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/ Foreword

E

This manual contains text, diagrams and explanations which will guide the reader in
the correct programming and operation of the PLC.

Before attempting to install or use the PLC this manual should be read and
understood.

If in doubt at any stage of the installation of the PLC always consult a professional
electrical engineer who is qualified and trained to the local and national standards
which apply to the installation site.

If in doubt about the operation or use of the PLC please consult the nearest
Mitsubishi Electric distributor.

This manual is subject to change without notice.
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FAX BACK - Combined Programming Manual (J)

Mitsubishi has a world wide reputation for its efforts in continually developing and pushing back
the frontiers of industrial automation. What is sometimes overlooked by the user is the care
and attention to detail that is taken with the documentation. However,to continue this process
of improvement, the comments of the Mitsubishi users are always welcomed. This page has
been designed for you,the reader,to fill in your comments and fax them back to us. We look for-
ward to hearing from you.

Please tick the box of your choice;

Fax numbers: YOUI NAME......uviieeiiiieee et eeee e
Mitsubishi EIeCtriC....
America (01) 847-478-2253 YOUT COMPANY ..evviiiiieeeeiiiiiiniee e e e e
Australia (02) B38-T072
Germany (021 02) 4 86-112 YOUr 10CatioN: ......uviviiiieeeee e
South Africa (0111) 444-8304
United Kingdom (01707) 278-695

What condition did the manual arrive in? OGood [Minordamage [Unusable
Will you be using a folder to store the manual? ClYes CINo

What do you think to the manual presentation? CTidy LJun-friendly
Are the explanations understandable? LlYes LINot too bad LJUnusable
Which explanation was most difficult to understand: ..............cooiiii i
Are there any diagrams which are not clear? LlYes [INo

LYo ALY 1T o
What do you think to the manual layout? [OGood  [INot too bad LJUn-helpful

If there one thing you would like to see improved,what iS it?.........cccccuvviiii i

Could you find the information you required easily using the index and/or the contents,if possi-
ble please identify YOUr @XPEIENCE: .........uuiiiiie ettt e e e e e e s aaaaes

Thank you for taking the time to fill out this questionnaire. We hope you found both the product
and this manual easy to use.
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Guidelines for the Safety of the User and Protection of the Programmable
Controller (PLC)

This manual provides information for the use of the FX family of PLC’s. The manual has been
written to be used by trained and competent personnel. The definition of such a person or
persons is as follows;

a) Any engineer who is responsible for the planning, design and construction of automatic
equipment using the product associated with this manual should be of a competent
nature, trained and qualified to the local and national standards required to fulfill that
role. These engineers should be fully aware of all aspects of safety with regards to
automated equipment.

b) Any commissioning or service engineer must be of a competent nature, trained and
qualified to the local and national standards required to fulfill that job. These engineers
should also be trained in the use and maintenance of the completed product. This
includes being completely familiar with all associated documentation for the said
product. All maintenance should be carried out in accordance with established safety
practices.

c) All operators of the completed equipment should be trained to use that product in a safe
and coordinated manner in compliance to established safety practices. The operators
should also be familiar with documentation which is connected with the actual operation
of the completed equipment.

Note : the term ‘completed equipment’ refers to a third party constructed device which
contains or uses the product associated with this manual.

Note’s on the Symbols used in this Manual

At various times through out this manual certain symbols will be used to highlight points of
information which are intended to ensure the users personal safety and protect the integrity of
equipment. Whenever any of the following symbols are encountered its associated note must
be read and understood. Each of the symbols used will now be listed with a brief description of
its meaning.

Hardware Warnings

1) Indicates that the identified danger WILL cause physical and property damage.

2) Indicates that the identified danger could POSSIBLY cause physical and property
damage.

3) Indicates a point of further interest or further explanation.

OBk
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=
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=
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o
=)
>
Q
(2]

4) Indicates special care must be taken when using this element of software.

5) Indicates a special point which the user of the associate software element should
be aware of.

6) Indicates a point of interest or further explanation.

SIClS,
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‘FXO(S)‘ FXon ‘ FX ‘FX(ZC)‘FXZN(C)‘

1. Introduction

1.1 Overview

1) Scope of this manual
This manual gives details on all aspects of operation and programming for FX, FX2c, FXoN,
FXos, FXo, FX2n and FXane programmable controllers (PLCs). For all information relating to
the PLC hardware and installation, refer to the appropriate manual supplied with the unit.

2) How to use this manual
This manual covers all the functions of the highest specification Programmable (Logic)
Controller (PLC). For this reason, the following indicator is included in relevant section titles
to show which PLCs that section applies to;

Shaded boxes indicate

[FXots) | FXon | FX [FXezc) [FXanc) the applicable PLC type

- “FXoes)” - All FXo and FXos PLCs

- “FXoN" - All FXon PLCs

- XY - All FX and FX2 PLCs (CPU ver 2.30 or earlier)

- "FX@o)” - All FX and FX2 PLCs (CPU versions 3.07 or later)
- - All FX2c PLCs (see page 1-4)

- “FXon(e)” - All FX2n and FXane PLCs

If an indicator box is half shaded, as shown to the
| FXos)| FXon | FX | FXeo) [FXanc) left, this means that not all the functions described in
the current section apply to that PLC. The text
explains in further detail or makes an independent
reference.
If there are no indicator boxes then assume the section applies to all PLC types unless
otherwise stated.

3) FX family
This is a generic term which is often used to describe all Programmable Controllers without
identifying individual types or model names.

4) CPU version numbers and programming support
As Mitsubishi upgrades each model different versions have different capabilities.

- Please refer to section 1.4 for details about version numbers and capabilities.
- Please refer to section 1.5 for details about peripheral support for each model.
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1.2

1.3

What is a Programmable Controller? | FXos) | FXon | FX | FXeo) [FXanc)

A Programmable Logic Controller (PLC or programmable controller) is a device that a user can
program to perform a series or sequence of events. These events are triggered by stimuli
(usually called inputs) received at the PLC or through delayed actions such as time delays or
counted occur-rences. Once an event triggers, it actuates in the outside world by switching ON
or OFF electronic control gear or the physical actuation of devices. A programmable controller
will continually ‘loop’ through its internal ‘user defined’ program waiting for inputs and giving
outputs at the programmed specific times.

Note on terminology:

The term programmable controller is a generic word used to bring all the elements making the
control system under one descriptive name. Sometimes engineers use the term
‘Programmable Logic Controller’, ‘PLC’ or ‘programmable controller’ to describe the same
control system.

The construction of a programmable controller can be broken down into component parts. The
element where the program is loaded, stored and processed is often known as the Main
Processing Unit or MPU. Other terms commonly heard to describe this device are ‘base unit’,
‘controller’ and ‘CPU’. The term CPU is a little misleading as todays more advanced products
may contain local CPU devices. A Main CPU (or more correctly a Main Processing Unit)
controls these local CPUs through a communication network or bus.

What do You Need to Program a PLC? [FXots) | FXon | FX [ FXeo) [FXanco)

A variety of tools are available to program the Mitsubishi FX family of PLCs. Each of these
tools can use and access the instructions and devices listed in this manual for the identified
PLC.

Personal computer

FX’ Melsec MEDOC
AC30R4 Melsec Medoc Plus
FXZC SW1PC-FXGPEE
A6GPP FX-PCS-WIN-E
FX-A6GPP-EE-
KIT GP80-TCB

Opto-isolated
GP80 FX-20P-CAB RS232/
GP-80FX-E-KIT FX2N(C) RS422
interface

AC30R4 HPP

FX-10P-E
FX-20P-E

FX-20P-CABO
or
FX-20P-CAB +

+ FX-20P-CADP || EX0. EX0S
L FX-422AW0 F,XON ’

GP80TCB
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1.4

141

1.4.2

CPU version numbers ‘FXO(S)‘ FXon | FX ’FX(ZC) IFXZN(C)‘

Over time Mitsubishi adds newer and better features to develop and enhance the products.
Because of the nature of PLCs, that can be likened to ‘industrial computers’, changes
sometimes occur within the units main CPU (Central Processing Unit). These changes are
similar to those experienced by office and home computer users, that is, going to a version up
processor. The following lists identify the CPU versions that had significant upgrades or new
functions and features added.

FXoN CPU versions

CPU Ver 1.20 The following features were added:
Software control for protocol 1 and 4 communications with the FXon-485ADP,
1:N network.

CPU Ver 1.40 The following features were added:
Software control for communications using the FXon-485ADP, peer to peer
(N:N) network.

FX and FX2c CPU versions

CPU Ver 3.07 The following instructions were added:
ASCI (FNC82), CCD (FNC84), FLT (FNC49), HEX (FNCB83), RS (FNC80),
SER (FNC61), SORT (FNC69), SQR (FNC48)

The following instructions were upgraded:

El (FNC04), BMOV (FNC15), HSCS (FNC53), PLSY (FNC57),

FMOV (FNC16), MEAN (FNC45), ABSD (FNC62), DSW (FNC72),SEGL (74),
PR (FNC 77)

The following device ranges were added:

Input and output devices are independently addressable upto 256 points in
software. Total combined input and output points (hardware or software) is
256.

Auxiliary relays increased to 1536 points (M0-M1535)

Data registers increased to 1000 points (D0-D999)

Optional RAM File Registers added, 2000 points (D6000 -D7999)
Pointers increased to 128 points (PO - P127)

CPU Ver 3.11  The following instructions were added:
PID (FNC88)

CPU Ver 3.2  The following features were added:
Software control for protocol 4 communications with the FX-485ADP, 1:N
network.

CPU Ver 3.30 The following features were added:
Software control for protocol 1 communications with the FX-485ADP, 1:N
network.

The following instructions were phased out (removed):
ANRD (FNC91), ANWR (FNC92), BLK (FNC97), MCDE (FNC98), MNET
(FNC90)
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15 Special considerations for programming equipment

151 FXCPU version 3.07 or later and FX 2c | FXos) | FXon | FX [ FX@e) [FXanio)

Programming tools operating old system software can not access the new features added to
the FX CPU from version 3.07 (and available on all FX2c units). However, programming
certain ‘standard’ applied instructions in conjunction with special auxiliary coils (M coils) can
achieve the same ’effective instruction’ as the new instructions. The following tables identify

which version of peripheral software will work directly with all of the 'new’ features and which
peripheral software versions require use of modified instructions.

Peripherals Table
System software version which will.......
Description Model Number ....require the use of | ....program all instructions
auxiliary M coils directly
proglr-iaar::l(”jmra]fl((lj-lHP) FX-10P-E V 1.10 from V 2.00
HHP cassette FX-20P-MFXA-E VvV 1.20 from V 2.00
Programming FX-PCS/AT-E-KIT vV 1.01 from V 2.00
software FX-A6GPP-E-KIT Vv 1.00 from V 2.00
FX-10DU-E VvV 1.10 from V 2.00
Data access units FX-20DU-E VvV 1.10 from V 2.00
Other DU units from V 1.00
Existing Instruction And Special M Coil Combination To Mimic The Operation Of The
Identified Instruction
Existing FX instruction used to mimic the operation of......
Mnemonic | FNC number | Modifying M coil Mimicked instruction Mnemonic | FNC Number
MOV 12 M8190 Square root SQR 48
MOV 12 M8191 Float FLT 49
RAMP 67 M8193 Data search SER 61
RAMP 67 M8194 RS232 instruction RS 80
FMOV 16 M8196 Hex to ASCII conversion ASCI 82
FMOV 16 M8197 ASCII to Hex conversion HEX 83
FMOV 16 M8195 Sum check CCD 84

Example usage

Using existing FX functions...... This format is very important for the instruction to operate

’_{ correctly.The user must program the 'mimic’ instruction

H with the modifying M coil in a SET instruction immediately
before the instruction to be modified.

0)
to mimic......

—
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Using the new Interrupt Pointers: Existing Instruction And Special M Coil

To program new Interrupt Pointers 1010 Combination To Mimic The Operation

through 1060 in to the HSCS (FNC 53) Of The Identified Interrupt pointer

instruction with older programming Existing Auxiliary Coil

equipment, substitute the following || used to replace the identi- Interrupt Pointer

special M codes for the appropriate fied Interrupt Pointer

Interrupt Pointer; see the table right. M8181 1010
M8182 1020
M8183 1030
M8184 1040
M8185 1050
M8186 1060

Using M8198 with the BMOV instruction:
With old software and peripherals, file registers can not be used as a destination device in the

BMOV (FNC 15) instruction. To BMOV data into file registers with old equipment set special M
coil M8198 on. This switches the source and destination parameters; i.e., the source is then
treated as the destination and the destination becomes the source.

General note:
Ignore the special programming techniques identified in this section if using updated

programming software or peripherals; then normal operation, as identifiedin the following
sections, will apply.

1.5.2 FX2n(c) CPU all versions \FXO(S)\ FXON\ FX \FX(2C) \FXzN(C)\

The introduction of this CPU provides the FX user with many new devices and instructions. To
use the full features of the FX2an(c) units the user must upgrade older software and hardware
programming tools.
However, because of the downward compatibility of the FX2n(c), it is hot necessary to upgrade
existing programming tools for use with FX2n(c) units up to the equivalent functionality of FX

CPU ver 3.30 units.

Peripherals Table

System software version with

Description Model Number full support for FX_ 2n)
Hand held programmer (HHP) |FX-10P-E from V 3.00
HHP cassette FX-20P-MFXA-E from V 3.00
FX-10DU-E from V 4.00
FX-20DU-E Supports up to FX devices only
FX-25DU-E from V 2.00
Data access Units FX-30DU-E from V 3.00 |
FX-40DU-E(S) Supports up to FX devices only
FX-40DU-TK-ES from V 3.00
FX-50DU-TK(S)-E from V 2.10
F940GOT-SWD(LWD)-E All versions
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2.1

2.2

Basic Program Instructions

What is a Program?

A program is a connected series of instructions written in a language that the PLC can
understand. There are three forms of program format; instruction, ladder and SFC/STL. Not all
programming tools can work in all programming forms. Generally hand held programming
panels only work with instruction format while most graphic programming tools will work with
both instruction and ladder format. Specialist programming software will also allow SFC style
programming.

LD  X10 D
OuUT Y7
AND M38 —C T
SET S5
LD X21 ’ g
OuUT TO01 — +
K40 L < > |
A1
Instruction format Ladder Format SFC Format

Outline of Basic Devices Used in Programming
There are six basic programming devices. Each device has its own unique use. To enable
quick and easy identification each device is assigned a single reference letter;

- X: This is used to identify all direct, physical inputs to the PLC.

- Y: This is used to identify all direct, physical outputs from the PLC.

- T: This is used to identify a timing device which is contained within the PLC.

- C: This is used to identify a counting device which is contained within the PLC.

- Mand S: These are used as internal operation flags within the PLC.

All of the devices mentioned above are known as ‘bit devices'. This is a descriptive title telling
the user that these devices only have two states; ON or OFF, 1 or 0.

Detailed device information:

» Chapter 4 contains this information in detail. However, the above is all that is
required for the rest of this chapter.
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2.3

How to Read Ladder Logic

Ladder logic is very closely associated to basic relay logic. There are both contacts and coils
that can be loaded and driven in different configurations. However, the basic principle remains
the same.

A coil drives direct outputs of the PLC (ex. a Y device) or drives internal timers, counters or
flags (ex. T, C, M and S devices). Each coil has associated contacts. These contacts are
available in both “normally open” (NO) and “normally closed” (NC) configurations.

The term “normal(ly)” refers to the status of the contacts when the coil is not energized. Using
a relay analogy, when the coil is OFF, a NO contact would have no current flow, that is, a load
being supplied through a NO contact would not operate. However, a NC contact would allow
current to flow, hence the connected load would be active.

Activating the coil reverses the contact status, that is, the current would flow in a NO contact
and a NC contact would inhibit the flow.

Physical inputs to the PLC (X devices) have no programmable coil. These devices may only be
used in a contact format (NO and NC types are available).

Example:

Because of the close relay association, ladder logic programs can be read as current flowing
from the left vertical line to the right vertical line. This current must pass through a series of
contact representations such as X0 and X1 in order to switch the output coil YO ON. Therefore,
in the example shown, switching X0 ON causes the output YO to also switch ON. If however,
the limit switch X1 is activates, the output YO turns OFF. This is because the connection
between the left and the right vertical lines breaks so there is no current flow.

Motor

Toggle switch Programmable Controller
- "
X

0]
' PC Program u
N :
P X0 X1 p
U F .@ AC
E X1 T - $ COM | power
— (YO) Supply

Limit switch

DC Power Supply
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2.4  Load, Load Inverse |FXos)| FXoN | FX | FXeo) [FXane)

Mnemonic Function Format Devices Program steps

Initial logical

LD operation contact
(LoaD) type NO + ‘ }7 X, Y, M, §,T,C 1

(normally open)

Initial logical

LDI operation contact
(LoaD Inverse) |type NC % X, .M, S, T,C 1

(normally closed)

Program example:

X0 J== 0 LD X 0
— | YO — 1 OUT Y 0
J== 2 L X 1
X1 3 OUT M 100
4 OUT T O
—A M100—
| ~ SP K 19
7 LD T O
%Lm — T0 — 8 OUT Y 1
T0 KIS K19 When using hand held
‘ v1 programmers, the space key
—| N needs to be pressed to enable
the constant to be entered.

Basic points to remember:
- Connect the LD and LDI instructions directly to the left hand bus bar.

- Or use LD and LDI instructions to define a new block of program when using the ORB
and ANB instructions (see later sections).

The OUT instruction:
» For details of the OUT instruction (including basic timer and counter variations)

please see over the following page.
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2.5 Out ’FXO(S)I FXon | FX ‘FX(ZC) IFXZN(C)‘
Mnemonic Function Format Devices Program steps
Y, M:1
. . S, special M
Final logical '
ouT . . coils: 2
(ouT) gﬁstreanon type coil Y,M,S, T,C T3
C (16 bit): 3
C (32 bit): 5
Basic points to remember:
- Connect the OUT instruction directly to the right hand bus bar.
- Itis not possible to use the OUT instruction to drive ‘X’ type input devices.
- It is possible to connect multiple OUT instructions in parallel (for example see the
previous page; M100/T0O configuration)
2.5.1 Timer and Counter Variations

When configuring the OUT instruction for use as either a timer (T) or counter (C) a constant
must also be entered. The constant is identified by the letter “K” (for example see previous
page; TO K19).

In the case of a timer, the constant “K” holds the duration data for the timer to operate, i.e. if a
100 msec timer has a constant of “K100” it will be (1005 100 msec) 10 seconds before the
timer coil activates.

With counters, the constant identifies how many times the counter must be pulsed or triggered
before the counter coil activates. For example, a counter with a constant of “8” must be
triggered 8 times before the counter coil finally energizes.

The following table identifies some basic parameter data for various timers and counters;

Timer/Counter

Setting constant K

Actual setting

Program steps

1 msec Timer

0.001 to 32.767 sec

2,147,483,647

2,147,483,647

10 msec Timer 1to 32,767 0.01 to 327.67 sec 3
100 msec Timer 0.1 to 3276.7 sec

16 bit Counter 1to 32,767 1to 32,767

32 bit Counter -2,147,483,648 to -2,147,483,648 to 5
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2.5.2 Double Coil Designation
1.
x1 a
—| (¥ )—
Y3
] : @
x2 N
w v

Double or dual coiling is not a recommended
practice. Using multiple output coils of the
same device can cause the program
operation to become unreliable. The example
program shown opposite identifies a double
coil situation; there are two Y3 outputs. The
following sequence of events will occur when
inputs X1 = ON and X2 = OFF,;

1.The first Y3 tuns ON because X1 is ON. The
contacts associated with Y3 also energize
when the coil of output Y3 energizes. Hence,
output Y4 turns ON.

2.The last and most important line in this
program looks at the status of input X2.

If this is NOT ON then the second Y3 coil does NOT activate. Therefore the status of the Y3
coil updates to reflect this new situation, i.e. it turns OFF. The final outputs are then Y3 = OFF

and Y4 = ON.
Use of dual coils:

The last coil effect:

®

» Always check programs for incidents of dual coiling. If there are dual coils the
program will not operate as expected - possibly resulting in unforeseen physical

* In a dual coil designation, the coil operation designated last is the effective coil. That

is, it is the status of the previous coil that dictates the behavior at the current point in

the program.

Input durations:

t secs
—

?

The ON or OFF duration of the PLC inputs
must be longer than the operation cycle
time of the PLC.

Taking a 10 msec (standard input filter)
response delay into account, the ON/OFF
duration must be longer than 20 msec if
the operation cycle (scan time) is 10 msec.

Therefore, in this example, input pulses of
more than 25Hz (1sec/(20msec ON +
20msec OFF)) cannot be sensed.

: Input ON state NOT recognized

: Input ON state recognized

. Input OFF state NOT recognized

: 1 program processing

: Input processing

: Output processing

. A full program scan/operation cycle

SECNONCNCRCRS)

There are applied instructions provided to
handle such high speed input requests.
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2.6 And, And Inverse ’FXO(S)I FXon | FX ‘FX(zc) |FX2N(C)‘

Mnemonic Function Format Devices Program steps

Serial connection ‘ ‘

AND of NO (normally || X, Y,M,S, T,C 1
(AND)
open) contacts
Serial connection
'(A,\A\Nl\llD Inverse) of NC (normally A‘ ‘V X, Y,M,S,TC 1
closed) contacts
Program example:
AND
X2 X0 0 LD X 2
— — Cva ) ps 1 AND X 0
2 OuUT Y 3
Y3 X3 3 LD Y 3
\ | 4 ANI X 3
M101 =
A (w10 5 OUT M101
= 6 AND T 1
N I <D 7 OUT Y 4
ANDs

Basic points to remember:

- Use the AND and ANI instructions for serial connection of contacts. As many contacts as
required can be connected in series (see following point headed “Peripheral limitations”).

- The output processing to a coil, through a contact, after writing the initial OUT instruction
is called a “follow-on” output (for an example see the program above; OUT Y4). Follow-
on outputs are permitted repeatedly as long as the output order is correct.

Peripheral limitations:

The PLC has no limit to the number of contacts connected in series or in parallel.
However, some programming panels, screens and printers will not be able to display
or print the program if it exceeds the limit of the hardware. It is preferable for each
line or rung of ladder program to contain up to a maximum of 10 contacts and 1 coil.
Also, keep the number of follow-on outputs to a maximum of 24.
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2.7  Or, Or Inverse |FXos)| FXon | FX | FX@o)[FXaneo)
Mnemonic Function Format Devices Program steps

Parallel

OR connection of NO | | ] |

(OR) (normally open) | | X Y.MS,T.C 1
contacts
Parallel

ORI connection of NC | | | |

(OR Inverse) (normally closed) A/\V X Y.MS,T.C 1
contacts

Program example:

X4 0 LD X 4
— (¥s J= 1 OR X 6
X6 J= 2 OR M 102
I =g or 3 OUT Y 5
M102 4 Dl Y 5
Y | 5 AND X 7
ORI J= 6 OR M 103
Y5 X7 X10 ; éﬁ' ﬁ 118
— | M103)— 9 OUT M 103
M103
Ruy
M110
Ry

Basic points to remember:

- Use the OR and ORI instructions for parallel connection of contacts. To connect a block
that contains more than one contact connected in series to another circuit block in
parallel, use an ORB instruction.

- Connect one side of the OR/ORI instruction to the left hand bus bar.

Peripheral limitations:
* The PLC has no limit to the number of contacts connected in series or in parallel.

However, some programming panels, screens and printers will not be able to display
or print the program if it exceeds the limit of the hardware. It is preferable for each
line or rung of ladder program to contain up to a maximum of 10 contacts and 1 coil.
Also keep number of follow-on outputs to a maximum of 24.
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2.8 Load Pulse, Load Trailing Pulse \FXO(S)\ FXon \ FX \FX(ZC) \FXZN(C)\
Mnemonic Function Format Devices Program steps

Initial logical

LDP operation -

(LoaDPulse) Rising edge T XY, M, S, T.C 2
pulse

LDF LHIZ?;:%%:CI?;IIin

(LoaD Falling |9PS'@ 9 ui X,Y,M,S,T,C 2
/ trailing edge

pulse)
pulse

Program example:

X0
| 0 LDP X 0
i M100 =
Q 2 OR X 1
3 OUT M 100
X1 J&=4 LDF X 0
) 6 OUT Y 0

i Cvo o

Basic points to remember:
- Connect the LDP and LDF instructions directly to the left hand bus bar.

- Oruse LDP and LDF instructions to define a new block of program when using the ORB
and ANB instructions (see later sections).

- LDP is active for one program scan after the associated device switches from OFF to ON.

- LDF is active for one program scan after the associated device switches from ON to
OFF.

Single Operation flags M2800 to M3071:
» The pulse operation instructions, when used with auxiliary relays M2800 to M3071,

only activate the first instruction encountered in the program scan, after the point in
the program where the device changes. Any other pulse operation instructions will
remain inactive.

e This is useful for use in STL programs (see chapter 3) to perform single step
operation using a single device.

* Any other instructions (LD, AND, OR, etc.) will operate as expected.

For more details please see page 4-5.
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2.9  And Pulse, And Trailing Pulse |FXos)| FXon | FX | FXeo) [FXane)
Mnemonic Function Format Devices Program steps
ANP Serial connection
(AN Pulse) of Rising edge \T\ X, Y,M, S, T,C 2
pulse
e [Seraomecten|
(ANd Falling " l X, Y,M,S, T,C 2
trailing edge
pulse)
pulse

Program example:

40 0
¥ It (M100)— 0 L0 M 4
=2 ANP T 10

X1 4 OUT M 100
| 5 LDF X O
Pkl JJ==6 ANF C 0

8 OUT Y 4

| | &O @

Basic points to remember:

Use the ANDP and ANDF instructions for the serial connection of pulse contacts.
Usage is the same as for AND and ANI; see earlier.

ANP is active for one program scan after the associated device switches from OFF to
ON.

ANF is active for one program scan after the associated device switches from ON to
OFF.

*  When used with flags M2800 to M3071 only the first instruction will activate. For

Single operation flags M2800 to M3071:

details see page 2-8
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2.10  Or Pulse, Or Trailing Pulse \FXO(S)\ FXon \ FX \FX<20) |FX2N(C)\
Mnemonic Function Format Devices Program steps

Parallel

ORP connection of

(OR Pulse) Rising edge \T\ XY, M, S, T.C 2
pulse

ORF CP(?rziltleiltion of | |

(OR Falling ! O I X,Y,M, S, T,C 2
Falling / trailing IV

pulse)
edge pulse

Program example:

40
| | SET M50 0 LD M 40
%(1 @1 ORP X 1
I 3 SET M 50
% 4 LD X 0
ORP 5 AND M 24
6 LD Y 7
4
%‘<‘P W Cv4 ) =7 ORF X 1
9 ORB
10 OUT Y 4
Y? ﬁ(ﬂ
[ A4
wORF

Basic points to remember:
- Use the ORP and ORF instructions for the parallel connection of pulse contacts.
- Usage is the same as for OR and ORI; see earlier.

- ORP is active for one program scan after the associated device switches from OFF to
ON.

- OREF is active for one program scan after the associated device switches from ON to
OFF.

Single operation flags M2800 to M3071:
* When used with flags M2800 to M3071 only the first instruction will activate. For

details see page 2-8
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2.11 Or Block ’FXO(S)I FXon | FX ‘FX(ZC) IFXZN(C)‘
Mnemonic Function Format Devices Program steps
ORB Parallel connection ‘4{
(OR Block) of multiple contact N/A 1
circuits ‘4{

Program example:

Recommended sequential Non-preferred batch
programming method programming method
X0 X1 0 LD X 0 0 LD X 0
— Y6 — 1 AND X 1 1 AND X 1
5 3 2 LD X 2 2 LD X 2
X X 3 AND X 3 3 AND X 3
— §ORB = 4 ORB 4 LDl X 4
5 LDI X 4 5 AND X 5
X4 X5 ‘% 6 AND X 5 6 ORB
d — ORB )= 7 ORB 7 ORB
8 OUT Y 6 8 OUT Y 6

Basic points to remember:

- An ORB instruction is an independent instruction and is not associated with any device
number.

- Use the ORB instruction to connect multi-contact circuits (usually serial circuit blocks) to
the preceding circuit in parallel. Serial circuit blocks are those in which more than one
contact connects in series or the ANB instruction is used.

- To declare the starting point of the circuit block use a LD or LDI instruction. After
completing the serial circuit block, connect it to the preceding block in parallel using the
ORB instruction.

Batch processing limitations:
« When using ORB instructions in a batch, use no more than 8 LD and LDI instructions

in the definition of the program blocks (to be connected in parallel). Ignoring this will
result in a program error (see the right most program listing).

Sequential processing limitations:

« There are no limitations to the number of parallel circuits when using an ORB
instruction in the sequential processing configuration (see the left most program
listing).

®
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2.12  And Block ’FXO(S)I FXon | FX ‘FX(ZC)‘FXZN(C)‘

Mnemonic Function Format Devices Program steps

Serial connection | .|| o ‘
?L\N,\?d Block) of multiple | | N/A 1
parallel circuits

Program example:

LD Recommended sequential
AN%@ ﬁ programming method

X0 X2 X3 0 LD X 0
— I G (e 1 OR X 1
X}lJ X4 X5 2 LD X 2
—] — % 3 AND X 3
X6 ORB 4 DI X 4
- 5 AND X 5

6 ORB
7 OR X 6

X3 = 8 ANB
— | 9 OR X 3
10 OuT Y 7

Basic points to remember:

- An ANB instruction is an independent instruction and is not associated with any device
number

- Use the ANB instruction to connect multi-contact circuits (usually parallel circuit blocks)
to the preceding circuit in series. Parallel circuit blocks are those in which more than one
contact connects in parallel or the ORB instruction is used.

- To declare the starting point of the circuit block, use a LD or LDI instruction. After
completing the parallel circuit block, connect it to the preceding block in series using the
ANB instruction.

in the definition of the program blocks (to be connected in parallel). Ignoring this will

result in a program error (see ORB explanation for example).
Sequential processing limitations:

Batch processing limitations:
« When using ANB instructions in a batch, use no more than 8 LD and LDI instructions

« Itis possible to use as many ANB instructions as necessary to connect a number of
parallel circuit blocks to the preceding block in series (see the program listing).
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2.13

MPS, MRD and MPP ’FXO(S)I FXon | FX ‘FX(ZC)IFXZN(C)‘
Mnemonic Function Format Devices Program steps

Stores the current
MPS result of the Fj N/A 1
(Point Store) internal PLC MPS L

operations

Reads the current
MRD result of the T

. = N/A 1
(Read) internal PLC B

operations MRD

Pops (recalls and
MPP removes) the T

H N/A 1

(PoP) currently stored B

result MPP

Basic points to remember:

Use these instructions to connect output coils to the left hand side of a contact.
Without these instructions connections can only be made to the right hand side of the
last contact.

MPS stores the connection point of the ladder circuit so that further coil branches can
recall the value later.

MRD recalls or reads the previously stored connection point data and forces the next
contact to connect to it.

MPP pops (recalls and removes) the stored connection point. First, it connects the next
contact, then it removes the point from the temporary storage area.

For every MPS instruction there MUST be a corresponding MPP instruction.
The last contact or coil circuit must connect to an MPP instruction.

At any programming step, the number of active MPS-MPP pairs must be no greater than
11.

MPS, MRD and MPP usage:

*  When writing a program in ladder format, programming tools automatically add all
MPS, MRD and MPP instructions at the program conversion stage. If the generated
instruction program is viewed, the MPS, MRD and MPP instructions are present.

« When writing a program in instruction format, it is entirely down to the user to enter all
relevant MPS, MRD and MPP instructions as required.
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Multiple program examples:

X0 X1 I
|
—] | Yo ) 0 LD X 0 12 ANB
é X2 1 MPS 13 OUT Y 1
MPS 2 LD X 1 14 MPP
X3 X4 3 OR X 2 15 AND X 7
| N @ 4 ANB 16 OUT Y 2
é <5 %6 5 OUT Y 0 17 LD X 10
6 MRD 18 OR X 11
MRD 7 LD X 3 19 ANB
X7 8 AND X 4 20 OUT Y 3
é | Y2 9 LD X 5
X10 10 AND X 6
MPP 11 ORB
X11 |
X0 X1 X2 0o LD X 0 9 MPP
— g'"'ﬁpshﬂ vo. 1 MPS 10 AND X 4
MPRe, | X3 2 AND X 1 11 MPS
by
MPS 3 MPS 12 AND X 5
X4 X5 4 AND X 2 13 OUT Y 2
b e Cy2 5 OUT Y 0 14  MPP
é X6 6 MPP 15 AND X 6
MPP  MPS %% 7 AND X 3 16 OUT Y 3
é 8 OUT Y 1
MPP |
X0 X1 X2 X3 X4
Yo 0 LD X O 9 OUT Y 0
1 MPS 10 MPP
(v )— 2 AND X 1 11 OUT Y 1
MPS 3 MPS 12 MPP
Yoo 4 AND X 2 13 OUT Y 2
5 MPS 14 MPP
6 AND X 3 15 OUT Y 3
CY3)— 7 MPS 16 MPP
8 AND X 4 17 OUT Y 4
MPP
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2.14  Master Control and Reset !FXO(S)I FXon | FX \FX(ZC) |FX2N(C)\
Mnemonic Function Format Devices Program steps

Y, M (no special

MC Denotes the start M coils allowed)

(Master of a master control | —+— MC|N| | N denotes the 3

Control) block nest level (NO to
N7)

MCR Denotes the end of N denotes the

(Master a master control nest level (NO to 2

Control Reset) |block N7) to be reset.

Program example:

NO

X0
— [ MC | NO [M100}—
T 0 LD X 0
—— M100 ,3, 1 MC N 0
SP M 100
X1 4 LD X 1
| @ 5 OUT Y O
%2 6 LD X 2
| Y1 7 OUT Y 1
! Qo+ J= 8 MCR N 0
Note: SP - space key
MCR _NO | N - nest level of MC (NO to N7)

Basic points to remember:

After the execution of an MC instruction, the bus line (LD, LDI point) shifts to a point after
the MC instruction. An MCR instruction returns this to the original bus line.

The MC instruction also includes a nest level pointer N. Nest levels are from the range
NO to N7 (8 points). The top nest level is ‘0’ and the deepest is ‘7'.

The MCR instruction resets each nest level. When a nest level is reset, it also resets ALL
deeper nest levels. For example, MCR N5 resets nest levels 5 to 7.

When input X0=0N, all instructions between the MC and the MCR instruction execute.

When input X0=OFF, none of the instruction between the MC and MCR instruction
execute; this resets all devices except for retentive timers, counters and devices driven
by SET/RST instructions.

The MC instruction can be used as many times as necessary, by changing the device
number Y and M. Using the same device humber twice is processed as a double coil
(see section 2.5.2). Nest levels can be duplicated but when the nest level resets, ALL
occurrences of that level reset and not just the one specified in the local MC.
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Nested MC program example:

X0
A —F——{MC]| NO |M100}—

NO —— M100 Level NO: Bus line (B) active when X0
X1 is ON.
— (Yo
5 )
X2
—4F———{MC[ N1 [M101}

Level N1: Bus line (C) active when
N1 —~ M101 both X0 and X2 are ON.

E: G
' é

X4
————{MC | N2 |M102}—

Level N2: Bus line (D) active when

N2 — M102 X0,X2 and X4 are ON.
X5
— Cv2 o
D g
MCR| N2 |
X6 Level N1: MCRN2 executes and
— | Y3 restores bus line (C). If the MCR had
@ reset NO then the original bus bar (A)
C g would now be active as all master
~ controls below nest level 0 would reset.
MCR| N1 |
X7 Level NO: MCRN1 executes and

— | @ restores bus line (B).

MCR[ NO | Initial state: MCR NO executes and
restores the initial bus line (A).
X10
A 1 @ Output Y5 turns ON/OFF according to
~
the ON/OFF state of X10, regardless of
the ON/OFF status of inputs X0, X2 or
X4,
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215 Setand Reset |FXos)| FXoN | FX | FXeo)|FXane)
Mnemonic Function Format Devices Program steps
. : Y,M:1
SET Sets a bit device ’ .
(SET) permanently ON — . Y. M. S S, _spemal M
coils:2
Resets a bit Y, M,S, D V. Z .
RST device (see sect_lon D, s_peC|aI D
(ReSeT) ermanently —+— RST | | 2.16 for timers | registers, V and
%FF and counters Z:3
T,C)
Program example:
X0
\ 0 LD X 0
— SET J= 1 SET Y 0
X‘l 2 LD X 1
— RST J= 3 RST Y O
X2 4 LD X 2
1 SET J= 5 SET M O
X3 6 LD X 3
—| RST K= 7 RST M Q
X4 8 LD X 4
| J= 9 SET S 0
%Xs SET 10 b X s
)= 11 RST S O©
— | RST 12 LD X 6
X6 J= 13 RST D O
— | RST[ DO |

Basic points to remember:

- Turning ON X0 causes YO0 to turn ON.
YO remains ON even after X0 turns OFF.

- Turning ON X1 causes YO0 to turn OFF.
YO remains OFF even after X1 turns
OFF. X1

- SET and RST instructions can be used
for the same device as many times as YO
necessary. —
However, the last instruction activated
determines the current status.

X0

- ltis also possible to use the RST instruction to reset the contents of data devices such
as data registers, index registers etc. The effect is similar to moving ‘KO’ into the data
device.

Resetting timers and counters:
+ Please see next page.
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2.16  Timer, Counter (Out & Reset) [FXoi) | FXon | FX | FXeo [FXan)
Mnemonic Function Format Devices Program steps
ouT Driving timer or 32 bit .
(OUT) counter coils T,C counters:5
Others: 3
Resets timer and T.C _
RST counter, coils (See section
(ReSeT) contacts and — RST | || |2.15forother |T,C:2
resetable
current values :
devices)

Program example:

X0
— | RST| T246
X1
— | T246)—
K1234
T246
— Cyo o
X2
— | M8200
X3
— | RST| C200
X4
— | C200
DO
C200
— Cya o

2.16.1Basic Timers, Retentive Timers And
Counters

These devices can all be reset at any time by
driving the RST instruction (with the number
of the device to be reset).

On resetting, all active contacts, coils and
current value registers are reset for the
selected device. In the example, T246, a
1msec retentive timer, is activate while X1 is
ON. When the current value of T246 reaches
the preset ‘K’ value, i.e. 1234, the timer coil for
T246 will be activated. This drives the NO
contact ON. Hence, YO is switched ON.
Turning ON X0 will reset timer T246 in the
manner described previously.

Because the T246 contacts are reset, the
output YO will be turned OFF.

Retentive timers:
» For more information on retentive timers please see page 4-17.
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2.16.2

2.16.3

Normal 32 bit Counters

The 32 bit counter C200 counts (up-count, down-count) according to the ON/OFF state of
M8200. In the example program shown on the previous page C200 is being used to count the
number of OFF ~ ON cycles of input X4.

The output contact is set or reset depending on the direction of the count, upon reaching a
value equal (in this example) to the contents of data registers D1,D0 (32 bit setting data is
required for a 32 bit counter).

The output contact is reset and the current value of the counter is reset to ‘0’ when input X3 is
turned ON.

32 bit counters:

» For more information on 32 bit counters please see page 4-21.

High Speed Counters

High speed counters have selectable count
directions. The directions are selected by X10

driving the appropriate special auxiliary M — | @
coil. The example shown to the right works
in the following manner; when X10 is ON,
counting down takes place. When X10 is ‘

OFF counting up takes place. — RST] Casa)
In the example the output contacts of
counter CAAA and its associated current
count values are reset to “0” when X11 is
turned ON. When X12 is turned ON the

driven counter is enabled. This means it will X12 T

be able to start counting its assigned input — | Cans)—
signal (this will not be X12 - high speed K/D
counters are assigned special input signals, C AAA

please see page 4-22). — | @

Availability of devices:

* Not all devices identified here are available on all programmable controllers. Ranges
of active devices may vary from PLC to PLC. Please check the specific availability of
these devices on the selected PLC before use. For more information on high speed
counters please see page 4-22. For PLC device ranges please see chapter 8.
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- When

the PLC status is

2.17 Leading and Trailing Pulse !FXO(S)I FXON| FX \FX<ZC>\FX2N(C)\
Mnemonic Function Format Devices Program steps
PLS Rising edge Y, M ,
(PULSe) pulse —{ PLS | | (no special M 2
coils allowed)
PLF Falling / trailing _ PLE Z;C!\/Is ecial M 5
(PuLse Falling) | edge pulse -- ) SP
coils allowed)
Program example:
LY MO | 0 LD X 0
| PLS| MO
MO J= 1 PLS M O
\ 3 LD M 0
X1 5 LD X 1
— | PLF J= 6 PLF M 1
M1 8 LD M 1
| RST[ YO | 9 RST Y O
Basic points to remember:
- When a PLS instruction is
executed, object devices Y
and M operate for one &,—‘ ‘ \—
operation cycle after the drive X1
input signal has turned ON. o |
. o Mo ] i
- When a PLF instruction is !
executed, object devices Y | M1 [
and M operate for one
operation cycle after the drive m
input signal has turned OFF. t msec

changed from RUN to STOP and back to RUN with the input signals still ON, PLS MO is
operated again. However, if an M coil which is battery backed (latched) was used instead
of MO it would not re-activate. For the battery backed device to be re-pulsed, its driving
input (ex. X0) must be switched OFF during the RUN/STOP/RUN sequence before it will
be pulsed once more.
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2.18 Inverse ‘FXO(S)‘ FXon ‘ FX ‘FX(ZC) IFXZN(C)‘
Mnemonic Function Format Devices Program steps
Invert the current
INV result of the
(Inverse) internal PLC N/A !
operations

Program example:

X0
— | PLS O Lb X 0
MO J= 1 PLS M 0
| 3 LD M O
— | SET 4 SET Y O
X1 5 LD X 1
— PLE J= 6 PLF M 1
M1 8 LD M 1
— | RST 9 RST Y O

Basic points to remember:

- The INV instruction is used to change (invert) the logical state of the current ladder
network at the inserted position.

- Usage is the same as for AND and ANI; see eatrlier.

Usages for INV
« Use the invert instruction to quickly change the logic of a complex circuit.

It is also useful as an inverse operation for the pulse contact instructions LDP, LDF,
ANP, etc.
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2.19  No Operation | FXos)| FXon | FX | FX(o) [FXane)
Mnemonic Function Format Devices Program steps
NOP No operation or
(No Operation) |null step N/A N/A 1

Basic points to remember:

- Writing NOP instructions in the middle of a program minimizes step number changes
when changing or editing a program.

- It is possible to change the operation of a circuit by replacing programmed instructions
with NOP instructions.

- Changing a LD, LDI, ANB or an ORB instruction with a NOP instruction will change the
circuit considerably; quite possibly resulting in an error being generated.

- After the program ‘all clear operation’ is executed, all of the instructions currently in the
program are over written with NOP’s.
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2.20 End ’ FXos) | FXon | FX \ FX2c) IFXZN(C)‘
Mnemonic Function Format Devices Program steps
END Forces the current
(END) program scan to END N/A 1
end

Basic points to remember:

- Placing an END instruction in a program forces that program to end the current scan and
carry out the updating processes for both inputs and outputs.

- Inserting END instructions in the middle of the program helps program debugging as the
section after the END instruction is disabled and isolated from the area that is being
checked. Remember to delete the END instructions from the blocks which have already
been checked.

- When the END instruction is processed the PCs watchdog timer is automatically
refreshed.

A program scan:
» A program scan is a single processing of the loaded program from start to finish, This

includes updating all inputs, outputs and watchdog timers. The time period for one
such process to occur is called the scan time. This will be dependent upon program
length and complexity. Immediately the current scan is completed the next scan
begins. The whole process is a continuous cycle. Updating of inputs takes place at
the beginning of each scan while all outputs are updated at the end of the scan.
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3.1

STL Programming |FXos)| FXon | FX | FX@o)[FXaneo)

This chapter differs from the rest of the contents in this manual as it has been written with a
training aspect in mind. STL/SFC programming, although having been available for many
years, is still misunderstood and misrepresented. We at Mitsubishi would like to take this
opportunity to try to correct this oversight as we see STL/SFC programming becoming as
important as ladder style programming.

What is STL, SFC And IEC1131 Part 3?

The following explanation is very brief but is designed to quickly outline the differences and
similarities between STL, SFC and IEC1131 part 3.

In recent years Sequential Function Chart (or SFC) style programming (including other similar
styles such as Grafcet and Funktionplan) have become very popular through out Europe and
have prompted the creation of IEC1131 part 3.

The IEC1131 SFC standard has been designed to become an interchangeable programming
language. The idea being that a program written to IEC1131 SFC standards on one
manufacturers PLC can be easily transferred (converted) for use on a second manufacturers
PLC.

STL programming is one of the basic programming instructions included in all FX PLC family
members. The abbreviation STL actually means STep Ladder programming.

STL programming is a very simple concept to understand yet can provide the user with one of
the most powerful programming techniques possible. The key to STL lies in its ability to allow
the programmer to create an operational program which ‘flows’ and works in almost exactly the
same manner as SFC. This is not a coincidence as this programming technique has been
developed deliberately to achieve an easy to program and monitor system.

One of the key differences to Mitsubishi’s STL programming system is that it can be entered
into a PLC in 3 formats. These are:

I) Instruction - a word/mnemonic entry system

I1) Ladder - a graphical program construction method using a relay logic symbols
[11) SFC - a flow chart style of STL program entry (similar to SFC)

Examples of these programming methods can be seen on page 2-1.

General note:

e |EC1131-3: 03.1993 Programmable controllers; part 3: programming languages.
The above standard is technically identical to the ‘Euro-Norm’
EN61131-3: 07.1993
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3.2 How STL Operates

As previously mentioned, STL is a system which

allows the user to write a program which functions ©M8002-1
in much the same way as a flow chart, this can be
seen in the diagram opposite. S0
STL derives its strength by organizing a larger
program into smaller more manageable parts. oX0 -+ OX0 I
Each of these parts can be referred to as either a o X1 oxX1 -
state or a step. To help identify the states, each is
given a unique identification number. These S22
numbers are taken from the state relay devices S 26
(see page 4-6 for more details).
oT0 ® X15-
S 27
oOT7 +—

3.2.1 Each stepis a program

Each state is completely isolated from all other states within the whole program. A good way to
envisage this, is that each state is a separate program and the user puts each of those
programs together in the order that they require to perform their task. Immediately this means
that states can be reused many times and in different orders. This saves on programming time
AND cuts down on the number of programming errors encountered.

A Look Inside an STL

On initial inspection the STL program looks as if it is a rather basic flow diagram. But to find out
what is really happening the STL state needs to be put ‘under a microscope’ so to speak.
When a single state is examined in more detail, the sub-program can be viewed.

With the exception of the STL instruction, it will be
immediately seen that the STL sub-program looks
just like ordinary programming.

® The STL instruction is shown as a ‘fat’ normally
open contact.
All programming after an STL instruction is only
active when the associated state coil is active.

@ The transition condition is also written using
standard programming.

This idea re-enforces the concept that STL is really
a method of sequencing a series of events or as
mentioned earlier ‘of joining lots of smaller
programs together’.
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3.3

3.3.1

3.3.2

Combined SFC Ladder representation

Sometimes STL programs will be written in hard copy as a combination of both flow diagram
and internal sub-program. (example shown below).
Identification of contact states

« Please note the following convention ©M8002

is used: @)—.

O Normally Open contact ox0_F ool

® Normally Closed contact ex14 oX14
Common alternatives are ‘a’ and ‘b’ E [s26}—Cvze>
identifiers for Normally Open, (10
Normally Closed states or often a line oTo K20 el
drawn over the top of the Normally
Closed contact name is used, e.g. [s27 (27>
X000. o7

K20

How To Start And End An STL Program

Before any complex programming can be undertaken the basics of how to start and more
importantly how to finish an STL program need to be examined.

Embedded STL programs

An STL style program does not have to LD X000

entirely replace a standard ladder logic OUT Y004 |  Normal Ladder Program
program. In fact it might be very difficult to do ot sooe |

so. Instead small or even large section of STL STL  S009

program can be entered at any point in a ouT  Yo1o0

program. Once the STL task has been '(‘)%'T éggz Embedded STL Program
completed the program must go back to RET ]

processing standard program instructions until LD X005

the next STL program block. Therefore, oot ool

identifying the start and end of an STL

program is very important.

Activating new states

Once an STL step has been selected, how is it used and how is the program ‘driven’?

This is not so difficult, if it is considered that for an STL step to be active its associated state
coil must be ON. Hence, to start an STL sequence all that has to be done is to drive the
relevant state ON.

There are many different methods to drive a

state, for example the initial state coils could —S{]TBL 5z

be pulsed, SET or just included in an OUT S22 K20
instruction. However, within Mitsubishi’'s STL
programming language an STL coil which is TO SETTS27]
SET has a different meaning than one that is STL ﬁ — SEL S21
included in an OUT instruction. _Sﬂzﬂ7 b

Note: For normal STL operation it is recommended that the states are selected using the
SET instruction. To activate an STL step its state coil is SET ON.
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Initial Steps

For an STL program which is to be activated @ {&

on the initial power up of the PLC, a trigger 4M{8‘002 SET
similar to that shown opposite could be used, ST‘L X001

i.e. using M8002 to drive the setting of the — [ | @
initial state. S005 | w000

The STL step started in this manner is often @ | (Y011
referred to as the initial step. Similarly, the X012

step activated first for any STL sequence is | @
also called the initial step. Xo}lﬂ

3.3.3  Terminating an STL Program

Once an STL program has been started the programmable controllers CPU will process all fol-
lowing instructions as being part of that STL program. This means that when a second pro-
gram scan is started the normal instructions at the beginning of the program are considered to
be within the STL program. This is obviously incorrect and the CPU will proceed to identify a
programming error and disable the programmable controllers operation.

This scenario may seem a little strange but it does make sense when it is considered that the
STL program must return control to the ladder program after STL operation is complete. This
means the last step in an STL program needs to be identified in some way.

Returning to Standard Ladder

This is achieved by placing a RET or RETurn M8002
instruction as the last instruction in the last — SET/ S005)
STL X001
ST_L §tep of an STL program block. _ By g @
This instruction then returns programming con- S005 | w000
trol to the ladder sequence. — | (Yo1D—
X012
Rty (Yor—
X013
— Q
RET

Note: The RET instruction can be used to separate STL programs into sections, with stan-
dard ladder between each STL program. For display of STL in SFC style format the RET

instruction is used to indicate the end of a complete STL program.
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3.4 Moving Between STL Steps

To activate an STL step the user must first drive the state coil. Setting the coil has already
been identified as a way to start an STL program, i.e. drive an initial state. It was also noted
that using an OUT statement to driving a state coil has a different meaning to the SET
instruction. These difference will now be explained:

3.4.1 Using SET to drive an STL coil

e SET is used to drive an STL state coil to make the step active. Once the current STL step
activates a second following step, the source STL coil is reset. Hence, although SET is
used to activate a state the resetting is automatic.

However, if an STL state is driven by a

series of standard ladder logic instructions, X000 S040

i.e. not a preceding STL state, then — (5020)—
standard programming rules apply. S020

In the example shown opposite S20 is not @ @

reset even after S30 or S21 have been é SETTS0zT]
driven. In addition, if S20 is turned OFF,

S30 will also stop operating. This is RST[ 5022
because S20 has not been used as an STL
state. The first instruction involving the
status of S20 is a standard LoaD instruction and NOT an STL instruction.

Note: If a user wishes to forcibly reset an
STL step, using the RST or ZRST (FNC X000
40) instructions would perform this task. % I JZRST[S21[S28 F{

e SET is used to drive an immediately following STL step which typically will have a larger
STL state number than the current step.

e SET is used to drive STL states which occur within the enclosed STL program flow, i.e.
SET is not used to activate a state which appears in an unconnected, second STL flow
diagram.
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3.4.2  Using OUT to drive an STL caoll

This has the same operational features as using SET. However, there is one major function
which SET is not used. This is to make what is termed ‘distant jumps’.

OUT is used for loops and jumps

If a user wishes to ‘jump’ back up a program, | Partial Program
i.e. go back to a state which has already been repeat jump
processed, the OUT instruction would be used S 20
with the appropriate STL state number. ouT
Alternatively the user may wish to make a @; |
large ‘jump’ forwards skipping a whole section
of STL programmed states. S 21
ouT
@,, s S22
S 23 S23

Out is used for distant jumps
If a step in one STL program flow was required STL
to trigger a step in a second, separate STL flow 1
program flow the OUT instruction would be
used.

Note: Although it is possible to use SET for jumps and loops use of OUT is needed for
@ display of STL in SFC like structured format.
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3.5 Rules and Techniques For STL programs

It can be seen that there are a lot of advantages to using STL style programming but there are
a few points a user must be aware of when writing the STL sub-programs.

These are highlighted in this section.

3.5.1 Basic Notes On The Behavior Of STL programs

« When an STL state becomes active its program is processed until the next step is triggered.
The contents of the program can contain all of the programming items and features of a
standard ladder program, i.e. LoaD, AND OR, OUT, ReSeT etc., as well as applied

instructions.

* When writing the sub-program of an STL state, the first vertical ‘bus bar’ after the STL
instruction can be considered in a similar manner as the left hand bus bar of a standard lad-

der program.

Each STL step makes its own bus bar. This
means that a user, cannot use an MPS

instruction directly after the STL instruction j}TﬂL
(see @), i.e. There needs to be at least a S005

single contact before the MPS instruction.

Note: Using out coils and even applied
@ instructions immediately after an STL
instruction is permitted.

Y000

@®
W

X000

o]

X012

X013
%D

RET

« In normal programming using dual coils is not an acceptable technique. However repetition

of a coil in separate STL program blocks is allowed.

This is because the user can take advantage of the STL's
unique feature of isolating all STL steps except the active €

STL steps.

This means in practice that there will be no conflict between S30 11D
dual coils. The example opposite shows M111 used twice in a

single STL flow.

Caution: The same coil should NOT be programmed in steps S31 -M112
that will be active at the same time as this will result in the
same problem as other dual coils. T ﬁ
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.

®

When an STL step transfers control to the next STL
step there is a period (one scan) while both steps
are active. This can cause problems with dual coils;
particularly timers.

If timers are dual coiled care must be taken to
ensure that the timer operation is completed during
the active STL step.

If the same timer is used in consecutive steps then it
is possible that the timer coil is never deactivated
and the contacts of the timer will not be reset
leading to incorrect timer operation.

The example opposite identifies an unacceptable
use of timer TO01. When control passes from S30 to
S31 T0O01 is not reset because its coil is still ON in
the new step.

K20

TOoO1.

K50

Note: As a step towards ensuring the correct operation of the dual timers they

should not be used in consecutive STL steps.

Following this simple rule will ensure each timer will be reset correctly before its next

operation.

As already mentioned, during the transfer between
steps, the current and the selected steps will be
simultaneously active for one program scan. This
could be thought of as a hand over or handshaking
period.

This means that if a user has two outputs contained
in consecutive steps which must NOT be active
simultaneously they must be interlocked. A good
example of this would be the drive signals to select
a motors rotation direction. In the example Y11 and
Y10 are shown interlocked with each other.

Y10

D

v

Y11

AN
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3.5.2 Single Signal Step Control

Transferring between active STL steps can be controlled by a single signal. There are two
methods the user can program to achieve this result.

Method 1 - Using locking devices |FXas) | FXon | FX | FXec) [FXan(o)

In this example it is necessary to program separate locking devices, and the controlling signal
must only pulse ON. This is to prevent the STL programs from running through.
The example shown below identifies the general program required for this method.

- S30 is activated when MO is first pulsed ON.

- The operation of M1 prevents the sequence O MO
from continuing because although MO is ON, é
the transfer requirements, need MO to be ON S 30
and M1 to be OFF. u

- After one scan the pulsed MO and the ‘lock’ | &= O MO~ =
device M1 are reset. o M1 - |

- On the next pulse of MO the STL step will
transfer program control from S31 to the next

step in a similar manner. This time using M2 as S3l
the ‘lock’ device because dual coils in
successive steps is not allowed. O MO+

® M2+

- The reason for the use of the ‘lock’ devices M1
and M2 is because of the handshaking period
when both states involved in the transfer of
program control are ON for 1 program scan. Without the ‘locks’ it would be possible to
immediately skip through all of the STL states in one go!

Method 2 - Special Single Pulse Flags | FXos)| FXon | FX | FXeo) [FXanc)

Using the pulse contacts (LDP, LDF, ANP, etc.) and a special range of M devices (M2800 to
M3071) the FX2N(C) PLC’s achieves the same result as method 1. The special feature of
these devices prevents run through of the states, as only the first occurrence of the LDP
instruction will activate.

The example program below shows the necessary instructions.

- Assume S50 is already active.

- When X01 activates M2800, this in turn LADO
activates the LDP M2800 instruction in
S50 and the flow moves on to step

Do not use the
step control
device in a
pulse contact

S51. " within the main
- The LDP M2800 instruction in the . program body.

transition part of S51 does not execute :

because this is the second occurrence S50 M2800

of M2800 in a pulse contact. M2800 —— { }—n)
- When X01 next activates M2800, the S5l M2800

LDP instruction in S51 is the first M2800 —— {}—”)

occurrence because S50 is now
inactive. Thus, control passes to the
next step in the same manner.

........
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3.6 Restrictions Of Some Instructions When Used With STL

Although STL can operate with most basic and applied instructions there are a few exceptions.
As a general rule STL and MC-MCR programming formats should not be combined. Other
instruction restrictions are listed in the table below.

Basic Instructions
LD, LDI, AND,
Operational State ANI, OR,ORI, ANB, ORB,
NOP, OUT, MPS,MRD, MC, MCR
SET, RST, MPP
PLS,PLF
Initial and general v v X
states
Output
Branch- . v v X
ing and processing
merging
states Transfer
STL STL
processing HUQ]TDT] v X X

Restrictions on using applied instructions

)

Most applied instructions can be used within STL programs. Attention must be paid to
the way STL isolates each non-active step. It is recommended that when applied
instructions are used their operation is completed before the active STL step transfers to
the next step.

Other restrictions are as follows:

- FOR - NEXT structures can not contain STL program blocks.

- Subroutines and interrupts can not contain STL program blocks.
- STL program blocks can not be written after an FEND instruction.

- FOR - NEXT instructions are allowed within an STL program with a nesting of up to 4
levels.

For more details please see the operational compatibility listed in the two tables on
pages 7-12,7-13.

Using ‘jump’ operations with STL

« Although it is possible to use the program jump operations (CJ instruction) within STL
program flows, this causes additional and often unnecessary program flow
complications. To ensure easy maintenance and quick error finding it is recommended
that users do not write jump instructions into their STL programs.

3-10
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3.7

Using STL To Select The Most
Appropriate Program

’FXO(S)I FXoN | FX ‘FX(ZC)‘FXZN(C)‘

So far STL has been considered as a simple flow charting programming language. One of
STL's exceptional features is the ability to create programs which can have several operating
modes. For example certain machines require a selection of ‘manual’ and ‘automatic’ modes,
other machines may need the ability to select the operation or manufacturing processes
required to produce products ‘A’, ‘B’, ‘C’, or ‘D’. STL achieves this by allowing multiple program
branches to originate from one STL state. Each branch is then programmed as an individual
operating mode, and because each operating mode should act individually, i.e. there should be
no other modes active; the selection of the program branch must be mutually exclusive. This
type of program construction is called “Selective Branch Programming”. An example
instruction program can be seen below, (this is the sub-program for STL state S20 only) notice
how each branch is SET by a different contact.

|
s20 ——( Y0) oUT ¥ o
SET S o1 o
X0 -+ X1 —+ X2 - ;'ET >S( 31 =
é s21 é s31 é s41 ser 5 41 =A

A programming construction to split the program flow between different branches is very useful
but it would be more useful if it could be used with a method to rejoin a set of individual
branches.

STL S 29

s29-(Y10) |s39 S 49 OUT Y 10
LD X 104

- X10 -+ X11 -+ X12 SET S 50

™ STL S 39

;% P OUT Y 11
LD X 114

S50 SET S 50

STL S 49

OUT Y 12
LD X 12z

SET S 50

This type of STL program construction is called a “First State Merge” simply because the first
state (in the example S29, S39 or S49) to complete its operation will cause the merging state
(S50) to be activated. It should be noticed how each of the final STL states on the different
program branches call the same “joining” STL state.
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Limits on the number of branches

* Please see page 3-14 for general notes on programming STL branches.

Notes on using the FX-PCS/AT-EE software

* Please see page 3-15 for precautions when using the FX-PCS-AT/EE software.

3.8 Using STL To Activate Multiple Flows
Simultaneously

’FXO(S)I FXoN | FX ‘FX(ZC)‘FXZN(C)‘

In the previous branching technique, it was seen how a single flow could be selected from a
group. The following methods describe how a group of individual flows can be activated
simultaneously. Applications could include vending machines which have to perform several
tasks at once, e.g. boiling water, adding different taste ingredients (coffee, tea, milk, sugar) etc.
In the example below when state S20 is active and X0 is then switched ON, states S21, S31
and S41 are ALL SET ON as the next states. Hence, three separate, individual, branch flows
are ‘set in motion’ from a single branch point. This programming techniqgue is often called a
‘Parallel Branch’. To aid a quick visual distinction, parallel branches are marked with horizontal,

parallel lines.
| STL S 20
s20———(Y0) ouT Y 0
ID X O
X0 SET S 21
SET S 31, =4
é SET S 41
s21 S 31 S 41
2% MITSUBISHI 3-12
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When a group of branch flows are activated, the user will often either;

a) ‘Race’ each flow against its counter parts. The flow which completes fastest would then
activate a joining function (“First State Merge” described in the previous section) OR

b) The STL flow will not continue until ALL branch flows have completed there tasks.
This is called a ‘Multiple State Merge”.

An explanation of Multiple State Merge now follows below.

In the example below, states S29, S39 and S49 must all be active. If the instruction list is
viewed it can be seen that each of the states has its own operating/processing instructions but
that also additional STL instructions have been linked together (in a similar concept as the
basic AND instruction). Before state S50 can be activated the trigger conditions must also be
active, in this example these are X10, X11 and X12. Once all states and input conditions are
made the merging or joining state can be SET ON. As is the general case, all of the states
used in the setting procedure are reset automatically.

STL S 29
Seinn Uy B
ﬂ S 39

X10 +— STL S

X1l +— >z OuT Y 11
X12 } S

S50 STL'S 49
OUT Y 12

STL
STL
STL
LD
AND
AND
SET

29
39
o [ E=A
10
11

N—"
NDXXXONnunwm

50 =A

Because more than one state is being simultaneously joined with further states (some times
described as a parallel merge), a set of horizontal parallel lines are used to aid a quick visual
recognition.

Limits on the number of branches
« Please see page 3-14 for general notes on programming STL branches.

Notes on using the FX-PCS/AT-EE software

» Please see page 3-15 for precautions when using the FX-PCS-AT/EE software.
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3.9

General Rules For Successful STL Branching

For each branch point 8 further branches may be programmed. There are no limits to the num-
ber of states contained in a single STL flow. Hence, the possibility exists for a single initial state
to branch to 8 branch flows which in turn could each branch to a further 8 branch flows etc. If
the programmable controllers program is read/written using instruction or ladder formats the
above rules are acceptable. However, users of the FX-PCS/AT-EE programming package who
are utilizing the STL programming feature are constrained by further restrictions to enable
automatic STL program conversions (please see page 3-15 for more details).

When using branches, different types of branching /merging cannot be mixed at the same
branch point. The item marked with a ‘S’ are transfer condition which are not permitted.

%,,

%77
|

The following branch configurations/modifications are recommended:

\ \ \ \ \ \ \ \ \ \
[Ss20] [s30] [s40] [s20][s30]|[s40] [s20][s30] [s20]]s30]
X0 + X1 + X2 + | X0 + X1 —+ —
X0 T X0 -
_ X1 -+ X2 +
X3 + X4 -+
S 50] [S 60 S 40] | S50 S 40| [s50
S 50] [S 60 Evj ‘\H\‘ ‘\H\‘
& Rewrite as & Rewriteas g
\ \ \ \ \ \ \ \ \ \
[s20] [s30] [s40] [s20][s30]|[s40] [s20][s30] [s20]][s30]
X0 +— X1 + X2 — ‘ ‘ X0 + X1 —+ :74‘—
X0 —+ X0 —+
S 100 Dummy state Dummy Dummy Dummy
5109 Y [s10 state [s10 state [s 103 state
—(S100) 4 (S100) s s02) (5103 (s103)
X3 +— X4 — ] X1 -+ X2
s50] [S60 S [s40] [ss0] [sa40][s50]
\ \ \ \
In Instruction In Instruction
‘ format... ‘ format... ‘ ‘
STL S 20 STL S 20 STL S 20 STL S 20
LD X O STL S 30 LD X 0 STL S 30
SET S 100 STL S 40 SET S 102 LD X 0
STL S 30 LD X 0 STL S 30 SET S 103
LD X 1 SET S 101 LD X 1 STL S 103
SET S 100 STL S 101 SET S 102 LD S 103
STL S 40 LD S 101 STL S 102 AND X 1
LD X 2 SET S 50 LD S 102 SET S 40
SET S 100 SET S 60 SET S 40 LD S 103
STL S 100 SET S 50 AND X 2
LD S 100 SET S 50
AND X 3
SET S 50
LD S 100
AND X 4
SET S 60
S MITSUBISHI 314
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Further recommended program changes:

S 20 S 20
Rewrite as...
X0 X10 —+ = X0 X0 - X10 -+ X10 —
X1 —+ X4 jF X11 - X14 ]F X1 X4 —+ X11 -+ X14
[s21] [s23] [s25] [s27] [s21] [s23] [s25] [s27]
X2 x5 4 x12 + x15 x2 - x5 + x12 + x15
[s22] [s24] [s26] [s28] [s22] [s24] [s26] [s28]
X3 —+ X6 jL X13 -+ X16 ]L X3 - X6 - X13 - X16
X7 —+ X17 X7 -+ X7 -+ X17 + X17
S 29 S 29

Program violation!

Rewrite as...
S 20

X0 —+ X1 —+

JD
i

[ [
[s21] [s23] [s25] [s27]
- X2 X3 x4 X5
\ [s22] [s24] [s26] [s28]
[ [

+
+
+

e N N

S 29

STL S 20 STL S 22

LD X O STL S 24

SET S 21 LD X 6

SET S 23 SET S 29

LD X 1 STL S 26

SET S 25 STL S 28

SET S 27 LD X 7
SET S 29

3.10  General Precautions When Using

The FX-PCS/AT-EE Software 1 e e

This software has the ability to program in SFC flow diagrams. As part of this ability it can read
and convert existing STL programs back into SFC flows even if they were never originally
programmed using the FX-PCS/AT-EE software. As an aid to allowing this automatic SFC flow
generation the following rules and points should be noted:

1) When an STL flow is started it should be initialized with one of the state devices from the
range SO to S9.

2) Branch selection or merging should always be written sequentially moving from left to right.
This was demonstrated on page 3-11, i.e. on the selective branch S21 was specified before
S31 which was specified before S41. The merge states were programmed in a similar
manner, S29 proceeded S39 which proceeded S49.

3) The total number of branches which can be programmed with the STL programming mode
are limited to a maximum of 16 circuits for an STL flow. Each branch point is limited to a
maximum of 8 branching flows. This means two branch points both of 8 branch flows would
equal the restriction. These restrictions are to ensure that the user can always view the STL
flow diagram on the computer running the FX-PCS-AT/ EE software and that when it is
needed, the STL program flow can be printed out clearly.
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3.11  Programming Examples

3.11.1 A Simple STL Flow

’FXO(S)I FXON| FX \FX(zc) |FX2N(C)‘

Loading hopper

Y12 Y10

Start button
X0
=

Ore truck

n

B x2

Ore dischange point

This simple example is an excerpt from a semi-automatic loading-unloading ore truck program.
This example program has a built in, initialization routine which occurs only when the PLC is
powered from OFF to ON. This is achieved by using the special auxiliary relay M8002.

are reset. The program example opposite

M8002
P | [ZRST] S21] 525%{
shows an M8002/ZRST example.

The push button X0 acts as a start button and a mode selection button. The STL state SO is
initialized with the ZRST instruction. The system waits until inputs X0 and X2 are given and Y
13 is not active. In the scenario this means the ore truck is positioned at the ore discharge
point, i.e. above the position sensor X2. The ore truck is not currently discharging its load, i.e.
the signal to open the trucks unloading doors (Y13) is not active and the start button (X0) has
been given. Once all of the points have been met the program steps on to state S21.

This activates a Zone ReSeT (ZRST is applied
instruction 40) instruction which ensures all of
the operational STL states within the program

On this state the ore cart is moved (Y10) and positioned (X1) at the loading hopper. If the start
button (XO0) is pressed during this stage the ore cart will be set into a repeat mode (M2 is reset)
where the ore truck is immediately returned to the loading hopper after discharging its current
load. This repeat mode must be selected on every return to the loading station.

Once at the loading point the program steps onto state S22. This state opens the hoppers
doors (Y11) and fills the truck with ore. After a timed duration, state S23 is activated and the
truck returns (Y12) to the discharge point (X2).
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Once at the discharge point the truck opens its bottom doors (Y13). After a timed duration in
which the truck empties its contents, the program checks to see if the repeat mode was
selected on the last cycle, i.e. M2 is reset. If M2 was reset (in state S21) the program ‘jumps’ to
step S21 and the ore truck is returned for immediate refilling. If M2 is not reset, i.e. it is active,
the program cycles back to STL state SO where the ore truck will wait until the start push
button is given.

This is a simple program and is by no means complete but it identifies the way a series of tasks
have been mapped to an STL flow.

4@ M8002
— | SET[ SO |
X0 —+
X2 —+ —{ZRST| S21[S 25 |
Y13 T STL X0 X2 Y13
Eg Y10 43‘”0 }—{
X0 STL
X1 —+ RSTM2 | —1 Y10
s21 X0
s22f (VD —
K70 X1
T1 - 1 ——F———1{SET[S 22 |
STL
sz s
K70
X2 + (T1—
T1
e R > —
50 STL
@ - Y12
T2 —+ S 23 X2
- —
M2 —+— M2 STL
— 1 Y13
E25 S24 K50
T2
M2 —+ T2 M2
—
T2 M2
—
STL
LD MB002 | LD X 1 | OUTT 2 M2 |
SETS 0 | SET S 22 K 50 @2”5 SETLM2
ZRST 40 | STLS22 | LD T 2 M2
S 21  OUTY1l | ANI M 2 G20 —
S 25 | OUTT 1 | SET S 25
STLS 0 K 70 | LD T 2 RET
LD X 0 | LD T 1 | ANDM 2
ANDX 2 | SETS23 | OUTS 0 END
ANI Y 13 | STL S23 | STL S 25
SETS 21 | OUTY 12 | SETM 2
STLS 21 | LD X 2 | LD M 2
OUTY 10 | SET S 24 | OUTS 21
LD X 0 | STL S24 | RET
RSTM 2 | OUTY 13 | END

Identification of normally closed contacts
This example has used the line convention to identify normally closed contacts, for further

variations and different methods used to perform this task please see the information note
page 3-3.
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3.11.2

A Selective Branch/ First State Merge Example Program

The following example depicts an automatic sorting robot. The robot sorts two sizes of ball
bearings from a mixed ‘source pool’ into individual storage buckets containing only one type of
ball bearing.

o

e X1 X3 xa[] x5
B L . e

v X2
1

YO

Y1

)

oo U U

The sequence of physical events (from initial power On) are:

APV,

1) The pickup arm is moved to its zero-point when the start button (X12) is pressed. When the
pickup arm reaches the zero-point the zero-point lamp (Y7) is lit.

2) The pickup arm is lowered (YO) until a ball is collected (Y1). If the lower limit switch (X2) is
made a small ball bearing has been collected; consequently no lower limit switch signal
means a large ball bearing has been collected. Note, a proximity switch (X0) within the
‘source pool’ identifies the availability of ball bearings.

3) Depending on the collected ball, the pickup arm retracts (output Y2 is operated until X3 is
received) and moves to the right (Y3) where it will stop at the limit switch (X4 or X5)
indicating the container required for storage.

4) The program continues by lowering the pickup arm (YO) until the lower limit switch (X2) is
reached.

5) The collected ball being is released (Y1 is reset).

6) The pickup arm is retracted (Y2) once more.

7) The pickup arm is traversed back (Y4) to the zero-point (X1).
Points to note

» The Selective Branch is used to choose the delivery program for either small ball
bearings or large ball bearings. Once the destination has been reached (i.e. step S24
or S27 has been executed) the two independent program flows are rejoined at step
S30.

« The example program shown works on a single cycle, i.e. every time a ball is to be
retrieved the start button (X12) must be pressed to initiate the cycle.
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Full STL flow diagram/program.

This example uses the dot notation to identify
normally open and normally closed contacts.

© Normally open contacts
® Normally closed contacts

Lower limit = large ball

SET! Y1 ] Collect

10 ball

— : ) Raise

pickup arm
Upper limit reached

X5

-

SO
OX12 7 gran
©Y7 - Zero-point arrival
S21 @ Lower pickup arm
10
oTO —+ 0T0 —+
OX2 -+ Lower limit = small ball ® X2 —+
S22 SET] Y1 ] Collect ball S 25
K10
oTL —+ (1) oT1
s23 —— Y2 ) Raise S 26
pickup arm
OX3 - Upper limit reached O X3 A
X4
S24 M S 27
O0X4 —+ Move to small ball bucket O X5 —
S 30 Lower pickup arm
OX2 — Lower limit reached
S31 RST| Y1 |Release ball
K10
oT2 T —(T12)
S 32 4® Raise pickup arm
OX3 - Upper limit reached
X1
S 33 Return to zero-point
OX1 -~ Zero-point reached

Move to large ball bucket

2% MITSUBISHI
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3.12 Advanced STL Use

STL programming can be enhanced by using the Initial State Applied Instruction. This
instruction has a mnemonic abbreviation of IST and a special function number of 60. When the
IST instruction is used an automatic assignment of state relays, special auxiliary relays (M
coils) is made. The IST instruction provides the user with a pre-formatted way of creating a
multi-mode program. The modes available are:

a) Automatic:
- Single step
- Single cycle
- Continuous
b) Manual:
- Operator controlled
- Zero return

More details on this instruction can be found on page 5-67.
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4.1

Devices in Detall |FXos)| FXoN | FX | FXeo)|FXane)

Inputs

Device Mnemonic: X
Purpose: Representation of physical inputs to the programmable controller (PLC)

Alias: /P

Inp
(X) Input
Input contact

Available forms:  NO (®) and NC (@) contacts only
(see example device usage for references)

Devices numbered in: Octal, i.e. X0 to X7, X10 to X17
Further uses: None
Example device usage:

e o |

Available devices:
» Please see the information point on page 4-2, Outputs. Alternatively refer to the
relevant tables for the selected PLC in chapter 8.
Configuration details:

* Please see chapter 9
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4.2

Outputs

Device Mnemonic: Y

’FXO(S)I FXon | FX ‘FX(ZC) |FX2N(C)‘

Purpose: Representation of physical outputs from the programmable controller

o/P

Otp

Out (Y)
Output (Y)

Alias:

Output (coil/ relay/ contact)

Available forms:

NO (®) and NC contacts and output coils (@)

(see example device usage for references)

Devices numbered in:
Further uses: None
Example device usage:

Available devices:

Octal, i.e. YOto Y7, Y10 to Y17

<
[EN
o

Maximum number of Maximum number of Absolute total
PLC . .
inputs outputs available 1/0
FXo(s) Set by selected base unit 30
84 Max. input config’ 40
FXoN i J 19 . 128
(60) 64 Max. output config’
FX 128 128 256
FX(2c) 256 (addressable in 256 (addressable in | 256 (Total addressed in
FX2N(C) software) software) software/hardware)

* Please note, these are all the absolute maximums which are available. The values are
subject to variations caused by unit selection. For configuration details please see

chapter 9.

« For more information about the device availability for individual PLC'’s, please see

chapter 8.
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4.3

431

Auxiliary Relays

’FXO(S)I FXon | FX ‘FX(ZC) |FX2N(C)‘

Device Mnemonic: M
Purpose: Internal programmable controller status flag

Alias: Auxiliary (coil/ relay/ contact/ flag)
M (coil/ relay/ contact /flag)

M (bit) device

NO (®) and NC contacts and output coils (@)
(see example device usage for references)
Decimal, i.e. MO to M9, M10 to M19

General stable state auxiliary relays - see page 4-3
Battery backed/ latched auxiliary relays - see page 4-4
Special diagnostic auxiliary relays - see page 4-5

Available forms:

Devices numbered in:
Further uses:

Example device usage:

X0 X1
| 4
wsor|

@

General Stable State Auxiliary Relays

« A number of auxiliary relays are used in the PLC. The coils of these relays are driven by
device contacts in the PLC in the same manner that the output relays are driven in the

program.

All auxiliary relays have a number of electronic NO and NC contacts which can be used by
the PLC as required. Note that these contacts cannot directly drive an external load. Only

output relays can be used to do this.

Available devices:

PLC FX0(S) FXON FX FX(2C) FX2N(C)
i(;izneral auxil- 496 384 500 500 500
relgys (MO - 495) (MO - 383) | (MO - 499) (MO - 499) | (MO -499)
Battery backed/| 16 128 ?I\igoo i (,\iggg _ (,\%ggg -
latched relays | (M496 - 511) | (M384 - 511) 1023) 1535) 3071)
Total available [512 512 1024 1536 3072

For more information about device availability for individual PLC’s, please see chapter 8.
For device availability when using an FX fitted with an FX2-40AW/AP please see page 9-6.
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4.3.2 Battery Backed/ Latched Auxiliary Relays

There are a number of battery backed or latched relays whose status is retained in battery
backed or EEPROM memory. If a power failure should occur all output and general purpose
relays are switched off. When operation is resumed the previous status of these relays is
restored.

The circuit shown on page 4-3 is an example of a self retaining circuit. Relay M507 is activated
when X0 is turned ON. If X0 is turned OFF after the activation of M507, the ON status of M507
is self retained, i.e. the NO contact M507 drives the coil M507.

However, M507 is reset (turned OFF) when the input X1 is turned ON, i.e. the NC contact is

broken.
A SET and RST (reset) instruction can be used to retain the status of a relay being activated
momentarily.
0
\
.
\

External loads:
« Auxiliary relays are provided with countless number of NO contact points and NC

contact points. These are freely available for use through out a PLC program. These
contacts cannot be used to directly drive external loads. All external loads should be
driven through the use of direct (Y) outputs.
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4.3.3  Special Diagnostic Auxiliary Relays

A PLC has a number of special auxiliary relays. These relays all have specific functions and
are classified into the following two types.

a) Using contacts of special auxiliary relays

- Caolls are driven automatically by the PLC. Only the contacts of these coils may be
used by a user defined program.

Examples: M8000: RUN monitor (ON during run)
M8002: Initial pulse (Turned ON momentarily when PLC starts)
M8012: 100 msec clock pulse

b) Driving coils of special auxiliary relays

- A PLC executes a predetermined specific operation when these coils are driven by the
user.

Examples: M8033: All output statuses are retained when PLC operation is stopped
M8034: All outputs are disabled
M8039: The PLC operates under constant scan mode

Available devices:
* Not all PLC’s share the same range, quantity or operational meaning of diagnostic

auxiliary relays. Please check the availability and function before using any device.
PLC specific diagnostic ranges and meanings are available in chapter 6.

4.3.4  Special Single Operation Pulse Relays |FXos)| FXon | FX | FXeo) [FXane)

When used with the pulse contacts LDP, LDF, etc., M devices in the range M2800 to M3072
have a special meaning. With these devices, only the next pulse contact instruction after the
device coil is activated.

MO to M2799 M2800 to M3072
0 s M2800
R AN oug
X0 X0
o\ SISO N I C] <4 E—
MO N s

800 ™

- —[SET [WMBT].

@ —t SET | M52 @ E'?OO SET | M52

LD Ziay | LDP

@§ (A e ol BB e
Y TsET wes By

J
3
VAR
2]
m
—
<
2

=
O
7/ \
N/

e

LDP A, N LDP
oyF
[D D
Turning ON X0 causes MO to turn ON. Turning ON X0 causes M2800 to turn ON.
» Contacts @, @ and @ are pulse con- » Contact ® is a pulse contact and acti-
tacts and activate for 1 scan. vates for 1 scan.
» Contact @ is a normal LD contact and » Contacts ® and @ are pulse contacts
activates while MO is ON. of the same M device as contact ®.

Contact ® has already operated, so
contact ® and @ do not operate.

* Contact is a normal LD contact and
activates while M2800 is ON.
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4.4  State Relays |FXos)| FXon | FX | FX@o) [FXn(e)

Device Mnemonic: S
Purpose: Internal programmable controller status flag

Alias: State (coil/ relay/ contact/ flag)
S (coil/ relay/ contact /flag)
STL step (coil/ relay/ contact /flag)
Annunciator flag

Available forms:  NO (@) and NC contacts and output coils (@)
(see example device usage for references)

Devices numbered in: Decimal, i.e. SO to S9, S10 to S19

Further uses:  General stable state - state relays - see page 4-6
Battery backed/ latched state relays - see page 4-7

STL step relays - see page 4-8
X0 X1
| i S20
szﬂ

Annunciator flags - see page 4-9
Example device usage:

4.4.1 General Stable State - State Relays

A number of state relays are used in the PLC. The coils of these relays are driven by device
contacts in the PLC in the same manner that the output relays are driven in the program.

All state relays have a number of electronic NO and NC contacts which can be used by the
PLC as required. Note that these contacts cannot directly drive an external load. Only output
relays can be used to do this.

Available devices:
« Please see the information point on page 4-7 ‘Battery backed/ latched state relays’,

or see the relevant tables for the selected PLC in chapter 8.
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4.4.2  Battery Backed/ Latched State Relays

There are a number of battery backed or latched relays whose status is retained in battery
backed or EEPROM memory. If a power failure should occur all output and general purpose
relays are switched off. When operation is resumed the previous status of these relays is

restored.
Available devices:
PLC FXo(s) FXoN FX | FX(c) ‘ FX2N(C)
64 500
General state relays (SO - 63) N/A (SO - 499)

Battery backed/ N/A 128 500
latched relays (S0 -127) (S500 - 999)
Total available 64 128 1000

« For more information about device availability for individual PLC'’s, see chapter 8.

External loads:

« State relays are provided with countless number of NO contact points and NC contact
points, and are freely available for use through out a PLC program. These contacts
cannot be used to directly drive external loads. All external loads should be driven
through the use of direct (ex. Y) outputs.
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STL Step Relays

States (S) are very important devices when
programming step by step process control. They are
used in combination with the basic instruction STL.
When all STL style programming is used certain states
have a pre-defined operation. The step identified as ®
in the figure opposite is called an ‘initial state’. All other
state steps are then used to build up the full STL
function plan. It should be remembered that even
though remaining state steps are used in an STL
format, they still retain their general or latched
operation status. The range of available devices is as
specified in the information point of the previous
section.

Assigned states:

S2

X0 —+

S20

« When the applied instruction IST (Initial STate function 60) is used, the following state
devices are automatically assigned operations which cannot be changed directly by a

users program:

SO : Manual operation initial state
S1 : Zero return initial state
S2 . Automatic operation initial state

S10to S19 : Allocated for the creation of the zero return program sequence

Monitoring STL programs:

< To monitor the dynamic-active states within an STL program, special auxiliary relay

M8047 must be driven ON.

STL/SFC programming:

* For more information on STL/SFC style programming, please see chapter 3.

IST instruction:

« For more information on the IST instruction please see page 5-67.
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4.4.4

Annunciator Flags \FXo(s)\ FXon \ FX \FX(zc) IFXZN(C)‘

Some state flags can be used as outputs for external diagnosis (called annunciation) when
certain applied instructions are used. These instructions are;

ANS function 46: ANnunciator Set - see page 5-47
ANR function 47: ANnunciator Reset - see page 5-47

When the annunciator function is used the controlled state flags are in the range S900 to S999
(100 points). By programming an external diagnosis circuit as shown below, and monitoring
special data register D8049, the lowest activated state from the annunciator range will be
displayed.

Each of the states can be assigned to signify an error or fault condition. As a fault occurs the
associated state is driven ON. If more than one fault occurs simultaneously, the lowest fault
number will be displayed. When the active fault is cleared the next lowest fault will then be
processed.

This means that for a correctly prioritized diagnostic system the most dangerous or damaging
faults should activate the lowest state flags, from the annunciator range. All state flags used for
the annunciator function fall in the range of battery backed/ latched state registers.

Monitoring is enabled by driving special auxiliary
relay M8049 ON.

. . s . . M8000
State S900 is activated if input X0 is not driven \ M8049
within one second after the output YO has been | Q

State S901 is activated when both inputs X1 and | | /[ ¥ "ANS[To [K10[S900—
X2 are OFF for more than two seconds.
If the cycle time of the controlled machine is less X1 X2 /\ ENC46
than ten seconds, and input X3 stays ON, state | |+ | [ANS[ T1 | K20 ]S901}—
S902 will be set ON if X4 is not activated within
this machine cycle time. X3 X4 /\ FNC46
If any state from S900 to S999 is activated, i.e. — —F—{ANS| T2 [ K100]S902}—
ON, special auxiliary relay M8048 is activated to
turn on failure indicator output Y10.

The states activated by the users error / failure
diagnosis detection program, are turned OFF by M8048

|

activating input X5. Each time X5 is activated, the | Y10
active annunciator states are reset in ascending
order of state numbers. X5 /\ FNC47

} ANR (P)}—
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45  Pointers |FXos) | FXon | FX | FX@o) [FXan(e)

Device Mnemonic: P

Purpose: Program flow control
Alias: Pointer
Program pointer
P

Available forms:  Label: appears on the left of the left hand bus bar when the program is
viewed in ladder mode.

Devices numbered in: Decimal, i.e. PO to P9, P10 to P19

Further uses:  Can be used with conditional jump statements (CJ function 00)
- see page 5-5 and item @ on the example device usage diagram.
Can be used with call statements (CALL function 01 -not available on FX0 and
FXON PLC’s)
- see page 5-7 and item @ on the example device usage diagram

Example device usage:

X20

20 — | CALL
|

CJ[ PO
L& @
P01 o= FENDT
P1—| o

X
—

SRET}—

@ Available devices:
* FXo(s), FXon and FX PLC’s have 64 pointers; available from the range of PO to P63.

* FX(@c)and FXanc) PLC's have 128 pointers; available from the range of PO to P127.

Jumping to the end of the program:

* When using conditional jump instructions (CJ, function 00) the program end can be
jumped to automatically by using the pointer P63 within the CJ instruction. Labelling the
END instruction with P63 is not required.

@ Device availability:
< For more information about device availability for individual PLC's, please see chapter 8.
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4.6  Interrupt Pointers |FXos)| FXon | FX | FXeo) [FXanc)

Device Mnemonic: |
Purpose: Interrupt program marker

Alias: Interrupt
High speed interrupt
I

Available forms:  Label: appears on the left of the left hand bus bar when the program is
viewed in ladder mode
(see ¢ in the example device usage diagram).

Devices numbered in:  Special numbering system based on interrupt device used and input
triggering method

Further uses: Input interrupts - see page 4-12
Timer interrupts - see page 4-12
Disabling interrupts - see page 4-13
Counter interrupts - see page 4-13

Example device usage:

FENDI—

IRET |—
END

Additional applied instructions:
« Interrupts are made up of an interrupt device, an interrupt pointer and various usage of

three, dedicated interrupt applied instructions;

- IRET function 03: interrupt return - see page 5-9
- El function 04: enable interrupt - see page 5-9
- DI function 05: disable interrupt - see page 5-9

Nested levels:

» While an interrupt is processing all other interrupts are disabled. To achieve nested inter-
rupts the EI-DI instruction must be programmed within an interrupt routine.
Interrupts can be nested for two levels.

Pointer position:

« Interrupt pointers may only be used after an FEND instruction (first end instruction, func-
tion 06).
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4.6.1 Input Interrupts

Identification of interrupt pointer number:

Q04
A
0: interrupt triggered on trailing/ falling edge of input signal
1: interrupt triggered on leading/ rising edge of input signal
Input number; each input number can only be used once.
FXo(s) and FXon have 4 points (0 to 3 which map to X0 to X3)
Other units have 6 points (0 to 5 which map to X0 to X5)
Example: 1001

The sequence programmed after the label (indicated by the 1001 pointer) is executed on the
leading or rising edge of the input signal X0. The program sequence returns from the
interruption program when an IRET instruction is encountered.

Rules of use:
« The following points must be followed for an interrupt to operate;

- Interrupt pointers cannot have the same number in the ‘100’s’ position, i.e. 1100 and
1101 are not allowed.

- The input used for the interrupt device must not coincide with inputs already allocated
for use by other high speed instructions within the user program.

4.6.2  Timer Interrupts ‘FXO(S)‘ FXon ‘ FX ‘FX(ZC) IFXZN(C)‘

Identification of interrupt pointer number:

([ R Ry
N

10 to 99 msec: the interrupt is repeatedly triggered at intervals of the
specified time.

Timer interrupt number 3 points (6 to 8)

Example: 1610

The sequence programmed after the label (indicated by the 1610 pointer) is executed at
intervals of 10msec. The program sequence returns from the interruption program when an
IRET instruction is encountered.

Rules of use:
« The following points must be followed for an interrupt to operate;

- Interrupt pointers cannot have the same number in the ‘100’s’ position, i.e. 1610 and
1650 are not allowed.
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4.6.3

4.6.4

Disabling Individual Interrupts

Individual interrupt devices can be temporarily or permanently disabled by driving an
associated special auxiliary relay. The relevant coils are identified in the tables of devices in
chapter 6. However for all PLC types the head address is M8050, this will disable interrupt
104,

Driving special auxiliary relays:
« Never drive a special auxiliary coil without first checking its use. Not all PLC’s assign the
same use to the same auxiliary coils.
Disabling high speed counter interrupts

« These interrupts can only be disabled as a single group by driving M8059 ON.
Further details about counter interrupts can be found in the following section.

Counter Interrupts |FXos)| FXon | FX | FXeo) [FXane)

Identification of interrupt pointer number:

loQo
Counter interrupt number 6 points (1 to 6). Counter interrupts can be
entered as the output devices for High Speed Counter Set (HSCS, FNC
53). To disable the Counter Interrupts Special Auxiliary Relay M8059 must
be set ON.

Example:

The sequence programmed after the label
M8000 (indicated by the 1030 pointer) is executed once
}_{ DHSCS\ K100\0255\ 1030 }_{ the value of High Speed Counter C255
reaches/equals the preset limit of K100

identified in the example HSCS.

Additional notes:
* Please see the following pages for more details on the HSSC applied instruction.
- High Speed Counter Set, HSCS FNC 53 - see page 5-55
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4.7

4.8

Constant K | FXois) | FXon | FX | FX@o) [FXan(c)

Device Mnemonic: K
Purpose: Identification of constant decimal values

Alias: Constant
K (value/ constant)
K

Available forms:  Numeric data value, when used for 16bit data, values can be selected from
the range -32,768 to +32,767
For 32bit data, values from the range -2,147,483,648 to + 2,147,483,647
can be used.

Devices numbered in:  N/A. This device is a method of local instruction data entry.
There is no limit to the number of times it can be used.

Further uses: K values can be used with timers, counters and applied instructions
Example device usage: N/A

Constant H ’FXO(S)I FXoN | FX ‘FX(ZC) IFXZN(C)‘

Device Mnemonic: H
Purpose: Identification of constant hexadecimal values

Alias: Constant
H (value/ constant)
Hex (value/ constant)
H

Available forms:  Alpha-numeric data value, i.e. 0 to 9 and A to F (base 16).
When used for 16bit data, values can be selected from the range 0 to
FFFF.
For 32bit data, values from the range 0 to FFFFFFFF can be used.

Devices numbered in:  N/A. This device is a method of local instruction data entry.
There is no limit to the number of times it can be used.

Further uses: Hex values can be used with applied instructions
Example device usage: N/A

2% MITSUBISHI 4-14



FX Series Programmable Controllers

Devices in Detail 4

4.9 Timers

Device Mnemonic:

T

Purpose: Timed durations

Alias: Timer(s)
T

Available forms:

Devices numbered
Further uses: Non

’FXO(S)I FXoN | FX ‘FX(ZC)IFXZN(C)‘

A driven coil sets internal PLC contacts (NO and NC contacts available).
Various timer resolutions are possible, from 1 to 100 msec, but availability
and quantity vary from PLC to PLC. The following variations are also

available:-

Selectable timer resolutions - see page 4-16

Retentive timers - see page 4-17
Timers used in interrupt and ‘CALL’ subroutines - see page 4-18

in: Decimal,i.e TOto T9, T10 to T19.

e

Example device usage:

=

T20
K123
Available devices:
Timer Resolution FXo(s) FXoN FX ‘ FX(2c) ‘ FX2N(C)
56 63 200
100 msec (TO - 55) (TO - 62) (TO - 199)
10 msec \24 \31 46
(T32 - 55) (T32 - 62) (T200 - 245)
1
1 msec N/A (T63) N/A
Retentive 1 msec N/A N/A (T2 464- 249)
Retentive 100 msec N/A N/A (T2506_ 255)

\ Selectable timers taken from the main range of 100 msec timers, see page 4-16.

Timer accuracy:
¢ See page 4-1

8.

2% MITSUBISHI

4-15



FX Series Programmable Controllers Devices in Detail 4

49.1

49.2

General timer operation

Timers operate by counting clock pulses (1, 10 and 100 msec). The timer output contact is
activated when the count data reaches the value set by the constant K. The overall duration or
elapsed time, for a timers operation cycle, is calculated by multiplying the present value by the
timer resolution, i.e.

A 10 msec timer with a present value of 567 has actually been operating for:
567x 10 msec
567x 0.01 sec = 5.67 seconds

Timers can either be set directly by using the constant K to specify the maximum duration or
indirectly by using the data stored in a data register (ex. D). For the indirect setting, data
registers which are battery backed/ latched are usually used; this ensures no loss of data
during power down situations. If however, the voltage of the battery used to perform the battery
backed service, reduces excessively, timer malfunctions may occur.

Selectable Timers [FXos)| FXon | FX | FXeo) [FXane)

On certain programmable controllers, driving a special auxiliary coil redefines approximately
half of the 100 msec timers as 10 msec resolution timers. The following PLC’s and timers are
subject to this type of selection.

- FXo, FXos driving M8028 ON, timers T32 to 55 (24 points) are changed to 10 msec
resolution.

- FXon driving M8028 ON, timers T32 to 62 (31 points) are changed to 10 msec resolution.

Driving special auxiliary coils:

« Please check the definition of special auxiliary coils before using them.
Not all PLC’s associate the same action to the same device.
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49.3 Retentive Timers ‘FXO(S)‘ FXon ‘ FX ‘FX(ZC) IFXZN(C)‘

A retentive timer has the ability to retain the currently reached present value even after the
drive contact has been removed. This means that when the drive contact is re-established a
retentive timer will continue from where it last reached.

Because the retentive timer is not reset when the drive contact is removed, a forced reset must
be used. The following diagram shows this in a graphical format.

Non-retentive timer operation Retentive timer operation
X0 X1
| T20 — T250
K123 K345
T20 T250
| YO — | Y1)
X2
— RST T250
L 41.23s Lty t2y tl +1t2 = 34.5s

x| L xt ||

Present value | Present value :

Y0 [ ] Y1 1
X2 ]

Using timers in interrupt or ‘CALL’ subroutines:
@ + Please see page 4-18.

Available devices:

* Please see the information table on page 4-15.
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4.9.5

Timers Used in Interrupt and ‘CALL’ Subroutines | FXos)| FXon | FX | FXeo) [FXanc)

If timers T192 to T199 and T246 to T249 are used in a CALL subroutine or an interruption
routine, the timing action is updated at the point when an END instruction is executed. The
output contact is activated when a coil instruction or an END instruction is processed once the
timers current value has reached the preset (maximum duration) value.

Timers other than those specified above cannot function correctly within the specified
circumstances.

When an interrupt timer (1 msec resolution) is used in an interrupt routine or within a ‘CALL’
subroutine, the output contact is activated when the first coil instruction of that timer is
executed after the timer has reached its preset (maximum duration) value.

Timer Accuracy

Timer accuracy can be affected by the program configuration. That is to say, if a timer contact
is used before its associated coil, then the timer accuracy is reduced.

The following formulas give maximum and minimum errors for certain situations.

However, an average expected error would be approximately;

1.5 x The program scan time

Condition 1:
, . . X10
The timer contact appears after the timer coil. | To
TO
| Y10
Maximum timing error:
2 x Scan time + The input filter time
Minimum timing error:
Input filter time - The timer resolution
Condition 2:
The timer contact appears before the timer coil. T? V10
|
X10
| TO

Maximum timing error:
3 x Scan time + The input filter time

Minimum timing error:
Input filter time- The timer resolution

Internal timer accuracy:

» The actual accuracy of the timing elements within the PLC hardware is;
+ 10 pulses per million pulses. This means that if a 100 msec timer is used to time a sin-
gle day, at the end of that day the timer will be within 0.8 seconds of the true 24 hours or
86,400 seconds. The timer would have processed approximately 864,000; 100 msec
pulses.
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4.10

Counters

Device Mnemonic: C

Purpose: Event driven delays

Alias: Counter(s)

C
Available forms:

‘FXO(S)I FXon | FX ‘FX(ZC) IFXZN(C)‘

Various counter resolutions are possible including;
General/latched 16bit up counters - see page 4-20
General/latched 32bit bi-directional counters - see page 4-21

(The availability and use of all these counters is PLC specific - please
check availability before use)

Decimal, i.e COto C9, C10to C19

Devices numbered in:
Further uses: None
Example device usage:

A driven coil sets internal PLC contacts (NO and NC contacts available).

X1
— | C12
K345
X2
— | RST
Available devices:
Counter Resolution FXo(s) FXoN FX ‘ FX(2c) | FX2N(C)
General 16bit up 14 16 100
counter (C0-13) (C0-15) (C0 -99)
Latched 16bit up 2 16 100
counter (C14-15) | (C16-31) (C100 - 199)
General 32bit 20
bi-directional counter N/A N/A (C200 - 219)
Latched 32bit 15
bi-directional counter N/A N/A (C220 - 234)
High speed counters:
« For high speed counters please see page 4-22.
Setting ranges for counters:
« 16bit counters: -32,768 to +32,767
» 32bit counters: -2,147,483,648 to +2,147,483,647
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4.10.1 General/ Latched 16bit UP Counters

The current value of the counter increases X10

each time coil CO is turned ON by X11. The —
output contact is activated when the coil is X11

turned ON for the tenth time (see diagram). — ‘
After this, the counter data remains unchanged HCO .Klo
when X11 is turned ON. The counter current

value is reset to ‘0’ (zero) when the RST
instruction is executed by turning ON X10 in
the example. The output contact YO is also
reset at the same time. I
Counters can be set directly using constant K X10 3

or indirectly by using data stored in a data
register (ex. D). In an indirect setting, the X11

designation of D10 for example, which
contains the value “123” has the same effect
as a setting of “K123".

If a value greater than the counter setting is
written to a current value register, the counter
counts up when the next input is turned ON. L
This is true for all types of counters. YO ’—‘
Generally, the count input frequency should be
around several cycles per second.

@ Battery backed/latched counters:
» Counters which are battery backed/ latched are able to retain their status information,

even after the PLC has been powered down. This means on re-powering up, the latched
counters can immediately resume from where they were at the time of the original PLC
power down.

@ Available devices:
« Please see the information table on page 4-19.
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4.10.2 Generall Latched 32bit Bi-directional Counters | FXos)| FXon | FX | FXeo) [FXanc)

The counter shown in the example below, activates when its coil is driven, i.e. the C200 coil is
driven. On every occasion the input X14 is turned from OFF to ON the current value or current
count of C200 is incremented.

x12 Up counting | | Up counting
Down counting
X13 H ’7
xia  JPIUUTUIAn R T 1o
- 200
Counters ‘ X13
‘ ——{RST[C200}—
present P4 5 4){(14 RST| C200
alue 12 2 -
valu 0 1 1 4{ @
C200 -5
i

If output is already
Y1 turned ON | .

The output coil of C200 is set ON when the current value increases from “-6” to “-5”. However,
if the counters value decreases from “-5” to “-6" the counter coil will reset. The counters current
value increases or decreases independently of the output contact state (ON/OFF). Yet, if a
counter counts beyond +2,147,483,647 the current value will automatically change to
-2,147,483,648. Similarly, counting below -2,147,483,648 will result in the current value
changing to +2,147,483,647. This type of counting technique is typical for “ring counters”. The
current value of the active counter can be rest to "0" (zero) by forcibly resetting the counter
coil; in the example program by switching the input X13 ON which drives the RST instruction.
The counting direction is designated with special auxiliary relays M8200 to M8234.

Battery backed/ latched counters:
» Counters which are battery backed/ latched are able to retain their status information,

even after the PLC has been powered down. This means on re-powering up, the latched
counters can immediately resume from where they were at the time of the original PLC
power down.

@ Available devices:
« Please see the information table on page 4-19.

Selecting the counting direction:

o If M8k for Cyxv¢v¥ is turned ON, the counter will be a down counter. Conversely,
the counter is an up counter when M8v¢wev¢ is OFF.
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High Speed Counters |FXos)| FXon | FX | FXeo)|FXaneo)

Device Mnemonic: C
Purpose: High speed event driven delays

Alias: Counter (s)
C
High speed counter (s)
Phase counters

Available forms: A driven coil sets internal PLC contacts (NO and NC contacts available).
There are various types of high speed counter available but the quantity
and function vary from PLC to PLC. Please check the following sections for
device availability;

FXo,FXos and FXoN - see page 4-24
FX, FXac, FX2N(c) - see page 4-25

The following sections refer to counter types;

1 phase counters (user start and reset) - see page 4-29

1 phase counters (assigned start and reset) - see page 4-30
2 phase bi-directional counters - see page 4-31

A/B phase counters - see page 4-32

Devices numbered in: Decimal, i.e C235 to C255
Further uses: None

Example device usage: For examples on each of the available forms please see the relevant
sections.

Basic high speed counter operation:

« For information on basic high speed counters please see page 4-23.
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Basic High Speed Counter Operation

Although counters C235 to C255 (21 points) are all high speed counters, they share the same
range of high speed inputs. Therefore, if an input is already being used by a high speed
counter, it cannot be used for any other high speed counters or for any other purpose, i.e as an
interrupt input.

The selection of high speed counters are not free, they are directly dependent on the type of
counter required and which inputs are available.

Available counter types;
a) 1 phase with user start/reset: C235 to C240
b) 1 phase with assigned start/reset: C241 to C245
c) 2 phase bi-directional: C246 to C250

d) A/B phase type: C251 to C255

Please note ALL of these counters are 32bit devices.

High speed counters operate by the principle of interrupts. This means they are event
triggered and independent of cycle time. The coil of the selected counter should be driven
continuously to indicate that this counter and its associated inputs are reserved and that other
high speed processes must not coincide with them.

Example:

When X20 is ON, high speed counter C235 is

selected. The counter C235 corresponds to X‘Z‘O C235
count input X0. X20 is NOT the counted H

signal. This is the continuous drive mentioned X20 K4789
earlier. X0 does not have to be included in the W C236
program. The input assignment is hardware D4

related and cannot be changed by the user.

When X20 is OFF, coil C235 is turned OFF and coil C236 is turned ON. Counter C236 has an
assigned input of X1, again the input X20 is NOT the counted input.

The assignment of counters and input devices is dependent upon the PLC selected. This is
explained in the relevant, later sections.

Driving high speed counter coils:

* The counted inputs are NOT used to
drive the high speed counter cails.
This is because the counter coils
need to be continuously driven ON
to reserve the associated high speed
inputs.

Therefore, a normal non-high speed
drive contact should be used to drive
the high speed counter coil.

Ideally the special auxiliary contact M8000 should be used. However, this is not
compulsory.
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4.11.2 Availability of High Speed Counters on

FXo, FXos and FXON PLC’s ’FXO(S)I FXon | FX ‘FX(ZC) ‘FXZN(C)‘

The following device table outlines the range of available high speed counters on both the FXo,
FXos and the FXon;

1 Phase counter

|
N I (PUEEED CONTIE assigned 2 P_hqse c_ounter A/B Phase counter
user start/reset bi-directional
P start/reset
U
T [|C235]C236 | C237 | C238||C241 | C242 | C244 || C246 | C247 | C249 || C251 | C252 | C254
X0 u/D u/D u/D U U U A A A
X1 u/D R R D D D B B B
X2 u/D u/D R R R R
X3 u/D R S S S
Key: U - up counter input D - down counter input
R - reset counter (input) S - start counter (input)
A - A phase counter input B - B phase counter input

- Counter is backed up /latched on both FXo, FXos and FXon

- Counter is backed up /latched on FXoN only
(FXo, FXos has no backup/latch on this device)

Input assignment:
@ « Different types of counters can be used at the same time but their inputs must not coin-

cide. Inputs X0 to X3 cannot be used for more than one counter. For example, if C251 is
used the following counters and instructions cannot be used; C235, C236, C241, C244,
C247, C249, C252, C254, 104, 11004,

Counter speeds and operational rules:
@ Max. 1 phase Sum of the Max. 2 phase | Max. number of | 1 ComISIeE

Unit . speeds of the : sum of 1 and 2
counting . counting 2 phase )
type active 1 phase phase counting
speed speed counters
counters speeds
EXo 1 phase and 2
' 5kHz < 5kHz 2 kHz 1 phase counters
FXon .
cannot be mixed
FXos 7kHz < 14kHz 2 kHz 1 < 1akHz see
note below

» Allinputs identified are 5 kHz inputs.
« Only one 2 phase or A/B phase counter should be operated at any one time.

« A high speed counter specified in an applied instruction may not be modified by V or Z
indexes.

Calculating the maximum combined counting speed on FXO0S:
@ This is calculated as follows: (2 phase counter speed x number of counted edges) +

(the sum of the speeds of the active 1 phase counters).
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4.11.3 Availability of High Speed Counters
on FX, FX2c PLC’s

The following device table outlines the range of available high speed counters on both the FX,

‘FXO(S)| FXon | FX \FX(zc) IFXZN(C)‘

FXac.
: 1 Phase counter 1 Phasg counter 2 Phase counter
N assigned C o A/B Phase counter
user start/reset bi-directional

P start/reset

U

T |[c235|C236|C237|C238|C239|C240|[C241 |C242|C243|C244 | C245) (C246| C247|C248|C249| C250/ (C251(C252|C253| C254|C255
X0

PN u/D u/D u/D u| U U Al A A
Xpl u/D R R D | D D B | B B

X2

P u/D u/D u/D R R R R

X3

¢ u/D R S| R u| S| U A A
X4

D u/D u/D D D B B
Xp5 u/D R R R R R
X6 S S S

X7 S S S

Key: U - up counter input D - down counter input
R - reset counter (input) S - start counter (input)
A - A phase counter input B - B phase counter input

- Counter is backed up / latched

Input assignment:
* X6 and X7 are also high speed inputs, but function only as start signals. They cannot be

used as the counted inputs for high speed counters.

« Different types of counters can be used at the same time but their inputs must not coin-
cide. For example, if counter C247 is used, then the following counters and instructions

cannot be used;
C235, C236, C237, C241, C242, C244, C245, C246, C249, C251, C252, C254, 1004,

1100, 12030,
» The inputs marked O are 7 kHz inputs, while those marked 4 are 10 kHz inputs.

2% MITSUBISHI 4-25



FX Series Programmable Controllers Devices in Detail 4

Counter speeds:
« The maximum counting speed is dependent on the type, quantity of counters and on

how many high speed counter instructions are being used. The following tables give the
approximate maximum counting speed for each identified case.

* Please take care when using the speed instruction (SPD, FNC 56). This instruction is
treated as if it was a single phase counter. This must be accounted for when the sum
counting speeds are calculated.

1 Phase Counters

Numb Frequency in kHz
umber
Counter i
input of No execution of high Ii)gﬁuggg/oé Execution of (D)HSZ
counters speed instructions (1 to 6 instructions) (1 to 2 instructions)
1 10 7 5
X0, X2, X3
(10 kHz inputs) 2 10 4 o5
3 6.6 2.5
1 7 5 4
X0 to X5 2 35 2.5
(When X0, X2 3 >
and X3 are not
used exclu- 4 o5 15
sively) 5 15
6
A/B Phase Counters
Numb Frequency in kHz
umber
Counter i
input of No execution of high Ii)gﬁuggg/oé Execution of (D)HSZ
counters speed instructions (1 to 6 instructions) (1 to 2 instructions)
1 2 2
C251 - C255 2
2 15 15

A/B Phase Counters Used with Either a 1 or 2 Phase Counter

The frequency of the A/B phase counter must be kept below 1 kHz. The maximum frequency
of the 1, 2 phase counter is listed in the following table:

Number Frequency in kHz
C;:]L;T}te ' of No execution of high Ii)gﬁuggg/oé Execution of (D)HSZ
counters speed instructions (1 to 6 instructions) (1 to 2 instructions)
1 5 4 3
With 1 A/B 2 4
phase counter 2
at 1 kHz 3 3 1
4 2 1
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Note: Bi-directional counters are designed such that the up count signal and the down count
signal never operate at the same time. Therefore it is really using only one phase at one time.
Thus, they can be treated in the same way as the 1 phase counters when calculating the
combined frequency.

Combined frequencies:

e The combined frequency is the sum of the maximum frequencies of all the signals
simultaneously appearing at the inputs of the PLC. The criteria is that in order for the
high speed counters to count correctly they must have a combined frequency of less

than 20 kHz.
Example:
1 Phase counters Corresponding input Maximum signal frequency
C235 X0 4.2 kHz
C237 X2 4 kHz
C240 X3 6 kHz
Combined frequency 14.2kHz

The combined frequency of 14.2 kHz is lower than the maximum of 20 kHz, so this example is

valid.

A/B Phase counters:
When calculating a combined frequency which includes an A/B phase counter, the maximum

counting frequency should be multiplied by a factor of 4 before adding the maximum

frequencies of the combining counters.

Example:

1 Phase counters

Corresponding input

Maximum signal frequency

1- Phase C237 X2 3 kHz
Bi-directional C246 X0, X1 4 kHz
A/B Phase C255 X3, X4 1kHz x4

Combined frequency

The combined frequency of 11 kHz is lower than the maximum of 20 kHz, so this example is

valid.

3+ 4+ (1x4)=11kHz

2 Phase counters:
* When pulses arrive at the up and down count inputs at the same time, treat this as 2

single phase counters when calculating the combined frequency.

ClockWise - Counter-ClockWise format encoders:

* When encoders with CW and CCW format inputs are used, the bi-directional counters
can count at a much higher frequency than the A/B phase counters, there is also no loss

in resolution.
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4.11.4 Availability of High Speed Counters
on FX2N(c) PLC’s

The following device table outlines the range of available high speed counters on FX2n(C).

‘FXO(S)’ FXon ‘ FX ‘FX(ZC) ’FXZN(C)‘

: 1 Phase counter ! PhaS(_a counter 2 Phase counter
N assigned S A/B Phase counter
user start/reset bi-directional
P start/reset
Uilolaolalalalallalalalalallalalaolalallal ol ol ol
N N N N N N N N N N N N N N N N N N N
Tl | 0| | Q| K|S | S| S| BB || al|la|lal a| a| o
)] (o)) ~ (o] © o = N (98] S a1 (o)) ~ (0] (] o = N w H )]
X0 ||U/D u/D u/D u| U U AlA A
X1 u/D R R D|D D B | B B
X2 u/D u/D u/D R R R R
X3 u/D R S|R U U A
X4 u/D u/D D D B B
X5 u/D R R R R R
X6 S S S
X7 S S S
Key: U - up counter input D - down counter input
R - reset counter (input) S - start counter (input)
A - A phase counter input B - B phase counter input

- Counter is backed up/latched

Input assignment:
* X6 and X7 are also high speed inputs, but function only as start signals. They cannot be

used as the counted inputs for high speed counters.
« Different types of counters can be used at the same time but their inputs must not
coincide. For example, if counter C247 is used, then the following counters and

instructions cannot be used;
C235, C236, C237, C241, C242, C244, C245, C246, C249, C251, C252, C254, 1004,

1100, 1200

Counter Speeds:
« General counting frequencies:
- Single phase and bi-directional counters; up to 10 kHz.

- A/B phase counters; up to 5 kHz.
- Maximum total counting frequency; 20 kHz (A/B phase counter count twice).

Inputs X0 and X1 are equipped with special hardware that allows very high speed

counting as follows:
- Single phase or bi-directional counting with C235, C236 or C246; up to 60 kHz.

- Two phase counting with C251; up to 30 kHz.

If any high speed comparison instructions (FNC's 53, 54, 55) are used, X0 and X1 must resort
@ to software counting. In this case, please see the table below:

Function Max. Combined
Number Signal Frequency
53 or 54 11 kHz

55 5.5 kHz

4-28
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4.11.5 1 Phase Counters - User Start and Reset (C235 - C240)

These counters only use one input each.

When direction flag M8235 is ON, counter

C235 counts down. When it is OFF, C235 X10 55|
counts up. )

When X11 is ON, C235 resets to 0 (zero). All X11

contacts of the counter C235 are also reset. H
When X12 is ON, C235 is selected. From the X12

previous counter tables, the corresponding | C235 ——
counted input for C235 is X0. C235 therefore K1234
counts the number of times X0 switches from

OFF to ON.

Device specification:
« All of these counters are 32bit up/down ring counters. Their counting and contact

operations are the same as normal 32bit up/down counters described on page 4-21.
When the counters current value reaches its maximum or setting value, the counters
associated contacts are set and held when the counter is counting upwards.
However, when the counter is counting downwards the contacts are reset.

Setting range:
e -2,147,483,648 to +2,147,483,647

Direction setting:

e The counting direction for 1 phase counters is dependent on their corresponding flag
M8 v ve; where vevkvx is the number of the corresponding counter, (C235 to C240).
When M8%¢¢<% is ON the counter counts down,

When M8w¢vewe is OFF the counter counts up.

Using the SPD instruction:
» Care should be taken when using the SPD applied instruction (FNC 56). This instruction

has both high speed counter and interrupt characteristics, therefore input devices X0
through X5 may be used as the source device for the SPD instruction. In common with
all high speed processes the selected source device of the SPD instruction must not
coincide with any other high speed function which is operating, i.e. high speed counters
or interrupts using the same input.

When the SPD instruction is used it is considered by the system to be a 1 phase high
speed counter. This should be taken into account when summing the maximum com-
bined input signal frequencies - see the previous section.
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4.11.6 1 Phase Counters - Assigned Start and Reset (C241 to C245)

These counters have one countable input

and 1 reset input each. Counters C244 and
C245 also have a start input. X13
When the direction flag M8245 is ON, C245 | (M8245)
counts down. When it is OFF C245 will count X14
up. I
When X14 is ON, C245 resets in the same

: ; X15
manner as normal internal 32bit counters, but Il C245
C245 can also be reset by input X3. This is . DO
assigned automatically when counter C245 is

used (see previous counter tables).

Counter C245 also has an external start contact, again automatically assigned. This is actually
input X7. Once again this data can be found on the previous counter tables.

When X7 is ON, C245 starts counting, conversely when X7 is OFF C245 stops counting. The
input X15 selects and reserves the assigned inputs for the selected counter, i.e. in this case
C245.

The reason why these counters use assigned start (X7) and reset (X3) inputs is because they
are not affected by the cycle (scan) time of the program. This means their operation is
immediate and direct.

In this example C245 actual counts the number of OFF to ON events of input X2.

Note: Because C245 is a 32bit counter, its setting data, specified here by a data register also
has to be of a 32bit format. This means that data registers D1 and DO are used as a pair to
provide the 32bit data format required.

Device specification:
« All of these counters are 32bit up/down ring counters. Their counting and contact

operations are the same as normal 32bit up/down counters described on page 4-21.
When the counters current value reaches its maximum or setting value, the counters
associated contacts are set and held when the counter is counting upwards.
However, when the counter is counting downwards the contacts are reset.

Setting range:
e -2,147,483,648 to +2,147,483,647

Direction setting:

e The counting direction for 1 phase counters is dependent on their corresponding flag
M8 v ve; where vevkvx is the number of the corresponding counter, (C241 to C245).

- When M8vt7¢<% is ON the counter counts down.
- When M8k is OFF the counter counts up.
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4.11.7 2 Phase Bi-directional Counters (C246 to C250)

These counters have one input for counting up and one input for counting down. Certain
counters also have reset and start inputs as well.

When X10 is ON, C246 resets in the same
way as standard 32bit counters.

X1

Counter C246 uses inputs; K RST| C246
i
|

X0 to count up and
X1 to count down

C246

For any counting to take place the drive input D2
X11 must be ON to set and reserve the
assigned inputs for the attached counter, i.e. C246.

Note:

X0 moving from OFF to ON will increment C246 by one
X1 moving from ON to OFF will decrement C246 by one

Bi-directional counter C250 can be seen to
have X5 as its reset input and X7 as its start
input. Therefore, a reset operation can be \
made externally without the need for the RST \
C250 instruction.

X13 must be ON to select C250. But start
input X7 must be ON to allow C250 to actually count. If X7 goes OFF counting ceases.
Counter C250 uses input X3 to count up and input X4 to count down.

Device size:
« All of these counters have 32bit operation.

Setting range:
e -2,147,483,648 to +2,147,483,647

X13
||
|

C250
K1234

Direction setting:

e The counting direction for 1 phase counters is dependent on their corresponding flag
M8 v ve; where vevsvx is the number of the corresponding counter, (C241 to C245).

- When M8t 7¢<% is ON the counter counts down,
- When M8k is OFF the counter counts up.
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4.11.8 A/B Phase Counters (C252 to C255)

With these counters only the input identified in the previous high speed counter tables can be
used for counting. The counting performed by these devices is independent of the program
cycle (scan) time. Depending on the counter used, start, reset and other associated inputs are
automatically allocated.

The A phase, B phase input signal not only
provide the counted signals but their
relationship to each other will also dictate the
counted direction. A-phase

While the wave form of the A phase is in the

ON state and... B-ohase . l
the B phase moves from OFF to ON the P

counter will be counting up.

Up-count

However, if... Down-count

the B phase moves from ON to OFF the

counter will be in a down configuration. A-phase L
One count is registered after both A and B

phase inputs have been given and released in

the correct order. B-phase . .

C251 counts the ON/OFF events of input X0
(the A phase input) and input X1 (the B phase
input) while X11 is ON.

X1
C255 starts counting immediately when X7 is 1
turned ON while X13 is ON. The counting X11
inputs are X3 (A phase) and X4 (B phase). | C251
C255 is reset when X5 is turned ON. It can X12 K1234
also be reset with X12 in the sequence. ||

X13

|| C255
DO

Device specification:
« A maximum of 2 points - 2 phase, 32bit, up/down counters can be used. The operation of

the output contact in relation to the counted data is the same as standard 32bit counters
described in section 4.11.
Setting range:
e -2,147,483,648 to +2,147,483,647

Direction setting:

» Check the corresponding special relay M8v¢v¢v¢ to determine if the counter is counting
up or down.
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4.12

Data Registers |FXos)| FXon | FX | FXeo) [FXanc)

Device Mnemonic: D
Purpose: A storage device capable of storing numeric data or 16/32bit patterns
Alias: Data (register/ device/ word)

D (register)

D

Word

Available forms : General use registers - see page 4-34
Battery backed/latched registers - see page 4-35
Special diagnostic registers - see page 4-35
File registers - see page 4-36
RAM file registers - see page 4-36
Externally adjusted registers - see page 4-37
Devices numbered in: Decimal, i.e. DO to D9, D10 to D19
Further uses: Can be used in the indirect setting of counters and timers

Example device usage: None

Available devices:

FXo FXoN FX (CPU Ver. 2.3) | FX(2c) | FX2N(C)
General use 30 128 200
registers (DO - 29) (DO - 127) (DO - 199)
Latched 2 128 312 800 7800
registers (D30 - 31) (D128 - 256) | (D200-512) | (D200 -999) | (D200 - 7999)
Diagnostic 27 39 256
registers (D8000 - 8069) | (D800 - 8255) (D8000 - 8255)
. . 1500 2000 7000
File registers R N/A (D1000 - 2499) (D1000 - 2999) (D1000 - 7999)
RAM file 2000
registers M N/A (D6000 - 7999) N/A
Adjustable 1 2 N/A
registers F (D8013) (D8030 - 8031)

R - These devices are allocated by the user at the expense of available program steps.
On FX2n(c) these devices are a subset of the latched registers.

F - These devices are also included under the count for diagnostic registers.

M - These devices are activated when special auxiliary relay M8074 is turned ON.
No program steps are occupied by RAM file registers.
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General Use Registers

Data registers, as the name suggests, store data. The stored data can be interpreted as a
numerical value or as a series of bits, being either ON or OFF.

A single data register contains 16bits or one word. However, two consecutive data registers
can be used to form a 32bit device more commonly known as a double word.

If the contents of the data register is being considered numerically then the Most Significant Bit
(MSB) is used to indicate if the data has a positive or negative bias. As bit devices can only be
ON or OFF, 1 or 0 the MSB convention used is, 0 is equal to a positive number and 1 is equal
to a negative number.

F DO 7
op= LTIl
@@ to:@
1:©)| MSB - Most Significant Bit

1:©| MSB - Most Significant Bit

The diagram above shows both single and double register configurations. In the diagram
identified as i, it should be noted that the ‘lower’ register DO no longer has a ‘Most Significant
Bit’. This is because it is now being considered as part of a 32bit-double word. The MSB will
always be found in the higher 16 bits, i.e. in this case D1. When specifying a 32 bit data
register within a program instruction, the lower device is always used e.g. if the above example
was to be written as a 32bit instructional operand it would be identified as DO. The second
register, D1, would automatically be associated.

Once the data is written to a general data register, it remains unchanged until it is overwritten.
When the PLC is turned from RUN to STOP all of the general data registers have their current
contents overwritten with a 0 (zero).

Data retention:

« Data can be retained in the general use registers when the PLC is switched from RUN to
STOP if special auxiliary relay M8033 is ON.

Data register updates:

« Writing a new data value to a data register will result in the data register being updated
with the new data value at the end of the current program scan.
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4.12.2 Battery Backed/ Latched Registers

Once data is written to a battery backed register, it remains unchanged until it is overwritten.
When the PLC's status is changed from RUN to STOP, the data in these registers is retained.

The range of devices that is battery backed can be changed by adjusting the parameters of the
PLC. For details of how to do this please refer to the appropriate programming tools manual.

Using the FX 2-40AW/AP:
e When using an FX with either the FX2-40AWor the FX2-40AP a proportion of the latched

data registers are automatically assigned for communications use by the FX2-40AW/AP
module.

Communication between Master and Slave 100 points M800 to M899
10 points D490 to D499

Communication between Slave and Master 100 points M900 to M999
10 points D500 to D509

4.12.3 Special Diagnostic Registers

Special registers are used to control or monitor various modes or devices inside the PLC. Data
written in these registers are set to the default values when the power supply to the PLC is
turned ON.

- Note: When the power is turned ON, all registers are first cleared to 0 (zero) and then the
default values are automatically written to the appropriate registers by the system
software. For example, the watchdog timer data is written to D8000 by the system
software. To change the setting, the user must write the required value over what is
currently stored in D8000.

Data stored in the special diagnostic registers will remain unchanged when the PLC is
switched from STOP mode into RUN.

Use of diagnostic registers:
« On no account should unidentified devices be used. If a device is used, it should only be

for the purpose identified in this manual. Please see chapter 6 for tables containing data
and descriptions of the available devices for each PLC.
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File Registers |FXos)| FXon | FX | FX@o) [FXan(e)

File registers are available in two forms:

- Program memory registers - these occupy program steps in blocks of 500 and are avail-
able on FXon, FX, FX2c and FX2n(c) products

- RAM registers - these occupy a special data area and are available on all FXa2c units and
FX units with CPU version 3.07 or greater.

Program memory registers

File registers can be secured in the program memory (RAM, EEPROM or EPROM) in units of
500 points. These registers can be accessed with a peripheral device. While the PLC is
operating, data in the file registers can be read to the general-use/ battery backed/ latched
registers by using the BMOV instruction.

File registers are actually setup in the parameter area of the PLC. For every block of 500 file
registers allocated and equivalent block of 500 program steps are lost.

Note: The device range for file registers in the FXan(c) overlaps with the latched data registers.
The allocation of these devices as file registers ensures that the data is kept with the program.

Writing to file registers:

« FXon and FX file register data can only be changed by a peripheral device such as a
hand held programmer or a personal computer running the appropriate software.
For details of how to carry out the changes please reference the relevant operation
manual for guidance.

* FX(2c) and FXan(c) file register data can also be changed by the program using the
BMOV instruction.

< Only file registers in RAM or internal memory can be changed during RUN, but both
RAM, internal and EEPROM memory cassette memories can be changed when the PLC
is in STOP mode.

Special caution when using FX  on:
* No file registers can be modified during RUN.
Special caution when using FX:

« While the FX PLC is in RUN mode, alteration of the file registers D1000 to D1119 (120
points) is not allowed. Attempts to change these devices during RUN may result in a pro-
gram error when the PLC is next switched into RUN.

RAM registers FXos)| FXon | FX | FX(2c) [FX2n(c)

RAM file registers are 2000 points which can be activated by driving a special auxiliary relay
M8074 ON. These registers can then be accessed just like normal program file registers. RAM
registers occupy no program steps but do occupy the sampling trace data register area when
M8074 is active.

Available devices:

« Please refer to the table on page 4-33 or chapters 6 and 8, where further details of the
availability of devices can be found.
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4.12.5 Externally Adjusted Registers

The FXo and FXON have built in “setting
pots” which are used to adjust the
contents of certain dedicated data
registers. The contents of these registers RUN
can range from 0 to 255. This is a built in 87 "
feature and requires no additional setup

or programming. =
The FX, FX2c and FX2n(c) do not have o
this feature, however, an additional
special function unit is available which
provides the same function. For the FX
and FXzc the unit is the FX-8AV. For
FX2n(c) the unit is the FX2n-8AV-BD. To
use this unit requires the applied instructions VRRD function 85 (Volume Read) and VRSC
function 86 (Volume Scale).

Setting pot
of an FXO0

owm
o
o

FXo(s) FXoN FX ‘ FX(2c) ‘ FX2N(C)
Number of . ' 8 points: Supplied by using the additional special
setting pots 1 point 2 points function block
gp FX-8AV or FX2N-8AV-BD
Number of 1. D8013 or L .
controlled 1: D8013 D8030, Selected %}gg ‘;‘:‘fjr\"/"Qggz‘igl'jge'(;‘Str”Ct'ons
data registers 2: D8031 '

Uses:
» This facility is often used to vary timer settings, but it can be used in any application

where a data register is normally found, i.e. setting counters, supplying raw data, even
selection operations could be carried out using this option.
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4.13

Index Registers |FXos)| FXon | FX | FXeo) [FXanc)

Device Mnemonic: V,Z
Purpose: To modify a specified device by stating an offset.

Alias: (V/ Z) Register
Index (register/ addressing/ modifier)
Offset(s) (register/ addressing/ modifier)
Indices
Modifier

Available forms:
For 16bit data V or Z
(2 devices) k— 16 Bit —| — 16 Bit—
For 32bit data V and Z combined Vv 7
(1 device - Z is specified)
Operation is similar to data registers.

k—— 32 Bit———
v |z |

Devices numbered in:  N/A. FXO0(s),FXon, FX, FX2c there are two devices V and/ or Z.
For FX2n(c) there are 16 devices VO - V7 and Z0 - Z7

Further uses:  Can be used to modify the following devices under certain conditions;
X, Y,M, S, P, T,C, D, K, H, KnX, KnY, KnM, KnS

Example device usage:

The program shown right transfers data from D5V to D10Z.
If the data contained in register V is equal to 8 and the data in register Z is equal to 14, then:

V=8

D5V

D5 +8 =131 D13
Z=14

D10Z

D10 + 14 =241D24

Hence, the actual devices used after the modifiers V and Z have been taken into account are;
D13 and D24 and not D5 and D10 respectively.

Use of Modifiers with Applied Instruction Parameters:
< All applied instruction parameters should be regarded as being able to use index regis-
ters to modify the operand except where stated otherwise.
Special note for FX o and FXon users:

« Users of FXo and FXon PLC’s should note that when high speed counters (C235 to
C255) are used as operands in applied instructions, they may not be modified with V or Z
index registers.
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4.13.1 Modifying a Constant

Constants can be modified just as easily as data registers or bit devices. If, for example, the
constant K20 was actually written K20V the final result would equal:
K20 + the contents of V

Example:
K 20
If V = 3276 then K20V < Y (3276)
3296

4.13.2 Misuse of the Modifiers

Modifying Kn devices when Kn forms part of a device description such as KnY is not possible,
i.e. while the following use of modifiers is permitted;

K3Z
K1M10V
Y20z

Statements of the form:
K4ZY30
are not acceptable.

« Modifiers cannot be used for parameters entered into any of the 20 basic instructions,
i.e. LD, AND, OR etc.

4.13.3 Using Multiple Index Registers

The use of multiple index registers is
sometimes necessary in larger programs or X0
programs which handle large quantities of - }—{ MOV‘ K10 ‘ vV %
data. There is no problem from the PLC’s
point of view in using both V and Z registers X1
many times through out a program. The point — }—{ MOV‘ K20 ‘ 7 F
to be aware of is that it is sometimes
confusing for the user or a maintenance X2
person reading such programs, as it is not — }—{ADD \ D SV\D 152\D4OZF
always clear what the current value of V or Z

IS. M8000

Example: — MOV‘ KO ‘ v F
V =10 (K10) X3
Z = 20 (K20) | DADD|D0|D2|D 4z}

D5V =D15 (D5 +V = D5 + 10 = D15)
D157 = D35 (D15 + Z = D15 + 20 = D35)
D40z = D60 (D40 + Z = D40 + 20 = D60)

Both V and Z registers are initially set to K10 and K20 respectively.

The contents of D15 is added to that of D35 and store in D60.

V is then reset to 0 (zero) and both V and Z are used in the double word addition (DADD).
The contents of D1, DO are then added to D3, D2 and then finally stored in D25, D24.
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4.14  Bits, Words, BCD and Hexadecimal [FXos) | FXon | FX [ FXeo) [FXan(e)

The following section details general topics relating to good device understanding. The section
is split into several smaller parts with each covering one topic or small group of topics. Some of
the covered topics are;

Bit devices, individual and grouped - see page 4-40

Word devices - see page 4-42
Interpreting word data - see page 4-42
Two's compliment - see page 4-45

Available devices:
» For PLC specific available devices please see chapter 8.

4.14.1 Bit Devices, Individual and Grouped

Devices such as X, Y, M and S are bit devices. Bit devices are bi-stable, this means there are
only two states, ON and OFF or 1 and 0. Bit devices can be grouped together to form bigger
representations of data, for example 8 consecutive bit devices are some-times referred to as a
byte. Further more, 16 consecutive bit devices are referred to as a word and 32 consecutive bit
devices are a double word.

The PLC identifies groups of bit devices which should be regarded as a single entity by looking
for a range marker followed by a head address. This is of the form KnP where P represents the
head address of the bit devices to be used. The Kn portion of the statement identifies the
range of devices enclosed. “n” can be a number from the range 0 to 8. Each “n” digit actual
represents 4 bit devices, i.e K1 = 4 bit devices and K8 = 32 bit devices. Hence all groups of bit
devices are divisible by 4.

The diagram and example on the following page explain this idea further........
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Assigning grouped bit devices:

As already explained, bit devices can be grouped into 4 bit units. The “n” in KnMO defines the
number of groups of 4 bits to be combined for data operation. K1 to K4 are allowed for 16bit
data operations but K1 to K8 are valid for 32bit operations.

K2MO, for example identifies 2 groups of 4 bits; MO to M3 and M4 to M7, giving a total of 8 bit
devices or 1 byte. The diagram below identifies more examples of Knv¢ use.

X37X36 X35X34X33 X32X31X30  X16X15X14X13X12X11X10 X7 X6 X5 X4 X3 X2 X1 X0
of1jofolof1jo[ % ‘ Jojo 1 1]oj1][ojo/1]1]0 1]1]0
‘ K1X6 ‘ ‘ K1XO0
K3X0
K8XO0
K1X0 : X0 to X3 = 4 bit devices with a head address of X0
K1X6 : X6 to X11 = 4 bit devices with a head address of X6
K3X0 : X0 to X13 = 12 bit devices with a head address of X0
K8X0 : X0 to X37 = 32 bit devices with a head address of X0

Moving grouped bit devices:
« If a data move involves taking source data and moving it into a destination which is

smaller than the original source, then the overflowing source data is ignored. For exam-
ple;

If K3M20 is moved to K1MO then only M20 to M23 or K1M20 is actually moved. The
remaining data K2M24 or M24 to M31 is ignored.

Assigning 1/O:
« Any value taken from the available range of devices can be used for the head address

‘marker’ of a bit device group. However, it is recommended to use a 0 (zero) in the low-
est digit place of X and Y devices (X0, X10, X20.....etc). For M and S devices, use of a

multiple of “8” is the most device efficient. However, because the use of such numbers

may lead to confusion in assigning device numbers, it recommended to use a multiple of
“10”. This will allow good correlation to X and Y devices.
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4.14.2

4.14.3

Word Devices

Word devices such as T, C, D, V and Z can store data about a particular event or action within
the PLC. For the most part these devices are 16 bit registers. However, certain variations do
have 32 bit capabilities, as can pairs of consecutive data registers or combined V and Z
registers.

It may seem strange to quote the size of a word device in bits. This is not so strange when it is
considered that the bit is the smallest unit of data within the PLC. So by identifying every thing
in bit format a common denomination is being used, hence comparison etc is much easier.
Additional consequences of this bit interpretation is that the actual data can be interpreted
differently. The physical pattern of the active bits may be the important feature or perhaps the
numerical interpretation of the bit pattern may be the key to the program. It all comes down to
how the information is read.

Interpreting Word Data

As word data can be read in many ways the significance of certain parts of the word data can
change. PLC'’s can read the word data as:

- A pure bit pattern

- A decimal number

- A hexadecimal number

- Or as a BCD (Binary Coded Decimal) number

The following examples will show how the same piece of data can become many different
things depending wholly on the way the information is read or interpreted.

a) Considering a bit pattern
The following bit pattern means nothing - it is simply 16 devices which have two states.
Some of the devices are randomly set to one of the states. However, if the header
notation (base 2) is added to the 16 bit data the sum, decimal, total of the active bits can
be calculated, e.g.,

[t[ofof1[s]s]1]oof1[1]s]of1]0]1]

L

MSBZl4 213 21221121029 28 27 26 25 24 23 22 21 20
[2fofof1f1]s]1]oof1]1]2]of1]0]1]

Decimal value = (2°%x 1)+ (22x 1) + (2*x 1) + (2° x 1)
+25x 1)+ (22°x 1)+ (219x 1) + (211 x 1) + (212 x 1)
Decimal value = 7797

This is in fact incorrect!

There is one bit device which has been shaded in. If its header notation is studied
carefully it will be noted that it says MSB. This is the Most Significant Bit. This single bit
device will determine if the data will be interpreted as a positive or negative number. In
this example the MSB is equal to 1. This means the data is negative.

The answer however, is not -7797.
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The reason this is not -7797 is because a negative value is calculated using two’s
compliment (described later) but can quickly be calculated in the following manner:
Because this is a negative number, a base is set as -32768. This is the smallest number
available with 16bit data. To this the positive sum of the active bits is added, i.e. -32768 +
7797.

The correct answer is therefore -24971.

Remember this is now a decimal representation of the original 16 bit - bit pattern. If the
original pattern was re-assessed as a hexadecimal number the answer would be
different.

b) A hexadecimal view
Taking the same original bit pattern used in point a) and now adding a hexadecimal
notation instead of the binary (base 2) notation the bit patterns new meaning becomes:

t1l]o0jo0(1{1{1tj1jo0joj{1t}{1|1]0|1]0]|1
8 4 2 1 8 4 2 1 8 4 2 1 8 4 2 1
[ fofof oo fefefofefefefefefr]eft]

Hexadecimal value = ((1x8) + (1 x 1)), (1 x8) + (1 x4) + (1 x 2)),
((Ax4)+(1x2)+(1x1),((1x4)+(1x1))

Hexadecimal value = 9E75

Two things become immediately obvious after a hexadecimal conversion. The first is that
there is sign bit as hexadecimal numbers are always positive.

The second is there is an "E" appearing in the calculated data. This is actually
acceptable as hexadecimal counts from 0 to 15. But as there are only ten digits (0 to 9),
substitutes need to be found for the remaining base 16 numbers, i.e. 10, 11, 12, 13, 14
and 15. The first six characters from the alphabet are used as the replacement indices,
e.g. A to F respectively.

As a result of base 16 counting, 4 binary bits are required to represent one base 16 or
hexadecimal number. Hence, a 16 bit data word will have a 4 digit hexadecimal code.
There is actually a forth interpretation for this bit sequence. This is a BCD or Binary
Coded Decimal reading. The following section converts the original bit pattern into a
BCD format.
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¢) ABCD conversion
Using the original bit pattern as a base but adding the following BCD headers allows the
conversion of the binary data into a BCD format.

It will be noticed that this will produce an ERROR. The conversion will not be correct.
This is because BCD numbers can only have values from 0 to 9, but the second block of
4 bit devices from the left would have a value of 14. Hence, the error.

The conversion process is very similar to that of hexadecimal except for the mentioned
limit on values of 0 to 9. If the other blocks were converted just as an example the
following values would be found;

Extreme Left Hand Block= ((1 x8) + (1 x 1)) =9
Second Right Hand Block= ((1 x4)+ (1 x2)+ (1 x1) =7
Extreme Right Hand Block= (1 x4) + (1 x1)) =5

BCD data is read from left to right as a normal number would be read. Therefore, in this
example the “9” would actually represent “9000”. The second right hand block is actually
“70” not “7”. The units are provided by the extreme right hand block, i.e. 5. The hundreds
“100’s” would have been provided by the second left hand block (which is in error).

It is also important to note that there is no sign with BCD converted data. The maximum
number allowable for a single data word is “9999” and the minimum is “0000".

Word Data Summary

In each of the previous cases the original bit pattern had a further meaning. To recap the three
new readings and the original bit pattern,

Decimal : -24971
Hexadecimal : 9E75
BCD : Error (9?75)

Each meaning is radically different from the next yet they are all different ways of describing
the same thing. They are in fact all equal to each other!
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4.14.4 Two’s Compliment

Programmable controllers, computers etc, use a format called 2’'s compliment. This is a
mathematical procedure which is more suited to the micro processors operational hardware
requirements. It is used to represent negative numbers and to perform subtraction operations.
The procedure is very simple, in the following example “15 - 7” is going to be solved:

Stepl: Find the binary values (this example uses 8 bits)
15 = 00001111
7 = 00000111

Step2: Find the inversion of the value to be subtracted.
Procedure: invert all 1is to Ois and all Ois to 1's.

7 00000111

Inverted 7 11111000

Step3: Add 1 to the inverted number.

Procedure: add 1 to the right hand most bit. Remember this is binary addition hence, when a
value of 2 is obtained 1 is moved in to the next left hand position and the remainder is set to 0
(zero);

Inverted7 11111000
Additionall 00000001
Answer 11111001

This result is actually the same as the negative value for 7 i.e. -7.

Step4: Add the answer to the number the subtraction is being made from (i.e. 15).
Procedure: Remember 1+1 = 0 carry 1 in base 2 (binary).

Original valuel5 00001111
Answer found in step3 11111001
Solution (1)00001000

The “(1)" is a carried “1” and is ignored as this example is only dealing with 8 bits.

Step 5: Convert the answer back.
00001000 =8

The answer is positive because the MSB (the most left hand bit) is a 0 (zero). If a quick mental
check is made of the problem it is indeed found that “15-7 = 8”.

In fact no subtraction has taken place. Each of the steps has either converted some data or
performed an addition. Yet the answer is correct 15 - 7 is 8. This example calculation was
based on 8 bit numbers but it will work equally well on any other quantity of bits.
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4.15 Floating Point And Scientific Notation

PLC’s can use many different systems and methods to store data.

‘FXO(S)‘ FXON‘ FX ’FX(ZC) IFXZN(C)‘

The most common have already been discussed in previous sections e.g. BCD, Binary,
Decimal, Hex. These are what is known as ‘integer’ formats or ‘whole number formats’.

As the titles suggest these formats use only whole numbers with no representation of fractional
parts. However, there are two further formats which are becoming increasingly important and

they are:

a) Floating point and

b) Scientific notation

Both of these formats are in fact closely related. They both lend themselves to creating very
large or very small numbers which can describe both whole and fractional components.

General note:

» Sometimes the words ‘Format’, ‘Mode’ and ‘Notation’ are interchanged when descrip-

tions of these numerical processes are made. However, all of these words are providing
the same descriptive value and as such users should be aware of their existence.

Some useful constants

T
21
4
®

The speed of light

Gravity, g
e

Fixed points:

Boiling point of liquid oxygen
Melting point of ice

Triple point of water

Boiling point of water

100

100

101

100

108 m/s
109 m/s?
100

-1.8297 X 102 °C
0.00 X 100 °C
1.00 X 102°C
1.00 X 102 °C
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4151

Scientific Notation

This format could be called the step between the ‘integer’ formats and the full floating point
formats. In basic terms Scientific Notation use two devices to store information about a number
or value. One device contains a data string of the actual characters in the number (called the
mantissa), while the second device contains information about the number of decimal places
used in the number (called the exponent). Hence, Scientific Notation can accommodate values
greater/smaller than the normal 32 bit limits, i.e. -2,147,483,648 to 2,147,483,647 where
Scientific Notation limits are;

Maximums Minimums
9999 X 103° 9999 X 1041
-9999 X 1035 -9999 X 1041

Scientific Notation can be obtained by using the BCD, or EBCD in FX2n, instruction (FNC 18 or
FNC 118) with the float flag M8023 set ON. In this situation floating point format numbers are
converted by the BCD instruction into Scientific Notation - see page 5-22 for details. When
using the FX2N the INT instruction (FNC 129) can be used.

Scientific Notation can be converted back to floating point format by using the BIN instruction
(FNC 19) with the float flag M8023 set ON - see page 5-22 for details.

The following points should be remembered about the use of Scientific Notation within
appropriate FX units;

e The mantissa and exponent are stored

in consecutive data registers.
Each part is made up of 16 bits and can EXPONENT MANTISSA
be assigned a positive or negative value Data Register D+1 Data Register D
indicated by the value of the most blf’ - -1 |b0 b1'|5 - -1 |b°
significant bit (MSB, or bit 15 of the data 3 : : :
register) for each number. /]\_Sign bit (MSB) /]\_Sign bit (MSB)

1= Negative 1= Negative

« The mantissa is stored as the first 4 0 = Positive 0= Positive

significant figures without any rounding

of the number, i.e. a floating point number of value 2.34567 X 103 would be stored as a
mantissa of 2345 at data register D and an exponent of O (zero) at data register D+1.

* The range of available mantissa values is 0, 1000 to 9999 and -1000 to -9999.
« The range of available exponent values is +35 through to -41.

» Scientific format cannot be used directly in calculations, but it does provide an ideal method
of displaying the data on a monitoring interface.
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4.15.2 Floating Point Format

Floating point format extends the abilities and ranges provided by Scientific Notation with the
ability to represent fractional portions of whole numbers, for example;
Performing and displaying the calculation of 22 divided by 7 would yield the following results:

a) Normal FX operation using decimal (integers) numbers would equal 3 remainder 1
b) In floating point it would equal 3.14285 (approximately)

c) In Scientific format this calculation would be equal to 3142 X 10 -3

So it can be seen that a greater degree of accuracy is provided by floating point numbers, i.e.
through the use of larger numerical ranges and the availability of more calculable digits.
Hence, calculations using floating point data have some significant advantages. Decimal data
can be converted in to floating point by using the FLT, float instruction (FNC 49). When this
same instruction is used with the float fag M8023 set ON, floating point numbers can be
converted back to decimal. see page 5-49 for more details.

The following points should be remembered about the use of Floating Point within appropriate
FX units;

* Floating point numbers, no matter what numerical value, will always occupy two consecu-
tive data registers (or 32 bits).

« Floating point values cannot be directly monitored, as they are stored in a special format
recommended by the I.E.E.E (Institute of Electrical and Electronic Engineers) for personal
and micro computer applications.

« Floating point numbers have both mantissa and exponents (see Scientific Notation for an
explanation of these terms). In the case of floating point exponents, only 8 bits are used.

Additionally there is a single sign bit

FX Data Register Contruction

for the mantissa. The remaining bits e B e —

. . . ata register 'D+1' ata register 'D’
of the 32 bit value, i.e. 23 bits, are bis (16 bit) bchs (16 bits) bo
used to ‘describe’ the mantissa B T e R
value. (8 bits) (23 bits)

Sign bit Floatin g Point Format

Valid ranges for floating point numbers as used in FX Main Processing Units:

Exponent Mantissa
(bit pattern) (bit pattern)

1117171111111111111111111
11111110 11111111111111111111110
00000001 |00000000000000000000001
00000000000000000000000

Zero Oor1 | 00000000 [00000000000000000000000 All digits are O (zero)

Description | Sign Remark

Largest number +/- 3.403 X 1038
Accuracy: 7 significant figures
Smallest number +/- 1.175 X 10-38

Normal Float |0 or 1
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4.15.3 Summary Of The Scientific Notation and Floating Point Numbers

The instruction needed to convert between each number format are shown below in a
diagrammatically format for quick and easy reference.

FX, FX2c

View as either integer of
hexadecimal
Perform all mathematical
operations as normal

(M8023 OFF)

Use to view the
mantissa and
exponent of a floating
point number as

integer values

Floating Point
Numbers
(1 x 32 bit)

Perform all mathematical operation with
M8023 ON using double word functions
(DADD, DSUB, DMUL, DDIV, DSQR, etc.)

Scientific
Notation
(2 x 16 bit)

Integers
(16 or 32 bit)
(Data registers)

Perform all mathematical operations using the special
floating point instructions using double word format
(DEADD, DESUB, DEMUL, DEDIV, DESQR, etc.)

Floating Point
Numbers

(1 x 32 bit)

FX2N(C)
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MEMO
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5.7 Handg/ Instructions - FUNCHONS 60 10 69 .......cooiiiiiiiiiiieeeeeee et
5.7.1 LG0T 5-67 5.7.2 SER (FNC61)... .
5.7.3 ABSD (FNC 62).. ..5-70 5.7.4  INCD (FNC 63)..
575 TTMR (FNC 64) .... .5-72 57.6 STMR (FNC 65)....
5.7.7  TTMR (FNC 66) .. .5-73 5.7.8 RAMP (FNC 67) ...
5.7.9  ROTC (FNC 68) oomrooooooooooeooeosoooioosoo 5-75 5.7.10 SORT (FNC 69)
5.8 External FX I/O Devices - Functions 70 to T
581  TKY (FNC 70) ceoivooeoeeeeeeeeeeeeeeeseeeeesee s 5.8.2 HKY (FNC 71)...
5.8.3 DSW (FNC 72)... . 5.8.4 SEGD (FNC 73)....
585  SEGL (FNC 74).. 5.8.6 SEGL (FNC 75).
5.8.7  SEGL (FNC 75).. . 5.8.8 R (FNC 77)......
5.8.9  PR(ENC 77) coreooeeoieeeeeeeeeeeseeeeeeeseeeseesee s 5.8.10 PR (FNC 77)..cveooeeoeeeoeeeeeeseeesroesceseeseenn.
5.9 External FX Serial Devices - Functions 80 10 8O i
591 RS (FNC 80) ..oooveiveeeereeeeesresseeeseeseeseesnenens 5.9.2 RS (FNC 80)......
5.9.3  ASCI(FNC 82)... 5.9.4 HEX (FNC 83) ...
595  CCD (FNC 84).... 5.9.6 VRRD (FNC 85). )
59.7  VRSD (FNC 86) 5.9.8  PID (FNC 88).....veoiveeeeeereeeseeeeresesirs
5.10 External F2 Units - FUNCHONS 90 10 99 ......ciiniiiiiieeeeeeeeee ettt
5.10.1 ANRD (FNC 91) 2 5.10.2 ANRD (FNC 91)....
5.10.3 ANWR (FNC 92) .. 5.104 RMST (FNC 93)....
5105 RMMR (FNC 94)... 5.10.6 RMRD (FNC 95) .
5.10.7 RMMN (FNC 96)... 5.10.8 BLK (FNC 97) ..o eoeeeeeeeeeeseseeeeeeeeeee
5.10.9 MCDE (FNC 98)
5.11 Floating Point 1 & 2 - FUNCONS 110 0 129 ....oiiiiiiiiiiiiiieiiiiicee e e e e e e
511.1 ECMP (ENC 110) ....oovooeeeeereeoeseeereeeernenn 5-121 5.11.2 ECMP (FNC 110). ...5-121
5.11.3 EBCD (FNC 118) .. ..5-122 5.11.4 EBCD (FNC 118).. 5-122
5.11.5 EADD (FNC 120) .. ..5-123 5.11.6 EAUB (ENC 121).. 5-124
5.11.7 EMUL (FNC 122) .. ..5-124 5.11.8 EDIV (FNC 123) ... .5-125
5.11.9 ESQR (FNC 127) 5-125 5.11.10 INT (FNC 129) ....veceeeeeeeeeeeceereeeeseeses 5-126
5.12 Trigonometry - FNC 130 t0 FNC 139 .........cuiiiiiiiieieiiiiiiiiiieeceeae e ....5-128
5.12.1 " SIN (FNC 130) ...eoveoreoreeeeseeeeesreeeeeene e 5-129 5.12.2 COS (FNC 131) iovoeeriveereesseeereeseseesnen 5-130
5.12.3  TAN (ENC 132) cooivioeeeeeeeeeeeeeeeeeeeeeere 5-130
5.13 Data Operanons 2 - FNC 140 to FNC 149 ...................................................................
5.13.1  SWAP (ENC 147) oo
5.14 Real Time Clock Control - FNC 160 to FNC 169
5.14.1 TCMP (ENC 160) ......veveeeeeeeeeeeeeeeeeecenrnee 5-137 5.14.2 TZCP (FNC 161) ..
5.14.3 TADD (FNC 162)... 5.14.4 TSUB (FNC 163).. .
5145 TRD (FNC 166) .o...veovereeeeeereeeeeeseeseernee, 5.14.6 TWR (FNC 167) cecoveooeoeeereeseeresrrsrennn
5.15 Gray Codes - FNC 170 t0 FNC 179 ...t s e saiieiee e e e e e e e

5.15.1 GRY (FNC 170)....cccciiiiiiiiiiiiiiiiiiececee 5-145

5. 16 Inline Comparisons - FNC 220 to FNC 249
16.1 LD compare (FNC 224 to 230)..
5 16.3 OR compare (FNC 240 to 246).
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Applied Instructions [FXos) | FXon | FX [ FX@c) [FXanio)

Applied Instructions are the ‘specialist’ instructions of the FX family of PLC’s. They allow the
user to perform complex data manipulations, mathematical operations while still being very
easy to program and monitor. Each applied instruction has unigue mnemonics and special
function numbers. Each applied instruction will be expressed using a table similar to that
shown below:

. ) Operands
Mnemonic Function 5 Program steps
(0N A method of Valid pointers from the range 0 to 63 CJ,CJIP:3steps
FNC 00 jumping to an
(Conditional |identified pointer Jump pointer
Jump) position Ps¢v¢:1 step

The table will be found at the beginning of each new instruction description. The area identified
as ‘Operands’ will list the various devices (operands) that can be used with the instruction.
Various identification letters will be used to associate each operand with its function, i.e. D-
destination, S- source, n, m- number of elements. Additional numeric suffixes will be attached
if there are more than one operand with the same function.

Not all instructions and conditions apply to all PLC’s. Applicable CPU'’s are identified by the
boxes in the top right hand corner of the page. For more detailed instruction variations a
second indicator box is used to identify the availability of pulse, single (16 bit) word and double
(32 bit) word format and to show any flags that are set by the instruction.

] PULSE-P 16 BIT OPERATION 32 BIT OPERATION
|FXO(s)| FXoN | FX |FX(20)|FX2N(C) FXO(s)l FXoN I FX |FX(2C) |FX2N(C) FXO(s)I FXoN | FX |FX(2C) |FX2N(c

FLAGS | Carry M8022

No modification of the instruction mnemonic is required for 16 bit operation. However, pulse
operation requires a ‘P’ to be added directly after the mnemonic while 32 bit operation requires
a ‘D’ to be added before the mnemonic. This means that if an instruction was being used with
both pulse and 32 bit operation it would look like..... DvevessP where v¢3%3v% was the basic
mnemonic.

The ‘pulse’ function allows the associated instruction to be activated on the rising edge of the
control input. The instruction is driven ON for the duration of one program scan.

Thereafter, while the control input remains ON, the associated instruction is not active.

To re-execute the instruction the control input must be turned from OFF to ON again.

The FLAGS section identifies any flags that are used by the instruction. Details about the
function of the flag are explained in the instructions text.
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« For instructions that operate continuously, i.e. on every scan of the program the instruction
will operate and provide a new, different result, the following identification symbol will be
used ‘9’ to represent a high speed changing state. Typical instructions covered by this

situation have a strong incremental, indexable element to their operation.

* In most cases the operands of applied instructions can be indexed by a users program. For
those operands which cannot be indexed, the symbol ‘®<’ has been used to signify an
operand as being ‘fixed’ after it has been written.

< Certain instructions utilize additional data registers and/or status flags for example a math
function such as ADD (FNC 20) can identify a zero result, borrow and carry conditions by

using preset auxiliary relays, M8020 to M8021 respectively.
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Applied Instructions:

FNC 00 - 09

FNC 10 - 19

FNC 20 - 29

FNC 30 - 39

FNC 40 - 49

FNC 50 - 59

FNC 60 - 69

FNC 70 - 79

FNC 80 - 89

10.

11.

12.

13.

14.

15.

16.

FNC 90 - 99

FNC 110-129

FNC 130-139

FNC 140-149

FNC 160-169

FNC 170-179

FNC 220-249

T

Program Flow

Move And Compare

5-4

5-16

Arithmetic And Logical Operations (+, -, %, +)

Rotation And Shift

Data Operation

High Speed Processing
Handy Instructions
External FX I/O Devices
External FX Serial Devices
External F2 Units

Floating Point 1 & 2
Trigonometry (Floating Point 3)
Data Operations 2

Real Time Clock Control
Gray Codes

In-line Comparisons

5-24
5-34

5-42

5-52

5-66

5-80

5-94

5-110

5-118

5-126

5-130

5-134

5-142

5-146

2% MITSUBISHI

5-3



FX Series Programmable Controlers

Applied Instructions 5

51 Program Flow-Functions00 to 09

Contents:

CJ- Conditional jump
CALL - Call Subroutine
SRET - Subroutine Return
IRET - Interrupt Return

El - Enable Interrupt

DI - Disable Interrupt
FEND - First End

WDT - Watchdog Timer
FOR - Start of a For/Next Loop
NEXT - End a For/Next Loop

Symbols list:
@ D - Destination device.

S - Source device.

FNC 00
FNC 01
FNC 02
FNC 03
FNC 04
FNC 05
FNC 06
FNC 07
FNC 08
FNC 09

|FXos)| FXoN | FX | FXeo) [FXanc)

Page
5-5
5-7
5-8
5-9
5-9

5-11
5-12
5-13
5-13

m, n- Number of active devices, bits or an operational constant.
Additional numeric suffixes will be attached if there are more than one operand with the same

function e.g. D1, S3or for lists/tabled devices D3+o, S+9 etc.

MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a number, i.e.

positive = 0, and negative = 1.
LSB - Least Significant Bit.

Instruction modifications:

s¢veye - An instruction operating in 16 bit mode, where v¢ve¢v¢ identifies the instruction

mnemonic.

veweyxP - A 16 bit mode instruction modified to use pulse (single) operation.

Dveveve - Aninstruction modified to operate in 32 bit operation.

DveveveP - A 32 bit mode instruction modified to use pulse (single) operation.

7 - A repetitive instruction which will change the destination value on every scan unless

modified by the pulse function.

X - An operand which cannot be indexed, i.e. The addition of V or Z is either invalid or will

have no effect to the value of the operand.
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5.1.1 CJ(FNC 00)

’FXO(S)I FXon | FX ‘FX(ZC) |FX2N(C)‘

. ) Operands

Mnemonic Function 5 Program steps
(O8] Jumps to the Valid pointers from the range 0 to 63 CJ, CJP:3steps
FNC 00 identified pointer Jump pointer
(Conditional |position PPP. 1 step
Jump)

PULSE-P 16 BIT OPERATION 32 BIT OPERATION \

FXO(s)[ FXoN [ FX [FX(ZC)]FXZN(C) FXO(s)[ FXon [ FX “:X(ZC) ]FXzN(C) FXO(s)[ FXoN [ FX ‘FX(ZC)IFXZN(C)‘

X20

(D]

Operation:

When the CJ instruction is active it forces the program
to jump to an identified program marker. While the
jump takes place the intervening pro-gram steps are
skipped. This means they are not processed in any
way. The resulting effect is to speed up the programs

Points to note:

a) Many CJ statements can reference a single pointer.

b) Each pointer must have a unique number. Using

pointer P63 is equivalent to jumping to the END
instruction.

Any program area which is skipped, will not update
output statuses even if the input devices change.
For example, the program opposite shows a
situation which loads X1 to drive Y1. Assuming X1
is ON and the CJ instruction is activated the load
X1, out Y1 is skipped. Now even if X1 is turned
OFF Y1 will remain ON while the CJ instruction
forces the program to skip to the pointer PO. The
reverse situation will also apply, i.e. if X1 is OFF to
begin with and the CJ instruction is driven, Y1 will
not be turned ON if X1 is turned ON. Once the CJ
instruction is deactivated X1 will drive Y1 in the
normal manner. This situation applies to all types of
outputs, e.g. SET, RST, OUT, Y, M and S devices

operational scan time.

X20
 CJ P9}
X21
[ CJ[P9]
Sl o
X0
— [ CJTPO]
X1
| o
M8000
PO YoO—
END

d) The CJ instruction can jump to any point within the main program body or after an FEND

instruction
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e) A CJ instruction can be used to Jump forwards
through a program, i.e. to-wards the END | P10—|
instruction OR it can jump backwards towards step
0. If a backwards jump is used care must be taken |
not to overrun the watchdog timer setting otherwise
the PLC will enter an error situation. For more
information on the watchdog timer please see page
5-12.

f) Unconditional jumps can be entered by using special auxiliary coils such as M8000. In this
situation while the PLC is in RUN the program will ALWAYS execute the CJ instruction in an
unconditional manner.

IMPORTANT:
» Timers and counters will freeze their current values if they are skipped by a CJ instruction.

For example if Y1 in the previous program (see point ¢) was replaced by TO K100 and the
CJ instruction was driven, the contents of TO would not change/increase until the CJ
instruction is no longer driven, i.e. the current timer value would freeze.

High speed counters are the only exception to this situation as they are processed
independently of the main program.

Using applied instructions:
» Applied instructions are also skipped if they are programmed between the CJ instruction

and the destination pointer. However, The PLSY (FNC 57) and PWM (FNC 58) instructions
will operate continuously if they were active before the CJ instruction was driven, otherwise
they will be processed, i.e. skipped, as standard applied instructions.

Details of using CJ with other program flow instructions
« Further details can be found on pages 7-12 and 7-13 about the combined use of different

program flow techniques (such as master control, MC etc).
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5.1.2 CALL (FNC 01) ‘ FXo(s) ‘ FXoN ‘ FX ‘ FX(2c) IFXZN(C)‘

. ) Operands
Mnemonic Function 5 Program steps
CALL Executes the Valid pointers from the range 0 to 62 CALL, CALLP:
FNC 01 subroutine 3 step
(Call sub- program starting | Nest levels: 5 including the initial CALL Subroutine pointer
routine) at the identified PPP. 1 steps
pointer position
PULSE-P 16 BIT OPERATION 32 BIT OPERATION \
FXO(s)| FXon [ FX [FX(zc) |FX2N(C) FX0(s)] FXon [ FX [FX(zc)]FXzN(C) FX0(s)] FXon [ FX ]FX(ZC)]FXQN(C)\
Operation:
X0 [D] . . . . .
- When the CALL mstructlon is actlve_ it forc_es the
R program to run the subroutine associated with the
called pointer (area identified as subroutine P10). A
510 [FENDI— | CALL instruction must be used in conjunction with
Subroutine D10 FEND (FNC 06) and SRET (F'NC OZ) instructions. The
program jumps to the subroutine pointer (located after
an FEND instruction) and processes the contents until
[SRET—| | an SRET instruction is encountered. This forces the

program flow back to the line of ladder logic
immediately following the original CALL instruction.

Points to note:
a) Many CALL statements can reference a single subroutine.

b) Each subroutine must have a unique pointer number. Subroutine pointers can be selected
from the range PO to P62. Subroutine pointers and the pointers used for CJ (FNC 00)
instructions are NOT allowed to coincide.

c) Subroutines are not normally processed as they occur after an FEND instruction. When
they are called, care should be taken not to overrun the watchdog timer setting. For more
information on watchdog timers please see page 5-12.

d) Subroutines can be nested for 5 levels including

the initial CALL instruction. As an example the X1

program shown opposite shows a 2 level nest. @KEH . CALLIP 1]
When X1 is activated the program calls subroutine :

P11. Within this subroutine is a CALL to a second (FENDI—
subroutine P12. When both subroutines P11 and P11 | o

P12 are active simultaneously, they are said to be
nested. Once subroutine P12 reaches its SRET k=
instruction it returns the program control to the

—] CALLIP 12

program step immediately following its original (SRET—
CALL (see @). P11 then completes its operation, P12 | C O
and once its SRET instruction is processed the :

program returns once again to the step following (SRET}—|

the CALL P11 statement (see @).

2% MITSUBISHI 5-7



FX Series Programmable Controlers Applied Instructions 5

Special subroutine timers:
 Because of the chance of intermittent use of the subroutines, if timed functions are

required the timers used must be selected from the range T192 to T199 and T246 to
T249.

Details of using CALL with other program flow instructions
@ » Further details can be found on pages 7-12 and 7-13 about the combined use of different

program flow techniques (such as master control, MC etc).

5.1.3 SRET (FNC 02) |FXos)| FXon | FX | FXeo) [FXanc)

. . Operands
Mnemonic Function 5 Program steps

SRET Returns operation | N/A SRET:
FNC 02 from a subroutine | Automatically returns to the step immediately |1 step
(Subroutine program following the CALL instruction which activated
return) the subroutine.

PULSE-P 16 BIT OPERATION | 32 BIT OPERATION \
FXos) [ FXon | FX_ [FXeo)[FXenic] FXow | FXon [ FX_ [FXeco)[FXene] FXow) [ FXon | FX [FXeo)FXene]

Operation:

SRET signifies the end of the current subroutine and returns the program flow to the step
immediately following the CALL instruction which activated the closing subroutine.

Points to note:
a) SRET can only be used with the CALL instruction.

b) SRET is always programmed after an FEND instruction - please see the CALL (FNC 01)
instruction for more details.
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5.1.4 IRET, El, DI

(FNC 03, 04, 05) |FXois) | FXon | FX | FX@2o) [FXan(c)

) ) Operands
Mnemonic Function 5 Program steps
IRET Forces the N/A IRET:
FNC 03 program to return | Automatically returns to the main program step |1 step
(Interrupt from the active which was being processed at the time of the
return) interrupt routine interrupt call.
El Enables interrupt | N/A El:
FNC 04 inputs to be pro- | Any interrupt input being activated after an EI |1 step
(Enable cessed instruction and before FEND or DI instructions
interrupts) will be processed immediately unless it has
been specifically disabled.
DI Disables the N/A Dl:
FNC 05 processing of Any interrupt input being activated after a DI 1 step
(Disable interrupt routines | instruction and before an El instruction will be
interrupts) stored until the next sequential El instruction is
processed.

I Identifies the A 3 digit numeric code relating to the interrupt | 1¥¢ vt v%:

beginning of an type and operation. 1 step
(Interrupt interrupt routine
pointer)

General description of an interrupt routine:

An interrupt routine is a section of program which is, when triggered, operated immediately
interrupting the main program flow. Once the interrupt has been processed the main program
flow continues from where it was, just before the interrupt originally occurred.

Operation:

Interrupts are triggered by different input conditions, sometimes a direct input such as X0 is
used other times a timed interval e.g. 30 msec can be used. The availability of different
interrupt types and the number operational points for each PLC type are detailed on page 4-
12, Interrupt Pointers. To program and operate interrupt routines requires up to 3 dedicated
instructions (those detailed in this section) and an interrupt pointer.

Defining an interrupt routine:

An interrupt routine is specified between its own
unique interrupt pointer and the first occurrence of an
IRET instruction.

Interrupt routines are ALWAYS programmed after an
FEND instruction. :
The IRET instruction may only be used within 1201 )
interrupt routines.

1001

Interrupt Program 1001

Interrupt Program 1201

5-9
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Controlling interrupt operations:

The PLC has a default status of disabling interrupt operation. The El instruction must be used
to activate the interrupt facilities. All interrupts which physically occur during the program scan
period from the El instruction until the FEND or DI instructions will have their associated
interrupt routines run. If these interrupts are triggered outside of the enclosed range (EI-FEND
or EI-DI, see diagram below) they will be stored until the EI instruction is processed on the
following scan. At this point the interrupt routine will be run.

L EL
Enabled Interrupts
s : P

Disabled Interrupts

Disabled Interrupts

Enabled Interrupts

1101 : FEND 1301 : FEND
Interrupt o routine Interrupt routine
IRET -REL

If an individual interrupt is to be disabled its associated special M coil must be driven ON.
While this coil is ON the interrupt routine will not be activated. For details about the disabling M
coils see the PLC device tables in chapter 8.

Nesting interrupts:

Interrupts may be nested for two levels. This means that an interrupt may be interrupted during
its operation. However, to achieve this, the interrupt routine which may be further interrupted
must contain the EI and DI instructions; otherwise as under normal operation, when an
interrupt routine is activated all other interrupts are disabled.

Simultaneously occurring interrupts:

If more than one interrupt occurs sequentially, priority is given to the interrupt occurring first. If
two or more interrupts occur simultaneously, the interrupt routine with the lower pointer number
is given the higher priority.

Using general timers within interrupt routines:

FX PLC’s have a range of special timers which can be used within interrupt routines. For more
information please see page 4-18, Timers Used in Interrupt and ‘CALL’ Subroutines.

Input trigger signals - pulse duration:

Interrupt routines which are triggered directly by interrupt inputs, such as X0 etc., require a
signal duration of approximately 200usec, i.e. the input pulse width is equal or greater than
200psec. When this type of interrupt is selected, the hardware input filters are automatically
reset to 50usec. (under normal operating circumstances the input filters are set to 10msec.).

Pulse catch function:

Direct high speed inputs can be used to ‘catch’ short pulsed signals. When a pulse is received
at an input a corresponding special M coil is set ON. This allows the ‘captured’ pulse to be
used to trigger further actions, even if the original signal is now OFF. FX0, FX0S and FXON
units have this function permanently active for inputs X0 through X3 with special M coils
storing the pulse data at M8056 to M8059. FX(2c) and FX2n units require the EI instruction
(FNC 04) to activate pulse catch for inputs X0 through X5, with M8170 to M8175 indicating the
caught pulse. Note that, if an input device is being used for another high speed function, then
the pulse catch for that device is disabled.
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5.1.5 FEND (FNC 06)

’FXO(S)I FXoN | FX ‘FX(ZC)‘FXZN(C)‘

. : Operands
Mnemonic Function 5 Program steps
FEND Used to indicate | N/A FEND:
FNC 06 the end of the Note: 1 step
(First end) main program Can be used with CJ (FNC 00), CALL (FNC 01)
block and interrupt routines
Operation:

An FEND instruction indicates the first end of a main program and the start of the program
area to be used for subroutines. Under normal operating circumstances the FEND instruction
performs a similar action to the END instruction, i.e. output processing, input processing and
watchdog timer refresh are all carried out on execution.

Points to note:

a) The FEND instruction is commonly used with CJ-P-FEND, CALL-P-SRET and I-IRET
program constructions (P refers to program pointer, | refers to interrupt pointer).
Both CALL pointers/subroutines and interrupt pointers (1) subroutines are ALWAYS
programmed after an FEND instruction, i.e. these program features NEVER appear in the
body of a main program.

X10

OFF

0 0
—® ﬂ Main program % ] *
X11
X10 -
Ab—crIpael | ON

ﬂ Main program %

- FEND]— !

P204{ Main program% X10 | | P2

ON
1100

END

ﬂ Main program % X1
X11
— OFF

ﬂ Main program %

FEND —

ﬂ Subroutine %

ﬂ Interrupt prog' %
END

b) Multiple occurrences of FEND instructions can be used to separate different subroutines
(see diagram above).

¢) The program flow constructions are NOT allowed to be split by an FEND instruction.
d) FEND can never be used after an END instruction.
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5.1.6 WDT (FNC 07)

’FXO(S)I FXoN | FX ‘FX(ZC)‘FXZN(C)‘

) ) Operands
Mnemonic Function 5 Program steps

WDT Used to refresh N/A WDT, WDTP:
FNC 07 the watch dog Can be driven at any time within the main 1 step
(Watch dog |timer during a program body
timer refresh) | program scan

PULSE-P 16 BIT OPERATION 32 BIT OPERATION ‘
FXo(s)] FXon [ FX [FX(zc) ]FXzN(C) FXO(s)] FXon [ FX [FX(2C) ]FXzN(C) FXO(s)] FXon [ FX ]FX(zc) ]FXzN(C)\

Operation:

X0 The WDT instruction refreshes the PLC’s watchdog
}—{ timer. The watchdog timer checks that the program
scan (operation) time does not exceed an arbitrary time

limit. It is assumed that if this time limit is exceeded
there is an error at some point. The PLC will then cease operation to prevent any further errors
from occurring. By causing the watchdog timer to refresh (driving the WDT instruction) the
usable scan (program operation) time is effectively increased.

_ | [ea || Program(pt1) scan
Main program ﬂ E> Main program pt1 time 60 msec
END — |

Program(pt2) scan

Program scan ~—Main program pt2|— . Zen’ 0]

time 120 msec

END

Points to note:

a) When the WDT instruction is used it will operate on every program scan so long as its input
condition has been made.
To force the WDT instruction to operate for only ONE scan requires the user to program
some form of interlock. FX users have the additional option of using the pulse (P) format of
the WDT instruction, i.e. WDTP.

X0 ]

X0 | . |
FX only }% Y | _Excutedinthe |
‘thirst program scan

:

X0 f ‘
All PCs general ‘ ‘
operation }—{ E>

I |Excuted every program scan

b) The watchdog timer has a default setting of 100
msec for FX PLC’s and 200 msec for FXo/FXon/ M8000
FX2N PLC’s. This time limit may be customized to }% ———— MOV |K150 \Dsooo}—{
a users own requirement by editing the contents of
data register D8000, the watchdog timer register.
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5.1.7 FOR, NEXT

’FXO(S)I FXoN | FX ‘FX(ZC)‘FXZN(C)‘

(FNC 08, 09)
) ) Operands
Mnemonic Function 5 Program steps
FOR Identifies the start | K, H, FOR:
FNC 08 position and the KnX, KnY, KnM, KnS, 3 step
(Start of a number of T,CD,V,Z
FOR-NEXT |repeats for the
loop) loop
NEXT Identifies the end | N/A NEXT:
FNC 09 position for the Note: 1 step
(End of a loop The FOR-NEXT loop can be nested for 5 lev-
FOR-NEXT els,
loop) i.e. 5 FOR-NEXT loops are programmed within
each other.
PULSE-P 16 BIT OPERATION | 32 BIT OPERATION \

FXO(s)| FXON[ FX [FX(2C)|FX2N(C)

FXos [ FXon ] FX

[FX(zc) |FX2N(C) FXO(s)| FXon [ FX ]FX(zc) |FX2N(C)\

o

o

[S]

NEXTF

Operation:

The FOR and NEXT instructions allow the
specification of an area of program, i.e. the program
enclosed by the instructions, which is to be repeated
S number of times.

Points to note:

a) The FOR instruction operates in a 16 bit mode hence, the value of the operand S may be
within the range of 1 to 32,767. If a number between the range -32,768 and 0 (zero) is
specified it is automatically replaced by the value 1, i.e. the FOR-NEXT loop would execute

once.

b) The NEXT instruction has NO operand.

¢) The FOR-NEXT instructions must be programmed as a pair e.g. for every FOR instruction
there MUST be an associated NEXT instruction. The same applies to the NEXT
instructions, there MUST be an associated FOR instruction. The FOR-NEXT instructions
must also be programmed in the correct order. This means that programming a loop as a
NEXT-FOR (the paired NEXT instruction proceeds the associated FOR instruction) is NOT

allowed.

Inserting an FEND instruction between the FOR-NEXT instructions, i.e. FOR-FEND- NEXT,
is NOT allowed. This would have the same effect as programming a FOR without a NEXT
instruction, followed by the FEND instruction and a loop with a NEXT and no associated

FOR instruction.

d) A FOR-NEXT loop operates for its set number of times before the main program is allowed
to finish the current program scan.

e) When using FOR-NEXT loops care should be taken not the exceed the PLC’s watchdog
timer setting. The use of the WDT instruction and/or increasing the watchdog timer value is

recommended.
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Nested FOR-NEXT loops:

FOR-NEXT instructions can be nested for 5 levels. This means that 5 FOR-NEXT loops can be
sequentially programmed within each other.

In the example a 3 level nest has been programmed. As each new FOR-NEXT nest level is
encountered the number of times that loop is repeated is increased by the multiplication of all
of the surrounding/previous loops.

For example, loop C operates 4 times. But within
this loop there is a nested loop, B. For every

completed cycle of loop C, loop B will be
completely executed, i.e. it will loop DOZ times. :
This again applies between loops B and A. o FOR|Do0Z
The total number of times that loop A will operate x10 ¢
. [ o [Paa}
for ONE scan of the program will equal, o) [P 2]
FOR |K1X0
1) The number of loop A operations multiplied by . ]AB c
2) The number of loop B operations multiplied by
i P22 s
3) The number of loop C operations
If values were associated to loops A, B and C, e.g. 2
7, 6 and 4 respectively, the following number of
operations would take place in ONE program :
scan:

Number of loop C operations = 4 times
Number of loop B operations = 24 times (C x B, 4 x 6)
Number of loop A operations = 168 times (C X B x A, 4 x 6 x 7)

Note:
The use of the CJ programming feature, causing the jump to P22 allows the ‘selection’ of

which loop will be processed and when, i.e. if X10 was switched ON, loop A would no longer
operate.
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Applied Instructions: |FXos)| FXoN | FX | FXeo) [FXanc)

1. Program Flow 5-4
1 2 Move And Compare 5-16
3. Arithmetic And Logical Operations (+, -, :,22)
4, Rotation And Shift 5:34
5. Data Operation 5-42
6. |mcws| High Speed Processing 5-52
7. Handy Instructions 5-66
8. |Fcw | External FX I/O Devices 5-80
9. |Fcw| External FX Serial Devices 5-94
10. External F2 Units 5-110
11. Floating Point 1 & 2 5-118
12. Trigonometry (Floating Point 3) 5-126
13. Data Operations 2 5-130
14. Real Time Clock Control 5-134
15. |mcimas| Gray Codes 5-142
16. |miczo2s| In-line Comparisons 5-146
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5.2 Move And Compare - Functions 10 to 19

Contents:

Page
CMP - Compare FNC 10 5-17
ZCP - Zone Compare FNC 11 5-17
MOV - Move FNC 12 5-18
SMOV - Shift Move FNC 13 5-18
CML - Compliment FNC 14 5-19
BMOV - Block Move FNC 15 5-20
FMOV - Fill Move FNC 16 5-21
XCH - Exchange FNC 17 5-21
BCD - Binary Coded Decimal FNC 18 5-22
BIN - Binary FNC 19 5-22

Symbols list:
D - Destination device.
S - Source device.
m, n- Number of active devices, bits or an operational constant.
Additional numeric suffixes will be attached if there are more than one operand with the same
function e.g. D1, S3or for lists/tabled devices D3+o, S+9 etc.
MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a number, i.e.
positive = 0, and negative = 1.
LSB - Least Significant Bit.
Instruction modifications:

“¢veve - An instruction operating in 16 bit mode, where w¢v¢vx identifies the instruction
mnemonic.

veweyxP - A 16 bit mode instruction modified to use pulse (single) operation.
Dveveve - Aninstruction modified to operate in 32 bit operation.
DveveveP - A 32 bit mode instruction modified to use pulse (single) operation.

- - A repetitive instruction which will change the destination value on every scan unless
modified by the pulse function.

X - An operand which cannot be indexed, i.e. The addition of V or Z is either invalid or will
have no effect to the value of the operand.
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521 CMP (FNC 10
( ) ’ FXO(S)| FXon | FX \FX(zc) |FX2N(C)‘
Mnemonic Function Operands Program steps
51 S2 D 8 .
CMP Compares two K, H, Y, M, S CMP, CMPP:
FNC 10 data values - KnX, KnY, KnM, KnS, 7 steps
(Compare) |resultsof<,=and |T,C,D,V, Z Note: )
> are given. 3 consecutive | DCMP,
devices are DCMPP:
used. 13 steps
PULSE-P 16 BIT OPERATION 32 BIT OPERATION ‘
FXo(s)] FXon [ FX [FX(2C)]FX2N(<:) FXO(s)| FXon [ FX [FX(zc) |FX2N(C) FXO(s)| FXon [ FX ]FX(2C) |FX2N(<:)\
Operation:
X0 [S111S2] [D] The data of S1is compared to the data of S2. The
— CMP|K 100/C 20| MO |— result is indicated by 3 bit devices specified from
MO the head address entered as D. The bit devices
M}r C20>K100,M0=0ON indicate:
— C20=K100,M1=ON S2is less than S1 - bit device D is ON
M2 S2is equal to S1 - bit device D+1is ON

— C20>K100,M2=0ON

S2is greater than S1 - bit device D+2is ON

Note: The destination (D) device statuses will be kept even if the CMP instruction is
deactivated. Full algebraic comparisons are used, i.e. -10 is smaller than +2 etc.

522 ZCP (FNC 11)
’ FXo(s) | FXoN | FX ‘ FX(2c) ‘FXZN(C)‘
Mnemonic Function Operands Program steps
S1 S2 S3 D g P
ZCP Compares a data |K, H, Y,M, S ZCP,Z CPP:
FNC 11 value against a KnX, KnY, KnM, KnS, Note: 9 steps
(Zone data range - T.CDV,Z _
compare) results of <. = and 3 consecutive | DZCP,
> are given’ Note: devices are DZCPP:
: S1 should be less than S2 used. 17 steps
PULSE-P 16 BIT OPERATION | 32 BIT OPERATION \
FXO(s)] FXon [ FX [FX(ZC) ]FXzN(c) FXo(s)] FXon [ FX [FX(2C) ]FXzN(C) FXo(s)] FXon [ FX ]FX(zC) IFXZN(C)‘

[S11[S2] [S3][D ]
ZCP |K 100K 120[C 30 | M 3 |

M3

— C30<100,K120,M3=0N
M4

F— K100 C30 K120,M4=ON
M5

— C30>K100,K120,M5=0N

X0
-

Operation:

The operation is the same as the CMP instruction
except a single data value (S3) is compared against
a data range (S1-S2).

S3is less than Siand S2- bit device D is ON

S3is equal to or between Si1and S2 - bit device D+1
is ON

S3is greater than both S1and S2 - bit device D+2is
ON
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523

524

MOV (FNC 12)

’FXO(S)I FXoN | FX ‘FX(ZC)‘FXZN(C)‘

. . Operands
Mnemonic Function s 5 Program steps

MOV Moves data from |K, H, KnY, KnM, KnS, MOV, MOVP:

FNC 12 one storage area |KnX, KnY, KnM, KnS, |T,C,D, V, Z 5 steps

(Move) toanewstorage |T,C,D,V,Z DMOV,

area DMOVP:
9 steps
PULSE-P 16 BIT OPERATION 32 BIT OPERATION \

FXois) | FXon | FX_[FXeo)[FXenc)

FXO(s)] FXON[ FX [FX(zc)]FXzN(C)

FXO(s)] FXON[ FX ]FX(ZC)IFXZN(C)‘

[S] [D]

HXM MOV

[H0050/| D 10 }—{

Operation:

The contents of the source device (S) is copied to
the destination (D) device when the control input is
active. If the MOV instruction is not driven, no
operation takes place.

Note: This instruction has a special programming technique which allows it to mimic the
operation of newer applied instructions when used with older programming tools. See page
1-5 for more details.

SMOV (FNC 13)

‘FXO(S)‘ FXon ‘ FX ‘FX(ZC) IFXZN(C)‘
) ) Operands
Mnemonic Function Program steps
m1 ‘ m2 | n S D
SMOV Takes elements of |K, H K, H, K, H, SMOV,
FNC 13 an existing 4 digit | Note: available KnX, KnY, |KnY, KnM, | SMOVP:
(Shift move) |decimal number |range 1 to 4. KnM, KnS, [KnS, 11 steps
and inserts them | g TCDbh)V,z |TCD\VZ
:?J(r)ng:rew 4 digit Range 0 to 9,999 (deci-
mal) or 0 to 9,999 (BCD)
when M8168 is used -
see note opposite
PULSE-P 16 BIT OPERATION 32 BIT OPERATION \

FXois) | FXon | FX_[FXeo)[FXenc)

FXO(s)] FXON[ FX [FX(zc)]FXzN(C)

FXO(s)] FXON[ FX ]FX(ZC)]FXQN(C)\

[S] m1 m2 [D] n

X0
}—H—{SMOV\DHK4\K2\D2\K3H

Operation 1:

This instruction copies a specified number of digits
from a 4 digit decimal source (S) and places them at
a specified location within a destination (D) number
(also a 4 digit decimal). The existing data in the

destination is overwritten. The decimal manipulation mode is available to all FX and FX2c units.

Key:

mz1 - The source position of the 1st digit to be moved

mz2 - The number of source digits to be moved

n- The destination position for the first digit

Note: The selected destination must NOT be smaller than the quantity of source data.
Digit positions are referenced by number: 1= units, 2= tens, 3= hundreds, 4=thousands.
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‘FXO(S)‘ FXon ‘ FX ’FX(ZC) IFXZN(C)‘

Operation 2: (Applicable units are FX units with CPU’s ver 3.07 or greater and FX2ac's). This
modification of the SMOV operation allows BCD numbers to be manipulated in exactly the
same way as the ‘normal’ SMOV manipulates decimal numbers, i.e. This instruction copies a
specified number of digits from a 4 digit BCD source (S) and places them at a specified
location within a destination (D) number (also a 4 digit BCD number).

X0
—|

[S] m1 m2 [D]

M8168-

n

SMOV|D1][K4|K2|D2|K3}

M8000

W8 168+

General note:

To select the BCD mode the SMOV instruction is
coupled with special M coil M8168 which is driven
ON. Please remember that this is a ‘mode’ setting
operation and will be active, i.e. all SMOV
instructions will operate in BCD format until the
mode is reset, i.e. M8168 is forced OFF.

For more information about ‘decimal’ and ‘Binary Coded Decimal’ (BCD) numbers please

see the section titled ‘Interpreting Word Data’ on page 4-42 for more details.

5.2.5

CML (FNC 14)

‘FXO(S)‘ FXon ‘ FX ‘FX(ZC) IFXZN(C)‘

) ) Operands
Mnemonic Function 3 5 Program steps
CML Copies and K, H, CML,CMLP:
FNC 14 inverts the source |KnX, KnY, KnM, KnS, |KnY, KnM, KnS, 5 steps
(Compli- bit pattern to a T,C,D,V,Z T,CD,V,Z DCML,
ment) specified DCMLP:
destination 9 steps

PULSE-P 16 BIT OPERATION 32 BIT OPERATION \

FXO(s)] FXoN [ FX [FX(zc) ]FXzN(C) FXO(s)] FXoN [ FX [FX(zc) ]FXZN(C) FXO(s)] FXoN [ FX ]FX(zc) IFXZN(C)‘

[S] [D]

HXM CML |

DO ‘K1YO}—{

Operation:

A copy of each data bit within the source device (S) is
inverted and then moved to a designated destination

(D).

This means each occurrence of a ‘1’ in the source data will become a ‘0’ in the destination data
while each source digit which is ‘0’ will become a ‘1’. If the destination area is smaller than the
source data then only the directly mapping bit devices will be processed.
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5.2.6 BMOV (FNC 15)

‘FXO(S)‘ FXon | FX ‘FX(ZC) |FX2N(C)‘

) ) Operands
Mnemonic Function Program steps
S D n
BMOV Copies a specified | KnX, KnY, KnY, KnM, K, H BMOV,
FNC 15 block of multiple | KnM, KnS, KnS, D (FX2C, BMOVP:

(Block move) | dataelementstoa | T,C,D,V, Z T,CD,V,Z FX2N only) 7 steps
new destination (RAM) File (RAM) File <

registers, registers, see Note:
note d) h< 512
PULSE-P 16 BIT OPERATION 32 BIT OPERATION ‘
FXO(s)[ FXon [ FX \FX(ZC) |FX2N(C) FXO(s)[ FXon [ FX \FX(2C) |FX2N(C) FXO(s)[ FXon [ FX \FX(2C) |FX2N(C)\
Operation:
X0 [S] [D] n . . :
H BMOV| D5 D7 | K3 H A guantity of consecutively occurring data
elements can be copied to a new destination. The

source data is identified as a device head address
(S) and a quantity of consecutive data elements (n). This is moved to the destination device
(D) for the same number of elements (n).

Points to note:

a) If the quantity of source devices (n) exceeds the actual number of available source devices,
then only those devices which fall in the available range will be used.

b) If the number of source devices exceeds the available space at the destination location,
then only the available destination devices will be written to.

c) The BMOV instruction has a built in automatic feature to prevent overwriting errors from
occurring when the source (S - n) and destination (D -n) data ranges coincide. This is
clearly identified in the following diagram:

(Note: The numbered arrows indicate the order in which the BMOV is processed)

D5
X0 D6@>\
}—H—{BMOV‘DS‘D?‘KS}—{ D7\%D7
D8
D9
Xt Ui
}—H—{BMOV\DZO\DM\K4}—‘ 320/@320
321@/321
322@/
D 23

‘FXO(S)‘ FXon ‘ FX ’FX(ZC) IFXZN(C)‘

d) Using file registers as the destination devices [D]may only be performed on FX Main
Processing Units (MPUs) with a CPU version 3.07 or greater or on any FX2c or FX2n(C)
MPU.
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°-2.1 FMOV (FNC 16) ‘FXO(S)‘ FXon ‘ FX ’FX(ZC)IFXZN(C)‘

) ) Operands
Mnemonic Function Program steps
S D n
FMOV Copies a single KnX, KnY, KnY, KnM, K, H FMOV,FMOVP:7
FNC 16 data device to a KnM, KnS, KnS, steps
(Fill move) range of T,CDb,V,Z |T,C,D,V,Z |X DFMOV,DFMOVP
destination Note:n< 512 :
devices 13 steps
PULSE-P 16 BIT OPERATION | 32 BIT OPERATION \
FXos) [ FXon | FX_[FXeo)[FXenie] FXow | FXon [ FX_ [FXeco)[FXenic] FXos) [ FXon | FX [FXeec)FXence]

(S] (D] n Operation:

}% FMOV| K0 | DO | K 10}_{ The data _storec_J in the source dewce (S) is copied to
every device within the destination range. The range

is specified by a device head address (D) and a
guantity of consecutive elements (n). If the specified number of destination devices (n)
exceeds the available space at the destination location, then only the available destination
devices will be written to. Please note that double word (32 bit) operation can only be
performed by FX units with ver 3.07 CPU'’s or greater and FXzc units.

Note: This instruction has a special programming technique which allows it to mimic the
operation of newer applied instructions when used with older programming tools. See page 1-
5 for more details.

528 XCH (FNC 17) ‘FXO(S)‘ FXon ‘ FX ’FX(ZC)IFXZN(C)‘

) ) Operands
Mnemonic Function Program steps
D1 ‘ D2
XCH Data in the KnY, KnM, KnS, T,C,D, V, Z XCH,XCHP:
FNC 17 designated Note: when using the byte XCH (i.e.M8160is |5 steps
(Exchange) |devicesis ON) D1 and D2 must be the same device other-| DXCH, DXCHP:
s exchanged wise a program error will occur and 9 steps
M8067 will be turned ON

PULSE-P 16 BIT OPERATION 32 BIT OPERATION \
FXO(s)[ FXon [ FX [FX(zc) |FX2N(C) FX0(s)[ FXon [ FX [FX(ZC)]FXZN(C) FX0(s)[ FXon [ FX ]FX(ZC)]FXZN(C)\
Operation 1: (Applicable units: FX and FX2c).The contents of the two destination devices D1
and Dzare swapped, i.e. the complete word devices are exchanged. Ex.

[D1][D2] Data register Before XCH After XCH
}% —————{XcHP)| D1 D17 }—{ D1 20 530
D17 530 20

Operation 2: (Applicable units: FX(2c)) This function is equivalent to FNC 147 SWAP The bytes within
each word of the designated devices D1 are exchanged when ‘byte mode flag’' M8160 is ON. Please note
that the mode will remain active until it is reset, i.e. M8160 is forced OFF. Ex.

X20 Values are in Hex for clarity | Before DXCH| After DXCH
I
[D1][D2] D10 Byte 1 1FH 8BH
——{pxcHE) D 10/ D 10 Byte 1 8BH 1FH
M8000 Byte 1 Can 35
D11
Byte 1 35H Can
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529 BCD (FNC18)
|FXos)| FXon | FX | FXeo) [FXane)
Mnemonic Function S Operands 5) Program steps
BCD Converts binary KnX,KnY, KnM, KnS, |KnY, KnM, KnS, BCD, BCDP:
FNC 18 numbersto BCD |T,C,D,V, Z T,CD,V,Z 5 steps
(Binary coded | equivalents / When using M8023 to convert data to scientific for- | DBCD,
decimal) Converts floating | mat, only double word (32 bit) data registers (D) may | PBCDP:
point data to be used. See page 4-46 for more details regarding |9 Steps
scientific format | fioating point format.
PULSE-P 16 BIT OPERATION 32 BIT OPERATION ‘
FXO(s)[ FXon [ FX [FX(ZC) ]FXzN(C) FXO(s)[ FXon [ FX [FX(ZC) IFXZN(C) FXO(s)[ FXon [ FX ]FX(ZC) IFXZN(C)‘

H(O

[S] [D]

Operation 1: (Applicable to all units)

The binary source data (S) is converted into an
equivalent BCD number and stored at the
destination device (D). If the converted BCD number
exceeds the operational ranges of 0 to 9,999 (16 bit

operation) and 0 to 99,999,999 (32 bit operation) an error will occur.This instruction can be
used to output data directly to a seven segment display.

[S]

5.2.10 BIN (FNC 19)

Operation 2: (Applicable units: FX(2C))
This function is equivalent to FNC 118 EBCD Data
(S)is converted from ‘floating point’ format to
‘scientific format’ (D). This instruction requires
double word (32 bit) operation and data registers as
devices (S)and (D)to operate correctly.

‘FXO(S)I FXon | FX ’FX(ZC) IFXZN(C)‘

Mnemonic Function S Operands 5 Program steps
BIN Converts BCD KnX, KnY, KnM, KnS, [KnY, KnM, KnS, BIN, BINP:
FNC 19 numbers to their T,C,D,V,Z T,CD,V,Z 5 steps
(Binary) binary equivalent/ \when using M8023 to convert data to floating

Converts scientific | point format, only double word (32 bit) data reg- | PBIN, DBINP:
format data to float- | jsters (D) may be used. See page 4-46 for more |9 Steps
ing point format | getails regarding floating point format.
PULSE-P 16 BIT OPERATION 32 BIT OPERATION ‘
FXO(s)[ FXoN [ FX [FX(ZC)]FXZN(C) FXO(s)[ FXoN [ FX [FX(ZC)]FX2N(C) FXO(s)[ FXoN [ FX ]FX(ZC)IFXZN(C)‘

E

[s] (D]

Operation 1: (Applicable to all units)

The BCD source data (S) is converted into an
equivalent binary number and stored at the
destination device (D). If the source data is not

provided in a BCD format an error will occur. This instruction can be used to read in data

directly from thumbwheel switches.

[S] [D]

Operation 2: (Applicable units: FX(2C))
This function is equivalent to FNC 119 EBIN Data
(S) is converted from ‘scientific format’ to ‘floating
point’ format (D). This instruction requires double
word (32 hit) operation and data registers as
devices (S)and (D)to operate correctly.
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Applied Instructions: |FXos)| FXoN | FX | FXeo) [FXanc)

1. Program Flow 5-4
2. Move And Compare 5-16
| 3 Arithmetic And Logical Operations (+, -, :_,22)
4, Rotation And Shift 5-34
5. Data Operation 5-42
6. |mcws| High Speed Processing 5-52
7. Handy Instructions 5-66
8. |Fcw | External FX I/O Devices 5-80
9. |Fcw| External FX Serial Devices 5-94
10. External F2 Units 5-110
11. Floating Point 1 & 2 5-118
12. Trigonometry (Floating Point 3) 5-126
13. Data Operations 2 5-130
14. Real Time Clock Control 5-134
15. |mcimas| Gray Codes 5-142
16. |miczo2s| In-line Comparisons 5-146
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5.3 Arithmetic And Logical Operations -
Functions 20 to 29

Contents:

Page
ADD - Addition FNC 20 5-25
SUB - Subtraction FNC 21 5-26
MUL - Multiplication FNC 22 5-27
DIV - Division FNC 23 5-28
INC - Increment FNC 24 5-29
DEC - Decrement FNC 25 5-29
WAND - Word AND FNC 26 5-30
WOR - Word OR FNC 27 5-30
WXOR - Word Exclusive OR FNC 28 5-31
NEG - Negation FNC 29 5-31

Symbols list:
D - Destination device.
S - Source device.
m, n- Number of active devices, bits or an operational constant.
Additional numeric suffixes will be attached if there are more than one operand with the same
function e.g. D1, S3or for lists/tabled devices D3+o, S+9 etc.
MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a number, i.e.
positive = 0, and negative = 1.
LSB - Least Significant Bit.
Instruction modifications:

s¢veye - An instruction operating in 16 bit mode, where v¢ve¢ve identifies the instruction
mnemonic.

wevevxP - A 16 bit mode instruction modified to use pulse (single) operation.
Dweweve - An instruction modified to operate in 32 bit operation.
DweveweP - A 32 bit mode instruction modified to use pulse (single) operation.

7 - A repetitive instruction which will change the destination value on every scan unless
modified by the pulse function.

X - An operand which cannot be indexed, i.e. The addition of V or Z is either invalid or will
have no effect to the value of the operand.
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53.1

ADD (FNC 20)

’FXO(S)I FXon | FX ‘FX(ZC)‘FXZN(C)‘

) ) Operands
Mnemonic Function Program steps
S1 | S2 D
ADD The value of the K, H, KnX, KnY, KnM, KnS, KnY, KnM, KnS, |ADD, ADDP:
FNC 20 two source T,C,D,V,Z T,C,D,V,Z 7 steps

(Addition) devices is added

When using M8023 to add floating point data,
and theresult | 51y double word (32 bit) data registers (D) or | PAPD,

stored in the desti-| constants (K/H) may be used. See page 4-46 | PAPDP:
nation device for more details regarding floating point format. |13 Steéps

PULSE-P 16 BIT OPERATION 32 BIT OPERATION FLAGS é?)rr?o'\v/vlsl\sl)gg%
FXos) | FXon [ FX_ [FXcc) [FXenic] FXos) | FXon [ FX [FXcc)[FXenic] FXots) [ FXon [ FX [FXeec)[FXanc) Carry M8022
Operation 1: (Applicable to all units)
X0 [S11(s2] [D] The dat tained within th devi
}% ADD [D10]D12|D 14}_{ e data contained within the source devices
(S1,S2) is combined and the total is stored at the

specified destination device (D).

Points to note:

a)
b)

d)

All calculations are algebraically processed, i.e. 5 + (-8)= -3.

The same device may be used as a source (S1 or S2) and as the destination (D). If this is
the case then the ADD instruction would actually operate continuously. This means on
every scan the instruction would add the result of the last scan to the second source device.
To prevent this from happening the pulse modifier should be used or an interlock should be
programmed.

If the result of a calculation is “0" then a special auxiliary flag, M8020 is set ON.

If the result of an operation exceeds 32,767 (16 bit limit) or 2,147,483,647 (32 bit limit) the
carry flag, M8022 is set ON. If the result of an operation exceeds -32,768 or -2,147,483,648
the borrow flag, M8021 is set ON. When a result exceeds either of the number limits, the
appropriate flag is set ON (M8021 or M8022) and a portion of the carry/borrow is stored in
the destination device. The mathematical sign of this stored data is reflective of the number
limit which has been exceeded, i.e. when -32,768 is exceeded negative numbers are stored
in the destination device but if 32,767 was exceeded positive humbers would be stored at
D.

If the destination location is smaller than the obtained result, then only the portion of the
result which directly maps to the destination area will be written, i.e if 25 (decimal) was the
result, and it was to be stored at K1Y4 then only Y4 and Y7 would be active. In binary terms
this is equivalent to a decimal value of 9 a long way short of the real result of 25!

Continued over the page....
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X10
} M8023
[S1][S2] [D]
—IDADDP| H3F | D4 | D 4
M8000
¥ M8023

‘FXO(S)‘ FXon ‘ FX ’FX(ZC) IFXZN(C)‘

Operation 2: (Applicable units: FX(2C))

This function is equivalent to FNC 120 EADD.
When ‘floating point mode flag’ M8023 is active, i.e.
ON, DADD and DADDP instructions can be used to
perform floating point additions.

When M8023 is reset, i.e. OFF floating point
manipulation will not occur. Constants (K/H) and
floating point numbers (stored in double data
registers D) can be added in any configuration. The

constants (K/H) will automatically be converted to the ‘floating point format’ for the addition
operation. Answers for an operation can only be stored in double (32 bit) data registers. Items a)
and b) above are also valid for this operating mode.

FX2N Support for floating point operations

-

See section 5.11

Note: The use of M8023 is not supported in FX2N units.
The appropriate dedicated floating point instruction should be used instead E.g. Instead of
DADD with M8023 ON, use FNC 120, DEADD.

5.3.2 SUB (FNC 21)
’ FXO(S)I FXoN | FX ‘ FX(2c) ‘FXZN(C)‘
. . Operands
Mnemonic Function Program steps
S1 | S2 D

SUB One source K, H, KnX, KnY, KnM, KnS, |KnY, KnM, KnS, |SUB, SUBP:
FNC 21 device T,C DV, Z T,C DV, Z 7steps
(Subtract) ![ﬁglétt)rt]rgrcfetﬁefrom When using M8023 to subtract floating point DSUB

result is stored in | data, only double word (32 bit) data registers DSUBP:

the destination (D) or constants (K/H) may be used. See page |13 stepé

device 4-46 for more details regarding floating point

format.
PULSE-P 16 BIT OPERATION | 32BIT OPERATION |\ o 2oreMeca
Borrow M8021

FXO(s)[ FXon [ FX [FX(ZC)]FXZN(C) FXO(s)[ FXon [ FX [FX(ZC)]FX2N(C) FXo(s)[ FXon [ FX ]FX(ZC)]FX2N(C Carry M8022

[S1][S2] [D]

}%H SuB \DlO\DQ\DM}—{

Operation 1: (Applicable to all units)

The data contained within the source device, S2is
subtracted from the contents of source device Su.
The result or remainder of this calculation is stored

in the destination device D. Note: the ‘Points to note’, under the ADD instruction (previous
page) can also be similarly applied to the subtract instruction.

Operation 2: (Applicable units: FX(2c)) This function is equivalent to FNC 121 ESUB. The
information regarding ‘Operation2:’ of the ADD instruction apply similarly to this second
operation of the SUB instruction (with the exception of a subtraction being performed instead
of an addition). Again, only constants and double data words can be manipulated with only
DSUB, DSUBP instruction formats being valid.
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5.3.3

MUL (FNC 22) ’FXO(S)I FXon | FX ‘FX(ZC)‘FXZN(C)‘
) ) Operands
Mnemonic Function Program steps
S1 S2 D
MUL Multiplies the two | K, H, KnX, KnY, KnM, KnS, KnY,KnM,KnS, |MUL, MULP:
FNC 22 source devices T,C,D,V,Z T,C, D, Z(V) 7steps
(Multiplica together the result S 226 1 Note: Z(V) may
-tion) is stored in the dee _?age o O;Imo_re NOT be used | DMUL,
destination device eta|? regarding floating for 32 bit oper- | DMULP:
point format. ation 13 steps
When using M8023 to subtract floating point
data, only double word (32 bit) data registers
(D) or constants (K/H) may be used.
PULSE-P 16 BIT OPERATION 32 BIT OPERATION ‘
FX0(s)[ FXon [ FX [FX(zc)]FXZN(C) FXO(s)[ FXon [ FX [FX(ZC)]FXZN(C) FXO(s)[ FXon [ FX ]FX(2C)]FX2N(C)\

Operation 1: (Applicable to all units)
X0 [S1][S2] [D] The contents of the two source devices (S1, S2)
}% — MUL |DO|D2|D4 }—{ are multiplied together and the result is stored at
the destination device (D). Note the normal rules of
algebra apply.

Points to note:

a) When operating the MUL instruction in 16bit mode, two 16 bit data sources are multiplied
together. They produce a 32 bit result. The device identified as the destination address is
the lower of the two devices used to store the 32 bit result. Using the above example with

some test data:
5 (D0) x 7 (D2) = 35 - The value 35 is stored in (D4, D5) as a single 32 bit word.

b) When operating the MUL instruction in 32 bit mode, two 32 bit data sources are multiplied
together. They produce a 64 bit result. The device identified as the destination address is
the lower of the four devices used to store the 64 bit result.

c¢) If the location of the destination device is smaller than the obtained result, then only the
portion of the result which directly maps to the destination area will be written, i.e if a result

of 72 (decimal) is to be stored at K1Y4 then only Y7 would be active. In binary terms this is
equivalent to a decimal value of 8, a long way short of the real result of 72!

Viewing 64 bit numbers

» It is currently impossible to monitor the contents of a 64 bit result. However, the result can
be monitored in two smaller,32 bit, blocks, i.e. a 64 bit result is made up of the following
parts: (upper 32 bits) x 2 32 + (lower 32 bits).

Operation 2: (Applicable units: FX(2C))

X10 This function is equivalent to FNC 122 EMUL.
When ‘floating point mode flag’ M8023 is active,
i.e. ON, DMUL and DMULP instructions can be
used to perform floating point multiplications.
When M8023 is reset, i.e. OFF floating point
manipulation will not occur. Constants (K/H) and
floating point numbers (stored in double data
registers D) can be used in any configuration. The constants (K/H) will automatically be
converted to the ‘floating point format’ for the operation. Answers for an operation are stored
(completely) in one pair of double (32 bits) data registers and not 2 pairs (64 bits) as used in
‘Operation 1:". The normal rules of algebra apply to floating point multiplication.

[S1][S2] [D]
—{DMULP| DO [ k40| D4
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534

DIV (FNC 23) ’FXO(S)I FXon | FX ‘FX(ZC)‘FXZN(C)‘
. : Operands
Mnemonic Function Program steps
S1 S2 D
DIV Divides one K, H, KnX, KnY, KnM, KnS,T, |KnY, KnM, KnS, | DIV,DIVP:
FNC 23 source value by C,DV,Z T, C, D, Z(V) 7steps
(Division) another the result ['See nage 4-46 for more Note: Z(V) may
is stored inthe | getajls regarding floating NOT be used for | PPIV: _
destination device | hoint format. 32 bit operation ??I’Dl\t/P.
steps
When using M8023 to subtract floating point P
data, only double word (32 bit) data registers
(D) or constants (K/H) may be used.used to
perform
PULSE-P 16 BIT OPERATION 32 BIT OPERATION ‘

FXo(s)[ FXon [ FX [FX(zc)]FXzN(C) FXO(s)[ FXon [ FX [FX(ZC)]FXZN(C) FXO(s)[ FXon [ FX ]FX(2C)]FX2N(C)\

Operation 1: (Applicable to all units)
[S1][S2] [D]

X0 The primary source (S1) is divided by the
H —— obv [po[p2[D4 }—{ secondary source (S2). The result is stored in the

destination (D). Note the normal rules of algebra
apply.

Points to note:
a) When operating the DIV instruction in 16bit mode, two 16 bit data sources are divided into

each other. They produce two 16 bit results. The device identified as the destination address
is the lower of the two devices used to store the these results.
This storage device will actually contain a record of the number of whole times Sz will divide
into S1 (the quotient).
The second, following destination register contains the remained left after the last whole
division (the remainder). Using the previous example with some test data:

51 (DO) + 10 (D2) = 5(D4) 1(D5)
This result is interpreted as 5 whole divisions with 1 left over (5 x 10 + 1 = 51).

b) When operating the DIV instruction in 32 bit mode, two 32 bit data sources are divided into

each other. They produce two 32 bit results. The device identified as the destination address
is the lower of the two devices used to store the quotient and the following two devices are
used to store the remainder, i.e. if D30 was selected as the destination of 32 bit division
operation then D30, D31 would store the quotient and D32, D33 would store the remainder.
If the location of the destination device is smaller than the obtained result, then only the
portion of the result which directly maps to the destination area will be written. If bit devices
are used as the destination area, no remainder value is calculated.

c) If the value of the source device S2is 0 (zero) then an operation error is executed and the

operation of the DIV instruction is cancelled.

Operation 2: (Applicable units FX(2c)) This function is equivalent to FNC 123 EDIV. The

information regarding ‘Operation2:’ of the MUL instruction apply similarly to this second
operation of the DIV instruction (with the exception of a division being performed instead of a
multiplication). Again, only constants and double data words can be manipulated with only
DDIV, DDIVP instruction formats being valid. Answers for an operation are stored
(completely) in one pair of double (32 bits) data registers, i.e. answers are not split in to
guotient and remainder as in ‘Operation 1:". The normal rules of algebra apply to floating
point division.
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5.3.5 INC (FNC 24)
|FXos)| FXon | FX | FXeo) |FXane)
) ) Operands
Mnemonic Function 5 Program steps
INC The designated KnY, KnM, KnS, INC,INCP:
FNC 24 device is T,C,D,V,Z 3 steps
(Increment) incremented by 1 | Standard V,Z rules apply for 32 bit operation
e on every DINC,
execution of the DINCP:
instruction 5 steps
PULSE-P 16 BIT OPERATION 32 BIT OPERATION \
FXO(s)[ FXon [ FX [FX(ZC)]FX2N(C) FXO(s)[ FXon [ FX [FX(ZC)]FX2N(C) FXO(s)[ FXon [ FX ]FX(ZC)IFXZN(C)‘
(D] Operation:
ﬁo INC On every execution of the instruction the device
| specified as the destination D, has its current value
incremented (increased) by a value of 1.
In 16 bit operation, when +32,767 is reached, the
next increment will write a value of -32,768 to the destination device.
In 32 bit operation, when +2,147,483,647 is reached the next increment will write a value of -
2,147,483,648 to the destination device.
In both cases there is no additional flag to identify this change in the counted value.
5.3.6 DEC (FNC 24)
’ FXO(3)| FXon | FX ‘ FX(2c) ‘FXZN(C)‘
. ) Operands
Mnemonic Function 5 Program steps
DEC The designated KnY, KnM, KnS, DEC,DECP:
FNC 25 device is T,C,D,V,Z 3 steps
(Decrement) |decremented by 1 | Standard V,Z rules apply for 32 bit operation
> on every DDEC,
execution of the DDECP:
instruction 5 steps
PULSE-P 16 BIT OPERATION 32 BIT OPERATION ‘
FXO(s)[ FXon [ FX [FX(ZC)]FX2N(C) FXo(s)[ FXon [ FX [FX(zq]FXzN(C) FXo(s)[ FXon [ FX ]FX(zc)]FXzN(c)\

[D]

K

bEC

Operation:

On every execution of the instruction the device
specified as the destination D, has its current value
decremented (decreased) by a value of 1.

In 16 bit operation, when -32,768 is reached the
next increment will write a value of +32,767 to the destination device.

In 32 bit operation, when -2,147,483,648 is reached the next increment will write a value of
+2,147,483,647 to the destination device.
In both cases there is no additional flag to identify this change in the counted value.
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5.3.7 WAND (FNC 26) ’FXO(S)I FXon | FX ‘FX(ZC)‘FXZN(C)‘
) ) Operands
Mnemonic Function Program steps
S1 S2 D
WAND A logical AND is K, H, KnY, KnM, KnS, | WAND,WANDP:
FNC 26 performed on the |KnX, KnY, T,CD,V,Z 7 steps
(Logical source devices - |KnM, KnS, DAND,
word AND) | result stored at T,C,D,V,Z DANDP:
destination 13 steps
PULSE-P 16 BIT OPERATION | 32 BIT OPERATION |
FXO(s)[ FXon [ FX [FX(ZC) |FX2N(C) FX0(s)[ FXon [ FX [FX(ZC)]FXQN(C) FX0(s)[ FXon [ FX ]FX(ZC)]FXZN(C)\
Operation:
[S1][S2] [D] The bi fth devi
}_{ WAND\ D 10 ‘ D12 ‘ D14 }_{ e bit patterns of the two source devices are
analyzed (the contents of Szis compared against
the contents of S1). The result of the logical AND
analysis is stored in the destination device (D).
The following rules are used to determine the result of a logical AND operation. This takes
place for every bit contained within the source devices:
General rule: (S1) Bit n WAND (S2) Bit n = (D) Bit n
I1WAND1=1 OWAND1=0
1WANDO=0 OWANDO=0
538  WOR(FNC 27) ’FXO(S)I FXoN | FX ‘FX(ZC)‘FXZN(C)‘
. ) Operands
Mnemonic Function Program steps
S1 S2 D
WOR A logical OR is K,H, KnY, KnM, KnS, | WOR,WORP:
FNC 27 performed on the |KnX,KnY, KnM, KnS, T,C DV, Z 7 steps
(Logical source devices- |T,C,D,V,Z DOR,
word OR) result stored at DORP:
destination 13 steps
PULSE-P 16 BIT OPERATION 32 BIT OPERATION \
FXO(s)[ FXon [ FX [FX(ZC)]FX2N(C) FXO(s)[ FXon [ FX [FX(zq]FXzN(C) FXO(s)[ FXon [ FX ]FX(ZC)IFXZN(C)‘

[S1]([S2] [D]

}—H—{WOR‘D10‘D12‘D14}—{

Operation:

The bit patterns of the two source devices are
analyzed (the contents of Sz2is compared against
the contents of S1). The result of the logical OR
analysis is stored in the destination device (D).

The following rules are used to determine the result of a logical OR operation. This takes place
for every bit contained within the source devices:
General rule: (S1) Bit n WOR (S2) Bit n = (D) Bit n

1WOR1=1
1WORO0=1

OWOR1=1
OWORO0=0
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539 WXOR (FNC 28) ’FXO(S)I FXon | FX ‘FX(ZC)‘FXZN(C)‘
) ) Operands
Mnemonic Function Program steps
S1 S2 D
WXOR A logical XOR is |K, H KnY, KnM, KnS, |WXOR,
FNC 28 performed on the |KnX, KnY, KnM, KnS, T,C,D,V,Z WXORP:
(Logical source devices- |T,C,D,V,Z 7 steps
exclusive result stored at DXOR,DXORP
OR) destination 13 steps
PULSE-P 16 BIT OPERATION 32 BIT OPERATION \
FXO(s)[ FXon [ FX [FX(ZC) |FX2N(C) FX0(s)[ FXon [ FX [FX(ZC)]FXZN(C) FX0(s)[ FXon [ FX ]FX(ZC)]FXZN(C)\
Operation:
X2 [S1112] [D] The bit patt f the t devi
}_{ WXOR\ D 10‘ D 12‘ D 14}_{ e bit patterns o e two _source evices _are
analyzed (the contents of S2 is compared against

the contents of S1). The result of the logical XOR
analysis is stored in the destination device (D).

The following rules are used to determine the result of a logical XOR operation. This takes
place for every bit contained within the source devices:
General rule: (S1)Bit n WXOR (S2)Bit n = (D)Bit n

1WXOR1=0 OWXOR1=1
1WXORO0=1 OWXORO0=0
5.3.10 NEG (FNC 29
( ) ‘FXO(S)’ FXon \ FX ‘FX(ZC) IFXZN(C)‘
Operands
Mnemonic Function : 5 Program steps
NEG Logically inverts KnY, KnM, KnS, NEG,NEGP:
FNC 29 the contents of T,C,D,V,Z 3 steps
(Negation) the designated DNEG,
> device DNEGP:
5 steps
PULSE-P 16 BIT OPERATION 32 BIT OPERATION
FXO(s)] FXON[ FX [FX(zc)]FXzN(C) FXO(s)] FXON[ FX [FX(zc)]FXzN(C FXO(s)] FXON[ FX ]FX(ZC)IFXZN(C)‘
0] Operation:
H«) NEG The bit pattern of the selected device is inverted.
This means any occurrence of a ‘1’ becomes a ‘0’

and any occurrence of a ‘0’ will be written as a ‘1'.

When this is complete, a further binary 1 is added to the bit pattern. The result is the total
logical sign change of the selected devices contents, e.g. a positive number will become a
negative number or a negative number will become a positive.
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Applied Instructions: |FXos)| FXoN | FX | FXeo) [FXanc)

1. Program Flow 5-4
2. Move And Compare 5-16
3. Arithmetic And Logical Operations (+, -, :,22)
| o4 Rotation And Shift 5:34
5. Data Operation 5-42
6. |mcws| High Speed Processing 5-52
7. Handy Instructions 5-66
8. |Fcw | External FX I/O Devices 5-80
9. |Fcw| External FX Serial Devices 5-94
10. External F2 Units 5-110
11. Floating Point 1 & 2 5-118
12. Trigonometry (Floating Point 3) 5-126
13. Data Operations 2 5-130
14. Real Time Clock Control 5-134
15. |mcimas| Gray Codes 5-142
16. |miczo2s| In-line Comparisons 5-146
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54 Rotation And Shift - Functions 30 to 39

Contents:

Page
ROR - Rotation Right FNC 30 5-35
ROL - Rotation Left FNC 31 5-35
RCR - Rotation Right with Carry FNC 32 5-36
RCL - Rotation Left with Carry FNC 33 5-36
SFTR - (Bit) Shift Right FNC 34 5-37
SFTL - (Bit) Shift Left FNC 35 5-37
WSFR - Word Shift Right FNC 36 5-38
WSFL - Word Shift Left FNC 37 5-38
SFWR - Shift Register Write FNC 38 5-39
SFRD - Shift Register Read FNC 39 5-40

Symbols list:
D - Destination device.
S - Source device.
m, n- Number of active devices, bits or an operational constant.
Additional numeric suffixes will be attached if there are more than one operand with the same
function e.g. D1, S3or for lists/tabled devices D3+o, S+9 etc.
MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a number, i.e.
positive = 0, and negative = 1.
LSB - Least Significant Bit.
Instruction modifications:

s¢veve - An instruction operating in 16 bit mode, where v¢v¢v¢ identifies the instruction
mnemonic.

wevexP - A 16 bit mode instruction modified to use pulse (single) operation.
Dweweve - An instruction modified to operate in 32 bit operation.
DweveweP - A 32 bit mode instruction modified to use pulse (single) operation.

7 - A repetitive instruction which will change the destination value on every scan unless
modified by the pulse function.

X - An operand which cannot be indexed, i.e. The addition of V or Z is either invalid or will
have no effect to the value of the operand.
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54.1 ROR (FNC 30
( ) |FXos)| FXon | FX | FXeo) [FXanc)
) ) Operands
Mnemonic Function 5 Program steps
n
ROR The bit pattern of |KnY, KnM, KnS, K, H, ROR, RORP:
FNC 30 the destination T,C,D,V,Z < 5 steps
(Rotation device is rotated | Note:
right) ‘n’ places to the 16 bit operation Note: DROR,
e right on every Kn=K4, 16 bit operation n< 16 |DRORP:
execution 32 bit operation Kn=K8| 32 bit operation n< 32 |9 steps
‘ PULSE-P 16 BIT OPERATION 32 BIT OPERATION FLAGS | Carry M8022
[FXO(s)[ FXon [ FX [FX(ZC)]FXZN(C) FXO(s)[ FXon [ FX “:X(ZC) ]FXzN(C) FXO(s)[ FXon [ FX ‘FX(ZC) ]FXZN(C) i
Operation:
D n . . . . .
X0 (b1 [n} The bit pattern of the destination device (D) is rotated
———{ROR| DO | K4 . . :
n bit places to the right on every operation of the
— instruction.
(ATATTATTATT0[0]0[0]0[010[0} The status of the last bit rotated is copied to the carry
[
flag M8022.
After 1 rotation b -"ég?fyz The example shown left is based on the instruction
MSB . .
~—[0[0[0[0[T[A[A(A1[1[111]0[0[0[0] noted above it, where the bit pattern represents the
i SB contents of DO.
M8022[ 0 |
5.4.2 ROL (FNC 31
( ) ‘FXO(S)‘ FXon ‘ FX ‘FX(ZC) |FX2N(C)‘
. ) Operands
Mnemonic Function S 5 Program steps
ROL The bit pattern of |KnY, KnM, KnS, K, H, ROL,ROLP:
FNC 31 the destination T,CD,V,Z < 5 steps
(Rotation device is rotated | Note:
left) ‘n’ places to the 16 bit operation Note: DROL,
. left on every Kn= K4, ote. _ DROLP:
execution 32 bit operation 16 bit operation n<16 |7 steps
Kn= K8 32 bit operation n< 32
PULSE-P 16 BIT OPERATION 32 BIT OPERATION FLAGS | Carry M8022
FXO(s)[ FXon [ FX [FX(ZC)]FXZN(C) FXO(s)[ FXon [ FX [FX(zq]FXzN(C) FXO(s)[ FXon [ FX ]FX(zq]FXzN(c i

H«F{ ROL |

[D] [n]

DO | K4

H

S

TH‘1‘1‘1‘1HHWO‘O‘O‘O‘O‘O‘O‘?‘

MSB Carry

@ After 1 rotation

~a
[1111111]10]lo[0[0[0[0[O[O[1[1]1[1]
™

M8022

LSB

Operation:

The bit pattern of the destination device (D) is rotated
n bit places to the left on every operation of the
instruction.

The status of the last bit rotated is copied to the carry
flag M8022.

The example shown left is based on the instruction
noted above it, where the bit pattern represents the
contents of DO.
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543 RCR (FNC 32
( ) |FXos)| FXon | FX | FXeo) [FXanc)
) ) Operands
Mnemonic Function 5 Program steps
n
RCR The contents of KnY, KnM, KnS, K, H, RCR,RCRP:
FNC 32 the destination T,C,D,V,Z < 5 steps
(Rotation device are rotated | Note:
right with right with 1 bit 16 bit operation Note: DRCR,
carry) extracted to the Kn= K4, 16 bit operation n< 16 DRCRP:
carry flag 32 bit operation 32 bit operation n< 32 |7 steps
Kn=K8 -
‘ PULSE-P 16 BIT OPERATION 32 BIT OPERATION FLAGS | Carry M8022
\FXO(s)[ FXon [ FX \FX(ZC)]FXZN(C) FXO(s)[ FXoN [ FX [FX(zc) ]FXzN(C) FXO(s)[ FXoN [ FX [FX(zc) ]FXzN(C) Y
Operation:
X0 (D] [n] The bit pattern of the destination device (D)is rotated
RCR| DO | K4 n bit places to the right on every operation of the
instruction.
- The status of the last bit rotated is moved into the
[11[1]111[1]1]0[ol0[0]0[0[0]0 carry flag M8022. On the following operation of the
‘ V8023 instruction M8022 is the first bit to be moved back
3 Carry into the destination device.
The example shown left is based on the instruction
[O[O[O[T T 11[T1[1[1]0[0[0]0] noted above it, where the bit pattern represents the
M8022[ 0 ] contents of DO.
544 RCL (FNC 33
( ) ‘FXO(S)‘ FXon ‘ FX ‘FX(ZC) |FX2N(C)‘
. i Operands
Mnemonic Function S 5 Program steps
RCL The contents of | KnY, KnM, KnS, K, H, RCL, RCLP:
FNC 33 the destination TCDV,Z < 5 steps
(Rotation device are
left with rotated Note: Note: DRCL,
carry) left with 1 bit - ] - ; DRCLP:
extracted to the |16 bit operation Kn= K4, %g E:E ggggﬂgn Rf %g 9 steps
carry flag 32 bit operation Kn= K8 B
PULSE-P 16 BIT OPERATION | 32 BIT OPERATION |1, a5 | carmy M8022
FXO(s)[ FXon [ FX “:X(ZC)IFXZN(C) FXO(s)[ FXon [ FX [FX(ZC)]FX2N(C) FXO(s)[ FXon [ FX ]FX(ZC)]FXZN(C i
Operation:
X0 RCL| [DDO] | [Kni The bit pattern of the destination device (D)is rotated
n bit places to the left on every operation of the

———

Carry

[:1 [1[1[1[1[1[1][1]0[0]0]0[0]0[0]0]
M8022 @ ‘

(111111]070T0[0[0[0[O[O[O[11[1]

[1_]M8022

instruction.

The status of the last bit rotated is moved into the
carry flag M8022. On the following operation of the
instruction M8022 is the first bit to be moved back
into the destination device.

The example shown left is based on the instruction
noted above it, where the bit pattern represents the
contents of DO.
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545 SFTR (FNC 34
( ) ’ FXO(S)| FXoN | FX ‘ FX(2c) ‘FXZN(C)‘
) ) Operands
Mnemonic Function Program steps
D ni | n2
SFTR The status of the X,Y,M,S |[Y,M, S K,H, SFTR,SFTRP:
FNC 34 source devices are < 9 steps
(Bit shift right) | copied to a Note:
» controlled bit stack EX uéerS'
moving the existing n2<ni< 1024
data to the right FXo,FXoN USers:
n2<ni1<512
PULSE-P 16 BIT OPERATION 32 BIT OPERATION
FXos) [ FXon | FX_ [FXeo) [FXenie] FXow [ FXon [ FX_ FXeo)[FXene] FXos) [ FXon | FX [FXec)FXene]
Operation:
X6 [S] [D] [n1] [n2] . . . ) .
H }_{SFTR‘XO‘M 0‘K16‘K4 The instruction copies n2 source devices to a bit
stack of length ni1. For every new addition of n2 bits,
the existing data within the bit stack is shifted n2 bits
to the right. Any bit data moving to a position
exceeding the n1limit is diverted to an overflow area.
Rard g e[ el T e[ el i) The bit _shlffung operation will occur every t_|me t_he
instruction is processed unless it is modified with
either the pulse suffix or a controlled interlock.
546  SFTL (FNC 35)

’FXO(S)I FXon | FX ‘FX(ZC)‘FXZN(C)‘

) ) Operands
Mnemonic Function Program steps
D ni | n2

SFTL The status ofthe X, Y,M,S|Y, M, S K,H, SFTL,SFTLP:
FNC 35 source devices are < 9steps
(Bit shift left) | copied to a Note:
- controlled bit stack EX users: nz < ni< 1024

moving the existing FXo.FXoN users:

data to the left n2<ni<512

PULSE-P

16 BIT OPERATION

32 BIT OPERATION

FXO(s)[ FXON[ FX [FX(ZC)]FXZN(C)

FX0(5)[ FXON[ FX [FX(ZC)]FXZN(C)

FXO(s)[ FXON[ FX ‘FX(ZC)]FXZN(C)‘

[S] [D] [n1] [n2]

X7
}% —————|sFTLX 10}y 0K 12K 3}—{

[x12x11)x10

Iv13[v12y11—{v10[ vz [ ve || vs[ v4 ][ va}—{ v2] v1] vo

Operation:

The instruction copies n2 source devices to a bit
stack of length ni1. For every new addition of n2 bits,
the existing data within the bit stack is shifted n2bits
to the left. Any bit data moving to a position
exceeding the ni1limit is diverted to an overflow area.
The bit shifting operation will occur every time the
instruction is processed unless it is modified with
either the pulse suffix or a controlled interlock.
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547 WSFR (FNC 36
( ) |FXos)| FXon | FX | FXeo) [FXanc)
. i Operands
Mnemonic Function Program steps
S D ni n2
WSFR The value of the KnX, KnY, [KnY,KnM, |K,H, WSFR,
FNC 36 source devices are | KnM,KnS, [KnS, X WSFRP:
(Word copied to a T,C,D T,C,D Note: 9 steps
shift right) controlled word FX users: n2<ni1<512
e stack moving the
existing data to the
right
PULSE-P 16 BIT OPERATION 32 BIT OPERATION
FXos) [ FXon | FX_ [FXeo)[FXenie] FXos | FXon [ FX_ [FXeo)[FXenie] FXos) [ FXon | FX [FXeec)FXence]
Operation:
X0 [S] [D] [n1][n2] The instruction copies n2 source devices to a word
}H —{wsFR[ DO [D10[K16] K4 }—{ stack of length n1. For each addition of nzwords, the
existing data within the word stack is shifted nawords
BB = to the right. Any word data moving to a position
iIeTse . §0%-8% -85 0k exceeding the nilimit is diverted to an overflow area.
O oks | ous [ ozofovz oz [owolonr] [t ]oral 0w 511010 The word shifting operation will occur every time the
- - -~ W instruction is processed unless it is modified with
either the pulse suffix or a controlled interlock.
Note: when using bit devices as source (S) and
destination (D) the Kn value must be equal.
5.4.8 WSFL (FNC 37
( ) ‘FXO(S)‘ FXon ‘ FX ‘FX(ZC) |FX2N(C)‘
. i Operands
Mnemonic Function Program steps
S D ni n2
WSFL The value of the KnX, KnY, | KnY,KnM, |K,H, WSFL,
FNC 37 source devices are | KnM,KnS, | KnS, b4 WSFLP:
(Word copied to a T,C,D T,C,D Note: 9 steps
shift left) controlled word FX users:
P stack moving the n2<n1<512
existing data to
the left
PULSE-P 16 BIT OPERATION 32 BIT OPERATION

FXO(s)[ FXON[ FX [FX(ZC)]FXZN(C)

FXO(s)[ FXoN [ FX [FX(ZC)]FXZN(C) FXO(s)[ FXon [ FX ‘FX(ZC)]FXZN(C)‘

[S]

[D]

[n1] [n2]

X0
H —WSFR]

DO [D10|K 16| K4 }—{

(1)D 25 -
()b 21 -
(3)D17 -
(4) D13 -
(5)D 3 -

5 - D 22
1- D18
7- D14
3- D10

[p3[p2[p1]D0]
[

[D25]D24[D23[ D22[D21]

[D18]D17]

—

[
[D14]D13[D12] D11 D10 ®)

(1) 2 ®)

@)

Operation:

The instruction copies n2 source devices to a word
stack of length ni. For each addition of nawords, the
existing data within the word stack is shifted nawords
to the left. Any word data moving to a position
exceeding the n1limit is diverted to an overflow area.
The word shifting operation will occur every time the
instruction is processed unless it is modified with
either the pulse suffix or a controlled interlock.

Note: when using bit devices as source (S) and
destination (D) the Kn value must be equal.
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549

SFWR (FNC 38)

‘FXO(S)’ FXon ‘ FX ‘FX(ZC) IFXZN(C)‘

) ) Operands
Mnemonic Function Program steps
S D N
SFWR This instruction K, H, KnY, KnM, K, H, SFWR,
FNC 38 creates and builds | KnX, KnY, KnS, = SFWRP:
(Shift register | a FIFO stack n KnM,KnS, T,C,D, Note: 7 steps
write) devices long -must |T, C, D, V, Z 2<n< 512
e be used with
SFRD FNC 39
\ PULSE-P 16 BIT OPERATION 32 BIT OPERATION FLAGS | Carry M8022
\FXO(s)[ FXoN [ FX \FX(zc)]FXzN(C) FXO(s)[ FXon [ FX [FX(ZC) ]FXZN(C) FXO(s)[ FXon [ FX [FX(ZC) ]FXZN(C)

[S] [D]

[n]

X0
}H ——{SFWR)]

DO | D1 \K10}—{

[S]

[nl=10

4/D3[D2[D1]

[D10[D9[D8[D7[D6IDE[D

G 2 1M

Operation:

The contents of the source device (S) are written to
the FIFO stack. The position of insertion into the
stack is automatically calculated by the PLC.

The destination device (D) is the head address of
the FIFO stack. The contents of D identify where the
next record will be stored (as an offset from D+1).

If the contents of D exceed the value “n-1" (n is the
length of the FIFO stack) then insertion into

the FIFO stack is stopped. The carry flag M8022 is
turned ON to identify this situation.

Points to note:

a) FIFO is an abbreviation for ‘First-In/ First-OUT".

b) Although n devices are assigned for the FIFO stack, only n-1 pieces of information may be
written to that stack. This is because the head address device (D) takes the first available
register to store the information regarding the next data insertion point into the FIFO stack.

c) Before starting to use a FIFO stack ensure that the contents of the head address register
(D) are equal to ‘0’ (zero).

d) This instruction should be used in conjunction with SFRD FNC 39. The n parameter in both
instructions should be equal.
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5.4.10 SFRD (FNC 39)

‘FXO(S)’ FXon ‘ FX ‘FX(ZC) IFXZN(C)‘

. : Operands
Mnemonic Function Program steps
S D n
SFRD This instruction KnY, KnM, KnY, KnM, K,H, SFRD,
FNC 39 reads and KnS, KnS, = SFRDP:
(Shift reduces FIFO T,C, D, T,C,D, Note: 7 steps
register read) | stack- must be KnY, KnY, 2<n< 512
e used with SFWR |KnM,KnS, KnM,KnS,
FNC 38 T,C,D T,C,D,V,Z
PULSE-P 16 BIT OPERATION 32 BIT OPERATION FLAGS | Zero M8020

FX0(5)| FXon [ FX [FX(ZC) ]FXZN(C) FXO(s)] FXon ] FX [FX(QC) ]FXzN(C) FXO(s)] FXon [ FX ]FX(zo) ]FXZN(c

[S] [D] [n]

X1
}H —— SFRD|

D1 ‘D20‘K10}—{

[n]=10

O]

D10[D9[D8[D7[D6[D5[D4[D3[D2[D1] T

Points to note:
a) FIFO is an abbreviation for ‘First-In/ First-OUT".

b) Only n-1 pieces of data may be read from a FIFO stack. This is because the stack requires
that the first register, the head address (S) is used to contain information about the current
length of the FIFO stack.

¢) This instruction will always read the source data from the register S+1.

d) This instruction should be used in conjunction with SFWR FNC 38. The n parameter in both
instructions should be equal.

Operation:

The source device (S) identifies the head address
of the FIFO stack. Its contents reflect the last entry
point of data on to the FIFO stack, i.e. where the
end of the FIFO is (current position).

This instruction reads the first piece of data from
the FIFO stack (register S+1), moves all of the data
within the stack ‘up’ one position to fill the read
area and decrements the contents of the FIFO
head address (S) by 1. The read data is written to
the destination device (D).

When the contents of the source device (S) are
equal to ‘0’ (zero), i.e. the FIFO stack is empty, the
flag M8020 is turned ON.
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Applied Instructions: |FXos)| FXon | FX | FXeo) [FXane)

1. Program Flow 5-4
2. Move And Compare 5-16
3. Arithmetic And Logical Operations (+, -, :,22)
4, Rotation And Shift 5:34
v s Data Operation 5-42
6. |mcws| High Speed Processing 5-52
7. Handy Instructions 5-66
8. |Fcw | External FX I/O Devices 5-80
9. |Fcw| External FX Serial Devices 5-94
10. External F2 Units 5-110
11. Floating Point 1 & 2 5-118
12. Trigonometry (Floating Point 3) 5-126
13. Data Operations 2 5-130
14. Real Time Clock Control 5-134
15. |mcimas| Gray Codes 5-142
16. |miczo2s| In-line Comparisons 5-146
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5.5 Data Operation - Functions 40 to 49

Contents:

Page
ZRST - Zone Reset FNC 40 5-43
DECO - Decode FNC 41 5-43
ENCO - Encode FNC 42 5-44
SUM - The Sum Of Active Bits FNC 43 5-45
BON - Check Specified Bit Status FNC 44 5-45
MEAN - Mean FNC 45 5-46
ANS - (Timed) Annunciator Set FNC 46 5-47
ANR - Annunciator Reset FNC 47 5-47
SOR - Square Root FNC 48 5-48
FLT - Float, (Floating Point) FNC 49 5-49

Symbols list:
D - Destination device.
S - Source device.
m, n- Number of active devices, bits or an operational constant.
Additional numeric suffixes will be attached if there are more than one operand with the same
function e.g. D1, S3or for lists/tabled devices D3+o, S+9 etc.
MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a number, i.e.
positive = 0, and negative = 1.
LSB - Least Significant Bit.
Instruction modifications:

s¢veve - An instruction operating in 16 bit mode, where v¢v¢v¢ identifies the instruction
mnemonic.

wevexP - A 16 bit mode instruction modified to use pulse (single) operation.
Dweweve - An instruction modified to operate in 32 bit operation.
DweveweP - A 32 bit mode instruction modified to use pulse (single) operation.

7 - A repetitive instruction which will change the destination value on every scan unless
modified by the pulse function.

= - An operand which cannot be indexed, i.e. The addition of V or Z is either invalid or will
have no effect to the value of the operand.
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551 ZRST (FNC 40
( ) ’ FXO(S)| FXoN | FX ‘ FX(2c) ‘FXZN(C)‘
) ) Operands
Mnemonic Function 5 ‘ 5 Program steps
ZRST Used to reset a Y, M,S, ZRST,
FNC 40 range of like T.CD ZRSTP:
(zone device_s in one B?r%eljst be less than or equal ( <) to D2 5 steps
Reset) operation Standard and High speed counters cannot be mixed.
PULSE-P 16 BIT OPERATION 32 BIT OPERATION
FXO(s)| FXon [ FX [FX(zc) |FX2N(C) FXO(s)] FXon [ FX [FX(zc)]FXzN(C) FXO(s)] FXon [ FX ]FX(QC)]FXQN(C)\
Operation:
M8002 [D1] [D2] Th f devices, inclusive of th ified
ZRST|M 500M 599 e range of devices, inclusive of those specified as
the two destinations are reset, i.e. for data devices the
current value is set to 0 (zero) and for bit elements,
the devices are turned OFF, i.e. also set to O (zero).
The specified device range cannot contain mixed device types, i.e. C000 specified as the first
destination device (D1) cannot be paired with T199 as the second destination device (D2). When
resetting counters, standard and high speed counters cannot be reset as part of the same
range.
If D1is greater than (>) D2 then only device D1 is reset.
55.2 DECO (FNC 41
( ) ’ FXO(S)I FXon | FX ‘ FX2c) ‘FXZN(C)‘
) ) Operands
Mnemonic Function 5 Program steps
n
DECO Source data value |K, H Y, M, S, K, H, DECO,
FNC 41 Q identifies the X, Y,M,S, |T,C,D & DECOP:
(Decode) Qth bit of the T,C,D,V, Note: 7 steps
destination device |Z D=Y,M,S then n range =
which will be 1-8
turned ON D= T,C,D then
nrange = 1-4
n=0, then no
processing
PULSE-P 16 BIT OPERATION 32 BIT OPERATION
FXO(s)[ FXon [ FX [FX(ZC)]FX2N(C) FXo(s)[ FXon [ FX [FX(zq]FXzN(C) FXO(s)[ FXon [ FX ]FX(ZC)IFXZN(C)‘

[S] [D] [n]

%%%————{DECO\

X0 [M10][ K3 H

X1

/

+
—3

0.

7. 6. 5. 4 3 2. 1.
(ololTololT1lTololo]

M17 M16 M15 M14

M13 M12 M11 M10

Operation:

Source data is provided by a combination of operands
S and n. Where S specifies the head address of the
data and n, the number of consecutive bits. The
source data is read as a single number (binary to
decimal conversion) Q. The source number Q is the
location of a bit within the destination device (D) which
will be turned ON (see example opposite). When the
destination device is a data device n must be within
the range 1 to 4 as there are only 16 available
destination bits in a single data word. All unused data
bits within the word are set to 0.
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5.5.3 ENCO (FNC 42) |FXos)| FXoN | FX | FXeo)|FXane)

) ) Operands
Mnemonic Function Program steps
S D n
ENCO Then locationof |X,Y,M,S, |T,C,D,V, |K,H, ENCO,
FNC 42 the highest active |T,C,D,V, |Z X ENCOP:
(Encode) bitisstoredasa |Z Note: 7 steps
numerical position S=X, Y, M, S then
from the head n range=1-8
address S=T,C,D then
nrange = 1-4
n =0, then no
processing
PULSE-P 16 BIT OPERATION 32 BIT OPERATION \
FXO(s)[ FXon [ FX [FX(ZC)]FX2N(C) FXO(s)[ FXon [ FX [FX(ZC)]FX2N(C) FXO(s)[ FXon [ FX ]FX(ZC)IF)QN(C)‘

Operation:

[S] (D] [n] The highest active bit within the readable range has
M10/D 10 K3 H

X5
}% ——[ENcO its location noted as a numbered offset from the
source head address (S). This is stored in the
7 6 5 4. 3 2. 1. 0. destination register (D).
(ofoJolTo[1]TolT0o[]O]
M17 M16 M15 M14 M13 M12 M11 M10

D10
(0]ololo[o[olofof[0f0[0[0O[0O[0O[1[1]
.. 421
+
=3

Points to note:

a) The readable range is defined by the largest number storable in a binary format within the
number of destination storage bits specified by n, i.e. if n was equal to 4 bits a maximum
number within the range 0 to 15 can be written to the destination device. Hence, if bit
devices were being used as the source data, 16 bit devices would be used, i.e. the head bit
device and 15 further, consecutive devices.

b) If the stored destination number is 0 (zero) then the source head address bit is ON, i.e. the
active bit has a 0 (zero) offset from the head address. However, if NO bits are ON within the
source area, 0 (zero) is written to the destination device and an error is generated.

¢) When the source device is a data or word device n must be taken from the range 1 to 4 as
there are only 16 source bits available within a single data word.
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554 SUM (FNC 43
( ) |FXos)| FXon | FX | FXeo) [FXanc)
. i Operands
Mnemonic Function 5 5 Program steps
SUM The number K, H, KnY, KnM, KnS, SUM,SUMP:
FNC 43 (quantity) of KnX, KnY, KnM, KnS, |T,C,D,V,Z 7 steps
(Sum of active bitsinthe |T,C,D,V,Z
active hits) source data is DSUM,
stored in the DSUMP:
destination device 9 steps
PULSE-P 16 BIT OPERATION 32 BIT OPERATION FLAGS | Zero M8020
FXO(s)] FXon [ FX [FX(2C) ]FX2N(C) FXO(s)] FXon ] FX [FX(zc) ]FXzN(C) FXO(s)] FXon [ FX ]FX(zc) ]FX2N(C
Operation:
X0 [S1 [D] The number of active (ON) bits within the source
H ————1SUM|DO0 |D2 H device (S), i.e. bits which have a value of “1" are
counted. The count is stored in the destination
DO register (D). If a double word format is used, both the
[0[1]0[1][0[1[0[1[0[1[0[1[0[1[1[1] source and destination devices use 32 bit, double
b15 b0 registers. The destination device will always have its
3 upper 16 bits set to 0 (zero) as the counted value can
D2 never be more than 32.
[0]0[0]0J0J0OT0J0[0]0I0[0] 23‘91‘3‘1‘ If no bits are ON then zero flag, M8020 is set.
5.5.5 BON (FNC 44)

‘FXO(S)‘ FXon ‘ FX ‘FX(ZC) |FX2N(C)‘

) ) Operands
Mnemonic Function Program steps
S D n
BON The status of the |K, H, Y, M, S K,H, BON, BONP:
FNC 44 specified bit in the | KnX, KnY, = 7steps
(Check source device is | KnM, KnS, Note: DBONP,
specified indicated at the T,C,D,V, 16 bit operation DBON:
bit status) destination z n=0 to 15 13 steps
32 bit operation
n=0 to 31
PULSE-P 16 BIT OPERATION 32 BIT OPERATION
FXos) [ FXon | FX_[FXeo)[FXenie] FXow | FXon [ FX_ [FXec)[FXenie] FXos) [ FXon | FX [FXeo)FXenc]

[S] [D] [n]

H«F{ BON |

D10/ MO \K15H

D10
\1\0\1\0\1\0\1\0\1\0\1\0\1\0\1\%\
b15 =1, MO = 1 b

[0[0[1]0[1[0[1[0[1[0[1]0[1[0[1]O]

b15=0,M0=0

Operation:

A single bit position (n) is specified from within a
source device/area (S). n could be regarded as a
specified offset from the source head address (S),
i.e. 0 (zero) being the first device (a 0 offset) where
as an offset of 15 would actually be the 16th device.
If the identified bit becomes active, i.e. ON, the
destination device (D) is activated to “flag” the new
status.

The destination device could be said to act as a
mirror to the status of the selected bit source.
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5.5.6 MEAN (FNC 45)

‘FXO(S)’ FXon ‘ FX ‘FX(ZC) IFXZN(C)‘

) ) Operands
Mnemonic Function Program steps
S D n

MEAN Calculates the KnX, KnY, KnY, KnM, K,H, MEAN,

FNC 45 mean of arange |KnM, KnS, KnS, b4 MEANP:

(Mean) of devices T,C,D T,CD,V,Z Note: 7 steps

n=1to 64 DMEAN,
DMEANP:
13steps
PULSE-P 16 BIT OPERATION 32 BIT OPERATION
FXO(s)| FXon [ FX [FX(2C) |FX2N(C) FXO(s)| FXon [ FX [FX(QC) |FX2N(C) FXO(s)| FXon [ FX ]FX(QC) |FX2N(C)\

[S] [D]

[n]

X0
}% ———IMEAN|

DO |D10] K3 H

General rule

Example

D1

_ (So+S1+<+65n)

n

0= (DO) + (D1) + (Dn)

3

Points to note:

Operation:

The range of source data is defined by operands
Sand n. S is the head address of the source data
and n specifies the number of consecutive source
devices used.

The value of all the devices within the source
range is summed and then divided by the number
of devices summed, i.e. n. This generates an
integer mean value which is stored in the
destination device (D). The remainder of the
calculated mean is ignored.

If the source area specified is actually smaller than the physically available area, then only the
available devices are used. The actual value of n used to calculate the mean will reflect the
used, available devices. However, the value for n which was entered into the instruction will
still be displayed. This can cause confusion as the mean value calculated manually using this
original n value will be different from that which is displayed.

If the value of nis specified outside of the stated range (1 to 64) an error is generated.
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5.5.7 ANS (FNC 46) [FXos) | FXon | FX_[FXec) [FXane)

) ) Operands
Mnemonic Function Program steps
S D n
ANS This instruction T S K ANS:
FNC 46 starts a timer. Note: Note: X 7 steps
(Timed Once timed out available annunciator Note:
annunciator |the selected range range S900t0 |nrange 1 to
set) annunciator flag is | TO to T199 S999 32,767 -
set ON units of
100msec
PULSE-P 16 BIT OPERATION 32 BIT OPERATION ‘
FXos) [ FXon | FX_[FXeo)[FXenic] FXow | FXon [ FX_ [FXec)[FXenie] FXos) [ FXon | FX [FXeo)FXene]

Operation:
[S] [n] [D]

X0
}—H—H—{ANS\ TO \Km\sgooH

This instruction, when energized, starts a timer (S)
for n,100 msec. When the timer completes its cycle
the assigned annunciator (D) is set ON.

If the instruction is switched OFF during or after completion of the timing cycle the timer is
automatically reset. However, the current status of the annunciator coil remains unchanged.

Note: This is only one method of driving annunciator coils, others such as direct setting can
also be used.

55.8 ANR (FNC 47)

‘FX0(3)| FXon | FX \FX(zc) |FX2N(C)‘

. . Operands Program steps
Mnemonic Function 5
ANR The lowest active ANR,ANRP:
FNC 47 annunciator is 1step
(Annunciator | reset on every N/A
reset) operation of this
s instruction
PULSE-P 16 BIT OPERATION 32 BIT OPERATION
FXos) [ FXon | FX_ [FXeo)[FXenie] FXow | FXon [ FX_ [FXeo)[FXenie] FXos) [ FXon | FX [FXeec)FXence]
Operation:
X3
}%1 ANR Annunciators which have been activated are
sequentially reset one-by-one, each time the ANR

instruction is operated.

If the ANR instruction is driven continuously it will carry out its resetting operation on every
program scan unless it is modified by the pulse, P prefix or by a user defined program
interlock.
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5.5.9

SQR (FNC 48)

‘FXO(S)‘ FXon ‘ FX ’FX(ZC) |FX2N(C)‘

. : Operands
Mnemonic Function 5 5 Program steps
SOR Performs a K,H,D D SQR, SQRP:
FNC 48 mathematical | When using M8023 in float mode, only > steps
(Square square roote.g.: | 4oyple word (32bit) data can be processed. DSQR,
root) D=/ S See page 4- 46 for more details regarding float- gDstQRP'
ing point. Steps

PULSE-P 16 BIT OPERATION 32 BIT OPERATION FLAGS Zero M8020

FXO(s)[ FXon [ FX [FX(ZC) |FX2N(C) FXO(s)| FXon [ FX [FX(2C) |FX2N(C) FXO(s)| FXon [ FX ]FX(ZC) |FX2N(C Borrow M8021

X7
—|

X3 X10

—|—F——SQR| K5 | D2 |—

[S] [D]

——IDSQR| D5 |D30}—

M8000

Operation1:

This instruction performs a square root operation
on source data (S) and stores the result at
destination device (D). The operation is conducted
entirely in whole integers rendering the square root
answer rounded to the lowest whole number. For
example, if (S) = 154, then (D) is calculated as
being 12. M8020 is set ON when the square root
operation result is equal to zero. Answers with
rounded values will activate M8021.

Operation 2: This function is equivalent to FNC 127 ESQR This operation is similar to
Operation 1. However, it is only activated when the mode setting float flag, M8023 is used.
This then allows the SQR instruction to process answers in floating point format. The source
data (S) must either be supplied in floating point format for data register use, or it can be
supplied as a constant (K,H). When constants are used as a source, they are automatically
converted to floating point format. Operation 2 is only valid for double word (32 bit) operation,
hence both (S) and (D) will be 32 bit values and the SQR instruction will be entered as DSQR

or DSQRP.

General note:
Performing any square root operation (even on a calculator) on a negative number will result

in an error. This will be identified by special M coil M8067 being activated:
-/ -168 = Error and M8067 will be set ON
This is true for both operating modes.
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5.5.10 FLT (FNC 49)

‘ FXo(s) ‘ FXon ‘ FX ’ FX(2c) |FX2N(C)‘
) ) Operands
Mnemonic Function 5 5 Program steps
FLT Used to convert |D D FLT, FLTP:
FNC 49 data to and from - I'v18023 = OFF data is converted from decimal | > StePS
(Flpatung floating point to floating point format DFLT,
point) format DFLTP:
M8023 = ON data is converted from floating 9 steps
point format to decimal format
PULSE-P 16 BIT OPERATION 32 BIT OPERATION

FXO(s)] FXON] FX [FX(2C) ]FXzN(C)

FXO(s)] FXON] FX [FX(zc) ]FXzN(C)

FXO(s)] FXON] FX ]FX(zc) ]FXzN(C)

X15

X27

[S]

(D]

b FLT [D15] D2 |-

—

—— FLT |D100|D120}—

M8000

Operation 1.

When the float instruction is used without the float
flag (M8023 = OFF) the source data (S) is
converted in to an equivalent value stored in float
format at the destination device (D).

Please note that two consecutive devices (D and
D+1) will be used to store the converted float
number. This is true regardless of the size of the
source data (S), i.e. whether (S) is a single device
(16 bits) or a double device (32 bits) has no effect
on the number of destination devices (D) used to
store the floating point number. Examples:

Floating point
destination value (D)

Decimal source data

(S)

1 1
-26700 -2.67 x 104
404 4.04 x 102

‘FXO(S)‘ FXon ‘ FX ’FX(ZC) IFXZN(C)‘

Operation 2: (Applicable units: FX(2C)) This function is equivalent to FNC 129 INT.

When the float instruction is performed and the float flag M8023 is ON, the float operation will
be conducted in reverse to Operation 1. Any floating point format number stored at source (S)
will be converting to its decimal equivalent and stored at destination (D).

Continued over the page...
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Points to Note:

a) When floating point numbers are used the zero, borrow and carry flags (M8020, M8021 and
M8022 respectively) operate at the following times; M8020, Zero: is activated when the
result is Zero.

M8021, Borrow: is activated when the result is smaller than the smallest possible number.
The result is forced to equal the smallest number and the associated flag is set ON.
M8022, Carry: is activated when the result is larger than the largest possible number. The
result is forced to equal the largest number and the associated flag is set ON.

b) Floating point numbers always — Zoro ME02 —
occupy 32 consecutive bits, i.e. 2 Infinity ero M8020 Infinity
consecutive data registers. When
converting between float and Positive Value  Very [small Negative Value
decimal numbers please al-low E\
enough destination devices, i.e. Carry Borrow Carry

M8022 M8021 M8022
. Doubleword | Status of Number of N“”_‘be'f of
Instruction operation M8023 source destination Remark
P registers (S) | registers (D)
FLT NO OFF 1(S) 2 (D, D+1) |Convert to floating point
FLT (INT) ON 2 (S, S+1) 1 (D) Convert to decimal
DFLT OFF 2 (S, S+1) 2 (D, D+1) |Convert to floating point
DFLT YES .
(DINT) ON 2 (S, S+1) 2 (D, D+1) |Convert to decimal

General note:

For more information about float and scientific notations please see Chapter 4, Advanced
Devices, page 4-46

5-50
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App"ed Instructions: ‘FXO(S)| FXon | FX |FX(2C)|FX2N(C)‘

1. Program Flow 5-4
2. Move And Compare 5-16
3. Arithmetic And Logical Operations (+, -, :,22)
4, Rotation And Shift 5:34
5. Data Operation 5-42
v s | fics s High Speed Processing 5-52
7. Handy Instructions 5-66
8. |Fcw | External FX I/O Devices 5-80
9. |Fcw| External FX Serial Devices 5-94
10. External F2 Units 5-110
11. Floating Point 1 & 2 5-118
12. Trigonometry (Floating Point 3) 5-126
13. Data Operations 2 5-130
14. Real Time Clock Control 5-134
15. |mcimas| Gray Codes 5-142
16. |miczo2s| In-line Comparisons 5-146
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5.6 High Speed Processing - Functions 50 to 59

Contents:
Page

REF - Refresh FNC 50 5-53
REFF - Refresh and filter adjust FNC 51 5-53
MTR - Input matrix FNC 52 5-54
HSCS - High speed counter set FNC 53 5-55
HSCR - High speed counter reset FNC 54 5-56
HSZ - High speed counter

zZone compare FNC 55 5-57
SPD - Speed detect FNC 56 5-60
PLSY - Pulse Y output FNC 57 5-61
PWM - Pulse width modulation FNC 58 5-62
PLSR - Ramp Pulse output FNC 59 5-63

Symbols list:
D - Destination device.
S - Source device.
m, n- Number of active devices, bits or an operational constant.
Additional numeric suffixes will be attached if there are more than one operand with the same
function e.g. D1, S3or for lists/tabled devices D3+o, S+9 etc.
MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a number, i.e.
positive = 0, and negative = 1.
LSB - Least Significant Bit.
Instruction modifications:

s¢veve - An instruction operating in 16 bit mode, where v¢v¢v¢ identifies the instruction
mnemonic.

wevexP - A 16 bit mode instruction modified to use pulse (single) operation.
Dweweve - An instruction modified to operate in 32 bit operation.
DweveweP - A 32 bit mode instruction modified to use pulse (single) operation.

7 - A repetitive instruction which will change the destination value on every scan unless
modified by the pulse function.

X - An operand which cannot be indexed, i.e. The addition of V or Z is either invalid or will
have no effect to the value of the operand.
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56.1 REF (FNC 50) ’FXO(S)I FXon | FX ‘FX(ZC)‘FXZN(C)‘
Operands
Mnemonic Function 5 : Program steps
n

REF Forces an X, Y K, H REF, REFP:
FNC 50 immediate update |xg < 5 steps
(Refresh) of inputs or Note: Note:
a outpl_th_s é"s D should always be a |n should always be a

speciie multiple of 10, i.e. 00, |multiple of 8, i.e. 8, 16,

10, 20, 30 etc. 24, 32 etc.

‘ PULSE-P 16 BIT OPERATION 32 BIT OPERATION

\FXO(s)| FXon [ FX [FX(ZC) ]FXZN(C) FXO(s)| FXon [ FX

[FXec)[FXane) FXos) [ FXon | FX [FXec) FXene)

[D] [n]

Operation:

X 10| K8

}%XL{ REF |

2

Standard PLC operation processes output and input
status between the END instruction of one program
scan and step 0 of the following program scan. If an
immediate update of the I/O device status is required

the REF instruction is used. The REF instruction can only be used to update or refresh blocks of
8 (n) consecutive devices. The head address of the refreshed devices should always have its
last digit as a 0 (zero), i.e. in units of 10.

Note: A short delay will occur before the 1/O device is physically updated, in the case of inputs
a time equivalent to the filter setting, while outputs will delay for their set energized time.

56.2 REFF (FNC 51) ‘FXO(S)’ FXon \ FX ‘FX(ZC) |FX2N(C)‘
Operands
Mnemonic Function > Program steps
n
REFF Inputs are K, H, REFF,
FNC 51 refreshed, and < REFFP:
(Refresh their input filters | Note: n= 0 to 60 msec (0 = 50ps) 3 steps
ag.d filter are flesdet to the 4 |X000 to X007 (X000 to X017 for FXan) are
adjust) nelwy esignated | 5 tomatically designated when using this
value instruction

PULSE-P 16 BIT OPERATION 32 BIT OPERATION ‘

FXO(s)[ FXon [ FX \FX(ZC) |FX2N(C) FXO(s)[ FXon [ FX \FX(2C) |FX2N(C) FXO(s)[ FXon [ FX \FX(ZC)|FX2N(C)\

[n]

X10
\
\

REFF| K1 |

Operation:

PLC'’s are provided with input filters to overcome
problems generated by mechanical switch gear.
However, as this involves ensuring a steady input
signal is received for a fixed time duration, the use of

input filters slows down the PLC response times. For high speed applications, especially where
solid state switching provides the input signal, input filter times may be reduced. The default
setting for the input filters is approximately 10 msec. Using this instruction input filter times of O
to 60 msec may be selected. The setting ‘0’ (zero) is actually 50 psec. This is the minimum
available setting. It is automatically selected when direct input, interrupts or high speed counting
functions are used. The REFF instruction needs to be driven for each program scan if it is to be
effective, otherwise, the standard 10 msec filter time is used.
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5.6.3 MTR (FNC 52) [FXos) | FXon | FX_[FXec) [FXane)

) ) Operands
Mnemonic Function Program steps
S D1 D2 n

MTR Multiplexes a X Y Y, M, S K, H, MTR: 9 steps
FNC 52 bank of inputs < < < <
(Input into a number of . Note:
matrix) sets of devices. | Note: n=2 to 8

Can only be used These operands should always be |''~

ONCE a multiple of 10, i.e. 00, 10, 20, 30

etc.
PULSE-P 16 BIT OPERATION 32 BIT OPERATION FLAGS Operation

FXo(s)] FXoN ] FX [FX(ZC) ]FXZN(C) FXO(s)| FXoNn | FX [FX(zo) ]FXzN(C) FXO(s)| FXon | FX ]FX(zo) ]FXZN(C) Complete M8029

Operation:
S] [D1][D2] [n o . . .
M8000 [S1 [D1][D2] [n] This instruction allows a selection of 8 consecutive
—{MTR| X 10| Y20 |M 30| K3

input devices (head address S) to be used multiple
(n) times, i.e. each physical input has more than
one, separate and quite different (D1) signal being
processed. The result is stored in a matrix-table (head address D2).

Points to note:

a) The MTR instruction involves high speed input/output switching. For this reason this
instruction is only recommended for use with transistor output modules.

b) For the MTR instruction to operate correctly, it must be driven continuously. It is
recommended that special auxiliary relay M8000, the PLC RUN status flag, is used. After
the completion of the first full reading of the matrix, operation complete flag M8029 is turned
ON. This flag is automatically reset when the MTR instruction is turned OFF.

¢) Each set of 8 input signals are grouped into a ‘bank’ (there are n number of banks).

d) Each bank is triggered/selected by a dedicated output (head address D1). This means the
quantity of outputs from Dz, used to achieve the matrix are equal to the number of banks n.
As there are now additional inputs entering the PLC these will each have a status which
needs recording. This is stored in a matrix-table. The matrix-table starts at the head address
D2. The matrix construction mimics the same 8 signal by n bank configuration. Hence, when
a certain input in a selected bank is read, its status is stored in an equivalent position within
the result matrix-table.

e) The matrix instruction operates on an interrupt format, processing each bank of inputs
every 20msec. This time is based on the selected input filters being set at 10msec. This
wouldresultinan8bankmatrix, i.e. 64inputs(8inputs’8banks) beingreadin160msec.

If high speed inputs (ex. X0) is specified for operand S, the reading time of each bank
becomes only 10msec, i.e. a halving of the
reading speed. However, additional pull down ‘ Matrix device F

resistors are required on the drive outputs to ‘ ‘ ‘ ‘ ‘

ensure the high speed reading does not detect AV OVIS/STXO] XT X2 [ X3 XATX5 [ X6IX7
any residual currents from the last operation. j
+V[Y40[Y41Y42[Y43Y44]Y45Y46]Y4
/E’—‘

These should be placed in parallel to the input
bank and should be of a value of approximately
3.3kQ, 0.5W. For easier use, high speed inputs pyi down
should not be specified at S. resistors
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5.6.4

f)

g)

Because this instruction uses a series of
multiplexed signals it requires a certain amount of
‘hard wiring’ to operate. The example wiring
diagram to the right depicts the circuit used if the
previous example instruction was programmed. As
a general precaution to aid successful operation
diodes should be places after each input device
(see diagram opposite). These should have a
rating of 0.1A, 50V.

Example Operation

When output Y20 is ON only those inputs in the
first bank are read. These results are then stored;
in this example, auxiliary coils M30 to M37. The
second step involves Y20 going OFF and Y21
coming ON. This time only inputs in the second
bank are read. These results are stored in devices
M40 to M47. The last step of this example has Y21

[ ]
24VIOV [S/SXTOXT X 12X 13X 14X 15X 16)X17]
Transistor output unit
(source)
+V \Y‘ZO\Y‘21\Y‘22\Y23\Y24\Y25\Y26\Y27

Diode 3.
0,1A
50 V ~_

2.

Input ——
devices

going OFF and Y22 coming ON. This then allows all of the inputs in the third bank to be
read and stored in devices M50 to M57. The processing of this instruction example would

take 20 x 3 = 60msec.

Notice how the resulting matrix-table does not use any of the P8 and P9 bit devices when
state S or auxiliary M relays are used as the storage medium.

HSCS (FNC 53)

’FXO(S)I FXoN | FX ‘FX(ZC)‘FXZN(C)‘

) ) Operands
Mnemonic Function Program steps
S1 S2 n
HSCS Sets the selected |K, H, C Y, M, S DHSCS:
FNC 53 output when the |KnX, KnY, Note: 13 steps
(High speed | specified high KnM, KnS, C =23510 254, | Interrupt point-
counter set) |speed counter T,C,D,V,Z |oravailable ers
value equals the high speed 1010 to 1060
test value counters can be set on
FX units from
CPU ver 3.07
and Fx2c units
PULSE-P 16 BIT OPERATION 32 BIT OPERATION ‘
FXos) [ FXon | FX_ [FXeeo) [FXenic] FXow [ FXon [ FX_ [FXec)[FXene| FXos) [ FXon | FX [FXeo)FXenc]

Operation:

[S1][S2] [D]

M8000
}% ———DPHSCS|K100[C255] Y10

H

The HSCS set, compares the current value of the
selected high speed counter (S2)against a selected
value (S1). When the counters current value
changes to a value equal to Sithe device specified

as the destination (D)is set ON.The example above shows that Y10 would be set ON only
when C255’s value stepped from 99-100 OR 101-100. If the counters current value was forced
to equal 100, output Y10 would NOT be set ON.

Points to note:

a) It is recommended that the drive input used for the high speed counter functions; HSCS,
HSCR, HSCZ is the special auxiliary RUN contact M8000.
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b) If more than one high speed counter function is used for a single counter the selected flag
devices (D) should be kept within 1 group of 8 devices, i.e. YO-7, M10-17.

¢) All high speed counter functions use an interrupt process, hence, all destination devices (D)
are updated immediately.

Note:

FXo,FXoN users - Max. 4 simultaneously active HSCS/R instructions. FX users Max. 6
simultaneously active HSCS/R and HSZ instructions. Please remember that the use of high
speed counter functions has a direct impact on the maximum allowable counting speed! See
page 4-22 for further details.

S

Use of interrupt pointers |FXos)| FXon | FX [ FXeo) [FXanc)

FXc) and FXan MPUs can use interrupt pointers 1010 through 1060 (6 points) as destination
devices (D). This enables interrupt routines to be triggered directly when the value of the
specified high speed counter reaches the value in the HSCS instruction.

®

565 HSCR (FNC 34) ’FXO(S)I FXon | FX ‘FX(ZC)‘FXZN(C)‘
) ) Operands
Mnemonic Function Program steps
S1 S2 D
HSCR Resets the K, H, C Y,M, S DHSCR:
FNC 54 selected output KnX, KnY, Note: C 13 steps
(High speed |when the KnM, KnS, C=C235t0 |Note:
counter specified high T,C,D,V,Z |C255,0or If C, use same
reset) speed counter available high |counter as Sz
equals the test speed
value counters
\ PULSE-P 16 BIT OPERATION 32 BIT OPERATION
[FXos [ FXon [ FX_ [FXeo) [FXenic] FXow | FXon | FX_ [FXec)[FXenic)] FXos) [ FXon | FX [FXec) FXence)
Operation:
S1 S2]1[D
M8000 [S111S2] [D] The HSCR, compares the current value of the
H DHSCR K200|C255| Y10 selected high speed counter (S2) against a
selected value (S1). When the counters current

value changes to a value equal to Sz1, the device
specified as the destination (D) is reset. In the example above, Y10 would be reset only when
C255’s value stepped from 199 to 200 or from 201 to 200. If the current value of C255 was
forced to equal 200 by test techniques, output Y10 would NOT reset.
For further, general points, about using high speed counter functions, please see the
subsection ‘Points to note’ under the HSCS (FNC 53). Relevant points are; a, b, and c.
Please also reference the note about the number of high speed instructions allowable.
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5.6.6

HSZ (FNC 55) | FXos) | FXon | FX [ FXee) [FXanc)

M . Functi Operands P ;
nemonic unction S S5 3 D rogram steps
HSZ Operation 1: K, H, C Y, M, S DHSZ:
FNC 55 The current value |KnX, KnY, Note: Note: 17 steps
(High of a high speed KnM, KnS, C=235to 3 consecutive
speed zone |counter is checked |T,C, D, V, Z 255, |devices are
compare) against a specified used
range
Operation 2: D KH M8130 (only)
The designated Using This flag can
range is held in a values only be used
data table driving from with one
Y’ outputs directly 1to DHSZz
128 instr’ at a time
Operation 3: (deci- M8132 (only)
The designated mal) This flag can
range is held in a only be used
data table driving with one
PLSY frequencies
directly using
D8132
PULSE-P 16 BIT OPERATION 32 BIT OPERATION \
FXO(s)[ FXoN [ FX “:X(ZC)IFXZN(C) FXO(s)[ FXoN [ FX “:X(ZC)IFXZN(C) FXO(s)[ FXoN [ FX ‘FX(ZC)IFXZN(C)‘

Operation 1 - Standard: (Applicable to all units)
M800 [S1][S2][S3][D] This instruction works in exactly the same way as
% —{DHSZ [k1000|K1200] C251| Y10}{ the standard ZCP (FNC11). The only difference is
that the device being compared is a high speed
counter (specified as S3).
Also, all of the outputs (D) are updated immediately due to the interrupt operation of the DHSZ.
It should be remembered that when a device is specified in operand D it is in fact a head
address for 3 consecutive devices. Each one is used to represent the status of the current
comparison, i.e. using the above example as a basis,

Y10 (D) C251 is less than Si1,K1000 (S3< Sy)
Y11 (D+1) C251 is greater than S1, K1000 but less than S2, K1200 (S3> S1, S3< S2)
Y12 (D+2) C251 is greater than Sz, K1200 (S3> S2)

For further, general points, about using high speed counter functions please see the
subsection ‘Points to note’ under the HSCS (FNC 52). Relevant points are; a, b, and c. Please
also reference the note about the number of high speed instructions allowable.

Operation 2 - Using HSZ With A Data Table: (Applicable units: FX(2c) and FX2n)

Operation 2 is selected when the destination device (D) is assigned special M coil M8130. This
then allows devices (S1, S2) to be used to define a data table using (S1) as the head address
and (S2) as the number of records in the table - maximum number of records is 128. Each
record occupies 4 consecutive data registers proportioned in the following manner (for a
single record of data registers D through D+3):

Single Record
B;l Used as a double (32 bit) data register to contain the comparison data
Data D+2 Stores the I/O device number, in HEX, of the 'Y’ Output device to be controlled, i.e.
registers H10=Y10. Note: Hex digits A through F are not used.
D+3 Stores the action (SET/RESET) to be performed on the Output device D+2. Note:
For a SET (ON) operation D+3 must equal 1, for a RESET (OFF) D+3 must equal 0.
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The following points should be read while studying the example on the right of the page.

Please note, all normal rules associated with high speed counters still apply.

The data table is processed one ‘record
number’ at a time, i.e only 1 record is ever
active as the comparison data. The currently
active record number is stored in data register
D8130. As the comparison value for the active
record is ‘reached’, the assigned ‘Y’ device is
SET or RESET and the active ‘Record number’
is incremented by 1. Once all records in a data
table have been processed, the current record
pointer (D8130) is reset to 0 (the table is then
ready to process again) and the operation
complete flag M8131 is set ON.

If the high speed counter is reset (by program
or hardware input), when it resumes counting
and reaches the first record’s comparison value,
the M8131 flag will be reset. Both the status of
M8131 and contents of D8130 are not editable
by the user. If the DHSZ instruction is turned
OFF then all associated flags are reset.

Care should be exercised when resetting the
high speed counter or turning OFF the DHSZ
instruct as all associated ‘Y’ output devices will
remain in their last state, i.e. if an output was
ON it will remain ON until independently reset
by the user.

The data within inactive records can be
changed during operation allowing data tables
to be updated. Any change made is processed
at the end of the current program scan. The
HSZ instruction will continue to process only the
active data record, i.e. it will not reset due to the
updating of an inactive data record.

Record | Comparison | Selected 'Y' | SET/RESET
number value Output 'Y'Device
(lower/upper Device (1=SET,
register) 0=RESET)
[D8130] [D, D+1] [D+2] [D+3]
0 [D150, D151] [D152] [D153]
K321 H10 (Y10) K1
1 [D154, D155] [D156] [D157]
K432 H10 (Y10) KO
) [D158, D159] [D160] [D161]
K543 H10 (Y10) K1
3 [D162, D163] [D164] [D165]
K765 H10 (Y10) KO
4 [D166, D167] [D168] [D169]
K765 H37 (Y37) K1
|} C251

X17

C251 - count value
equals HSZ

comparison value

— |—{DHsz| D150 | K5 | C251 [M8130

C251 reset

765

654

543

432

3211

Y10 =+ |

Y37

M8131

D8130

01 2 340

When the DHSZ instruction is initially activated it will not process a comparison until the
following program scan as the CPU requires a slight time delay to initialize the comparison

table.
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Operation 3 - Combined HSZ and PLSY Operation:  (Applicable units: FX(c)and FX2n(c))
Operation 3 allows the HSZ and PLSY instructions to be used together as a control loop. This
operation is selected when the destination device (D) is assigned special M coil M8132. This
then allows devices (S1, S2) to be used to define a data table using (S1) as the head address
and (S2) as the number of records in the table - maximum number of records is 128. Each
record occupies 4 consecutive data registers (D through D+3) proportioned in to two 32 bit data
areas.

The first pair of data registers (D,D+1) contain ,

. . . Record | Comparison value Output Frequency
the comparison value for use with the high number (lower/upper For PLSY
speed counter. The second pair of data register) Instruction
registers (D+2,D+3) contain a value (from O to [D8131] [D, D+1] [D+2, D+3]
1000) which represents an output frequency in 0 (D185, D18l D182, D183
Hz. This value is loaded in to special data L [D184, D185] [D186, D187]
register D8132 when the comparison made by K100 K600
the DHSZ instruction gives a ‘TRUE’ output. 2 (D188, DLE (D190, DL91]
Special data register D8132 can be used as the 3 [Dlgféo%l%] [D19i'4€195]
source data for a PLSY (FNC57) output . [D196, D197] [D198, D199]
enabling the output to be varied with relative KO KO
count data.

As with Operation 2 only one record in the data

; ) : M8000 K9999
table is active at any one time. The current | C251
‘Record number’ being processed is stored in

data register D8131. To observe the current %Xiﬁ DHSZ| D180] K5 | C251|M8132-

comparative value, data registers D8134 and
D8135 should be monitored as a double word

PLS | M10 |
(32 bit) device. M10

: . PLSY|D8132 KO | Y7 |-
Once the final entry in the data table has been
processed, the operation complete flag M8133

is set ON and the record counter (D8131) cycles % S C251 resel
back to the first record. ;N g 800

It is recommended that if the high speed counter 5?5 400

and PLSY operations form a closed loop that ZES 100 y
the last record entry in the data table is set to KO 088 40+~

for the comparison value and KO for the PLSY

output frequency. This will bring the controlled @

system to a stop and the ‘Record number’ E D8131 01 2 3 4
counter will not be able to cycle back to the start ?@ 600

of the data table until the associated high speed EL= 5501 f—L |
counter is reset by either pro-gram or hardware gugg

methods. This situation can be easily monitored BIg 128: 77777777777

by checking the paired data registers D8134 -

and D8135 for the ‘0’ value. PLSY Output Frequency in Hz

It is recommended that the operation of the
PLSY instruction is delayed for 1 scan to allow
the DHSZ data table to be constructed on initial
operation. A suggested program using a pulsed
flag is shown in the example on this page.
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56.7 SPD (FNC 56) ‘FXO(S)’ FXon ‘ FX ‘FX(ZC) IFXZN(C)‘
) ) Operands
Mnemonic Function Program steps
S1 S2 D
SPD Detects the X0to X5 |K,H, T,C,D, Z (V) SPD:
FNC 56 number of KnX, KnY, | Note: 7 steps
(Speed ‘encoder’ pulses KnM, KnS, | 3 consecutive devices
detection) in a given time T,C, D, V, |are used. In the case
frame. Results 4 of
can be used to D= Z monitor D8028,
calculate speed D8029 and D8030
PULSE-P 16 BIT OPERATION 32 BIT OPERATION ‘
FXO(s)[ FXon [ FX M:X(ZC)IFXZN(C) FXO(s)[ FXon [ FX [FX(ZC)]FX2N(C) FXO(s)[ FXon [ FX ‘FX(ZC)IFXZN(C)‘
Operation:
X10 [S1][82] [D] .
}% SPD | X0 |K100] D0 }_{ The number of pulses received at S1 are counted
and stored in D+1; this is the current count value.
The counting takes place over a set time frame
X10__ | specified by S2in msec. The time remaining on the
st MAARRAR "~~~ ARAAE current ‘timed count’, is displayed in device D+2.
The number of counted pulses (of S1) from the last
ﬁ}® timed count are stored in D. The timing chart
®@ opposite shows the SPD operation in a graphical
sense. Note:
[ S ¢: Current count value, device D+1

Points to note

i: Accumulated/ last count value, device D
=: Current time remaining in msec, device D+2

a) When the timed count frame is completed the data stored in D+1is immediately written to D.
D+1is then reset and a new time frame is started.

b) Because this is both a high speed and an interrupt process only inputs X0 to X5 may be
used as the source device Si1. However, the specified device for S1 must NOT coincide with
any other high speed function which is operating, i.e. a high speed counter using the same
input. The SPD instruction is considered to act as a single phase counter.

¢) Multiple SPD instructions may be used, but the identified source devices Si restrict this to a
maximum of 6 times.

d) Once values for timed counts have been collected, appropriate speeds can be calculated
using simple mathematics. These speeds could be radial speeds in rpm, linear speeds in M/
min it is entirely down to the mathematical manipulation placed on the SPD results. The
following interpretations could be used;

Linear speed N (km/h) =

3600 x (D)

x 103
nxS2

where n = the number of linear encoder divisions per kilometer.

Radial speed N (rpm) =

60 x (D)

x 103
x S2

where n = the number of encoder pulses per revolution of the encoder disk.
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5.6.8 PLSY (FNC57) ’FXO(S)I FXoNn | FX ‘FX(ZC)‘FXZN(C)‘

) ) Operands
Mnemonic Function Program steps
S1 S2 D
PLSY Outputs a K, H, Y PLSY:
FNC 57 specified number |KnX, KnY, Note: 7 steps
(Pulse Y of pulses at a set |KnM, KnS, FXo(s)/FXonN users: DPLSY:
output) frequency T,C DV, Z Y000 only X 13steps
FX users:
any YPPP
FX2n(c) users: YOO0O or
Y001 only B.
PULSE-P 16 BIT OPERATION 32 BIT OPERATION FLAGS | . Operation
FXO(s)] FXon ] FX [FX(ZC) ]FXZN(C) FXO(s)] FXon [ FX [FX(ZC) ]FXzN(C) FXO(s)] FXon [ FX ]FX(ZC) ]FXzN(C) Complete M8029
Operation:
X10 [S1] [S2] [D] A specified quantity of pulses Szis output through
}H ——{PLSY|K1000| DO | YO }—{ device D at a specified frequency Si. This
instruction is used in situations where the quantity

of outputs is of primary concern.

Points to note:
M8002

a) Users of the FX PLC can specify output |
frequencies (S1) of 1 to 1000Hz. Users of FX ! @

Version 2.2 or earlier will need to initialize the

PLSY instruction. The program to the right can be - PLSY| s1 | s2| D |
used to achieve this. FXo/FXoN users may use M8002
frequencies of 10to 2000Hz. FX2N users may use H

frequencies of 2 to 20000Hz.

b) The maximum number of pulses: 16 bit operation:
1to 32,767 pulses, 32 bit operation: 1 to 2,147,483,647 pulses.
Note: special auxiliary coil M8029 is turned ON when the specified number of pulses has
been completed. The pulse count and completion flag (M8029) are reset when the PLSY
instruction is de-energized. If “0" (zero) is specified the PLSY instruction will continue
generating pulses for as long as the instruction is energized.

c) A single pulse is described as having a 50% duty cycle. This means it is ON for 50% of the
pulse and consequently OFF for the remaining 50% of the pulse. The actual output is
controlled by interrupt handling, i.e. the output cycle is NOT affected by the scan time of the
program.

d) The data in operands S1 and S2 may be changed during execution. However, the new data
in S2 will not become effective until the current operation has been completed, i.e. the
instruction has been reset by removal of the drive contact.

e) This instruction can only be used once within a program scan. Also, only one of either FNC
57 PLSY or FNC 59 PLSR can be in the active program at once.

It is possible to use subroutines or other such programming techniques to isolate different
@ instances of this instructions. In this case, the current instruction must be deactivated before

changing to the new instance.

f) Because of the nature of the high speed output, transistor output units should be used with
this instruction. Relay outputs will suffer from a greatly reduced life and will cause false
outputs to occur due to the mechanical ‘bounce’ of the contacts.

To ensure a ‘clean’ output signal when using transistor units, the load current should be
200mA or higher. It may be found that ‘pull up’ resistors will be required.
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5.6.9

9)

FX(2c) and FXan(c) units can use the HSZ (FNC 55) instruction with the PLSY instruction
when source device Siis set to D8132. Please see page 5-59 for more details.

h) FX units with CPU version 3.07 or greater and FXzc units can monitor the number of pulses

PWM (ENC 58)

which have been output as a double word using devices D8136 and D8137.

FX2n(c) units can also monitor the number of pulses output to YO using devices D8140 and
D8141 and the number of output pulses output to Y1 using devices D8142 and D8143. The
total number of pulses output can be monitored using D8136 and D8137.

’FXO(S)I FXoN | FX ‘FX(ZC)‘FXZN(C)‘

) ) Operands
Mnemonic Function Program steps
S1 S2 D
PWM Generates a K H Y PWM:
FNC 58 pulse train with KnX. KnY. KnM Note: 7 steps
(Pulse width | defined pulse KNS, ' ’ FXo(s)/FXoN users:
modulation) |characteristics T C, DV Z Y001 only .
Note: FX users: any YPPP
S1 FXan(c) users: YOO0O or
S2 Y001 only &
PULSE-P 16 BIT OPERATION | 32 BIT OPERATION |
FXo(s)[ FXon [ FX [FX(ZC)]FXZN(C) FXO(s)[ FXon [ FX \FX(ZC) |FX2N(<:) FXO(s)[ FXon [ FX \FX(ZC) |FX2N(C)\
Operation:
X10 [S1]1[S2] [D] : . .
A continuous pulse train is output through device D
———PWM|D10 | K50 | YO e oo g
when this instruction is driven. The characteristics
of the pulse are defined as:
st The distance, in time (msec), between two
— identical parts of consecutive pulses (S2).
D And how long, also in time (msec), a single pulse
‘T‘ will be active for (S1).

Points to note:

a)
b)

d)

Because this is a 16 bit instruction, the available time ranges for S1and Sz are 1 to 32,767.

A calculation of the duty cycle is easily made by dividing S1 by S2. Hence S1 cannot have a
value greater than S2 as this would mean the pulse is on for longer than the distance
between two pulses, i.e. a second pulse would start before the first had finished. If this is
programmed an error will occur.

This instruction is used where the length of the pulse is the primary concern.

The PWM instruction may only be used once in a users program.

Because of the nature of the high speed output, transistor output units should be used with
this instruction. Relay outputs will suffer from a greatly reduced life and will cause false
outputs to occur due to the mechanical ‘bounce’ of the contacts. To ensure a ‘clean’ output
signal when using transistor units, the load current should be 200mA or higher. It may be
found that ‘pull up’ resistors will be required.
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5.6.10 PLSR (FNC 59)

‘FXO(S)‘ FXon ‘ FX ‘FX(ZC) IFXZN(C)‘

) ) Operands
Mnemonic Function Program steps
S1 | S2 ‘ S3 D

PLSR Outputs a K, H, Y PLSR:

FNC 59 specified number |KnX, KnY, KnM, KnS, 9 steps

(Pulse ramp) | of pulses, T,C DV, Z FX2n users: DPLSR:
rampinguptoa |Note: YOO0O or Y001 only. 17 steps
set frequency and | S1
back down to stop | S2

PULSE-P 16 BIT OPERATION 32 BIT OPERATION FLAGS | Operation
[FXos) [ FXon [ FX_ [FXeo [FXenic)| FXow [ FXon [ FX_ FXec) [FXene) FXos) [ FXon | FX [FXec) FXene] Complete M8029
Operation:

M54

A specified quantity of pulses S2is output through
device D. The output frequency is first ramped up
in 10 steps to the maximum frequency S1in
acceleration time S3ms, then ramped down to stop
also in S3ms. This instruction is used to generate
simple acceleration/deceleration curves where the
quantity of outputs is of primary concern.

PLSR | k500 | Do [K3600| Y00 }-{

A [S1] 10 - 20,000 Hz
Hz = 1

[S1)/10
Total [S2] y

Pulses

-
'secs

. [S3] Max 5000 ms . [Ss] Max 5000 ms

> »
>, >

Points to Note:

a) FXon users may use frequencies of 10 to 20,000Hz. The frequency should be set to a
multiple of 10. If not it will be rounded up to the next multiple of 10.
The acceleration and deceleration steps are set to 1/10 of the maximum frequency. Take
this in to consideration to prevent slipping, when using stepping motors.

b) The maximum number of pulses: 16 bit operation: 110 to 32,767 pulses,
32 bit operation: 110 to 2,147,483,647 pulses.
Correct pulse output can not be guaranteed for a setting of 110.

¢) The acceleration time must conform to the limitations described on the next page.
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d) The output device is limited to YO or Y1 only and should be transistor type.

e) This instruction can only be used once within a program scan. Also, only one of either FNC
57 PLSY or FNC 59 PLSR can be in the active program at once.

It is possible to use subroutines or other such programming techniques to isolate differen
instances of this instructions. In this case, the current instruction must be deactivated before
changing to the new instance.

f) If the number of pulses is not enough to reach the maximum frequency then the frequency is
automatically cut

g) Special auxiliary coil M8029 turns ON when the specified number of pulses has been
completed. The pulse count and completion flag (M8029) are reset when the PLSR
instruction is de-energized.

h)

Acceleration time limitations

The acceleration time S3 has a maximum limit of 5000 ms. However, the actual limits of S3are
determined by other parameters of the system according to the following 4 points.

1) Set S3 to be more than 10 times the maximum program scan time (D8012).
If set to less than this, then the timing of the acceleration steps becomes uneven.

S3 29%&XS

2) The following formula gives the minimum value for S3.
3) The following formula gives the maximum value for S3.

S2_ . 818

S3SSl

4) The pulse output always increments in 10 step up to the maximum frequency as shown on
the previous page.

If the parameters do not meet the above conditions, reduce the size of Si.

» Possible output frequency is limited to 2 to 20,000 Hz. If either the maximum frequency or
the acceleration step size are outside this limit then they are automatically adjusted to bring
the value back to the limit.

» If the drive signal is switch off, all output stops. When driven ON again, the process starts
from the beginning.

» Even if the operands are changed during operation, the output profile does not change.
The new values take effect from the next operation.

2% MITSUBISHI 5-64



FX Series Programmable Controlers Applied Instructions 5

Applied Instructions: |FXos)| FXon | FX | FXeo) [FXane)

1. Program Flow 5-4
2. Move And Compare 5-16
3. Arithmetic And Logical Operations (+, -, :,22)
4, Rotation And Shift 5:34
5. Data Operation 5-42
6. |mcws| High Speed Processing 5-52
T Handy Instructions 5-66
8. |Fcw | External FX I/O Devices 5-80
9. |Fcw| External FX Serial Devices 5-94
10. External F2 Units 5-110
11. Floating Point 1 & 2 5-118
12. Trigonometry (Floating Point 3) 5-126
13. Data Operations 2 5-130
14. Real Time Clock Control 5-134
15. |mcimas| Gray Codes 5-142
16. |miczo2s| In-line Comparisons 5-146
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5.7 Handy Instructions - Functions 60 to 69

Contents:

Page
IST - Initial State FNC 60 5-67
SER - Search FNC 61 5-69
ABSD - Absolute Drum FNC 62 5-70
INCD - Incremental Drum FNC 63 5-71
TTMR - Teaching Timer FNC 64 5-72
STMR - Special Timer - Definable FNC 65 5-72
ALT - Alternate State FNC 66 5-73
RAMP - Ramp - Variable Value FNC 67 5-73
ROTC - Rotary Table Control FNC 68 5-75
SORT - Sort Data FNC 69 5-77

Symbols list:
D - Destination device.
S - Source device.
m, n- Number of active devices, bits or an operational constant.
Additional numeric suffixes will be attached if there are more than one operand with the same
function e.g. D1, S3or for lists/tabled devices D3+o, S+9 etc.
MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a number, i.e.
positive = 0, and negative = 1.
LSB - Least Significant Bit.
Instruction modifications:

s¢veve - An instruction operating in 16 bit mode, where v¢v¢v¢ identifies the instruction
mnemonic.

wevexP - A 16 bit mode instruction modified to use pulse (single) operation.
Dweweve - An instruction modified to operate in 32 bit operation.
DweveweP - A 32 bit mode instruction modified to use pulse (single) operation.

7 - A repetitive instruction which will change the destination value on every scan unless
modified by the pulse function.

X - An operand which cannot be indexed, i.e. The addition of V or Z is either invalid or will
have no effect to the value of the operand.
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5.7.1

IST (FNC 60) ’FXO(S)I FXon | FX ‘FX(ZC)‘FXZN(C)‘
) ) Operands
Mnemonic Function Program steps
S1 S2 | S3
IST Automatically sets | X, Y, M, S, S, IST:
FNC 60 up a multi-mode | Note: Note: 7 steps
(Initial state) | STL operating uses 8 FXo users S20 to S63

system consecutive devices |FXON users S20 to S127
FX users S20 to S899
D1must be lower than D2
PULSE-P 16 BIT OPERATION 32 BIT OPERATION

[FXo [ FXon | FX_[FXeo [FXenic| FXow [ FXon [ FX_ [FXec)[FXene) FXos) [ FXon | FX [FXeo) FXenie)

[S] [D1][D2]

M8000
}%H IST | X20 | S20 | s4o}—{

Points to note:

a) The IST instruction automatically assigns

b) The

and uses many bit flags and word devices;
these are listed in the boxed column on the
right of this page.

IST instruction may only be used
ONCE.

It should be programmed close to the
beginning of the program, before the
controlled STL circuits.

The required operation mode is selected by
driving the devices associated with
operands

S+0through to S+4(5 inputs). None of the
devices within this range should be ON at
the same time. It is recommended that these
‘inputs’ are selected through use of a rotary
switch.

If the currently selected operating mode is
changed before the ‘zero return complete’
flag (M8043) is set, all outputs will be turned
OFF.

d) The ‘zero position’ is a term used to identify

a datum position from where the controlled
device, starts from and returns too after it
has completed its task. Hence, the operating
mode ‘zero return’, causes the controlled
system to return to this datum.

position or a datum position.

Operation:

This instruction automatically sets up a multi-mode
STL operating system. This consists of variations
of ‘manual’ and ‘automatic’ operation modes.

Assigned devices

Indirect user selected devices:
S+o0Manual operation

S+1Zero return

S+2 Step operation

S+30ne cycle operation

S+4 Cyclic operation

S+s Zero return start

S+6 Automatic operation start
S+7 Stop

Initial states:

SO0 initiates ‘manual’ operation

S1 initiates ‘zero return’ operation
S2 initiates ‘automatic’ operation

General states:
S10 to S19 ‘zero return’ sequence
D1to D2 ‘automatic return’ sequence

Special bit flags:

M8040 = ON STL state transfer is inhibited
M8041 = ON initial states are enabled
M8042 = Start pulse given by start input
M8043 = ON zero return completed
M8044 = ON machine zero detected
M8047 = ON STL monitor enabled

The ‘zero’ position is sometimes also referred to as a home position, safe position, neutral
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e) The available operating modes are split into two main groups, manual and automatic. There
are sub-modes to these groups. Their operation is defined as:

Manual

Manual (selected by device S+0)- Power supply to individual loads is turned ON and OFF by
using a separately provided means, often additional push buttons.

Zero Return (selected by device S+1) -Actuators are returned to their initial positions when the
Zero input (S+5) is given.

Automatic

One Step (selected by device S+2)- The controlled sequence operates automatically but will
only proceed to each new step when the start input (S+6) is given.

One Cycle (selected by device S+3) - The controlled actuators are operated for one operation
cycle. After the cycle has been completed, the actuators stop at their ‘zero’ positions. The
cycle is started after a ‘start’ input (S+6) has been given.

A cycle which is currently being processed can be stopped at any time by activating the ‘stop’
input (S+7). To restart the sequence from the currently ‘paused’ position the start input must be
given once more.

Automatic (selected by device S+4)-Fully automatic operation is possible in this mode. The
programmed cycle is executed repeatedly when the ‘start’ input (S+6) is given. The currently
operating cycle will not stop immediately when the ‘stop’ input (S+7)is given.

The current operation will proceed to then end of the current cycle and then stop its operation.
Note: Start, stop and zero inputs are often given by additional, manually operated push
buttons.

Please note that the ‘stop’ input is only a program stop signal. It cannot be used as a
replacement for an ‘Emergency stop’ push button. All safety, ‘Emergency stop’ devices should
be hardwired systems which will effectively isolate the machine from operation and external
power supplies. Please refer to local and national standards for applicable safety practices.
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5.7.2

SER (FNC 61)

‘FXO(S)‘ FXon ‘ FX ’FX(ZC) |FX2N(C)‘

. . Operands
Mnemonic Function Program steps
S1 S2 D n

SER Generates alist | KnX, KnY, |KnX, KnY, [KnY,KnM, |KH,D SER, SERP:
FNC 61 of statistics KnM, KnS, |KnM, KnS, |KnS < 9 steps
(Searcha |aboutasingle |T,C,D T,C,D Note:
Data Stack) |data value T,C,D Note: 5 n=1~256 for 16 | PSER,

located/foundin Vv, Z consecutive | pit operation DSERP:

a data stack K,H devices n= 1~128 for |17 steps

are used 32 pit
operation

\ PULSE-P 16 BIT OPERATION | 32 BIT OPERATION \

[FXo [ FXon [ FX

[FXec) [FXanio] FXois) [ FXon | FX [FXeo)FXenie] FXo) | FXon [ FX_ [FXec)[FXenc)

Operation:

[S11[S2][D] n . . .
The SER instruction searches a defined data stack

X72
’% SERD 50K 20[D 35K100w from head address S1, with a stack length n. The

data searched for is specified in parameter S2 and

the results of the search are stored at destination
device D for 5 consecutive devices.

Destination . o
. Device description
device
D Total number of occurrences of the searched value S2 (0 if no occurrences are found)

D+1 The position (within the searched data stack) of the first occurrence of the searched value S2

D+2 The position (within the searched data stack) of the last occurrence of the searched value S2

D+3 The position (within the searched data stack) of the smallest value found in the data
stack (last occurrence is returned if there are multiple occurrences of the same value)

D44 The position (within the searched data stack) of the largest value found in the data stack
(last occurrence is returned if there are multiple occurrences of the same value)

Points to note:

a) Normal rules of algebra are used to determine the largest and smallest values, i.e. -30 is
smaller than 6 etc.

b) If no occurrence of the searched data can be found then destination devices D, D+1 and
D+2will equal O (zero).

¢) When using data register s as the destination device D please remember that 16 bit
operation will occupy 5 consecutive, data registers but 32 bit operation will occupy 10 data
registers in pairs forming 5 double words.

d) When multiple bit devices are used to store the result (regardless of 16 or 32 bit operation),
only the specified size of group is written to for 5 consecutive occurrences, i.e. K1YO would
occupy 20 bit devices from YO (K1 = 4 bit devices and there will be 5 groups for the 5
results). As the maximum data stack is 256 (0 to 255) entries long, the optimum group of bit
devices required is K2, i.e. 8 bit devices.
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ABSD (FNC 62) | FXos) | FXon | FX [ FXee) [FXanc)

) ) Operands
Mnemonic Function Program steps
S1 S2 D n
ABSD Generates KnX, KnY, C Y,M,S K,H ABSD:
FNC 62 multiple output KnM, KnS, 9 steps
(Absolute patterns in (in groups Note: <
drum response to of 8) n consec- | note: DABSD:
sequencer) |counter data T,C,D utive n< 64 17 steps.
Note: High speed devices see f).
counters are not are used
allowed
\ PULSE-P 16 BIT OPERATION 32 BIT OPERATION \
\FXO(s)[ FXon [ FX [FX(ZC) ]FXZN(C) FXO(s)[ FXon [ FX [FX(ZC) ]FXZN(C) FXO(s)[ FXon [ FX ]FX(ZC) ]FXZN(C)\
Operation:
[S11(S2] D] [n] This instruction generates a variety of output
}% —{ABSD |D300| CO|MO | K4 }—{ patterns (there are n number of addressed
outputs) in response to the current value of a

selected counter, S2.
Points to note:

a) The current value of the selected counter (S2) is compared against a user defined data
table. This data table has a head address identified by operand S1. S1should always have
an even device number.

b) For each destination bit (D) there are two consecutive values stored in the data table. The
first allocated value represents the event number when the destination device (D) will be
turned ON. The second identifies the reset event. The data table values are allocated as a
consecutive pair for each sequential element between D and D+n.

¢) The data table has a length equal to 2 x n data entries. Depending on the format of the data
table, a single entry can be one data word such as D300 or a group of 16 bit devices e.g.
K4X000.

d) Values from 0 to 32,767 may be used in the data table.
e) The ABSD instruction may only be used ONCE.
f) FX CPU's ver 3.07 or greater and FX2C units have double word option on this instruction.

From the example instruction and the data table below, the following timing diagram for
elements MO to M3 can be constructed.

When counter S2 e quals the )
value below, the destination Assi gned 140 <—— Count value

device D is destination J—‘

device D MO
turned ON turned OFF 200
D300-40 |  D301- 140 Mo M1 4’—‘—
D302 - 100 D303 - 200 M1 M 2 L
240 280

D304 - 160 D305 - 60 M2 M 3 ON — < OFF
D306 - 240 D307 - 280 M3 0 180 360
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5.7.4 INCD (FNC 63) ‘FXO(S)’ FXon ‘ FX ‘FX(ZC) IFXZN(C)‘
) ) Operands
Mnemonic Function Program steps
S1 S2 D n
INCD Generates a KnX, KnY, C Y, M, S K,H INCD:
FNC 63 single output KnM, KnS, Uses 2 9 steps
(Incremental |sequence in (in groups of |consecu- |Note: <
drum response to 8) tive n consec- | note:
sequencer) |counter data T,C,D counters | utive < 64
— devices |M=
Note: High speed are used
counters are not allowed
PULSE-P 16 BIT OPERATION 32 BIT OPERATION Operation

FLAGS
FXow ] FXon | FX_[FXzo)FXanic] FXo) [ FXon | FX [FXezo) [FXanc)] FXoi | FXon | FX | FXeo)[FXenc Complete M8029

Operation:
[S1]1[S2][D] [n]

X0
}%H INCD |D300| CO [ MO0 | K4 H

This instruction generates a sequence of
seqguential output patterns (there are n number of
addressed outputs) in response to the current
value of a pair of selected counters (S2, S2+1).

Points to note:

a) This instruction uses a ‘data table’ which contains a single list of values which are to be
selected and compared by two consecutive counters (S2and S2+1). The data table is
identified as having a head address Sland consists of n data elements.

b) Counter S2 is programmed in a conventional way. The set value for counter S2 MUST be
greater than any of the values entered into the data table. Counter S2 counts a user event
and compares this to the value of the currently selected data element from the data table.
When the counter and data value are equal, S2 increments the count of counter S2+1and
resets its own current value to ‘0’ (zero).

This new value of counter S2+1selects the new data element from the data table and
counter S2now compares against the new data elements value.

¢) The counter S2+1 may have values from 0 to n. Once the nth data element has been
processed, the operation complete flag M8029 is turned ON. This then automatically resets
counter S2+1hence, the cycle starts again with data element S1+0.

d) Values from 0 to 32,767 may be used in the data table.
e) The INCD instruction may only be used

ONCE.
From the example instruction and the data table X0 | ]
. g . .. . 30 40
identified left, the following timing diagram for elements 20 20
MO to M3 can be constructed. co 10 /
3 \
Data table Value of C1 0 1 2 0 1
Data Data value / count value | counter Cycle restarts
element for counter S2 S2+1 MO
D300 20 0 M1 o M
D301 30 1 M2 m
D302 10 2 M3 e
D303 40 3 M8029 I
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575 TTMR (FNC 64) ‘FXO(S)’ FXon ‘ FX ‘FX(ZC) IFXZN(C)‘
) ) Operands
Mnemonic Function 5 Program steps
n
TTMR Monitors the D K, H TTMR:
FNC 64 duration of a < 5 steps
(Teaching signal and places |Note: Note:
timer) the timed data 2 devices 16 bit words | .= - (P} =
into a data regist d D and D n=0: (D) = (D) x1
into a data register | are used D and D+1 n=1: (D) = (D+1) x 10
n=2: (D) = (D+1) X100
‘ PULSE-P 16 BIT OPERATION 32 BIT OPERATION ‘
[FXO(s)[ FXon [ FX [FX(ZC)]FXZN(C) FXO(s)[ FXon [ FX [FX(ZC)]FXZN(C) FXO(s)[ FXon [ FX ]FX(ZC)]FXZN(C)\
Operation:
X10 [D] [n] The duration of time that the TTMR instruction is
}% ——{TTMR|D300| K 0 }—1 energized, is measured and stored in device D+1
(as a count of 100ms periods).
The data value of D+1 (in secs), multiplied by the
X0 factor selected by the operand n, is moved in to
Equivalet time data (n  duration D+1), is stored in D regISter D. The con_ten_ts of D could be used as the
source data for an indirect timer setting or even as
| raw data for manipulation.
— When the TTMR instruction is de-energized D+1is
[S— | . .
D301 D301 automatically reset (D is unchanged).
5.7.6 STMR (FNC 65) ‘FXO(S)’ FXon ‘ FX ‘FX(ZC) IFXZN(C)‘
. : Operands
Mnemonic Function Program steps
S n D
STMR Provides T K, H Y, M, S STMR:
FNC 65 dedicated Note: < Note:uses 4 7 steps
(Special off-delay, one Timers 010 199 | \jote: consecutive
timer) shot and flash (100msec n= devices
timers devices) 1 to 32,767 D+0to D+3
‘ PULSE-P 16 BIT OPERATION 32 BIT OPERATION ‘

[FXO(s)[ FXon [ FX [FX(ZC)]FXZN(C) FXO(s)[ FXon [ FX [FX(ZC)]FXZN(C)

FXO(s)[ FXON[ FX ]FX(ZC)]FXZN(C)\

[ST [n] [D]
T10 |[K100] MO H

X0
}% ———ISTMR]

|
m
]

Operation:

The designated timer Swill operate for the duration
n with the operational effect being flagged by
devices D+0to D+3. Device D+0is an off-delay
timer, D+1is a one shot timer. When D+3is used in
the configuration below, D+1and D+2act in a
alternate flashing sequence.

X0 M3
}% F—|STMR] T 10 [K 100] M0 H

X0] [
L2 I I R B D

MiM3) [ [
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5.7.7 ALT (FNC 66) ’FXO(S)I FXon | FX ‘FX(ZC)‘FXZN(C)‘
) ) Operands
Mnemonic Function 5 Program steps
ALT The status of the |Y, M, S ALT, ALTP:
FNC 66 assigned device 3 steps
(Alternate is inverted on
state) every operation of
» the instruction
‘ PULSE-P 16 BIT OPERATION 32 BIT OPERATION
\FXO(s)[ FXon [ FX [FX(ZC) ]FXZN(C) FXO(s)[ FXoN [ FX [FX(ZC) ]FXzN(C) FXO(s)[ FXoN [ FX ]FX(ZC) ]FXZN(C)\
Operation:
X0 [D] The status of the destination device (D) is
}%\ alternated on every operation of the ALT
instruction.
X0 4 1 f . . . I
This means the status of each bit device will flip-
MO 4 1 r flop between ON and OFF. This will occur on every
program scan unless a pulse modifier or a program
interlock is used.
The ALT instruction is ideal for switching between
two modes of operation e.g. start and stop, on and
off etc.
578 RAMP (FNC 67) ’FXO(S)I FXon | FX ‘FX(ZC)‘FXZN(C)‘
) ) Operands
Mnemonic Function Program steps
S1 S2 ‘ D n
Ramps a device |D K, H RAMP:
Eﬁ‘gz? from one value to | Note: b 9 steps
(Ramp vari- another in the Device D uses two consecutive Note:
able v%lue) specified number |registers identified as D and D+1 |n=1to
of steps these are read only devices. 32,767
PULSE-P 16 BIT OPERATION 32 BIT OPERATION FLAGS | Operation
FXos) [ FXon | FX_[FXeo) [FXenic) FXow) | FXon [ FX_ [FXeec)[FXanio] FXos) [ FXon | FX [FXec FXene Complete M8029

[S1][S2] [D] [n]

D1| Dz\Ds\moooH

X0
}% —RAMP|

[S2] [S1]
(D] (D]
[S1] [S2]
—n —n
S1<82 S1>82

Operation:

The RAMP instruction varies a current value (D)
between the data limits set by the user (Sland S2).
The ‘journey’ between these extreme limits takes n
program scans. The current scan number is stored
in device D+1. Once the current value of D equals
the set value of S2the execution complete flag
M8029 is set ON.

The RAMP instruction can vary both increasing
and decreasing differences between Sland S2.
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Points to note:

a) FX users may set the operation mode of the

RAMP instruction by controlling the state of X0 | ]
special auxiliary relay M8026. When M8026 is

OFF, the RAMP instruction will be in repeat [S2]

mode. This means when thg current v_alue of_D (1] DI A~
equals S2the RAMP instruction will

automatically reset and start again, i.e. the
contents of D will be reset to that of S1 and the M8029 I I
device D+1 (the number of current scans) will
reset to ‘0’ (zero). This is shown in the diagram

opposite. X0

When M8026 is set ON, FX users will be % -
operating the RAMP instruction in ‘Hold mode’. [S2]

This means once the current value of D equals D] V
that of S2, the RAMP instruction will ‘freeze’ in [S1]

this state. This means the M8029 will be set

ON for as long as the instruction remains

energized and the value of D will not reset until M8029

the instruction is re-initialized, i.e. the RAMP
instruction is turned from OFF to ON again.

b) Users of FX0 and FXON PLC’s cannot change the operating mode of the RAMP instruction.
For these PLC's the mode is fixed as in the same case as FX PLC’s when M8026 has been
set ON, i.e. HOLD mode.

c) If the RAMP instruction is interrupted before completion, then the current position within the
ramp is ‘frozen’ until the drive signal is re-established. Once the RAMP instruction is re-
driven registers D and D+1 reset and the cycle starts from its beginning again.

d) If the RAMP instruction is operated with a constant scan mode, i.e. D8039 is written to with
the desired scan time (slightly longer than the current scan time) and M8039 is set ON. This
would then allow the number of scans n (used to create the ramp between Sland S2) to be
associated to a time. If 1 scan is equal to the contents of D8039 then the time to complete
the ramp is equal to n x D8039.

The RAMP instruction may also be used with special M flags M8193 and M8194 to mimic the
operation of the SER (FNC 61) and RS (FNC 80) respectively when being programmed on

older versions of programming peripherals. See page 1-5 for more details.
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5.7.9 ROTC (FNC 68)

‘FXO(S)’ FXon ‘ FX ‘FX(ZC) IFXZN(C)‘

) ) Operands
Mnemonic Function Program steps

S m1 m2 D

ROTC Controls arotary |D K, H K, H Y,M, S ROTC:

FNC 68 tables movement |Note: < < 9 steps

(Rotary isresponsetoa |uses3 Note: Note: Note:

table requested CONSeCU- | m1=2t0 |m2=0to |USes8

control) destination/ tive 32.767 32.767 consecu-

position devices tive
S+1<mil ml=m2 devices
PULSE-P 16 BIT OPERATION 32 BIT OPERATION

[FXO(s)] FXoN ] FX [FX(zo) ]FXZN(C) FXO(s)| FXoN [ FX [FX(zo) ]FXZN(C) FXO(s)| FXon | FX ]FX(zc) ]FXZN(C)

[S][m1][m2][D]

Points to note:

a) This instruction has many automatically de-
fined devices. These are listed on the right of
this page.

b) The ROTC instruction may only be used
ONCE.

c) The ROTC instruction uses a built in 2-phase
counter to detect both movement direction
and distance travelled. Devices D+0and D+1
are used to input the phase pulses, while
device D+2is used to input the ‘zero position’
on the rotary table. These devices should be
programmed as shown in the example below
(where the physical termination takes place
at the associated X inputs).

X0

1 M 0
X1

| M 1
X2

| M 2

The movement direction is found by checking
the relationship of the two phases of the 2
phase counter, e.g.

A-phase
B-phase

A-phase
B-phase

A phase leads B phase

B phase leads A phase

Operation:

X10 The ROTC instruction is used to aid the tracking
}H ~—ROTC|D200| K10 | K2 [ MO }—{ and positional movement of the rotary table as it
moves to a specified destination.

Assigned devices

Indirect user selected devices:

D+0
D+1
D+2
D+3
D+4
D+5
D+6
D+7

A-phase counter signal - input
B-phase counter signal - input
Zero point detection - input
High speed forward - output
Low speed forward - output
Stop - output

Low speed reverse - output
High speed reverse - output

Rotary table constants:

mi

mz2

Number of encoder pulses per
table revolution

Distance to be travelled at low
speed (in encoder pulses)

Operation variables:

S+0

S+1

S+2

Current position at the ‘zero point’
READ ONLY

Destination position (selected
station to be moved to) relative to
the ‘zero point’ - User defined
Start position (selected station to
be moved) relative to the ‘zero
point’ -User defined
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d) When the ‘zero point’ input (D+2) is received the contents of device S+0is reset to ‘0’ (zero).
Before starting any new operation it is advisable to ensure the rotary table is initialized by
moving the ‘zero point’ drive dog or marker around to the ‘zero point’ sensor. This could be
considered as a calibration technique. The re-calibration of the rotary table should be
carried out periodically to ensure a consistent/accurate operation.

e) Devices D+3 to D+7 are automatically set by the ROTC instruction during its operation.
These are used as flags to indicate the operation which should be carried out next.

f) All positions are entered in the form of the required encoder pulses. This can be seen in the
following example:

- Example:

A rotary table has an encoder which outputs 400 (m1) pulses per revolution. There are 8
stations (0 to 7) on the rotary table. This means that when the rotary table moves from one
station to its immediately following station, 50 encoder pulses are counted. The ‘zero
position’ is station ‘0’ (zero). To move the item located at station 7 to station 3 the following
values must be written to the ROTC

instruction:

S+1=3 x 50 = 150 (station 3's position in encoder pulses from the zero point)

S+2=7 x 50 = 350 (station 7’s position in encoder pulses from the zero point)

m1= 400 (total number of encoder pulses per rev)

The rotary table is required approach the destination station at a slow speed starting from
1.5 stations before the destination. Therefor;

m2= 1.5 x 50 = 75 slow speed distance either side of the destination station (in encoder
pulses)
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5.7.10 SORT (FNC 69) [FXas) | FXon | FX [FXec) [FXane)

: ; Operands
Mnemonic Function Program steps

S m1 m2 D n

SORT Data in a defined |D K, H D K, H SORT:

FNC 69 table can be < < < D 11 steps

(SORT sorted on selected Note: <

Tabulated fields while mi= 1 to 32 Note:

Data) retaining record m2=11to 6 n=1to

integrity m2
PULSE-P 16 BIT OPERATION 32 BIT OPERATION FLAGS | Operation
FXos [ FXon | FX_ [FXeo)[FXenic] FXow | FXon [ FX_ [FXec)[FXene)| FXos) [ FXon | FX [FXeo) FXene) Complete M8029
Operation:

%21 [S] m1 m2 [D] n o _

’% -~ [SORT|D100| K 4] K 3 [D100 sz This instruction constructs a data table of m1

records with m2 fields having a start or head

address of S. Then the data in field nis sorted in to

numerical order while retaining each individual
records integrity. The resulting (new) data table is stored from destination device D.

Points to note:

a) When a sort occurs each record is sorted in to ascending order based on the data in the
selected sort field n.

b) The source (S) and destination (D) areas can be the same BUT if the areas are chosen to
be different, there should be no overlap between the areas occupied by the tables.

c) Once the SORT operation has been completed the ‘Operation Complete Flag’ M8029 is
turned ON. For the complete sort of a data table the SORT instruction will be processed
mltimes.

d) During a SORT operation, the data in the SORT table must not be changed. If the data is
changed, this may result in an incorrectly sorted table.

e) The SORT instruction may only be used ONCE in a program.

From the example instruction and the ‘data table’ below left, the following data manipulation
will occur when nis set to the identified field

Original Tablelst table sort when n= 2 2nd table sort when n=1
FIELD (m2) FIELD (m2) FIELD (m2)

1 2 3 1 2 3 1 2 3
| | (D100) [ (D104) | (D108) , | (D100) [ (D104) | (D108) | | (D100) [ (D104) | (D108)

R 32 162 4 R 74 6 200 R 7 34 6
E , | (D101) [ (D105) | (D109) E , | (D101)(D105) | (D109) E , | (D101)](D105) | (D109)
S 74 6 200 S 7 34 6 S 32 | 162 4
R | 3 |(D102)(D106) [ (D110) R | 3 |(D102)|(D106) | (D110) R | 3 |(D102)|(D106) | (D110)
D 100 80 62 D 100 80 62 D 74 6 200
(m1) 4 | (D103) | (D107) | (D111) (ma2) 4 | (D103) | (D107) | (D111) (m1) 4 | (D103) | (D107) | (D111)
7 34 6 32 162 4 100 80 62
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MEMO
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Applied Instructions: |FXos)| FXon | FX | FXeo) [FXanc)

1. Program Flow 5-4
2. Move And Compare 5-16
3. Arithmetic And Logical Operations (+, -, :,22)
4, Rotation And Shift 5:34
5. Data Operation 5-42
6. |mcws| High Speed Processing 5-52
7. Handy Instructions 5-66
V| 8. |mewm| External FX I/O Devices 5-80
9. |Fcw| External FX Serial Devices 5-94
10. External F2 Units 5-110
11. Floating Point 1 & 2 5-118
12. Trigonometry (Floating Point 3) 5-126
13. Data Operations 2 5-130
14. Real Time Clock Control 5-134
15. |mcimas| Gray Codes 5-142
16. |miczo2s| In-line Comparisons 5-146
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5.8 External FX I/O Devices - Functions 70 to 79

Contents:
Page

TKY - Ten Key Input FNC 70 5-81
HKY - Hexadecimal Input FNC 71 5-82
DSW - Digital Switch

(Thumbwheel input) FNC 72 5-83
SEGD - Seven Segment Decoder FNC 73 5-84
SEGL - Seven Segment

With Latch FNC 74 5-85
ARWS - Arrow Switch FNC 75 5-87
ASC - ASCII Code FNC 76 5-88
PR- ‘Print’ To A Display FNC 77 5-89
FROM - Read From A Special

Function Block FNC 78 5-90
TO - Write To A Special

Function Block FNC 79 5-91

Symbols list:
D - Destination device.
S - Source device.
m, n- Number of active devices, bits or an operational constant.
Additional numeric suffixes will be attached if there are more than one operand with the same
function e.g. D1, S3or for lists/tabled devices D3+o, S+9 etc.
MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a number, i.e.
positive = 0, and negative = 1.
LSB - Least Significant Bit.
Instruction modifications:

s¢veve - An instruction operating in 16 bit mode, where v¢v¢v¢ identifies the instruction
mnemonic.

wevexP - A 16 bit mode instruction modified to use pulse (single) operation.
Dweweve - An instruction modified to operate in 32 bit operation.
DweveweP - A 32 bit mode instruction modified to use pulse (single) operation.

7 - A repetitive instruction which will change the destination value on every scan unless
modified by the pulse function.

X - An operand which cannot be indexed, i.e. The addition of V or Z is either invalid or will
have no effect to the value of the operand.
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581 TKY (FNC 70) ‘FXO(S)’ FXon ‘ FX ‘FX(ZC) IFXZN(C)‘
. i Operands
Mnemonic Function Program steps
S D1 D2
TKY Reads 10 devices | X, Y, M, S KnY, KnM, Y, M, S TKY:
FNC 70 with associated Note: uses 10 |KnS, Note: uses 11 |7 steps
(Ten key decimal values consecutive T,C,D,V,Z |consecutive
input) into a single devices Note: uses 2 |devices DTKY:
number (identified as | consecutive (identified 13 steps
S+0t0 S+9) devices for 32 | D2+0to D2+10)
bit operation

\ PULSE-P 16 BIT OPERATION | 32 BIT OPERATION \

\FXO(s)[ FXON[ FX [FX(ZC) ]FXZN(C)

FXos) [ FXon | FX_ [FXeo)FXene)

FXos) [ FXon | FX_[FXeo [FXenc)

[S] [D1][D2]

X30
}HH TKY\XO\DO\M‘]O}—{

Points to note:

a) When a source device becomes active its associated destination (bit) device D2 also
becomes active. This destination device will remain active until another source device is
operated. Each source device maps directly to its own D2 device, i.e. S+o maps to D2+o, S+7
maps to D2+7 etc. These in turn, map directly to decimal values which are then stored in the
destination data devices specified by D1.

b) One source device may be active at any one time. The destination device D2+10is used to
signify that a key (one of the 10 source devices) has been pressed. D2+10 will remain active
for as long as the key is held down. When the TKY instruction is active, every press of a key
adds that digit to the stored number in D1. When the TKY is OFF, all of the D2 devices are
reset, but the data value in D1 remains intact.

Operation:

This instruction can read from 10 consecutive
devices(S+o to S+9) and will store an entered
numeric string in device Da.

c) When the TKY instruction is used with 16 bit operation, D1 can store numbers from 0 to
9,999 i.e. max. 4 digits. When the DTKY instruction is used (32 bit operation) values of 0 to
99,999,999 (max. 8 digits) can be accommodated in two consecutive devices Diand Di+1.
In both cases if the number to be stored exceeds the allowable ranges, the highest digits
will overflow until an allowable number is reached. The overflowed digits are lost and can
no longer be accessed by the user. Leading zero’s are not accommodated, i.e. 0127 will
actually be stored as 127 only.

d) The TKY instruction may only be used ONCE.

X0 (d)
e) Using the above instruction as a brief example: If the N
‘keys’ identified (a) to (d) are pressed in that order X1 [
the number 2,130 will be entered into D1. If the key X2 m@
identified as (e) is then pressed the value in D1 will
become 1,309. The initial ‘2’ has been lost. X3 7
Input 'keys'and their decimal values
M10 T
o231 2]ls e[ 78 o M [
(d) (b) (a) (c) (e) M12
2ZV\0’\E‘/S\X‘O\X‘1\XL\XL\X‘A\X‘S\XG\XL\XLO\X‘H ’—‘
F Example key connections j M13 1
(@ () (¢ (d)
M20 nEaEnlE
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5.8.2

HKY (FNC 71)

‘FXO(S)’ FXon ‘ FX ‘FX(ZC) IFXZN(C)‘

) ) Operands

Mnemonic Function Program steps
S D1 D2 D3

HKY Multiplexes inputs | X, Y, T,C,D,V,Z |Y,M,S HKY:

FNC 71 and outputs to Note: Note: Note: uses 2 | Note: 9 steps

(Hexadeci- |create a numeric |uses 4 uses 4 consecutive |uses 8

mal keyboard with 6 consecu- |consecu- |devices consecu- |DHKY:

key input) function keys tive tive for 32 bit tive 17 steps

devices |devices |operation devices
PULSE-P 16 BIT OPERATION 32 BIT OPERATION FLAGS | Operation
FXos | FXon | FX_[FXeo)[FXanic] FXois) | FXon | FX_[FX@o)[FXanio] FXas) | FXon | FX_[FX@o)[FXen Complete M8029

[S][D1][D2][D3]

H@L{ HKY |

XO\YO\DO\MO}—{

Points to note:

Operation 1 - Standard:

This instruction creates a multiplex of 4 outputs
(D1) and 4 inputs (S) to read in 16 different
devices. Decimal values of 0 to 9 can be stored
while 6 further function flags may be set.

a) Each of the first 10 multiplexed source devices (identified as 0 to 9) map directly to decimal
values 0 to 9. When entered, i.e. a source device is activated, then its associated decimal
value is added to the data string currently stored in D2. Activation of any of these keys
causes bit device D3+7 to turn ON for the duration of that key press.

b) The last 6 multiplexed source devices (identified as function keys A to F) are used to set bit
devices D3+0 to D3+5 respectively. These bit flags, once set ON, remain ON until the next
function key has been activated. Activation of any of these keys causes bit device D3+6 to
turn ON for the duration of that key press.

¢) In all key entry cases, when two or more keys are pressed, only the key activated first is
effective. When the pressing of a key is sensed the M8029 (execution complete flag) is
turned ON. When the HKY instruction is OFF, all D3 devices are reset but data value D2
remains intact.

d) When the HKY instruction is used with 16 bit

operation, D2 can store numbers from 0 to 9,999
i.e. max. 4 digits. When the DHKY instruction is
used (32 bit operation) values of 0 to 99,999,999
(max. 8 digits) can be accommodated in two
consecutive devices D2 and D2+1. In both cases if
the number to be stored exceeds the allowable
ranges, the highest digits will overflow until an
allowable number is reached. The over-flowed
digits are lost and can no longer be accessed by
the user. Leading zero’s are not accommodated,
i.e. 0127 will actually be stored as 127 only. This
operation is similar to that of the TKY instruction.

0-9,A-F

i
Lo

24V[ OV [S/ST X0 [ X1 ] X2 [ X3

Transistor Outputs (source)
+V ] YO Y1] Y2] Y3
| \

k=)
kil + "5+ L+
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e) The HKY instruction may only be used ONCE.

f)

Normal operation requires 8 scans to read the key
inputs. To achieve a steady and repeatable
performance, constant scan mode should be used,
i.e. M8039 is set ON and a user defined scan time
is written to register D8039. However, for a faster
response the HKY instruction should be
programmed in a timer interrupt routine as shown

in the example opposite.

Operation 2 - Using the HKY Instruction With

M8167:

(Applicable units: FXc)and FX2n)

When the HKY instruction is used with flag M8167 ON
(as shown right), the operation of keys A through F
allow actual entry of the Hexadecimal values of A
through F respectively into the data device D2. This is
in addition to the standard O through 9 keys. All other
operation is as specified in ‘Operation 1 - Standard'.
Maximum storage values for this operation become
FFFF in 16 bit mode and FFFFFFFF in 32 bit (double

word) mode.

5.8.3 DSW (FNC 72)

N
1 610|M8000 IFENDI
e
— HKY[X0[Y0[DO[MO

TRETH
END

X17
1 M8167
t{ HKY [x 10]Y 60] D 5 [M90

These two program examples
perform the same task.

— HKY [x10]Y 60] D 5 [M90

X17

‘FXO(S)‘ FXon ‘ FX ‘FX(ZC) IFXZN(C)‘

) ) Operands
Mnemonic Function Program steps
S D1 D2 n
DSW Multiplexed X Y T.CD,V,Z|K, H DSw:
FNC 72 reading of n sets | Note: Note: Note: If o< 9 steps
(Digital of digital (BCD) Ifn=2then |uses 4 n=2then2 | \ote:
switch) thumbwheels 8 consecu- |devices n=1or2
devices tive else 1.
else 4. devices
PULSE-P 16 BIT OPERATION 32 BIT OPERATION | rgg|. Operation
FXO(s)] FXon ] FX [FX(ZC) ]FXZN(C) FXO(s)] FXoN ] FX [FX(2C) ]FXzN(C) FXO(s)] FXoN ] FX ]FX(ZC) ]FXZN(C) Complete M8029

[S]1[D1][D2] [n]

H«M DSW |

X 10/ Y10/ DO | K1 }—{

Points to note:

a) When n =1 only one set of switches are read. The
multiplex is completed by wiring the thumbwheels
in parallel back to 4 consecutive inputs from the |
head address specified in operand S. The (4 digit) =

data read is stored in data device Dz2.

Continued on next page...

Operation:

This instruction multiplexes 4 outputs (Dz1) through 1
or 2(n) sets of switches. Each set of switches
consists of 4 thumbwheels providing a single digit
input.

BCD digital 10°

switches f—
(1st set) T
—

2nd
switch
set inputs

| 1 1—2 |4 |8 1124 4 8
24V] 0V [ S/STXT0[ XT1[ X12] X 13— X14] X15] X16] X17}

Transistor Outputs (source)
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b) When n= 2, two sets of switches are read. This configuration requires 8 consecutive inputs
taken from the head address specified in operand S. The data from the first set of switches,
i.e. those using the first 4 inputs, is read into data device D2. The data from the second set
of switches (again 4 digits) is read into data device D2+1.

¢) The outputs used for multiplexing (D1) are
cycled for as long as the DSW instruction is Start of repetitive operation Restart
driven. After the completion of one reading, the X0
execution complete flag M8029 is set. The
number of outputs used does not depend on Y10 ]—\ N
the number of switches n.
, o . . Y B ﬂ\ =
d) If the DSW instruction is suspended during mid-
operation, when it is restarted it will start from Y12 y—\ Suspended
the beginning of its cycle and not from its last operation
status achieved. Y13 o
e) It is recommended that transistor output units M8029 Cycle Complet\e
are used with this instruction. However, if the
program technique at the right is used, relay
output units can be successfully operated as X0
the outputs will not be continually active. M10 SET MO
f) The DSW instruction may be used ONCE on —{Dsw |x10]Y 10| DO | K1
FX controllers with CPU versions lower than M8029
3.07. FX units with CPU ver 3.07 or greater and }
all FX2c units can operate a maximum of TWO

DSW instructions.

5.8.4 SEGD (FNC 73) ‘FXO(S)‘ FXoN \ FX \Fx(zc) IFXZN(C)‘

. . Operands
Mnemonic Function s 5 Program steps
SEGD Hex data is K,H KnY, KnM, KnS, SEGD,
FNC 73 decoded into a KnX, KnY, KnM, KnS, |T,C,D,V,Z SEGDP:
(Seven format used to T,CD,V,Z Note: The upper 8 bits |5 steps
segment drive seven Note: Uses only the remain unchanged
decoder) segment displays |lower 4 bits
\ PULSE-P 16 BIT OPERATION 32 BIT OPERATION FLAGS | Zero M8020
[FXow [ FXon [ FX_[FXeo)[FXenic] FXow | FXon [ FX_ [FXec)[FXane)] FXos) [ FXon | FX [FXec) FXene]
Operation:
X0 151 (D] A single hexadecimal digit (0 to 9, A to F)
}—H—{SEGD\DO\KZYO}—{ g  d19 ' .
occupying the lower 4 bits of source device S is
decoded into a data format used to drive a seven
It can be seen that segment display. A representation of the hex digit
B7 is NOT used. is then displayed. The decoded data is stored in
Hence B7 of the the lower 8 bits of destination device D. The upper
destination device D 8 bits of the same device are not written to. The
will always be OFF, diagram opposite shows the bit control of the
seven segment display. The active bits correspond

to those set to 1 in the lower 8 bits of the
destination device D.
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5.8.5

SEGL (FNC 74) | FXos) | FXon | FX [ FXee) [FXanc)

) ) Operands
Mnemonic Function Program steps
S D n
SEGL Writes data to K, H Y K, H, &< SEGL:
FNC 74 multiplexed single | KnX, KnY, Note: Note: 7 steps
(Seven digit displays - 4 |KnM, KnS n=0to 3,8 n=0to 3. 1 set
segment digits per set, T,C,D,V,Z |outputs are of 7 Seg 'active
with latch) max. 2 sets used n=4to 7. 2 sets
n=41712 |47 seq active
outputs are
used
PULSE-P 16 BIT OPERATION | 32 BIT OPERATION |, \~g| Operation
FXO(s)] FXon [ FX [FX(zo) IFXZN(C) FX0(5>] FXon [ FX [FX(ZC) ]FXZN(C) FXO(s)] FXon [ FX ]FX(2C) ]FXzN(c Complete M8029
Operation:
S D n .. . .
H«’ SEGL| [DO] [YO] | [K4] }_{ This instruction takes a source decimal value (S)
and writes it to a set of 4 multiplexed, outputs (D).

Because the logic used with latched seven
segment displays varies between display manufactures, this instruction can be modified to suit
most logic requirements. Configurations are selected depending on the value of n, see the
following page.

Points to note:

a) Data is written to a set of multiplexed outputs (D+o to D+7, 8 outputs) and hence seven
segment displays. A set of displays consists of 4 single digit seven segment units. A
maximum of two sets of displays can be driven with this instruction. When two sets are used
the displays share the same strobe outputs (D+4 to D+7 are the strobe outputs). An
additional set of 4 output devices is required to supply the new data for the second set of
displays (D+10to D+13, this is an octal addition). The strobe outputs cause the written data to
be latched at the seven segment display.

b) Source data within the range of 0 to 9,999 (decimal) is written to the multiplexed outputs.
When one set of displays are used this data is taken from the device specified as operand
S. When two sets of displays are active the source device S+1 supplies the data for the
second set of displays. This data must again be within the range 0 to 9,999. When using
two sets of displays the data is treated as two separate numbers and is not combined to
provide a single output of 0 to 99,999,999.

¢) The SEGL instruction takes 12 program scans to complete one output cycle regardless of
the number of display sets used. On completion, the execution complete flag M8029 is set.

Note: A single set of strobe signals are always used
regardless of the number of display sets.

Transistor Output (Source) In this example it has

ransistor Outpu ource

L 0] Yo [ v1 \vz\vs\wﬂw\vs\ve\v7\+v2\y1o\me12W13J been assumed that the
— e seven segment displays

—Ti7 oo T gl accept data HIGH inputs
v " and latch when a HIGH
=== T 8888 signal is received

Display set 1 Display set 2

+

@B
IS

V7

BCD
data
signals
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d) If the SEGL instruction is suspended during mid-operation, when it is restarted it will start
from the beginning of its cycle and not from its last status achieved.

e) The SEGL instruction may be used ONCE on FX controllers with CPU versions lower than
3.07. FX units with CPU ver 3.07 or greater and all FX2c units can operate a maximum of
TWO SEGL instructions.

Selecting the correct value for operand n

The selection of parameter n depends on 4 factors;
1) The logic type used for the PLC output
2) The logic type used for the seven segment data lines

3) The logic type used for the seven segment strobe signal

4) How many sets of displays are to be used

Device considered Positive logic Negative logic
Source output Sink output
Pull-up
resistor
V+
PLC Logic Y
LOW
ov
Pull-down coMm
With a source output, when the With a sink output, when the output
output is HIGH the internal logic is ‘1’ | is LOW the internal logic is ‘1’
Seven Strobe Data is latched and held when this Data is latched and held when this
segment signal logic | signal is HIGH, i.e. its logic is ‘1’ signal is LOW, i.e. its logic is ‘1’
Display Data Active data lines are held HIGH, Active data lines are held LOW, i.e.
logic signal logic |i.e. they have a logic value of ‘1’ they have a logic value of ‘1’

There are two types of logic system available, positive logic and negative logic. Depending on
the type of system, i.e. which elements have positive or negative logic the value of n can be
selected from the table below with the final reference to the number of sets of seven segment
displays being used:

, Seven segment display logic n
PLC Logic _ _ _ _
Data Logic Strobe logic 1 display set 2 display sets
Positive (source) Positive (High) Positive (High)
Negative (sink) Negative (Low) Negative (Low) 0 4
Positive (source) Positive (High) Negative (Low) 1 .
Negative (sink) Negative (Low) Positive (High)
Positive (source) Positive (High) Negative (Low)
Negative (sink) Negative (Low) Positive (High) 2 6
Positive (source) Positive (High) Positive (High) 3 ;
Negative (sink) Negative (Low) Negative (Low)
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5.8.6 ARWS (FNC 75)

‘FXO(S)’ FXon ‘ FX ‘FX(ZC) IFXZN(C)‘

) ) Operands
Mnemonic Function Program steps
S D1 D2 n

ARWS Creates a user X, Y,M,S |[T,C,D,V,Z|Y K, H ARWS:

FNC 75 defined, (4 key) Note: Note: data | Note: < 9 steps

(Arrow numeric data uses 4 isstored in |uses 8 Note:

switch) entry panel consecu- |adecimal |consecu- | - to 3,
tive format tive
devices devices

| PULSE-P 16 BIT OPERATION | 32 BIT OPERATION |

[FXO(s)[ FXon [ FX [FX(ZC) ]FXZN(C) FXO(s)[ FXon [ FX [FX(ZC) ]FXZN(C)

FXO(s)[ FXON[ FX ]FX(ZC)]FXZN(C)\

[S1[D1][D2] [n]

X0
}—H—{ARWS‘XM‘ DO YO] KO}—{

Operation:

This instruction displays the contents of a single
data device Dion a set of 4 digit, seven segment
displays. The data within Diis actually in a

standard decimal format but is automatically converted to BCD for display on the seven
segment units. Each digit of the displayed number can be selected and edited. The editing
procedure directly changes the value of the device specified as Dx.

Points to note:

a) The data stored in destination device Dican have a Increase digit value (S+1)
value from the range 0 to 9,999 (decimal), i.e. 4 digit
data. Each digits data value, can be incremented (S+1)

K . Cursor Cursor
or decremented (S+0) by pressing the associated control left (S+3) @ @ right (S+2)
keys. The edited numbers automatically ‘wrap-around’
from9-0-1and1-0-9. The digit data is displayed by
the lower 4 devices from D2, i.e. D2+0 to D2+3. Decrease digit value (S+0)

b) On initial activation of the ARWS instruction,
the digit in the numeric_: p_osition 10 3is currently v ~ Additional
selected. Each digit position can be Y5 ‘ indicator lamps
sequentially ‘cursored through’ by moving to v3 -see point c.
the left (S+2) or to the right (S+3). When the last ?i NER AR ANy |
digit is reached, the ARWS instruction ’ o
automatically wraps the cursor position o 10° |10° |10 1d)e§é%'iiion
around, i.e. after position 10 3, position 10 o is vio2 |0 0 C
selected and vice-versa. Each digit is Vo
physically selected by a different ‘strobe’

output.

¢) To aid the user of an operation panel controlled with the ARWS instruction, additional lamps
could be wired in parallel with the strobe outputs for each digit. This would indicate which
digit was currently selected for editing.

d) The parameter n has the same function as parameter n of the SEGL instruction - please
seepage5-86, ‘Selectingthecorrectvalueforoperand n‘. Note: as the ARWS instruction only
controls one set of displays only values of 0 to 3 are valid for n.

e) The ARWS instruction can be used ONCE. This instruction should only be used on

transistor output PLC’s.
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5.8.7 ASC (FNC 76) [FXos) | FXon | FX_[FXec) [FXane)

) ) Operands
Mnemonic Function Program steps
S D1
ASC An entered Alphanumeric datae.g. |T,C, D ASC
FNC 76 alphanumeric 0-9,A-Zanda-zetc. |Note: 1 7 steps
(ASCll code |string can be Note: Only one, 8 uses 4 consecutive
conversion) |converted to its character string may be | devices
ASCII codes entered at any one
time.
‘ PULSE-P 16 BIT OPERATION 32 BIT OPERATION ‘
‘FXO(s)[ FXon [ FX [FX(ZC) ]FXZN(C) FXO(s)[ FXon [ FX [FX(zc) ]FXzN(C) FXO(s)[ FXon [ FX ]FX(ZC) ]FXZN(C)‘
Operation:
X0 151 IbJ h d ing S ists of up to 8
}% - [asc ‘FX-64MR!‘D300}—{ The source data string consists of up to
characters taken from the printable ASCII

character (Char) set. If less than 8 Char are used,
the difference is made up with null Char (ASCII
00).

The source data is converted to its associated ASCIl codes. The codes are then stored in the
destination devices D, see example shown below.

Byte
D .
High Low
D300 58 (X) 46 (F)
D301 36 (6) 2D ()
D302 4D (M) 34 (4)
D303 21 () 52 (R)

Note: ASCII Char cannot be entered from a hand held programmer.
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5.8.8

PR (FNC 77
( ) ‘ FXo(s) ’ FXon ‘ FX ‘ FX(2c) IFXZN(C)‘
) ) Operands
Mnemonic Function Program steps
S D1
PR Outputs ASCII T,C,D Y PR:
FNC 77 data to items Note: 8 byte mode (M8027=0OFF) Note: uses |5 steps
(Print) such as display uses 4 consecutive devices 10
consecutive devices devices.
PULSE-P 16 BIT OPERATION 32 BIT OPERATION FLAGS Operation
FXO(s)| FXoN [ FX [FX(zc) |FX2N(C) FXO(s)| FXoN [ FX [FX(2<:) ]FXzN(C) FXO(s)| FXoN [ FX ]FX(zc) ]FXzN(C) Complete M8029
Operation:
X0 L] 10} Source data (stored as ASCII values) is read byt
}H PR [D300] Y0 }_{ ource data (stored as va_ues) is read byte
by byte from the source data devices. Each byte is

mapped directly to the first 8 consecutive
destination devices D+oto D+7). The final two destination bits provide a strobe signal (D+1o0,
numbered in octal) and an execution/busy flag (D+11, in octal).

Points to note:

a) The source byte-data maps the lowest bit to the first destination device D+o. Consequently
the highest bit of the byte is sent to destination device D+7.

b) The PR instruction may be used ONCE on FX units fitted with CPU versions earlier than
3.07. FX units with CPU ver3.07 or later and all FX2c units can operate TWO PR
instructions. This instruction should only be used on transistor output PLC’s. The PR
instruction will not automatically repeat its operation unless the drive input has been turned
OFF and ON again.

c) The operation of the PR instruction is program scan dependent. Under standard
circumstances it takes 3 program scans to send 1 byte. However, for a faster operation the
PR instruction could be written into a timer interrupt routine similar to the one demonstrated
for HKY on page 5-82.

d)8 byte operation has the following timing diagram. It
should be noted that when the drive input (in the

Note:To=scan time, see note c.

example X0) is switched OFF the PR instruction will .

cease operation. When it is restarted the PR instruction Y0 - Y7
will start from the beginning of the message string. ©0-07) Tl kro

Once all 8 bytes have been sent the execution/busy flag Y10 Tﬂo T i
is dropped and the PR instruction suspends operation. $;11°> B )

(D+11)

e) 16 byte operation requires the special auxiliary flag
M8027 to be driven ON (it is recommended that

M8000 is used as a drive input). In this operation Note:To=scan time, see note c.

mode the drive input (in the example X0) does not U

have to be active all of the time. Once the PR VoL Y7

instruction is activated it will operate continuously (0+0- D47 =

until all 16 bytes of data have been sent or the value o "

O00OH (null) has been sent. Once the operation is (0+10) —J
complete the execution/busy flag (D+11, octal) is JAAT— L
turned OFF and M8029 the execution complete flag M8029 W
is set.
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FROM (FNC 78)

‘FXO(S)‘ FXon | FX ‘FX(ZC) IFXZN(C)‘
. : Operands
Mnemonic Function Program steps
m1 m2 D n
FROM Read data from K, HX K, HX KnY, KnM, |k, H = FROM,
FNC 78 the buffer Note: Note: KnS, T, C, | Note: FROMP:
(FROM) memories of mi=0to 7 | m2= FX(0) D,V,Z 16 bit op: 9 steps
attached special 0to 31 n=1to 32 | DFROM,
function blocks EXon O 1o 32 bit op: | DFROMP:
32767 n=1to 16 |17 Steps
PULSE-P 16 BIT OPERATION 32 BIT OPERATION \

[FXO(s)[ FXon [ FX [FX(ZC) ]FXZN(C) FXO(s)[ FXon [ FX [FX(ZC) ]FXZN(C) FXO(s)[ FXon [ FX ]FX(ZC) ]FXZN(C)‘

Operation:

The FROM instruction reads n words of data

X1 [m1][m2] [D] [n]
FROM K2 | K10| D10| K6

H — | | | | }—1 starting from the buffer memory address m2 of the

special function block with the logical block

position specified as m1, The read data is stored in the PLC at head address D for n word
devices.

Points to note:

a) All special function blocks which are addressable with the FROM/TO instructions are
connected to the extension bus on the right hand side of the PLC. Each special function
block can be inserted at any point within the chain of extended units (as long as the system
configuration rules are not broken). Each special function block is consecutively addressed
from 0 to 7 beginning with the one closest to the base unit.

Special function Output block Special function Special function

block 0 Y50-57 ‘ block 1 \ block 2
FX-80MR I O\ zv]) Oodbel| O 0y eof | O IRy 2y
P, {@ﬂ A j % | E 5
== ° | N e e === - °
FX-4AD FX-8EYT |[FX-1HC FX-2DA
1 POWER [ POWER 1 POWER ] POWER
cHi CH1
O reror B sy
CH4. Q OFFSET
OOFFSET O GAIN
OGAIN SSWN

—

Lo Jq
__I\JD

[
| —

| (T
o) Lo _HJD ‘

L= q‘

[ k__HJD

OC0C

=
—

| —

A

b) Each special function unit has different buffer memory registers. These often have a
dedicated use for each individual unit. Before any reading or writing of data is undertaken
ensure that the correct buffer memory allocations for the unit used are known.
mz2: This defines the head address of the (special function blocks) buffer memories being
accessed. m2 may have a value from the range 0 to 31.

n: This identifies the number of words which are to be transferred between the special
function block and the PLC base unit. n may have a value of 1 to 31 for 16 bit operation but
arange of 1 to 16 is available for 32 bit operation.

c) The destination head address for the data read FROM the special function block is
specified under the D operand; and will occupy n further devices.

d) This instruction will only operate when the drive input is energized.

7
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e) Users of FX PLC'’s have the option of allowing interrupts to occur immediately, i.e. during the
operation of the FROM/TO instructions or to wait until the completion of the current FROM/TO
instruction. This is achieved by controlling the special auxiliary flag M8028. The following table
identifies certain points associated with this control and operation.

Interruption Disabled

Interruption Enabled

M8028 = OFF

M8028 = ON

Jumps called by interrupt operation are delayed
until the completion of the data transfer of the
FROM/TO instruction

Jumps called by interrupt operation occur
immediately

A small delay of (800m +200) psec can be
expected in the worst case. Note: m = the number
of 32 bit words

Data transfer will resume upon return from the
interrupt program. This may not be desirable if a
FROM/TO instruction has been programmed
within the called interrupt

elsewhere

Ensures that FROM/TO instructions included in
an interrupt program will not interact with others

M8028 should only be used when a very short
delay is required in applications where timing and
accuracy’s are important

Users of FXon have no option for interruption of the FROM/TO instructions and hence
always operate in a mode equivalent to having M8028 switched OFF.

5.8.10 TO (FNC 77)

‘FXO(S)’ FXon | FX ‘FX(ZC) IFXZN(C)‘
) ) Operands
Mnemonic Function Program steps
mi m2 S n

TO Writes data to the |k, H = K, H X K,H, KnX, |k HX TO, TOP:

FNC 79 buffer memories | \gte: Note: KnY KnM Note: 9 steps

(TO) of attached mi=0to 7 |mz=FXec) | KNS, T. C. | 16 bit op: _
special function 0to 31 D,V Z n=1to 32 |DTO, DTOP:
blocks FXan 0 to 32 bitop: |17 Steps

32767 n=1to 16
PULSE-P 16 BIT OPERATION 32 BIT OPERATION

[FXO(s)] FXON] FX [FX(2C) ]FXzN(C)

FXO(s)] FXON[ FX [FX(zc) ]FXZN(C)

FXO(s)] FXON[ FX ]FX(2C) ]FXzN(C)

[m1][m2] [S] [n]

}%H TO | H2 [ K10|D20] K1 H

Points to note:

Operation:

The TO instruction writes n words of data to the
head buffer memory address mz of the special
function block with the logical block position
specified in m1. The written data is taken from the
PLC's head address S for n word devices.

All points are the same as the FROM instruction (see previous page) except point c) which is
replaced by the following:

a) The source head address for the data written TO the special function block is specified
under the S operand.
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MEMO
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Applied Instructions: |FXos)| FXon | FX | FXeo) [FXanc)

1. Program Flow 5-4
2. Move And Compare 5-16
3. Arithmetic And Logical Operations (+, -, :,22)
4, Rotation And Shift 5:34
5. Data Operation 5-42
6. |mcws| High Speed Processing 5-52
7. Handy Instructions 5-66
8. |Fcw | External FX I/O Devices 5-80
v | 9. |mcwmss | External FX Serial Devices 5-94
10. External F2 Units 5-110
11. Floating Point 1 & 2 5-118
12. Trigonometry (Floating Point 3) 5-126
13. Data Operations 2 5-130
14. Real Time Clock Control 5-134
15. |mcimas| Gray Codes 5-142
16. |miczo2s| In-line Comparisons 5-146
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59 External FX Serial Devices - Functions 80 to 89

Contents:

Page
RS - RS Communications FNC 80 5-95
PRUN - FX2-40AP Parallel Run FNC 81 5-96
ASCI - Hexadecimal to ASCII FNC 82 5-98
HEX - ASCII to Hexadecimal FNC 83 5-99
CCD - Check Code FNC 84 5-100
VRRD - FX-8AV Volume Read FNC 85 5-101
VRSC - FX-8AV Volume Scale FNC 86 5-101
VCUCVS - Not Available FNC 87
PID - PID Control Loop FNC 88 5-102
PAQAAEE Not Available FNC 89

Symbols list:
D - Destination device.
S - Source device.
m, n- Number of active devices, bits or an operational constant.
Additional numeric suffixes will be attached if there are more than one operand with the same
function e.g. D1, S3or for lists/tabled devices D3+o, S+9 etc.
MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a number, i.e.
positive = 0, and negative = 1.
LSB - Least Significant Bit.
Instruction modifications:

s¢veve - An instruction operating in 16 bit mode, where v¢v¢v¢ identifies the instruction
mnemonic.

wevexP - A 16 bit mode instruction modified to use pulse (single) operation.
Dweweve - An instruction modified to operate in 32 bit operation.
DweveweP - A 32 bit mode instruction modified to use pulse (single) operation.

7 - A repetitive instruction which will change the destination value on every scan unless
modified by the pulse function.

X - An operand which cannot be indexed, i.e. The addition of V or Z is either invalid or will
have no effect to the value of the operand.

2% MITSUBISHI 5-94



FX Series Programmable Controlers Applied Instructions 5

59.1 RS (FNC 80) ‘FXO(S)‘ FXon | FX ’FX(ZC) IFXZN(C)‘
Operands
Mnemonic Function > Program steps
S m D n
RS Used to control D K, H, D K, H, RS: 9 steps
FNC 80 serial (including |D D
(Serial Com- |communications |file < <
munications |from/to the registers) | =1 to m=1to
instruction) | programmable 256 EX2N 256 EX2N
controller 1 to 4096. 1 to 4096

PULSE-P 16 BIT OPERATION | 32 BIT OPERATION | A | Taeae etz

[FXO(s)] FXon [ FX [FX(ZC) ]FXZN(C) FXO(s)] FXon [ FX [FX(ZC) ]FXzN(C) FXO(s)] FXon [ FX ]FX(ZC) ]FXZN(C) Data Received M8123

Operation:
[S] [m] [D] [n]

X3
}HH RS \D10\K5\D20\K5H

This instruction performs the direct control of
communications over FX and FXoN communication
adapters which connect to the left hand port of the
Main Processing Unit, i.e. FXoNn-232ADP, FX-

232ADP etc.
Points to note: : :
. . . Assigned devices
a) This instruction has many automatically Data devices:
defined devices. These are listed in the vices: o
boxed column to the right of this page. D8120 - Contalng the f:onflguratlon parameters for
communication, i.e. Baud rate,Stop bits etc. Full
b) The RS instruction has two parts, send details over the page
(or transmission) and receive. The first D8122 - Contains the current count of the number of
elements of the RS instruction specify the remaining bytes to be sent in the currently
transmission data buffer (S) as a head transmitting message.
address, which contains m number of D8123 - Cont.ains the c.urrenti.count. of the number of
elements in a sequential stack received bytes in the ‘incoming’ message.
The specification of the receive data area D8124 - Con_tains the ASCII code of the charac‘ter‘ usefj
. . . to signify a message header - default is ‘STX’,
is contained in the last two parameters of 02 HEX.
the RS |_nstruct|on. The destination (D) D8125 - Contains the ASCII code of the character used
for received messages has a buffer.or to signify a message terminator -default is
stack length of n data elements. The size ‘ETX, 03 HEX.
of the send and receive buffers dictates Operational flags:
how Iarge. a Smgle message can be. M8121 - This flag is ON to indicate a transmission is
BUffe_r SI.ZeS may be Updated at the being delayed until the current receive
following times: operation is completed.
1) Trans_mlt buffer - befor_e transmission M8122 - This flag is used to trigger the transmission of
occurs, i.e. before M8122 is set ON data when it is set ON.
2) Receive buffer - after a message has M8123 - This flag is used to identify (when ON) that a
been received and before M8123 is complete message has been received.
reset. M8124 - Carrier detect flag. This flag is for use with FX
. . and FX2C Main Processing Units. It is typically
C) Da_ta cannqt be sent while a messa_ge IS useful in modem communications
belng recelved' the transmission will be M8161 - 8 or 16 bit operation mode ON = 8 bit mode
delayed - see M8121. where only the lower 8 bits in each source or
. . destination device are used, i.e. only one ASCII
d) More than one RS instruction can _be character is stored in one data register OFF =
prOQrammeq but Only one may be active 16bit mode where all of the available source/
at any one time. destination register is used, i.e. two ASCII
characters are stored in each data register.
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59.2 RUN (FNC 81) ‘ FXO(S)’ FXoN ‘ FX ‘FX(ZC) IFXZN(C)‘
Operands
Mnemonic Function S > 5 Program steps

PRUN Used to control KnX, KnM KnY, KnY PRUN,

FNC 81 the FX parallel Note: PRUNP:

(Parallel run) |link adapters: n=1to08 5 steps

FX2-40AW/AP For ease and convenience, the head address DPRUN,

bit DPRUNP:
should be a multiple of ‘10", e.g. X10, M100, |9 Steps
Y30 etc.

‘ PULSE-P 16 BIT OPERATION | 32 BIT OPERATION ‘
[FXO(s)[ FXon [ FX [FX(ZC) ]FXZN(C) FXO(s)[ FXon [ FX [FX(ZC)]FXZN(C) FXO(s)[ FXon [ FX ]FX(ZC)]FXZN(C)\
Operation:
6 [S] [D]
}% ] PRUN\K2X10\K2M81H

Points to note:

a) Parallel link communications automatically take
place when both systems are ‘linked’ and the
Master station (M8070), Slave station flags
(M8071) have been set ON (there is no need to
have a PRUN instruction for communications).
There can only be one of each type of station as
this system connects only two FX PLC’s. The
programs shown opposite should be inserted
into the appropriate FX PLC’s programs.

This instruction is used with the FX parallel link
adapters. It allows source data to be moved into
the bit transmission area. The actual control of the

parallel link communication is by special M flags.

Master FX PC

}EOOO
\

M8070

Slave FX PC

%8000
\

Weo71

Once the station flags have been set, they can only be cleared by either forcibly resetting
them when the FX PLC is in STOP mode or turning the power OFF and ON again.

b) During automatic communications the following data is ‘swapped’ between the Master and

Slave PLC'’s.
Master station Communication Slave Station
Bit Data direction Bit Data
M800 to M899 (100 points) - M800 to M899 (100 points)
M8070 = M900 to M999 (100 points) - M900 to M999 (100 points) | M8071 =
ON Data words Data words ON
D490 to D499 (10 points) - D490 to D499 (10 points)
D500 to D509 (10 points) - D500 to D509 (10 points)
Continued...
5-96
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¢) The PRUN instruction enables data to be moved into the bit transmission area or out of the
(bit) data received area. The PRUN instruction differs from the move statement in that it
operates in octal. This means if K4X20 was moved using the PRUN instruction to K4M920,
data would not be written to M928 and M929 as these devices fall outside of the octal
counting system. This can be seen in the diagram below.

K4X20
[ X37 ] X36 ] X35] X34 ] X33 ] X32 ] X31] X30 | X27 | X26 | X25 ] X24 [ X23 [ X22 | X21 | X20 |

K4M920
[M937]M936] M935] M934] M933] M932] M931] M930]M929]M928] M927] M926] M925] M924] M923] M922] M921] M920]

These devices are not written to with
the PRUN instruction

d) For more information please see page 9-6.
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5.9.3

ASCI (FNC 82) |FXos)| FXon | FX | FXeo) [FXanc)

) ) Operands
Mnemonic Function Program steps
S D n
ASCI Converts a data K, H, KnX, KnY, KnM, K,H ASCI,
FNC 82 value from KnY, KnS ASCIP:
(Converts hexadecimal to KnM, KnS T,C,D Note: 7 steps
HEX to ASCII T,C,D,V,Z n=1to 256
ASCII) <
‘ PULSE-P 16 BIT OPERATION 32 BIT OPERATION ‘
[FXO(s)[ FXon [ FX [FX(ZC) ]FXZN(C) FXo<s)[ FXon [ FX [FX(ZC) ]FXZN(C) FXo<s)[ FXon [ FX ]FX(z(:)]FXZN(C)\
Operation:

[S] [D] [n]

X7 This instruction reads n hexadecimal data
| ASCI| D8 | D20| K6
}% | | | H characters from head source address (S) and

converts them in to the equivalent ASCII code.
This is then stored at the destination (D) for n
number of bytes.

Points to note:

Please note that data is converted ‘as read’, i.e. using the example above with the following
data in (D9,D8) ABCDH,EF26H. Taking the first n hexadecimal characters (digits) from the right
(in this case n= 6) and converting them to ASCI will store values in 6 consecutive bytes from
D20, i.e. D20 = (67, 68), D21 = (69, 70) and D22 = (50, 54) respectively. In true characters
symbols that would be read as CDEF26.

This can be shown graphically as in the table

. . Source (S) | Data
to the right. Please take special note that the A —— i coa
source data (S) read from the most significant b12-15 Des“('l;"’;“o” 0% |symbol
device to the least significant. While the |pg ®* | B HEX | DEC
destination data (D) is read in the opposite A T ey PP i S LA
direction. L o7 | 44 |68 | T
The ASCI instruction can be used with the bizas| B [T, |89 | 45 | 69 | F
M8161, 8 bit/16bit mode flag. The effect of this g "L Fo— bo-7 | 46 | 70 F
flag is exactly the same as that detailed on b4-7 2 b8-15 | 32 | 50 2"
page 10-20. The example to the right shows b0-3 6 | R e 36 | 54 6"

the effect when M8161 is OFF.

If M8161 was set ON, then only the lower
destination byte (b0-7) would be used to store data and hence 6 data registers would be
required (D20 through D25).

ASCII Character Codes
The table below identifies the usable hexadecimal digits and their associated ASCII codes

HEX
Character

ASCIll |HEX | 30|31 32 |33|34 (35|36 |37 38|39 |41 |42 |43 |44 |45 | 46
Code |DEC| 48|49 |50 |51 |52 |53 |54|55|56|57|65|66]|67]|68]|69]70

Character
Symbol
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594

®e

HEX (FNC 83) ‘FXO(S)‘ FXoN | FX ’FX(ZC) IFXZN(C)‘
) ) Operands
Mnemonic Function Program steps
S D n
HEX Converts adata |K, H, KnX, KnY, |KnY, KnM, KnS (K, H HEX,
FNC 83 value from ASCII | KnM, KnS T,C,D,V,Z HEXP:
(Converts intoa T,C,D Note: 7 steps
ASCII to hexadecimal n=1to 256
HEX) equivalent 4
| PULSE-P 16 BIT OPERATION | 32 BIT OPERATION |
[FXO(s)[ FXon [ FX [FX(ZC) ]FXZN(C) FXO(s)[ FXon [ FX [FX(ZC)]FXZN(C) FXO(s)[ FXon [ FX ]FX(ZC)]FXZN(C)\
Operation:
M10 [S1 [P] [nl This instruction reads n ASCII data bytes from
H | HEX | D50| D20 | K4 H head source address (S) and converts them in to
the equivalent Hexadecimal character. This is then

stored at the destination (D) for n number of bytes.

Points to note:

Please note that this instruction ‘works in reverse’ to the ASCI instruction, i.e. ASCII| data
stored in bytes is converted into associated hexadecimal characters. The HEX instruction can
be used with the M8161 8bit/16bit flag. In this case the source data (S)is read from either the
lower byte (8bits) when M8161 is ON, or the whole word when M8161 is OFF i.e. using the
example above with the following data in devices D50 and D51 respectively (43H,41H)
(42H,31H) and assuming M8161 is ON.

The ASCII data is converted to its

hexadecimal equivalent and stored |source (s) o €°% Is mbol Desthaion | paa

sequentially digit by digit f r om the destination HEX | DEC ©)

head address. D51 bs-15 | 43 67 'C b12-15

If M8161 had been OFF, then the contents of i O T [\ |p20 il

D20 would read CAB1H. _— 42 | 66 | B ba7 | A
bo-7 31 49 e b0-3 1

For further details regarding the use of the HEX instruction and about the available ASCII data
ranges, please see the following information point ‘ASCII Character Codes’ under the ASCI
instruction on the previous page.

Important:

If an attempt is made to access an ASCIl Code (HEX or Decimal) which falls outside of the
ranges specified in the table on previous page, the instruction is not executed. Error 8067 is
flagged in data register D8004 and error 6706 is identified in D8067. Care should be taken
when using the M8161 flag, and additional in the specification of the number of element ‘n’
which are to be processed as these are the most likely places where this error will be caused.
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5.9.5 CCD (FNC 84)

‘FXO(S)‘ FXon | FX ’FX(ZC) IFXZN(C)‘

) ) Operands
Mnemonic Function Program steps
S D n

CCD Checks the KnX, KnY, KnM, | KnY, KnM, KnS |K, H CCD,

FNC 84 ‘vertical’ parity of |KnS T,C,D D CCDP:

(Check a data stack T,C,D Note: 7 steps

Code) n=1to 256

>
PULSE-P 16 BIT OPERATION | 32 BIT OPERATION \

[FXO(s)[ FXON[ FX [FX(ZC)]FXZN(C)

FXO(s)[ FXONI FX [FX(ZC)]FXZN(C)

FXO(s)[ FXON[ FX ]FX(ZC)]FXZN(C)\

[S]

(D]

[n]

H«F{ CCD |

D100] DO | K6 H

Points to note:

a) The SUM of the data stack is stored at destination D while the Parity for the data stack is
stored at D+1.

Operation:

This instruction looks at a byte (8 bit) stack of data
from head address (S)for n bytes and checks the
vertical bit pattern for parity and sums the total
data stack. These two pieces of data are then
stored at the destination (D).

b) During the Parity check an even result is indicated by the use of a 0 (zero) while an odd
parity is indicated by a 1 (one).

¢) This instruction can be used with the 8 bit/ 16 bit mode flag M8161. The following results will
occur under these circumstances. See page 10-20 for more details about M8161.

M8161=OFF
Sourse (S) Bit patterm
HIFF[2Tal2l2T2l2l2]2
D00\ Feetafaa2]2]21l1]1
HIFF[ 22222 l2l2]2
D101 | o010 oo olololo]o
H|/FO|1|1/212(12]0]0]|0]|O0
D102 LIOF|0|0|lO0O|0O|1]|1]1]|1
Vertical
party ololololololo]|o
D1
SUM DO 3FC

M8161=0ON

Sourse (S) Bit patterm
piooL |[FF|1|1|1|1(1|1|1|1
D101 L |0O|O0O|O|O|O|O|O|O|O
D102 L |[OF|0O|O0O|O|O|21]|1 1|1
pio3 L |FO|1|1(1|1|/0|0]|0}|O
D104 L |[FO|1|1|1|1|/0|0|0}|O
D105 L |[OF|0|]0O0|0O]|O|1]1|1|1
Vertical

party 11|11 1|1]1]1

D1
SUM DO 2FD

It should be noted that when M8161 is OFF ‘'n’ represents the number of consecutive bytes
checked by the CCD instruction. When M8161 is ON only the lower bytes of ‘n’ consecutive
words are used.
The ‘SUM'’ is quite simply a summation of the total quantity of data in the data stack. The Parity
is checked vertically through the data stack as shown by the shaded areas.

2% MITSUBISHI

5-100



FX Series Programmable Controlers

Applied Instructions 5

59.6  VRRD (FNC 85) ‘FXO(S)’ FXon ‘ FX ‘FX(ZC) IFXZN(C)‘
) ) Operands
Mnemonic Function S 5 Program steps
VRRD Reads an analog |K, H KnY, KnM, KnS | VRRD,
FNC 85 value from 1 of 8 |Note: T,CD,V,Z VRRDP:
(Volume volume inputson [S=0to7 5 steps
read) the FX-8AV corresponding to the 8 available
volumes on the FX-8AV
‘ PULSE-P 16 BIT OPERATION 32 BIT OPERATION ‘

[FXO(s)[ FXon [ FX [FX(2C) ]FXzN(C) FXo<s)[ FXon [ FX [FX(ZC) ]FXZN(C)

FXo<s)[ FXON[ FX ]FX(ZC) ]FX2N(C)\

[S] [D]

KO\DO}—{

X0
}H |—————VRRD|

Note:

(FNC 86).

Operation:

The identified volume (S) on the FX-8AV is read as
an analog input. The analog data is in an 8 bit
format, i.e. values from 0 to 255 are readable. The
read data is stored at the destination device
identified under operand D.

The FX-8AV volume ‘inputs’ are able to be read in two formats, a) as an analog value and b)
as an 11 (0 to 10) position rotary switch. The second use is described in the VRSC instruction

5.9.7 VRSD (FNC 86) ‘FXO(S)’ FXon ‘ FX ‘FX(ZC) IFXZN(C)‘
. i Operands
Mnemonic Function S 5 Program steps
VRSC Reads the set K, H KnY, KnM, KnS | VRSC,
FNC 86 position value, 0 | Note: T,C,D,V,Z VRSCP:
(Volume to 10, from S=0to7 5 steps
scale) volume inputs on | corresponding to the 8 avail-
the FX-8AV able
volumes on the FX-8AV

\ PULSE-P 16 BIT OPERATION 32 BIT OPERATION \

\FXO(s)[ FXon [ FX [FX(ZC) ]FXZN(C) FXO(s)[ FXon [ FX [FX(ZC) ]FXZN(C)

FXO(s)[ FXON[ FX ]FX(ZC) ]FXZN(C)‘

[S] [D]

K1‘D1}—{

X0
}% ———————|VRsC]|

Note:

rotary switch and b) as an analog val
instruction (FNC 85).

Operation:

The identified volume (S) on the FX-8AV is read as
a rotary switch with 11 set positions (0 to 10). The
position data is stored at device D as an integer
from the range 0 to 10.

The FX-8AV volume ‘inputs’ are able to be read in two formats, a) as a 11 (0 to 10) position

ue. The second use is described in the VRRD
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598 PID (FNC 88) ‘FXO(S)‘ FXon ‘ FX ’FX(ZC) |FX2N(C)‘
Operands
Mnemonic Function B Program steps
S1 S2 S3 D

PID Receives adata |px DX DX PID:

FNC 88 input and 9 steps

(PID calculatesa Note: St and Sz | Note: S3 Note: D

control loop) | corrective action | se g single | uses 25 uses a single

register each | to a specified dataregister  |consecutive |data register
level based on data registers
PID control

| PULSE-P 16 BIT OPERATION | 32 BIT OPERATION |

[FXO(s)[ FXon [ FX [FX(ZC) ]FXZN(C) FXO(s)[ FXon [ FX [FX(ZC)]FXZN(C) FXO(s)[ FXon [ FX ]FX(ZC)]FXZN(C)\

Operation:
[S1][S2][S3][D]

X10
}H | PID| D18 |D 19‘D20‘D46}—{

This instruction takes a current value (S2) and
compares it to a predefined set value (S1). The
difference or error between the two values is then
processed through a PID loop to produce a
correction factor which also takes into account previous iterations and trends of the calculated
error. The PID process calculates a correction factor which is applied to the current output
value and stored as a corrected output value in destination device (D). The setup parameters
for the PID control loop are stored in 25 consecutive data registers S3+0 through S3+24.

Points to note:

a) Every PID application is different. There will be a certain amount of “trial and error”
necessary to set the variables at optimal levels.

b) The PID instruction is only available on FX and FXz2c Main Processing Units fitted with CPU
versions 3.11 or greater .

¢) On FXaon MPUs a Pre-tuning feature is available that can quickly provide initial values for the
PID process. Refer to page 10-28 for more details.

d) As 25 data register are required for the setup parameters for the PID loop, the head address
of this data stack cannot be greater than D975. The contents of this data stack are
explained later in this section. Multiple PID instructions can be programmed, however
each PID loop must not have conflicting data registers.

e) There are control limits in the PLC intended to help the PID controlled machines operate in
a safe manner. If it becomes necessary to reset the Set Point Value (S;) during operation,

it is recommended to turn the PID command Off and restore the command after entering the
new Set Point Value. This will prevent the safety control limits from stopping the operation
of the PID instruction prematurely.

f) The PID instruction has a special set of error codes associated with it. Errors are identified
in the normal manner. The error codes associated with the PID loop will be flagged by
M8067 with the appropriate error code being stored in D8067. These error devices are not
exclusive to the PID instruction so care should be taken to investigate errors properly.
Please see chapter 6, ‘Diagnostic Devices’ for more information.

g) A full PID iteration does not have to be performed. By manipulation of the setup parameters
P (proportional), | (Integral) or D (derivative) loops may be accessed individually or in a user
defined/selected group. This is detailed later in this section.
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PID Equations

Forward Pan > SV

0 Ts O
AMV = KpHEV, —EV(y_y) + T EV _+D,[
0 0

EV, = PV,—SV

D 2PV, PV, +PV, Ko o D,
n m( nt-1t PV + PV zVW -1
= ZAMV
Reverse SV > PV
Tg 0
AMV = KP[(EV -EV,_ 1)+—EV +D,0
0
EV, = SV-PV,,
D To 2PV, =PV, —PV, “o o
n= TS+ KD DTD( nf— 2) TS+ KD DTD n-1
MV, = zAMVA
PVpt=PVp + a(PVpgg - PVp)
EV, = the current Error Value D,, = the Derivative Value
EV,.1 = the previous Error Value Dy.1 = the previous Derivative Value
SV = the Set Point Value (S;) Kp = the Proportion Constant
PV, = the current Process Value (S,) o = the Input Filter
PV = the calculated Process Value Tg = the Sampling Time
PVy.1 = the previous Process Value T, = the Integral Time Constant
PVni.o = the second previous Process Value Tp = the Time Derivative Constant
AMV = the change in the Output Kp = the Derivative Filter Constant

Manipulation Values
MV,, = the current Output Manipulation Value (D)

Please see the Parameter setup section for a more detailed description of the variable
parameters and in which memory register they must be set.

Forward and Reverse operation (S 3+1, b0)
The Forward operation is the condition where the Process Value, PV,y, is greater than the Set

Point, SV. An example is a building that requires air conditioning. Without air conditioning, the
temperature of the room will be higher than the Set Point so work is required to lower PV.

The Reverse operation is the condition where the Set Point is higher than the Process Value.
An example of this is an oven. The temperature of the oven will be too low unless some work
is done to raise it, i.e. - the heating element is turned On.

The assumption is made with PID control that some work will need to be performed to bring
the system into balance. Therefore, AMV will always have a value. ldeally, a system that is
stable will require a constant amount of work to keep the Set Point and Process Value equal.
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PID setup parameters; S3

The PID setup parameters are contained in a 25 register data stack. Some of these devices
require data input from the user, some are reserved for the internal operation and some return

output data from the PID operation.
Parameters S 3+0 through S 3+6 must be set by the user.

Pa;i:ne- Parameter Descrintion Setting
S34+p name/function P range
S3+0 Sampling time | The time interval set between the reading the current 1 to 32767
Ts Process Value of the system (PV,y) msec
Forward operation(0
bo Reverse ogeration((fj
Action - reaction Process Value (PV,) alarm enable, OFF(0)/
. ton b1 nf : Not
Se1 | drection and ON() applcable
b2 Output Value (MV) alarm enable, OFF(0)/ON(1)
b3 - 15 |Reserved
S3+2 Input filter a | Alters the effect of the input filter. 0 to 99%
. This is a factor used to align the proportional output in a
S3+3 Propi%rt&)nal known magnitude to the c%ange I the Process Value 3217é%0/
gain 1P (PVpg). This is the P part of the PID loop. 0
mis is %Re {_parttolzthefPlchloop. five int | value t
Integral time is is the time taken for the corrective integral value to (0 to 32767)
S3+4 reach a magnitude equal to that applied by the
constant T, gropor_tiona?or P par?ot the loop. PP . Y x 100 msec
electing O (zero) for this parameter disables the | effect.
Derivative This is a factor used to align the derivative output in a
S3+5 gain Kp I((nown proportion to the change in the Process Value 1to 100%
nf
e w——
Derivative time is is the time taken for the corrective derivative value to | (g ¢ 30767)
S3+6 reach a magnitude equal to that applied by the
constant To gropor_tiona or P par?of_ the loop. PP _ x 10 msec
electing 0 (zero) for this parameter disables the D effect.
SS?’; +7lgo Reserved for use for the internal processing
Process Value, . This is a user defined maximum limit for the
S3+20 maximum Active | Process Value (PVnf). If the Process Value
positive change stgff (PVnf) exceeds the limit, S3+24, bit b0 is set On.
is This is a user defined lower limit for the Process
S3+21 rqgf:mea%v\%]ueé Eét'so,\._ Value. If the Process Value (PVnf) falls below the
limit, S3+24, bit bl is set On.
This is a user defined maximum limit for the 0to 32767
S3422 O%gl;(}%/ame, Active quanFt>i|t of posiltfi\{ﬁ cgar%getv\v/hilch %I\a/lr{/ ())ccur ind
e one scan, e Output Value exceeds
positive change when | this, S3+24, bit b2 is set on.
is’ | This is a user defined maximum limit for the
S3+23 8‘5&‘?%?‘“9' ls)gt%N. quanFt,ilt of negﬁtit\r/]e %ha{ngtte \\;vqich (ﬁl\g)%Cﬁur in
- one scan. e Output Value alls
negative change below the lower limit, 83E24, bit b3'is set On.
b0 High limit exceeded in Process Value (PVnf)
bl Below low limit for the Process Value (PVnf)
S3+24 (,?\_\,Iggg El)?ﬁi) b2 Excessive positive change in Output Value (MV) appll\ilgéble
b3 Excessive negative change in Output Value (MV)
b4 - 15 |Reserved

See Initial values for PID loops

for basic guidance on initial PID values; page 5-114.
See page 10-24 for additional parameters available with FX2n MPUSs.

2% MITSUBISHI

5-104




FX Series Programmable Controlers Applied Instructions 5

Configuring the PID loop
The PID loop can be configured to offer variations on PID control. These are as follows:

Control Selection via setup registers L
Description
method S3+3 (KP) Sa+ 4 (T)) S3+ 6 (Tp)
P User value Setto 0 (zero) | Setto O (zero) Proportional effect only
Pl User value User value Set to 0 (zero) Proportional and integral effect
PD User value Set to 0 (zero) User value Proportional and derivative effect
PID User value User value User value Full PID

It should be noted that in all situations there must be a proportional or ‘P’ element to the loop.
P - proportional change

When a proportional factor is applied, it calculates the difference between the Current Error
Value, EV,,, and the Previous Error Value, EV,,_;. The Proportional Change is based upon how

fast the Process Value is moving closer to (or further away from) the Set Point Value NOT
upon the actual difference between the PV and SV.

Note: Other PID systems might operate using an equation that calculates the Proportional
change based upon the size of the Current Error Value only.

| - integral change

Once a proportional change has been applied to an error situation, ‘fine tuning’ the correction
can be performed with the | or integral element.

Initially only a small change is applied but as time increases and the error is not corrected the
integral effect is increased. It is important to note how T, actually effects how fast the total

integral correction is applied. The smaller T, is, the bigger effect the integral will have.

Note: The T, value is set in data register S3+4. Setting zero for this variable disables the
Integral effect.

The Derivative Change

The derivative function supplements the effects caused by the proportional response. The

derivative effect is the result of a calculation involving elements Tp, Tg, and the calculated

error. This causes the derivative to initially output a large corrective action which dissipates
rapidly over time. The speed of this dissipation can be controlled by the value Tp: If the value

of Tp is small then the effect of applying derivative control is increased.

Because the initial effect of the derivative can be quite severe there is a ‘softening’ effect which
can be applied through the use of Kb, the derivative gain. The action of Kb could be
considered as a filter allowing the derivative response to be scaled between 0 and 100%.

The phenomenon of chasing, or overcorrecting both too high and too low, is most often
associated with the Derivative portion of the equation because of the large initial correction
factor.

Note: The Tp value is set in Data register S3+6. Setting zero for this variable disables the
Derivative effect.
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Effective use of the input filter O S;+2

To prevent the PID instruction from reacting immediately and wildly to any errors on the
Current Value, there is a filtering mechanism which allows the PID instruction to observe and
account for any significant fluctuations over three samples.

The quantitative effect of the input filter is to calculate a filtered Input Value to the PID
instruction taken from a defined percentage of the Current Value and the previous two filtered
Input Values.

This type of filtering is often called first-order lag filter. It is particularly useful for removing the
effects of high frequency noise which may appear on input signals received from sensors.
The greater the filter percentage is set the longer the lag time. When the input filter is set to
zero, this effectively removes all filtering and allows the Current Value to be used directly as
the Input Value.

Initial values for PID loops

The PID instruction has many parameters which can be set and configured to the user’s
needs. The difficulty is to find a good point from which to start the fine tuning of the PID loop to
the system requirements. The following suggestions will not be ideal for all situations and
applications but will at least give users of the PID instruction a reasonable points from which to
start.

A value should be given to all the variables listed below before turning the PID instruction ON.
Values should be chosen so that the Output Manipulated Value does not exceed + 32767.
Recommended initial settings:

T = Should be equal to the total program scan time or a multiple of that scan time, i.e. 2 times,
5 times, etc.

a =50%

Kp = This should be adjusted to a value dependent upon the maximum corrective action

to reach the set point - values should be experimented with from an arbitrary 75%
T, = This should ideally be 4 to 10 times greater than the Tp time

Kp = 50%

Tp = This is set dependent upon the total system response, i.e. not only how fast the
programmable controller reacts but also any valves, pumps or motors.

For a fast system reaction T will be set to a quick or small time, this should however never be
less than Tg. A slower reacting system will require the T duration to be longer. A
beginning value can be Tp twice the value of Ts.

Care should be taken when adjusting PID variables to ensure the safety of the operator and
avoid damage to the equipment.

On FX2n MPUs pre-tuning feature is available that can quickly provide initial values for the
PID process. Refer to page 10-28 for more details.

With ALL PID values there is a degree of experimentation required to tune the PID loop

to the exact local conditions. A sensible approach to this is to adjust one parameter at a

time by fixed percentages, i.e. say increasing (or decreasing) the K p value in steps of
10%. Selecting PID parameters without due consideration will result in a badly
configured system which does not perform as required and will cause the user to
become frustrated. Please remember the PID process is a purely mathematical
calculation and as such has no regard for the ‘quality’ of the variable data supplied by

the user/system - the PID will always process its PID mathematical function with the
data available.
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Example PID Settings

The partial program shown at below demonstrates which parameters must be set for the
functioning of the FX2N. The first step sets the user values for S3+0 to S3+6. The PID

instruction will be activated when M4 is On.

From the PID instruction at the bottom of the ladder, S; = D200; S, = D201; S5 = D500; and D

or MV = D525.

D500: Ts = 500 ms LB?OZ ,fﬂ'\éf/lé K500 | D500 —
255 [rowo| oo |
D502: Input Filter = 50% ;’gﬁlg K50 | D502 ||
D503: K, = 75% I'\:/Il\(l:)c\:/]é K75 | D503 —
D504: T, = 4000 ms oUlg | K2000 | D504
D505: K, = 50% En'\cl)?/lé K50 | D505 —
D506: T, = 1000 ms EA%CV% K3000 | D506 —
D200: Set Point = 1000 e U@ |K1000| D200 —
ronsgen s ln e e e [

] FF’\;Q%KAS K2 | K5 |D201| Ka |—
segn veFioaneion | X[t o o oo 05|
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MEMO

2% MITSUBISHI 5-108



FX Series Programmable Controlers Applied Instructions 5

Applied Instructions: |FXos)| FXon | FX | FXeo) [FXanc)

1. Program Flow 5-4
2. Move And Compare 5-16
3. Arithmetic And Logical Operations (+, -, :,22)
4, Rotation And Shift 5:34
5. Data Operation 5-42
6. |mcws| High Speed Processing 5-52
7. Handy Instructions 5-66
8. |Fcw | External FX I/O Devices 5-80
9. |Fcw| External FX Serial Devices 5-94
v || 10. External F2 Units 5-110
11. Floating Point 1 & 2 5-118
12. Trigonometry (Floating Point 3) 5-126
13. Data Operations 2 5-130
14. Real Time Clock Control 5-134
15. |mcimas| Gray Codes 5-142
16. |miczo2s| In-line Comparisons 5-146
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5.10 External F2 Units - Functions 90 to 99

Contents:

Page
MNET - F-16NP, Melsec Net Mini FNC 90 5-111
ANRD - F2-6A, Analog Read FNC 91 5-111
ANWR - F2-6A, Analog Write FNC 92 5-112
RMST - F2-32RM, RM Start FNC 93 5-112
RMWR - F2-32RM, RM Write FNC 94 5-113
RMRD - F2-32RM, RM Read FNC 95 5-114
RMMN - F2-32RM, RM Monitor FNC 96 5-114
BLK - F2-30GM, Block FNC 97 5-115
MCDE - F2-30GM, Machine Code FNC 98 5-116
VCVCUX - Not Available FNC 99

Please note: All of the instructions in this section reference chapter, Assigning System Devices
for further information.

Symbols list:
D - Destination device.
S - Source device.
m, n- Number of active devices, bits or an operational constant.
Additional numeric suffixes will be attached if there are more than one operand with the same
function e.g. D1, S3or for lists/tabled devices D3+o, S+9 etc.
MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a number, i.e.
positive = 0, and negative = 1.
LSB - Least Significant Bit.
Instruction modifications:

“¢veve - An instruction operating in 16 bit mode, where v¢v¢vk identifies the instruction
mnemonic.

vevexP - A 16 bit mode instruction modified to use pulse (single) operation.
Dweweve - An instruction modified to operate in 32 bit operation.
DweveweP - A 32 bit mode instruction modified to use pulse (single) operation.

- - A repetitive instruction which will change the destination value on every scan unless
modified by the pulse function.

X - An operand which cannot be indexed, i.e. The addition of V or Z is either invalid or will
have no effect to the value of the operand.
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5.10.1 MNET (FNC 90)

‘FXO(S)| FXon | FX |FX(2C) ‘FXZN(C)‘

) ) Operands

Mnemonic Function S 5 Program steps
MNET Used to control X Y MNET,
FNC 90 the F series net < < MNETP:
(F-16NT/NP | mini module - use | \gte: Note: 5 steps
Melsec net |with an FX2-24El uses 8 consecutive uses 8 consecutive
mini) devices devices
] PULSE-P 16 BIT OPERATION 32 BIT OPERATION \

[FXO(s)[ FXon [ FX [FX(ZC)]FXZN(C) FXO(s)[ FXon [ FX “:X(ZC)]FXZN(C) FXO(s)[ FXon [ FX ]FX(ZC)]FXZN(C)\

Operation:
[S] [D]

X0
}% ——————{MNET| X 40| YSO}—{

The MNET instruction is used for communicating
bit status signals between an FX PLC and an F-
16NP/NT Melsec Net Mini interface.

The head address I/O numbers for both S and D are determined by the position of the FX2-
24EI (connected to the F-16NT/NP) within the FX PLC’s expansion chain. The devices
specified for S and D can be used directly within the FX users program.

For more information please see page 9-3.

5.10.2 ANRD (FNC 91) |FXos)| FXon | FX | FXeo) [FXanc)

) ) Operands
Mnemonic Function Program steps
S1 D2 D2 n
ANRD Used toread the |x x Y X< KnY, KnM, |K, H ANRD,
FNC 91 F series analog Note: Note: KnS, T, C, | ANRDP:
(F2-6A module - use with | oo g uses 8 D,V,Z Note: 9 steps
Analog an FX2-24El consecu- |consecu- n=10to 13
read) tive tive
devices devices
PULSE-P 16 BIT OPERATION 32 BIT OPERATION ‘

[FXO(s)[ FXon [ FX [FX(ZC) ]FXZN(C) FXO(s)[ FXon [ FX \FX(ZC)]FXZN(C) FXo<s)[ FXon [ FX ]FX(ZC) ]FXZN(C)\

Operation:
X0 [S] [D1] [D2] [n]
| ANRD| X40 | Y30 |D300| K10 }—{

The ANRD instruction is used to read input
channel n of an F2-6A analog module. The read
analog value is stored at destination device D2.
The head address 1/0 numbers for both Sand D1 are determined by the position of the FX2-
24EI (connected to the F2-6A) within the FX PLC’s expansion chain. The analog data stored at
the destination device D2 is in an 8 bit format. The operand nis used to specify which analog
channel is being read, i.e. 10 to 13. For more information please see page 9-4.

5-111
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5.10.3 ANWR (FNC 92)

‘FXO(S)‘ FXon ‘ FX |FX(2C) ‘FXZN(C)‘

) ) Operands
Mnemonic Function Program steps
S1 D2 D2 n
ANWR Used to write to KnY, KnM, | x = Y K, H ANWR,
FNC 92 the F series KnS, T, C, | Note: Note: 51 ANWRP:
(F2-6A analog module - |D,V, Z uses 8 uses 8 Note: 9 steps
Analog use consecu- |consecu- |n=0or1l
write) with an tive tive
FX2-24El devices |devices

\ PULSE-P 16 BIT OPERATION 32 BIT OPERATION \

\FXO(s)[ FXON[ FX [FX(ZC) ]FXZN(C)

FXO(s)[ FXON[ FX ‘FX(ZC)IFXZN(C)

FXO(s)[ FXON[ FX ]FX(ZC) ]FXZN(C)‘

[S1][S2] [D] [n]

X0
}% ——|ANWR|D310 X40 | Y30 | K0 }—{

Operation:

The ANWR instruction is used to write output data
to channel n of an F2-6A analog module. The
written analog value is stored in source device Sui.
The head address 1/0O numbers for both S2 and Dare determined by the position of the FX2-

24EI (connected to the F2-6A) within the expansion chain.
The analog data to be written is stored at the source device Siin an 8 bit format.

The operand nis used to specify which analog channel is being written to, i.e. 0 or 1.
For more information please see page 9-4.

5.10.4 RMST (FNC 93)

‘FXO(S)‘ FXon ‘ FX ‘FX(ZC) IFXZN(C)‘

) ) Operands
Mnemonic Function Program steps
S1 D1 D2 n
RMST Used to startthe | x = Y X Y, M, S K, H RMST:
FNC 93 F series CAM Note: Note: Note: < 9 steps
(F2-32RM module - use with | ses g uses 8 uses 8 Note:
RM start) an FX2-24El consecu- |consecu- |CONSECU- In-0or1
tive tive tive
devices |devices |devices
\ PULSE-P 16 BIT OPERATION 32 BIT OPERATION \

[FXO(s)[ FXON[ FX [FX(ZC) ]FXZN(C)

FXO(s)[ FXONI FX [FX(ZC)]FXZN(C)

FXO(s)[ FXON[ FX ]FX(ZC) ]FXZN(C)‘

[S1[D1][D2] [n]

}% —|RMST| x40 | Y30 |M300| K 0 }—{

Points to note:

a) The head address I/O numbers for both S2 and Dare determined by the position of the FX2-

Operation:

The RMST instruction is used to start the operation
of an F2-32RM under FX control and to monitor the

current status of the F2-32RM.

24EI (connected to the F2-6A) within the FX PLC’s expansion chain.
b) The operand nis used to specify which F2-32RM program is active, i.e. 0 or 1.
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c) Operand D2 stores the F2-32RM status information.
Status of bit device D2+m

ON OFF
D2+0 BANK 1 (program 1) selected BANK 0 (program 0) selected
D2+1 - Normally OFF
D2+2 START STOP
D2+3 1.0 degree steps 0.5 degree steps
D2+4 Normally ON -
D2+s5 Clockwise operation (CW) Counter-clockwise operation (CCW)
D2+6 Normal operation - No error Hardware Error
D2+7 Normal operation - No error Software Error

d) For more information please see page 9-4.

5.10.5 RMMR (FNC 94) ‘FXO(S)| FXon | FX ‘FX(ZC) IFXZN(C)‘

) ) Operands
Mnemonic Function Program steps
S1 S2 D
RMWR Disables outputs |Y, M, S X Y X4 RMWR,RMWRP
FNC 94 of the F series Note: 16 bit operation | Note: Note: .7 steps
(F2-32RM CAM module -use |yses 16 devices, uses 8 uses 8 DRMWR,
RM write) with an 32 bit mode uses 32 | consecutiV | .gnsecutiv | PRMWRP:
FX2-24El consecutive devices. |e e 13 steps
devices | gevices
PULSE-P 16 BIT OPERATION 32 BIT OPERATION

[FXO(s)[ FXon [ FX [FX(zc) ]FXZN(C) FXO(s)[ FXon [ FX “:X(ZC) ]FXZN(C) FXO(s)[ FXon [ FX ]FX(ZC) ]FXZN(C)‘

Operation:
[S1][S2] [D]

X0
}% ———IRMWRIM500 X40 | Y30 }—{

This instruction sends output disable data to an F2-
32RM programmable CAM switch from an FX
PLC.

The head address I/0O numbers for both S2 and Dare determined by the position of the FX2-
24El (connected to the F2-32RM) within the FX PLC’s expansion chain.

The operand St is the head address of either 16 or 32 source bits. The source bits map directly
over F2-32RM outputs YO to Y37 (numbered in octal)

When a source device is turned ON at the FX PLC the F2-32RMs associated devices is
disabled.

For more information please see page 9-4.

5-113
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5.10.6 RMRD (FNC 95)

‘FXO(S)‘ FXon ‘ FX ‘FX(ZC) IFXZN(C)‘

. : Operands
Mnemonic Function Program steps
S D1 D2
RMRD Reads output X < Y X Y, M, S RMRD,RMRDP
FNC 95 status of F series | \jgte: Note: Note: 16 bit operation |: 7 steps
(F2-32RM CAM module -use | ses's uses 8 uses 16 devices, DRMRD,
RM read) with an consecu- | consecu- 32 bit mode uses 32 DRMRDP
FX2-24El tive tive consecutive devices. |: 13 steps
devices devices

| PULSE-P 16 BIT OPERATION | 32 BIT OPERATION |

\FXO(s)[ FX0N[ FX [FX(ZC)]FXZN(C

) FXO(s)[ FXon [ FX \FX(ZC)]FXZN(C

) FXO(s)[ FXon [ FX ]FX(ZC) ]FXZN(C)\

[S]1[D1][D2]

}H ———RMRD| X40 | Y30 \MsooH

Operation:

This instruction reads the current status of the
outputs of an F2-32RM programmable CAM switch
to an FX PLC.

The head address I/O numbers for both Sand D1

are determined by the position of the FX2-24EIl (connected to the F2-32RM) within the
expansion chain.
Output statuses of YO-Y17 (16 bit operation) or YO-Y37 (32 bit operation are read from the F2-
32RM. The read data is mapped directly over the FX destination devices (head address D2).
The D2devices will retain their last status even when the RMRD instruction is turned OFF. For
more information please see page 9-4.

5.10.7 RMMN (FNC 96)

‘FXO(S)‘ FXon ‘ FX ‘FX(ZC) IFXZN(C)‘

) ) Operands
Mnemonic Function Program steps
S D1 D2
RMMN Monitors data X X Y X KnY, YnM, YnS RMMN,
FNC 96 states of  series | \gte: Note: T,C,D,V,Z RMMNP:
(F'Q:If/I-SZRM CAM module -use | ;ses's uses 8 7 steps
with an
: consecu- |consecu-
monitor) FX2-24EI five tive
devices devices
\ PULSE-P 16 BIT OPERATION | 32 BIT OPERATION \

[FXow [ FXon | FX_[FXeo)FXence)

FXos) | FXon | FX_[FXeo)[FXenc)

FXO(s)[ FXON[ FX ]FX(ZC) ]FXZN(C)‘

[S]1[D1]1[D2]

}% ———{RMMN]| x40 | Y30 \D100}—{

Switch Operand Example| Data
#4 P value type
angle

ON D2 350 (degrees)
OFF gso | Speed
(r.p.m)

Operation:

The RMMN instruction is used to read speed
(r.p.m.) or current angular position from the F2-
32RM to an FX PLC. There it is stored at the
device specified by operand D2. The decision for
which data is read, i.e. speed or position is made
by the F2-32RM through its hardware switch #4.
The head address I/O numbers for both S and D1
are deter-mined by the position of the FX2-24EI
(connected to the F2-32RM) within the FX PLC’s
expansion chain.

For more information please see page 9-4.
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5.10.8 BLK (FNC 97)

‘FXO(S)‘ FXon ‘ FX |FX(2C) ‘FXZN(C)‘

) ) Operands
Mnemonic Function Program steps
S1 S2 D
BLK Identifies a block K, H X < Y X< BLK, BLKP:
FNC 97 number to the KnX, KnY, Note: Note: 7 steps
(F2-30GM F2-30GM - use KnM, uses 8 uses 8
Block) with an FX2-24El | KnS consecutive | consecutive
T.C DV, Z devices devices
\ PULSE-P 16 BIT OPERATION 32 BIT OPERATION

\FXO(s)| FXON| FX [FX(zc)]FXzN(C)

FXO(s)| FXON[ FX [FX(zc)]FXZN(C)

FXO(s)| FXON| FX ]FX(zc) ]FXzN(C)

[S1][S2][D]

H«F{ BLK |

KO\X40|Y30}—{

Points to note:

Operation:

The BLK instruction is used to designate a block
number (S1)to an F2-30GM pulse output unit
through a controlling FX PLC.

a) The head address I/0O numbers for both Sand D1 are determined by the position of the FX2-
24EI (connected to the F2-30GM) within the FX PLC’s expansion chain.

b) Effective block numbers which can be specified for S1 are 0 to 31 (in decimal). Data which is
to be used for S1 cannot be in a BCD format, i.e data should not be read directly in (using
KnX for example) from BCD thumbwheels.

c) When an F2-30GM is used and the BLK
instruction is not required, the program

M8000
opposite is needed to ensure the FX2-24El % BLK| K0 | x40 | YSO}—{
recognizes and operates correctly for the

connected F2-30GM.
d) For more information please see page 9-5.
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5.10.9 MCDE (FNC 98) ‘FXO(S)‘ FXon ‘ FX |FX(2C) ‘FXZN(C)‘

) ) Operands
Mnemonic Function Program steps
S D1 D2

MCDE Reads a set X Y X Y, M, S X MCDE,

FNC 98 codes from the Note: Note: Note: uses 64 | MCDEP:

(F2-30GM F2-30GM -use | ;5e5 8 uses 8 consecutive | / Steps

Machine with an FX2-24El | consecutive | consecutive | (numbered in

code) devices devices octal) devices

\ PULSE-P 16 BIT OPERATION 32 BIT OPERATION \

[FXO(s)[ FXon [ FX [FX(ZC) ]FXZN(C) FXO(s)[ FXon [ FX “:X(ZC) ]FXZN(C) FXO(s)[ FXon [ FX ]FX(ZC) ]FXZN(C)‘
Operation:

HXO ViGoE] ;jo] [5310]|[\/|2f)(1}—{ This instruction allows an FX PLC to read the

machine codes of an F2-30GM. There are 64
machine code points in the F2-30GM. These are

numbered in octal, i.e. 0 to 77 and are prefixed by
M.

Points to note:

a) The head address I/O number for both Sand D1 is determined by the position of the FX2-
24EI (connected to the F2-30GM) within the expansion chain.

b) When the F2-30GM operates a machine code (one of the MO to M77 devices), an
associated destination device (D2) is activated. D2 devices directly map to the machine
codes of the F2-30GM, i.e. when the F2-30GM activates M7, D2+7 (in octal) at the FX PLC
also activates. If the data used in the sample instruction above is used and M77 at the F2-
30GM is ON - so will (D2+77 an octal addition) M577 at the FX PLC be ON (while the MCDE
instruction is active).

¢) To make the associate numbering easy between FX and F2-30GM it is recommended that
the lower two digits of the head address used to specify D2 are zero, i.e.’+¥00’ when S or M
devices are used in the FX PLC.

d) For more information please see page 9-5.
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Applied Instructions: [FXos) | FXon | FX [FXec) [FXance]

1. Program Flow 5-4
2. Move And Compare 5-16
3. Arithmetic And Logical Operations (+, -, :,22)
4, Rotation And Shift 5:34
5. Data Operation 5-42
6. |mcws| High Speed Processing 5-52
7. Handy Instructions 5-66
8. |Fcw | External FX I/O Devices 5-80
9. |Fcw| External FX Serial Devices 5-94
10. External F2 Units 5-110
v 1. Floating Point 1 & 2 5-118
12. Trigonometry (Floating Point 3) 5-126
13. Data Operations 2 5-130
14. Real Time Clock Control 5-134
15. |mcimas| Gray Codes 5-142
16. |miczo2s| In-line Comparisons 5-146
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5.11  Floating Point 1 & 2 - Functions 110 to 129
Contents:
Floating Point 1 Page
ECMP - Float Compare FNC 110 5-119
EZCP - Float Zone Compare FNC 111 5-119
PAgAA S Not Available FNC 112 to 117
EBCD - Float to Scientific FNC 118 5-120
EBIN - Scientific to Float FNC 119 5-120
Floating Point 2
EADD - Float Add FNC 120 5-121
ESUB - Float Subtract FNC 121 5-122
EMUL - Float Multiplication FNC 122 5-122
EDIV - Float Division FNC 123 5-123
VCUCUX - Not Available FNC 124 to 126
ESQR - Float Square Root FNC 127 5-123
PPP- Not Available FNC 128
INT - Float to Integer FNC 129 5-124

Symbols list:

D - Destination device.
S - Source device.
m, n- Number of active devices, bits or an operational constant.
Additional numeric suffixes will be attached if there are more than one operand with the same
function e.g. D1, S3or for lists/tabled devices D3+o, S+9 etc.
MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a number, i.e.
positive = 0, and negative = 1.
LSB - Least Significant Bit.

Instruction modifications:

TETCUS -

YeveveP -
Dvevevy -

An instruction modified to operate in 32 bit operation.

An instruction operating in 16 bit mode, where ¢3¢ identifies the instruction
mnemonic.

A 16 bit mode instruction modified to use pulse (single) operation.

DweveweP - A 32 bit mode instruction modified to use pulse (single) operation.

7 - A repetitive instruction which will change the destination value on every scan unless
modified by the pulse function.

X - An operand which cannot be indexed, i.e. The addition of V or Z is either invalid or will

have no effect to the value of the operand.
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511.1 ECMP (FNC 110) ‘FXO(S)| FXon | FX |FX(ZC) IFXZN(C)‘
) ) Operands
Mnemonic Function Program steps
S1 ‘ S2 D

ECMP Compares two K, H - integer value automati- |Y, M, S DECMP,
FNC 110 floating point cally converted to floating point DECMPP:
Floating values - results of ) ) i Note: ) 13 steps

oint <, =and > are D - must be in floating point 3 consecutive
Compare) given format (32bits). devices are

used.

\ PULSE-P 16 BIT OPERATION 32 BIT OPERATION

‘FXO(S)[ FXon [ FX [FX(zc:) ]FXzN(C) FXO(s)[ FXon [ FX [FX(ZC) ]FXZN(C)

FXO(s)[ FXON[ FX ]FX(ZC) ]FXZN(C)‘

M8000 [S1] [S2] [D]

DEcMP] D12 [ D20 [ M16 |

M16
D20 < D12

M17
}7 D20 =D12

M18

D20 > D12

Points to note:

5.11.2 EZCP (FNC 111)

Operation:

The data of S1is compared to the data of S2. The
result is indicated by 3 bit devices specified with
the head address entered as D. The bit devices
indicate:

S2is less than < S1 - bit device D is ON
S2is equal to = S1 - bit device D+1is ON
S2is greater than > Sz1 - bit device D+2is ON

The status of the destination devices will be kept even if the ECMP instruction is deactivated.
Full algebraic comparisons are used: i.e. -

1.79 x 10 %7 is smaller than 9.43 x 10 “1°

‘ FXo(s) | FXon | FX | FX(2c) |FX2N(C)‘
) ) Operands
Mnemonic Function Program steps
S1 | S2 ‘ S3 D

EZCP Compares a float |K, H - integer value automatically |Y, M, S DEZCP,
FNC 111 range with a float | converted to floating point DEZCPP:
Floating value - results of ] ) ] Note: 3 13 steps

oint Zone |<,=and > are D - must be in floating point format | consecu-
Compare) given (32 bits). tive devices

Note: S1 must be less than S2 are used.

\ PULSE-P 16 BIT OPERATION 32 BIT OPERATION \

[FXow [ FXon [ FX_ [FXeo) [FXenie] FXow | FXon [ FX_ [FXeo)[FXenc)

FXos) [ FXon | FX_ [FXeo [FXenc)

M8000 [S1][S2]1[S3][D]

DEZzCP|D50] D60[D100] M50}

M50
D100 < D50,D60
M51
}— D100 0D50 0D6O

M52
D100 > D50,D60

Operation:

The operation is the same as the ECMP instruction
except that a single data value (S3) is compared to
a data range (S1- S2).

S3is less than S1and S2 - bit device D is ON

S3is between S1and Sz - bit device D+1is ON
S3is greater than Sz - bit device D+2is ON
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5.11.3 EBCD (FNC 118)

‘FXO(S)‘ FXon ‘ FX ‘FX(ZC) IFXZN(C)‘

) ) Operands
Mnemonic Function 3 5 Program steps
EBCD Converts floating |D - must be in floating |D - 2 consecutive DEBCD,
FNC 118 point number point format (32 bits). |devices are used DEBCDP:
(Float to format to scientific 9 steps
Scientific number format D - mantissa
conversion) D+1 - exponent.

PULSE-P

16 BIT OPERATION

32 BIT OPERATION |

\FXO(s)[ FXON[ FX [FX(ZC) ]FXZN(C)

FXO(s)[ FXON[ FX [FX(ZC)]FXZN(C)

FXO(s)[ FXON[ FX ]FX(ZC) ]FXZN(C)\

5.11.4 EBIN (FNC 119)

Operation:
Converts a floating point value at S into separate

X14
}—{DEBCD| D102 | D200

mantissa and exponent parts at D and D+1

(scientific format).

Points to note:

a) The instruction must be double word format. The destinations D and D-+1 represent the
mantissa and exponent of the floating point number respectively.

b) To provide maximum accuracy in the conversion the mantissa D will be in the range 1000 to
9999 (or 0) and the exponent D+1 corrected to an appropriate value.

c) E.g. S=3.4567 x 10 > will become D= 3456, D+1= -8

‘FXD(S)’ FXon ‘ FX ‘FX(ZC) |FX2N(C)‘

. ) Operands
Mnemonic Function s 5 Program steps
EBIN Converts scientific | D - 2 consecutive D - a floating point DEBIN,
FNC 119 number format to |devices are used value DEBINP:
(Scientific floating point (32 hits). 9 steps
to Float number format S- mantissa
conversion) S+1- exponent.

32 BIT OPERATION |

\ PULSE-P 16 BIT OPERATION
FXos) [ FXon | FX_[FXeo [FXenc)

[FXO(s)[ FXon [ FX [FX(ZC)]FXZN(C) FXO(s)[ FXon [ FX [FX(ZC)]FXZN(C)

Operation:

Generates a floating point number at D from
scientific format data at source S.

X15
}——{DEBM D202 [ D110

Points to note:

a) The instruction must be double word format. The source data Sand S+1 represent the
mantissa and exponent of the floating point number to be generated.

b) To provide maximum accuracy in the conversion the mantissa S must be in the range 1000
to 9999 (or 0) and the exponent S+1 corrected to an appropriate value.

c) E.g. S=5432, S+1= 12 will become D=5.432 x 10 °
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5.11.5

EADD (FNC 120) [FXos) [ FXon [ FX [FXac) [FXanc]

) ) Operands
Mnemonic Function Program steps
S1 S2 D
EADD Adds two floating | K, H - integer value automatically | D - a floating |DEADD,
FNC 120 point numbers converted to floating point point value DEADDP:
(Floating together (32 bits). 13 steps
Point D - must be in floating point
Addition) format (32 bits).
PULSE-P 16 BIT OPERATION 32 BIT OPERATION FLAGS poro 8020
orrow M8021
FXos) | FXon | FX [FXeec) [FXenie] FXors) | FXon | FX [FXeec)[FXeno)] FXats) [ FXon [ FX [FXcec)[FXenic Carry M8022
Operation:

X07 The floating point values stored in the source
}—‘DEADD|K52°°°| D106 [ D108 devices S1 and Sz are algebraically added and the
result stored in the destination device D.

Points to note:

a) The instruction must use the double word format; i.e., DEADD or DEADDP. All source data
and destination data will be double word; i.e. uses two consecutive data registers to store
the data (32 bits).

Except for K or H, all source data will be regarded as being in floating point format and the
result stored in the destination will also be in floating point format.

b) If a constant K or H is used as source data, the value is converted to floating point before
the addition operation.

c) The addition is mathematically correct: i.e., 2.3456 x 10 2 + (-5.6 x 10 1) = 2.34 x 10 2

d) The same device may be used as a source and as the destination. If this is the case then,
on continuous operation of the DEADD instruction, the result of the previous operation will
be used as a new source value and a new result calculated.

This will happen every program scan unless the pulse modifier or an interlock program is
used.

e) If the result of the calculation is zero “0” then the zero flag, M8020 is set ON.
If the result of the calculation is larger than the largest floating point number then the carry
flag, M8021 is set ON and the result is set to the largest value.
If the result of the calculation is smaller than the smallest floating point number then the
borrow flag, M8022 is set ON and the result is set to the smallest value.

For more information about the format of floating point number refer to page 4-46.
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5.11.6 EAUB (FNC 121)

‘FXO(S)| FXon | FX |FX(ZC) IFXZN(C)‘

. . Operands
Mnemonic Function Program steps
S1 S2 D
ESUB Subtracts one K, H - integer value automati- |D - a floating |DESUB,
FNC 121 floating point cally point value DESUBP:
(Floating number from converted to floating point (32 bits). 13 steps
Point another D - must be in floating point
Sub-traction) number format (32 bits).
PULSE-P 16 BIT OPERATION 32 BIT OPERATION FLAGS pLoro MB020
orrow M8021
FXO(s)] FXon [ FX [FX(ZC) ]FXZN(C) FXO(s)] FXoN [ FX [FX(2C) ]FXzN(C) FXO(s)] FXoN [ FX ]FX(2C) ]FXzN(c Carry M8022

Operation:

X17
}—{DESUB| D120 [K79124| D128

Points to note:

The floating point value of Sz is subtracted from the
floating point value of Siand the result stored in
destination device D.

All points of the EADD instruction apply, except that a subtraction is performed.

See page 5-122.

5.11.7 EMUL (FNC 122)

‘FXO(S)| FXon | FX |FX(2C) IFXZN(C)‘

) ) Operands
Mnemonic Function Program steps
S1 S2 D
EMUL Multiplies two K, H - integer value automati- |D - a floating |DEMUL,
FNC 122 floating point cally point value DEMULP:
(Floating numbers together | converted to floating point (32 hits). 13 steps
Point Mul-
tiplication) D - must be in floating point
format (32 hits).
\ PULSE-P 16 BIT OPERATION | 32 BIT OPERATION \

‘FXO(s)[ FXon [ FX [FX(ZC) ]FXzN(C) FXO(s)[ FXon [ FX [FX(ZC)]FXZN(C)

FXos) [ FXon | FX [FXeeo) FXene

)

Operation:

M12
———{pEmuL] D108 [K1000] D130

Points to note:

Point a, b, ¢c and d of the EADD instruction apply, except that a multiplication is performed.
See page 5-122.

The floating point value of Siis multiplied with the
floating point value of S2. The result of the
multiplication is stored at D as a floating point
value.
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5.11.8 EDIV (FNC 123)

‘FXO(S)| FXon | FX |FX(ZC) IFXZN(C)‘

) ) Operands
Mnemonic Function Program steps
S1 S2 D
EDIV Divides one K, H - integer value automati- |D - a floating | DEDIV,
FNC 123 floating point cally point value DEDIVP:
(Floating number by converted to floating point (32 bits). 13 steps
Point another.
Division) D - must be in floating point
format (32 bits).
PULSE-P 16 BIT OPERATION 32 BIT OPERATION \

[FXos) | FXon [ FX_[FXeo) [FXenc

FXO(s)[ FXON[ FX [FX(ZC)]FXZN(C)

FXO(s)[ FXON[ FX ]FX(ZC) ]FXZN(C)‘

X10

}——{DED|V| D128 | K500 | D106

-

Points to note:

Operation:

The floating point value of S1is divided by the
floating point value of S2. The result of the division
is stored in D as a floating point value. No
remainder is calculated.

Points a, b, c, d of the EADD instruction apply, except that a division is performed.

See page 5-122.

« If S2is 0 (zero) then a divide by zero error occurs and the operation fails.

°-1L9  ESQR(FNC 127) | FXos)| FXon | FX | FXeo) [FXanc)
. . Operands
Mnemonic Function S 5 Program steps

ESQR Calculates the K, H - integer value automati- |D - a floating DESQR,

FNC 127 square root of cally point value DESQRP:

(Floating a floating point converted to floating point (32 hits). 9 steps

Point value.

Square D - must be in floating point

Root) number format (32 bits).

] PULSE-P 16 BIT OPERATION 32 BIT OPERATION FLAGS | Zero M8020

[FXO(s)] FXon [ FX [FX(zc) ]FXZN(C) FXO(s)] FXon [ FX [FX(2<:) ]FXzN(C) FXO(s)] FXon [ FX ]FX(2<:) ]FXZN(C)

Operation:

M24
}—{DESQR| D302 | D510

Points to note:

A square root is performed on the floating point
value of Sand the result is stored in D.

Points a, b, ¢, d of the EADD instruction apply, except that a square root is performed.

See page 5-122.

« If S is negative then an error occurs and error flag M8067 is set ON.
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5.11.10 INT (FNC 129)

‘FXO(S)‘ FXon ‘ FX ‘FX(ZC) IFXZN(C)‘

FXo(s)] FXON[ FX [FX(zc)]FXzN(C)

FXO(s)| FXON[ FX [FX(zc)]FXzN(C)

FXO(s)| FXON[ FX ]FX(zc)|FX2N(c

FLAGS

) ) Operands
Mnemonic Function 3 5 Program steps
INT Converts a D - must be in floating | D - decimal format INT, INTP:
FNC 129 number from point number format 5 steps
(Float to floating point (always 32 bits). for INT, INTP - 16 bits
Integer) format to decimal DINT, DINTP:
format for DINT, DINTP - 32 |9 steps
bits
PULSE-P 16 BIT OPERATION 32 BIT OPERATION Zero M8020

Borrow M8021
Carry M8022

M25
—————[DINT [D510] D254

Points to note:
a) The source data is always a double (32 bit) word; a floating point value.

For single word (16 bit) operation the destination is a 16 bit value.
For double word (32 bit) operation the destination is a 32 bit value.

Operation:

The floating point value of S is rounded down to

the nearest integer value and stored in normal

binary format in D.

b) This instruction is the inverse of the FLT instruction. (See page 5-49)

c) If the result is O then the zero flag M8020 is set ON.
If the source data is not a whole nhumber it must be rounded down. In this case the borrow
flag M8021 is set ON to indicate a rounded value.
If the resulting integer value is outside the valid range for the destination device then an
overflow occurs. In this case the carry flag M8022 is set on to indicate overflow.

Note: If overflow occurs, the value in the destination device will not be valid.

2% MITSUBISHI

5-124



FX Series Programmable Controlers Applied Instructions 5

Applied Instructions: [FXos) | FXon | FX [FXec) [FXance]

1. Program Flow 5-4
2. Move And Compare 5-16
3. Arithmetic And Logical Operations (+, -, :,22)
4, Rotation And Shift 5:34
5. Data Operation 5-42
6. |mcws| High Speed Processing 5-52
7. Handy Instructions 5-66
8. |Fcw | External FX I/O Devices 5-80
9. |Fcw| External FX Serial Devices 5-94
10. External F2 Units 5-110
11. Floating Point 1 & 2 5-118
v 12 Trigonometry (Floating Point 3) 5-126
13. Data Operations 2 5-130
14. Real Time Clock Control 5-134
15. |mcimas| Gray Codes 5-142
16. |miczo2s| In-line Comparisons 5-146
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5.12  Trigonometry - FNC 130 to FNC 139

Contents:

Floating point 3 Page
SIN - Sine FNC 130 5-127
COS - Cosine FNC 131 5-128
TAN - Tangent FNC 132 5-128
TeUeU - Not Available FNC 133 to 139

Symbols list:
D - Destination device.
S - Source device.
m, n- Number of active devices, bits or an operational constant.
Additional numeric suffixes will be attached if there are more than one operand with the same
function e.g. D1, S3or for lists/tabled devices D3+o, S+9 etc.
MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a number, i.e.
positive = 0, and negative = 1.
LSB - Least Significant Bit.
Instruction modifications:

“¢veve - An instruction operating in 16 bit mode, where v¢v¢vk identifies the instruction
mnemonic.

wevexP - A 16 bit mode instruction modified to use pulse (single) operation.
Dweweve - An instruction modified to operate in 32 bit operation.
DweveweP - A 32 bit mode instruction modified to use pulse (single) operation.

- - A repetitive instruction which will change the destination value on every scan unless
modified by the pulse function.

X - An operand which cannot be indexed, i.e. The addition of V or Z is either invalid or will
have no effect to the value of the operand.
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5.12.1 SIN (FNC 130)

‘FXO(S)‘ FXon ‘ FX ‘FX(ZC) IFXZN(C)‘

) ) Operands
Mnemonic Function 3 5 Program steps
SIN Calculates the D - must be in floating |D - a floating point DSIN,
FNC 130 sine of a floating | point number format value DSINP:
(Sine) point value (32 bits).(radians) (32 bits). 9 steps
\ PULSE-P 16 BIT OPERATION | 32 BIT OPERATION \

[FXO(s)[ FXon [ FX [FX(ZC)]FXZN(C) FXO(s)[ FXon [ FX [FX(ZC)]FXZN(C) FXO(s)[ FXon [ FX ]FX(ZC)]FXZN(C)\

X03
FH—{ DSIN | D510 ] D314 }—‘

Points to note:

Contents:

This instruction performs the mathematical SIN
operation on the floating point value in S. The
result is stored in D.

a) The instruction must use the double word format: i.e., DSIN or DSINP. All source and

destination data will be double word; i.e
data (32 hits).

., uses two consecutive data registers to store the

The source data is regarded as being in floating point format and the destination is also in

floating point format.

b) The source value must be an angle between 0 to 360 degrees in radians; i.e.,

OO

Radian Angles
Below is an program example of how to cal

X001 MOVP| K45 | DO H
| X002 MOVP| K90 | DO H
M8200 | FLT | DO | D4 H

- DEDIV|K31415926|K1800000000] D20 |

————pemul D4 | D20 | D30 -

[S] [D]
—————— DSIN| D30 | D100 -

=

< S< 360°

culate angles in radians using floating point.

K45 degrees to DO
K90 degrees to DO

Convert DO to float in D4,D5

Calculate min radians (17180)

Store as a float in D20,D21

Calculate angle in radians in D30,D31
(deg® x 17180 = rads)

Calculate SIN of angle in D100
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5.12.2 COS (FNC 131)

‘FXO(S)| FXon | FX |FX(ZC) IFXZN(C)‘

) ) Operands
Mnemonic Function 3 5 Program steps
COS Calculates the D - must be in floating |D - a floating point DCOS,
FNC 131 cosine of a point number format value DCOSP:
(Cosine) floating point (32 bits). (32 bits). 9 steps
value
] PULSE-P 16 BIT OPERATION | 32 BIT OPERATION \

[FXO(s)[ FXON[ FX [FX(ZC)]FXZN(C)

FXos) [ FXon | FX [FXeo)FXene)

FXos) [ FXon | FX_[FXeo [FXenc)

X04
- {pcos[ D510 D316

Points to note:

Contents:

This instruction performs the mathematical COS
operation on the floating point value in S. The
result is stored in D.

All the points for the SIN instruction apply, except that COS is calculated.

See page 5-127.

5.12.3 TAN (FNC 132)

|FXos)| FXon | FX | FX@o) [FXan(e)

) ) Operands
Mnemonic Function 5 5 Program steps
TAN Calculates the D - must be in floating |D - a floating point DTAN,
FNC132 tangent of a point number format value DTANP:
(Tangent) floating point (32 bits). (32 hits). 9 steps
value
| PULSE-P 16 BIT OPERATION | 32 BIT OPERATION |

\FXO(s)[ FXON[ FX [FX(ZC) ]FXZN(C)

FXO(s)[ FXON[ FX [FX(ZC)]FXZN(C)

FXO(s)[ FXON[ FX ]FX(ZC) ]FXZN(C)\

X05
}——{ DTAN[ D510 [ D318

Points to note:

Contents:

This instruction performs the mathematical TAN
operation on the floating point value in S. The
result is stored in D.

All the points for the SIN instruction apply, except that COS is calculated.

See page 5-127.
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Applied Instructions: [FXos) | FXon | FX [FXec) [FXance]

1. Program Flow 5-4
2. Move And Compare 5-16
3. Arithmetic And Logical Operations (+, -, :,22)
4, Rotation And Shift 5:34
5. Data Operation 5-42
6. |mcws| High Speed Processing 5-52
7. Handy Instructions 5-66
8. |Fcw | External FX I/O Devices 5-80
9. |Fcw| External FX Serial Devices 5-94
10. External F2 Units 5-110
11. Floating Point 1 & 2 5-118
12. Trigonometry (Floating Point 3) 5-126
v 13 Data Operations 2 5-130
14. Real Time Clock Control 5-134
15. |mcimas| Gray Codes 5-142
16. |miczo2s| In-line Comparisons 5-146
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5.13 Data Operations 2 - FNC 140 to FNC 149

Contents:

Page
PRk kg Not Available FNC 140 to 146
SWAP - Float to Scientific FNC 147 5-131
PRk kg Not Available FNC 148 to 149

Symbols list:
D - Destination device.
S - Source device.
m, n- Number of active devices, bits or an operational constant.
Additional numeric suffixes will be attached if there are more than one operand with the same
function e.g. D1, S3or for lists/tabled devices D3+o, S+9 etc.
MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a number, i.e.
positive = 0, and negative = 1.
LSB - Least Significant Bit.
Instruction modifications:

s¢veve - An instruction operating in 16 bit mode, where v¢v¢v¢ identifies the instruction
mnemonic.

wevexP - A 16 bit mode instruction modified to use pulse (single) operation.
Dweweve - An instruction modified to operate in 32 bit operation.
DweveweP - A 32 bit mode instruction modified to use pulse (single) operation.

7 - A repetitive instruction which will change the destination value on every scan unless
modified by the pulse function.

X - An operand which cannot be indexed, i.e. The addition of V or Z is either invalid or will
have no effect to the value of the operand.
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5.13.1 SWAP (FNC 147)

|FXos)| FXon | FX | FX@o) [FXan(e)
) ) Operands

Mnemonic Function S Program steps
SWAP The high and low [KnY, KnM, KnS, T,C, D, V, Z SWAP,SWAPP
FNC 147 byte of the : 5 steps
(Byte designated DSWAP,
Swap) devices are DSWAPP:
> exchanged 9 steps
‘ PULSE-P 16 BIT OPERATION 32 BIT OPERATION ‘

[FXO(s)[ FXon [ FX [FX(ZC) ]FXZN(C) FXO(s)[ FXon [ FX [FX(ZC)]FXZN(C) FXO(s)[ FXon [ FX ]FX(ZC) ]FXZN(C)‘

X34
———SWAPP| D10

Points to note:

Contents:

The upper byte and the lower byte of the source
device are swapped.

This instruction is equivalent to operation 2 of FNC
17 XCH (see page 5-21).

a) In single word (16 bit) operation the upper and lower byte of the source device are
exchanged.

b) In double word (32 bit) operation the upper and lower byte of each or the two 16 bit devices
are exchanged.
Result of DSWAP(P) D10:

Values are in Hex for clarity |Before DSWAP| After DSWAP
Byte 1 1FH 8BH
D10
Byte 2 8BH 1FH
Byte 1 Can 35H
D11
Byte 2 35H Can

c) If the operation of this instruction is allowed to execute each scan, then the value of the
source device will swap back to its original value every other scan. The use of the pulse
modifier or an interlock program is recommended.

5-131
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MEMO
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Applied Instructions: [FXos) | FXon | FX [FXec) [FXance]

1. Program Flow 5-4
2. Move And Compare 5-16
3. Arithmetic And Logical Operations (+, -, :,22)
4, Rotation And Shift 5:34
5. Data Operation 5-42
6. |mcws| High Speed Processing 5-52
7. Handy Instructions 5-66
8. |Fcw | External FX I/O Devices 5-80
9. |Fcw| External FX Serial Devices 5-94
10. External F2 Units 5-110
11. Floating Point 1 & 2 5-118
12. Trigonometry (Floating Point 3) 5-126
13. Data Operations 2 5-130
v 14 Real Time Clock Control 5-134
15. |mcimas| Gray Codes 5-142
16. |miczo2s| In-line Comparisons 5-146
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5.14 Real Time Clock Control - FNC 160 to FNC 169

Contents:

Page
TCMP - Time Compare FNC 160 5-135
TZCP - Time Zone Compare FNC 161 5-136
TADD - Time Add FNC 162 5-137
TSUB - Time Subtract FNC 163 5-138
PAgA A Not Available FNC 164 to 165
TRD - Read RTC data FNC 166 5-139
TWR - Set RTC data FNC 167 5-140
TEICIC - Not Available FNC 168 to 169

Symbols list:
D - Destination device.
S - Source device.
m, n- Number of active devices, bits or an operational constant.
Additional numeric suffixes will be attached if there are more than one operand with the same
function e.g. D1, S3or for lists/tabled devices D3+o, S+9 etc.
MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a number, i.e.
positive = 0, and negative = 1.
LSB - Least Significant Bit.
Instruction modifications:

s¢veve - An instruction operating in 16 bit mode, where v¢v¢v¢ identifies the instruction
mnemonic.

wevexP - A 16 bit mode instruction modified to use pulse (single) operation.
Dweweve - An instruction modified to operate in 32 bit operation.
DweveweP - A 32 bit mode instruction modified to use pulse (single) operation.

7 - A repetitive instruction which will change the destination value on every scan unless
modified by the pulse function.

X - An operand which cannot be indexed, i.e. The addition of V or Z is either invalid or will
have no effect to the value of the operand.
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5.14.1 TCMP (FNC 160) ‘FXO(S)‘ FXon ‘ FX ‘FX(ZC) IFXZN(C)‘

) ) Operands
Mnemonic Function Program steps
S1 | S2 ‘ S3 S D
TCMP Compares two K, H, T,C,D |Y,M,S |TCMP,
FNC 160 times - results of |KnX, KnY, KnM, KnS, Note: TCMPP:
(Time <= and > are T, C, D, 3 consecutive 11 steps
Compare) | given V. Z devices are used.
| PULSE-P 16 BIT OPERATION | 32 BIT OPERATION |
[FXos [ FXon | FX_[FXeo) [FXenie)| FXow | FXon [ FX_ [FXeo)[FXene| FXos) [ FXon | FX [FXeec) FXen]
Contents:
10 [S1] [S2] [Se] [S] [D] :
P ToMP] K10 | K30 K50 DO | DO H S1, S2 and Ssrepresent hours, minutes and
MO seconds respectively. This time is compared to the
—— ON when D0,D1,D2 < 10:30:50 . . . .
M1 time value in the 3 data devices specified by the
F—— ON when D0,D1,D2 = 10:30:50 head address S. The result is indicated in the 3 bit
M2 ON when D0,01,02 > 10:30:50 devices specified by the head address D.

The bit devices in D indicate the following:

D+ois set ON, when the time in S is less than the time in S1, S2and Ss.
D+1is set ON, when the time in S is equal to the time in S1, S2 and Ss.
D+2is set ON, when the time in S is greater than the time in S1, S2and Ss.

Points to note:
a) The status of the destination devices is kept, even if the TCMP instruction is deactivated.
b) The comparison is based on the time value specified in the source devices.

- The valid range of values for Sland S+0is 0 to 23 (Hours).

- The valid range of values for S2and S+1 is 0 to 59 (Minutes).

- The valid range of values for S3and S+2 is 0 to 59 (Seconds).

c) The current time of the real time clock can be compared by specifying D8015 (Hours),
D8014 (Minutes) and D8013 (Seconds) as the devices for S1, S2 and Ss respectively.
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5.14.2 TZCP (FNC 161) ‘FXO(S)‘ FXon ‘ FX ‘FX(ZC) IFXZN(C)‘

: i Operands
Mnemonic Function Program steps
S1 S2 ‘ S D
TZCP Compares atime |T,C,D Y, M, S TZCP,
FNC 161 to a specified time | St must be less than or equal to S. TZCPP:
(Time range - results of  'Note- 3 consecutive devices are used forall |9 StePs
Zone <, =and > are
Compare) given
‘ PULSE-P 16 BIT OPERATION 32 BIT OPERATION ‘
[FXO(s)[ FXon [ FX [FX(ZC) ]FXZN(C) FXO(s)[ FXon [ FX [FX(ZC)]FXZN(C) FXO(s)[ FXon [ FX ]FX(ZC)]FXZN(C)\
Contents:
10 [S1] [S2] [S] [D] .
P T2CP[ D20 [D30 | DO [M15 H S1, S2 and S represent time values. Each
19— on when D0,01,02 < 020,021,022 specifying the head address of 3 data devices. S is
11— ON when D20,021,022 1D0,D1,02 D30,031,032 compared to the time period defined by S1 and S2.
%2 ON when D30,031,032 < DO,D1,02 The result is indicated in the 3 bit devices specified

by the head address D.

The bit devices in D indicate the following:

D+ois set ON, when the time in S is less than the times in S1 and S2.
D+1is set ON, when the time in S is between the times in S1 and S2.
D+2is set ON, when the time in S is greater than the times in Si1and Sz.

Points to note:
a) The status of the destination devices is kept, even if the TCMP instruction is deactivated.
b) The comparison is based on the time value specified in the source devices.

- The valid range of values for Sland S+0is 0 to 23 (Hours).

- The valid range of values for S2and S+1 is 0 to 59 (Minutes).

- The valid range of values for S3and S+2 is 0 to 59 (Seconds).
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5.14.3 TADD (FNC 162)

‘FXO(S)‘ FXon ‘ FX ‘FX(ZC) IFXZN(C)‘

. . Operands
Mnemonic Function Program steps
S1 | D

TADD Adds two time T,C,D TADD,
FNC 162 values together to TADDP:
(Time give a new time Note: 3 consecutive devices are used to represent | 7 steps
Addition) hours, minutes and seconds respectively.

PULSE-P 16 BIT OPERATION 32 BIT OPERATION FLAGS Zero M8020
FXO(s)] FXoN [ FX [FX(zc) ]FXZN(C) FXO(s)] FXon [ FX [FX(zc) ]FXzN(C) FXO(s)] FXon [ FX ]FX(zc) ]FXzN(c Carry M8022

[S1] [S2]

[D]

%1L{TSUB\ D10 | D20 | D30 H

Points to note:

a) The addition is performed according to standard time values. Hours, minutes and seconds

Contents:

Each of S1, S2 and D specify the head address of 3
data devices to be used a time value.
The time value in S1is added to the time value in

S2, the result is stored to D as a new time value.

are kept within correct limits. Any overflow is correctly processed.

b) If the addition of the two times results in a value greater than 24 hours, the value of the

S1 S2 D
D10: 10 hours D20: 30 hours D30: 13 hours
D11: 30 mins D21: 10 mins D31: 41 mins
D12: 27 secs * D22: 49 secs D32: 16 secs
10:30:29 03:10:49 13:41:16

result is the time remaining above 24 hours.

When this happens the carry flag M8022 is set ON.

c) If the addition of the two times results in a value of zero (0:00:00: O hours, 0 minutes, O
seconds) then the zero flag M8020 is set ON.

d) The same device may be used as a source (S1 or S2) and destination device. In this case
the addition is continually executed; the destination value changing each program scan. To

S1 S2 D
D10: 10 hours D20: 18 hours D30: 13 hours
D11: 17 mins D21: 12 mins D31: 41 mins
D12: 29 secs * D22: 34 secs D32: 16 secs
10:17:29 18:12:34 04:30:03
M8022 ON

prevent this from happening, use the pulse modifier or an interlock program.
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5.14.4 TSUB (FNC 163)

‘FXO(S)‘ FXon ‘ FX ‘FX(ZC) IFXZN(C)‘

) ) Operands
Mnemonic Function Program steps
S1 S2 | D

TSUB Subtracts one T,C,D TSUB,
FNC 163 time value from TSUBP:
(Time another to give a | Note: 3 consecutive devices are used. 7 steps
Subtrac- new time
tion)

PULSE-P 16 BIT OPERATION 32 BIT OPERATION FLAGS Zero M8020
FXO(s)] FXoN [ FX [FX(zc) ]FXZN(C) FXO(s)] FXoN [ FX [FX(zc) ]FXzN(c FXO(s)] FXoN [ FX ]FX(zc) ]FXzN(c Borrow M8021

[S1] [S2] [D]

%1L{TSUB\ D10 | D20 | D30 H

Points to note:

Contents:

Each of S1, S2 and D specify the head address of 3
data devices to be used a time value.

The time value in S1is subtracted from the time
value in S2, the result is stored to D as a nhew time

value.

a) The subtraction is performed according to standard time values. Hours, minutes and
seconds are kept within correct limits. Any underflow is correctly processed.

S1 S2 D
D10: 10 hours D20: 3 hours D30: 7 hours
D11: 30 mins D21: 10 mins _ | D31: 19 mins
D12: 27 secs - D22: 49 secs | D32: 38 secs
10:30:27 03:10:49 07:19:38

b) If the subtraction of the two times results in a value less than 00:00:00 hours, the value of
the result is the time remaining below 00:00:00 hours.

S1 S2 D
D10: 10 hours D20: 18 hours D30: 13 hours
D11: 17 mins D21: 12 mins _ | D31: 41 mins
D12: 29 secs - D22: 34 secs " | D32: 16 secs
10:17:29 18:12:34 16:04:55
M8021 ON

When this happens the borrow flag M8021 is set ON.

c) If the subtraction of the two times results in a value of zero (00:00:00 hours) then the zero
flag M8020 is set ON.

d) The same device may be used as a source (S1 or S2) and destination device. In this case
the subtraction is continually executed; the destination value changing each program scan.
To prevent this from happening, use the pulse modifier or an interlock program.
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5.14.5 TRD (FNC 166) | FXos)| FXon | FX | FXeo) [FXanc)

) ) Operands
Mnemonic Function 5 Program steps
TRD Reads the current | T, C, D TRD, TRDP:
FNC 166 value of the real 5 steps
(Time time clock to a Note: 7 consecutive devices are used.
Read) group of registers
PULSE-P 16 BIT OPERATION 32 BIT OPERATION ‘
[FXO(s)[ FXon [ FX [FX(ZC) ]FXzN(C) FXO(s)[ FXon [ FX [FX(ZC) ]FXZN(C) FXo<s)[ FXon [ FX ]FX(ZC) ]FXZN(C)\
Contents:
M34 [D] The current time and date of the real time clock are
}%% TRD ‘ D12 H read and stored in the 7 data devices specified by
the head address D.

The 7 devices are set as follows:

Device Meaning Values Device Meaning
D8018 Year 00-99 d D+0 Year
D8017 Month 01-12 ad D+1 Month
D8016 Date 01-31 O D+2 Date
D8015 Hours 00-23 d D+3 Hours
D8014 Minutes 00-59 O D+4 Minutes
D8013 Seconds 00-59 d D+5 Seconds
D8019 Day 0-6 (Sun-Sat) O D+6 Day

Points to note:

The year is read as a two digit number. This can be change to a 4 digit number by setting
D8018 to 2000 during the first program scan; see following program extract.

—— MOV |K2000/D8018

M8002 #

If this is done then the clock year should not be used during the first scan as it will be a two
digit number before the instruction and a value of 2000 after the instruction until the END

instruction executes. After the first scan the year is read and written as a 4 digit number.

‘ The FX-10DU-E, FX-20DU-E and FX-25DU-E only support a 2 digit year.

S
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5.14.6 TWR (FNC 167)

‘FXO(S)| FXon | FX |FX(ZC) IFXZN(C)‘

) ) Operands
Mnemonic Function S Program steps
TWR Sets the real time |T, C, D TWR, TWRP:
FNC 167 clock to the value 5 steps
(Time stored in a group |Note: 7 consecutive devices are used.
Write) of registers
PULSE-P 16 BIT OPERATION 32 BIT OPERATION ‘

[FXow [ FXon | FX_[FXeo) FXene)

FXO(s)[ FXON[ FX [FX(ZC)]FXZN(C)

FXo<s)[ FXON[ FX ]FX(ZC)]FXZN(C)\

[S]

M‘M‘ TWR |

D20 H

The seven devices

Contents:

The 7 data devices specified with the head ad-
dress S are used to set a new current value of the

real time clock.

Device Meaning Values Device Meaning
S+0 Year 00-99 g D8018 Year
S+1 Month 01-12 a D8017 Month
S+2 Date 01-31 O D8016 Date
S+3 Hours 00-23 g D8015 Hours
S+4 Minutes 00-59 g D8014 Minutes
S+5 Seconds 00-59 d D8013 Seconds
S+6 Day 0-6 (Sun-Sat) ad D8019 Day

Points to note:

This instruction removes the need to use M8015 during real time clock setting. When setting
the time it is a good idea to set the source data to a time a humber of minutes ahead and then
drive the instruction when the real time reaches this value.
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Applied Instructions: [FXos) | FXon | FX [FXec) [FXance]

1. Program Flow 5-4
2. Move And Compare 5-16
3. Arithmetic And Logical Operations (+, -, :,22)
4, Rotation And Shift 5:34
5. Data Operation 5-42
6. |mcws| High Speed Processing 5-52
7. Handy Instructions 5-66
8. |Fcw | External FX I/O Devices 5-80
9. |Fcw| External FX Serial Devices 5-94
10. External F2 Units 5-110
11. Floating Point 1 & 2 5-118
12. Trigonometry (Floating Point 3) 5-126
13. Data Operations 2 5-130
14. Real Time Clock Control 5-134
v | 15 |[Ficioars|  Gray Codes 5-142
16. |miczo2s| In-line Comparisons 5-146
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5.15 Gray Codes - FNC 170 to FNC 179

Contents:

Page
GRY - Decimal to Gray Code FNC 170 5-143
GBIN - Gray Code to Decimal FNC 171 5-143
TeUeU - Not Available FNC 172 to 177

Symbols list:
D - Destination device.
S - Source device.
m, n- Number of active devices, bits or an operational constant.
Additional numeric suffixes will be attached if there are more than one operand with the same
function e.g. D1, S3or for lists/tabled devices D3+o, S+9 etc.
MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a number, i.e.
positive = 0, and negative = 1.
LSB - Least Significant Bit.
Instruction modifications:

“¢veve - An instruction operating in 16 bit mode, where v¢v¢vk identifies the instruction
mnemonic.

wevexP - A 16 bit mode instruction modified to use pulse (single) operation.
Dweweve - An instruction modified to operate in 32 bit operation.
DweveweP - A 32 bit mode instruction modified to use pulse (single) operation.

- - A repetitive instruction which will change the destination value on every scan unless
modified by the pulse function.

X - An operand which cannot be indexed, i.e. The addition of V or Z is either invalid or will
have no effect to the value of the operand.
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5.15.1 GRY (FNC 170)

‘FXO(S)‘ FXon ‘ FX ‘FX(ZC) IFXZN(C)‘

) ) Operands
Mnemonic Function 3 5 Program steps
GRY Calculates the K, H, KnY, KnM, KnS, GRY,GRYP:
FNC 170 gray code value KnX, KnY, KnM, KnS, |T,C,D,V,Z 5 steps
(Gray of an integer T,C,D,V,Z DGRY,DGRYP
Code) 9 steps
\ PULSE-P 16 BIT OPERATION | 32 BIT OPERATION \

[FXO(s)[ FXon [ FX [FX(ZC)]FXZN(C) FXO(s)[ FXon [

FX_[FXec)[FXanio] FXow [ FXon | FX_ [FXeo [FXenc)

[ST I

D]

M45
% GRY K1234K3Y10H

Points to Note:

The nature of gray code numbers allows numeric values to be quickly output without the need
for a strobing signal. For example, if the source data is continually incremented, the new output
data can be set each program scan.

5.15.2 GBIN (FNC 171)

Operation:

The binary integer value in S is converted to the
GRAY CODE equivalent and stored at D.

‘FXO(S)‘ FXon ‘ FX ‘FX(ZC) IFXZN(C)‘

) ) Operands
Mnemonic Function S 5 Program steps
GBIN Calculates the K, H, KnY, KnM, KnS, GBIN,GBINP:
FNC 171 integer value of a |KnX, KnY, KnM, KnS, |T,C,D,V,Z 5 steps
(Gray gray code T,C D, V,Z DGBIN,
Code) DGBINP:
9 steps
‘ PULSE-P 16 BIT OPERATION 32 BIT OPERATION ‘

[FXos) [ FXon [ FX_ [FXec) [FXenic) FXow) | FXon |

FX [FX(ZC)]FXZN(C) FXo<s)[ FXON[ FX ]FX(ZC) ]FXZN(C)\

H24

[S]

[D]

GBIN [K3X20

D10 H

Points to Note:

This instruction can be used to read the value from a gray code encoder.
If the source is set to inputs X0 to X17 it is possible to speed up the reading time by adjusting
the refresh filter with FNC 51 REFF.

Operation:

The GRAY CODE value in S is converted to the
normal binary equivalent and stored at D.
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Applied Instructions: [FXos) | FXon | FX [FXec) [FXance]

1. Program Flow 5-4
2. Move And Compare 5-16
3. Arithmetic And Logical Operations (+, -, :,22)
4, Rotation And Shift 5:34
5. Data Operation 5-42
6. |mcws| High Speed Processing 5-52
7. Handy Instructions 5-66
8. |Fcw | External FX I/O Devices 5-80
9. |Fcw| External FX Serial Devices 5-94
10. External F2 Units 5-110
11. Floating Point 1 & 2 5-118
12. Trigonometry (Floating Point 3) 5-126
13. Data Operations 2 5-130
14. Real Time Clock Control 5-134
15. |mcimas| Gray Codes 5-142
v 16 |Ficz02s|  In-line Comparisons 5-146
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5.16 Inline Comparisons - FNC 220 to FNC 249

Contents:

Page
LD3d - LoaD compare FNC 224 to 230 5-119
ANDO - AND compare FNC 232 to 238 5-120
ORO - OR compare FNC 240 to 246 5-120

Symbols list:
D - Destination device.
S - Source device.
m, n- Number of active devices, bits or an operational constant.
Additional numeric suffixes will be attached if there are more than one operand with the same
function e.g. D1, S3or for lists/tabled devices D3+o, S+9 etc.
MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a number, i.e.
positive = 0, and negative = 1.
LSB - Least Significant Bit.

Instruction modifications:

s¢veve - An instruction operating in 16 bit mode, where v¢v¢v¢ identifies the instruction
mnemonic.

wevexP - A 16 bit mode instruction modified to use pulse (single) operation.
Dweweve - An instruction modified to operate in 32 bit operation.
Dweweve - A 32 bit mode instruction modified to use pulse (single) operation.

7 - A repetitive instruction which will change the destination value on every scan unless
modified by the pulse function.

X - An operand which cannot be indexed, i.e. The addition of V or Z is either invalid or will
have no effect to the value of the operand.
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5.16.1 LD compare

(FNC 224 to 230) | FXos)| FXon | FX | FXeo) [FXanc)

. ) Operands
Mnemonic Function S 5 Program steps

LDO Initial comparison |K,H, KnX, KnY, KnM, |K,H, KnX, KnY, KnM, |LD:
(LoaD contact. KnS, T,C,D,V, Z KnS, T,C,D,V, Z 5 steps
compare) Active when the

comparison DLD™:
where O s1(0s2is true. 9 steps
is =, >, <,
<> < 2

PULSE-P 16 BIT OPERATION 32 BIT OPERATION ‘

FXo(s)[ FXoN [ FX [FX(ZC)]FXZN(C) FXO(s)[ FXon [ FX \FX(ZC) |FX2N(C) FXO(s)[ FXon [ FX \FX(ZC) |FX2N(C)\

[S1] [S2]

H b= [K200] C10 | Y010
{10> [D200 | K30 |- ST [ Yot |-

- LD > |K678493/C200 | M50
M3

Operation:

The value of S1 and S2 are tested according to the comparison of the instruction. If the
comparison is true then the LD contact is active. If the comparison is false then the LD contact
is not active.

Points to note:

The LD comparison functions can be placed anywhere in a program that a standard LD
instruction can be placed. l.e., it always starts a new block.
(See page 2-3 for LD instruction)

S0 [ . Mnemonic - Active Inactive
16 bit 32 bit when when
224 LD = DLD = S1=52 S1#S2
225 LD > DLD > S1>S52 S1<82
226 LD < DLD < S1<82 S1282
228 LD <> DLD <> S1#8S2 S1=52
229 LD < DLD < S1<82 S1>82
230 LD = DLD = S12S52 S1< 82
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5.16.2 AND compare

(FNC 232 to 238) | FXos)| FXon | FX | FXeo) [FXanc)

. ) Operands
Mnemonic Function S 5 Program steps
ANDO Serial comparison |K,H, KnX, KnY, KnM, |K,H, KnX, KnY, KnM, |ANDJ:
(AND contact. KnS, T,C,D, V, Z KnS, T,C,D,V, Z 5 steps
compare) Active when the
comparison DAND:
where O S10S2is true. 9 steps
is =, >, <,
<> < 2
PULSE-P 16 BIT OPERATION 32 BIT OPERATION ‘

FXo(s)[ FXoN [ FX [FX(ZC)]FXZN(C) FXO(s)[ FXon [ FX \FX(ZC) |FX2N(C) FXO(s)[ FXon [ FX \FX(ZC) |FX2N(C)\

[S1] [S2]

X0 raND =] K200 | C10
A)*M—{AND > K-10 | DO || SET | Y011

X002

- DAND>|K678493] D10 |-——(M50)

M3

Operation:

The value of S1 and S2 are tested according to the comparison of the instruction. If the
comparison is true then the AND contact is active. If the comparison is false then the AND
contact is not active.

Points to note:

The AND comparison functions can be placed anywhere in a program that a standard AND
instruction can be placed. I.e., it is a serial connection contact.
(See page 2-6 for AND instruction)

= 0, _ Mnemonic _ Active Inactive
16 bit 32 bit when when
232 AND = DAND = S1=82 S1#£8S2
233 AND > DAND > S1>82 S1<8S2
234 AND < DAND < S1<8S2 S12>2S52
236 AND <> DAND <> S1#S2 S1=52
237 AND < DAND < S1<S2 S1> 82
238 AND 2= DAND = S1>2S52 S1<82
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5.16.3 OR compare

(FNC 240 to 246)

‘FXO(S)| FXon | FX |FX(ZC) IFXZN(C)‘

FXO(s)[ FXON[ FX M:X(ZC)IFXZN(C)

FXos) [ FXon | FX_ [FXeo) [FXene)

FXos) [ FXon | FX_[FXeo [FXenc)

X001
I Y000
[s1] [s2] Yoo
- OR=| K200| c10 |

X002

M30

- ORO | D100 |K100000]

M60

Operation:

The value of S1 and S2 are tested according to the comparison of the instruction. If the
comparison is true then the OR contact is active. If the comparison is false then the OR contact

is not active.
Points to note

The OR comparison functions can be placed anywhere in a program that a standard OR

instruction can be placed. l.e., it is a parallel connection contact.
(See page 2-7 for OR instruction)

= 0, _ Mnemonic _ Active Inactive
16 bit 32 bit when when
240 OR = DOR = S1=52 S1#S2
241 OR > DOR > S1>S2 S1<8S2
242 OR < DOR < S1< 82 S1=2852
244 OR <> DOR <> S1#8S2 S1=52
245 OR < DOR < S1<S2 S1> 82
246 OR 2 DOR 2 S1252 S1<82

. ) Operands
Mnemonic Function S 5 Program steps

ORO Parallel K,H, KnX, KnY, KnM, |K,H, KnX, KnY, KnM, |OR:
(OR comparison KnS, T,C,D,V, Z KnS, T,C,D,V, Z 5 steps
compare) contact.

Active when the DOR™:
where O comparison 9 steps
is =, >, <, S1 0 S2is true.
<> < 2

PULSE-P 16 BIT OPERATION 32 BIT OPERATION ‘
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6. Diagnostic Devices |FXos)| FXon | FX | FXeo) [FXanc)

The following special devices are used by the PLC to highlight the current operational status
and identify any faults or errors that may be occurring. There are some variations in the
application of these devices to members of the FX PLC family, these are noted where
appropriate.

The Internal diagnostic devices consist of both auxiliary (M) coils and data (D) registers.

Often there is a correlation between both M and D diagnostic devices for example M8039
identifies that the PLC is in constant scan mode but D8039 contains the value or length of the
set constant scan.

Devices unable to be set by user:
Any device of type M or D that is marked with a “(X )” cannot be set by a users program. In the

case of M devices this means the associated coil cannot be driven BUT all contacts can be
read. And for data devices (D) new values cannot be written to the register by a user BUT the
register contents can be used in a data comparison.

Default Resetting Devices:

+ Certain devices reset to their default status when the PLC is turned from OFF to ON.
These are identified by the following symbol “(«1)”.

Symbol summary:
e X not able to be set by user
« = automatically reset to default at power ON.
« =R Also reset to default when CPU is switched to RUN.
» =S Also reset to default when CPU is switched to STOP.
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6.1

@

PLC Status (M8000 to M8009 and D8000 to D8009)

’FXO(S)I FXon | FX ‘FX(ZC) IFXZN(C)‘

Diagnostic . Diagnostic .
Device Operation Device Operation
M8000 (X ) D8000 (=) FX, FX2c: 100ms
RUN monitor Watchdog FXo, FXos, FXoN, FX2N: 200ms
RUN i
NO contact Iput I timer Seenote 1
M8001 (X ) | ] D8001 (X ) 20Vwv FXo(s), FXoN, FX, FX2c
RUN monitor | M8081 error occurence ] PLC type and | version V.w
NC contact mMsooo [ [T version 24Vvv: FX2N version V.wv
0002: 2K steps
pircro i R R (N et
. 0008: 8K steps
M8002
NO contact capacity (see also D8102)
MB003 (X ) M8og3_| | 00H = RAM, 01H = EPROM,
Initial pulse _| | Program scan time D8003 (X ) 02H = EEPROM,
NG ?lt X Memory type | 0OAH = EEPROM (protected)
contac 10H = MPU memory
M8004 (X ) ON when one or more error D8004 (X ) The cont(_ents Qf this r(_ag|ster
¢ v¢ v identifies which error
Error flags from the range M8060 Error number . L _
to M8067 are ON M e 2 2 flag is active, i.e. if Yxv¥veve =
occurrence 8060 identifies M8060
M8005 On when the battery voltage D8005
Battery is below the value set in Battery E.g. 36 = 3.6 volts
voltage Low D8006 voltage
M8006 Latches the battery Low D800G The level at which a battery
Battery error Low battery .
error voltage low is detected
latch voltage
M8007 D8007 The number of time a momen-
Momentary Power failure  |tary power failure has occurred

power failure

count

since power ON.

D8008 The time period before shut
M8008 . .
. Power loss has occurred Power failure | down when a power failure
Power failure .
detection occurs (default 20ms)
. D8009 .
M8009 Power failure of 24V DC Lowest device affected by 24V
. 24V DC -
24V DC Down |service supply . . DC power failure
failed device

For symbol key see page 6-1.

Note 1:

« The contents of this register can be changed by the
user. Settings in 1 msec steps are possible. The
value should be set greater than the maximum scan
time (D8012) to ensure constant scan operation.

General note:

« When the power supply used is 200V AC, the power
down detection period is determined by the value of
D8008. This can be altered by the user within the
allowable range of 10 to 100msec.

M8007
Momentry power failure

M8008 [

Power failure

AC
wer |
M8000

Approx. 5mse
N

(9]

" D8008 (Power failure
10msec detection period)
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Clock Devices (M8010 to M8019 and
D8010 to D8019)

‘FXO(S)I FXon | FX ‘FX(ZC)IFXZN(C)‘

The following devices apply to FX

Diagnostic . Diagnostic .
Device Operation Device Operation
D8010 (X)) c N i e/
M8010 Reserved Present scan | -u'entoperation cycie Fscan
. time in units of 0.1 msec
time
M8011 (x ) D8011 (X ) . L
. . . Minimum cycle/ scan time in
10 msec Oscillates in 10 msec cycles Minimum units of 0.1 msec
clock pulse scan time '
Maximum cycle/ scan time in
M8012 . . D8012 .
(x) Oscillates in 100 msec . () units of 0.1 msec
100 msec Maximum e
cycles . (waiting time for constant scan
clock pulse scan time mode is not included)
M8013 (X )
1sec Oscillates in 1 sec cycles
clock pulse
M8014 (X )
1 min Oscillates in 1 min cycles
clock pulse

real time clock cassette is installed.

2N(c) PLC's and to FX on, FX and FX2c PLC’s when a

Seconds data for use with

Setting error

of range

[S)ngr? ds an RTC cassette (0 - 59)
(FXo(s), FXon see note 2)
D8014 Minute data for use with an
Minute data RTC cassette (0-59)
M8015 When ON - clock stops, ON D8015 Hour data for use with an RTC
Time setting < OFF restarts clock Hour data cassette (0-23)
M8016 When ON D8013 to 19 are D8016 Day data for use with an RTC
Register data | frozen but clock continues Day data cassette (1-31)
M8017 When pulsed ON set RTC D8017 Month data for use with an
Min. rounding |to nearest minute Month data RTC cassette (1-12)
M8018 (X ) When ON Real Time Clock D8018 Year data for use with an RTC
RTC available |[is installed Year data cassette (0-99)
M8019 Clock data has been set out D8019 Weekday data for use with an

Weekday data

RTC cassette (0-6)

For symbol key see page 6-1.

Note 2:

e For FXo, FXos PLC’s and FXON PLC's not fitted with a RTC, the register D8013
represents the value read from the first setting ‘pot’ in msec, range (0 to 255).
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Operation Flags

‘FX0(3)| FXon | FX |FX(2C) IFXZN(C)‘

Diagnostic . Diagnostic .
Device Operation Device Operation
M8020 (X ) Set when the result of an D8020 Input filter setting for devices
7 ADD (FNC 20) or SUB (FNC (FXo/FXos/ X000 to X007 default is 10
ero 21)is“0” FXon only) msec, (0-15)
Set when the result of a SUB Input filter setting for devices
'\B"8021 @) |(ENC 21) is less than the I;)FB)SZZI\(I:;C) ony) | X000 to X017 defautis 10
orrow min. negative number Y. msec, (0-15)
Set when ‘carry’ occurs dur-
M8022 (=) ing an ADD (FNC 20) or D8021 Input filter setting for devices
Carr when an overflow occurs as (FXo/FXos X010 to X017 default is 10
arry a result of a data shift opera- only) msec, (0-15)
tion
M8023 (=) Set to _enable f_Ioating point
Float operations. This flag can be
tion fl used with BCD, BIN, ADD,
operation lag | 5,5 MuL,DIV, SOR and
(FXzc only) FLT applied instructions
M8024 Reserved
M8025 ?;vshti?c(t.i):)\lnsH ircf:e (;'):rlzgeige-d%)
g’?t FX0S) | even when the external HSC D8022 -D8027 | Reserved
on) reset input is activated
M8026
(Not FXo(s), RAMP (FNC 67) hold mode
FXon)
M8027
80 PR (FNC 77) 16 element
(Not FXos), data string
FXon)
FXo(s), FXon: Change
timers T32 to T55 to 10ms
type Current value of the Z index
M8028 FX, FXac, FXan: enable D8028 (X) | egister
interrupts during FROM/
TO
M8029 (X ) Set on the completion of
Instruction operations such as DSW D8029 (X ) Current value of the V index
execution (FNC 72), RAMP (FNC 67) register
complete etc.

For symbol key see page 6-1.

General note regarding input filters

« The settings for input filters only apply to the main processing units which use 24V DC

inputs. AC input filters are not adjustable.
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6.4

PLC Operation Mode

(M8030 to M8039 and D8030 to D8039)

|FXos)| FXon | FX | FXeo) [FXane)

in ‘stop’ mode

PLC changes from RUN to
STOP and back into RUN

All of the physical switch

Forced STOP
signal

M8034 (=1) T :
gear for activating outputs is
All outputs )
) disabled. However, the pro-
disable .
gram still operates normally.
M8035 (=1S)
Forced By using forced operation
operation mode, i.e.M8035 is turned
mode ON, it is possible to perform
M8036 (=1S) remote RUN/STOP or
Forced RUN pulsed RUN/ STOP opera-
signal tion.
M8037 (=1S) Please see Chapter 10 for

example operation

M8038(«1)
RAM file
registers clear
(FX(2c) only)

Used to clear the contents of
the 2000 RAM file registers
of any data

D8032 -D8038

Diagnostic . Diagnostic .
Device Operation Device Operation
M8030 (=)
(E;;a:tlt:ery LED Battery voltage is low but D8030 (X ) Value read from first setting
(Not FXo(s) BATT.V LED not lit (FXon only) “pot” in msec, (0 to 255)
FXon)
M8031 (=) Current device settings are This register is L_Jsed as the
Non-latch reset at next END, i.e. con- D8030 3rd storage device when Z or
memory all tacts, coils and current data (Not FXo(s), \Y ha_s b(_aen selected as the
clear values for Y, M, S, T, C and FXon) Qestma_non for the SPD
D devices respectively. Spe- instruction (FNC 56)
M8032 (=1 cial devices which have
Latch m(err)wry default settings are D8031 (X ) \(alue reapl from second set-
all clear refreshed with those defaults (FXon only) ting “pot” in msec, (0 to 255)
The device statuses and set-
ngfos‘r;?()ﬂ d tings are retained when the

Reserved

M8039 (=v)
Constant
scan mode

When ON the PLC executes
the user program within a
constant scan duration. The
difference between the
actual end of the program
operation and the set con-
stant scan duration causes
the PLC to ‘pause’.

D8039 (=)
Constant
scan duration

This register can be written to
by the user to define the dura-
tion of the constant scan. Res-
olutions of 1msec are
possible.

This register has a default set-
ting 0 msec which will be initi-
ated during power ON.

For symbol key see page 6-1.
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6.5 Step Ladder (STL) Flags

(M8040 to M8049 and D8040 to D8049) (FXog)| Fon | FX_ [FXao) FXanc)

Diagnostic . Diagnostic .
Device Operation Device Operation

MB040 (=) When ON STL state trans- D8040 (X ).
STL transfer fer is disabled Lowest active
disable STL step

When ON STL transfer from
M8041 (=1S) initial state is enabled dur- D8041 (X )

. . . 2nd active
Transfer start | ing automatic operation STL state

(ref. IST FNC 60)
M8042 (1) A pulse output is given in D8042_(X )
Start pulse response to a start input 3rd active

(ref. IST FNC 60) STL state
M8043 (=1S) On during the last state of D8043 (X )
Zero return ZERO RETURN mode 4th active STL | Up to 8 active STL states,
complete (ref. IST FNC 60) state from the range SO to S899,
M8044 («1S) | ON when the machine zero D8044 (X ) are stored in D8040 to D8047
Zero point is detected 5th active STL |In ascending numerical order.
condition (ref. IST FNC 60) state (Updated at END)
M8045 (<4) Dlsat_)les the "all output re_set D8045 (X )
Al outout function when the operation 6th active STL
reset dFi)sabIe mode s changed state :

(ref. IST FNC 60)

ON when STL monitoring
M8046 (X ) has been enabled (M8047) 7Dt?10:((:5ti\(/); )STL
STL state ON | and there is an active STL

state

state
M8047 (=1) When ON D8040 to D8047 D8047 (X )
Enable STL are enabled for active STL 8th active STL
monitoring step monitoring state
M8048 (X ) ON when Annunciator moni-
Annunciator toring has been enabled
ON (Not FXo(s), | (M8049) and there is an D8048 Reserved
FXon) active Annunciator flag
M8049 (=1)
Enable When ON D8049 is enabled 38049t(X t) Stores the lowest currently
Annunciator for active Annunciator state A?]vr:/eiczcic;\r/e active Annunciator from the
monitoring monitorin (No;JFXIO S range S900 to S999
(Not FXo(s), 9 EXON ) (Updated at END)
FXon) )

For symbol key see page 6-1.

General note:

» All STL states are updated when the END instruction is executed.
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6.6

Interrupt Control Flags

(M8050 to M8059 and D8050 to D8059)

|FXos)| FXon | FX | FXeo) [FXane)

Diagnostic . Diagnostic .
Device Operation Device Operation
M8050 (=1) When the EI (FNC 04)
004 disable instruction is driven in the
M8051 (=1) user program, all interrupts
1100 disable | are enabled unless the spe- D8050 -D8059 | Reserved
cial M devices noted here
:\2335;5(;:&.3 are driven ON. In that case
for each special M coil that is
ON, the associated interrupt
M8053 (=) is disabled, i.e. will not oper-
1300 disable | &€
Note A denotes all types of
that interrupt

The following assignments only refer to
FX, FX2c FXa2n(c) PLC's

The following assignments only refer to
FXo, FXos and FXoN PLC's

M8054 (=1)
1400 disable M8054 Reserved
M8055 (=1)
1500 disable M8055 Reserved
M8056 (=) When the EI (FNC 04) M8056 (=) When the leading edge of a
I600 disable | instruction is driven in the X0 pulse catch |pulse is received at an input
M8057 (=) user program, all interrupts M8057 (1) from the range X0 to X3 the
1700 disable | '€ enabled unless the spe- X1 pulse catch |associated M device detailed
cial M_dewces noted here here is set ON. By resetting
M8058 (=) are driven ON. In that case M8058 (=1) the same device within the
I8 disable | for each special M coil that is X2 pulse catch | |- orogram the next pulse
.ON’. the ass_omatgd Interrupt occurrence will again set the
M8059 (1) ;gsabled, I.e. will not oper- M coil ON. IHence,'fast input
1010 to 1060 i pulses are 'caught' and
' Note LI denotes all types of stored. This operation contin-
disabled as a that interrupt M8059 (=) | ¢
single group X3 pulse catch ues regardless of any El
(FX(zc), FXon _(FNCOA}) and DI (FNC 5)
only) instructions.
For FX, FX2c, FX2N operation
see page 6-12

For symbol key see page 6-1.
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6.7 Error Detection Devices

(M8060 to M8069 and D8060 to D6069) (FXog)| Fon | FX_ [FXao) FXanc)

Diagnostic Ol Diagnostic Operation
; ] PROG.E| PLC ;
Device Detection LED | STATUS Device
M8060 (X )
li/(?nconflgura- D8060 (X ) The first I/O number of the unit
error While the OFF RUN (Not FXo(s), or block causing the error -
FXoN See note 3
(Not FXo(s), PLC is in )
FXon) RUN
M8061 (X ) Error code for hardware error -
PLC hardware Flash |STOP D8061 (X ) See also appropriate PLC
error hardware manual
M8062 (X )
E()err::;iication \s/}/hr?a?l fe:om D8062 (X ) Error code for PC/HPP Com-
9 : (Not FXo(s), munications error -See appro-
error the HPP is FXon) riate error code table
(Not FXo(s), received P
FXon)
When
paired sta- |OFF  |RUN _
M8063(X )(=4R) | tions sig- Error code for parallel link
parallel link/ nal is D8063(X )(-R) error - See also hardware
Agrlg eerrol? received or (Not FXo(s manual. Also identification of
Not EX0(S ADP com- EXON ) % ¢ xADP communication
(No ), . ) error - See also FX-485PC-IF
FXon) munica- users manual
tions are in
error
M8064 (X ) When the Error code identifying parame-
Parameter program is D8064 (X ) ter error - See appropriate
error changed error code table
M8065 (X ) (PLCin Error code identifying syntax
Svnt STOP)and Flash |sToOP D8065 (X ) error - See appropriate error
yntax error when a code table
program is Error code identifying program
M8066 (X ) transfer- i ving prog
Proaram ] D8066 (X ) construction error
g red (PLCin See appropriate error code
error STOP) table
M8067(X )(=R) Error code identifying opera-
Operation . D8067(X )(=R) |tion error. See appropriate
While in
error - error code table
M8068 (=9 PLCisin OFF RUN
Pzs |
RUN i
Operation D8068 (=4) Operation error step number
latched
error latch
:\;lg%ii (::r)or Step numbers for found errors
See note 4 |- - D8069(X )(=1R) | corresponding to flags M8065
(Not FXo(s),
to M8067
FXon)
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For symbol key see page 6-1.

* Please see the following page for the notes referenced in this table.

Note 3:
@  If the unit or block corresponding to a programmed

I / O number is not actually loaded, M8060 is set to
ON and the first device number of the erroneous
block is written to D8060.

Note 4:

* An I/O bus check is executed when M8069 is
turned ON. If an error occurs, error code 6103 or
6104 is written to D8069 and M8061 is turned ON.

General note:

» HPP refers to Handy programming panel.

Contents of

[lol2]6] -x20

t Device number:
10 to 177
Device type:

1-Input X
0 - Output Y

6.8 Link And Special Operation
. FX FXon | FX |FXc) [FXanc
Devices (M8070 to M8099 and D8070 to DS099) [FXo)| [ FX_|FXeo) [FXanc)
Diagnostic . Diagnostic .
Device Operation Device Operation
Driven when the PLC is & Parallel link watchdog time -
M8070 (=1R) master station in a parallel D8070 (X ) 9
. S 500 msec
link application
Driven when the PLC is a
M8071 (=R) slave station in a parallel
link application
MS072 (X ) _ON_WhlIe the PL_C is operat-
ing in a parallel link
ON when M8070/ M8071 D8071 - D8098 | Reserved
M8073 (X ) are incorrectly set during
parallel link operations
M8074 . ' :
(EX(2C) only) Activate RAM file registers
M8075 -M8098 | Reserved
Free ring timer, range: 0 to
M8099 (=4) Hl_gh speed free timer oper- DS099 32,767 in units of Q.l msec
ation > (for use in measuring input
pulse durations)

For symbol key see page 6-1.
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6.9 Miscellaneous Devices

(M8100 to M8119 and D8100 to D8119) |FXots)| FXon | FX_|FXeo)[FXano)

Diagnostic . Diagnostic .
Device Operation Device Operation

0002: 2K steps
|[\)/|81rr?2r ) 0004: 4K steps
Ce oiy 0008: 8K steps

apacity 0016: 16K steps

M8109 (X ) Output refresh error D8109 (X ) Output refresh error device
P number; 0, 10, 20, etc.

6.10 Communication Adapter
Devices, i.e. 232ADP, 485ADP
(M8120 to M8129 and D8120 to D8129)

|FXos) | FXon | FX | FXec) [FXano)

D|agn(_)st|c Operation D|agnc_)st|c Operation
Device Device
FXON only setting data L
M8120 backup flag for 485 network D8120 Communications format
RS- Data transmission Local station number for 485
MB121(X )(=4R) delayed D8121 data network
. RS- Amount of remaining data
M8122 (=R) RS- Data transmission flag D8122(X )(=1R) o0 be transmitted
M8123 (=iR) | Finished receiving data D8123(X )(=1R) RS - Amount of data already
received
M8124 . . RS - Data header, default STX
(FX/EX2C only) RS- Carrier detection flag D8124 (02H)
232ADP - Data terminator,
M8125 Reserved D8125 default ETX (03H)
M8126 RS485 - global flag D8126 Reserved
M8127 RS485 - On Demand hand- D8127 RSL_185 - O_n Demand head
shake flag device register
M8128 RS485 - On Demand error D8128 RS485 - Qn Demand data
flag length register
RS485 - On Demand Byte/ " ,
M8129 Word flag, D8129 Erﬁgfsjia network ‘time-out
ON = Byte, OFF= Word
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6.11  High Speed Zone Compare
Table Comparison Flags

(M8130 to M8139 and D8130 to D8139)

‘FXO(S)| FXon | FX ’FX(ZC) IFXZN(C)‘

Diagnostic

Diagnostic

instruction

Device Operation Device Operation
. Contains the number of the
Selects comparison tables current record beind pro-
M8130 to be used with the HSZ D8130 (X )(=1) gp

cessed in the HSZ compari-
son table

M8131 (X )(=)

Identifies when the HSZ
comparison table has been
processed.

D8131 (X )(=9)

Contains the number of the
current record being pro-
cessed in the HSZ compari-
son table when the PLSY
operation has been enabled

M8132

Selects the use of the PLSY
instruction with the HSZ
comparison tables

D8132 (X )(=1)

Contains the source (output
pulse frequency) data for the
PLSY instruction when used
with the HSZ comparison
table

Identifies when the HSZ
comparison table (when

For symbol key see page 6-1

(FXan(c) only)

M8133 (X )(=9) used with the PLSY instruc- D8133 Reserved
tion) has been processed.
Contains a copy of the value
for the current comparison

D8134 when the HSZ comparison

D8135 table and combined PLSY out-

(X ) (=) put are used. This data is only
available in 32 bit or double
word format.

mgigg Reserved Contains the total number of

D8136 pu_lses that have been output

D8137 using the PLSY (or PI__SR)

X ) (=) instruction. This data is only
available in 32 bit or double
word format

Bgigg i Reserved
Contains the total number of

D8140 pulses that have been output

D8141 to YO using the PLSY or PLSR

(X ) (=) instructions. This data is only

available in 32 bit or double
word format.

Contains the total number of

D8142 pulses that have been output
D8143 to Y1 using the PLSY or PLSR
(X)) (=) instructions. This data is only

(FXan(c) only)

available in 32 bit or double
word format.
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Miscellaneous Devices (M8160 to M8199)

‘FXO(S)| FXon | FX ’FX(ZC)IFXZN(C)‘

X4 pulse catch

stored. This operation
requires the EI (FNC04)

(+ RAMP = SER)

M8176 -M8179

Reserved

M8175 (=R) instruction to be active. For M8194
X5 pulse catch | details of FX0,FX0s and FXON (+ RAMP = RS)
operation see page 6-7
M8195

(+ FMOV = CCD)

M8196
(+FMOV = ASCI)

M8197
(+FMOV = HEX)

Dlgger:l(i)Csetlc Operation D'gger:l?:etlc Operation
Selection of XCH operation
M8160 to swap bytes in a single M8180 Reserved
data word
Selection of 8 bit operations
M8161 for applied instructions ?I/l(?llc?)l
ASC, RS, ASCI, HEX, CCD
High speed mode for the MB182 These spemal M coils can be
M8162 PRUN instruction, 2 data 020 entered into the HSCS (FNC
words Read/write only (1020) 53) and HSCR (FNC
M8183 54)instructions instead of the
M8163 -M8166 | Reserved (1030) associated Interrupt Pointers
- - when using old version of pro-
_Selectlon of hexadecimal M8184 gramming software or hand
M8167 input m_ode for the HKY (1040) held programmers.
|nstruc't|on More details on this can be
Selection of BCD mode for M8185 found in the ‘Introduction’ to
M8168 use with the SMOV instruc- (1050) this manual.
tion
M8186
M8169 Reserved (1060)
M8170 (=1R) When the leading edge of a
X0 pulse catch |pulse is received at an input M8187 -M8189 | Reserved
M8171 (=R) from the range X0 to X5 the M8190
X1 pulse catch assogiated M device detgiled (+ MOV = SQR)
M8172 (=R) :‘hegifmsftdg\i\i'(‘:eBa’vi;ﬁffmg M8191 These special M coils modify
X2 pulse catch | . program the next pulse (+ MOV =FLT) |the instruction noted in the
M8173 («<1R) | occurrence will again set the M8192 brackets as ‘+ ¢3¢ 3%’ to per-
X3 pulse catch | M coil ON. Hence, fast input (+SMOV=SORT) | form the same task as the
M8174 (@.R) pu|ses are ‘Caugh[’ and M8193 instruction mnemonic identi-

fied as ‘= v¢v%3%’. Thisis to
allow old versions of program-
ming software or hand held
programmers to access the
higher functions introduced on
the FX CPU ver 3.07 and the
FX2c units. More details on
this can be found in the ‘Intro-
duction’ to this manual.

When this device is set ON it
reverses the operation of the
Source and Destination devices

M8198 specified in the instruction.
More details on this can be
found in the ‘Introduction’ to this
manual.

M8199 Reserved

For symbol key see page 6-1.
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6.13

Index Registers (D8180 to D8199)

‘FXO(S)| FXon | FX ’FX(ZC) IFXZN(C)‘

Diagnostic . Diagnostic .
Device Operation Device Operation
D8180 D81 Z5i [
x) Reserved 8190 (X ) 5 |_ndex reg|.ster
D8181 (X ) D8191 (X ) V5 index register
D8182 (X ) Z1 index register D8192 (X ) Z6 index register
D8183 (X ) V1 index register D8193 (X ) V6 index register
D8184 (X ) Z2 index register D8194 (X ) Z7 index register
D8185 (X ) V2 index register D8195 (X ) V7 index register
D8186 (X ) Z3 index register D8196 (X )
D8187 (X ) V3 index register D8197 (X )
- - Reserved
D8188 (X ) Z4 index register D8198 (X )
D8189 (X ) V4 index register D8199 (X )
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6.14  Up/Down Counter Control
FX FX FX |FXc)|FX2
(M8200 to M8234 and M8200 to D8234) [Fors| Fon | FX_ [FXzo) [FXanc)
Diagnostic . Diagnostic .
Device Operation Device Operation
When M8vsw¢v¥ is operated,
counter Cv¢veve functions as
M8200 - a down counter. When
M8234 (=) M8+ ¢ is not operated the D8200 -D8234 | Reserved
associated counter oper-
ates as an up counter
For symbol key see page 6-1.
6.15 High Speed Counter Control
FX FX FX | FXc) |FX
(M8235 to M8255 and D8235 to D8255) [FXos)| FXon | | FXec) [PXanic)
Diagnostic . Diagnostic .
Device Operation Device Operation
When M8v¢ ¢ w¢ is operated,
the 1 phase high speed
counter Cvevevk functions as
a down counter. When
?2:3)235 "M8245 | Mg 2k is not operated the
associated counter oper-
ates as an up counter.
The available counters
depends upon the PLC type.
D8235 -D8255 |R d
When M8vsw¢v¥ is operated, eserve
the 2 phase high speed
counter Cv¢veve functions as
a down counter. When
M8246 - M8255 | V152 2 iss not operated the
(X )(=9) : ]
associated counter oper
ates as an up counter.
The available counters
depends upon the PLC type.
For symbol key see page 6-1.
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6.16

Error Code Tables

’FXO(S)I FXON| FX \FX(zc) |FX2N(C)‘

Error DeFectlon Stored Error Associated Meaning Action
Device Number
0000 No error
6101 RAM error Check the cable connec-
6102 Operation circuit error tion between the pro-
D8061 — gramming device and
PLC Hardware 6103 1/0 bus error (M8069 = ON) the PLC
error 6104 Extension unit 24V failure (M8069=0N)
Program execution time
6105 Watch Dog Timer error has exceeded the WDT
time value set in D800O0.

Error DeFection Stored Error Associated Meaning Action
Device Number

0000 No error
D8062 6201 Parity/ overrun/ framing error Check the cable connec-
PC/HPP 6202 Communications character error tion between the pro-
communica- 6203 Communication data sum check error | gramming device and
tions error 6204 Data format error the PLC

6205 Command error

Error Detection

Stored Error

Associated Meaning

Note

Device Number
0000 No error
6301 Parity/ overrun/ framing error
6302 Comms character error Check bqth power and
communications con-
6303 Comms data sum check error nections
6304 Comms data format error Special note regarding
D8063 Command error the 485 network:
Serial communi- 6305 485 Network - received command other | Because these errors
cation errors than GW (global) when station number |are not transmitted
was FF through the network,
6306 Watchdog timer error tbheﬁlm“SF be monitored
6312 Parallel link character error y the unit acting as
_ Master to the network
6313 Parallel link data sum check error
6314 Parallel link data format error

2% MITSUBISHI

6-15




FX Series Programmable Controller

Diagnostic Devices 6

Error Detection

Stored Error

Device Number Associated Meaning Action

0000 No error

6401 Program sum check error

6402 Memory capacity setting error
D8064 6403 Latched device area setting error STOP the PLC, select
Parameter 5404 Comment area setfing error the parameter mode, set
error the correct data

6405 File register area setting error

6406 - 6408 |Reserved
6409 Other setting error

Error Detection

Stored Error

Associated Meaning

Action

assigned inputs overlap

Device Number
0000 No error
6501 Incqrrect instruction/ Qevice symbol/
device number combination
6502 No timer or counter coil before setting
value
1) No setting value following either a
6503 timer ora counter coil
2) Insufficient number of operands for an
applied instruction
1) The same label number is used more |During programming,
than once each instruction is
D8065 6504 2) The same interrupt input or high checked as it is entered.
Syntax error speed counter input is used more than | If @ syntax error is
once detected, re-enter the
6505 Device number is outside the allowable | nstruction correctly
range
6506 Invalid applied instruction
6507 Invalid P assignment
6508 Invalid | assignment
6509 Other error
6510 MC nesting (N) number error
6511 Interrupt and high speed counter
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Error Detection | Stored Error
Device Number

0000 No error

LD and LDl is used continuously 9 or
more times in succession

1) No LD/ LDl instruction.
Unauthorized use of the LD / LDI,
AND / ANl instructions

2) The following instructions are not con-

6602 nected to the active bus line:
STL, RET, MCR, (P)ointer, (I)nterrupt,
El, DI, SRET, IRET, FOR, NEXT,
FEND and END

3) When MPP is missing

MPS is used continuously more than 12
times

Unauthorized use of the MPS/ MRD/
MPP instructions

1) A single STL branch drives 9 or more
parallel circuits
6505 2) MC/ MCR or (I)nterrupts are desig-
nated within an STL state
Crech eror e s oesn oesignaed or's | specifed.Solect pro-
gramming mode and

1) No (P)ointer/ (I)nterrupt correct the identified
2) No SRET/ IRET error.

3) An (Dnterrupt/ SRET or IRET has
been designated within the main body
of the program

4) STL/ RET/ MC or MCR have been
designated within either a subroutine
or an interrupt routine

1) Unauthorized use of FOR - NEXT.
6 or more levels have been desig-
nated

6607 2) The following instructions have been
designated within a FOR -NEXT loop:
STL/ RET/ MC/ MCR/ IRET/ SRET/
FEND or END

1) Unauthorized MC/ MCR relationship

2) Missing MCR NO

3) SRET/IRET or an (I)nterrupt has been
designated within an MC/ MCR block

6609 Other error

Associated Meaning Action

6601

6603

6604

A circuit error occurs if a
combination of instruc-
tions is incorrect or badly

6606

6608

Continued on next page...
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Error Detection

Stored Error

Device Number Associated Meaning Action
6610 LD, LDl is used continuously 9 or more
times in succession
6611 Number of LD/LDI instructions is fewer
than ANB/ORB instructions
6612 Number of LD/LDI instructions is more
than ANB/ORB instructions
6613 MPS is used continuously more than 12
times
6614 MPS instruction missing
6515 MPP instruction missing
Unauthorized use of the MPS/ MRD/
6616 : L ) Lo
MPP instructions; possible coil missing
One of the following instructions is not
connected to the active bus line: STL,
6617 RET, MCR, (P)ointer, (I)nterrupt, El, DI,
SRET, IRET, FOR, NEXT, FEND and
END
STL/ RET/ MC or MCR programmed L )
6618 within either a subroutine or an interrupt | Circuit error occurs if a
routine combination of instruc-
D8066 invalid instuch Jwith tions is incorrect or badly
Circuit error 6619 Fn(\J/aRI ll\InEsxr_LIJ_clégr;.programme within a specified.
(FXzan(c) only) - : Select programming
STL/ RET/ MC/ MCR/ I/ IRET/ SRET mode and correct the
6620 FOR - NEXT nesting exceeded identified error.
Unmatched number of FOR and NEXT
6621 . .
Instructions
6622 NEXT instruction not found
6623 MC instruction not found
6624 MCR instruction not found
A single STL branch drives 9 or more par-
6625 =
allel circuits
Invalid instruction programmed within an
6626 STL - RET block:
MC/ MCR/ I/ IRET/ SRET
6627 RET instruction not found
I/ SRET/ IRET incorrectly programmed
6628 o )
within main program body
6629 P or | label not found
6630 SRET or IRET not found
6631 SRET programmed in invalid location
6632 IRET programmed in invalid location
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Error DeFchon Stored Error Associated Meaning AT
Device Number
0000 No error
1) No jump destination for CJ or CALL
instructions These error occur during
2) Alabel is designated in a block that | the execution of an oper-
6701 ; ) p
comes after the END instruction ation.
3) Anindependent label is designated in | \when an operation error
a FOR-NEXT loop or a subroutine occurs, STOP the PLC
6 or more CALL instructions have been |enter programming ode
6702
nested together and correct the fault.
6703 3 or more interrupts have been nested Note: operation errors
together can occur even wher_1 the
88067{ 6704 6 or more FOR - NEXT loops have been _syntax or circuit design
peration nested together is corrept, e.g.
error . . _ — D500Z is a valid state-
An incompatible device has been speci- ment within an EX PLC
6705 fied as an operand for an applied instruc- But if Z had a value of '
tion 100, the data register
A device has been specified outside of D600 would be
6706 the allowable range for an applied instruc- | attempted to be
tion operand accessed. This will
6707 A file register has been accessed which is | cause an operation error
outside of the users specified range as there is no D600
6708 FROM/ TO instruction error device available.
6709 Other error, i.e. missing IRE/ SRET, unau-
thorized FOR - NEXT relationship
i i < >
6730 Sampl.mg time Ts (Ts<0 or >32767) The identified parameter
6732 Input filter value a (a<0 or >=101) is specified outside of its
6733 Proportional gain Kp (Kp<0 or >32767) allowable range
6734 Integral time constant Ti (Ti<0 or >32767) | Execution ceases PID
6735 Derivative gain Kb (Kp<0 or >=101) instruction must be reset
— before execution will
6736 Derivative time constant TD resume
(Tp<0 or >32767)
L . TS is set to program
6740 S;r;}pgggrfl?ne]gs is less than the pro scan time -
9 ' Execution will continue.
D8067 6742 Current value A exceeds its limits Data affected resets to
(F;ID i 6743 Calculated error € exceeds its limits the nearest limit value.
peration T For all errors except
6744 Integral result exceeds its limits o
error gra’ rest” > TS 6745, this will either be a
6745 Derivative gain over, or differential value minimum of -32768 or a
exceeds allowable range maximum of +32767
6746 Derivative result exceeds its limits Execution will continue.,
6747 Total PID result exceeds its limits but user shquld reset
PID instruction.
6750 SV - PV ;< 150, or system is unstable The error fluctuation is
(SV - PV has wide, fast variations) outside the normal oper-
6751 Large Overshoot of the Set Value g’uon '"T“‘S for the P.ID
instruction. Execution
6752 Large fluctuations during Autotuning Set |ceases. PID instruction
Process must be reset.
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7. Execution Times And Instructional
. ’FXO(S)I FXoN | FX ‘FX(ZC)‘FXZN(C)‘
Hierarchy
7.1 Basic Instructions
Execution Time in psec
. FX
: Object FX
Mnemonic v Steps | FXo, FXos FXoN (< Ver 3.07) (> Ver 3.07), FX2N(C)
FXac
ON | OFF | ON | OFF | ON | OFF | ON OFF | ON | OFF
LD
34 3.4
LDI
AND
XYMSTC |y 0.74 0.48 0.08
ANI and special M
3.2 3.2
OR
ORI
LDP
43.2
LDF
ANP ) .
X,Y,M,S,T,C 1 Function Not Available
ANF
37.4
ORP
ORF
ANB
2.2 2.2
ORB
MPS _ 0.74 0.48
Not applicable 1 0.08
MRD 2.0 2.0
MPP
INV Function Not Available
MC Nes,\;'\e("e" 3 17 | 182 | 192 | 20.4 | 428 | 478 | 27 | 30 | 248 | 275
MCR Nest level 2 6.0 6.2 40.4 19 20.8
NOP . 1.6 1.6 0.74 0.48 0.08
Not applicable 1
END 410 470 960 700 508
STL S 4.2 +8n 6.4+6.8n |39.1+21.1n| 25+13.5n |27.3+12.6n
(see note 1) 1
RET Not applicable 8.0 12.4 40.5 20 21.6

carried on over the page......
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Execution Time in psec
. FX
: Object FX
Mnemonic v Steps | FXo, FXos FXoN (< Ver 3.07) (> Ver 3.07), FX2N(C)
FXac
ON | OFF | ON | OFF | ON | OFF | ON | OFF | ON ‘ OFF
Y, M 1 3.2 3.2 0.74 0.48 0.08
S 2 7.0 7.2 7.0 7.2 | 50.0 | 481 | 26 24 | 244 ‘ 24.3
Special M 2 7.8 7.4 8.2 7.8 | 38.1| 388 | 28 20 0.16
T-K 3 21.8 | 194 | 25.2 | 21.0 | 724 | 52.6 45 34 42.3 | 374
ouT T-D 3 23.4 | 21.0 | 27.2 | 23.0 | 80.0 | 52.6 | 53 34 | 422 | 37.2
C-K (16 bit) 3 14.6 17.8 | 15.6 | 67.9 | 40.3 | 42 25 | 25,5 | 24.9
C-D (16 bit) 3 16.2 19.8 | 17.6 | 75.5 | 40.3 | 47 25 | 25.3 | 25.0
C-K (32 bit) 5 125 | 6.0 | 16.0 | 8.6 | 82.3 | 40.3 | 51 25 | 253 | 24.9
C-D (32 hit) 5 139 | 6.0 | 180 | 86 | 89.9 | 40.3 | 55 25 | 25.2 | 24.9
Y, M 1 3.6 2.0 3.6 2.0 0.74 0.48 0.08
S 6.8 2.6 7.0 28 | 390 | 255 | 24 16 | 23.7 | 17.2
Swhenusedin
SET 2
an STL step Function Not Available 45.2+ 255 28 + 16 27.3+ 17.2
14.2n 9n 12.6n
(see note 1)
Special M 2 7.4 2.4 7.8 26 | 419 | 285 | 26 18 0.16
Y, M 1 3.4 1.8 3.6 1.8 0.74 0.48 0.08
S 2 6.0 2.6 6.2 28 | 405 | 255 | 23 16 | 23.1 | 17.3
RST Special M 2 7.4 2.4 7.8 26 | 418 | 289 | 26 18 0.16
T,C 2 20.8 | 18.0 | 224 | 19.6 | 50.1 | 38.3 | 31 24 27 25
D, V, Z and 3 |100| 28 | 92 | 3.0 | 355|255 | 22 | 16 | 219|171
special D
PLS Y, M 2 419 | 415 27 26 0.32
19.4 21.8
PLF Y, M 2 427 | 406 | 26 25 0.32
P 0TO 63 1
1.6 1.6 0.74 0.48 0.08
| looo 1

Note 1:
* “n”in the formulae to calculate the ON/OFF execution time, refers to the number of STL

instructions at the current parallel/merge branch. Thus the value of “n” will fall in the
range 1 to 8.
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7.2 Applied Instructions |FXos)| FXon | FX | FXeo) [FXanc)
Execution Time in  psec
Mne. | 16/32| FXO FX0s FXON FX(< Ver 3.07) FX(> Ver 3.07), FX2C FX2N(C)
monic Bit 2nd
ON |OFF | ON |OFF | ON | OFF |P| ON | OFF | FNC |P| ON | OFF | P
ON
gg 16 | 19.4 | 96 | 200|100 | 466 | 274 || 20 | 88 | - |v/|200| 6.4 |«
01 16 495 | 274 |v| 31 | 88 | - |/ |322]| 64 |v
CALL . .
05 Function Not Available
creT | 16 34.0 21 ; 212
03 *1 11.2 11.6 36.7 33 - 18.1
IRET : : : :
?E‘;’ %1 62.6 34 | 88 | - 55.8
= 6.4 7.8
o %1 37.7 17 | 88 | - 18.5
06 %1 410 470 960 700 - 508
FEND
07
Wor | 16 | 92|56 | 98| 70 (359|251 |v| 23 | 88 | - |V |263| 64 |V
08 *1 29.0 20.8 39.9 25 ; 27.6
FOR . . . .
09 *1 12.4 12.4 20.1 19 ; 5.2
NEXT : : : :
10 16 [122.6] 220 [1122] 226 [1618]333 | ,| 49 [ 88 | - | ,|876] 64 |,
CMP [ 32 [1292]| 30.4 |118.6| 31.6 |189.0| 39.9 57 | 12.2 | - 919 | 6.4
11 16 1400 250 1284 258 [186.9| 333 | ,| 62 | 88 | - | ,|1032] 64 |,
ZCP 32 [197.8| 36.4 |137.8] 38.0 |220.8| 39.9 73 | 122 | - 1089 6.4
12 16 | 462 | 180 472 | 184 | 784|333 | | 35 | 88 | - | 152|152,
MOV [ 32 | 526 | 23.4 | 538 | 242 | 98.4 | 39.3 3 122 | - 184 | 1.84
13
oy | 16 IR 3029|333 |v| 170 | 88 | - |/ |1552| 6.4 |«
14 16 Anelon TOLAVRIERE 740383 [ 51 [ 88 | - | (514 64 |,
CML [ 32 95.0 | 39.9 64 | 122 | - 550 | 6.4
15 : 103.2 1805
Mov | 16 |FunctionNot === 5n g |7 333 |v | 18| g8 | - v |%70% 64 |v
*2 Available 18.2n 17.1n 10.6n 1.7n
16 16 1076 333 || 73 | g8 | - 69.1+1 ¢ 4
EMOV +5.3n 3.3n v 2.8n v
. ) Function Not 87+ 73.2+
k2 32 Function Not Available Available 45n 12.2 - 59n 6.4
17 16 903[333] [ 58 | 88 | - | |572]| 64 |,
XCH 32 113.8] 39.8 72 [ 122 | - 640 | 6.4
18 16 63.6 644 | 184 [1309|333 | ,| 82 | 88 | - | 379 64 |,
BCD [ 32 100.2 | 101.4| 24.2 [342.0] 39.9 218 | 12.2 | 306 576 | 6.4
19 16 64.4 662 | 184 [1354|333 | ,| 85 | 88 | - | | 324 64 |,
BIN 32 1134 [ 1148 24.2 |3143] 39.9 203 | 12.2 | 157 445 | 6.4

See end of section for *k notes...
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Execution Time in psec
Mne. | 16/32 | FX0 FX0s FXON FX(< Ver 3.07) FX(> Ver 3.07), FX2C FX2N(C)
monic Bit 2nd
ON |OFF | ON |OFF | ON | OFF [P| ON | OFF | FNC |P| ON | OFF | P
ON
20 16 69.4 708 | 216 1155|333 | | 51 | 88 | - | | 276 64 |,
ADD [ 32 81.2 82.8 | 31.8 |114.5| 39.9 63 | 122 | 224 289 | 64
21 16 69.8 716 | 216 [1166|333 | ,| 52 | 88 | - | | 276 64 |,
suB [ 32 81.4 83.0 | 31.6 1465 39.9 65 | 122 | 232 289 | 6.4
22 16 89.4 910 | 216 [1134[333 | | 54 | 88 | - | | 252 64 |,
MUL [ 32 1046|1064 31.2 | 1850 39.9 81 | 12.2 | 162 314 | 64
23 16 1192 [1208] 216 |1395]333 | | 56 | 88 | - | | 320 64 |,
DIV 32 230.0 | 232.4| 31.0 [804.8] 39.9 251 | 12.2 | 197 364 | 64
24 16 28.4 290 | 148 | 553 |333 | ,| 26 | 88 | - | [ 188 64 |,
INC 32 33.4 342 | 174 | 654 | 344 29 [ 122 | - 202 | 6.4
25 16 28.4 290 | 148 [ 554 |333 | ,| 26 | 88 | - | [ 189 64 |,
DEC [ 32 33.6 344 | 174 | 651 | 344 29 [ 122 | - 200 | 6.4
26 16 64.2 656 | 21.6 [108.0| 333 | ,| 67 | 88 | - | | 234 64 |,
WAND [ 32 73.0 746 | 30.6 | 1354 39.9 83 [ 122 | - 247 | 64
27 16 64.0 656 | 21.6 [107.9| 333 | ,| 67 | 88 | - | | 235 64 |,
WOR [ 32 73.0 746 | 30.6 | 1355 39.9 82 [ 122 | - 247 | 64
28 16 64.0 656 | 21.6 |1065| 333 | ,| 67 | 88 | - | | 235 64 |,
WXOR [ 32 73.0 746 | 305 |133.9] 39.9 82 [ 122 | - 25.0 | 6.4
29 16 551333 [ 34 |88 | - | ,[353] 64,
NEG [ 32 655 | 34.4 a1 [ 122 - 384 | 64
30 16 931'09n+ 33.3 152“; 88 | - 61.7 | 6.4
ROR 1138 o v v
*3 32 +35n| 399 21n | 122 - 65.3 | 6.4
31 16 919+ 534 St | gg | - 612 | 6.4
ROL 3.0n v 1.8n v v
*3 32 Function Not Available | 1138 399 o] 65.2 | 6.4
+3.5n 2.3n
32 16 990+ 4o 4 61+ | g5 | - 663+ g4
1.4n 0.9n 2.2n
F;%R 120.8 Y 5 reye v/
32 +18n| 399 1on | 122 - >en | 64
33 16 99.0+| o4 62+ | g5 | - 658+ ¢4
1.4n 0.9n 2.2n
F;S:,,L 120.8 Y 5 Y 595+ o
32 +18n| 393 1on | 122 - e | 684
34 180.8
SFTR | 16 |1#°2| 246 |14 254 | + |333|v|Y? | 88 | - |v|¥97 | 64 |v
*4 +5.1n +4.8n 20.0n 42n 53.8n
35 180.8
SeTL | 16 [1206] 040 (16241 o5 |y 333 v |2 88 | - v [10%) 64 |v
*4 +5.1n +4.8n 20.0n 42n 53.8n

See end of section for *k notes...
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Execution Time in  psec
Mne- 16/32 FXo, FXos FXoN FX(< Ver 3.07) FX(> Ver 3.07), FX2C FX2N(C)
monic Bit 2nd
ON | OFF | ON | OFF| ON |OFF |P| ON | OFF | FNC |P| ON | OFF | P
ON
36 218.6
WSFR | 16 + | 333 |¢ 11417n+ 88 | - |« 1112% 64 |/
k2 18.0n :
37 218.6
WSFL | 16 + | 333 |¢ 11417n+ 88 | - |« 111257; 64 |
%2 _ _ 18.0n :
38 Function Not Available
SFWR 16 138.1| 333 |/ | 87 8.8 - |/1|839]| 64 |«
x5
39 1431
SFRD 16 teen| 333 || 84 8.8 - |/|802]| 64 |«
*5 .ohn
57 .2+ 65.0+ 161.3 121+ 77+
16(D) | ™1 6n 1.6n 13.9n on - 1.7n
127.0 1315
16(S) | 12.9n 12.0n -
64.4+ 70.7+ 161.3 121+ 83+
40  116(C) | 33, 3.3n y 10.5n - 11.1n
ZRST 12.8 13.2 |16.5n| 399 |/ 8.8 v 6.4 |V
*6 16(T) 65.2+ 71.5+ _
3.3n 3.3n
127.0+ 131.5
16(M) "0 08n +3.5n 161.3+ 121+ i 89.2+
127.0 131.5 13.5n 8.7n 9.4n
16(Y) | 13.5n 13.5n -
41
DECO 16 [881.4| 20.6 |932.0| 21.4 | 1148|288 |/ | 72 8.8 - 76.0 | 6.4
42
ENCO 16 |618.3| 20.6 |692.4| 21.4 |125.6| 28.8 79 8.8 - 818 | 6.4
43 16 1335|333 |/ | 84 8.8 ay 728 | 6.4 v
SUM 32 196.6 | 39.9 123 [ 12.2 - 946 | 6.4
44 16 168.9| 333 [/ | 98 8.8 -~ 1y 782 | 6.4 P
BON 32 177.6| 39.9 112 | 12.2 - 823 | 6.4
133.4+ 84+ 83.8+
16 333 |V 8.8 - 6.4
MéiN Function Not Available 12.2n 7.7n v 3.4n Y
Q7 32 Function Not | 105+ | ,, 4 3 90.9+| &,
Available 9.8n ) 6.7n )
46
ANS 16 192.6 | 165.6 120 | 110 - 100.8| 96.2
47
ANR 16 86.5 | 25,5 |/ | 54 8.8 - |/ 377 64 |«
48 16 208 | 8.8 - 1y 150.2| 6.4 P
SQR 32 Function Not Available 220 | 12.2 | 344 154.8| 6.4
49 16 98 8.8 aay 66.8 | 6.4 v
FLT 32 114 | 12.2 - 66.8 | 6.4
50 65.4+ 1453 62+ 99.6+
REF g | 16 | 536 | 128 |75 | 134 | [5%0( 333 |V | 35 | 88 - Y1 o6n| 64 |V
See end of section for % notes...
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Execution Time in  psec
Mne- 16/32 FXo, FXos FXoN FX(< Ver 3.07) FX(> ver 3.07), FX2c FX2N(C)
monic Bit 2nd
ON |OFF| ON |OFF | ON | OFF |P| ON | OFF | FNC |P| ON | OFF | P
ON
o1 56.0+ 35+ 65.3+
REFF 16 4§n 333 |/ 35n 8.8 - 4 1'7n 6.4 |/
%9 Function Not Available ' ' '
52
MTR 16 87.3 | 39.3 53 26 - 39.1 | 23.6
53
H>I§CS 32 12.2 - 87.8 | 6.4
510 756 | 6.6 | 828 | 7.8 [175.0| 39.3 —{ 115
HSCR 32 12.2 - 886 | 6.4
%10
55
HSZ 32 240.3| 39.3 142 | 12.2 - 100.6| 6.4
*10 Function Not Available
56
SPD k1 164.4|163.0 102 | 101 - 80.2 | 80.2
57 16 212.4| 21.4 101 | 136 - 85.0 | 73.3
PLSY 32 18941 10.0 22341 314 154.51173.6 115 | 136 - 86.6 | 75.8
58
PWM 16 425 7.8 | 442 | 18.6 | 1398 |171.0 86 101 - 70.4 | 73.3
59 16 . ) 122.6| 87.5
PLSR 3 Function Not Available 15561905
& 16 |766.0|322.4(212.4| 21.4 |272.9| 333 153 | 88 | - 1143 | 6.4
147+ 129.2
61 16 125n| 29 | - tobn| 229
SER Function Not Available 4 v
%14 32 168+ 29 ) 147+ 299
17.4n 9.0n
141.4+ 91+ 91.8+
62 16 61.4n | 333 35n - 20.2n| 64
ABSD .
k11 32 Function Not | 110+ 3 97.5+1 64
Available 43n 21.5n )
INGSD 16 Function Not Available 208.8 | 39.9 130 26 - 110.5| 19.5
64
TTMR 16 81.3 | 69.6 48 43 - 549 | 449
65
STMR 16 176.6 | 167.8 106 | 104 - 84.4 | 84.4
A?I?T 16 61.0 | 9.8 | 62.8 | 10.0 |105.6| 33.3 |/ | 66 8.8 - 41501 64 |V
67
RAMP 16 |248.6 82.6 181.8|134.5 113 83 - 98.1 | 81.6
Rgic 16 Function Not Available 232.5(209.1 144 | 130 - 118.4 | 107.2
69 62+
SORT 16 Function Not Available 32.3 23 - 50.5 | 195
*x15 ml

See end of section for *k notes...
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Execution Time in  psec
Mne- | 16/32 | FX0, FXos FXON FX(< Ver 3.07) FX( Ver 3.07), FX2C FX2N(C)
monic Bit 2nd
ON |OFF | ON | OFF | ON | OFF |P| ON | OFF | ENC ON | OFF | P
ON
70 16 5457 33.3 153 | 23 - 972 | 22.2
TKY 32 5291 39.9 145 | 23 - 987 | 22.2
71 16 318.8| 39.9 189 | 29 - 922 | 274
16-
2 i 205.8 130 | 30 ; 922 | 27.4
DSW | 16- 208.1 59 NA | 30 NA | NA
2 sets : )
73
sbop | 16 1421|333 || 87 | 88 | - 650 | 6.4 |
16-
4 1 209.7 127 ; 105.9| 26.5
SEGL [ 16- 246.9 53 148 % NA | NA
2 sets : )
AFZ\?VS 16 Function Not Available | 285.0 | 163.0 169 | 88 | - 134.4| 22.1
76
oA 16 130.9| 33.3 104 | 88 | - 495 | 6.4
16-
16 207.1 127 ; 114.8
rintin
L P '16'_9 112.6 58 88.5
oy 112.1 68 - 88.0
120+ 170+ 120+ 97+
78 16 200n | 28 | 406n 325n - 487n | 64
FROM 450 |/ 14 7
*12 32 120+ 26 200+ 140+ 99+ 6.4
Function Not | 800n 800n 640n 962n '
Available [120+ 151+ 106+ 94+
79 16 a80n | 38 | 480n 384n - 557n | 64
TO 450 |/ 14 7
%12 2 120+ | 5g | 2007 140+ ] %+ | o4
950n 936n 749n 1099n )
80 Function Not Function Not
o 16 | FunctionMot| 125.5] 20.5 netion N 132 | 20 ; 117.6 | 18.0
1371+ o1+ 65.6+
81 16 . . 53.5n 3on | 88 | - 17.0n| 64
PRUN Function Not Available 333 |/ v
%13 32 154.5+ 104+ | 455 ) 67.0+ 6.4
49.3n 34n : 17.7n :
82 115+ 94+ 88.2+
Ascl | 16 9.7n | 223 ion | 88 | - 108n| 64 |
83 Function Not | 115+ Function Not 95+2 89.7+
HEX | 16 | ‘Available | 22.9 | 221 | " Available an | 88 | - 200n| 64 |V
84 115+ 96+ 905+
ccp | 16 11.7n | 244 sn | 88 | - g8n | 64 |V
85 16 3081|333 || 200 | 21 | - 200.7| 27.3 |«
VRRD . .
36 Function Not Available
Voo | 16 3191|333 |v | 205 | 21 ; 202.4| 273 |«
16 ) .
87 35 Function Not Available
See end of section for % notes...
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Execution Time in  psec
Mne- | 16/32 | FX0, FXos FXoN FX(< Ver 3.07) FX(> Ver 3.07), FX2C FX2N(C)
monic Bit 2nd
ON |OFF | ON | OFF | ON | OFF |P| ON OFF | FNC ON | OFF | P
ON
52 16 Function Not Available 407 | 109 | - 155.0 | 89.0
16 . .
89 35 Function Not Available
90
MNET 16 643.9| 255 |/
ANgéD 16 1,137 | 333 |V Function Not Available
92 16 1.387 4709 |V
ANWR ) '
93
RMST 16 948.8 | 950.0 691 692 -
94 16 E tion Not Availabl 2,214| 333 |/ |1,612| 838 -
RMWR [ 32 unction Not Avallable =535 [ 39.9 3127 | 122 | - Function Not
95 16 1,684 333 |/ | 1,254 838 - Available
RMRD 32 3,168 | 39.9 2,414 | 12.2 -
96
RMMN 16 1,589 | 33.3 1,195| 8.8 -
97 16 672.4669.3 |/
BLK . .
98 Function Not Available
MCDE 16 740.3| 33.3
16 . .
99 3 Function Not Available
110 32 104.4| 6.4
ECMP . .
111 Function Not Available
EZCP 32 1245| 64 |/
118
EBCD 32 1069| 64 |V
119
EBIN 32 81.3 6.4 |/
ElAZEg’D 32 1174| 64 |«
51 Function Not Available
ESUB 32 174 64 |/
122
EMUL 32 96.4 6.4 |/
123
EDIV 32 1004| 64 |«
See end of section for *k notes...
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Execution Time in  psec
Mne- 16/32 FXo, FXo0s FXoN FX(< Ver 3.07) FX(> Ver 3.07), FX2C FX2N(c)
monic Bit 2nd
ON | OFF | ON | OFF | ON | OFF [P | ON OFF | FNC ON | OFF | P
ON
127
ESOR 32 152.1| 64 |/
128 Function Not Available F”A”\,Ceﬂgnbgm
129 16 675 6.4 v
INT 32 704 | 6.4
130
SIN 32 1995| 6.4 |V
131 32 Function Not Available 2625| 64 |V
(G{ON] ' '
132
TAN 32 4253 6.4 |/
147 16 . . 36.1 | 6.4
SWAP 3 Function Not Available 151 64 v
160
TCMP 16 134.2| 6.4 |/
161
T7CP 16 140.2| 6.4 |/
162
TADD 16 118.8| 6.4 |/
163
TSUB 16 109.4| 6.4 |V
164
16
Function Not
165 16 Available
56 Function Not Available
TRD 16 46.2 6.4
167
TWR 16 112.0| 6.4
168
16 Functi?anNot
Avai
169 16 vailable
170 16 1025] 64 |,
GRY 32 107.1| 6.4
171 16 1034] 64 [,
GBIN 32 1075 6.4
224-230 16 1.52
LDU 32 1.84
232-238 16 . . 1.52
ANDL 3 Function Not Available 184
240-246 | 16 1.52
ORO 32 1.84
See end of section for *k notes...
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k1:
« These instructions require NO preliminary contact devices such as LD, AND, OR etc.
k2:

* Where “n” is referred to this identifies the quantity of registers to be manipulated.
“n” can be equal or less than 512.

*3:

* Where “n” is referred to this identifies the quantity of bit devices to be manipulated.
“n” can be equal or less than selected operating mode, i.e. if 32 bit mode is selected then
“n” can have a value equal or less than 32.

k4

« Where "n" is referred to this identifies the quantity of bit devices to be manipulated.
When an FX PLC is used "n" can be equal or less than 1024.
However, when FX0 and FXON controllers are used "n" can be equal or less than 512.

*k5:

* Where "n" is referred to this identifies the quantity devices to be manipulated. "n" can have
any value taken from the range 2 through 512.

X6:

* Where "n" is referred to this identifies the range of devices to be reset. The device type
being reset is identified by the device letter in brackets in the '16/32 bit' column.

X7:

« Where "n" is referred to this identifies the number of devices the mean is to be calculated
from. The value of "n" can be taken from the range 1 through 64.

*8:

« Where "n" is referred to this identifies the range of devices to be refreshed. The value of "n"
is always specified in units of 8, i.e 8, 16, 24.....128. The maximum allowable range is
dependent on the number of available inputs/outputs, i.e. FXO0 is limited to 16 as a
maximum batch that can be refreshed, where as FX can use 128.

k9:

* Where "n" is referred to this identifies the time setting for the input filters operation.
"n" can be selected from the range 0 through to 60 msec.

*10:

* There are limits to the total combined use of these instructions. For FXo and FXon there
should be no more than 4 simultaneously active instructions. However, FX can have 6
simultaneously active instructions.

Xk11:

« Where "n" is referred to this identifies the number of output points. "n" may have a value
equal or less than 64.

k12:

« Where "n" is referred to this identifies the number of words read or written FROM/TO the
special function blocks.

*13:

* Where "n" is referred to this identifies the number of octal (8 bit) words read or written when
two FX PLC's are involved in a parallel running function.

2% MITSUBISHI 7-10



FX Series Programmable Controllers Execution Times And Instructional Hierarchy 7

*k14:

* Where "n" is referred to this identifies the number of elements in a stack, for 16 bit operation
n has a maximum of 256. However, for 32 bit operation n has a maximum of 128.

%k15:

* Where "m1" is referred to this identifies the number of elements in the data table.
Values of m1 are taken from the range 1 to 32. For a the SORT instruction to completely
process the data table the SORT instruction will be processed m1l times.

2% MITSUBISHI 7-11



FX Series Programmable Controllers Execution Times And Instructional Hierarchy 7

7.3 Hierarchical Relationships
Of Basic Program Instructions

’FXO(S)I FXoN | FX ‘FX(ZC)‘FXZN(C)‘

The following table identifies an 'inclusive
relationship'. This means the secondary program :
constructipon is included within the )::(E)mglete FOR —— Primary .
) . . El program construction
operating boundaries of the primary program
construction, e.g.: DI -  Secondary
rogram construction
NEXT | P9
Primary Secondary program construction
Program FOR - STL - FEND -
Construction |MC-MCR| CJ-P | EI-DI | \=oo | Rep |P-SRET| I-IRET | "\ 5
v -8
MC - MCR nest lev- v v v v X -(6608) | Xx -(6608)|X -(6608)
els
CJ-P v v v v v ° ° X - (6701)
El - DI v v v v v v v V4O)
v -5
FOR - NEXT | X -(6607) v v nestlev- | X - (6607) | X - (6607) |X - (6607)|X - (6607)
els
J -
STL-RET |X - (6605) ° v (within 1 v X - (6605) | x - (6605)|X - (6605)
STL step)
P-SRET |x -(6606) v v v X -(6606) |Xx - (6606) |Xx - (6606)|X - (6709)
I - IRET X - (6606) v v v X - (6606) |Xx - (6606) |Xx - (6606)|X - (6606)
FEND - END v v v v/ { v v vV 4e)
0 - FEND v v v v v X -(6606)|x -(6606)| V@
0-END
(no FEND) v v v v v X -(6606) | x - (6606)| @

v :Instruction combination is acceptable - for restrictions see appropriate note
@ X : Instruction combination is not allowed - bracketed number is the error code
@®: Instruction combination is not recommended for use even though there is no operational
error

The combination of instructions with an 'inclusive relationship' is allowable. However please be
aware of the following exceptions:

1) MC-MCR and STL-RET constructions cannot be used within FOR-NEXT loops, P-SRET or
I-IRET subroutines.

2) Program flow may not be discontinued by using any of the following methods while inside
MC-MCR, FOR-NEXT, P-SRET, I-IRET program constructions, i.e. using interrupts (1),
IRET, SRET, FEND or the END instruction is not allowed.
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The following table identifies an 'overlap-ping
relationship'. This means the secondary program FOR | Primary
construction starts within the complete operating El program construction
pqundaries qf the primary program cons_truction but Secondary
finishes outside of the primary construction, e.g.: program construction
NEXT
DI
Primary Secondary program construction
C;ﬁ?&it?:m MC-MCR| CJ-P | EI-DI E%FET SRTELT' P-SRET| I-IRET FEHB )
MC - MCR o o v X -(6607)|x - (6605)|X - (6606)|X -(6606)|X - (6608)
CJ-P o ° v ° ° ° ° v
El - DI v v v v v v v v
FOR - NEXT |X -(6607) o v V- |Xx -(6601)|X -(6607)| X - (6607) |X - (6607)
STL-RET |X -(6605) o v X -(6607) v X - (6606) | X - (6606)|X - (6605)
P-SRET |x -(6608) o v X -(6607)|Xx - (6605)|Xx - (6606) | X - (6606) |X - (6709)
|- IRET X - (6606) [ v X -(6607)|Xx - (6606)|X - (6606)|X - (6606)|X - (6606)
FEND - END |x -(6608)|X -(6601)| @ |X -(6607)(X -(6605)|Xx -(6709)|X -(6709)| V@
0-FEND |x -(6608) v v X - (6607) | X - (6605) | X - (6709) | X - (6606) vee)
(n%-FEEI\IilEI)D) X -(6608) |Xx -(6601)| @ |X -(6607)|X -(6605)|X -(6709)|X -(6606)| V@

@ Enters a state as if the DI instruction was missing. An error is not generated.
@ @ The first occurrence of either an FEND or the END instruction takes priority. This would
then end the program scan prematurely.
® The sequence will not process as expected, e.g.:

Desired Actual
FOR FOR

FOR Operating FOR
NEXT boundries NEXT

NEXT NEXT
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7.4

7.5

Batch Processing ’FXO(S)I FXoN | FX ‘FX(zc) |FX2N(C)‘

This is the system used by all members of the FX family of PLC’s. The basic concept is that
there are three stages to any program scan. In other words, every time the program is
processed form start to end the following sequence of events occurs:

Input processing:

All of the current input statuses are read in to a
temporary memory area; sometimes called an

ﬁ Input Processing image memory. The PLC is now ready for the next
program processing.......

D Program processing:

All of the updated inputs are checked as the
program is processed. If the new input statuses

change the status of driven outputs, then these are
noted in the image memory for the......

Output processing:

The new, current statuses of the outputs which
have just be processed are physically updated, i.e
relays are turned ON or OFF as required. The

program scan starts again............

The system is known as 'Batch processing'

because all of the inputs, program operation and finally the outputs are processed as batches.

Program Processing

m Output Processing

Summary of Device Memory Allocations

The memory allocations of the programmable are very complex, but from a users point of view
there are three main areas:

a) The Program Memory:

This memory area holds all of the data regarding: parameters, sequence program, constant
values K and H, pointer information for P and | devices, nest level information, file register
contents/allocations and also the program comment area.

- This memory area is latched either by battery backup or by use of EEPROM program
management (dependent on the PLC being used). Any data stored in this area is kept
even when the PLC is powered down. The duration and reliability of the data storage is
dependent upon the condition of the battery or EEPROM being used to perform the
backup process.
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b) Data Memory

This memory area contains, as the title suggests, all of the data values associated with:
data registers (normal and special), Index registers, current timer values, retentive timer
values (if available) and current counter values.

- All of the devices which are designated as being latched (including retentive timers) are
backed up in a similar method to the one mentioned under point a).

- Index registers and special data registers (D8000 to D8255) operate in the specified
manner under the following circumstances:

Circumstance Reaction
PLC's power is turned OFF All data is cleared
PLC's power is turned ON Certain devices are reset to their defaults see chapter 6

PLC is switched from STOP to RUN
PLC is switched from RUN to STOP

Certain devices are reset to their defaults see chapter 6

- All other devices such as current values of non latched data registers, timers and
counters behave in the following manner:

Circumstance Reaction
PLC's power is turned OFF
PLC's power is turned ON

All data is cleared

PLC is switched from STOP to RUN No change
PLC is switched from RUN to STOP Cleared (unless special M coil M8033 is active)
c) Bit Memory

This memory area contains the contact status of all inputs, outputs, auxiliary relays, state coils,
timers and counters.

- All of the devices which are designated as being latched (including retentive timers) are
backed up in a similar method to the one mentioned under point a).

- Special auxiliary relays (M8000 to M8255) act in a similar way to the special data
registers mentioned under point b).

- All other devices are subject to the same changes as the current values of data registers,
timers and counter (see the last point and table under section b).

Summary
Power PLC
Memory type
OFF OFF » ON | STOP » RUN ‘ RUN >STOP
All devices backed by battery Not changed
Special M and D devices (8000 to
8255) and index registers V and Z Cleared Default Not changed
_ Not changed ‘ Cleared
All other devices Cleared .
Not changed when M8033 is set
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7.6 Limits Of Instruction Usage ’FXO(S)I FXon | FX \FX(zc) |FX2N(C)‘

7.6.1 Instructions Which Can Only Be Used Once In The Main Program Area

The following instructions can only be used once in the main program area. For PLC
applicability please check either the detailed explanations of the instructions or the instruction
execution tables list earlier.

» Instructions which can only be used once are:

FNC 52 MTR FNC 60 IST FNC 70 TKY
FNC 57 PLSY FNC 61 SORT FNC 71 HKY

FNC 58 PWM FNC 62 ABSD FNC 72 DSW
FNC 59 PLSR FNC 63 INCD FNC 74 SEGL
FNC 68 ROTC FNC 75 ARWS

e Only one of either FNC 57 PLSY or FNC 59 PLSR can be programmed at once.
Both instructions can not be present in the same active program.

7.6.2 Instructions Which Are Not Suitable

For Use With 110V AC Input Units |FXo) | FXon | FX_ [ FXec)|FXanc)

When using 110V AC input units certain operations, functions and instructions are not
recommended for use due to long energize/de-energize (ON/OFF) times of the 110V input
devices.

« Program operations not recommended for use are:
@ - Interrupt routines

- High speed counters

* Instructions not recommended for use are:

FNC 51 REFF FNC 68 ROTC FNC 72 DSW
FNC 52 MTR FNC 70 TKY FNC 75 ARWS
FNC 56 SPD FNC 71 HKY

Note: although selected FX0S units have 110V AC inputs, the instructions mentioned
above are not present in the CPU of the unit and hence cannot be used anyway
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PLC Device Tables

8.1

Performance Specification Of The FX 0 And FX0s

’FXO(S)I FXoN | FX ‘FX(ZC)‘FXZN(C)‘

Item

Specification

Remarks

Operation control method

Cyclic operation by stored program

1/0 control method

Batch processing method (when
END instruction is executed)

1/0O refresh instruction is available

Operation processing time

Basic instructions: 1.6 to 3.6 s
Applied instructions: several 10’s to 100 s

Programming language

Relay symbolic language + step
ladder

Step ladder can be used to pro-
duce an SFC style program

Program capacity

800 steps

Provided by built in EEPROM
memory

Number of instructions

Basic sequence instructions: 20
Step ladder instructions: 2
Applied instructions: 35

A Maximum 50 applied instructions
are available including all varia-
tions

I/0 configuration

Max total 1/0 set by Main Processing Unit

Auxiliary General 512 points MO to M511
relay Latched 16 points (subset) M496 to M511
(M coils) Special 56 points From the range M8000 to M8255
State relays General 64 points S0 to S63
(S coils) Initial 10 points (subset) SO to S9
Range: 0 to 3,276.7 sec
. 100 msec 56 points TO to T55
Timers (T) _ _
10 msec Range: 0 to 327.67 sec T32 to T55 when special M coil
24 points M8028 is driven ON
Range: 1 to 32,767 counts COto C13
General 16 points Type: 16 bit up counter
Counters (C) C1410CIE
Latched 2 points(subset) Type: 16 bit up counter
Range: -2,147,483,648 to C235to C238
1 phase |+2,147,483,647 counts (note C235 is latched)
FXO0: Select upto four 1 phase 4 points
1 phase counters with a combined counting
ciw start | frequency of 5kHz or less. C241(latched), C242 and C244
stop input | Alternatively select one 2 phase or (latched) 3 points
A/B phase counter with a counting
. FX0S: When multiple 1-phase 3 points
High speed
counters (C) counters are used the sum of the
frequencies must be equal or less
than 14kHz. Only 1, 2 phase high
speed counter may be used at any
A/B phase | "€ time. When 2 phase counters | C251, C252 and C254 (all latched)
P are in use the maximum counted 3 points
speeds must be equal or less than
14kHz, calculated as (2 ph counter
speed 5 number of counted edges)
+ 1 ph counter speeds.
continued over the page....
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Item Specification Remarks
DO to D31
General 32 points Type:16 bit data storage register
pair for 32 bit device
D30 to D31
Latched 2 points (subset) Type:16 bit data storage register
5 pair for 32 bit device
ata
registers (D) | Externally Range: 0 to 255 . D8.01$
) : Data is entered indirectly through
adjusted 1 point . .
the external setting potentiometer
. . . . From the range D8000 to D8255
Special 27 points (inclusive of D8013) Type: 16 bit data storage register
Index 2 points Vand 2
P Type: 16 bit data storage register
For use .
with CALL 64 points PO to P63
Pointers (P) For use 100 to 13000
with 4 points (rising trigger =1,
interrupts falling trigger 4 = 0)
Nest levels 8 points for use with MC and MCR NO to N7
Decimal K 16 bit: -32,768 to +32,767
32 bit: -2,147,483,648 to +2,147,483,647
Constants . _
Hexadeci- 16 bit: 0000 to FFFF
mal H 32 bit: 00000000 to FFFFFFFF

8.2

Performance Specification Of The FX 0N

Item

Specification

| Remarks

Operation control method

Cyclic operation by stored program

1/0 control method

Batch processing method (when
END instruction is executed)

1/0O refresh instruction is available

Operation processing time

Basic instructions: 1.6 to 3.6 ps
Applied instructions: several 10's to 100 ps

Programming language

Relay symbolic language + step
ladder

Step ladder can be used to pro-
duce an SFC style program

Program capacity

2000 steps

Provided by built in EEPROM
memory

Number of instructions

Basic sequence instructions: 20
Step ladder instructions: 2
Applied instructions: 42

A Maximum 59 applied instructions
are available including all varia-
tions

I/0 configuration

Max hardware I/O configuration points 128, dependent on user selection

(Max. software addressabl

e Inputs 128, Outputs 128)

Auxiliary
relay
(M coils)

General 512 points MO to M511
Latched 128 points (subset) M384 to M511
Special 65 points From the range M8000 to M8255

continued over the page....
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ltem Specification Remarks
State relays Latched 128 points S0 to S127
(S coils) Initial 10 points (subset) S0 to S9
100 msec Range: 0 to 3,276.7 sec T0 to T62
63 points
i Range: 0 to 327.67 sec T32 to T62 when special M coill
Timers (T) | 10 msec 31 points M8028 is driven ON
1 msec Range: 0 to 32.767 sec T63
1 point
General Range: 1 to 32,767 counts COto C31
32 points Type: 16 bit up counter
Counters (C) C16 10 C3l
Latched 16 points (subset) Type: 16 bit up counter
1 phase Range: -2,147,483,648 to 0225 to ?238
+2,147,483,647 counts points
1 phase Selgct upto fogr 1 phase_counters C241, C242 and C244
High speed c/w start with a combined counting fre- 3 points
coISnterps © stop input quency of 5kHz or less.
2 bh Alternatively select one 2 phase or C246, C247 and C249
phase | A/B phase counter with a counting 3 points
B ohase frequency of 2kHz or less. C251. C252 and C254
p Note all counters are latched 3 points
DO to D255
General 256 points Type: 16 bit data storage register
pair for 32 bit device
D128 to D255
Latched 128 points (subset) Type: 16 bit data storage register
pair for 32 bit device
D1000 to D2499 set by parameter
File 1500 points in 3 blocks of 500 program steps
_Data Type: 16 bit data storage register
registers (D) - -
Data is move from external setting
Externally Range: 0 to 255 potentiometers to registers
adjusted 2 points D8030% and D8031 (* D8013 is
used when no RTC is fitted)
Special 42 points (inclusive of D8013, From the range D8000 to D8255
P D8030 and D8031) Type: 16 bit data storage register
Index 2 points Vand 2
P Type: 16 bit data storage register
For use .
with CALL 64 points PO to P63
Pointers (P) For use 100 to 130
with 4 points (rising trigger =1,
interrupts falling trigger 4 = 0)
Nest levels 8 points for use with MC and MCR NO to N7
Decimal K 16 bit: -32,768 to +32,767
32 bit: -2,147,483,648 to +2,147,483,647
Constants _ _
Hexadeci- 16 bit: 0000 to FFFF
mal H 32 bit: 00000000 to FFFFFFFF
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8.3 Performance Specification Of The FX (CPU versions 2.0 to 3.06)
ltem Specification | Remarks
Operation control method Cyclic operation by stored program
1/0 control method Batch processing T"e‘h"d (when I/O refresh instruction is available
END instruction is executed)
Operation processing time Basic instructions: 0.74 s
P P 9 Applied instructions: several 10's to 100 ps
: Relay symbolic language + step Step ladder can be used to pro-
Programming language ladder duce an SFC style program
. . Expandable to 8000 steps using
Program capacity 2000 steps built in additional memory cassette
Basic sequence instructions: 20 A Maximum 119 applied instruc-
Number of instructions Step ladder instructions: 2 tions are available including all
Applied instructions: 87 variations
/O confiquration Max hardware 1/0O configuration points 256, dependent on user selection
9 (Max. software addressable Inputs 128, Outputs 128)
Auxiliary General 1024 points MO to M1023
relay Latched 524 points (subset) M500 to M1023
(M cails) Special 256 points From the range M8000 to M8255
General 1000 points S0 to S999
State relays Latched 500 points (subset) S500 to S999
(S coils) Initial 10 points (subset) S0 to S9
Annunciator 100 points S900 to S999
100 msec Range: 0 to 3,_276.7 sec T0 to T199
200 points
10 msec Range: 0 to 327.67 sec T200 to T245
i 46 points
Timers (T) 1 R : 0to 32.767
msec ange: 0 to 32. sec T246 to T249
retentive 4 points
100 msec Range: 0 to 3,276.7 sec T250 to T255
retentive 6 points
General Range: 1 to 32,767 counts COto C199
16 bit 200 points Type: 16 bit up counter
Latched . C100to C199
16 bit 100 points (subset) Type: 16 bit up counter
Counters (C s -
©) General Range: -2,147,483,648 to 200 to C234
32 bit 2,147,483,647 Type: 32 bit up/down counter
35 points ype: P
Latched . C219to C234
32 bit 15 points (subset) Type: 16 bit up/down counter

continued over the page....
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Item Specification Remarks
1 phase C235 to C240
p 6 points
Range: -2,147,483,648 to
1 phase ' ' '
! +2,147,483,647 counts C241 to C245
High speed stop input General rule: Select counter com- 5 points
counters (C) binations with a combined counting 3 5
2 phase frequency of 20kHz or less. C246 tq €250
Note all counters are latched > points
A/B phase C251 to C255
5 points
DO to D511
General 512 points Type: 16 bit data storage register
pair for 32 bit device
D200 to D511
Latched 312 points (subset) Type: 16 bit data storage register
pair for 32 bit device
re is[,)tztri D) D1000 to D2999 set by parameter
9 File 2000 points in 4 blocks of 500 program steps
Type: 16 bit data storage register
. . From the range D8000 to D8255
Special 256 points Type: 16 bit data storage register
Index 2 points Vand 2
P Type: 16 bit data storage register
For use .
with CALL 64 points PO to P63
Pointers (P) | For use 1000 to 1500 and 1657 to 187 ¢
with 6 input points and 3 timers (rising trigger =1, falling trigger 1=0,
interrupts veve=time in msec)
Nest levels 8 points for use with MC and MCR NO to N7
Decimal K 16 bit: -32,768 to +32,767
32 bit: -2,147,483,648 to +2,147,483,647
Constants . _
Hexadeci- 16 bit: 0000 to FFFF
mal H 32 bit: 00000000 to FFFFFFFF

2% MITSUBISHI

8-5




FX Series Programmable Controllers

PLC Device Tables 8

8.4
versions)

Performance Specification Of The FX (CPU versions from 3.07) And FX

2C (all

ltem Specification | Remarks
Operation control method Cyclic operation by stored program
1/0 control method Batch processing F“eth"d (when I/O refresh instruction is available
END instruction is executed)
Operation processing time Basic instructions: 0.48 us
P P 9 Applied instructions: several 10's to 100 ps
. Relay symbolic language + step Step ladder can be used to pro-
Programming language ladder duce an SFC style program
. . Expandable to 8000 steps using
Program capacity 2000 steps built in additional memory cassette
Basic sequence instructions: 20 A Maximum 119 applied instruc-
Number of instructions Step ladder instructions: 2 tions are available including all
Applied instructions: 96 variations
/O configuration Max hardware I/O configuration points 255, dependent on user selection
9 (Max. software addressable Inputs 255, Outputs 255)
Auxiliary General 1536 points MO to M1535
relay Latched 1024 points (subset) M500 to M1535
(M cails) Special 256 points From the range M8000 to M8255
General 1000 points S0 to S999
State relays Latched 500 points (subset) S500 to S999
(S coils) Initial 10 points (subset) SO to S9
Annunciator 100 points S900 to S999
100 msec Range: 0 to 3,_276.7 sec TO to T199
200 points
10 msec Range: 0 to 327.67 sec T200 to T245
. 46 points
Timers (T) 1 R : 0to 32.767
msec ange: to. . sec T246 to T249
retentive 4 points
100 msec Range: 0 to _3,276.7 sec T250 to T255
retentive 6 points
General Range: 1 to 32,767 counts COto C199
16 bit 200 points Type: 16 bit up counter
Latched . C100 to C199
16 bit 100 points (subset) Type: 16 bit up counter
Counters (C -
©) | General Range: -2,147,483,648 to £200 to C234
32 bit 2,147,483,647 Type: 32 bit up/down counter
35 points ype: P
Latched . C219to C234
32 bit 15 points (subse) Type: 16 bit up/down counter

continued over the page....
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ltem Specification Remarks
1 phase C235 to C240
p 6 points
Range: -2,147,483,648 to
1 phase ' ' '
! +2,147,483,647 counts C241 to C245
High speed stop input General rule: Select counter com- 5 points
counters (C) binations with a combined counting 3 5
2 phase frequency of 20kHz or less. C246 tq €250
Note all counters are latched S points
A/B phase C251 to C255
5 points
DO to D999
General 1000 points Type: 16 bit data storage register
pair for 32 bit device
D200 to D999
Latched 800 points (subset) Type: 16 bit data storage register
pair for 32 bit device
File D1000 to D2999 set by parameter
Data . 2000 points in 4 blocks of 500 program steps
registers . .
registers (D) Type: 16 bit data storage register
RAM file D6000 to D7999 active when spe-
reqisters 2000 points cial relay M8074 is active
9 Type: 16 bit data storage register
. . From the range D8000 to D8255
Special 256 points Type: 16 bit data storage register
Index 2 points Vand 2
P Type: 16 bit data storage register
For use .
with CALL 128 points PO to P127
Pointers (P) | For use 6 inbUt points. 3timers and 6 1000 to 1500 and 1677 to 18 7¢ 7%
with putp ’ (rising trigger (=1, falling trigger 4=0,
. counters L
interrupts “e¢ve=time in msec)
Nest levels 8 points for use with MC and MCR NO to N7
Decimal K 16 bit: -32,768 to +32,767
32 bit: -2,147,483,648 to +2,147,483,647
Numbers Hexadeci- 16 bit: 0000 to FFFF
mal H 32 bit: 00000000 to FFFFFFFF
Floating 32 bit: 0, +1.175 x 10-38, +3.403 x 1038
Point (Not directly enterable)
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8.5 Performance Specification Of The FX 2N(C)
ltem Specification | Remarks
Operation control method Cyclic operation by stored program
1/0 control method Batch processing T"e‘h"d (when I/O refresh instruction is available
END instruction is executed)
Operation processing time Basic instructions: 0.08 ps
P P 9 Applied instructions: several 10's to 100 ps
, Relay symbolic language + step Step ladder can be used to pro-
Programming language ladder duce an SFC style program
Program capacity 8000 steps built in Expan(_j_able to 16000 steps using
additional memory cassette
Basic sequence instructions: 20 . .
Number of instructions Step ladder instructions: 2 A 'V'ax'm“m 125 apphed Instruc
o o tions are available
Applied instructions: 125
/O confiquration Max hardware 1/O configuration points 255, dependent on user selection
9 (Max. software addressable Inputs 255, Outputs 255)
Auxiliary General 3072 points MO to M3071
relay Latched 2572 points (subset) M500 to M3071
(M cails) Special 256 points From the range M8000 to M8255
General 1000 points S0 to S999
State relays Latched 500 points (subset) S500 to S999
(S coils) Initial 10 points (subset) S0 to S9
Annunciator 100 points S900 to S999
100 msec Range: 0 to 3,_276.7 sec T0 to T199
200 points
10 msec Range: 0 to 327.67 sec T200 to T245
i 46 points
Timers (T) 1 R : 0to 32.767
msec ange: 0 to 32. sec T246 to T249
retentive 4 points
100 msec Range: 0 to 3,276.7 sec T250 to T255
retentive 6 points
General Range: 1 to 32,767 counts COto C199
16 bit 200 points Type: 16 bit up counter
Latched . C100to C199
16 bit 100 points (subset) Type: 16 bit up counter
Counters (C s -
©) General Range: -2,147,483,648 to 200 to C234
32 bit 2,147,483,647 Type: 32 bit up/down counter
35 points ype: P
Latched . C219to C234
32 bit 15 points (subset) Type: 16 bit up/down counter

Continued over the page...

2% MITSUBISHI

8-8




FX Series Programmable Controllers

PLC Device Tables 8

ltem Specification Remarks
1 phase C235 to C240
p 6 points
Range: -2,147,483,648 to
1 phase ' ' '
! +2,147,483,647 counts C241 to C245
High speed stop input General rule: Select counter com- 5 points
counters (C) binations with a combined counting 3 5
2 phase frequency of 20kHz or less. C246 tq €250
Note all counters are latched S points
A/B phase C251 to C255
5 points
DO to D7999
General 8000 points Type: 16 bit data storage register
pair for 32 bit device
D200 to D7999
Latched 7800 points (subset) Type: 16 bit data storage register
pair for 32 bit device
re is[,)tztri D) File D1000 to D7999 set by parameter
9 registers 7000 points in 14 blocks of 500 program steps
9 Type: 16 bit data storage register
. . From the range D8000 to D8255
Special 256 points Type: 16 bit data storage register
Index 16 points VO to V7 and Z0 to Z7
P Type: 16 bit data storage register
For use .
with CALL 128 points PO to P127
Pointers (P) | For use 1000 to 1500 and 167 to 1877
with 6 input points, 3 timers, 6 counters | (rising trigger (A=1, falling trigger (1=0,
interrupts veve=time in msec)
Nest levels 8 points for use with MC and MCR NO to N7
Decimal K 16 bit: -32,768 to +32,767
32 bit: -2,147,483,648 to +2,147,483,647
NUmbers Hexadeci- 16 bit: 0000 to FFFF
mal H 32 bit: 00000000 to FFFFFFFF
Floating 32 bit: 0, +1.175 x 10-38, +3.403 x 1038
Point (Not directly enterable)
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9.1

Assigning System Devices

Addressing Extension Modules

‘FXO(S)‘ FXon | FX ‘FX(ZC) IFXZN(C)‘

Most of the FX family of PLC’s have the ability to connect additional discreet I/O and/or special
function modules. To benefit from these additional units the user must address each block

independently.
Addressing Additional Discrete 1/O

This type of 1/O is the standard

input and output modules. As each | FX-48MR

extension block or powered XT'27 X30-X37 >‘<40'X57 X‘GO'X67
extension unit is added to the _

system they assume the next v/ /3 {DDQDTF {&%ﬁ §[FE/&/;:‘\ §§ H’ggm/ﬁg
available ad-dresses. Hence, the S5 1SS SIS T
units closest to the base unit will TXCBENT | DXBEVR | DX-6Rx x-eex
have the lowest I/O numbers or

addresses. I/O numbers are

always counted in octal. This ‘ = — = F
means from 0 to 7 and 10 to 17 < s Og}/’f/fgglﬂf/% R e §§E/f/5
etc. Within a users program the | _© S|NAARICAN A% BT | HA04%
additional addresses are used as

normal. Discreet I/O can be added vo-v2r V30-Y37 Y40-va7

at the users discretion as long as

the rules of system configuration for each PLC type are obeyed. This information can be found
in the appropriate hardware manual.

For easy use and identification, each additional /O unit should be labeled with the appropriate
I/O numbers using the provided number labels.

Caution when using an FX system with FX-8ER, FX-24MR units

* When an FX-8ER or an FX-24MR are used an additional 8 points (as 4 inputs, 4 outputs)
of 1/0 must be allowed for. This is because both units split blocks of 8 inputs and 8
outputs to obtain a physical 4 input/ 4 output configuration. Hence, an FX-8ER unit
actually occupies 8 input points and 8 output points even though there are only 4
physical inputs and 4 physical outputs.

Addressing Special Function Blocks

Special function blocks are allocated a logical ‘station/block number’ from 0 to 7. This is used
by the FROM/TO instructions to directly access each independent special function module.
The lower the ‘station/block number’ is, the closer to the base unit it can be found. Special
function blocks can be added at the users discretion but the rules of configuration for each type
of PLC must be obeyed at all times. The configuration notes can be found in the appropriate
hardware manual for each programmable controller.

2% MITSUBISHI
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9.2 Using The FX2-24El With F
Series Special Function Blocks |FXa) | FXon | FX [FX@o) [FXenco)

The FX2-24El allows an FX base unit to be directly connected to an one of the following F
series special function blocks:

a) The F-16NT/NP, a Melsec Net Mini interface

b) The F2-6A, a combine analog 4 input and 2 output unit
c) The F2-32RM, a programmable CAM sequencer

d) The F2-30GM, a pulse train positioning unit

One 24EI unit can control one F series special function unit.

The ‘24EI’ units are added to an FX system in the same manner as an additional discreet
I/0 module. Each 24EIl occupies 16 input points and 8 output points, the diagram below
illustrates this point. Experienced users may notice that the example shown in the

diagram below would require too much power from the CPU unit (FX-48MR in this case)
based on the I/O count.

Inputs X0-27 o | 2| OOk
- - //Q L//‘ \T ’//, ] [TQZg
FX-48MR FX2-24El |FX2-24El |FX2-24El | FX-8EX

[ Power [CPower [ Power [CPower

X30-47 | X40-57 | X50-57 | X110-
Y30-37 | Y40-47 | Y50-57| Y117

| S— e —

Outputs Y0-27

This is not the case. The FX2-24El is really a communications module. It does not
directly drive any discreet I/O. For the sake of power calculations it can be assumed that
it only occupies 8 standard 1/O points. This means that the configuration shown in the
diagram actually occupies 32 points (three FX2-24EI's and one FX-8EX) of I/O for the

sake of power consumption calculations BUT actually occupies 80 points of addressable
I/O.

Q Connection Of Earth Points When Using F Series Special Function Blocks

When using the F series special function blocks the special function blocks earth
terminal should be connected to the [SG] terminal of the FX CPU unit. However, when
using the F-16NP/NT unit the [SG] terminal of the F-16NP/NT should on NO account be

connected to the [SG] terminal of the FX. The function of these terminals are completely
different and are hence NOT compatible.
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9.2.1  Using the FX 2-24EI With A F-16NP/NT |FXos)| FXon | FX | FXeo) [FXanc)

The F-16NP/NT’s operational I/O numbers (addresses) are based upon the position of the
associated FX2-24EI within the users FX system. The diagram below shows how moving the
position of the FX2-24El used alters the addresses used by the F-16NP/NT, see EX. 1A to 1C.
For installation, wiring and operational details of the F-16NP/NT please see the units dedicated
manual. That manual will show examples of the F-16NP/NT being used and in each case the I/
O numbers used to address it are those fixed by the F series PLC’s. These I/O addresses will
be replaced by those described in the previous paragraph, i.e. the FX devices assigned to the
FX2-24EI being used.

Worked example:

The following tabular example identifies the correspondence between FX and F2 systems.

FX System Setup F2 System Setup Remark
X54 X414 Input data correct
X55 X415 Input data incorrect
X56 X416 Output data correct
X57 X417 Output data incorrect
X60 to X67 X420 to X427 Input to PLC
Y40 to Y47 Y440 to Y447 Output from PLC

The FX system used is similar to that shown in the diagram EX. 1C. The F2 system uses the
second expansion port, i.e. the X400 port of the F series PLC.

Applicable FX Applied Instructions:
(Not applicable to FX2c Main Processing Units or FX units with CPU’s greater than
version 3.06)

« FNC 90, MNET - used to read and write the Net Mini information

Example configurations of FX 2-24El's and F series special function blocks

PLC Example Configurations

FX -48MR-ES EX. 1A EX. 1B EX.1C EX.2A EX.2B EX.2C

F2-30GM
F2-32RM X0 - X6

F-16NP/NT| F2-6A
X34 - X47 K000-001

Y0-37 Xo14 -027
FX2-24El XSOJ Y30 - Y37 K010-013| | BANK 0,1 Y0 - Y6
Y30 Yod0 -047
F2-30GM
FX2-24EI X50 F2-6A F2-32BM | |F-16NP/NT X0 - X6
Y40 K000-001 Y0-37 X54 - X67 Xai14 -o27

- BANK 0,1 Y40 - Y47 Y0 - Y6
K010-013 Ya40 -ud7

FX2-24EI X70
Y5

0 F2-30GM
F2-32RM | ||F-16NP/NT| | F2-6A X0 - X6

Y0-37 X74 - X107 | K000-001 Xai4 - 27

BANK 0,1| [|Y50-Y57 | | KO10-013 Ygfo'-Y%
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9.2.2

9.2.3

S

Using the FX 2-24El With A F 2-6A |FXos)| FXon | FX | FXeo) [FXanc)

The F2-6A’s operational address is based upon the position of the associated FX2-24E| within
the users FX system. However, the I/0O channel numbers are not affected by this operational
address. The I/0 channel will always remain as KOO0 to KOO1 and K010 to KO13. The diagram
on the previous page shows how moving the position of the FX2-24EIl used alters the
operational address but NOT the channel number used by the F2-6A, see EX. 1A to 1C.

For details on using the F2-6A see the units users manual. Please remember when reading the
manual, that it has been written for use on an F2 system and hence all of the I/O addresses
stated are for such an F2 setup.

F2-6A Channel identification:
* Analog output channels are - KOOO and K001 (2 points)

* Analog input channels are - K010, K011, KO12 and K013 (4 points)

Applicable FX Applied Instructions:
(Not applicable to FX2c Main Processing Units or FX units with CPU’s greater than version
3.06)

« FNC 91, ANRD - used to read the analog data in to the FX

« FNC 92, ANWR - used to write the data from the FX to the F2-6A for output

Using the FX 2-24EI With A F 2-32RM |FXos)| FXon | FX | FX@o) [FXaneo)

The F2-32RM’s operational address is based upon the position of the associated FX2-24EI
within the users FX system. However, the “32RM’s” I/O numbers are will always remain the
same, i.e not be affected by the FX's operational address. The 32RM’s I/O numbers would
remain as YO to Y37, and Bank 0, 1. The diagram on the previous page shows how moving the
position of the FX2-24EI used, alters the operational address but NOT the 1/O numbers used
by the F2-32RM, see EX. 1A to 1C.

For details on using the F2-32RM see the units users manual. Please remember when reading
the manual, that it has been written for use on an F2 system and hence all of the I/O addresses
stated are for such an F2 setup.

Applicable FX Applied Instructions:
(applicable to all FX and FX2C Main Processing Units)

 FNC 93, RMST - used to output a start code from the FX to the F2-32RM
« FNC 94, RMWR - used to disable outputs on the F2-32RM
« FNC 95, RMRD - used to read the ON/OFF status of the F2-32RM

« FNC 96, RMMN - used to monitor speed and current position of the F2-32RM

2% MITSUBISHI 9-4



FX Series Programmable Controllers Assigning System Devices 9

9.24

Using the FX 2-24El With A F 2-30GM |FXos)| FXon | FX | FXeo) [FXanc)

The F2-30GM'’s operational address is based upon the position of the associated FX2-24EI
within the users FX system. However, the I/O numbers are not directly affected by this
operational address. The I/O numbers can be selected by the user. The diagram on the page
9-3 shows how moving the position of the FX2-24EIl used alters the operational address but
NOT the I/O numbers used by the F2-30GM, see EX. 2A to 2C. Where the symbol § is used in
the diagram, this can be replaced by the numbers ‘0’, ‘4’ or ‘'5’. It is recommended that for
simplification the user favors ‘0’.

For details on using the F2-30GM see the units users manual. Please remember when reading
the manual, that it has been written for use on an F2 system and hence all of the I/O addresses
stated are for such an F2 setup.

Worked example:

The following tabular example identifies the correspondence between FX and F2-30GM
systems.

F2-30GM System Setup Comments FX System Setup
X#14 to X#27 Turn On - X54 to X67
Y#40 to Y#47 Are Turned On BY - Y40 to Y47

X0 to X6 No correspondence N/A
YO to Y6 No correspondence N/A

The FX system used is similar to that shown in the diagram EX. 2B from page 9-3.

Applicable FX Applied Instructions:
(Not applicable to FX2c Main Processing Units or FX units with CPU’s greater than version
3.06)

« FNC 97, BLK - used to designate a block number within the F2-30GM

* FNC 98, MCDE - used to read an M code number from the F2-30GM
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9.3  Parallel Link Adapters |FXos)| FXon | FX | FXeo) [FXane)

The FX parallel link adapters provide a means of direct communication between two FX PLC'’s.
There are two models of parallel link adapter providing two different communication mediums:

a) Fiber-optic link - FX2-40AP
Transmission distance: 50m (164 ft)
Fiber-optic: F-OFC-M10 - length 10m (32.8 ft)
F-OFC-M30 - length 30m (98.4 ft)
F-OFC-M50 - length 50m (164 ft)
Note all of the above fiber-optic cables come with connector CA9104AP fitted.

b) Wire link (twisted pair) - FX2-40AW
Transmission distance: 10m (32.8 ft)
Connect like terminals together, i.e [SA] on unit 1 to [SA] on unit 2.

Repeat for [SB] and [SG]. Finally also connect the [SG] terminal of each unit to the [SG]
terminal of the local FX PLC.

Special System Devices:
@ « M8070 - When this is ON the FX PLC is designated ‘Master’.

M8071 - When this is ON the FX PLC is designated ‘Slave'.

M8072 - When this is ON there is communication between stations.

M8073 - When this is ON there is a ‘Master/Slave’ designation error.

M8063 - When this is on there is a link error - see error tables for further details

Applicable FX Applied Instructions:
« FNC 81, PRUN - Identifies which input devices are used in the data exchange.

Transmission Devices:
Master > Slave, Slave » Master

Bit devices -100 points Bit devices - 100 points
(M800 to 899) (M900 to 999)

Word devices - 10 points Word devices - 10 points
(D490 to 499) (D500 to 509)

Communication Time:
e 70 msec + (master and slave station cycle times)

General System Layout:

| ON //7 BN //7

FX2-40AP MELSEC FX-48MR FX2-40AP MELSEC FX-48MR
1 POWER [ POWER [ POWER 1 POWER
[C—IRUN [CIRUN
[C] BATT.V [ BATT.V
B0 aRoE” — i
MITSUBISH MITSUBISH
[ ] L

|
=1 27| = | 2
s | P e | /J

T —

14-K
]
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9.4  Real Time Clock Function |FXos)| FXon | FX | FXeo) [FXane)

When one of the real time clock (RTC) memory cassettes is used with either and FX or an
FXON, the real time clock function of that PLC is then automatically enabled.

The time data of the RTC cassette is battery backed. This means when the PLC is turned OFF
the time data and settings are not lost or corrupted. The duration or storage life of the time data
is dependent upon the condition of the battery. The operation of the RTC clock circuits
consumes negligible currents compared with the RAM memory (applicable to FX only).

The real time clock cassettes have a worst case accuracy of + 45 seconds per month at an
ambient temperature of 25°C. The calendar function of the RTC cassettes caters for leap
years during the period 1980 through 2079.

@ FX PLC’s Pre Version 2.0
e These PLC’s do not support the RTC function.
Available RTC Cassettes:
@ RTC Cassette Remark

FX-RTC Real time clock function only
Real time clock function + 8K RAM
FX-RAM-8C (Note: the FXoN cannot use this cassette,

because RAM program storage is not guaranteed)

Real time clock function + 4K EEPROM
(Note the FXoN can only use 2K of the EEPROM)

FX-EEPROM-4C

Function Registers And Control Flags:
* Please see page 6-3 for a list of the available clock devices.
* Please see section 5.14 (page 5-138) for RTC supporting functions with FX2N.

General Use Of Memory Cassettes

@ * FXand FX2c Main Processing units can use any of the available memory cassette types.
FXoN units can only use EEPROM or EPROM type Memory Cassettes and then only a

maximum of 2k steps can be accessed.

e Itis necessary to install a FXon-40BL battery to maintain the RTC time with FXoN

controllers.

« The FX2n has a real time clock built in to the MPU. Although it is possible to use the RTC

cassettes for memory, it is not necessary to use them to obtain the RTC function.
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9.4.1  Setting the real time clock ‘ FXO(S)I FXon | FX ‘FX(ZC) IFXZN(C)‘

The RTC can be set using the special data registers and control flags as follows:

Device . Device
Number Function Range Number Comments
D8013 Seconds |0to59 Set ON to stop the clock.
D8014 Minutes |0 to 59 M8015 When the clock is stopped the
Time time values can be reset.
D8015 Hours 0to 23 setting The clock restarts when the flag
is reset to OFF.
D8016 Date 1 to 31 (correct for M8016 The plock data in the dat.a regis-
current Month) : ters is held. The clock still runs.
Register .
Hold Use this to pause the data to
D8o17 Month |1t012 read the current time.
M8017 .
D018 Year 00 to 99 (1980 to Minute When on rounds the tn_ne up or
2079) : down to the nearest minute.
Rounding
M8018 . o
Day of 0 to 6 (Sunday to Sat- Automatically set to indicate the
D8019 Clock ) )
Week urday . RTC is available.
Available
g;gig ON when the values for the RTC
g are out of range.
Error

These devices are used as shown in the program on

the “ght- The clock stops when X0 is ON.

Note: The FX2n(c) has special instructions that XOOThe”ewva'”esa‘eSetWhe”X‘““mSOFF-
simplify the setting and use of the RTC. —
See section 5.14 for more details.

MO
————MOV| K30 |D8013

X1
—

X1 is used to reset the clock
to the nearest minute.
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10.

10.1

10.2

Points Of Technique ’FXO(S)I FXoN | FX ‘FX(ZC)IFXZN(C)‘

Advanced Programming Points

The FX family of programmable controllers has a very easy to learn, easy to use instruction set
which enables simple programs to perform complex functions. This chapter will point out one
or two useful techniques while also providing the user with valuable reference programs.

If some of these techniques are applied to user programs the user must ensure that they will
perform the task or operation that they require. Mitsubishi Electric can take no responsibility for
user programs containing any of the examples within this manual.

Each program will include a brief explanation of the system. Please note that the method of
'how to program' and 'what parameters are available' for each instruction will not be discussed.
For this information please see the relevant, previous chapters.

Users of DC Powered FX Units ’FXO(S)| FXoN | FX \FX(zC) |FX2N(C)\

When using DC powered FX programmable controllers, it is hecessary to add the following
instructions to the beginning of the installed program:

Step 0;M8000
H ——{Mov | K4 ‘D8008}—{

Explanation:

With AC powered FX programmable controllers, the power break detection period can be
adjusted by writing the desired detection period to the special data register D8008.
However, in the case of DC powered units this detection period must be set to 5 msec.

This is achieved by moving the value of -4 into D8008. Failure to do this could result in inputs
being missed during the DC power 'drop'.
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10.3

10.3.1

Using The Forced RUN/STOP Flags ’FXO(S)| EXon I EX ‘FX(ZC) IFXZN(C)‘

A RUN/STOP push button configuration

The FX programmable controller has a single RUN terminal. When power is applied to this
terminal the PLC changes into a RUN state, i.e. the program contained is executed.
Consequently when there is no power 'on' the RUN terminal the PLC is in a STOP state.

This feature can be utilized to provide the FX PLC with an external RUN/STOP - push button
control. The following PLC wiring and program addition are required.

Forced RUN mode
M8000 % STOP
} Forced RUN
command
=RUN
X1
|
‘ 24V] OV [S/S|RUN] X0 | X1
Forced STOP/ FX base unit configured as source
command input (example only)
Explanation:

Pressing the RUN push button sets the PLC into the RUN state. This means M8000 is ON.
Following the program, M8000 activates both M8035 and M8036. These two special auxiliary
devices set the PLC in to forced RUN mode. Releasing the RUN push button would normally
return the PLC to the STOP state, but because the two auxiliary coils, M8035 and 36 are ON,
the PLC remains in RUN. To stop the, PLC pressing the STOP push button drives an input ON
and consequently M8037 turns ON. This then automatically forces OFF both M8035 and 36
and resets itself. Hence, the PLC is in its STOP status and awaits the cycle to begin again.

Input priority:

* The STOP input is only processed after the programs END statement has been reached -
this is because the physical input used, i.e. an X device is normally updated and processed
at that time. Therefor, the RUN input is given priority when both RUN and STOP inputs are
given simultaneously.

« To give priority to the STOP input and provide a 'safer' system, some form of mechanical/
circuitry interlock should be constructed between both RUN and STOP inputs. A very
simple example is shown in the wiring diagram above.

e For push-button control to operate correctly, the user must set the RUN/STOP switch on
@ FX2c and FX2n(c) units to the STOP position.

* FX2n(c) units do not have a RUN terminal. One of the inputs X0 to X17 (X0 to X7 for FX2n-
16M) on the MPU should be configured as a RUN terminal in the parameter settings.
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10.3.2

Remote RUN/STOP control [FXos)| FXon | FX [FXeo) [FXanc)

The FX family of programmable controllers can be controlled, i.e. switched into RUN or STOP
modes and have devices monitored by use of intelligent external control devices.

These includes such items as computers, the Mitsubishi FX data access units and Graphic
Operator Terminals.

The following example utilizes a graphic FX-DU unit:

Explanation:

The programmable controller needs no special wiring

or additional programming for this example. SWITCH for...
1. Remote Mode M8035

The only condition required is that the PLC would not 2. Remote Start M8036

normally be in a RUN state, i.e., there is no connection 3. Remote Stop M8037

to the RUN terminal and the RUN/STOP switch on o

PLC’s that have one is set in the STOP position.

The DU should be programmed with 'SWITCH'

devices driving the three special M codes M8035,36 IS’\:/:J:H N
and 37. By activating the 'SWITCH' devices for M8035 Y

and M8036 the PLC can be switched into a RUN state, OUTPUT: PLC M8035
while driving the 'SWITCH' device M8037 will put the MODE: ALTERNATE

PLC into a STOP state.

Example 'SWITCH' device setting opposite.
Use an 'Alternate’ switch for M8035 and M8036 and use a 'Momentary' switch for M8037.
(see DU operation manual for SWITCH operation and programming)

Note: While M8035 and M8036 are ON the MPU can not be changed to STOP mode using the
RUN terminal or RUN/STOP switch. Either set M8037 ON, or reset M8035 and M8036, to
return to the normal operating state.

Range of Mitsubishi graphic FX-DU units:

FX-25DU-E - a 4 line text/graphic unit.

FX-30DU-E - a 4 line text/graphics display unit with membrane style keypad.
FX-40DU-TK-E - a 7 line, touch key, text/graphics display unit with numeric keypad.
FX-50DU-TK(S)-E - a 15 line, touch key, color text/graphics display unit.
F940GOT-SWD/LWD-E - a 15 line, touch key, color text/graphics advanced display unit.

FX2n(c) Remote STOP
|FXos)| FXon | FX | FXec) [FXan(e)

With FXan(c) units, even if the RUN terminal or RUN/STOP switch is in the RUN position, it is
still possible to do a remote STOP by forcing M8037 ON.

Return to RUN by resetting M8037.
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10.4

10.5

Constant Scan Mode ’FXO(S)I FXonN | FX ‘FX(ZC)IFXZN(C)‘
Some times the timing of operations can be a problem, especially if some co-ordination is
being attempted with a second control system. In cases like this it is very useful to fix the
PLC’s scan time. Under normal conditions the PLC’s scan time will vary from one scan to the
next. This is simply because the natural PLC scan time is dependent on the number of and
type of the active instructions. As these are continually changing between program scans the
actual scan time is also a varying. Hence, by using the additional program function identified
below, the PLC’s scan time can be fixed so that it will be the same duration on every program
scan. The actual scan duration is set by writing a scan time in excess of the current longest
scan duration to special data register D8039 (in the example the value K150 is used). If the
PLC scans the program quicker than the set scan time, a 'pause’ will occur until the set scan
duration is reached.

This program example should be placed at the beginning of a users program.

M8000
; M8039

L———{mov| K150 [D8039

Newly set
constant scan
time = 150 msec

Alternating ON/OFF States ]FXo(S)I EXon | EX \FX(zC)lFXzN(C)\
It is often useful to have a single input control or toggle a situation. A basic, yet typical example
is the switching ON/OFF of a Light. This can be easily achieved by using standard ladder
program to load an input and switch an output. However, this system requires an input which is
latchable. If basic ladder steps are used to latch the program then it soon becomes complex
and prone to mis-programming by the user. Using the ALT instruction to toggle the ON/OFF
(SET/RESET, START/STOP, SLOW/FAST) state is much simpler, quicker and more efficient.

Explanation:

X0 X0
it :
MO

YO
X0 Y1 Mo

1 Y1

@ Program
example 1 Program example 2

Pressing the momentary push button X1 once will switch the lamp ON. Pressing the push
button for a second time will cause the lamp to turn OFF. And if the push button is again
pressed for a third time, the lamp is turned ON again and so the toggled status continues.

The second program shown identifies a possible motor interlock/control, possibly a start/stop
situation.
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10.6

10.7

Using Battery Backed Devices

For Maximum Advantage ’FXO(S)I FXon | FX ‘FX(ZC)IFXZN(C)‘

Battery backed devices retain their status during a PLC power down. These devices can be
used for maximum advantage by allowing the PLC to continue from its last operation status
just before the power failure.

For example: A table traverse system is operating, moving alternatively between two limit
switches. If a PLC power failure occurs during the traversing the machine will stop.

Ideally, once the PLC regains its power the system should continue from where it left off, i.e. if
the movement direction was to the left before the power down, it should continue to the left
after the restoration of the power.

Explanation:

; X0 X1 Limit switch X0 Limit switch X1
Right ; My M600

traverse | M600 9 o Q

X1 X0 Motor driven
Left i A M601 indirectly by
traverse | M601 Reciprocating M600 and M601

table

The status of the latched devices (in this example FX M coils M600 and M601) is retained
during the power down. Once the power is restored the battery backed M coils latch
themselves in again, i.e. the load M600 is used to drive M600.

Indexing Through Multiple

Display Data Values ’FXO(S)I FXoN | FX ‘FX(ZC)IFXZN(C)‘

Many users unwarily fall in to the trap of only using a single seven segment display to display
only a single data value. This very simple combination of applied instructions shows how a
user can 'page' through multiple data values displaying each in turn.

Explanation:

The contents of 10 FX version of program FXo/FXoN version of Operation
counters are displayed in program

a sequential, 'paged’ ap sk 70 Co
operation. ik X1t = 5o o
The paging action occurs i+ i o gz gg
every time the input X11 is M E z6  Cs
received. e[ ke [z Mo} (ir——{sco[co Zwava— |LN| 25 3
What actually hap-pens is L N[z Ko
that the index register Z is (owp Ko [ Z [Wo]

continually incremented
until it equals 9. When this happens the comparison instruction drives M1 ON which in turn
resets the current value of Z to 0 (zero). Hence, a loop effect is created with Z varying between
fixed values of 0 and 9 (10 values). The Z value is used to select the next counter to be
displayed on the seven segment display.

This is because the Z index modifier is used to offset the counter being read by the BCD output
instruction.
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10.8 Reading And Manipulating Thumbwheel Data ’FXO(S)| FXoN | FX \Fx(zc) |FX2N(c)\
Data can be easily read into a programmable controller through the use of the BIN instruction.
When data is read from multiple sources the data is often stored at different locations. It may
be required that certain data values are combined or mixed to produce a new value.
Alternatively, a certain data digit may need to be parsed from a larger data word. This kind of
data handling and manipulation can be carried out by using the SMOV instruction. The
example below shows how two data values (a single digit and a double digit number) are
combined to make a final data value.

Digit Digit
V18000 10° 10° 10
— —_— —_—
———— BIN [K2x20| D2 - B 0o:-c
- BIN [Kix0] D1 ‘W‘ H_‘ ‘W‘
Lismov| D1] K1 ] K1 | D2] K3 X0 to X3 X2010X27- £y programmable
controller
D1-D2 MOV po_765
Explanation:

The two BIN instructions each read in one of the data values. The first value, the single digit
stored in D1, is combined with the second data value D2 (currently containing 2 digits). This is
performed by the SMOV instruction. The result is that the contents of D1 is written to the third
digit of the contents of D2. The result is then stored back into register D2.

10.9 Measuring a High Speed Pulse Input ]FXo(S)I FXon | FX \FX(zC) |FX2N(C)\

10.9.1 A 1 msec timer pulse measurement

Some times due to system requirements or even General wiring-pluse
as a result of maintenance activities it is XX to be measured is
necessary to 'find out' how long certain input connected to both X0
pulses are lasting for. The following program 0 L and X1

ut_lllzes two interrupt routines to capture a pulse S (X0.X1) Pulse to be
width and measure it with a 1 msec timer. The B measured
timer used in the ample is one of the FX timers. o [FEND

However, T63 on the FXON would be used fora ' _ _
similar situation on that PLC. Rl RST 0] ,'\EA'J‘SSTUES'O”
Explanation: RST[ DO | included in main

T2 program

The 1 msec timer T246 is driven when interrupt (iReT] = ik1 msec timer-
1001 is activated. When the mput to X1 IS 10 | X0 vov 2] 00 | FXoN use T63
removed the current value of the timer T246 is i Measured time
moved to data register DO by interrupt program Mo B ~ stored inDO
1100. The operation complete flag MO is then set Me000 K1 Pulse has been

ON. measured
———————{IRET
Note: X10 acts as an enable/disable flag. END
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10.9.2 A 0.1 msec timer pulse measurement ]FX0(3)| FXon I FX ‘FX(ZC) IFXZN(C)‘

This is a very accurate measuring process for pulse

inputs. The use of a standard timer is not accurate General wiring-pluse
. . . . . RO to be measured is
enough in this case as the highest resolution is connected to both X0
1msec. Therefor, this example shows how the and X1
special high accuracy devices M8099 and D8099 Xmi,—i/ Pulse to be
are used to capture the 0.1 msec resolution pulse S (X0, X1 measured
data. %10 %// El instruction
o01] % B0 MUST be
Explanation: — FERD) gwrcc;:;;jaerg in main
The incoming pulse is captured between two — RST [p8099 L
interrupt routines. These routines operate [RST[ MO ] ggggg'device
independently of each other, one on the rising edge

X10

of the pulse input and one on the falling edge of the 1100 [movpeoed Do |
same input. During the pulse input the contents of SET
special register D8099 are continually moved into [IRET]
data register DO. Once the pulse has completed the (%0 Zﬂ:zuﬁzz been
contents of DO can be viewed at leisure.

|T——Measured time
stored inDO

Please note for this high speed/accuracy mode to
be active for D8099, the corresponding special
auxiliary bit device M8099 must be driven ON in the
main program.

10.10 Using The Execution Complete Flag, M8029 ]FXo(S)I EXon | EX \Fx(zc)lFXzN(C)\

Some of the applied instructions take more than one program scan to complete their operation.
This makes identification of the current operating state difficult. As an aid to the programmer,
certainappliedinstructionsidentify theircompletionbysettinganoperationcompleteflag, M8029.
Because this flag can be used by several different instructions at the same time, a method
similar to the following should be used to trap the M8029 status at each of the instructions
using it:

Explanation:

The M8029 'trapping’ sequence takes advantage of i
the batch refresh of the FX family of PLC's. As the ——IMov] Ko | Do

program scan passes each instruction using M8029
the status of M8029 changes to reflect the current |}

M100

status of the instruction. Hence, by immediately e [ser[vs
resetting (or setting) the drive flag for the instruction | P Trapped

; ; ; ; M8029 instruction
the current operational status of the instruction is e

tralppehd. So Wf:en :jhe batch_refresh takes plarc]e =
only the completed instructions are reset. The M1t

example above uses a pulse to set the drive flags v6 Trapped
so that it is easy to monitor and see when each T;ozg instruction
instruction finishes (if the instructions are
continuously driven it will be difficult to see when
they finish!).
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10.11

10.12

Creating a User Defined MTR Instruction

For users who want to have the benefits of the MTR
instruction for FX users who want to specify more
than one MTR area, this user defined MTR function
will be very useful.

Explanation:

The main control of this program rests in the timer
interrupt 1620. This interrupt triggers every 20msec
regardless of what the main program is doing. On
each interruption one bank of the user defined
matrix is read. The program simply consists of
reading the inputs triggered by each of the
multiplexed outputs.

The read data is then stored in sequential sets of
auxiliary registers.

Each MOV instruction reads a new bank of
multiplexed inputs.

The equivalent MTR instruction is shown
immediately before the 'user defined' MTR.

See the MTR instruction on page 5-54 for more
details.

An Example System

1620

Application Using STL And IST Program Control

The following illustration shows a simple 'pick and
place' system utilizing a small robotic arm. The zero
point has been de-fined as the uppermost and left
most position accessible by the robot arm.

A normal sequence of events

A product is carried from point 'A' to point 'B' by the
robot arm. To achieve this operation the following
sequence of events takes place:

Initial position: the robot arm is at its zero point.

1) The Raobots grip is lowered to it lowest limit
- output YO: ON, input X1: ON, output YO: OFF.
2) The grip clamped around the product at point A
- output Y1: ON.

’FXO(S)| FXON| FX ‘FX(ZC) IFXZN(C)‘

M8000
}—{ F{MTR]X30] Y30 [M100] K4 }—\‘\
Equivalent

| —(aH

MTR instruction

The interrupt

FENDI— routine is scanned
M8000
= every 20 msec
Y30
On each scan of
Y31 ‘E n each scan o
4\({32 | MoV [kexa0lkewt1of 1 ths routine a
wov[kexadkawrz0<f differentinput
k/ block is read
[ PLS [Mm499]
Y32 .
This program
Y31 area controls
F—————{PS] Y32} A
H\(30 (P vaz ] which input block
PLS | Y33 will be read
Y30Y31Y32Y33 Ps[vss
M99 X30-37 is
4{
M8000 refreshed at the
i ——{REF[ v30[ K8 | start of the
[IRET} routine while
Y30-37 are
refreshed here

’FXO(S)I FXon | FX ‘FX(ZC)IFXZN(C)‘
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3) The grip, now holding the product, is raised to its upper limit
- output Y2: ON, input X2: ON, output Y2: OFF.

4) The robot arm traverses to its right most position
- output Y3: ON, input X3: ON, output Y3: OFF.

5) The grip and product are lowered to the bottom limit
- output YO: ON, input X1: ON, output YO: OFF.

6) The grip is unclamped and the product is released at point B
- output Y1: OFF.

7) The grip is retrieved back to its upper limit
- output YO: ON, input X2: ON, output YO: OFF.

8) The arm traverses back to its zero point by moving to the left most limit
- output Y4: ON, input X4: ON, output Y4: OFF.

The cycle can then start again.

System parameters

Left most arm position /§ X4 Operation 8
Y4

/OQ; Operation 4
Y3

OHRXZ

Upper

Zero point o—mIX2

o

Left most

Yo yo 9P limit
Operation 1 Operation 3

X1C—o
Lower /

grip limit Y1
Operation 2

arm position Yo Y2
Operation 5 Operation 7

X1~

Y1
Operation 6 D

1) Double solenoid valves are used to control the

up (Y2)/down (YO0) and right (Y3)/left (Y4)

motion.

2) A single solenoid valve is used for the clamp

(Y1)/unclamp operation.

3) The system uses an FX-40DU-TK to interface

with the operator.

The FX-40DU-TK is a touch screen data access

unit.

Robot Arm
Control Center

Press to continue l:ﬁl

"o [e] () () o) e
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This example uses the IST instruction (FNC 60) to When all conditions

control the operation mode of the robot arm. The | *#1? are met robot grip is
program shown opposite identifies how the IST M804420N

M8000

instruction is written into the main program. ST control - setup
When the IST instruction is used there are 5

selectable modes which access three separate Mode Selection [M
programs. This example has the following @
programs associated with its modes. Each mode is ’W'
selected through the FX-40DU-TK. The screen Fd

shown opposite is the initial mode menu. Each of %

the menu options causes a screen jump to the —A B

selected mode. Menu options 1 and 3 also set ON Touch screen keys
auxiliary devices M30 and M31 respectively. An example DU screen design

The active bits then trigger a screen change to the
selected mode. Please note 'Automatic' has three
further modes which are selected from a following
screen/display.

Manual Mode:

In this mode ALL operations of the robot arm are M22

controlled by the operator. An operation or 8% F————8ETV Clamp is active

movement is selected by pressing the HMW Clamo is not

corresponding option on the DUs screen (see 5 Yo e 12110

be!ow). Thgse options then trigger DU SWITCH A (Y2) Move grip up

objects which drive associated auxiliary relays M20 Y2

within the programmable controller. The SWITCH —4 /Y0 Move grip down
i M16 X2 Y3

objects should be set to momentary so that they (Y Move grip left

only operate when the key is pressed. M21 X2 Y4

The status of the clamping action could be G ove grp g

identified by two INDICATOR (SCR) functions on
the DU unit. They could be monitoring the ON and
OFF status of the clamp output Y1. Hence, when
the clamp was ON a single black box opposite the
ON button could appear. When the clamp is OFF
the box would appear in front of the OFF button. At
any one time only one box would be active.

Key assignment for DU screen opposite:

Up = M15 Down = M20 Up |Down] Left | Right]
Left = M16 Right = M21 Manual Mode
Clamp ON = M22 m [OFF
Clamp OFF = M17 Clamp
—A &8 [[ON]

Menu = reset M30

Once manual operation is completed the operator can return to the main mode selection
screen by touching the 'Menu' key. This causes the manual mode bit flag, M30, to be reset.
Once M30 is reset the DU screen then changes back to the desired mode selection screen.
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Zero Return Mode

This mode fulfills an initialization function by
returning the robot arm to a known position.
Once 'Z Return' has been selected from the
mode selection screen the bit device M35 is

Clamp is not activeand the return
operation has been started

Ensure 'dowm' and ‘clamp’

. . options remain reset
F)N. At thlslpomt the DU screen changes to the
zero return' screen. _ _ 3 Move grip up
The actual zero return operation will then start X2
when the 'Return' push button is pressed  [S11] Ensure 'right option is reset
(activating M25) and the robots grip is not Y4 Move grip left
active, i.e. Y1 is OFF (on the STL flow diagram X4
opposite Y1 OFF is shown as Y1%). S12 Set zero return

complete flag (M8043)

The DU unit could be used to report back the Additional user ~ Cannot return|

status of the current returning operation. The messages At Zero point |
example screen shown opposite uses 3 variable —
messages to indicate this status. The messages —— = 0 F
could be text strings stored in the PLC which Zero point
are read and displayed by the DUs ASCII
option.

Zero Return Mode

—A 9B

Once the zero point has been returned to, the operator would also return to the mode selection
screen. This is achieved by pressing the 'Menu' touch key. This then resets the zero return bit
device M31 which allows the DU screen change to take place.

Key assignment for DU screen above:
Return = M25
Menu = reset M31

Automatic Mode
Under this option there are three further mode selections. The available modes are:
Step Mode:

- The automatic program is stepped through - operation by operation, on command by the
user pressing the 'Start' button.

Cycle Mode:

- The automatic program is processed for one complete operational cycle. Each cycle is
initiated by pressing the 'Start' button. If the 'Stop' button is pressed, the program is
stopped immediately. To resume the cycle, the 'Start' button is pressed again.

Automatic Mode:

- A fully automatic, continuously cycling mode. The modes operation can be stopped by
pressing the 'stop’ button. However, this will only take effect after completion of the
current cycle.
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In this example these three modes are Automatic Mode

selected_by an external rotary switch. The sigpped Operation | | /Automatic Operation |

rotary switch is not connected to the PLC but ;. ic 6ycie Operation

to the 1/0O bus on the rear of the DU unit.

The use of the rotary switch means that the m[Start

selected modes are mutually exclusive in 8urrent-t A OB [Stop
peration —

their operation. For an operator friendly messages

environment the currently selected mode is /\/\/

displayed on the DU screen (again this could 4/

be by use of the DUs ASCII function). CYCLE Rotarv switch inbut fo

The start/ stop controls are touch keys on the el AUTO 0 Shrough 110 bus

DU screen. When a mode is selected the < (used to select mode).

input received at the DU unit momentarily

activates one of the following auxiliary relays:

Rotary switch:

position 1 'Step' - Step operation: DU input 10,

controls bit device M32 position 2 'Cycle' -

Single cycle operation:  s2]

DU input 11, controls bit device M33 position 3 M8041

'Auto’ - Automatic operation: DU input 12, M8044 T

controls bit device M34 [s20 (Yo>  Move grip down

Key assignment for DU screen above: X1 T

Start = M36 Eaf SETI Y1] Clamp is active

Stop = M37 o 1 K10

The program run in all three mode choices is _

shown opposite. As noted earlier, the 'Step' s22—————(Y2)  Movegipup

mode will require an operator to press the X2

'Start' key to start each new STL block. This Ej% 3 Move grip right
could be viewed as an additional transfer

condition between each state. However, the X3 T
user is not required to program this as the IST 24 (YO)  Move grip down
instruction controls this operation
automatically.

The 'Cycle' mode will process the program
from STL step S2, all the way through until ™
STL step S2 is encountered again. Once
more the IST instruction ensures that only

active

s
E@— Clamp is not
Ezs }—< : ) Move grip up

one cycle is completed for each initial X2 T
activation of the 'Start’ input. En (Y4)  Move grip left
Finally as suggested by the name, 'Auto’ X4

mode will continuously cycle through the
program until the 'Stop' button is pressed.
The actual halting of the program cycling will
occur when the currently active cycle is
completed.
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Points of interest:

a) Users of the IST instruction will be aware that only one of the operation modes should be
active at one time. In this example program the isolation of 'Manual' and 'Zero return’
modes by the use of separate DU control screens, and the use of a rotary switch to
isolate the three automatic modes achieves this objective. Alternatively all of the
operation modes could be selected by a rotary switch.

b) For users who would like to test this example using simulator switches (i.e., without using
a data access unit) the appropriate program changes are noted next to the full program
listing later in this section. Alternatively, the original program could be used with all of the
input conditions being given by forcing ON the contacts with a programming device e.g.
a hand held programmer, Medoc etc.

c) Special flags used in this program are:

 M8040: State transfer inhibit

- Manual mode: Always ON.
Zero return and Cycle modes: Once the 'Stop’ input is given the current state is
retained until the 'Start’ input is received.
Step mode: This flag is OFF when the 'Start' input is ON. At all other times M8040 is
ON, this enables the single STL step operation to be achieved.
Auto mode: M8040 is ON initially when the PLC is switched into RUN. It is reset
when the 'Start’ input is given.

« M8041: State transfer start

- Manual and Zero return modes: This flag is not used.
Step and Cycle modes: This flag is only active while the 'Start' input is received.
Auto mode: The flag is set ON after the 'Start' input is received. It is reset after the
'Stop' input is received.
» MB8042: Start pulse

- This is momentarily active after the 'Start’ input is received.

e MB8043: Zero return complete
- This is a user activated device which should be controlled within the users program.

» MB8044: At Zero position/ condition
- This is a user activated device which should be controlled within the users program.
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Full program listing:

0 LD X 4 35 | STL S 1 72 | STL S 21
1 AND X 2 36 LD M 35 73 | SET Y 1
2 ANI Y 1 37 | RST M | 8043 74 |OUT | T 0
3 OuT | M |8044 39 | ANI Y 1 K 10
5 LD M | 8000 40 | SET S 10 77 LD T 0
6 IST 60 42 | STL S 10 78 | SET S 22
M 30 43 | RST Y 1 80 | STL S 22
S 20 44 | RST Y 0 81 |OUT| Y 2
S 27 45 |OUT | Y 2 82 LD X 2
13 | STL S 0 46 LD X 2 83 | SET S 23
14 LD M | 8044 47 | SET S 11 85 | STL S 23
15 |OUT | M |8043 49 | STL S 11 86 |OUT| Y 3
17 LD M 22 50 | RST Y 3 87 LD X 3
18 | SET Y 1 51 | OUT Y 4 88 | SET S 24
19 LD M 17 52 LD X 4 90 | STL S 24
20 | RST Y 1 53 | SET S 12 91 |[OUT| Y 0
21 LD M 15 55 | STL S 12 92 LD X 1
22 | ANI Y 0 56 | SET M | 8043 93 | SET S 25
23 | OUT Y 2 58 | RST S 12 95 | STL S 25
24 LD M 20 (RET)* 96 | RST Y 1
25 | ANI Y 2 60 | STL S 2 97 |OUT | T 1
26 | OUT Y 0 61 LD M | 8041 K 10
27 LD M 16 62 | RST M | 8043 100 | LD T 1
28 | AND X 2 64 |AND| M |8044 101 | SET S 26
29 | ANI Y 3 65 | SET S 20 103 | STL S 26
30 | OUT Y 4 67 | STL S 20 104 |OUT | Y 2
31 LD M 21 68 |OUT | Y 0 105 | LD X 2
32 | AND X 2 69 LD X 1 106 | SET S 27
33 | ANI Y 4 70 | SET S 21 108 | STL S 27
34 | OUT Y 3 109 |OUT | Y 4
(RET)* 110 LD X 4
1 This instruction returns the - 111 | OUT S 2
*: Instructions in () are not program flow to STL step S2. 113 | RET
necessary
necessary 114 | END
Program options:
6 IST 60 17 LD X 12 27 LD X 6
X 20 19 LD X 7 31 LD X 11
S 20 21 LD X 5 36 LD X 25
S 27 24 LD X 10
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10.13 Using The PWM Instruction For Motor Control ]FXo(S)I EXon | EX \Fx(zc)lFXzN(c)\

The PWM instruction may be used directly with an inverter to drive a motor. If this configuration
is used the following ripple circuit will be required between the PLC’'s PWM output and the
inverters input terminals.

Programmable

controller
{24V OV Motor
Inverter - [ ]:
VY0 Y
Circuit configuration for a PLC with source outputs
Key to component values:
R1-510 Q (1/72 W) R2 - 3.3kQ (1/2 W)
R3 to R8 - 1kQ (1/4 W) R9-22Q (1/4 W)
R10 - variable dependent on configuration. In this example 1kQ (1 W)
C1-470pF

Note: the values of R10 and C1 are dependent on the system configuration.

X10 t  TO
r—{ - [PWM] D10] K50 \Yooo}ﬂ

Establishing system parameters and values

It is assumed that the input impedance of the inverter is of a high order. Having established
this, the values of C1 and R10 are calculated to give T a time result (in msec) approximately 10
times bigger than the value used for To in the PWM instruction:

1=R10 (kQ) AL C1 (uF)

During this calculation the value of R10 must be vastly greater than the value of R9. In the
example, R9 is equal to 22Q, where as R10 is equal to 1kQ. This proportion is approximately
1:50 in favor of R10.
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The maximum output voltage (to the inverter) including ripple voltage, can be found by using
the following equation:

t
=F _—
€em TO

Where:

em = Maximum output voltage

E= pulse (square wave) output voltage (see circuit on the previous page)
t = PWM pulse duration (see previous page for reference)

To = PWM cycle time for pulse (see previous page for reference)

The average output voltage (to the inverter) including ripple voltage, can be found by using the
following equation:

Ae To-t To
<

~

e T - T

Where:

Ae = the voltage value of the ripple
e =ripple output voltage

To = PWM cycle time for pulse

t =PWM pulse duration

T = ripple circuit delay

See previous page for references.
Operation

Once the system configuration has been selected and the ripple circuit has been built to suit,
the motor speed may be varied by adjusting the value of 't' in the PWM instruction.

The larger the value of 't' the faster the motor speed will rotate. However, this should be
balanced with the knowledge that the faster the output signal changes the greater the ripple
voltage will be. On the other hand a slowly changing output signal will have a more controlled,
yet smaller ripple effect. The speed of the signal change is determined by the size of C1. A
large capacitive value for C1 would give a smaller ripple effect as charge is stored and
released over a longer time period.

Programmable
controller

Motor

Inverter

Circuit configuration for a PLC with sink outputs.
The component values are the same as stated previously

The following characteristics were noticed when the identified circuit was tested
The PWM instruction had To set to K50. The value for t was varied and also the load
impedance was varied to provide the following characteristics graph (see over page).
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12.0+
10.0- tg Tested load impedance
L4 (e.g. inverter impedance)
it 807 L1-100 k
e (volis) g0 L2-10k
L3-4.7k
4.0 L4-2.2k
2.0

The duration of the To, time base also affects the ripple voltage. This can be clearly seen in the
next set of test data:

PWM parameter setting Measured ripple
t To t/To voltage
100 200 1.27Vv
50 100 668mV
25 50 0.5 350mV
10 20 154mV
5 10 82mvV

The behavior of the Sink switched circuit detailed above will be similar to that of the Source
switched circuit detailed earlier.

10-17
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10.14 Communication Format ’FXO(S)I EXon | EX ‘FX(ZC)IFXZN(C)‘

10.14.1 Specification of the communication parameters:

Items such as baud rates, stop bits and parities must be identically set between the two
communicating devices. The communication parameters are selected by a bit pattern which is
stored in data register D8120.

D8120
L Bit (bn)status
Description
0 (OFF) 1 (ON)
b0 Data length 7 bits 8 bits
b1 (00) : No parity
b2 Parity (b2, b1) (01) : Odd parity

(112) : Even parity
b3 Stop bits 1 bit | 2bits
(b7, b6, b5, b4)

b4 (0011): 300 bps (b7, b6, b5, b4)
b5 ) (0111): 4800 bps

Baud rate - bps (0100): 600 bps )
b6 : (1000): 9600 bps
b7 (0101): 1200 bps (1001): 19200 bps

(0110): 2400 bps '

b8 Header character None D8124, Default : STX (02H)
b9 Terminator character None D8125, Default : ETX (03H)

No Protocol

(b12, b11, b10)

(0,0, 0): RS Instruction is not being used (RS232C interface)
(0,0, 1): Terminal mode -RS232C interface

o (0,1, 0): Interlink mode - RS232C interface (FX2N V2.00 or above)
b10 | Communication Control | o 1 1) : Normal mode 1- RS232C, RS485(422) interfaces (RS485
b1l | (see timing diagrams FX2N(C) only)

bl2 | page 10-20 onwards) |1 g 1y: Normal Mode 2 - RS232C interface (FX only)

Computer Link

(b12, b11, b10)
(0,0,0):RS485(422) interface
(0,1,0):RS232C interface

b13 Sum No Check Added automatically
FX-485 Check

b1l4 | Network Protocol No protocol Dedicated Protocol

b15 Protocol Format 1 Format 4

General note regarding the use of Data register D8120:

This data register is a general set-up register for all ADP type communications. Bits 13 to 15 in
the 232ADP units should not be used. When using the FX-485 network with 485ADP units bits
13 to 15 should be used instead of bits 8 to 12.
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10.14.2 Header and Terminator Characters

The header and terminator characters can be changed by the user to suit their requirements.
The default setting for the header stored in D8124 is 'STX' (or 02H)and the terminator default
setting stored in D8125 is 'ETX' (or 03H).

The header and terminator characters are automatically added to the 'send' message at the
time of transmission. During a receive cycle, data will be ignored until the header is received.
Data will be continually read until either the termination character is received or the receive
buffer is filled. If the buffer is filled before the termination character is received then the
message is considered incomplete.

If no termination character is used, then reading will continue until the receive data buffer is
full. Only at this point will a message have been accepted and complete. There is no further
buffering of any communications, hence if more data is sent than the available destination
buffer size then the excess will be lost once the buffer is full.

It is therefore very important to specify the receive buffer length the same size as the longest
message to be received.

Events to complete a transmission:

The RS instruction should be set up and active. M8000
The data to be transmitted should be moved into the |—{}—{ RS | D50 D49 [D200| K 10}
transmission data buffer. If a variable is being used to | x3
identify the message length in the RS instruction this 1 {BMOV|D100] D50 | K6 |-

should be set to the new message length. The send flag ——{ MoV | K6 | D49 H
M8122 should then be SET ON. This will automatically
reset once the message has been sent. Please see the

example program right.

Events encountered when receiving a message:

The RS instruction should be set up and active.

Once data is being received and an attempt is made to MSO&{ RS | D50 | D49 | D200| K 10
send out data, the special M flag M8121 is set ON to |yg123

indicate the transmission will be delayed. Once the ————{BMOV|D200] D70 | K 10
'incoming' message is completely received the message

received flag M8123 is set ON. At the same time if M8121
was ON it is automatically reset allowing further
messages (delayed or otherwise) to be transmitted.

It is advisable to move the received data out of the received data buffer as soon as possible.
Once this is complete M8123 should be reset by the user. This is then ready to send a
message or to await receipt of a new message.
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10.14.3 Timing diagrams for communications:
1) No Handshaking D8120 (b12, b11, b10) = (0, 0, 0)

YFX2N below version 2.0

RS
instruction

Send data
SD (TXD)

’FXO(S)I FXON| FX ‘FX(ZC) |FX2N(C')"

om:_ ON

Data 4

Send request
M8122 ; o F

Send wait : : OFE ON
flagM8121 ~ . * This period should (‘S (

£ he 100 p's or more
. : £
Receive data_:

. ./ \ \
RD (RXD) . : \DaiZ/z,_* Data 3 \
Receive ........... .
; OFF J ONY. E’on}ﬂ? i

mpletion : - -
Ic\:/lo81r2)§ tio :eThe receive wait

status is started Reset using a program.
When it is not turned off, the
next data cannot be received.

*When using FXon, FX, FXac this should be 2 x scan time or more

2) Terminal mode D8120 (b12, b11, b10) = (0, 0, 1)
a) Send Only

RS ~ OEENON
instruction
Send data

SD (TXD) Data 1 Data 1, Data 2

Send request ON
M8122

L

\ +r

ER(DTR) OF ) { ON} ) ‘57
7 r

DR(OSR) 2FFI  oN

b) receive only

RS
instruction OFﬂ ON (’—

Receive data N\ A\
RD (RXD) Data 1 Data 2

ER(DTR)

Receive OFF g
completion ONExy ON;ﬂ o'\}”

M8123 Reset using a program.
When it is not turned off, the next data cannot be received.
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3) Normal Mode 1 D8120 (b12, b11, b10) = (0, 1, 1)
7FX2N below V2.00.

RS

instruction OFH ON LV

(S_I?)?g)data SD Data 1 Data 3

’FXO(S)I FXON| FX ‘FX(ZC) |FX2N(C')"

Send request
M8122 OrL

Send wait
flag M8121

ER(DTR)

OFF

Receive data

? \
RD (RXD) ; Data 2 \
Receive OFE ON R """"""""""""""""" v

completion
M8123 Reset using a program.
When it is not turned off, the
DR(DS oFE next data cannot be received.
R)

This period should be 100 ps or more

* When using FXON, FX, FX2C this period should be 2x scan time or more.

4) Normal Mode 2 D8120 (b12, b11, b10) = (1, 0, 1)
7FX2N below V2.00
RS  OFF/oN LV
instruction

Send data
SD (TXD) Data 1 Data 3 )

’FXO(S)I FXON| FX \FX(zc) |FX2N(C7‘

Send request

M8122 OFFt \ ON

Send wait /
flag M8121
ER(DTR)

DR(DSR)

Receive data
RD (RXD)

Receive
completion
M8123
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FX2N (V2.00 or above) Communications ’FX0(8)| FXon | FX |FX(20) |FX2N(C)‘

In the FX2N V2.00 or above and FX2NC, full duplex communication is performed.

1) No Hardware Handshaking D8120 (B12, b11, b10) = (0,0,0)

RS
instruction OFFJ: ON /‘
Send data E \ \

SD (TXD) : QData lr; qData 3? §Data 5?

Send requestOFF._ {7 oN t 1 7

M8122
Receive data
RD (RXD)
Receive ke YA Y N T AT :
completion ; ON} .
m8123 : The receive wait Reset it using a program.

<~ status is started When it is not turned off, the

next data cannot be received.

2) Terminal Mode
The control line and transmission sequence are identical to those in the FX, on page

3) Normal Mode 1 D8120 (b12, b11, b10) = (0, 1, 1)

RS
instruction OFH ON

Send data
SD (TXD)

Send request
mM8122 OFF

ER(DTR)

Receive data
RD (RXD)

Receive

completion ON :
M8123
DR(DSR) OFF ON

Reset using a program.
When it is not turned off, the
next data cannot be received.
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’FXO(S)| FXON| FX |FX(2C) IFXZN(C)‘

/L

4) Interlink Mode D8120 (b12, b11, b10) = (0, 1, 0)

RS OFFf{ON
instruction
Send data

Data 4

SD (TXD)

Send request

M8122

DR(DSR) *1 1

Up to 30 characfers
can be received *2

: Time-Ol:,It i @
: evaluation time

: E D8129 x 10ms

Receive data

RD (RXD)
Time-out / ;

evaluation o -

flag M8129 eset using a program.
g When it is not trurned off,the

next data cannot be received.

Receive
completion
M8123

ER(DTR)

Reset using a program.
When it is not turned off, the next data cannot be received.

10.14.4 8 bit or 16 bit communications.

This is toggled using the Auxiliary relay M8161. When this relay is OFF 16 bit communications
takes place. This actually means that both bytes of a 16 bit data device are used in both the
transmission and the receipt of messages. If the M8161 device is activated then 8 bit mode is
selected. In this mode only the lower 8 bits (or byte) is used to perform the transmission-
receiving actions. The toggling of the M8161 device should only occur when the RS instruction
is not active, i.e. it is OFF.

When a buffer area is specified in the RS instruction it is important to check whether 8 or 16bit
mode has been selected, i.e. a buffer area specified as D50 K3 would produce the following

results.......
16 bit mode - M8161 = OFF 8 bit mode - M8161 = ON
Data register | High byte Low byte Data register | High byte Low byte
D50 X F D50 F
D51 0 D51 X
D52 0

General note regarding hardware:
@ Information regarding pin outs of the respective ADP special function blocks can be found

along with wiring details in the appropriate hardware manuals.

10-23
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10.15

10.15.1

10.15.2

PID Programming Techniques |FXos)| FXon | FX | FXeo) [FXanc)

Keeping MV within a set range

In the reserved registers of the PID data block S3+18 and S3+19 form a double word device
that contains the previous MV x K100. The following program uses this to keep MV under
control when it exceeds the operating limits.

Example Program to keep MV in the range K100 to K5000

Data
X10 SV PV Block MV

——+——{ Pp | b8 [ b9 [ p2o [ Db H

MV
—I ZCP | K100 | K5000 | D46 | M20 |— Check MV against range

Below

M20 - MV
— Lower Limit I MOV | K100 | D46 |— MV < 100: Fix MV to lower limit
MV n-1x
K100
L { pbmov [ K10000 [ D38 |4 ResetPID datato lower limit
M2t My _ .
——A} PP I MOV | K5000 | D46 I— MV > 5000: Fix MV to upper limit
MV n-1x

K100

L pmov [ k500000 | D38 H ResetPID data to upper limit

If data registers are used to hold the limit values, it is possible to use a MUL instruction instead
of the DMOV. E.g. When D50 is upper limit use: MUL D50 K100 D38 because the result of
MUL is already a double word DMUL is not needed.

Resetting (S3+19, S3+18) in this way prevents runaway, which occurs if only MV is changed.

Manual/Automatic change over

In order to switch from automatic (PID) control to manual control and back to automatic it is
necessary for the PID process to perform 'Manual Tracking'. Although the FX PID instruction
does not have a manual tracking feature there are two methods that can be used to make the
switch from manual back to automatic as trouble free as possible.

To understand the reason for the two methods the following should be noted. The PID
instruction sets its initial output value based on the initial value of the output register.

When the PID instruction is switched on it can only do P as it has only 1 data reading. On the
first reading the current value of the output register is used as AMV. Thereafter the previous
output value is used (stored in S3+18, S3+19).

After the next reading PI can be calculated and from the third reading full PID is performed.
Please see section 5.98, PID (FNC 88), for the complete equations.

Method 1

It is recommended that if manual to auto switching is desired that the PID instruction is
switched off during manual operation and the operator controls the value of the MV register
(the Output Value). When returning to auto mode, the PID instruction is switched on again and
uses the last MV input by the operator during the first PID calculation. After 3 readings full PID
will be operating and the process should be under control quickly. (Assuming that manual
control did not cause a move too far from the Set Point.)
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10.15.3

10.15.4

Method 2

During manual operations the PID instruction is kept running but the calculated MV is ignored;
instead the operator controls MV. In order to prevent the PID instruction from running out of
control the MV value set by the operator should be fed in to the MV,,_; registers of the PID data

block in the same way as for MV range control earlier (i.e. Set S3+18, S3+19 to MV x 100).

When switching back to PID control the internal values of the PID instruction are already set
and full PID operation starts immediately.

Using the PID alarm signals

Included as part of the data block there are four alarm values. These set the maximum positive
and negative change that should occur to MV and PV. The PID alarm signals are used to warn
of the system going out of control.

When the system is starting from cold it is usually not good to include the Derivative numbers
of the in the calculation; the changes to PV are large and the Derivative introduces too much
correction. Also, if the system starts to move rapidly away from the SV then sometimes the use
of D can over correct and cause chasing.

By having an 'alarm’ flag for the change in PV and MV it is possible to monitor the state of the
system and adjust the PID parameters to appropriate settings.

When the system is close to the SP the changes in PV (and MV) should be minimal.

In this situation using full PID is very useful in keeping the system close to the SP. (Full PID is
appropriate).

However, if the conditions change (e.g. opening a refrigerator door, adding ingredients to a
mixture, cold start, etc.) the system reacts. In some cases (especially cold start) the reaction is
too much for the D to be useful (Pl or sometimes just P only is better). In these cases the alarm
flags can be used to change to PI control until the system returns to a more stable condition,
when full PID can then be used.

Basically, rather than use actual values of the PV to determine the change over point from PI to
PID (or PID to PI), use the size of the change in PV (or MV). This means changes to the Set
Point do not require different ranges for the Pl - PID change over point (at least, in theory).

Other tips for PID programming

e Itis recommended that an input value for PV is read before the PID is activated. Otherwise,
the PID will see a big change from 0 to the first value and calculate as if a big error is
occurring.

e The PID instruction is not interrupt processed. It is scan dependent and as such the
sampling can not occur faster the FX scan time. It is recommended that Tg is set to a

multiple of the program scan time.
« To keep timing errors to a minimum it is recommended that constant scan is used.

« To improve sampling rates it is possible to put the PID instruction inside a timer interrupt
routine.

e It is better to have the PID only perform P until the input value (PV) reaches the working
range.

« When setting up it is a good idea to monitor the input and output of the PID instruction and
check that they are about the expected values.

< If the PID system is not operating properly check the error flags for PID errors (D8067).
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10.16 Additional PID functions

‘FXO(S)’ FXon ‘ FX ‘FX(ZC) |FX2N(C)‘

The following parameter table gives the additional parameters available with FXanc) MPUSs.
These are:

S3+1 bit 4: Pre-tuning operation flag.
S3+1 bit 5: Output Value range limit flag.
S3+22: Output Value upper limit.

S3+23: Output Value lower limit.

Param- Parameter Settin
eter name/func- Description ran eg
S3+P tion 9
bo Forward operation(0),
Reverse operation (1)
Action-reac- bl Process Value (S2) change alarm OFF(0)/ON(1)

Sar1 tion b2 Output Value (MV) change alarm OFF(0)/ON(1) Not
direction and b3 Reserved applicable
alarm control b4 Activate pre-tuning (auto resets on completion)

b5 Output Value (MV) range limit OFF(0)/ON(1)
b6-15 Reserved
Output Value, |Active This is an alarm for the quantity of positive change
maximum when which can occur in one PID scan. If the Output 0 t0 32767
positive S3+1, b2 | Value (MV) exceeds this value, bit S3+24, b2 is
change alarm |is set ON. |set

S3+22 A

Output Value, cve This is an upper limit for the Output Value (MV).
S when . . . . . -32768 to
Upper limit During operation the PID instruction restricts the
- S3+1, b5 ) R 32767
restriction ; output so that it does not exceed this limit.
is set ON.
Output Value, |Active This is an alarm for the quantity of negative
maximum when change which can occur in one PID scan. If the 0 to 32767
negative S3+1, b2 | Output Value (MV) falls below this value, bit
change alarm |is set ON. | S3+24, b3 is set.
S3+23 s — —
Output Value Active This is a lower limit for the Output
Lower limit " |when Value (MV). -32768 to
restriction S3+1, b5 | During operation, the PID instruction restricts the 32767
is set ON. |output so that it does not fall below this limit.

For the full list of other parameters refer to page 5-102.

Note: S3+1 b2 and b5 should not be active at the same time. Only one value each is entered
into the data registers S3+22 and S3+23.

10.16.1

Output Value range control (S

3+1 b5)

Bit 5 of parameter S3+1, when ON, activates S3+22 and S3+23 to be upper and lower limits for
the output value (MV).
This feature restricts the output value to the specified limits; in effect, this automatically
performs the same operation as that described in section 10.15.1.
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10.17

10.17.1

© ©

Pre-tuning operation ‘FXO(S)‘ FXoN \ FX \FX(ZC) |FX2N(C)\

Variable Constants

The Pre-tuning operation can be used to automatically set values for the following variables:
- The direction of the process; Forward or Reverse (S3+1, bit 0)

- The proportional gain constant; Kp (S3+3)
- The integral time constant; T, (S3+4)
- The derivative time constant; Tp (S3+6)

Setting bit 4 of S3+1 starts the pre-tuning process. Before starting, set all values that are not
set by the pre-tuning operation: the sample time, Ts (S3+0); the input filter a (S3+2); the
Derivative gain, Kp (S3+5); the Set Point, SV (S;); and any alarm or limit values, (S3+20-23).

The Pre-tuning operation measures how fast the system will correct itself when in error.
Because the P, |, and D equations all react with differing speed, the initial error must be large
so that effective calculations can be made for each type of equation. The difference in values
between SP and PV, must be a minimum of 150 for the Pre-tuning to operate effectively. If this

is not the case, then please change SV to a suitable value for the purpose of pre-tuning.

The system keeps the output value (MV) at the initial value, monitoring the process value until
it reaches one third of the way to the Set Point. At this point the pre-tuning flag (bit 4) is reset
and normal PID operation resumes. SV can be returned to the normal setting without turning
the PID command Off.

During the course of normal operation, the Pre-tuning will NOT automatically set new values if
the SV is changed. The PID command must be turned Off, and the Pre-Tuning function
restarted if it is necessary to use the Pre-tune function to calculate new values.

» Caution: The Pre-tuning can be used as many times as necessary. Because the flag resets,
the set bit can be turned On again and new values will be calculated. If the system is
running an oven heater and the SV is reduced from 250 to 200 C, the temperature must
drop below 200 or the “Forward/Reverse” flag will be set in the wrong direction. In addition,
the system error value must be large for the pre-tune variable calculations to work correctly.

* Note: Set the sampling time to greater than 1 second (1000 ms) during the pre-tuning
operation. It is recommended that the sampling time is generally set to a value much
greater than the program scan time.

* Note: The system should be in a stable condition before starting the pre-tuning operation.
An unstable system can cause the Pre-tuning operation to produce invalid results. (e.qg.
opening a refrigerator door, adding ingredients to a mixture, cold start, etc.)

« Note: Even though Pre-tuning can set the above mentioned variables, additional logic may
be needed in the program to "scale" all operating values to those capable of being
processed by the special function devices being used.
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10.18 Example Autotuning Program

The following programming code is an example of how to set up the Pre-Tuning function.

.oy = X010
D500: SV = 500 s } FNC 12 ‘ K500 ‘ D500 }7
D502: MV = 1800, initial value mé)cvlé ‘K1800‘ D502 %
D510: T, S,+0 = 3000 Nc12 [ kao0o | ps10
D511: S,+1, Bits 0-3 and 5-15 Off, Bits 4 and
5 On. Bit 4 = Pre-Tune Function } I'\:/INO(illlgi ‘ HOOSO‘ D511 }—
Bit 5 = MV Range Limit
D512: Input Filter, S,+2 = 70% FIRE =
D515: KD s S3+5 = 1800, initial [ ENC 12 ‘ Ko ‘ D515 }7
value [Mov ™
D532: MV Max, S,+22 = 2000 } oV ‘ Kzooo‘ D532 %
) . _ [FNC 12 ‘ ‘ }7
D533: MV Min, S;+23 = 0 | vov i KO | D533
MO
Pulse M1 to turn On PID command — SET
] ) ) M8002
Send setting to Special Function Block — F’\T'%” ‘ KO ‘ KO ‘ H3303 ‘ K1 }—
. . M8000
Read data from Special Function Block (E— FF’\F'{%KAS ‘ KO ‘ K 10 ‘ D501 ‘ K1 ’*
) X010
Reset Output data when PID command is Off ,u' RST
M1
PID Instruction Command Line FI’;II(l:)SS ‘ D500 ‘ D501 ‘ D510 ‘ D502 }7
Turn Off PID Instruction o1l RST
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ANd, AN INVEISE INSITUCTIONS ..vuiiieiiiiii it e et e e e e s e et e e s e e e e s e e e st e esaaans 2-6
F N N 1 - 11 2-6
AnnuNciator reset, ANR INSITUCTION ...cvuiieiit ettt e e e e et e enaeens 5-47
ANNUNCIALOr ST, ANS INSITUCTION .ouniitiitie ittt et et e e e e e e e e s eenreenreens 5-47
Applied instr' which can only be USEd ONCE .........coooiiiiiiiiiiii e 7-16
APPIIEd INSITUCTION TIST ....eeiiiieieiiie e a e 11-10
APPIHEA INSITUCTIONS ... e e et e e e s e s e e ae e s 5-1
ArrowW SWItCH, ARWS INSTTUCTION ...ivnieiiei ettt e e e e et e et e e e e e e eereenaeen 5-87
YN O | Il g TV = Toa (=] g oo 1o L= 11-9
ASCII code (Alpha to ASCII code), ASCI NS ....uuiiii e e eeee e 5-88
ASCII to HEX conversion using HEX (FNC 83) ......cooiiiiiiiiiiiiiiiiiiieeeee e 5-99
Assigning special function block NUMDBEIS .........ccooiiiiie e 9-1
ASSIgNING SYSLEM UEVICES ...coieeeeee e e 9-1
Auxiliary relays,

Battery backed/ [atChed ..........cooo i e 4-4

Device details and eXxample ........ooooiiiiiiii e 4-3

General information on diagnostic deVICES ..........vvvvviiiiiiiiiiieeeeeee e, 4-5

(=T g LT = I T TSI 4-3
B
Basic devices

OUthing Of DASIC PLC UBVICES ....iiviiiiiiiee et e e e 2-1

D 2 I O |V IR S 2-1
BasiC dEVICES AN INSIIUCTIONS.......uiiitieiiee ittt e e e e e e e e e et e e s e e st e e s e e st eseanes 2-1
[21@{ DN = 1= BV o] £ ST =T Uo 1 oo R SRR 4-44
BCD output (Binary Coded Decimal), BCD INStI" ........cccooiiiiiiiiiiiiiesiieieee e 5-22
BIN input (Binary), BIN INSIIUCLION ........cccoviiiiiiiii e e 5-22
Binary data - readiNg ......ccoooviiiiiiiiiiii e e 4-42
ST 0 SNV o7 4-40
Bit on recognition, BON iNSTTUCHION .......ccooiiiiiiiiiii e e 5-45
Bit pattern rotation left, ROL INSIUCHION .......coveiiviiiieeieeeeeeeeee e, 5-35
Bit pattern rotation right, ROR iNStrUCtION ...........cooviiiiiiiiiii e, 5-35
Bit rotation and carry left, RCL iNStrUCLION .........coiiiiiiiiiiiici e 5-36
Bit rotation and carry right, RCR iNStrUCtION ..........ccovimiiiiiiii e, 5-36
Bit Shift 1€ft, SFTL INSITUCTION ...iieniieiieee ettt et et et e e e eaaeenreeneeenrees 5-37
Bit shift right, SFTR INSIIUCHION .....uuiiiiiiiiieec e eee 5-37
Block data move, BMOV INSIIUCTION ......cvuuiiiiiiiie ettt e s s e e s e eeas 5-20

2% MITSUBISHI 111



FX Series Programmable Controllers Index 11

C

C data devices
See Counters

Comparison of data to a range, ZCP NS .......ccii i 5-17
Comparison of single data values, CMP iNStr' ..o 5-17
Compliment of a data value, CML INSII" ........uiiiii e 5-19
Conditional Jump INSFUCHION (CJ) ..eeeiiiiiiiiiiii et 5-5
Constant scan mode - how to program, eXample ..o 10-4
Constants,
Numeric decimal (K) data value eNntry ........c.ccooeiiiiiiiiiiiii e 4-14
Numeric Hexadecimal (H) data value entry............ccccoeeeiiiiieiiieeiics e, 4-14
Counters,
16 Dit reSOIUtiON COUNTEIS ...oooeeeeee e e 4-20
32 bit resolution bi directional COUNLEIS .........ccvvvviviiiiiiiiiieee e 4-21
BASIC COUNTEIS ..uuiiiiieeieeee et e e e e e e e e e e e e e e e e e e e eereraa s 2-18
Device details and eXamples ........cooouiiiiiiiii e 4-19
T Lo o0 T U ) = S 4-21
D

D data devices
See Data registers
Data registers,

Battery backed/ latched regiSters .......ccoovieii i 4-35
Device details and eXamplesS........ccoviiiiiiiiiii i 4-33
Externally/manually adjustable data registers ........cccooovveviriiieiiiiiiin e 4-37
File registers of FX and FXON PLC'S ....uciiiiiiiiiieciiiiin e 4-36
General description of diagnostiC registers .......cccccvvvviiieieeee e, 4-35
General operation Of data regISIErS .........ceiiiiiiiiiiiiiii e 4-34
Decode data value, DECO INSITUCTION ......civveiieiiiice et ee et e e e e s s ra e s e 5-43
Decrement data, DEC INSITUCTION ...ivueiieieiei ettt et e e e et e e e e e e e e e e e eens 5-29
Device terms
Bits, words, BCD and heXad@Cimal .........ccuuvieniiiiiei et e e e eaaees 4-40
Floating Point And Scientific NOtation ...........cccoooiiiiiiiiiiiii e 4-46
Diagnostic devices
Clock devices (M8010-19 and D80L10-19) ....cuuiiiieiieiieeeiiiiis s e e e e eeeeeveie s e e e e e e eeaenens 6-3
Error detection devices (M8060-69, D8060-69) ..........cceeiieiieirieriiiiiiiineeeeeeeeeveninnnnn 6-8
High speed counter flags (M8235-55, D8235-55) ......ccccoiiiiiiiiiiiiiiiiiiiiiiien e eeeeeeenns 6-14
Interrupt controls (M8050-59 and D8050-59) .........cocciiriiiiieiiiiiiiiie e 6-7
Link control (M8070-99 and D8070-99).........uuuuiiiiiiiiiiiiieie e 6-9
See Also Miscellaneous (M8100-19, D8100-19)
Operation flags (M8020-29 and D8020-29) ........cccvveviiiiiiiiee e e e eeeeeaann 6-4
PLC operation mode (M8030-39 and D8030-39) .......cceevvieeiiiiieiiiiiiiieeeeeeeeeeeenienn 6-5
PLC status (M8000-9 and D8000-9) .......ccccuuviriireeeeeiiiiiiieeee e e s eeieireer e e e e s sneneeeeeeas 6-2
STL/Annunciator flags (M8040-49 and D8040-49)........cccouuiiuiirmiieieniiiiiiiieeeeeen s 6-6
Up/down counter control (M8200-34, D8200-34) ......cccvvveviiiiieiiieeiieeeeeeeeeeeee e 6-14
Digital switch input, DSW INSIUCHION ......ccovviieeiieiiieeeeee e, 5-83
Division of data values, DIV INSTTUCTION ......iieiirieit ittt et e e e e e s e eaeens 5-28
Double COoil deSIgNALION ......ccci e e e e 2-5
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E
Encode data, ENCO INSITUCHION ......iiieniiiiiieiiii e ee e s e e et e s e e e saa e seasaeaneeees 5-44
[\ PR 2-23
= Lo T 53 €U o 1T o 2-23
Error codes

CiIrCUIL (DBOBB) ..vvvveeeeeieieiieeieee ettt 6-17, 6-18

Communication (D8062 - DBOB3) ........uueriieiiiiiiiiiiiiieiee ettt ee e e e ee s 6-15

HAardware (DBOBL) ........uueeiiieeiiiiiiiiiii e eee ettt e ettt e e e e e e e e e enneeeee s 6-15

OPEration (DBOBT) ...cceeeiiiueirieiieee ettt e e e e e e e e e 6-19

Parameter (DBOBA).........couuuiriiii i e e e e e e e e e e e e e e e e e e 6-16

SYNEAX (DBOBD) ..vvvvveiiiiiiiiiiiiiieieiee e e e e e et e e e e e e e et e e e e e e e e e e et e ee e e e e e eaaaeaeaaaaaaaaaaaaaaaas 6-16
Example Of INTEITUPL USE ... oot e et e e e e e e e s 10-6
Example system appliCation ..........coooieiiiiiiieeiiiiiee e 10-8
Example use of @ timer iINTErTUPT........c..uviiiiiie e 10-8
Exchanging data bytes, XCH iNStIUCLION ...........covvviiiiiiiiiiiiiiiiiceeceeeee e 5-21
Exchanging data formats

BCD data to binary data, BIN INSt' .........uciiiiiiiirieeecice e 5-22

Binary data to BCD data, BCD INSII .......ciiii i 5-22

Floating point to scientific format, (FNC 18) ........cccoiiiiiiiiiiiieiiiiieeee e 5-22

Scientific format to floating point, (FNC 19) .........uuiiiiiiiiiiiiiieeeee e 5-22
Exchanging data values, XCH INStIUCHION .........ccovvviiiiiiiiiiiiiiieeeeeeeeeeeee e 5-21
Execution complete flag, using MB029 ..........uviiiii i 10-7
External setting pots - FXo0, FX0S and FXON .......uuiiiiiiiiiiiiiiiiiii e e e e eeaeens 4-37
F
F-16NP/NT - FX2-24EI control instructions

Melsec net mini control, MNET INStIUCLION ....cccvviiivniiiiieiie e 5-111
F2-30GM - FX2-24El control instructions

Block write, BLOCK INSIIUCTION ....iiiveiiiitieiiiieiiiie e et eee e e et e e e e e s an s e sraeesanees 5-115

Write assigned machine code, MCDE iNStr'. ........ccooiiiiiiiiieecin e 5-116
F2-32RM - FX2-24EI control instructions

RM monitor, RMMN INSTTUCTION ..ivuieeiiiiiee ettt e e e e e r e neenaees 5-114

RM read status, RMRD INSIIUCTION .....cuuiiiriiiiieiie it s e e eaa e eans 5-114

RM start, RMST INSITUCTION ....oeveiiiiiiiiiie it e s s e e eea e e e e e saaeeees 5-112

RM Writ€, RMWR INSTIUCTION . .eviieeeeieeee ettt e e e e et e e e e an e e e ee e eeenneens 5-113
F2-6AE - FX2-24EI control instructions

Analog data read, ANRD iNStrUCLION ..........cooiiiiiiiiiiiii e 5-111

Analog data write, ANWR INStIUCHION ......ccooiiiiiiiiiiiicce e, 5-112
FIFO data read, SFRD INSIIUCTION ...cceuiiietiiiiiiii e e et r e e s e s e e e s e eees 5-40
FIFO data write, SFWR INSITUCHION ...ceuviiitiiiiiiii ettt e s e e e s e aees 5-39
Fill MOVE, FIMOV INSIIUCTION ..ovuiieiiieiiee ettt ettt ettt et e e et e eae s e s s e e s e eenaeenees 5-21
[l [o = AT = (0 [ (o R =t T 5-49
Floating point - a numbering format ... 4-48
Floating point application - SUMMEAIY ........cccoiiiiiiiiiiiieee e 4-49
FOR-NEXT loops, FOR, Next iNStrUCLIONS ........cccvvviiiiiiiiiiieceeeeeeeeeee e, 5-13
Forced program end, FEND iNStrUCLION .........ccovvviiiiiiiiiiii e, 5-11
FX performance specification

CPU versions 2.0 through 3.06 .........cocooiiiiiiiiiiii e e e e eeenns 8-4

CPU versions from 3.07 ONWAIAS .......civvniiiieiiiiieee e s s e s e s e 8-6

2% MITSUBISHI 11-3



FX Series Programmable Controllers Index 11

FX-8AV - externally adjustable data values .............cccoee e 4-37
FX-8AV control instructions
Volume read, VRRD INSIIUCTION ...cvuiriiie ittt e et s et e e e s e e reeaes 5-101
Volume Scale, VRS C INSITUCTION . ....civeiite ittt et e e e e e e e e ereees 5-101
FX0 an FX0S performance specification .............oooviiviiiiiiii e 8-1
FXON performance SPeCifiCatiON .............ueiiiiiiiiiiiiiee e 8-2
FX2-40AP/AW parallel run (PRUN) INSIIUCLION ......uvvviiiiiiiiiiiiiieee e 5-96
FX2C performance SPeCifiCatiON ............uueiiiiiiriiiiiiiii e 8-6
FX2N(C) performance Specification .............uiiiiii e 8-8
G
LT (o 0] o T=To N o] fo (=1 o= 4-41
H
H value
See Constants
Hex to ASCII conversion using ASCI (FNC 82) .......couviiiiiiiiiiiiiiiiee e 5-98
Hexadecimal data Words - reading ........ccovvviviiiiiiiiiiie e 4-43
Hexadecimal keypad, HKY INStrUCHION ..........cvviiiiiiiciir e 5-82
Hierarchy of program flow inStruUCtiONS ........cvvviiiiii e, 7-12
High speed counter reset, HSCR INSLIUCION .........cooviiiiiiiiiecireeiiin e 5-56
High speed counter set, HSCS iNStIUCLION .......cccvvvviiviiiiiiiiiieeeeeeeeeeeeee e, 5-55
High speed counter zone compare, HSZ INSII ........ooviiiiiiiiiiiiiiee e 5-57
High speed counters,
1 phase counter - reset and start iNPULS .........ccooovriviiiii e 4-30
1 phase counters - user start and reSet .......c..uceiii i 4-29
2 phase bi-directional COUNLEIS .......ccoiiiiiiiiiiiii e e 4-31
AIB PRASE COUNTEIS ....iiiiiiiiiiieiie ettt e et e et e e s as 4-32
Available counters for FX PLC'S ...oooiiiiiiiii e 4-25
Available counters for FX0, FX0S and FXON PLC'S.....coiuuiiiiiiiiiiieeeieeceeeeee e 4-24
Available counters for FX2N(C) PLC'S ..uuiiiiiiiiiieiiein e 4-28
2 7o R Toa 0] 011 = Lo o 1S 4-23
Counter SPEEdS fOr FX PLEC'S ...oiiiiiiiiiiiieee ettt 4-26
Glossary and eXampPles............euiiii i 4-22
HOW t0 USE the MaNnUAl ......ccooiiiieieee s 1-2
HSZ Instruction
Combined HSZ and PLSY operation (3) .......ccceieiiiieiiiieeiiiis e eeeee e e e 5-59
Standard OPeration (L) .......cooviiiiiiiiiii e e e e e aane 5-57
Using HSZ with a data table (0peration 2) .........ccccceviiiiiiiieie e 5-57
I

| interrupt program pointer
See Interrupts

Incremental drum sequence, INCD iNStrUCtION ..........ccoceiiiiiiiiiiiiii e 5-71
Incrementing data, INC iNSITUCHION .......oiiiiiiiiiee e e e e e eeanes 5-29
Index registers,
Device details and eXamples ........c..ueviiiiiiiiiiiii e 4-38
(CTCT oLt =1 I U 1S TTT 4-38
Y T =T o)l 1 10 16 L1 {T=] £ 4-39
1Yo 11 YT o = W oo ] 1S3 = g | S 4-39
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Using multiple iNdeX regiSters ......covviiiviiiiiiieeeee e 4-39
Indexing through display values, example ...........ccccooiei i 10-5
Initial state CONtrol, IST INSIIUCTION ...vvuiieiiiee ettt et et e e e e e eereanes 5-67
Input, device details and eXampPle .......cccooooiiiiiiiiii e 4-1
Instruction execution times

APPIEA INSIIUCTIONS ... e e e s 7-3

BaSIC INSITUCTIONS ... et e e e e e et e e e e e e e e eeereaan s 7-1
Interrupts,

Device details and pointer eXampPles .......cceiieiiiiiiieiiiiiir e e 4-11

Disabling individual iNterrupPtsS .........oovviiiiiii i e 4-13

Input triggered INterrupt FOULINES ......oovvvviiiiie e e e e e e 4-12

Interrupt instructions: IRET, El, DI ..o eeee e 5-9

Timer triggered iNterruPt FOULINES ........uueuiuriieiiiiieiiieieieeieeeieeeeeereeereeeeeeeeeeeeereereeeees 4-12
K
K value

See Constants
L
5 2R I PP U PPRPRPRRR 2-3
Load, 10ad INVEISE INSITUCTIONS ....vvuiieiiieie e ee ettt et et et e e e e ee e e e eenreenresaeenreens 2-3
M

M bit device
See Auxiliary relay

Manipulating thumbwheel data (SMOV), eXample ..........ccoccveieeiiiiiiiie e 10-6
Master control and master CONIIrOl FESEL ........iveeiii e 2-15
Matrix input sequence, MTR INSIFUCLION ........cooviiiiiiiiiii e 5-54
L 1Y [ @ = 2-15
Mean of a data set, MEAN INSTIUCLION ....iivuniiiiieiie et e e e e e e aaas 5-46
Measuring high speed input pulses

Method using a Imsec timer + INtErrUPLS .....ccoveviieiiiiiiir e 10-6

Method using M8099, D8099 and INtErrUPLS .....cevvvvviiiieieerieeeeecre e 10-7
Motor control with the PWM INSTIUCLION .....civvniiiiiiiie e e eeeas 10-15
Move data, MOV INSITUCHION ...uuiiiiiiiie et e et e e et e et e e e et e e e st e e et s esstseeranreees 5-18
MPS, MRD, MPP oot e e e e e e et e et e e e e e e e e e e raaa s 2-13
MUItiple OUEPUL CIFCUILS ..ot e e e 2-13
Multiplication of data, MUL INStrUCLION .........cccuuiiiiiii i e e e 5-27
N
Negation of a data value, NEG iNStrUCLION ..........ccoeiiiiiiiiiiiiiiei e eeenaees 5-31
NO oOperation INSIFUCLION .........ocoiiiiiii e e e e e e e e e e e e aeeea s 2-22
1L =T PTT 2-22
O
(@] gl o] [oTo QT 4 1Y 1 (0 T3 10 o KR 2-11
OF, OF INVEISE INSTIUCTIONS ..iivtiiiitieitie et e e e e e e e e e et e e s e e et e e st e e st e s s e s e st s essneestasas 2-7
(O] = T O ] = [T 2-7
(O] =] = ST 2-11
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(@ 10 N [T 2-4

TIMEr anNd COUNTEE VaAITALIONS . .c.ueeee ettt ettt e e et e et e e e e e e e e e e reens 2-4
(@ 10 A 1= 1 0 [ (] o [T 2-4
Output, device details and eXample ..........uoiiiiiiiiiiec e 4-2
P

P program pointer
See Pointer P

Parallel link adapter, FX-A0APIAW ... 9-6
PLC operation - batCh ProCeSSING .......uueiiiiieiiiiiiiii e 7-14
PID control
Applied INStIUCION 88 - PID.......ccoo i 5-102
Configuring the PID 100D ...ovvviuiiii et e e e e e e e e eeees 5-105
EXamPIE Program ........oeeeiiiiei e 10-28
PID Setup Parameters ........oooiiiiiiie i 5-104
Program teCHNIQUES .........oiiiiiiiiii e 10-24
PLS, PLE ettt a e e e e e 2-20
PLSY initialize for FX ver2.2 or @arlier ... 5-61
Pointer P,
Device details and eXample USE ..........ccuuuiiiiiiiiiiiiiiiiii e . 4-10
POSItIVE/NEQALIVE TOQIC ...evvieiiiiiiiii et 5-86
Power failure precautions for FX DC UNITS .........uiiiiieeiiiiiiieiiieeeee e 10-1
Print to display, PR INSIFUCHION .......uuuiiiiiicii s e e e e e e e eeanaens 5-89
Program
[ [0V (o T Y= To I F= To [ =T g (o o [ 2-2
PrOQram SCAN ... et e e e e et e e ettt e e e eeba e e e e eran e e e eerna s 2-23
Programming formats: list, ladder, STLISFC ... 2-1
What do you need to program a PLC? .......oooiiiiiiiiiii e 1-3
LAY o LT = W o 0o | = o 2-1
Program example featuring IST and STL CONtrol ...........couiiiiiiieeeieeeiiee e, 10-8
Programmable controller
What is a programmable CONrOIET .........oooiiiiiiiiii e 1-3
(e oo = Ta 1o 011 o TR (oo <SSR 1-3
FX-PCS/AT-EE SW operating preCautiONS ...........iiieiieeeereeeeiiisee e e e eeeeeeenin e e s eeeseeesenes 3-15
Pulse
Leading and trailing edge INStIUCLIONS .......c.uvviiiiiii e e 2-20
Pulse Ramp (PLSR INSIIUCLION) ...cciiiiiiiiiiiie et 5-63
Pulse train output, PLSY INSIUCHON .....cocviiiiiieiiiieeeeeeee e, 5-61
Pulse width modulation, PWM INSIFUCHION .......vivuiiiiiiiie et e s e e 5-62
R
Ramped values, RAMP INSTIUCLION ........oooviiiiiii i 5-73
Reading from special blocks, FROM inStruCtion ..............cceeeiiiiiieiiiieicce e, 5-90
Real time clock Memory CaSSEHES .....ccovvviiiiiiii e 9-7
Refresh and filter adjust, REFF iNStruCtion ..........c.cooiiiiiiiiiiiiii e, 5-53
Refresh 1/0 status, REF INSTIUCTION. ....oiiueiiiiiii ettt e e e e e e e e eeas 5-53
Ripple circuit for use With an iINVEIET ... 10-15
Rotary table control, ROTC iNStIUCHION .......uuvuuiiiiieiei e 5-75
RS communications function (FNC80) ..........cciiiiiiiiiiiiiie e 5-95
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S

S bit device
See State relays

Scientific Notation - a numerical FOrMaAt .......c..ceiiiiiiiii e 4-47
Search, data search utility - SER iNStrUCtION ..........c..ciiiiiiiiiiiiie e 5-69
Set and reSEt INSIIUCLIONS ...cuuniiiiti e e e e e e s e e e e s b s e e e e s b e e eaanas 2-17
See Also Zone reset, ZRST FNC 40
] IR 2 3 TR 2-17
Seven segment decoder, SEGD inStruCtiON .........ccooiiiiiiiiiiiiiieecccece e 5-84
Seven segment multiplexed diSPIAaYS ......uvuioiiii i 5-85
Seven segment with latch control, SEGL iNStr' ... 5-85
Shift MOVE, SMOV INSITUCTION .vuiiteiiie ittt ettt e e e e e e e e e ee e e rernes 5-18
MOVING BCD dALA .....cceeeeeeeeei e e . 5-19
Moving decimal data ..........coooeeiiiiiiiei e 5-18
SOrt iNSTIUCTION, FINC B9 ..oeiiieiiee ettt e et r e e et e e e s 5-77
Special timer, STMR INSIIUCHION .....coiii i e e e s 5-72
Speed detect, SPD INSITUCHION .....ciiii i e e e e 5-60
Square root, SQR INSIFUCHION ....uvueiiiii e e e s 5-48
State relays,
Battery backed/ 1atChed ..........ccooiiiiiiiii e 4-7
Device details and eXample ..........ooeiiiiiiiiiii s 4-6
(1T aT=T = T 1T 4-6
Use as annunCiator flags .......coovvviiiiiiiii e 4-9
Use as STL SteP NUMDEIS .....ccoiiiieiiis e e e e e e e e e e e e e e e e eeeees 4-8
Step ladder ProgrammMiNg .....c..eeeeeeeee o s e e e 3-1
Example, Simple STL fIOW ...ooooiiiiii e 3-16
Example, STL selective branch .........ccocoooiiiiiiiiiiiieeeeeeeeveeneeeneeees 3-18
[ TS 1 = LY = 0T 3-11
General STL branching rUleS .........cii i e e e e 3-14
How to start and end an STL Program .........ccoeeeieeeiiiiiiiin e s e e e ee e s 3-3
MUIIPIE STALE MEIGE ... e e 3-13
Operational restrictions of SOMe INSrUCLIONS ......cooeeeeieiiieie e, 3-10
Y Y [<Tea 1AVl o] 7= 0 1] o KT 3-11
Some rules for the writing of STL Programs .........ccooovrviviiiiiiin e e e eeanens 3-7
What is STL, SFC and IEC 1131 PArt 3? .......uuurrruiiiimiieiiieriieirerererereeerreerreereeeeeeeeee 3-1
STL
See Step ladder programming
Subroutine call, CALL INSITUCTION ....cvuuiiiiiii ettt e e e e e e e e e e e e eaas 5-7
Subrouting return, SRET INSITUCTION .....uie et e e e eraeens 5-8
Subtraction of data values, SUB INSTIUCLION ......ovvniieiiieeit et e en e enas 5-26
Sum active data bitS, SUM INSTIUCLION ....cvuiieiieiii ittt ettt e e et et e e e enaeenas 5-45
Sum checking usSing CCD (FNC 84) .......uiiiiiiiiiiiiie et 5-100
T

T data devices

See Timers
Teaching timer, TTMR INSIIUCLION ........uuuiiiii e cee e e e e e eeeeeeeaes 5-72
Ten key keypad, TKY INSIFUCHION .....uuviiiii i ee e e e e e e eenens 5-81
Thumbwheels-multiplexed

See Digital switch input
Timers and counters (OUt and reSet OF) .......ooiiiiiiiiiiiii e 2-18
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Timers,
BaSIC lIMBIS oo 2-18
Device details and eXamplesS........cooviiiiiiiiiii i 4-15
LT Lo = 1= (o ol U] = o PP 4-18
General timer OPEratiON..........c.uuuiiii i e e e e e e e e e e e e e eeenanns 4-16
REtENtIVE tIMEIS .o nreenne 4-17
Selectable range tIMErS........vvviviiie e 4-16
Timers used in interrupt and CALL Subroutines ..........ccccceeiviiiiiiiie e 4-18
Two's compliment - an explanation ...........ccooiiiiiiiiiiii e e 4-45
U
Unsuitable instr' for 110V AC iNPUL UNIES ...eevvvvviiiieeecce s e e e e 7-16
User defined MTR INSITUCTION ....coiiiiiiiiiiiiiiii e, 10-8
Using battery backed/latched devices, example ........cccccevviieii, 10-5
Using forced RUN mode (M8035/36/37), examples
Push button configuration .............ccovviiiiiiii 10-2
Remote control with an FX graphic DU UnNit ..., 10-3
Using FX2-24El with F series special BIOCKS .........cccoiiviiiiiiiiiieeeerce e, 9-2
Using the F-16NP/NT net mini extension blOCK ..............coiiiiiiiiiiiieiiic e 9-3
Using the F2-30GM pulSE OULPUL UNIE .....evviiieiiiiiiiiieie et 9-5
Using the F2-32RM CAM pOoSitioNiNG UNIt.........cccovviiiiiiiiiiiiiieeeeeeee e 9-4
Using the F2-6A analog extension bBIOCK ... 9-4
V

V data device
See Index registers

w

Watchdog timer refresh, WDT INStrUCHION .........ccovviiiiiiiiicrrrerie e e 5-12
WOrd AND INSIIUCTION .ovtiiiitiiiiit i e et e e et e et e e e e e s et e e st e seaa e e saasssbasesansssennseeen 5-30
Word data - INTErPretation ...........occeeeeiiiieeiiiiiee e e e e s 4-42
LTAY o] (o o LAV T = 4-42
Word eXCluSIVE OR INSTIUCTION ... .ccuu ittt e r e e e e e e e ebaees 5-31
ATAY (o o I @] = ) 1 ¥ o 1] o N 5-30
Word shift left, WSFL INSITUCLION ....iiiieiiii ittt et e e et e e e e st eeaaeeeas 5-38
Word shift right, WSFR INStTUCHION..........ciiiiiiiiic e 5-38
Writing to special blocks, TO INSLIUCLION ........ccooeiiiiiiiie e 5-91
X

X bit device

See Inputs
Y

Y bit device
See Outputs
z

Z data device
See Index registers
Zone device reset, ZRST INSITUCTION ....iiniiiiiio st e e r e reens 5-43
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11.2  ASCII Character Codes
Table 11.1:
ASCII code table Higher bit
(HEX) 1 2 3 4 5 6 7
0 (SP) 0 @ P @ p
1 ! 1 A Q a q
2 ) 2 B R b r
3 # 3 C S c S
4 $ 4 D T d t
5 % 5 E U e u
6 & 6 F \% f \Y
Lower 7 Not ' 7 G W g w
bit 8 accessible ( 8 H X h X
9 ) 9 [ Y i y
A * J Z i z
B + : K [ k {
C , < L I [
D - = M ] m }
E . > N (SP) n ~
F / ? o) B 0 Cr
Note:
(SP) = Space,
Cr = Carriage Return
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11.3  Applied Instruction List

FX2n(c) FX2n(c) FX2n(c)
FX (CPU ver 3.07 or greater) and FX2c FX (CPU ver 3.07 or greater) and FX2c FX (CPU ver 3.07 or greater) and FX2c
FX (CPU ver 2.0 to 3.06) FX (CPU ver 2.0 to 3.06) FX (CPU ver 2.0 to 3.06)
FXoN FXon FXoNn
FXo,FXos FXo,FXos FXo,FXos
Memonic | Fnc | Page Memonic | Fnc | Page Memonic | Fnc | Page
ABSD | 62 | 5-70 GBIN | 171 |5-143 SEGD | 73 | 5-84
ADD 20 | 5-25 ¢ GRY | 170 |5-143 SEGL | 74 | 5-85
ALT 66 | 5-73 HEX 83 | 5-99 SER 61 | 5-69
ANDq [232-238(5-148 HKY 71 | 5-82 SFRD | 39 | 5-40
ANR 47 | 5-47 H| HSCR | 54 | 5-56 SFTL 35 | 5-37
A|[ ANRD | 91 |5-111 HSCS | 53 | 5-55 SFTR | 34 | 5-37
ANS 46 | 5-47 HSZ 55 | 5-57 SFWR | 38 | 5-39
ANWR | 92 |5-112 INC 24 | 5-29 SIN 130 |5-127
ARWS | 75 | 5-87 INCD | 63 | 5-71 S| SMOV | 13 | 5-18
ASC 76 | 5-88 | INT 129 (5-124 SORT | 69 | 5-77
ASCI 82 | 5-98 IRET 03 | 59 SPD 56 | 5-60
BCD 18 | 5-22 IST 60 | 5-67 SQR 48 | 5-48
BIN 19 | 5-22 L| LDg |[224-230|5-147 SRET | 02 | 5-8
B| BLK 97 [5-115 MCDE | 98 |[5-116 STMR | 65 | 5-72
BMOV | 15 | 5-20 MEAN | 45 | 5-46 SuB 21 | 5-26
BON 44 | 5-45 MNET | 90 |5-111 SUM 43 | 5-45
CALL | 01 5-7 M MOV 12 | 518 SWAP | 147 |5-131
CCD 84 |5-100 MTR 52 | 5-54 TADD | 162 |5-137
CJ 00 | 55 MUL 22 | 5-27 TAN 132 |5-128
¢ CML 14 | 5-19 NEG 29 | 5-31 TCMP | 160 |5-135
CMP 10 | 517 N NEXT [ 09 | 5-13 TKY 70 | 5-81
COS | 131 |5-128 O| ORq [240-246|5-149 T TO 79 | 591
DEC 25 | 5-29 PID 88 |[5-102 TRD | 166 |5-139
DECO | 41 | 5-43 PLSR | 59 | 5-63 TSUB | 163 |5-138
D DI 05 | 59 P PLSY | 57 | 5-61 TTMR | 64 | 5-72
DIV 23 | 5-28 PR 77 | 5-89 TWR | 167 [5-140
DSW 72 | 5-83 PRUN | 81 | 5-96 TZCP | 161 |5-136
EADD | 120 |5-121 PWM 58 | 5-62 VRRD | 85 |[5-101
EBCD | 118 [5-120 RAMP | 67 | 5-73 v VRSC | 86 |5-101
EBIN | 119 |5-120 RCL 33 | 5-36 WAND | 26 | 5-30
ECMP | 110 |5-119 RCR 32 | 5-36 WDT 07 | 5-12
EDIV | 123 [5-123 REF 50 | 5-53 WOR | 27 | 5-30
E El 04 | 59 REFF | 51 | 5-53 w WSFL | 37 | 5-38
EMUL | 122 |5-122 RMMN | 96 |5-114 WSFR | 36 | 5-38
ENCO | 42 | 5-44 R| RMRD | 95 |[5-114 WXOR | 28 | 5-31
ESQR | 127 |5-123 RMST | 93 |5-112 X| XCH 17 | 5-21
ESUB | 121 |5-122 RMWR | 94 |[5-113 ZCP 1 | 517
EZCP | 111 |5-119 ROL 31 | 5-35 z ZRST | 40 | 5-43
FEND | 06 | 5-11 ROR 30 |5-35
FLT 49 | 5-49 ROTC | 68 | 5-75
F| FMOV | 16 | 5-21 RS 80 | 5-95
FOR 08 | 5-13
FROM | 78 | 5-90
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