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Foreword

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

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

If in doubt at any stage of the installation of the PC 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 PC please consult the
nearest Mitsubishi Electric distributor.

This manual is subject to change without notice.
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FAX BACK

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 wel-
comed. This page has been designed for you, the reader, to fill in your comments and
fax them back to us. We look forward to hearing from you.

Fax numbers: Yourname: . . . . . . . . . ... ..
Mitsubishi Electric.......
America (708) 298-1834 Yourcompany: . . . . . .. ... ..
Australia (02) 638 7072 e
Germany (021 02) 4861 12 Yourlocation: . . . . . ... .....

South Africa  (0111) 4448304 . . ..
United Kingdom(01707) 278695

Please tick the box of your choice;

What condition did the manual arrive in? [ Good [J Minor damage [J Unusable

Will you be using a folder to store the manual? O vYes No
What do you think to the manual presentation? ] Tidy O] Un-friendly

Are the explanations understandable? ] Yes, [] Not too bad [J Unusable

..............................................

What do you think to the manual layout? [J Good [INot too bad H Un-helpful
If there one thing you would like to see improved, whatisit? . . . . . ... ... ..

..............................................

..............................................

..............................................
..............................................
..............................................

..............................................
..............................................
..............................................

..............................................

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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FXz2c Series Programmable Controllers

Guidelines for the safety of the user and protection of the programmable
controlier (PC)

This manual provides information for the use of the FX family of PCs. 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 fulfil that role. These engineers should be fully aware of all aspects of safety with
regards to automated equipment.

Any commissioning or service engineer must be of a competent nature, trained and
qualified to the local and national standards required to fulfil 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.

All operators of the completed equipment should be trained to use that product in a
safe and co-ordinated manner in compliance to established safety practices. The
operators should also be familiar with all 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.

Further References:

For further information regarding the instaliation and operation of the FX2C please
reference the following manuals:

Manual:

FX Series Programmable Controllers Hardware Manual-

This manual describes the range of available units, their basic features and
installation details.

Manuat:

FX Series Programming Manual-

This manual describes the programming features of FXo, FXoN and FX series
programmable controllers. All of the FX instructions detailed within this manual
are applicable to the FX2C (with the exception of those changes detailed within
this supplementary manual).

Manual:

FX Series Programmable Controlier Handy Manual-

This manual describes the programming features of the FX series programmable
controllers. All of the FX instructions detailed within this manual are applicable to
the FX2c (with the exception of those changes detailed within this supplementary
manual).
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1. Introduction

The following information has been collated in to a small reference guide to the new
software features of the FX2C. This introduction brings together all of the attached sheets
and catalogs and references them. This should aid the reader in being able to identify
where the information is that they require.

These new software features are in addition to a basic program set which was taken
from the standard FX PC. If information is required on an existing feature, i.e. one which
appears on the FX PC please look for further guidance in either the FX Handy Manual
or the new combined FX, FXoN, FX0 Programming Manual.

1.1 New FX2C Instructions

ASCI| to Hexadecimal Conversion HEX 83 SUP 14-%¢ 2
Check Code Instruction CCD 84 SUP 15-% 2
Float Instruction FLT 49 SUP 3-% 2
Hexadecimal to ASCII Conversion ASCI 82 SUP 13-% 2
PID Control Loop PID 88 SUP 16-7¢ 5
Search Instruction SER 61 SUP 213 2
Serial Communications RS 80 SUP 12-v¢ 4
Sort Instruction SORT 69 SUP 22-+¢ 3
Square Root Instruction SQR 48 SUP 13X 2
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1.2 Additional/Upgraded FX2C InstrUctiohs

ADD The Add Instruction Used With The M8023 Float Operation SUP 8-%
(Fnc 20) |Flag N
BCD The Decimal To BCD Instruction Used With M8023 Float SUP 19-%&
(Fnc 18) . |Operation Flag
BIN The BCD To Decimal Instructlon Used With M8023 Float SUP 20-%
(Fnc 19)  |Operation Flag
DIv The Divide Instruction Used Wlth The M8023 Float Operation SUP 11-%&
(Fnc 23) . |Flag '
FLT The Float Instruction Used With M8023; The Float Operation SUP 4-%
(Fnc 49) |Flag
HKY The Hexadecimal Key Input Instruction Used For SUP 7—%
(Fnc 71) Hexadecimal Input
HSZ Zone Compare Instruction With Table Comparison Operatlon 'SUP 5-%&
(Fnc 55) Flag M8130 ,
HSZ Zone Compare Instruction Used For Pulse Control With Flag SUP 6-%
(Fnc 55) {M8132
MUL The Multiply Instruction Used With The M8023 Float SUP 10— *
(Fnc 22) |Operation Flag
SMOV The Shift Move Instruction Used With M8168 -
(Fnc 13) SUP 17’*
SQR The Square Root Instruction Used With M8023 Float SUP 2_%&
(Fnc 48) |Operation Flag -
SuUB The Subtract Instruction Used With The M8023 Float SUP 9-2
" (Fnc21)  |Operation Flag : -
XCH The Exchange Instruction Used As A Byte Swap Instruction
(Fnc 17) , : ‘ SUP 18-%

1.3 Additional Explanation Sheets

An Introduction To Number Formats For The FX

SUP 23—

Detailed Explanation Of The Structure Of Floating Point

SUP 24—
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1.4 Use of Old Programming Equipment with FX2C PCs
The new instructions in the FX2C cannot be directly accessed using old programming
tools. However, certain 'standard' applied instructions can be programmed in conjunction
with special auxiliary coils (M coils) to achieve the same 'effective instruction’ as the new
instructions. The following tables identify which version of peripherals will work directly
with all features of the FX2C and which peripherals will need to use the special M coils.

PERIPHERALS TABLE
Old Version requiring New version providing
Description Model No. use of auxiliary M coils | complete compatibllity
Hand Held Programmer FX-10P-E V1.10 V2000
Hand Held Programmer
Casselis FX-20P-MFXA-E V1.20 V2000
_ FX-PCS/AT-EE V 1.01 V2003
Programming Software
FX-A8GPP-E-KIT V 1.00 V200
FX-10DU-E vV 1.10 V200
FX-20DU-E V1.10 V2000
Data Access Unit FX-30DU-E V1.000
FX-40DU-E(S) V1.002
FX-40DU-TK-ES V1.000

EXISTING APPLIED INSTRUCTION AND SPECIAL M COIL COMBINATION TO ACHIEVE THE IDENTIFIED
NEW FX2c INSTRUCTION

Existing FX instruction Mimicked FX2C Instruction

Mnemonic FNC Number Asﬁdgg?lr;al Description 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 M8196 ACII to HEX conversion HEX 83
FMOV 16 M8195 Sum check CCD 84
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1.5 High Speed Instructions

One of the major new features of the FX2C is the enhanced processing of both basic
and applied instructions. A full listing of available instructions for each of the program-
mable controllers in the FX series and their associated execution times can be found at
the back of this supplementary manual (pages ET-1 to 10).

Under the FX2C listings, where applicable, the execution times for the second (2nd FNC)
functions, i.e those 'standard applied instructions' which are modified by an additional
special Mcoil to perform one of the new FX2c functions, have also been listed.

1.6 Functions with Minor Upgrades

Functions Description of Change Remark
El Now activates a pulse catch on the high speed inputs when not | Catch signaled with M8170 to
; ~used for another high speed purpose. , M8175.
BMOV Can now read and WRITE to file registers. RAM file registers also possible.
-HSCS Now possible to activate an interrupt. Uses 1010 to 1060 for output.
PLSY Output pulses counted in a double word device. - Uses D8137,D8136
(D)FMOV, : ' -
(D)MEAN, , Double Word instructions are now possible. -
(D)ABSD : } : .
DSW, Up to 2 instructions can be programmed in one program at the _
SEGL, PR same time.

1.7 New RUN/STOP Switch

The FX2C has a built in RUN/STOP switch (for further information see the appropriate
hardware manual). Certain models of the Japanese specification FX2 series units also
have the same programming specification and the RUN/STOP switch as the FX2C. The
location of the RUN/STOP switch for the Japanese specification units is as shown in the
diagram below. The switch operates in parallel with the RUN input terminal.

RUN/STOP
SWITCH

I CPUPROGRAMMING
- PORT
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AN INTRODUCTION TO THE

SQUARE ROOT INSTRUCTION (SQR, FNC 48)

introduction

The FX PC family has a powerful set of applied instructions
as well as the commonly used basic instructions. The
aprlied instructions are versatile additions to the basic
set and provide control over internal PC operations
and external 1/O. There are 10 groups of applied
instructions, each with a different area of application,
eg. arithmetic and logical operations.

Applied instructions 40 to 49 are concerned with the
conversion between different data formats within the
PC and are grouped under the heading of Data op-
erations.

This group includes the Square Rootinstruction (SQR,
FNC 48). This performs the mathematical operation

y=vX

on the given data and returns a truncated whole
number for the answer.

The Square Root Instruction

The Square Root instruction has three parameters:
a) the SQR statement itself

b) the specification of the operand i.e. the device or
value on which square root is performed.

c) the specification of the result data's destination, i.e.
where the result is to be put.

Shown below is the typical appearance of the SQR
instruction in a ladder program, while the following
table shows the same piece of ladder logic written in
instruction format.

PARAMETERS
T47 a b c
—t | sor | b7s | D129 |+
PROGRAM
STEP No. INSTRUCTION PROGRAM
0 LD T 47
1 SQR 48
D 75
D 129

It can be seen from the ladder program that when timer
T47 turns ON, the square root instruction executes. It
reads the contents of D75, calculates the square root
and stores it in the data register D129. The following
section looks at each parameter in greater detail:

Parameter a)- The SQR statement

The SQR statement can take four different forms:

I)  SQR: The standard form of the instruc-
tion, taking 5 steps of program. While the
SQR instruction is operating the result is
continually calculated.

Il) SQRP: The "P" suffix shows that SQR is
being used in its PULSE format. The
instruction wiil only calculate the result
once when it is turned ON. SQRP also
takes 5 program steps.

Ill) DSQR: Thisis similar to SQR, but the *D"
prefix means DOUBLE word is used in
the calculation for both the operand and
the result, ie. 32 bits, equivalent to two
consecutive data registers. DSQR takes
9 steps of program.

IV) DSQRP: This combines the DOUBLE
word format with the PULSE operation to
give a SQR instruction which calculates
the square root of 32 bits of data when
first turned ON. DSQRP takes 9 program
steps.

Parameter b)- Operand

This identifies the location of the operand for the
square root calculation. The data is either 16 or 32 bits
(SQR, DSQR) and can be either a constant (K,H) or a
data register (D). If the value is negative then the SQR
instruction will generate an execution error.

Parameter ¢)- Destination

This is where the result of the calculation is placed.
The data is always stored in a data register (D) as
either 16 or 32 bits. The result is rounded down to the
nearest whole number by ignoring the fractional part.

MB8020 zero flag operates if the result is zero.

M8021 borrow flag operates if the result is rounded.
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AN INTRODUCTION TO THE
SQUARE ROOT INSTRUCTION (SQR, FNC 48)

Example Use of the Square Root The table below shows some example results of the
Inst . square root instruction. Note that all values are
m rounded down to the nearest whole number. If the true

The di | ho . , root value is needed then it is recommended that the
e diagram below shows the square root instrucion  gaa4ina point version of the SQR instruction is used,
being used to calculate the square root of the current see SUP 2.

contents of data register pair D57 and D56 and store

the result in the data register pair D101 and D100. This OPERAND ROOT SQR RESULT
occurs when the auxilliary relay M501 turns on.
25 5.0 5
M501 60 7.746 7
; {osoR [ pss | p1oo 236 15.36 ERROR
147 12.124 12
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THE SQUARE ROOT INSTRUCTION (SQR, FNC 48)
USED WITH M8023 FLOAT OPERATION FLAG

Introduction

The FX PC family has a powerful set of apptied instructions
as well as the commonly used basic instructions. The
applied instructions are versatile additions to the basic
set and provide control over internal PC operations
and external 1/O. There are 10 groups of applied
instructions, each with a different area of application,
eg. arithmetic and logical operations.

Applied instructions 40 to 49 are concerned with the
conversion between different data formats within the
PC and are grouped under the heading of Data op-
erations.

This group includes the square root instruction (SQR,
FNC 18). When used in conjunction with the float
operation flag M8023 the SQR instruction calculate
the square root of data from a floating point number or
constant and gives the result as a fioating point num-
ber.

The SQR Instruction with M8023

This form of the SQR instruction has three parts:
Part 1: Set M8023

a) setting the floating point operation fiag.

Part 2: The SQR instruction (three parameters)
b) the SQR statement itself.

c) the specification of the operand i.e. the number
which is to be square rooted.

d) the specification of the destination datai.e. 1o where
the result of the calculation is to be written.

Part 3: Reset M8023
e) resetting the floating point operation fiag.

Shown below is this format of the SQR instruction as
a ladder diagram showing each of these features. The
following table shows the same program written in
instruction format.

PARAMETERS
Me7 a
i
b c d

{bsor | k375 | Des |

e

FROBAAM]  INSTRUCTION PROGRAM
0 LDI M 67
1 SET M 8023
3 DSQR 48
K 375
D 64
12 RST M 8023

Looking at the ladder diagram we can see that when
the auxiliary relay M67 is turned OFF, first the float
operation flag is set to ON, then the SQR instruction
executes. This results in the square root of the
constant K375 being calculated as a floating point
number. This value is then written to the data register
pair D65 and D64. Finally the float operation flag is
reset.

Parameter a)- Setting the float flag

The Float Operation flag M8023 must be SET. This
flag changes the function of the SQR instruction and
other math functions to operate on floating point
numbers.

Parameter b)- The SQR statement

The SQR statement can only be DOUBLE word when
used with the float operations flag:

) DSQR: The basic format for this use of
the SQR instruction, taking 9 steps of
program memory. While the instructionis
ON it continues to execute. The "D" prefix
indicates DOUBLE word operation, i.e.
two consecutive data registers (32 bits).

[I) DSQRP: This is the PULSE format of the
DSQR instruction. The instruction will
execute once when it is first turned ON
(i.e. rising edge execution) and operates
on 32 bits of data.

Parameter c)- Source Data

This identifies the location of the value to be square
rooted. The data can be either a constant (K,H) or held
in data registers (D) and must be a fioating point format
number. Constants are converted to floating point
automatically. If the number is a negative value then
an execution error will occur.
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THE SQUARE ROOT INSTRUCTION (SQR, FNC 48)

USED WITH M8023 FLOAT OPERATION FLAG

Parameter d)- Destination Data

This identifies the location where the result of the
calculation is to be written. The data will be written in
floating point and the device must be a data register
(D) pair.

The zero flag M8020 will operate if the result is zero.
Parameter e)- Resetting the float flag

The Float Operation flag must be RESET to allow
further functions to operate as normal. The flag can be
left on if further operations requiring floating point
calculations are needed. However, itis recommended
that once all floating point functions are compieted this
flag should be switched off using RST.

Example Use of the SQR Instruction

The diagram below shows the SQR instruction
calculating the square root of the data register pair
D257 and D256. The result in floating point format is
written to data register pair D47 and D46.

Cs6

i

{ psor [ D256 | Des |

RS [ waozs |

OPERAND ROOT DSQR RESULT
25x 105 500.0 5.00 x 102
49x10°°3 0.07 7.00 x 1072
K15129 123 1.23x 102
-4.096 x 103 64i ERROR

The table above shows some example results of the
SQR instruction being used with the M8023 float op-
eration flag.
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AN INTRODUCTION TO THE

FLOAT INSTRUCTION (FLT, FNC 49)

Introduction

The FX PC family instruction set is divided into two
groups: basic and applied instructions. The applied
instructions are powerful supplements to the basic set
of PC instructions and are used to provide control over
internal PC operations and external /0. They are split
into 10 groups, each group with a different emphasis,
eg. arithmetic and logical operations.

Applied instructions 40 to 49 are concerned with the
conversion between different data formats within the
PC and are grouped under the heading of Data op-
erations.

This group includes the Float instruction (FLT, FNC
49). This provides the facility to convert data in the PC
from integer format to data in floating point format
(float).

The Float Instruction

The Float instruction has three parameters:
a) the FLT statement itself

b) the specification for the Source Data, ie. where the
data in decimal format is taken from.

¢) the specification for the converted data's Destina-
tion, i.e. where the converted data is to be put.

Shown below in Figure1 is the typical appearance of
a Float instruction in a ladder program. While Figure
2 shows the same piece of ladder logic written in
instruction format.

PARAMETERS

X000 a b c
F { FLT | p1o | b12

Figure 1: The Float instruction in ladder format.

FaQaRaM | INSTRUCTION PROGRAM
0 LD X 000

1 FLT 49

D 10

D 12

Figure 2. The Float instruction in instruction format.

Following Figure 1, when input X000 is turned on, the
effect of the Float instruction is to read the contents of
D10, convert this value in to a float vaiue and putitinto
the Data Register pair D13 and D12. The following
section explains each parameter in greater detail:

Parameter a)- The FLT statement

The FLT statement can take four different forms:

I)  FLT: The standard form of the instruc-
tion, taking 5 steps of program. In the
example shown in Figure 1, while X000
is turned on, the FLT instruction will op-
erate.

Il)  FLTP: The "P* suffix shows that FLT is
being used 'in its PULSE format. The
instruction will only operate when X000
provides a rising edge signal as it turns
on. FLTP also takes 5 program steps.

ill) DFLT: This is similar to FLT, but the "D"
prefix indicates the instruction is con-
verting a DOUBLE word, ie. 32 bits,
equivalent to two consecutive data reg-
isters. DFLT takes 9 steps of program.

IV) DFLTP: This combines the DOUBLE
word format with the PULSE operation to
give a FLT instruction which will convert
32 bits of data from the Source to the
Destination when given a rising edge on
its associated bit device, X000 in this
case. DFLTP takes 9 program steps.

Parameter b)- Source Data

This identifies the location of the Source Data to be
converted. The datais either 16 or 32 bits (FLT, DFLT)
and must be held in a data register (D).

Parameter c¢)- Destination

This is where the converted Source Data is placed.
The data is always stored in float format in a Data
Registers (D) pair.
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Example Use of the Float Instruction

Ti27
% — FLT | D58 | D100

Figure 3: Example of the FLT instruction.

Figure 3 shows the Float instruction being used to
convert the current contents of data register D58 and
store the result in the data register pair D101 and D100
as a floating point number. This occurs when the timer
contact T127 turns on.

Figure 4 illustrates the operation of this instruction
giving an example of the contents of the data registers.

SINGLE WORD DEVICE VALUES
/—A_\
CONVEAT
T0
FLT FLOATING |
POINT FORMAT
EQUIVALENT VALUE
D101 D100 1279 x 10°
FLOAT FORMAT

Figure 4: Operation of the FLT instruction.

Cs4
} —{ DFLT | De4 | D106

Figure 5: Example of the DFLT instruction.

Figure 5 shows the Float instruction being used to
convert the current contents of data registers D64 and
D65 as a double word and store the result in the data
register pair D107 and D106 in float format. This
occurs when the counter contact C54 turns on.

Figure 6 illustrates the operation of this instruction
giving an example of the contents of the data registers.

DOUBLE WORD DEVICE VALUES
D65 D64 K-56700
CONVERT
T0
DFLT FLOATING
POINT FORMAT
EQUIVALENT VALUE
D107 | D106 NN o
FLOAT FORMAT

Figure 6: Operation of the DFLT instruction.




2% MITSUBISHI

PROGRAMMABLE CONTROLLERS

SUP 4-1

THE FLOAT INSTRUCTION (FLT, FNC 49)

USED WITH M8023, FLOAT OPERATION FLAG

Introduction

The FX PC family instruction set is divided into two
groups: basic and applied instructions. The applied
instructions are powerful supplements to the basic set
of PC instructions and are used to provide control over
internal PC operations and external /0. They are split
into 10 groups, each group with a different emphasis,
eg. arithmetic and logical operations.

Applied instructions 40 to 49 are concerned with the
conversion between different data formats within the
PC and are grouped under the heading of Data op-
erations.

This group includes the Float instruction (FLT, FNC
49). When used in conjunction with the Float Opera-
tion flag this provides the facility to convert data in the
PC from floating point format (float) to data in decimal
format.

The Float Instruction

The Float instruction has three parts:

Part 1: Set M8023
a) setting the floating point operation flag.

Part 2: the float instruction (three parameters)
b) the Float in statement itself

c) the specification for the decimal data location, ie.
where the data in decimal format is placed.

d) the specification for the floating point data location,
ie. where the floating point data to be converted is
taken from.

Part 3: Reset M8023
e) resetting the fioating point operation flag.

Shown below in Figure 1 is the format of a Float
instruction with the float flag, in a ladder program.
While Figure 2 shows the same piece of ladder logic
written in instruction format.

PARAMETERS

X000 a

e
b c d
————7{ FfT [ D10 | pr2

e

Figure 1: The Float instruction in ladder format.

FAOGRAM | INSTRUCTION PROGRAM
0 LD X 000
1 SET M 8023

3 FLT 49

D 10

D 12
8 RST M 8023

Figure 2: The Float instruction in instruction format.

Following Figure 1, when input X000 is turned ON, the
float operation flag is set ON, the effect of the Float
instruction is to read the contents of the data register
pair D13 and D12, convert this float value into a
decimal value and put it into data register D10. The
fioat operation flag is then reset. The following section
explains each parameter in greater detail:

Parameter a)- Setting the float flag

The Float Operation flag M8023 must be SET. This
flag changes the function of the FLT instruction and
math functions to operate on floating point numbers.

Parameter b)- The FLT statement
The FLT statement can take four different forms:

l)  FLT: The standard form of the instruc-
tion, taking 5 steps of program. In the
example shown in Figure 1, while X000
is turned on, the FLT instruction will op-
erate converting the float value into deci-
mal.

[l)  FLTP: The *P* suffix shows that FLT is
being used in its PULSE format. The
instruction will only operate when X000
provides a rising edge signal as it turns
on. FLTP also takes 5 program steps.

[ll) DFLT: This is similar to FLT, but the *D*
prefix indicates the instruction converts
to a DOUBLE word, ie. 32 bits, equiva-
lent to two consecutive data registers.
DFLT takes 9 steps of program.
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USED WITH M8023, FLOAT OPERATION FLAG

IV) DFLTP: This combines the DOUBLE
word format with the PULSE operation to
give a FLT instruction which will convert
to 32 bit data when given a rising edge
on its associated bit device, X000 in this
case. DFLTP takes 9 program steps.

Parameter c)- Decimal Data

This identifies the location of the decimal value after
the conversion. The data is either 16 or 32 bits (FLT,
DFLT) and must be held in a data register (D).

Parameter d)- Float Data

This is where the floating point value is taken from
before the conversion to decimal. The data is always
stored in float format in a Data Registers (D) pair.

Parameter e)- Reset M8023

The Float Operation flag M8023 must be RESET to
allow further functions to operate as normal. The flag
can be left on if further operations requiring floating
point calculations are needed. However it is recom-
mended that once all floating point functions are com-
pleted this flag should be switched off using RST.

Example Use of the Float Instruction

T127
i
f———— FLT | Dss | D100

Figure 3: Example of the FLT instruction.

Figure 3 shows the Float instruction being used to
convert the current contents of data register pair D101
and D100 as a float format number and store the result
in data register D58 as a decimal value. This occurs
when the timer contact T127 turns on.

Figure 4 illustrates the operation of this instruction
giving an example of the contents of the data registers.

SINGLE WORD DEVICE VALUES
/—A"—'\
CONVERT TO
FLT DECIMAL
FORMAT
EQUIVALENT VALUE
l D101 D100 1.279 x 10°
FLOAT FORMAT

Figure 4: Operation of the FLT instruction.

Cs4
—it SET
——————— DFLT | De4 | D106 |

Figure 5: Example of the DFLT instruction.

Figure 5 shows the Float instruction being used to
convert the current contents of the data register pair
D107 and D106 as a float format number and store the
result in data registers D84 and D85 as a double word
in decimal. This occurs when the timer contact C54
turns on. :

Figure 6 illustrates the operation of this instruction
giving an example of the contents of the data registers.

DOUBLE WORD DEVICE VALUES
[ D65 1 D64 K-56700
CONVERT TO
DFLT DECIMAL
FORMAT
EQUIVALENT VALUE
| D107 D106 o

FLOAT FORMAT

Figure 6: Operation of the DFLT instruction.
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ZONE COMPARE INSTRUCTION (HSZ, FNC 55)

WITH TABLE COMPARISON OPERATION FLAG M8130

Introduction

The FX PC family instruction set is divided into two
groups: basic and applied instructions. The applied
instructions are powerful supplements to the basic set
of PC instructions and are used to provide control over
internal PC operations and external VO. They are split
into 10 groups, each group with a different emphasis,
eg. arithmetic and logic.

Applied instructions 50 to 59 are all high speed
instructions designed to perform independently of the
program scan. This gives the group its name; High
Speed instructions.

Included in the High Speed instructions is the high
speed zone compare instruction (DHSZ, FNC 585).
This instruction is used to monitor the value of a high
speed counter (HSC). When the destination is set to
special auxiliary relay MB130 the data stored in a table
is compared and an output device specified in the
table is changed accordingly. The table defines
sequential DHSCS (FNC 53) and DHSCR (FNC 54)
operations for the same counter.

The High Speed Zone Compare Instruction
The DHSZ instruction has 5 parameters:

a) the DHSZ statement itself

b) the table head address; the first data register of the
comparison table.

c) the table length; the number of items in the table.

d) the test device; the high speed counter to be moni-
tored.

e) the destination device; set to M8130 for this special
function.

Shown below, in both ladder and instruction format, is
the basic appearance of this form of the DHSZ

instruction.
PARAMETERS

a b c d e
X010
’—-H——{ DHSZ | D200 | ks | C251 | M8130 }-—‘

Figure 1: Example ladder for DHSZ instruction.

FROORAM | INSTRUCTION PROGRAM
0 LD X 10
1 DHSZ 55
D 200
K 5
o] 251
M 8130

Figure 2: Example of DHSZ in instruction format

In the example given, each time the high speed
counter C251 counts one pulse, the DHSZ instruction
tests C251's current value with the value of the table
entry; starting at D200 and having 5 entries. If the
values match then the specified output is either set or
reset and the comparison moves on to the next item
in the table. When all items in the table have been
matched (five in this example;K5) the table counter
cycles back to the first item.

The following sections explain each parameter in
more detail.

Parameter a)- The HSZ statement

This instruction has two forms but only one can be
used.

) HSZ: THIS FORMAT WILL NOT WORK.

Although it is possible to enter the
instruction in this format the comparison
will not give the expected results.

DO NOT use this format.

I) DHSZ: The "D* prefix indicates that this
is the DOUBLE word format of the
instruction. Only this format is valid
because the instruction must be used
with a high speed counter (all 32 bit). All
word devices specified will be double
word, i.e. 2 data registers or 32 bits of
data will be used in the comparison.
In this format the instruction takes 17
steps of program memory.
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Parameter b)- The table head address

This data register (D) specifies the first data register
of the control table. The control table defines the
values to be tested and the affect to the output when
a match is made.

Parameter c)- The table length

The number of entries in the table is specified with a
constant value (K,H). A maximum of 128 entries is
allowed. A total of 4 data registers are used per entry.
The following data must be defined for each entry in
the table:

e The comparison value (Double Word).
e The output affected (Hexadecimal).
e The Set or Reset action.

COMPARISON
ENTRY VALUESO QUTPUT | SET/
No. DEVICE |RESET
LOWER,UPPER
0 D200,D201 D202 | D203
K123 H10 (=Y10)| K1
; D204,D205 D206 | D207
9 K234 H10 KO
g 2 D208,D209 D210 | D211
s K345 H23 (=Y23)| K1
= 3 D212,D213 D214 | D215
K456 H23 Ko
4 D216,D217 D218 | D219
K567 H23 K1

Figure 3: Example control table;
Start address D200, length K5.

The comparison value is a double word device using
two consecutive data registers in the table.

Following this is the output device; specified in hexa-
decimal.

The last item in each entry indicates setting or reset-
ting of the output device; K1 —set, KO —reset.

Parameter d)- The test device

This is the high speed counter that is tested by the
DHSZ instruction. Each time the counter counts, its
new value is checked against the current entry in the
table. When a match is made the specified output is
either set or reset and the table current entry is move
on to the next. Only the High Speed Counters can be
used with this function; (C235 to C255).

Note: The correct HSC circuit must also be programmed.

M8000 _ K9999
f Ca51

Figure 4: Minimum program required for HSC.

Parameter e)- The destination device

This parameter normally specifies the output devices
to be set for the comparison. In this case the speci-
fication of special auxiliary relay M8130 indicates that
a table is to be used to define the comparison values
and the output devices affected.

There can only be 1 DHSZ instruction using the flag
M8130 at any one time; i.e. only one switched on.

High Speed Table Comparison Operation

Co51 C251 Reset
by Program
456 PP E
345
234 ‘ : :
123 B I e o
0 —— : : 1 :
Y010 1 ‘ ? '
Y023 : ' T T
M8131 : : f
DB1ze 0 1 2 '3 4 0 1

Figure 5: Operation of the outputs and the table
counter D8130.

When M8130 is used with DHSZ special data register
D8130 is defined as the current entry counter. As each
comparison value is matched D8130 increments to the
next entry number to be tompared. Once all entries in
the table have been matched the table counter returns
to the beginning and the operation complete flag
M8131 turns on.

If the counter is reset (by program or external pulse)
and counts up to the first comparison value again then
the operation complete flag M8131 is reset.

if the DHSZ instruction is switched off then D8130 is
reset to 0 and M8131 is reset to off. All the output
devices controlled by DHSZ will be left in their last
state.
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Important Notes

Only 6 high speed comparison functions can be active
at any one time. High speed comparisons include
DHSCS, DHSCR and all forms of DHSZ. Any number
may be in the program but only 6 can be switched on.

When a high speed comparison is first switched on it
will not be active until after the first END is executed.
This is to allow the FX to initialize its internal
comparison table. This will only be a problem if the
high speed counter current value is close to the
compare value at the time the instruction is switched

on.

This instruction is interrupt processed and only oper-
ates when a signal is received at the HSC input.
Therefore, changing the HSC current value or
resetting the HSC from within the FX program will not
be recognized until the next pulse is received at the
HSC input.

The comparison values are checked in a sequential
order. Take care to ensure the comparison values
always increment or decrement, following the HSC
operation.
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Introduction

The FX PC family instruction set is divided into two
groups: basic and applied instructions. The applied
instructions are powerful supplements to the basic set
of PC instructions and are used to provide control over
internal PC operations and external /O. They are split
into 10 groups, each group with a different emphasis,
eg. arithmetic and logic.

Applied instructions 50 to 59 are all high speed
instructions designed to perform independently of the
program scan. This gives the group its name; High
Speed instructions.

included in the High Speed instructions is the high
speed zone compare instruction (DHSZ, FNC 55).
This instruction is used to monitor the value of a high
speed counter (HSC). When the destination is set to
special auxiliary relay M8132 the data stored in a table
is compared and on a match the frequency defined in
the table is used to control the pulse output frequency
of the PLSY (FNC 57) instruction.

The High Speed Pulse Control Instruction

The DHSZ instruction in this format has 6 parameters:
a) the DHSZ statement itself

b) the table head address; the first data register of the
comparison table.

¢) the table length; the number of items in the table.

d) the test device; the high speed counter to be moni-
tored.

e) the destination device; set to M8132 for this special
function.

f) the DPLSY instruction; D8132 is used as the
frequency control register.

Shown below, in both ladder and instruction format,
is the basic appearance of this form of the DHSZ
instruction.

PARAMETERS

b c d e
X017

—|—T— DHSZ | D320 | Ks | C251 | M8132
f

— | DPLSY| D8182 | Ko | Y014 H

Figure 1: Example ladder for DHSZ instruction.

FogaaM|  INSTRUCTION PROGRAM
0 LD X 10
1 DHSZ 55
D 320
K 5
c 251
M 8132
18 DPLSY 57
D 8132
K 0

Figure 2: Example of DHSZ in instruction format

In the example given, the DPLSY frequency is set to
the first value in the table. Each time the high speed
counter C251 counts one pulse, the DHSZ instruction
tests C251's current value with the current value in the
table; starting at D200 and having 5 entries.

If the values match then the comparison moves on to
the next item in the table and the DPLSY frequency is
set from this new entry until the new entry's
comparison value is reached. When all items in the
table have been matched (five in this example) the
table counter cycles back to the firstitem.

The following sections explain each parameter in
more detait.

Parameter a)- The HSZ statement

This instruction has two forms but only one can be
used.

)] HSZ: THIS FORMAT WILL NOT WORK.

Although it is possible to enter the
instruction in this format the comparison
will not give the expected results.

DO NOT use this format.

I) DHSZ: The ‘D" prefix indicates that this
is the DOUBLE word format of the
instruction. Only this format is valid
because the instruction must be used
with a high speed counter (all 32 bit). All
word devices specified will be double
word, i.e. 2 data registers or 32 bits of
data will be used in the comparison.
This format of the instruction takes 17
program steps.
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Parameter b)- The table head address

This data register (D) specifies the first data register
of the control table. The control table defines the
values to be tested and the affect when a match is
made.

Parameter c)- The table length

The number of entries in the table is specified with a
constant value (K,H); a maximum of 128 entries is
allowed. A total of 4 data registers are used per entry.
The following data must be defined for each entry in
the table:

«» The comparison value (Double Word).
s The output affected (Double Word).

OUTPUT
P
ENTRY COhc/AtBIESON FREQUENCY
No. (0 to 1000Hz)
LOWER, UPPER | LOWER, UPPER
0 D320, D321 D322, D323
K20 K300
] D324, D325 D326, D327
9 K600 K500
g o D328, D329 D330, D331
= K700 K200
- 3 D332, D333 D334, D335
K800 K100

Figure 3: Example control table;
Start address D320, length K5.

The comparison value is a double word device using
two consecutive data registers in the table.

Following this is the pulse output frequency; this is the
frequency that is set until the HSC matches the
comparison value.

Parameter d)- The test device

This is the high speed counter that is tested by the
DHSZ instruction. Each time the counter counts, its
new value is checked against the current entry in the
table. When a match is made the table current entry
is moved on to the next and the PLSY frequency is set
from the new table entry using D8132. Only the High
Speed Counters can be used with this function; (C235
to C255).

Note: The comect HSC circuit must aiso be programmed.

M8000 K9999
; oD

Figure 4. Minimum program required for HSC C251

Parameter e)- The destination device

This parameter normally specifies the output devices
to be set for the comparison. In this case the speci-
fication of special auxiliary relay M8132 indicates that
a table is to be used to define the comparison values
and set the pulse frequencies.

There can only be 1 DHSZ instruction using the flag
M8132 at any one time; i.e. only one switched on.

High Speed Pulse Control Operation

5001 - //
T

T 300

(s}
gzoo /-

100 e // ,,,,,,,,

: // : : ‘

HSC 0 20 600 700 800
D8131 0 1 2 3 4

Figure 5: Graph showing the frequency set as the
HSC reaches each value in the table.

When M8131 is used with DHSZ special data register
D8131 is defined as the current entry counter. As each
comparison value is matched D8131 increments to the
next entry number to be compared.

The special data register D8132 is set to the frequency
of the current entry. When this is used with the PLSY
instruction the pulse output can be controlled.

To help monitor the process the data register pair
D8134 and D8135 store the value of the current
comparison value.

When the final comparison is made the completion
flag M8133 is set on and the table counter cycles back
to the first entry.

When the DHSZ instruction is switched off all values
are reset; including the frequency output.
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Important Notes

Only 6 high speed comparison functions can be active
at any one time. High speed comparisons include
DHSCS, DHSCR and all forms of DHSZ. Any number
may be in the program but only 6 can be switched on.

When a high speed comparison is first switched on it
will not be active until after the first END is executed.
This is to allow the FX to initialize its internal
comparison table. This will only be a problem if the
high speed counter current value is close to the
compare value at the time the instruction is switched
on.

This instruction is interrupt processed and only oper—
ates when a signal is received at the HSC input.
Therefore, changing the HSC current value or
resetting the HSC from within the FX program will not
be recognized until the next pulse is received at the
HSC input.

The comparison values are checked in a sequential
order. Take care to ensure the comparison values
always increment or decrement, following the HSC
operation.

Because frequency output is commonly used to con-
trol active machinery it is recommended that the final
entry in the table is set to KO,KO. This will ensure that
the pulse output is stopped and the tabie counter will
not return to the beginning. If this is done then moni-
toring special register pair D8134,08134 for a value of
KO will indicate the end of the table.
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introduction

The FX PC family instruction set is divided into two
groups: basic and applied instructions. The applied
instructions are powerful supplements to the basic set
of PC instructions and are used to provide control over
internal PC operations and external 1/O. They are
separated into 10 groups, each group having a differ-
ent emphasis, eg. arithmetic and logic.

Applied instructions 70 to 79 are grouped together
under the heading of external Input/Output devices
and provide facilities to pass information to and from
external equipment and peripherals.

Included in these |/O instructions is the Hexadecimal
KeY instruction (HKY, FNC 71). This instruction uses
inputs and outputs in a multiplexing operations to read
the key presses from a 16 key keypad. The number
keys when pressed are recorded in sequence in adata
register as a hexadecimal value and the six alpha
keys, as well as being data inputs, signal a bit device
to be set on for use as a special function key.

The Hexadecimal Key Input

The HKY input instruction has seven parameters:
a)  setting the Hexadecimal mode flag.
b)  the HKY statement itself.

C) the input head address; the first of the
inputs to which the key signals are con-
nected.

d) the output head address; the first of the
outputs to which the multipiexing control
signals are connected.

e) the numerical storage register; the data
register(s) where the entered number is
placed.

f)  the function key head address; the first
of the bit devices used for the function
key operation.

g) resetting the hexadecimal mode fiag.

Shown above is the typical appearance of an HKY
instruction in both ladder and instruction format.
PARAMETER

p
X004 a

—! SET [ma1e7 |

b ¢ d e f
b HKY | X20 | Y14 [ D35 [M12 |
9

Figure 1: Ladder program of the basic format for
the HKY instruction.

FAQSAAM | INSTRUCTION PROGRAM
0 LD X 4
1 SET M 8187
3 HKY 71
X 20
Y 14
D 35
M 12
12 RST M 8167

Figure 2: Instruction program of the basic format
for the HKY instruction.

The above figures show the typical appearance of the
hexadecimal keypad input function in instruction and
ladder program formats, When executed using input
X4 this program sets each of the outputs Y14 to Y17
on in turn and reads the inputs X20 to X23 to test for
a key press. Either the number pressed (0 to 9) is
shifted into the data register D35 or the appropriate
function flag M12 to M18 is set for the alpha key
pressed (A to F). The following section explains each
parameter in greater detail.
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Parameter a)- Setting Hexadecimal Mode

The HKY hexadecimal mode key is needed to swithc
the operation of the HKY instruction to interpret all 16
key as hexadeecimal data input.

Parameter b)- The HKY statement
The HKY statement can take two different forms:

I)  HKY: The standard form of the instruc-
tion, taking 9 steps of program. When
activated the function operates continu-
ously using the other parameters given.

1)  DHKY: This is similar to HKY, but the "D"
prefix indicates the instruction stores the
number in a DOUBLE word of data, ie.
32 bits, equivalent to two data registers.

Parameter c)- Input Head Address

This identifies the first of the four inputs used to read
the data entered using the keypad. Only an input (X)
can be specified for this parameter. A total of four
consecutive inputs will be allocated.

Parameter d)- Output Head Address

This identifies the first of the four outputs used to scan
the keys pressed on the keypad. Combined with the
inputs, a grid is made and the outputs are sequential
set and reset to trap a closed switch at one of the
inputs.

| el

|l B

[led 17

|2l 2.l

—
24v | ov IS/s[xzo[mexzz]xza

[+v [y1a]Yis]vis]| v17
il [ I i

i
i

Figure 3: The Inputs and the outputs are connected
to form the hexadecimal keypad.
When output Y15 is on key 6 is detected at
input X22.

Each of the outputs are switched on in turn, activating
one of the rows of keys. If a key is pressed then the
corresponding input is also tumed on and the key
press can be identified. Only outputs (Y) can be speci-
fied for this parameter. A total of four outputs will be
allocated.

Parameter o)- Numerical Storage Register

This identifies the data register {first of a pair if DOU-
BLE word is used) where the hexadecimal value en-
tered on the keypad is stored. As each key is pressed
the numbers 0 to 9 and the letters A to F are recorded
in this data register and a number up to FFFFHEX
(FFFFFFFFHEX for DOUBLE word) can be entered.

When a key is pressed the contents of the data register
are shifted one place to the left (multiplied by 10HEX)
and the new number is entered in the least significant
digit (units) position. The following diagram shows this
operation.

0]1]2]3[4/56]7]
8/9/A DEIF
N/ —

D35 =
3EA2
YN
6161616
AN
T 5
D35 EA2B
Figure 4. Number Key entry into the storage data
register.

The number will overflow if the number of digits ex—
ceeds the maximum of 4 (8 if DOUBLE word).
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Parameter f)- Function Key Head Address

This identifies the first of a group of 8 bit device used
to record the function key presses and control signals.

(0[1]2]314]5/6]7/8/9]
BlCiD|E|F] N

IS

[M12]M13]M14/M15[M16[M17]

Figure 5: Function keys and key press flags.
M15: D has been pressed.
M19: A number (5) is now being pressed.

The first six correspond to the alpha keys pressed, the
next is on while an alpha key is pressed and the last
is on while a number key is pressed.

i a function key flag is already set and a different key
is pressed the first flag is reset and the new key
pressed identified by its function flag being set on.

After any key press has been sensed, the execution
complete flag M8029 is set on.

Operation Speed

The HKY instruction is processed during each execu-
tion of the ladder program. This means that one full
reading of the key pad will take 8 program scan to
execute (i.e. one complete ON/OFF cycle for each
output). After each output is set ON the inputs need to
be processed to obtain the key signal. Therefore the
response time of the HKY instruction is dependant
upon the execution speed of the program and the
limiting speed is determined by the response time of
the inputs.

For fast programs it is possible that the inputs might
not respond in time with the outputs because of input
filtering delays. This can be controlled using constant
scan mode and setting the scan time to more than
20ms (input filters are approx. 10ms ON/OFF).

If the normal scan time proves to be too slow then use
of a timer interrupt is possible. When a timer interrupt
routine is used it is necessary to refresh the inputs
before execution and the outputs after execution of the
HKY instruction. This is done using the REF instruc—
tion.

Note: It is also necessary to set the interrupt timer to
be a little more than the input refresh time; 15ms or
greater is recommended for normal inputs, 10ms for
high speed inputs if the refresh time is reduced.

The following program is one example of how to do

this.
ER
FENDH
M8000
1616 — -————— REF | X20 | k8 H

— HKY| X20 | Y14 | D35 | M12 -

" REF|Y10| K8 H

IRET

END

Figure 6: Using the HKY instruction in an interrupt
routine to speed up the input response.

If the use of ordinary inputs is too slow then it is
possible to use the high speed inputs X0 to X7 (if they
are not already used for another purpose). With the
filter ime set to approx 7ms (REFF instruction) and
used with the timer interrupt routine, as explained
above, the interrupt processing time can be set to
10ms for the HKY instruction.
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introduction

The FX PC family instruction set is divided into basic
and applied instructions. The applied instructions
provide powerful supplements to the basic set of PC
instructions and give control over internal PC op-
erations and external 1/0. They are split into 10
groups, each group with a different application, eg.
transfer of data within the PC.

Applied instructions 20 to 29 are concerned with Arith—
metic and Logical Operations and are grouped under
the heading of the same name.

This group includes the Add instruction (ADD, FNC
20). If Add is used with Auxiliary Relay M8023 (Fioat
Operation Flag), then addition of floating point values
is possible. M8023 must be turned on before the Add
instruction is executed to allow this. This provides the
facility to take floating point data from Data Registers,
or Decimal and Hexadecimal constants and add simi-
lar data from a second source to it. The resuit is then
stored in a destination device as a floating point value.

The Add Instruction with M8023

The floating point form of the Add instruction has three
parts:

Part 1: Set M8023

a) turn on M8023 to enable floating point operation.
Part 2: The Add instruction.

b) the ADD statement itself

¢) the specification for the first Source Data, ie. the
form of the data.

PARAMETERS

M100 a

|

b c d e

———— DADD | D100 | D110 | D120 }—
f

meT [z

Figure 1: The floating point Add instruction in
iadder format.

d) the specification for the second Source Data.

e) the specification for the Destination Device, where
the result will be stored.

Part 3: Reset M8023
f) turn off M8023 to disable floating point operation.

Figure 1 shows the typical appearance of a fioating
point Add instruction in a ladder program, while Figure
2 shows the same piece of ladder logic written in
instruction format. This Add instruction would have the
effect of adding the floating point value stored in Data
Register pair D101 and D100 to the floating point value
stored in D111 and D110 when Auxiliary Relay M100
is turned on. The floating point result would then be
stored in D121 and D120. The following section ex-
plains each parameter in greater detail:

Parameter a)- Setting the fioat flag

The Float Operation flag MB8023 must be SET to
enable floating point calculations.

Parameter b)- The ADD statement

The Add instruction can only be used in its DOUBLE
word format if floating point values are being used.
This is because floating point values are stored in a
pair of Data Registers. An error will occur if this form
is not used. This gives two different forms for the
instruction:

I)  DADD: The standard form of the instruc—~
tion, taking 13 steps of program. In the
example shown in Figure 1, while M100
is turned on, the DADD instruction will

operate.
PROGRAM
STEP INSTRUCTION PROGRAM
NUMBER
0 LD M 100
1 SET M 8023
3 DADD 20
D 100
D 110
D 120
16 RST M 8023

Figure 2. The floating point Add instruction in
instruction format.
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Il)  DADDP: The "P" suffix shows that DADD
is being used in its PULSE format. The
instruction will only operate when M100
provides a rising edge signal as it turns
on. DADDP also takes 13 program steps.

Parameter c)- Source Data 1
This identifies what form the Source Data takes.

The data can be one of the following: Decimal Values
(K), Hexadecimal Values (H) or a pair of Data Regis-
ters (D) containing a fioating point value. f K or H is
used, then these values will be converted to fioating
point automatically.

Parameter d)- Source Data 2

This identifies the second Source Data, which can be
one of these forms:

Decimal Values (K), Hexadecimal Values (M) or Data
Registers (D) holding a floating point value. Again, if
K or H is used, then these values will be converted to
floating point automatically.

Parameter e)- Destination Devices

This identifies where the result will be stored. The
Destination Devices can only be a pair of Data Reg-
isters, which store the sum as a floating point result.

Notes: The Destination Devices may be the same as
one of the Source Devices. In this case, be careful to
avoid unintentionally overwriting data.

The following combinations of Source Data are al-
lowed:

Source Data 1 Source Data 2
K/H KM
Floating Point D Floating Point D

K/H Floating Point D
Floating Point D K/H

Parameter f)- Resetting the fioat flag

The Float Operation Flag must be reset to allow further
functions to operate as normal. The flag can be left on
if further operations requiring floating point calcula-
tions are needed. However, it is recommended that
once all floating point functions are completed this flag
should be switched off using RST.

Example Use of the Add Instruction with
M8023

Figure 3 shows a typical use of the floating point Add
instruction. In this case, DADDP is being used to add
a fixed offset, K1000, to the floating point value held
in D11 and D10 when T1 times out . The floating point
sum is then stored in Data Registers D1 and DO. Using
the PULSE instruction format ensures that the instruc-
tion will only execute once after T1's contacts close.
Notice how the flioating point operation is enabled
before the Add instruction with SET and disabled
afterwards with ReSeT.

T

&
——10ADDP]K1000] D10 | Do }-—-
‘ ST [weoz:

Figure 3: Example ladder diagram for the
floating point Add instruction.
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Introduction

The FX PC family instruction set is composed of two
sets of instructions; basic and applied. Applied in-
structions give control over internal PC operations
and external I/O and provide powerful supplements
to the basic set of PC instructions. They are split
into 10 groups, each group with a different appli-
cation, eg. transfer of data within the PC.

Applied instructions 20 to 29 perform Arithmetic and
Logical Operations and are grouped under the head-
ing of the same name.

This group includes the Subtract instruction (SUB,
FNC 21). if Subtract is used with Auxiliary Relay
M8023 (Float Operation Flag), then subtraction of
floating point values is possible. M8023 must be
turned on before the Subtract instruction is executed
to allow this. This provides the facility to take floating
point data from Data Registers, or Decimal and Hexa—-
decimal constants and subtract similar data from a
second source from it. The result is then stored in a
destination device as a floating point value.

The Subtract Instruction with M8023

The floating point form of the Subtract instruction has
three parts:

Part 1: Set M8023

a) turn on M8023 to enable floating point operation.
Part 2: The Subtract instruction.

b) the SUB statement itself

¢) the specification for the first Source Data, ie. the
form of the data.

PARAMETERS

$100 a
|
b c d e
josus | D10 | D20 | D30 |

f

Figure 1: The floating point Subtract instruction
in ladder format.

d) the specification for the second Source Data.

e) the specification for the Destination Device, where
the result will be stored.

Part 3: Reset M8023
f) turn off M8023 to disable floating point operation.

Figure 1 shows the typical appearance of a floating
point Subtract instruction in a ladder program, while
Figure 2 shows the same piece of ladder logic written
in instruction format. This Subtract instruction would
have the effect of subtracting the floating point value
stored in Data Register pair D21 and D20 from the
floating point value stored in D11 and D10 when State
$100 is turned on. The floating point result would then
be stored in D31 and D30. The following section
explains each parameter in greater detail:

Parameter a)- Setting the float flag

The Float Operation flag M8023 must be SET to
enable floating point calculations.

Parameter b)- The SUB statement

The Subtract instruction can only be used in its DOU-
BLE word format if floating point values are being
used. This is because floating point values are stored
in a pair of Data Registers. An error will occur if this
form is not used. This gives two different forms for the
instruction:

1)  DSUB: The standard form of the instruc-~
tion, taking 13 steps of program. In the
example shown in Figure 1, while S100
is turned on, the DSUB instruction will

operate.
PROGRAM
STEP INSTRUCTION PROGRAM
NUMBER

0 LD S 100
1 SET M 8023

3 DSuB 21

D 10

D 20

D 30
16 RST M 8023

Figure 2: The floating point Subtract instruc-
tion in instruction format.
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lI) DSUBP: The “P* suffix shows that DSUB
is being used in its PULSE format. The
instruction will only operate when S100
provides a rising edge signal as it turns
on. DSUBP also takes 13 program steps.

Parameter ¢)- Source Data 1
This identifies what form the Source Data takes.

The data can be one of the following: Decimal Values
(K), Hexadecimal Values (H) or a pair of Data Regis~
ters (D) containing a floating point value. if K or H is
used, then these values will be converted to floating
point automatically.

Parameter d)- Source Data 2

This identifies the second Source Data, which can be
one of these forms:

Decimal Values (K), Hexadecimal Values (H) or Data
Registers (D) holding a floating point value. Again, if
Kor H is used, then these values will be converted to
floating point automatically.

Parameter e)- Destination Devices

This identifies where the result will be stored. The
Destination Devices can only be a pair of Data Reg-
isters, which store the result as a floating point value.

Notes: The Destination Devices may be the same as
one of the Source Devices. In this case, take care to
avoid accidentally overwriting data.

The following combinations of Source Data are al-
towed:

Source Data 1 Source Data 2
KH KH
Floating Point D Floating Point D

K/H Floating Point O
Floating Point D K/M

Parameter f)- Resetting the float flag

The Float Operation Flag must be reset to allow further
functions to operate as normal. The flag can be left on
it further operations requiring floating point calcula-
tions are needed. However, it is recommended that
once all floating point functions are completed this flag
should be switched off using RST.

Example Use of the Subtract Instruction
with M8023

Figure 3 shows a typical use of the floating point
Subtract instruction. For this example, DSUB is being
used to subtract the floating point value held in D1 and
Do from that stored in D26 and D25 . The floating point
result is then stored in Data Registers D26 and D25
again. This instruction will execute until C20's contacts
close. Notice how the fioating point operation is en-
abled before the Subtract instruction with SET and
disabled afterwards with ReSeT.

c2o

R T
—Bsua[ D25 [ Do [Dzs =

Figure 3: Example ladder diagram for the
floating point Subtract instruction.
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Introduction

The FX PC family has both basic and applied instruc-
tions. Applied instructions control both internal PC
operations and external I/O and are powerful sup-
plements to the basic PC set of instructions. They
are split into 10 groups, each with a different
application, eg. transfer of data within the PC.

Applied instructions 20 to 29 perform Arithmetic and
Logical Operations and are grouped together under
the same heading .

This includes the Muitiply instruction (MUL, FNC 22).
If Multiply is used with Auxiliary Relay M8023 (Float
Operation Flag), then multiplication of floating point
values is possible. M8023 must be turned on before
the Multiply instruction is executed to allow this. This
provides the facility to take fioating point data from
Data Registers, or Decimal and Hexadecimal con-
stants and multiply it by similar data from a second
source. The result is then stored in a destination
device as a floating point value.

The Multiply Instruction with M8023

The floating point form of the Multiply instruction has
three parts:

Part 1: Set M8023

‘a) turn on M8023 to enable floating point operation.
Part 2: The Multiply instruction.

b) the MUL statement itself

c) the specification for the first Source Data, ie. the
form of the data.

d) the specification for the second Source Data.

PARAMETERS

M17 a
i
b c d e
——————oMuL| D15 | D17 | D24 |+
f

Figure 1: The floating point Muitiply instruction
in ladder format.

e) the specification for the Destination Device, where
the result will be stored.

Part 3: Reset M8023
f) turn off MB023 to disable floating point operation.

Figure 1 shows the typical appearance of a floating
point Multiply instruction in a ladder program, while
Figure 2 shows the same piece of ladder logic written
in instruction format. This Muitiply instruction would
have the effect of multiplying the floating point value
stored in Data Register pair D16 and D15 by the
floating point value stored in D18 and D17 when
Auxiliary Relay M17 is turned off. The floating point
result would then be stored in D25 and D24. Finally,
the floating point operation is ended by resetting
M8023. The following section explains each parame-
ter in greater detait:

Parameter a)- Setting the float flag

The Float Operation flag M8023 must be SET to
enable floating point calculations.

Parameter b)~ The MUL statement

The Multiply instruction can only be used in its DOU-
BLE word format if floating point values are being
used. This is because floating point values are stored
in a pair of Data Registers. An error will occur if this
form is not used. This gives two different forms for the
instruction:

1)  DMUL: The standard form of the instruc-
tion, taking 13 steps of program. In the
example shown in Figure 1, while M17 is
turned off, the DMUL instruction will op-

erate.
PROGRAM
STEP INSTRUCTION PROGRAM
NUMBER
0 LDI M 17
1 SET M 8023
3 DMUL 22
D 15
D 17
D 24
16 RST M 8023

Figure 2: The floating point Multiply instruc-
tion in instruction format.
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i DMULP: The "P* suffix shows that DMUL
is being used in its PULSE format. The
instruction will only operate when M17
provides a falling edge signal as it tums
off. DMULP also takes 13 program steps.

Parameter c)- Source Data 1

This identifies what form the Multiplicand, i.e. the value
to be multiplied, takes.

The data can be one of the following: Decimal Values
(K), Hexadecimal Values (H) or a pair of Data Regis—
ters (D) containing a floating point value. If K or H is
used, then these values will be converted to floating
point automatically.

Parameter d)- Source Data 2

This shows the form of the Multiplier, i.e. the value by
which the Multiplicand is multiplied. This can be one
of these forms:

Decimal Values (K), Hexadecimal Values (H) or Data
Registers (D) holding a floating point value. Again, if
Kor H is used, then these values will be converted to
floating point automatically.

Parameter e)- Destination Devices
This identifies where the result will be stored. The

Destination Devices can only be a pair of Data Reg--

isters, which store the result as a floating point value.
Notes:

The result of the floating point version of the multiply
instruction is different to the normal 32 bit Multiply
instruction. The Destination Devices hold the com-
plete result as a 32 bit floating point value, rather than
a 64 bit result.

The Destination Devices may be the same as one of
the Source Devices. In this case, take care to avoid
accidentally overwriting data.

The allowed combinations of Source Data are shown
in Figure 3.

——

Parameter f)- Resetting the fioat flag

The Float Operation Flag must be reset to allow further
functions to operate as normal. The flag can be left on
if further operations requiring floating point calcula-
tions are needed. However, it is recommended that
once all floating point functions are completed this flag
should be switched off using RST.

Source Data 1 Source Data 2
KM KMH
Floating Point D Floating Point D

KMH Floating Point D
Floating Point D KH

Figure 3: Allowed combinations of Source Data.

Example Use of the Multiply Instruction
with M8023

Figure 4 shows a typical use of the floating point
Multiply instruction. For this example, DMUL is being
used to multiply the decimal value 250 by the fioating
point value held in D51 and D50. The floating point
result is then stored in Data Registers D1 and DO. This
instruction will execute when C20's contacts close.
Additionally, this shows how the floating point opera-
tion is enabled before the Multiply instruction with SET
and disabled afterwards with ReSeT.

C20

A s
—————————JoMUL [ k250 | Dso | Do |

Figure 4: Example ladder diagram for the
Multiply floating point instruction.
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introduction

The FX PC family has two sets of instructions; basic
and applied. Applied instructions control intemal PC
operations and external I/O and are powerful sup-
plements to the basic PC instructions. They are
divided into 10 groups, each group with a different
application, eg. transfer of data within the PC.

Applied instructions 20 to 29 perform Arithmetic and
Logical Operations and are grouped together under
this heading .

This includes the Divide instruction (DIV, FNC 23). If
Divide is used with Auxiliary Relay M8023 (Float Op-
eration Flag), then division of floating point values is
possible. M8023 must be turned on before the Divide
instruction is executed to allow this. This provides the
facility to take floating point data from Data Registers,
or Decimal and Hexadecimal constants and divide it
by similar data from a second source. The result is
then stored in a destination device as a floating point
value.

The Divide Instruction with M8023

The floating point form of the Divide instruction has
three parts:

Part 1: Set M8023

a) turn on M8023 to enable floating point operation.
Part 2: The Divide instruction.

b) the DIV statement itself

c) the specification for the first Source Data, ie. the
form of the data.

d) the specification for the second Source Data.

PARAMETERS

M40 a
;
b ¢ d e
- powv | D28 | D30 | Dso |-
f

Figure 1: The floating point Divide instruction in
ladder format.

) the specification for the Destination Device, where
the result will be stored.

Part 3: Reset M8023
f) turn off M8023 to disable floating point operation.

Figure 1 shows the typical appearance of a floating
point Divide instruction in a ladder program, while
Figure 2 shows the same piece of ladder logic written
in instruction format. This Divide instruction would
have the effect of dividing the floating point value
stored in Data Register pair D29 and D28 by the
floating point value stored in D31 and D30 when
Auxiliary Relay M40 is turned off. The floating point
result would then be stored in D41 and D40. Finally,
the floating point operation is ended by resetting
M8023. The following section explains each parame-
ter in greater detail:

Parameter a)- Setting the float flag

The Float Operation flag M8023 must be SET to
enable floating point calculations.

Parameter b)- The DIV statement

The Divide instruction can only be used in its DOUBLE
word format if floating point values are being used.
This is because fioating point values are stored in a
pair of Data Registers. An error will occur if this form
is not used. This gives two different forms for the
instruction:

I)  DDIV: The standard form of the instruc-
tion, taking 13 steps of program. In the
example shown in Figure 1, while M40 is
turned off, the DDIV instruction will op-

erate.
PROGRAM
STEP INSTRUCTION PROGRAM
NUMBER
0 LDI M 40
1 SET M 8023
3 DDIV 23
D 27
D 30
D 40
16 RST M 8023

Figure 2: The floating point Divide instruction
in instruction format.
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{l) DDIVP: The *P" suffix shows that DDIV
is being used in its PULSE format. The
instruction will only operate when M40
provides a falling edge signal as it tums
off. DDIVP also takes 13 program steps.

Parameter c)- Source Data 1

This identifies what form the Dividend, i.e. value to be
divided, takes.

The data can be one of the following: Decimal Values
(K), Hexadecimal Values (H) or a pair of Data Regis-
ters (D) containing a floating point value. if K or H is
used, then these values will be converted to floating
point automatically.

Parameter d)- Source Data 2

This shows the form of the Divisor, i.e. the value by
which the dividend is divided. This can be one of these
forms:

Decimal Values (K), Hexadecimal Values (H) or Data
Registers (D) holding a floating point value. Again, if
K or H is used, then these values will be converted to
floating point automatically.

Parameter e)- Destination Devices

This identifies where the result will be stored. The
Destination Devices can only be a pair of Data Reg-
isters, which store the result as a floating point value.

Notes:

The result of the floating point version of the divide
instruction is different to the normal Divide instruction.
The Destination Devices hold the complete result and
there is no separation of the whole (Quotient) and
fractional (Remainder) parts.

The Destination Devices may be the same as one of
the Source Devices. In this case, take care to avoid
accidentally overwriting data.

The allowed combinations of Source Data are shown
in Figure 3.

Parameter f)- Resetting the float flag

The Float Operation Flag must be reset to allow further
functions to operate as normal. The flag can be left on
if further operations requiring floating point calcula-
tions are needed. However, it is recommended that
once all floating point functions are completed this flag

should be switched off using RST.
Source Data 1 Source Data 2
KMH KM
Floating Point D Floating Point D
KH Floating Point D
Floating Point D K/MH

Figure 3: Allowed combinations of Source Data.

Example Use of the Divide Instruction

with M8023

Figure 4 shows an example use of the floating point
Divide instruction. For this example, DDIV is being
used to divide the floating point value held in D1 and
DO by the decimal value 1000 . The floating point result
is then stored in Data Registers D11 and D10. This
instruction will execute when TO's contacts close. This
also shows how the floating point operation is enabled
before the Divide instruction with SET and disabled
afterwards with ReSeT.

TO

al
—————— obiv| Do [K1000 | D10 [
RSt [weos]

Figure 4: Example ladder diagram for the
floating point Divide instruction.
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Introduction

The FX PC family instruction set is divided into two
groups: basic and applied instructions. The applied
instructions are powerful supplements to the basic set
of PC instructions and are used to provide control over
internal PC operations and external VO. They are split
into 10 groups, each group with a different emphasis,
eg. transfer of data within the PC.

Applied instructions 80 to 89 are concerned with the
communication of data to devices outside the FX plc
and are grouped under the heading of FX Service
Interfaces.

This group includes the Serial Communications
instruction (RS, FNC 80). This provides the facility to
send and receive data to/from a wide range of
communication devices via the RS232 serial
communications module; FX-232ADP.

The RS instruction

The serial communications is controlled in four parts:
Part 1: Set Communication parameters
Part 2: The RS instruction (six parameters)

a) the data storage format.

b) the RS statement itself.

C) the transmit buffer Head Address.
d) the transmit message length.

€) the receive buffer Head Address.

f)  the receive message length.
Part 3: Transmit message

Part 4: Receive message
PARAMETERS

X000 a

________

e e ' SET | M8161 -

b c d e f
“{ Rrs [ osoo [ o1o [ p2oo | keo |

M100
' SET TRANSMIT MESSAGE
SET
M8123
— i——‘ PROCESS RECEIVED MESSAGE l——

RST

Part 1: Communication Parameters

Any serial communication protocol must first be
configured to ensure full compatibility with the external
communicating device. The communication protocol
for the FX-232ADP is configured using special data
register D8120; this can only be done while the RS
instruction is inactive. The following table shows the
bits of D8120 and their meaning for RS232 commu-
nications.

DESCRIPTION 0 1
b0 |DATALENGTH 7 bits 8 bits
bt PARITY (00) : No Parity
b2 (01) : Odd Partty
(11) : Even Parity
b3 |STOPBITS 1 bit 2 bits
b4 |BAUD RATE (b7,b6,05,b4)
bs |EBPS) (0011) 300
{0100) 600
b6 {0101) 1200
b7 (0110) 2400
(0111) 4800
{1000) 9600
{1001) 18200
b8 |HEADER NONE USE D8124
b9 |TERMINATOR NONE USE D8125
b10 |HANDSHAKE NONE HW§
bii |NOT USED
to - -
b1s

Special data register D8124 holds the value of the
header byte, if one is selected. The default value is
ASCII "STX" or 02HEX but this can be changed by the
user before any communications begin.

Special data register D8125 holds the value of the
terminator byte, if one is selected. The default value is
ASCII "ETX" or 03HEX but this can be changed by the
user before any communications begin.

§ If the peripheral communication device uses hard -
ware handshaking then this mode should be selected.
When selected, the DSR and DTR lines (pins 6 and
20} of the FX-232ADP are used to control the com-
munication. See page 4 for terminal diagram.
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Part 2: The RS instruction

Parameter a)

The data storage format can be either 16 bit or 8 bit
mode. The 16 bit mode uses both the upper and lower
bytes of the transmit and receive buffer areas and the
8 bit mode only uses the lower 8 bits. This is controlled
by the special auxiliary relay M8161; ON for 8 bit
mode.

BUFFER D200 K4 DATA "ABCD"
16 bit (default) 8 bit
High Low High Low
D200 | 'p A" D200 |__—| ‘A
D201 D 5% D201 |_—"! "B
D202 |_—| *C
0203 / -Du

Parameter b)

The RS statement, when active, indicates that com-
munication is possible and the transmission and re-
ceival of data can occur. More than one RS
instruction is permitted within a program but only one
may be active at a time.

Parameter c)

The transmit buffer Head Address is the first data
register or file register (D) of the transmit message
area.

Parameter d)

The transmit message length is the length of the
message to be transmitted. The value can be a
constant (K) or if the message length will, vary a data
register (D) can also be used. The value, if a data
register, can be changed between transmit requests
but not during transmission.

Parameter e)

The receive buffer Head Address is the first data
register (D) of the receive message area.

Parameter f)

The receive message length is the maximum length of
the message that can be received. The value can be
a constant (K) or if the message length will vary a data
register (D) can also be used. The value, if a data
register, can be changed between receipt of mes-
sages but not during receival.

Part 3: Transmit message

The transmission or sending of a message is control-
led with auxiliary relay M8122.

M100
——————{BmMov [ D100 | Dsoo | ke |

1 mov | k¢ [ p1o |

SET | M8122

First the data to be transmitted must be contained in
the transmit buffer area. This can be done in one of
two ways:

I)  Copy or create the message into the
message buffer area before transmitting
using either MOV or BMOV instructions.

ll)  Change the RS instruction parameters to
use the appropriate data register area
where the message is held. A separate
RS instruction will be needed for each
message.

In the above example the data held in data registers
D100 to D103 is copied to the transmit bufter area
starting at D500. The message length of 8 bytes is
then set by changing the value of the transmit mes-
sage length using data register D10.

Once the data is defined and in the correct location the
transmit flag M8122 can be set ON. The data will now
be sent and the flag M8122 will be automatically reset
once all data is transmitted.

It is recommended that the flag is set using a pulse
signal; otherwise, after completion, the flag may be set
back ON again by the program and the data sent
again.

If a header and/or a terminator are used these will be
automatically added to the message before transmis -
sion,

Transmit Counter

During sending, the special data register D8122 can
be monitored to see the progress of the transmission.
The value of D8122 starts at the full message length
and decreases by one as each byte of data is trans-
mitted.

Note: Headers and terminators are not counted by
D8122.
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Part 4: Receive message

The receipt of a message is controlled by the RS
instruction automatically. Once a full message has
been received the data is stored in the receive buffer
area and the special auxiliary relay M8123 is sét ON.

If a header and/or a terminator are used then these
will be removed automatically before the message is
stored in the buffer area.

M8123
F———{ BMOV | D200 | D110 | K20

RST | M8123 |

When M8123 comes ON, the data in the receive buffer
should be processed and then, to free the area up for
further messages, the flag should be resetto OFF. The
flag will be automatically reset if the RS instruction is
turned off.

In the example program above the receive message
flag M8123 is monitored. When it becomes active all
the data in the receive buffer is copied to a separate
location and the receive flag is reset. After freeing the
receive buffer area the data can be processed as
appropriate.

Note: Data can not be sent while receiving a message.
The receive in progress flag M8121 is set ON during
message receival. The transmit flag M8122 may be
set to ON at this time but the actual sending will be
delayed until after the full message has been received.

Receive Counter

During receipt, the special data register D8123 can be
monitored for the number of bytes received so far.
After the full message is received its value will be the
length of the message.

Headers and Terminators

In communications a way to find the beginning and
end of a message ia often needed. This is usually
done by adding indicators to the message known as
headers and terminators. With the RS instruction it is
possible to have an initial header byte and /or a final
terminator byte automatically added to the massage.

These are selected by setting bits b8 and b9 of the
communications parameters data register D8120.

During Transmit

If a header is selected then the lower byte of special
data register D8124 will be sent as the first byte of any
message transmitted.

If a terminator is selected then the lower byte of special
data register D8125 will be sent as the last byte of any
message transmitted.

During Receive

If a header is selected then all data received will be
ignored until the header byte is received.

if no header is used then the first byte received will be
read as message data.

RS active X010 A .
Trans- M8122 [ '
mit Flag 4.3 ____ More than 2 scans delay

Transmit D8122 —L‘iu_' ] is required batween operations

Count _—

) [ be ) SN D o8 Transmit Inhibit Transmit Possible
'[l;raa;r;smn XD 5 § g § § 2 Receive Possible
Receiving M8121 : f ' “
Rg— M8123 W A v
ceived Port Initialisation [ TTE TS TEISTE :
Receive RXD Open for Comms 1 i %, § o : \glhen not reset

| ‘ rogram
Data E§§§§00ﬁ : ypreg
le .
™ Transmit Possible 4
Re- D8123 , 2 3 Y v
ceive
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If a terminator is selected then, once in the process of
reading, all data received will be read as message
data until either the terminator byte is received or the
receive message length is reached i.e. the receive
buffer becomes full.

If no terminator is selected then reading will continue
until the receive buffer is filled i.e. the message length
must be received in full before the message is con-
sidered complete.

Once a full message has been received flag M8123 is
set. All data received after this is ignored until this
message received flag is cleared.

FX-232ADP Connector

A

@

O
O

O
O

O
O

O
O

@
O
O

&
o [o-

@
O

@—
O

@—

DTR: Data Terminal Ready
Used with hardware handshaking

CD: Carrier Detect
Status monitored with M8124

SG: Signal Ground

DSR: Data Set Ready
Used with hardware handshaking

CTS: Clear To Send
Not Monitored; Connected to RTS, pin 4

RTS: Request To Send
Internally connected to CTS, pin 5
RD: Receive Data

TD: Transmit Data

FG: Frame Ground
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Introduction

The FX PC family instruction set is divided into two
groups: basic and applied instructions. The applied
instructions are powerful supplements to the basic PC
instructions and are used to provide control over
internal PC operations and external I/O. They are split
into 10 groups, each group with a different emphasis,
eg. High speed operations.

Applied instructions 80 to 89 are mainly concemed
with the communication of data to devices outside
the FX plc and are grouped under the heading of FX
Service Interfaces.

This group includes the ASCII conversion instruction
(ASCI, FNC 82). This function is intended as a
complement to the serial communications instruction
(RS, FNC 80) and converts the hexadecimal values
held in a data register into ASCII.

The ASCII Conversion Instruction

The ASCII conversion instruction has six parameters:
a) the data storage format.
b) the ASCI statement itself.

C) the source head address; where the
hexadecimal data is stored.

d) the destination head address; where the
converted ASCIl characters will be
stored.

@) the number of characters; the number of
hexadecimal digits to convert to ASCII
characters.

f)  the data storage format reset.

Shown below is the typical appearance of an ASCI
instruction in both ladder and instruction format.
PARAMETERS

_________

b c d e

_________

Figure 1: Ladder program of the basic format of the
ASCI instruction.

FROSAAM | INSTRUCTION PROGRAM
0 LD c 20
1 SET M 8161
3 ASCI 82
D 25
D 50
K 6
10 RST M 8161

Figure 2: Instruction program of the basic format
for the ASCI instruction.

The program shown in figures 1 and 2 will execute the
conversion when the counter C20 reaches its preset
value. While the ASC! instruction is active the six (K6)
hexadecimal digits from data registers D25 and D26
are converted to ASCIi characters and stored in data
registers D50 thru D55 (8 bit format); each character
being one byte.

The following section explains each parameter in
more detail:

Parameter a)- The Data Storage Format

The data storage format can be either 16 bit or 8 bit
mode. The 18 bit mode uses both the upper and lower
bytes of the destination devices and the 8 bit mode
only uses the lower 8 bits. This is controlled by the
special auxiliary relay M8161; ON for 8 bit mode.

Note: The SET M8161 instruction is only needed if 8
bit mode is being used.

Parameter b)- The ASCI Statement
The ASCI instruction has two forms:

I} ASCI: The standard form of the instruc—
tion, taking 7 steps of program. In this
form the ASClI instruction while active will
continue to convert the source data to
ASCII character.

I)  ASCIP: This form is similar to the stand-
ard form and also takes 7 steps of pro-
gram. The P suffix indicates Pulse
format. When activated the ASCIP in-
struction will only perform the conversion
once each time it is turned on.
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Parameter c)- The Source Head Address

The value specified here identifies the first word de-
vice that contains the hexadecimal digits to be con-
verted. If more than 4 digits are to be converted then
the following word devices will also be read until all
required digits are converted. The source address can
be specified using:

Decimal Value (K), Hexadecimal Value (H), Timers
(T), Counters (C), Data registers (D) or

Group bit devices; Inputs (KnX}, Outputs (KnY), Aux-
iliary relays (KnM), States (KnS).

Parameter d)- The Destination Head Address

The value specified here identifies the first word de-
vice that will contain the ASCII characters. Each word
device can contain 2 characters (2 bytes). The word
devices following the Head Address will be used until
all the characters have been stored. The destination
address can be specified using:

Timers (T), Counters (C), Data registers (D) or
Group bit devices; Outputs (KnY), Auxiliary relays
(KnM), States (KnS).

Parameter e)- The Number of Characters

The value specified here can only be a Decimal Value
(K) or a Hexadecima! Value (H) and indicates the
number of hexadecimal digits that will be converted
and how many ASCII characters will be stored. The
number of characters can be between 1 and 256
digits.

Parameter f)- The Data Storage Format Reset

The RST M8161 switches the data storage format
back to the default of 16 bits.

Note: This parameter is only needed if this instruction
uses 8 bit data storage format and there are other
instructions in your program that use 16 bit data stor-
age format.

Example Use of the ASCI Instruction

Using the program example in figures 1 and 2 the
following diagram shows the results for both 16 bit
format and 8 bit format.

Source Data D25: 0ABC .

D26: 6789w
Destination D50 Digits K6
16 bit format 8 bit format
High  Low High  Low
Dso| ‘¢ 8" Dso|—| 8
D51 | A" 0" D51 —| ¢
ps2| "C* "B ps2|—| "0
(Default) D53 |— | ‘A
Ds4|— | ‘"B
Dss|—| *C*

Figure 3: Graphic representation of both 16 and 8
bit data storage format.

ASCIl Character Codes

The following table gives the ASCII character code in
both hexadecimal and decimal for each of the hexa-
decimal digits that can be converted.

HEX ASCII SYM-| HEX ASCIl SYM-

DIGIT ex 1 bec | BOL | DIGIT [Moex T oo | BOL
0 30 [ 48 | "o 8 38 | s6 | '8
1 31 49 | "1t 9 39 | 57 | 9o
2 322 | 50 [ 2] A 41 85 | "A
3 33 | 51 | "8 B 42 | 68 | "B
4 34 | 52 | "a c 43 | &7 | *C
5 35 | 53 [ "5 D 44 | 88 | "D
6 3 | 54 | 6 E 45 | 69 | "B
7 37 | 55 | 7 F 48 | 70 | "F
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Introduction

The FX PC family instruction set is divided into two
groups: basic and applied instructions. The applied
instructions are powerful supplements to the basic set
of PC instructions and are used to provide control over
internal PC operations and external O. They are split
into 10 groups, each group with a different emphasis,
eg. transfer of data within the PC.

Applied instructions 80 to 89 are concerned with the
communication of data to devices outside the FX pic
and are grouped under the heading of FX Service
Intertaces.

This group includes the hexadecimal conversion
instruction (HEX, FNC 83). This function is intended
as a complement to the serial communications in-
struction (RS, FNC 80) and converts ASCI| character
codes held in data registers into hexadecimal values.

The HEX Conversion Instruction

The HEX conversion instruction has six parameters:
a) the data storage format.
b) the HEX statement itself.

C) the source head address; where the AS-
Cll characters are stored.

d) the destination head address; where the
converted hexadecimal data will be
stored.

@) the number of characters; the number of
ASCli characters to convert to hexadeci-
mal digits.

f) the data storage format reset.

Shown below is the typical appearance of a HEX
instruction in both ladder and instruction format.
PARAMETERS

_—— e m A= = = =

b c d e

.........

Figure 1: Ladder program of the basic format of the
HEX instruction.

Foaiod | INSTRUCTION PROGRAM
0 LD T 15
1 SET M 8161
3 HEX 83
D 60
D 30
K 6
10 RST M 8161

Figure 2: Instruction program of the basic format
for the HEX instruction.

The program shown in figures 1 and 2 will execute the
conversion when the counter T15 reaches its preset
value. While the HEX instruction is active the six (K6)
ASCII characters from data registers D60 thru D65 are
converted to hexadecimal digits and stored in data
registers D30 and D31 (8 bit format); two digits being
one byte.

The following section explains each parameter in
more detail:

Parameter a)- The Data Storage Format

The data storage format can be either 16 bit or 8 bit
mode. The 16 bit mode uses both the upper and lower
bytes of the source devices and the 8 bit mode only
uses the lower 8 bits. This is controlled by the special
auxiliary relay M8161; ON for 8 bit mode.

Note: The SET M8161 instruction is only needed if 8
bit mode is being used.

Parameter b)- The HEX Statement
The HEX instruction has two forms:

I)  HEX: The standard form of the instruc-
tion, taking 7 steps of program. In this
form the HEX instruction while active will
continue to convert the source data to
hexadecimal digits.

i)  HEXP: This form is similar to the stand-
ard form and also takes 7 steps of pro-
gram. The P suffix indicates Pulse
format. When activated the HEXP in-
struction will only perform the conversion
once each time it is turned on.
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Parameter c)- The Source Head Address

The value specified here identifies the first word de-
vice that contains the ASCIl characters to be con-
verted. If more than 2 characters (2 bytes) are to be
converted then the following word devices will also be
read until all required characters are converted. The
source address can be specified using:

Decimal Value (K), Hexadecimal Value (H), Timers
(T, Counters (C), Data registers (D) or

Group bit devices; Inputs (KnX), Outputs (KnY), Aux-
iliary relays (KnM), States (KnS).

Parameter d)- The Destination Head Address

The value specified here identifies the first word de-
vice that will contain the hexadecimal digits. Each
word device can contain 4 digits. The word devices
following the Head Address will be used until all the
digits have been stored. The destination address can
be specified using:

Timers (T), Counters (C), Data registers (D) or
Group bit devices; Outputs (KnY), Auxiliary relays
(KnM), States (KnS).

Parameter e)- The Number of Characters

The value specified here can only be a Decimal Value
(K) or a Hexadecimal Value (H) and indicates the
number of ASCII characters that will be converted and
how many hexadecimal digits will be stored. The
number of characters can be between 1 and 256
digits.

Parameter f)~ The Data Storage Format Reset

The RST MB161 switches the data storage format
back to the default of 16 bits.

Note: This parameter is only needed if this instruction
uses 8 bit data storage format and there are other
instructions in your program that use 16 bit data stor-
age format.

Example Use of the HEX Instruction

Using the program example in figures 1 and 2 the
following diagram shows the results for both 16 bit
format and 8 bit format.

Source Data D60  Digits K6
16 bit format penwy 8 bit format
High Low High Low

pDso| ‘9" ‘8" peo|— | '8
D61 uAu uou D61 / ugll
062 ucn -Bu D62 / uon
D83 |— | ‘A"

De4|—| "B

065 / ucu

Destination D31 D30
0089, 0ABC,
ZERB'FI‘.LED
Figure 3: Graphic representation of both 16 and 8
bit data storage format.

ASCII Character Codes

The following table gives the ASCII character code in
both hexadecimal and decimal for each of the hexa-
decimal digits that can be converted.

HEX ASCH SYM-| HEX ASCIt SYM-
DIGIT ["QEx pEc | BOL DIGIT " Rex T pec | BOL
0 30 48 0" 8 38 56 8"
1 3 49 " 9 39 57 9"
2 32 50 "2t A 41 65 A
3 33 51 < B 42 86 "B
4 34 52 4" c 43 67 c
5 35 53 D 44 68 ‘0"
8 36 54 E 45 69 “E"
7 37 55 F 46 70 "F*
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introduction

The FX PC family instruction set is divided into ba-
sic and applied instructions. The applied instruc-
tions provide powerful supplements to the basic set
of PC instructions and give control over internal
PC operations and external }/O. They are split into
10 groups, each group with a different application,
eg. transfer of data within the PC.

Applied instructions 80 to 89 are concerned with the
communication of data to devices outside the FX plc
and are grouped under the heading of FX Service
Interfaces.

This group includes the check code calculation in-
struciton (CCD, FNC 84). This function is intended
as a complement to the serial communications in-
struction (RS, FNC 80) and calculates a sum check
and parity check on the hexadecimal data contained
in a group of data registers.

The Check Code Instruction

The CCD conversion instruction has six parameters:
a) the data storage format.
b) the CCD statement itself.

C) thesource head address; where the data
are stored.

d) the destination address; where the sum
check value will be stored.

€) the number of characters; the number of
bytes of data to sum.

f)  the data storage format reset.

Shown below is the typical appearance of a CCD
instruction in both ladder and instruction format.

PARAMETERS

_________

b c d e

__________

Figure 1: Ladder program of the basic format of the
CCD instruction.

FROGRAM | INSTRUCTION PROGRAM
0 LD M 173
1 SET M 8161
3 cco 83
D 20
D 45
K 6
10 RST M 8161

Figure 2: Instruction program of the basic format
for the CCD instruction.

The program shown in figures 1 and 2 will execute the
sum check and parity check when auxiliary relay M173
turns on. While the CCD instruction is active six (K6)
bytes of data from data registers D20 thru D25 (8 bit
format) are summed and the sum value and parity
check are stored in data registers D45 and D46 re-
spectivly.

The following section explains each parameter in
more detail:

Parameter a)- The Data Storage Format

The data storage format can be either 16 bit or 8 bit
mode. The 16 bit mode uses both the upper and lower
bytes of the source devices and the 8 bit mode only
uses the lower 8 bits. This is controlled by the special
auxiliary relay M8161; ON for 8 bit mode.

Note: The SET M8161 instruction is only needed if 8
bit mode is being used.

Parameter b)- The CCD Statement
The CCD instruction has two forms:

[}  CCD: The standard form of the instruc-
tion, taking 7 steps of program. In this
form the CCD instruction will continue to
calculate the sum and parity checks
while active.

ll)  CCDP: This form is similar to the stand-
ard form and also takes 7 steps of pro-
gram. The P suffix indicates Pulse
format. When activated the CCDP in-
struction will only perform the calculation
each time it is turned on.
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Parameter ¢)- The Source Head Address

The value specified here identifies the first word de-
vice that contains the data to be summed. i more than
2 bytes are to be summed then the following word
devices will also be read until all required data are
used. The source address can be specified using:

Timers (T), Counters (C), Data registers (D) or
Group bit devices; Inputs (KnX), Outputs (KnY), Aux-
iliary relays (KnM), States (KnS).

Parameter d)- The Destination Head Address

The value specified here identifies the first of two word
devices that will contain the sum check value and the
parity check value respectivly. The sum check is cal-
culated on each byte (8 bits) and the resultis in a 2byte
word (16 bits). The parity is calculated as even parity
on the bit patern for each byte. The destination ad-
dress can be specified using:

Timers (T), Counters (C), Data registers (D) or
Group bit devices; Outputs (KnY), Auxiliary relays
(KnM), States (KnS).

Parameter e)- The Number of Characters

The value specified here can be a Decimal Value (K),
a Hexadecimal Value (H) or a Data register (D) and
indicates the number of bytes (8 bits) that will be
summed. The number can be between 1 and 256
bytes.

Parameter f)- The Data Storage Format Reset

The RST M8161 switches the data storage format
back to the default of 16 bits.

Note: This parameter is only needed if this instruction
uses 8 bit data storage format and there are other
instructions in your program that use 16 bit data stor-
age format.

Example Use of the HEX Instruction

Using the program example in figures 1 and 2 the
following diagram shows the resuits for both 16 bit
format and 8 bit format.

Source Data D20 Digits K6
16 bit format e 8 bit format
High  Low High  Low
D20| 5A 93 p2[_—] 93
01011010 [10010011 aNoRED’ (10010011
D21| 74 OF p21 |—| sA
01110100 00001111 anores” 01011010
D2 | B2 4D p2|—| OF
10110010 01001101 aNoRED’ P0001111
DB |— | 74
10010010 | s’ 1110100
01011010
DATA ) 000011100 D2 ——] 4D
PATERN | 01110100 NoREs” 01001101
?:)??(13:)10 b5 |—|_82
EVEN 10110010 nores” 10110010
PARITY = 01001109
SUM =93+5A+74+0F+4D+B2 =26F HEX

=147 +90+ 116 +15+77 +178 =623 DEC

DESTINATION Das| 02 6F
RESULTS SUM 00000010 01101111
Das|—| 4D
PARITY 10000000 1001101

Figure 3: Calculations performed for the sum
check and parity check.
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Introduction

As control technology advances, the functions of a
programmable controller are becoming more diverse.
The FX family of PCs are following this trend by
offering a PID control instruction (PID, FNC 88). This
instruction is available on the FX2c and FX of V3.11
or later. It allows a user to define a function to control
their system or process.

The PID instruction

Before explaining the operation of a PID function, it's
a good idea to review the type of system or process it
is often used to control. Generally, these are "closed
loop" systems. At the simplest level, the system is kept
under control by maintaining it at a set value. The set
value relates to its most important parameter. The
simplest example would be keeping the warmth of a
room at a constant temperature. In the real worid,
usually several parameters need to be kept at a fixed
value.

The name “closed loop" shows how the control is
achieved. An Output Value is sent to the system by
the controlier. This is intended to keep the system at
the Set Value. The controlier also has a sensor to
monitor how well the system is keeping to the Set
Value. This provides feedback to the controller, which
can adjust its Output Value accordingly to make sure
the Set Value is maintained. So the feedback closes
the loop in the system control diagram, shown in
Figure 1.

Set Output
Value Value Process
Controller or system
under control
Feedback

Figure 1: A closed loop system.

The PID instruction is at the heart of the control
process, and is defined by the user to give the required
contral. It takes the Set Value and compares it to the
actual value the system is currently at (Current Value).
There is usually a difference between the two, called
the "error” (e}. This error provides the raw material for
the PID instruction to process. The result of the proc-
essing is a new Output Value which is sent to the
system to bring it back to the Set Value.

The name "PID" represents the three different ways of
processing the error to generate the new control valus.
These are:

e "P":Proportional control. This simply takes
the error and multiplies it by a user defined
value, Kp, to produce a new control value.
This is always Kp times the error, hence
the result is proportional.

* “I": Integral control. The control value
produced is related to the value of the error
over a given time period. Hence the error
is integrated over the required period of
time.

e "D" Derivative control. The value output by
the controller is based on the rate of
change of the error. This is the derivative
of the error with respact to time.

This list shows that PID is rooted in mathematics, and
calculus specifically. However, in general, it's not nec-
essary to solve any complicated equations to set up
the PID instruction. It is important to note that these
three methods are usually combined to give the re—
quired control.

The PID instruction has the following parameters (See
Figure 2):

a) The PID statement itself

b)  Source Data 1, the required Set Value for
the process.

C)  Source Data 2, the Current Value of the
process. This is the feedback to the con-
trolter.

d) Source Data 3. This is the head address
of the bank of Data Registers which will
be used to store the user's parameters
for the PID instruction. These values de-
termine the behavior of the PID control
and hence the process. \

@) Destination, the calculated Output Value
sent to the process.

PARAMETER
a) b) c) d o)
X000
—— PD | D100 | D200 | D300 | D400

Figure 2: A typical PID instruction in ladder format.
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PROGRAM
STEP INSTRUCTION PROGRAM
NUMBER
0 LD X 000
1 PID 88
D 100
D 200
[} 300
D 400

Figure 3. PID instruction in instruction format.

Each of these parameters are as follows:
Parameter a)- PID Statement

This is the only form of the PID instruction. It occupies
9 steps of program. In Figure 2, while X000 is ON, then
the PID instruction will execute.

Parameter b)-Source Data 1: Set Value

The Set Value is contained in a single Data Register
(16 bits).

Parameter c)- Source Data 2: Current Value

The Current Value of the process is also contained in
a single Data Register.

Parameter d)- Source Data 3: User Defined
Parameters Head Address

This Data Register is the first of 25 which hold the user
defined parameters for the PID instruction. These
parameters will determine the behavior of the control
system built around the PID instruction. These pa-
rameters are given at the end of this sheet. The head
address must be in the range DO-D975.

Parameter e)- Destination: Output Value

The Output Value caiculated by the PID instruction is
written to this Data Register.

Explanation of the PID instruction's
User Defined Parameters

In total, the PID instruction uses 25 Data Registers to
store the parameters set by the user. These are listed
in Table 1 at the end of this sheet.

Mathematical equation used by the PID instruc-
tion

For reference, the equation used by this instruction is
as follows:

Output _ & 1
Vvalue Kp e+KDTDdt+TI e ot

Where:

¢ Kp= Proportional gain
o g=Emor
¢ Kp= Derivative gain
e Tp= Derivative time constant
* T = Integral time constant
Notes on the use of the PID instruction

o There are no restrictions on the number of
PID instructions being used in a program.
However, each PID instruction must use
separate groups of Data Registers to
avoid data conflicts inside the PC.

o Although the PID instruction can be used
in interrupts, subroutines, step ladder or
with jumps, care must be taken. In these
situations, it is recommended to use the
PID instruction in the way shown in Figure
4 The choice of Data Registers and
contacts is down to the user. Note
however, that the Move instruction must
always move KO into DYYY+7. So if
DYYY=D300, then DYYY+7=D307.

1610

— move | ko [ovvver e

PD  Jowww | oxxx | ovvy | bz |

Figure 4: Ensuring correct PID operation. Note that
an interrupt routine has only been chosen
as one possible example.

e The Sampling Time (Ts) should be kept
longer than the program scan time. Ifitis
shorter, then an error will result. At this
point, the Sampling Time will be made
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equal to the scan time and operation will
continue.

In the case of timer interrupt operation,
(16XX-~18XX), the Sampling Time should
be no shorter than the interrupt cycle time.

+ The Sampling Time, Ts, is subject to an

variation caused by the program scan. The
maximum amount for this variation is

SUP 16-3
AN INTRODUCTION TO THE
PID INSTRUCTION (PiD, FNC 88)
input (Current Value)

FXaoc/FX V3.11

Current Value “— ex_ | Fx-

4AD | 2DA
Output Value

Output (Output Value) l

Ts-(Program scan time+1ms)/+(Program
scan time). This can be minimized by using
the PID instruction from within a timed
interrupt routine.

¢ The PID instruction includes alarms which
allow abnormal process conditions to be
signalled when they occur. These alarms
can be enabled and disabled by the user.
The points at which they are triggered are
also specified by the user defined
parameters.

e The PID instruction has certain error codes
associated with it to help diagnose
problems with its operation. These are
stored in Data Register D8067. When an
error occurs, it is flagged by M8067.
Please see Table 2 at the end of this sheet
for the list of error codes and their
meanings.

Example use of the PID instruction

M100

PD | D10 | D40 | D100 | DsO

Figure 5: An example use of the PID instruction.

An example use of the PID instruction is shown in
Figure 5. This shows a PID instruction which becomes
active when M100 tumns on. The Set Value is stored
in D10, the Current Value is read from D40 and the
Output Value is written to D50. This leaves D100 as
the head address of the user defined parameters , i.e.
D100-124 are used.

if the system being controlled was completely analog,
then two special function blocks need to be added to
the base unit to handle the signals to and from the PC.
Figure 6 shows this.

Figure 6: An example analog based PID system.

The first is an FX-4AD, which takes the analog Cur-
rent Value from the process and converts it into an
equivalent digital value. The base unit would use a
FROM instruction to place this value into D40. An
example of an analog Current Value could be a vary-
ing voltage signal.

Secondly, the Output Value must be converted from
the number stored in D50 into an analog signal to be
sent to the process. This can be handled by the
FX-2DA special function block. An example of analog
control would be a motorized valve whose position
depends on a voltage level.

This example does not give any values for the user
defined parameters as these will depend on the spe-
cific nature of the system under control.

Altsrnative method of providing a control output

The PWM instruction (PWM, FNC 58) can be used to
produce a square wave output directly from a fransis-
tor base unit . This can have its duty cycle varied by
the Output Value. Hence the on/off ratio of the square
wave can be varied directly by the PID instruction. This
avoids the need for a digital to analog output stage in
some applications.

Setting the PID Instruction user defined parame-
ters

These values could be written directly to the Data
Registers concerned (D100-D124 in this case). If the
parameters are to be retained after power down, then
remember to use the retentive Data Registers. An-
other approach would be to have the parameter values
stored in the File Registers and use the BMOV in-
struction (BMOV, FNC 15) to write them to the re-
quired Data Registers. This would allow several sets
of parameters to be stored and changed if necessary,
under program control.
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Parameter Name Description Setlting Range
Number
Source Data3 +0 [Sampling Time Interval between samples of the process’ Current Value 1-32767 msec
(Ts)
+1 Action direction/  |Bit 0: 0: Forward direction. 1: Reverse direction. N/A
t
Alarm control g 0/1: Current Value change alarm OFF/ON. N/A
Bit 2: 0/1: Output Value change alarm OFF/ON. N/A
Bit 3-15: Reserved. N/A
+2  |Input filtter (a) Setting value for input filter. 0-89%
+3 Proportional gain  |Multiplying tactor for proportional (*P*) control. 1-32767%
(Ke)
+4  |Integral time Integral (") calculation multiplied by the inverse of this value. 0~32767x100 msec
constant (T)) Setlecting O for this value disables the integral control.
+5 I(D}givative gain Multiplying factor for derivative ("D") control. 0-100%
)
+6  |Derivative time Derivative caiculation multiplied by this value. Selecting 0 for this | 0-32767x10msec
constant (To) vaiue disables the derivative control.
+7- |[Reserved N/A N/A
+19
+20 |Current Value Alarm enabled by bit 1 of S3+1(Action direction) triggered when |0-32767
change alarm Current Value increases more than this value.
preset value
{Increasing)

+21 |Current Value Alarm enabled by bit 1 of S3+1(Action direction) triggered when |0-32767
change alarm Current Value decreases more than this vaiue.
presat value
(decreasing)

+22 |Output Value Alarm enabled by bit 2 of S3+1(Action direction) triggered when |0-32767
change alarm Output Value increases more than this value.

preset value
(increasing)
+23 |Output Value Alarm enabled by bit 2 of S3+1(Action direction) triggered when {0-32767
change alarm Output Value decreases more than this value.
preset value
(decreasing)
+24 Alarm output Bit 0: Current Value change alarm(increasing) N/A
Bit 1: Current Value change alarm (decreasing) N/A
Bit 2: Output Value change alarm(increasing) N/A
Bit 3: Output Value change alarm (decreasing) N/A

Table 1: List of user defined parameters for the PID instruction.
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Error code |Meaning of error Effect on execution of PID

(Stored in instruction

D8067)

KB8705 Devices specified for the PID instruction are not Data Registers. Execution ceases

K6706 Data Registers have been specified outside the allowed range.

KB730 Sampling time (Ts) is outside allowed range (Ts<0).

K6732 Input filter value (a) is outside allowed range (a<0 or a>=100).

KB8733 Proportional gain (Kp) is outside allowed range {Ke<0).

K6734 Integral time constant (Ti) is outside allowed range (Ti<0}.

K6735 Derivative gain (Kp) is outside allowed range (Ko<0 or Kp>=101)}.

K6736 Derivative time constant (Tp) is outside allowed range (To<0).

K6740 Sampling time (T's} <= program scan time. Sampling time is set equal to
the scan time and execution
continues.

K6742 Current Value change rate cutside allowed limits ( A Current Value <-32788 or >32767). Data affected changes to
maximum/minimum aliowed

K6743 Error outsiie allowed limits (¢<-32768 or £>32767). value and operation

KE744 Integral result outside allowed limits (Value outside range -32768 to 32767). continues.

K6745 Derivative gain over or differential value outside allowed range.

KB8746 Derivative result outside allowed limits (Value outside range -32768 to 32767).

K747 PID total result outside allowed limits (Valua outside range -32768 to 32767).

Table 2: List of PID instruction error codes and their meanings.
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THE SHIFT MOVE INSTRUCTION (SMOV, FNC 13)

USED WITH M8168

Introduction

The FX PC family has a powerful set of applied in-
structions as well as the commonly used basic in-
structions. The applied instructions are versatile
additions to the basic set and provide control over
internal PC operations and external |/O. There are 10
groups of applied instructions, each with a different
area of application, eg. arithmetic and logical opera-
tions.

Applied instructions 10 to 19 deal with the movement
of data within the PC and are grouped under the
category of Transfers.

This group includes the Shift Move instruction (SMOV,
FNC 13). Shift Move provides a facility for handling
blocks of numeric data. Usually these data are decimal
numbers, but if SMOV is used with Auxiliary Relay
M8168 on, then hexadecimal data can be manipu-
lated. The instruction works in the following way:

The source device/devices (for this instruction) stores
a hexadecimal number up to FFFF. Each digit of this
number occupies a numbered location from 1 at the
far right to 4 at the far left. A block of digits is defined
by specifying the location of the first digit and the
length of the block.

This block can then be shifted by defining a different
position for the first digit, and a copy of the block is
moved into the destination device(s) at the new posi-
tion. Any digits already in the location to which the
block is moved in the destination device(s) are over-
written. The other digits remain unchanged.

The Shift Move Instruction

The hexadecimal Shift Move instruction has two
parts:

Part 1: Turn on M8168

a) An OUT instruction to turn on M8168.

Part 2: The SMOV statement (six parameters).
b) The SMOYV statement itself

¢) the specification for the Source Data, ie. where the
block of digits to be shifted and moved is copied from.

d) the position number of the first digit of the block.
e) the number of digits in the block.
f) the destination device(s) for the block of digits.

g) the number of the new position for the shifted block
in the destination device(s).

Shown in Figure 1 is the typical appearance of a
hexadecimal Shift Move instruction in a ladder pro-
gram, while Figure 2 shows the same piece of ladder
logic written in instruction format.

The following section explains each parameter in
greater detail:

Parameter a)- The SMOYV statement
The SMOV statement can take four different forms:

I)  SMOV: The standard form of the instruc-
tion, taking 11 steps of program. In the
example shown in Figure 1, while X000
is turned on, the SMOV instruction will
operate.

I}  SMOVP: The "P" suffix shows that SMOV
is being used in its PULSE format. The
instruction will only operate when X000
provides a rising edge signal as ittums on.
SMOVP also takes 11 program steps.

PARAMETERS

X000

a
= <siE
g

b c d e f

sMoviDioo | ke [ k2 [D110 [ K3 [

Figure 1: The Shift Move instruction in ladder for-

mat.
PROGRAM
STEP INSTRUCTION PROGRAM
NUMBER
0 LD X 000
1 ouT M 8168
3 SMOV 13
D 100
K 4
K 2
D 110

Figure 2: Shift Move instruction in instruction
format.
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Parameter b)- Source Device

This identifies what form the block of digits to be
copied and moved takes and where it is located in the
PC.The data can be in any of the following forms:

Grouped Bit Devices: Inputs (KnX), Outputs (KnY),
Auxiliary Relays (KnM), States (KnS), or Timers (T),
Counters (C), Data Registers (D) and Index Registers
(V&2).

Parameter c)- Position number of the tirst digit
of the block.

This identifies the start of the block of digits in the
Source Device and must be a value of 1 through 4.

Parameter d)- The number of digits in the biock.

This defines the length of the block and is a value
between 1 and 4.

Parameter e)- Destination Device.

The device(s) to which the block of digits will be copied
and moved and where it/they are located. These may
be:

Grouped Bit Devices: Outputs (KnY), Auxiliary Relays
(KnM), States (KnS), or Timers (T), Counters (C), Data
Registers (D) and index Registers (V&Z).

Parameter f)- New Position

The number of the new position for the shifted block
in the destination device(s). This is also a value be-
-tween 1 and 4.

Example Use of the Shift Move
Instruction with M8168.

The example in Figure 1 uses D100 as its source
device, storing "FFE2", and D110 as the destination
device, storing "2CD9".The Shift Move instruction
would have this effect when X000 is turned on (see
Figure 3);

o Copy the digits "FF" (block starting at
position 4, 2 digits long) from the value
*FFE2" in D100.

» Move the copied block to D110, at position
3. This overwrites the digits “CD" at
position 3 with "FF"

»
w

2 1

F[F|E[2

Source Device, D100

Destination Device, D110

2 F F|9

Resutt in D110

Figure 3: Example operation of the Shift Move in-
struction.
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introduction

The FX PC family has a powerful set of applied in-
structions as well as the commonly used basic in-
structions. The applied instructions are versatile
additions to the basic set and provide control over
internal PC operations and external |/O. There are 10
groups of applied instructions, each with a different
area of application, eg. arithmetic and logical opera-
tions.

Applied instructions 10 to 19 deal with the movement
of data within the PC and are grouped under the
category of Transfers.

This group includes the Exchange instruction (XCH,
FNC 17). Usually XCH is used to exchange the con-
tents of two devices, but if used with Auxiliary Relay
M8160 on, then XCH swap the data of the upper and
lower bytes of the given device.

The Byte Swap Exchange Instruction

The Byte Swap Exchange instruction has five pa-
rameters:

a) setting the XCH byte swap flag.
b) the XCH statement itself.

¢) the swap device; the device which is to have the
data swapped.

d) repeat of the swap device; needed for this form of
the XCH instruction.

e) resetting the XCH byte swap flag; to allow other
XCH instructions to operate as normal.

The following figures show the typical appearance of
this form of the XCH instruction in both ladder and
instruction programing formats.

PARAMETER

Ve
M37 a

¥ SET |M8160

b ¢ a

DXCHP | D3 | D93 |

I e

e {rorfumie] -

Figure 1: Ladder format of the byte swap form of
the XCH instruction (using DOUBLE word
and pulse formats).

"“s?.‘égg" INSTRUCTION PROGRAM
0 LDI M 37
1 SET M 8160
3 DXCHP 17
D 93
D 93
12 RST M 8160

Figure 2: Instruction format of the byte swap form
of the XCH instruction (using DOUBLE
word and pulse formats).

When the instruction is executed by having M37 turn
off the contents of data registers D93 and D94 are
changed. The upper byte (8 bits) and the lower byte
(8 bits) of each register are swapped. Because this
instruction will perform this function each time the
program executes it is advisable, for most applica-
tions, to use the pulse form of this instruction as in the
example.

The following section explains each parameter in
greater detail:

Parameter a)- Setting the byte swap flag

The special auxiliary relay M8160 is used to change
the XCH instruction into a byte swap function. For this
form of the XCH instruction it is necessary to have the
XCH Byte Swap Flag on.

Parameter b)- The XCH statement
The SMOQV statement can take four different forms:

[)  XCH: The standard form of the instruc-
tion, taking 5 program steps. When the
instruction is driven each byte of the data
will be swapped every time the instruc-
tion is processed.

Note: The data will be swapped back
during the following scan if the instruction
is still being driven.
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Il)  XCHP: The "P" suffix shows that XCH is
being used in its PULSE format. The
instruction will execute the swap once
when the driving signal is turned on and
must be turned off and on again for the
instruction to operate a second time.
XCHP also takes 5 program steps.

Note: This is the recommended format
for most applications, because data is
prevented from being swapped back on
the next scan.

Ill) DXCH: This is similar to XCH, but the ‘D’
prefix indicates the instruction will swap
the data of a DOUBLE word, i.e. the
bytes of each device of the double word
will be swapped. This form of the instruc-
tion takes 9 program steps.

IV) DXCHP: this is a combination of the
PULSE format and the DOUBLE word
format; also taking 9 program steps.
Each byte of the DOUBLE word will be
swapped once when the instruction is
executed. The data will not be swapped
again until the instruction is switched off
and on again.

Parameter c)- The Swap Device

This identifies the device that will have its upper and
lower devices swapped. What ever the device type (or
size) its value is considered to be a complete word
(leading zeros will be'added if necessary). Each byte
(8 bits) of this word will be swapped and the data
converted back to its original form.

Note: If DOUBLE word is used then each word is
treated separately and will have their upper and lower
bytes swapped independently.

The following devices are allowed:

Grouped Bit Devices: Outputs (KnY}, Auxiliary Relays
(KnM), States (KnS), or Timers (T), Counters (C), Data
Registers (D) and Index Registers (V&Z; V only if
using DOUBLE word).

Parameter d)- Repeat of Swap Device

This device MUST be a copy of the swap device above
for this form of the XCH instruction. If a different device
is specified then an execution error will occur (Error
flag M8067).

Parameter e)- Resetting the XCH Byte Swap Flag

The XCH Byte Swap Flag must be reset if the XCH
instruction is used in its normal form in another part of
the program. If only the byte swap format of the XCH
instruction is being used then this RST instruction is
not needed.

Example Use of The Byte Swap Function

Following the example program in figures 1 and 2 the
diagram below shows the results when the program is
executed.

D94, D93 = K123456789

AN
g “pa3

K1883 K52501

HO7 5B HCD 15

DXCH SWAP E E E E
FUNCTION
H5B 07 H15 CD

K23303 K5581

D94, D93 = K1527190989

Figure 3: The DOUBLE data of D93 and D94 have
each byte swapped. Each byte is shown
here as two hexadecimal digits.

/
D94

D93’
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introduction

The FX PC family instruction set is divided into two
groups: basic and applied instructions. The applied
instructions are powerful supplements to the basic set
of PC instructions and are used to provide control over
internal PC operations and external I/O. They are split
into 10 groups, each group with a different emphasis,
eg. arithmetic and logical operations.

Applied instructions 10 to 19 are concerned with the
movement of data within the PC and are grouped
under the heading of Transfers.

This group includes the Decimal to BCD conversion
instruction (BCD, FNC 18). When used in conjunction
with the fioat operation flag M8023 the BCD instruction
performs a conversion of data from floating point
format to scientific format. Without any form of
conversion floating point numbers are very difficult to
interpret. This conversion is useful to view the
contents of floating point numbers in a format that we
can understand.

The BCD Instruction with M8023

This form of the BCD instruction has three parts:
Part 1: Set M8023

a) setting the floating point operation flag.

Part 2: The BCD instruction (three parameters)
b) the BCD statement itseif.”

c) the specification of the Source Data i.e. from where
the float value is read.

d) the specification of the destination datai.e. to where
the scientific value is written.

Part 3: Reset M8023
e) resetting the floating point operation fiag.

Shown below is this format of the BCD instruction as
aladder diagram showing each of these features. The
foliowing table shows the same program written in

instruction format.
PARAMETERS

M25 a
=
b c d
1 oBcD | D24 | D30 |
8

AST [ e |

FRCGAAM|  INSTRUCTION PROGRAM
0 LD M 25
1 SET M 8023
3 DBCD 18
D 24
D 30
12 RST M 8023

Looking at the ladder diagram we can see that when
the auxiliary relay M25 is turned ON, first the fioat
operation flag is set to ON, then the BCD instruction
executes. This results in the contents of data register
D25 and D24 being read as a floating point number
and converted to scientific format. This value is then
written to the data register pair D31 and D30.

Parameter a)- Setting the float flag

The Float Operation flag M8023 must be SET. This
flag changes the function of the BCD instruction and
math functions to operate on floating point numbers.

Parameter b)- The BCD statement

The BCD statement can be written in four ways:
Only DOUBLE WORD is valid for this format of the
BCD instruction.

) BCD: The basic format of the instruction,
taking 5 steps of program memory. While
the instruction is ON it continues to exe—
cute.

NOT VALID IN THIS FORMAT.

[I)  BCDP: The "P" suffix says the instruction
is being used in PULSE mode. The in-
struction will execute once when it is first
turned ON; i.e. rising edge execution.
NOT VALID IN THIS FORMAT.

fil) DBCD: This is the same as the BCD
format except the "D" prefix indicates
DOUBLE words are converted, i.e. two
consecutive data registers (32 bits) will
be converted. DBCD takes 9 steps of
program memory.

IV) DBCDP: This is a combination of the
DOUBLE and the PULSE format of the
BCD instruction. The instruction converts
up to 32 bits of data only once after being
switched on.
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Parameter c)- Source Data

This identifies the location of the data to be converted.
The data must be stored as a floating point number in
a Data Registers (D) pair.

Parameter d)- Destination Data

This identifies the location where the converted data
is to be written. The data will be written in Scientific
format. The destination device must be a Data Reg-
ister (D) pair.

Scientific format separates the fioating point number
into mantissa and exponent. The mantissa is stored in
the first data register and is truncated to four significant
figures. The exponent is stored in the second data
register and is adjusted to keep the mantissa a whole
number.

Parameter e)- Resetting the float flag

The Float Operation flag must be RESET to allow
further functions to operate as normal. The flag can be
left on if further operations requiring floating point
calculations are needed. However, it is recommended
that once all floating point functions are completed this
flag should be switched off using RST.

Example Use of the BCD Instruction

The diagram below shows the BCD instruction being
used to convert the contents of data register pair D57
and D56 to scientific format in D300 and D301.

M417
—} SET | M8023
———————{DoBCD | D&6 | D300 |
RST
Floating Point | Scientific Notation
Value of D57,056 D300 D301
Ex. 1 427594 x 1010 | 4275 7
Ex. 2 -7.0x10"° 7000 | =32
Speed of
Light, 2.897924 x 108 | 2997 5
C (m/s)
PI, IT 3.141592 x 100 | 3141 -3
Avogadro's 23
Constant | 6022045 x 10 6022 20
Plank's -34
Constant | 6:626176 x 10 6626 37

Notice that the Exponent (D301) is 3 less than
expected to keep the Mantissa (D300) a four digit
whole number in the range = 1,000 to 9,999 or 0.

/



S MITSUBISHI

PROGRAMMABLE CONTROLLERS

SUP 20-1

THE BCD TO DECIMAL INSTRUCTION (BIN, FNC 19)

USED WITH M8023 FLOAT OPERATION FLAG

Introduction

The FX PC family instruction set is divided into two
groups: basic and applied instructions. The applied
instructions are powerful supplements to the basic set
of PC instructions and are used to provide control over
internal PC operations and external I/O. They are split
into 10 groups, each group with a different emphasis,
eg. arithmetic and logical operations.

Applied instructions 10 to 19 are concerned with the
movement of data within the PC and are grouped
under the heading of Transfers.

This group includes the Decimal to BCD conversion
instruction (BIN, FNC 18). When used in conjunction
with the float operation flag M8023 the BIN instruction
performs a conversion of data from scientific format to
floating point format . Without any form of conversion
floating point numbers are very difficult to interpret.
This conversion is useful to set the contents of floating
point numbers from a format that we understand.

The BIN Instruction with M8023

This form of the BIN instruction has three parts:
Part 1: Set M8023

a) setting the floating point operation fiag.

Part 2: The BIN instruction (three parameters)
b) the BIN statement itself.

¢) the specification of the Source Data i.e. from where
the scientific value is read.

d) the specification of the destination datai.e. to where
the float value is written.

Part 3: Reset M8023
e) resetting the floating point operation flag.

Shown below is this format of the BIN instruction as a
ladder diagram showing each of these features. The
following table shows the same program written in
instruction format.

PARAMETERS

M40 a

i
b c d
—————{oBiN | D30 | D24
e

RST | M802 |

":T%‘gw INSTRUCTION PROGRAM
0 LDI M 40
1 SET M 8023
3 DBIN 19
D 30
D 24
12 RST M 8023

Looking at the ladder diagram we can see that when
the auxiliary relay M40 is tumed ON, first the float
operation flag is set to ON, then the BIN instruction
executes. This results in the contents of data register
D30 and D31 being read as a scientific format number
and converted to floating point format. This value is
then written to the data register pair D25 and D24.

Parameter a)- Setting the float flag

The Float Operation flag M8023 must be SET. This
flag changes the function of the BIN instruction and
math functions to operate on floating point numbers.

Parameter b)- The BIN statement

The BIN statement can only be DOUBLE word when
used with the fioat operations flag:

I)  DBIN: The basic format for this use of the
instruction, taking 9 steps of program
memory. While the instruction is ON it
continues to execute. The "D" prefix in-
dicates DOUBLE words are converted,
i.e. two consecutive data registers (32
bits) will be converted.

Il)  DBINP: This is the PULSE format of the
DBIN instruction. The instruction will
execute once when it is first turned ON
(i.e. rising edge execution) and converts
32 bits of data.

Parameter c)- Source Data

This identifies the location of the data to be converted.
The data must be held in data registers and will be
interpreted as scientific notation format.

Scientific notation format stores a number as mantissa
and exponent. The mantissa is stored in the first data
register and must have four significant figures.

Valid range for the mantissa: = 1,000 t0 9,999 or 0
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The exponent is stored in the second data register and
is adjusted to keep the mantissa a whole number.

Valid range for the exponent: -41 to +35
Parameter d)- Destination Data

This identifies the location where the converted data
is to be written. The data will be written in floating point
and the device must be a Data Register (D) pair.

Parameter e)- Resetting the float flag

The Float Operation flag must be RESET to allow
further functions to operate as normal. The flag can be
left on if further operations requiring fioating point
calculations are needed. However, it is recommended
that once all floating point functions are completed this
flag should be switched off using RST.

Example Use of the BIN Instruction

=

—{ pBIN | D256 | pas |

RST | M8023 |

The diagram below shows the BIN instruction being
used to convert scientific notation from D256 and
D257 to floating point format in data register pair D47
and D4s.

Scientific Notation |  Fioating Point
D46 D47 | Value of D57,056
Ex.1 | 1583 | 15 1.593 x 10 '8
Ex.2 | 6003 | =0 | -6.003x10""7
Speed of
Light, | 2997 5 2,997 x 108
C (m/s)
Pl, I 3141 -3 3.141 x 10°
Electron
Charge, | 1602 | —22 1.602 x 107 '8
Coulombs
Gravi 0
' 7
» (m/s*%) 980 -3 9.807 x 10

Notice that the Exponent (D47) is 3 less than expected
to keep the Mantissa (D46) a four digit whole number
in the range = 1,000 to 9,999 or 0.
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introduction

The FX PC family instruction set is divided into two
groups: basic and applied instructions. The applied
instructions are powerful supplements to the basic PC
instructions and are used to provide control over
internal PC operations and external /0. They are split
into 10 groups, each group with a different emphasis,
eg. High speed operations.

Applied instructions 60 to 69 are a handy set of
instructions that simplify complex operations; they are
grouped together under the name 'Useful instructions'.

This group includes the Search instruction (SER,
FNC 61). This function searches a list of data devices
for a specified value. The resuits given show: the
number of items found, the position of the first and last
item, and the largest and smallest values in the list.

The Search Instruction

The Search instruction has five parameters:
a) the SER statement itself

b) the head address of the list; the first device in which
the data is stored.

¢) the search value; the value looked for during the
search.

d) the head address of the results list; where the
results will be stored.

e) the list length; the number of items to search.

Show below is the typical appearance of a SER
instruction in both instruction and ladder format.

PROGRAM
STEP INSTRUCTION PROGRAM
NUMBER
0 LD X 17
1 SER 61
D 130
D 24
D 35
K 10

Figure 1: Instruction program of the basic format
for the Search instruction.

PARAMETERS

a b c d e
xX17
1 ser | p130 [ pas [ pas | k1o

Figure 2: Ladder program of the basic format for
the Search instruction.

The program would test each value in the list from
D130 to D139 (list length K10) for a match with the
contents of D24 when ever X17 is on. Any match found
will be counted and the first and last occurrences
recorded. In addition to this the maximum and
minimum values in the list will also be found. The result
would then be stored in the five consecutive data
registers from D35 to D39. The following section
explains each parameter in greater detail:

Parameter a)- The SER Instruction

The SER instruction can take four different forms:

[)  SER: The standard form of the instruction,
taking 9 steps of program. In this format
the search is continually executed while
the instruction is on.

I}  SERP: The “P" suffix shows that SER is
being used in its PULSE format. The
instruction will only operate each time a
rising edge signal turns the instruction
on. SERP also takes 9 program steps.

[ll) DSER: This is similar to SER, but the D"
prefix indicates the instruction is using
DOUBLE word data, ie. 32 bits, equiva-
lent to two data registers each. All data
for the instruction is in DOUBLE word
format. The search list, the search vaiue
and the length will be in DOUBLE word
format. The results will also be in DOU-
BLE word format; therefore 10 data de-
vices will be used for the results. This
format of the instruction takes 17 pro-
gram steps.

IV) DSERP: This combines the DOUBLE
word format with the PULSE operation to
give a SER instruction which will test 32
bit data values when a rising edge
switches the instruction on. DSERP
takes 17 program steps.
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Parameter b)- The Head Address of the List

The value specified here identifies the first item of the
consecutive list of devices to be searched, i.e. what
device type the list uses and where it is located in the
PC. The data can be in any of the following forms:
Grouped Bit Devices:

Inputs (KnX), Outputs (KnY), Auxiliary Relays (KnM),
States (KnS) or Timers (T), Counters (C) and Data
Registers (D).

Parameter c)- The Search Value

This identifies the type and location of the data to look
for during the search. The following values are
allowed:

Decimal Values (K), Hexadecimal Values (H),

Grouped Bit Devices: Inputs (KnX), Outputs (KnY),

Auxiliary Relays (KnM), States (KnS) or Timers (T),

Counters (C), Data Registers (D) and Index Registers
&2).

Parameter d)- The Head Address of the Results List

This identifies where the result will be stored. A
consecutive list of five devices (ten for DOUBLE word)
will be used for the results containing the following:

How many of the search value are in the search list
(zero if not found).

The position in the list of the first search value found
(zero if not found).

The position in the list of the last search value found
(zero if not found).

The position in the list of the smallest vaiue found
{last occurence if more than one found).

The position in the list of the largest value found
(last occurence if more than one found).

The possible devices can be one of the following:

Grouped Bit Devices: Outputs (KnY), Auxiliary Relays
(KnM), States (KnS) or Timers (T), Counters (C) and
Data Registers (D).

Parameter e)- The List Length

The length of the list to search for the test value. The
list length can be a maximum of 256 for 16 bit data
devices and 128 for 32 bit (DOUBLE) data devices.
The length can be specified using:

Decimal Values (K), Hexadecimal Values (H) or Data
Registers (D).

Example Use of the Search Instruction

Using the program from the typical format (Figures 1
and 2), if the search value D24 has the value K100
and the search list is defined as follows

Position | Search List | Search| Max~| Mini-
0 |D130=K100 | Match
1 [D131 =K111
2 |D132=K100 | Match
§ 3 |D133=Kg8
% 4 |D134=K123
§ 5 |D135=K66 MIN
6 |D136=K100 | Match
7 |D137 =K95
8 |D138 = K210 MAX

The results table will have the following values:

Results List| Contents Meaning
D35 3 Number of Matches
D36 0 First match position
D37 6 Last match position
D38 5 Smallest value in list
D39 8 Largest value in list
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introduction

The FX PC family instruction set is divided into two
groups: basic and applied instructions. The applied
instructions are powerful supplements to the basic PC
instructions and are used to provide control over
internal PC operations and external |/O. They are split
into 10 groups, each group with a different emphasis,
eg. High speed operations.

Applied instructions 60 to 69 are a handy set of
instructions that simplify complex operations; they are
grouped together under the name 'Useful instructions'.

This group includes the Sort instruction (SORT, FNC
61). This function sorts a table of data registers so that
contents of one column are in numerical order. The
other columns in the table follow the sorted data to
maintain record continuity.

The Sort Instruction

The Sort instruction has six parameters:.
a) the SORT statement itself

b) the head address of the table; the first device in
which the data is stored.

c¢) the number of records; the number of devices in
each column.

d) the number of fields; the number of columns in the
table.

¢€) the head address of the sorted table; the first device
in which the sorted data is placed.

f) the sort field; the column on which the sort is
performed.

Show below is the typical appearance of a SORT
instruction in both ladder and instruction format.

PARAMETERS

a b c d e f
M215

—{ soRT D100 | ks | ke [D200 | Dis

Figure 1: Ladder program of the basic format for
the Sort instruction.

PROGRAM
STEP INSTRUCTION PROGRAM
NUMBER
0 LD M 215
1 SORT 69
D 100
K 5
K 4
D 200
D 15

Figure 2. Instruction program of the basic format
for the Sort instruction.

The program defines the primary table from D100 as
having 5 record and 4 fields. An example of this can
be seen in figure 3. When M215 is switched on the
table is sorted using the data in the field defined by
D15. The new sorted table starts from D200, examples
of which can be found in figures 4 and 5. The following
section explains each parameter in greater detail:

Parameter a)- The SORT instruction

The SORT instruction has only one form:

)  SORT: The standard form of the instruc-
tion, taking 11 steps of program. The
SORT instruction can only be used once
in a program.

Parameter b)- The Head Address of the Table

The value specified here identifies the first item of the
table to be sorted, i.e. where it is located in the PC.
The data can only be stored in Data Registers (D) and
there must be enough space after this address to hold
the complete table.

Parameter ¢c)- The Number of Records (Nr)

This is the number of consecutive data registers that
form each column of the table. There can be between
1 and a maximum of 32 records in a table. Only
Decimal Values (K) or Hexadecimal Value (H) can be
used to specify the number of records.

Parameter d)- The Number of Fields (Nf)

This is the number of columns that make up the table.
Each one represents one type of data. There can be
between 1 and a maximum of 6 fields in a table. Only
Decimal Values (K) or Hexadecimal Value (H) can be
used to specify the number of fields.
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SORT INSTRUCTION (SORT.FNC 69)

Parameter e)- The Head Address of the Sorted Ta-
ble

This identifies where the new table data will be stored.
After the data is sorted it is placed in a new table that
starts at this address. Only Data Registers (D) can be
used to store the table data and there must be enough
space after this address to hold the complete table.

Note: This address can be the same as the primary
table address, however the data must not be changed
during the sort. The operation complete flag M8029 is
used to indicate the end of the sort operation.

Warning! If the primary table and the sorted table
overiap (not the same address) then the data in the
tables will become scrambled.

Parameter f)- The Sort Field

This indicates the field or column that is to be sorted.
The value is the column number and must be valid for
the current table specification. The sort field can be
specified using:

Decimal Values (K), Hexadecimal Values (H) or Data
Registers (D).

Example Use of the Sort instruction

The table below shows an example of the primary
table with the data already allocated to each record.
The table is defined as in the example programs found
in figures 1 and 2.

Nf
Field
Number 1 2 3 4
Record D ] )

Number | Number | Height | Weight | Age
, [(o1o0)| p1os | p110 | D115

1 150 45 20
2 D101 | D106 | D111 | D116

2 180 50 40
z 3 D102 | D107 | D112 | D117

3 160 70 30
4 | D103 | D108 | D113 | D118

4 100 20 8
5 D104 | D109 | D114 | D119

5 150 50 45

Figure 3: Example of the primary table starting at
address D100.

Using the program shown in figures 1 and 2 with the
table data as defined in figure 3. If the sort field D15
has the value K2 then the results table will have the
following values:

Nf
Field
Nomber| ! 2 3 4
Record ID . .
Number | Number Height | Weight | Age
’ D200 )|[ D205 || D210 | D215
4 100 20 8
2 D201 || D206 || D211 | D216
1 150 45 20
Z 3 D202 || D207 || D212 | D217
5 150 50 45
4 D203 || D208 || D213 | D218
3 160 70 30
5 D204 || D209 || D214 | D219
2 180 50 40

Figure 4: Example of results table sorted on field 2,
starting at address D200.

If the sort field D15 has the value K3 the results table
will have the following values:

Nf
Field
Number 1 2 3 4
Record D . ]
Number | Number| Height | Weight | Age
1 (D200 )| D205 |[ D210 || D215
4 100 20 8
2 D201 | D206 || D211 || D216
1 150 45 20
2| 3 D202 | D207 || D212 || D217
2 180 50 40
4 D203 | D208 || D213 || D218
5 150 50 45
5 D204 | D209 || D214 || D219
3 160 70 30

Figure 5: Example of results table sorted on field 3,
starting at address D200.
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introduction

The FX PC uses data devices to hold number
information. The FX PC can store numbers in any of
three formats:

a) Decimal (whole numbers)
b)  Scientific notation
C)  Floating Point

Decimal Format

The most common format used by PCs is Decimal
numbers. This format stores the number as an integer
i.e. there are no decimal places.

. The decimal format for numbers allows the programmer
to use either single word devices (16 bits) or double
word devices (32 bits).

A single word device (e.g. D142) can store a number
from -32768 up to +32767 in 1 unit steps.

A double word device (e.g. D173 and D172) combines
two data registers to give a possible range from
—=2147483648 up to +2147483647 in 1 unit steps.

This is sometimes not accurate enough and fractions
are occasionally needed; particularly if extensive
mathematical calculations involving divisions are
used.

The Scientific Notation Format for Data

This is very closely related to the standard scientific
notation. The number is stored in a format similar to
scientific notation with a mantissa and an exponent.

The following diagram shows an example of the
scientific data format.

D121 (16bts) |,
[T ITTTITTTITITTT
EXPONENT

D120 {16 bits) i
TTTITTTITTITTTITT
MANTISSA

b18

SIGN (for exponent) SIGN (for mantissa)

The value of the number is equivalent to:
D120 x 10°'2!
For example, the speed of light C, is
299,792,458 m/s
or about

2997x 10° m/s

Here the 2,998 would be the mantissa and the 5 would
be the exponent.

The mantissa stores the value of the number but it is
truncated to 4 significant figures with NO ROUNDING.
itis also kept within the following limits:

x 1,000 to 9,999 or 0

The exponent is used to determine the number of
decimal places the decimal point should be moved to
give the actual number. For Scientific notation format
the limits for the exponent are:

—41to +35

Unfortunately, the FX can not use the scientific format
for calculations. This means the scientific format must
be converted to floating point to perform all math
functions.

Floating Point Format for data

A number held in the floating point format allows both
very big numbers and very small numbers to be stored
and operated upon in the PC.

Using floating point format instead of the decimal
format means that numbers that have fractional parts
such as

Pl,t~ 3.145827

and numbers beyond the range of a double word
device such as

Avogadro's constant ~ 6.022x 1023 mol-!
can be used.

What Is Floatingf Point

Floating point is a method of storing numbers that
require a whole and fractional part to be maintained.
The speed of light C (299,792,458 m/s) could be
stored in a double word but any muitiplications would
quickly give a number that is too big; which is why it
would be better to use floating point format.

The difference between floating point in the PC and
standard scientific notation is that the number base
used in floating point is binary; the PC understands
this better.
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To further complicate our understanding both the
mantissa and the exponent are stored together in a
double word.

A Brief Look at the Float Structure

D101 (16 bits)
[ TT T I1

EXPONENT
(8 bits)
SIGN (1 biY)

bolbss D100 (16 bits) "
TTTT T ITTITITITIITITTTI T
MANTISSA (23 bits)

618

The sign bit is for the overall value; the exponent and
the mantissa are held in binary. However, the actual
interpretation of the bits is more complicated and
further explanations are made in detail in sheet
number FX-SDD007.

The whole pattern seems complex to our eyes and for
this reason the FX aiso understands the scientific
format of data.

Convenirngo Each Number Format

It is quite clear that each of these number formats are
quite distinct in their construction and interpretation.
We must have some method to convert between each
type.

Within the FX there is a collection of functions de-
signed to convert between each number format. This
allows us to enter data in a format that we understand
and then convert to the most appropriate format for the
operation that we are doing.

The following figure depicts the conversion between
each format and which functions should be used. To
help find these functions the number of the associated
data sheet explaining each function is listed below.

FLT B8CD
23 OFF FLOATING Ma023 ON
DECIMAL

SCIENTIFIC|
POINT NOTATION
FLT BIN
M8023 ON M8023 ON
MB023 OFF
MATHAMATICAL CALCULATIONS
Operation Sheet Number
FLT (M8023 OFF) FX-SAD491
FLT (M8023 ON) FX-SAD492
BCD (M8023 ON) FX-8AT182
BIN (M8023 ON) FX-8AT192
Mathematical ADD FX-8AL201
Calculations sus FX-8AL211
on Decimal MUL FX-SAL221
(M8023 OFF) Div FX-8AL231
SQRT FX-8SAD481
Mathematical ADD FX-SAL202
Calculations suB FX-8AL212
on Floating Point MUL FX-8AL222
(M8023 ON) DIv FX-8AL232
SQRT FX-8AD482
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Introduction

To allow calculations with very small and very large
numbers the FX PC uses floating point numbers. The
format used in the FX PC has been taken from the
recommendations of |.E.E.E (Institute of Electrical and
Electronic Engineers) for the application of floating
point in personal and micro computers.

Floating Point

ois D101 (18bs) 1 D100 (16 bits) %
LTI T ITT I TT I T I T TITTTTTTTTT]
EXPONENT MANTISSA (23 bits)
(8 bits)
SIGN (1 bi)

The diagram above shows the bit map for a floating
point number. The number is stored in two consecu-
tive data registers and has a sign, mantissa and
exponent.

In principal the actual number is calculated by
+ Mantissa x 2 =xponent

The multiplying factor is 2 because the values are held
in binary.

Sign

The sign for floating point is only an indicator of the
sign.

0 = positive value

1 = negative value
Exponent

The exponent is an 8 bit positive number that is
interpreted to give an actual exponent of 126 to +127.
This is achieved by subtracting the value 127 from the

E7| E6| ES| E4| E3| E2| E1| EO

7 6

) 2 5 4 3

2 2 2 1 0

2 2 2 2

EXPONENT

actual value of the exponent.

Thus the exponent has a value of:

(E7x27+ E6x 25+ ... +E0x2°)—127

Mantissa

The mantissa is a 23 bit positive binary number. The
values represent 23 binary places and the number is
assumed to be preceded by a 1.

1 |a2zja21[az0la19 |A03/A02/A01|A00

2° |27 22 2% o 2% 2% %5
MANTISSA

Thus the mantissa has a value of:

1x 2% A22x 27+ A21x 2% .. +AO x 270

ExamEIe
D101 = 16592 D100 =0
= 40D0 HEX = 0000 HEX
4 0, D, 0 0, 0 0, 0
OTTIOIOOIOTIOIGI [ TTOT 1100 IOIO[OTO[OIO[OIO O[O0 [OTOIO]OT0T
N EXPONENT MANTISSA
SIGN

The sign is set to 0, positive.

The exponent is set to 10000001 which is equivalent
to

(1 x27+0x2% .. +1x29%) 427
-(128+0+...+1)—127
=2

The mantissa is set to 10100000000000000000000
which is equivalent to 1.101 binary or

1x2% 1x2740x2 % 1x2% .. +0x22

=1+—+9+1+ +——————0
2 4 8 ' 8388608
=1.625

Therefore the number equals

+1.625x22-6.5
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Floating Point In Action The following shows the usage of the flags during
floating point operations.
To improve the accuracy of mathematical operations the
FX math functions can use floating point numbers. This Ma020
is done by setting special auxiliary relay M8023 float MB022 M8021 M8021 Mao22
operation flag. The flag is reset after the floating point ~_~—— " BORROW , | ——20RROW CARRY _,
operation to allow normal mathematical calculations. [y] nvecarvevawe [, |]  rosmvevawe [, ]
X000 \INFINITV VERY SMAL| \VERY SMALL INFINITV/
i =
Flag Float Operation
———{ DADD | D2 DO | D100
. ! : I l }— MB8020 Zero When result is zero
M8021 Borrow [Calculated result < smallest
possible, but the result remains

the smallest possible.

Calculated result > largest
possible, but the result remains
the largest possible.

With normal mathematical operations when the result

is out of range, flags are set to indicate the error. The M8022 Carry
same is true for floating point operations but the
meaning of the flags is a little different.

The following table shows the ranges of valid values for floating point numbers.

Description Sign Exponent Mantissa Remark
E::AN”"" 11111111 [11111111111111111111111 |EXponentall 1's
oot i 1|1 111 ooooooooooocl)ooooooooooo = infinity (e)
Not Used By FX
Normal Float 11111110 [11111111111111111111111 | argest Number (= 3.403 x 10%)
11111111111111111111110
Oor1 | | Accuracy : 7 significant figures

00000000000000000000001 28
00000001 00000000000000000000000 |Smallest Number (:: 1.175 x 10” )

Denormal ooooloooo 111111111111|11111111111ExponentallO's
Oori
Not Used By FX 00000000 00000000000000000000001

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




FX2c Series Programmable Controllers Execution Times

Execution Times

Basic Instructions

LDI
AND X,Y,M,S,T,C and

S special M 1 0.74 0.48
A 3.2 3.2
OR
ORI
ANB

2.2 22
ORB
MPS Not applicable 1 0.74 0.48
MRD 20 2.0
MPP
MC Nest level, MY 3 17 182 | 19.2 | 204 | 428 | 478 27 30
MCR Nest level 2 6.0 6.2 404 19
NOP 1.6 1.6 0.74 0.48
Not applicable 1

END 410 470 960 700
STL S (see note 1) ’ 42+ (8Xn) |64+ (68Xn)[39.1+(21.1Xn);25+ (13.5Xn)
RET Not applicable 8.0 12.4 40.5 20

carried on over the page ......
Note 1:

« "n"inthe 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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Y, M 1 3.2 3.2 0.74 0.48
S 2 7.0 7.2 7.0 7.2 | 50.0 | 48.1 26 24
Special M 2 7.8 7.4 8.2 7.8 38.1 | 388 28 20
T-K 3 21.8 | 194 | 252 | 210 | 724 | 526 | 45 34
out T-D 3 234 | 210 | 27.2 | 230 | 80.0 | 526 | 53 34
C-K (16 bit) - 3 14.6 178 | 156 | 679 | 403 | 42 25
C-D (16 bit) 3 16.2 198 | 176 | 755 | 403 | 47 25
C-K (32 bit) 5 125 | 60 | 160 | 86 | 823 | 403 | 51 25
C-D (32 bit) 5 139 | 60 | 180 | 86 | 899 | 403 | 55 25
Y, M 1 3.6 2.0 3.6 2.0 0.74 0.48
S 6.8 2.6 7.0 28 | 390 | 255 | 24
SET S when used in 2 . 45.2+ 28 + 16
an STL step Not applicable (142 | 25,5 (@ X n)
(see note 1) X n)
Special M 2 7.4 24 7.8 26 419 | 285 26 18
Y, M 1 3.4 1.8 3.6 1.8 0.74 0.48
S 2 6.0 2.6 6.2 28 | 405 | 255 | 23 16
RST Special M 2 7.4 2.4 7.8 26 | 418 | 289 | 26 18
T,C 2 208 | 18.0 | 224 | 196 | 50.1 | 383 | 31 24
Dé;/écfalagd 3 | 100 28 | 92 | 30 | 355 | 255 | 22 | 16
PLS Y, M 2 194 218 419 | 415 | 27 26
PLF Y, M 2 427 | 406 | 26 25
P 0TO63 ! 1.6 1.6 0.74 0.48
I Qa0 1
Note 1 is located on the previous page.
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Applied Instructions

83 16 194 | 96 | 200 | 100 | 466 | 274 | v 29 - v
01
16 495 | 274 | V 31 - v
CALL .
Not available
02
Shat 16 34.0 21 -
03
T *1 11.2 11.6 36.7 33 -
%‘} *1 62.6 34 -
6.4 7.8
05
0> *1 37.7 17 -
06 *1 410 470 960 700 | -
FEND
07
i 16 92 | 56 | 98 | 70 | 359 | 251 | v 23 - v
08 *1 29.0 20.8 39.9 25 -
FOR : : :
09
NEXT *1 12.4 12.4 29.1 19 -
10 16 | 1226 | 220 | 1122 226 | 161.8 | 333 49 _
CMP v v
32 | 129.2| 304 | 1186 | 31.6 | 189.0 | 39.9 57 -
» 16 | 1400 | 25.0 | 1284 | 258 | 186.9 | 333 62 _
ZCP v 4
32 | 197.8 | 36.4 | 137.8 | 38.0 | 220.8 | 39.9 73 -
12 16 | 462 | 180 | 47.2 | 184 | 78.4 | 33.3 35 -
MOV v 4
32 | 526 | 234 | 538 | 242 | 98.4 | 39.3 43 -
13
MOV 16 . 3029|333 | v | 170 | - v
Ol available
14 16 ' 740 | 333 51 -
CML v v
32 95.9 | 39.9 64 -
15 103.2 180.5 118
BMOV 16 Not available + 20.8 + 333 v + - v
*2 (18.2n) (17.1n) (10.6n)
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ON | OFF | ON | OFF | ON | OFF | Puse | oON ,fn‘é Pulse
16 16 1(22?1”)‘ 333 | v (; ::33:1) -
FMOV = v
%*2 . . +
32 Not available Not available (4.5n) -
17 16 %3 | 333 | 58 - v
XCH 32 113.8 | 39.8 72 -
18 16 636 | 180 | 644 | 184 |130.9 | 333 | 82 _ p
BCD 32 [100.2| 234 |101.4| 242 | 3420 399 218 | 306
19 16 644 | 180 | 662 | 184 | 1354 | 333 | 85 - y
BIN 32 [113.4 | 234 | 1148 | 242 | 3143 | 39.9 203 | 157
20 16 694 | 210 | 708 | 216 | 1155 | 333 | 51 - v
ADD 32 812 | 306 | 82.8 | 31.8 | 1445 | 39.9 63 | 224
21 16 698 | 210 | 716 | 216 | 1166 | 333 | 52 - v
SuB 32 814 | 304 | 830 | 31.6 | 1465 | 39.9 65 | 232
22 16 894 | 210 | 910 | 21.6 [ 1334 | 333 | 54 - v
MUL 32 104.6 | 30.0 | 106.4 | 31.2 | 185.0 | 39.9 81 162
23 16 | 1192] 210 [ 1208 21.6 [1895 | 333 | 56 - v
DIv 32 | 2300 298 | 2324 | 31.0 | 804.8 ] 39.9 451 | 197
24 16 284 | 146 | 200 | 148 | 553 | 333 | 26 - y
INC 32 334 | 17.0 | 342 | 17.4 | 654 | 34.4 29 -
o5 16 284 | 146 | 290 | 148 | 554 | 333 | 26 - v
DEC 32 336 | 17.0 | 344 | 17.4 | 651 | 34.4 29 -
26 16 642 | 21.0 | 656 | 21.6 [ 1080 | 333 | 67 - p
WAND 32 730 | 20.4 | 746 | 30.6 | 135.4 | 39.9 83 -
27 16 642 | 21.0 | 656 | 21.6 [107.9 | 333 | 67 - v
WOR 32 730 | 29.4 | 746 | 30.6 | 135.5 | 39.9 83 -
o8 16 642 | 21.0 | 656 | 21.6 | 1065 | 333 | 67 - y
WXOR 32 730 | 294 | 746 | 305 | 133.9 | 39.9 82 -
16 551 | 33.3 34 -
N?EQG Not available 4 v
32 655 | 34.4 41 -

See end of section for % notes...
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91.9+ 57+
F%)R ' (3.0n) | 333 (1.8n)| ~
*3 113.8+ 70+
32 (3.6n) | 399 @1n) | -
91.9+ 57+
31 16 (3.0n) | 383 (1.8n)| -
*3 113.8+ e |
32 Not available 3.5n) | 399 (2.3n)
99.0 + 61 +
R%zR ° (1.4n) | 333 ©9n)| ~
*3 120.8+ 75+
32 (1.8n) | 399 ten)| -
99.0 + 62 +
3 16 (1.4n) | 333 ©oon) |
*3 120.8+ 75+
32 (1.8n) 39.3 (1.2n) -
34
145.2+ 156.4+ 180.8+ 1724
SFTR 16 |'eiar| 246 |'Gam | 254 [goom| 393 | -
35
150.6+ 162.4+ 180.8+ 172+
SFTL 16 [leoor | 242 'G5k | 250 |Zoom| 333 -
36
218.6+ 147+
WerR 16 (18.0n)| 333 (11n) | "
37
218.6+ 147+
WSFL 16 33.3 -
*2 Not available (18.0n) (11n)
38
SPWR 16 138.1 | 33.3 87 | -
39
SFWL 16 1(‘;'33{311‘)‘ 33.3 g4 | -
x5 :
160 | 572 65.0+ 161.3+ 1214
(1.6n) (1.6n) (3.2n) (2n)
127.0+ 131.5+
16(S) |'(2.9n) (2.9n)
161.3+ 1214
40 15 (C) | 644+ 70.7+
ZRST © [@an| 128 | @3n) | 132 |(1650)] 594 (10.5n)) - _
%6 65.2 + 715+
16(T) | (3.3n) (3.3n)
127.0+ 131.5+
16 (M
M) (0.08n) (3.5n) 161.3+ 121+
16(v) [127.0+ 131.5+ (13.5n) (8.7n)
(3.5n) (3.5n)

See end of section for % notes...
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ON | OFF | ON | OFF | ON | OFF | Puse | ON gg‘é Pulse
41
DEGO 16 | 881.4| 206 |9320| 214 | 1148 | 288 | v 72 - v
42
ENGO 16 |6183 | 206 | 6924 | 21.4 | 1256 | 288 | ¢ 79 - v
43 16 1335 | 333 | 84 - y
SUM 32 196.6 | 39.9 123 | -
44 16 168.9 | 33.3 v 98 - v
BON 32 177.6 | 39.9 112 | -
133.4+ 84+
45 16 . 122 33.3 v 77 -
MEAN Not available (12.2n) (16;) v
*7 ‘ +
32 Not available (9.8n) -
46 120
ANS 16 192.6 | 165.6 ©off | -
110)
47
ANR 16 865 | 255 | ¢ 54 - v
48 16 208 - v
SQR
32 Not available 220 344
49 16 98 -
v
FLT 2 14 | -
50
65.4+ 1453+ 67+
l-';ESF 16 536 | 128 | oy | 184 |\ggn [ 383 | v | g0 | - v
51
REFF 16 ?46'9% 333 | v (351;) _ v
*9 Not available ) '
52 53
MTR 16 87.3 | 39.3 ofize)| -
53
HSCS 32 -
*10 756 | 66 | 828 | 7.8 |175.0| 39.3 115
54
HSCR 32 -
*10
55
HSZ 32 240.3 | 39.3 142 | -
%10 Not available
56 _
oD *1 164.4 | 163.0 102

See end of section for % notes...
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ON | OFF | ON | OFF | ON | OFF | Puse | ON ,;"Q‘é Pulse
16 2124 | 21.4 101 | -
Pf_’gy 189.4 | 10.0 154.5 | 173.6
32 2234 | 31.4 115 | -
P\E;\?M 16 | 425 | 7.8 | 442 | 186 | 139.8 | 171.0 86 -
59 16 Not available
32
goT 16 | 766.0 | 322.4 | 2124 | 21.4 | 2729 | 333 153 | -
147 +
61 16 . (250 ~ | ¥
SER Not available
32 168 + _ V
(17.4n)
141.4+ 91+
A2 16 (61.4n)| 333 (35n) | "
%*11 R 110+
32 Not available (43n) -
63 Not available 130
NaD 16 208.8 | 39.9 o 26| -
.r.%‘}m 16 81.3 | 69.6 48 -
S.?S'R 16 176.6 | 167.8 106 | -
ff.r 16 610 | 98 | 628 | 100 | 1056 | 333 | v 66 - v
szdp 16 | 248.6 | 82.6 | 250.4 | 84.6 | 181.8 | 134.5 13 | -
Rg§l‘C 16 Not available 232.5 | 209.1 144 | -
69 16 i 36223+n -
SORT Not available (32.3n)
32 - -
20 16 2457 | 333 153 | -
TKY 32 229.1 | 39.9 145 -
71 16 , 318.8 | 39.9 189 | -
HKY Not available
32 338.0 | 45.5 205 | -
L, |16 Tset 205.8 130 | -
: 39.3
Dsw 21$6et—s 208.1 NA | -
See end of section for % notes...
(N.A. - Data Not Available At Time Of Publication)
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OFF | ON | OFF | Puse | oN | 20 | Puse
73
SEGD 16 1421 | 333 | ¢ 87 - v
4 |16-1set 209.7 127 | -
SEGL 16 - 246.9 333 148
2sets ’ -
75 .
ARWS 16 Not available 285.0 | 163.0 169 -
76
ASC 16 1309 | 33.3 104 -
16 -
O 207.1 127 -
7 g 112.6
PR 16 -
ready 112.1 68 -
120+ 170+ 120+
78 16 aoon)| 26 |4 -
FROM (400n) (08N | 450 | v |325N) v
Not available | 890N (800n) (749n)
2 16 120+ | 5o | 151+ 106+ |
s (480m) @son)| .|, [@84n) v
*12 32 120+ 200+ 140+ |
(950n) (936n) (749n)
i -
gcs) 6 Not available 132
32 132 -
1371+ 91+
81 16 53.5n 32n) |
PRUN Not available (53.5n) 33.3 v (32n) v
%*13 32 154.5+ 104+ |
(49.3n) (31n)
82 94 +
ASCI 16 (12n) |~ v
83 Not available 95 + -
HEX 16 (23n) v
84 96 +
CCD 16 e | - | Y
ngD 16 308.1 v | 200 | - v
56 Not available 33.3
VRSC 16 319.1 v | 205 - v
87 16
32
88 16 Not available
32
89 16
32

See end of section for % notes...
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ON | OFF | ON | OFF | ON | OFF | Pulse | ON Fzr[]g Pulse
90 16 6439 | 255 | v | 498 | - v
MNET : :
91
ANRD 16 1137 (333 | v | 846 | - v
92 16 1387 | 4709 | v |1,073]| - v
ANWR : : »
93 _
AM&T 16 948.8 | 950.0 691
94 16 Not available 2,214 | 33.3 v 1,612 - v
RMWR | 33 4,235 | 39.9 3127 | -
95 16 1684 333 |, [1.254] - .
AMRD | 37 3,168 | 39.9 2,414 -
96
BN 16 1589 | 333 | v |1195| - v
o7 16 6724 |6693| v | 511 | - | v
BLK : :
98 16 7403 | 333 | v | 554 | - v
MCDE - :
99 16 Not available
32

*1:

*2:

*3:

*4:

These instructions require NO preliminary contact devices such as LD , AND, OR
etc.

Where "n" is referred to this identifies the quantity of registers to be manipulated.
"n" can be equal or less than 512.

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.

Where "n" is referred to this identifies the quantity of bit devices to be manipulated.
When an FX programmable controller is used "n" can be equal or less than 1024.
However, when FXo and FXON controllers are used "n" can be equal or less than
512.
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*x5:

« 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.

*6:

« 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.

*7:

« 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. FXo is
limited to 16 as a maximum batch that can be refreshed, where as FX can use 128.

*9:

« 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.

%*11:

+ Where "n" is referred to this identifies the number of output points. "n" may have a
value equal or less than 64.

%*12:

« 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 programmable controllers are involved in a parallel running function.
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Device Specifications

The following tables list the devices applicable to the FX2C series.

ITEM GENERAL SPECIFICATION REMARK
Operation control method Cyclic operation by stored program
Batch processing (takes place after END instruction | Direct /O control, refresh and input filter adjustment is
NO control method is executed) available
Operation process time Basic instructions 0.48 us Applied instructions; up to several 100 pus
Programming language Relay symbolic language + Stepiadder SFC expression is possible

Comment registration is possible (program memory is

2K step RAM incorporated (standard) used). Alphanumerics (15 char/comment),

Program capacity/memory
type

10 steps/comment; program memeory is reserved in

Optional Memory cassettes max. 8K units of 50 comments.

Number of instructions Sequence (basic) instructions; 20, Stepladder instructions; 2, Applied instructions; 94

New Special M coils and Special Data registers

M8023 Floating point operation flag

MB038 RAM file register area all clear

M8059 Interrupts 1010,..,1060 disable

M8074 Use RAM file registers mode

M8121 to M8124 RS instruction control flags

M8130 to M8133 HSZ instruction New operation flags

M8160 XCH as byte swap function

M8161 ASCII 8 bit mode flag

M8162 High speed parallel run mode (only 2 words of data
in each direction)

M8167, M8168 HKY and SMOV (respectively) use hexadecimal data

M8170 to M8175 Inputs X0 to X5 (respectively) pulse catch flags

M8181 to M8186 Alternative to 1010,...,1060 (for use with old versions of programming tools)

M8190 to M8197 Convert existing functions (MOV, SMOV, RAMP, FMOV) to be interpreted
as new functions (for use with old versions of programing tools)

M8198 Swap source and destination of BMOV (to allow write to file register with

old versions of programming tools)

D8120 to D8125 RS instruction control registers
D8130 to D8135 HSZ instruction New operation registers
D8136, D8137 PLSY double word pulse count
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FXzc Series Programmable Controllers

Device Specification Table
ITEM GENERAL SPECIFICATION REMARK
Input : " X0 to X377 max.
Spec. DC input 24V DC, 7mA, opto-isolated (numbered in octal)
Maximum number of
Direct output from the PC is available at 30V DC, /0
Output Transistor 0.1A per point, 0.8A max. per 4 point gang. YO to Y377 max. points 256
Spec. Alternatively connection to termination (nrumbered in octal)
blocks is possible.
General use - MO to M498 (500 points) Areas sizes and
Auxiliary ranges can be
(internal) Latched Automatically backed up by battery M500 to M1535 (1036 points) changed by user
relay edited parameter
Special purpose - MB000 to M8255 (256 points) seftings
Initialization Can be used to start/initialize a sequence of STL .
states program S0 to S9 (10 points)
General use - S$10 to 5499 (490 points
State { points)
relay Latched Automatically backed up by battery S500 to S899 (400 points) Areas, sizes and
ranges can be
changed by user
Annunciator Automatically backed up by battery $900 to $999 (100 points) edited parameter
seftings
100 msec 0.1t0 3,276.7 sec. TO to T199 (200 points)
10 msec 0.01 to 327.67 sec. T200 to T245 (46 points)
Timer
1 msec .
: 0.001 to 32.767 sec. T246 to T249 (4 points)
- relentive Automatically backed
up by battery
1 )
100 msec 0.1 to 3276.7 sec. T250 to T255 (6 points)
; General use CO0 to C99 (100 points)
Up counter (1to 321 gg"/tscounts) Areas, sizes and
' Backed by battery C100 to C198 (100 points) ranges can be
changed by user
32 bits General use €200 to C219 (20 points) edited parameter
Count Up/Down (-2,147,483,648 to seftings
ounter +2,147,483,647 counts) Backed up by battery C220 to C234 (15 points)
8 points of 1-phase counters (C235 to C240), 5 points
High speed 32 bits up/down of 1-phase counters, with external start and stop, (C241
gh spe (-2,147,483,648 to Backed up by batte to C245), 5 points of 2—phase counters (C246 to C250),
counter ry
+2,147,483,647 counts) 5 points of 2-phase, A-B phase type (C251 to C255),
see note 1
General 18 bits Pair for 32 bit General use DO to D199 (200 points) Areas, sizes and
purpose data data reqgister ranges can be
register 16 bits Backed up by EEPROM D200 to D999 (800 points) changed by user
edited parameter
D.a:a File registers | 16 bits (in program memory) backed up by battery | D1000 to D2999 (2000 points) settings
registers
RAM File regs 16 bits (in CPU memory) backed up by battery D6000 to D7999 (2000 points) | Activated with M8074
Special register 16 bits D8000 to D8255 (256 points)
Index register 16 bits V and Z (2 points)
For JUMP/CALL | Use with conditional jump (CJ, FNC00) applied instr. PO to P127 (128 points)
Pointer . .
Interrupt Triggered by inputs X000 ta X005 and timer interrupt 1000 to 18000 (9 po'ntrse)lggsz ]1 on trigger. 0 = 0 on
Nesting Use with master control (MC) basic ladder instruction Nest levels, NO to N7 (8 points)
Decimal 16 bits: -32,768 to +32,767 32 bits: -2,147,483,648 to +2,147,483,647
Constant
Hexadecimal 16 bits: 0 to FFFFH 32 bits: 0 to FFFFFFFFH
Note 1: Not all high speed counters can be operated at the same time as they share the same special inputs; X000 to X007.

DST-2
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Under no circumstances will Mitsubishi Electric be liable or responsible
for any consequential damage that may arise as a result of the installation
and/or programming of the products associated with this manual.

. All examples and diagrams shown in this manual are intended as an aid
to understanding the text, not to guarantee operation. Mitsubishi Electric
will accept no responsibility for actual use of the product based on these
illustrative examples.

Owing to the very great variety of possible applications, users must satisfy
themselves as to the suitability of each specific application.
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