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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, FX1N and the FX2N,
unless otherwise stated.

For example the FX1S programmable controller cannot be used for:

1. Input/output expansion
2. Floating point arithmetic
3. Analogue to digital conversion
4. Digital to analogue conversion.

Since I wrotemy 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 GPPWin 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 GXDeveloper software fromMitsubishi Electric is available as a download from

the companion site to this book:

http://books.elsevier.com/companions/0750656794
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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.1. 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 TheMitsubishi 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.



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 0V 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.

xxii Glossary



1

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.

2. Easily maintained and repaired.
3. More reliable in a plant environment.
4. Smaller than its relay equivalent.
5. Cost-effective in comparison with solid-state and relay systems, then in use.

1.1 BasicPLC 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.



2. 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.

3. 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.

4. Power supply
The power supply is used to provide the following DC voltages from the 240V 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 ofPLC andRELAYsystems

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

rarely fail
Poor – relays require constant
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:

1. Programs can be designed using conventional relay ladder diagram techniques.
2. Test if the program is valid for use on the chosen PLC.
3. Programs can be permanently saved either on a computer’s hard disk or on floppy disks.
4. Programs can be re-loaded from either the hard disk or the floppy disk.
5. Ladder diagram contacts and coils can be annotated with suitable comments.
6. Hard copy printouts can be obtained.
7. The program can be transferred to the PLC, via a serial link.
8. The program within the PLC can be transferred back to the computer.

2 Mitsubishi FX Programmable Logic Controllers



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.

2. The drop-down menus are selected using a mouse.
3. All of the functions can be accessed using an icon, instead of the drop-down menus.
4. Ladder diagrams can be entered more quickly.
5. Modifications can be easily carried out.
6. Improved monitoring facilities, i.e. direct monitoring of the contents of a special

unit’s buffer memory.
7. Fault-finding diagnostics.
8. Improved documentation, i.e. notes.

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.

Themain considerations thatmust 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.
(a) How many can the system support?
(b) Is an external power supply required?

Introduction to PLCs 3



1.6 Base unit, extension units and extension blocks

Figure 1.1 shows a base unit along with 2� 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

24VDC supply

The FX2N has a 24V 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
250mA.

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

1.8 Smaller FX2NPLCs

A ¼ Number of additional outputs FX2N-16M* - E**! FX2N-32M* - E**
B ¼ Number of additional inputs FX2N 32E* -E**
C ¼ Invalid configuration

24
16
8
0

25
100
175
250
0

50
125
200
8

0
75
150
16

C

25
100
24

50
32

A

B

Available current (mA)
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1.9 LargerFX2NPLCs

A ¼ Number of additional outputs FX2N 48M* - E**! FX2N-128M* - E**
B ¼ Number of additional inputs FX2N 48E* - E**
C ¼ Invalid configuration

1.10 5VDC 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) 290mA
FX2N - **E * - ES (ESS) 690mA

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.

48 10
40 85 35
32 160 110 60 10
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

B

A
C

0 8 16 24 32 40 48 56 64

Available current (mA)
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Model Description No. of I/O
Supply from
PLC 5V bus

24V supply
current

FX2N-4AD Analog to digital converter 8 30mA 200mA
FX2N-4DA Digital to analog converter 8 30mA 55mA
FX2N-4AD-PT PT100 probe interface 8 30mA 50mA
FX2N-4AD-TC Thermocouple interface 8 30mA 50mA
FX2N-1HC High-speed counter 8 90mA –
FX2N-1PG Pulse output position control 8 55mA 40mA

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

1.13 Serial number

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

FX2N M R

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

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

R = Output type – in this case relay

16 E S/UL---

Figure 1.2

Serial no.: X 3267

2 = 1992  Production serial number

1–9 = Jan.–Sept
X = Oct
Y = Nov
Z = Dec

2

Figure 1.3
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1.14 PLC inputs

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 10msec. 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 4mA, will result in the PLC
input not turning on.

The current into a PLC input must not exceed 7mA; 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.

1. Push buttons.
2. Rotary switches.
3. Key switches.
4. Limit switches.
5. Level sensors.
6. Flow rate sensors.
7. Photo-electric detectors.
8. Proximity detectors (inductive or capacitive).

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 AC inputs

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.(100–120V 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.

8 Mitsubishi FX Programmable Logic Controllers



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, themaximum-switched current per individual output is 2A.
The PLC will provide groups of 4, 8 or 16 outputs each with a common. The commons

are logically numbered COM1, 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 10msec.

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 85–240V 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. 1msec but

the OFF times are identical, i.e. 10msec.
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, 100mA 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).

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

I source
o X0

X17

o

o o

Figure 1.4

+24 V

I sink
o o

o o

X0

X17

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 ^ blockdiagram

To ensure that all of the input devices will supply the source input current, the user
connects the S/S terminal to the 0V terminal, as shown in 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 þ24V terminal of the internal power supply, the þ24V 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 24V 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.

+

0 V

S/S

24 V

X0

24 V

DC

LEDs
User-connected link

I source

Photo
transistor

To input
image table

–

Figure 1.6
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1.20 Sink inputs ^ blockdiagram

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 þ24V terminal, as shown in Figure 1.7.

Direction of sinkcurrent flow

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

1. From the þ24V terminal of the internal power supply, through the user-connected
link to the S/S terminal.

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

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

4. 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.

5. The input current now flows out of the X0 input terminal, i.e. sink current.
6. 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.

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

1. PNP (source)
2. NPN (sink)

Once selected, only that output type can be used for supplying the inputs to the PLC.
They cannot be mixed.

To input
image table

+

0 V

S/S

24 V

X0

24 V
DC

LEDs

User-connected link

I sink

Photo
transistor

−

Figure 1.7
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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

1.23 PLC ladder diagramsymbols

Inputs X

Normally open contact

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.

PNP (source) NPN (sink)

0 V

S/S

X0

24 V
DC
24 V

DC
24 V

24 V

X0

S/S

0 V

Figure 1.8
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Normally closed contact

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

OutputsY

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 Y0.

When the PLC operates output Y0, then the output device will be energised.

Auxiliarymemory coilsM

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.

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. M0 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.

( Y0   )-
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1.24 PLC address ranges

The following range of addresses are those used for the FX2N 48 I/O base unit.

Inputs Outputs

X0–X27 (octal) 24 inputs. Y0–Y27 (octal) 24 outputs.
Expandable inputs 4–24. Expandable outputs 4–24.

Timers Counters

T0–T199 0.1 sec–3276.7 sec C0–C99 general-purpose (16 bit)
T200–T245 0.01 sec–327.67 sec C100–C199 battery-backed

(latched 16 bit)
T246–T249 0.001 sec–32.767 sec C200–C219 bi-directional (32 bit)

retentive and battery-backed.
T250–T255 0.01 sec–3276.7 sec C220–C234 bi-directional and

retentive and battery-backed. battery-backed
C235–C255 high-speed counters

Auxiliary relays State relays

M0–M499 general-purpose S0–S999 general-purpose
M500–M3071 battery-backed S500–S999 battery-backed
M8000–M8255 special-purpose S900–S999 annunciator

Data registers

D0–D199 general-purpose D200–D7999 battery-backed
D1000–D7999 file registers D8000–D8255 special-purpose
Selectable from battery backup range

V and Z index registers
V0–V7 and Z0–Z7
(16 bit)

1.25 Basic operation of aPLC system

To explain the basic operation of a PLC system, consider the following two lines of program:
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1. When Input X1 closes, this operates internal memory coil M0.
2. The normally open contact of M0 on closing will cause output Y1 to become

energised.

1.26 Blockdiagram ^ basic operation of aPLC system

Input processing

X0
X1

Input
terminals

Input
image

memory

X177
(Max.)

Program processing

X1 M0
       | |

PLC
program

(Gx DEVEL)

Write

Output
image

memory

Read

M0 Y1
        | |             (    )

            (    )

Y outputs
M outputs
Timers
Counters

Write

Y output
processing

Output
latch

memory
 Output
terminals

Y1 (    )

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.

Programprocessing

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.

2. 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. M0.

3. If X1 is ON, then a logic 1 will be WRITTEN into the output image memory in the
location reserved for M0.

4. If X1 is OFF, then a logic 0 is WRITTEN into the M0 memory location.
5. 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 M0.
6. Hence the logic state of the M0 memory location is this time READ from, and if its

logic state is at logic 1 indicating that the M0 coil is energised, this effectively means
all M0 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.

7. However, if the contents of the M0 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.

2. Hence, any output, which is designated to be ON, i.e. Y1, will become energised.
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2

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.

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.

Figure 2.1



6. Delete the items, which no longer are identified by an X, so that the display appears
as shown in Figure 2.2.

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

2.1 Opening a newproject

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 3.
(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.

Figure 2.2
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This is done as follows:

1. From the main menu, select View.
2. Select Zoom.
3. Select Auto.
4. This ensures that the ladder diagram will be displayed within the width of the VDU

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

(a) The main program is FLASH1.
(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.

Figure 2.3
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Figure 2.4

Figure 2.5
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2.3 Ladder diagramnumbers

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

1. From the main menu, select Tools.
2. Select Customise keys.
3. Select MEDOC format.
4. Select OK.

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

1. Normally open contact -j j- <1>
2. Normally closed contact -j / j- <2>
3. Normally open parallel contact j

:
j

:

<3>
4. Normally closed parallel contact j

:
=j

:
<4>

5. Vertical line j <5>
6. Horizontal line — <6>
7. Output coil - _ ^- <7>

This means that the ladder diagram can be constructed by:

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

2.4 Project data list

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.

1. Rename the program name fromMAIN 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.

Figure 2.6
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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 in the top right-hand corner of the project data
list.

Project data list icon

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

Figure 2.7
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3

Producing a ladder diagram

3.1 PLC program ^ FLASH1

The program FLASH1 enables a PLC output, i.e. Y0, to be turned ON/OFF at a
controlled rate.

In this example, the Output Y0 will be ON for 1 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 aMitsubishi FX2NPLC, the programwill be downloaded, run andmonitored.

PLC ladder diagram ^ FLASH1

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 T0 will be enabled via the normally

closed contact of timer T1.



(b) Timer T0 will now start timing out, and after 1 sec, the Timer will operate. This
means:
(i) Any T0 normally open contacts -jj-, will close.
(ii) Any T0 normally closed contacts -j / j-, will open.

2. Lines 5 and 9
There are two T0 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 Y0 will become energised, i.e. output Y0 will turn ON.

3. Line 5
After timer T1 has been energised for 1 sec, it will also operate and its normally
closed contact will open, causing Timer T0 to dropout.

4. With Timer T0 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 Y0 to become de-energised, i.e. output Y0 will turn OFF.

5. 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.

6. 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.

7. Line 9
Hence the output Y0 will be continuously OFF for 1 sec and then ON for 1 sec.

3.2 Entering a ladder diagram

The ladder diagram of FLASH1, 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).

(b) Enter the device name X0.
(c) Select OK.
(d) The ladder diagram now becomes as shown below:

Figure 3.1
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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:

4. Output, timer T0.
Enter the following (Figure 3.2):
(a) 7 for a coil.
(b) T0.
(c) Space.
(d) K10.
(e) Enter.

5. Note:
Unlike MEDOC, a space and not <Enter> is used between the timer T0 and its time
delay value K10.

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

Figure 3.2

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 T0 <ent>.
(b) 7 T1 <space> K10 <ent>.
(c) 1 T0 <ent>.
(d) 7 Y0 <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

3.3 Conversion to an instruction 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:
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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 FLASH1, will now be saved in the folder c:\gxdevel\fxi\flash1.
4. Alternatively, from the main toolbar, select the save icon (Figure 3.4).

3.5 Programerror 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. Y0 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.

Figure 3.4
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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.

Figure 3.5
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Instruction program ^ FLASH1

To obtain the equivalent instruction program for FLASH1, 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 FLASH1.
3. Note:

By toggling the keys <Alt> F1, the ladder diagram or equivalent instruction
program can be displayed.

Ladder diagram ^ FLASH1

Instruction program ^ FLASH1

0 LD X000
1 ANI T1
2 OUT T0 K10
5 LD T0
6 OUT T1 K10
9 LD T0

10 OUT Y000
11 END

Explanation ^ FLASH1instruction 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 T0 to be energised, input X0 is operated AND the input T1
is not operated. This is written in an instruction program as:
LD X0.
ANI T0.
Hence, after the first contact on each rung, any additional series-connected contacts
will be 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.
i.e. OUT T0.

K10.
This indicates that timer T0 has been programmed to give an ON time delay of 1 sec.

3.7 Programsearch

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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4. Find character string.
5. Find contact or coil.
6. Cross-reference list.
7. List of used devices.

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 FLASH1 be displayed as shown below:

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.

5. Enter a 5 <OK>.
6. Note that the program immediately jumps to the start of line 5.

Figure 3.6
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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:

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

4. Enter t0.
5. Select Find Next (Figure 3.8).
6. On the ladder diagram of FLASH1, it can be seen that the coil of T0 is highlighted.

Figure 3.7
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7. Selecting Find Next again will cause the next occurrence of T0 to become high-
lighted, i.e. the normally open contact of T0 at line 5.

8. Select Find Next once more and note the next occurrence of T0 at line 9.
9. Continue selecting Find Next until all of the T0 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.

4. Select Find.
5. The display now appears as shown in Figure 3.10, with the coil of T1 highlighted.
6. Select Close.

Figure 3.8

Figure 3.9
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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 FLASH1 is being displayed.
2. From the main menu, select the following:

(a) Find/Replace.
(b) Find instruction.

3. Enter the Instruction end.
4. Select Find Next.
5. The display will now appear as shown in Figure 3.11, with the end instruction

highlighted.

Figure 3.10

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.

1. From the main menu, select Find/Replace.
2. Select Cross-reference list.
3. Enter t0 in the Find device window.
4. Select Execute and all the step numbers of where t0 occurs in the project FLASH1

will be displayed (Figure 3.12).

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 T0 contact at Step 5
(Figure 3.13).

2. Select Jump and the cursor will automatically jump to the T0 contact at Step 5
(Figure 3.14).

3. Select Close to return to the ladder diagram.

Figure 3.13

Figure 3.14
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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 T0 and T1, which

are used in the project FLASH1, 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.

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 X0.
6. This indicates that X0 is used in the project FLASH1.

Figure 3.15
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7. Enter t0 in the Find device window.
8. Select Execute and the display shows that Timers T0 and T1 are being used in the

project FLASH1 (Figure 3.16). Hence, the next available timer, which can be used,
is T2.

Figure 3.16
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4

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 bemaintained.

Hence prior to modifying the existing project FLASH1, it is necessary to copy
FLASH1 to project FLASH2. This is done as follows:

1. From the main menu, select Project.
2. Select Save as.
3. Change the Project name to FLASH2 (Figure 4.1).
4. Select Save.
5. Select Yes, to create the new Project FLASH2.
6. The display now appears as shown in Figure 4.2.
7. Note:

(a) The Project name has changed to FLASH2.
(b) FLASH1 can still be recalled, whenever required.



Figure 4.1

Figure 4.2
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4.2 Modification of the ladder diagramFLASH2

Before any modifications can be carried out, it is necessary for the ladder diagram
FLASH2 to be displayed on the screen.

At the moment, FLASH2 is identical to FLASH1.

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 T0 feeds both Timer T1 and Output Y0.

3. Line 11
The insertion of an additional rung. This consists of a normally closed contact Y0,
connected to Output Coil Y1. Hence as Y0 turns ON, then Output Y1 turns OFF
and vice-versa.

4. Line 13
Name change, i.e. T0 to M8013 and Y0 to Y2. M8013 is an internal 1 sec ON/OFF
contact, which is used to turn the Output Coil Y2 also ON and OFF.
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Modified ladder diagramFLASH2

Insertion of a newcontact

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

2. This is done, by pressing the <Insert> key on the keyboard.
3. 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).
4. 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:

5. Enter 2 for a normally closed contact.
6. Enter the contact name X1 <ent> (Figure 4.4).
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7. Line 0 will now include the normally closed contact X1.

8. Press F4 to convert the addition of X1.

Figure 4.3

Figure 4.4
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Partlymodified ladder diagram ^ I

Addition of a branch

To modify the ladder diagram to enable a branch to be added to an existing rung, i.e. to
enable the output Y0 to be in parallel with the T0 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.

4. Enter 5 for a vertical line.
5. Select OK.

Figure 4.5
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6. The display now appears as shown below:

7. Move the cursor down one position.

8. Enter 7, to obtain an output coil.
9. Enter Y0 <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:

Partlymodified ladder diagram ^ II

X000 X001 T1

T0

T0

T0

T1

0

6

10

12

K10

K10

Y000

END

X000 X001 T1

T0

T0

T0

T1

0

6

10

12

K10

K10

Y000

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 FLASH2, as shown on page 46 is being
displayed.

2. Place the cursor on Line 11 as shown below:

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

X000 X001 T1

T0

6

11

13

T0

0 T0

T1

K10

K10

Y000

Y000

END
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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, Y0 <ent>.
(c) Enter 7 for a coil.
(d) Enter the coil name, Y1 <ent>.
(e) Press F4 to convert the modifications.

6. The ladder diagram will now appear as shown below:

Partlymodified ladder diagram ^ III

Change of I/O address

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

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

1. The Normally Open contact T0 is changed to M8013, an internal 1-sec clock.
2. The Output Y0 is changed to Y2.

This is done as follows:

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

mode (see page 43).
3. Move the cursor to the start of Line 13 and double click on the T0 contact (Figure 4.6).
4. Change T0 to M8013 (Figure 4.7).
5. Select OK.
6. Repeat the procedure to change Y0 to Y2.
7. Press F4 to convert the changes.
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8. Ladder diagram FLASH2:

The modified ladder diagram FLASH2, should now be as shown below:

9. Save FLASH2.

T1

X000 X001 T1

T0

Y000

T0

15

13

11

K10
T0

K10

Y000

Y000

END

Y001

6

0

Figure 4.6

Figure 4.7
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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:

1. An input contact.
2. Part of a line.
3. A complete line.
4. More than one line simultaneously.

FLASH3

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

SaveFLASH2 toFLASH3

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, FLASH3 will be identical to FLASH2.
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2. On Line 0, move the cursor to the Normally Closed X1 contact.

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

4. Select OK and the X1 contact will be deleted.
5. Press F4 to convert the modification.

Figure 4.8
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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:

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

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).
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END

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:

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.

Deletingmultiple 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 Y0 and M8013 contacts
highlighted:

3. From the main menu, select Edit.
4. Select Delete line and both lines will be deleted simultaneously.
5. Press F4 to convert the modification.
6. Ladder diagram – FLASH3:
The modified Ladder Diagram FLASH3, should now be as shown below:
7. Save FLASH3.
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5

Serial transfer of programs

5.1 Downloading a project to aPLC 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.

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.
3. Load the project FLASH1 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.
6. Select Write to PLC.
7. The display now becomes as shown in Figure 5.2.

Computer

9 Pin RS232
Serial connector

SC 09 converter

FX2N PLC

COM1

Figure 5.1



8. Select the ParamþProg button on the display in Figure 5.2 to enable the Program
and Parameters for the project FLASH1 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 toPLC icon

TheWrite to PLC icon (Figure 5.4) can be used as an alternative to the drop-downmenus.

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 Y0 Output LED, will now continuously flash ON for 1 sec and then OFF for 1 sec.

Figure 5.2
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5.3 Reducing the numberof steps transferred to thePLC

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. Select Write to PLC.
2. Select the ParamþProg button to enable the Program and Parameters for the

project FLASH1 to be downloaded.
3. Select Program.
4. Change the Range type to Step range.
5. Enter 0 for the Start of the step range.
6. Enter 11 for the End of the step range.
7. Note:

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

Figure 5.3

Figure 5.4
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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.

1. From the Online Menu, select Transfer setup.
2. The display now becomes as shown in Figure 5.6.
3. Select Connection test.
4. Since the computer is connected to the FX2N PLC, the message ‘Successfully

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

Figure 5.5
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5.5 System image

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 COM1.
(b) Transmission speed 9.6 kbits per sec.

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

Figure 5.6
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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

COM4.
3. Note:

Both the PCMCIA card and the USB adaptor will require the installation of the
relevant driver software before they can be used.

Figure 5.7
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If it is necessary to change the communications, i.e. for COM2, then carry out the
following:

1. From the Online Menu, select Transfer setup.
2. Double-click on the PC side I/F (Interface), Serial icon.
3. The Serial setting window will now be displayed as shown in Figure 5.8.
4. Click on the COM port down arrow ‘t’.
5. Select the required COM port from the list displayed in Figure 5.9.
6. Select OK.
7. Select OK on the communications setup menu and the display will return to the

ladder diagram.
8. Select Save to save the COM setting.

Figure 5.8
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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,
i.e. comments, statements and notes in the PLC itself.

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

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

To demonstrate the Verify facility, the projects FLASH1 and FLASH2 will be used.

1. At this moment in time, the project FLASH1 has been downloaded to the PLC.
2. Return to the main menu, select Project, Open Project and open the project FLASH2.

Figure 5.9
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Ladder diagram ^ FLASH2

3. Select Online.
4. Select Verify with PLC.
5. 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 FLASH2
will be verified (Figure 5.10).

6. Select Execute.
7. After the two projects have been verified, any differences will then be displayed

(Figure 5.11).
8. As can be seen, the two projects FLASH1 and FLASH2 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.

9. Select Main to return to the ladder diagram FLASH2 (Figure 5.12).

5.8 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 FLASH1 is uploaded from the FX2N Series
PLC and saved as FLASH4:

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

Serial transfer of programs 63



Figure 5.10

Figure 5.11
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3. Alternatively, select the Read from PLC icon, shown in Figure 5.13.

4. Select the ParamþProg box (Figure 5.14).

5. Select Execute.
6. Select Yes and the PLC program will be uploaded into FLASH4 and displayed.
7. Save FLASH4.

Figure 5.12

Figure 5.13

Figure 5.14
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6

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:

1. Ladder diagram.
2. Entry data.
3. Entry ladder.
4. Device batch.
5. Trace.
6. Buffer memory batch.

6.1 Ladder diagrammonitoring

To monitor the ladder diagram of FLASH1, 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.



Start monitoring ^ icon

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

Monitored display ^ FLASH1

Note

1. The display shown in Figure 6.2 shows the ladder diagram FLASH1, 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 Entrydatamonitoring

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:

1. From the main menu, select Online.
2. Select Monitor.
3. Select Entry Data Monitor.
4. The display now becomes as shown in Figure 6.3.

Figure 6.1

Figure 6.2
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5. Select Register devices to obtain the Register device window.
6. Enter X0 into the Register device window (Figure 6.4).

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

(Figure 6.5).

Figure 6.3

Figure 6.4
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9. Enter the additional following elements:
(a) T0.
(b) T1.
(c) Y0.

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).

Figure 6.5

Figure 6.6
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6.3 Combined ladder and entrydatamonitoring

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.

1. 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.

4. Note the ladder diagram and the entry data are both being monitored simultan-
eously.

5. Close the Entry data monitor window.

Figure 6.7
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7

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:

1. TRAF1 – Traffic light controller.
2. FURN1 – Furnace temperature controller.
3. INTLK1 – Safety interlock circuit.
4. LATCH1 – Mains failure latch circuit.
5. COUNT1 – Extended time delay.
6. COUNT2 – Online programming.
7. BATCH1 – Batch counter.
8. BATCH2 – Assignment.
9. MC1 – Master control.

7.1 Traffic light controller ^ TRAF1

Task

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

Blockdiagram

A Y0 Red
^ X0

B PLC Y1 Amber

o

^ X1

Y2 Green

o

Figure 7.1



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

Final modification

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

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

is identical to
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Hence, it can now be seen that

Red ¼ A.
Amber ¼ B.
Green ¼ 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 ¼ 0, then the Red output Y0, will be ON.
Conversely, when A ¼ 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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Blockdiagram

While heating

Let t be the temperature of the furnace.

t < tl furnace ON.
t < tu furnace ON.
t >¼ tu furnace OFF.

While cooling

t < tu furnace OFF.
t <¼ tl furnace ON.

Temperature response characteristic

Start

o   o

o   o

Stop X1

X0

Furnace heater

Y0
TL o ^ X2

TU o ^ X3

Figure 7.2

Temperature

Thermostat
Tl

Thermostat
Tu Opentu

Tl Open
tl

Tl Closed Tu Closed 

Time

Figure 7.3
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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 TL 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

Note

To enter M0, after all of Line 0 has been entered, carry out the following:

1. Place the write cursor below X0.
2. Enter 3 for a single normally open parallel contact.
3. Enter M0 <ent>.
4. 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) Y0 <ent> for the normally open contact Y0.

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 M0, form a Start/Stop latch circuit.

2. The operation of the Start Push Button X0 will cause M0 to energise and latch via its
own contact.

3. 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.

4. With the operation of X0 and hence the operation of M0, the circuit is complete and
hence the Output Y0 will turn ON.
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5. With the operation of Y0, the furnace will now start to heat up.
6. 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 Y0 remains energised and hence the furnace
will continue to heat up.

7. 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 Y0 to turn OFF.

8. 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 Y0 latch circuit has
been broken, then the Output Y0 will not re-energise until Input X2 is ON, i.e. when
TL re-makes.

9. 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 Y0 to re-energise. This, in turn, causes the furnace to heat up again.

10. 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 M0 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 Y0
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.

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

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 Y0.

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.

Tomatoes

Y0 Input hopper
and weigher

Y1

Vinegar and spices
Blender

Y2
Output hopper

Bottles of sauce

Figure 7.4
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Ladder diagram ^ INTLK1

Principle of operation

1. 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 Latch relays

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.

Latchmemory range

The Latch memory range on the FX2N PLC is M500–M1535.
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Ladder diagram ^ LATCH1

Principle of operation ^ LATCH1

1. Enter, test and save the project Latch1.
2. Download the project to the FX2N PLC.
3. Ensure the project is working correctly using the inputs X0, X1 and X2.
4. Line 0

Input X0 operates M0, which then latches via its own contact and also energises
Output Y0.

5. Line 6
Input X1 operates M500, which then latches via its own contact and also energises
Output Y1.

6. Reset
Opening Input X2 resets both latch circuits, provided Inputs X0 and X1 are OFF.

7. With Input X2 ON, momentarily operate Inputs X0 and X1, so that both Outputs
Y0 and Y1 are turned ON.

8. Momentarily turn OFF the 240V mains supply to the FX2N PLC.
9. 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.
They can be used for example:

1. To ensure a particular part of a sequence is repeated a known number of times.
2. 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

Note

1. To enter -[PLS M0]-, enter the following:
(a) pls <space>.
(b) m0 <ent>.

2. Use the same procedure for -[RST C0]-, 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 T0, will provide a
path to enable the coil of Timer T0 to be energised. After 1.5 sec, Timer T0 times out
and its normally closed contact will open, causing the timer to become de-energised
for a time equal to one scan period, which for COUNT1 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 C0 every 1.5 sec (Figure 7.5).

3. Line 9
Counter C0 counts the incoming pulses, and when the number of pulses equals the
preset K value, i.e. 10, all the C0 contacts operate as follows:
(a) All normally open contacts, CLOSE.
(b) All normally closed contacts, OPEN.

3. The normally open contact C0 closes, hence energising the Output Coil Y0. There-
fore, the circuit gives an output signal on Y0, 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 M0,
to energise for a time equal to 1 scan time for the program. Hence, the contacts of M0
will be closed, for approximately 1.5msec.

5. Line 14
(a) PLS waveforms

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

1.5 sec 1½ msec
  (1 scan time)

T0
contacts

Figure 7.5

X0

PLS
M0

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 M0 will be executed and the normally open contact of
M0 will momentarily close, hence causing the Counter C0 to be reset to
zero.

(c) Hence, with the operation of Input X0 and the resetting of Counter C0, 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:

1. Open a new project and give it the name, COUNT1.
2. Enter the ladder diagram.
3. Save the program.
4. Download to the FX2N PLC.
5. Monitor the Ladder Diagram COUNT1.
6. Press F3 to start monitoring.

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 COUNT2, is used to demonstrate the use of the online programming
facility.

Counter value change

The counter C0 will now have its value changed from K10 to K20 whilst the PLC is in
Run, i.e. an online programming change.

1. Save COUNT1 as COUNT2.
2. Open the Ladder Diagram COUNT2.
3. Ensure the PLC is in Run.
4. Press F2 to ensure the ladder diagram is not being monitored.
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5. Move the cursor to Line 5 and over the output -(C0
K10

)- as shown below:

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

7. Change the output details as in 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).

Figure 7.7

Figure 7.8

Basic PLC programs 85



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

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 COUNT2 and note that the time from the operation of Input

X0 to when Y0 turns ON, will now be 20 sec.
16. Save COUNT2.

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 BATCH1 is as follows:

1. Use Input X0, to reset Counter C0.
2. Use Input X1, to input pulses to the counter.

Figure 7.9

Figure 7.10
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3. After 10 input pulses, Output Y0 is to come ON.
4. Resetting the counter will turn the Output Y0OFF and enable counting to be repeated.

Batch counter ^ BATCH1

Principle of operation

1. Line 0
The momentary operation of Input X0 will Reset the Counter C0. This, in turn, will
cause Output Y0 to turn OFF (Line 7).

2. Line 3
Each time Input X1 closes, this will increment the contents of C0.

3. Line 7
After Input X1 has been pulsed 10 times, the C0 contacts will operate, to enable the
Output Y0 to energise.

7.8 Assignment ^ BATCH2

Modify BATCH1 so that the following sequence can be obtained:

1. After the count value of 10 has been reached, then Output Y0 will be energised and
stay ON for just 5 sec.

2. After the 5-sec delay, the following is to occur:
(a) Output Y0 will turn OFF.
(b) Counter C0 will automatically be reset.

3. Counter C0 can then count up once more to 10 and Output Y0 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.

Basic PLC programs 87



In the example below, the section consisting of Lines 9–23 cannot be executed, until
the master control Instruction -[MC N0 M0]- is executed.

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

time.

Ladder diagram ^ MC1

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 N0 M0]- 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 Start.
(b) X1 Stop.
(c) X2 Air.
(d) X3 Oil.
(e) X4 Guard.
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4. 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 N0 M0]-
to be executed.

(b) The M0 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 N0 ^^ M0, 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 N0]- terminates the
operation of the master control for this section of the ladder diagram.

5. 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.

6. Line 9
With the operation of the master control, the 1-sec M8013 contacts will continu-
ously pulse Y0 ON for 0.5 sec and then OFF for 0.5 sec.

7. Line 11
The Instruction, -[ALTP Y1]-, causes Y1 to alternatively turn ON and then OFF,
each time the inverted contacts of Y0 close. Hence, Y1 turns ON for 1 sec and then
OFF for 1 sec.

8. 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 2 sec and then turn it
OFF for 2 sec.

9. Line 19
The Instruction -[MCR N0]- 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.

10. 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 ofM8034 is that, on being operated, it will turn all of the outputs OFF.

1 sec

Figure 7.11
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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

Note

At Output No. 6, Y2 ¼ 1, Y1 ¼ 1, Y0 ¼ 0.
Now, 1102 ¼ 6, which confirms that the Outputs Y2, Y1 and Y0 are outputting an

incrementing binary pattern.

0 1 2 3 4 5 6 7 8
M8013
Y0

Y0

Y1

Y1

Y2

Figure 7.12
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8

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

Sequence of operation

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

1. Start of sequence.
2. Aþ Piston A OUT.
3. Bþ Piston B OUT.
4. A� Piston A IN.
5. 5-sec time delay
6. B� Piston B IN.
7. End of sequence

X2 X3
A− A+ Limit switches

Piston A

Y0

X5 X4
B+ B−

Piston B

Y1

Figure 8.1



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

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

Start  X0 State  S0 Startup sequence
Stop  X1

X2
X4

State  S1 SET Y0 A+

X3
X4

State  S2 SET Y1 B+

X3
X5

State  S3 RST Y0 A−

X2
X5

State  S4 T.DLY
T0
5 sec

T0

State  S5 RST Y1 B−

X2
X4

State  S6 End of sequence

Figure 8.2
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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 PNEU1, 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

Note

The master contacts are entered as follows:

-[MC N0 M0]- -[MCR NO]-

1. mc <space>. 1. mcr <space>.
2. n0 <space>. 2. n0 <ent>.
3. m0 <ent>.
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Converted ladder diagram ^ PNEU1
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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 PNEU1.
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, Aþ or Bþ.

1. Line 0 (Startup)
When Input X0 is operated, this will cause the Master Control Instruction
-[MC N0 M0]- 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
-½MC N0 M0�- is not executed, then the instructions from Line 7 to Line 26 will
be ignored.

2. 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 Y0 to energise and latch over its own normally
open contact. This will cause Piston A to move to the Aþ 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 Y0 will not
become de-energised.

3. Line 12 (State S2)
With Piston A fully forward, then Input X3 (Aþ) 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 Bþ position.

4. 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 Y0 latch circuit. This will de-energise Y0 and hence cause Piston A to
retract to the A� position.

5. Line 20 (State S4)
When Piston A returns to the A position, Input X2 will re-make, and this plus M1
and X5 (Bþ) will energise the Timer Coil T0.

6. Line 0
After 5 sec, Timer T0 will time out (State S5). The normally closed timer contacts
of T0 will open, breaking the start latch circuit. This will cause the Master Contact
M0 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 -½MCR N0�- 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 PNEU1.

Simulation unit

FX2N 48MR PLC

230 V
Mains
Supply

L
N
E

+24 V
Input
switches 0 V

S/S

X0 o    o

o    o

o    o

o    o

o    o

o    o

o    o

X0 Y0

X1 X1 Y1

X2 X2 Y2

X3 X3 Y3

X4 X4 Y4

X5 X5 Y5

X6 X6 Y6

X7 o    o X7 Y7

X10 Y10
|    |

4
Thumbwheel

switches
0000 – 9999 

| | 4
7 Segment
displays

0000 – 9999

| |
| |
|
|

|
|

X27 Y27

Figure 8.3
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Simulation andmonitoring procedure

1. Display and monitor the Ladder Diagram PNEU1.

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 Y0 will now be energised and this will cause Piston A to operate to the Aþ
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 Bþ position.

5. Open X4 and Close X5.

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 T0.
After 5 seconds, Timer T0 will time out and its normally closed contact (Line 0)
will open, breaking the Master Control Circuit of M0.
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.
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Pneumatic drawing ^ PNEU1

PNEU1wiring diagram (relay output)

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 PNEU1 to control an industrial type applica-
tion, instead of being simulated with input switches and output LEDs.

A− A+ Limit switches

Piston A

B+ B−

Piston B

Piston A
Pilot valve

Piston B
Pilot valve

SOL A
(Y0)

SOL B
(Y1)

Air

Air inlet valve
and regulator

(4 Bar)

Figure 8.4
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PNEU1wiring diagram

FX2N PLC 

230 V
Mains
Supply

L
N
E

+24 V

0 V

S/S

Start

o o

X1

X2

X3

X4

X5

X0
Stop
o o

A−
o o

A+
o o

B−
o o

B+
o o

Sol A

Sol B
) Y0

Y1)

COM1

+
24 V

power
supply−

(

(

Protection
diodes

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 PNEU1.

Forcing the Start Input X0

1. Ensure that the Ladder Diagram PNEU1 is being displayed and that it has been
downloaded to the PLC.

2. Operate the following input switches to simulate the start conditions for PNEU1.
(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 Y0 will turn ON.

7. The Output Y0 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
PNEU1 can be continued.

9. Ensure all forced inputs are now Forced OFF.
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Figure 8.6

Figure 8.7
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Forcing theYOutputs

The Y Outputs, i.e. Y0 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 OutputY0

1. Ensure that the Ladder Diagram PNEU1 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 Y0 into the Device window.
6. The Output Y0 can now be either Forced ON and OFF or Toggled ON and OFF.
7. After Forcing Y0 ON, force some of the other outputs ON.
8. Ensure all forced outputs are now forced OFF.

Execution history

1. Check the Execution history display to confirm that all of the outputs, which were
forced ON, have now been forced OFF (Figure 8.8).

2. Select Close to return to the ladder diagram.

PLC sequence controller 103



8.6 Assignment ^ PNEU2

Automate PNEU1 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?

Figure 8.8
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9

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 Y0, 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 PNEU1A.
2. Select the free-drawn line icon or press F10 (Figure 9.1).

Figure 9.1



3. Enter the ladder diagram as shown below:

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

5. Drag the cursor down and across to the normally open Y0 contacts.
6. On letting the left-hand mouse button go, the display will become as shown below:
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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 PNEU1A.

Ladder diagram ^ PNEU1A
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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 PNEU1A insert a new line above the Instruction -[MCR N0]-, and using

the free line option connect in parallel, the Output Y2 to the existing Timer -(T0
K50

)-.

Modified ladder diagram ^ PNEU1A

Press F4 to convert the modified Ladder Diagram PNEU1A, so that it appears as
shown below:

108 Mitsubishi FX Programmable Logic Controllers



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).

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.

Figure 9.2
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3. Move the cursor now back over the normally closed T0 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 M0.

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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10

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.

3. 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.

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.



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
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Principle of operation

1. 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.
2. 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.

3. The reset push button is now operated.
4. 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.

5. 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.

6. 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.

7. Hence it can be seen that before relay R3 operates, it cross-checks there are no
problems with relays R1 and R2.

8. 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.

9. The PLC can now be operated.
(a) Switch to RUN;
(b) Operate the start cycle push button to start the system.

10. 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.
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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 Systemstart-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

The comment Start is associated with the input device X0.
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).

X0
i.e.

Start



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.

PNEU1 ^ comments

The following comments will now be added to the ladder diagram, PNEU1.

Device Comment

X0 Start
X1 Stop
X2 A�
X3 Aþ
X4 B�
X5 Bþ
Y0 Sol A
Y1 Sol B
M0 Start Cycle
M1 A&B FWD
T0 5-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 M0 is entered as StartCycle, i.e. without a space

between Start and Cycle.

Documentation 117



This ensures that when the ladder diagram is displayed with its comments, the
comments will be displayed neatly as shown below.

Entering comments

To enter the comments listed on page 117 into the PNEU1 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).

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

Figure 11.1

Figure 11.2

0
X000 X001 T0

Start Stop 5 Sec
delay

Start
Cycle

MC N0 M0
Start
Cycle

M0
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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.

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.

Figure 11.3

Documentation 119



Figure 11.4

Figure 11.5
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2. Enter the Y0 and Y1 output comments.
(a) Sol A
(b) Sol B (see Figure 11.6).

M coil comments

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

Figure 11.6

Figure 11.7
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This will ensure that the M0 comment for example, will be displayed on the ladder
diagram as shown below.

Timer comments

Enter the T0 comment using as before, five characters per row (see Figure 11.8).

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

0
X000 X001 T0

Start Stop 5 Sec
delay

Start
Cycle

MC N0 M0
Start
Cycle

M0

Figure 11.8

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
PNEU1
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).

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.

Figure 11.10
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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).

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

(see Figure 11.12).

13. Press F4.

11.3 Displayof comments and statements

The following describes how the comments and statements can now be displayed.

1. Ensure the ladder diagram PNEU1 is being displayed.
2. From the main menu, select View.
3. Select Comment (see Figure 11.13).

Figure 11.11

Figure 11.12
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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.

1. Select View.
2. Select Comment format.
3. Select 3 * 5 characters.
4. 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).

Figure 11.13
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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 either 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.

Figure 11.14
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PNEU1 ^ comments and statements

(Continued )
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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.

1. From the Tools menu select Options.
2. The display now appears as shown in Figure 11.15.
3. Select Whole data (see Figure 11.16).
4. Note that the Device comment edit/show no., i.e. the total number of characters

allocated to each comment is 16.
5. Change this to 32.
6. Select OK.
7. From the main menu, select View.
8. 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� 8 characters
(b) 3� 5 characters.
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Figure 11.15

Figure 11.16
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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 Y0 and Y1.

(a) Y0 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.

Figure 11.17
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6. Press F4.
7. 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).

8. Select OK to return to the ladder diagram.
9. Press F4.

Figure 11.18

Figure 11.19
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11.7 Segment/note ^ blockedit

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.

5. Select Note to obtain the display shown in Figure 11.21.

Figure 11.20

Figure 11.21
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11.8 Ladder diagramsearch 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.

4. Select Jump.
5. Select OK.
6. The ladder diagram now appears as shown below, starting at line 20.

Figure 11.22
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7. Repeat the process to jump to the start of the ladder diagram by selecting the
statement PNEU1.

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 PNEU1 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.

5. Select Common/Global and from the colour palette, which is now displayed, select
black.

Figure 11.23
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6. Select OK to return to the above display.
7. Select OK once more, to remove the Change display colour menu.

11.10 Displayof comments, statements and notes

The following describes how comments, statements and notes can be displayed (see
Figure 11.24).

1. Ensure the ladder diagram PNEU1 is being displayed.
2. From the main menu, select View.
3. Select Comment.
4. Repeat the procedure for:

(a) Statement
(b) Note.

Figure 11.24
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PNEU1 ^ comments, statements and notes

(Continued )
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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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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.

Figure 11.25
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3. Select Edit header and enter a one-line description of the project i.e. 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.

Figure 11.26
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Figure 11.27

Figure 11.28
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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.

Figure 11.29

Figure 11.30
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2. Select Print.
3. 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 PNEU1 including the header, comments, and statements.

Title page

Pneumatic Controller – PNEU1

PLC Systems

Design and test of a Pneumatic Control System

Date

Designed

Tested
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PLC parameters list ^ 1

Pneumatic Controller – PNEU1

PLC name set

Title [ ]

1 Memory size

Program size

Comment size

File register

2

3

4

[

[

[
[

[
[

8000]

7000] step

2] block
1000] pt

0] block
0] pt

PLC system set

1

2

3

4

Batteryless mode <OFF>

Modem Initialization <None>

Run Contact × [000]

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

Time out

[ ] H

[ ] × 10ms

Mem capcty set

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 parameters list ^ 2

Pneumatic Controller – PNEU1
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Pneumatic Controller – PNEU1
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11.13 Saving comments in thePLC

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.

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).

Figure 11.31
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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 thePLC

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.

Figure 11.32
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4. The display now becomes as shown in Figure 11.33.

5. Select Execute.
6. Select Yes for the program, the comments and the parameters to be downloaded to

the PLC.

Uploading the program and comments

It is advisable when uploading a program that it is uploaded into a new project.
This ensures that should there be any differences between the two programs, the

program on the master disk does not get overwritten.

References
Verification page 62.
Uploading a project from a PLC page 63.

1. Open a new project with the name PNEU1B.
2. Select Online.
3. Select Read from PLC.

Figure 11.33
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4. Ensure the following have been selected.
(a) Main
(b) Comment
(c) PLC parameter (see Figure 11.34).

5. Select Execute to upload both the ladder diagram and the comments.
6. Note: The comments format will be identical to that of PNEU1, i.e. 3� 5 characters

(refer page 125).

Figure 11.34
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Ladder diagram ^ PNEU1B
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12

Entry ladder monitoring

Entry ladder monitoring is a method, which enables individual rungs in a ladder
diagram to be selected and monitored.

When fault finding, entry ladder monitoring is an extremely useful facility if the
rungs of the PLC program, which is controlling the operation of the process/machine,
are not grouped together in recognisable sections.

The selected rungs, which control the area where the fault occurred, can be displayed
and monitored on one screen and therefore the nature of the fault can be more quickly
determined and corrected.

To demonstrate the operation of entry ladder monitoring, the ladder diagram
PNEU1 will be used.



12.1 Ladder diagram ^ PNEU1
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12.2 Principle of operation ^ entry laddermonitoring

To demonstrate the operation of entry ladder monitoring, lines 0 and 20 will be
selected.

1. Place the mouse cursor at the start of the statement PNEU1.
2. Hold the left-hand mouse button down and move the cursor slightly downwards.
3. The two statements and all of line 0 will now be highlighted in blue (see Figure 12.1).

4. Press the keys CTRLþ C to copy this section of the program to the clipboard.
5. Alternatively select the following:

(a) Edit
(b) Copy.

6. Select the following:
(a) Online
(b) Monitor
(c) Entry ladder monitor.

7. Alternatively select the entry ladder monitor icon shown in Figure 12.2.

8. The display now becomes as shown in Figure 12.3.

Figure 12.1

Figure 12.2
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9. Press the keys CTRL+V to paste the first section of the ladder diagram at line 0
into the entry ladder monitor.

10. Alternatively select from the top of the display:
(a) Edit
(b) Paste.

11. The display now becomes as shown below.

12. The statement Main (0–6) indicates that steps 0–6 have been copied from the main
program to the entry ladder monitor display.

13. To return to the main ladder diagram select Main as shown in Figure 12.4.

Figure 12.3

Figure 12.4
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14. Repeat the Copy and Paste procedure to copy the timer section at line 20 to the
entry ladder monitor diagram (see Figure 12.5).

15. The entry ladder monitor display now becomes as shown below.

16. Press F3 to start monitoring.
17. Operate the following input switches to simulate the operation of PNEU1.

(a) X1 Stop
(b) X2 A�
(c) X4 B�.

18. Momentarily operate X0 to start the pneumatic operation by energising Y0.
19. Carry out the remainder of the pneumatic operation until timer T0 is energised.

(a) Open X2 and close X3 – this will cause Y1 to energise.
(b) Open X4 and close X5 – this will cause Y0 to de-energise.
(c) Open X3 and close X2 – this will start the operation of timer T0.

Figure 12.5
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20. While timer T0 is timing out, the display will be as shown below.

21. After five seconds have elapsed, timer T0 will time out and its normally closed
contacts will break the master control circuit.

12.3 Deleting the entry laddermonitor diagram

1. To delete the entry ladder diagram, carry out the following.
(a) Click the right-hand mouse button.
(b) Select Delete all entry ladder (see Figure 12.6).

2. The entry monitor ladder diagram will now be deleted.
3. Select Main as shown in Figure 12.4 to return to the full ladder diagram.

Figure 12.6
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13

Converting a MEDOC project
to Gx-Developer

AsMEDOChas been available for over 15 years, there will bemany projects that have been
produced using this software andwhich now,must be converted for use withGx-Developer.

One method to convert from MEDOC to Gx-Developer is to open a new project in
Gx-Developer and then upload the stored MEDOC program from the PLC.

The disadvantage with this method is that the documentation details, i.e. the com-
ments and statements, are not usually stored in the PLC and hence the uploaded project
will not contain these details.

However, if the MEDOC project is stored on disk with the ladder diagram and the
documentation details, it is possible to import the complete MEDOC file directly into a
Gx-Developer file.

Although comments and statements will be displayed on the imported ladder
diagram, notes will not be displayed, since this function is not available with MEDOC.

13.1 Importing aMEDOC file into Gx-Developer

1. The MEDOC file to be imported will be PNEU1, which for the purpose of
demonstrating this import function, will be stored in the folder C:\medoc\fxi.

2. Save and then close the Gx-Developer project currently open, i.e. PNEU1.
3. From the main toolbar, select Project.
4. Select New project.
5. Let the Gx-Developer project be named PNEU1C.
6. The New project menu is now displayed.
7. Enter the following:

(a) PLC series FXCPU
(b) PLC Type FX2N(C)
(c) Select Ladder
(d) Drive/path C:\gxdevel\fxi
(e) Project name pneu1c.

8. Select OK.
9. Select Yes to create the project PNEU1C.

10. From the main toolbar, select Project once more and then select the following:
(a) Import file
(b) Import from Melsec Medoc format file.



11. The display now becomes as shown in Figure 13.1.

12. Repeatedly click on the yellow up arrow button shown in Figure 13.2 until the
contents of the C:\root folder are displayed.

13. Select the folder C:\medoc\fxi.
14. The display now becomes as shown in Figure 13.3.
15. Select PNEU1.PRG.
16. Select OK.
17. Once the import process has been completed, the displaywill be as shown in Figure 13.4.
18. Select OK and the imported MEDOC project PNEU1 will be saved in Gx-Developer

format as PNEU1C.
19. To include the comments and statements on the ladder diagram, select

(a) View
(b) Comment
(c) Statement.

20. As mentioned earlier, notes were not part of the functionality of MEDOC and
hence they will not appear on an imported MEDOC file.

Figure 13.1

Figure 13.2
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Figure 13.3

Figure 13.4
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Imported ladder diagramPNEU1C

(Continued )
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14

Change of PLC type

It is sometimes necessary to change the existing PLC type to an alternative type for
example an FX1N, which is cheaper and smaller in size but has a reduced input/output
specification.

The following section, describes how a project initially designed for use with an
FX2N PLC, is changed to an FX1N PLC, which is a smaller and less expensive
PLC.

1. Open the project PNEU1.



2. To ensure that the project PNEU1 is itself not changed, copy the project to one
having a new filename, i.e. PNEU1D (see Figure 14.1).

3. The project PNEU1D will now be changed to work with an FX1N PLC.
4. From the main toolbar select Project.
5. Select Change of PLC type.
6. Change the PLC type to an FX1N (see Figure 14.2).

7. Select OK.
8. Select Yes, to enable the change procedure to occur (see Figure 14.3).

Figure 14.1

Figure 14.2
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9. As can be seen from the bottom of the display, the PLC type is now an FX1N
(see Figure 14.4).

Figure 14.3

Figure 14.4
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15

Diagnostic fault finding

15.1 CPUerrors

Should a CPU error occur and the Error LED comes ON, then it is essential that the
cause of the error be investigated and corrected.

1. Ensure a project is being displayed, i.e. PNEU1.
2. Switch the PLC to RUN.
3. From the main menu, select Diagnostics.
4. Select PLC diagnostics.
5. The display now becomes as shown in Figure 15.1.
6. The diagnostic display shows that RUN is ON.

Figure 15.1



15.2 Battery error

1. Remove the FX2N CPU battery.
2. Note: On the front panel of the PLC, the battery voltage LED will now come ON.
3. The diagnostic display will now appear as shown in Figure 15.2.

4. Replace the battery and check the battery LED has turned OFF.

15.3 Programerrors

The program PNEU1 will now be modified by deleting its -[MCR N0]- instruction and
given the project name PNEU3.

On downloading PNEU3, an error will be created and then the diagnostics facility
will be used to report on the details of the error.

1. Copy the project PNEU1 to PNEU3.
2. Open the project PNEU3 and delete line 26, which contains the instruction

-[MCR N0]-.

Figure 15.2
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3. PNEU3 will now appear as shown below.

Ladder diagram ^ PNEU3

4. Download PNEU3 and immediately the program error (PROG.E) LED will start to
flash ON/OFF.

5. From the main menu, select Diagnostics.
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6. Select PLC diagnostics and the display will now appear as shown in Figure 15.3.

7. The diagnostic display above, shows that:
(a) There is a ladder diagram error.
(b) The error no. is 6624.
(c) The error is at Step 26.
(d) As a clock module has not been fitted to the PLC, the time and date have been

taken directly from the computer.

15.4 Help display ^ programerrors

The following section describes how a detailed description of the PLC error can be
obtained.

1. Note the error number
Error number: 6624.

2. From the PLC Diagnostics display select the PLC error box.
3. Select FX series PLC.

Figure 15.3
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4. Select Open.
5. Select Error code range 6601–6632.
6. Select Open.
7. Select the Error code 6624, followed by selecting Display.
8. The error details are now shown in Figure 15.4.

9. As can be seen from Error contents and causes, the MCR instruction MCR is
missing.

10. Close down the error code list and the diagnostic display to return to the ladder
diagram PNEU3.

15.5 Programerror check

Since the project PNEU3 produced a program error, this can be confirmed by using the
check program function in Gx-Developer as described earlier on page 28.

1. From the Tools menu, select Check program.
2. The display now becomes as shown in Figure 15.5.

Figure 15.4
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3. Select Execute and as can be seen from the display shown in Figure 15.6, the
instruction -[MCR N0]- at step 26, is missing.

Figure 15.5

Figure 15.6
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16

Special M coils

Within the PLC there are a group of special M coils starting at M8000.
These special coils can be used in programs to provide information such as the PLC is

switched ON, timing signals, error reporting.
The list below contains just some of those which are available and which are used in

this book. For a complete list, consult the Mitsubishi FX Series Programming Manual.

(a) M8000 Contacts close on switching to RUN.
(b) M8002 A one-shot pulse, whose contacts close for just one scan time, from when

the PLC is switched to RUN.
(c) M8004 Error flag.
(d) M8005 Battery Low. Internal CPU battery LOW, check battery

connected. If battery is LOW, replace.
(e) M8006 Battery Low latch.
(f) M8011 0.01-sec pulses. 0.005 sec ON. 0.005 sec OFF.
(g) M8012 0.1-sec pulses. 0.05 sec ON. 0.05 sec OFF.
(h) M8013 1.0-sec pulses. 0.5 sec ON. 0.5 sec OFF.
(i) M8014 1.0-minute pulses. 30 sec ON. 30 sec OFF.
(j) M8034 Disable all Y outputs.
(k) M8022 Carry used with arithmetic and shift instructions.
(l) M8200–M8234 used with bi-directional counters.
(m) M8235–M8255 used with high-speed counters.

16.1 Device batchmonitoring

Device batch monitoring, which enables a block or batch of devices to be monitored,
will now be used to monitor the special M coils.

1. Open a project, i.e. C:\gxdevel\fxi\count1 (Refer page 82).
2. Select the following:

(a) Online
(b) Monitor
(c) Device batch.

3. The display now becomes as shown in Figure 16.1.
4. Enter M8000.
5. Select Start monitor.



6. Switch the PLC to RUN.
7. The monitored display now of all the M coils from M8000 to M8159 are shown in

Figure 16.2.

8. Check the logic state of the above special M coils with the list on page 171.

Figure 16.1

Figure 16.2
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16.2 Option setup

The option setup enables the following to be selected:

1. The reversal of the bit order display.
2. The number of points can be either 10 or 16.
3. Select the Options shown in Figure 16.3.

4. The display now becomes as shown in Figure 16.4, with as can be seen, the logic state
of M8000 displayed in the top left-hand corner of the display.

Figure 16.3

Figure 16.4
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16.3 Monitoring theX inputs

The X inputs will now be monitored again using device batch.

1. Operate the inputs X1, X2, X4.
2. Enter 0099 on the thumbwheel switches. These are connected to X10 to X27.
3. Enter X0 into the device window.
4. Configure the Option setup (see Figure 16.5) as follows:

(a) Bit order – F-0
(b) Display – 16 bit integer.

5. Configure the Monitor display as:
(a) Monitor format – Bit 8 Word
(b) Value – HEX (This is the hexadecimal equivalent of the binary pattern X0 to X17).

6. The display now becomes as shown in Figure 16.6.

Note: The device header for the binary pattern as shown in Figure 16.6 is incorrect,
i.e. X0 toXF. This is because the inputs for the FX range of PLCs are in octal, i.e. X0 toX17.

Figure 16.5

Figure 16.6
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17

Set–reset programming

Set–reset programming is an extension to conventional ladder programming, which
enables the easier programming of continuous, sequential PLC control systems.

The complete process is broken down into a number of discrete steps. The output
from each step being, either a Set or a Reset instruction.

17.1 PNEU4

The program PNEU4 carries out the same sequence of operations as PNEU1, but unlike
PNEU1, which uses a standard ladder diagram, PNEU4 uses set–reset programming
techniques.

Basic system

X2 X3

A– A+

Piston A

Y0

X5 X4

B+ B–

Piston B

Y1

Figure 17.1



17.2 Sequence of operation ^ automatic cycle

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

1. Press Start.
2. Aþ Piston A OUT.
3. Bþ Piston B OUT.
4. A� Piston A IN.
5. 5-sec time delay.
6. B� Piston B IN.
7. Repeat sequence.

17.3 Sequence function chart ^ PNEU4

Start  X0 State  S0 Startup Sequence
Stop  X1

X2
X4

State  S1 SET Y0 A+

X3
X4

State  S2 SET Y1 B+

X3
X5

State  S3 RST Y0 A–

X2
X5

State  S4 T.DLY
T0
5 Secs

T0

State  S5 RST Y1 B–

X2
X4

State  S6 End of Sequence
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17.4 Ladder diagram ^ PNEU4

From the sequential function chart, the following set–reset ladder diagram can be
produced.

17.5 Principle of operation

1. Line 0
(a) Inputs X0 and X1 are from the start and cycle stop buttons respectively.
(b) The operation of input X0 will cause the internal relay M0 to energise and latch

over its own contact.
(c) The operation of the stop input or the timer contact T0 will break the latch circuit.

2. Line 5
(a) With the two Pistons in the A� and B� positions, inputs X2 and X4 will be

CLOSED. Therefore as soon as M0 closes, output Y0 will be SET.
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(b) The use of the instruction SET enables an output coil to be turned ON and to
remain ON, even when the input condition is no longer present.

(c) Therefore when piston A moves forward and input X2 opens, output Y0 will still
remain energised.

3. Line 9
(a) When piston A reaches the Aþ position, then input X3 will CLOSE.
(b) Since piston B is in the B� position, input X4 will be CLOSED and therefore

output Y1 will now be SET and piston B will also be energised.
(c) Hence at this moment in the cycle, both pistons A and B will be energised.

4. Line 13
(a) When piston B reaches the B+ position, input X4 will be OPEN and inputs X3

and X5 will be CLOSED.
(b) This will RESET output Y0 and hence piston A will return to the A� position.
(c) The function of the normally closed M0 contacts is to ensure that Y0 will be

RESET, when the STOP is operated or when the PLC is first turned ON.
5. Line 17

(a) With the piston A returning to its A� position, input X3 will be OPEN and input
X2 will reclose, this plus input X5 will cause timer coil T0 to be energised.

(b) This will cause timer T0 to start timing out.
6. Line 22

(a) When timer T0 times out after 5 sec, its T0 contact will CLOSE and this will
RESET output Y1.

(b) Piston B, will now return to the B� position.
(c) Input X5 will now open and this will cause timer T0 to RESET.
(d) The function of the normally closed M0 contacts is to ensure that Y1 will be

RESET, when the STOP is operated or when the PLC is first turned ON.
7. Line 0

(a) During the short time that timer T0 is energised, i.e. whilst piston B is returning
to the B� position, its normally closed contact will be OPEN. This will cause the
M0 latch circuit to drop out.

(b) The system will now HALT, until the START button is reoperated.

17.6 Simulation andmonitoring procedure

1. Display and monitor the Ladder Diagram PNEU4.

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 Y0 wil 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.
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4. Open X2 and Close X3.

This will cause Output Y1 to energies and hence enable Piston B to move forward
to its B+ position.

5. Open X4 close X5.

With Inputs X3 and X5 now closed output Y0 is reset.
6. Open X3 and close X2.

With X2 closing, this will start the operation of Timer T0.
After 5 seconds, Timer T0 will time out and Reset Y1. Hence Piston B will return
to its B� position.

7. Open X5 and Close X4.

The process can now be repeated, by pressing the Start push button.

17.7 MonitoringPNEU4

Using entry data monitor, monitor the elements shown in Figure 17.2.

Figure 17.2
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Trace

Trace is a method by which historical trend graphs can be produced.
The displays can show graphically the operations of selected input/output devices

and also the values stored in timers, counters and data registers.
It is used in fault finding rapidly changing signals, which cannot be observed with

input/output LEDs and can be used to display the logic conditions of input/output
devices and the contents of timers, counters and registers before and after the occur-
rence of the fault condition.

To demonstrate the Trace facility, project PNEU4 will be used.

18.1 Principle of operation

Blockdiagram ^ Multi-channel shift register

The basis of Trace is that RAM memory within the PLC is allocated for use as a multi-
channel shift register (see Figure 18.1).

The input Trace data can consist of up to 10-bit devices, i.e. X, Y. M and up to
3� 16-bit word devices, i.e. timers, counters and data registers.

Each time a clock signal is applied to the Trace memory shift register, a sample of
data, i.e. the logic state of the bit devices and the contents of the word devices within the
PLC, is clocked into the register.

512 Trace Data Samples

TRACE MEMORY SHIFT REGISTER

Input
Trace Data

After Trigger Before Trigger

Clock
Trace Interval 0

Trigger

Figure 18.1



Each sample of stored information is known as a Trace.
With no trigger signal, the input Trace data is clocked into the Trace memory shift

register and when it is full with 512 Traces, the data is clocked out and is lost.
When a trigger signal is applied, only the required number of Traces after the trigger

signal, will now be clocked into the shift register. Hence stored in the Trace memory will be
a total of 512 Traces, which is a record of the events prior to and after the Trigger signal.

When all of the ‘After Trigger Traces’ have been clocked in, then stored in the shift
register will be a number of Traces, which occurred before the Trigger signal, i.e. 64, and
a selected number of Traces, i.e. 448, which occurred after the Trigger signal.

The trigger signal can be obtained for example, from a PLC input, when a fault
condition occurs.

The stored data in the Trace memory shift register is then uploaded into Gx-Developer
and can be displayed in graphical format before and after the fault condition.

Note: It will be shown later in the Trace conditions section how the above trace
numbers are obtained.

18.2 Ladder diagram ^ PNEU4
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18.3 Trace setup procedure

To obtain a Trace it is necessary to carry out the following procedure:

1. From the online menu, select:
(a) Trace
(b) Sampling Trace.

2. The display now becomes as shown in Figure 18.2.

18.4 Trace data

1. Select Trace data.
2. The Trace data are those devices, which will be monitored and displayed as Trace

waveforms.
3. Enter the following devices into the Trace data menu as shown in Figure 18.3.

(a) X0
(b) X2
(c) X3

Figure 18.2
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(d) X4
(e) X5
(f) Y0
(g) Y1
(h) T0.

18.5 Trace conditions

1. Select Conditions.
2. The display now appears as shown in Figure 18.4.
3. The conditions, which can be set, are as follows:

(a) The total number of times (Traces), in which the state or value of the selected
devices is monitored and saved to the Trace memory.

(b) The number of Traces that are to be recorded after the trigger signal has
occurred.

(c) The trigger signal that will be used to start the Trace. This will be the input X0.
(d) The time period, for repetitive monitoring of the devices.

Figure 18.3
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4. The following is now entered into the conditions setup menu.
(a) No. of times 512 fixed value
(b) After trigger

No. of times 448
(c) Trace interval 100 milli-seconds
(d) Trigger device X0 rising edge.

5. This means:
(a) The total Trace time will take 512� 100 milli-seconds ¼ 51:2 sec.
(b) The number of Traces before the trigger signal (X0) will be 64, i.e. (512�448).
(c) The number of Traces after the trigger signal will be 448.

6. This ensures that the waveforms can be examined for a short time before the trigger
signal occurs, i.e. the closure of input X0.

7. After the condition data has been entered, the conditions display will appear as
shown in Figure 18.5.

Figure 18.4
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18.6 TransferTrace data toPLC

1. Ensure the sampling Trace window is being displayed.
2. Select Write to PLC, to download the Trace data and the Conditions into the PLC’s

memory.
3. A section of the PLC’s RAM memory is now configured for storing the Trace data.

18.7 Saving theTrace setup data

The Trace setup data can now be saved on the hard disk of the computer and recalled
when required.

1. From any of the Trace menus, select Write file.
2. The display now becomes as shown in Figure 18.6.
3. Enter the file name PNEU4.
4. Select OK.

Figure 18.5
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5. Select OK to return to the Trace data menu.
6. The Trace setup data has now been saved to the Trace file PNEU4.

18.8 Reading theTrace setup data from file

The Trace setup data, which was previously written to the Trace file PNEU4, will now
be recalled by reading the file.

1. Select Read file (see Figure 18.7).
2. Click on the down arrow button ! in the Reading data window.
3. Select PNEU4.
4. Select OK.
5. As soon as the file PNEU4 has been read into the project, select OK to return to the

Trace menus.
6. Note that the Trace setup data is now displayed in all of the menus.

Figure 18.6
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18.9 StartTrace operation

The following procedure is now used to obtain the Trace display:

1. The very first time Trace is operated, it is necessary to execute the trigger condition.
2. (a) Select the Execute and status menu

(b) Select Execute trigger.
3. Select Execute.
4. The display now becomes as shown in Figure 18.8.
5. Select the Start Trace button from the Execute and status menu.
6. Select Execute to start the Trace process.
7. A few seconds later the display appears, with the number of Traces stored. This means

that the changing logic conditions of the following devices are being stored as Traces
within the FX2N PLC memory, prior to the start trigger signal.
(a) Inputs X0, X2, X3, X4, X5
(b) Outputs Y0 and Y1
(c) The contents of timer T0.

8. Until the trigger condition, i.e. X0 occurs, the memory will store only the last 512
Traces of data, i.e. the last 51.2 sec of data. As more Traces fill up the memory, then
the earlier Traces will be lost.

9. Wait until the Trace memory has filled up with 512 Traces, this will take 51.2 sec
(see Figure 18.9).

Figure 18.7
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Figure 18.8

Figure 18.9
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18.10 Start trigger ^ X0

1. Operate the input switches X1, X2 and X4.
2. Momentarily operate the input X0, which will cause the following to occur:

(a) Start the pneumatic operation by turning Y0 ON.
(b) Provide the Trace trigger signal.

3. Note the number of Traces, which have been stored in the Trace memory after the
occurrence of the trigger signal X0. This is shown in the box ‘Current Traces after
Trigger’, i.e. 11 (see Figure 18.10).

4. Carry out the remainder of the pneumatic operation.
(a) Open X2 and close X3 – this will cause Y1 to energise.
(b) Open X4 and close X5 – this will cause Y0 to de-energise.
(c) Open X3 and close X2 – this will start the operation of timer T0.
(d) After 5 sec, timer T0 times out – this will cause Y1 to de-energise.
(e) Open X5 and close X4 to complete the machine cycle.

5. After the operation of the Trace signal X0, a further 448 Traces will be clocked into
the Trace memory shift register to complete the Trace process.

Figure 18.10
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6. A total of 512 Traces will now be stored into the Trace memory, i.e. the 64 Traces
prior to the Trace signal X0 and the 448 Traces after the operation of the trigger
signal (see Figure 18.11).

18.11 Obtaining theTracewaveforms

1. Select Read from PLC.
2. When the read of the Trace information from the PLC has been completed, select

OK.
3. Select Trace result, to obtain the Trace displays.

18.12 Trace results

1. The Trace display initially appears, as shown in Figure 18.12.
2. Change the Display units to 100.

Figure 18.11
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3. The display should now appear as shown in Figure 18.13.
4. Move the vertical cursor downwards, so that the other Trace waveforms can be viewed.
5. The display shown in Figure 18.14 is a combination of the Trace waveforms.
6. From an examination of the waveforms, the operation of PNEU4 can be

determined.
7. Using the Trace waveforms in Figure 18.14, confirm the following sequence of

events.
(a) With the operation of X0, Y0 turns ON.
(b) X2 then opens and X3 closes.
(c) With X3 closing, Y1 turns ON.
(d) X4 then opens and X5 closes.
(e) With the closure of X5, Y0 turns OFF.
(f) X3 then opens and X2 closes.
(g) There is now a 5-sec delay until Y1 turns OFF.
(h) X5 then opens and X4 closes.

Figure 18.12
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Figure 18.13

Figure 18.14
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18.13 Measuring the time delay ^ T0

The time measurements between any parts of the machine cycle can now be obtained,
from the Trace waveforms.

The following procedure describes how the 5-sec time delay of T0, can be checked
from the Trace waveforms.

1. The 5-sec delay of T0 is controlled as follows:
(a) It starts with the closure of X2, i.e. when piston A returns to its A� position.
(b) On timing out, output Y1 turns OFF.

2. Using the left-hand mouse button, double click on the rising edge of X2
(see Figure 18.15).

3. Note that timer T0 has been energised at Trace no. 60.
4. Now double click on the falling edge of Y1 (see Figure 18.16).
5. Note that timer T0 times out at Trace no. 110.

Figure 18.15
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18.14 Calculation of elapsed time

The number of Traces from the coil of T0 being energised at Trace no. 60, to when its
contacts operate and hence reset output Y1 at Trace no. 110, is

1. No. of Traces¼ 110� 60¼ 50
2. Each Trace is taken at intervals of 100 milli-sec, i.e. 0.1 sec.
3. Therefore elapsed time ¼ 50� 0:1 sec ¼ 5 sec
4. This being the time delay setting for timer T0.

Figure 18.16
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19

Data registers

The PLC programs produced so far, basically replace conventional electromagnetic
relay systems plus additional timers and counters, which are normally separate plug-in
units.

However, the programs that will now be produced are far more complex and enable
the PLC to become more identified with computer type operations.

The starting point for these programs is the data register.
The data register is equivalent to 16 auxiliary memory coils, which are linked

together to store in binary form, numerical values.
In addition it is possible to link two data registers together, i.e. the equivalent of 32 M

coils, to enable even larger numbers to be stored.

Register size Number range

Single – 16 bits �32767 to þ32768
Double – 32 bits �2147 million to þ2147 million

Format ^ 16 bit data register

b0 least significant bit
b15 most significant bit

Each bit of the data register stores either a logic 0 or a logic 1.

19.1 Number representation ^ binary/decimal

In the binary system only the values 0 and 1 can be used, but by using a number of
binary bits it is possible for them to be equal to any standard denary (decimal)
number.

b15 b0



Decimal value Binary value

0 0000 0000 0000 0000
1 0000 0000 0000 0001
2 0000 0000 0000 0010
3 0000 0000 0000 0011
4 0000 0000 0000 0100
5 0000 0000 0000 0101
6 0000 0000 0000 0110
7 0000 0000 0000 0111
8 0000 0000 0000 1000
9 0000 0000 0000 1001
10 0000 0000 0000 1010
| |
| |

255 0000 0000 1111 1111
256 0000 0001 0000 0000
257 0000 0001 0000 0001
| |
| |

4095 0000 1111 1111 1111
4096 0001 0000 0000 0000
4097 0001 0000 0000 0001
| |
| |

32767 0111 1111 1111 1111
�1 1111 1111 1111 1111

�32768 1000 0000 0000 0000

Note: Where the most significant bit is a logic 1, then this signifies a negative number.

19.2 Converting a binary number to its decimal
equivalent

It is possible to convert a binary number to its denary equivalent, by assigning a denary
weighting value to each of the binary columns. For ease of understanding, only 8-bit
numbers will be considered.

The denary weighting values are as follows:

Column number Weighting value

1 1
2 2
3 4
4 8
5 16
6 32
7 64
8 128
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Example: Convert the binary number 1001 1101 to its denary equivalent.
Note: msb is the Most Significant Bit. lsb is the Least Significant Bit.

19.3 Binary numbers and binary coded decimal

A binary value can be displayed in two different ways:

(a) Pure binary
(b) Binary coded decimal (BCD).

Pure binary

Consider the following binary number 0010 0101 1001 0110.
In pure binary 0010 0101 1001 0110 ¼ 9622

Binary coded decimal

In BCD the binary numbers are grouped into blocks of four binary digits each
starting from the lsb. Each block of binary digits is then converted to its denary
equivalent.

1001 0110 0010 0010
| | | |
9 6 2 2

In BCD, the binary pattern would now have to be 1001 0110 0010 0010 for it to equal
9622. The reason for using BCD is that each block of four digits can be output to a
binary to decimal decoder chip, whose outputs can then be connected to a four digit
0–9999 display.

msb lsb
128 64 4 2 1 weighting value
1 0 1 binary value 

1 ×
0 ×
1 ×
1 ×
1 ×
0 ×
0 ×
1 × 

Total =157

Hence 1001 1101 = 157

832 16

0 1 0 11

1
0
4
8

16
0
0

128

1
2
4
8

16
32
64

128

=
=
=
=
=
=
=
= 
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19.4 Advanced programming instructions

The advanced instructions, which are briefly described in this section all use data
registers, and it is these instructions which will be used to develop a wide range of
PLC programs.

1. ADDP D0 K2 D0 Add 2 to the existing contents of D0 and store the result back
into D0, each time the input condition goes positive.
The instruction will not be executed again, until the input,
i.e. X0, is opened and then reclosed.

2. ADDP D0 K5 D1 Add 5 to the existing contents of D0 and store the result in D1,
each time the input condition goes positive.

3. BCD D0 K4Y10 Transfer 16 bits of data from D0 to Y10–Y27 in BCD format,
i.e. from 0–9999, each time the instruction is executed. This
instruction would be used to display the contents of data register
D0, on a four-digit seven-segment display unit, which had been
connected to outputs Y10–Y27.

While the input, i.e. X0, is closed, the instruction will be executed
during each scan of the program, i.e. every few milli-seconds.
Where a K value is linked to another element, then the k value
indicates the number of bits to be used with that element.

k1 4 bits
k2 8 bits
k3 12 bits
k4 16 bits

4. BIN K4X10 D0 Load data register D0 with 16 bits of data from X10–X17 in
BCD format.

bin ¼ BCD INPUT Input number range 0–9999.
This instruction would be used to input numerical values from a
bank of four-decimal 0–9 thumbwheel switches, connected to
X10–X27.

5. CMP D0 K10 M2 Each time this instruction is executed. The logic states of the
internal memory coils M2, M3 and M4, will indicate the result
of the comparison.

M2 ON if D0 > 10
M3 ON if D0 ¼ 10
M4 ON if D0 < 10

X0
-----| |------------------------------------------------------[ ADDP  D0  K2  D0 ]

∧

X0
-----| |--------------------------------------------------------[ BCD  D0  K4Y10  ]
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Note: This instruction is the only type of compare instruc-
tion available, when using the FX range of PLCs. However,
when using the FX1S, FX1N and the FX2N range of PLCs
the inline comparison instructions can be used, hence saving
on M Coils.

6. Inline comparison instructions – see Note above. If the comparison is TRUE, then
continue to execute the remaining instructions on that rung including the output. If
the comparison is FALSE, then move to execute the instructions on the following
rung.
(a) -½> D0 K10�- Continue if the contents of D0 are greater than 10.
(b) -½>¼ D0 K10�- Continue if the contents of D0 are greater than or equal to 10.
(c) -½> D0 K10�- Continue if the contents of D0 are equal to 10.
(d) -½< D0 K10�- Continue if the contents of D0 are less than 10.
(e) -½<¼ D0 K10�- Continue if the contents of D0 are less than or equal to 10.

7. DECP D0 Decrement the contents of D0, each time the input condition
goes positive.

8. DIVP D16 K120 D18 Divide the existing contents of D16 by 120 and store the
result in D18 and D19, each time the input condition goes
positive. Quotient part of the result stored in D18. Remain-
der part of the result stored in D19.
For example if D16 contains 345, then
D18 (quotient) ¼ 2
D19 (remainder) ¼ 105

9. FMOV K0 D0 K4 Clear four data registers from D0 to D3 inclusive.
10. INCP D0 Increment the contents of data register D0, each time the

input condition goes positive.
11. MOV D0 K4Y0 Transfer 16 bits of data from D0 to Y0–Y17, in binary

format, i.e. from 0–65535.
12. MOV K0 D0 Move, i.e. load the value 0 into data register D0.
13. MOV K104 D0 Load the value 104 into data register D0.
14. MOVP K0 D0 Clear data register D0, each time the input condition goes

positive.
15. MOV K2X0 D0 Load data register D0 with 2� 4 bits of data from X0 to X7.

Input number range 0–255.
16. MULP D2 K10 D3 Multiply the existing contents of D2 by 10, each time the

input condition goes positive.
Lower 16 bits of the result are stored in D3.
Upper 16 bits of the result are stored in D4.

17. RST D0 Clear the contents of data register D0. Identical to
-[MOV K0 D0]-.

18. SUBP D0 K5 D1 Subtract 5 from the existing contents of D0 and store the
result in D1, each time the input condition goes positive.
D1 ¼ D0� 5.

19. - _T0
D0

^- Load timer T0 with the contents of data register D0. This is
used to change the value of the time delay, whilst the pro-
gram is being executed.
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20

Introduction to programs using
data registers

The programs which will be developed in this section are designed to enable the user to
gain experience and hence confidence in using a few of the more easily understandable
advanced programming instructions.

20.1 Binary counter ^ COUNT3

A simple counting system will now be produced, in which a push button will simulate
pulses coming from a transducer.

In an industrial application, the transducer could be monitoring the rotation of a
toothed gear wheel connected to, for example, a conveyor system.

The total number of pulses is displayed on the output LEDs in pure binary form.

System ^ blockdiagram

As the toothed wheel rotates, the difference in the width of the gap between the teeth
and the inductive proximity detector will change. Within the detector is a small magnet
and coil and as the air gap between the gear wheel and the detector changes, it will cause
a change in the magnetic field within the detector, which in turn, will induce voltage
pulses into the coil (see Figure 20.1).

These pulses are now fed into the PLC, where they can be:

(a) Counted.
(b) Displayed as an incrementing binary value on the Y Outputs, Y0–Y7.

Inductive
proximity
detector

input
pulsesgear

wheel
FX PLC Y0

Y1

X1

Y6
Y7

Figure 20.1



Ladder diagram ^ COUNT3

This counter circuit will be used to count the incoming pulses and display the incre-
menting count in pure binary form on the Output LEDs Y0 to Y7.

Principle of operation

1. Line 0
The closing of input contact X0 will cause the data register D0 to be cleared by
loading it with 0. The use of ‘P’ ensures that this operation only occurs when the
input X0 is operated and not each time the program is scanned.

2. Line 6
The opening and closing of input X1 simulates the input pulses to the PLC. Each
time input X1 is closed, the contents of data register D0 are incremented by one.

3. Line 10
Input M8000 is closed while the PLC in RUN and therefore during each scan of the
program, the changing contents of D0 will be transferred to the eight outputs Y0 to Y7.

Entering the program

Most advanced instruction can be entered, simply by typing them in from the keyboard.
Hence, the program COUNT3 can be entered as shown below.

Instruction Keyboard entry

1. Normally open contact X0 1 x0 <ent>
2. MOVP K0 D0 movp <space>

k0 <space>
d0 <ent>

3. Normally open contact X1 1 x1 <ent>
4. INCP D0 incp <space>

d0 <ent>
5. Normally open contact M8000 1 m8000 <ent>
6. MOV D0 K2Y0 mov <space>

d0 <space>
k2y0 <ent>

7. END end <ent>
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Programmonitoring

To monitor the operation of the program in real time, carry out the following
operations:

1. Download the program COUNT3 to the FX2N PLC.
2. Display the ladder diagram.
3. Press F3 for monitor mode.
4. The display now becomes as shown in Figure 20.2, after six input pulses.

5. The ladder diagram display shows that in addition to the inputs and outputs being
monitored, so can the contents of data register D0 be monitored.

20.2 BCD counter ^ COUNT4

Each time the input X1 is operated, the 4� 7 segment display connected to Y10–Y27
will show an incrementing count in BCD format.

That is the output number can only be in the range 0–9999.

Figure 20.2
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Principle of operation ^ COUNT4

1. Line 0
Each time input X0 is operated, data register D0 is cleared to zero.

2. Line 6
Each time input X1 is operated, the contents of data register will be incremented,
i.e. increased by one.

3. Line 10
While input X0 remains operated, the 16-bit contents of D0 are transferred,
i.e. copied in BCD form to the 16 Y outputs, Y10–Y27.

Hence displayed on the seven-segment display will be an incrementing count in BCD
format from 0 to 9999.

Monitoring

1. Press F3 and monitor the ladder diagram.
2. Enter 16 input pulses to obtain the display show below.

3. Using device batch, monitor the outputs Y10 to Y27 (see Figure 20.3).

BCD display

1. The binary display is in BCD format, which can easily be converted into the decimal
equivalent of 16. However the display shows that the decimal equivalent is 22, which
is incorrect. This is because it is the straight decimal equivalent of the displayed
binary pattern.

2. To obtain the correct decimal equivalent of a BCD value, select the HEX button.
3. As shown in Figure 20.4, the decimal equivalent of the binary pattern is now the

correct value, i.e. 16.
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Figure 20.3

Figure 20.4
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20.3 Multiplication program ^ MATHS1

The project MATHS 1 will enable two numbers to be multiplied together and then
display the result on the seven-segment displays.

1. Enter from the thumbwheel switches two separate numbers in the range 0–99.
2. Multiply the two numbers together.
3. Display the result, which will be in the range 0–9801, on the seven-segment displays.

Ladder diagram ^ MATHS1

Principle of operation

1. The four-digit number from the thumbwheel switch, i.e. 9876 is split into two
separate numbers.

2. N1 ¼ 76 and is stored into D0.
N2 ¼ 98 and is stored into D1.

3. The two numbers are then multiplied together and the result is stored into D2.
4. Finally the result, i.e. 7448 is displayed on the seven-segment displays.
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20.4 RPMcounter ^ REV1

The project REV1 counts pulses during a 5-sec timing period and then displays speed in
RPM (revs/min).

The pulses are input via X0 and for the purpose of this project are assumed to be
obtained from an inductive proximity detector mounted in close proximity to a four-
tooth gear wheel connected to a rotating shaft (refer page 200).

The seven-segment display is used to display the speed of the shaft in RPM.

From the timing waveforms shown in Figure 20.5, it can be seen that eight pulses are
input during the 5-sec timing period.

5-sec timing period

Input Pulses (X0)

1          2           3            4           5         6          7           8          9

Figure 20.5
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Ladder diagram ^ REV1

Principle of operation ^ REV1

1. The simulated input pulses are assumed to be from an inductive proximity detector
connected to input X0 and which is mounted in close proximity to a four-tooth
gearwheel.

2. Number of pulses obtained in 1 sec ¼ N

60
� 4 where N ¼ shaft speed in RPM.

4 ¼ no. of gear teeth.

Number of pulses obtained in 5 sec ¼ 5� N

60
� 4¼ N

3
This will be the number of pulses stored in D0 every 5 sec.

3. Therefore D0 ¼ N

3
4. Hence the shaft speed in RPM (N) ¼ 3�D0
5. Line 0

The incoming pulses from the gear wheel, which are input via X0, increment D0.
6. Line 4

M8013 produces 1-sec clock pulses, which are used to increment D1.
7. Line 8

(a) The instruction -[>¼ D1 K5]- will be TRUE, when D1 reaches a count of 5,
i.e. after 5 sec.

(b) Hence every 5 sec M0 is turned ON.
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8. Line 14
(a) On the rising edge of M0, the contents of D0 are multiplied by 3 and the result is

stored into D2
(b) At the same time the 1-sec count stored in D1, i.e. 5 is reset back to 0 and as the

instruction -[>¼ D1 K5]- is no longer TRUE, M0 is turned OFF.
9. Timing waveforms are shown in Figure 20.6.

10. Line 26
On the falling edge of M0, i.e. after the 5-sec delay has elapsed, the contents of D0
are reset back to 0.

11. Line 31
The instruction -[BCD D2 K4Y10]- enables the simulated speed of the shaft to be
displayed in RPM on the seven-segment displays.

Monitoring ^ REV1

1. When D1 is reset back to 0, turn X0 ON and OFF four times to obtain four
pulses.

2. Immediately when D1 is reset back to 0, input a further four pulses before D1 reaches
5, i.e. before the next 5 sec have elapsed.

X0
1 2 3 4 1 2 3 4

ON

OFF

M0

ON

OFF

Count X0 input pulses

5s Scan time ~ 1 mSec.

Start X0 Multiply Count
and Reset D1

Reset D0
for next count.

Figure 20.6
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3. The display now becomes as shown below.

Note

1. The above display was obtained after four pulses were input to X0 during a 5-sec
timing period.

2. This value was stored in D0.
3. The contents of D0 were then multiplied by 3 and the result, i.e. 12 was stored in D2.
4. The seven-segment display requires the output of Y10–Y27 to be in BCD format to

obtain the value of 12.
(a) D2 ¼ 12.
(b) BCD equivalent of 12 in binary (K4Y10)¼ 0001 0010.
(c) The decimal equivalent of 0001 0010¼ 18.

5. Hence it can be seen, that care must be taken when monitoring BCD Outputs.

REV1A

To prove the accuracy of the system input X0 was replaced with M8011, whose periodic
clock time is 0.01 sec, i.e. it produces pulses at a frequency of 100Hz.

(a) Number of pulses per sec ¼ 100
(b) Number of pulses every 5 sec ¼ 500
(c) Assume the inductive proximity detector also outputs 500 pulses in 5 sec, i.e. D0.

(d) The speed of the rotating shaft in RPM (N) ¼ D0� 3

¼ 500� 3

¼ 1500
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Monitoring ladder diagram ^ REV1A

Practical considerations

If a PLC is being considered to actually determine the speed of a rotating shaft, it
may be necessary to use the instruction REFF or to use a high speed counter (refer
page 247).

20.5 Timing control of a bakerymixer ^ MIXER1

The project MIXER1 is used in a bakery to control the time taken for mixing dough to
the correct consistency.

The project enables the operator to carry out the following:

(a) Set up the mixing time within the range 10–20 sec.
(b) On operating the start button, the output Y0 will be immediately energised for the

required mixing time.
(c) The timer values cannot be changed, while the mixer is ON.
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Ladder diagram ^ MIXER1

Principle of operation

1. Line 0
On switching the PLC to RUN, the M8002 contacts will close for one scan time,
i.e. approximately 1 milli-sec and this will enable D0 to be loaded with the value
10. The minimum mixing time being 10 sec.

2. Line 6
(a) The mixer is turned ON and OFF by the output Y0. Hence with Y0 OFF its

normally closed contacts will remain closed.
(b) Opening and closing input X0 will enable D0 to be incremented to a maximum

value of 20.
(c) Once the contents of D0 reach a value of 20, then the instruction -[< D0 K20]-

will no longer be TRUE and hence D0 cannot be incremented further.
(d) Similarly by opening and closing input X1 will enable D0 to be decremented to a

minimum value of 10.
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(e) Once the contents of D0 reach a value of 10, then the instruction -[>D0 K10]-
will no longer be TRUE and hence D0 cannot be decremented further.

(f) The required mixing time is displayed on the first two digits of the seven-segment
display.

3. Line 27
(a) Once the operator has set up the required mixing time he will momentarily

operate the input X2.
(b) This will set the output Y0 ON and hence the mixer will start operating.
(c) At the same time counter C0 is reset to 0.
(d) At line 6 the normally closed contacts of Y0 now opening, will prevent the

contents of D0 from being changed, until the mixing cycle has been completed.
4. Line 32

(a) M8013 provides 1-sec clock pulses and now that the mixer is running, the Y0
contacts will be closed.

(b) The instruction - _C0 D0 ^- enables counter C0 to be incremented by the 1-sec
pulses from M8013 up to the value stored in D0. Hence whatever value stored in
D0 will be the time taken in seconds for counter C0 to operate.

5. Line 37
(a) When counter C0 reaches the value in D0, i.e. after the required time for the

mixing cycle, the C0 contacts will close and reset the output Y0, hence turning
the mixer OFF.

(b) At the same time at line 6, the Y0 normally closed contacts will now remake to
enable the operator to change the mixing time for the next batch of loaves,
should it be necessary to do so.

6. Line 39
(a) The instruction -[BCD D0 K2Y10]- enables the required mixing time to be

displayed on the first two digits of the seven-segment display.
(b) The instruction -[BCD C0 K2Y20]- enables the elapsed mixing time to be

displayed on the last two digits of the seven-segment display.

Monitoring ^ MIXER1

The monitored display on page 213 shows the following:

(a) The required mixing time as set in D0, is 18 sec.
(b) When the display was obtained, the elapsed mixing time at that point was 10 sec.
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21

Ladder logic tester

21.1 Introduction

Ladder logic tester is a separate piece of PLC-development software, which is also
known as GX Simulator.

It is supplied on the same CD as the Gx-Developer software.
However, before it can be used, it is necessary to ensure that it has been installed

along with the Gx-Developer software.
The ladder logic tester software enables the following to be carried out without the

use of a PLC:

1. Monitoring and execution of programs.
2. Debugging.
3. Timing charts.

The Gx-Developer project is downloaded into the ladder logic tester software, and
hence it is the computer, which now effectively executes, monitors and debugs the
project instead of the PLC.

21.2 Programexecution

To execute a program using ladder logic tester, carry out the following procedure:

1. Open an existing Gx-Developer project, i.e. FLASH1.



2. Select:
(a) Tools.
(b) Start ladder logic test.

3. Alternatively, click on the ladder logic test icon (Figure 21.1).

4. The display now becomes as shown in Figure 21.2.

5. A few seconds later the displays in Figure 21.3 occur, indicating that the project is
being automatically downloaded into the ladder logic test software.

Figure 21.1

Figure 21.2

Figure 21.3
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6. The display now becomes as shown in Figure 21.4.

7. Note the project is automatically in Monitor Mode.

21.3 Input simulation

To simulate the operation of an input to enable a program to be executed using ladder
logic tester, there are three methods which can be used:

1. Forcing an input.
2. Device memory monitor.
3. I/O system settings.

Forcing an input

The Input X0 will now be forced ON using the method described in Section 8.5.

1. Select the following:
(a) Online.
(b) Debug.
(c) Device test.
(d) Enter x0 into the Bit device window.

2. The display will now appear as shown in Figure 21.5.
3. Select FORCE ON.
4. Select Close to remove the Force Window.
5. The display will now show the program being executed, as if it had been downloaded

to an actual PLC (Figure 21.6).
6. Select the Force display again, but this time, force X0 OFF.

Figure 21.4
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21.4 Devicememorymonitor

Ladder diagram ^ LLT1

1. Press F2 to leave Monitor Mode.
2. Modify the Ladder Diagram FLASH1 to include Data Register D0 and save it as LLT1.

Figure 21.5

Figure 21.6
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3. Press F4 to convert the program.
4. Downloading a modified program into LLT

Note:
It is not possible to convert and download online changes, whilst in ladder logic
tester.
To download LLT1 into ladder logic tester, select the following, as if the program
were being downloaded into a PLC:
(a) Online.
(b) Write to PLC.

5. Press F3 to enable the ladder diagram to be monitored (Figure 21.7).
6. Select the ladder logic test tool icon displayed at the bottom of the screen to obtain

the ladder logic test tool display (Figure 21.8).
7. Select the following:

(a) Start.
(b) Device Memory Monitor.

8. The display now becomes as shown in Figure 21.9.
9. From the Device Memory Monitor display, select the following (Figure 21.10):

(a) Device Memory.
(b) Bit Device.
(c) X.

10. The display now becomes as shown in Figure 21.11.
11. Double-click on X0 to force X0 ON. Note the X0 background colour changes to

yellow.
12. Move the Device Memory Monitor and the ladder diagram test tool displays

downwards, to obtain the overall display shown in Figure 21.12.
13. Select Device Memory again, but this time select Word Device followed by ‘D’, to

monitor the contents of data registers.
14. The display now becomes as shown in Figure 21.13.
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15. Note the contents of data registers can be monitored in:
(a) 16-bit integer.
(b) 32-bit integer.
(c) Real.

Figure 21.7

Figure 21.8
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(d) Decimal.
(e) Hexadecimal.

16. Select Device Memory once and select the following:
(a) Bit Device.
(b) X.

17. Double-click in the X0 window to force X0 OFF.

Figure 21.9

Figure 21.10
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Figure 21.11

Figure 21.12
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21.5 Timing charts

To assist in the debugging of programs, ladder logic tester is able to produce timing
waveforms.

1. Ensure the program LLT1 has been loaded into ladder logic tester.
2. Select the following:

(a) Ladder Logic Test Tool (see Figure 21.8).
(b) Device Memory Monitor.

3. From the Device Memory Monitor display, select:
(a) Timing Chart.
(b) Run.

4. The display now becomes as shown in Figure 21.14.
5. Click on the Manual button.
6. Select the following:

(a) Device.
(b) Enter Device.

7. In the Device Entry window, select D, then enter 0 (Figure 21.15).
8. Enter the remaining devices:

(a) Y0.
(b) T0 (ensure the contact option is selected).
(c) X0.

Figure 21.13
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Figure 21.14

Figure 21.15
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9. On selecting Cancel, the display will appear as shown in Figure 21.16.
10. Ensure that Input X0 is OFF.

21.6 Producing the timing chart waveforms

To obtain the waveforms shown in Figure 21.17, carry out the following:

1. Set the Chart Display Range to X10. This means that the effective time base is
1 sec between each graticule line in the X direction.

2. Select the Monitor Stop button and note the following:
(a) The wording on the button changes to Monitoring.
(b) The Monitoring Status light turns to green.

3. Double-click on the X0 button to enable the program to operate.
4. From the waveforms shown in Figure 21.17, the following can be seen:

(a) The first Y0 output pulse occurs 1 sec after X0 turns ON.
(b) The contents of D0 are incremented on the rising edge of the T0 contacts – TS0.

The cross-over of the D0 waveform indicates that D0 has been incremented by 1.
(c) From when X0 was turned ON, to when the waveform display was obtained,

there have been three rising edges of TS0, hence the contents of D0 are also
three.

Figure 21.16
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21.7 Resetting the timing chart display

To reset and then re-start the display, carry out the following:

1. Double-click on X0.
2. Select D0 and enter 0. This overwrites the existing contents of D0 and resets it back to 0.
3. To restart the program and the display, double-click on X0.

21.8 Saving the setup details

1. To save the setup details, select the following:
(a) File.
(b) Save as.

2. Save the Setup file in c:\gxdevel\fxi\LLT1.
3. Select Project.
4. Select Close project. This will close the project LLT1 and also quit ladder logic tester.

21.9 I/O systemsettings

The I/O system setting option is a very important part of ladder logic tester, in that it
enables the simulation of much larger systems. As shown towards the end of this chapter

Figure 21.17
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(see Section 21.15), the pneumatic control project PNEU1 can be quite easily simulated
and tested without the need for a PLC.

After a program has been downloaded into ladder logic tester, then the I/O setting
function will display the effects of forcing inputs and outputs ON/OFF and also the
effect of forcing numerical values into data registers.

To describe the basic operation of I/O system setting, the program LLT2 will be
used.

Ladder diagram ^ LLT2

Turning Input X0 OFF/ON will increment the contents of D0.

21.10 Procedure ^ I/O systemsetting

1. Quitting ladder logic tester:
If ladder logic tester is still being executed, then selecting a new project will auto-
matically switch it OFF and return to standard Gx-Developer.

2. Enter the program LLT2.
3. Select ladder logic tester as described in Section 21.2.
4. A few seconds later, the program LLT2 will be downloaded into ladder logic tester.
5. Select Ladder Logic Test Tool from the bottom of the screen (Figure 21.18).
6. The display now becomes as shown in Figure 21.19.
7. Select the following:

(a) Start.
(b) I/O System Settings.

8. The display now becomes as shown in Figure 21.20.
9. The I/O Input Settings enables the user to enter conditions, which when are

executed will enable the actual ladder diagram input/output requirement, to be
forced ON or OFF or for a value to be set into a data register.

10. For example, the first line of the I/O settings will be as shown in Figure 21.21.
11. The display shows that when the condition X0¼ON is clicked ON and as the second

condition is always ON, then 10msec later the actual X0 input on the ladder
diagram will be Forced ON.

12. Time, in this case, is simulating a 10msec PLC input delay.
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Figure 21.18

Figure 21.19
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21.11 Entering the Conditions and InputNo. settings

1. Ensure the I/O System Settings is being displayed and the Device Value No. 1�No. 26
has been selected (Figure 21.22).

2. Click on the pling sign (‘!’) to the right of the first window of Condition 1.
3. The display now becomes as shown in Figure 21.22.
4. Select the Device X and Enter 0 for the Device Number (Figure 21.23).
5. On selecting OK, the first part of Condition 1 becomes as shown in Figure 21.24.
6. For the second part of Condition 1, select Always ON (Figure 21.25).
7. Hence, Condition 1 now becomes as shown in Figure 21.26.
8. Select the pling (!) for Input 1 to enable the required Bit Device, i.e. Input X0 to be

obtained (Figure 21.27).

Figure 21.20

Figure 21.21
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Figure 21.22

Figure 21.23
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9. Enter the following in the Bit Device Setting window (Figure 21.27):
(a) Device Name X.
(b) Device Number 0.

10. Select Add (Figure 21.28).
11. Select OK.
12. Click on the Enable Setting box to complete the settings for Device Value No.1,

which is shown in Figure 21.29.

Figure 21.24

Figure 21.25

Figure 21.26
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13. Save the input/output system file.
14. Select the following:

(a) File.
(b) Save As.

15. Save the file as LLT2.IOS in the folder c:\gxdevel\fxi.

!

Figure 21.27

Figure 21.28
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21.12 Executing the I/O system

1. From the File menu, select Execute I/O System Settings (Figure 21.30).

2. The window shown in Figure 21.31 is now displayed.

3. Select OK.
4. After the I/O system settings have been successfully executed, Select OK once more.
5. To monitor the I/O system, select the following from the I/O System Settings toolbar:

(a) Online.
(b) Monitor Mode.

6. The I/O system display now becomes as shown in Figure 21.32.

Figure 21.29

Figure 21.30

Figure 21.31
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7. Move the cursor to the blue border – I/O System Settings – and holding the left-
hand mouse button down, drag the display downwards to reveal the Ladder
Diagram LLT2 and the the ladder logic test tool displays underneath.

8. Move the I/O system settings and the ladder logic test tool displays downwards,
until the overall display becomes as shown in Figure 21.33.

9. Click ON the X0¼ON window (Figure 21.34).
10. Note the following:

(a) The X0¼ON window background colour has now changed to yellow.
(b) The X0 contacts have closed.
(c) The contents of D0 have been incremented to 1.

11. Each time the X0¼ON window is selected, the PLC input X0 is toggled ON/OFF.
12. When theX0¼ONwindow is toggledON, its background colour will change to yellow,

and the PLC input X0 will turn ON. This in turn will cause D0 to be incremented.

Figure 21.32

Figure 21.33
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21.13 Resetting a data register using the I/O system

The I/O system settings will now be modified to enable D0 to be reset back to 0, when its
contents reach 15.

1. To enable the I/O systems settings to be modified, select:
(a) Online.
(b) Edit Mode.

2. Click on the first pling (!) of Device Value No. 2.
3. Ensure the Device Specification becomes as shown in Figure 21.35.

(a) Device Name D.
(b) Device Number 0.
(c) Compare With 15.
(d) Operator >¼.

4. Select OK.
5. The I/O system diagram now becomes as shown in Figure 21.36.
6. Select the pling (!) for the next Condition.
7. From the Device Specification display, select Always ON.
8. Select the pling (!) for the lower of the two windows of Input 2.
9. The Word Device Setting window now appears (Figure 21.37).

10. Carry out the following:
(a) Device name D.
(b) Device Number 0.
(c) Setting value 0.
(d) Select Add.

11. The Word Device Setting now appears as shown in Figure 21.38.
12. Select OK to obtain the modified I/O System Settings diagram (Figure 21.39).

Figure 21.34
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13. Finally enable Device Value No. 2 (Figure 21.39).
14. Save the I/O System Setting File LLT2.IOS.
15. From the File menu select Execute I/O System Settings.
16. To monitor the I/O system (Figure 21.39).

(a) Select Online.
(b) Monitor Mode.

Figure 21.35

item 6
!

item 8
!

Figure 21.36
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17. Repeatedly click on the X0¼ON window and each time Input X0 turns ON, then
D0 will be incremented.

18. When D0¼14, then on the next click of the X0¼ON window, D0 will become equal
to 15 and the condition D0 >¼ 15 will become TRUE and hence the I/O system
setting will cause D0 to be reset back to 0 (Figure 21.40).

Figure 21.37

Figure 21.38
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Figure 21.39

Figure 21.40
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21.14 LLT2modification

The project LLT2 will now be modified such that:

1. When D0¼10, then Output Y0 will be turned ON.
2. When D0¼15, then D0 is reset and Y0 is turned OFF using the I/O system setting.

1. Select the Ladder Diagram LLT2.
2. Select F2 to quit monitor mode.
3. Insert the modified line.
4. Press F4 to convert the modification.
5. Download the modified ladder diagram into ladder logic tester.
6. Press F3 to start monitoring.
7. The modified ladder diagram now becomes as shown below:

8. From the bottom of the display select the I/O System Settings icon (Figure 21.41).

9. The display now becomes as shown in Figure 21.42.
10. By clicking on the X0¼ON window, increment D0 until it reaches a value of 10.
11. At this point, the Output Y0 will turn ON (Figure 21.43).
12. Continue incrementing D0 and note that as soon as D0 reaches a value of 15 it will

immediately be reset and Y0 will turn OFF.

Figure 21.41

238 Mitsubishi FX Programmable Logic Controllers



Figure 21.42

Figure 21.43
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21.15 SimulatingPNEU1using ladder logic tester

PNEU1 is a simple control system, which sequentially operates two pneumatic pistons.
The operation of PNEU1 is described in detail in Chapter 8.
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21.16 PNEU1procedure using ladder logic tester

1. Load the project PNEU1.
This will also cause the end of the ladder logic tester for LLT2.

2. Select Ladder Logic Tester.
3. PNEU1 will automatically be downloaded into ladder logic tester.
4. Select the Ladder Logic Test Tool icon displayed at the bottom of the screen.
5. From the Ladder Logic Test Tool display, select the following:

(a) Start.
(b) I/O System Settings.

6. Enter the following settings:
(a) Device Value No. 1

(i) X0 Always ON.
(ii) Y0 M100. This enables Output Y0 to be monitored. M100

is not used and will always be OFF. This
ensures Y0 cannot affect the Input Device X0.

(iii) Input No. X0.
(b) Device Value No. 2

(i) X1 Always ON.
(ii) Y1 M100.
(iii) Input No. X1.

(c) Device Value No. 3 X2 Always ON Input No. X2.
(d) Device Value No. 4 X3 Always ON Input No. X3.
(e) Device Value No. 5 X4 Always ON Input No. X4.
(f) Device Value No. 6 X5 Always ON Input No. X5.

7. Select all of the Enable boxes for Device Value No’s. 1–6.
8. The I/O System Settings now appears as shown in Figure 21.44.
9. Save the I/O System Settings File as PNEU1.IOS.

10. From the File menu now select Execute I/O System Settings.
11. Finally monitor PNEU1.IOS by selecting:

(a) Online.
(b) Monitor Mode.
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21.17 Monitoring procedure

1. With the I/O System Settings now in Monitor Mode, the display will now appear as
shown in Figure 21.45.

2. Each time an X0–X5¼ON window is selected, the corresponding PLC output will be
turned ON/OFF.

3. When an X0 to X5 window is toggled ON, its background colour will change to
yellow.

4. Monitor PNEU1.IOS using a procedure similar to the one described on page 98.
(a) Display and monitor PNEU1.IOS.

(b) Turn ON Conditions X1, X2 and X4.

This will simulate the operation of the Stop push button and the A� and B�
limit switches.

(c) Turn ON and then Turn OFF Condition X0.

This simulates the momentary operation of the Start push button.
This will cause Y0 to turn ON. In a PLC-controlled system Piston A would
now move to the Aþ position and therefore limit switch X2 would open and
X3 would close.

Figure 21.44

242 Mitsubishi FX Programmable Logic Controllers



(d) Turn OFF X2 and Turn ON X3.

This will cause Y1 to turn ON. In a PLC controlled system, Piston B would
now move to the Bþ position and therefore limit switch X4 would open and
X5 would close.

(e) Turn OFF X4 and Turn ON X5.

Auxiliary Output M1 will energise and cause Output Y0 to turn OFF. Hence
Piston A will return to its A� position.

(f) Turn OFF X3 and Turn ON X2.

With X2 closing, this will start the operation of the Timer T0. After 5 seconds,
Timer T0 will time out and its normally closed contact (Line 0) will open,
breaking the master control circuit of M0. Output Y1 will now turn OFF.

(g) Turn X5 OFF and Turn ON X4.

(h) Turn X0 ON then OFF, to repeat the process.

Figure 21.45
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22

Bi-directional counters

There are many applications in PLC control systems, where the positioning of a component
is done by counting pulses from a datum point. This could be required, for example, where
the positioning of the component is done using a conveyor system driven by a steppermotor.

When the stepper motor is driven forward in a clockwise direction, the input pulses
would be used to increment a counter and when the stepper motor is pulsed in the anti-
clockwise direction, the same input pulses would be used to decrement the counter.

COUNT5

The following program COUNT5 uses the 32-bit bi-directional counters, C200 and
C201, and their associated special memory coils, M8200 and M8201, which enable the
counters to count either UP or DOWN.

Counter C200 is set to a positive value, i.e. K10 and Counter C201 is set to a negative
value, i.e. K�10.

22.1 Ladder diagram ^ COUNT5



22.2 Special memorycoilsM8200^M8234

The special memory coils M8200–M8234 are only used in conjunction with the
bi-directional counters C200–C234, respectively.

Each of these special memory coils control whether or not their associated
bi-directional counters will count UP or count DOWN.

Special memory coil Associated bi-directional counter

M8200 C200
M8201 C201

00 00
00 00
00 00
00 00
00 00
00 00

M8234 C234

22.3 Principle of operation ^ COUNT5

1. Line 0
(a) The operation of X0 will load both 32-bit counters with the value �11.
(b) Since the counters are 32-bit, it is necessary to use the DMOV Instruction.

2. Line 19
(a) Input X1 operates the Special Memory Coils M8200 and M8201.
(b) When M8200 and M8201 are not operated, then the Counters C200 and C201

will count UP.
(c) Conversely, when M8200 and M8201 are operated, then the Counters C200 and

C201 will count DOWN.
3. Line 24

(a) The pulsing of Input X2 will simultaneously increment or decrement both
Counters C200 and C201.

(b) Input X1 is used to determine the direction of the count.
4. Line 35

The Output Y0 will be ON, while the count is in the range �10 to þ9.

22.4 Operating procedure

1. Momentarily, operate Input X0 to enable both counters to be loaded with the value�11.
2. Ensure Input X1 is OFF, so that both counters can be incremented.
3. Pulse Input X2 to increment both counters to þ10.
4. Turn Input X1 ON, so that both counters can be decremented.
5. Pulse Input X2 to decrement both counters to �11.
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22.5 Monitoring ^ COUNT5

Monitor counters C200 and C201 and the Output Y0 to confirm the following
(Figure 22.1):

1. Incrementing count
When incrementing the count:
(a) C200 will turn ON, when the count goes from þ9 to þ10.
(b) C201 will turn ON, when the count goes from �11 to �10.

2. Decrementing count
When decrementing the count:
(a) C200 will turn OFF, when the count goes from þ10 to þ9.
(b) C201 will turn OFF, when the count goes from �10 to �11.

3. Output Y0
The Output Y0 will be ON, while the count is in the range �10 to þ9.

Figure 22.1
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23

High-speed counters

23.1 Introduction

A high-speed counter would be used, when it is necessary to count a high-frequency
input signal, which is coming, for example, from an encoder disk.

These high-frequency signals can be counted by feeding the signals into the Inputs
X0–X5 and using the high-speed 32-bit Counters C235–C255.

Using either Input X0 or X1 it is possible to use to count input signals whose frequency
can be up to 60kHz, while the other inputs X2–X5 can count input signals up to 10kHz.

All X Inputs, other than X0–X7, have a fixed input filter time of 10msec, whilst each
of the Inputs X0–X7 has a programmable input filter, which can be adjusted from
50 msec to 60msec, using the Instruction REFF.

However, when using standard counters, i.e. C0–C234 there also is the scan time of
the program to be considered, which depending on the size of the program, can be from
a few milli-seconds to tens of milli-seconds.

Therefore, although the input filter time can be reduced, the scan time cannot and
hence if is required to count a signal whose input frequency is greater than a few tens of
hertz, an alternative method is required, i.e. high-speed counters.

High-speed counters use a method known as interrupts.
When the logic level of a high-frequency input signal goes positive, the present

instruction completes its execution requirements and then the program scan is immedi-
ately halted, i.e. interrupted, and the contents of the corresponding high-speed counter
are incremented by one.

After this has been done, the program returns to its normal scan.

23.2 Types of high-speed counters

Within the FX range of PLCs there are four types of high-speed counters, all of which
are 32-bit and which can be used as up/down counters.

The available types are:

1. Single phase with user start/reset (C235–C240)
This is the simplest type of high-speed counter in that it has a single input and can be
reset from the main program by using any X input, except the one designated as the
high-speed input.



2. Single phase with assigned start/reset (C241–C245)
This type of counter is reset by using assigned X inputs. The advantage of this type of
counter is that the reset input is interrupt-driven and hence does not have to wait for
the normal scan of the program, before the counter can be reset. In addition, two of
these counters have separate start inputs.

3. Two-phase bi-directional (C246–C250)
This type of counter requires at least three assigned X inputs:
(a) Count up.
(b) Count Down.
(c) Reset – except C246.
In addition, two of these counters also have separate start inputs. For example,
consider C247.
(a) When pulses are applied to X0, then C247 will count UP.
(b) When pulses are applied to X1, then C247 will count DOWN.
(c) When þ24V is applied to X2, then C247 is Reset.

4. A/B phase (C251–C255)
This type of counter is used with an encoder disk that has two tracks, A and B, which
are misaligned by 90 degrees to one another. The purpose of the A/B phase system is
to enable a high-speed counter to count UP, when the disk is rotating in one
direction, and count DOWN, when rotating in the other direction. As shown in
the encoder drawing, when rotating anti-clockwise, the leading edge of the A signal
occurs while the B phase signal is LOW. This will cause the counter to count UP.
Similarly, when the encoder disk is rotating clockwise, the leading edge of the A
signal occurs, while the B signal is HIGH. This will cause the counter to count down.

Encoder disk

A phase

B phase

ON

OFF

Figure 23.1
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Encoder waveforms

Encoder accuracy

The drawing of the encoder disk shows that it only has four ON/OFF segments per
cycle. Hence, for every revolution, there are only four complete pulses. This gives an

accuracy of 360/4 ¼ 90�.

Industrial encoders

A modern industrial encoder can produce 16384 pulses per revolution, which means
that the position of the shaft driving the encoder disk, can be measured to an accuracy
of 360�/16384 ¼ 0:022�.

23.3 FX range of high-speedcounters

The high-speed counters C235–C255, listed in Figure 23.3, can be used with the following
PLCs: FX1S, FX1N, FX2N, FX2NC.

A phase

B phase 

A phase

B phase

Up-count

Down-count

Figure 23.2
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23.4 High-speedcounter inputs

Unlike standard counters, i.e. C0–C234, the high-speed counters C235–C255 are
assigned specific inputs, i.e. X0–X5.

It is important to note that when using high-speed counters, the corresponding X
input does not appear on the ladder diagram.

Figure 23.3
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Single-phase counter inputs

Input Counter

X0 C235
X1 C236
X2 C237
X3 C238
X4 C239
X5 C240

Hence, if a high-frequency signal were connected to X0, then the signal would
increment/decrement Counter C235.

Similarly, if the signal were connected to X5, this would increment/decrement
Counter C240.

23.5 Up/down counting

To enable the single-phase high-speed counters to count either UP or DOWN is done by
operating an associated memory coil.

Input High-speed counter Up/down memory coil

X0 C235 M8235
X1 C236 M8236
X2 C237 M8237
X3 C238 M8238
X4 C239 M8239
X5 C240 M8240

That is,

1. When M8235 is OFF, then Counter C235, counts UP.
2. When M8235 is ON, then Counter C235, counts DOWN.

23.6 Selecting the high-speed counter

Selecting the high-speed counter and its associated X input is done by turning the
Counter Coil, i.e. C235 ON using the M8000 run contact, as shown below:
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As Counter C235 has been selected, i.e. its coil has been reserved for high-speed
counting, then each time a high-speed pulse is applied to Input X0, Counter C235 will be
incremented.

It can be seen from the above diagram that Input X0 is not shown, as it is not scanned
during the execution of the ladder diagram program.

When ten pulses have been applied to Input X0, Counter C235 will operate and its
contacts can then be used to drive an output, i.e. turn Y0 ON, or execute an instruction.

23.7 Maximum total counting frequency

If all of the high-speed inputs, X0–X5, have been assigned to be used with high-speed
counters, then when any of these inputs goes positive, the main program scan will be
interrupted while the corresponding high-speed counter is incremented/decremented.

Program control is then passed back to the main program.
Therefore, if all of the above inputs were operating at their maximum frequencies, it

would be impossible to scan and execute the main program.
Hence, for the FX2N and the FX2NC PLCs a limit of 20 kHz is placed on the sum of

the individual frequencies of every signal being applied to the high-speed inputs.
For the FX1S and the FX1N, the limit is 60 kHz.

Example

Using either an FX2N or FX2NC PLC

1. Let the frequency of the input signal to X0 be 10 kHz.
2. Let the frequency of the input signal to X1 be 7 kHz.
3. The total counting frequency is therefore 17 kHz.

Since the total counting frequency is less than the maximum of 20 kHz, the above
example could be used.
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Note

The inputs X0 and X1 of the FX2N and FX2NC PLCs have a special hardware which
enables higher counting frequencies than the other inputs X2–X5.

1. Single-phase maximum counting frequency – 60 kHz.
2. A/B phase maximum counting frequency – 30 kHz.

All of the counting frequencies are reduced, if the high-speed Instructions HSCS,
HSCR and HSZ are used.

Please refer to the Mitsubishi FX Programming Manual II for further details.

23.8 High-speed counter ^ HSC1

Blockdiagram

Ladder diagram ^ HSC1

 F2NX PLC

High-speed count pulses

X0

Up/down
         X6 Y0

Reset
X7

Figure 23.4
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Note

1. High-speed counter reset
It is essential that all high-speed counters are initially reset, before being used.

2. Switch bounce
If a switch is used to input pulses into X0, then connect a 0.1 mF capacitor from the
X0 input terminal to 0V. This ensures switch bounce pulses are not counted.

Principle of operation

1. Line 0
(a) Operating Input X6 will energise the up/down Memory Coil M8235.
(b) If M8235 is OFF, then the counter will count UP. If M8235 is ON, then the

counter will count DOWN.
2. Line 3

(a) The operation of X7 will reset the high-speed Counter C235.
(b) On switching to RUN, M8002 will operate for one scan time, and this will also

reset the counter.
3. Line 7

(a) On switching to RUN, M8000 will operate and this will energise the coil of the
high-speed Counter C235.

(b) This then selects Input X0 to be a high-speed input.
(c) With M8235 OFF, pulses are now applied to X0 to enable Counter C235 to

count UP.
4. Line 13

When the input count reaches 10, then the contacts of C235 will operate to energise
Output Y0.

5. Line 0 – counting down
Operate X6 to energise M8235 and note the following:
(a) Operating Input X0 will now cause the count in C235 to decrement.
(b) When the count goes from 10 to 9, then the C235 contacts (Line 13) will open

and turn the Output Y0 OFF.
6. Line 15

(a) The Instruction -[DBCD C235 K4Y10]- will enable the contents of the 32-bit
high-speed Counter C235 to be monitored on the 7-segment displays.

(b) Note:
If the counter value increments by more than one, each time Input X0 is
operated, then this shows that the counter is counting the high-speed switch
bounces, each time the switch contacts close (see Figure 23.4).

23.9 Decade divider ^ HSC2

The purpose of the program HSC2 is to demonstrate the use of the two high-speed
compare Instructions DHSCR and DHSZ. These instructions enable the high-speed
input pulses to be divided by ten and also for the resulting lower frequency output to
have an equal Mark/Space ratio.
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When using high-speed counters, it is not possible to use standard comparison
instructions to determine when such counters reach a particular value. This is because
the counters operate using interrupts, whereas the standard comparison instructions are
executed during the normal scan of the program.

Ladder diagram ^ HSC2

Note

1. The FX1S, FX1N and the FX2N PLCs can only use a maximum of six DHSCS/R
and DHSZ Instructions within a program.

2. If a switch is used to input pulses into X0 then, as in HSC1, connect an 0.1 mF
capacitor from the X0 input terminal to 0V. This ensures switch bounce pulses are
not counted.

High-speed counter reset ^ DHSCR

This instruction is used to reset a specified output, when the value in the high-speed
counter also reaches a specified value.

The DHSCR Instruction used in the program is -[DHSCR K10 C235 C235]-.
When the count in C235 reaches the value of 10, then C235 is reset back to 0. This

means that the contents of C235 will always be in the range 0–9, i.e. a decade counter.
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High-speed zone compare ^ DHSZ

This instruction is used to compare the contents of a high-speed counter and set three
consecutive outputs, depending on the counter’s contents.

The DHSZ Instruction used in the program is -[DHSZ K0 K4 C235 M0]-.
If the contents of C235 are:

1. Less than 0 M0 is turned ON.
2. Greater than 0 but less than or equal to 4 M1 is turned ON.
3. Greater than 4 M2 is turned ON.

When the count reaches a value of 5, M2 and hence Y0 turn ON.
When the count reaches a value of 10, high-speed Counter C235 is reset back to 0 and

therefore M2 and Y0 turn OFF.
Therefore:

1. Between a count of 0 and 4, Y0 is OFF.
2. Between a count of 5 and 10, Y0 is ON.

Waveforms

1 3 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Counter C235

Output Y0

Equal Mark/Space
 ratio

Input X0

2 4

1 3 5 6 7 8 9 02 4 1 3 5 6 7 8 9 02 4

Figure 23.5
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Principle of operation ^ HSC2

1. Line 0
Input X7 or Memory Coil M8002 – RUN pulse is used to reset C235.

2. Line 4
(a) The coil of the high-speed Counter C235 is energised and hence Input X0

is automatically assigned as the high-speed input. The valve of K30 is a
dummy value, which will never be reached, as the counter is always reset at a
value of 10.

(b) Input pulses can now be applied to Input X0 and C235 will count up.
(c) When the count in C235 reaches a value of 10, then C235 itself resets back to 0.

3. Line 23
(a) When the count in C235 reaches 5, then M2 will turn ON, since the count is

greater than 4.
(b) M2 will stay ON until the counter reaches 10 and then the counter is reset

back to 0.
(c) With the count at 0, then since this is less than 4, M2 will turn OFF.

4. Line 41
As M2 turns ON and OFF, so will the Output Y0.

Monitor

Monitor the following using entry data monitor (Figure 23.6).

1. X0
2. C235
3. M0
4. M1
5. M2
6. Y0

23.10 Motor controller ^ HSC3

This project simulates the operation of either an AC or DC motor having a single-phase
encoder disk connected to its output shaft.

The pulses from the encoder disk are counted using a high-speed counter.

Figure 23.6

High-speed counters 257



The number of pulses in the high-speed counter are then used to control the speed
and the position of the motor.

Motor speedwaveform

Sequence of operation

1. The encoder pulses will be input to the PLC via X0 and will be counted using the
high-speed Counter C235.

2. On operating the Start Input X1, the motor accelerates up to its high-speed setting.
3. After counting twenty encoder pulses, the motor decelerates to its creep-speed

setting.
4. After counting twenty-five encoder pulses, the creep-speed is turned OFF and a

brake is applied to the motor for 3 sec. This ensures the motor shaft is stopped at
the required position.

Time

3 sec

Figure 23.7

Brakewaveform

Motor speed

High-speed

Creep-speed

20 25Encoder pulses shaft movement
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Ladder diagram ^ HSC3
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Principle of operation

1. Line 0
C235 is selected as the high-speed counter.

2. Line 6
Counter C235 is reset by either the manual operation of Input X7, or when Timer T0
times out at the end of each complete cycle of the motor’s speed and position.

3. Line 10
The operation of Input X1 will operate M0, provided the motor is not in creep speed
or the brake is ON. M0 will now latch over its own contact.

4. Line 15
The closure of M0 will set the Output Y0 and this will cause the motor to start and
accelerate up to its high-speed setting. The motor will now rotate at high speed.

5. While the motor is running, the encoder will be outputting pulses to the Input X0,
where they are being counted by the high-speed Counter C235.

6. Line 17
(a) When the number of pulses received from the encoder reaches twenty, this

indicates that the motor shaft has almost reached its required position and the
motor will now decelerate to its creep speed.

(b) The Instruction -[DHSCRK20 C235 Y0]- will reset Output Y0, and hence switch
OFF the high-speed drive to the motor.

(c) The Instruction -[DHSCS K20 C235 Y1]- will set Output Y1, and hence switch
ON the creep-speed drive to the motor.

(d) When the number of pulses received from the encoder reaches twenty-five, this
indicates that the motor shaft has now reached its required position.

(e) The Instruction -[DHSCRK25 C235 Y1]- will reset Output Y1, and hence switch
OFF the creep-speed drive to the motor.

(f) The Instruction -[DHSCS K25 C235 Y2]- will set Output Y2, and this will
activate the brake solenoid and hence bring the motor to an immediate stop.

7. Line 79
The closure of the Y2 contacts starts the 3-sec timer T0.

8. Line 83
After 3 sec, the timer will time out and reset Y0. This will cause the brake solenoid to
become de-energised.

9. Line 6
The closure of the T0 contacts will also reset the high-speed Counter C235.

23.11 A/B phase counter ^ HSC4

The object of this project is to simulate an A/B phase up-down, high-speed Counter
(see Figure 23.2).

To simulate the A/B encoder signals, two waveforms were produced and output via
the Y0 and Y1 outputs.

These output waveforms have the same clock frequency, i.e. 0.5Hz, but have a phase
difference of 90� to one another.
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The output pulses were then connected into the X0 and X1 inputs, which will be used
as the A/B inputs for the high-speed Counter C251.

Tests were carried out with both the relay and the transistor versions of the
FX2N PLC.

It was found that because of the low-frequency clock pulses, which were used as input
signals into X0 and X1, any high-frequency switch bouncing of the FX2N relay outputs
had no effect on the A/B high-speed Counter.

Wiring diagram

+ 24 V

  FX PLC

X0

Y0
X1

Start/stop

X5

Y1
Up/down

X6

Reset
X7

C0M 1

Figure 23.8
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Ladder diagram ^ HSC4
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Principle of operation

1. Line 0
(a) The closure of M8000 on switching to run will select the A/B phase high-speed

Counter C251.
(b) Since C251 has been selected, then Input X0 will be used as the A phase input,

and Input X1 will be used as the B phase input.
2. Line 10

(a) The Input X5 is used to start/stop the count pulses.
(b) Timers T0 and T1 are used to produce 1 sec equal Mark/Space ratio signals.

3. Lines 19 and 23
(a) On starting up, the T0 normally closed contacts will be closed and hence the

Instruction -[ALTP M0]- will turn M0 ON.
(b) On the next closure of the T0 normally closed contacts, M0 will be turned OFF.
(c) Now the T0 normally open contacts will not close for a further 0.5 sec.
(d) When the T0 normally open contacts do close, the Instruction -[ALTP M1]- will

now turn M1 ON 0.5 sec after M0, i.e. a phase lag of 90�.
(e) On the next closure of the T0 normally open contacts, M1 will be turned OFF.
(f) Hence, M0 and M1 produce two waveforms, whose periodic times are both 2 sec.

However, M0 leads M1 by 90�.

A/B phasewaveforms

T0
-| / |-

1 sec

T0
-|  |-

ALTP M0
(A)

ALTP M1
(B)

2 sec

Figure 23.9
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4. Lines 27 and 34
(a) Input X6 is used to enable the A/B high-speed Counter C251 to either count up

or count down.
(b) With X6 not operated, then the 2-sec A clock will pulse M2 – count up.
(c) Similarly, the 2-sec B clock will pulse M4 – count Up.
(d) If X6 is operated, then the A clock will pulse M3 – count down
(e) Similarly the B clock will pulse M5 – count down.

5. Lines 41 and 44
(a) M2 and M4 will pulse Outputs Y0 and Y1, and these Outputs have been

connected to the Inputs X0 and X1, respectively.
(b) Since Y0 leads Y1 by 90�, then the high-speed Counter C251 will count up.
(c) When X6 is operated, then M5 and M3 will now pulse Outputs Y0 and Y1,

respectively.
(d) Since Y0 now lags Y1 by 90�, then C251 will count down.
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24

Floating point numbers

Floating point number operation is available only with the FX2N and FX2NC PLCs,
and not with the FX1S and FX1N PLCs.

If these PLCs are not available, then the floating point programs in this section can
still be evaluated by using ladder logic tester.

24.1 Floating point number range

The advantage of using floating point operation in PLCs is that very small and very
large numbers can be processed.
Number range �3:403� 10þ38 to þ3:403� 10þ38

Smallest available change þ/�1:175� 10�38

24.2 Number representation

Consider the result of 22=7. This can be represented using three different numbering
methods:

1. Integer Result ¼ 3; remainder¼ 1; i.e. no decimal values.
2. Floating point Result ¼ 3:1428.
3. Scientific notation Result ¼ 31428� 10�4.

24.3 Floating point instructions

The following instructions are used with integer, floating point and scientific notation
numbers.

FLT

1. Converts an integer number to a floating point number, when M8023 is OFF.
2. Converts a floating point number back to an integer number, when M8023 is ON.

This instruction, like INT, converts the floating point number to the rounded down
equivalent integer number.



INT

Converts a floatingpoint number to a16-bit integer number, irrespective of the state ofM8023.

DINT

Converts a floatingpoint number to a32-bit integer number, irrespective of the state ofM8023.

DEBCD

Converts a floating point number to a scientific notation number.

DEBIN

Converts a scientific notation number to a floating point number.

DEADD

Adds two floating point numbers together. However, if one or both of the numbers are
an integer constant they are automatically converted to floating point.

DEMUL

Multiplies two floating point numbers together. However, if one or both of the numbers
are integer constants they are automatically converted to floating point.

24.4 Storing floating point numbers ^ FLT1

The following program, stores the floating point number 6.5 inDataRegisters D2 andD3.

Principle of operation

1. Line 0
(a) The Instructions -[MOV K65 D0]- and -[MOV K-1 D1]- will store the number

6.5 in scientific format in D0 and D1, i.e. 6:5 ¼ 65� 10�1

266 Mitsubishi FX Programmable Logic Controllers



(b) The Instruction -[DEBIN D0 D2]- will now convert the scientific format number
into floating point format and store the result into two Data Registers D2 and D3.

2. Note:
All floating point numbers are stored in two consecutive data registers, i.e. they are
stored in 32-bit binary, using a format recommended by the American Institute of
Electronic and Electrical Engineers – IEEE.

24.5 Monitor ^ ladder diagramFLT1

Download the program FLT1 into an FX2N PLC and then press F3 to monitor.

As can be seen, the 32-bit number stored in D2 and D3, i.e. 1087373312 at this
moment bears no relationship to 6.5.

24.6 Device batchmonitoring

1. Monitor the contents of D0, D1, D2 and D3 using device batch.
2. Monitor the registers in 16-bit integer format (Figure 24.1).

Figure 24.1
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3. The contents of the data registers are:
(a) D0 0000 0000 0100 0001 ¼ 65.
(b) D1 1111 1111 1111 1111 ¼ �1.
(c) D2 0000 0000 0000 0000 ¼ 0.
(d) D3 0100 0000 1101 0000 ¼ 16592.

4. As mentioned earlier, the numbers stored in D2 and D3 still bear no relationship as
yet to the number 6.5. This is because floating point numbers are stored in a special
format recommended by the IEEE.

24.7 Floating point format

Figure 24.2
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24.8 Obtaining the floating point value

From the monitored results in Section 24.6 of the binary patterns for D2 and D3, the
floating point value can be obtained.

The floating point value is stored in 2� 16-bit Data Registers D2 and D3 as follows:

1. The Mantissa is stored in bits b0–b22.
2. The Exponent is stored in bits b23–b30.
3. The Polarity is stored in bit 31; 0 positive number; 1 negative number.

The weighting value of each binary bit is shown in the table below except for bits
b15 to b0, which in this instance are all at 0.

The floating point value is determined from the following equation:

Floating point value ¼ Mantissa� 2Exponent

The exponent (binary) ¼ 1000 0001
¼ 129
¼ 129� 127 ¼ 2 The 127 is deducted

automatically.

Exponent value ¼ 22 ¼ 4 The Power calculation is
done automatically.

Mantissa value ¼ 1þ 1/2þ 1/8 The addition of the initial 1 is
also done automatically.

¼ 1.625

Floating point value
¼ 4� 1:625
¼ 6:5

b31 b30 b27 b26 b23 b22
0 1 0 0 0 0 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

P Exponent Mantissa

D2D3
b19 b16 b15 b8 b7 b0

Parity Exponent Mantissa
b31 b30 b27 b26 b23 b22 b19 b16

0 1 0 0 0 0 0 0 1 1 0 1 0 0 0 0

128 64 32 16 8 4 2 1 1/2 1/4 1/8 1/16 1/32 1/64 1/128
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24.9 Device batchmonitoring ^ floating point numbers

1. As described in Section 24.6, use device batch to monitor the contents of Data
Registers D0, D1, D2 and D3.

2. Select the option Real number, to obtain the display in Figure 24.3.

3. As can be seen from the display, the Real number (Floating Point) equivalent of the
contents of D2 and D3 is 6.5.

24.10 Area of a circle ^ FLT2

This program now uses floating point instructions to determine the area of a circle using
the formula Area ¼ pr2, where r is an incrementing/decrementing value in mm.

It also shows how an accurate integer result can be obtained to the nearest whole number.
If r ¼ 2mm, then the area of the circle is 12.568mm2.
The Instruction INT will now round down this floating point result to 12mm2.
However, if 0.5 is added to the float result, this produces an answer of 13.068mm2,

and the Instruction INT will now round down this value to the nearest correct Integer
value of 13mm2.

Figure 24.3
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24.11 Ladder diagram ^ FLT2
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24.12 Principle of operation ^ FLT2

1. The object of the program FLT2 is to determine the area of a circle whose radius is
an incrementing/decrementing value in mm. Then, depending on the float result,
convert it to the nearest whole integer value.

2. Lines 4
(a) Operating just Input X0 enables the radius ‘r’, which is stored in D0, to be

incremented by 1mm every second.
(b) If Inputs X0 and X1 are both operated, then D0 can neither increment nor

decrement.
3. Line 11

(a) Operating just Input X1 enables D0 to be decremented every second.
(b) The Instruction -[> D0 K0]- ensures that the radius cannot be decremented

below zero.
4. Line 23

(a) Moving the value K0 into D1 produces a scientific value in D0 and D1 which is
equal to r� 100 which is equal to r.

(b) The scientific value of p stored in D2 and D3 is 3142� 10�3.
(c) The Instruction -[DEBIN D0 D4]- converts the scientific value of ‘r’ stored in D0

and D1 into floating point format, which is then stored in D4 and D5.
(d) The Instruction -[DEBIN D2 D6]- converts the scientific value of p, i.e.

3142� 10�3 into floating point format, which is then stored in D6 and D7.
5. Line 57

(a) The instruction -[DEMUL D4 D4 D8]- enables the floating point value of the
radius to be multiplied by itself, i.e. r2, and the result is stored in D8 and D9.

(b) The Instruction -[DEMUL D6 D8 D10]- enables the floating point value of the
area of the circle, i.e. pr2 to be obtained and the result is stored in D10 and D11.

6. Line 84
(a) This block of instructions is used to add 0.5 to float result1 to determine the more

accurate integer result.
(b) For example, let r ¼ 2mm.

Symbol Value Data registers

r integer 2 D0
r float 2.00 D4 D5
r2 4.00 D8 D9
pr2 12.568 D10 D11
Constant 0.5 D14 D15
0:5þ pr2 13.068 D16 D17
INT(0:5þ pr2) 13 D18

(c) The Instruction -[INT D16 D18]- will produce in D18 an integer value of 13,
which is the nearest integer value to 12.568.
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24.13 Monitored results ^ FLT2

1. Download FLT2 to the FX2N PLC.
2. Press F3 to monitor the ladder diagram.
3. Operate Input X0 until D0 becomes 2.
4. Confirm the following results:

(a) D0 ¼ 2 r
(b) D8 ¼ 4:00 r2

(c) D10 ¼ 12:568 pr2 Area of circle to three decimal places.
(d) D16 ¼ 13:068 0:5þ pr2

(e) D18 ¼ 13 Area of circle to the nearest whole integer.
5. Operate Input X0 until D0 becomes 4.
6. Confirm the following results:

(a) D0 ¼ 4 r
(b) D8 ¼ 16 r2

(c) D10 ¼ 50:272 pr2 Area of circle to three decimal places.
(d) D16 ¼ 50:772 0:5þ pr2

(e) D18 ¼ 50 Area of circle to the nearest whole integer.

24.14 Floating point ^ ladder logic tester

Using ladder logic tester (see Chapter 21), it is possible to test the program FLT2,
without the use of an FX2N PLC.

1. Use entry ladder monitoring (refer Chapter 12) so that the bottom of Line 84 and
Line 4 can be displayed together.

2. Select Ladder Logic Tester.
3. Select IOS System Settings and enter the simulated Inputs X0 and X1.
4. Save the IOS System Settings file as flt2.ios.
5. Arrange the display until it is as shown in Figure 24.4.
6. Operate the X0¼ON button until D0¼4 and note that when the radius of a circle is

equal to 4mm, its area to the nearest integer is 50mm2.
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Figure 24.4
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25

Master control – nesting

This section on the master control instruction is in addition to the programMC1, which
is described on page 87.

The master control instruction enables a group of instructions to be controlled by a
single master contact, which effectively switches power to those instructions.

The MCR instruction is used at the end of the set of instructions and any instructions
following the MCR instruction are not under the control of the master contact.

25.1 Nesting level

The nesting level number refers to the number of a master control circuit, which is
linked within other master control circuits.

As can be seen from Figure 25.1, the level 1 instructions are contained or nested
within the level 0 instructions.

By using nested master control instructions, sets of instructions can be switched in or
out of the operating sequence, depending on the requirements of the process.

Line 0

Instructions independent of Master Control

MC N0 M0

MC N1 M1

Nesting Level 1
Instructions

Nesting Level 0
Instructions

MCR N1

MCR N0

Instructions independent of Master Control

End

Figure 25.1



25.2 Ladder diagram ^ MC2
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Note: The master control contacts shown on the ladder diagramMC2 cannot be entered
from the keyboard. They appear on the diagram, after it has been converted to an
instruction program.

25.3 Principle of operation

1. Lines 0 and 4
(a) Lines 0 and 4 occur before the master control instruction and hence they will

operate as normal.
(b) Each time the 1-sec clock M8013 pulses ON then data register D0 will be

incremented by 1 and the contents of D0 will be displayed on the seven-segment
displays.

2. Line 10
(a) Operation of the start push button X0 will operate the instruction -[MC N0 M0]-,

which will cause the following to occur.
(b) Memory coil M0 will be energised and latch over its own contact.
(c) The operation of M0 will now energise the master control contact M0.
(d) This effectively enables all of the nesting level 0 instructions from line 16 to

line 26 to become operative.
3. Lines 16–24

(a) The two timers T0 and T1 are interconnected to form a 1-sec ON, 1-sec OFF
circuit.

(b) The contacts of T0 will now continuously turn the output Y0 ON for 1 sec and
then OFF for 1 sec.

4. Line 26
(a) The operation of input X2, will now energise the nesting level 1 instructions,

which are controlled by master control contact M1.
(b) This now energises a 2-sec ON/OFF circuit.

5. Lines 30–38
(a) The two timers T2 and T3 are interconnected to form a 2-sec ON, 2-sec OFF

circuit.
(b) The contacts of T2 will now continuously turn the output Y1 ON for 2 sec and

then OFF for 2 sec.
6. Note: For the nesting level 1 instructions to become operative, both master control

contacts M0 and M1 have to be ON.
7. Lines 42 and 44

(a) Line 42 continues the nesting level 0 instructions and hence the remaining Level 0
instructions will be executed until the reset instruction -[MCR N0]- is executed.

(b) The instructions at line 42 use the 1-sec M8013 clock to turn the output Y6
ON/OFF.

8. Lines 44 and 46
(a) The instruction -[MCR N0]- terminates the master control sections and the

program returns to standard ladder diagram operation.
(b) The instructions at line 46 use the 1-sec M8013 clock to turn the output Y6

ON/OFF independently of the master control instructions.
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Monitoring ^ MC2

Using the ladder diagram, monitor the operation of MC2.

(a) With no input switches ON.
(b) Operating master control level 0.
(c) Operating master control levels 0 and 1.
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26

Shift registers

A Shift register is a combination of memory elements, which are linked together to store
data and then shift the stored data in a leftwards or rightwards direction.

26.1 Shift register applications

The following is a list of applications, which require the use of a shift register.

(a) Parallel to serial conversion.
(b) Serial to parallel conversion.
(c) Storage and shifting of data relating to industrial processes.
(d) Scanning of input signals sequentially, i.e. multiplexing.

26.2 Basic shift register operation

The basic principle of operation for the ladder diagram shown below, is that memory
coils M27–M20 are combined to become 1� 8 bit shift register.

The input data is determined by the logic state of input X0.
The shift right signal is obtained from the input X1, i.e. whenever X1 is operated, the

logic state of X0 is shifted into the msb (M27) of the shift register and the existing
contents of the shift register are shifted one place right (see Figure 26.1).

msb lsb
X0 M27 M20INPUT

DATA Lost

X1
SHIFT
PULSE

Figure 26.1



26.3 Ladder diagram ^ SHIFT1

26.4 Principle of operation ^ SHIFT1

1. Line 0
Each time input X1 is operated, the following occurs:
(a) The contents of the shift register M27–M20 are shifted one position right.
(b) The logic state of X0, i.e. a logic 0 or 1 is loaded into the msb of the shift register,

i.e. M27.
2. Line 10

(a) The contents of the shift register are displayed on the LED Outputs Y0–Y7.
(b) Transferring the contents of the shift register to D0 will enable the individual bit

contents of the shift register to be monitored using device batch.
3. Line 21

(a) The operation of input X2 will enable the instruction -[ZRST M20 M27]- to be
executed.

(b) The zone reset instruction resets all of the M coils from M20 to M27, which
therefore causes the shift register to be reset.

Note:
(a) When a logic 1 in the lsb, i.e. M20 is shifted out of the register, its value becomes

lost.
(b) However when using rotate instructions, the output is saved in M8022.
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26.5 Operating procedure

1. Monitor the contents of the shift register using device batch (refer Section 26.6).
2. Set in turn, each of the X0 conditions as shown below, in the serial input data

column.
3. Then operate the shift button X1 just once and note the corresponding change in the

contents of the shift register.

msb lsb

The serial input data 0 1 1 0 1 0 0 1 is converted by the shift register to
parallel data, with an equivalent decimal value of 105.

26.6 Monitoring ^ SHIFT1

Using device batch, monitor the contents of D0 for each of the X0 conditions, as shown
in the previous table.

Figure 26.2 shows the contents of the shift register after the last shift pulse.

Figure 26.2

Shift register contents

Serial input
data (X0)

M27
(Y7)

M26
(Y6)

M25
(Y5)

M24
(Y4)

M23
(Y3)

M22
(Y2)

M21
(Y1)

M20
(Y0)

1sb 1 1 0 0 0 0 0 0 0
0 0 1 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0
1 1 0 0 1 0 0 0 0
0 0 1 0 0 1 0 0 0
1 1 0 1 0 0 1 0 0
1 1 1 0 1 0 0 1 0

msb 0 0 1 1 0 1 0 0 1 ¼ 105 decimal
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27

Rotary indexing table

The use of rotary indexing tables is found in many industrial processes and readily lends
itself to being controlled by shift registers.

The following application could be used in a food processing plant, which produces
jars of pickled onions, and requires that the lid be screwed tightly on to ensure the
pickled onions are hermetically sealed (see Figure 27.1).

This section describes how a lid can be automatically placed on top of the jar and
then screwed on.

27.1 Index table system ^ plan view

Note: Positions 2–11 refer to shift register 1, page 284.

Operator
Station 1

2

3

4

5

6
7

1

8

9

10

Jar Exit
(Station 4) 11

12

Accept
Conveyor

Reject
Conveyor

Empty Jar
Conveyor

Pick and Place Robot
(Station 2)

Screw Lid
(Station 3)

Figure 27.1



27.2 System requirements

To meet the system requirements, the following design was formulated.

1. At station 1, a sensor connected to X0 is used to detect that an empty jar had been
inserted into the rotary index table.

2. The jar is then filled with pickled onions.
3. The operator on observing that a jar is at station 1 and that it has been filled with

pickles will operate the foot switch connected to X1 to cause the jar to move to
position 2. At the same time a logic 1 will be inserted into M2 of shift register 1.

4. The jar will now be tracked through one complete index cycle using a 10-bit shift
register, i.e. shift register 1, which uses M2 to M11.

5. At station 2, the presence of a signal in M4 will activate a pick and place robot
system, which will pick up a lid and place it onto the jar.

6. At position 6, prior to where the screw lid is to be screwed on, i.e. when there is a
signal in M6, a sensor connected to X3 is used to detect that the lid has been
correctly placed on top of the jar or has not fallen OFF.

7. The lid is now tracked through the remainder of the cycle using a second shift
register i.e. shift register 2, which uses M17 to M21.

8. At station 3, if there is a signal in M7, the jar shift register, and also in M17, the lid
shift register, the lid screw ON cycle can be initiated.

9. Station 4 is the jar exit position and at position 10 if there is a signal in both M10
and M20, then a successful product has been produced and output Y4 will be
energised to push the jar onto the accept conveyor. With a successful product being
produced, i.e. a jar of hermetically sealed pickled onions, an accept display counter
will be incremented.

10. If the robot did not place the lid correctly onto the top of the jar or it fell off
between positions 4 and 6, then when that particular jar is rotated to position 11,
output Y5 will be energised to push the jar onto the reject conveyor. With an
unacceptable product being made, an unacceptable display counter will be incre-
mented.
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27.3 Shift register layout

Figure 27.2 shows the layout for the two shift registers, i.e. the index table shift register
and the lid shift register and how they interface to the index table and the four
stations.

Index Table Shift Reg. 1 Shift Left Y1

Index Table

X0
M11 M7

Jar
Sensor

Station 4 Station 2
Place Lid

(Y2)

Station 3
Screw Lid

(Y3)

Station 1
Insert JarReject Jar

(Y5)
Accept Jar

(Y4)

 X3
Lid in Position

Jar Shift Reg. 2. Shift Left Y1

Index Table

(M32)

Increment
Reject
(D1)

Increment
Accept
(D0)

Station 3

M10 M9 M8 M6 M5 M4 M3 M2

M21 M20 M19 M18 M17

Figure 27.2
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27.4 Ladder diagram ^ ROTARY1

(Continued )
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27.5 Principle of operation ^ ROTARY1

1. Line 0
(a) M8002 closes for one scan period, when the PLC is switched to Run.
(b) In parallel with M8002 is a manual reset X7.
(c) Hence when either the PLC is switched to Run or X7 is operated, data register

D0 which is being used to totalise the number of acceptable products and data
register D1 which is being used to totalise the number of rejected products,
will be reset.

2. Line 8 Station 1

(a) At position 1, a sensor X0 will give an output signal, when a jar enters the index
table.

(b) This will cause the Y0 light comes ON to indicate that a jar has been inserted into
the rotary index table, where it is then filled with pickled onions.

3. Line 10
(a) Mounted below the index table and rotating with it are 12 metal lugs. When the

table has finished rotating and provided it has rotated the correct distance, then
one of these lugs will be exactly opposite an inductive proximity switch X2.
Hence an output from this switch signals that the table is exactly aligned for
the jars to enter and exit the table.

(b) The operator on seeing both the GO light and that the jar has been filled with
pickles will operate a foot switch, which is connected to input X1.

(c) The closure of the X1 contacts and the index complete X2 contacts will cause the
M30 contacts to pulse, i.e. close for one scan time.

4. Line 14
(a) The momentary closure of M30 will cause the Output Y1 to energise and latch.
(b) Energising Y1 will cause the index rotary table to rotate, i.e. index 30� in an anti-

clockwise direction.
(c) The pulsing of M31 ensures that when there is a continuous supply of jars in the

rotary table and hence all bits in both shift registers are always ON, the oper-
ations at stations 2, 3 and 4 will not stay latched ON.
Timer T0 ensures that the index operation will be completed in exactly 1 sec.

5. Line 25
(a) The closure of the Y1 contacts each time the index table rotates, sends a clock

pulse signal to both shift register 1 and shift register 2.
(b) Shift register 1 is produced using the instruction -[SFTLP X0 M2 K10 K1]-.

i. SFTLP Shift left one position each time the clock signal Y1 turns ON.
ii. X0 The input bit data is provided by the logic state of the jar sensor X0.
iii. M2 The 1st bit in the shift register is M2. Hence if X0 ¼ 1, then on the

first clock pulse, i.e. when the index table rotates for the first time, a
logic 1 will be shifted into M2.

iv. K10 This determines the number of bits or length of the shift register,
i.e. shift register 1 ¼ M2�M11.

v. K1 Each time when Y1 is energised and the index table rotates then the
logic state of X0 is shifted into M2 and the existing contents of shift
register 1 are shifted one place left.
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6. Line 35 Station 2 robot pick and place lid

(a) When the first jar reaches station 2, then there will be a logic 1 in bit M4 of shift
register 1.

(b) This will cause output Y2 to initiate the Robot pick and place operation.
(c) The robot arm will pick up a lid and then place it on top of the jar of pickles.
(d) The time for this operation being controlled by the 0.5-sec timer T1.

7. Line 44
(a) As mentioned in Item 5, the closure of the Y1 contacts sends a clock pulse to

both shift register 1 and shift register 2.
(b) Shift register 2 is produced using the instruction -[SFTLP M32 M17 K5 K1]-.

i. SFTLP Shift left one position each time the clock signal Y1 turns ON.
ii. M32 The input bit data is provided by the combined logic states of M6

from shift register 1 and the lid sensor X3 – Line 54. If both M6
and X3 are ON, then M32 will also be ON.

iii. M17 The first bit in shift register 2 is M17. If M32 is ON, then on the next
clock pulse, a Logic 1 will be shifted into M17.

iv. K5 This determines the number of bits or length of shift register 2.
shift register 2 ¼ M17�M21.

v. K1 Each time when Y1 is energised and the index table rotates then if
M32 is ON, a logic 1 is shifted into M17 and the existing contents
of shift register 2 are shifted one place left.

8. Line 54
(a) The shift 2 input signal M32 will turn ON, if both of the following signals are

present.
i. The M6 bit in shift register 1.
ii. The lid detect sensor X3.

(b) The reason for this line of the program occurring after the shift register 2
instruction SFTLP is described on page 291.

9. Line 57 Station 3

(a) When the first jar reaches station 3, the M6 bit in shift register 1 will be ON and
providing there is a lid correctly placed on top of the jar then the M17 bit of
shift register 2 will also be ON.

(b) These two signals will now activate the screw lid mechanism to screw the lid
tightly onto the jar to ensure the pickles are hermetically sealed within the
jar.

(c) This operation is also carried out within 0.5 sec, as set by timer T2.
10. Line 67 Station 4

(a) When the first acceptable jar of pickles reaches position 10, both the M10 bit
of shift register 1 and the M20 bit of shift register 2 will be ON and hence this
will enable the eject accept jar solenoid Y4 to be energised. This will cause the
accept jar of pickles to be ejected from the rotary index table, onto the accept
conveyor.

(b) This operation is also carried out within 0.5 sec, as set by Timer T3.
(c) Coincidently data register D0 will be incremented.
(d) The function of D0 is to provide a count of the total number of acceptable

products produced.
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11. Line 80
(a) If there is not a lid on the jar when it reaches position 11, then bit M11 of shift

register 1 will be ON, but bit M21 of shift register 2 will be OFF and hence this
will enable the eject reject jar solenoid Y5 to be energised. This will cause the
unacceptable Jar of pickles to be ejected from the rotary index table, onto the
reject conveyor.

(b) This operation is also carried out within 0.5 sec, as set by timer T4.
(c) Coincidently data register D1 will be incremented.
(d) The function of D1 is to provide a count of the total number of rejected

products. Obviously if this count reaches an unacceptable level, then steps
would be taken to identify the problem and correct it.

12. Line 93
The instruction -[BCD D0 K4Y10]- will enable the total number of acceptable jars
of pickled onions produced, to be displayed on the seven-segment displays.

The total shown on the seven-segment display provides the management with
valuable information concerning the number of acceptable products made and the
reliability of the production line producing them.

For example if a required number are not produced in a given time due to
breakdowns of the production line, then management has to decide on what level
of support has to be given to improve its reliability.

27.6 Monitoring procedures

To simulate the operation of the program ROTARY1, press F3 to monitor the ladder
diagram and then carry out the following:

Procedure no.1

1. Operate input X0.
This simulates the jar sensor.

2. Operate and leave ON input X2.
This simulates the index complete sensor.

3. Pulse input X1 ON and OFF.
This simulates the operator foot switch.

4. At line 25, M2 the first bit in shift register 1, will now be ON.
5. Turn input X0 OFF.

This ensures only one jar will move round within the rotary table.
6. Pulse input X1 twice.

Output Y2, which controls the operation of the pick and place robot, will now be
energised for 0.5 sec. At line 35, bit M4 of shift register 1 will be ON.

7. Pulse input X1 again twice.
At line 54, bit M6 of shift register 1 will now be ON.

8. Operate input X3.
This simulates the presence of a lid at position 6. At lines 44 and 54, M32 will
now be ON.
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9. Pulse input X1 on just once.
Output Y3, which controls the operation of the lid screw cycle, will now be
energised for 0.5 sec.

10. Turn input X3 OFF.
As there have been no further jars inserted into the rotary table, no further lids will
have been picked and placed onto the jars. Hence there will be no signal from the lid
sensor.

11. Pulse input X1 three times.
Note the following at line 67.
(a) Output Y4, the eject accept jar solenoid will be energised.
(b) Both outputs will be on for 0.5 sec.
(c) Data register D0 will have been incremented to 1.

12. The seven-segment display will also be displaying a 1. This shows that the first jar of
pickled onions has been successfully produced.

Procedure no. 2

For procedure no. 2, assume there is a continuous flow of jars.

1. Operate and leave ON the following inputs.
(a) X0 Jar sensor.
(b) X2 Index complete sensor
(c) X3 Lid detect sensor.

2. Continuously pulse input X1.
This simulates the continuous operation of the foot switch.

3. Use device batch to monitor the flow of data through shift registers 1 and 2
(see Figure 27.3).

Figure 27.3

290 Mitsubishi FX Programmable Logic Controllers



Procedure no. 3

For procedure no. 3 assume all of the jars are rejects in that none of the jars have had
lids screwed onto them.

1. Operate and leave ON just the following Inputs, i.e. leave Input X3 OFF.
(a) X0 Jar sensor.
(b) X2 Index complete sensor.

2. Continuously pulse input X1, the operator foot switch.
3. Note as the jars reach position 11, the eject reject jar solenoid Y5 will now be

energised each time input X1 is pulsed.

27.7 Instruction scan and execution

The program ROTARY1 is one of the rare occurrences in ladder diagram pro-
gramming where for the program to work correctly, an instruction must be placed
after another instruction, i.e. the output M32 must come after the shift register 2
instruction.

That is, in the order of instruction scanning and execution, the shift register 2
instruction will be executed before the output M32 instruction is executed.

To demonstrate this, carry out the following procedure:

1. Clear shift registers 1 and 2.
(a) Monitor shift register 1, i.e. M2–M11 and shift register 2, i.e. M17–M21 as

shown on page 290.
(b) Operate just input X2, the index complete sensor.
(c) Pulse input X1, the operator foot switch until both shift registers are cleared.

2. Let just one jar enter the index table
(a) Operate input X0, the jar sensor.
(b) Operate and leave ON input X2, the index complete sensor.
(c) Operate and leave ON input X3, the lid sensor.
(d) Pulse input X1 just once.
(e) Turn input X0 OFF, this ensures no more jars will enter the index table.

3. Pulse input X1, until M6 ¼ 1.
4. Consider the shift register layout drawing on page 284.

(a) After the fifth clock pulse, M6 ¼ 1, M5 ¼ 0 and M32 ¼ 1.
(b) Hence with M32 ON, the data input to shift register 2 ¼ 1.

5. After the sixth clock pulse, M7 ¼ 1, M6 ¼ 0, M17 ¼ 1 and M32 ¼ 0. However,
since the output M32 instruction is after the shift 2 instruction, then M5 and hence
M32 will still be ON, at the instant when the sixth clock pulse is applied to shift
register 2.

6. The logic state of M32 will not change to OFF until the output M32 instruction at
line 54 is executed, which is after the shift 2 instruction.
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7. Therefore since M32 is still ON, when the sixth clock signal is applied to shift
register 2, a logic 1 will be clocked into bit M17 of shift register 2.

8. Had the output M32 instruction occurred before the shift register 2 instruction then
when the sixth clock pulse is applied to shift register 2, M32 would be OFF.

Therefore although a lid had been detected, a logic 0 would have been clocked
into bit M17 of shift register 2 instead of a logic 1.
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Index registers V and Z

Index registers are similar to data registers in that they can store 16-bit data. However,
the main function of these registers is to provide an offset value to other PLC devices.

In all of the FX range of PLCs, there are a total of 16 index registers.
V0–V7;
Z0–Z7.

28.1 Index register instructions

The following is a list of Index register instructions used in this chapter.

(a) MOV K5 Z0 Load index register Z0 register with the constant value of 5.
(b) MOV D20Z0 D1 With Z0 ¼ 5, move the contents of D(20þ 5) into D1,

i.e. move the contents of D25 into data register D1.
(c) MOVP D2 Z0 Move on a closing input, the contents of D2 into index

register Z0.
(d) INCP V0 Increment on a closing input, the contents of index register

V0.
(e) DIVP V0 D0 D1 Divide the contents of index register V0 by the contents of

D0 and store the results, i.e. 11/4, as follows:
D1 contains the quotient ¼ 2.
D2 contains the remainder ¼ 3.

(f) BCD D20Z0 K2Y10 If Z0 ¼ 0, output the first 8 bit contents of D20 to Y10–Y17
in BCD, i.e. display the contents of D20 on the seven-
segment displays.
If Z0 ¼ 1, display the contents of D21.

|
|

If Z0 ¼ 5, display the contents of D25.
(g) BIN K2X10 D20Z0 Input in BCD format the contents of the thumbwheel

switches which are connected to inputs X10–X17 and then
transfer those contents to a look-up table whose base
address is D20.
The actual data register in which the thumbwheel contents
will be stored will depend on the value in the Z register.



28.2 Stockcontrol application ^ INDEX1

The following application is part of a system, in which the contents of four data registers
D20–D23 can be entered into a look-up table and then displayed.

This could be used in a stock control system, in which four different components are
constantly being put into and removed from a storage area.

In practice a bar-code reader would be used to read the type and number of
components coming into the warehouse and then using a PLC, transfer the data to
the appropriate data register in the look-up table.

Such a system would enable constant monitoring of the stock levels of the four
components.

28.3 Systemblockdiagram

Figure 28.1 shows the input/output signals for the system.

28.4 Warehouse ^ look-up table

FX2N PLC

Look-up
Table

From Thumbwheel
Switches

To Seven-Segment
DisplaysD20

BINP  K2X10  D20Z0 D21  BCD  D20Z0  K2Y10
D22
D23

Data Input Bin Indicator
|  | X0 4 × LEDS

Select Bin No. DECO  Z0  Y0  K2
|  | X1

Figure 28.1

Data Register Contents Bin No.

D20 40 1
D21 85 2
D22 70 3
D23 15 4
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28.5 Ladder diagram ^ INDEX1

28.6 Principle of operation

1. Line 0
(a) The operation of the start button X0, enables the instruction -[BINP K2X10

D20Z0]- to be executed.
The thumbwheel input data, which is in the range 0–99, will now be transferred to
the look-up table D20 to D23 each time input X0 is pulsed ON/OFF.

(b) The register that is selected to store the data will depend upon the value in the index
register Z0, i.e. 0–3.
For example, if Z0 ¼ 0, then the contents of the thumbwheel switches will be
transferred to D20 in the look-up table, when input X0 is pulsed.

2. Line 6
Once the data has been stored into the look-up table, Index register Z0 is incremented
by operating input X1.

3. Line 10
The instructions -[> Z0 K3]- and -[RST Z0]- ensure that the value in the Z register is
always in the range 0–3.

4. Line 18
(a) The instruction -[BCD D20Z0 K2Y10]- enables the value stored in the selected

register of the look-up table, i.e. data registers D0–D3, to be displayed on the
seven-segment displays.
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(b) The instruction -[DECO Z0 Y0 K2]- is used to display on the LEDs Y0–Y3,
which of the four bins have been selected.

(c) The instruction adds the decimal value in the Z0 register to the destination head
address, i.e. Y0. The device at the resulting address is then turned ON.

(d) Hence if Z ¼ 3, then 3 is added to Y0 and therefore Y3 is turned ON.
(e) The last operand in the instruction ‘n’, i.e. K2 has two roles, which are:

i. It determines the range of ‘n’ bits from the source data, i.e. Z0, which can be
used. Since n ¼ 2 then only b0 and b1 of Z0 can be used to provide the value,
which will be added to the destination head address, i.e. Y0. Therefore for this
instruction Z0 will only supply values from 00 to 11, i.e. from 0 to 3,
irrespective of the total value in Z0.

ii. Secondly, it uses the value 2n to reserve a range of destination addresses. For
example, 2n ¼ 22 ¼ 4 and therefore the range of values that can be added to
Y0 can only be from 0 to 3. Therefore since Y0 to Y3 are reserved by this
instruction, the next available output that can be used in the program if
required, would be Y4.

n Range of reserved outputs

1 Y0–Y1
2 Y0–Y3
3 Y0–Y7
4 Y0–Y15

28.7 Monitoring ^ INDEX1

1. Enter the following data numbers in turn from the thumbwheel switches and after
each number has been entered, pulse input X0 to enable them to be stored into the
look-up table.

D20 40
D21 85
D22 70
D23 15

2. Monitor the following as shown in Figure 28.2, using entry data monitor

Figure 28.2
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3. Note: With index register Z0 ¼ 3, the contents of D23, i.e. 15 are output in BCD
format to the seven-segment displays, which are connected to Y10–Y27.

D23 BCD output Equivalent decimal output (K2Y10)

15 0001 0101 21
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Recipe application – BREW1

This project requires that five different beers be produced, by selecting the correct
proportions from three basic ingredients. This enables the correct recipe to be obtained
for the selected beer.

Let the beers be:

(a) Beer 1
(b) Beer 2
(c) Beer 3
(d) Beer 4
(e) Beer 5.

Let the ingredients be:

(a) Hops
(b) Wheat
(c) Barley.

This project basically consists of two separate areas:

(a) The recipe data
(b) The ladder diagram.

As will be shown starting on page 300, the recipe data can be entered into
Gx-Developer and then downloaded on its own into the PLC. After which the ladder
diagram can then be entered and downloaded.



29.1 Systemdiagram

29.2 Sequence of operation

1. Depending on the type of beer, which is to be brewed, different proportions of hops,
wheat and barley have to be used (see Figure 29.1).

2. The required proportions are taken from a recipe look-up table and transferred to
data registers D100, D102, D103.

3. The values in the three data registers are then sent to three separate inverter drive
units, which control the speed of three motors.

4. As each motor rotates at different speeds, different amounts of hops, wheat and
barley will be delivered onto the conveyor and then into a collection silo.

5. The different amounts of the three products will then be used to brew the selected
beer.

29.3 Recipe look-up tables

Each separate beer, takes three speed values from a 15-value recipe look-up table. These
three values are the speeds at which the three Silo motors rotate at to produce the
correct proportions of the three ingredients, for the beer about to be brewed.

Silo 1 Silo 2 Silo 3

Hops Wheat Barley

Inverter
Drive

Inverter
Drive

Inverter
Drive

D100 D101 D102

Conveyor Belt

Collection Silo

Figure 29.1
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The recipe look-up table consists of 15 battery-backed data registers D200 to D214.
Battery-backed or latched registers are used to store the recipe data, since if the PLC

were switched to stop or the power supply was interrupted, then it is essential that this
data is not lost.

29.4 Entering values into a look-up table (DWR)

The speed values can now be entered directly into the recipe look-up table, which uses
data registers D200 to D214 and then downloaded directly into the PLC, without
having to download the ladder diagram.

When using MEDOC, this process is known as DWR.

(a) D ¼Data registers
(b) W¼Network registers
(c) R ¼File registers.

1. Enter a new project BREW1.
2. Select the project data list as described on pages 22 and 146.
3. From the project data list, select device memory (see Figure 29.2).

Beer 2

Reg.   Speed

Beer 3

Reg.  Speed

Beer 4

Reg.  Speed

Beer 5

Reg.   Speed

80

75

70

D208   D214D211 50 65

D207    D213  D210 45 60

Beer 1

Reg.   Speed

D202

D201

D200

20

15

10 D206    D212  D209 40D203 55

D204

D205 35

30

25

Figure 29.2
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4. Use the right-hand mouse button to obtain the display shown in Figure 29.3.

5. Select New. By default the name given to the device memory data will be MAIN
(see Figure 29.4).

6. Select OK to obtain the display shown in Figure 29.5.

Figure 29.3

Figure 29.4

Figure 29.5
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7. Select Yes, to create a new data file for storing device memory data with the file name
MAIN.

8. The device memory display now appears.
9. Change the device label to D200 and select display (see Figure 29.6).

10. To produce the recipe look-up table, enter the values shown in Figure 29.7 into
D200 to D214. These speed values are the ones shown initially on page 300.

Figure 29.6

Figure 29.7
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29.5 Downloading the recipe look-up table

The recipe look-up table will now be downloaded directly into the PLC.

1. Select Online.
2. Select Write to PLC.
3. Highlight Parameter and Device memory MAIN (see Figure 29.8).

29.6 Selecting the devicememory range

Instead of downloading into the PLC all of the device memory values, it is possible to
select just those devices and the range of addresses, which are required. For this project,
it is only necessary to download data registers D200–D214.

1. From the Write to PLC display select Device data.
2. Cursor down until the Default Data Register download range is obtained.
3. The display should appear as shown in Figure 29.9.

Figure 29.8
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4. Change the device memory settings to ensure that only the contents of D200 to D214
are downloaded into the PLC.

5. The display should appear as shown in Figure 29.10.

6. Select Execute to enable the parameters and the selected data register values to be
downloaded to the PLC.

Figure 29.9

Figure 29.10
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29.7 Monitoring the recipe look-up table values

Use device batch to monitor the recipe look-up table values and hence confirm they
have been downloaded into the PLC (see Figure 29.11).

29.8 Ladder diagram ^ BREW1

Note: The Ladder diagram BREW1 will now have to be downloaded to the PLC since as
yet, only the parameters and the devicememory valuesD200–D214, have been downloaded.

Figure 29.11
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29.9 Principle of operation ^ BREW1

The function of the ladder diagram is to enable a particular beer to be selected and from the
selection obtain the requiredmotor speeds, which will then be sent to the 3� inverter drives.

The different motor speeds enable the correct proportions of the three different
ingredients to be obtained, which are necessary for the beer about to be brewed.

1. Line 0
(a) The instruction -[> K2X0 K0]- is required, since input switches are being used

instead of a rotary selection switch.
(b) With input switches it is possible for all inputs to be OFF, whilst with a rotary

switch one input will always be ON.
(c) As soon as one of the inputs X0 to X7 has been turned ON, then the instruction

-[> K2X0 K0]- will be TRUE and the instruction -[ENCO X0 D0 K3]- can be
executed.

(d) The instruction -[ENCO X0 D0 K3]- is used to obtain the actual switch number,
instead of the equivalent decimal value of the binary pattern of the operated
switch.

(e) The switch number, which has been encoded from the input binary pattern, is
then stored into D0.

Input switch D0

X0 0
X1 1
X2 2
X3 3
X4 4
X5 5
X6 6
X7 7

2. Line 12
(a) The instruction -[<¼ D0 K4]- ensures that only Inputs X0 to X4 are used in the

selection of the required block of File Registers.
(b) The instruction -[MULD0K3Z]- is used toobtain the offset valueZ0,whichwill then

be used to obtain the head or start address for each of the five blocks of data registers.

Beer 1 Beer 2 Beer 3 Beer 4 Beer 5

Switch Number – D0 0 1 2 3 4
Offset Value – Z0 0 3 6 9 12

(c) Let beer 2 be the selected beer.
(d) On selecting beer 2 the value in D0 will become 1.
(e) This value is then multiplied by 3 and stored into the index register Z0. Hence Z0

will contain 3.
(f) The value stored in index register Z0 is the selected switch number� 3.
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3. Line 24
(a) The instruction -[BMOV D200Z0 D100 K3]- is used to transfer a block of three

speed values from the recipe table (D200–D214) to the inverter drives via D100,
D101 and D102.

(b) Index register Z0 contains the offset value, which is automatically added to the
base address of the recipe table, i.e. D200 to obtain the head address of the
required block of data registers.

Switch Number – D0
0 1 2 3 4

Selected Beer Beer 1 Beer 2 Beer 3 Beer 4 Beer 5
Head Address D200Z0 D200 D203 D206 D209 D212

(c) The K3 part of the instruction, causes three moves of the selected recipe data to
the inverter drive speed registers, D100, D101 and D102.

Switch No. 0 Switch No. 1 Switch No. 2 Switch No. 3 Switch No. 4

Beer 1 Beer 2 Beer 3 Beer 4 Beer 5

Data Regs D200 D201 D202 D203 D204 D205 D206 D207 D208 D209 D210 D211 D212 D213 D214

Inv. Regs D100 D101 D102 D100 D101 D102 D100 D101 D102 D100 D101 D102 D100 D101 D102

(d) Hence on selecting beer 2, by operating input X1, the following transfers will
take place.

Recipe data transfer for beer 2

Source
Recipe Data Registers

Contents
Speed – RPM Ingredients

Destination
Silo Inverter Drive Registers

D203 25 Hops D100
D204 30 Wheat D101
D205 35 Barley D102

4. On selecting beer 2, the silo motors will rotate at the above speeds, which will enable
the correct proportions of the three ingredients to be transferred onto the conveyor
belt and delivered to the collection silo.

5. The brewing process for beer 2 can then take place.

29.10 Monitoring ^ BREW1

1. Use entry data monitoring, to monitor the following:
(a) X0–X4 Beer selection switches.
(b) Z0 Index Register.
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(c) D0 Beer selection number.
(d) D100 Hops motor speed.
(e) D101 Wheat motor speed.
(f) D102 Barley motor speed.

2. From the ladder diagram, press F3 for monitor.
3. Press the right-hand mouse button to obtain the display shown in Figure 29.12.

4. Register the devices as shown in Figure 29.13 and then monitor them.

Figure 29.12

Figure 29.13
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29.11 Test results

By operating each of the switches X0 to X4 in turn, the following results should be
obtained.

Input Switch Selected Brew Inverter Drive Speeds

Hops (D100) Wheat (D102) Barley (D103)

X0 Beer 1 10 15 20
X1 Beer 2 25 30 35
X2 Beer 3 40 45 50
X3 Beer 4 55 60 65
X4 Beer 5 70 75 80

29.12 Excel spreadsheet ^ recipe1

Using Microsoft Excel, the recipe look-up table can be entered and saved as an Excel
spreadsheet file, i.e. recipe1 (see Figure 29.14).

Then using copy and paste it is possible to transfer the recipe look-up table from the
Excel Spreadsheet to the device memory in Gx-Developer for the program BREW1.

This procedure enables the recipe data to be easily changed, whenever necessary.

15 20

55 60

25

65

30

70

35

75

40

80

4510

50

Figure 29.14
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30

Sub-routines

A sub-routine is a separate section of a ladder diagram, which carries out a specific task
and which is usually placed after the main section.

The sub-routine is called from a known part of the main program using the instruc-
tion CALL.

Once the sub-routine instructions have been executed then the execution of the
instruction SRET causes the program to return to the main section and execute the
instructions immediately following the CALL instruction.

The diagram shown on page 311 shows that the main program consists simply of
three Calls to three different Sub-routines.



30.1 Sub-routine program flow

Main program

30.2 Principle of operation

1. When input X0 is ON, the execution of the CALL instruction will cause a jump to
the sub-routine instructions, which starts at label P0.
Note: In the FX2N range of PLCs a total of 63 labels are available, in the range P0–P62.

2. The sub-routine instructions are now executed until the sub-routine return -[SRET]-
instruction is executed.

3. The program will now return to the main program, to enable the remaining main
program instructions to be executed, or as shown on the above diagram to CALL the
next sub-routine.

4. Note: At the end of the main program instructions there must be a FEND – First
End Instruction – to designate the end of the main program. This ensures that only
the main program instructions will be scanned and executed, when there is no CALL
to a sub-routine.

X0
------| |-----------------------------------------------------------------------------------------[ CALL  P0 ]-

X1
------| |-----------------------------------------------------------------------------------------[ CALL  P1 ]-

X2
------| |-----------------------------------------------------------------------------------------[ CALL  P2 ]-

------------------------------------------------------------------------------------------------------[ FEND ]-

Label
P0 ----------------

---------------- Sub-routine No. 1
----------------
-------------------------------------------------------------------------------------------------------[ SRET]-

P1 ----------------
---------------- Sub-routine No. 2
----------------
-------------------------------------------------------------------------------------------------------[ SRET]-

P2 ----------------
----------------       Sub-routine No. 3
----------------
-------------------------------------------------------------------------------------------------------[ SRET]-

-------------------------------------------------------------------------------------------------------[ END ]-
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30.3 Temperature conversion ^ SUB1

The program SUB1 is used to demonstrate the use of a sub-routine within a ladder
diagram program.

The main part of the program is used to input via the thumbwheel switches
X10–X27, a temperature in the range 0–100 �C.

The sub-routine part of the program then converts the temperature to degree Fahrenheit.

The formula for converting degrees Celsius to degrees Fahrenheit is: �F¼ (�C�9=5)þ32

30.4 Ladder diagram ^ SUB1
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30.5 Labels

Labels are in the range from P0 to P62.
A label is entered at the point on the ladder diagram by moving the cursor to the left

of the ladder diagram and then enter into the required label number, i.e. P0.

30.6 Principle of operation ^ SUB1

1. Line 0
The input temperature in degrees Celsius is entered via the thumbwheel switches
X10–X27 and stored in data register D0.

2. Line 6
With input X0 OFF, the instruction -[BCD D0 K4Y10]- enables the temperature in
degrees Celsius to be displayed on the seven-segment displays Y10–Y27.

3. Line 12
The operation of input X0 enables the following:
(a) The call to the sub-routine at label P0.
(b) The sub-routine enables the input temperature to be converted from degrees

Celsius to degrees Fahrenheit.
(c) The instruction -[BCD D6 K4Y10]- will enable the return value from the sub-

routine, i.e. the temperature in degrees Fahrenheit, to be displayed.

30.7 The sub-routine instructions

1. Line 22
(a) This is the start of the sub-routine section of the program at Label P0.
(b) The instruction -[MUL D0 K9 D2]- multiplies �C with 9 and stores the result in

data registers D2 and D3
(c) The instruction -[DIV D2 K5 D4]- divides the contents of D2 by 5 and the result

is stored in data registers D4 and D5.
(d) Finally the instruction -[ADD DD K5 D4]- adds the constant value of 32 to the

contents of D4 and the result is stored in data register D6.
(e) Data register D6 now contains the converted value in degree Fahrenheit.

2. Line 45
The instruction SRET returns the program back to line 12 of the main program,
i.e. to the instruction -[BCD D6 K4Y10]-, which follows the CALL instruction.

30.8 Monitoring ^ SUB1

Monitor D0–D7, using device batch.
Figure 30.1 shows the contents of the data registers, when 85 �C is converted to

185 �F.

Sub-routines 313



Check the temperatures shown below.

�C – D0 �F – D6

0 32
10 50
28 82
38 100
85 185
100 212

Figure 30.1
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31

Interrupts

An interrupt is an input signal, which halts the execution of the main program and then
immediately jumps to an interrupt service routine (ISR).

The ISR carries out a specific task and then returns back to the main program.
However, the main difference between an interrupt and a sub-routine CALL is that

an interrupt can occur at any time during the execution of the main program, whereas a
sub-routine CALL can only be carried out when, during the scan time of the main
program, the CALL Instruction is executed.

If it is necessary to take immediate action in the event of a particular input signal
being operated, then the use of an interrupt should be considered.

However, if immediate action were required in the event of an emergency stop
situation, then a safety relay must be used and not the operation of an interrupt input.

31.1 Interrupt application

The following application is an example of how an interrupt can be used, with a
sequential PLC control program, i.e. PNEU1 (refer Figure 8.2, page 92).

The interrupt signal in this program is the operation of Input X0.
The basis of this interrupt program is that the PLC is connected to a data logger

computer, and at regular intervals, the data logger generates an interrupt signal by
sending a þ24V signal to Input X0 of the PLC.

On receiving the interrupt signal, the main program completes the instruction cur-
rently being executed and then the PLC jumps to the ISR to execute the ISR instruc-
tions. These instructions require the number of complete machine cycles which have
occurred, since the previous interrupt signal was generated to be output on Y10–Y17 in
BCD format to the data logger computer.

In practice, the number of machine cycles would be output in serial format to the
data logger.

The interrupt operation has no effect on the main program, i.e. the operation of
Piston A and Piston B.

The data logger, on receiving the number of products made, can then produce the
following management information:

1. The number of components or products produced in a given time.
2. The reliability of the machine, i.e. has any production time been lost due to

breakdowns.



3. The total operating time of the machine, and from this information, produce Planned
Preventive Maintenance schedules (PPMs).

Once the ISR instructions have been executed, program control returns back to the
main program, and the PLC will start executing the main program instructions again,
starting with the instruction following the one which was being executed when the
interrupt occurred.

31.2 Interrupt project ^ INT1

The project INT1 simulates the same sequence of operations as PNEU1, but includes
the following modifications:

1. Operates the Outputs Y0 and Y1 automatically in sequence, without the need for the
simulated limit switches X2–X4.

2. An interrupt facility, which displays the number of completed cycles.

Basic system

31.3 Sequence of operation ^ automatic cycle

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

1. Start.
2. Aþ Piston A OUT.
3. Bþ Piston B OUT.
4. A� Piston A IN.
5. 5-sec time delay.
6. B� Piston B IN.
7. Repeat sequence Item 2.

A− A+

Piston A

Y0

B+ B−

Piston B

Y1

Figure 31.1
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31.4 Waveforms

To determine the ON/OFF times for the Outputs Y0 and Y1, which control Pistons A
and B respectively, the following waveforms were produced:

Pistonwavefoms

The waveforms in Figure 31.2 show that the time taken for each piston to move OUT is
1 sec and then to move back IN is also 1 sec.

Output waveformsY0 andY1

A+

A−
1 2 3 4 5 6 7 8 9 10 11 12 13 14

B+

B−
1 2 3 4 5 6 7 8 9 10 11 12 13 14

Time (sec)

Y0

ON

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

Y1

ON

OFF

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Time (sec)

5-sec delay

Figure 31.2
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31.5 Ladder diagram ^ INT1

318 Mitsubishi FX Programmable Logic Controllers



31.6 Principle of operation ^ INT1

Main program

The main program operates continuously as described in Section 31.3.

1. Line 0
(a) The Instruction -[EI]- enables all the interrupts.
(b) These are:

(i) The X0–X5 Input interrupts.
(ii) Timed interrupts.
(iii) High-speed counter interrupts.
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(c) Note:
The FX1S or the FX1N PLCs can only use X0–X3 for interrupt purposes.

2. Line 1
(a) Each interrupt can then be separately enabled or disabled.
(b) This is done by using the special memory coils M8050–M8058 in the FX2N, or

M8050–M8055 in the FX1S and the FX1N.
(c) If an interrupt M coil is ON, the interrupt is disabled. If an interrupt M Coil is

OFF, the interrupt is enabled.

Memory coil Interrupt assignment

M8050 Input X0
M8051 Input X1
M8052 Input X2
M8053 Input X3
M8054 Input X4
M8055 Input X5
M8056 Timed interrupt 1
M8057 Timed interrupt 2
M8058 Timed interrupt 3
M8059 High-speed counter interrupt

(d) Hence, if M8050 is OFF and M8051–M8059 are all ON, then only the Input X0
interrupt will be enabled.

3. Line 4
The Instruction -[MOV HFF K2M8051]- carries out the following:
(a) HFF=1 1 1 1 1 1 1 1 in binary.
(b) This binary pattern is then transferred to M Coils M8051–M8058.
(c) Thismeans that all of theseMCoils will be turnedON andM8050 will remain OFF.
(d) Therefore, all of the X1–X5 Input interrupts and the timer interrupts will be disabled.
(e) Hence, only the Input X0 interrupt and the High-speed counter interrupt, will

remain enabled.
4. Lines 10 and 13

(a) Operating Input X6 will Set M0 ON.
(b) This will enable M8013 to increment C0 every second – Line 36.
(c) Operating Input X7 will Reset M0.

5. Line 15
(a) The Data Registers D0–D3 are used as a look-up table which stores the timer

values necessary for the following absolute drum instruction (ABSD), which is
used to produce the waveforms in Figure 31.2.

(b) The timer values stored in D0–D3 and the required action when that time is
reached is shown in the table below:

Data register Time (sec) Action

D0 1 Aþ
D1 3 A�
D2 2 Bþ
D3 9 B�
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(c) The registers in the look-up table operate in pairs. For example:
(i) Register D0 stores the time delay value when Y0 is turned ON.
(ii) Register D1 stores the time delay value when Y0 is turned OFF.
(iii) Register D2 stores the time delay value when Y1 is turned ON.
(iv) Register D3 stores the time delay value when Y1 is turned OFF.

6. Line 36
(a) The Instruction -(C0 K10)- is part of the ABSD instruction.
(b) Its function is to count input pulses, in this case 1-sec pulses from M8013.
(c) When the value in the counter reaches a value in the look-up table, then an

output will be turned ON/OFF.
(d) For example, after a delay of 1 sec, the value in C0 will be 1. This is also the value

in D0 and hence Output Y0 turns ON and Piston A moves to its Aþ position.
7. Line 41

(a) The ABSD instruction -[ABSD D0 C0 Y0 K12]- is used to turn the Outputs Y0
and Y1 ON and OFF at the required intervals shown in the table on page 320.

(b) The parts of this instruction are:
(i) ABSD Absolute Drum. This relates to a now-obsolete method for obtain-

ing timed controller operations using a rotating mechanical drum.
(ii) D0 This is the Head Address for the look-up table, which is storing the

times required for outputs to turn ON/OFF.
(iii) C0 Counter C0 is incremented every second from the 1-sec pulses of

M8013. Therefore, at known times, the value in C0 will equal a
value stored in the look-up table.
When a value in C0 equals a value in the look-up table, then an
output will be turned ON/OFF.

(iv) Y0 The Output Y0 is the first output, which is being used in this
sequence controller operation.

(v) K2 The K2 value defines that the following is required:
Two Outputs Y0 and Y1.
A look-up table having 4 values.

8. Line 51
(a) It can be seen from the output waveforms for Y0 and Y1 that the cycle time for

turning the two pistons ON/OFF is 9 sec.
(b) Hence, after 9 sec from the start of the cycle, the Instruction -[>¼ C0 K9]- will be

TRUE.
(c) Therefore, at this point the following take place:

(i) The Cycle Counter D200 is incremented.
(ii) Counter C0 is reset, which enables the start of the next cycle.

(d) Note:
D200, which is battery-backed, is used as the cycle counter to ensure that the cycle
count is not reset, should there be a mains failure or the PLC is switched to STOP.

9. Lines 61, 65 and 69
(a) When the interrupt occurs due to the closure of X0, there is the possibility

that because of switch bounce, more than one interrupt could be generated
(Ref. p254).
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(b) Should a second ISR be executed due to switch bounce within a few milli-seconds
of the first, then the following would happen if further X0 interrupts were not
temporarily disabled:
(i) The first ISR would display the contents of the cycle counter on the

7-segment displays and then reset D200.
(ii) The second ISR would now display the reset contents of D200, i.e. 00.
(iii) Since the cycle counter only displayed the correct count for a few

milli-seconds before displaying 00, it would appear that no components
had been produced.

(c) To overcome switch bounce, the following is carried out:
(i) Line 69 At the start of the ISR, the Instruction -[SET M8050]- is executed,

which disables further X0 interrupts from occurring.
(ii) Line 61 After the ISR has been executed and the program returns to the

main program, then on Line 61, the closure of the M8005 contacts
starts T200 a 50 milli-second timer.

(iii) Line 65 At the end of the time delay, the closure of the T200 contacts
re-enables the X0 interrupt by re-setting M8050.

(d) Hence, it is not possible for more than one ISR to be executed within
50 milli-seconds of one other, even though the X0 Input may operate more than
once, during this time.

31.7 Interrupt service routine

1. Line 69
(a) Although the Interrupt Pointer I001 is entered on the ladder diagram, it will only

display I1.

The I001 is obtained as follows:
I 0 0 1

Interrupt X0 No meaning Interrupt occurs on a positive going signal,
i.e. X0 turning ON

(b) To overcome the effects of switch bounce, the ISR initially executes the Instruc-
tion -[SET M8050]-, which disables the X0 interrupt.

(c) The contents of the Cycle Counter D2000 are transferred in BCD format to the
Outputs Y10–Y17 and displayed on the 7-segment displays.

(d) The contents of D200 are then cleared.
(e) The execution of the interrupt return instruction -[IRET]- indicates that the ISR

has been completed and the program can return to the main program.

31.8 Monitoring ^ INT1

1. Initially, monitor the ladder diagram.
2. Let the program run automatically and when D200 displays a value of 8, operate the

Interrupt button X0.
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3. Use entry data monitor, to monitor the following:
(a) D2000 The cycle counter.
(b) K4Y10 The BCD output value.

4. As can be seen from Figure 31.3, with the operation of the X0 Input, an interrupt is
generated, which carries out the following:
(a) Transfers in BCD format the contents of the Cycle Counter D200 to the

7-segment displays connected to Y10–Y27.
(b) Resets D200 back to 0.

Figure 31.3
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32

Step counter programming

Step counter programming is a method of programming very large ladder diagrams,
where it is essential that each part of the program operates in the correct sequence.

It is widely used in manufacturing industry to control sequential processes, i.e. the
control of machine tools, assembly processes, etc.

It also enables very quick fault diagnosis by monitoring the step counter value, when
the process suddenly stops operating.

The basic principle is as follows:

1. When the correct sequence of inputs occur at a point in the cycle, a step counter is
incremented by 1.

2. The step counter is then used to turn ON a corresponding battery-backed M coil,
known as a sequence control coil (see the following table).

Step counter value Sequence control M coil

0 M500
1 M501
2 M502
3 M503
4 M504
5 M505
6 M506
7 M507
8 M508
9 M509

10 M510

3. The contacts of the sequence control M coils will then turn ON/OFF the required
output or outputs for that part of the cycle.

4. The main disadvantage with this type of programming is that if at a later stage,
modifications to the program are required it can be difficult to insert additional input
contacts, unless a method known as counter assist is used. This method will be used
in the project STEP_CNTR1.



32.1 Ladder diagram ^ STEP^CNTR1

(Continued )
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32.2 Principle of operation ^ STEP___CNTR1

1. The project STEP_CNTR1 is used to control two pistons A and B similar to PNEU4
(refer page 177).

2. Line 0
(a) On switching the PLC to RUN, the contacts M8002 momentarily operate to

enable the step counter C0 to be reset to zero.
(b) With the stop switch OFF, its X1 normally closed contacts will be used to ensure

the step counter C0 remains reset.
(c) The M510 contacts are used to reset the step counter back to zero at the end of

each cycle.
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3. Line 5
(a) With the stop button X1 not made, the X1 contacts will be closed and this will

enable the instruction -[ MOV K0 K1Y0 ]- to be executed.
(b) This ensures that the outputs Y0 and Y1 remain OFF.

4. Line 47
(a) The instruction -[DECO C0M500 K4]- is essential to step counter programming.
(b) The step counter C0 is decoded to turn ON a corresponding battery-backed

sequence control M coil starting at M500.
(c) The K4 value determines that only the first four bits of the C0 count value are to

be decoded, i.e. when the value of C0 is in the range 0–15. However in this
project, C0 will be reset back to zero when C0 reaches a value of 10.

Step counter value Sequence control M coil

0 M500
1 M501
2 M502
3 M503
4 M504
5 M505
6 M506
7 M507
8 M508
9 M509

10 M510

5. Line 55
(a) When C0 is reset to zero, then M500 will turn ON.
(b) With the pistons not operated, then X2 and X4 will be closed and hence output

Y7 will turn ON to indicate the system is at the home position.
6. Line 11 – M500

(a) When the Start button X0 is operated, and with M500, X1, X2 and X4 already
closed then M0, counter assist 1 will turn ON.

(b) The program block, which connects to M0, consists of five lines of program
connected in parallel.

When all of the contacts in any one line are made, then M0 will be turned ON.
Since each line in both blocks starts with a different M coil in the range M500

to M509, then only one line at a time can have all of its contacts closed.
7. Line 27

Each time the M0 contacts close, then M1 counter assist 2, will also turn ON.
8. Line 43

(a) With the M1 contacts closing, then C0 will be incremented by 1.
(b) This will cause M500 to turn OFF and M501 to turn ON.

9. Line 59
With the M501 contacts closing, output Y0 will be set ON and hence cause piston A
to be energised.

Step counter programming 327



10. Line 11 – M501
(a) M501 now turns ON and when piston A is operated and travels to its outer

limit, then limit switch X3 (Aþ) will close.
(b) With X3 (Aþ) closing and with X4 (B�) already closed, M0 will again turn

ON.
11. Line 27 – M0.

(a) With the M0 contacts closing, this will again energise M1.
(b) The M1 normally closed contacts ensure that the supply to C0 will break for a

least one scan time.
(c) This ensures that when a line is selected, i.e. M503 and that line is already

complete, then the counter will not remain latched ON.
12. Line 43

(a) With the M1 contacts closing, counter C0 will now be incremented to 2.
(b) This in turn will cause M501 to turn OFF and M502 to turn ON.

13. Line 61
With the closure of the M502 contacts output Y1 will now be set and piston B will
travel to its Bþ position.

14. Line 11 – M501 and M502
(a) The procedure now continues with the first block of contacts.
(b) With M502 and X3 already closed, then when piston B reaches its outer limit

and X5 closes, M0 will once more turn ON.
(c) This will cause C0 to be incremented to 3.

15. Line 11 – M503 and M504
(a) The use of M503 and M504 enables modifications to be inserted at these points

in the sequence, without affecting the existing sequence of operations.
(b) With the closure of M503, then immediately M0 and M1 will turn ON. C0 will

be incremented to 4 and hence M503 will open and M504 will close.
(c) With the closure of M504, then immediately C0 will be incremented to 5 and

hence M504 will open and M505 will close.
16. Line 63

With the closure of M505, output Y0 will be reset and piston A will return to its
A� position.

17. Line 27
(a) With C0 having reached a value of 5, then M0 cannot be energised during

the remainder of the cycle. Hence, only the second block of contacts, i.e.
M505–M509, will now be used.

(b) Therefore since M0 is no longer used in the counter assist process then for the
remainder of the cycle only counter assist 2 will be used to increment C0.

(c) At this moment in the cycle C0 ¼ 5 and the M505 contacts are closed.
18. Line 27 – M505

(a) When piston A returns to its A� position, then X2 closes.
(b) As the M505 and the X5 contacts are already closed, M1 will now be energised

and increment C0 to 6 – (Line 43).
(c) Hence the M505 contacts will open and the M506 contacts will close.

19. Line 65
(a) With C0 now having a value of 6, then the M506 contacts will close.
(b) The 5-sec timer T0 will now be energised and start timing out.
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20. Line 27 – M506
(a) After 5 sec have elapsed, timer T0 will time out and its contacts will close.
(b) The closure of the T0 contacts and with the M506 contacts already closed will

enableM1 to be energised and hence cause step counter C0 to be incremented to 7.
(c) Therefore the M506 contacts will open and the M507 contacts will close.

21. Line 69
(a) With C0 now having a value of 7, then the M507 contacts will close.
(b) The closure of the M507 contacts will cause output Y1 to be reset and hence

piston B will return to its B� position.
22. Line 27 – M507

When piston B reaches its B� position, then its X4 contacts will close and with the
X2 and the M507 contacts already closed will enable M1 to be energised and hence
cause step counter C0 to be incremented to 8.

23. Line 27 – M508 and M509
(a) Since there are no input contacts associated with M508 then M1 will be

immediately energised and cause C0 to be incremented to 9.
(b) Hence contacts M508 will open and M509 will close.
(c) Similarly since there are no input contacts associated with M509 then M1 will

be immediately energised and cause C0 to be incremented to 10.
(d) Hence contacts M509 will open and M510 will close.
(e) The closure of the M510 contacts indicates that one full cycle has been

completed and the next cycle can commence.
24. Line 0 – M510

(a) With the M510 contacts closing, then step counter C0 will be reset back to zero.
(b) Hence contacts M510 will open and M500 will close.
(c) With the M500 contacts closing, the next cycle of operations can commence.

25. Line 71
(a) The instruction -[BCD C0 K4Y10]- is used to display the contents of step

counter C0.
(b) Should a fault occur, i.e. a limit switch does not operate at the correct point in

the machine cycle, this will cause the process to stop.
(c) From the step counter display, the following can be determined immediately.

i. Which M coil is still ON.
For example, if C0 ¼ 5, then M505 must be ON.

ii. The line number for the M coil still ON can be found by using Find device in
the find/replace menu.

iii. Frommonitoring that particular line, determine which input has not operated.

32.3 Simulation andmonitoring procedure

1. Display and monitor the Ladder Diagram STEP_CNTR1.

2. Operate the Input Switches X1, X2 and X4.

C0 ¼ 0

This will simulate the operation of the stop push button and the A� and B� limit
switches.
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Since C0 is at 0, M500 will be made and hence Y7, the Home position LED
will be ON.

3. Momentarily operate the Start Switch X0.

C0 ¼ 1

Output Y0 will now be energised and this will cause piston A to operate to the
Aþ position.
WithpistonAmoving forward, limit switchX2will open and limit switchX3will close.

4. Open X2 and Close X3.

C0 ¼ 2

This will cause Output Y1 to energise and hence enable piston B to move forward
to its Bþ position.

5. Open X4 and Close X5.

C0 ¼ 5

M505 will now be ON and this will reset output Y0.
Hence piston A will return to its A� position.

6. Open X3 and Close X2.

C0 ¼ 6

With X2 closing, this will start the operation of the Timer T0.
7. After 5 sec, Timer T0 will time out.

C0 ¼ 7

The closure of M507 will reset output Y1.
Hence piston B will return to its B� position.

8. OPEN X5 and Close X4.

C0 ¼ 0

The process can now be repeated, by momentarily operating X0.

32.4 Entrydatamonitoring ^ STEP^CNTR1

1. Monitor the program STEP_CNTR1 using entry data monitor, as shown in
Figure 32.1.

Figure 32.1
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2. Note:
(a) After each step, the step counter C0 will be incremented by 1.
(b) The sequence M coils will open and close one after the other.
(c) At the end of the cycle when piston B returns to its B� position and X4 is

remade, then C0 will return to zero and M500 will close.

32.5 Pneumatic panel operation

The PLC can now be connected once more to the SMC pneumatic panel (refer page 98)
to enable the complete system to be tested.

This enables the PLC and the program STEP_CNTR1 to control more of an
industrial type process than just being simulated with switches and LEDs.

Pneumatic drawing ^ STEP^CNTR1

A–
X2

A+
X3 Limit Switches

Air

B–B+
X5 X4

Piston B

Piston A
Pilot Valve Piston B

Pilot Valve

Air Inlet Valve
and Regulator

(4 Bar)

SOL B
(Y1)

SOL A
(Y0)

Figure 32.2
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33

Automatic queuing system

This application is based on polycarbonate components being manufactured by five
separate injection moulding machines.

The raw material is polycarbonate granules, which are stored in a central hopper and
which are transferred to each machines’ individual hopper by a vacuum system.

Whenever one of the hopper contents falls to a low value, then a signal is sent to the
control system to enable the required hopper to be topped up with granules.

However if the hopper is not filled up in time, and consequently its injection mould-
ing machine has insufficient granules to produce the component, then this will cause
production problems.

The design of the vacuum system only enables one hopper to be filled up at a time
and if a simple sequential filling control system were used, then by the very nature of its
operation, problems would still occur.

If for example, while hopper 2 was being filled, hopper 1 became low followed a short
time later by hopper 5 also becoming low, then hopper 5 would be filled before hopper 1.
This could mean that by the time hopper 1 is to be filled, it could already be empty.

Should a number of moulding machine hoppers signal either at the same time or
shortly after one another that their level of granules is low, then to ensure that all of the
individual hoppers will be filled before they become completely empty, a PLC queuing
system based on the FIFO (First In – First Out) Stack Principle, will be used.

Thequeuing systemensures that the order, inwhich the requests aremade,will be identical
to the order in which the granules are delivered to the hoppers and therefore, the granules in
any of the individual hoppers will not be able to fall below a minimum acceptable level.

33.1 Systemhardware

GRANULES VACUUM

Y0 Y1 Y2 Y3 Y4
HOPPER H1 H2 H3 H4 H5

LOW
LEVEL
SW.

X0 X1 X2 X3 X4

Manufactured polycarbonate components

MOLDING
MACHINE

MM1
MM 2 MM 3 MM 4 MM 5

Figure 33.1



33.2 FIFOmemory stack

The PLC software is based on a 5-input queuing system in which five inputs X0–X5 are
scanned in turn approximately every 0.1 sec and where an input is ON, its corresponding
logical value is stored in a FIFO memory stack.

As each logical value is removed from the stack, it will cause the corresponding Y
output to turn on for 30 sec.

Input Logical value Y-Output

X0 1 Y0
X1 2 Y1
X2 4 Y2
X3 8 Y3
X4 16 Y4

33.3 Software diagram

The block diagram shown in Figure 33.2 shows the major software modules required for
the complete system.

Basic operation

1. When an input is turned ON, its equivalent logical value is stored in the next
available position on the FIFO stack.

2. After any one of the Y outputs has been ON for 30 sec, that particular output will turn
OFF and the logical value which is at the top of the stack is now transferred to the output
section.

INPUT DATA INPUT DATA SCAN
AND STACK TRANSFER

FIFO STACK
WRITE/READ

OUTPUT DATA
TRANSFER

X0 Y0

X1 SFWR SFRDP Y1

X2 Y2

X3 Y3
M0-M4 M5

X4 Y4

M6–M8

RESET

SHIFT
REGISTER
(INCD)

M100

M104

Figure 33.2
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3. The logical value is now used to turn ON the required Y output.
4. At the same time, the contents of the stack are all moved up one position.
5. The operation continues until all of the logical values stored on the stack have been

shifted out. This will occur if none of the X inputs are ON and hence no new values
are being written to the stack.

33.4 Ladder diagram ^ QUEUE1

Shift register

Input data scan and stack transfer
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Output data transfer
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Reset

33.5 Principle of operation ^ QUEUE1

Shift register

Line 0

1. The shift register consists of nine memory coils M0–M8, which are sequentially
turned ON for 0.01 sec and then OFF for 0.08 sec. The instruction, which is used
for this purpose is the incremental drum INCD.

2. Initially the data registers D0–D8 are all filled with the value of 1, using the instruc-
tion -[FMOV K1 D0 K9]-.

3. Each time the value in counter C0 reaches the value stored in each data register
D0–D8, i.e. a 1, then the corresponding memory coil M0–M8, will turn ON. For
example, when C0 reaches the value in D0, i.e. a 1, then M0 turns ON.

4. Counter C0 is automatically reset and then starts recounting. When the value in C0
reaches the value in D1, i.e. as before a 1, then M0 turns OFF and M1 turns ON.
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5. The process constantly repeats from M0 to M8 and then back to M0.
6. The 0.01-sec pulses from M8011 are used to increment C0.

Shift register waveforms

Input data scan and stack transfer

Lines 21–65

1. When any one of the inputs X0–X4 is turned on, then on being scanned by
its corresponding shift register output, the logical value KL for that input is
written to the FIFO stack. This is done by, using the using the shift write instruction
-[SFWR KL D20 K6]-.

2. This instruction determines the following:
(a) The Stack will consist of six data registers D20 to D25.
(b) The stack pointer will be D20.
(c) The stack registers which are to be used for storing the logical values, will be

D21–D25.
(d) When writing to the stack, it is the stack pointer’s contents, which are used to

calculate, which stack register will be used.
(e) For example if D20 ¼ 3, then stack register D(21þ 3), i.e. D24, will be where the

next logical value will be written to.
(f) Each time a logical value is written to the stack, the stack pointer is incremented

by one.

M0 Scan Input X0 (Line 21)

M1 Scan Input X1 (Line 32)

M2 Scan Input X2 (Line 43)

M3 Scan Input X3 (Line 54)

M4 Scan Input X4 (Line 65)

M5 Scan for read from FIFO Stack
and Turn selected Y Output ON

(Line 76)

M6
Scan for Y Output, ON Time
(30 Sec)

(Line 90)

M7 Scan to turn current
Y Output OFF

(Line 98)

M8 Scan for next Y Output (Line 115)
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3. Stack write format

4. Let the five X inputs be operated one after another in the following order.

Input Logical value

X0 1
X3 8
X1 2
X4 16
X2 4

5. Line 21
With input X0 operating, its logical value, i.e. 1, will be written to D21 and the stack
pointer D20 will be incremented to 1.

6. Line 32
With input X3 operating, its logical value, i.e. 8, will be written to D22 and the stack
pointer D20 will be incremented to 2.

7. Line 43
Similarly with input X1 operating, its logical value, i.e. 2, will be written to D23 and
the stack pointer D21 will be incremented to 3.

8. Hence the data stored in the stack at this moment, will be:

9. Note: The next stack register available for writing to, is D24.
10. The process continues until all of the five logical values have been stored onto the stack.

Stack Registers

KL D21 D22 D23 D24 D25

D20 Stack Pointer

D21 D22 D23 D24 D25 Stack Registers
KL

2 1 8 2

3
Stack Pointer
D20

D21 D22 D23 D24 D25 Stack Registers
KL

4 1 8 2 16 4

5 Stack Pointer
D20
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11. Line 21
After the logical value for input X0 has been written to the stack, memory coil
M100 is set and its associated normally closed contacts will open.

This ensures that while the logical value corresponding to X0 is stored on the
stack, the same value cannot be rewritten to the stack, even if X0 stays operated.

This facility therefore inhibits a logical Value being written to the Stack, while
that value remains stored on the Stack.

Line no. Stack inhibit memory

21 M100
32 M101
43 M102
54 M103
65 M104

FIFO stack ^ read

Line 76

1. Data is read from the stack to data register D30, each time the shift read instruction
-[SFRDP D20 D30 K6]- is executed.

2. Stack read format

3. Each time the shift register contact M5 closes, the contents at the top of the stack,
i.e. the contents of D21 are transferred to data register D30.

4. At the same time, the contents of the remaining stack registers are then shifted left
one place and the contents of the stack pointer D20 are decremented by one.

5. The first time the stack read instruction -[SFRDP D20 D30 K6]- is executed, the
contents of the stack will become as shown below.

D30 D21 D22 D23 D24 D25 Stack Registers

1  21 6  4

5 Stack Pointer
D20

8

D30 D21 D22 D23 D24 D25 Stack Registers

1 8 2 16 4 0

4 Stack Pointer 
D20
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6. The second time the stack read instruction is executed, the contents of the stack are
again shifted left one place and will become, as shown below.

Output data transfer

Line 76
After the execution of each shift register read instruction, which transfers the
logical value stored at the top of the stack to D30, the output transfer instruction
-[MOV D30 K2Y0]- is now executed.

This enables the contents of data register D30 to be transferred to the actual Y
outputs (see Figure 33.3).

Output truth table

The Y outputs are turned ON, according to the following truth table.

Logical value Binary Y Output ON

Y4 Y3 Y2 Y1 Y0

01 0 0 0 0 1 Y0
02 0 0 0 1 0 Y1
04 0 0 1 0 0 Y2
08 0 1 0 0 0 Y3
16 1 0 0 0 0 Y4

Hence if the contents of D30 ¼ 08, then output Y3 will turn ON.

o Y0

o Y1

D30
FIFO STACK
REGISTER o Y2

o Y3

o Y4

FIFO D30 Y Outputs

Figure 33.3

D30 D21 D22 D23 D24 D25 Stack Registers

8 2 16 4 0 0

3 Stack Pointer 
D20

340 Mitsubishi FX Programmable Logic Controllers



Output ^ ON time

Lines 90–98
When a Y output is turned ON, it is only ON for 30 sec, this being sufficient time to fill
an individual hopper with the polycarbonate granules.

The following describes how this is done.
Line 90
With the operation of any one of the five Y outputs, M50 will be set, when the shift
register output M6 turns ON.
Line 98
1. The closing of the M50 contacts will start a 30-sec time delay T0.
2. At the end of the 30 sec, the T0 contacts will close and with the operation of the shift

register output M7, the instruction -[MOV K0 D30]- will be executed.
3. This instruction clears the contents of D0 and on the next scan of the program, when

the instruction -[MOV D30 K2Y0]- is executed (Line 76), the Y output which is
currently ON will be turned OFF.

NextYoutput

Line 109
1. When a particular Y output has completed its hopper fill sequence, then it is

necessary for the next Y output to be turned ON.
2. The logical value for the next Y output is currently at the top of the stack and hence

the stack read instruction has now to be executed.
3. With D30 being cleared at the end of the 30-sec time period, a comparison is now

made of the contents of D30, using the instruction -[¼D30 K0]-.
Line 115
With D30 ¼ 0, then M10 will operate and this plus the shift register output M8, will
reset M50.
Line 76
1. With the closure of the M50 normally closed contacts, the stack read instruction

-[SFRD D20 D30 K6]- and the output transfer instruction -[MOV D30 K2Y0]- will
both be executed.

2. This will enable the next logical value stored at the top of the stack to be transferred
to D30 and hence the next required Y output, will be turned ON.

Reset

Lines 118–141
Line 118
1. After an output, i.e. Y0 has been turned ON and then OFF, the normally open

contact of Y0 will reopen to enable the instruction PLF M110 to be executed.
2. PLF waveforms (see Figure 33.4).
3. On the falling edge of the Y0 contact, the instruction PLF 110, will be executed. This

instruction causes the operation of M110 for one scan time, i.e. it is similar to PLS,
but whereas PLS operates on the rising edge of an Input (refer page 83) PLF operates
on the falling edge of an Input.
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4. This in turn causes M110 to output a pulse for 1 scan time, which resets M100, the
Stack inhibit memory and re-enables the X0 input in the input data scan and transfer
section (Line 21).

5. Should X0 still be ON or come ON, then the transfer of the logical value correspond-
ing to X0, will be reloaded back onto the Stack.

6. The other stack inhibit memories, i.e. M101, M102, M103 and M104 will also be
reset, when their corresponding Y output is turned OFF.

33.6 Testing ^ QUEUE1

To test that the queue1 system operates as specified, carry out the following:

1. Ensure all of the X inputs and the Y outputs are OFF.
2. Switch On the X inputs in the following order and leave them switched ON. X0, X3,

X1, X4, X2.
3. The Y outputs will now come on one at a time, every 30 sec, in the following order.

Y0, Y3, Y1, Y4, Y2.
4. The cycle will repeat itself until the X inputs are switched OFF, or the RUN is

switched OFF.

PLF waveforms

Y0

30 sec

PLF M110

Figure 33.4
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33.7 Monitoring ^ QUEUE1

1. Using entry data monitor, register and then monitor the devices listed in Figure 33.5.
2. The monitor details are for when output Y3 has just turned ON.

33.8 Analysis of results

From the monitor details, the following can be determined:

1. The value in D30 ¼ 8 and hence the binary pattern which has been sent to the Y
outputs is 0000 1000, i.e. bit 3 ¼ 1.

2. This corresponds to Y3 being ON.
3. This is correct since the output Y3 was ON, when the monitored results were taken.
4. From the monitored results, the contents of the stack will be as shown in the diagram

below.

This shows the following:

1. The contents of D30¼ 8, i.e. the logical value for the output Y3.
2. The stack pointer¼ 4, indicating there are four values left on the Stack.
3. The values which remain on the stack and their corresponding Y outputs are:

2 16 4 1
Y1 Y4 Y2 Y0

D21

D22

D23

D24

D25

D30

Y000

Y001

Y002

Y003
Y004

4

2

4

16

1

0
8

7 300 0 1T0

D20

0

0

0

1
0

Figure 33.5

D30 D21 D22 D23 D24 D25 Stack Registers

8 2 16 4 1 0

4 Stack Pointer 
D20
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Analogue to digital conversion
FX2N-4AD

34.1 Introduction

In process control systems many of the input signals are from analogue type devices
known as transducers. Transducers are used to provide a voltage or current signal
proportional to the measured value of, for example:

(a) Mass
(b) Linear/angular movement
(c) Velocity
(d) Temperature
(e) Pressure
(f) Strain.

Therefore before a signal from a transducer can be used by a PLC, it has to
be converted into a digital quantity, using an analogue to digital converter – ADC.

The type of ADC, which will be used in this section, is the Mitsubishi FX2N-4AD.
The FX2N 4ADC can be used with the following PLCs:

(a) The FX2N
(b) The FX1N.

However, it cannot be used with the FX1S PLC.

34.2 FX2N-4AD buffermemoryaddresses and
assignments

Within the FX2N-4AD, is a Buffer Memory – BFM, which consists of 32 buffer
memory locations.

The following table lists the addresses of each BFM location and its associated
assignment.



BFM Contents

*0 Channel initialisation Default ¼ H0000
*1 Number of samples for averaging for CH1 (1–4096) Default ¼ 8
*2 Number of samples for averaging for CH2 (1–4096) Default ¼ 8
*3 Number of samples for averaging for CH3 (1–4096) Default ¼ 8
*4 Number of samples for averaging for CH4 (1–4096) Default ¼ 8
5 CH1 averaged value
6 CH2 averaged value
7 CH3 averaged value
8 CH4 averaged value
9 CH1 present value
10 CH2 present value
11 CH3 present value
12 CH4 present value
13–14 Reserved for future use
*15 Conversion Speed 0 ¼ 15 ms per channel 1 ¼ 6 ms per channel
16–19 Reserved for future use
*20–24 Offset/Gain adjustment using software
25–28 Reserved for future use
29 Error status
30 Identification Code (K2010)
31 Cannot be used

TO instruction

For the buffer memory locations that have a ‘*’ mark, data can be written to those
locations by using the ‘TO’ instruction.

This information must be written to allow the unit to perform the correct conversion.

FROM instruction

For the buffer memory locations without the ‘*’ mark, data can be read from those
locations to the CPU, using the ‘FROM’ instruction.

34.3 Voltage and current conversion

ADC ADC
V+ V+

Vmax = 10 V Digital Output
= 2000

I max = 20 mA I+ Digital Output
= 1000

250 Ω

V I – VI −

VADC (max) = I(max) × 250 Ω
= 20 mA × 250 Ω
= 5 V

Voltage Current

Figure 34.1
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Voltage conversion

From Figure 34.1, it can be seen that an FX2N-4AD, when supplied with a maximum
input voltage of þ10V, will convert that voltage to a maximum digital output of
þ2000.

Current conversion

When used for current conversion, the ADC unit has a 250� resistor connected between
the Iþ and the VI� terminals and it is the potential difference across the 250� resistor
which is being converted.

Hence for a maximum input current of þ20mA, the actual voltage applied to the
ADC will be only 5V, which will produce a factory setting default output of only 1000.

Therefore, to obtain the maximum digital output of 2000, the gain value of the ADC
will have to be reduced by a factor of 2 (refer page 348).
Note: To obtain current conversion it is necessary to place a link between the Vþ and
the Iþ terminals. This is because the ADC electronics are connected to the Vþ terminal,
whilst the 250� resistor is connected between the Iþ and the VI� terminals.

34.4 Resolution ^ maximum input voltage

The voltage resolution of an ADC unit, is defined as the change in input voltage, which
will produce a one-bit change in the digital output.

Digital
Output

2000

1

10 V Input 
Voltage5 mV

Voltage
Resolution

Figure 34.2
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Maximumdigital output FX2N-4AD

The maximum digital output from a Mitsubishi FX2N-4AD is �2047 to þ2048.

Resolution 0^10V

Where a transducer has a maximum output of 10V, i.e. the maximum input voltage into
the ADC, then the resolution will be:

Voltage resolution (max. input voltage) ¼ Maximum input voltage
Maximum digital output

The maximum input voltage ¼ 10V
The maximum digital output=2000
Voltage resolution (max. input voltage) ¼ 10

2000
V ¼ 5mV

34.5 Resolution ^ maximum input current

The maximum input current ¼ 20mA
The maximum digital output ¼ 2000
Current resolution (max. input current) ¼ 20

2000
mA ¼ 10 mA

Note: The voltage or current resolution of a Mitsubishi ADC can be improved, by
increasing the slope of the graph shown in Figure 34.3.
This is done by reducing the gain value of the ADC (refer page 348).

Digital
Output

2000

1

20 mA Input
Current10 μA

Current
Resolution

Figure 34.3
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34.6 Relationship betweenVin and digital output

The graph in Figure 34.4 shows the relationship between the analogue input voltage and
the digital output value. The digital output will be stored in a data register within the
CPU, after the conversion process.

Voltage gain value

The user sets the voltage gain value to enable the ratio of the digital output to input
voltage to be changed. This enables a full digital output to be obtained, even with a low
input voltage.

It is defined as that input voltage, which will produce a digital output equal to half
the maximum digital output, i.e. a digital output of 1000.

Input offset voltage

This is the input voltage, which the user applies to the analogue input to produce a zero
digital output.

It is very useful in systems, where it is necessary to detect that the connecting wire
from the transducer to the ADC has become open circuited.
Note: Since the gain voltage is independent of the offset voltage, the gain voltage and
the offset voltage can be regarded as two separate points, on the straight-line ADC
graph.

Digital
Output

A = 1000

Vin
Offset Gain Value

Figure 34.4
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34.7 ADC equations

The equation for the straight-line graph as shown in Figure 34.5, is of the form y ¼ mxþ c.

Slope ^ m

The slope of the ADC graph (m) ¼ Change in digital output

Change in input voltage

m ¼ A

Gain value�Offset

Constant ^ c

The constant c is obtained from

Slope ¼ c

offset

From the graph it can be seen that if the Offset is a positive value, then c must be negative.

i:e: c ¼ �ðSlope�Offset valueÞ

Complete equation

Hence using the equation for a straight-line graph, i.e. y ¼ mxþ c

(y) (m) (x) ( c )

Digital output ¼ Slope� Vin� Slope�Offset

¼ Slope� ðVin�OffsetÞ

¼ A

Gain value�Offset
� ðVin�OffsetÞ

Digital output ¼ A� Vin�Offset

Gain value�Offset

Digital
Output

Slope = m
A

Vin

c
Offset Gain Value

Figure 34.5

Analogue to digital conversion FX2N-4AD 349



34.8 Resolution ^ independent of input voltage

The definition for the resolution of an ADC is the change in input voltage, which will
produce a change of one digit in the digital output.

Resolution ¼ Change in input voltage

Change in digital output

As can be seen this is the reciprocal of the slope of the ADC characteristic graph,
which is independent of the maximum input voltage.

Therefore, the resolution of an ADC can also be defined as:

Resolution ¼ Gain value�Offset value

A

Input voltage limitations

If the offset voltage and the voltage gain value were set to the same value, then when the
input voltage reaches the offset/gain value, the digital output characteristic would be a
straight vertical line until the it reaches its maximum value, and would stay there for any
additional increase in input voltage (see Figure 34.6).

Under such circumstances, it would be impossible to determine what the digital
output value would be, since a very small change in input voltage would produce a
very large change in the output value. To overcome this problem, Mitsubishi specify the
minimum difference between the offset voltage and gain value must be equal to or
greater than 1V.

ðGain value�Offset voltageÞ >¼ 1V

Maximum
Digital
Output

A

Offset Voltage
Gain Value

Vin

Figure 34.6
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Input current limitations

Similarly the input offset current and the current gain value cannot be identical. This
difference should be equal to or greater than 4mA.

(Current gain value�Offset valueÞ >¼ 4mA

Resolution ranges

34.9 Highest possible resolution

If it is required to measure an input signal to the highest possible accuracy, i.e. set the
ADC unit such that it can measure the smallest change in the input signal, then

Gain value�Offset value ¼ 1V

Digital
Output

Highest Possible
Resolution

Mitsubishi Specified
Resolution.
Max. Input Voltage
Max. Digital Output

Maximum
Value
(2000)

Half Value - A
(1000) Lowest Possible

Resolution

Analogue  Input Voltage
1v

Offset Gain
Value

Maximum Input
Voltage (10 V)

Figure 34.7

Digital
Output

Slope = m
A = 1000

Vin

c

Offset  Gain Value − Offset
(1 V)

Figure 34.8
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Resolution ¼ 1

Slope of above graph

¼ Gain value�Offset

A

Gain value�Offset ¼ 1V minimum

A ¼ 1000

Hence highest possible resolution ¼ 1V

1000

¼ 1:0mV

Note: Refer page 347.
This compares with a resolution of 5mV, when a maximum input voltage of 10V is
converted to a maximum digital output of 2000.

34.10 Example ^ voltage conversion

Channel 1 of the FX2N-4AD is to be used for voltage conversion and will have the
following parameters when the program ADC1 is executed (refer page 362).

(a) A ¼ 1000
(b) Offset voltage is þ2V
(c) Gain value is þ6V.
See Figure 34.9 below

Determine:

(a) The digital output when Vin ¼ þ8V (answer on page 353).
(b) The digital output should the input signal become disconnected.
(c) The resolution.

Digital
Output

A = 1000

Vin Volts
2

Offset Gain Value Max. Input
Voltage

4 6 8 10

Figure 34.9
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Digital output (Vin =8V)

Digital output (Vin=8V) ¼ A� Vin�Offset

Gain value�Offset

¼ 1000� 8V� 2V

6V� 2V

¼ 1000� 6V

4V

Digital output ¼ 1500

34.11 Example ^ current conversion

Channel 2 of the FX2N-4AD is to be used for current conversion and will have the
following parameters, when the ADC program is executed.

(a) A ¼ 1000.
(b) Offset voltage is þ4mA.
(c) Maximum input current is 20mA.
See Figure 34.10 below

Determine the following:

(a) The gain value.
(b) The digital output when Iin ¼ þ7mA (answer on page 354).
(c) The digital output, should the input become disconnected.
(d) The actual resolution (answer on page 354).

Maximum
Digital Output

2000

A = 1000

Input Current mA

2 4 6 8 10 12 14 16 18 20

Offset
Current

Max. Current
Value

Figure 34.10
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Digital output

Digital output
(In ¼ 7mA)

¼ A� Iin�Offset

Gain value�Offset value

¼ 3000� 7mA� 4mA

12mA� 4mA

¼ 3000� 3mA

8mA

Digital output ¼ 375

Current resolution

Current resolution ¼ Gain value�Offset value

A

¼ 12mA� 4mA

1000

¼ 8mA

1000

Current resolution ¼ 8:0 mA

This means that if the input current changes by 8:0 mA, then the digital output value
will change by 1 digit.

34.12 Count averaging

Count averaging is the ADC process in which the average is taken of a specified number
of sample values. For example if only channel 1 is enabled and the sample average is set
to 50, then after 50 ADC sample values have been obtained, the average of the 50 values
minus the highest and lowest value is determined.

The average value for channel 1 is now stored in BFM 5.
Since the standard conversion time for one channel is 15 milli-seconds, the time to

complete 50 samples will be 750 milli-seconds. Therefore, it is reasonable to say that
the higher the number of samples taken, the slower will be the response of the ADC
unit.

However, a slow response rate, i.e. using a maximum of 4096 samples, would be used
where the input signal is only changing slowly.

For example, the rate of rise of water in a dam could be hours/metre. Therefore a
measurement every 15 milli-seconds would not show any noticeable change.
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34.13 Positioning the analogue unit

Figure 34.11 shows how the analogue unit is incorporated into an FX2N System:

The unit that is located in the first position to the right of the base unit is deemed to
be block zero.

If required an additional seven special units can be added, making a possible total of
eight special units (blocks 0–7) on any one system.

If required, the special function units available within the FX2N range can be mixed
in any one system. Care must be taken when doing this as the current consumption of
certain special function units exceeds that which is available from the base unit and an
additional extension unit would have to be fitted.

34.14 ADCwiring diagram

Block Zero

INPUT TERMINALS

MITSUBISHI POWER

MELSEC FX2N FX2N – 4AD

OUTPUT TERMINALS 24V
A/D

Figure 34.11

V+
Voltage Input 
0 to +/– 10 V  Twisted Pair

Current Input
0 to +/– 20mA

24 V
50 mA +DC 24 V

DC

– DC 24 V

Class 3 Grounding 
(100 ohms or less)

I +

V I–

FG

FG

DC/DC
Converter

+15 V DC

–15 V DC

I+ 250 Ω

100 K

100 K

100 K

100 K
250 Ω 

PLC FX2N - 4AD Analogue Input Block

Extension
Cable

V I–

V+

Digital Output 
(Buffer Mem.)

Digital Output 
(Buffer Mem.)

Shield

Figure 34.12
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The unit should be connected as shown in Figure 34.12. However, there are five
instances where care should be taken. These are listed below.

1. Twisted pair shielded cable should be used. This cable should also be isolated from
power lines, which could induce noise.

2. If noise (electrically induced) is present at the input, then a smoothing capacitor can
be used. The rating of which should be 0.1–0.47 mF.

3. You MUST when using a current input, connect terminals Vþ to Iþ.
4. If there is excessive noise, connect the FG terminal with the electrically grounded

terminal on the FX2N-4AD.
5. Connect the ground terminal on the FX2N-4AD unit to the ground terminal on the

base unit.

34.15 Hexadecimal numbering system for special units

As is already known, the FX PLC is addressed in octal. However, when setting up the
FX2N-4AD, it is necessary to use hexadecimal values. Hexadecimal or ‘Hex’ as it will be
referred to from now on combines both numeric and alpha characters.

When counting in decimal or denary the numbering system is to the base 10. In octal,
the numbering system is to the base 8. However in hexadecimal, the numbering system is
to the base 16. An example of the first 16 hexadecimal numbers is shown below.

Decimal 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Hexadecimal 0 1 2 3 4 5 6 7 8 9 A B C D E F

Example1

Convert the hexadecimal number 17 into decimal.

ð1� 16Þ þ ð7� 1Þ ¼ 23

Example 2

Convert the hexadecimal number 17FF into decimal.
Power 163 162 161 160

Digits 1 7 F F

Total no. (Hex.) ¼ ð1� 4096Þ þ ð7� 256Þ þ ð15� 16Þ þ ð15� 1Þ
¼ 6143

Hence H17FF ¼ 6143ð10Þ

34.16 Channel initialisation

To initialise the required channels, a hexadecimal four-digit number has to be entered
into buffer memory 0 (refer page 344).
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The least significant character controls channel 1 whereas the most significant
figure controls channel 4. If required, each channel can be set to accept a different input
signal.

The example below (see Figure 34.13) demonstrates the following:

(a) Channels 1 and 2 are set for voltage and current respectively.
(b) Channels 3 and 4 are disabled.

Example

Data value 0: Pre-set range (�10V toþ10V)
Data value 1: Pre-set range (þ4mA toþ20mA)
Data value 2: Pre-set range (�20mA toþ20mA)
Data value 3: Channel off.

Hence if H3320 is entered into buffer memory 0, then:

(a) Channel 1 is set for �10V to þ10V.
(b) Channel 2 is set for �20mA to þ20mA.
(c) Channel 3 OFF.
(d) Channel 4 OFF.

34.17 TO andFROM instructions

To program the FX2N-4AD, it is necessary to use the ‘TO’ and ‘FROM’ instructions
for transferring information between the CPU and the ADC.

1. The TO instructions are used to transfer the SET UP information to the ADC.
2. The FROM instructions are used to transfer:

(a) The converted digital value from the ADC to a data register within the CPU.
(b) The status of the ADC to the CPU, i.e. the notification of any errors within the

ADC unit.

H3320

CH4 - Channel OFF CH1 = preset range (–10 V to +10 V)
CH3 - Channel OFF CH2 = preset range (–20 mA to +20 mA )

Figure 34.13

Analogue to digital conversion FX2N-4AD 357



Blockdiagram

To

A Block Location – This is the physical position to the R.H.S. of the base unit (see
Figure 34.15). For example, if two special units are attached to the PLC, the first
will be block 0 (K0), and the second special unit will be block 1 (K1).

B Buffer memory area – This position writes to the required buffer memory location.
For example, K0 means that channel initialisation data, i.e. H3320 will be trans-
ferred to buffer memory 0 (refer page 345).

C Data requirements of the FX2N-4AD – Information in this location is sent to the
buffer memory defined in B. In the above example, the data value H3320 is
transferred to BFM 0.

D Amount of information to be transferred – This indicates the amount of data to be
transferred to the analogue unit. For example, as shown in the example above ‘K1’
indicates that only one word of information, i.e. H3220 is to be transferred to BFM 0.

From

A Block Location – This is the physical position of the unit, to the R.H.S. of the base
unit (see Figure 34.16). For example if two blocks are attached to the PLC, the first
will be block 0 (K0), and the second block will therefore be block 1 (K1).

B Buffer memory area – This position reads from the required buffer memory loca-
tion. In the above example, the CH1-converted digital value, which is stored in
BFM 5 will be transferred to D0.

C Destination of data read by the analogue unit – In the example shown above, the
converted digital output value for CH1 is transferred to data register D0.

 CPU ADC

TO

FROM

Figure 34.14

FNC 79
TO

A
K0

B
K0

C
H3320

D
K1

Figure 34.15

FNC 78
FROM

A
K0

B
K5

C
D0

D
K4

Figure 34.16
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D Amount of information to be transferred – This indicates the amount of data to be
transferred from the analogue unit. For example as shown in the example above,
‘K4’ indicates that four words of information are to be transferred to the PLC.
Therefore with just one instruction the following would occur:

1. The contents of BFM 5 – CH1 – would be transferred to D0.
2. The contents of BFM 6 – CH2 – would be transferred to D1.
3. The contents of BFM 7 – CH3 – would be transferred to D2.
4. The contents of BFM 8 – CH4 – would be transferred to D3.

34.18 ADC errors ^ BFM29

If an error or errors occur within the ADC, then by monitoring the contents of BFM 29
it is possible to determine what has occurred.

The instruction shown in Figure 34.17 is used to transfer the 16-bit contents of BFM
29 from the ADC to the M coils M10–M25, within the FX2N PLC.

The resultant bit pattern when used with the table below will enable the error or
errors to be determined.

Bit ON OFF M Coil

b0: Error When any of b1 to b3 is ON,
D/A conversion is stopped for
the error channel

No error M10

b1: Offset/Gain
error

Offset/gain data in EEPROM
is corrupted or adjustment
error

Offset/gain data normal M11

b2: Power
abnormality

DC 24V power supply failure Power supply normal M12

b3: Hardware
error

D/A converter or other
hardware failure

Hardware normal M13

b10: Range error Digital output value is outside
the specified range
(�2047 to þ 2048)

Digital output value is
normal

M20

b11: Averaging
error

Number of Averaging
samples is 4097 or more

Averaging is normal
(between 1 and 4096)

M21

Number of Averaging
samples 0 or less

b12: Offset/gain
adjust prohibit

Prohibit–bits b1,b0 of BFM 21
are set to (1,0)

Permit – bits b1, b0 of
BFM 21 are set to (0,1)

M22

Note:
Bits b4–b9, and bits b13, b14 and b15 are undefined.

M8000
FROM K0 K29 K4M10 K1

Figure 34.17
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34.19 Buffermemory ^ EEPROM

The values in the following buffer memories are also be copied to a non-volatile
EEPROM memory within the FX2N-4AD.

BFM 0 Channel initialisation.
23 Offset value in mV or mA.
24 Gain value in mV or mA.

The offset/gain values for each channel, which is written one channel at a time into
BFM 23 and 24, are only transferred to the EEPROM, when the channel selection value
is written to BFM 22.

EEPROM ^ Caution

When using the FX2N-4AD it is important that the following recommendations are
taken into account.

1. The EEPROM has a life of approximately 10 000 cycles/changes, therefore it is
recommended that programs which frequently change the contents of these
EEPROM memory locations are not used.

2. Owing to the time required to actually write information to an EEPROM memory
location, it is essential that a time delay of at least 300mS is used before writing to
the same or another EEPROM memory location.

34.20 Software programming of offset and gain

To enable the offset and gain values to be programmed into the ADC unit, the following
buffer memories shown in the table below, are now used.

BFM Contents b7 b6 b5 b4 b3 b2 b1 b0

*20 Reset to defaults and presets Default¼ 0
*21 Offset, gain adjust Default ¼ (0,1) Permit changes
*22 Offset, gain adjust G4 04 G3 03 G2 02 G1 01
*23 Offset value Default ¼ 0
*24 Gain value Default ¼ 5000

The buffer memory numbers marked with a * indicate that they can be written from
the PLC using the ‘TO’ command.

BFM 20: By writing a 1 to this area, all the settings are reset to default conditions.
This can be used if incorrect data is entered from the PLC.

BFM 21: Default condition, i.e. (0,1), enables the writing of information to the buffer
memory.

BFM 22: If for example, channel 1 is to be set up, then by writing a ‘1’ to G1 and O1
the offset and gain values previously written into BFM 23 and 24, will now
be transferred to the memory location for channel 1 within the EEPROM.
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Similarly if channel 2 is to be set up, then by writing a ‘1’ to G2 and O2, the
new values set into BFM 23 and 24 will be now be transferred to the
memory location for channel 2 within the EEPROM.

Note: The offset and gain values for each channel can only be set in steps of 5mV or
20 mA.

34.21 Detecting an open circuit

If any channel is setup to convert an input current, and if it is essential that a disconnec-
tion be detected, then the range �20mA to þ20mA range must be selected and not the
4mA to 20mA range. This is because the digital output characteristic of the 4–20mA
range does not go below zero, i.e. it does not output a negative value. Between 0mA and
4mA, the digital output value remains at 0. It will only rise above 0 when the input current
exceeds 4mA. Hence, it will not be possible to detect if the input current has fallen to 0mA
due to either the current sensor becoming faulty or its input lead becoming disconnected.

+4mAto +20mAsetup characteristic

The characteristic shown in Figure 34.18 can be confirmed by writing the value H3310
to buffer memory 0.

34.22 Voltage/current specification

The specification for the FX2N-4AD program ADC1 is as follows:

1. CH1 will:
(a) Convert a voltage input signal.
(b) Have an offset of 2V.
(c) Have a gain value of 6V.

Digital
Output

Max. = 2000

A = 1000

10 12 14 16 1     8 20 Input Current mA2 4 6 8

Figure 34.18
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(d) Produce a maximum digital output of 2000, when Vin is 10V.
(e) Produce a digital output of 1500, when Vin is 8V. Reference the voltage example

on page 353.
2. CH2 will:

(a) Convert a current input signal.
(b) Have an offset of 4mA.
(c) Have a gain value of 12mA.
(d) Produce a maximum digital output of 2000, when Iin is 20mA.
(e) Produce a digital output of 375, when Iin is 7mA (refer the current example on

page 354).
3. CH2 and CH3 will be OFF.

34.23 Ladder diagram ^ ADC1

Main program
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Sub-routine
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34.24 Principle of operation ^ ADC1

1. Line 0
(a) Buffer memory location, i.e. BFM 30, contains the identification code for the

FX2N-4AD, which is 2010. This number is transferred to data register D2.
(b) The contents of BFM 29, i.e. error status, is transferred to individual bits from

M0 to M12 (refer page 359).

b0 transferred to M10 ON Bits b1 to b3 ON.
b1 transferred to M11 ON Offset/gain error.
b2 transferred to M12 ON Power supply abnormality.
b3 transferred to M13 ON Hardware failure.
b10 transferred to M20 ON Digital range error.
b11 transferred to M21 ON Averaging error.
b12 transferred to M22 ON Offset/gain adjust inhibit.

2. Line 19
(a) The instruction -[¼K2010 D2]- is used to check that there is an FX2N-4AD

unit in block 0.
(b) If the correct identification code has been transferred to D2 then M0 turns ON.

3. Lines 25 and 28
(a) The momentary operation of the M0 contacts sets M1 ON.
(b) The closing of the M1 contacts will now enable the sub-Routine to be Called. It is

the sub-routine instructions, which set up the offset and gain values of the ADC.
(c) At the end of the sub-routine, an instruction will reset M1 – Line 153.
(d) This method of using M0 and M1 ensures that the remaining main program

instructions, which read the ADC Digital values cannot be executed, until the
sub-routine initialisation instructions have been executed.

(e) Also since M0 is pulsed, then the sub-routine will only be called once, each time
the CPU is set to RUN. This ensures that the EEPROM is not written to, on
each scan of the program (refer page 360).

4. Line 32
(a) Provided that the control signals M0, M1, M10 and M20 are OK, information

can be read back from the ADC to the FX2N CPU.
(b) The instruction -[FROM K0 K5 D0 K1]- transfers the contents of BFM5 to D0.
(c) The instruction -[FROM K0 K6 D1 K1]- transfers the contents of BFM6 to D1.
(d) This enables the digital outputs from CH1 and CH2 to be monitored.

D0 monitors the digital output from CH1 (�10V to þ10V).
D1 monitors the digital output from CH2 (�20mA to þ20mA).

Sub^routine instructions

The sub-routine instructions setup the initialisation of the FX2N-4AD, i.e.

(a) Channel 1 to convert input voltages in the range þ10V to �10V.
(b) Channel 2 to convert input currents in the range �20mA to þ20mA.
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(c) Channel 1 will have an offset voltage of þ2V and a gain value of þ6V.
(d) Channel 2 will have an offset current of þ4mA and a gain value of þ12mA.

1. Line 55
(a) When the sub-routine is called, the four timers – T0, T1, T2 and T3 – are energised.
(b) These timers have time delays of 0.5 sec, 1.0 sec, 1.5 sec and 2 sec respectively.
(c) Hence the time difference between each timer operating is 0.5 sec.
(d) This time difference is required when writing to the EEPROMmemory locations

(refer page 360).
2. Line 69

(a) After a delay of 0.5 sec from the start of the sub-routine, the channel initialisa-
tion value H3320 is now sent to BFM 0.

(b) This means that:
CH1 ¼ 0, this enables CH1 to convert a �10V to þ10V input signal.
CH2 ¼ 2, this enables CH2 to convert a �20mA to þ20mA input signal.
CH3 ¼ 3, therefore CH3 is OFF.
CH4 ¼ 3, therefore CH4 is also OFF.

(c) The instruction -[TOP K0 K21 K1 K1]- is used to permit changes to be written to
BFMs 22 and 23.
The permit data being: b1 ¼ 0 and b0 ¼ 1.

(d) The instruction -[TOP K0 K22 K0 K1]- is the instruction which enables the
channel initialisation value of H3320 to be transferred to the EEPROM.

3. Line 97
(a) After a delay of 1 second the Channel 1, Offset and Gain voltages will be stored

into BFM 23 and BFM 24 respectively.
(b) Offset voltage ¼ 2V (K2000)

Gain voltage ¼ 6V (K6000).
(c) The values will then be transferred into the channel 1 EEPROM memory loca-

tions, when the instruction -[TOP K0 K22 K3 K1]- is executed.
(d) The data value K3 ¼ 0000 0011.

This will set both G1 and O1 in BFM 22 to ‘1’, hence enabling the offset and gain
values to be transferred to the EEPROM (refer page 360).

4. Line 125
(a) After a delay of 1.5 sec the channel 2, offset and gain currents will now be stored

into the same buffer memories BFM 23 and BFM 24 respectively.
(b) Offset current ¼ 4mA (K4000)

Gain current ¼ 12mA (K12000).
(e) When the instruction -[TOP K0 K22 K12 K1]- is executed, the data value K12,

i.e. 0000 1100 will now set both G2 and O2 to ‘1’. This will enable the offset and
gain values for channel 2 to be transferred to the channel 2 EEPROM memory
locations.

5. Line 153
(a) After a delay of 2 sec, the contacts of T3 will close and reset M1.
(b) The instruction -[RSTM1]- ensures that the sub-routine cannot be recalled, until

the RUN switch has been turned OFF and then back ON – Line 28.
6. Line 155

The instruction -[SRET]- causes the program to return to the main program.
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34.25 Practical ^ analogue to digital conversion

Hardware diagram

Connect up the hardware diagram as shown in Figure 34.19 but initially leave the input
to Channel 2 disconnected.

Note: The input resistance between the Iþ and V I� terminals is 250�, therefore with a
250� externally connected resistor also of 250�, the total circuit resistance will be
500�.

Hence I ¼ V supply

500�
Amps

Voltage (V) Current (mA)

0 0
1 2
2 4
3 6
3.5 7*
5 10
6 12
7 14
8* 16
9 18
10 20

*I ¼ 7mA, current example – Page 353.
*V ¼ 8V, voltage example – Page 352.

0–10 V
Power Supply FX2N-4AD FX2N PLC

24 V 24 V
+ V+ 0 V 0 V

CH 1
– V I –

250 Ω I Bus Connection
V+

V CH2

V I−

I+

Figure 34.19
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34.26 ADC results

1. Execute the program ADC1.
2. Monitoring the devices shown below, using entry data monitoring (see Figure 34.20).

(a) D0
(b) D1
(c) D2
(d) M0
(e) M1.

3. This will enable an initial check, to ensure the ADC unit is working correctly.
4. The value in D0 is obtained with an input voltage of 8V into channel 1. The value in

D1 is obtained with the input into channel 2 disconnected.

34.27 Monitoring using buffermemory batch

The GX-Developer software has the facility to directly monitor the values in the buffer
memory of a special unit, i.e. the FX2N-4DA, without having to first transfer the BFM
contents to data registers.

This facility is known as buffer memory batch.

1. Select the following:
(a) Online
(b) Monitor
(c) Buffer memory batch.

2. Enter the following values, to enable the display to become as shown in Figure 34.21.
(a) Module start address 0.
(b) Buffer memory address 0.

3. Select Start monitor.
4. Refer page 363, Line 69.

The value in BFM 0 is 13088.
The equivalent hexadecimal value is 3320, which is the initialisation setup value.
Channel 1 0–10V.
Channel 2 �20mA to þ20mA.
Channels 3 and 4 OFF.

Figure 34.20
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5. In BFMs 5 and 9 is the channel 1, þ8V converted value, i.e. 1499.
6. In BFMs 6 and 10 is the channel 2 open circuit current converted value, i.e. �498.
7. In BFMs 23 and 24 are the channel 2 offset and gain values respectively, i.e.

Offset ¼ 4000 (4mA)
Gain ¼ 12000 (12mA).

Note: These were the last values, which were transferred to BFMs 23 and 24.

34.28 Test results

(a) Ensure the circuit is connected as shown on page 366 with the input to channel 2
now connected.

(b) For channels 1 and 2, complete the results tables shown on page 369.

Figure 34.21
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Channel1voltage results

Refer page 352, voltage example.

Offset

Gain Value

Voltage Example

Vin (D0) Digital Output

0

2

4

6

8

10

Channel 2 current results

Refer page 353, current example.

Offset

Current Example

Gain Value

V Supply Iin – mA (D1) Digital Output

0 0

1 2

2 4

3 6

3.5 7

4 8

5 10

6 12

7 14

8 16

9 18

10 20
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35

Digital to analogue conversion
FX2N-4DA

35.1 Introduction

The FX2N-4DA is a 4-channel digital to analogue converter (DAC).
Each of the four channels CH1, CH2, CH3 and CH4 are used to convert the first

12 bits of a 16 bit data register into a corresponding analogue output voltage or current.
The output voltage range is �10V to þ10V.
The output current ranges are þ4mA to þ20mA and 0mA to þ20mA.

The DAC is used to output an analogue voltage/current to:

1. Display information, i.e.
(a) Analogue meter
(b) Chart recorder
(c) Oscilloscope.

2. Control a range of output devices, i.e.
(a) Linear actuator
(b) Rotary valve
(c) Speed controller – Inverter.

35.2 Voltage resolution

The voltage resolution of a DAC is the change in the analogue output voltage for a
1-digit change in the digital input (see Figure 35.1).

The digital input is stored in the first 12 bits of a 16-bit data register.
Hence the range of numbers that can be stored is from �211 to þ211, i.e. �2047 to
þ2047.
A 1-digit change in the digital input will produce a change of 10V=2047 in the output
voltage.
Therefore, the voltage resolution of an 11 bit DAC ¼ 4:89mV
However, the Mitsubishi stated voltage resolution for the FX2N-4DA ¼ 10V=2000
¼ 5mV



35.3 FX2N-4DAbuffermemoryaddresses and
assignments

Within the DAC is a buffer memory, BFM, which enables data transfer between the
DAC and the CPU. There are a total of 32 addressable buffer memories each containing
16 bits.

BFM Contents

W E 0 Output mode select Factory setting H000 CH1–CH4 voltage output
W 1 CH1 digital input
W 2 CH2 digital input
W 3 CH3 digital input
W 4 CH4 digital input
W E 5 Data holding mode Factory setting H0000
W 6 Reserved
W 7 Reserved
W E 8 CH1–CH2 Offset/gain Transfer to EEPROM
W E 9 CH3–CH4 Offset/gain Transfer to EEPROM

(Continued )

Vout

+10 V

5 mV

−2000 1 +2000 Digital Input

−10 V

Voltage characteristic

Figure 35.1
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BFM Contents

W 10 CH1 Offset data Factory setting Offset: 0
W 11 CH1 Gain data Factory setting Gain value: 5000
W 12 CH2 Offset data Factory setting Offset: 0
W 13 CH2 Gain data Factory setting Gain value: 5000
W 14 CH3 Offset data Factory setting Offset: 0
W 15 CH3 Gain data Factory setting Gain value: 5000
W 16 CH4 Offset data Factory setting Offset: 0
W 17 CH4 Gain data Factory setting Gain value: 5000

18 Reserved
19 Reserved

W E 20 When set to 1 all values
return to factory setting

W E 21 1 Change settings 2 Inhibit change
of settings

22 Reserved
23 Reserved
24 Reserved
25 Reserved
26 Reserved
27 Reserved
28 Reserved
29 Error status

* 30 K3020 Identification
code – DAC

* 31 Reserved

Notes:

W Write to buffer memory
E Data transfer to non-volatile EEPROM
* Read from buffer memory

35.4 Error codes ^ BFM29

If an error or errors occur within the DAC, then by monitoring the contents of BFM 29
it is possible to determine what has occurred.

The instruction shown in Figure 35.2 is used to transfer the 16-bit contents of BFM
29 from the DAC to the M coils M10–M25, within the FX2N PLC.

The resultant bit pattern when used with the table below will enable the error or
errors to be determined.

M8000
FROM K0 K29 K4M10 K1

Figure 35.2
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Bit ON OFF M coil

b0: Error When any of b1 to b3 is
ON

No error M10

b1: Offset/gain error Offset/gain data in
EEPROM is corrupted
or adjustment error

Offset/gain data normal M11

b2: Power
abnormality

DC 24V power supply
failure

Power supply normal M12

b3: Hardware error D/A converter or other
hardware failure

Hardware normal M13

b10: Range error Digital input or
analogue output value is
outside the specified
range

Digital output or analogue
input value is inside the
specified range

M20

b12: Offset/gain
adjust prohibit

BFM 21 is not set to 1
Changes inhibited

BFM 21 is set to 1
Adjustable status

M22

Note:

Bits b4–b9, and bits b11, b13, b14 and b15 are undefined.

35.5 Hardware diagram

35.6 DAC special unit no.1

By virtue of it being the second special unit within the system, the DAC block number
address for all of the TO/FROM instructions will be K1.

The block number address for the ADC being K0.

Special Unit
No. 0

Special Unit
No. 1

+24 V 0 V +24 V −24 V +24 V −24 V

CPU
FX2N-48 MR

ADC
FX2N-4AD

DAC
FX2N-4DA

X10 X17 CH1 CH2 CH3 CH4

Thumbwheel Switch
Switches  00–99

Voltmeter
0–20 V

V

Figure 35.3
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35.7 Outputmode select

To enable channels 1–4 to output either voltage or current, a 4-digit hexadecimal
number has to be entered into buffer memory 0 (refer page 371).

The least significant character controls channel 1 whereas the most significant figure
controls channel 4. Each channel can be individually set to output either voltage or
current.

Outputmode settings

Data value 0: Pre-set range (�10V toþ10V).
Data value 1: Pre-set range (þ4mA toþ20mA).
Data value 2: Pre-set range (0mA toþ20mA).

Example

Let Channels 1–4 be set up as follows (see Figure 35.4):

(a) Channel 1 set for voltage (�10V toþ10V).
(b) Channels 2 and 3 set for current (þ4mA to þ20mA).
(c) Channel 4 set for current (0mA toþ20mA).

Therefore, when H2110 is entered into buffer memory 0 then:

1. Channel 1 is set for �10V toþ10V.
2. Channel 2 is set for þ4mA toþ20mA.
3. Channel 3 is set for þ4mA toþ20mA.
4. Channel 4 is set for þ0mA toþ20mA.

35.8 Ladder diagram ^ DAC1

This project enables a 2-digit number in the range 0–99 to be entered from the thumb-
wheel switches and then scaled up by a factor of 20.

The digital value is then supplied to channel 1 of the DAC, which will output a
corresponding dc voltage in the range 0–9.9V.

H2110

CH4 = 0 mA to +20 mA CH1 = −10 V to +10 V
CH3 = +4 mA to +20 mA CH2 = +4 mA to +20 mA

Figure 35.4
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35.9 Principle of operation ^ DAC

1. Line 0
(a) On switching the CPU to RUN, the contacts of M8002 will close for one

scan period. This enables the instructions -[TO K1 K0 H0 K1]- and -[TO K1
K21 K2 K1]- to be executed just once, each time the CPU is switched to RUN.
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(b) The instruction -[TO K1 K0 H0 K1]- enables CH1–CH4 to be set for voltage
outputs (refer page 374).
(i) TO

Every time the input contacts are closed, a value (i.e. H0000) is written from
the CPU to the special unit (i.e. the DAC) which is located at position 1.

(ii) K1
This defines the block number address of the DAC.

(iii) K0
Buffer memory 0 (BFM 0) stores the DAC output mode.

(iv) H0 (H0000)
This is the output mode value required to enable the four channels, i.e.
CH1–CH4 to output voltage.

(v) K1
The data value is only written to BFM 0.

(c) The instruction -[TO K1 K21 K2 K1]- writes the value 2 to BFM 21, which
prevents any changes being made to the factory settings for offset and gain for all
the four channels.

2. Line 19
(a) The instruction -[FROM K1 K30 D4 K1]- enables the identification number for

the special unit located at position 1, to be obtained from BFM 30.
(b) As the DAC is in position 1, i.e. K1, its identification number K3020 will be

transferred to D4 within the CPU.
3. Line 29

(a) The instruction -[¼ K3020 D4]- compares the contents of D4 with the identifica-
tion code for an FX2N-4DA, which is K3020.

(b) As the FX2N-4DA is in position 1, the comparison will be TRUE and M0 will
turn ON.

4. Line 35
The instruction -[FROMK1 K29 K4M10 K1]- is used to transfer the 16-bit contents
of BFM 29, the error status information (refer page 372) to individual memory
locations starting at M10, i.e.

bit 0 to M10
j
j
j

bit 12 to M22

9>>>>=
>>>>;

Error codes b0�b12

bit 13 to M23
bit 14 to M24
bit 15 to M25

9=
; Not used

5. Line 45
(a) On obtaining the correct identification no., the first two digits of the thumbwheel

switch, which are connected to X10–X17, will be transferred to D0.
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(b) It can be seen from the DAC voltage characteristics on page 371 that to obtain a
maximum output voltage of 10V, the digital input has to be 2000.

(c) Therefore since the maximum value from the 2-digit thumbwheel switches is only
99, this value has to be multiplied by 20 to give a digital value of 1980. This will
enable an output voltage of 9.9 V to be produced from the DAC.

(d) The result of the multiplication is stored in D1 and D2 but since the maximum
multiplied value will not exceed 32767, the value to be transferred to the DAC
will always be in D1.

6. Line 58
(a) Before the digital output value can be transferred to the DAC, the following

inputs must be present.

(i) M0 ON Identification No. OK. The DAC is located in position 1.
(ii) M10 OFF Bit 0 OFF b1� b2 ¼ 0 No error.

Bit 1 Offset/gain values in the EEPROM are OK.
Bit 2 Power supply OK.
Bit 3 Hardware OK.

(iii) M20 OFF Digital input and analogue output are in range.
(iv) M22 ON BFM 21 set to 2. Changes to offset/gain settings inhibited.

(b) The instruction -[TO K1 K1 D1 K1]- transfers the contents of D1 to the digital
input of CH1, where it can be converted to an equivalent analogue output
voltage.

35.10 Practical ^ digital to analogue conversion

Carry out the following practical exercise.

1. Connect up the system as shown in Figure 35.3.
2. Enter and execute the program DAC1.
3. Complete the table below:

(a) Input the following digital values from the thumbwheel switches.
(b) Measure the corresponding analogue output voltage from the FX2N-4DA.

Digital Input
Thumbwheel Switches

Analogue Output
Calculated (V)

Analogue Output
Measured (V)

0 0
10 1.0
20 2.0
30 3.0
40 4.0
50 5.0
60 6.0
70 7.0
80 8.0
90 9.0
99 9.9
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36

Assignments

The assessment of BTEC Units now requires that a large proportion of the assessment
use meaningful assignments. For engineering courses, this requires assignments to be
based on carefully thought out industrial applications and scenarios.

With this in mind, it is hoped that the following examples can be used by my
ex-colleagues in Further and Higher Education to produce meaningful and stimulating
assignments for their students.

For those who are not students on a PLC engineering course, it is hoped that they
can find the time to try and produce effective solutions.

Nothing can best prepare someone to produce good working PLC programs, than
‘having a go’ themselves once they have acquired the basic skills and knowledge, which
it is hoped this book has done.

1. Using memory coils M8015–M8016 and data registers D8013–D8015 produce a
24-hour clock, which can be tested using ladder logic tester.

2. Modify INTLK1 (refer page 80) so that it could be used in a quiz in which the first
contestant, who wishes to answer the question, can press the button and bring on just
that particular output light. The other contestants’ outputs will be inhibited, until a
reset button is operated.

3. TRAF2

Traffic lights are temporarily installed to control single lane access along a stretch of
road where new drainage pipes are being laid (see Figure 36.1).

Two sets of traffic lights are installed at either end, i.e. at points A and B.

Sequence of operation

a. On turning the PLC ON, A is set to green and B is set to red.
b. Leave the lights at this setting for 30 sec.
c. Check that cars are present at point B, i.e. check Input X7.
d. If no cars are there at B, then leave the lights, i.e. A green, B red.

A

X0 Single lane access X7

B

Figure 36.1



e. If there are cars at B, then turn both A and B to red for 20 sec.
f. This gives time for any car travelling from A to B to clear the single lane.
g. After the 20 sec, leave A at red and set B to green.
h. Leave the lights at this setting for 30 sec.
i. Check that cars are present at point A, i.e. check input X0.
j. If there are no cars at A, then leave the lights, i.e. A Red, B green.
k. If there are cars at A, then turn both A and B to RED for 20 sec.
l. This gives time for any car travelling from B to A to clear the single lane.
m. After the 20 sec, leave B at red and set A to green.
n. Repeat the sequence as from item b.

From the description of the sequence of operations and the associated flowchart
(see Figure 36.2) produce a ladder diagram, which can be tested using a PLC or ladder
logic tester.
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Flowchart TRAF2

Start

Turn A GREEN
Turn B RED

Cars A
For 30 Seconds Minimum

NO Are there Cars
at B

YES

Turn A RED
Turn B RED

Wait 20 Seconds

Turn A RED
Turn B GREEN

 Cars A B
For 30 Seconds Minimum

NO Are there Cars
at A

YES

Turn A RED
Turn B RED

Wait 20 Seconds

←B

←

Figure 36.2
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4. 2-handed safety system

Warning: The following project must only be used to simulate the operation of a
2-handed safety system. Under no circumstances must it be used as the safety circuit
for an actual control system (refer page 111).

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.

Assignment

Produce a PLC program, which simulates the operation of a 2-handed safety circuit, i.e.
the PILTZ PNOZ e2.1P, based on the following description:
a. When operating metalworking presses, it is essential that the operator’s hands are

clear of the press.
b. Hence to start the press, two start buttons, which are outside the press and which are

also an arm’s length distance apart, are pressed within 0.5 sec of one another by the
operator.

c. Should one of the buttons develop a fault, i.e. a short circuit, then the press cannot
start, as both buttons have to be operated within the 0.5 sec margin.

d. Use inputs X0 and X1 as the two start buttons and input X7 as the press cycle
complete signal.

e. Use the output Y0 to signal the start of the press cycle.

5. The specification for the drive to a stepper motor is as follows:
a. It is to be driven by 1-second pulses from the output Y0.
b. The number of pulses, which are to be applied to the motor is obtained from the

thumbwheel inputs X10–X17.
c. If the input ¼ 1, then one pulse is applied to the stepper motor. If the input ¼ 99,

then 99 pulses are applied to the motor.
d. Owing to time delays in the rise and fall of the motor current caused by the

resistance and inductance of the motor windings, it is essential that the Y0 signal
must be ON /OFF for the full 0.5 sec.

Output Y0 – waveform

Hint: Investigate the instruction PLSY.

0.5 secs 0.5 secs

Figure 36.3
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6. In a kitchen furniture company the kitchen units are assembled and then transported
by conveyors to a machine, where they are wrapped and boxed.

When an operator at the assembly area pushes a button X0 then if there is no unit
on conveyor 2, the unit will leave conveyor 1 and move onto conveyor 2.

Similarly if there is no unit on conveyor 3, the unit will travel from conveyor 2 onto
conveyor 3 and wait at the end of conveyor 3 until called into the wrapping machine
by the operation of input X4.

Photocell X3 is used to stop conveyor 4 when the end of the unit clears the
photocell.
The conveyors when used as described above are known as accumulating conveyors,
i.e. they accumulate the units onto the conveyors.

Produce a ladder diagram, which will control the operation of the conveyors
shown in Figure 36.4.

Block diagram – accumulating conveyor system

7. The sequential operation of a process plant is obtained by the angular position of its
main drive shaft. That is at known positions of the shaft, selected outputs will be
turned ON and OFF, i.e. similar to a drum controller.

The position of the shaft is obtained from an attached 4-track encoding disk,
which uses the gray code. This is a coding pattern, in which only one bit changes
from one position to the next (see Figure 36.5).

Photo-electric devices are used to obtain the electrical output signals from the
encoding disk unit and the use of the gray code ensures that any slight misalignments
in the positioning of the photo-electrical cells can only cause a maximum error of 1
place in the position of the shaft.

It is necessary to decode from gray code to pure binary to determine what process
operation is to be carried out next.

The conversion process can be done using digital logic half adder circuits, but since
a PLC is already being used, it would be economical if the conversion could be done
instead, using a PLC program.

Unit
Assembly

X1 X2 X3

Y0 Y1 Y2 Y3

o o   X0 o o  X4

Assembly
Conveyor 1

Accumulating
Conveyor 2

Accumulating
Conveyor 3

Wrapping Machine 
Conveyor 4

LEDs 0 = not covered
1 = covered

Figure 36.4
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Simulate the encoder disk position, using the inputs X0–X3 and display the
converted true binary, on the outputs Y0–Y3.

Shaft position Gray code input Binary output

X3 X2 X1 X0 Y3 Y2 Y1 Y0

0 0 0 0 0 0 0 0 0
1 0 0 0 1 0 0 0 1
2 0 0 1 1 0 0 1 0
3 0 0 1 0 0 0 1 1
4 0 1 1 0 0 1 0 0
5 0 1 1 1 0 1 0 1
6 0 1 0 1 0 1 1 0
7 0 1 0 0 0 1 1 1
8 1 1 0 0 1 0 0 0
9 1 1 0 1 1 0 0 1

10 1 1 1 1 1 0 1 0
11 1 1 1 0 1 0 1 1
12 1 0 1 0 1 1 0 0
13 1 0 1 1 1 1 0 1
14 1 0 0 1 1 1 1 0
15 1 0 0 0 1 1 1 1

4-bit gray coded disk

15

14

13

12

11

10

9

8 7

6

5

4

3

2

1

0

1

2

4

8

Photo-electric
sensors–dark ON (black = 1)

Rotation

Figure 36.5

Assignments 383



8. A mail order company has to sort customers’ deliveries, according to the region
where they are to be sent, i.e. North, Midlands and South.

The packages initially travel along a conveyor system where they are scanned by a
bar code reader. Based on the bar code reading, one of three output solenoids will be
energised to push a package into the correct bin.

Use three switches connected to inputs X2–X4 to simulate the bar code reader and
connect a push button to input X5 to simulate the movement of the conveyor (see
Figure 36.6).

For the sake of simplicity assume that the packages are all of the same length and
that the operation of the push button X5 simulates the movement of the conveyor a
distance equivalent to the length of one of the packages.

Let X0 ¼ Start
X1 ¼ Stop.

Bar code simulator
X2 ¼ North
X3 ¼ Midlands
X4 ¼ South.

Conveyor movement simulator
X5.

Output solenoids
Y0 ¼ North
Y1 ¼ Midlands
Y2 ¼ South.

9. A milling machine is required to mill a straight-line cut between two points on a flat
steel plate. This is done by having the rotating milling cutter in a fixed position and
the table, which clamps the plate, being driven by separate motors in the X and Y
directions.

The start of the cut is at position X1, Y1 and the end of the cut is at positions X2, Y2.
The co-ordinate values are stored as floating point values in a Look-up Table

starting at D0 and have the following values in mm.

Bar Code
Reader
(X2, X3, X4)

Y0 Y1 Y2

X5  Output Solenoids

Figure 36.6
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Co-ordinate Data Registers Value (mm)

X1 D0/D1 24.5
Y1 D2/D3 30.0
X2 D4/D5 100.5
Y2 D6/D7 60.4

The speed of the motor is such that the clamping table moves in the X direction at
1000mm/min. Produce a ladder diagram program, which will determine and dis-
play the table speed in the Y direction.

10. A fixed position plasma cutter is used to cut a circle of diameter 2m from a flat steel
plate by moving the bed to which the plate has been bolted.

The X and Y movements of the bed are controlled by two servo-driven motors.
The co-ordinates for the centre of the circle are x ¼ 2:5m, y ¼ 2m. Produce a ladder
diagram program, which will enable the plate to be cut.
Hint: Let the distance the bed moves be incremented a distance of 50mm every 0.1 sec
from its datum position (0, 0) to its maximum value and then decremented 50mm
every 0.1 sec back to the datum position. The corresponding Y movement being
determined, using Pythagoras theorem.

11. An ADC card is setup as follows:
(a) Offset ¼ 2V.
(b) Gain value ¼ 6V.
The ADC is to be used to monitor voltages in the range 5–7V.

Produce a modification to the PLC program ADC1, which will:
(a) Turn only Y0 ON, while in the specified range.
(b) Flash only Y6 ON/OFF at 1-second intervals, if out of range and the input has

not become disconnected.
(c) Flash only Y7 ON/OFF at 1 second intervals, should the input become discon-

nected.
12. It is required to turn off water flowing through a large mains pipe using an

electrically operated rotary valve.
The electrical supply to the valve is obtained from a digital to analogue converter

whose output is in the range 0–10V. The input to the converter is from a data
register whose range is from 0 to 2000.

To ensure the valve closes without any problems, the supply to operate the valve is:
Vsupply ¼ 10[1� e�t(1þ t)] i.e. a critically damped waveform.

Produce a modification to ladder diagram DAC1, which can produce the required
output voltage.
Hint: Use a spreadsheet to obtain the values for V supply from 0 to 10 sec at intervals
of 0.2 sec and transfer these values into the PLC’s device memory.
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description, 370

error codes – BFM 29, 372–373
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display, 155

ladder diagrams:
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monitoring, 155–156
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start – F3, 155

principle of operation, 153–156

Errors see Diagnostic fault finding

Excel spreadsheets:

copy and paste to Gx –Developer,

309
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309

Executing a project – RUN, 56

Extension:

blocks, 4

units, 4

Fault finding see Diagnostic fault finding

FEND instruction:

interrupt, 319

sub-routine, 311

Files – importing a MEDOC file into

Gx-Developer, 157

Find see Program search

Floating point numbers, 265–274

accurate integer result, 272

description, 265

format, 268

instructions:

DEADD, 266

DEBCD, 266

DEBIN, 266

DEMUL, 266

DINT, 266

FLT, 265

INT, 266

ladder logic tester, 273

number range, 265

programs/projects:

FLT1, 266–270

conversion – binary to floating point,

269

ladder diagram, 267

monitoring – floating point numbers,

270

monitoring – integer numbers,

267–268

principle of operation, 266–267

storing floating point numbers,

266

FLT2 – area of a circle, 270–273

ladder diagram, 271

monitored results, 273

principle of operation, 272

Forced input/output, 101–104

description, 101

execution history, 103–104

forcing inputs, 101–102

forcing outputs, 103

forcing with the PLC in RUN, 101

ladder logic tester, 216–217

Free line drawing, 105–110

description, 105

program/project – PNEU1A, 105–110

connecting an additional output, 108

deleting, 109–110

entering the ladder diagram, 106–107

ladder diagram, 107

modified ladder diagram, 108

Function keys:

F2 – write mode (stop monitor), 67

F3 – start monitor, 66

F4 – convert to an instruction

program, 28

Furnace temperature controller, 74–78

description, 74

program/project – FURN1, 75–78

algorithm, 76

block diagram, 75

ladder diagram, 77

principle of operation, 77–78

safety procedure, 76

temperature characteristic, 75

temperature sensors, 76

FX2N PLC:

address range, 15

basic operation, 15–17

block diagram, 16

ladder diagram, 15

principle of operation, 17

Gray code assignment, 382–383

Guard switches – safety, 111

Gx-Developer:

preface, xxv

software, 3

start up procedure, 18–23

390 Index



Header see Print

Help display see Diagnostic

fault finding

High speed counters, 247–264

description, 247

encoders:

A/B phase disk, 248

A/B phase waveforms, 249, 263

accuracy, 249

industrial , 249

FX range, 249–250

input assignment, 250–251

instructions:

DHSCR, 255

DHSCS, 259

DHSZ, 255

maximum frequency – total, 252

programs/projects:

HSC1 – up/down, 253–254

block diagram, 253

ladder diagram, 253

principle of operation, 254

switch de-bounce capacitor, 254

HSC2 – decade divider, 254–257

description, 254–255

ladder diagram, 255

monitoring, 257

principle of operation, 257

switch de-bounce capacitor, 255

waveforms, 256

HSC3 – motor controller,

257–260

description, 257–258

ladder diagram, 259

motor speed/brake waveforms,

258

principle of operation, 260

sequence of operation, 258

HSC4 – A/B phase, 260–264

description, 260–261

ladder diagram, 262

principle of operation,

263–264

waveforms, 263

wiring diagram, 261

special memory coils – up/down counting,

251

types of counters:

A/B phase, 248

single phase, 247–248

two phase bi-directional, 248

Index registers, 293–297

BREW1 see Recipe

application – BREW1

description, 293

instructions, 293

offset, 293

program/project – INDEX1, 294–297

description, 294

ladder diagram, 295

look up table, 294

monitoring, 296–297

principle of operation, 295–296

system block diagram, 294

registers:

V0 – V7, 293

Z0 – Z7, 293

Inputs, 8–14

AC inputs, 8

address range, 15

devices, 8

ladder diagram symbol, 13

processing, 17

proximity sensors, 12–13

PNP/NPN, 12

S/S terminal configuration, 13

source/sink, 10–12

block diagrams, 11, 12

description, 10

direction of current flow:

sink, 12

source, 11

S/S terminal connection, 11, 12

Insertion of contacts and rungs see

Modifications to an existing project

Instruction:

advanced programming list, 198–199

converting to an instruction

program, 27

program/project – FLASH1, 30–31

explanation, 30–31

instruction program, 30

ladder diagram, 30

programming, 29–31

scan and execution – BREW1, 291

Interlock circuit, 78–80

description, 78

program/project – INTLK1, 79–80

block diagram, 79

ladder diagram, 80

principle of operation, 80

task, 79
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Interrupts, 315–323

application, 315–316

description, 315

enable/disable – M Coils, 320

pointer, 322

program/project – INT1, 316–323

description, 316

instructions:

ABSD – absolute drum, 318

EI – enable interrupt, 318

IRET – return from ISR, 319

ladder diagram, 318–319

monitoring, 322–323

principle of operation, 319–322

sequence of operation, 316

service routine – ISR, 315, 322

switch bounce prevention, 321–322

waveforms, 317

Inverter drive, 299

Labels:

interrupt pointer, 322

sub-routines, 311, 313

Ladder diagrams:

entering/producing see Producing a ladder

diagram

introduction, 1

key press numbers, 22

symbols, 13–14

Ladder Logic Tester – LLT, 214–243

automatic monitor mode, 216

device memory monitor – LLT1, 217–225

forcing an input, 217–220

ladder diagram, 218

monitoring data registers, 219–222

timing charts, 222–225

introduction, 222

procedure, 222–224

waveforms – obtaining

and display, 224–225

floating point, 273

input simulation methods, 216

input/output settings, 225–243

description, 225–226

LLT2 modification – inline

comparison and reset, 238–239

description, 238

ladder diagram, 238

monitoring, 239

procedure, 238

program/project – LLT2, 225–239

entering conditions and settings,

228–232

executing the i/o system, 232–234

ladder diagram, 226

procedure, 226–228

resetting a data register,

234–237

saving LLT2.IOS, 231

installing Gx-Simulator, 214

introduction, 214

program/project – FLASH1,

214–217

forcing an input, 216–217

ladder diagram, 214

program execution/procedure, 214–217

simulating PNEU1, 240–243

ladder diagram, 240

monitoring, 242–243

procedure – i/o system settings,

241–242

Latch relays, 80–81

description, 80

memory range, 80

program/project – LATCH1:

ladder diagram, 81

principle of operation, 81

Line/Step numbers, 24, 32

Look up tables see Recipe application –

BREW1; Index register – INDEX1

M coils see Auxiliary memory coils

Main menu, 18

Master control:

instructions:

MC, 88

MCR, 88

nesting level, 275–279

description, 275

flow diagram, 275

program/project – MC2, 276–278

ladder diagram, 276

monitoring, 278

principle of operation, 277

PNEU1, 94

program/project – MC1, 87–90

clock signal M8013 see special M Coils

description, 87–88

instruction – ALTP, 88MEDOC, xv, 157

ladder diagram, 88
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output waveforms, 90

principle of operation, 88–90

MEDOC, xv, 157

Memory capacity, 147

Mitsubishi Ltd, xv

Modifications to an existing program, 40–54

copying a project prior to, 40–41

programs/projects:

FLASH2 – insert, 42–49

branch, 45–46

change of i/o address, 48–49

contact, 43–45

line/rung, 47–48

modification details, 42

FLASH3 – delete, 50–54

branch, 52

contact, 50–51

modification details, 50

multiple lines/rungs, 53–54

single line/rung, 53

Monitoring:

buffer memory batch, 367–368

combined ladder and entry data, 70

description, 66

device batch, 171–174

inputs, 174

M coils, 171–172

option set up, 173

entry data, 67–69

description, 67

monitor, 69

register devices, 68–69

entry ladder see Entry ladder

monitoring

floating point numbers, 270

ladder diagram – FLASH1, 66–67

display, 67

start monitor – F3, 66

ladder logic tester:

device memory, 217–220

i/o system, 232–243

ladder diagram, 216

timing chart waveforms, 222–225

trace waveforms, 190–194

Multiplication:

instruction, 199

programs/projects:

BREW1 – index registers, 305

FLT2 – area of a circle, 271

MATHS1, 205

REV1 – RPM counter, 207

Notes see Documentation

Number representation:

binary coded decimal – BCD, 197

program/project – COUNT4, 202–204

ladder diagram, 202

monitoring, 203–204

principle of operation, 203

binary/decimal, 195–197

program/project – COUNT3,

200–202

description, 200

entering the program, 201

ladder diagram, 201

monitoring, 202

principle of operation, 201

system block diagram, 200

hexadecimal, 174, 356

octal – i/o, 15, 174, 356

Octal see Number representation

On-line programming, 84–86

description, 84

program/project – COUNT2,

84–86

ladder diagram, 85

on-line change, 86

Opening a new project see Start-up

procedure

Outputs:

address range, 15

analogue, 370

ladder diagram symbol, 14

processing, 17

relay output wiring diagram – PNEU1, 99

relay, transistor, triac, 9

turn off using M8034, 88–89, 171

Part number, 7

Piltz Automation, xix, 111

Planned preventative maintenance

schedules – PPMs, 316

Pneumatic panel:

operation:

PNEU1, 98

STEP_CNTR1, 331

pneumatic drawing – PNEU1, 99

wiring diagram connections,

99–100

Preface, xv
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Print, 137–145

header, 138–139

multiple printing, 141–145

ladder, 145

parameters, 143–144

title page, 142

page numbers, 139–141

title page, 138–139

Producing a ladder diagram, 24–29

program/project – FLASH1:

conversion to an instruction

program – F4, 27–28

entering, 25–27

ladder diagram, 24

principle of operation, 24–25

program error check, 28–29

saving, 28

Program search, 31–39

contact/coil, 34–35

cross-reference, 36–37

jump option, 37

list, 36

device, 33–34

instruction, 35–36

list of used devices, 38–39

step number, 32–33

Program/project:

copying, 40–41

downloading/write, 55–56

name, 19

opening, 19

saving, 28

search see Program search

start up see GX – Developer start-up

procedure

uploading/read, 63–64

verification, 62–63

Programmable Logic Controllers – PLC’s:

address range, 15

basic operation, 15–17

block diagram, 16

ladder diagram, 15

principle of operation, 17

basic units:

CPU, 1–2

input, 2

output, 2

power supply, 2

comparison with relay

systems, 2

glossary, xxii

inputs, 8

introduction, 1

outputs, 9

preface, xv

software requirements, 2–3

Programs/Projects:

ADC1, 361

BATCH1, 86

BATCH2, 87

BREW1, 298

COUNT1, 82

COUNT2, 84

COUNT3, 200

COUNT4, 202

COUNT5, 244

DAC1, 374

FLASH1, 24, 214

FLASH2, 40

FLASH3, 50

FLASH4, 63

FLT1, 266

FLT2, 270

FURN1, 74

HSC1, 253

HSC2, 255

HSC3, 257

HSC4, 260

INDEX1, 294

INTLK1, 78

LATCH1, 81

LLT1, 217

LLT2, 226

LLT2 – modification, 238

MATHS1, 205

MC1, 87

MC2, 276

MIXER1, 210

PNEU1, 93, 151, 240

PNEU1A, 105

PNEU1B, 148

PNEU1C, 157

PNEU1D, 163

PNEU2, 104

PNEU3, 166

PNEU4, 175, 181

QUEUE1, 334

REV1, 206

REV1A, 209

ROTARY1, 285

SHIFT1, 280

STEP_CNTR1, 325
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SUB1, 312

TRAF1, 71

Project data list:

description, 22–23

device memory – lookup table, 300

entering comments, 118

icon, 23

saving comments in the PLC, 146

Queuing system see Automatic

queuing system

Recipe application, 298–309

description, 298

look up table, 299–300

program/project – BREW1, 300–309

Excel spreadsheet, 309

instructions:

BMOV, 305

ENCO, 305

ladder diagram, 305

lookup table:

device range, 303–304

downloading, 303–305

entering values (DWR), 300–302

monitoring, 305

project data list, 300

monitoring, 307–309

principle of operation, 306–307

sequence of operation, 299

system diagram, 299

Registers see Data registers

Relays:

comparison with PLC’s, 2

output wiring diagram – PNEU1, 100

protection diodes, 100

safety see Safety

Resources, xix

Return from:

interrupts IRET, 319

sub-routines SRET, 311–312

Risk assessment procedure, 111

Rotary index table application, 282–292

description, 282

program/project – ROTARY1,

283–292

index table system-plan view, 282

instruction scan and execution,

291–292

ladder diagram, 285–286

monitoring procedures, 289–291

principle of operation, 287–289

shift register layout, 284

system requirements, 283

RPM counter, 206–210

description, 206

program/project – REV1, 207–209

ladder diagram, 207

monitoring, 208–209

principle of operation, 207–208

REV1A, 209–210

Run/stop, 55, 56

Safety, 111–115

category 2 fault condition, 112

emergency stop circuit – PNEU1, 113

emergency stop requirements, 111

European machinery standards, 111

fault conditions, 114–115

guard switches, 111

Piltz safety relays, 111

risk assessment procedure, 111

safety relay specification, 112

system start up check, 115

two handed safety system – assignment, 381

Saving:

a project with a different filename

i.e. copying, 40–41

an existing project, 28

comments in the PLC see

Documentation

Search see Program search

Sequence function chart (SFC):

PNEU1, 92–93

PNEU4, 176

Serial number, 7

Serial Transfer, 55–65

change of communications port, 60–62

COM port – saving the setting, 61

connection diagram, 55

connection set up menu, 61

downloading/write:

comments, 146–148

look up table, 303–304

project, 55–56

PCMCIA card, 60

reducing number of steps transferred,

57–58

SC-O9 converter, 55
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Serial Transfer,(Contd)

system image – connection set up route, 59–60

uploading/read:

program and comments, 148–149

project, 63–65

USB adaptor, 60

verification, 62–63

Set-reset programming, 175–179

description, 175

program/project – PNEU4, 175–179

ladder diagram, 177

principle of operation, 177–178

sequence function chart, 176

simulation and monitoring, 178–179

Shift registers, 279–281

applications, 279

basic operation, 279

instructions:

ROR – M8022, 280

SFTLP – BREW1, 285

SFTRP, 280

ZRST, 280

programs/projects:

ROTARY1 see Index table application

SHIFT1, 280–281

ladder diagram, 280

monitoring, 281

operating procedure, 281

principle of operation, 280

Simulation and monitoring:

ladder logic tester, 214

PNEU1, 98

PNEU4, 178

STEP_CNTR1, 329–330

Simulation Software – ladder logic tester, 214

Single cycle – PNEU1, 91

Software:

Gx-Developer, xv, 18

Gx-Simulator, xv, 214

MEDOC:

converting see Converting MEDOC to

Gx – Developer

preface, xv

Source-sink see Inputs

Special M coils, 171–174

device batch monitoring, 171–172

list of, 171

option set up, 173

Stack:

first in first out FIFO, 333

instructions:

SFRD – shift read, 335

SFWR – shift write, 334

pointer and registers, 337–338

program/project see Automatic

queuing system

Start-up procedure, 18–23

display settings – zoom, 19–21

drive path, 19

installation Gx – Developer, 18

key press numbers – MEDOC format, 22

main menu, 18

minimum display of icons, 18–19

open new project, 19–21

project data list, 22–23

project name, 19

Start/open new project see Start-up

procedure

Statements see Documentation

Step counter programming,

324–331

basic principle of operation, 324

counter assist, 324–325

program/project – STEP-CNTR1, 325–331

instruction – DECO, 326

ladder diagram, 325–326

pneumatic panel operation, 331

principle of operation, 326–329

simulation and monitoring

procedure, 329–330

sequence control M coils, 324

Step/line numbers, 24, 32

Stepper motor – assignment, 381

Sub-routines, 310–314

description, 310

instructions:

CALL, 311

FEND, 311

SRET, 311

program flow:

flow diagram, 311

principle of operation, 311

program/project – SUB1, 312–314

labels, 311, 313

ladder diagram, 312

monitoring, 313–314

principle of operation, 311

sub-routine, 313

Switch bounce:

A/B phase counter – HSC4, 261

de-bounce capacitor, 254, 255

interrupt – INT1, 321, 322
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Timers:

address range, 15

programs/projects:

FLASH1 see Producing a ladder diagram

MIXER1, 210–213

description, 210

indirect counter setting, 211

ladder diagram, 211

monitoring, 212–213

principle of operation, 211–212

used list, 39

Trace, 180–194

block diagram, 180

description, 180

principle of operation, 180–181

program/project – PNEU4, 181–194

ladder diagram, 181

obtaining trace waveforms, 190

reading set up data, 186–187

saving set up data, 185–186

set up procedure, 182–185

conditions, 183–185

data devices, 182–183

start trace operation, 187–188

trace results, 190–194

calculation time delay T0, 194

measurement time delay T0, 193–194

waveform display, 192

transfer trace data to PLC, 185

trigger signal – X0, 189–190

Traffic light controller:

assignment, 378–380

program/project – TRAF1, 71–74

description, 71

ladder diagrams, 72–73

minimisation modifications, 73

principle of operation, 74

truth table, 72

Transfer see Serial transfer

Up/down counting:

COUNT5 see Bi-directional counters

HSC1 see High speed counters

Uploading see Serial transfer

Used I/O:

list of used devices, 38–39

V index register see Index registers

VDU:

change of colour display, 134–135

Verification, 62–63

Voltage supplies, 2, 4, 6–7

Waveforms:

1 second clock signal – M8013, 89

A/B phase – HSC4, 263

A/B phase encoder, 249

decade divider – HSC2, 256

falling pulse instruction – PLF, 342

furnace controller – FURN1, 75

interrupt – INT1, 317

master control – MC1, 90

motor controller – HSC3, 258

queuing system – QUEUE1, 337

rising pulse instruction – PLS, 83

RPM meter – REV1, 206, 208

stepper motor assignment, 381

timing chart – LLT1, 225

trace – PNEU4, 190–193

Weighting, binary to decimal/denary, 196

Wiring diagrams:

emergency stop, 113

high speed counter – HSC4, 261

PNEU1, 100

simulation unit, 97

X inputs see Input

Y outputs see Output

Z index register see Index registers

Zoom see Start-up procedure
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