NC
FX3G

FX3U

FX3UC

Special function modules

FX2N-1PG-E Pulse output for inde-
pendent 1-axis control � � � � �

FX2N-10PG

FX3U-20SSC-H

Simultaneous 2-axis
(independent 2-axis)
control (Applicable to
SSCNET III)

� � � � �



2.9.4 Network Modules for ETHERNET

ETHERNET is the most widespread network for connection of information processors such as
personal computers and work stations. By loading an ETHERNET interface into the PLC, pro-
duction-related management information can be transmitted rapidly to personal computers or
work stations. ETHERNET is a platform for a very wide range of data communications protocols.
The combination of ETHERNET and the extremely widespread TCP/IP protocol enables
high-speed data communications between process supervision systems and the MELSEC PLC
series. TCP/IP provides logical point-to-point links between two ETHERNET stations.

The programming software GX Developer provides setup routines for the PLCs, making the
configuration of one or more TCP/IP links a quick and easy process.

FX2NC-ENET-ADP

The FX2NC-ENET-ADP communications adapter is an Ethernet interface with 10BASE-T speci-
fications for the FX1S, FX1N, FX2NC and FX2N series*.

* When connecting this special adapter to a FX1S or FX1N PLC the communications adapter FX1N-CNV-BD is
required. When connecting this adapter to a FX2N PLC the communications adapter FX2N-CNV-BD is required.

FX3U-ENET

Overview of Network Modules for ETHERNET
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POWER

LINK

ACT

FX -ENET-ADP2NC

SD

RD

PCs with GX Developer or MX Component and the virtual
COM port driver installed are enabled for program
upload/download through this module.

POWER

RUN

C1

INIT.

C2

100M

C3

SD

C4

RD

C5

ERR.

C6

COM.ERR.

C7
C8

10BASE-T/100BASE-TX

FX3U-ENET

The FX3U-ENET communications module provides the
FX3G, FX3U or FX3UC with a direct connection to an
Ethernet network.

The FX3U-ENET enables 8 ports of simultaneous
Ethernet communication with features such as peer-to-
peer communication, extensive e-mail send/receive
options, and program upload/download. The FX3U-ENET
is also used to communicate with GOTs via the Ethernet.
Easy communication parameter setup and module trou-
bleshooting is also possible using the dedicated software,
FX Configurator-EN.

Module type Designation Description FX1S FX1N
FX2N

FX2NC
FX3G

FX3U

FX3UC

Special function modules
FX2NC-ENET-ADP ETHERNET network

modules

� � � � �

FX3U-ENET � � � � �



2.9.5 Network Modules for Profibus/DP

The Profibus/DP network enables communication between a master module and decentralised
slave modules, with data transfer rates of up to 12 Mbps. With a MELSEC PLC as master,
PROFIBUS/DP allows quick and simple connection of sensors and actuators, even from differ-
ent manufacturers.

A MELSEC PLC, serving as slave in a PROFIBUS/DP network, can execute decentralised con-
trol tasks and simultaneously exchange data with the PROFIBUS/DP master.

To help reduce costs PROFIBUS/DP uses RS485 technology with shielded 2-wire cabling.

FX0N-32NT-DP

FX3U-32DP
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0NFX -32NT-DP

POWER

BF DIA

DC RUN

The FX0N-32NT-DP PROFIBUS DP slave module enables
the attached FX base unit to be a slave station on a
PROFIBUS DP network. Transfer of up to 40 bytes of data
per cycle is supported at up to 12 Mbps.

3UFX -32DP

DIA

FROM/TO

TOKEN

RUN

POWER

L ike the FX0N-32NT-DP, the FX3U-32DP is a
PROFIBUS/DP slave module. It allows the integration of a
FX3G, FX3U, or FX3UC PLC into a PROFIBUS/DP net-
work.



FX3U-64DP-M

FX2N-32DP-IF

The remote I/O station FX2N-32DP-IF forms an extremely compact communication unit and
provides a connection of I/O modules with up to 256 I/O points and/or up to 8 special function
modules as an alternative.

Overview of Profibus/DP modules

� The special function module can be used with a base unit or expansion unit of this series.

� The special function module cannot be used with this series.
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Module type Designation Description FX1S FX1N
FX2N

FX2NC
FX3G

FX3U

FX3UC

Special function
modules

FX0N-32NT-DP
PROFIBUS/DP slave

� � � � �

FX3U-32DP � � � � �

FX3U-64DP-M PROFIBUS/DP master � � � � �

—

FX2N-32DP-IF
PROFIBUS/DP
remote I/O station

Power supply:
100–240 V AC Compatible with PROFIBUS/DP

masters
FX2N-32DP-IF-D Power supply:

24 V DC

MITSUBISHI
COM 24 +

L N

FX -32DP-IF2N

POWER

RUN

STOP

RUN

BF

DIA

ON

OFF

64 32 16 8 4 2 1

It is not necessary to install an FX base unit to a remote I/O
station. The FX2N-32DP-IF connects the connected I/O
modules or special function modules to the master station
of a PROFIBUS/DP network.

Used in combination with a FX3U or FX3UC base unit and a
FX3U-64DP-M master station, the creation of a high per-
formance remote I/O system, consisting entirely of
MELSEC FX modules, is possible.

PROFIBUS data such as the baud rate or I/O data can be
monitored directly with the programming software or on
the hand-held programming unit FX-20P-E.This facilitates
an easy error diagnosis directly on the remote I/O station.

3UFX -64DP-M

ERROR

FROM/TO

TOKEN

RUN

POWER

The FX3U-64DP-M PROFIBUS DP master module is
available for the FX3U and FX3UC base units and enables
the attached FX base unit to be a master station on a
PROFIBUS DP-V1 network. PROFIBUS DP allows for the
implementation of decentralized control with comprehen-
sive data and alarm processing capabilities.

Easy setup is available by using the GX Configurator-DP
software package.



2.9.6 Network Modules for CC-Link

CC-Link Master Module FX2N-16CCL-M

The CC-Link network enables the controlling and monitoring of decentralized I/O modules at the
machine.

The CC-Link master module FX2N-16CCL-M is a special extension block which assigns an FX
series PLC as the master station of the CC-Link system.

CC-Link Communication Modules FX2N-32CCL and FX3U-64CCL

The communication modules FX2N-32CCL and FX3U-64CCL enable the user to connect to the
CC-Link network with a superior PLC system as master CPU. This gives him access to the net-
work of all MELSEC PLC systems and frequency inverters and to additional products from other
suppliers.

Overview of Network Modules for CC-Link

� The special function module can be used with a base unit or expansion unit of this series.

� The special function module cannot be used with this series.

Extending for Special Functions The Hardware

2 - 28 MITSUBISHI ELECTRIC

FX -16CCL-M2n
CC-LINK

RUN
ERR.
MST

TEST 1
TEST 2

L RUN

L ERR.

SW
M/S

PRM
TIME
LINE

SD
RD

The setting of all modules within the network
is handled directly via the master module.

Up to 15 remote stations (7 remote I/O sta-
tions and up to 8 remote device stations) can
be connected to the master station. Two mas-
ter modules can be connected to one base
unit.

The maximum communications distance is
1200 m without repeater.

LRUN • LERR • RD • SD

FX -32CCL2N

Thus the network is expandable via the digital
inputs/outputs of the FX modules to a maxi-
mum of 256 I/Os.

Module type Designation Description FX1S FX1N
FX2N

FX2NC
FX3G

FX3U

FX3UC

Special function modules

FX2N-16CCL-M Master for CC-Link � � � � �

FX2N-32CCL Remote device station
for CC-Link

� � � � �

FX3U-64CCL � � � � �



2.9.7 Network Module for DeviceNet

DeviceNet represents a cost-effective solution for the network integration of low-level terminal
equipment. Up to 64 devices including a master can be integrated in one network. For the data
exchange a cable with two shielded twisted-pair cables is used.

� The special function module can be used with a base unit or expansion unit of this series.

� The special function module cannot be used with this series.

2.9.8 Network Module for CANopen

CANopen is an “open” implementation of the Controller Area Network (CAN), which is defined in
the EN50325-4 standard. CANopen offers cost effective network communications with
fault-resistant network structure where components of different manufacturers can be inte-
grated quickly and easily. CANopen networks are used for connecting sensors, actuators and
controllers in a variety of applications. The bus uses inexpensive twisted-pair cabling.

� The special function module can be used with a base unit or expansion unit of this series.

� The special function module cannot be used with this series.
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2NFX -64DNET

POWER

/TO

MS

NS

The DeviceNet slave module FX2N-64DNET can be used
to connect FX2N, FX2NC and FX3U programmable control-
lers to a DeviceNet network.

The FX2N-64DNET can communicate to the master by
the master/slave communication (using the master/slave
I/O connection), and to other nodes supporting the UCMM
connection by client/server communication.

The communication between the programmable control-
ler and the internal buffer memory of the FX2N-64DNET is
handled by FROM/TO instructions.

Module type Designation Description FX1S FX1N
FX2N

FX2NC
FX3G FX3U FX3UC

Special function module FX2N-64DNET DeviceNet slave
module � � � � � �

FX -32CAN2N

POWER

RUN

FROM/TO

Tx/Rx

ERROR

The FX2N-32CAN communications module makes it pos-
sible to connect an FX2N, FX3G, FX3U or FX3UC PLC to an
existing CANopen network.

In addition to real-time capabilities and high-speed data
transfer at rates of up to 1 Mbps the CANopen module also
shines with high transfer reliability and simple network
configuration. Up to 120 words of data can be sent and
received as process data objects (30 PDOs).

Communication with the module’s memory buffer is per-
formed with simple FROM/TO instructions

Module type Designation Description FX1S FX1N FX2N FX2NC FX3G
FX3U

FX3UC

Special function module FX2N-32CAN CANopen
module � � � � � �



2.9.9 Network Module for AS-Interface

The Actuator Sensor interface (AS interface or ASi) is an international standard for the lowest
field bus level. The network suits versatile demands, is very flexible and particularly easy to
install. The ASi is suitable for controlling sensors, actuators and I/O units.

� The special function module can be used with a base unit or expansion unit of this series.

� The special function module cannot be used with this series.
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FX -32ASI-M2N

CONFIG ERR

FROM/TO

PRG ENABLE

ASI ACTIVE

PRJ MODE

ADRESS/ERROR
POWER

U ASI

The FX2N-32ASI-M serves as master module for the con-
nection of the FX1N/FX2N and FX3U/FX3UC PLC to the
AS-Interface system. Up to 31 slave units with up to 4
inputs and 4 outputs can be controlled.

For status and diagnosis messages a 7-segment display
is integrated.

Module type Designation Description FX1S FX1N FX2N FX2NC FX3G FX3U

Special function module FX2N-32ASI-M Master for
AS-i system � � � � � �



2.9.10 Interface Modules and Adapters

For serial data communication a large range of interface modules/adapters is available. Shown
below are only some examples, but the following table covers all available interfaces.

Overview of Interface Modules and Adapters

* The FX2NC-232ADP and the FX2NC-485ADP require a FX2N-CNV-BD or FX1N-CNV-BD interface adapter when
connecting to a FX1S, FX1N or FX2N base unit.
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JY331B89001C
FX

-232-BD
2N

RS232C interface adapter board FX2N-232-BD

POWER

FX3U-232ADP

RD

SD

Communication special adapter
FX3U-232ADP (RS232C interface)

Interface Module FX2N-232IF

The interface module FX2N-232IF provides an RS232C
interface for serial data communications with the
MELSEC FX2N, FX2NC, FX3U and FX3UC.

Communication with PCs, printers, modems, barcode
readers etc. is handled by the PLC program. The send
and receive data are stored in the FX2N-232IF’s own
buffer memory.

Module type Designation Description FX1S FX1N
FX2N

FX2NC
FX3G FX3U FX3UC

Adapter boards

FX1N-232-BD

RS232C inter-
faces

� � � � � �

FX2N-232-BD � � � � � �

FX3G-232-BD � � � � � �

FX3U-232-BD � � � � � �

Special adapter
FX2NC-232ADP* � � � � � �

FX3U-232ADP-MB � � � � � �

Special function module FX2N-232IF � � � � � �

Adapter boards

FX1N-422-BD

RS422 interfaces

� � � � � �

FX2N-422-BD � � � � � �

FX3G-422-BD � � � � � �

FX3U-422-BD � � � � � �

Adapter boards

FX1N-485-BD

RS485 interfaces

� � � � � �

FX2N-485-BD � � � � � �

FX3G-485-BD � � � � � �

FX3U-485-BD � � � � � �

Special adapter
FX2NC-485ADP* � � � � � �

FX3U-485ADP-MB � � � � � �

Adapter board FX3U-USB-BD USB interface � � � � � �



2.9.11 Communication Adapters

Communication adapters boards

Communication adapters boards (product code FX��-CNV-��) are are installed directly in a base
unit. They are needed to connect special adapters (FX��-���ADP) to the left-hand side of base
units of the FX1N, FX2N, FX3G or FX3U series.

FX2N-CNV-IF

Overview of Communication Adapters

� The adapter can be used with a base unit of this series.

� The adapter cannot be used with this series.
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FX -CNV-BD2N

JY331B89201B

FX2N-CNV-BD

Connector side

FX -CNV-IF2N

MITSUBISHI

The FX2N-CNV-IF interface allows special function mod-
ules of the old FX series to be connected to the base units
of the FX family.

Module type Designation Description FX1S FX1N FX2N FX2NC FX3G FX3U FX3UC

Adapter boards

FX1N-CNV-BD

Communication
adapters for con-
nection of special
adapters

� � � � � � �

FX2N-CNV-BD � � � � � � �

FX2NC-CNV-IF � � � � � � �

FX3G-CNV-ADP � � � � � � �

FX3U-CNV-BD � � � � � � �

Adapter FX2N-CNV-IF

Communication
adapter for con-
nection of FX
series modules

� � � � � � �

FX3G-CNV
-ADP

FX3G-CNV-ADP



2.9.12 Setpoint Adapter Boards

These analog setpoint adapters enable the user to set 8 analog setpoint values. The analog val-
ues (0 to 255) of the potentiometers are read into the controller and used as default setpoint val-
ues for timers, counters and data registers by the user’s PLC programs.

Each potentiometer value can also be read as an 11 position rotary switch (positions 0 to 10).

Setpoint value polling is performed in the PLC program using the dedicated instruction VRRD.
The position of an rotary switch is read using the VRSC instruction.

The analog setpoint adapters are installed in the expansion slot of the base unit. No additional
power supply is required for operation.

� The adapter board can be used with a base unit or expansion unit of this series.

� The adapter board cannot be used with this series.
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JY331B88801B

FX2N-8AV-BD

Connector side

Potentiometer

Module type Designation Description FX1S FX1N FX2N FX2NC FX3G
FX3U

FX3UC

Adapter boards

FX1N-8AV-BD

Analog setpoint adapters

� � � � � �

FX2N-8AV-BD � � � � � �

FX3G-8AV-BD � � � � � �

FX3G-8AV-BD

Potentiometer



2.10 System Configuration

A basic FX PLC system can consist of a stand alone base unit, with the functionality and I/O
range increased by adding extension I/O and special function modules. An overview of available
options is given in sections 2.8 and 2.9.

Base Units

Base units are available with different I/O configurations from 10 to 128 points but can be
expanded to 384 points depending upon the FX range selected.

Extension Boards

Extension adapter boards can be installed directly into the base unit and therefore do not require
any additional installation space. For a small number of I/O (2 to 4) an extension adapter boards
can be installed directly into the FX1S or FX1N controller. Interface adapter boards can also pro-
vide the FX PLC with additional RS232 or RS485 interfaces.

Extension I/O Modules

With the exception of the FX1S series, unpowered modular extension blocks and powered com-
pact extension units modules can be added to all base units of the FX family. For modular exten-
sion blocks powered by the base unit, the power consumption has to be calculated as the 5 V DC
bus can only support a limited number of expansion I/O.

Special Function Modules / Special Adapters

A wide variety of special function modules are available for all FX PLCs, again the exception is
the FX1S. They cover networking functionality, analog control, pulse train outputs and tempera-
ture inputs (for further details please refer to section 2.9).
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FX -16LNK-M2N0MOD
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D
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7

F

1 2 3

OFF
ON

OFF
ON
OFF
ON

ERROR STATION

IN

POWER

0N-3AFX

FX base unit Special function modules Compact extension unit



Expansion Options

The difference between a base unit, extension unit and extension block is described as follows:

� A base unit is made up of 4 components i.e. power supply (for base units with AC power
supply only), inputs, outputs and CPU.

� An extension unit is made up of 3 components i.e. power supply, inputs and outputs.

� An extension block is made up of 1or 2 components i.e. inputs and/or outputs.

It can be seen that the extension block does not have a power supply. It therefore obtains its
power requirement from either the base unit or extension unit.

Hence it is necessary to determine how many of these unpowered units can be connected
before the "On Board" power supply capacity is exceeded.
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PLC Number of modules on the
left side of base unit

Number of boards in expan-
sion board port of base unit

Number of modules on the
right side of base unit

FX1S

The modules FX0N-485ADP and
FX0N-232ADP can be mounted
in combination with a communi-
cation adapter FX1N-CNV-BD.

1
(product code FX��-���-BD)

—

FX1N
Up to 2 special function mod-
ules of the FX2N series.

FX2N
Up to 8 special function mod-
ules of the FX2N series.

FX2NC

The modules FX0N-485ADP and
FX0N-232ADP can be mounted
on the left side directly. An
adapter is not required.

— Up to 4 special function mod-
ules of the FX2N series.

FX3G

Up to 4 special adapters of the
FX3U series can be mounted on
the left side of the base unit in
combination with an adapter
board FX3G-CNV-BD.

Up to 2
(dependent on the type

of base unit)
(product code FX3G-���-BD)

Up to 8 special function mod-
ules of the FX2N or FX3U series.FX3U

Up to 10 special adapters of the
FX3U series can be mounted on
the left side of the base unit
directly or in combination with
an interface/communication
adapter FX3U-���-BD.

1
(product code FX3U-���-BD)

FX3UC

Up to 6 special adapters of the
FX3U series can be directly
mounted on the left side of the
base unit.

—



2.10.1 Connection of Special Adapters

Special adapters of the FX3U series can be mounted on the left side of the base unit of the FX3G,
FX3U, and FX3UC series.

NOTE The following rules apply to FX3U base units. For the rules of system configuration for the
FX3G or FX3UC series, please refer to the appropriate manual.

High-speed input/output special adapters

Up to two high-speed input special adapters FX3U-4HSX-ADP and up to two high-speed output
special adapters FX3U-2HSY-ADP can be connected to a base unit.

Connect all high-speed I/O special adapters before connecting other special adapters when
they are used in combination. A high-speed I/O special adapter can not be mounted on the left
side of a communication or analog special adapter.

When only high-speed input/output special adapters are connected, the adapters can be used
without a communication or interface adapter board installed in the base unit.

Combination of analog and communication special adapters

Analog and communication special adapters must be used with a communication adapter board
or an interface adapter board installed in the base unit.
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Possible
configuration

Communication
special adapter

Analog
special adapter

No communication adapter board
or interface adapter board

Base unit

Communication or
interface adapter

board

Communication
special adapter

Analog
special adapter

Base unit

Illegal
configuration

These adapters do not function.

High-speed I/O
special adapter

Possible
configuration

High-speed I/O
special adapter

High-speed I/O
special adapter

Communication or
interface adapter

board

Base unit

High-speed I/O
special adapter

High-speed I/O
special adapter

High-speed I/O
special adapter

No communication adapter board
or interface adapter board

Base unitPossible
configuration



Combination of communication special adapters and an interface adapter board

When instead of a communication adapter board FX3U-CNV-BD an interface adapter board
FX3U-232-BD, FX3U-422-BD, FX3U-485-BD, or FX3U-USB-BD is mounted, one communication
special adapter FX3U-232ADP or FX3U-485ADP may be used.

Combination of high-speed input/output,analog and communication special adapters

When these adapters are used, connect the high-speed input/output special adapters on the left
side of the base unit. The high-speed input/output special adapters cannot be connected on the
downstream side of any communication/analog special adapter.

Summary
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Possible
configuration

FX3U-232-BD, FX3U-422-BD, FX3U-485-BD or
FX3U-USB-BD

Illegal
configuration

This adapter does not work.

Communication
adapter board
FX3U-CNV-BD

interface adapter
board

Communication
special adapter

Communication
special adapter

Communication
special adapter

Communication
special adapter

Base unit

Base unit

Communication
special adapter

Possible
configuration

High-speed input
special adapter

High-speed
output special

adapter

Base unit

Interchangeable

Analog
special adapter

Communication
special adapter

Illegal
configuration

Base unitAnalog
special adapter

High-speed input
special adapter

High-speed
output special

adapter

The adapters cannot be connected in this order.

Mounted communica-
tion adapter board or
interface adapter board

Number of connectable special adapters

Communication
special adapter

Analog
special adapter

High-speed input
special adapter

High-speed output
special adapter

No adapter board
installed These special adapters cannot connected. 2 2

FX3U-CNV-BD 2 4 2 2

FX3U-232-BD
FX3U-422-BD
FX3U-485-BD
FX3U-USB-BD

1 4 2 2



2.10.2 Basic Rules for System Configuration

The following considerations should be taken into account when configuring a system with
extension units or special function modules:

� Current consumption from 5 V DC backplane bus

� 24 V DC current consumption

� The total number of inputs and outputs point must be smaller than the number of max. I/Os.

The following figure shows the distribution of the power supply in case of an FX3U.

* When connecting an input extension block on the downstream side of an extension power supply unit, this input
extension block is supplied from the base unit or from an input/output powered extension unit which is mounted
between base unit and extension power supply unit.

Calculation of current consumption

The power is supplied to each connected device from the built-in power supply of the base unit,
the input/output powered extension unit or – for FX3U and FX3UC only– the extension power sup-
ply unit.

There are three types of built-in power supplies

– 5V DC

– 24V DC (for internal use)

– 24V DC service power supply (only in AC powered base units).

The following table shows the capacities of the built-in power supplies:

When only input/output extension blocks are added, a quick reference matrix can be used.

When also special function modules are added, calculate the current consumption to ensure
that the total current to be consumed by the additional modules can be supplied by the built-in
power supply. For details of the power consumption please refer to the appendix (section A.4).
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FX3U
base unit�� � �Compact

extension
unit

Extension
power
supply

�

Power supply from
base unit

Power supply from
base unit

Power supply from
compact extension

unit
Power supply from
extension power

supply unit*

�: Special adapter
�: Communication board or interface board

�: Modular extension block or special function module

Model 5 V DC built-in power supply 24 V DC built-in power supply
(internal / service power supply

Base units

FX1N
Suitable to power all connected
modules 400 mA

FX2N 290 mA
250 mA (FX2N-16M�, FX2N-32M�)

460 mA (all other base units)

FX3G
Sufficient for 2 special function mod-
ules or 32 additional I/O —

FX3U 500 mA
400 mA (FX3U-16M�, FX3U-32M�)

600 mA (all other base units)

FX3UC 400 / 480 / 560/ 600 mA —

Compact extension unit FX2N 690 mA
250 mA (FX2N-32E�)

460 mA (FX2N-48E�)



2.10.3 Quick Reference Matrixes

When only input/output extension blocks without a built-in power supply are added to a base
unit, a quick reference matrix can be used. The following examples are valid for base units of the
FX3U series.

AC powered base units

In the following quick reference matrixes, the value at the intersection of the number of input
points to be added (horizontal axis) with the number of output points to be added (vertical axis)
indicates the remaining power supply capacity.

For FX3U-16MR/ES, FX3U-16MT/ES, FX3U-16MT/ESS, FX3U-32MR/ES, FX3U-32MT/ES or
FX3U-32MT/ESS:

� Example

When a 16-input and a 16-output point extension block are connected to a base unit
FX3U-16M� or FX3U-32M�, the residual current of the 24V DC service power supply is
150 mA.

For FX3U-48MR/ES, FX3U-48MT/ES, FX3U-48MT/ESS, FX3U-64MR/ES, FX3U-64MT/ES,
FX3U-64MT/ESS, FX3U-80MR/ES, FX3U-80MT/ES, FX3U-80MT/ESS, FX3U-128MR/ES,
FX3U-128MT/ES or FX3U-128MT/ESS:

� Example

When a 32-input and a 16-output point extension block are connected to an AC powered
base unit with 48, 64, 80 or 128 I/Os, the 24 V DC service power supply can still deliver a
maximum current of 250 mA to other devices.

Confirm the current capacity of 24 V DC service power supply from the value shown in the quick
reference matrix. This remaining power supply capacity (current) can be used as a power supply
to external loads (sensors or the like) by the user. When special function modules are con-
nected, it is necessary to consider whether they can be powered by the remaining power supply
capacity.
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DC powered base units

The DC power type base units have restrictions in expandable I/O points since they lack a
built-in service power supply.

The following matrixes show the expandable units up to the � mark, where the desired inputs
(horizontal axis) and outputs (vertical axis) intersect. System are expandable up to the � mark
when the supply voltage is 16.8 V to 19.2 V.

For FX3U-16MR/DS, FX3U-16MT/DS, FX3U-16MT/DSS, FX3U-32MR/DS, FX3U-32MT/DS or
FX3U-32MT/DSS:

� Example

When adding 16 inputs to a DC powered base unit with 16 or 32 I/O, a maximum of 32 out-
puts are expandable. When adding 16 inputs under the supply voltage 16.8 V to 19.2 V, a
maximum of 16 outputs are expandable.

For FX3U-48MR/DS, FX3U-48MT/DS, FX3U-48MT/DSS, FX3U-64MR/DS, FX3U-64MT/DS,
FX3U-64MT/DSS, FX3U-80MR/DS, FX3U-80MT/DS or FX3U-80MT/DSS:

� Example

When adding 32 inputs to a DC powered base unit with 48, 64, or 80 I/Os, a maximum of 40
outputs are expandable. But when adding 32 inputs under the supply voltage 16.8 V to
19.2 V, a maximum of 24 outputs are expandable.
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2.11 I/O Assignment

The assignment of the inputs and outputs in a PLC of the MELSEC FX family is fixed and can not
be altered.

When power is turned on after input/output powered extension units/blocks have been con-
nected, the base unit automatically assigns the input/output numbers (X/Y) to the units/blocks.

Therefore, it is unnecessary to specify the input/output numbers with parameters.

Input/output numbers are not assigned to special function units/blocks.

2.11.1 Concept of assigning

Input/output numbers (X/Y) are octal

The inputs and outputs of a PLC of the MELSEC FX family are counted in the octal numeral sys-
tem. This is a base-8 number system and uses the digits 0 to 7.

The following table shows a comparison between some decimal and some octal numbers:

Octal numbers are assigned as input/output numbers (X/Y) as shown below.

– X000 to X007, X010 to X017, X020 to X027......, X070 to X077, X100 to X107...

– Y000 to Y007, Y010 to Y017, Y020 to Y027......, Y070 to Y077, Y100 to Y107...

Numbers for added input/output unit/block

To an added input/output powered extension unit/block, input numbers and output numbers fol-
lowing the input numbers and output numbers given to the preceding device are assigned.

The last digit of the assigned numbers must begin with 0.

For example, when the last number on the preceding device is Y43, the output numbers are
assigned to the next device starting from Y50.

The Hardware I/O Assignment
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Decimal Octal

0 0

1 1

2 2

3 3

4 4

5 5

6 6

7 7

8 10

9 11

10 12

11 13

12 14

13 15

14 16

15 17

16 20

: :



* The inputs from X044 to X047 and the outputs from Y024 to Y027 are occupied by the FX2N-8ER-ES/UL, but they
can not used.

2.11.2 Special function module address

Since you can attach multiple special function modules to a single base unit 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 (you can connect a maximum of
8 special function modules). The numbers are assigned consecutively, in the order in which the
modules are connected to the PLC.

Special function module addresses are not assigned to the following products:

– Input/output powered extension units (e. g. FX2N-32ER-ES/UL or FX2N-48ET-ESS/UL)

– Input/output extension blocks (e. g. FX2N-16EX-ES/UL or FX2N-16EYR-ES/UL)

– Communication adapter (e.g. FX3U-CNV-BD)

– Interface adapter (e. g. FX3U-232-BD

– Special adapter (e. g. FX3U-232ADP)

– Extension power supply unit FX3U-1PSU-5V

I/O Assignment The Hardware
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3 GX Developer

This course utilises Mitsubishi’s GX Developer programming and monitoring software package.

The GX-Developer software is a Windows based package, which enables users to produce
Ladder Diagram projects for use with the Mitsubishi range of PLC’s.

It has been produced by Mitsubishi Electric to replace the popular DOS based package
“MEDOC”.

3.1 Advantages of GX Developer

The GX Developer software is windows based and thus offers many advanced features
including:

� All program functions can be accessed using icons from tool bars on the console, as well
as dropdown menus and shortcut keys.

� Ladder diagrams can be entered rapidly using fast entry key sequences or point and click
tools.

� Program modifications can be easily carried out either “on or off-line”. Changes may also
be written to the program in the PLC while in Run mode.

� Unlimited use of the Windows clipboard enables program editing to be carried out quickly
and efficiently.

� Superior monitoring facilities are offered including batch, entry data and direct monitoring
of the contents of the buffer memory areas of special function modules. Different elements
of a ladder diagram may also be monitored simultaneously.

� Advanced Fault Finding and diagnostic features are offered.

� Improved documentation and context sensitive help

� Various program structuring tools are provided that improve program readability and via-
bility, particularly operation sequencing.

� Extensive program documentation tools are offered.

Full program simulation may be carried out without the need for any PLC hardware.

GX Developer Advantages of GX Developer

Training Manual GX Developer 3 - 1



3.2 Programming Software Initialisation

When using GX Developer for the first time, it is advisable to alter some of the program defaults
in order to optimise the working environment.

The following procedures customise GX Developer for optimised operation for the remainder of
this course.

Procedure:

� From Windows Desktop, select GX Developer.

� The display comes up as shown below.

As can be seen from the above display there are large number of icons and this can be confusing
to the first time user. Hence initially, it is recommended that only an essential minimum number
of icons should be displayed.

Programming Software Initialisation GX Developer
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	 From the Main Menu, select View and then Toolbar. Deselect the items which no longer
are identified by an X, so that the display appears as shown below.


 Select OK and the display will now be as shown below

GX Developer Programming Software Initialisation
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4 Creating a Project

The following section describes the procedures required to create a new project with GX Devel-
oper using an example program COMPACT_PROG1.

The Program will be used to illustrate how a PLC Ladder diagram can be produced, modified
and tested. Then using a Mitsubishi PLC of the FX family, the program will be downloaded, run
and monitored.

4.1 Example PLC Program (COMPACT_PROG1)

This program enables a PLC output i.e. Y0, to be turned ON/OFF at a controlled rate. In this
example the Output Y0 will be ON for 1 second and then OFF for 1 second. When Y0 is OFF then
Y1 is ON and visa versa.

PLC Ladder Diagram

4.1.1 Line Numbers

In the descriptions that follow, references will be made to Line Numbers.

A Line Number is the Step Number of the first element for that particular line.

Therefore Line Numbers will not increase by one from one line to the next, but will depend on the
number of steps used by the elements, for each line. The usage of program steps varies
between different PLC types.

Creating a Project Example PLC Program (COMPACT_PROG1)
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4.1.2 Principle of Operation

� Line 0

– On closing the Input switch X0, the timer T0 will be enabled via the normally closed con-
tact of Timer T1.

– Timer T0 will now start timing out and after 1 second, the Timer will operate. This
means:

Any T0 normally open contacts -| |- , will close.

Any T0 normally closed contacts -| / |- , will open.

� Line 5

– The normally open contact of T0 will close, and the normally closed contact will open
causing the following to occur:

Timer T1 will become enabled and start timing out.

Output Y0 will become energised i.e. Output Y0 will turn ON.

Output Y1 will be de-energised i.e. Output Y1 will turn OFF.

� Lines 0 & 5

After Timer T1 has been energised for 1 second, it will also operate and it’s normally closed
contact will open, causing Timer T0 to drop-out.

� With Timer T0 dropping-out, it’s normally open contact will now re-open causing:

– Timer T1 to drop-out.

– Output Y0 to become de-energised i.e. Output Y0 will turn OFF and Y1 will turn ON.

� Hence it can be seen that Timer T1 is part of a ‘cut-throat’circuit, in that its operation imme-
diately causes itself to drop-out.This operation must be viewed in conjunction with the PLC
program scan cycle process.

� With Timer T1 dropping out, its normally closed contact will close, and for as long as Input
X0 is closed; the operation will be constantly repeated.

� Lines 5 & 10

Hence the Output Y0 will be continuously OFF for 1 second and then ON for 1 second and
visa versa for output Y1 (Line 10).

Example PLC Program (COMPACT_PROG1) Creating a Project
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4.2 Start Up Procedure

� Enter the details in the New Project selection window as illustrated below:

– PLC series: FXCPU

– PLC Type: Selection depends on the CPU used. Read the description on front of CPU
and make your selection here.

– Program type: Ladder

– Device memory data...: Ticked

– Setup project name: Ticked

– Drive/Path:C:\MELSEC (The actual Drive/Path varies with computer configuration).

NB: You may consider using the following pathname in order to keep your programs
separate from the others that may be present on the hard disk of the computer:
C:\MELSEC\Your Company name\Project name

– For this example, use the Project Name: COMPACT_PROG1.

– The Title is optional. Any description could be entered here.

Creating a Project Start Up Procedure
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� From the Project menu, select New Project as:



	 Select the OK button. The following message will appear:

� Select the Yes button.


 The display will now be as shown in the following screen shot.

Start Up Procedure Creating a Project
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4.3 Ladder Diagram Elements

Previously the Ladder Diagram Elements in the tool bar have optionally been set with exactly the
same numbers as for MEDOC i.e.

� Normally Open contact

� Normally Closed contact

� Normally Open Parallel contact t

� Normally Closed Parallel contact

� Vertical Line

� Horizontal Line

� Output coil

� Function Command

This means that the Ladder Diagram can be constructed by either:

� Using the mouse and selecting the required element.

� Entering the Function key corresponding to the required element.

4.4 Project Data List

The Project Data List is displayed on the left hand side of the Ladder Diagram as shown below.
This window displays the directory structure of the displayed project. It is used to ease naviga-
tion between various elements of the program. This list varies dependent on the PLC CPU
model specified:

Creating a Project Ladder Diagram Elements
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4.5 Toggle Display Project Data List

To improve the clarity of the Ladder Diagram, the Project Data List can be removed from the dis-
play. This is useful particularly for smaller video displays for example Laptop and LCD’s.

To remove the Project Data List from the displayed area, the following procedure should be
adopted.

� Alternatively ‘Toggle’ click the button from the tool bar to select / Deselect the Project
Data List display window.

� The Project Data list can also be removed by clicking on the “Close Window” on the top
right of the Project Data List Window.

The altered display is shown below:

Toggle Display Project Data List Creating a Project
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From the Main Menu select View and click ‘Toggle’
(de-select) the Project data list.



4.6 Changing the Colour Attributes (Optional)

Changing the Colour Attributes is optional. Before proceeding with the Ladder Program it is rec-
ommended to carry out the following procedure:

Due to the poor choice of default colours used in the editing functions, it is recommended that
colour attributes should be altered for the “Insert” cursor function in order to provide improved
visibility. The colour attributes will be stored from now-on by GX Developer but it is a requirement
that a project is first opened in order to alter this particular group of settings. These modified set-
tings will therefore be used for the remainder of this course:

Creating a Project Changing the Colour Attributes (Optional)

Training Manual GX Developer 4 - 7

� From the Tools menu, select the Change Display
Colour option, thus:

� The display colour attribute window
is then displayed.



	 Click on the Insert button for the Cursor colour function. The following colour palate win-
dow will be displayed:

� Click on the bright red box in the above window and then click OK. This alters the colour
attribute for the cursor in “Insert” mode from Purple to bright Red.


 Having carried out these operations, this is the configuration that best suits the format of
the following training notes.

Changing the Colour Attributes (Optional) Creating a Project
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4.7 Entering the Ladder Diagram (COMPACT_PROG1)

The Ladder Diagram of COMPACT_PROG1 as shown at the beginning of this section will now
be entered.

� Entering the first contact, Normally Open X0

– Using the mouse or “F5” from keyboard, select the normally open contact.

– Enter the name X0.

– Select OK.

– The Ladder Diagram now becomes as shown below.

� Entering the second contact, Normally Closed T1.

Using the keyboard, enter:

– T1

– Select OK

– The Ladder Diagram now becomes as shown below.

	 Output, Timer T0.

Enter the following:

– Function key "F7"

– T0

– Space

– K10

– OK

Creating a Project Entering the Ladder Diagram (COMPACT_PROG1)
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– The Ladder diagram will be as displayed below:

� Complete the Ladder diagram as shown below:

NOTE There is no need to enter the instruction END as it is always on the last line of the Ladder Dia-
gram and is created automatically by GX Developer.

Entering the Ladder Diagram (COMPACT_PROG1) Creating a Project
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4.8 Conversion to an Instruction Program

Before the program can be saved, the Ladder Diagram must first of all be converted into a set of
MELSEC™ instructions.

(Incidentally, “MELSEC” is the brand name used by Mitsubishi Electric for their PLC products
and is derived from the term: “Mitsubishi Electric Sequencers”)

To execute the conversion process, carry out the following:

� From the Main Menu, select Convert.

� Select the Convert function. Alternatively click on either of the buttons or simply
press the F4 key.

The Ladder diagram will now be converted to instruction code for the PLC and the resulting dis-
play will be as shown below.

NOTE The grey unconverted background area becomes clear and line numbers appear at the start
of each line.

Creating a Project Conversion to an Instruction Program
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4.9 Saving the Project

To save the project on the hard drive, carry out the following.

� From the Main Menu, select Project.

� Select Save.

Alternatively press the button on the tool bar.

The project will now be saved to C:\MELSEC\COMPACT_PROG1 on the computer hard disk
drive. (Dependent on individual computer preferences)

Saving the Project Creating a Project
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5 Instruction List Programming

An Instruction List program is an alternative method for producing PLC Programs.

The instruction program is the actual command instructions that the PLC executes when run-
ning a program.

However, unless a programmer is very skilled at producing such programs, it is usually pre-
ferred that the program be produced by the ladder method.

Where GX Developer has been used to produce a Ladder Diagram, then the equivalent Instruc-
tion Program can easily be displayed.

5.1 Instruction List Program (COMPACT_PROG1)

To obtain the equivalent Instruction Program for COMPACT_PROG1, carry out the following.

� From the Main Menu select,

– View

– Instruction List

� Displayed on the screen will be the Instruction List representation of the program for COM-
PACT_PROG1.

NOTE
By toggling the keys <Alt> F1 or by clicking the button on the toolbar, the Ladder Dia-

gram or equivalent Instruction Program can be displayed.

Instruction List Programming Instruction List Program (COMPACT_PROG1)
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Ladder Diagram- COMPACT_PROG1

Instruction Program – COMPACT_PROG1

NOTES It may be necessary to cursor up the Instruction List display in order to view the entire pro-

gram.

To further improve the viewability of the Instruction list, use the Zoom Up / Down buttons on

the toolbar thus:

Instruction List Program (COMPACT_PROG1) Instruction List Programming
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5.2 Explanation - Instruction List Programming

Start of a Rung

Where the first contact on each rung is a normally open contact, then the equivalent Instruction
will always be:

– LD (Load).

Where the first contact on each rung is a normally closed contact, then the equivalent Instruction
will always be:

– LDI (Load Inverse)

Contacts in Series

Where there is more than one contact connected in series, then to obtain an Output, all of the
contacts must be correctly operated.

– i.e. X0 ON, T1 OFF

Hence for the timer coil T0 to be energised, input X0 is operated AND the input T1 is not oper-
ated. This is written in an instruction program as

– LD X0
ANI T0

Hence after the first contact on each rung, any additional series connected contacts, will be pre-
ceded by the following:

– AND for all normally open contacts
ANI for all normally closed contacts

Outputs

Each rung must be terminated by one or more outputs i.e.

� Output solenoid ‘Y’

� Timer coil ‘T’

� Counter ‘C’

� Internal memory bit (relay) ‘M’

� Special instructions i.e.

– Pulse (One shot on rising ege) ‘PLS’

– Master Control Contact ‘MC’

– End of program ‘END’

� An Applied / Functional Instruction i.e.

– Block move ‘BMOV’

– Addition ‘ADD’

– Multiplication ‘MUL’

All output solenoid (coil) instructions are preceded with the instruction OUT, followed by the out-
put number and if appropriate, a constant K value i.e.

OUT T0 K10

This indicates that Timer T0 has been programmed to give an ON time delay of (10 x 0.1 ms) =
1.0 second.

Instruction List Programming Explanation - Instruction List Programming
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6 Find

The Find option is an extremely useful facility in that it enables:

� An immediate jump to a particular step number.

� A search for a particular element.

6.1 Find Step Numbers

Where a project contains a large number of steps, it is advantageous to be able to jump to a
known part of the program, than have to cursor down from Step 0.

To use this facility, carry out the following:

� Let the project COMPACT_PROG1 be displayed as shown below.

The Find step no. window now appears as shown below.

Find Find Step Numbers
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� From the Main Menu, select Find/Replace.

	 Select Find step no.



� Enter 5, <OK>.

Note that the program immediately jumps to the start of Line 5.

Hence using this method, any part of the program can be quickly accessed. Repeat the proce-
dure to jump back to the start of the Ladder Diagram.

Find Step Numbers Find
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6.2 Find Device

This facility enables a search for an I/O device and GX Developer will search for this device and
stop at the first match.

� Let the Project COMPACT_PROG1 be displayed as shown below.

� From the Find/Replace menu, select Find device.

The display now changes to:

	 Enter T0.

� Select Find Next.

On the Ladder Diagram of COMPACT_PROG1, it can be seen that the coil of T0 is high-
lighted.


 Selecting Find Next again, will cause the next occurrence of T0 to become highlighted, i.e.
the normally open contact of T0 at Line 5.

� Select Find Next once more and note the next occurrence of T0 at Line 10.

Find Find Device
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 Continue selecting Find Next until all of the T0 ele-
ments have been found i.e. when the message on
the right is displayed.

� Select OK and then close the Find device window.



6.3 Instruction Search

Instruction Search is an extremely useful facility which enables a search to be carried out for a
particular program instruction.

Hence where a Ladder Diagram contains a large number of steps and it is difficult to determine if
a particular Instruction is being used, then the Instruction Search facility can confirm whether or
not it is in the program.

The following describes how using the project COMPACT_PROG1, a search is carried out for
the “Normally Closed Contact” of T1. It will be assumed that the ladder diagram COM-
PACT_PROG1 is being displayed.

� From the Main Menu select the following.

– Find/Replace.

– Find instruction.

� Using the triangular symbol on the left hand drop down box, select the symbol or ‘Normally
Closed Input’ and enter T1 in the right hand box (See Below).

	 Click the Find Next button

The display will now appear as shown below, with the first normally closed contact of T1
enclosed within the blue cursor square.

� Repeatedly select Find Next, until all of the matching input instructions have been found.

When there are no more items found matching the search criteria then the following mes-
sage is displayed:


 Select OK and then close the Find instruction window.

Instruction Search Find
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6.4 Cross Reference List

The Cross Reference List produces a display of the step numbers for both the coil and con-
tacts of the selected device where they appear on the ladder diagram. This is very important
when fault finding a project and there is a need to track a particular device through the ladder dia-
gram.

The following procedure describes how the cross reference details for the Timer T0 in the pro-
ject COMPACT_PROG1 are obtained.

� From the Main Tool Bar select Find/Replace.

� Select Cross reference list.

	 The following window is displayed:

� Enter T0 in the Find device window.

Find Cross Reference List
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 Select Execute and all the step numbers of where T0 occurs in the project COM-
PACT_PROG1, will be displayed.

� Select Close to return to the ladder diagram.

Cross Reference List Find
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6.5 List of Used Devices

Another useful facility, which is in the Find/Replace menu, is the List of Used Devices function.

The list enables the user to see what devices are being used in the project.

This is very useful when modifications to the ladder diagram are required, as it shows therefore
what devices are not being used and hence those devices are available for use in the modifica-
tion to the program.

The following procedure describes how all of the timers used in the project COMPACT_PROG1
are listed.

� From the Main Toolbar select Find/Replace.

� Select List of used devices, as shown in the display below.

	 The display now becomes as shown below:

� As can be seen from the previous display, an entire range of X input devices stating with X0
are being displayed.

In addition it can be seen there is a ‘*’ in the contact column for X0.This indicates that X0 is
used in the project COMPACT_PROG1.


 Enter T0 in the Find device window.

Find List of Used Devices
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� Select Execute and the display shows that Timers T0 and T1 are being used in the project
COMPACT_PROG1.

Hence the next available timer which can be used is T2.

List of Used Devices Find
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7 Copying Projects

This section describes how an existing project can be copied to a second project, which has a
different filename. This is required when modifying an existing project and yet still retains a copy
of the original Ladder Diagram.

This is necessary in case the modifications do not work as expected and therefore the original
project has to be re-loaded into the PLC, so that production can be maintained.

7.1 Copying of the project COMPACT_PROG1

Hence prior to modifying the existing project COMPACT_PROG1, it is necessary to copy COM-
PACT_PROG1 to project COMPACT_PROG2. This is done as follows:

� From the Main Menu, select Project.

� Select Save as.

Copying Projects Copying of the project COMPACT_PROG1
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	 The display now becomes as shown below:

� Change the Project name to COMPACT_PROG2.


 Select Save and the following message box is displayed:

� Select Yes, to create the new project COMPACT_PROG2.

Copying of the project COMPACT_PROG1 Copying Projects
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 The display now appears as shown below.

NOTE The Project name has changed to COMPACT_PROG2 (see the top program information
bar). The project COMPACT_PROG1 can still be recalled, whenever required.

Copying Projects Copying of the project COMPACT_PROG1
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8 Modification of Ladder Diagrams

8.1 Modification of the project COMPACT_PROG2

Before any modifications can be carried out, it is necessary for the Ladder Diagram COM-
PACT_PROG2 to be displayed on the screen.

At the moment COMPACT_PROG2 is identical to COMPACT_PROG1.

Modification Details

As can be seen from the following altered diagram COMPACT_PROG2, the modifications con-
sist of:

� Line 0: The insertion of a normally closed input X1.

� Line 11: Modification of normally open contact from T0 to M8013 *
Insertion of an additional rung: Output coil C0 K10

� Insertion of an additional rung: normally open contact of C0 driving output coil Y3

� Insertion of an additional rung: normally open X2 driving a Pulse [PLS M0] instruction.

� Insertion of an additional rung: normally open M0 driving a Reset [RST C0] instruction.

* M8013 is one of many special relays in the PLCs of the MELSEC FX family. M8013 switches at a frequency of 1Hz
and is derived from the internal crystal based clock. It is internally driven by the CPU which makes it ideal for accu-
rate timing applications. Refer to the appendix for a full description of special relays.

Modification of Ladder Diagrams Modification of the project COMPACT_PROG2
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Modified Ladder Diagram COMPACT_PROG2

Modification of the project COMPACT_PROG2 Modification of Ladder Diagrams
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8.2 Insertion of a new contact

To insert the normally closed contact X1, between X0 and T1, it will be necessary to change from
OVERWRITE mode to INSERT mode.

� This is done, by pressing the <Insert> key on the keyboard. Note the lower right mode box

changes to .

Note:

– The colour of the edging around the square changes to bright red.

– The word Insert now appears in the bottom right hand corner of the VDU display.

� Move the cursor over the normally closed T1 contact using the cursor keys on the key-
board or by left double clicking the mouse key over the contact.

	 Click on or enter F6 for a normally closed contact.

� Enter the contact name X1 <Enter>.


 Line 0 will now include the normally closed contact X1.

� Press F4 to convert the addition of the normally closed X1.

Modification of Ladder Diagrams Insertion of a new contact
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8.3 Change of Device Detail

� Press the “Insert” button on the keyboard and note the change of mode back to “Overwrite”

(cursor colour changes to blue).

� Move the cursor over to normally closed contact of T0 on line 11.Double click the mouse or
press <Enter> and the following will be displayed.

	 Click the small downward triangle in the left of the symbol box and select a normally open
contact.

� Alter T0 to M8013 and press OK. Press F4 or the buttons to convert the changes
and the display will be as follows:

Change of Device Detail Modification of Ladder Diagrams
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8.4 Inserting a Branch

� To insert the output C0 K10 as a branch to line 11, go to insert mode. The cursor turns red
to indicate the changed mode.

Press the “branch down” button or, on the keyboard, the SHIFT key together with the
function key F9 and press <Enter>. The display will be presented a follows:

� Move the cursor down one line and press the “Output coil” button or press F7 on the
keyboard. Enter C0 K10 and the display will be as follows:

	 Press <Enter> to enter the coil and then press F4 or the buttons to convert and the
display will become thus:

Modification of Ladder Diagrams Inserting a Branch
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8.5 Appention of New Program Blocks

� With the cursor positioned on the start of line 16, select a normally open contact of X2. To
enter the PLS M0 instruction, select from the toolbar and enter PLS M0. The display
will be as follows:

� Click OK or press <Enter> to complete the line.Press F4 or the buttons to convert
and the display will be thus:

	 Repeat the procedure � above for the next line with the RESET instruction for C0 (RST
C0) and the display will be as shown:

Appention of New Program Blocks Modification of Ladder Diagrams
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8.6 Insertion of New Program Blocks

The following two (red framed) further lines will be inserted following line11.

� With the cursor on the start of line 16, select Insert Line from the Edit menu thus:

� Enter the first new line as shown above and press F4 or the buttons to convert.

	 Repeat the procedures in steps � & � above for the second new line. Then press F4 or
one of the buttons.

The final modified Ladder Diagram COMPACT_PROG2 will now be as shown on the next page.

Modification of Ladder Diagrams Insertion of New Program Blocks
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� Save COMPACT_PROG2 using the button or select Save from the Project Menu.

Insertion of New Program Blocks Modification of Ladder Diagrams
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9 Delete Functions

9.1 Overview

When modifying a Ladder Diagram, it may be necessary not only to make additions to the pro-
gram but also to delete parts of it.

The project COMPACT_PROG3 will be used to demonstrate how the following can be deleted:

� An input contact.

� Part of a line.

� A complete line.

� More than one line simultaneously.

After all of the delete modifications have been carried out, COMPACT_PROG3 will appear as
shown below:

Before carrying out further modifications, save COMPACT_PROG2 to COMPACT_PROG3,
using the Save as procedure described previously:

Delete Functions Overview
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9.2 Deleting an Input Contact

Ensure the project COMPACT_PROG3* is displayed and in overwrite mode

* NB: At this moment in time COMPACT_PROG3 will be identical to COMPACT_PROG2.

� Move the cursor to the normally closed X1 contact.

� Select the horizontal line i.e. function key F9 to delete the X1 contact

	 Select OK and the X1 contact will be deleted.

� Press F4 or the buttons to convert the modification, the display will be:

Deleting an Input Contact Delete Functions
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9.3 Deleting a Branch

The branch at current line 5 will now be deleted.

� Move the cursor to the branch at line 5 as shown below.

� From the Edit menu, select Delete Line or use the shortcut keys "Shift+Delete" together.

	 The display will become:

� Press F4 or one of the buttons to convert the changes:

Delete Functions Deleting a Branch
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9.4 Deleting a Single Line

The single line at Line 5 will now be deleted.

� Move the cursor to the start of line 5 (Right hand side of ladder rung). Select Edit and then
Delete line or you may find it easier to use "Shift+Delete” keys together. The line will be
deleted immediately and the display will be as shown below:

Important: You MUST remember to press F4 or click the buttons to convert the
changes following a line deletion. In this case, GX Developer gives no indication that there
has been a change to the code because the changed code has been deleted!

Once converted, note line number changes:

Deleting a Single Line Delete Functions
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9.5 Deleting multiple lines

� Click and hold the left hand mouse button to the left hand side of the rung on line 5.While
holding the left hand button down, drag the mouse diagonally to the right and down until
over the RST C0 function on the far right of line 22. Release the mouse button as shown
below:

� From the Edit menu, press the “DEL” key on the keyboard. All of the selected instructions
will be deleted and the display will be thus:

	 Finally save the file using the button.

Delete Functions Deleting multiple lines
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10 Program Documentation

Perhaps one of the most commonly encountered difficulties for maintenance engineers and
technicians’ working on plant is often the total lack of adequately documented PLC program list-
ings.

There is really no excuse for poorly documented programs; most PLC programming software
provides extensive facilities for the annotation of software. Poorly documented software is
totally unacceptable in any situation! Documentation is necessary in order for the program origi-
nator to convey programming methods, structures and layouts used within the code to others
who may have to perform maintenance or modification tasks.

GX Developer offers a wide range of documentation tools to enable the code to be fully readable
and decipherable by other programmers, maintenance engineers or various third parties who
may become for example, involved with the operation, fault finding or maintenance of a particu-
lar system.

10.1 New Program Example: COMPACT_PROG4

A new program COMPACT_PROG4 will be constructed in order to demonstrate the use of the
documentation and annotation tools provided in GX Developer.

� From the Project menu, select New Project or simply press the Key. The display will
be as shown:

Note the addition of the program title “Documentation Example” in the title field.

Program Documentation New Program Example: COMPACT_PROG4
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� Now enter the next Ladder diagram using the methods described in previous sections in
this courseware:

COMPACT_PROG4

NOTE

It is also possible to enter [function commands] directly instead of using the square
bracket function first. Simply type the function from the keyboard and GX Developer will
automatically accept the entry. This enables quicker data entry to be carried out by reducing
the number of keystrokes.

New Program Example: COMPACT_PROG4 Program Documentation
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10.2 Annotating the Program

General Points

The following section deals with the various methods and facilities offered in GX Developer for
program annotation. Before proceeding with the description of these procedures, it will be nec-
essary to clarify one or two points regarding options for the embedding of ‘Statements’ and
‘Notes’ into the source code and the downloading of annotation elements into the PLC CPU with
the program.

Differences

The following settings differ depending on the PLC series selected.

Statements/Notes

Separate mans that statements and notes are stored in the project directory. When you down-
load a program from the PLC this information will only be displayed if there is a corresponding
project containing this data on the PC.

Note that you cannot store statements and notes in the PLCs of the MELSEC FX family. This is
why the Embedded option is always disabled when you are working with these PLCs. (With
Embedded selected, the Statement/Note is embedded into the program source code and will
be sent to the PLC on download. This is the default setting for Q-Series PLC’s.)

Comments

May be sent to the PLC with the program source code when selected in the transfer options
menu:

Program Documentation Annotating the Program
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If comments are to be sent to the PLC CPU then an area of memory must be pre- allocated from
the PLC Parameter editor thus:

This reserved memory is then no longer available for program code.

Annotation Toolbar Buttons:

Three buttons are used to select different annotation options:

These buttons are used while the program is in ‘Write’ mode and operate with a toggle action –
click to activate – click again to deactivate.

Annotating the Program Program Documentation
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10.3 Comments

Direct onscreen method

You can enter comments direct while programming.

� With the program COMPACT_PROG4 displayed on the screen select the Comments
mode button:

� Enter the comment “START” in the text box and press enter or click OK.

	 Move the cursor to X1 and press <enter> or double click the mouse over X1.Repeat for the
output Y0 and enter the comments as shown below:

Note that all occurrences of the devices X0, X1 and Y0 will be displayed automatically within the
program with the attached comment.

Program Documentation Comments
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For example, to place a comment against
the device X0, position the cursor over the
X0 contact and press ‘enter’ or double click
the mouse over the contact. The screen
shown on the right is displayed:



10.4 Project Data List (Navigation Window)

Comment input, table entry method.

Comments can also be input using the table entry method.

Where batches of devices are to be commented, for example all inputs or outputs, it is preferable
to be able to enter the comments into a table. GX Developer offers this method of data entry
through the Device Comment file option on the navigation window.

To enter comments into table, double click on the Device comment folder in the Project Data
List window:

Project Data List (Navigation Window) Program Documentation
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10.5 Comment Format

NOTE GX Developer will word wrap the text to a preset format as set in the Comment format func-
tion from within the View menu:

The default format is 4 lines of 8 characters which can be altered using the above menu and
advanced system settings which are described later-on and in the advanced course notes.

NOTE When entering the text in the prompt window, care should be taken to ensure that appropri-
ate padding (spacing) be manually placed in the string so that the comment is displayed cor-
rectly.Remember GX Developer automatically “Word Wraps” the text to the preset format.

Return to the main ladder editor by double clicking on the Main file selection using the Project
Data List window on the left of the screen thus:

It is convenient to use this Project Data List window in-future to manoeuvre around between dis-
plays and editors.

Remember that this window may be turned on or off with the button or tick/un-tick the Pro-
ject Data List selection under the View menu.

Program Documentation Comment Format
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Complete the commenting of the ladder program as follows:

Comment Format Program Documentation
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10.6 Statements

Statements enable detailed descriptions to be added above the program blocks in order to
describe the operation or functionality. Statements can also be used to provide an overall
description or title to the program or a routine.

� With the program COMPACT_PROG4 displayed on the screen select the Statement mode

button:

� Position the cursor anywhere on the program block (segment) to which the statement is to
be attached. Press ‘enter’ or double click the mouse over the program block.

	 Enter the statement text into the prompt box:

� Once the statement has been entered, it will be necessary to press F4 or click the buttons

to convert the changes to the source code of the program.


 Place statements on the ladder program as follows:

Program Documentation Statements
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10.7 Notes

Notes enable textual descriptions to be added to the output functions of a ladder program. This
helps describe the operation of individual output lines or functions in the program. ‘Notes’ are
justified to the right hand of the ladder program layout.

� With the program COMPACT_PROG4 displayed on the screen select the Note Entry mode

button:

� Position the cursor over the output coil or function in the program block (Segment) to which
the ‘Note’ is to be attached. Press <Enter> or double click the mouse over the program
block.

	 Enter the ‘Note’ text into the prompt box:

� Complete the ladder diagram as follows:

Notes Program Documentation
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10.8 Alias

An Alias provides a method of cross-referencing PLC I/O numbers that are connected physically
to external system devices. For example; Input X0 may be connected to a Start Button on a
machine, whose external circuit diagram device reference is SW1. SW1 may be listed as the
Alias to X0 in the Comment list, so as to provide a qualified link with the PLC program listing.

Example:

� From the Project data list window, open the comment list.

� Double click the mouse over the alias column for X0 and enter the text “SW1”.

	 Repeat this action for the remainder of X devices as shown:

� Change the display reference to show devices beginning with Y0. Repeat the action in �
above for Y0 & Y1 with data as shown:


 In the Project Data List Window, Click Program and Main to return to the Ladder display.

Program Documentation Alias
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The display will be as shown

As can be seen, the display has replaced the device names with the alias where appropriate.

Alias Program Documentation
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� From theView menu, click Alias.



If desired, the alias and the device names may be displayed together. To achieve this, click the
View menu and select Alias Format Display. Select Arrange With Device And Display thus:

In which case, the Ladder display becomes:

Program Documentation Alias
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11 I/O Assignment

11.1 Checking the Input/Output Range

The available input/output range of the used FX PLC can be checked in the PLC parameter.

� From the Project Data List window, open the Parameter option by double clicking on the

folder and file icons:

� Once open, click on the ‘I/O Assignment’ tab at the top of the Window:

I/O Assignment Checking the Input/Output Range
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Click here



	 The possible allocable range is shown in the right hand column. Depending on the actual
used configuration, the start and the end of the ranges can be altered. Use the Check but-
ton to check the edited ranges afterwards.

Checking the Input/Output Range I/O Assignment
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12 Downloading a Project to a PLC

12.1 Communications Setup

The following notes describe how the project COMPACT_PROG4 is downloaded to a FX PLC.

Before you can transfer your program to the PLC the PLC must be connected to the program-
ming device and the controller’s power supply must be switched on.

� From Online Menu, Select Transfer Setup:

The following window will be displayed:

Downloading a Project to a PLC Communications Setup
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� Double click the mouse on the yellow PC side I/F – Serial Button and the following dia-
logue window is displayed:

� Click on the Connection Test button to check PC-PLC communications are ok:


 The following message should be displayed:

� Click OK to close this message.

If an error message is displayed, check connections and settings with the PLC.

Communications Setup Downloading a Project to a PLC
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	 Select RS-232C and an appropriate COM
port as shown and click OK.



12.1.1 Connection Setup Route

� To obtain a pictorial view of the connection setup route, select the System image button

NOTE When using a standard RS232 Serial Port to communicate with the PLC, if another device is
already connected to the selected COM (n) interface, for example a serial mouse; Select
another free serial port.

� Select OK to close the System image display and return to the Connection setup dis-
play.

	 Than click the OK button to close the Connection Setup window. If you leave the Con-
nection Setup window using the Close button, the settings are not saved.

Downloading a Project to a PLC Communications Setup
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12.2 Clearing of the PLC Memory

It is always sensible to clear the PLC memory before use. This is especially important when the
main unit is to be re-used. This ensures that no other programs are present in the PLC before
writing new code to the memory.

Procedure:

� Select Clear PLC Memory from the Online Menu:

� When the following window is displayed, click Execution:

Clearing of the PLC Memory Downloading a Project to a PLC
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12.3 Write Program to PLC

Alternatively, click on the button from the tool bar.

TIP Get into the habit of using the tool buttons, they save a great deal of time!

The display will be as show below:

Downloading a Project to a PLC Write Program to PLC
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� From the Main menu, select Online and than Write to
PLC.



� Select the Param+Prog button on the display to enable the program and parameters for
the project COMPACT_PROG4 to be downloaded:

	 Select Execute and the following dialogue window is displayed:

� Select Yes and the Parameters and the Main program will be downloaded to the PLC.

During program transfer, the progress is displayed on the screen:

Write Program to PLC Downloading a Project to a PLC
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When transfer is complete, the following message is displayed:


 Click OK to clear the dialogue box.

Program transfer has now successfully completed.

Downloading a Project to a PLC Write Program to PLC
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12.4 Reducing the Number of Steps Transferred to the
PLC

When the project COMPACT_PROG4 was downloaded, the default size of the program was
actually 8000 steps. However, as COMPACT_PROG4 has only 15 steps, this means that the
remaining 7985 steps will all contain NOP (No Operation) instructions. This is used to clear
(Null) the contents of the unused memory area. GX Developer from version 8.0 upward will auto-
matically download only the used program steps up to the END statement. However previous
versions of the software treat this as an option.

With GX Developer versions less than V8.0, the time taken to write a program to the PLC or
when using slower communication speeds on serial ports can be dramatically reduced by using
the following procedure:

� Check that the main unit is switched to "Stop".

� Select Write to PLC.

	 Select the Param+Prog button and select the Program tab.

The display now becomes as shown below:

Reducing the Number of Steps Transferred to the PLC Downloading a Project to a PLC

12 - 8 MITSUBISHI ELECTRIC



� In column Range type, select Step range and enter the last step in the program (Step no.
of end command). The display should be as follows:

NOTES The Specified End step number above must be identical to the last step number of the Lad-

der Diagram i.e. the step corresponding to the ‘END’ Command.

Depending on the PLC used and the memory usage, the total number of steps used in the
program will differ.


 Select Execute and answer Yes to write the Parameters and only the used steps of COM-
PACT_PROG4 to the PLC.

Downloading a Project to a PLC Reducing the Number of Steps Transferred to the PLC
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13 Executing the Project

To execute the project COMPACT_PROG4, while referring to the ladder Diagram on GX Devel-
oper, carry out the following.

� On the FX main unit, switch the mode switch to the RUN position.

� Toggle the switch X0 ON then OFF. Y0 will remain ON.

	 Repetitively operate switch X2 and observe that after 10 operations, Y1 indicator in the
training rig will begin flashing at 1Hz.

� Momentarily operate the X3 Switch and observe Y1 turns OFF. (Please note that a nor-
mally closed contact is used for RESET and that for counting X3 has to be switched ON.)


 Momentarily operate X1 and note that Y0 turns OFF.

Executing the Project
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14 Monitoring

14.1 Monitoring the example program COMPACT_PROG4

To monitor the Ladder Diagram of COMPACT_PROG4, carry out the following.

� From the Main Menu, select Online.

� Select Monitor

	 Select Start Monitoring (All Windows)

NOTE Use of the Start Monitoring – F3 shortcut key:
As can be see from the display, an alternative to the drop down menus to start monitoring is
the F3 key.

Alternatively, use the icon to start monitor mode.

Monitoring Monitoring the example program COMPACT_PROG4
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The following display shows the Ladder Diagram COMPACT_PROG4, whilst in Monitor mode.

Repeat the operations described in the previous chapter. Current count values can be seen
beneath the counter references. All contacts and coils in the true (ON) condition can be seen in
blue:

Monitoring the example program COMPACT_PROG4 Monitoring
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14.2 Entry Data Monitoring

Entry Data Monitoring is an alternative method for monitoring the conditions of the Ladder Dia-
gram elements. It enables the condition of many more devices to be displayed in addition to
those on the active ladder monitor window.

To monitor using Entry Data Monitoring, carry out the following:

� From the main menu select Online.

� Select Monitor.

	 Select Entry Data Monitor thus:

Alternatively, press the button from the toolbar.

The following window will be presented.

Monitoring Entry Data Monitoring
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� Select Register devices to obtain the Register device window.


 Enter the following device names into the window using the register button, press cancel
when complete:

– C0

– X0

– X1

– X2

– X3

– Y0

– Y1

– M8013

� To close the window after entering the last device, click on Cancel.

Entry Data Monitoring Monitoring
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 Click the Start Monitor button and the following window provides a live monitor of the val-
ues in the listed items:

The above display shows all attributes of the displayed devices.

Column Descriptions:

– Device

The MELSEC device name being monitored.

– ON/OFF/Current

Accumulator value of device (Running Value)

– Setting Value

Constant / Preset Setting Value (Where relevant)

– Connect

The Digital Contact condition.

– Coil

The digital coil status (Where relevant)

– Device Comment

The comment for the specific device (Where used).

NOTES To delete devices in the monitor window, use the ‘Up Arrow’ and ‘Down Arrow’ keys on the
keyboard to highlight the appropriate device and press the Delete the device button.

To clear all devices registered in the monitor window, select the Delete all devices button.

Monitoring Entry Data Monitoring
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14.3 Combined Ladder and Entry Data Monitoring

Using Windows, it is possible to monitor both the Ladder Diagram and the Entry Data.

� From the Main Menu, select Window.

� Select Tile horizontally:

	 The Ladder diagram window will now be displayed together with the Entry Data monitor
window:

Combined Ladder and Entry Data Monitoring Monitoring
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14.4 Device Test Function

You can also use the programming device (in this case the PC) change the values of devices
directly from while you are testing your program. For example, if you need the input signal from a
certain switch to initiate a process you can activate the switch from the PC and continue to watch
the resulting program execution.

E
CAUTION:
Be extremely careful when using this function! Changing the states of devices inde-
pendently of the program can cause potentially dangerous situations for both per-
sonnel and equipment!

Execution by the program has higher priority for the control of devices used by output instruc-
tions, such as outputs. The Device Test function only changes these devices very briefly for the
test, after which they are returned to the status assigned to them by the program.

There are several ways to start the Device Test function.

– In the Online menu, click on Debug and then on Device test.

Monitoring Device Test Function

Training Manual GX Developer 14 - 7

– In Monitor mode you can
activate the Device Test
funct ion by select ing a
device in the editor and then
right-clicking on it.

Wi th some other test
functions the Device Test
can selected in the dialog
box of the function.



– Or click on the tool in the toolbar.

All actions descriped above open the Device Test dialog:

Device Test Function Monitoring
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Set (Force ON), reset (Force OFF)

or change state (Toggle Force).

Select word devices: On some PLCs you can
alter the contents of the buffer memory in

special function modules. To do this you must
specify the both the start I/O address of the

module and the memory buffer address.

Value to be written to the word device.
Click on Set to write the value.

History of device tests performed. You can
search for selected devices with the buttons on
the right. Clear removes all the current entries

from the history list.



15 Program Verification

Situations may arise, when due to extensive modifications to a PLC project, the program in the
PLC may be different to that stored on disk.

However, it is possible to verify whether or not that the programs stored in the PLC and on disk
are identical and if not identical, what those differences are.

Also, when a program is to be monitored, then it is very useful if the documented ladder diagram
can be displayed, whilst it is being monitored.

The difficulty though, due to the relatively large amounts of memory required to store this data, it
is not always practical to store the documentation i.e. comments, statements and notes in the
PLC itself.

However, by monitoring the program using the program stored on a disk, which also contains
the documentation, the project can be more effectively monitored.

Hence it is essential before the project is monitored, that it can be verified that the project stored
on the disk is identical to that stored in the PLC.

15.1 Verification of Example Programs

To demonstrate the Verify facility, a new short program will be used.

� Enter the following program.

	 Convert and transfer the program to the PLC as shown on the next page.

Program Verification Verification of Example Programs
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� From the Project menu, select New Project.



� Modify the program on the hard disk as shown below. On a quick glance the two programs
look the same, but nearly all instructions and devices have been changed. Therefore the
function is completely different to the program stored in the PLC.

Verification of Example Programs Program Verification
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The following window will be displayed:

Program Verification Verification of Example Programs
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� Select Param+Prog and click Execute to start
the verification.


 In the Online menu, select Verify with PLC.




 When the verification procedure has completed, the following display will be shown illus-
trating the differences found between the two programs:

Verification of Example Programs Program Verification
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16 Serial Transfer – Upload

Here are two possible scenarios where it is necessary to transfer the program from the PLC into
GX Developer:

� Where the GX Developer source files are not available, it will be required that the program
in the PLC be uploaded and subsequently saved into GX Developer in order that a backup
of the raw PLC code is created. The program may then be documented using information
from circuit diagrams and reverse engineering techniques.

� Circumstances can arise, when it is necessary to know what program is stored in the PLC.
This may be due to a number of modifications being made to the original program and
those changes have not been fully documented and saved on the Master Disks.

Hence after verifying that the program in the PLC is different to that stored on disk, then the work-
ing program within the PLC must be uploaded into GX Developer and stored on the Master
Disks.

16.1 Example Program Upload

The following describes how the project COMPACT_PROG4 is uploaded from the FX base unit
and saved as COMPACT_PROG5. It is assumed that the program COMPACT_PROG4 is still
resident in the PLC:

� Close the currently loaded project by selecting Close project from the Project Menu.
(This is optional, as GX developer will prompt to close an already open project when a new
one is created)

� Select Project and open a new project with the name COMPACT_PROG5:

Serial Transfer – Upload Example Program Upload
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	 Select Online and Read from PLC.

Alternatively click on the Read from PLC icon:

The display will be as shown below.

Example Program Upload Serial Transfer – Upload
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� Select the Param+Prog button as shown above:


 Select Execute and the following prompt dialogue will be displayed:

� Click Yes.


 After completion of the transfer click the Close button on the dialogue window to close the
transfer display. The uploaded program COMPACT_PROG5 from the PLC will now be dis-
played. (This was COMPACT_PROG4 stored in the PLC.)

Serial Transfer – Upload Example Program Upload
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� Save COMPACT_PROG5.

NOTE Remember, use the toolbar button, it is quicker.

Example Program Upload Serial Transfer – Upload
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17 Sequential Function Chart (SFC)

Sequential Function Chart Language (SFC) is one of the graphical methods that can be used for
programming the MELSEC range of PLCs. By clearly representing the operating sequence of
machinery/equipment controlled by the CPU, this language makes it easy to grasp the system
as a whole and makes programming easier.

In contract to the case where a program represented by ladders is entirely executed every scan,
only the minimum required part of a program may be run if it is written in SFC format.

� SFC is a graphical language which provides a diagrammatic representation of program
sequences —> flowchart

� GX Developer Sequential Function Chart is IEC 1131.3 compatible, based on the French
Grafcet (IEC 848)

� Main structure and suitable for rapid diagnostics

� The basic elements are steps with action blocks and transitions

� Steps consist of a piece of program that is carried out until a condition specified in the tran-
sition is met.

� Easy programming of complex tasks by dividing in smaller parts

� Each element can be programmed in ladder or instruction list

� GX Developer-SFC steps can be switched between IL and Ladder

Sequential Function Chart (SFC)
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17.1 SFC Elements

SFC is a structured language which allows clear representation of complex processes. A pro-
cess is divided into steps and transitions.

17.1.1 Steps

A step represents either no, one, or several actions. An action for instance can be the setting of a
boolean device or the start of aPLC program.

The called program can be edited in every language, even in SFC.

17.1.2 Transitions

To each transition a transition condition is assigned. When the transition condition is matched
the next step will be activated.

Transition conditions can be written using any of the editors - except Sequential Function Chart
language itself.

SFC Elements Sequential Function Chart (SFC)
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17.1.3 Initialization Step

Every SFC program starts with the Initial Step.

The Initial Step is treated like a regular step. Actions can be added to the Initial Step like to other
steps.

Sequential Function Chart (SFC) SFC Elements
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17.2 Rules for Sequences

17.2.1 Divergence into Parallel Sequences

� A parallel branch is allowed after a transition only.

� Only one transition can exist before a parallel branch.

� When the transition condition before the parallel branch is matched, both following steps
are executed independently of each another.

17.2.2 Convergence of Parallel Sequences

� Only when both Step 1 and Step 2 have been executed and the transition conditionis evalu-
ated TRUE the next step will be executed.

� The convergenge must be followed by a transition.

17.2.3 Divergence into Selective Sequences

� Selective branching is possible before transitions only. It depends on these transitions
which step is executed.

� If several transition conditions are evaluated TRUE at the same time, the execution priority
is given from the arrangement of the sequences. The leftmost sequence will be executed
first.

Rules for Sequences Sequential Function Chart (SFC)
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17.2.4 Convergence of Selective Sequences

When the respective transition condition becomes TRUE the next common step is executed.

17.2.5 Jumps

It is possible to jump in a sequence.

When in the example above the transition condition (transition 2) for the jump is evaluated
TRUE, the steps 2 and 3 are not executed but the step 4 is activated.

Sequential Function Chart (SFC) Rules for Sequences
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17.2.6 Exit and Entry Steps

Exit and Entry steps can be used to jump forward and backward.The name of the exit step and
the corresponding entry step must be the same.

Rules for Sequences Sequential Function Chart (SFC)
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17.3 Example for Programming in SFC

Carwash

The washing process is divided into steps:

1. A lamp indicates the readiness of the carwash.

2. After pressing the start button the frame with the brushes moves forward and backward.
Water is sprayed on the car to soak the dirt. The brushes are switched off.

3. The frame moves forward and backward with rotating brushes.

4. To dry the car the frame moves again forward and backward but this time compressed air is
blown onto the car. The brushes are switched off again.

5. The end of the washing process is indicated by a flashing light.

List of used devices

Sequential Function Chart (SFC) Example for Programming in SFC
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Backward Forward

Initial position
Forward position

Inputs Outputs

X0 Frame in initial position Y0 Frame backward

X1 Frame in forward position Y1 Frame forward

X2 — Y2 Water ON

X3 — Y3 Brushes ON

X4 — Y4 Air ON

X5 Start button Y5 Lamp “Finished/Ready“



17.4 Creating a SFC-Block

Select Project -> New project in the main screen of the GX Developer. Select the connected
PLC type, the program type SFC and the project name.

Select OK and the following screen will be displayed:

Enter the comments for the devices:

Creating a SFC-Block Sequential Function Chart (SFC)
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17.4.1 SFC Diagram editing screen

� Area for displaying the project name being edited, the number of steps used, the block
number being displayed and so on

� Menu names on the menu bar
� Icons on the toolbar
� Project list display
� SFC diagram editing area
� Operation output/transition condition program editing area (Zoom side)
� Edited CPU type
� Edit mode (overwrite/insert)

Sequential Function Chart (SFC) Creating a SFC-Block
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17.4.2 Block information

Select Block Information at the menu Edit or click on the icon in the SFC tool bar for set-
ting the block information to the corresponding block.

17.4.3 Editing the project

Enter Block

Creating a SFC-Block Sequential Function Chart (SFC)
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Enter logic for Step

Click on the step and than in the "operation output program editing area". Enter the required
instructions as in any ladder diagram.

After the condition has been entered, the condition is displayed in dark grey and has to be con-
verted.

Condition of transition

Click on the transition and enter the instructions in the "Transition condition program editing
area".

Sequential Function Chart (SFC) Creating a SFC-Block
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After completion of all steps and transitions, the project looks like following.

17.4.4 Transfer project

Before the project can be transferred into the PLC, all blocks have to be converted. Use the icon
shown on the left. Then click the Write to PLC icon to transfer the program to the FX base unit.

17.4.5 Monitor project

The status of the block can be observed by switching on the Monitor mode. The active step is
marked with blue background. The condition of the selected transition is shown in the transition
edit area.

Creating a SFC-Block Sequential Function Chart (SFC)
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18 Counters

Counters are a very important part of a sequence control system.

They can be used for example:

– To ensure a particular part of a sequence, is repeated a known number of times.

– To count the number of items, being loaded into a carton.

– To count the number of items passing along a conveyor belt, in a given time.

– To position a component, prior to it being machined.

Counter Configuration

� Counters occupy 3 instruction steps of program memory in the FX range of PLC’s.

� Driving the counter coil causes a count to be registered on the rising edge of the driving
input.

� When the counter register is equal to the preset, the counter contact closes.

� In order to re-start the counter a separate RESET [RST] instruction is required which zeros
the counter register and turns the counter contact OFF.

The following example programs illustrate various counter configurations and applications.

Counters

Training Manual GX Developer 18 - 1



18.1 Programm Example – COUNT DELAY

The following example program COUNT DELAY, demonstrates how a counter can be used to
produce an extended time delay.

Ladder Diagram – COUNT DELAY

NOTES � To enter -[ PLS M0 ]- enter the following:

– pls <space>

– m0 <enter>.

� Use the same procedure for -[ RST C0 ]- i.e.

– rst <space>.

– c0 <enter>.

NB: Pressing the button to open the square brackets before entering the text for the com-
mand is optional.

Programm Example – COUNT DELAY Counters
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Principle of Operation

� Line 0

The closing of input X0 and the normally closed timer contact T0 will provide a path to en-
able the coil of timer T0 to be energised.

After 1 second, timer T0 times out and its normally closed contact will open, causing the
timer to become de-energised for a time equal to one scan period.

With the timer dropping out, its contact re-closes causing the timer to be re-energised once
more.

This ‘cut-throat’ timer circuit is effectively a pulse oscillator, whose contacts momentarily
operate every 1 second.

� Line 5

With the momentary closure of the normally open contacts of T0, a count pulse is sent to
counter C0 every 1 second.

� Line 9

Counter C0 counts the incoming pulses and when the number of pulses equals the preset
K value of 10, all the C0 contacts operate as follows:

– All normally open contacts CLOSE.

– All normally closed contacts OPEN.

The normally open contact C0 closes, hence energising the Output Coil Y0.Therefore, the
circuit gives an output signal on Y0, 10 seconds after the Input X0 closes.Hence the circuit
can be considered as an extended timer.

� Line 11

Whenever Input X0 closes, this energises a special function, which is known as a Rising
Edge Pulse, PLS.

A pulse circuit only operates on the closing of an input and when energised, the pulse
circuit will cause its associated output, the internal memory M0, to energise for a time
equal to 1 scan time for the program. The following are the waveforms associated with the
PLS circuit.

Counters Programm Example – COUNT DELAY
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Even though Input X0 remains closed, the pulse circuit will not re-operate until Input X0
re-opens and closes again.

� Line 14

From the above waveforms, it can be seen that each time input X0 operates, the instruction
PLS M0 will be executed and the normally open contact of M0 will momentarily close,
hence causing the Counter C0 to be reset to zero. Hence with the operation of Input X0
and the resetting of Counter C0, the cycle will repeat itself.

Monitoring

Carry out the following:

� Open a new project and give it the name COUNT DELAY.

� Enter the ladder diagram shown on page 18-2.

� Save and convert the program.

� Download the program to the FX PLC.

� Monitor the ladder diagram COUNT DELAY. (To start monitoring, press the F3 or click the

icon.)

Programm Example – COUNT DELAY Counters
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18.2 Programm Example – Batch Counter

18.2.1 BATCH1

BATCH1 is a batch counter program which has the following specification:

� Use input X0 to reset counter C0.

� Use input X1 to input pulses to the counter.

� After 10 input pulses the output Y0 is to come ON.

� Resetting the counter will turn the output Y0 OFF and enable counting to be repeated.

Ladder Diagram – BATCH1

Principle of Operation

� Line 0

The momentary operation of input X0 will reset he counter C0.This in turn will cause output
Y0 to turn OFF (line 7).

� Line 3

Each time input X1 closes, this will increment the contents of C0.

� Line 7

After input X1 has been pulsed 10 times, the C0 contacts will operate to enable the output
Y0 to energise.

Counters Programm Example – Batch Counter
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18.2.2 Modification of Program BATCH2

Modify the program BATCH1 so that the following sequence can be obtained.

� After the count value of 10 has been reached output Y0 will be energised and stays ON for
just 5 seconds.

� After the 5 second delay the following is to occur:

– Output Y0 will turn OFF.

– Counter C0 will automatically be reset.

� Counter C0 than count up once more to 10 and output Y0 will again be energised and stay
ON for 5 seconds.

Programm Example – Batch Counter Counters
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19 On Line Programming

Using the ONLINE programming facility of GX Developer, it is possible to modify one line at a
time of the project, even though the PLC is in RUN.

In a continuous process, which cannot be stopped i.e. in a steel works, ONLINE programming
may be the only way that changes to the program can be carried out.

E
CAUTION:
ONLINE programming can be dangerous, since once the modifications have been
entered, they become operative on the next scan of the program.

The project COUNT DELAY from the previous chapter is used to demonstrate the use of the
online programming facility.

19.1 Modification of the program COUNT DELAY

Counter Value Change

The counter C0 will now have its value changed from "10" (K10) to "20" (K20) whilst the PLC is in
RUN mode i.e. an online programming change.

� Save COUNT DELAY as COUNT MON.

� Open the ladder diagram COUNT MON.

	 Ensure the PLC is in RUN.

� Move the cursor to line 5 and over the output -C0 K10- as shown below.

On Line Programming Modification of the program COUNT DELAY
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 Double click the left hand mouse button to obtain the output information.

� Change the output details to:


 Select OK an the display will appear with line 5 greyed out.

Modification of the program COUNT DELAY On Line Programming
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� The following message is now displayed:

� Select Yes to enable the program changes to be downloaded to the PLC. The following dia-
logue will be displayed.

� After the online change has taken place the following message is displayed:

� Selekt OK.

� Execute the project COUNT MON and note that the time from the operation of input X0 to
when Y0 turns ON will now be 20 s.

� Save COUNT MON.

On Line Programming Modification of the program COUNT DELAY
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� From the menu Convert, select Convert
(Online change).

Yes No
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20 FROM / TO INSTRUCTIONS

20.1 Exchanging Data with Special Function Modules

You can supplement the controller’s functions by adding so-called “special function modules” –
for example for reading analog signals for currents and voltages, for controlling temperatures
and for communicating with external equipment (see section 2.9).

Communication between the base unit and special function modules is performed with two spe-
cial applied instructions: the FROM and TO instructions.

Each special function module has a memory range assigned as a buffer for temporary storage of
data, such as analog measurement values or received data. The base unit can access this
buffer and both read the stored values from it and write new values to it, which the module can
then process (settings for the module’s functions, data for transmission etc).

Each buffer memory cell can store 16 bits of data.

FROM / TO INSTRUCTIONS Exchanging Data with Special Function Modules
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Base unit Special function module

Buffer memoryDevice memory

TO

FROM

The buffer memory can have up to 32,767
individual addressable memory cells. The
functions of the buffer memory cells depends
on the individual special function module –
see the module’s documentation for details.

Buffer memory address 0

Buffer memory address 1

Buffer memory address 2

Buffer memory address n

Buffer memory address n-1

:

:

15Bit 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0



20.2 Buffer Memory Accessing Instructions

The following information is required when you use the FROM and TO instructions:

– The special function module to be read from or written to

– The address of the first buffer memory cell to be read from or written to

– The number of buffer memory cells to be read from or written to

– The location in the base unit where the data from the module is to be stored or containing
the data to be written to the module

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 – 7 (you can connect a maximum of
8 special function modules). The numbers are assigned consecutively, in the order in which the
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 – 32,767 (FX1N: 0 – 31). 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 trans-

Buffer Memory Accessing Instructions FROM / TO INSTRUCTIONS
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ferred. In the case of the 32-bit versions DFROM and DTO the parameter specifies the number
of double words to be transferred.

The value you can enter for the number of data units depends on the PLC model you are using
and whether you are using the 16-bit or 32-bit version of the FROM instruction:

Data destination or source in the base unit

In most cases you will read data from registers and write it to a special function module, or copy
data from the module’s buffer to data registers in the base unit. However, you can also use out-
puts, relays and the current values of timers and counters as data sources and destinations.

Pulse-triggered execution of the instructions

If you add a P suffix to the instructions the data transfer is initiated by pulse trigger. In some appli-
cations it is better if the value is written to the destination or read from the source in one program
cycle only. For example, you will want to do this if other instructions in the program also write to
the same destination or if the FROM or TO operation must be performed at a defined time.

If you add a “P” to the FROM or TO instruction (FROMP, TOP) it will only be executed once, on
the rising edge of the signal pulse generated by the input condition.

E
CAUTION:

Most buffer memories have a read-only area at some of its addresses. Data must not
be written to this area. Otherwise buffer memory data will be corrupted, and some-
times the special function module may become faulty.

FROM / TO INSTRUCTIONS Buffer Memory Accessing Instructions
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PLC Model
Valid range for no. of data units to be transferred

16-Bit Instruction (FROM, TO) 32-Bit Instruction (DFROM, DTO)

FX2N 1 to 32 1 to 16

FX2NC 1 to 32 1 to 16

FX3U 1 to 32767 1 to 16383

16-bit instruction
Units of data: 5

32-bit instruction
Units of data: 2

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



20.2.1 Read Buffer Memory (FROM)

The FROM instruction is used to transfer data from the buffer of a special function module to the
controller base unit. Note that this is a copy operation – the contents of the data in the module
buffer are not changed.

Four different instructions in the following table are available as read instructions:

� Special function module address (0 to 7)
� Starting address in buffer (FX1N:0 – 31, FX2N, FX2NC and FX3U:0 – 32,766).You can use a

constant or a data register containing the value.
� Data destination in the controller base unit
� Number of data units to be transferred

The example above uses FROM to transfer data from an FX2N-4AD analog/digital converter
module with the address 0. The instruction reads the current value of channel 1 from buffer
address 9 and writes it to data register D0.

The next example shows how the 32-bit version of the instruction is used to read data from
address 2 in the special function module. The instruction reads 4 double words starting at buffer
address 8 and writes them to data registers D8 – D15.

The next example illustrates the use of the pulse triggered version, FROMP. Here the contents
of the four buffer addresses 0 – 3 are only transferred to data registers D10 – D13 when the sig-
nal state of the input condition changes from “0” to “1”.

Buffer Memory Accessing Instructions FROM / TO INSTRUCTIONS
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Execution
16-Bit Data
(1-Word Data)

32-Bit Data
(2-Word Data)

Executed any time when condition switches on FROM DFRO

Executed on leading edge of condition FROMP DFROP

FROM K0 K9 D0 K10

Ladder Diagram Instruction List

0 FROM K0 K9 D0 K1

� � � �� �� �

DFROM K2 K8 D8 K40

FROMP K0 K0 D10 K40



20.2.2 Write to Buffer Memory (TO)

The TO instruction transfers (writes) data from the controller base unit to the buffer of a special
function module. Note that this is a copy operation, it does not change the data in the source
location.

Four different instructions shown in the following table are available as write instructions:

� Special function module address (0 – 7)
� Starting address in buffer (FX1N:0 – 31, FX2N, FX2NC and FX3U:0 – 32,766).You can use a

constant or a data register containing the value.
� Data source in the controller base unit
� Number of data units to be transferred

In the example above the contents of data register D0 are copied to the buffer address 1 of spe-
cial function module number 0.

FROM / TO INSTRUCTIONS Buffer Memory Accessing Instructions
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Execution
16-Bit Data
(1-Word Data)

32-Bit Data
(2-Word Data)

Executed any time when condition switches on TO DTO

Executed on leading edge of condition TOP DTOP

TO K0 K1 D0 K10

Ladder Diagram Instruction List

0 TO K0 K1 D0 K1

� � � �� �� �
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21 FOR – NEXT Loops

FOR-NEXT loops have many uses and are often used to enable multiple processing of a com-
mon algorithm or process on different address points.

FOR-NEXT processing may be also be used in search routines to enable specific information to
be retrieved from data tables and files stored in the PLC; actions may subsequently be carried
out on the results obtained from the lookup process.

21.1 Operation

FOR - NEXT Loops operate by interrupting the program flow by holding the scan process in a
loop that executes n number of times:

It is common practice to use a Conditional Jump (CJ) to bypass a FOR-NEXT loop if it is not
required to be scanned. This will avoid scanning the loop when it is not required, thus minimising
the overall program scan time.

Points to note

� The FOR instruction operates in a 16 bit mode hence, the value of the operand n may be
within the ränge of 1 to 32,767. If a number between the ränge -32,768 and 0 (zero) is spec-
ified it is automatically replaced by the value 1, i.e. the FOR-NEXT loop would execute
once.

� The NEXT instruction has NO operand.

� The FOR-NEXT instructions must be programmed as a pair e.g. for every FOR instruction
there must be an associated NEXT instruction. The same applies to the NEXT instruc-
tions, there must be an associated FOR instruction. The FOR-NEXT instructions must
also be programmed in the correct order. This means that programming a loop as a
NEXT-FOR (the paired NEXT instruction proceeds the associated FOR instruction) is not
allowed.
Inserting an FEND instruction between the FOR-NEXT instructions, i.e. FOR-FEND-
NEXT, is not allowed. This would have the same effect as programming a FOR without a
NEXT instruction, followed by the FEND instruction and a loop with a NEXT and no associ-
ated FOR instruction.

� A FOR-NEXT loop operates for its set number of times before the main program is allowed
to finish the current program scan.

� When using FOR-NEXT loops care should be taken not the exceed the PLC's watchdog
timer setting.The use of the WDT instruction and/or increasing the watchdog timer value is
recommended.

FOR – NEXT Loops Operation

Training Manual GX Developer 21 - 1



Nested FOR-NEXT loops

FOR-NEXT instructions can be nested for 5 levels. This means that 5 FOR-NEXT loops can be
sequentially programmed within each other.

In the example shown below a 3 level nest has been programmed. As each new FOR-NEXT
nest level is encountered the number of times that loop is repeated is increased by the multipli-
cation of all of the surrounding/previous loops.

For example, loop C operates 4 times. But within this loop there is a nested loop, B. For every
completed cycle of loop C, loop B will be completely executed, i.e. it will loop the number of times
written in D0Z. This again applies between loops B and A.

The total number of times that loop A will operate for one scan of the program will equal:

Operation FOR – NEXT Loops
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– Actual number of loop A operations: (No. of loop C operations) multiplied by
(No. of loop B operations) multiplied by
(No. of loop A operations)

The total number of times that loop B will operate for one scan of the program will equal:

– Actual number of loop B operations: (No. of loop C operations) multiplied by
(No. of loop B operations)

If values were associated to loops A, B and C, e.g. 7, 6 and 4 respectively, the following number
of operations would take place in one program scan:

Number of loop C operations = 4 times

Actual number of loop B operations = 24 times (C x B, 4 x 6)

Actual number of loop A operations = 168 times (C x B x A, 4 x 6 x 7)

In this example the use of the CJ programming feature, causing the jump to label P22 allows the
'selection' of which loop will be processed and when, i.e. if X10 was switched ON, loop A would
no longer operate.

FOR – NEXT Loops Operation
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21.1.1 Program Example

The following ladder program illustrates the use of a FOR-NEXT loop to search for a specific
data value entered into a range of data registers. The program returns the record number of the
data to the digital outputs of the training rig when a match is made.

This program illustrates the use of ‘FOR-NEXT’, ‘Conditional Jump’, ‘Comparison’ and ‘Index
register’ instructions.

Operation FOR – NEXT Loops
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Set up and Monitoring Procedure

Exercise

� Enter the above program example and save it as ‘For-Next1’

� Transfer the program to the PLC.

� Before operating the program, fill data registers D1-D5 with random values between 0 and
32767 decimal, using the Device Test feature in GX Developer (described in section
14.4).

� Monitor the ladder program and use Batch Monitor in GX Developer to view the contents
of the data registers D1-D5.

� Using the Device Test feature, input a value (corresponding to one of the forced values set
in � above) between 0 and 32767 decimal to D10.

� Operate the X0 switch momentarily and observe the signals of the digital outputs of the
training rig. If a data match is made within the data register file D1 – D5, then the readout
will produce a value corresponding to the record number (Data register number) from 1 to
5 of the data match.

Example: If the value entered in D10 corresponds to a value stored in D2 (record #2), out-
put Y2 will be switched ON.

The corresponding output will stay ON until a new search is executed. If no match is found
Y0 is switched ON.

FOR – NEXT Loops Operation
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22 Ethernet Communications

This section provides a step-by-step guide to setting up a Ethernet module FX3U-ENET using
FX Configurator-EN.

As an example, this section will show how to set up a module for allowing TCP/IP communica-
tions between a FX3U, a SCADA PC and a GT15 HMI*. Also shown is how the programming
software can be configured to communicate with the FX3U via Ethernet once the settings have
been made.

The diagram below shows the layout of the example Ethernet network. Proposed IP addresses
are shown next to the Ethernet nodes.

Please note that more attention is given to the set up of the PLC than the PC or HMI, as the user
may require more specific settings than this section covers.

* For the case that a HMI of the E1000 series is used instead of a GOT, the settings in the software E-Designer are
shown in section 22.5.

Ethernet Communications
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POWER

PC with PLC programming software,
FX Configurator-EN (for configuration of
the Ethernet module) and GT Designer2
(for configuration of the GOT)

USB/RS232 ->RS422

IP address: 192.168.1.101

IP address: 192.168.1.1

IP address: 192.168.1.2

GT1575 HMI with optional Ethernet interface
GT15-J71E71-100

FX3U FX3U-ENET

PC with SCADA software GT SoftGOT1000
and PLC programming software
(Connected via MX components or direct
Ethernet driver)



22.1 Configuring the PC on the Ethernet

Open the Network properties of Windows, and assign an IP address and subnet mask in the
TCP/IP properties dialogue for the Ethernet network adapter to be used in the PC.

Please note that after changing IP address, the PC may require a restart.

Configuring the PC on the Ethernet Ethernet Communications
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22.2 Configuring the FX3U-ENET by FX Configurator-EN

� Open the FX Configurator-EN and start the setting of the ETHERNET module FX3U-ENET.

� Now select the special function module address of the FX3U-ENET. Special function mod-
ules connected to the right side of the base unit are counted from left to right. If the
FX3U-ENET is the first special function module select Module 0.

Ethernet Communications Configuring the FX3U-ENET by FX Configurator-EN
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	 Open the Operational Settings and take over the settings shown below in red frames.The
IP address 192.168.1.101 of the FX3U-ENET corresponds to the requirements of your net-
work if your network IP is 192.168.1.1.

� Next, open the Open Settings and take over the following settings.

Configuring the FX3U-ENET by FX Configurator-EN Ethernet Communications
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 In the Ethernet Module settings, click on Transfer Setup and take over the settings
shown below in the red frame.

� Click on Write in the Ethernet Module settings. As you see, the transfer speed for COM1
is set to 115.2 Kbps.

In the dialogue window Write to Ethernet Module click on Write and transfer your settings
to the PLC. Confirm displayed messages with YES resp. OK.
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Now you can confirm the completion of the initial processing by issuing a PING command to the
FX3U-ENET. The ping command is provided by Microsoft� Windows. Shown below is an exam-
ple for normal completion.
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C:\>ping 192.0.1.254…Remark: Execute the ping command

Pinging 192.168.1.101 with 32 bytes of data:

Reply from 192.168.1.101: bytes=32 time=1ms TTL=250

Reply from 192.168.1.101: bytes=32 time=1ms TTL=250

Reply from 192.168.1.101: bytes=32 time=1ms TTL=250

Reply from 192.168.1.101: bytes=32 time=1ms TTL=250

Ping statistics for 192.168.1.101:

Packets: Sent = 4, Received = 4, Lost = 0 (0% loss)

Approximate round trip times in milli-seconds:

Minimum = 1ms, Maximum = 1ms, Average = 1ms



22.3 Configuring GX Developer to access the PLC on
Ethernet

Please make the following settings in order to access the PLC via an Ethernet network and an
Ethernet interface module.

� From the Online menu, select Transfer Setup:

� The default connection is for the PC Side I/F to use serial connection to the PLC CPU mod-
ule. Change the PC Side I/F to Ethernet board by clicking on it as shown above, and say-
ing Yes to the question about present setting will be lost (i.e. the setting of serial to CPU).
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	 Next, double click on Ethernet module under PLC side I/F as shown above.This will open
up the dialogue to allow the settings for the Ethernet interface module used.

NOTE There is no need to specify a port number, as the programming software will use a
MELSOFT Protocol dedicated port by default.

� Click OK when done.

Configuring GX Developer to access the PLC on Ethernet Ethernet Communications
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This will complete the setting, making the dialogue look as shown below.


 Click Connection test to confirm the settings are correct. Then click OK when finished.

NOTE The IP address can be entered also in hexadecimal format. This option is shown in the fol-
lowing two figures.
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22.4 Setting up a HMI of the GOT1000 Series (GT12,
GT15 or GT16)

� Please start GT-Designer2 and open a new project. In the Project Navigator window, dou-
ble click on System Settings and make the settings shown below.

� In the System Enviroment, double click on Communication Settings and make the set-
tings shown below.

	 Then, in the Communication Settings window, click on Detail Setting.
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 In the Project Navigator, select:
Common Settings -> Ethernet
to set up the connected PLC and the associ-
ated IP address.

� As shown on the right,
enter the details of the net-
work in use and the IP
address of the GOT.



� The following dialogue window will be displayed. Click on Add.

� When selecting the PLC, certain settings (e.g. the Port No.) are taken over as defaults.
Please make the remaining settings.
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 Click on the Type column and select the type of PLC.



22.5 Setting up a HMI of the E1000 series

The settings shown in this section are only necessary when a HMI of the E1000 series is con-
nected to the network instead of a GOT series HMI.

� Please open a new E-Designer project.

� Next, a dialogue window allowing the settings for the HMI used and the connected PLC is
opened.

Setting up a HMI of the E1000 series Ethernet Communications
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	 Select the operator terminal.

� Select the PLC


 Click OK to confirm the selection.



� Open the properties of the peripherals. (Right click on peripherals, than click on
properties.)


 Open the properties of the TCP/IP connection.

Setting up a HMI of the E1000 series Ethernet Communications
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When a HMI of the E1000 series is connected to the network, the following setting is required for
the FX3U-ENET (refer to section 22.2, step �):
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� Please enter a name for the connection and
the IP address of the FX3U-ENET used for
the connection.



22.6 Communication via MX Component

MX Component is a tool designed to implement communication from a Personal Computer to
the PLC without any knowledge of communication protocols and modules. MX Component is a
powerful, user-friendly tools that make it very easy to connect your Mitsubishi PLC with the PC
world.

MX Component supports serial CPU port connection, serial computer links (RS232C, RS422)
and networks (Ethernet, CC-Link, MELSEC).

The following figures show the easy way for creating of communication between a PC and a PLC
via MX Component.

� Start the Communication Setting Utility and select the Wizard.

Communication via MX Component Ethernet Communications
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� First you must define the Logical station number.

	 Next, configure the Communication Settings on the PC side. (Select the Ethernet
board.)
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� Select the FX-ENET(-ADP).


 Enter the IP address of the Ethernet interface module.

Communication via MX Component Ethernet Communications
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� Select the correct CPU type.


 For the conclusion of the configuration define a name and press the Finish button.
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Now the definition of communication is finished. Under the folder Connection test the connec-
tion can be examined.

The message Communication test is successful indicates that your configuration is correct.

After configuring the communication paths you can access all controller devices (read/write)
with Microsoft programming languages like MS Visual Basic, MS C++ etc.

Communication via MX Component Ethernet Communications
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A Appendix

A.1 Special Relays

In addition to the relays that you can switch on and off with the PLC program there is also another
class of relays known as special or diagnostic relays. These relays use the address range start-
ing with M8000. Some contain information on system status and others can be used to influence
program execution. Special relays cannot be used like other internal relays in a sequence pro-
gram. However, some of them can be set ON or OFF in order to control the CPU. Represented
here are some of the most commonly used devices.

Special relays can be divided in two groups:

– Special relays whose signal state can only be read by the program (for instance using a LD
or LDI instruction).

– Special relays whose signal state can be read and written (set or reset) by the program.

The following tables feature a "Read" and a "Write" column. If the symbol "�" is shown in one of
these columns, the corresponding action is possible. The symbol "—" means that the corre-
sponding action is not allowed.

There are also special registers for word information in a FX CPU. They are descriped in the next
section.
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A.1.1 PLC Status Diagnostic Information (M8000 to M8009)

A.1.2 Clock Devices and Real Time Clock (M8011 to M8019)

Special Relays Appendix
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RUN state

M8004

M8000

M8001

M8002

M8003

1 scan time

Special Relay Read Write CPU Function

M8000  —

FX1S
FX1N
FX2N

FX2NC
FX3G
FX3U

FX3UC

RUN monitor
(NO contact)

M8001  — RUN monitor
(NC contact)

M8002  — Initial pulse
(NO contact)

M8003  — Initial pulse
(NC contact)

M8004  — Error occurrence

M8005  — FX2N
FX2NC
FX3G
FX3U

FX3UC

Battery voltage low (ON when battery voltage is below the
value set in D8006)

M8006  — Battery error latch (M8006 is set when battery voltage low is
detected)

M8007  — FX2N
FX2NC
FX3U

FX3UC

Momentary power failure

M8008  — Power failure detected

M8009  —

FX2N
FX2NC
FX3G
FX3U

FX3UC

24V DC down (service power supply)

Special Relay Read Write CPU Function

M8010 — — — Not used

M8011  —

FX1S
FX1N
FX2N

FX2NC
FX3G
FX3U

FX3UC

10 ms clock pulse
ON and OFF in 10 ms cycle (ON: 5 ms, OFF: 5 ms)

M8012  — 100 ms clock pulse
ON and OFF in 100 ms cycle (ON: 50 ms, OFF: 50 ms)

M8013  — 1 s clock pulse
ON and OFF in 1 s cycle (ON: 500 ms, OFF: 500 ms)

M8014  — 1 min clock pulse
ON and OFF in 1 min cycle (ON: 30 s, OFF: 30 s)

M8015   Clock stop and preset (For real time clock)

M8016  —
Time read display is stopped (For real time clock)
The contents of D8013 to D8019 is frozen, but the clock is
still running.

M8017   ±30 seconds correction (For real time clock)

M8018  —
Real time clock installation detection (Always ON)
For an FX2NC a memory card with integrated RTC must be
installed.

M8019  — Real time clock (RTC) setting error



A.1.3 PLC Operation Mode (M8030 to M8039)
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Special relay Read Write CPU Function

M8030  —

FX2N
FX2NC
FX3G
FX3U

FX3UC

Battery LED OFF

When M8030 set to ON, LED on PLC is not lit even if battery
voltage low is detected.

M8031   

FX1S
FX1N
FX2N

FX2NC,
FX3G
FX3U

FX3UC

Non-latch memory
all clear

If this special auxiliary relays are acti-
vated, the ON/OFF image memory of Y,
M, S, T, and C, and present values of T,
C, D, special data registers and R are
cleared to zero. However, file registers
(D) in program memory, and extension
file registers (ER) in the memory cas-
sette are not cleared.

M8032   
Latch memory all
clear

M8033   

Memory hold STOP

When PLC is switched from RUN to STOP, image memory
and data memory are retained.

M8034   

All outputs disable

All external output contacts of the PLC are turned OFF. The
program however is still executed.

M8035   Forced RUN mode

M8036   Forced RUN signal

M8037   Forced STOP signal

M8038 —  

FX1S
FX1N

FX2N (V2.0
or later)
FX2NC
FX3G
FX3U

FX3UC

Communication parameter setting flag
(for N:N network setting)

M8039   

FX1S
FX1N
FX2N

FX2NC
FX3G,
FX3U

FX3UC

Constant scan mode

When M8039 is ON, PLC waits until scan time specified in
D8039 and then executes cyclic operation.



A.1.4 Error Detection (M8060 to M8069)

�
The operation varies according to a PLC: Cleared in an FX1S, FX1N, FX2N, FX1NC, or FX2NC when PLC switches
from STOP to RUN. Cleared in an FX3G, FX3U, and FX3UC PLC when the power supply is switched on
Serial communication error 2 [ch2] in FX3G, FX3U, and FX3UC PLCs is detected by M8438.

�
Cleared when PLC switches from STOP to RUN.

	
When M8069 is ON, I/O bus check is executed.If an error is detected, the error code 6130 is written to special reg-
ister D8069 and the special relay M8061 is set.

A.1.5 Extension Boards (Dedicated to FX1S and FX1N)

Special Relays Appendix
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Special relay Read Write CPU Function

M8060  —

FX2N
FX2NC
FX3G
FX3U

FX3UC

I/O configuration error

M8061  —

FX1S
FX1N
FX2N

FX2NC
FX3G
FX3U

FX3UC

PLC hardware error

M8062  —
FX2N
FX2NC

PLC/Programming device communication error

FX3G Serial communication error [ch0]

M8063 �  —
FX1S
FX1N
FX2N

FX2NC
FX3G
FX3U

FX3UC

Serial communication error 1 [ch1]

M8064  — Parameter error

M8065  — Syntax error

M8066  — Ladder error

M8067 �  — Operation error

M8068 —  Operation error latch

M8069 —  

FX2N
FX2NC
FX3G
FX3U

FX3UC

I/O bus check 	

Special relay Read Write CPU Function

M8112   

FX1S
FX1N

Extension board FX1N-4EX-BD: Input BX0

Extension board FX1N-2AD-BD:  ch1 input mode change

Extension board FX1N-1DA-BD: output mode change

M8113   
Extension board FX1N-4EX-BD: Input BX1

Extension board FX1N-2AD-BD: ch2 input mode change

M8114   Extension board FX1N-4EX-BD: Input BX2

M8115   Extension board FX1N-4EX-BD: Input BX3

M8116   Extension board FX1N-2EYT-BD: Output BY0

M8117   Extension board FX1N-2EYT-BD: Output BY1



A.1.6 Analog Special Adapter and Adapter Boards for FX3G

�
The unit number of the analog special adapter is counted from the base units side.

�
Mounted to the expansion board connector of the base units FX3G-14M�/� or FX3G-24M�/� or to the left expan-
sion board connector (BD1) of the base units FX3G-40�/� or FX3G-60M�/�.

	
Mounted to the right expansion board connector (BD2) of the base units FX3G-40�/� or FX3G-60M�/�.

�
Available in Version 2.00 or later



Available in Version 1.10 or later
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Special relay Read Write CPU Function

M8260 to M8269
 — FX3U

FX3UC
� Special relays for the 1st analog special adapter �

 — FX3G

 Special relays for the 1st analog adapter board �

M8270 to M8279
 — FX3U

FX3UC
� Special relays for the 2nd analog special adapter �

 — FX3G

 Special relays for the 2nd analog adapter board 	

M8280 to M8289
 — FX3U

FX3UC
� Special relays for the 3rd analog special adapter �

 — FX3G Special relays for the 1st analog special adapter

M8290 to M8299
 — FX3U,

FX3UC
� Special relays for the 4th analog special adapter �

 — FX3G
Special relays for the 2nd analog special adapter
(FX3G-40M�/� and FX3G-60M�/�) only



A.2 Special Registers

Just like the special relays (section A.1) starting at address M8000 the FX controllers also have
special or diagnostic registers, whose addresses start at D8000. Often there is also a direct con-
nection between the special relays and special registers. For example, special relay M8005
shows that the voltage of the PLC’s battery is too low, and the corresponding voltage value is
stored in special register D8005. The following tables shows a small selection of the available
special registers as examples.

Special registers can be divided in two groups:

– Special registers whose value can only be read by the program

– Special relays whose value can be read and written by the program.

The following tables feature a "Read" and a "Write" column. If the symbol "�" is shown in a one of
these columns, the corresponding action is possible. The symbol "—" means that the corre-
sponding action is not allowed.

A.2.1 PLC Status Diagnostic Information (D8000 to D8009)

Special Registers Appendix
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Special Register Read Write CPU Function

D8000   

FX1S
FX1N
FX2N

FX2NC
FX3G
FX3U

FX3UC

Watchdog timer setting (in 1ms steps). (Writes from system
ROM at power ON) Value overwritten by program is valid
after END or WDT instruction execution. The setting must be
larger than the maximum scan time (stored in D8012).

Default value is 200 ms.

D8001  —

PLC type and system version
FX1S: 22VVV
FX1N/FX3G: 26VVV
FX2N/FX2NC/FX3U/FX3UC: 24VVV

(e. g. FX1N Version 1.00 � 26100)

D8002  —

Memory capacity
0002 � 2k steps (FX1S only)
0004 � 4k steps (FX2N/FX2NC only)
0008 � 8k steps or more (not for FX1S)
If 16K steps or more "K8" is written to D8002 and "16", "32"
or "64" is written to D8102.

D8003  —

Memory typ:
00H� RAM (Memory cassette)
01H� EPROM (Memory cassette)
02H� EEPROM (Memory cassette or flash memory)
0AH� EEPROM (Memory cassette or flash memory,

write-protected)
10H� Built-in memory in PLC

D8004  —
Error number (M)
If D8004 contains e.g. the value 8060, special relay M8060 is
set.

D8005 — — FX2N
FX2NC
FX3G
FX3U

FX3UC

Battery voltage (Example: "36" -> 3.6 V)

D8006 — —

Low battery voltage detection level.

Default settings:
FX2N/FX2NC: 3.0 V ("30")
FX3G/FX3U/FX3UC: 2.7 V ("27")

D8007 — —

FX2N
FX2NC
FX3U

FX3UC

Momentary power failure count
Operation frequency of M8007 is stored. Cleared at
power-off.

D8008 — —

FX2N
FX2NC
FX3U

FX3UC

Power failure detection

Default settings:
FX2N/FX3U: 10 ms (AC power supply)
FX2NC/FX3UC: 5 ms (DC power supply)

D8009 — —

FX2N
FX2NC

FX3G FX3U
FX3UC

24V DC failed device
Minimum input device number of extension units and exten-
sion power units in which 24V DC has failed.



A.2.2 Scan Information and Real Time Clock (D8010 to D8019)

* For an FX2NC a memory card with integrated RTC must be installed.

A.2.3 PLC Operation Mode (D8030 to D8039)
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Special Register Read Write CPU Function

D8030  — FX1S
FX1N
FX3G

Value of analog volume VR1 (Integer from 0 to 255)

D8031  — Value of analog volume VR2 (Integer from 0 to 255)

D8032 – D8038 — — — Not used

D8039 —  

FX1S
FX1N
FX2N

FX2NC
FX3G
FX3U

FX3UC

Constant scan duration

Default: 0 ms (in 1 ms steps)

(Writes from system ROM at power ON)

Can be overwritten by program

Special Register Read Write CPU Function

D8010  — FX1S
FX1N
FX2N

FX2NC
FX3G
FX3U

FX3UC

Present scan time (in units of 0.1 ms)

D8011  — Minimum value of scan time (in units of 0.1 ms)

D8012  — Maximum value of scan time (in units of 0.1 ms)

D8013   

FX1S
FX1N
FX2N

FX2NC*
FX3G
FX3U

FX3UC

Real time clock: Seconds (0 to 59)

D8014   Real time clock: Minutes (0 to 59)

D8015   Real time clock: Hours (0 to 23)

D8016   Real time clock: Date (Day, 1 to 31)

D8017   Real time clock: Date (Month, 1 to 12)

D8018   Real time clock: Date (Year, 0 to 99)

D8019   Real time clock: Day of the week (0 (Sunday) to 6 (Saturday))



A.2.4 Error Codes (D8060 to D8069)

* Cleared when PLC switches from STOP to RUN.

A.2.5 Extension Boards (Dedicated to FX1S and FX1N)
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Special Register Read Write CPU Function

D8112  —
FX1S
FX1N

Adapter FX1N-2AD-BD: Digital input value ch.1

D8113  — Adapter FX1N-2AD-BD: Digital input value ch.2

D8114   Adapter FX1N-1DA-BD: Digital output value ch.1

Special Register Read Write CPU Function

D8060  —

FX2N
FX2NC
FX3G
FX3U

FX3UC

If the unit or block corresponding to a programmed I/O num-
ber is not actually loaded, M8060 is set to ON and the first
device number of the erroneous block is written to D8060

Meaning of the four digit code:
1st digit: 0 = Output, 1 = Input
2nd to 4th digit: First device number of the erroneous block

D8061  —

FX1S
FX1N
FX2N

FX2NC
FX3G
FX3U

FX3UC

Error code for PLC hardware error

D8062  —

FX2N,
FX2NC
FX3G
FX3U

FX3UC

Error code for PLC/PP communication error

FX3G Error code for serial communication error [ch0]

D8063  —

FX1S
FX1N
FX2N
FX2NC
FX3G
FX3U

FX3UC

Error code for serial communication error 1 [ch1]

D8064  — Error code for parameter error

D8065  — Error code for syntax error

D8066  — Error code for ladder error

D8067  — Error code for operation error

D8068* —  

Operation error step number latched

In case of 32K steps or more, the step number is stored in
[D8313, D8312].

D8069*  —
Error step number of M8065 to M8067

In case of 32K steps or more, the step number is stored in
[D8315, D8314].



A.2.6 Analog Special Adapter and Adapter Boards for FX3G

�
The unit number of the analog special adapter is counted from the base units side.

�
Mounted to the expansion board connector of the base units FX3G-14M�/� or FX3G-24M�/� or to the left expan-
sion board connector (BD1) of the base units FX3G-40�/� or FX3G-60M�/�.

	
Mounted to the right expansion board connector (BD2) of the base units FX3G-40�/� or FX3G-60M�/�.

�
Available in Version 2.00 or later



Available in Version 1.10 or later
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Special Register Read Write CPU Function

D8260 to D8269
 — FX3U

FX3UC
� Special registers for the 1st analog special adapter �

 — FX3G

 Special registers for the 1st analog adapter board �

D8270 to D8279
 — FX3U

FX3UC
� Special registers for the 2nd analog special adapter �

 — FX3G

 Special registers for the 2nd analog adapter board 	

D8280 to D8289
 — FX3U

FX3UC
� Special registers for the 3rd analog special adapter �

 — FX3G Special registers for the 1st analog special adapter

D8290 to D8299

 — FX3U,
FX3UC

� Special registers for the 4th analog special adapter �

 — FX3G
Special registers for the 2nd analog special adapter
(FX3G-40M�/� and FX3G-60M�/�) only



A.3 Error Code List

When an error has been detected in the PLC, the error code is stored in special registers D8060
to D8067 and D8438. The following actions should be followed for diagnostic errors.

Represented here are some of the most common error codes.

A.3.1 Error codes 6101 to 6409
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Error Special
Register

Error
Code Description Corrective Action

PLC
hardware error D8061

0000 No error

—6101 RAM error

6102 Operation circuit error

6103 I/O bus error (M8069 = ON)
Check for the correct con-
nection of extension cables.6104 Powered extension unit 24 V failure

(M8069 = ON)

6105 Watchdog timer error
Check user program. The
scan time exceeds the value
stored in D8000.

6106

I/O table creation error (CPU error)

When turning the power ON to the
baseunit, a 24V power failure occurs in
a powered extension unit. (The error
occurs if the 24V power is not supplied
for 10 seconds or more after main
power turn ON.)

Check the power supply for
the powered extension
units.

6107 System configuration error

Check the number of the
connected special function
units/blocks. A few special
function units/blocks are lim-
ited the number to connect.

Communication
error between

PLC and program-
ming device

(FX2N and FX2NC

only)

D8062

0000 No error —

6201 Parity, overrun or framing error Check the cable connection
between the programming
device and the PLC. This
error may occur when a
cable is disconnected and
reconnected during PLC
monitoring.

6202 Communication character error

6203 Communication data sum check error

6204 Data format error

6205 Command error

Serial
communication er-

ror
D8063

0000 No error —

6301 Parity, overrun or framing error � Inverter communication,
computer link and pro-
gramming: Ensure the
communication parame-
ters are correctly set ac-
cording to their applica-
tions.

� N:N network, parallel
link, etc.: Check pro-
grams according to
applications.

� Remote maintenance:
Ensure modem power is
ON and check the set-
t ings of the AT
commands.

� Wiring: Check the com-
munication cables for
correct wiring.

6302 Communication character error

6303 Communication data sum check error

6304 Communication data format error

6305 Command error

6306 Communication time-out detected

6307 Modem initialization error

6308 N:N network parameter error

6312 Parallel link character error

6313 Parallel link sum error

6314 Parallel link format error

6320 Inverter communication error



A.3.2 Error codes 6501 to 6510
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Error Special
Register

Error
Code Description Corrective Action

Parameter error D8064

0000 No error —

6401 Program sum check error

STOP the PLC, and cor-
rectly set the parameters.

6402 Memory capacity setting error

6403 Latched device area setting error

6404 Comment area setting error

6405 File register area setting error

6406
Special unit (BFM) initial value setting,
positioning instruction setting sum
check error

6407 Special unit (BFM) initial value setting,
positioning instruction setting error

6409 Other setting error

Error Special
Register

Error
Code Description Corrective Action

Syntax error D8065

0000 Kein Fehler

During programming, each
instruction is checked. If a
syntax error is detected,
modify the instruction
correctly.

6501 Incorrect combination of instruction,
device symbol and device number

6502 No OUT T or OUT C before setting
value

6503

� No OUT T or OUT C before setting
value

� Insufficient number of operands for
an applied instruction

6504

� Same label number is used more
than once.

� Same interrupt input or high speed
counter input is used more than
once.

6505 Device number is out of allowable
range.

6506 Invalid instruction

6507 Invalid label number [P]

6508 Invalid interrupt input [I]

6509 Other error

6510 MC nesting number error



A.3.3 Error codes 6610 to 6632
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Error Special
Register

Error
Code Description Corrective Action

Circuit error D8066

0000 No error —

6610 LD, LDI is continuously used 9 times or
more.

This error occurs when a
combination of instructions
is incorrect in the entire cir-
cuit block or when the rela-
tionship between a pair of
instructions is incorrect.

Modify the instructions in
the program mode so that
their mutual relationship
becomes correct.

6611 More ANB/ORB instructions than
LD/LDI instructions

6612 Less ANB/ORB instructions than
LD/LDI instructions

6613 MPS is continuously used 12 times or
more.

6614 No MPS instruction

6615 No MPP instruction

6616 No coil between MPS, MRD and MPP,
or incorrect combination

6617

Instruction below is not connected to
bus line: STL, RET, MCR, P, I, DI, EI,
FOR, NEXT, SRET, IRET, FEND or
END

6618
STL, MC or MCR can be used only in
main program, but it is used elsewhere
(e.g. in interrupt routine or subroutine).

6619
Invalid instruction is used in
FOR-NEXT loop: STL, RET, MC, MCR,
I (interrupt pointer) or IRET.

6620 FOR-NEXT instruction nesting level
exceeded

6621 Numbers of FOR and NEXT instruc-
tions do not match.

6622 No NEXT instruction

6623 No MC instruction

6624 No MCR instruction

6625 STL instruction is continuously used 9
times or more.

6626
Invalid instruction is programmed
within STL-RET loop: MC, MCR, I
(interrupt pointer), SRET or IRET.

6627 No RET instruction

6628
Invalid instruction is used in main pro-
gram: I (interrupt pointer), SRET or
IRET

6629 No P or I (interrupt pointer)

6630 No SRET or IRET instruction

6631 SRET programmed in invalid location

6632 FEND programmed in invalid location



A.3.4 Error codes 6701 to 6710

* Even if the syntax or circuit design is correct, an operation error may still occur. For example: "T200Z" itself is not an
error.But if Z had a value of 400, the timer T600 would be attempted to be accessed.This would cause an operation
error since there is no T600 device available.
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Error Special
Register

Error
Code Description Corrective Action

Operation error D8067

0000 No error —

6701

� No jump destination (pointer) for CJ
or CALL instruction

� Label is undefined or out of P0 to
P4095 due to indexing

� Label P63 is executed in CALL
instruction; cannot be used in CALL
instruction as P63 is for jumping to
END instruction.

This error occurs in the exe-
cution of operation. Review
the program, or check the
contents of the operands
used in the applied
instructions.*

6702 CALL instruction nesting level is 6 or
more

6703 Interrupt nesting level is 3 or more

6704 FOR-NEXT instruction nesting level is 6
or more.

6705 Operand of applied instruction is inap-
plicable device.

6706
Device number range or data value for
operand of applied instruction exceeds
limit.

6707 File register is accessed without para-
meter setting of file register.

6708 FROM/TO instruction error

This error occurs in the exe-
cution of operation. Review
the program, or check the
contents of the operands
used in the applied instruc-
tions. Check whether the
specified buffer memories
exist in the equipment.
Check whether the extension
cables are correctly
connected.

6709 Other (e.g. improper branching)

This error occurs in the exe-
cution of operation. Review
the program, or check the
contents of the operands
used in the applied
instructions.*

6710 Mismatch among parameters

This error occurs when the
same device is used within
the source and destination in
a shift instruction, etc.



A.4 Number of Occupied Input/Output Points and
Current Consumption

The following tables show how many input/output points are occupied in a base unit by a certain
unit, along with the power supply type and current consumption values needed for selecting a
product.

The current consumption is determined differently in the following cases.

5V DC and internal 24V DC are supplied to the products through an extension cable, and the
current consumption must be calculated

Subtract the current consumption at the internal 24V DC as follows.

– For the AC power type base unit, subtract the current consumption at the internal 24V DC
from the 24V DC service power supply.

– For the DC power type base unit, subtract the current consumption at the internal 24V DC
from the power supply for the internal 24V DC.

– Some special function modules need "external 24 V DC". Include this current in the calcu-
lation of current consumption when the current is supplied by the 24V DC service power
supply. When the current is supplied by an external power supply, the current is not in-
cluded in the calculation of current consumption.

A.4.1 Interface Adapter Boards and Communication Adapter Boards

* When a programming tool or GOT is connected, add the current consumed by this unit (see next page)
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Type Number of occupied
I/O points

Current consumption [mA]

5 V DC 24 V DC (internal) 24 V DC (external)

FX1N-232-BD —
20

— —
FX2N-232-BD —

FX3G-232-BD — —

FX3U-232-BD — 20

FX1N-422-BD —
60*

— —
FX2N-422-BD —

FX3G-422-BD — —

FX3U-422-BD — 20*

FX1N-485-BD —
60

— —
FX2N-485-BD —

FX3G-485-BD — —

FX3U-485-BD — 40

FX3U-USB-BD — 15 — —

FX1N-CNV-BD

— — — —
FX2N-CNV-BD

FX3G-CNV-BD

FX3U-CNV-BD

FX3G-2AD-BD

— — — —FX3G-1DA-BD

FX3G-8AV-BD



Programming Tool, Interface Converter, Display Module and GOT

A.4.2 Special Adapters

* The current consumption at start up must be considered when connected to a DC powered base unit.

A.4.3 Extension Blocks
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Type Number of occupied
I/O points

Current consumption [mA]

5 V DC 24 V DC (internal) 24 V DC (external)

FX-20P(-E) — 150 — —

FX-232AWC-H — 120 — —

FX-USB-AW — 15 — —

FX3U-7DM 20

FX10DM-E — 220 — —

F920GOT-BBD5-K-E — 220 — —

Type
Number of
occupied
I/O points

Current consumption [mA]

5 V DC 24 V DC (internal) 24 V DC (external) At start up

FX3U-4HSX-ADP — 30 30 0 30*

FX3U-2HSY-ADP — 30 60 0 120*

FX3U-4AD-ADP — 15 0 40 —

FX3U-4DA-ADP — 15 0 150 —

FX3U-4AD-PNK-ADP — 15 0 50 —

FX3U-4AD-PT-ADP — 15 0 50 —

FX3U-4AD-PTW-ADP — 15 0 50 —

FX3U-4AD-TC-ADP — 15 0 45 —

FX3U-3A-ADP — 20 0 90 —

FX2NC-232ADP — 100 0 0 —

FX3U-232ADP — 30 0 0 —

FX3U-485ADP — 20 0 0 —

Type Number of occupied
I/O points

Current consumption [mA]

5 V DC 24 V DC (internal) 24 V DC (external)

FX2N-8ER-ES/UL 16 – 125 0

FX2N-8EX-ES/UL 8 –– 50 0

FX2N-16EX-ES/UL 16 –– 100 0

FX2N-8EYR-ES/UL 8 –– 75 0

FX2N-8EYT-ESS/UL 8 –– 75 0

FX2N-16EYR-ES/UL 16 –– 150 0

FX2N-16EYT-ESS/UL 16 –– 150 0



A.4.4 Special Function Modules

�
When analog special function blocks (FX0N-3A, FX2N-2AD and FX2N-2DA) are connected to an input/ output po-
wered extension unit (FX2N-32E� or FX2N-48E� ), the following limitation must be taken into consideration.
(When the blocks are connected to the base unit, this limitation is not applied.)

The total current consumption of the analog special function blocks (FX0N-3A, FX2N-2AD and FX2N-2DA) should
be less than the following current values.
- When connected to FX2N-32E�: 190 mA or less
- When connected to FX2N-48E�: 300 mA or less.

�
When the voltage of the external DC power supply is 5 V DC, the current is 100 mA.

	
A FX2N-16CCL-M cannot be used together with a FX2N-32ASI-M.The following number of points is added accord-
ing to the products connected to the network: (Number of remote I/O stations) x 32 points.

�
A FX2N-32ASI-M cannot be used together with a FX2N-16CCL-M. Only one unit can be added to the whole sys-
tem. The following number of points is added according to the products connected to the network:
(Number of active slaves) x 8 points.

NOTE When applying a DC power type base unit, calculate the current consumption at startup.
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Type
Number of
occupied
I/O points

Current consumption [mA]

5 V DC 24 V DC (internal) 24 V DC (external) At start up

FX3U-2HC 8 245 0 0 —

FX3U-4AD 8 110 0 90 —

FX3U-4DA 8 120 0 160 —

FX3U-4LC 8 160 0 50 —

FX3U-20SSC-H 8 100 0 220 —

FX2N-2AD 8 20 50 � 0 170

FX2N-2DA 8 30 85 � 0 190

FX2N-4AD 8 30 0 55 —

FX2N-4DA 8 30 0 200 —

FX2N-4AD-TC 8 30 0 50 —

FX2N-4AD-PT 8 30 0 50 —

FX2N-8AD 8 50 0 80 —

FX2N-5A 8 70 0 90 —

FX2N-2LC 8 70 0 55 —

FX2N-1HC 8 90 0 0 —

FX2N-1PG-E 8 55 0 40 —

FX2N-10PG 8 120 0 70 � —

FX2N-232IF 8 40 0 80 —

FX2N-16CCL-M 8 	 0 0 150 —

FX2N-32CCL-M 8 130 0 50 —

FX2N-32ASI-M 8 � 150 0 70 —

FX0N-3A 8 30 90 � 0 165

FX2N-10GM 8 — — 5 —

FX2N-20GM 8 — — 10 —



A.5 PLC Components Glossary

The following table describes the meaning and functionality of the single components und parts
of a Mitsubishi 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 FX2NC). These adapters extend the
capabilities of the controllers with additional functions or communications interfaces. 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 Developer).

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.

Service power supply

The service power supply (not for FX2NC ans FX3UC) 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. FX1S, FX1N and FX3G: 400mA; FX2N-16M�-��
through FX2N-32M�-��: 250 mA, FX2N-48M�-�� through FX2N-64M�-��: 460 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 MELSEC PLC’s volatile RAM memory in the
event of a power failure (FX2N, FX2NC and FX3U 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.

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 execu-
tion is stopped and it is possible to program the controller.
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