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Preface

This book comprehensively covers the programming and use of the complete range of
Mitsubishi FX programmable controllers (PLCs), i.e. the FX1S, FXIN and the FX2N,
unless otherwise stated.

For example the FX1S programmable controller cannot be used for:

Input/output expansion
Floating point arithmetic
Analogue to digital conversion
Digital to analogue conversion.

el

Since I wrote my first book on PLCs, An Introduction to Programmable Logic Controllers,
which described the use of the DOS-based ladder diagram software MEDOC and the
FX PLC, there have been enormous developments in computer technology in both
hardware and software.

Mitsubishi Electric released the first version of their Windows-based programming
software GPP Win in 1998 and at about the same time they produced the more powerful
FXN range of PLCs.

The latest version of their Windows-based software is Gx-Developer Version 8 on
which this book is based and included with this software is the Gx-Simulator software
known as Ladder Logic Tester.

The advantage of this simulator software is that it enables ladder diagram programs
to be tested without the use of a PLC.

The Gx-Developer and the Gx-Simulator software can be used on Windows 98,
2000ME, 2000PRO and XP.

This book is intended for both students and engineers who wish to become competent
in programming PLCs to meet the requirements of a wide variety of applications.

Students who are undertaking engineering courses will find the text covers most of
the requirements for the following Edexcel Units.

1. BTEC National Certificate/Diploma in Electrical/Electronic Engineering Unit 31:
Programmable Controllers.

2. BTEC Higher National Certificate/Diploma in Electrical/Electronic Engineering
Unit 18: Programmable Logic Controllers.



GX Developer

A demo version of the GX Developer software from Mitsubishi Electric is available as a download from
the companion site to this book:

http://books.elsevier.com/companions/0750656794
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The hardware/software used by the author to develop the programs used in this book is
listed below.

Hardware Supplier

FX2N 48MR-ES PLC Mitsubishi Electric
FX2N-4AD — Analogue to digital converter Mitsubishi Electric
FX2N 4DA - Digital to analogue converter Mitsubishi Electric

8 input switch box

4 digit thumbwheel switch
4 digit BCD display
Pneumatic Panel

Safety Relay

RS Components

RS Components

London Electronics Ltd
Chicksands, Bedfordshire

SMC Pneumatic(UK) Ltd

Milton Keynes, Northamptonshire
Pilz Automation

Corby, Northamptonshire

Software

Supplier

Gx Developer Ver. 8.03
Gx Simulator Ver. 6.13

Mitsubishi Electric
Mitsubishi Electric
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Glossary

ADC Analogue to digital converter.

Boolean algebra A mathematical method for simplifying logic gate circuits and PLC
ladder diagrams.

Copying Used to make a copy of a ladder diagram but having a different filename.

COM1 Communications port no.l. A serial communications port, which is usually a
9-pin plug situated at the rear of a computer. It enables communications between the
computer and the PLC.

CPU Central processor unit. The CPU is the microchip within the PLC, which
executes the Instruction Program obtained from the converted ladder diagram.

DAC Digital to analogue converter.

DOS Disk operating system. A Microsoft computer operating system, which was a
forerunner to Windows.

Downloading Serial transfer of the Instruction Program from the computer to the
PLC, via a COM or USB port.

Find A Gx-Developer function used for finding a device, an instruction or the start of
a required ladder diagram line.

Gx-Developer The Mitsubishi Electric ladder diagram software, whose use is described
in this book.

Gx-Simulator This Mitsubishi Electric software enables ladder diagram programs to
be tested without the need for a PLC. Also known as Logic Ladder Tester.

Instruction When used with a Mitsubishi Electric FX2N, there are approximately 160
instructions, which range from the simple MOVE instruction to complex mathema-
tical instructions.

Instruction Program An alternative method to a ladder diagram, for producing a PLC
program. It is similar to a low-level assembly type microprocessor program. It was, at
one time, the only method available for producing PLC programs before the avail-
ability of ladder diagram software. All ladder diagram programs though have to be
converted to Instruction Programs for downloading to the PLC. It is not possible for
ladder diagram programs to be directly downloaded or uploaded to/from a PLC.

I/O This term is used to describe the total number of inputs and outputs allocated to a
particular PLC. For example, an FX2N 48 MR PLC has 24 X inputs and 24 Y
outputs.

Karnaugh Map A pictorial method for simplifying logic gate circuits and PLC ladder
diagrams.

MEDOC A DOS-based Mitsubishi Electric software package for producing ladder
diagrams, the forerunner to Gx-Developer.

PCMCIA An abbreviation for Personal Computer Memory Card International
Association. The PCMCIA card can slot into a laptop computer or some PLCs.
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It was initially designed for adding memory to laptop computers but can also be used
to provide extra memory to PLCs, i.e. the Mitsubishi Q2AS. A PCMCIA card is also
available as an interface for an RS232 connection with laptop computers, which do
not have this type of serial output connection.

PLC An abbreviation for Programmable Logic Controller. It is used in the automatic
control of machinery and plant equipment. The great advantage of a PLC is that it
can be programmed using software, i.e. Gx-Developer, to carry out a wide variety of
tasks.

RS232 A serial communications system used for transferring information. Used in a
PLC system for downloading and uploading instruction programs.

Safety Relay A Safety Relay is used in control systems to ensure that that the system
will fail safe whenever an Emergency Stop condition occurs.

SC09 A Mitsubishi RS232 serial communications cable. It connects the computer to
the PLC to enable programs to be downloaded, uploaded and monitored.

Sink A term, which describes the direction of current flow into or out of either an
input or an output terminal of a PLC. To operate a PLC sink input, the direction of
current flow will be out of the PLC X input terminal through a closed input switch/
proximity detector and then into a 0V terminal.

Source A term, which describes the direction of current flow into or out of either an
input or an output terminal of a PLC. To operate a PLC source input, the direction of
current flow will be from a positive voltage supply through a closed input switch/
proximity detector and then into the PLC input terminal. The FX2N range of PLCs
includes a transistor source output type, which means that current will flow out the Y
output terminal through the output load and to a 0 V connection.

USB An abbreviation for Universal Serial Bus. A modern type of communications
system for connecting peripherals, i.e. mouse, printer, scanner, internet modem, to a
computer. There are adapters available, which enable a Mitsubishi Electric SC09
communication cable to be connected to the USB port of a computer.
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Introduction to PLCs

The need for low-cost, versatile and easily commissioned controllers has resulted in the
development of programmable logic controllers, which can be used quickly and simply
in a wide variety of industrial applications.

The most powerful facility which PLCs have, is that they can be easily programmed
to produce their control function, instead of having to be laboriously hard-wired, as is
required in relay control systems.

However, the method of programming a PLC control system can nevertheless use
relay ladder diagram techniques, which therefore enables the skills of an outdated
technology to be still viable with that of the new.

The PLC was initially designed by General Motors of America in 1968, who were
interested in producing a control system for their assembly plants and which did not
have to be replaced every time a new model of car was manufactured.

The initial specification for the PLC was:

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

Easily maintained and repaired.

More reliable in a plant environment.

Smaller than its relay equivalent.

Cost-effective in comparison with solid-state and relay systems, then in use.

ok

1.1 Basic PLC units
The four basic units within the FX2N PLC units are:

1. The central processor unit (CPU)
This is the main control unit for the PLC system, which carries out the following:
(a) Downloads and uploads ladder diagram programs via a serial communications
link.
(b) Stores and executes the downloaded program.
(c) Monitors in real time the operation of the ladder diagram program. This gives
the impression that a real hardwired electrical control system is being monitored.
(d) Interfaces with the other units in the PLC system.
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2.

Mitsubishi FX Programmable Logic Controllers

Input unit

The input unit enables external input signals, i.e. signals from switches, push buttons,
limit switches, proximity detectors, to be connected to the PLC System and then be
processed by the CPU.

. Output unit

The output unit is connected to its externally operated devices, i.e. LED’s, indicator

lamps, digital display units, small powered relays, pneumatic/hydraulic pilot valves.
Each time the program is executed, i.e. after each program scan, then depending

on the ladder diagram program and the logic state of the inputs, the outputs will be

required to turn ON, turn OFF, or remain as they are.

Power supply

The power supply is used to provide the following DC voltages from the 240 V mains

supply:

(a) 5V DC supply for the internal electronics within all of the PLC units.

(b) 24V DC supply, which can be used to supply the input devices.

(c) Alternatively, the 24V DC can be supplied from an external DC power supply,

which is used for both the input and the output devices.

1.2 Comparison of PLC and RELAY systems

Characteristic PLC Relay

Price per function Low Low — if equivalent relay program
uses more than ten 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 — PLCs Poor — relays require constant

rarely fail maintenance

1.3 PLC software

To be able to design a PLC program using a computer, it is essential for the software to
have the following facilities:

Sl N ol e

Programs can be designed using conventional relay ladder diagram techniques.
Test if the program is valid for use on the chosen PLC.

Programs can be permanently saved either on a computer’s hard disk or on floppy disks.
Programs can be re-loaded from either the hard disk or the floppy disk.

Ladder diagram contacts and coils can be annotated with suitable comments.

Hard copy printouts can be obtained.

The program can be transferred to the PLC, via a serial link.

The program within the PLC can be transferred back to the computer.
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9. The ladder diagram control system can be monitored in ‘real time’.
10. Modifications can take place, whilst the PLC is online.

1.4 Gx-Developer software

The Gx-Developer software is a Windows-based package, which enables users to
produce ladder diagram projects for use with the Mitsubishi range of PLCs.

It has been produced by Mitsubishi Electric to replace the DOS-based package,
MEDOC.

Advantages = Gx-Developer

1. As the software uses drop-down menus, there is no need to remember keypress
characters.

The drop-down menus are selected using a mouse.

All of the functions can be accessed using an icon, instead of the drop-down menus.
Ladder diagrams can be entered more quickly.

Modifications can be easily carried out.

Improved monitoring facilities, i.e. direct monitoring of the contents of a special
unit’s buffer memory.

Fault-finding diagnostics.

Improved documentation, i.e. notes.

AN e

[o BN |

1.5 Hardware configuration

This section deals with configuring an FX2N system.

Since the main components of all FX PLCs, i.e. the CPU, inputs and outputs are all
parts of the one unit instead of separate plug in modules, the FX range of PLCs are
known as ‘Brick Type’ PLCs.

The main considerations that must be taken into account when configuring a system are:

1. External devices, inputs and outputs.
(a) How many are required?
(b) Is the supply from the Input devices to the PLC inputs from: volt-free contacts,
24V DC, or 110V AC?
(c) Is the supply from the PLC outputs to the external loads from: volt-free contacts,
24V DC, or 110V AC?
(d) Is a fast-switching operation required?
(e) Are proximity detectors required (see Section 1.21)?
2. Power supply requirements.
(a) Supply voltage.
(b) Internal power supply.
3. Special function units.
(2) How many can the system support?
(b) Is an external power supply required?
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1.6 Base unit, extension units and extension blocks

Figure 1.1 shows a base unit along with 2 x extension blocks.

It is very important that confusion is avoided when these units are discussed.

The basic way to describe the difference between a base unit, an extension unit and an
extension block is as follows:

1. A base unit is made up of four components, i.e. power supply, inputs, outputs and
CPU.

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

3. An extension block is made up of one or two 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 an extension unit. Hence it
is necessary to determine how many of these un-powered units can be connected
before the ‘On Board’ power supply capacity is exceeded. The tables in Sections 1.8
and 1.9 show how this can be worked out.

1.7 PLC voltage supplies

24 V DC supply

The FX2N has a 24 V internal power supply, which can be used for supplying current to
input switches and sensors.

From the smaller FX2N table below, it can be seen that if no un-powered extension
blocks have been used, then the maximum available current from the 24V supply is
250 mA.

However, if one 16-input and one 16-output extension block were fitted, then the
available current falls to 0 mA and a separate 24 V power supply would then be required
for supplying the input switches and any sensors.

1.8 Smaller FX2N PLCs

A = Number of additional outputs FX2N-16M* - E**— FX2N-32M* - E**
B = Number of additional inputs FX2N 32E* -E**
C = Invalid configuration

Available current (mA)

24 25 C
16 100 50 0
A 8 175 125 75 25
0 250 200 150 100 50
0 8 16 24 32
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1.9 Larger FX2N PLCs

A = Number of additional outputs FX2N 48M* - E**— FX2N-128M* - E**
B = Number of additional inputs FX2N 48E* - E**
C = Invalid configuration

Available current (mA)

48 10
40 85 35
32 160 110 60 10
Al 24 235 185 135 85 35
16 310 260 210 160 110 60 60

8 385 335 285 235 185 185 135 35
0 460 410 360 310 260 210 160 110 60
0 8 16 24 32 40 48 56 64

1.10 5V DC supply

The FX2N has a second power supply, of 5V, which is not available to the user.
Its function is to supply, via the ribbon cable bus connections, any special units
connected to the system.

The table below details the current available from this supply.

Unit Max. 5V DC bus supply
FX2N- **M*- ES (ESS) 290 mA
FX2N - **E * - ES (ESS) 690 mA

1.11 Special unit power supply requirements

Depending on the special units used, the current consumption from the 5V supply and
the 24V supply must be taken into account.

The table on page 7 gives the current required by the most frequently used units along
with the I/O requirements.
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Supply from 24V supply

Model Description No. of /O PLC 5V bus current
FX2N-4AD Analog to digital converter 8 30mA 200 mA
FX2N-4DA Digital to analog converter 8 30mA S55mA
FX2N-4AD-PT  PT100 probe interface 8 30mA S0mA
FX2N-4AD-TC  Thermocouple interface 8 30mA 50 mA
FX2N-1HC High-speed counter 8 90 mA -
FX2N-1PG Pulse output position control 8 55mA 40 mA

1.12 Part number

The part number describes the type of PLC and its functionality.
The part number can be broken down as in Figure 1.2

FX2N - 16 - MR - ES/UL
- L

Power supply and input type
(ES—AC power sink/source input)
(UL —CE registered)

PLC type

Total no. of I/O
M =Unit type — in this case base unit

R =Output type — in this case relay

Figure 1.2

1.13 Serial number

Also found on the unit is a serial number (Figure 1.3), from which the construction date
can be determined.

Serial no.: 2 X 3267

2=1992 Production serial number

1-9=Jan.—Sept
X =0ct
Y =Nov
Z=Dec

Figure 1.3
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1.14 PLCinputs

All PLC inputs are isolated by photocouplers to prevent operational errors due to
contact chattering or other electrical noise that may enter via the input.

For this very reason ON/OFF status changes will take approximately 10 msec. This
time should be taken into account when programming, as it will have a direct effect on
the way the program will operate.

For the input device to actually register on the PLC it will have to draw a minimum
of 4mA for the PLC input to switch. Anything less than 4 mA, will result in the PLC
input not turning on.

The current into a PLC input must not exceed 7 mA; anything in excess of this could
result in the input being damaged.

The input signals can come from a wide variety of devices, i.e.

. Push buttons.

. Rotary switches.

. Key switches.

. Limit switches.

. Level sensors.

. Flow rate sensors.

. Photo-electric detectors.

. Proximity detectors (inductive or capacitive).

O3 LN kAW~

The inputs ‘1’-7’ connect to the PLC via a pair of no-voltage contacts, which can be
either normally open or normally closed.

However, the proximity detectors usually provide a transistor output which can be
either an NPN or a PNP transistor.

1.15 ACinputs

110V AC Inputs are also available.
It is recommended that the same supply voltage to the PLC is used as for the inputs,
i.e.(100-120 V AC).
This minimises the possibility of an incorrect voltage being connected to the inputs.
With AC versions the S/S terminal is not used (see Section 1.18).

Note

1. In normal operation, use of inputs should be restricted to 70% at any one time.

2. Except for inputs concerned with safety (refer page 76 and Chapter 10) input devices
such as ON/OFF switches, push buttons, foot switches and limit switches are usually
wired to the PLC through the normally open contacts of the device.
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1.16 PLC outputs

There are three different types of output for the FX range of PLCs, these are:

1. Relay.
2. Triac (solid-state relay — SSR).
3. Transistor.

Relay

This is the most commonly used type of output.

The coils and the contacts of the output relays enable electrical isolation to be
obtained between the internal PLC circuitry and the external output circuitry.

Dependent on a number of factors, i.e. the supply voltage, the type of load, i.e. resistive,
inductive or lamp, the contact life, the maximum-switched current per individual outputis 2 A.

The PLC will provide groups of 4, 8 or 16 outputs each with a common. The commons
are logically numbered COM 1, COM2, etc. and are electrically isolated from one another.

When the ‘END’ instruction in the ladder diagram is executed, the PLC will
REFRESH the outputs from the output latch memory to turn the appropriate output
relay either ON or OFF.

The response time for the operation of an output relay is approximately 10 msec.

Triac

The TRIAC is an AC switch, which basically consists of two thyristors connected ‘back
to back’.

Since the TRIAC output is solid state, the lifetime of a TRIAC output is far longer
than that of the relay output.

The voltage range of these devices is 85240 V AC and each output can switch up to a
maximum of 0.35A.

As with all other output configurations, the physical output is isolated by a photocoupler.

The response of the TRIAC when turning ON is faster than the Relay, i.e. 1 msec but
the OFF times are identical, i.e. 10 msec.

Care should be taken when configuring the system so that the output circuitry is not
overloaded.

Care should also be taken concerning leakage current in a TRIAC output circuit.
This current is far greater than that of a relay circuit and may cause any externally
connected miniature relays to remain energised.

Transistor

The transistor outputs are used, where a very fast switching time is required.

The switching time of the transistor outputs, whether they are Sink or Source outputs,
is <0.2msec with a 24V DC, 100 mA load.

As with all other output configurations, the physical output is isolated by a photo-
coupler.
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1.17 Source=sink inputs

The term source—sink refers to the direction of current flow into or out of the input
terminals of the PLC.

Source input

When the PLC is connected for source inputs, then the input signal current flows into
the X inputs (Figure 1.4).

+24V

I I source

0 o — X0

—0/0— X17

Figure 1.4

Sink input

When the PLC is connected for Sink inputs, then the input signal current flows out of
the X inputs (Figure 1.5).

+24 V

J_ I sink

0 O = X0

COM

Figure 1.5
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1.18 The source/sink = S/S connection

The S/S connection is the common terminal for all of the internal input circuits of
the PLC.

It enables the user to decide the direction in which the input devices will supply
current to the PLC inputs, i.e. source or sink.

1.19 Source inputs = block diagram

To ensure that all of the input devices will supply the source input current, the user
connects the S/S terminal to the 0 V terminal, as shown in Figure 1.6.

*tl2av

—

4 ¥

I source
O O

To input
image table
v

S/S Photo
LEDs transistor

User-connected link

Figure 1.6

Direction of source current flow

When the push button is closed, the direction of current flow will be as follows:

1. From the 424V terminal of the internal power supply, the +24 V PLC terminal, and
then through the push button and into the X0 input terminal, i.e. source current.

2. Through the input resistor network circuit and then through the second LED.

3. With current flowing through the LED it will emit light, which in turn will cause the
photo-transistor to turn ON.

4. The function of the photo-transistor is to isolate the 24 V input circuit from the 5V
PLC logic circuit and hence increase the noise immunity of the input.

5. With the photo-transistor turning ON, this will cause a signal to be sent to the input
image table, to store the information that the input X0 is ON.

6. The input current now flows to the S/S terminal, through the user-connected link to
the PLC 0V terminal and then back to the negative (—) terminal of the internal
power supply.
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1.20 Sink inputs = block diagram

To ensure that all of the input devices will sink the current from the PLC inputs, the user
now connects the S/S terminal to the 424 V terminal, as shown in Figure 1.7.

. 1 +
User-connected link 24V 24V
I sink D¢
o O
& To input
image table
S/S Photo
Tov | LEDs transistor
ov
Figure 1.7

Direction of sink current flow

When the push button is closed, the direction of current flow will be as follows:

1.

2.

From the +24V terminal of the internal power supply, through the user-connected
link to the S/S terminal.

Through the first LED and then through the input resistor network circuit to the X0
input terminal.

With current flowing through the LED, it will emit light, which in turn will cause the
same photo-transistor to turn ON.

With the photo-transistor turning ON, this will cause a signal to be sent to the input
image table, to store the information that the input X0 is ON.

The input current now flows out of the X0 input terminal, i.e. sink current.

It then flows through the push button to the PLC 0V terminal and then back to the
negative terminal of the internal power supply.

1.21 Proximity sensors

There are two types of proximity sensors i.e. inductive and capacitive, and the supply
voltages to these sensors are normally 24V DC.

1.
2.

There are also two standard outputs for both proximity sensors, which are:

PNP (source)
NPN (sink)

Once selected, only that output type can be used for supplying the inputs to the PLC.

They cannot be mixed.
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If PNP proximity detectors are used, then every one of the PLC inputs become source
inputs.

If NPN proximity detectors are used, then every one of the PLC inputs become sink
inputs.

To configure the PLC to accept either a PNP or an NPN sensor, the S/S terminal has
to be linked to either the 0V line or the 24V DC line respectively, as shown in the
Figure 1.8.

Care must be taken to ensure that the S/S terminal is correctly connected, as failure
to do this will result in the input not working.

1.22 S/S terminal configurations

PNP (source) NPN (sink)

il

-l

[+

Figure 1.8

1.23 PLC ladder diagram symbols

Inputs X

Normally open contact

1

—

When an external source, e.g. an external switch, push button, relay contact, etc.,
operates, then the corresponding ladder diagram normally open contact or contacts,
will close.

The X1 indicates that the external input is connected to input X1 of the PLC.
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Normally closed contact

X2

—=

When the external input connected to the PLC is operated, then the corresponding
ladder diagram contact or contacts will open.

OutputsY

—(Y0 )

An external output device, for example, a power relay, a motor starter, an indicator, can
be connected to the output terminals of the PLC, in this case output YO0.
When the PLC operates output YO0, then the output device will be energised.

Auxiliary memory coils M
—{m ){

An Auxiliary Memory Coil can be used in PLC programs for a variety of reasons.

1. To operate when the set of inputs, which are connected to the M Coil, are correct.

X0 *l X2 3 pc x5 X6
0 } { | I { | 14 % f t 10

The inputs corresponding to the normally open contacts have been operated, i.e. X0,
X1, X3, X6. The inputs corresponding to the normally closed contacts have not been
operated, i.e. X2, X4, X5. This information can then be used throughout the ladder
diagram by simply using the contacts of the memory coil, i.e. MO0 instead of having to
repeat all of those input contacts, which caused the M coil to initially operate.

2. As part of a latch circuit.

3. As part of a shift register circuit.
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The following range of addresses are those used for the FX2N 48 I/O base unit.

Inputs

X0-X27 (octal) 24 inputs.
Expandable inputs 4-24.

Timers

TO0-T199 0.1sec—3276.7 sec
T200-T245 0.01 sec—327.67 sec

T246-T249 0.001 sec—32.767 sec

retentive and battery-backed.

T250-T255 0.01sec—3276.7 sec

retentive and battery-backed.

Auxiliary relays

MO0-M499 general-purpose
M500-M3071  battery-backed
M8000-M8255 special-purpose

Data registers

D0-D199 general-purpose
D1000-D7999 file registers
Selectable from battery backup range

Vand Z

Outputs

YO0-Y27 (octal) 24 outputs.
Expandable outputs 4-24.

Counters
C0-C99 general-purpose (16 bit)
C100-C199 Dbattery-backed

(latched 16 bit)
C200-C219 bi-directional (32 bit)

C220-C234 Dbi-directional and
battery-backed
C235-C255 high-speed counters

State relays

S0-S999 general-purpose
S500-S999  battery-backed
S900-S999 annunciator

D200-D7999  battery-backed
D8000-D8255 special-purpose

index registers
V0-V7 and Z20-Z7
(16 bit)

1.25 Basic operation of a PLC system

To explain the basic operation of a PLC system, consider the following two lines of program:

X1

o} (M0 )
MO

2 H | (¥1 )

[END Ik
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1. When Input X1 closes, this operates internal memory coil MO.
2. The normally open contact of MO on closing will cause output Y1 to become

energised.

1.26 Block diagram = basic operation of a PLC system

Input processing

X0
—0o X1 Inout
= o
i terminals
: memory
X177
(Max.)
Program processing
X1V MO
— —(
Write —
pr?gfzim — | O
utput
(GxDEVEL) [ 7 Read « image
MO l, Y1 memory
()
Write —> Y outputs
M outputs
Timers
Counters
Y output
processing
Output \ Yr —(
latch Output
memory 4 terminals
Y17

Figure 1.9
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1.27 Principle of operation

Input processing

The PLC initially reads the ON/OFF condition of all of the inputs used in the program.

These conditions are then stored into the input image memory.

Program processing

1.

The PLC then starts at the beginning of the PLC program, and for each element of
the program, it READS the actual logic state of that element, which is stored in
either the input image memory or the output image memory.

If the required logic state is correct, i.e. X1 is ON, the PLC will move on to the next
element in the rung, i.e. MO.

If X1 is ON, then a logic 1 will be WRITTEN into the output image memory in the
location reserved for MO.

If X1 is OFF, then a logic 0 is WRITTEN into the MO memory location.

After an output instruction has been processed, the first element on the next line is
executed, which in this example is a normally open contact of MO.

Hence the logic state of the MO memory location is this time READ from, and if its
logic state is at logic 1 indicating that the MO coil is energised, this effectively means
all MO normally open contacts will now close. The contact of M0 being closed, will
cause a Logic 1 to be WRITTEN to the memory location reserved for the output Y1.
However, if the contents of the MO memory location are at logic 0, i.e. M0 is not
energised, then a Logic 0 is WRITTEN to the Y1 memory location.

Output processing

1.

Upon completion of the execution of all instructions, the contents of the Y memory
locations within the output image memory are now transferred to the output latch
memory and the output terminals.

. Hence, any output, which is designated to be ON, i.e. Y1, will become energised.
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Gx-Developer — startup
procedure

1. Ensure the Gx-Developer software has been installed in the computer.
2. From Windows desktop, select the Gx-Developer icon.
3. The display now becomes, as shown in Figure 2.1.

2 MELSOFT series GX Developer & x

Project  Wiew Online  Diagnosticzs  Tool: Help -

[ Dlelal 2] s[=(eln] ela@l 21k slel =el]
al =t 2|2 |2 =4l el 212 20 @l #lE ol

— | =<

| il 2 Y T o e o o [ P o e
EEE e EE AR E R E R EERE
— ¥

Project I
Ready [ NUM

Figure 2.1

4. As can be seen from Figure 2.1 there are large number of icons and this can be
confusing to the first-time user. Hence, initially, only an essential minimum number
of icons will be displayed.

5. From the main menu, select View and then Toolbar.
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6. Delete the items, which no longer are identified by an X, so that the display appears
as shown in Figure 2.2.

Toolbar ﬂ
Taoalbar oK |
u Standard
Cuztomize
5 Project data ligt
Cancel

» LD zpmbol
» Program

Comment

Device memaory

SFC

SFC zymbaol

ST Find / Replace

Figure 2.2

7. Select OK, to return to the Main Display.

2.1 Opening a new project

1. From the main menu, select Project.
2. Select New Project.
3. Enter the details as shown in Figure 2.3, i.e.

(a) PLC Series FXCPU.

(b) PLC Type FX2N(C).

(c) Setup project name V.

(d) Drive/Path c:\gxdevel\fxi.
(e) Project name flash1.

(f) Select OK.
(g) Select Yes.
4. The display now becomes as shown in Figure 2.4.

2.2 Display settings = Zoom

To obtain the ladder diagram display, within the width of the VDU screen, it is first of
all necessary to adjust the Zoom settings.
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Mew Project

PLC zeries
|FCPU |

FPLC Type
|F=2M(C) |

Program type Label zetting
& | adder o

i ol d
~

LI
-
%]

Cancel

[ Device memory data which iz the zame as program data's name iz created.

Setup project name

W Setup project narme

Dirives/Path |I::"-.g:-:|:|eve|"'.f:-ci

Froject narme |flash1 Browse. .. |

Title |

Figure 2.3

This is done as follows:

From the main menu, select View.
Select Zoom.
Select Auto.

L=

screen.
The ladder diagram now becomes as shown in Figure 2.5.
6. Note the following:

(a) The main program is FLASHI.

e

This ensures that the ladder diagram will be displayed within the width of the VDU

(b) The project data list is shown on the left-hand side of the display.
(c) The project parameters can be selected and viewed from the project data list.

(d) The ladder diagram is displaying the final line, i.e. END.
(e) The ladder diagram symbols are now highlighted.



Gx-Developer — startup procedure 21

z

MAIN 1 Step]

[ MELSOFT series GX Developer C:\grdevelMxi\lashi - [LD[Edit mode)
= Poject Edit Find/Replace Convert Yiew Onine Diagnostics Tock Window Help

DIS|E| & &|BE]-|-| QS| |5 e Bl@ %l =)= ale U] w4 Bl 22| s )l ol

[Pregan 5| = iy | [ o P e T = S e e | B e
X
= flasht 0

) Program
i (%] Device comment
w1 [u] Parameler

[B] Device memory

L= N |

Figure 2.4

MAIN 1 Step]

[}MELSDFT series GX Developer c:\gxdevelifxivflashl - [LD(Edit mode]
| Project Edit Find/Replace Convert Wiew [Online Diagnostics Tools Window Help

8| X

D|=(E| 8| x|%|e|u| olelel s alel =Bl 5wk ale 0w miel-g wel £
P =] =1 OFs | A ] @l e Ll
% |2l }| 2]

= ° {zHm H =

=1-€4] flashl

) Program

%] Device comn
(] Parameter
[El] Device mem

7

F

KN — ]
Project ﬂ

Feady F=2MIC) Host station Oviite

Figure 2.5
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2.3 Ladder diagram numbers

To enable Gx-Developer to have the same keypress numbers as used with MEDOC,
carry out the following:

. From the main menu, select Tools.
. Select Customise keys.

. Select MEDOC format.

. Select OK.

R N

The ladder diagram devices now have exactly the same numbers as for MEDOC, i.e.

1. Normally open contact - |- <l>
2. Normally closed contact -] <2>
3. Normally open parallel contact Y} <3>
4. Normally closed parallel contact Y/} <4>
5. Vertical line | <5>
6. Horizontal line — <6>
7. Output coil () <7>

This means that the ladder diagram can be constructed by:

—_—

. Using the mouse and selecting the required device.
. Using the keyboard to enter the number corresponding to the required device.

[\S]

2.4 Projectdatalist

The project data list, which is displayed on the left-hand side of the ladder diagram as
shown in Figure 2.6, is used for a variety of purposes, i.e.

X

=1-&4] fazhi
+-i55] Program
+- %] Device comment
+-{ 0] Parameter
El] Device memary

Figure 2.6

1. Rename the program name from MAIN to something more appropriate. This is used
especially with the Q Series PLCs, which have the facility to store more than one
program at a time.
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2. Enable comments to be saved in the PLC (see Section 11.13).
3. Enter numerical values and download them directly into Device Memory (see
Section 29.4).

However, at this point there is no need for the project data list and therefore it can
be removed by clicking on the E in the top right-hand corner of the project data
list.

Project datalisticon

Alternatively, the project data list can be toggled ON/OFF by selecting the project data
list icon (Figure 2.7).

5

Figure 2.7
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Producing a ladder diagram

3.1 PLC program = FLASH1

The program FLASHI enables a PLC output, i.e. Y0, to be turned ON/OFF at a
controlled rate.

In this example, the Output YO will be ON for 1 sec and then OFF for 1 sec.

It will be used to describe how a PLC ladder can be produced, modified and tested.
Then using a Mitsubishi FX2N PLC, the program will be downloaded, run and monitored.

PLC ladder diagram = FLASH1

X0 T1 K10
o +— } 1/} (TO )
TO K10
5 — | (T2 )
TO

s — } (Yo )

11 [END  ]q

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.

Principle of operation

1. Line 0
(a) On closing the input switch X0, the timer TO will be enabled via the normally
closed contact of timer T1.
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(b) Timer TO will now start timing out, and after 1sec, the Timer will operate. This
means:
(i) Any TO normally open contacts -||-, will close.
(if) Any TO normally closed contacts 4 / }, will open.
. Lines 5 and 9
There are two TO contacts, which are both normally open, therefore both of them
will close, causing the following to occur:
(a) Timer T1 will become enabled and start timing out.
(b) Output YO will become energised, i.e. output YO will turn ON.
. Line 5
After timer T1 has been energised for 1sec, it will also operate and its normally
closed contact will open, causing Timer TO to dropout.
. With Timer TO dropping-out, its normally open contact will now re-open causing:
(a) Timer T1 to dropout even though T1 has just timed out.
(b) Output YO to become de-energised, i.e. output YO will turn OFF.
. Hence it can be seen that timer T1 is part of a ‘cut-throat’ circuit in that when it does
time out, it immediately de-energises itself.
. 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.
. Line 9
Hence the output YO will be continuously OFF for 1 sec and then ON for 1 sec.

3.2 Entering aladder diagram
The ladder diagram of FLASH]1, as shown on page 24, will now be entered.

1. Entering the first contact, normally open X0.
(a) Using the mouse select the normally open contact (Figure 3.1).

Enter symbaol
Al =] 0K | Exit | Hep|
Figure 3.1

(b) Enter the device name XO.
(c) Select OK.
(d) The ladder diagram now becomes as shown below:

xooog

r
a | END
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2. Second contact — normally closed T1.
Use the keyboard to enter the following:
(a) 2 for a normally closed contact.
(b) T1.
(c) Enter.
3. The ladder diagram now becomes as shown below:

pafuli} T1

]

r
i} {END

4. Output, timer TO.
Enter the following (Figure 3.2):
(a) 7for a coil.
(b) TO.
(c) Space.
(d) K10.
(e) Enter.

Enter symbol
Sl =]owo ok | Exit | Help]

Figure 3.2

5. Note:
Unlike MEDOC, a space and not <Enter> is used between the timer TO and its time
delay value K10.

6. The first line of the ladder diagram is now as shown in Figure 3.3.

[Program =1 I e e e e e e e
ol 1] el
000 T1 KlO
— | 1 (Ta
0 [END !

Figure 3.3
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7. Complete the remainder of the ladder diagram, as shown on page 24 by entering the
following:
(a) 1 TO <ent>.
(b) 7 Tl <space> KI10 <ent>.
(¢ 1 TO <ent>.
(d 7 YO <ent>.

END instruction

There is no need to enter the instruction END as it is always on the last line of the ladder
diagram.

Complete ladder diagram = FLASH1

X000 Tl K10
—| | H (TO
To K10
— (2
To
— | {ro00
o {EHD X

3.3 Conversion to aninstruction program

1. Before the program can be saved, the ladder diagram must first of all be converted
into a set of instructions.

2. To execute the conversion process, carry out the following:
(a) From the main menu, select Convert.
(b) From the Convert menu, select Convert F4.

3. The display now becomes as shown below:

%000 T1 K10
| | r
0 } /{’ 0
0 K10
5 | {T1
0
] | {¥00a
r
1 [END I
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4. Note:
(a) The grey unconverted background area becomes clear.
(b) Line numbers appear at the start of each line.

Conversion process = F4

For the remainder of the course, the function key F4 will be used for converting the
ladder diagram to its equivalent instruction program.

3.4 Saving the project
To save the project on the hard drive, carry out the following:

1. From the main menu, select Project.

2. Select Save.

3. The project FLASHI1, will now be saved in the folder c:\gxdevel\fxi\flashl.
4. Alternatively, from the main toolbar, select the save icon (Figure 3.4).

H

Figure 3.4

3.5 Program error check

After a ladder diagram has been produced, it is advisable to check that it does not
contain any errors.
The types of errors, which are checked for are:

1. The correct instructions have been used for the PLC type.

2. The same output coil, i.e. YO has not been used more than once.

3. There is consistency concerning paired instructions, i.e. SET and RESET, MC and
MCR.

1. From the Tools menu, select Check program (Figure 3.5).
2. Select Execute.



Check program [MAIN]

Check. contents

W Instruction check W Double coil check
W Laddercheck W Device check
W Consistency [pair) check

Check target

" Target the whale program ~

' Target the current program (=
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Cloze

(@
T

Frogram name Step | Cause

b &M Mo ermars.

Figure 3.5

3. If there are no errors, then the message No errors is displayed.

3.6 Instruction programming

Once a ladder diagram has been produced it has to be converted to an instruction
program as only the instruction program can be saved and downloaded to the

PLC.

However, when using Gx-Developer it is possible to write an instruction
program directly but, unless a programmer is very skilled at producing such
programs, it is very unlikely that a complex program can be produced using this

method.

Prior to the availability of ladder diagram software, a PLC program could only be

produced using an instruction program.

Where Gx-Developer has been used to produce a ladder diagram, then the equivalent

instruction program can easily be displayed.
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Instruction program = FLASH1

To obtain the equivalent instruction program for FLASHI, carry out the following:

1. From the main menu select:
(a) View.
(b) Instruction list.
2. Displayed on the screen will be the instruction program for FLASHI.
3. Note:
By toggling the keys <Alt> FI1, the ladder diagram or equivalent instruction
program can be displayed.

Ladder diagram = FLASH1

X0 T1 K10

o — F—/I (T0 )
TO K10

5 — | (T1 )
TO

9 +— | (YO )1

11 [END ]

Instruction program = FLASH1

0 LD
ANI
ouT
LD
ouT
LD
ouT
END

—_ O O N N —

—_——

X000

Tl

TO K10
TO

T1 K10
TO

Y000

Explanation = FLASH1 instruction program

1. Start of a rung
(a) Where the first contact on each rung is a normally open contact, then the
equivalent instruction will always be:
LD (Load).
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(b) Where the first contact on each rung is a normally closed contact, then the
equivalent instruction will always be:
LDI (Load inverse).
2. Contacts in series
Where there are 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 TO to be energised, input X0 is operated AND the input T1
is not operated. This is written in an instruction program as:
LD XO.
ANI TO.
Hence, after the first contact on each rung, any additional series-connected contacts
will be preceded by the following:
AND for all normally open contacts.
ANI  for all normally closed contacts.

3. Outputs
Each rung must be terminated by one or more outputs, i.e.
(a) Output solenoid Y
(b) Timer coil T
(c) Counter C
(d) Internal memory M
(e) Special instructions, i.e.
Pulse PLS
Master contact MC
End of program END

(f) An advanced instruction
All outputs are preceded with the instruction OUT, followed by the output number
and, if required, a constant K value.
ie. OUT TO.
K10.
This indicates that timer TO has been programmed to give an ON time delay of 1 sec.

3.7 Program search

Where a large program has many thousands of steps, then searching for a particular
step or determining what devices have been used in the program can become a tedious
process.

However, within the Search/Replace function are a number of tools, which make this
process much easier.
These are:

1. Find device.
2. Find instruction.
3. Find step number.
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Find character string.
Find contact or coil.
Cross-reference list.
List of used devices.

N n ke

Find

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

(a) An immediate jump to a particular step number.
(b) A search for a particular element.

Step numbers

Where a project contains a large number of steps, then 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:

1. Let the project FLASHI1 be displayed as shown below:

X0 T1 K10

o — | {71 (TO )
TO K10

s b — (11 )
TO

9 +— | (YO )

11 [END 14

2. From the main menu, select Find/Replace.
3. Select Find step no.
4. Find step no. window now appears, as shown in Figure 3.6.

Find step Ho.

Figure 3.6

5. Enter a 5 <OK>.
6. Note that the program immediately jumps to the start of line 5.
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7. Hence using this method, any part of the program can be quickly accessed.
8. Repeat the procedure to jump back to the start of the ladder diagram.

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.

1. Let the project FLASH1 be displayed as shown below:

X0 T1 K10
o — /I (To )
TO K10
5 — | (Tl )
TO
9 +— | (Yo )
11 —[END ]

2. From the Find/Replace menu, select Find device.
3. The Find device window now appears, as shown in Figure 3.7.

Find device

| ﬂ Close

Find direction Find optian

" From top to bottam " Mone

" From cursar bo bottam " Digit

™ Fram cursor ta top " Daouble word
Figure 3.7
4. Enter t0.

5. Select Find Next (Figure 3.8).
6. On the ladder diagram of FLASHI, it can be seen that the coil of TO is highlighted.
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Xooo TL K10
| |
o— | +F TO
TO K10
S | {TL
TO
' ;
a— | T000
11 [END :I'
Find device
Device Find Mext
|tU ﬂ Close
Find direction Find option
&+ From top to bottom % None
" From cursor to bottorn " Digit
" From cursor ta tap " Double word
Figure 3.8

7. Selecting Find Next again will cause the next occurrence of TO to become high-
lighted, i.e. the normally open contact of TO at line 5.

8. Select Find Next once more and note the next occurrence of TO at line 9.

9. Continue selecting Find Next until all of the TO elements have been found.

Find contact or coil

Instead of searching for both contacts and the coil of a device, it is possible to carry out
a search for just either one.
The following describes how a search can be carried out for just the coil of T1:

1. From the Find/Replace menu, select Find contact or coil.
2. The Find contact or coil window now appears.
3. Ensure that Coil has been selected and then enter t1 as shown in Figure 3.9.

Find contact or coil
[cal  ~][n || Find ] Close
Figure 3.9

4. Select Find.
5. The display now appears as shown in Figure 3.10, with the coil of T1 highlighted.
6. Select Close.
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xooo T1 Klo
o ——# (1o
TO ¥Klo
] } TL
TO
9 } (¥ooo
Find contact or coil
Coil - |[T1 ~ ||{Find ] Claze
I | =l hd (e ]

Figure 3.10

Instruction search

Instruction search is an extremely useful facility that 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 FLASH1, a search is carried out for
the Instruction END.

1. It will be assumed that the ladder diagram FLASHI1 is being displayed.

2. From the main menu, select the following:

(a) Find/Replace.

(b) Find instruction.

Enter the Instruction end.

Select Find Next.

5. The display will now appear as shown in Figure 3.11, with the end instruction
highlighted.

W

xooo T1 ¥Klo

o (ro

TO Find instruction KlO
Ss— b— M

Instruction ]

T

5 | =] [end | Cloze _  {yom
11— Find direction [END ]
T+ From top to bottom

™ Fram cursor to bottorm

™ From cursor o top

Figure 3.11
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6. Select Find Next once more, and since there is only one END Instruction, the
following message will be displayed — Find is complete.
7. Select OK and then close the Find instruction window.

Cross-reference list

The Cross-reference list produces a display of the step numbers for both the coil and the
contacts 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 diagram.

The following procedure describes how the Cross-reference details for the Timer t0 in
the project FLASH1 are obtained.

From the main menu, select Find/Replace.

Select Cross-reference list.

Enter t0 in the Find device window.

Select Execute and all the step numbers of where t0 occurs in the project FLASH1
will be displayed (Figure 3.12).

L=

Cross reference list [MAIN]
Find dewvice Target
i .
|tD ﬂ {* Device program Cloze

Find range i 4
| MaIN =l 4‘

Find option
* Maone
" Digit
" Double ward
Cornrnert
EI-:n:k| Stepl Sequence step| [nghructi... | Pos... | Program harne

2 IF " AN

5 dF * AN

3 4k * PN

Figure 3.12
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Ladder diagram = jump option

From the Cross-reference list, any of the T0 contacts and its coil can be selected and its
position on the ladder diagram displayed.

1. On the Cross-reference list, highlight, for example, the TO contact at Step 5
(Figure 3.13).

xoao Tl Kln
i} _| |__J/r_ Cross reference list [MAIM] —(TD
0 Find device (Tffge‘ Elo
i— b—— —(T1
|tD ﬂ & Device program Cloze
™ Find range o
Jump
s MAIN | . Q | —{(ooo
Fird option
* Mane
1 1 — " Digit ——{END !
" Double word
Comment
| Bloc:k| Step| Sequence step| Instructi... | Pos... | Program name
2 ) " MAIN
9 * MAIN

Figure 3.13

2. Select Jump and the cursor will automatically jump to the TO contact at Step 5
(Figure 3.14).

TO Klao
Cross reference list [MAIN =
- S R S ( ] %] L m
0 Find device = Execule
Q _| |7 - I {(vooo
|tU J 8 Close
Find range i
Jump |
AN - I
11 Find option {END ]’
% None
" Digit
" Double word
Cornrment
| Block| Stepl Sequence step| Ihshuct... | Pos... | Program name
2 ) h|
9 * MAIN
Figure 3.14

3. Select Close to return to the ladder diagram.
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List of used devices

Another useful facility, which is in the Find/Replace menu, is the List of used devices.
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 the
programmer will be aware of what devices will be available, for modifying the program.
The following procedure describes how the input X0 and the timers TO and T1, which
are used in the project FLASHI, are listed.

1. From the main menu, select Find/Replace.

2. Select List of used devices.

3. Enter x0 <ent> into the Find device window and the display will become as shown in
Figure 3.15.

List of used devices [MAIN]

™ Target the whole program
Fs

& )
Specify the target program |p.,-|,f_-._|N ﬂ Close

~ Find device |HE| ﬂ

* Device program g

i~ [hzplay range W [ o00- 37

Dewvice =l |- =1 I-| Count | Unpaired Comment
®ooo 2
®ool
®ooz
®oo3
®oo4
®oos
®ooe
woov
®olo
X011
®0olz
X013
X014
®O15

Figure 3.15

4. As can be seen from Figure 3.15, all of the X input devices from X0 to X15 are being
displayed.

5. In addition, it can be seen there is a * in the contact column for XO0.

6. This indicates that X0 is used in the project FLASHI.
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7. Enter t0 in the Find device window.

8. Select Execute and the display shows that Timers TO and T1 are being used in the
project FLASHI1 (Figure 3.16). Hence, the next available timer, which can be used,
is T2.

Lizt of uged devices [MAIN]

™ Target the whole program
% Specify the target program |M.-’-'A.IN ﬂ

- Find device |t0 hd

% Device program
i Dizplay range TI 0- 1583)

Device =l |=]-={ 1- | Count | Unpaired Comment =1
TD * * _'|_ —
T1 * *
T2
T3
T4
TS
Ta
T7
Té&
Ta
T10
T1l1
T1z2
T13

Figure 3.16
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Modifications to an existing project

After a PLC-controlled project has been in use, it is quite possible that modifications
will be required to the ladder diagram to enable the performance of the project to be
enhanced. This section describes how additions can be made to the ladder diagram and
how parts can be deleted.

4.1 Copying a project

Before an existing project is modified it is advisable that a copy is made, but with a
different filename, and that the modifications are made to the copy of the ladder diagram.
This ensures that when modifying a project, the original ladder diagram is still retained.
This is necessary in case the modifications do not function as expected and therefore the
original project has to be re-loaded back into the PLC, so that production can be maintained.
Hence prior to modifying the existing project FLASHI, it is necessary to copy
FLASHI to project FLASH2. This is done as follows:

From the main menu, select Project.

Select Save as.

Change the Project name to FLASH?2 (Figure 4.1).
Select Save.

Select Yes, to create the new Project FLASH2.

The display now appears as shown in Figure 4.2.
Note:

(a) The Project name has changed to FLASH2.

(b) FLASHI1 can still be recalled, whenever required.

NNk LD =
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x|
Froject drive [-c- -

-

] flash1 MELSOFT series GX Developer | X]

] The specified project does not exist.
* 4% [Doyouwizsh to create a new project’?

Cancel

Drive/Fath ||::"~g:-:devel"~f:-:i Save |

Project name |f|ﬂ$h2

Tite |
Figure 4.1
iEMELSEIFT series GX Developer c:\gxdevel\fxi\flash2 - [LD[Edit mode] MAIN 12 Step]
| Project Edit Find/Replace Corwert Wiew Orline Diagnostics Tools Window Help -
D|=Q| & s|=le(u] o/@lel £ alel Blel & ==l 2% =4 e 2
- - R B T Vi R 2| | TR [ I HE —=
[Program = | JM 1|2|3|4‘5|6|{?‘)—|{8}|9|D =F7|sFa|sF7) sFa | |oﬂ
¥ooo TL Klo
o —
TO Klo
5 _| I Tl
TO
at— | Foa0
11 {EMD 1
Feady F2N(C) Host station Ownarte HUM

Figure 4.2
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4.2 Modification of the ladder diagram FLASH2

Before any modifications can be carried out, it is necessary for the ladder diagram
FLASH2 to be displayed on the screen.
At the moment, FLASH?2 is identical to FLASHI.

X0 T1 K10
o — s} (To )
T0 K10
s — } (T1 )
TO

s | wo

11 [END 14

4.3 Modification details

As can be seen from the Ladder Diagram — FLASH2-page 43, the modifications consist
of:

1. Line 0
The insertion of a normally closed input X1.

2. Line 6
A single contact of TO feeds both Timer T1 and Output YO.

3. Line 11
The insertion of an additional rung. This consists of a normally closed contact YO,
connected to Output Coil Y1. Hence as YO turns ON, then Output Y1 turns OFF
and vice-versa.

4. Line 13
Name change, i.e. TO to M8013 and YO to Y2. M8013 is an internal 1sec ON/OFF
contact, which is used to turn the Output Coil Y2 also ON and OFF.



Modified ladder diagram FLASH2

11

13

15

Modifications to an existing project

X0 X1 T1 K10
— /I (To
T0 K10
| (T1
(Y0
Y0
_| /I (vl
M8013
___1 Ir (Y2
(END

Insertion of a new contact

1.

o

wn

W

11

]_

43

To insert the normally closed contact X1, between X0 and T1, it will be necessary to
change from Overtype mode to INSERT mode.
This is done, by pressing the <Insert> key on the keyboard.

Note:
(a) The cursor colour changes to purple.

(b) The word Insert appears in the bottom right-hand corner of the VDU display

(Figure 4.3).

Move the cursor to the normally closed contact of T1 on Line 0, by clicking the left-
hand mouse button on the T1 contact as shown below:

X000 T1 KlO

| | I
T 3t TO

TO Klo
} (T1

TO
} {00

[END

5. Enter 2 for a normally closed contact.
6. Enter the contact name X1 <ent> (Figure 4.4).

L
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EMELSDFT series GX Developer c:\gudevel\fxivflash? - [LD[Edit mode] MAIN 12 Step]
| Project Edit Find/Replace Comvert “iew Online Diagnostics Tools Window Help . |-
D|=d| g +[B|e]u| elelel £ elel Blel = ale T|7 =k Bel 2
P | S ot e ot el e el e s e e e R
xooo Tl Elo
o (10
T0O jan]
s— | {TL
T0
at— | {Toon
11 [END 1
Feady F2N(C) Haost station Inzert
Figure 4.3
Enter symbuol
™ .
I |-|£|- ﬂl:-c'l ] 4 | E st | Help|
Figure 4.4
7. Line 0 will now include the normally closed contact X1.
®ooo ®ool Tl Klo
o— | +F +HF (To
T ¥lo
5 } {T1
T
9 } (Y000
11 [END !

8. Press F4 to convert the addition of XI1.
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Partly modified ladder diagram = |

X0 X1 T1 K10
o — /I (To

TO K10
6 — |} (T1

TO
10 — (¥0
12 [END
Addition of a branch

45

]_

To modify the ladder diagram to enable a branch to be added to an existing rung, i.e. to
enable the output YO to be in parallel with the TO output, carry out the following:

1. Ensure that the complete ladder diagram is displayed on the screen.

2. Ensure the system is still in Insert mode. If Overtype mode is displayed, then press
the <Insert> key to return to Insert mode.
3. Position the cursor on Line 6 and to the right of the T0 contact, as shown in Figure 4.5.

xooo xooL T1 K10
| | | ¢
0 I +F +F O
TO K10
6 } (Tl
Enter vertical line
To Q |1 Exit
10 } {vooo
12 [ED
Figure 4.5

4. Enter 5 for a vertical line.

5. Select OK.
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6. The display now appears as shown below:

X000 X001 T1 K10
0+— } 1+ {4 (TO
TO K10
6— | (T1
TO
10— | {vo00
12 {END
7. Move the cursor down one position.
X000 X001 T1 K10
o— | +F F (10
TO K10
6 } (T1
TO
10— | {Y000
12 [END
8. Enter 7, to obtain an output coil.
9. Enter YO <ent>.
10. The branch has now been entered on the ladder diagram.
11. Press F4 for the modification to be converted.
12. The ladder diagram FLASH2 now becomes as shown below:
Partly modified ladder diagram = 1l
X0 X1 T1 K10
o -/ (0
TO K10
6 — | (T1
(Yo
TO
11— | (Y0
13 [END

].
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Insertion of a rung

The following describes how a completely new rung can be inserted between Line 6 and
Line 11 of the ladder diagram.
This is done as follows:

1. Ensure the partly modified ladder diagram of FLASH?2, as shown on page 46 is being
displayed.
2. Place the cursor on Line 11 as shown below:

X000 X001 T1 K10

— o)

o

K10

TO
— | @)

6
{:Yooo J
TO
11 } EYOOO )
13 [END ]-

3. From the main menu, select Edit.
4. Select Insert line and the ladder diagram display becomes as shown below:

X000 X001 T1 . K10
o ——a——3F {T0
TO K10
s | @
(Y000 X

11 } (Y000

13 {END 1
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5.

Insert the details for the new line.

(a) Enter 2 for a normally closed contact.

(b) Enter the contact name, YO <ent>.

(c) Enter 7 for a coil.

(d) Enter the coil name, Y1 <ent>.

(e) Press F4 to convert the modifications.

The ladder diagram will now appear as shown below:

Partly modified ladder diagram = 1l

X0 X1 T1 K10
o — -/} (ro )
TO K10
6 1 | (T1 )
(Yo )
Y0
11 /| (¥1 )1
TO
13— | Yo )
15 [END 1
Change of 1/0 address

Changing the address of an Input or an Output can be done, by simply overwriting the
existing I/O name.

—_—

O =

~N N Dn AW

The 1/O elements on Line 13 that are to be changed are:

. The Normally Open contact TO is changed to M8013, an internal 1-sec clock.
. The Output YO is changed to Y2.

This is done as follows:

. Ensure that Overwrite Mode has been selected.
. If the display is in Insert mode, then press the <Ins> key to change to Overwrite

mode (see page 43).

. Move the cursor to the start of Line 13 and double click on the TO contact (Figure 4.6).
. Change TO to M8013 (Figure 4.7).

. Select OK.

. Repeat the procedure to change Y0 to Y2.

. Press F4 to convert the changes.
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X000 X001 71 K10
0 f HF HF {ro
T0 K10
6 } {T1
{000
Y000
11 —F {¥001
T0
13 — | (Y000
15 {EnD 1
S =] Exit | Help|
Figure 4.6
Enter symbol
Al < ][me0tz 0k | Esit | Hep|
Figure 4.7

8. Ladder diagram FLASH2:

The modified ladder diagram FLASH?2, should now be as shown below:

X0 X1 T1 K10
o — /| (To )
TO K10
6 — | (T1 )
(Y0 )1
Y0
11— /| (Y1 )1
MB8013
13— | (¥2 )
15 [END 1

9. Save FLASH2.
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4.4 Deleting

When modifying a ladder diagram, it is necessary not only to make additions to the
program but also to delete parts of it.
The project FLASH3 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.

B

FLASH3

After all of the delete modifications have been carried out, FLASH3 will appear as
shown below:

X0 K10
0 ]/} (ro )
3 [ [END ]
Save FLASH2 to FLASH3

Before carrying out any modifications, save FLASH2 to FLASH3, using the Copy
procedure described in Section 4.1.

Deleting an input contact

1. Ensure the project FLASH3 is displayed and it is in Overwrite mode. At this moment
in time, FLASH?3 will be identical to FLASH2.

x0 x1 Tl K10
o — —/H/F (To )
T0 K10
¢ R
(xo )
Y0
11—/ (Y1 )
M8013
13 | | (¥2 )
15 [END 1
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2. On Line 0, move the cursor to the Normally Closed X1 contact.

X000 R®OOL Tl KL
| | | e
o | Fah +F o
TO KLlO
| e
e— | Tl
{Yooo
000
1—Lf {¥ooL
3013
13 } {¥ooz
I
15 {EHD H

3. Select the horizontal line, i.e. key 6, to overwrite the X1 contact with a horizontal line
(Figure 4.8).

X000 ®OO1 Tl Kl
o (1o
o Kl
68— | (T1
! Enter horizontal line
2=
{¥ooo
000
1—f {on1
MB013
13 } {¥ooz
15 [END ki
Figure 4.8
4. Select OK and the X1 contact will be deleted.
5. Press F4 to convert the modification.
®000 T1 K10
o ——F (o
TO K10
5 } (T1
{¥ooo
000
10— F {7001
Ma013
1z } {Tooz
14 [END 1
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Deleting a branch
The branch at Line 5 will now be deleted.

1. Move the cursor to the branch at Line 5 as shown below:

X000 T1 K10

o — (ro
TO K10
5 | {T1
{000

Y000
10 —F (Y001

M8013
12 | (Y002
14 {END i

2. From the main menu, select Edit.
3. Select Delete line.
4. The display now becomes as shown below:

X000 T1 K10
o — (10
TO K10
5— } {T1
Y000
10 —F {y001
M8013
12— |} Y002
14 {END 1

5. Press F4 to convert the modification.

6. Note:
On earlier versions of Gx-Developer, i.e. GPP Win Version 3, the short vertical line
from Line 5 is not automatically deleted. Hence, it is necessary to delete this line,
which is done by selecting key 0 (Figure 4.9).

Delete vertical line

= X | oK | Esit

Figure 4.9
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Deleting a single line

The single line at Line 5 will now be deleted.

1. Move the cursor to the start of Line 5 as shown below:

X000 Tl K10
o —H— (o
TO K10
5 = (T1
Y000
9—f (Yool )
M8013
11 | (Y002
13 {EWD ]
2. Select Edit and then select Delete line.
3. Immediately Line 5 will be deleted.
4. Press F4 to convert the modification and change the Line Numbers.
x0Tl K10
o — /I (To )
Y0
5 /| (1 )
M8013
7 } (Y2 )1
9 [END ]

Deleting multiple lines

Use the following procedure where it is required to delete more than one line simulta-

neously.
The following describes how Lines 5 and 7 are deleted:

1. Place the cursor at the start of Line 5, and holding down the left-hand mouse button,

drag the cursor down to the start of Line 7.
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2. The display will now appear as shown below, with both the YO and M8013 contacts
highlighted:

X000 T1 K10

o 4+

5 (Y001

7 —(Y002

9 t {END ]

3. From the main menu, select Edit.

4. Select Delete line and both lines will be deleted simultaneously.

S. Press F4 to convert the modification.

6. Ladder diagram — FLASH3:

The modified Ladder Diagram FLASH3, should now be as shown below:
7. Save FLASH3.

X0 T1 K10

0 /1 (To )

SI [END ]
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Serial transfer of programs

5.1 Downloading a project to a PLC unit

The following notes describe how the project FLASH1 is downloaded to an FX2N PLC.

Connection diagram
Connect the computer to the FX2N PLC, as shown in Figure 5.1.

Computer

COM1

9 Pin RS232
Serial connector

SC 09 converter

FX2N PLC

Figure 5.1

Download procedure

1. The SC 09 converter is used to convert the RS232 signals from the computer to the
RS 422 format required by the PLC.

2. Ensure the PLC is switched ON and that it is in Stop Mode.

Load the project FLASHI and display the ladder diagram.

4. Connect up the computer to the FX PLC, as shown in the circuit diagram. If a
computer is being used, especially a laptop computer, which does not have an RS232
serial connection, refer Section 5.6.

5. From the main menu, select Online.

Select Write to PLC.

7. The display now becomes as shown in Figure 5.2.

[99)

*
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Wiite to PLC X

Connecting interface |ED""|'I I |F'LE module
PLC Cannectian Station Mo, [Host  PLC tppe  [FxZMIC

/| g |
l Device data] F'mgrarn] Cu:ummon]

Pararm+Prog | Select al ‘ Cancel allselections| Cloze |
- 4R Program
(] tan
= E Device comment Related funchions
[] COMKENT
=l ] Parameter Tranzfer zetup...

[] PLC parameter
Keyword setup....

Remate operation...

Clear PLC merman...

Free space vobane|

Figure 5.2

8. Select the Param+Prog button on the display in Figure 5.2 to enable the Program
and Parameters for the project FLASHI to be downloaded.
9. Select Execute.
10. Select Yes, and the Parameters and the Main program will be downloaded to the
PLC (Figure 5.3).

Write to PLCicon

The Write to PLC icon (Figure 5.4) can be used as an alternative to the drop-down menus.

5.2 Executing the project
To execute the project FLASH1, carry out the following.
1. On the FX2N PLC, switch to RUN.

2. Switch X0 ON.
3. The YO Output LED, will now continuously flash ON for I sec and then OFF for 1 sec.
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Faram+Frog | Select all | Cancel all selectiun$|

=145k Program
zernes eveloper
M HaIN MELSOFT zenes GX D | | x|

-] Device comment
(] COMMENT ! E Execute wiite bo PLC?
=1 ] Parameter
M FLC parameter

Figure 5.3

R4

>

Figure 5.4

5.3 Reducing the number of steps transferred to the PLC

When the project FLASH1 was downloaded, the default size of the program that was
actually downloaded was 2000 steps. However, as FLASH1 has only 11 steps, then the
majority of the information downloaded is ‘garbage’.

The number of steps actually downloaded can be reduced from 2000 steps, by using

the following procedure:

1.

N

A

Select Write to PLC.

Select the Param+Prog button to enable the Program and Parameters for the
project FLASH1 to be downloaded.

Select Program.

Change the Range type to Step range.

Enter 0 for the Start of the step range.

Enter 11 for the End of the step range.

Note:

The End step number must be identical to the last step number of the ladder diagram.
Select Execute (Figure 5.5).
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|x

Connecting interface |':D"“'|-| Faun |F'LI: radule
PLC Cannection Station Mo.[Host  PLC type [F2NICI

| [ |

File selection] Device data  Program l Common ]

Execute |

Selected File type Rarge type Start Erd Al
Ma TN Ladder Step range - |0 11

Cloze |

MELSOFT series GX Developer B3

! ‘_\ E xecute write to PLC?

Related funchions

Transfer setup...
Fewword setup...

Remote operation...
Clear PLC memaory...

Figure 5.5

9. Select Yes, and the Parameters plus just the 11 steps of FLASH1 will be down-

loaded to the PLC.

10. Once the download has been completed, select OK followed by Close to return to

the ladder diagram.

5.4 Communication setup

If there are any difficulties with downloading the project, then it would be advisable to

check the Communication Setup parameters.

From the Online Menu, select Transfer setup.
The display now becomes as shown in Figure 5.6.
Select Connection test.

BN =

connected with the PLC’ is displayed.
5. Select OK.

Since the computer is connected to the FX2N PLC, the message ‘Successfully
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_

Connechion Setup

I

|

<

Serial NETAOH]  MET(I CC-Link Ethemnet PLLC AF S5C
bioard bioard bioard bioard board bioard riet Jj
COM |COM 1 Tranzmizzion speed |9.6Kbps
PLC  MNETA0MH] MWET{]  CC-Link Ethemet 24 G4 Bus
module madule module miodule module module Jj

Connection channel list..
Mo specification Other station(Single network) — Other station[Co-existence network) PLEC direct coupled zetting
Time out [Sec.] (5 Rietry times 0 | e ot
PLC type |F><2N[C]
C24 HETA0H)  MET(H) CC-Link  Ethemet
System image...
JJJJ TEL [F<CFU]...
C24 NETA0H)  MNET(I) CC-Link.  Ethernet oK ‘
Acceszing host station
Close ‘

Figure 5.6

5.5 Systemimage

1. Select System image to obtain a pictorial view of the connection setup route.

2. The display now appears as shown in Figure 5.7.

3. As can be seen from the display, the connection setup parameters are:

(a) Interface Serial Port using COMI.

(b) Transmission speed 9.6 kbits per sec.

Select OK to close the System image display and return to the connection setup
display.
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System image

Serial port PLC module connection

PC =ide I/F COM COR 1 Trangmizsion speed 9 EKbps
PLC side | /F - Mo setting details

Metwork

cammunication raute

Corexistence

network, route ©

Figure 5.7

5.6 Change of communications port

It may be necessary to change the serial port to another COM port for the following
reasons:

1. A serial mouse is using COM1.
2. Some modern laptops do not provide an RS 232 communications port. Therefore, to
connect to the SC09 the following alternatives can be used:
(a) A PCMCIA card with an RS 232 output lead. These cards may only operate via
COM2.
(b) A USB to RS232 adaptor lead. This type of adaptor may only operate via
COMA4.
3. Note:
Both the PCMCIA card and the USB adaptor will require the installation of the
relevant driver software before they can be used.
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If it is necessary to change the communications, i.e. for COM2, then carry out the
following:

I

From the Online Menu, select Transfer setup.
Double-click on the PC side I/F (Interface), Serial icon.

. The Serial setting window will now be d}splayed as shown in Figure 5.8.

Click on the COM port down arrow ~

Select the required COM port from the list displayed in Figure 5.9.

Select OK.

Select OK on the communications setup menu and the display will return to the
ladder diagram.

Select Save to save the COM setting.

< [ A A

shaticn

PLC  MMETAOH] MMET[I]  CC-Link Ethernet C24 Bus
module module module module module Jj
PC side I/F Senal setting
couper [ERE] [
& Transmission speed | 9.6Kbps = Cancel . )
Other = Connection channel list...
=
Mo specification Othe FLC direct coupled setting
Time out (Sec.] |5 Fetry times i} Connection test

i J J J J J Powes [

]
Serial  METAOH]  MHET{N CClink  Ethemet PLC AF S5C
board board board board bioard bioard et Jﬂ

COM |COM 1 Tranzmission speed |9.6Kbps

C24 NETAOH] METI]  CC-Link  Ethernet

Ooooo

A e,

C24 METAOH]  MNET(I CC-Link  Ethemet 0K ‘

Accessing host station
Close ‘

Figure 5.8
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PC zide I/F Senal zetting x|
COM part [coM 2 -] ok |
COM 1
Tranzmizsion speed Cancel
COM 3
COM 4
COM B
T COM B
COM 7
COM 8
COM 9
COm10
Figure 5.9

5.7 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 the disk.

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

Also, when a program is to be monitored (see Chapter 6), then it is very useful if the
documented ladder diagram can be displayed, whilst it is being monitored.

The difficulty, though, is that it is not always practical to store the documentation,
1.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.

To demonstrate the Verify facility, the projects FLASH1 and FLASH?2 will be used.

1. At this moment in time, the project FLASHI1 has been downloaded to the PLC.
2. Return to the main menu, select Project, Open Project and open the project FLASH2.
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Ladder diagram = FLASH2

11

13

15

W

5.

K10

X0 X1 Tl
_‘{ I*“'—i/l_—‘/l (TO )

TO K10

— T1 )]

(Y0 )

YO0
— /| (Y1 )

M8013

‘_'l ! (Y2 )1

[END ]

Select Online.

Select Verify with PLC.

Select the Main and Parameter boxes for both the source and the destination. This
ensures that the Main program and the Parameters for both FLASH1 and FLASH?2
will be verified (Figure 5.10).

Select Execute.

After the two projects have been verified, any differences will then be displayed
(Figure 5.11).

As can be seen, the two projects FLASH1 and FLASH?2 are quite different. If this
situation had occurred with an industrial-based system, it would cause some concern
as to why the PLC program and the program saved on disk, were so different.
Select Main to return to the ladder diagram FLASH?2 (Figure 5.12).

8 Uploading a project fromaPLC

Circumstances can arise when it is necessary to know what program is stored in the
PLC itself. 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 the

disk, the working program within the PLC must be uploaded into Gx-Developer and
stored on the master disks.

The following describes how the project FLASHI is uploaded from the FX2N Series

PLC and saved as FLASH4:

1.
2.

Select Project as shown in Section 2.1, but with the Project Name FLASH4.
Select Online and Read from PLC.
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Yerify with PLC

Connecting interface ||:EIM1

PLC Connection

Station Mo, [Host  PLC type

Edit datalVerify zource]

File: selection l Dievice dala] F'rogram]

PLLC data MWerify dest.]

-] Program
A MAIN
=] Parameter
kA PLC parameter
=% Device comment
D COMMENT

—

- #] Program
b AN
=] Parameter
b PLC parameter
={BL] Drevice memary
[] Device data

—

o
o

¢ |PLC module

[] |

F2MIC)

Refresh view

Free space vilue]

Execute

i

Cloze

Related functions

Transfer setup.

Fewword setup..

Fiemote operation...

Clear PLC memary...

Figure 5.10

| Programn

Raj

=l Ot

[PLC werify: Program]

Yerify source
Froject name -C:¥gxdeve|¥fxi¥flazh2
Data name -MAIN

Yerify destination
Project name - naone
Data name -MAIN

<Memary> <PLC>
Step  Instruction Step  Instruction
| 1 ANT X001 1OANL T1 |
| 2 AN T 2 0UT TO K10 |
| 3 0UT To K10 § LD T0 |
| & LD T0 & OUT T1 K10 |
| 7 oUT T1 Ko g Lp 10 |
[ 11 Lo vooo 11 END |
[ 1z our voor 12 |
[ 12 Lp nmots 13 |
[ 14 out vooz 14 |
[ 15 Ew 18 |

Figure 5.11
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-
=F7

AU
=E8

fiE
=f,

| cr— i I e e

yp
=E8

U S
Elra e Jesil

[PLC werify: Prosram]
Yerify source
Project name -c:¥exdeve|¥fxi¥flash2
Data name -MAIN
Yerify destination
Project name - none
Data name -MAIN

Figure 5.12
3. Alternatively, select the Read from PLC icon, shown in Figure 5.13.
Figure 5.13

4. Select the Param—+Prog box (Figure 5.14).

File selection | Device data] F'ru:ugram] I:u:ummcun]

Cancel all seleu:tiu:uns|

=l-#r] Program
A MAIN
=l o] Parameter
M PLC parameter
- E] Device memary
[] Device data

Refrezh wview

Figure 5.14

5. Select Execute.

65

6. Select Yes and the PLC program will be uploaded into FLASH4 and displayed.

7. Save FLASH4.
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Monitoring

Monitoring is an essential tool for determining if a project, new or old, is operating
as expected.

For example, during the design and commissioning of a new large-scale PLC-
controlled project, it would be necessary to constantly monitor the operation of the
project and make changes to the ladder diagram software, should problems arise.

Or, for example, a project may have been working successfully for some years and
then suddenly stop for no apparent reason. If the project has no diagnostic fault-finding
facilities, then the cause for the stoppage can be still be determined, by monitoring the
ladder diagram to the point where the operation stopped, i.e. the failure of an input
limit switch.

Within Gx-Developer, the monitoring tools are:

. Ladder diagram.

. Entry data.

. Entry ladder.

. Device batch.

. Trace.

. Buffer memory batch.

AN AN~

6.1 Ladder diagram monitoring
To monitor the ladder diagram of FLASHI, carry out the following:

1. From the main menu, select Online.
2. Select Monitor.

Start monitoring = F3

As can be seen from the display, an alternative to the drop-down menus to start
monitoring, is the F3 key.
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Start monitoring = icon

A second alternative to start the monitoring process is to select the Monitor mode icon,
shown in Figure 6.1.

k2

Figure 6.1

Monitored display = FLASH1

bl Tl KL0
o—ii .3 firo
10
T0 KL0
3 _. ng
7
T0
2 L fvooo
Monitor status
Tmz|  RUM Fiakd
Figure 6.2
Note

1. The display shown in Figure 6.2 shows the ladder diagram FLASHI, whilst in
Monitor mode.

2. Beneath the timer outputs, the elapsed times for each timer can be seen.

3. To stop monitoring, press F2 (Write mode).

6.2 Entry data monitoring

Entry data monitoring is an alternative method for monitoring the conditions of the
ladder diagram elements. It enables far more information to be obtained, than that
displayed on the ladder diagram.

To monitor using entry data monitoring, carry out the following:

From the main menu, select Online.

Select Monitor.

Select Entry Data Monitor.

The display now becomes as shown in Figure 6.3.

=
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” T/C sefting value,
Local label
Fieference program

Device ON/OFF/Current | Setting value | Connect | Coil Device Comment
AN i

Start monitor

Fegister devices
Delete the device
Delete Al devices

Devioe test

PERRELE

Cloze

Figure 6.3

5. Select Register devices to obtain the Register device window.
6. Enter X0 into the Register device window (Figure 6.4).

Device ON/0FF/Current | 8etting walue | Connect | Coil Dewice COmmEnt
Regizter device
Device
|:-cD
Diisplay farmat
Walue
DEC =
Dizplay
1Ehit integer - Bl

Figure 6.4

7. Press <ent>.
8. The entered element, i.e. X0 will now be transferred to the Monitor window

(Figure 6.5).
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Device | DN;’DFF;"Current| detting wvalue |C0n.nec:t| Coil | Device comment

xoan

Register device

Device

Diizplay farmat

Yalue

DEC =

Dizplay

1Ebit integer hd Cancel

Figure 6.5

9. Enter the additional following elements:
(a) TO.
(b) TI.
(c) YO.

10. Select Cancel.

11. Ensure that PLC is switched to RUN.

12. Select Start monitor and the selected elements of FLASH1 will now be monitored in
Data Entry Monitor mode (Figure 6.6).

T/Tzetfing walue.
Local label
Reference program

MAIN 2

Device ON/0FF/Current | 3etting walue Cunnect‘ Coil | Device comment

Il

Stop monitor

Register devices

Delete the device

Delete all devices

Device test

Close

P

Figure 6.6
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6.3 Combined ladder and entry data monitoring

Using Windows, it is possible to monitor both the ladder diagram and the entry
data.
This can be of use for monitoring separate parts of a much larger program.

—_—

. From the main menu, select Window.

2. Select Tile horizontally.

3. Re-arrange the size and position of the two windows, until the display becomes as
shown in Figure 6.7.

Xooo Tl K10
o—# - ffro
10
TO K10
s—Ii fm1
9
TO
] frooo
11 [EN'D
taonitor status
2mz|  RUM RAM
Entry data monitor-1 -
Dewvice | DN,-"DFF,-"Current,| detting walue |C0nnec:t,| Coil | Device comment
Xooo 1
TO 10 10 1 1
Tl g 10 o 1
Fooo 1

Figure 6.7

4. Note the ladder diagram and the entry data are both being monitored simultan-
eously.
5. Close the Entry data monitor window.
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Basic PLC programs

To gain experience of using the Gx-Developer software and the FX PLCs, a range of

fairly basic programs will now be developed and tested.

These PLC programs could be used to replace conventional systems consisting of
relays timers and counters.
The following is a list of such programs, which will be used in this chapter:

DO NG AW~

71 Traffic light controller = TRAF1

Task

. TRAF1 - Traffic light controller.
. FURN1 - Furnace temperature controller.
INTLK1 - Safety interlock circuit.
LATCH1 - Mains failure latch circuit.
COUNTI1 - Extended time delay.
COUNT?2 — Online programming.
BATCHI1 - Batch counter.
. BATCH2 — Assignment.

MCl1 — Master control.

Using Gx-Developer, produce a PLC ladder diagram, which can enable an FX2N PLC
to simulate a simple combinational logic traffic light controller.

Block diagram
A Y0
e N X0
B PLC Y1
—o/A— X1
Y2

Figure 7.1

Red

Amber

Green
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Determined by the condition of the input switches A and B, the output lights will turn
ON/OFF according to the following truth table.

Note

If the Input switch or the Output is OFF, =logic 0
If the Input switch or the Output is ON, =logic 1

Truth table
Inputs Outputs

A B Red Amber Green
(X0) (X1) (Y0) Y1) Y2)

0 0 1 0 0

0 1 1 1 0

1 0 0 0 1

1 1 0 1 0
Solution

From the truth table, the following ladder diagram can be produced:

X0 X1 RED
o H/—/} (Y0 )
X0 X1
— 7 F—|
X0 X1 AMBER
6 —/F— F (Y1 )
X0 X1
X0 X1 GREEN
12 H -/} (¥2 )
15 (END 1




below:
X0 X1 RED
o 7 /| (Yo )
X1
X0 X1 AMBER
6 7/ } (Y1 )
X0
X0 1 GREEN
12— —/} (¥2 )1
15 [END -

Final modification

Basic PLC programs 73

By inspection it can be seen that the ladder diagram can be reduced to the one shown

The final modification is based on the fact that where there are two contacts, one
normally open and one normally closed connected in parallel and having the same
name, i.e. X0, then the two contacts can be replaced with a single link.

Ladder diagram = TRAF1

X0

X0

oO————0

The final circuit for the ladder diagram TRAF1 is shown below:

X0 A RED
— /1 (xo )
X1 B AMBER
I (¥vi )
X0 A X1 GREEN
— | {7 (¥2 )
[END ]
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Hence, it can now be seen that

Red = A.
Amber = B.
Green = A.B.

The above can also be proved theoretically, using either Boolean Algebra or by using
Karnaugh Mapping techniques.

Principle of operation

1. Line 0
When there is no input on X0, i.e. A =0, then the Red output YO0, will be ON.
Conversely, when A = 1, then the Red output will be OFF.

2. Line 2
The B input X1 is directly connected to the Amber output Y1, hence producing the
truth table below:

B input (X1) Amber output (Y1)

0 OFF
1 ON

3. To turn the Green output Y2 ON, then input A should be ON whilst input B should
remain OFF.

7.2 Furnace temperature controller = FURN1
A furnace has to be controlled from cold between the limits of:

1. A low temperature setting (tl).
2. An upper temperature setting (tu).

This technique ensures that the furnace will not be turned ON/OFF as often as it
would be, if only a single thermostat had been used.

This ensures that the life of the electric elements within an electric furnace will be
extended.

Similarly, if it were a gas-fired furnace, then the life of the gas burners would also be
extended.
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Block diagram
A
Start 0 o X0
Stop sﬂs X1
Furnace heater
YO
TL o X2

Figure 7.2

While heating
Let t be the temperature of the furnace.

t <tl furnace ON.
t <tu furnace ON.
t >=tu furnace OFF.

While cooling
t <tu furnace OFF.
t <=1l furnace ON.

Temperature response characteristic

Temperature

Thermostat
Tl tu

TI Closed

Time

Figure 7.3

Thermostat
Tu Open

Tu Closed

75
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Temperature sensor TL

When the temperature of the furnace is below tl, then the lower temperature sensor TL
will be closed.

When the temperature of the furnace is equal to and above tl, then the lower
temperature sensor TL will be open.

Temperature sensor Tu

When the temperature of the furnace is below tu, then the upper temperature sensor Tu
will be closed.

When the temperature of the furnace is equal to and above tu, the upper temperature
sensor Tu will be open.

Safety procedures

1. The type of thermostats used, have their contacts closed, when the temperature is
below their set value. This ensures that if the connections to the thermostats or the
thermostats themselves, become open circuit, the furnace will switch OFF, i.e. a
FAIL SAFE condition.

2. Also for safety purposes, the STOP button X1, must be normally closed. This ensures
if the wire connecting to the STOP button breaks, the system will again FAIL SAFE.
Hence, on the ladder diagram, the STOP input is entered as a normally open contact.

3. For further details on safety, refer Chapter 10.

System algorithm

1. When the Start button is operated with both TL and Tu closed, then the furnace
heater will turn ON.

2. When Tr is opened and Tu is still closed, then the furnace heater will still remain ON.

3. When Tu is opened, then the furnace heater will be turned OFF. This causes the
furnace to cool down at its natural cooling rate.

4. When TL re-closes, then the furnace heater will again be turned ON.

Task

Design a PLC ladder diagram which will meet the requirements of the furnace control
system.
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Ladder diagram = FURN1

X0 X1
o F (M0 )
Start Stop Mem Latch
MO
MO X2 X3
« H — xo ]
TL TU Furnace
YO
10 [END 14
Note

To enter MO, after all of Line 0 has been entered, carry out the following:

L=

Place the write cursor below X0.

Enter 3 for a single normally open parallel contact.

Enter MO <ent>.

Repeat the same procedure at Line 4, i.e. complete the top rung and then under X2,
enter:

(a) 3 for a single parallel contact.

(b) YO <ent> for the normally open contact YO0.

Principle of operation

1.

Line 0

The normally open contact X0 and the normally open contact X1, which is con-
nected to the normally closed contacts of the STOP BUTTON and the internal
Memory Coil MO, form a Start/Stop latch circuit.

The operation of the Start Push Button X0 will cause MO0 to energise and latch via its
own contact.

Line 4

When the Furnace is cold, then the thermostats TL and Tu will be closed and
therefore Inputs X2 and X3 will be ON.

With the operation of X0 and hence the operation of MO, the circuit is complete and
hence the Output YO will turn ON.
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With the operation of YO, the furnace will now start to heat up.

When the furnace temperature reaches the lower temperature setting, then thermo-
stat TL will open and therefore Input X2 will be OFF, but since the contact Y20 is
closed this will ensure that the Output YO remains energised and hence the furnace
will continue to heat up.

. When the furnace temperature reaches the upper temperature setting, then thermo-

stat Tu will open and therefore Input X3 will now be OFF. This causes the Y0 latch
circuit to be broken, which causes Output YO to turn OFF.

. As soon as the furnace cools down slightly, then the upper temperature thermostat

will re-make, causing Input X3 to be ON. However, since the YO0 latch circuit has
been broken, then the Output YO will not re-energise until Input X2 is ON, i.e. when
TL re-makes.

. The furnace now starts to cool down at its normal cooling rate until the lower

temperature thermostat TL closes, causing Input X2 to turn ON and so enabling
Output YO to re-energise. This, in turn, causes the furnace to heat up again.

The furnace temperature will now be kept within the lower and the upper tempera-
ture limits set by the thermostats TL and Tu. When the Stop Push Button X1 is
operated, the MO latch circuit will be broken. This will cause the furnace to
completely cool down to normal room temperature.

7.3 Interlockcircuit = INTLK1

Description

An automatic sauce blending control system, which consists of three main sections, has

to be operated manually.

S.No. Section Input (Manual) Output
1. Hopper input X0 YO
2. Weigher output X1 Y1
3. Blender output X2 Y2

As part of the manual operation of the system, the Inputs X0, X1 and X2 are connected

to push buttons, to enable the Outputs Y0, Y1 and Y2 to be manually operated.

be

However, it is an essential requirement of the design that an interlock circuit
included, which will ensure that only one of the Outputs can be ON at any one

time.
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Blending system diagram

Tomatoes

-

D) C D)
YO Input hopper
and weigher

Vinegar and spices

E— Blender

Y2
Output hopper

Bottles of sauce
’ﬂ‘ i

Figure 7.4

Task

Produce a PLC ladder diagram which ensures that only one of the Output Solenoids can
be ON, at one time.

X0 is a normally open push button, which is used to energise and latch the Hopper
Input Solenoid YO.

X1 is a normally open push button, which is used to energise and latch the Blender
Input Solenoid Y1.

X2 is a normally open push button, which is used to energise and latch the Blender
Output Solenoid Y2.

X3 is a normally closed push button/switch, which is used to Reset any latched
Output.
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Ladder diagram = INTLK1

Reset
X0 X1 X2 X3
Y "4 /l {/{ l ! (Y0 ){Hopper
Input
YO
_.‘
X1 X0 X2 X3
6 _4 F___{/F___4/} % I (Y1l )qBlender
Input
Y1l
-
X2 X0 X1 X3
12 _{ |_‘_i/'—.‘/l JI |r (Y2 ){Blender
Output
Y2
L H
18 [END 14

Principle of operation

. Switch the Reset X3, ON.

2. The basic circuit consists of three latch circuits.

3. When any one of the Inputs X0, X1, X2 is operated, it will energise and latch its
corresponding Output Solenoid.

4. At the same time, if there is another output which has been previously energised and
latched, then the normally closed contact of the input, which has just operated, will
break the latch to that particular output. Hence, only one output can be on, at any
one time.

5. The operating of X3 will enable the last output to have been latched to now be

de-energised.

—_—

7.4 Latchrelays

Latch relays are used to ensure that should there be an interruption in the voltage
supply, either due to a mains failure or a fault in the DC power supply, it will still be
possible for the program to continue execution from the same point it was at, when the
interruption occurred.

The latch relays use battery backup, to retain their ON/OFF condition, whenever
there is an interruption to the voltage supply.

Latch memory range
The Latch memory range on the FX2N PLC is M500-M1535.
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Ladder diagram = LATCH1

10

12

Reset
X0 X2
— (M0 )
MOP_}
MO
— | (Yo )
X1 X2
— (M500 )1
_j“‘,’il
M500
L
I (Y1 )-
[END 14

Principle of operation = LATCH1

b

Enter, test and save the project Latchl.

Download the project to the FX2N PLC.

Ensure the project is working correctly using the inputs X0, X1 and X2.

Line 0

Input X0 operates MO, which then latches via its own contact and also energises
Output YO.

Line 6

Input X1 operates M500, which then latches via its own contact and also energises
Output Y1.

Reset

Opening Input X2 resets both latch circuits, provided Inputs X0 and X1 are OFF.
With Input X2 ON, momentarily operate Inputs X0 and X1, so that both Outputs
Y0 and Y1 are turned ON.

Momentarily turn OFF the 240 V mains supply to the FX2N PLC.

When the mains supply is turned back ON, then only the Output Y1 will be ON. This
is because M500 remained latched ON, due to it having battery backup.

7.5 Counters

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

1.
2.

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.
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3. To count the number of items passing along a conveyor belt, in a given time.
4. To position a component, prior to it being machined.

COUNT1

The following example, COUNT1, demonstrates how a counter can be used to produce
an extended time delay.

Ladder diagram = COUNT1

xoI TOI K15

o | 1 /7 (to )
TO K10

5 l (co )
co

s 1 | (YO )
X0

11 H | [PLS MO 1
MO

14 | [RST CO -

17 [END ]

Note

1. To enter -[PLS MO]-, enter the following:
(a) pls <space>.
(b) m0 <ent>.

2. Use the same procedure for -[RST CO0]-, i.e:
(a) rst  <space>.
(b) c0 <ent>.

Principle of operation

1. Line 0
The closing of Input X0, and the normally closed timer contact TO, will provide a
path to enable the coil of Timer TO to be energised. After 1.5 sec, Timer TO times out
and its normally closed contact will open, causing the timer to become de-energised
for a time equal to one scan period, which for COUNTI will be approximately
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1.5msec. 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 1.5 sec.

2. Line 5
With the momentary closure of the normally open contacts of T0, a count pulse is
sent to Counter CO every 1.5sec (Figure 7.5).

TO
contacts

I J L
A1
1.5sec 1%2msec
(1 scan time)

Figure 7.5

3. Line 9
Counter CO counts the incoming pulses, and when the number of pulses equals the
preset K value, i.e. 10, all the CO contacts operate as follows:
(a) All normally open contacts, CLOSE.
(b) All normally closed contacts, OPEN.
The normally open contact CO closes, hence energising the Output Coil Y0. There-
fore, the circuit gives an output signal on YO0, 15 sec after the Input X0 closes. Hence,
the circuit can be considered as an extended timer.

4. Line 11
Whenever Input X0 closes, this energises a special output, which is known as a pulse
circuit, 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 MO,
to energise for a time equal to 1 scan time for the program. Hence, the contacts of M0
will be closed, for approximately 1.5 msec.

5. Line 14
(a) PLS waveforms

The waveforms associated with the PLS circuit are shown in Figure 7.6.

X0

= ] |—

Figure 7.6
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(b) From the above waveforms, it can be seen that each time Input X0 operates,
the Instruction PLS MO will be executed and the normally open contact of
MO will momentarily close, hence causing the Counter CO to be reset to
zero.

(c) Hence, with the operation of Input X0 and the resetting of Counter CO0, the cycle
will repeat itself.

(d) Even though Input X0 remains closed, the pulse circuit will not re-operate until
Input X0 re-opens and closes again.

Monitoring

Carry out the following:

Open a new project and give it the name, COUNT]I.
Enter the ladder diagram.

Save the program.

Download to the FX2N PLC.

Monitor the Ladder Diagram COUNTI.

Press F3 to start monitoring.

AR R e

7.6 Online programming

Using the online programming facility of Gx-Developer, it is possible to modify one
block 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.

However, 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?2, is used to demonstrate the use of the online programming
facility.

Counter value change

The counter CO will now have its value changed from K10 to K20 whilst the PLC is in
Run, i.e. an online programming change.

1. Save COUNTI1 as COUNT?2.

2. Open the Ladder Diagram COUNT?2.

3. Ensure the PLC is in Run.

4. Press F2 to ensure the ladder diagram is not being monitored.
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. K10
5. Move the cursor to Line 5 and over the output -(CO )- as shown below:

000 To K15
o F——
T K10
st | co
o
al— | {rano
il
11—} P13 Mo I
MO
14— | [R3T co I
17 [END 1

6. Double-click the left-hand mouse button to obtain the output information (Figure 7.7).

X000 T KLS
o ——4F (o
il K10
s | co
co
al— | {vooo
Enter symbol X
*o0o %l.[ » =lfcokio - Evit | Helpl
11l _| I {PLS Mo I
Mo
14_| | [RST co L
17 {END I
Figure 7.7

7. Change the output details as in Figure 7.8.

Enter symbol
= =[cokzn oK | Esit |
Figure 7.8

8. Select OK and the display will appear with all of Line 5 greyed out.
9. From the main menu, select Convert (Figure 7.9).
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Convert Yiew  Online  Diagnostics  Tools  Windg

Coreert F4
Corvert [All programs being edited]  Alt+Crl+F 4

Canvert [Online change) Shift+F4

Figure 7.9

10. Select Convert (Online change).
11. The message shown in Figure 7.10 is now displayed.

MELSOFT zeriez GX Developer <

Caution!
! The PLC contral has changed.
: b ake zure everpthing iz zafe and execute again.

[t make take several minutes for writing to complete.

Cron't wnte to the program from a plurality of place

at the zame time.

Enzure the PLC program and the program to be converted match.

Ok?

Wirite destination program: kAl

Figure 7.10

12. Select Yes to enable the program changes to be downloaded to the PLC.

13. After the Online change has taken place, the message ‘RUN write processing has
completed’ is displayed.

14. Select OK.

15. Execute the project COUNT?2 and note that the time from the operation of Input
X0 to when YO turns ON, will now be 20 sec.

16. Save COUNT?2.

7.7 Batch counter - BATCH1

A batch counter is a counter, which turns a specified output ON after counting a
required number of input pulses.
The specification for BATCHI is as follows:

1. Use Input X0, to reset Counter CO.
2. Use Input X1, to input pulses to the counter.
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After 10 input pulses, Output YO is to come ON.
Resetting the counter will turn the Output YO OFF and enable counting to be repeated.

Batch counter - BATCH1

X0
—l ! [RST CO 14
X1 K10
| (co )
co
I (Yo )1
[END 1

Principle of operation

1.

Line 0

The momentary operation of Input X0 will Reset the Counter CO0. This, in turn, will
cause Output YO to turn OFF (Line 7).

Line 3

Each time Input X1 closes, this will increment the contents of CO.

Line 7

After Input X1 has been pulsed 10 times, the CO contacts will operate, to enable the
Output YO to energise.

7.8 Assignment = BATCH2

Modify BATCHI1 so that the following sequence can be obtained:

1.

2.

After the count value of 10 has been reached, then Output YO will be energised and
stay ON for just 5 sec.

After the 5-sec delay, the following is to occur:

(a) Output YO will turn OFF.

(b) Counter CO will automatically be reset.

Counter C0O can then count up once more to 10 and Output YO will again be
energised and stay ON, for 5 sec.

7.9 Master control = MC1

The master control function enables sections of a ladder diagram to be enabled/
disabled.
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In the example below, the section consisting of Lines 9—23 cannot be executed, until
the master control Instruction -[MC NO MO]- is executed.

The serial master contacts NO = MO cannot be programmed in directly.

They will appear automatically, when the ladder diagram is monitored for the first
time.

Ladder diagram = MC1

Start Stop Air 0il Guard
X0 X1 X2 X3 X4

0 | | | 11 | 1 | [MC NO MO g

| 10 10 1T 11 ]

MO

NO | MO
M8013 1 second pulses

s H | (Yo )
YO

11 /7 [ALTP Y1 1
Y1l

15 /| [ALTP Y2 -

19 [MCR NO 1
X7

21 H } (M8034 )

24 [END ]

Principle of operation

1. In this example, the master control is controlling an LED output display, which
indicates which section of a machine tool cycle is currently being executed.

2. Since the X Inputs to the Instruction -[MC NO MO]- are controlling this display
section, they can be regarded as Primary Inputs, i.e. they are controlling more than
just a single output.

3. The primary inputs have been given the following names:

(a) X0
(b) X1
(c) X2
(d) X3
(e) X4

Start.
Stop.
Air.
Oil.
Guard.
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Line 0

(a) When all of the primary circuits X1-X4 are made, then the momentary
operation of the Start button X0 will enable the Instruction -[MC NO MO]-
to be executed.

(b) The MO contact, which is in parallel with X0, will close and this will provide a
latch circuit to the master control instruction, when the Start button is released.

(c) However, the main function of the MC instruction is to control a section of
the ladder diagram. The control operation is shown diagrammatically, as a
pair of normally open contacts NO -Jf MO, on the left-hand side of the ladder
diagram.

(d) These contacts effectively control the operation of the ladder diagram from
Lines 9-19.

(e) At Line 19, the Master Control Reset Instruction -[MCR NOJ- terminates the
operation of the master control for this section of the ladder diagram.

. The program uses special M Coil M8013 to simulate the signals, which would

indicate which section is currently being executed. This special M Coil (Figure 7.11)
provides an accurate 1-sec clock signal, for any ladder diagram project.

| 1 sec

Figure 7.11

Line 9

With the operation of the master control, the 1-sec M8013 contacts will continu-
ously pulse YO ON for 0.5sec and then OFF for 0.5 sec.

Line 11

The Instruction, -[ALTP Y1]-, causes Y1 to alternatively turn ON and then OFF,
each time the inverted contacts of YO close. Hence, Y1 turns ON for 1 sec and then
OFF for 1 sec.

Line 15

The inverted 1-sec ON/OFF pulses from Y1 will now enable the Instruction
-[ALTP Y2]- to continuously turn the Output Y2 ON for 2sec and then turn it
OFF for 2 sec.

Line 19

The Instruction -[MCR NOJ- terminates the master control section. This ensures
that the remaining section of the ladder diagram operates irrespective of whether
the master control contacts are open or closed.

. Line 21

(a) The Input X7 is used to simulate a fault condition.

(b) The operation of X7 will energise the special M Coil M8034 irrespective of the
operation of the master control.

(c) The function of M8034 is that, on being operated, it will turn all of the outputs OFF.
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11. When the program is executed, it will be seen that with X7 OFF, the output LED

display of Y0, Y1 and Y2 is a continuous incrementing binary pattern from 000 to
111, i.e. from 0 to 7.

Waveforms

M8013
YO0

Yl

Y2

Figure 7.12

Note

At Output No. 6, Y2=1,Y1l =1, YO=0.
Now, 110, = 6, which confirms that the Outputs Y2, Y1 and YO are outputting an
incrementing binary pattern.
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PLC sequence controller

The following notes describe how a system, which consists of two pneumatic pistons,
can be controlled using a Mitsubishi FX PLC.

The PLC is required to operate two single-acting electrically actuated pneumatic
pilot valves, which in turn control the two pneumatic pistons.

Basic system

X2 X3

Limit switches

Piston A :O

X5 X4

C): Piston B

YO0

Y1

Figure 8.1

Sequence of operation

The sequence of operations for the two pistons is as follows:

1. Start of sequence.

2. A+ Piston A OUT.
3. B+ Piston B OUT.
4. A— Piston A IN.
5. 5-sec time delay

6. B— Piston B IN.
7. End of sequence
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8.1 Sequence function chart = SFC

A sequence function chart is a pictorial representation of the system’s individual
operations, which when combined show the complete sequence of events.

Once this diagram has been produced, then from it, the corresponding ladder
diagram can be more easily designed.

The Gx-Developer software, which has as the facility for programming directly in
SFC, is not described in this book.

Sequence function chart = PNEU1

R I S (TS
Stop X1~ -~

l X2
X4
State S1 SET YO A+
+ X3
X4
State S2 SET Y1 B+
+ X3
X5
State S3 RST YO A-
y X2
X5
State S4 T.DLY To
5 sec
Yy TO
State S5 RST Y1 B-
L X2
X4
State S6 End of sequence

Figure 8.2

Description = sequence function chart

1. The sequence function chart consists, basically, of a number of separate sequen-
tially connected states, which are the individual constituents of the complete
machine cycle, that controls the system. An analogy is that each state is like a
piece of a jigsaw puzzle; on its own it does not show very much, but when all the
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pieces are correctly assembled, then the complete picture is revealed. Each state
has the following:
(a) An input condition.
(b) An output condition.
(c) A transfer condition.
When the input condition into a state is correct, then that state will produce an
output condition.
That is, an output device or devices will be:
(a) Turned ON and remain ON.
(b) Turned OFF and remain OFF.

2. When the output or outputs are turned ON/OFF, then the system’s input conditions
will change to produce a transfer condition.

3. The transfer condition is now connected to the input condition of the next sequential state.

4. If the new input condition is correct, then the sequence moves to the next state.

5. From the sequence function chart for PNEUI, it can be seen that when the start push
button is operated, this is the input condition for state 0.

6. The output condition from State 0 is the startup sequence, which will reset both
Solenoid A and Solenoid B. With Inputs X2 and X4 now made, the transfer from
State 0 can take place.

7. The transfer conditions from State 0 are the correct input conditions for State 1, and
hence the process now moves from State 0 to State 1.

8. The process will now continue from one state to the next, until the complete machine
cycle is complete.

9. From the sequence function chart, the ladder diagram can now be produced.

8.2 Ladder diagram = PNEU1

It will now be found that the production of the PLC ladder diagram, from the sequence
function chart, will be a far easier process.
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Ladder diagram = PNEU1

X0 X1 TO (state s5)
— = -/t (MC  NO MO ]
MO
X2 X4 M1
) o ]
YO
X3 X4
— 1 i
.
X3 X5
SR o ]
M1
M1l X2 X5 K50
bt (o ]
[MCR NO 11
[END ]
Note
The master contacts are entered as follows:
-IMC N0 MOJ- -IMCR NOJ-
1. mc <space>. <space>.
2. n0 <space>.

3. m0 <ent>.

Start
Up

State
S1

State
S2

State
S3

State
S4



Converted ladder diagram = PNEU1

NO

12

16

20

26

28
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X0 X1 TO0 (State S5)

= ]/} [MC NO MO 14 Start
START | STOP Up
MO

LMO
X2 x4 M1

- /1 (vo ) State
a- B- soL A | S1
YO

SOL A

X3 X4

__| Ir I l (Y1 ) State
A+ B- soL B | S2
Y1

SOL B

X3 X5

—| I I } (M1 ) State
A+ B+ S3
M1l

M1 X2 X5 K50

] l ! Ir I ! (To )4 State

A- B+ S4
[MCR NO 11
[END ]-
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Note

The serial master contacts N0 = MO cannot be programmed in directly. However, they
will appear automatically, when the ladder diagram is monitored for the first time.

Principle of operation = single cycle

The following describes the single-cycle operation of PNEUI.

The term ‘Piston A operates’ or ‘Piston B operates’ refers to the pistons moving from

their back positions, i.e. A— or B—, to their forward positions, A+ or B+.

1.

Line 0 (Startup)

When Input X0 is operated, this will cause the Master Control Instruction
-[MC NO MO]- to be executed. Basically, the master control instruction enables
a particular part of the ladder diagram to become operative. This is shown
on the ladder diagram as a pair of normally open horizontal contacts, which
enable the operation of the instructions from Line 7 to Line 26. If the Instruction
{MC NO MO} is not executed, then the instructions from Line 7 to Line 26 will
be ignored.

Line 7 (State S1)

With Pistons A and B in the back position, i.e. A— and B—, inputs X2 and X4
will operate, causing Output YO to energise and latch over its own normally
open contact. This will cause Piston A to move to the A+ position. The Memory
Coil M1 will operate later in the cycle, when it is necessary for Piston A to
become de-energised. Hence, at this point in the cycle, the normally closed
contacts of M1 will remain closed. Even though Input X2 now opens, when
Piston A moves forward, the latch circuit ensures that Output YO will not
become de-energised.

. Line 12 (State S2)

With Piston A fully forward, then Input X3 (A+) will operate. This plus Input X4
(B—) will cause Output Y1 to be energised and latch over its own contact. Piston B
will now move to the B+ position.

Line 16 (State S3)

At this moment in time, both Pistons will be fully forward and hence Inputs X3 and
X5 will be operated. This will cause the Memory Coil M1 to operate and latch over
its own contact. The normally closed contact of M1 at Line 7 will now open and
break the YO latch circuit. This will de-energise YO and hence cause Piston A to
retract to the A— position.

. Line 20 (State S4)

When Piston A returns to the A position, Input X2 will re-make, and this plus M1
and X5 (B+) will energise the Timer Coil TO.

. Line 0

After 5 sec, Timer TO will time out (State S5). The normally closed timer contacts
of TO will open, breaking the start latch circuit. This will cause the Master Contact
MO to open, causing all of the energised outputs from Lines 9-20 to become
de-energised. Hence, M1 will become de-energised, as will Output Y1. The
de-energising of Output Y1 will cause Piston B to retract to the B— position.
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7. Line 26
The Instruction {MCR NO} is used to terminate the master control section, and

hence, any instructions which follow this instruction will not be affected if the master
control is OFF.

8.3 Simulation = PNEU1

Using the simulation unit shown in Figure 8.3, test and monitor the operation of PNEUI.

Simulation unit

FX2N 48MR PLC
230V L
Mains N
Supply E
+24V
Input
switches I: ov
S/s
X0 —0/0 X0 YO0
X1 L o X1 Y1
X2 L o X2 Y2
X3 PN X3 Y3
X4 Lo X4 Y4
X5 L o X5 Y5
X6 L o X6 Y6
X7 L o X7 Y7
X10 Y10
| |
4 ' ' 4
Thumbwheel ! ' 7 Segment
switches : : displays
0000 — 9999 | | 0000 — 9999
X27 27

Figure 8.3
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Simulation and monitoring procedure

1. Display and monitor the Ladder Diagram PNEUI.

2. Operate the Input Switches X1, X2 and X4.
This will simulate the operation of the stop push button and the A— and B—limit
switches.

3. Momentarily operate the Start Switch X0.
Output YO will now be energised and this will cause Piston A to operate to the A+
position.
In a real situation with Piston A moving forward, its limit switches X2 would open
and X3 would close.

4. Open X2 and Close X3.
This will cause Output Y1 to energise and hence enable Piston B to move forward
to its B+ position.

5. Open X4 and Close XS5.
Auxiliary Output M1 will energise and cause Output Y0 to de-energise. Hence,
Piston A will return to its A— position.

6. Open X3 and Close X2.
With X2 closing, this will start the operation of the Timer TO.
After 5seconds, Timer TO will time out and its normally closed contact (Line 0)
will open, breaking the Master Control Circuit of MO.
Output Y1 will now be de-energised.

7. Open X5 and Close X4.
The process can now be repeated, by pressing the Start push button.

8.4 Pneumatic panel operation

The PLC can now be connected to a pneumatic panel to enable the complete system to
be tested.

This enables the PLC and the program PNEU1 to control more of an industrial type
process, than just being simulated with Switches and LEDs.

The panel, which has been used successfully for this purpose, is produced by SMC Ltd.



Pneumatic drawing = PNEU1

A M
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]
Piston A :C)
B+ I—,

B-

Piston A
Pilot valve

e

Limit switches

Piston B

Piston B
Pilot valve

L LT
b i
SOL A SOL B
(YO0) 1)

Air E%:

Air inlet valve
and regulator
(4 Bar)

Figure 8.4

PNEU1 wiring diagram (relay output)

=3

99

The electrical diagram in Figure 8.5, shows how an FX2N PLC system is wired to the

SMC pneumatic panel.

This enables the PLC and the program PNEUI to control an industrial type applica-
tion, instead of being simulated with input switches and output LEDs.
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PNEU1 wiring diagram
FX2N PLC
230V L
Mains N
Supply E
+24V
ov
S/S
Start
0 o X0
Stop
o]0 X1
A—
L o0 X2
A+
5o X3
B_
070 X4
B+
L o0 X5
Sol A
— ) YO
Sol B
— ) Y1
[ COM1
Protection
diodes
+
24V
power
supply

Figure 8.5
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8.5 Forced input/output

The Mitsubishi FX2N PLC has the facility to enable inputs and outputs to be turned
ON and OFF directly from the computer, without the PLC program running.

This is extremely useful when commissioning a system or when fault finding.

It enables a check to be carried out on the wiring from the inputs and the outputs to
the PLC and also, whether or not the input and output devices are operating
correctly.

Note

The forcing of inputs when the PLC is in RUN can cause the PLC to automatically start
operating. This can cause problems involving safety and should only be done with great
care.

The following describes how forcing can be used with the project PNEUI.

Forcing the Start Input X0

1. Ensure that the Ladder Diagram PNEUI is being displayed and that it has been
downloaded to the PLC.
2. Operate the following input switches to simulate the start conditions for PNEUI.

(a) X1 Stop.
(b) X2 A-.
(c) X4 B-.

3. Ensure the PLC is switched to RUN.
4. From the menus select:
(a) Online.
(b) Debug.
(c) Device test.
5. Enter X0, into the Device test window, as shown in Figure 8.6.
6. On selecting FORCE ON, the following will occur:
(a) The Input X0 will turn ON.
(b) The Output YO will turn ON.
7. The Output YO is turned ON due to the Input X0 being forced ON and starting the
operation of PNEU1 (Figure 8.7).
8. By following the simulation and monitoring procedure, on page 98, the operation of
PNEUI can be continued.
9. Ensure all forced inputs are now Forced OFF.
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Device test
Bit device
FORCE OM | Yess
Device
- FORCE OFF
4l J ‘ Hide hiztory

Wwiord device/buffer memaon

Toaggle force ‘

* Device

~

Setting value

Module start

Addresz |

=~

= [oec ]

Program

Label reference program |

|DEC =] [1Bbitinteger x| Set

[~

Figure 8.6
= ==
D(=E] 8] -+ [%]e] v T
Bit device Zms| BUM
@ i e Iﬁﬂ |¥| i Device Cloze
00 -
|Prog|am j | | J | A1 |4 | |
Hide hiztory Sz S
%000 w00l FORCE OM | FORCE OFF Toggle force | —_—
o—] HO ja]
‘wiord device/buffer memory
Ho
* Device ﬂ
" Butfer memony Module start VD’—_|
0 Mo
I Address
XO0& X004
7 . . _ | Setting value 4@( oo
| [oEC ~| [16bitinteger  ¥| et
¥ooo
Program
Label reference program
X004
12 _  Execution histary (YDDl
Device | Setting condition |
Tool 0o Force OM
_| Ii
X003 X005 4
15_| |—| |__ Clear —————{M1
ML

Figure 8.7
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Forcing theY Outputs

The Y Outputs, i.e. YO and Y1 can also be forced ON/OFF. However, as the PLC
program will override any forced output, it is necessary before forcing outputs to turn
the PLC switch from RUN to STOP.

Forcing the OutputYO
1. Ensure that the Ladder Diagram PNEUI is being displayed and that it has been
downloaded to the PLC.
2. Turn the PLC switch from RUN to STOP.
3. Similarly, as for FORCING Inputs, select:
(a) Online.
(b) Debug.
4. Select Device test once more.
5. Enter YO into the Device window.
6. The Output YO can now be either Forced ON and OFF or Toggled ON and OFF.
7. After Forcing YO ON, force some of the other outputs ON.
8. Ensure all forced outputs are now forced OFF.

Execution history

1.

2.

Check the Execution history display to confirm that all of the outputs, which were
forced ON, have now been forced OFF (Figure 8.8).
Select Close to return to the ladder diagram.
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Device test >=

Bit device
FORCE OM | |___Close
Device
- FORCE OFF

@ J | Hide hiztany
-"'13 - Toggle farce |

“wiord devicesbuffer memory

* Device | ﬂ

o kaodule start
Address | J | J

Setting value
|DEC | |1Ebitinteger  ¥| Set
Program
Label reference program | J

E =ecution history

Device | Sefting conditior &

003 Force off

Y00 Force off

Y000 Force off

003 Toggle force

00 Farce on hl

4? | L|J Clear
Figure 8.8

8.6 Assignment = PNEU2
Automate PNEUI1 so that it will:

1. On operating the start button, carry out three complete cycles before stopping.
2. Repeat the automatic cycle each time the start button is operated.

Note
It is obvious that a counter will be required, hence the following must be considered:
1. What input will be used to enable the counter to count up?

2. What will happen when the counter reaches a count of 3?
3. What input will be used to reset the counter?
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Free line drawing

The Gx-Developer software has the facility which enables the mouse to draw the
connecting lines between the devices in a ladder diagram.

This has many advantages when producing a ladder diagram, which contains parallel
connected instructions.

Consider the ladder diagram PNEU1 shown on Page 95.

The procedure of connecting in parallel, each of the normally open contacts YO0, Y1
and M1 with their respective devices is not that easy. However, the use of the free line
drawing facility will now be used, to simplify and speed up this task.

1. Create a new project PNEUI1A.
2. Select the free-drawn line icon or press F10 (Figure 9.1).

&MELSUFT series GX Developer C:hgxdevelifzivpneula - [LD(Edit mode] MAIN
|| Project Edit Find/Replace Corwert “iew Orline Diagnostics Tools ‘Window Help

D|=|E| 8| &|%=(e|v] Q&lE| £/i| @lel =@
Wl = 2 % el Be 22| 9 |

1 Step]

e -]

s

N P B e [ e i 1 3
Free-drawn line ;
o LEN'D

Figure 9.1
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3. Enter the ladder diagram as shown below:

X0 X1 TO
—] F— /| [MC  NO MO ]
MO

|

X2 X4 M1l
— — I (Yo )
RyE

4. Move the cursor over the normally closed contact M1 and press the left-hand mouse
button.

0
— | | | {7} [MC  NO MO 1

X2 X4 M1
1 o
T+

-

5. Drag the cursor down and across to the normally open YO contacts.
6. On letting the left-hand mouse button go, the display will become as shown below:

T
- —{ /¢ [MC  NO MO -

X2 X4 M1
] -l o
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7. Complete the remainder of the ladder diagram, as shown below using the free line

draw facility.

8. Convert and save PNEUI1A.

Ladder diagram = PNEU1A

X0 X1 TO
o HH - I NO MO 1
START | STOP
MO
NO LMO
X2 x4 M1
T T o )
a- B SOL A
Y0
SOL A
X3 x4
12— — } (Y1 )
A+ B- SOL B
Y1l
SOL B
X3 X5
16  — } 1)
A+ B+
M1l
M1l X2 X5 K50
| | | | |
20 H — | (To )1
A- B+
26 [MCR NO  1-
28 [END 14
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9.1 Inserting an output in parallel with an existing output

The free line option can also be used for the paralleling of outputs.
At Line 26 of PNEU 1A insert a new line above the Instruction -[MCR NOJ-, an1c<151olsing
the free line option connect in parallel, the Output Y2 to the existing Timer -(TO ~ )-.

Modified ladder diagram = PNEU1A

Press F4 to convert the modified Ladder Diagram PNEUIA, so that it appears as
shown below:

X0 X1 0
o H } |7} [MC NO MO 1-

MO

-

X2 x4 M1

7 H - A/ (YO )
YO
—
X3 X4

12 ~ | (Y1 )
Y1l
__| |—
X3 X5

16 H | (ML )
M1
—

X2 X5 K50

20 |4 1 1 | o )]

27 [MCR NO 1

29 [END ]4
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9.2 Delete free line drawing

Using the Delete free-drawn line facility, it is possible to quickly delete any ladder
diagram line.

The ladder diagram will now be modified so that at Line 0, the parallel contact M0
will be in parallel with Inputs X0 and X1 (Figure 9.2).

[EMELSDFT series GX Developer C:\gxdevel\fxipneula - [LD[Edit mode] MAIN 30 Step]
| Project Edit Find/Replace Convert View Online Diagnostics Tools Window Help ;I_E
D|=(E| 8| &|=[(e|u] alelel £l alel Blel
Wl = 22| T kel Bl 22| S @f 2w o
R R T e e T e e o e D e o o | ]
X000 X001 0O Delete free-diawn ling
o | | | 4t [me WO Mo H
HO
—
®ooz X004 m
A b (n
¥ooo
_| li
X003 X004
12— | | | Y001
ML
_| li
X003 Xoos
sl —— | (m
HL
4| li
Figure 9.2

1. Select the Delete free-drawn line icon or press the ALT F9 keys.
2. Move the cursor to the X1 contact and then move the cursor down one position to
delete the vertical line.

x000 %001 To
o } | | | fuc 201 o |
Mo
S
xooz X004 nl
el (m
Y000
]
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3. Move the cursor now back over the normally closed TO contact.

4. Select the Free line draw icon or press the F10 key and then holding down the left-
hand mouse button move the cursor down one position and then left, to join up with
the normally open contact MO.

®0oo 0oL 0

of— b—— 4 e om om
u ]

I

Xooz X004 M1

" b m
Tooo

_||7

5. Press F4 to convert.
6. As can be seen, the use of the Free Line and Delete options can speed up the drawing
of a ladder diagram.
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Safety

In any industrial design, safety must be a first priority in that the designer(s) must take
all reasonable steps to ensure a person or persons cannot be harmed in any way whilst
the system is being operated.

There are now European Machinery Safety Standards, which also include the control
systems of the machinery. These can be summarised as follows:

1. All emergency circuits such as emergency stop buttons and safety guard switches
must be hardwired and not depend on software, i.e. PLCs or electronic logic
gates.

2. A designer(s) must carry out a risk assessment procedure. In addition the procedure

must be documented for possible inspection at any time.

. Implement any changes to the design to limit any risk, as far as possible.

4. Ensure that where there are remaining risks, the use of safeguards must be imple-
mented into the design.

(98]

A company, which specialises in all areas of safety technology including safety relays,
is PILZ International.
For further details visit the PILZ website, www.pilz.com.

10.1 Emergency stop requirements

Figure 10.1 represents an emergency stop circuit which is used to protect against a
Category 2 fault condition.

With a Category 2 fault condition, the emergency stop circuit must meet the follow-
ing requirements:

1. It is independent of software and digital logic circuits.

2. The emergency stop button should be wired to a safety relay circuit, i.e. one in which
the relays use positive guidance contacts.

3. Have in-built redundancy, in that it is has more than one internal safety relay,
e.g. R1 and R2.



112 Mitsubishi FX Programmable Logic Controllers

10.2 Safety relay specification

To meet the requirements of a Category 2 fault situation, the safety relay must have the
following specification:

1. A safety check prior to the system being started up will only allow the system
to continue starting up, should no fault be found. This is done as follows:

(a) Ensure the emergency stop circuit is made;

(b) A cross-check circuit, i.e. R3, which checks whether R1 or R2 is held stuck in the
closed position;

(c) By using positive guidance contacts, check whether any of the output contacts
have become welded together. The positive guidance contacts ensure that none of
the normally closed contacts can reclose, if any of the normally open contacts
have become welded together.

2. A mains failure facility, which ensures that if there is a mains failure, the outputs
cannot be automatically re-energised, when the mains supply is restored.
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10.3 Emergency stop circuit = PNEU1

FX2N PLC
TYPE MR
230 V L
MAINS N
SUPPLY E
+24V
[
S/S
RUN — RUN
START L
CYCLE > X0
STOP
CYCLE X1
A-— Lo o X2
A+ —L/C X3
B_ L X4
B+ L—o" o X5
SOL A — ) YO
SOL B —( ) Y1
I 1=
T
T=
=—— R3a
+
24 Volt
Power Supply
R1b R2b R3
RESET o 1/ 1 ( — R1, R2 and R3
are electro-magnetic
R3b R1 safety relays
EMERGENCY 't ( —
STOP
Rlc
R3c R2
f ( r—
R2c

Figure 10.1
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Principle of operation

1.

(98]

10.

This circuit is designed to operate should a single fault occur, i.e.

(a) Only one relay will stick in the closed position.

(b) Only one normally open contact will be weld closed.

(c) If either fault should occur, then this will be detected when the reset button is
operated.

Assume for example the emergency stop button was pressed due to the occurrence

of an equipment breakdown. The problem has now been rectified, the emergency

stop circuit is remade and the system is about to be restarted.

The reset push button is now operated.

Relay R3 will now operate via the normally closed contacts of R1b and R2b

provided the following has not occurred:

(a) Neither safety relay R1 nor R2 has stuck in the closed position.

(b) None of the normally open contacts R1a and R2a have become welded together.

Either of the faults (a) or (b) will prevent the normally closed contacts, R1b or R2b,

being able to re-close and hence this ensures that R3 cannot operate.

. With R3 operating, then both safety relays R1 and R2 will now operate, via their

respective contacts R3b and R3c. Both R1 and R2 will then latch over their own
contacts R1c and R2c¢ respectively. Also the normally open contacts, R1a and R2a
will close.

. As relays R1 and R2 have now operated, their normally closed contacts R1b

and R2b will open causing relay R3 to drop out and hence the R3a contact will
remake.

. Hence it can be seen that before relay R3 operates, it cross-checks there are no

problems with relays R1 and R2.

. Therefore before power can be connected to the PLC outputs, the states of the

safety relays must be as follows:

(a) Relay R1 operated;

(b) Relay R2 operated;

(c) Relay R3 not operated.

With the R1a, R2a and R3a contacts closed, power can now be fed to the outputs of
the PLC, via COM1.

The PLC can now be operated.

(a) Switch to RUN;

(b) Operate the start cycle push button to start the system.

If the emergency stop button is pressed at any time during the cycle, then both R1
and R2 should drop out.

10.4 Safety relay = fault conditions

When the emergency stop button is operated, the power supply to the PLC outputs
must be disconnected.

The safety relay is designed to ensure that should there be a single fault condition

within the safety relay, the output circuit power supply will still be disconnected.



Safety 115
The possible faults within the safety relay are:

1. Sticking relay
2. Welded contacts.

Sticking relay

If one of the relays should stick in, then since this is only a single fault, the other relay
will still be able to drop out and hence break the power supply circuit.

Welded contacts

When the emergency stop button is pressed, the circuit is designed to ensure that one
relay will remain energised for a few milli-seconds longer than the other.

The effect of this is that if there is a high level of current flowing into an inductive
circuit then there will be arcing across the first set of contacts to open, which may cause
those contacts to become welded together and for the external current to start flowing
again.

When the second set of contacts open a few milli-seconds later, there has been
insufficient time for the current to rebuild up to a high enough level in the inductive
circuit to cause arcing across these contacts when they open. Therefore, these second set
of contacts will open without any problems.

10.5 System start-up check

At the start up of the system after the emergency stop button has been operated or after
a mains supply shutdown/failure, the safety relay now carries out an internal check to
determine whether or not there is a fault within the safety relay.

1. On operating the reset button, if there has been a fault condition, and one of the
relays, either R1 or R2, has stuck in, or one of the R1a or R2a contacts has become
welded together, then the respective contact, i.e. R1b or R2b, will not be able to
close. Hence when the reset button is pressed, relay R3 will not energise.

2. Therefore, power to the PLC outputs cannot be restored, until the fault condition
has been rectified.

3. Should the emergency stop button have been pressed or there has been a mains
supply shutdown/failure, then both R1 and R2 will drop out.

When the mains supply is restored, then R1 and R2 will not automatically
re-energise, since their latch circuit contacts i.e. R1c and R2c will be open.

Provided there are no fault conditions and the emergency stop circuit is made, then
when the Reset button is pressed, relay R3 will re-energise to enable the system to
restart.
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Documentation

The documentation of a ladder diagram is an essential part of the design process. In that
without good documentation, those people who are responsible for maintaining any
system controlled by a PLC, will have great difficulty in understanding how the system
operates.

There are three ways a PLC ladder diagram can be documented, these are:

1. Comments
2. Statements
3. Notes.

1. Comments
A ladder diagram can be commented by associating a meaningful name to a device

X0
ie. ——
Start

The comment Start is associated with the input device XO.
2. Statements
A statement is used:
(a) At the start of the program to describe its overall purpose.
(b) At selected points within the program, for example at the start of a section
dealing with analogue to digital conversion (ADC).

; PNEU1
;Control of a Pneumatic Process

X0 X1 TO
0 —/} [MC NO MO ]
MO
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3. Note
A note is associated with an output and can be used to describe what the output is
being used for in the control process, i.e. Energise Piston A.

* <Energise Piston A >
X2 X4 Ml
7 H A (¥o )]
A- B- A&B SOL A

PNEU1 - comments

The following comments will now be added to the ladder diagram, PNEUI.

Device Comment
X0 Start
X1 Stop
X2 A—
X3 A+
X4 B—
X5 B+
YO Sol A
Y1 Sol B
MO Start Cycle
M1 A&B FWD
TO S-sec delay

11.1 Comments
Comments can be displayed on the ladder diagram in one of the following formats:

1. five characters per row up to a maximum of three rows;
2. eight characters per row up to a maximum of two rows;
3. eight characters per row up to a maximum of four rows.

To select the format best suited to a particular application refer to pages 125 and 128.

The format of five characters per row up to a maximum of three rows, will be used
throughout this chapter.

For example, the comment for MO is entered as StartCycle, i.e. without a space
between Start and Cycle.
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This ensures that when the ladder diagram is displayed with its comments, the
comments will be displayed neatly as shown below.

X000 X001 TO
o | | 1t
Start Stop 5 Sec
delay
MO
—
Start
Cycle

Entering comments

fMC

NO

Mo 1
Start
Cycle

To enter the comments listed on page 117 into the PNEUI1 project, the following
procedure will be used.

1. Ensure the project data list is displayed on the left of the ladder diagram (see Figure 11.1).

| Project Edit Find/Replace Convert | Wiew Online Diagrostics Tools ‘Window Help =
Olezlig &= LComment Cirl+F5 N pied ER i A [ P
| |.‘ % 36| ‘| | Statement Chl+F7 ﬁ ) 9|g| | ”""‘L'_| <>'| %ﬂ|®|
> Mote CHlFg = o {}|%‘ S| A1k U] YrE e | ‘—
[Prograr ] e o ﬂ 7 | 5| s | 0| sF1]<Fa|sFr|oFs o
Alias Al+Chil+FE
¥ooo Xool
o— B —nc Ho Mo 1
MO Comment formnat
_| Alias farmat digplay
Device program display mode
®00z X004 Tonlhar
- - {
? - v Status bar Y000
Fooo Zoom ...
«003 w004 Project data display format
]-2—| |—| l—— Instiuction list Al+F1 {7001
Fo0L Set the contact
_| '7 Elapsed time
®003 Xoos
] R m
M1
Figure 11.1

2. Alternatively select the project data list icon, shown in Figure 11.2.

Figure 1

1.2
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3. From the project data list, select the following:
(a) Device comment
(b) Comment.
4. The display now becomes as shown in Figure 11.3.

Device name j Digplay

Device hame Comment Alias -
*ooo —
¥00o1
¥00oz
*003
xoo4
¥005
¥006
*0ao7
®010
¥011
X012
¥013
¥014
®015
*01la
¥017
X020
¥021
¥022
*023 p

Figure 11.3

5. (a) Enter X0 into the device window;

(b) Select display;

(c) Enter the following comments for X0 to X5 (see Figure 11.4).
Y outputs
To enter the Y output comments, carry out the following.

1. (a) Change the device name to Y0, as shown in Figure 11.5;
(b) Select display.
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Device name [+0 _:J Dizplay

Device name Conment Lliaz

X0oa Start

ool Stop

xonz &-

x003 A+

xood B-

xons B+

X006

xoo?

x0lo

x01l1

xola

X013

xol4d

x0l5

xola

x0l17

xoz0

XOEL

Figure 11.4

Device name | 7000 _:J Dizplay

Device name Comment Alias

Toon

¥ool

Yooz

Too3

Tood

Too5

Tooa

Too?

¥ol0

Toll

Tolz

Figure 11.5



2. Enter the Y0 and Y1 output comments.

(a) Sol A
(b) Sol B (see Figure 11.6).

Documentation

Dewcename|YDDD

_:J Diigplay

Device name

Conment

Alia=

Taaa Gol A

Yool Jol B

¥ooe

T003

¥ood

¥O05

T00a

¥y

¥alo

TOll

¥Ola

Figure 11.6

M coil comments

Dewcename|MU

_:J Diigplay

Device name

Comment

Alia=

MO StartlCycle

M1 AzE FD

Mz

M3

M4

M5

Ma

M7

ok

M3

Mio

M11

Mlz

Figure 11.7

Note: Enter the comments exactly as shown in Figure 11.7.

121
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This will ensure that the MO comment for example, will be displayed on the ladder
diagram as shown below.

X000 X001 TO
o} I} A fMC  NoO MO 1
Start | Stop 5 Sec Start
delay Cycle
MO
Start
Cycle
Timer comments

Enter the TO comment using as before, five characters per row (see Figure 11.8).

Device name |TE| j

Device name Comment Aliaz |2}
TO 5 Secdelay =
T1
Tz
T3
T4

Figure 11.8

To return to the ladder diagram, double click on program MAIN, as shown in Figure 11.9.

EI-- prieu]
El Program

[l

E@ D evice comment
- %] COMMENT

-] Parameter
Bl Device memary

Figure 11.9
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11.2 Statements

The following statements will now be entered, using the procedure described on the
following pages.

(a) Line 0

PNEUI

Control of Pneumatic System
(b) Line 20

Timer Section

Entering the statements

To enter the statements carry out the following:

1. Press F2 to ensure the ladder diagram is in Write mode.
2. Select Edit.
3. Select Documentation.
4. Select Statement.
5. The display will then return to the ladder diagram.
6. Double click on the input X0, where the line statement is to be positioned.
7. Within the line statement window, enter PNEU1 <ent> (see Figure 11.10).
Z0ooo X001 TO
0 I I | M [me ND M0 X
o Enter line statements x|
— e PHELI
+ Separate it
Z002 X004 Ml
7 | | ] A {yooo
¥ooo
—

Figure 11.10

8. Note
(a) The term ‘separate’ indicates that the statement cannot be downloaded and
saved in the PLC.
(b) The term ‘Embedded’ indicates that if this option could be selected, then
statements could be downloaded and saved within the PLC. However this
function is only available with the Q Series range of PLCs.
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9. Press F4 to convert the statement so it becomes integrated with the ladder
diagram.

10. Double click on X0 again and enter the following statement:
Control of Pneumatic System <ent> (see Figure 11.11).

Enter line statements

-
Contral of Preumatic System
¥ Separate Euit

Figure 11.11

11. Press F4.
12. At Line 20 double click on M1 and enter the statement Timer Section <ent>
(see Figure 11.12).

1 wooz woog k&0

20— b — —— | (10

k" F nter line statements - [MCR m0 1
' K.

e — Tirmer Section
¥ Separate |

[EMD ]
E =it

=[5

Figure 11.12

13. Press F4.

11.3 Display of comments and statements
The following describes how the comments and statements can now be displayed.
1. Ensure the ladder diagram PNEUI is being displayed.

2. From the main menu, select View.
3. Select Comment (see Figure 11.13).
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Comment

Statement Ctl+F7
MNote Chrl+F3
Aliag Al+Crl+FE

Comment format k
Aliaz format dizplay »
Device program display mode k

Toalbar ...
v Status bar

£oom ..

Project data list Alt+0
Project data dizplay format k

[ nigtuction ligt Al+F1
Set the contact k

Elapzed time

Figure 11.13

4. Select the main menu once more but this time, select Statement.
5. Selecting comment and statement as described above, will now enable the comments
and statements to be displayed on the ladder diagram.

11.4 Comment display = 15/16 character format

To ensure the comments are displayed in rows of five characters per row, carry out the
following.

Select View.

Select Comment format.

Select 3 * 5 characters.

This indicates that the comments can be displayed in rows of five characters with
a total of three rows, i.e. a maximum total of 15 characters per comment (see
Figure 11.14).

b



126  Mitsubishi FX Programmable Logic Controllers

View Online Diagnostics Tool: Window Help

v Comment Ctil+F5 e ey [

v Statement Chil+F7 ﬁ MM
Hate Chl+F8 j 4:}|{}|%~‘:—| *
Alias asCulers P L1 61510

Cormment format 2 * 8 characters
Aliaz farmat dizplay * 3% 5 characters

Device program digplay mode »

Toolbar ...
v Statuz bar

Zoom ...

Project data lizt Alr+0
Froject data dizplay format r

[mgtruction lizt Al+F1
Set the contact 3

Elapsed time

Figure 11.14

5. Alternatively, the comments can be displayed in either two rows of eight characters
per row, i.e. a total of 16 characters, or four rows of eight characters per row i.e. a
total of 32 characters.

6. The procedure for obtaining ecither a total of 16 characters or 32 characters is
described on page 128.

7. The display will now return to the ladder diagram with the comments and statements
now displayed.
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PNEU1 = comments and statements

e PNEUl

Control of Pneumatic System

X0 X1 TO
o H - —/F IMC NO MO 1
Start|Stop 5 Sec Start
Delay Cycle
MO
Start
Cycle
NO MO
X2 X4 M1
7 H (v )
A- B- A&B Sol A
FWD
YO
Sol A
X3 X4
12~ | (1 )4
A+ B- Sol B
Y1l
Sol B

(Continued)
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X3 X5
16 H - (ML)
A+ B+ A&B
FWD
M1l
A&B
FWD
* Timer Section
M1 X2 X5 K50
20 H - | (To )
A&B A- B+ 5 Sec
FWD Delay
26 [MCR NO 14
28 [END ]

11.5 Comment display = 32 character format

In very large projects, where there are thousands of inputs and outputs, the use of only
15 or 16 characters to describe all of the I/O may be insufficient.

In such circumstances the use of 32 characters for each comment may be necessary.
To obtain this facility the following set up has to be carried out.

From the Tools menu select Options.

The display now appears as shown in Figure 11.15.

Select Whole data (see Figure 11.16).

Note that the Device comment edit/show no., i.e. the total number of characters
allocated to each comment is 16.

Change this to 32.

Select OK.

From the main menu, select View.

On selecting the Comment format once more as shown in Figure 11.17, it can be seen
that the format can now be either of the following:

(a) 4 x 8 characters

(b) 3 x 5 characters.

B =

el AN g
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[Shift the program forward)

" 1 ladder block.
[Dan't shift the praaram fonsard]

Comment input

[ Continues during cormmand write
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[ Checks for double coils during write
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Cancel

Figure 11.15

Options

Program common l Each program

Cormoh device comment

All common data
Orline

Estended setting
-

Device comment edit/show no. |16

[ Autozave [Save when window iz closed or after ladder iz converted)

[~ PLC read / PLC write Memarize file selection.

tl
-
[/

Cancel

Figure 11.16
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Yiew Orline Disgnostics Tools Window  Help

v Comment Chrl+F5 i i S
Chl+F7 | T+ 8

v Statement

HNote Chl+Fa j O[]
Alias aheCrlere P4 L1 81910

Comment format 4 * 8 characters
Aliaz farmat dizplay * 3% A characters
Device program dizplay mode r

Toolbar ...
v Status bar

£0oom ...

Project data list Alt+0
Project data display format r

[htruction ligt Alt+F1
Set the contact r

Elapszed time

Figure 11.17

9. Where 32 character comments are required then 4 * 8 characters would be selected.
However, to neatly display the comments entered earlier, ensure the 3 * 5 characters
format is selected.

11.6 Notes

The following notes will now be entered against the outputs YO0 and Y1.

(a) YO Energise Piston A
(b) Y1 Energise Piston B.

1. From the main menu, select Edit.

2. Select:
(a) Documentation
(b) Note.

3. After selecting Note, the display will automatically return to the ladder diagram.

4. Double click on the output Y0, and within the Enter Note window enter, Energise
Piston A (see Figure 11.18).

5. Select OK to return to the Ladder Diagram.
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Xooz Xoo4 nl
| || |
T— | | } _p s 7000
A- E- LzE . 50l 4
FID Enter Mote X
———
& |Energise Piston &
* Separate Esit
Fooo
Sol &
X003 xoo4
12— | | } (Yool
At B- 50l B
Tool
Sol B

Figure 11.18

6. Press F4.

. Repeat the procedure to enter the following note with the output Y1.
(a) Double click on output Y1

(b) Energise Piston B (see Figure 11.19).

. Select OK to return to the ladder diagram.

9. Press F4.

HO02

£ ¥000

A

¥ooo

ol A

003

ALE Sol A
FWD

ool

A+

¥001

—]

ol B

Sol B

Energize Piston B
¥ Separate K Esit

x|
-
|

Figure 11.19
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11.7 Segment/note = block edit
To view or edit any of the statements or notes, carry out the following.

1. Select Edit.

2. Select Documentation.

3. Select Statement/Note block edit.

4. The display now becomes as shown in Figure 11.20.

Statement/Mote block edit

Line ztatement l P statement | | statement | Mate |

* Step Line statement e
i E 0[Pneul ||
z # Control of Preumatic System
3 * 7
4 * 1z
5 * 18
& * 20| Timer Zection
7 * ZE

nane * In PLC statement/note = In penipheral statement/note

Type Edit Search
" Fove Jumnp

e - ; hd
= Insertline | Addline || & (e Top | J 0K
Delete line " Ladder Bottom Top Bottom
| Q 4 Cancel

k| |

Figure 11.20

5. Select Note to obtain the display shown in Figure 11.21.

Statement/Mote block edit X

Line statementl P statementl | staternent

* Step HNot e
1 # d
z * 11 |(Energise Piston &
3 # 15|Energise Piston B
4 # 132
5 * 23
& # ZE

none * |n PLC statement/note  * |n penipheral statement/nate

Tvpe Edit Search
¥ Move Jump

[.(: o Top | ﬂ K
| - Eattam Top Battom —

2 AR

Figure 11.21
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11.8 Ladder diagram search using statements

Where a project has been fully documented, i.e. statements have been used at the start of
each major section in the ladder diagram, then the statement/note block edit function
can be used to jump to the start of the section, where the statement is displayed.

This can be extremely useful for fault finding, in that if problems are occurring at a known
section of the ladder diagram then the statement at the start of that section can be selected
and by then selecting jump, the ladder diagram starting at that section will be displayed.

1. Ensure that the line statements are being displayed.
2. Select the line statement number, i.e. no. 6 for the Timer Section.
3. Line 6, step 20 now becomes highlighted, as shown in Figure 11.22.

Statement/Note block edit

Line statement ] P statement | | statement | Note |

Sten Line statement -
1 o|rHEUL |
z Control of Pneumatic System
3 7
4 12
5 * 1&
5 " m Timer Section
2 w

ZE

naone ® In PLC statement/note = I peripheral statement/note

Type Edit Search
#r Move Jump

E: Inzert line Add line * Line Top | ﬂ

Delete line " Ladder Bottom Top Battom

Figure 11.22

4. Select Jump.
5. Select OK.
6. The ladder diagram now appears as shown below, starting at line 20.

Timer Section

M1 X2 X5 K50
20 H — | (To )
ASB  A- B+ 5 SEC
FWD DELAY
26 [MCR NO 1

28 [END 1




134 Mitsubishi FX Programmable Logic Controllers

7. Repeat the process to jump to the start of the ladder diagram by selecting the
statement PNEUI.

11.9 Change of colour display

When displaying comments, statements and notes on the ladder diagram, the default
colour is green. To change them all to a different colour i.e. black, carry out the following:

1. Ensure the ladder diagram PNEUI is being displayed.
2. From the main menu, select Tools.

3. Select Change display colour.

4. The display now becomes as shown in Figure 11.23.

| 3¢

—Curgor color————————— ~ Color of the ST edit window —

— Character/Chart colar

. Marmal window . Ovenarite . Comment

. b anitor data . Inzert . Control syntas
. Label

— Backaround colar —5SFC zaving step color

J Marmal window . i

J Unconyverted . SE
J Convergion ermor . 5T

— Device comment ¢ Label comment color

. Common / Global _
i Default setting E

. Each program ¢ Local
] |
Cancel |

Figure 11.23

5. Select Common/Global and from the colour palette, which is now displayed, select
black.



Documentation 135

6. Select OK to return to the above display.
7. Select OK once more, to remove the Change display colour menu.

11.10 Display of comments, statements and notes

The following describes how comments, statements and notes can be displayed (see
Figure 11.24).

Ensure the ladder diagram PNEUI is being displayed.
From the main menu, select View.

Select Comment.

Repeat the procedure for:

(a) Statement

(b) Note.

b

Yiew Online Diagnostics  Tools  Window H
v Comment Ctil+Fh
v Statement Ctrl+F7
v Mote Chil+F3
Aliaz Al+Cirl+FB

Coarmment format k
Aliaz farmat digplay »
Device program dizplay mode k

Toolbar ...
v Status bar

200 ...

FProject data list Al+0
Froject data display format »

[mstuction hist Alt+F1
Set the contact 3

Elapzed time

Figure 11.24
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PNEU1 = comments, statements and notes

e PNEUl

e Control of Pneumatic System

X0 X1

TO
{/}

o H |

Start|Stop

MO

Start
Cycle

NO MO

5 Sec
Delay

[MC NO

* <Energise Piston A

YO

Sol a

| /1
1/1
A&B

* <Energise Piston B

2 H b |

Y1l

Sol B

MO 14
Start
Cycle

(Yo )
Sol A

(vl )
Sol B

(Continued)
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X3 X5
16 — | (M1 )
A+ B+ A&B
FWD
M1
A&B
FWD
* Timer Section
M1 X2 X5 K50
20 H — - (T )
A&B A- B+ 5 Sec
FWD Delay
26 [MCR NO 11
28 [END ]

11.11 Printouts
This section describes how to obtain a printout of the following:

Title page
Header

Ladder diagram
Parameters
Page numbers.

1. Select the following:
(a) Project
(b) Print.
2. If necessary modify the display so that it appears as shown in Figure 11.25.
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Print

PLC parameters ] Hetwork, parameters ] Device comment ] Device memary ] Device init ] TEL ]
Crozs reference list ] Ligt of uzed device ] TLC zetting ] Project contents lizt ] Product information ligt ]
Tide | MELS&P23 | MELSAPL  Ladder | instuctionlist | ST | LabelFB | Stucture |

Frogram selection

: P el

Additional infarmation MBI
W Device comment [ ( 4=3 (F 3°§5 |
¥ Statement/note
[ Alias
[ & r ]
[ Contact user
Frint pozition i
Pri [+ i .
"nt_ =lfe}= Frint range
[ Coil user & Al
Pririt ratge fe - .
" Specified

|_F'rint conditions li li

W Fenews page at each ladder block unit

[In caze of blocks under converzion, before
printing make sure that conversion is

I completed )

Ladder contacts |Inu:|icati|:un the: zame ﬂ

[ Prints the blark lines with no device comments

Frinter setup ‘ Page zetup | tultiple printing ‘ Print Print prewiew

Figure 11.25

Title page

1. To obtain a title page, select Title from the upper print menu.
2. Enter some meaningful text, as shown in Figure 11.26.
3. Select Ladder from the upper print menu, to return to the main print menu.

Header
The header is text that can be printed at the top of every page, which is printed out.

1. From the lower print menu, select Page setup.
2. The display now becomes as shown in Figure 11.27.
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Pint

PLC parameters ] Metwork, parameters ] Device comment ] Device memory ] Device init ] TEL ]
Crozs reference list ] Lizt of uzed device l TLC zetting ] Praject contents izt ] Product infarmation list ]
Tile | MELSAP23 | MELSAPL | Ladder | Instuctionlist | 5T | LabelFE | Stucture |

Title zetting

¥ Frame

PLC Systems J
Dezign and test of a Preurnatic Contral Szten

Crate:

Designed:

Tested

" o

Printer setup FPage setup Fultiple printing Print Prift presig Cloze

Figure 11.26

3. Select Edit header and enter a one-line description of the project i.c. Pneumatic
Controller-PNEU1 (see Figure 11.28).

4. Select OK to return to the page setup menu.

Page numbers

1. To obtain page numbers select Page setup, as shown on page 138.
2. Ensure the Page No. setting is as shown in Figure 11.29.
3. Select OK to return to the main print menu.
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=~

ETI

Page zetup
Paper
SizelZ) |44 210 % 297 mm
Paper zupply |L| .
method[S) Ppertray

Print arientation

& Yertical (0]

™ Horzontalld)

Page Mo, zetting

~

arging [millimeters]

Left[L] |20mm Right (R]  [20mm
Top[T] |[25mm Battom (B] [25mm

Page Mo. farmat |N|:|ne
Mo, position |Eenter
Iritial walue |‘I

A

A
=1
=

o]

T

H'

Camman header zethng

Edit header

Camman footer setting

E dit fonter

Cancel | Frinter setup(F]... |

W Header

[ Foater

Figure 11.27

Edit header

Prieumatic Controller - PHELN

K

] DKl

o

Cancel

Figure 11.28
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Page Mo. zetting

Page Mo. format - j
Mo, positioh |I:enter j
Initial walue |1 jl

Figure 11.29

11.12 Multiple printing

1. To obtain the printouts it is now necessary to select Multiple print and tick the
following as shown in Figure 11.30.

(a) Title

(b) PLC parameter

(c) Ladder.

Frint itemsz A
v i |_1; Cancel
W PLC parameter I_ET

. I_: End zetup
[ MELSAPZ3 |_3 :

B I__

¥ Ladder 4;

[ Instruction list F—

B I_:

B I__

I I—:

[T TC zetting I_E :

[T Device comment l_? :

[T Device memory 5=

B I_:

[ List of device used q—=

[ Crozz reference list m;

[ Project contents list m :

™ TEL m;

B I__

Figure 11.30
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2. Select Print.
Select Yes, to send the print data directly to the printer.
4. The following will now be printed out with consecutive page numbers.
(a) The title page
(b) The parameters
(¢c) The ladder diagram PNEUI including the header, comments, and statements.

bt

Title page

Pneumatic Controller — PNEU1

PLC Systems
Design and test of a Pneumatic Control System
Date

Designed
Tested
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PLC parameterslist = 1
Pneumatic Controller — PNEU1

| Title | [ ]
1 | Memory size [ 8000]
2 | Program size [ 7000] step
3 | Comment size { 12(1(?(;(])(;:;
4 | File register [ 0] block
[ 0] pt
[Pyt |
1 | Batteryless mode <OFF>
2 | Modem Initialization <None>
3 | Run Contact x [000]
4 | Communication setting
Protocol
Data length
Parity
Stop bit
Baud rate
Header
Terminator
Control line
H/W type
Control mode
Sum check
Trans control Proc
StationNo. Setting [ 1H
Time out [ ]1x10ms

Note: The Program size has been reduced from 8000 steps to 7000 steps, for as will be shown later
1000 points, i.e. the equivalent of 1000 steps will be allocated for saving Comments within the PLC.
Refer page 146.
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PLC parameterslist =2
Pneumatic Controller — PNEU1

Device set

Device name Sym Device Device range Latch range
pt
Internal relay '] [ 3072]pt | [ 0]—-[ 3071] 500]--[ 1023]
State s |[1000]pt [[  0]--[ 999] 5001--[ 999]
Timer T [ 256]pt | [ 0]——-[ 255]
Counter (16bit) C [ 200]pt | o]-——[ 199] 100]--[ 199]
Counter (32bit) c [ 56]pt | [ 200]—[ 255] 220]--[ 255]
Data register D [ so00lpt | [ 01—[ 7999] 200]--[ 5t1]
RAM File register D
1/0 set
Device name Sym Device Device range
pt
Input relay X [256]pt {000]--[377]
Qutput relay Y [256] pt [000]--[377]




16

; Timer

20

26

Pneumatic Controller - PNEU1

: PNEU1

:Control of Pneumatic System

X0 X1 TO

o H i

Documentation

Start|Stop

[MC NO MO 11
5 Sec Start
Delay Cycle
MO
Start
Cycle
NO MO
Start
Cycle
X2 x4 M1 * < Energise Piston A >
7 H o )]
A- B- A&B Sol A
FWD
YO
Sol A
X3 X4 * < Energise Piston B >
12 - (Y1 )
A+ B- Sol B
Y1
Sol B
X3 X5
— | (ML)
A+ B+ A&B
FWD
M1
A&B
FWD
Section
M1 X2 X5 K50
L | | | |
_{Illl[ (TO )
A&B A- B+ 5 Sec
FWD Delay

29

[MCR NO 1

[END ]+
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11.13 Saving commentsinthe PLC

Documentation as mentioned previously is essential for easier fault finding, therefore by
saving the comments within the PLC itself, they are immediately available when the
program is uploaded.

This is obviously a very useful feature, if for some reason the fully documented
master disk cannot be obtained.

The main disadvantage with saving comments within the PLC is that they require
being stored in the RAM area of the PLC and hence they reduce the memory available
for program use.

For example if 1000 points, i.e. 2000 bytes of memory is reserved for storing com-
ments, then the number of steps available for the program falls to 7000.

Refer Note of page 143 PLC parameters list — 1.
Note: With the FX range of PLCs, statements and notes cannot be stored in the
PLC.

Procedure for storing comments

1. Obtain the project data list by selecting:
(a) View
(b) Project data list.

2. The project data list now appears on the left hand side of the display as shown in
Figure 11.31.

——— ﬂ " FMELT
" Control of Preumatic System
=] preul #0001 To

B a | [rC ) rA0
.. Program i i ,I 1 1
%] Device comment Start Stop 5 Sec Sitart
- Parameter delay Cyele
Device memony M0

—

Start

Cycle

MO~ R

Stark
Cycle

Figure 11.31

3. Double click on PLC parameter to obtain the FX parameter display.
4. Ensure the option Memory capacity has been selected.
5. Reserve two blocks of memory for storing comments (see Figure 11.32).
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FX parameter

lDevice ]F'LE name ]I.f'EI azzignnment ]F'LE ayztem(1] ]F'LC ayztem(2) ]

Mermary capacity

g000 -

Comments capacity

2 Block [0 block to 15 block) 100 Paints

File register capacity

1] Black [0 bBlack ta 14 black] ] Paints

Program capacity

Fo0o Stepz

Default Check End Cancel

Figure 11.32

6. Note
(a) There is an error in the display in that the allocation of two blocks of comment
capacity corresponds to 1000 points and not 100 points. (refer PLC parameters,
page 143).
(b) The program capacity has been reduced from 8000 steps to 7000 steps.
7. Select End to return to the ladder diagram and project data list display.

Downloading the comments to the PLC

To download the ladder diagram and the comments to the PLC, carry out the
following:

1. Select Online.

2. Select Write to PLC.

3. Click on Select all, so that COMMENT is now included as part of the download
selection.
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4. The display now becomes as shown in Figure 11.33.

Connecting interface |':|:”“‘1'I FanN |F'LE module
PLC Cannection Station Mo, [Host  PLC type  [FX2MIC]

| [ |

File selection l Device data] Plogram] Eommon] _mecme
Cancel al seleclinns|

Faram+Frog ‘
Cloze
=255 Program
fht] . gMﬁl‘-.IN Related functions

0 E Evgghi;rgnim Tranzfer zetup...
=] Parameter Femword setup. .
b4 PLC parameter
Remate o<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>