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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 PLC.

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

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

« Ifin doubt about the operation or use of the PLC please consult the nearest HCFA
distributor.

+ This manual is subject to change without notice.

Guidelines for the Safety of the User and Protection of the Programmable
Controller (PLC)

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

a) Any engineer who is responsible for the planning, design and construction of
automatic equipment using the product associated with this manual should be of a
competent nature, trained and qualified to the local and national standards required

to fulfill that role. These engineers should be fully aware of all aspects of safety with
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regards to automated equipment.

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

c) All operators of the completed equipment (see Note) should be trained to use this
product in a safe manner in compliance to established safety practices. The operators
should also be familiar with documentation which is associated with the operation of

the completed equipment.

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

Notes on the Symbols Used in this Manual

At various times throughout this manual certain symbols will be used to highlight
points of information which are intended to ensure the users personal safety and
protect the integrity of equipment. Whenever any of the following symbols are
encountered its associated note must be read and understood. Each of the symbols

used will now be listed with a brief description of its meaning.
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Hardware Warnings

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

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

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

Software Warnings

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

should be aware of.

Indicates a special point which the user of the associate software element

6) Indicates a point of interest or further explanation

« Under no circumstances will HCFA be liable responsible for any consequential
damage that may arise as a result of the installation or use of this equipment.

+ All examples and diagrams shown in this manual are intended only as an aid to
understanding the text, not to guarantee operation. HCFAwill accept no responsibility
for actual use of the product based on these illustrative examples.

+ Please contact a HCFAdistributor for more information concerning applications in

life critical situations or high reliability.
17
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1. Introduction

1.1 Overview

1) Scope of this manual

This manual gives details on all aspects of operation and programming for

18
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HCA1P,HCA2P/HCA2C, programmable controllers (PLCs). For all information relating to
the PLC hardware and installation, refer to the appropriate manual supplied with the
unit.

2) How to use this manual

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

Shaded boxes indicate the applicable PLC type

- “HCA1P” -AllHCA1P PLCs

- “HCA2P/HCA2C” -All HCA2P/HCA2C PLCs

If an indicator box is half shaded, as shown to the left, this means that not all the
functions described in the current section apply to that PLC. The text explains in
further detail or makes an independent reference.

If there are no indicator boxes then assume the section applies to all PLC types unless

otherwise stated.

1.2 What is a Programmable Controller?

A Programmable Logic Controller (PLC or programmable controller) is a device that a
user can program to perform a series or sequence of events. These events are
triggered by stimuli (usually called inputs) received at the PLC or through delayed

actions such as time delays or counted occurrences. Once an event triggers, it
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actuates in the outside world by switching ON or OFF electronic control gear or the
physical actuation of devices. A programmable controller will continually ‘loop’
throughitsinternal ‘user defined” program waiting for inputs and giving outputs at
the programmed specific times.

Note on terminology:

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

describe the same control system.

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

communication network or bus.

1.3 What do You Need to Program a PLC?

Avariety of tools are available to program the HCFA PLCs. Each of these tools can use

and access the instructions and devices listed in this manual for the identified PLC.
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1.4 Special considerations for programming equipment
1.4.1 Current Generation CPU all versions

The introduction of the current CPU provides the HC user with many new
devices and instructions. To use the full features of the current range of HC units the

user must upgrade older software and hardware programming tools.

2. Basic Program Instructions

2.1 What is a Program?

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

programming software will also allow SFC style programming.

LD X10 o
ouT Y7
AND M38
SET 85

outr TOo1 H
K40

Instruction format Ladder Format SFC Format

2.2 Outline of Basic Devices Used in Programming

There are six basic programming devices. Each device has its own unique use. To
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enable quick and easy identification each device is assigned a single reference letter;
- X: This is used to identify all direct, physical inputs to the PLC.

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

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

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

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

All of the devices mentioned above are known as  ‘bit devices’ . This is a descriptive

title telling the user that these devices only have two states; ON or OFF, 1 or 0.

Detailed device information:

« Chapter 4 contains this information in detail. However, the above is all that

is required for the rest of this chapter.

2.3 How to Read Ladder Logic

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

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

configurations.

22



HCFa

— KJII#&43 ——HCFA CORPORATION

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

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

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

Example:

Because of the close relay association, ladder logic programs can be read as current
flowing from the left vertical line to the right vertical line. This current must pass
through a series of contact representations such as X0 and X1 in order to switch the
output coil YO ON. Therefore, in the example shown, switching X0 ON causes the
output YO to also switch ON. If however, the limit switch X1 is activates, the output YO
turns OFF. This is because the connection between the left and the right vertical lines

breaks so there is no current flow.

Motor

Toggle switch Programmable Controller
Y0
, X0 o
— LY r\ll PC Program U I
T
P X0 X1 =
u AC
Oi “ T H Ullcom _ | power
- (YO0) Supply

Limit switch

‘ DC Power Supply ‘
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2.4 Load, Load Inverse

Mnemonic Function Format Devices Program steps
LD Initial logical H| X, Y,M,S,T,C 1
(LoaD) operation contact
type NO

(normally open)

LDI Initial logical Hri X,Y,M,S,T,C 1

(Load Inverse) operation contact
type NC

(normally closed)

Program example

X0 = 0 LD X 0
| YO — 1 OUT Y 0
J= 2 LDl X 1
X1 3 OuUT M 100
¥ M100 — 4 OUT T O
' SP K 19
7 LD T 0
Q>L[:| 0 —] 8 OUT Y 1
To KIS K19 When using hand held
| Y1 programmers, the space key
f ] needs to be pressed to enable
the constant to be entered.

Basic points to remember:
- Connect the LD and LDl instructions directly to the left hand bus bar.
- Oruse LD and LDl instructions to define a new block of program when using the ORB

and ANB instructions (see later sections).
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The OUT instruction:

« For details of the OUT instruction (including basic timer and counter

variations) please see over the following page.

2.5 Out
Mnemonic Function Format Devices Program steps
QUT (0UT) Final logical z Y,M,S,T,C Y, M:1
operation type S, special M
coil drive coils: 2
T:3
C (16 bit): 3
C(32bit):5

Basic points to remember:

- Connect the OUT instruction directly to the right hand bus bar.

- It is not possible to use the OUT instruction to drive X’ type input devices.

- Itis possible to connect multiple OUT instructions in parallel (for example see the

previous page; M100/TO configuration)

2.5.1 Timer and Counter Variations

When configuring the OUT instruction for use as either a timer (T) or counter (C) a

constant must also be entered. The constant is identified by the letter “K” (for
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example see previous page; TO K19).

In the case of a timer, the constant “K” holds the duration data for the timer to

operate, i.e. if a100 msec timer has a constant of “K100” it will be (1005 100 msec) 10

seconds before the timer coil activates.

With counters, the constant identifies how many times the counter must be pulsed or

triggered before the counter coil activates. For example, a counter with a constant of

“8” must be triggered 8 times before the counter coil finally energizes. The following

table identifies some basic parameter data for various timers and counters.

Timer/Counter

Setting constant K

Actual setting

Program steps

ImsecTimer 1to 32,767 0.001 to 32.767 sec
10 msec Timer 0.01 to 327.67 sec
100 msec Timer 0.1to 3276.7 sec
16 bit Counter 1to 32,767 1to 32,767

32 bit Counter

-2,147,483,648 to

2,147,483,647

-2,147,483,648 to

2,147,483,647

2.5.2 Double Coil Designation

X1

Y3

26
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device can cause the program operation to become unreliable. The example program
shown opposite identifies a double coil situation; there are two Y3 outputs. The

following sequence of events will occur when inputs X1 = ON and X2 = OFF;

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

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

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

Y3=0FF and Y4 =ON.

Use of dual coils:

+ Always check programs for incidents of dual coiling. If there are dual coils

the program will not operate as expected - possibly resulting in physical damage.

The last coil effect:

« In a dual coil designation, the coil operation designated last is the effective
coil. That is, it is the status of the previous coil that dictates the behavior at the current
pointin the program.

Input durations:
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The ON or OFF duration of the PLC inputs must

be longer than the operation cycle time of the

‘ | @ @ ‘ PLC.
]ﬂ(@ L‘T‘J

Taking a 10 msec (standard input filter)

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

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

There are applied instructions provided to handle such high speed input requests.
®: Input ON state NOT recognized

@: Input ON state recognized

3: Input OFF state NOT recognized

@: 1 program processing

®: Input processing

®: Output processing

@: Afull program scan/operation cycle

2.6 And, And Inverse

Mnemonic Function Format Devices Program steps
AND Serial connection 4{ }7 X,Y,M,S,T,C 1
(AND) of NO (normally
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open) contacts

ANI Serial connection ﬁH/i X,Y,M,S,T,C 1

(AND Inverse) of NC (normally

closed) contacts

Program example:

AND

X2 Xﬂﬂ 0 LD X 2

B e R N

Y3 X3 3 LD Y 3

— @i B oaoANx

o | o Ko AN T
ANDé

Basic points to remember:

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

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

correct.

Peripheral limitations:

« The PLC has no limit to the number of contacts connected in series or in

parallel.
29
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However, some programming panels, screens and printers will not be able to display

or print the program if it exceeds the limit of the hardware. It is preferable for each line

or rung of ladder program to contain up to a maximum of 10 contacts and 1 coil. Also,

keep the number of follow-on outputs to a maximum of 24.

2.7 Or, Inverse

Mnemonic Function Format Devices Program steps
OR Parallel \_{ }_1 X,Y,M,S,T,C
(OR) connection of NO
(normally open)
contacts
ORI Parallel \_/FP X,Y,M,S,T,C
(OR Inverse) connection of NC

(normally closed)

contacts

Program example:
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X4 0 LD X 4
| Qvs D K= 1 OR X 6
X6 K= 2 ORlL M 102
——— =A or 3 ouT Y 5
M102 4 LDI Y 5
Ly 5 AND X 7
rdl <=4 ORI K= 6 OR M 103
Ys  x7 xio s> 6 OR M 110
H—— 3 103 5 OUT M 108
M103
_{
M110
Ii

Basic points to remember:

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

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

Peripheral limitations:

« The PLC has no limit to the number of contacts connected in series orin
parallel.
However, some programming panels, screens and printers will not be able to display
or print the program if it exceeds the limit of the hardware. It is preferable for each line
or rung of ladder program to contain up to a maximum of 10 contacts and 1 coil. Also

keep number of follow-on outputs to a maximum of 24.
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2.8 Load Pulse, Load Trailing Pulse

Mnemonic Function Format Devices Program steps
LDP Initial logical HI X, Y,M,S,T,C
(LoaD Pulse) operation -Rising

edge pulse
LDF Initial logical 1—‘“7 X,Y,M,S,T,C
(LoaD Falling operation Falling/
pulse) trailing edge
pulse
Program example:
ﬁLDP
i @ Ry e X
3 OUT M 100
! J=4 WDF X 0
ﬁLDF 6 OUT Y O
b G

Basic points to remember:

- Connect the LDP and LDF instructions directly to the left hand bus bar.

- Or use LDP and LDF instructions to define a new block of program when using the

ORB and ANB instructions (see later sections).

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

OFF.

Single Operation flags M2800 to M3071:

+ The pulse operation instructions, when used with auxiliary relays M2800

to M3071, only activate the first instruction encountered in the program scan,
after the pointin the program where the device changes. Any other pulse operation
instructions will remain inactive.
« This is useful for use in STL programs (see chapter 3) to perform single step
operation using a single device.

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

2.9 And Pulse, And Trailing Pulse

Mnemonic Function Format Devices Program steps
ANP Serial connection 4“'7 X, Y,M,S,T,C 2
(ANd Pulse) of Rising edge
pulse
ANF Serial connection “”7 X,Y,M,S,T,C 2
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(ANd Falling of Falling /trailing

pulse) edge pulse

Program example

40
-~ s (W100)— 0 b
P=2 ANP
1 4 our
J ANF 5 LDF
4;} F=6 ANF

8 OuUT

<oOxz-AxXZ
=
(=]

Basic points to remember:

- Use the ANDP and ANDF instructions for the serial connection of pulse contacts.

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

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

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

OFF.

Single operation flags M2800 to M3071:

« When used with flags M2800 to M3071 only the first instruction will activate.
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2.10 Or Pulse, Or Trailing Pulse

Mnemonic Function Format Devices Program steps
ORP Parallel \_m_l X,Y,M,S,T,C
(OR Pulse) connection of
Rising edge pulse
ORF Parallel \_m_f X,Y,M, S, T,C
(OR Falling pulse) | connection of
Falling / trailing
edge pulse
Program example:
wo
I @— 0 LD 40
1 =1 ORP 1
—m— 3 SET 50
‘Q:? 4 LD 0
ORP 5 AND 24
6 LD 7
4
_ﬁ:’ Tf (va)— B=7 ORF 1
9 ORB
10 OUT 4

35




HCFa

— KJII#&43 ——HCFA CORPORATION

Basic points to remember:

- Use the ORP and ORF instructions for the parallel connection of pulse contacts.

- Usage is the same as for OR and ORI; see earlier.

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

- ORF is active for one program scan after the associated device switches from ON to

OFF.

Single operation flags M2800 to M3071:

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

2.11 Or Block

Mnemonic Function Format Devices Program steps
ORB Parallel le IiJ N/A 1
(OR Block) connection I—‘
of multiple
contact circuits

Program example:
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Recommended sequential Non-preferred batch
programming method programming method
X0 X1 0 LD X0 0 LD X0
el Cre— 1 AND X 1 1 AND X 1
% X3 2 b X 2 2 b X 2
3 AND X 3 3 AND X 3
— Q}ORB = 4 ORB 4 LDl X 4
5 LDl X 4 5 AND X 5
X4 X5 % 6 AND X 5 6 ORB
ya ORB =7 ORB 7 ORB
8 OUT Y B 8 OUT Y 6

Basic points to remember:

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

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

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

the ORB instruction.

Batch processing limitations:

+ When using ORB instructions in a batch, use no more than 8 LD and LDI
instructions in the definition of the program blocks (to be connected in parallel).
lgnoring this will result in a program error (see the right most program listing).

Sequential processing limitations:
+ There are no limitations to the number of parallel circuits when using an

ORB instruction in the sequential processing configuration (see the left most program
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listing)

2.12 And Block

Mnemonic Function Format Devices Program steps
: R | I |
ANB Serial uu I—HJ N/A 1
(ANd Block) connection
of multiple
parallel circuits

Program example:

LD

ANB

xoﬁ xzﬁxs

— P ]
X}1J X4 X5
- —
X6

F___
X3
ol

=ORB

Recommended sequential

programming method

i

COR~NON AWN=O
>
Z9
w)

<X X XXXXXX

—_

e WN=2O0

=]

-~ w
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Basic points to remember:

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

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

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

the ANB instruction.

Batch processing limitations:

« When using ANB instructions in a batch, use no more than 8 LD and LDI
instructions in the definition of the program blocks (to be connected in parallel).
lgnoring this will result in a program error (see ORB explanation for example).

Sequential processing limitations:

« Itis possible to use as many ANB instructions as necessary to connect a

number of parallel circuit blocks to the preceding block in series (see the program

listing)
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2.13 MPS, MRD and MPP

Mnemonic Function Format Devices Program steps

MPS(Point Store) | Stores the M:SVEE% N/A 1

current result of
the internal PLC

operations

MRD(Read) Reads the ﬂ E % N/A 1

current result of
the internal PLC

operations

MPP(PoP) Pops (recalls l '§|i §l N/A 1
MPP

and removes)
the currently

stored result

Basic points to remember:

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

- MPS stores the connection point of the ladder circuit so that further coil branches
can recall the value later.
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- MRD recalls or reads the previously stored connection point data and forces the next
contact to connect to it.

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

- For every MPS instruction there MUST be a corresponding MPP instruction.

- The last contact or coil circuit must connect to an MPP instruction.

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

than 11.

MPS, MRD and MPP usage:

automatically add all MPS, MRD and MPP instructions at the program conversion stage.

« When writing a program in ladder format, programming tools

If the generated instruction program is viewed, the MPS, MRD and MPP instructions

are present.

« When writing a program in instruction format, it is entirely down to the user to enter

all relevant MPS, MRD and MPP instructions as required.

Multiple program examples:
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X0 X1 —|
|
— (Yo 0 LD X 0 12 ANB
& X2 1 MPS 13 OUT Y 1
vps [ 2 LD X 1 14 MPP
X3 X4 3 OR X 15 AND X 7
-y Il Y1 4 ANB 16 OUT Y 2
¢le x| QO f8rvoe | B0 xe
6 MRD 18 OR X 11
MRD _)'(7 7 LD X 3 19 ANB
8 AND X 4 20 OUT Y 3
& | Cy2)— 9 LD X 5
X10 10 AND X 6
MPP 11 ORB
X11
]
@ 0 LD X 0 9 MPP
Mpsé 1 MPS 10 AND X 4
MPRey, 2 AND X 1 11 MPS
MPS 3 MPS 12 AND X 5
4 AND X 2 13 OUT Y 2
5 OUT Y 0 14 MPP
6 MPP 15 AND X 6
MPP MPS 7 AND X 3 16 OUT Y 3
8 OUT Y 1
MPP
X0 X1 X2 X3 X4 |
e 0 LD X 0 9 OUT Y 0
1 MPS 10 MPP
2 AND X 1 11 OUT Y 1
MPS 3 MPS 12 MPP
4 AND X 2 13 OUT Y 2
5 MPS 14 MPP
6 AND X 3 15 OUT Y 3
@ 7 MPS 16 MPP
8 AND X 4 17 OUT Y 4
é ®_
MPP
2.14 Master Control and Reset
Mnemonic Function Format Devices Program steps
MC Denotes the Y,M(nospeci |3
—H[MCIN[_H | “"("ese
(Master Control) | start al
of a master M coils allowed)
control N denotes the
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block nest level (NO to
N7)
MCR Denotes the end MCRIN N denotes the 2
(Master Control | of nest level (NO to
Reset) a master control N7) to be reset
block

Program example:

X0
i [MC [ NO [M100
+ 0 LD X 0
NO | == M100 I= 1 MC N o0
SP M100
X1 4 D X 1
- @ 5 OUT Y 0
3 6 LD X 2
l v 7 OUT Y 1
1 Q p= 8 MCR N 0
Note: SP - space key
MCR[ NO | N - nest level of MC (NO to N7)

Basic points to remember:

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

- The MC instruction also includes a nest level pointer N. Nest levels are from the range
NO to N7 (8 points). The top nest levelis ‘0" and the deepestis 7 .

- The MCRinstruction resets each nest level. When a nest level is reset, it also resets
ALL deeper nest levels. For example, MCR N5 resets nest levels 5to 7.
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- When input X0=0N, all instructions between the MC and the MCR instruction execute.

- When input X0=0FF, none of the instruction between the MC and MCR instruction

execute; this resets all devices except for retentive timers, counters and devices driven

by SET/RST instructions.

- The MC instruction can be used as many times as necessary, by changing the device

numberY and M. Using the same device number twice is processed as a double coil

(see section 2.5.2). Nest levels can be duplicated but when the nest level resets, ALL

occurrences of that level reset and not just the one specified in the local MC.

NO

N1

N2

X0
_|

—— M100

X1
—|

C [ NO [M100

X2
._{

—— M101

C [ N1 [M101}

Croo—

X3
i

X4
_|

— M102

¢

C [ N2 [M102

Crio—

G2

I

Nested MC program example:

Level NO: Bus line (B) active when X0 is ON

Level N1: Bus line (C) active when both X0 and

X2 are ON
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Level N2: Bus line (D) active when X0,X2 and X4 are ON.

Level N1: MCRN2 executes and restores

R G

bus line (C). If the MCR had reset NO then

the original bus bar (A) would now be

— f @ active as all master controls below nest

level 0 would reset.

MCR[ NO |
X10

A Crs D

Level NO: MCRN1 executes and restores

bus line (B)

Initial state: MCR NO executes and restores the initial bus line (A).
Output Y5 turns ON/OFF according to the ON/OFF state of X10, regardless of the

ON/OFFstatusofinputsX0,X2or X4.
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2.15 Set and Reset

Mnemonic Function Format Devices Program steps

SET Sets a bit device 4 . Y,M,S Y,M:1
(SET) permanently S, special M

ON coils:2
RST Resets a bit Y,M,S,D,V,

-

(ReSeT) device Z(see section

permanently 2.16 for timers D, special D

OFF and counters registers, V and
T,C) Z:3
Program example:

X0 0 LD X o0
- {SETT V0 B 1 St v o0

X1 2 b X 1
—fF—————1{RsTI Y0 = 3 RST Y 0

X2 4 LD X 2
— F—————{SET[ ™m0 | B= 5 SET M 0

i T K= 7 RST M o
— (RST] M0 ] M 0

a 8 LD X 4
—————{SET S0 }— ks 9 SET s 0

X5 p= 11 RST S 0
—fF————{RST[ S0 12 b X 6

X6 K= 13 RST D 0
—tF————1{RSTI D0

Basic points to remember:
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- Turning ON X0 causes YO to turn ON. YO remains ON even | xo |

after X0 turns OFF. A ‘ |
- Turning ON X1 causes YO to turn OFF. YO remains OFF m \—

even after X1 turns OFF.

- SET and RST instructions can be used for the same device as many times as
necessary.

However, the last instruction activated determines the current status.

- Itis also possible to use the RST instruction to reset the contents of data devices such
as data registers, index registers etc. The effect is similar to moving ‘K0’ into the

data device.

2.16 Timer, Counter (Out & Reset)

Mnemonic Function Format Devices Program steps
ouT Driving timer or C “-: \ T,C 32 bit
(OUT) counter coils counters:5
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RST

(ReSeT)

Resets timer

and counter,

coils contacts

and current

values

T, C (see section

2.15 for other

resettable

devices)

Others: 3

T,C:2

2.16.1 Basic Timers, Retentive Timers And Counters

RST| T246

Y

X3
i

M8200

X4
I

RST| C200

Cc200

CEIDD
I

Y

T246 )—
K1234

b ¢

04

These devices can all be reset at any time by

driving the RST instruction (with the number

Of the device to be reset). On resetting, all

active contacts, coils and current value

registers are reset for the selected device. In

the example, T246, a Imsec retentive timer, is

activate while X1 is

ON. When the current value of T246 reaches

the preset ‘K’ value, i.e. 1234, the timer

coil for T246 will be activated. This drives the NO contact ON. Hence, YO is switched

ON.

Turning ON X0 will reset timer T246 in the manner described previously. Because the

T246 contacts are reset, the output YO will be turned OFF.
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Retentive timers:

« For more information on retentive timers.

2.16.2 Normal 32 bit Counters

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

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

The output contact is reset and the current value of the counterisresetto ‘0" when

input X3is turned ON.

« For more information on 32 bit counters.

32 bit counters:
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2.16.3 High Speed Counters

High speed counters have selectable count directions.
The directions are selected by driving the appropriate
special auxiliary M coil. The example shown to the right

works in the following manner; when X10 is ON, counting

down takes place. When X10 is OFF counting up takes place.

X10

@2

X111

X12

e —— TV

KD
C AAA

R G

In the example the output contacts of counter CA A Aand its associated current

countvalues areresetto “0” when X11is turned ON. When X12 is turned ON the

driven counter is enabled. This means it will be able to start counting its assigned

input signal (this will not be X12 - high speed counters are assigned special input

signals.)

Availability of devices:

+ Not all devices identified here are available on all programmable

controllers. Ranges of active devices may vary from PLC to PLC. Please check the

specific availability of these devices on the selected PLC before use. For PLC device

ranges please see chapter 8.

2.17 Leading and Trailing Pulse

Mnemonic Function Format

Devices

Program steps

PLS Rising edge

—~{PSTH "
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(PulLSe) pulse (no special M

coils allowed)

PLF Falling / trailin Y, M 2
P | (RFTH

(PuLse Falling) edge pulse (no special M

coils allowed)

Program example:

X0
| PLS| MO | 0 LD X 0
_1MID F= 1 PLS M O
L 3 LD M 0
_}|('1 SET 4 SET Y 0
5 LD X 1
—1 PLF k= 6 PLF M 1
M1 8 D M 1
— | RST 9 RST Y O

Basic points to remember:

- When a PLS instruction is executed,

X0 | |
object devices Y and M operate for one x1 | [T T
. " wofl | 1 !
operation cycle after the drive input " i—| M
Y0 I | I |
signal has turned ON. e

- When a PLF instruction is executed,
object devices Y and M operate for one operation cycle after the drive input signal has
turned OFF.

- When the PLC status is changed from RUN to STOP and back to RUN with the input
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signals still ON, PLS MO is operated again. However, if an M coil which is battery

backed (latched) was used instead of MO it would not re-activate. For the battery

backed device to be re-pulsed, its driving input (ex. X0) must be switched OFF during

the RUN/STOP/RUN sequence before it will be pulsed once more.

2.18 Inverse
Mnemonic Function Format Devices Program steps
INV Invert the o N/A 1
(Inverse) current result of
the internal PLC
operations
Program example:
By [ M0 0 b X 0
{PLS[ MO
' k= 1 PLS M 0
IVIIO SET] YO | 3 LD M 0
x|1 4 SET Y 0
5 LD X 1
— | PLF [ M1 | J= 6 PLF M 1
M1 8§ LD M 1
| RST] YO | 9 RST Y 0O

Basic points to remember:

- The INV instruction is used to change (invert) the logical state of the current ladder

network at the inserted position.

- Usage is the same as for AND and ANI; see earlier.
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Usages for INV

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

Itis also useful as an inverse operation for the pulse contact instructions LDP, LDF, ANP,

etc.

2.19 No Operation

Mnemonic Function Format Devices Program steps
NOP No operation or N/A N/A 1
(No Operation) null step

Basic points to remember:

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

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

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

- After the program ‘all clear operation’ is executed, all of the instructions currently

in the program are over written with NOPs.

2.20 End

Mnemonic Function Format Devices Program steps
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END Forces the N/A 1
(END) current program
scan to end

Basic points to remember:

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

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

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

A program scan:

« Aprogram scan is a single processing of the loaded program from start to
finish, This includes updating all inputs, outputs and watchdog timers. The time
period for one such process to occur is called the scan time. This will be dependent
upon program length and complexity. Immediately the current scan is completed the
next scan

begins. The whole process is a continuous cycle. Updating of inputs takes place at the

beginning of each scan while all outputs are updated at the end of the scan.
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3. STL Programming

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

as important as ladder style programming.

3.1 What is STL, SFC And IEC1131 Part 3?

The following explanation is very brief but is designed to quickly outline the
differences and similarities between STL, SFC and IEC1131 part 3. In recent years
Sequential Function Chart (or SFC) style programming (including other similar styles
such as Grafcet and Funktionplan) have become very popular throughout Europe and
have prompted the creation of IEC1131 part 3.

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

second manufacturers PLC.

STL programming is one of the basic programming instructions included in all HC PLC
family members. The abbreviation STL actually means STep Ladder programming.
STL programming is a very simple concept to understand yet can provide the user
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with one of the most powerful programming techniques possible. The key to STL lies
in its ability to allow the programmer to create an operational program which

‘flows’ and works in almost exactly the same manner as SFC. This is not a
coincidence as this programming technique has been developed deliberately to
achieve an easy to program and monitor system. One of the key differences to
HCFA' s STL programming system is that it can be entered into a PLC in 3 formats.
These are:
) Instruction - a word/mnemonic entry system
Il ) Ladder - a graphical program construction method using a relay logic symbols

[1I) SFC - a flow chart style of STL program entry (similar to SFC)

General note:

« IEC1131-3: 03.1993 Programmable controllers; part 3: programming
languages.

The above standard is technically identical to the ‘Euro-Norm’ EN61131-3:07.1993

oM8002+

3.2 How STL Operates EH
OX0 -+ oX0—+
oX1+ ox1-+

As previously mentioned, STL is a system which allows

the user to write a program which functions

(o]
3
I
L ]
P
—
i
|

in much the same way as a flow chart, this can be
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seen in the diagram opposite. STL derives its strength by organizing a larger program
into smaller more manageable parts.

Each of these parts can be referred to as either a state or a step. To help identify the
states, each is given a unique identification number. These numbers are taken from

the state relay devices.

3.2.1 Each step is a program

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

A Look Inside an STL

On initial inspection the STL program looks as if it is

a rather basic flow diagram. But to find out what is

really happening the STL state needs to be put

‘under a microscope’ so to speak. When a single

state is examined in more detail, the sub-program
can be viewed.

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

(DThe STLinstructionis shownasa ‘fat’ normally open contact.

All programming after an STL instruction is only active when the associated state coil
is active.

@The transition condition is also written using standard programming. This idea
re-enforces the concept that STL is really a method of sequencing a series of events or
as mentioned earlier ‘of joining lots of smaller programs together’ .

Combined SFC Ladder representation

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

Please note the following convention is used:

(ONormally Open contact om0
ol—
oX0- oxo1
@®Normally Closed contact X1t X1
IE [s 26}—
) ,
Common alternativesare ‘@’ and ool Ko | ‘b
identifiers for Normally Open, Normally Ww D Closed
K20
states or often a line drawn over the top of the

Normally Close d contact name is used, e.g. X000.
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3.3 How To Start And End An STL Program

Before any complex programming can be undertaken the basics of how to start and

more importantly how to finish an STL program need to be examined.

3.3.1 Embedded STL programs

An STL style program does not have to entirely

replace a standard ladder logic program. In fact it

might be very difficult to do

LD
ouT

Y004 Normal Ladder Program
I

SET S009

STL S009

ouT Y010

LDI X003 Embedded STL Program
ouT Y006 | | —

RET -]

LD
ouT
RST

so. Instead small or even large section of STL program can be entered at any pointin a

program. Once the STL task has been completed the program must go back to

processing standard program instructions until the next STL program block. Therefore,

identifying the start and end of an STL program is very important.

3.3.2 Activating new states

Once an STL step has been selected,
how is it used and how is the program

‘driven” ?

STL

2>

|
522

STL ﬁ

527

K20

TO

o SET

b
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This is not so difficult, if it is considered that for an STL step to be active its associated
state coil must be ON. Hence, to start an STL sequence all that has to be done is to
drive the relevant state ON.
There are many different methods to drive a state, for example the initial state coils
could be pulsed, SET or just included in an OUT instruction. However, within HCFA" s
STL programming language an STL coil which is SET has a different meaning than one
thatisincluded in an OUT instruction.

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

Initial Steps

For an STL program which is to be activated on

M8002
} SET[ 5005
the initial power up of the PLC, a trigger _:u;g; X?Im r000>—
S | X000
similar to that shown opposite could be used, X012
. ‘ . . X013
i.e. using M8002 to drive the setting of the

initial state. The STL step started in this
manner is often referred to as the initial step. Similarly, the step activated first for any

STL sequence is also called the initial step.
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3.3.3 Terminating an STL Program

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

This scenario may seem a little strange but it does make sense when it is considered
that the STL program must return control to the ladder program after STL operation is

complete. This means the last step in an STL program needs to be identified in some

way.
Returning to Standard Ladder 6002
—N\ I SET[ 5005}
This is achieved by placing a RET or RETurn L 00
S005 | yo00
: . . - — Qo9
instruction as the last instruction in the last X012
Qo1
X013
STL step of an STL program block. This i A
{(RETH

instruction then returns programming

control to the ladder sequence.
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Note: The RET instruction can be used to separate STL programs into

sections, with standard ladder between each STL program. For display of STL
in SFC style format the RET instruction is used to indicate the end of a complete STL

program.
3.4 Moving Between STL Steps

To activate an STL step the user must first drive the state coil. Setting the coil has
already been identified as a way to start an STL program, i.e. drive an initial state. It
was also noted that using an OUT statement to driving a state coil has a different

meaning to the SET instruction. These difference will now be explained:

3.4.1 Using SET to drive an STL coil

« SETis used to drive an STL state coil to
X000 S040

— @

make the step active. Once the current

STL step activates a second following é
SET
step, the source STL coil is reset. Hence, RST

although SET is used to activate a state

the resetting is automatic.

However, if an STL state is driven by a series of standard ladder logic instructions, i.e.
not a preceding STL state, then standard programming rules apply. In the example

shown opposite S20 is not reset even after S30 or S21 have been driven. In addition, if
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S20 is turned OFF, S30 will also stop operating. This is because S20 has not been used
as an STL state. The first instruction involving the status of S20 is a standard LoaD

instruction and NOT an STL instruction.

Note: If a user wishes to X000
}—1 ._
forcibly reset an “

STL step, using the RST or ZRST (FNC 40)

instructions would perform this task.

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

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

diagram.

3.4.2 Using OUT to drive an STL coil

This has the same operational features as using SET. However, there is one major

function which SET is not used. This is to make what is termed  ‘distant jumps’ .
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OUT is used for loops and jumps Bartial

repeat

Program

jump

If a user wishesto ‘jump’ back up a program,

i.e. go back to a state which has already been

processed, the OUT instruction would be used T

with the appropriate STL state number.
Alternatively the user may wish to make a large ‘jump’ forwards skipping a whole

section of STL programmed states.

Out is used for distant jumps
STL [ So}

flow 1

If a step in one STL program flow was required S 20

to trigger a step in a second, separate STL

program flow the OUT instruction would be S22

used.

needed for display of STL in SFC like structured format.
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3.5 Rules and Techniques For STL programs

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

These are highlighted in this section.

3.5.1 Basic Notes On The Behavior Of STL programs

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

« When writing the sub-program of an STL

state, the first vertical ‘busbar’ after the @
STL @ X001
soﬂo ! Ty
. . . . 5
STLinstruction can be consideredin a X000 D
X012
_{ @
similar manner as the left hand bus bar of a X013 o
_|
standard ladder program. RED

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

(see ), i.e. There needs to be at least a single contact before the MPS instruction.

Note: Using out coils and even applied instructions immediately after an STL

instruction is permitted
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+ In normal programming using dual coils is not an

acceptable technique. However repetition of a coil in S 30

separate STL program blocks is allowed. E3j1 WD

This is because the user can take advantage of the STL" s 1 Vu
o2}

unique feature of isolating all STL steps except the active STL 4

steps.

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

single STL flow.

Caution: The same coil should NOT be programmed in steps that will be active at

the same time as this will result in the same problem as other dual coils.

STL step there is a period (one scan) while both steps are | o014

+ When an STL step transfers control to the next K20

active. This can cause problems with dual coils;

particularly timers.

If timers are dual coiled care must be taken to ensure
that the timer operation is completed during the active STL step. If the same timer is
used in consecutive steps then itis possible that the timer coil is never deactivated
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and the contacts of the timer will not be reset leading to incorrect timer operation.
The example opposite identifies an unacceptable use of timer T001. When control

passes from S30 to S31 TO01 is not reset because its coil is still ON in the new step.

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

should not be used in consecutive STL steps. Following this simple rule will ensure

each timer will be reset correctly before its next operation.

+ As already mentioned, during the transfer
s 30 [——C¥1D
between steps, the current and the selected steps I:

will be simultaneously active for one program scan. Y11 ﬁ\

This could be thought of as a hand over or

handshaking period.

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

are shown interlocked with each other.
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3.5.2 Single Signal Step Control

Transferring between active STL steps can be controlled by a single signal. There are

two methods the user can program to achieve this result.

Method 1 - Using locking devices

In this example itis necessary to program separate locking devices, and the

controlling signal must only pulse ON. This is to
O MO

prevent the STL programs from running through. é 30

v

. e K= OMO—
The example shown below identifies the general oV <
program required for this method. S 31
-S30 is activated when MO is first pulsed ON. 2 MO -
M2

- The operation of M1 prevents the sequence
from continuing because although MO0 is ON, the transfer requirements, need M0 to be
ON and M1 to be OFF.

- After one scan the pulsed MO and the ‘lock’ device M1 are reset.

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

next step in a similar manner. This time usingM2 asthe ‘lock’ device because dual
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coils in successive steps is not allowed.

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

through all of the STL states in one go!

Method 2 - Special Single Pulse Flags

Using the pulse contacts (LDP, LDF, ANP, etc.) and a special range of M devices (M2800

to M3071) the same result as method 1 can X001 Do not use the
(0] | Sorct iz
be achieved. The special feature of these E"é pu|sge£n?ad
within the main
) program body.

devices prevents run through of the states,

as only the first occurrence of the LDP e )

instruction will activate. e,

The example program below shows the

necessary instructions.

-Assume S50 is already active.

- When X01 activates M2800, this in turn activates the LDP M2800 instruction in S50
and the flow moves on to step S51.

- The LDP M2800 instruction in the transition part of S51 does not execute because this
is the second occurrence of M2800 in a pulse contact.

- When X01 next activates M2800, the LDP instruction in S51 is the first occurrence

because S50 is now inactive. Thus, control passes to the next step in the same manner.
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3.6 Restrictions Of Some Instructions When Used With STL

Although STL can operate with most basic and applied instructions there are a few
exceptions. As a general rule STL and MC-MCR programming formats should not be

combined. Other instruction restrictions are listed in the table below.

Basic Instructions
LD, LDI, AND,
Operational State ANI, OR,ORI, ANB, ORB,
NOP, OUT, MPS,MRD, MC, MCR
SET, RST, MPP
PLS,PLF
it STL
Initial and general ’_“_Eﬁ 7 7 X
states
STL
Output F
Branch- . v v X
ing and processing
merging
states Transf
rans gr F'T'IL"E;%D—EEEE‘( 7 X X
processing STL

Restrictions on using applied instructions

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

Other restrictions are as follows:

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

- Subroutines and interrupts can not contain STL program blocks.

- STL program blocks can not be written after an FEND instruction.
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- FOR - NEXT instructions are allowed within an STL program with a nesting of up to 4

levels.

Using ‘jump’ operations with STL

« Although itis possible to use the program jump operations (CJ instruction) within
STL program flows, this causes additional and often unnecessary program flow
complications. To ensure easy maintenance and quick error finding it is

recommended that users do not write jJump instructions into their STL programs.

3.7 Using STL To Select The Most Appropriate Program

So far STL has been considered as a simple flow charting programming language. One
of STL’ s exceptional features is the ability to create programs which can have several
operating modes. For example certain machines require a selection of ‘manual’

and ‘automatic’ modes, other machines may need the ability to select the
operation or manufacturing processes required to produce products ‘A" , ‘B’ ,

‘C ,or ‘D’ .STLachieves this by allowing multiple program branches to originate
from one STL state. Each branch is then programmed as an individual operating mode,
and because each operating mode should act individually, i.e. there should be no
other modes active; the selection of the program branch must be mutually exclusive.
This type of program construction is called “Selective Branch Programming” .An
example instruction program can be seen below, (this is the sub-program for STL state

S20 only) notice how each branch is SET by a different contact.
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s20 —Y0) oUT Y 0
seT & 21 =A
ol ] e} e
é@ ésm ésm et S 41 =X
| [

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

of individual branches.

STL S 29

s20-(Y10) [s39 S 49 ouT Y 10
LD X 10

-+ X10 + X11 —+ X12 SET S 50
STL S 39
S Wi
S 50 SET S 50

STL S 49

OUT Y 12
LD X 12

50

SET S

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

states on the different program branches call the same “joining” STL state.

3.8 Using STL To Activate Multiple Flows Simultaneously

In the previous branching technique, it was seen how a single flow could be selected
from a group. The following methods describe how a group of individual flows can be

activated simultaneously. Applications could include vending machines which have to
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perform several tasks at once, e.g. boiling water, adding different taste ingredients
(coffee, tea, milk, sugar) etc.

In the example below when state S20 is active and X0 is then switched ON, states S21,
S31 and S41 are ALL SET ON as the next states. Hence, three separate, individual,
branch flows are ‘setin motion’ from a single branch point. This programming
technique is often calleda ‘Parallel Branch’ . To aid a quick visual distinction,

parallel branches are marked with horizontal, parallel lines.

| STL S 20

s20 —(Y0) ouT Y 0

ID X 0

X0 - m SET S 21
SET S 31, <

é SET S 41

S 21 S 31 SH

When a group of branch flows are activated, the user will often either;

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

b) The STL flow will not continue until ALL branch flows have completed there tasks.
Thisiscalleda ‘Multiple State Merge” . An explanation of Multiple State Merge now
follows below. In the example below, states S29, S39 and S49 must all be active. If the
instruction list is viewed it can be seen that each of the states has its own
operating/processing instructions but that also additional STL instructions have been
linked together (in a similar concept as the basic AND instruction). Before state S50
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can be activated the trigger conditions must also be active, in this example these are
X10, X11 and X12. Once all states and input conditions are made the merging or joining
state can be SET ON. As is the general case, all of the states used in the setting

procedure are reset automatically.

29

S
$E} @D S8} [S8}TD Y b )=

X10 +— STL S 39

X11 ——}ﬂ ﬂ ouT Y 11

xX12 +—

S 50 STL'S 49
OUT Y 12

29

STL S 39
2 | =A
10

AND X 11

AND X 12
SET s 50 “=A

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

quick visual recognition.

3.9 General Rules For Successful STL Branching

For each branch point 8 further branches may be programmed. There are no limits to
the number of states contained in a single STL flow. Hence, the possibility exists for a
single initial state to branch to 8 branch flows which in turn could each branch to a
further 8 branch flows etc. If the programmable controllers program is read/written

using instruction or ladder formats the above rules are acceptable. However, users of
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the HC-PCS/AT-EE programming package who are utilizing the STL programming

feature are constrained by further restrictions to enable automatic STL program

conversions . When using branches, different types of branching /merging cannot be

mixed at the same branch point. The item marked with a

which are not permitted.

‘S’

are transfer condition

The following branch configurations/modifications are recommended:

| 1 1 1 | | | | | |
[s20] [s30][s40] [s20][s30][s40] [s20]|([s530] [s:20]][s30]
X0 =+ X1 4+ X2 + X0 4+ X1+ L
X0 T X0 +
— — X1 L X2 3|~
X3 o X4 1
S50 [S60 S40| S50 s40] [s 50
[55] [56 EIZI IIIIIIIIIIII
'r Rewrite as ' Rewrite as -.. ‘
| l 1 1 | | | | | |
|s20|[s30][s40] |s20||s30)|s40| ([s20|(|s30] [s:20]/(s30)
X0 4+ X1 4+ X2 + | X0 4+ X1+ -
X0 ®0 +
5 100 Dummy state Dummy Durmmy Dummy
[s-1od [s101 stato [5 10 tate 5103 o
=T (E100) = (S100) e T {S103 == {5103}~
X3 4 X4+ —_|—_ = X1 4 X2
S50 [S60 540] [550 s40] [s50
[550] [S60 |:|:| |r|||| |r||||
In Instruction In Instruction
format... .’ format... "’ '.'
STL & 20 STL S 20 STL S 20 STL S 20
L X 0O STL S 30 Lb x 0 STL S 30
SET S 100 STL S 40 SET S 102 LD X 0
STL S 30 LD X 0 STL S 30 SET S 103
Lb X 1 SET S 101 Lb X 1 STL S 103
SET S 100 STL S 101 SET S 102 LD S 103
STL S 40 LD S 101 STL S 102 AND X 1
Lb X 2 SET S 50 LO S 102 SET S 40
SET S 100 SET S &0 SET S 40 LD S 103
STL S 100 SET S 50 AND X 2
LD S 100 SET S 50
AND X 3
SET S 50
LD S 100
AND X 4
SET S 60
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Further recommended program changes:

——

®0 4+
¥ 4+ x4

X10
X1

1L 14

Rewrite as...

=

[s21] [s23] [s25] [s27]

X2 X5

X1z

X15

[E22] [S2a4] [S26] [S28]

——

X0 4+ X0
X1 T X4 4

- X10 4 X10 4
L X411 4 X14 +

[s21] [s23] [s25] [s27]

X2

X5

Xz

X15

[E22] [S24] [E26] [S28]

X3 + X6 :l» X¥13 + X186 :}— X3 + X6 T X13 + X16
X7 =+ AT + X7 4+ X7 4+ X7 + X7 +
S 29 S 29
Program violation!
‘:Ij Rewrite as... =50
X0 + x1 4

|

T 7

1 |
[s21] [s23] [s25] [527]

 t

xa +

x4

xs +

[822] [s24] [528] [528]
I I

X6 4 x7 4
| S 29

STL S 20 STL S 22

LD X 0 STL S 24

SET 5 21 LD X &

SET S 23 SET S 29

LD X A1 STL S 26

SET S 25 STL S 28

SET S 27 ID X 7

SET S 29

3.10 Advanced STL Use

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

a) Automatic:

- Single step
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- Single cycle

- Continuous

b) Manual:

- Operator controlled

- Zero return

4. Devices in Detail

4.1 Inputs

Device Mnemonic:X
Purpose: Representation of physical inputs to the programmable controller (PLC)
Alias: I/P
Inp

(X) Input

Input contact
Available forms: NO () and NC () contacts only (see example device usage for
references)
Devices numbered in: Octal, i.e. X0 to X7, X10 to X17
Further uses: None

Example device usage:
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Y10 |

M X

Available devices:

« Alternatively refer to the relevant tables for the selected PLC in chapter 8.
Configuration details:

+ Please see chapter 9

4.2 Outputs

Device Mnemonic: Y
Purpose: Representation of physical outputs from the programmable controller
Alias: O/P

Otp

Out (Y)

Output (Y)
Output (coil/ relay/ contact)
Available forms: NO () and NC contacts and output coils ()
(see example device usage for references)
Devices numbered in: Octal,i.e. YO to Y7,Y10 to Y17
Further uses: None

Example device usage
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EIN
:

4.3 Auxiliary Relays

Device Mnemonic: M
Purpose: Internal programmable controller status flag
Alias: Auxiliary (coil/ relay/ contact/ flag)

M (coil/ relay/ contact /flag)

M (bit) device
Available forms: NO () and NC contacts and output coils ()
(see example device usage for references)
Devices numbered in: Decimal, i.e. M0 to M9, M10 to M19

Example device usage:

Mlaiav T
i b
@ @
@
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4.3.1 General Stable State Auxiliary Relays

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

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

Only output relays can be used to do this,

Available devices:

PLC HCALP HCA2P HCA2C
General auxiliary relays | 384 384 384
(MO - 383) (MO - 383) (MO - 383)
Battery backed/ | 128 (M384 - | 1152 (M384-1535) | 1152 (M384 - 1535)
latched relays 511)
Total available 512 1536 1536

« For more information about device availability for individual PLCs, please see

chapter 8.

4.3.2 Battery Backed/ Latched Auxiliary Relays

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

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

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

A SET and RST (reset) instruction can be used to retain the status of a relay being

activated momentarily.

X0
| | SET| M507
X1
| | RST M507

External loads:

« Auxiliary relays are provided with countless number of NO contact points and NC
contact points. These are freely available for use throughout a PLC program. These
contacts cannot be used to directly drive external loads. All external loads should be

driven through the use of direct (Y) outputs.
4.3.3 Special Diagnostic Auxiliary Relays

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

a) Using contacts of special auxiliary relays

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

Examples: M8000: RUN monitor (ON during run)

M8002: Initial pulse (Turned ON momentarily when PLC starts)

M8012: 100 msec clock pulse

b) Driving coils of special auxiliary relays

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

Examples: M8033: All output statuses are retained when PLC operation is stopped
M8034: All outputs are disabled

M8039: The PLC operates under constant scan mode

Available devices:

« Notall PLC’ s share the same range, quantity or operational meaning of diagnostic
auxiliary relays. Please check the availability and function before using any device.

PLC specific diagnostic ranges and meanings are available in chapter 6.
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4.3.4 Special Single Operation Pulse Relays

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

instruction after the device coil is activated.

MO to M2799 M2800 to M3072
’ M2800
- =
~
q; 0 ® X0
@ —| LD — 2800
LDF Ng LY & B;Iﬂ L P
[ SET | W51 e M51
F ~
~ s M2800
E%)ﬁ e - SET [ W52 | L@gp — SET | M52
(A L (I L )
—J‘?g SET | M53 @ 'lllg 9 SET M53
LDP - s R LDP N N
O
LD LD

Turning ON X0 causes MO to turn ON.

« Contacts® ,@ and®are pulse contacts and activate for 1 scan.

« Contact@is a normal LD contact and activates while MO is ON.

Turning ON X0 causes M2800 to turn ON.

« Contact®is a pulse contact and activates for 1 scan.

« Contacts®and@are pulse contacts of the same M device as contact®,
Contact®has already operated, so contact®and@®do not operate.

« Contact® isanormal LD contact and activates while M2800 is ON.

4.4 State Relays

Device Mnemonic: S

Purpose :Internal programmable controller status flag
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Alias: State (coil/ relay/ contact/ flag)
S (coil/ relay/ contact /flag)
STL step (coil/ relay/ contact /flag)
Annunciator flag
Available forms: NO () and NC contacts and output coils ()
(see example device usage for references)
Devices numbered in: Decimal, i.e. SO to S9, S10 to S19

Example device usage:

X
|

X1
F S2
S2}ﬂ

4.4.1 General Stable State - State Relays

o

®

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

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

Only output Relays can be used to do this.
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4.4.2 Battery Backed/ Latched State Relays

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

External loads:

« State relays are provided with countless number of NO contact points and NC
contact points, and are freely available for use throughout a PLC program. These
contacts cannot be used to directly drive external loads. All external loads should be

driven through the use of direct (ex. Y) outputs.

4.4.3 STL Step Relays

States (S) are very important devices when programming

step by step process control. They are used in

combination with the basic instruction STL.

When all STL style programming is used certain states have a pre-defined operation.
The step identified as in the figure opposite is called an  ‘initial state’ . All other state
steps are then used to build up the full STL function plan. It should be remembered
that even though remaining state steps are used in an STL format, they still retain their

general or latched operation status. The range of available devices is as specified in
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the information point of the previous section.

Assigned states:

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

S0 : Manual operation initial state

S1: Zeroreturninitial state

S2 :Automatic operation initial state

$10 to S19: Allocated for the creation of the zero return program sequence

Monitoring STL programs:

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

M8047 must be driven ON.

@ STL/SFC programming;:

+ For more information on STL/SFC style programming, please see chapter 3. IST
instruction:

« For more information on the IST instruction please FNC 60 in Chapter 5.
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4.4.4 Annunciator Flags

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

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

annunciator range will be displayed.

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

lowest fault will then be processed.

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

latched state registers.

Monitoring is enabled by driving special
g y gsp ﬂ?(}m @_
auxiliary relay M8049 ON. Yo xo  /VFNC46

— —f—{ANS[ T0 [K10[S900}—

/v FNC46

. . e . . X1 X2
State S900 is activated if input X0 is not driven ¢ % ANS[TT (K20 [S90T—

cilar FNC46
within one second after the output YO has been _Tf—ﬁ—|m<;1 T2 [K100]5902}—
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turned ON.

State S901 is activated when both inputs X1 and X2 are OFF for more than two
seconds.

If the cycle time of the controlled machine is less than ten seconds, and input X3 stays
ON, state

S902 will be set ON if X4 is not activated within this machine cycle time.

If any state from S900 to S999 is activated, i.e. ON, special auxiliary relay M8048 is
activated to turn on failure indicator output Y10. The states activated by the users
error / failure diagnosis detection program, are turned OFF by activating input X5.
Each time X5 is activated, the active annunciator states are reset in ascending order of

state numbers.

4.5 Pointers

Device Mnemonic: P
Purpose: Program flow control
Alias: Pointer

Program Pointer

Available forms: Label: appears on the left of the left hand bus bar when the program
is

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

Example device usage:

X20
leo <TTPE — | %

@
ool S @é FEND}—
P1 | CO—

RET

Jumping to the end of the program:
« When using conditional jump instructions (CJ, function 00) the program end can be
jumped to automatically by using the pointer P63 within the CJ instruction. Labelling

the END instruction with P63 is not required.

Device availability:

« For more information about device availability for individual PLCs, please see

chapter 8.

4.6 Interrupt Pointers

Device Mnemonic: |
Purpose: Interrupt program marker
Alias: Interrupt

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

(see in the example device usage diagram).

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

Example device usage:

FEND—

1101} } C O

k=
k.f_‘“

[IRET
END

Additional applied instructions:

« Interrupts are made up of an interrupt device, an interrupt pointer and various
usage of three, dedicated interrupt applied instructions;

- IRET function 03: interrupt return

- El function 04: enable interrupt

- DI function 05: disable interrupt

Nested levels:

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

90



HCFa

— RJIIf& 13 ——HCFA CORPORATION

Pointer position:
« Interrupt pointers may only be used after an FEND instruction (first end instruction,

function 06)
4.6.1 Input Interrupts

Identification of interrupt pointer number:

a3 00Q
|

\ T
0: interrupt triggered on trailing/ falling edge of input signal

1:interrupt triggered on leading/ rising edge of input signal

Input number; each input number can only be used once.

Rules of use:

« The following points must be followed for an interrupt to operate;

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

- The input used for the interrupt device must not coincide with inputs already

allocated for use by other high speed instructions within the user program.
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4.6.2 Timer Interrupts

Identification of interrupt pointer number:

[ R

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

specified time.

Timer interrupt number 3 points (6 to 8)

Example: 1610

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

when an IRET instruction is encountered.

Rules of use:

« The following points must be followed for an interrupt to operate;
- Interrupt pointers cannot have the same number inthe ‘100" s’ position, i.e. 1610

and 1650 are not allowed.
4.6.3 Disabling Individual Interrupts

Individual interrupt devices can be temporarily or permanently disabled by driving an

associated special auxiliary relay. The relevant coils are identified in the tables of
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devices in chapter 6. However for all PLC types the head address is M8050, this will

disable interrupt 101

Driving special auxiliary relays:

« Never drive a special auxiliary coil without first checking its use. Not all PLC" s
assign the same use to the same auxiliary coils.

Disabling high speed counter interrupts

+ These interrupts can only be disabled as a single group by driving M8059 ON.

Further details about counter interrupts can be found in the following section
4.6.4 Counter Interrupts

Identification of interrupt pointer number:

1030

T Counter interrupt number 6 points (1 to 6). Counter interrupts

can be entered as the output devices for High Speed Counter
Set (HSCS, FNC 53). To disable the Counter Interrupts Special Auxiliary Relay M8059

must be set ON.

Example:

The sequence programmed after the label

M8000
}—1 F——{DHSCS| K100| C255| 1030 }—‘

(indicated by the 1030 pointer) is executed once

the value of High Speed Counter C255
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reaches/equals the preset limit of K100 identified in the example HSCS.

Additional notes:

+ Please see the following pages for more details on the HSSC applied instruction.

- High Speed Counter Set, HSCS FNC 53
4.7 Constant K

Device Mnemonic: K
Purpose: Identification of constant decimal values
Alias: Constant

K (value/ constant)

K
Available forms: Numeric data value, when used for 16bit data, values can be selected
from the range -32,768 to +32,767
For 32bit data, values from the range -2,147,483,648 to + 2,147,483,647 can be used.
Devices numbered in: N/A. This device is a method of local instruction data entry.
There is no limit to the number of times it can be used.
Further uses: K values can be used with timers, counters and applied instructions

Example device usage: N/A
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4.8 Constant H

Device Mnemonic: H
Purpose: Identification of constant hexadecimal values
Alias: Constant

H (value/ constant)

Hex (value/ constant)

H
Available forms: Alpha-numeric data value, i.e. 0 to 9 and Ato F (base 16).
When used for 16bit data, values can be selected from the range 0 to FFFF.
For 32bit data, values from the range 0 to FFFFFFFF can be used.
Devices numbered in: N/A. This device is a method of local instruction data entry.
There is no limit to the number of times it can be used.
Further uses: Hex values can be used with applied instructions

Example device usage: N/A

4.9 Timers

Device Mnemonic: T
Purpose: Timed durations
Alias: Timer(s)

T

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

Various timer resolutions are possible, from 1 to 100 msec, but availability and

quantity vary from PLC to PLC. The

X0
following variations are also K123

available:-Selectable timer

resolutions
Further uses: None

Example device usage:

4.9.1 General timer operation

Timers operate by counting clock pulses (1, 10 and 100 msec). The timer output
contact is activated when the count data reaches the value set by the constant K. The
overall duration or elapsed time, for a timers operation cycle, is calculated by
multiplying the present value by the timer resolution, i.e.
A 10 msec timer with a present value of 567 has actually been operating for:

567X 10 msec

567X 0.01 sec =5.67 seconds
Timers can either be set directly by using the constant K to specify the maximum
duration or indirectly by using the data stored in a data register (ex. D). For the indirect

setting, data registers which are battery backed/ latched are usually used; this ensures
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no loss of data during power down situations. If however, the voltage of the battery
used to perform the battery backed service, reduces excessively, timer malfunctions

may occur.
4.9.2 Selectable Timers

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

- For HCAL1P, driving M8028 ON, timers T32 to 62 (31 points) are changed to 10 msecn
resolution.

@ Driving special auxiliary coils:

+ Please check the definition of special auxiliary coils before using them. Not all

PLC’ s associate the same action to the same device.
4.9.3 Retentive Timers

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

Because the retentive timer is not reset when the drive contact is removed, a forced

reset must be used. The following diagram shows this in a graphical format.
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Non-retentive timer operation Retentive timer operation
X0 X1
I T20 I T250
K123 K345
T20 T250
| Y0 I Y1
X2
— (RSTT250
k41235 Ry k24 t1+12=345s

oLl x]

I

! ]

. ]

Present value . ' Present value :
-\ ; BN | P

Y0 [ Y1 1
X2 1

4.9.4 Timers Used in Interrupt and ‘CALL’ Subroutines

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

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

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

value.
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4.9.5 Timer Accuracy

Timer accuracy can be affected by the program configuration. That is to say, if a timer
contact is used before its associated coil, then the timer accuracy is reduced. The
following formulas give maximum and minimum errors for certain situations.
However, an average expected error would be approximately;

1.5XThe program scan time.

Condition 1:
X10
} TO
The timer contact appears after the timer
T0
} Y10
coil.
Maximum timing error: T0
i Y10
2XScan time + The input filter time X10
I TO
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Minimum timing error:
Input filter time - The timer resolution
Condition 2:
The timer contact appears before the timer coil.
Maximum timing error:
3XScan time + The input filter time
Minimum timing error:

Input filter time- The timer resolution

Internal timer accuracy:

« The actual accuracy of the timing elements within the PLC hardware is; = 10

pulses per million pulses. This means that if a 100 msec timer is used to time a single

day, at the end of that day the timer will be within 0.8 seconds of the true 24 hours or

86,400 seconds. The timer would have processed approximately 864,000; 100 msec

pulses.

4.10 Counters

Device Mnemonic: C
Purpose: Event driven delays
Alias: Counter(s)

C

Available forms: Adriven coil sets internal PLC contacts (NO and NC contacts

100



HCFa

— KJII#&43 ——HCFA CORPORATION

available).
Various counter resolutions are possible including;
(The availability and use of all these counters is PLC specific - please check
availability before use)
Devices numbered in:Decimal,i.eC0toC9,C10toC19
Further uses: None

Example device usage:

4.10.1 General/ Latched 16bit UP Counters

The current value of the counter increases each time coil

CO is turned ON by X11. The output contact is activated

when the coil is turned ON for the tenth time (see

X10
diagram). m
ho |
s 910
After this, the counter data remains unchanged when X11 s
0 1 2 :
is turned ON. The counter current value is reset to ‘0’ o ,—€

(zero) when the RST instruction is executed by turning ON

X10 in the example. The output contact YO is also reset at the same time.

Counters can be set directly using constant K or indirectly by using data stored in a
data register (ex. D). In an indirect setting, the designation of D10 for example, which

contains the value “123” has the same effect as a setting of “K123” .
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If a value greater than the counter setting is written to a current value register, the
counter counts up when the next input is turned ON.
This is true for all types of counters. Generally, the count input frequency should be

around several cycles per second.

Battery backed/latched counters:

« Counters which are battery backed/ latched are able to retain their status
information, even after the PLC has been powered down. This means on re-powering
up, the latched counters can immediately resume from where they were at the time of

the original PLC power down.
4.10.2 General/ Latched 32bit Bi-directional Counters

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

value or current count of C200 is incremented.

x12 Upcounting | | Up counting
Down counting

-

T

x4 NOANALARARAN AL o
:

! | : i X13
Counters | | i ! —
' i i x14

— —————(C200—
C200

If output is already
Y1 tumed ON T

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

direction is designated with special auxiliary relays M8200 to M8234.

« Counters which are battery backed/ latched are able to retain their status

Battery backed/ latched counters:

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

the original PLC power down.

Selecting the counting direction:

o If M8¥¢ v for Cede¥ris turned ON, the counter will be a down counter. Conversely,

the counter is an up counter when M8yx¥kis OFF.

4.11 High Speed Counters

Device Mnemonic: C

Purpose: High speed event driven delays
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Alias: Counter (s)
C

High speed counter (s)

Phase counters
Available forms: A driven coil sets internal PLC contacts (NO and NC contacts
available).
There are various types of high speed counter available but the quantity and function
vary from PLC to PLC. Please check the following sections for device availability;
Devices numbered in: Decimal, i.e C235 to C255
Further uses: None
Example device usage: For examples on each of the available forms please see the

relevant sections

4.11.1 Basic High Speed Counter Operation

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

The selection of high speed counters are not free, they are directly dependent on the

type of counter required and which inputs are available.

Available counter types;
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a) 1 phase bi-directional with user start/reset: C235 to C240

b) 1 phase bi-directional with assigned start/reset: C241 to C245
c) 1 phase two input bi-directional: C246 to C250

d) A/B phase type: C251 to C255

Please note ALL of these counters are 32bit devices.

High speed counters operate by the principle of interrupts. This means they are event
triggered and independent of cycle time. The coil of the selected counter should be
driven continuously to indicate that this counter and its associated inputs are

reserved and that other high speed processes must not coincide with them.

Example:
When X20 is ON, high speed counter
X20
| |
C235 is selected. The counter C235 T (235
X20 K4789
, e C236
corresponds to count input X0. X20 D4

is NOT the counted signal. This is

the continuous drive mentioned earlier. X0 does not have to be included in the
program. The input assignment is hardware related and cannot be changed by the
user.

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

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

Driving high speed counter coils:

« The counted inputs are NOT used to drive
the high speed counter coils.

This is because the counter coils need to be

X0

I \ C235

X1 K K4789

|| (C236)
D4

continuously driven ON to reserve the associated high speed inputs. Therefore, a

normal non-high speed drive contact should be used to drive the high speed counter

coil. Ideally the special auxiliary contact M8000 should be used. However, this is not

compulsory.

4.11.2 Availability of High Speed Counters

The following device table outlines the range of available high speed counters.

| 1 Phase counter
N 1 Phase counter assigned 2 P_ha_se m_::unter A/B Phase counter
user start/reset bi-directional

P start/reset

o R R EEEHEEEEEEE

T ﬁ W W ﬁ ﬁ O I O I E E (s E Bl Bl al|len| | s E
an o =~ =] w = — ] [34] (3] o =~ =-] w0 (=] - (o] L] (4]

X0 |uU/D u/D u/D Uujlu U Al A A

X1 u/D R R D|D D B |B B

X2 u/D u/D u/D R R R R

X3 u/D R R U U A A

X4 u/D u/D D D B B

X5 u/D R R R R R

X6 S S S

X7 S S S
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Key: U- up counter input D- down counter input
R- reset counter (input) S- start counter (input)

A- Aphase counter input B- B phase counter input

@I - Counter is backed up/latched

Input assignment:

« X6 and X7 are also high speed inputs, but function only as start signals. They
cannot be used as the counted inputs for high speed counters.

« Different types of counters can be used at the same time but their inputs must
not coincide. For example, if counter C247 is used, then the following counters and
instructions cannot be used; C235, C236, C237, C241, C242, C244, C245, C246, C249,
C251, C252, C254, 10010, 1L 12010

Counter Speeds:

+ General counting frequencies:

- Single phase and bi-directional counters; up to 10 kHz.

-A/B phase counters; up to 5 kHz.

- Maximum total counting frequency (A/B phase counter count twice)
4.11.3 1 Phase Counters - User Start and Reset (C235 - C240)

These counters only use one input each.
When direction flag M8235 is ON, counter C235 counts down. When it is OFF, C235

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

contacts of the counter C235 are also reset. 1l @
1 RST| C235

' C235
[
previous counter tables, the corresponding K1234

When X12 is ON, C235 is selected. From the

counted input for C235 is X0. C235 therefore

counts the number of times X0 switches from OFF to ON.

Device specification:

+ All of these counters are 32bit up/down ring counters. Their counting and contact
operations are the same as normal 32bit up/down counters described. When the
counters current value reaches its maximum or setting value, the counters associated
contacts are set and held when the counter is counting upwards. However, when the

counter is counting downwards the contacts are reset.

Setting range:

« -2,147,483,648 to +2,147,483,647

Direction setting:

+ The counting direction for 1 phase counters is dependent on their corresponding
flag M8k ;wherevcicyeis the number of the corresponding counter, (C235 to
C240).
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When M8 ¥sv¥ris ON the counter counts down,

When M8¥¢ s y<is OFF the counter counts up.

Using the SPD instruction:

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

When the SPD instruction is used it is considered by the system to be a 1 phase high
speed counter. This should be taken into account when summing the maximum

combined input signal frequencies - see the previous section.

4.11.4 1 Phase Counters - Assigned Start and Reset (C241 to C245)

These counters have one countable input and 1

I M824 |
f| RST[ C245—

. X15
C245 also have a start input. I @.
DO

reset input each. Counters C244 and

When the direction flag M8245 is ON, C245 counts
down. When it is OFF C245 will count up.

When X14 is ON, C245 resets in the same manner as normal internal 32bit counters,
but C245 can also be reset by input X3. This is assigned automatically when counter

C245 is used (see previous counter tables).
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Counter €245 also has an external start contact, again automatically assigned. This is
actually input X7. Once again this data can be found on the previous counter tables.
When X7 is ON, C245 starts counting, conversely when X7 is OFF C245 stops counting.
The input X15 selects and reserves the assigned inputs for the selected counter, i.e. in
this case C245.

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

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

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

pair to provide the 32bit data format required.

Device specification:

+ All of these counters are 32bit up/down ring counters. Their counting and contact
operations are the same as normal 32bit up/down counters described on chapter 4-21.
When the counters current value reaches its maximum or setting value, the counters
associated contacts are set and held when the counter is counting upwards.

However, when the counter is counting downwards the contacts are reset.

Setting range:

« -2,147,483,648 to +2,147,483,647
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Direction setting:

+ The counting direction for 1 phase counters is dependent on their corresponding
flag

M8+ ¥ ;whereyy s ¥ris the number of the corresponding counter, (C241 to C245).

- When M8v<v¥¢yxis ON the counter counts down.

- When M8Yx¥¢vxis OFF the counter counts up.

4.11.5 2 Phase Bi-directional Counters (C246 to C250)

These counters have one input for counting up and one input for counting down.
Certain counters also have reset and start inputs as well.
When X10 is ON, C246 resets in the same way as standard 32bit counters. Counter

C246 uses inputs;

X0 to count up and

RST| C246

X1 to count down

For any counting to take place the drive D2

input X11 must be ON to set and reserve
the assigned inputs for the attached counter, i.e. C246. Note:
X0 moving from OFF to ON will increment C246 by one

X1 moving from ON to OFF will decrement C246 by one

Bi-directional counter C250 can be seen to

| X13
| |
have X5 as its reset input and X7 as its start | | ' 025}31234

input. Therefore, a reset operation can be
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made externally without the need for the RST C250 instruction.
X13 must be ON to select C250.But start input X7 must be ON to allow C250 to actually
count. If X7 goes OFF counting ceases.

Counter C250 uses input X3 to count up and input X4 to count down.

: Device size:

+ All of these counters have 32bit operation.

Setting range:

« -2,147,483,648 to +2,147,483,647

Direction setting:

+ The counting direction for 1 phase counters is dependent on their corresponding
flag M8y ;wherevcic¥cis the number of the corresponding counter, (C241 to
C245).

- When M8v<s3kis ON the counter counts down,

- When M8Yx¥¢vxis OFF the counter counts up.

4.11.6 A/B Phase Counters (C252 to C255)

With these counters only the input identified in the

Up-count
previous high speed counter tables can be used for Aphase
counting. The counting performed by these devices B_phaseu
Down-count
112
A-phase L
B-phase . .
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is independent of the program cycle (scan) time. Depending on the counter used, start,
reset and other associated inputs are automatically allocated.

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

While the wave form of the A phase is in the ON state and... the B phase moves from
OFF to ON the counter will be counting up. However, if... the B phase moves from ON
to OFF the counter will be in a down configuration.

One count is registered after both A and B phase inputs have been given and released

in the correct order.

C251 counts the ON/OFF events of input X0 (the A

X1
f
phase input) and input X1 (the B phase input) while XI1I1 (G
X1

2 K1234
X11is ON. —

| (€255
C255 starts counting immediately when X7 is turned DO

ON while X13 is ON. The counting inputs are X3 (A phase) and X4 (B phase). C255 is

reset when X5 is turned ON. It can also be reset with X12 in the sequence.

Device specification:
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« A maximum of 2 points - 2 phase, 32bit, up/down counters can be used. The
operation of the output contact in relation to the counted data is the same as
standard 32bit counters described in section 4.11.

Setting range:

« -2,147,483,648 to +2,147,483,647

Direction setting:

+ Check the corresponding special relay M8 to determine if the counter is counting

up or down.

4.12 Data Registers

Device Mnemonic: D
Purpose: Astorage device capable of storing numeric data or 16/32bit patterns
Alias:  Data (register/ device/ word)
D (register)
D
Word
Devices numbered in: Decimal, i.e. DO to D9, D10 to D19
Further uses: Can be used in the indirect setting of counters and timers

Example device usage: None

Available devices:

HCA1P HCA2P/HCA2C
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General use 128 (DO - 127) 128 (DO - 127)

registers

Latched registers | 128 (D128 - 255) 7872 (D128 -

7999)
Diagnostic 256 (D8000 - | 256  (D8000 -
registers 8255) 8255)
File registers R N/A 7000 (D1000
7999)
Adjustable 2 (D8030 - 8031) 2 (D8030 - 8031)

registers F

R - These devices are allocated by the user at the expense of available program steps.

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

4.12.1 General Use Registers

Data registers, as the name suggests, store data. The stored data can be interpreted as

a numerical value or as a series of bits, being either ON or OFF.

A single data register contains 16bits or one word. However, two consecutive data
registers can be used to form a 32bit device more commonly known as a double word.
If the contents of the data register is being considered numerically then the Most
Significant Bit (MSB) is used to indicate if the data has a positive or negative bias. As

bit devices can only be ON or OFF, 1 or 0 the MSB convention used is, 0 is equal to a
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positive number and 1 is equal to a negative number.

) Do i
b= LI IITITITITTTTTTT]]
) LO:@
‘(& 1:©| MSB - Most Significant Bit

LD:@
1:©

MSB - Most Significant Bit

The diagram above shows both single and double register configurations. In the
diagram, at point®), it should be noted that the ‘lower’ register DO no longer has a

‘Most Significant Bit’ . This is because it is now being considered as part of a
32bit-double word. The MSB will always be found in the higher 16 bits, i.e. in this case
D1. When specifying a 32 bit data register within a program instruction, the lower
device is always used e.g. if the above example was to be written as a 32bit
instructional operand it would be identified as DO. The second register, D1, would

automatically be associated.

Once the data is written to a general data register, it remains unchanged until it is
overwritten.
When the PLC is turned from RUN to STOP all of the general data registers have their

current contents overwritten with a 0 (zero).
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Data retention:

+ Data can be retained in the general use registers when the PLC is switched from RUN

to STOP if special auxiliary relay M8033 is ON.

Data register updates:

+ Writing a new data value to a data register will result in the data register being

updated with the new data value at the end of the current program scan.
4.12.2 Battery Backed/ Latched Registers

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

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

programming tools manual.
4.12.3 Special Diagnostic Registers

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

- Note: When the power is turned ON, all registers are first cleared to 0 (zero) and then

the default values are automatically written to the appropriate registers by the system
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software. For example, the watchdog timer data is written to D8000 by the system
software. To change the setting, the user must write the required value over what is
currently stored in D8000.

Data stored in the special diagnostic registers will remain unchanged when the PLC is

switched from STOP mode into RUN.

@ Use of diagnostic registers:

+ On no account should unidentified devices be used. If a device is used, it should only
be for the purpose identified in this manual. Please see chapter 6 for tables containing

data and descriptions of the available devices for each PLC.
4.12.4 File Registers

Program memory registers

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

File registers are actually setup in the parameter area of the PLC. For every block of

500 file registers allocated and equivalent block of 500 program steps are lost.

Note: The device range for file registers in the HCA2P and HCA2C overlaps with the

latched data registers. The allocation of these devices as file registers ensures that the
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data is kept with the program.

Writing to file registers:

« HCALP file register data can only be changed by a personal computer running the
appropriate software.

For details of how to carry out the changes please reference the relevant operation
manual for guidance.

« HCA2P/HCA2C file register data can also be changed by the PLC program using the
BMOV instruction.

Special caution when using HCA1P:

+ No file registers can be modified during RUN

« Please refer to chapters 6 and 8, where further details of the available devices can be

Available devices:

found.

4.12.5 Externally Adjusted Registers

The HCA1Pand HCA2P/HCA2C have built in  “setting pots” which are used to adjust
the contents of certain dedicated data registers. The contents of these registers can
range from 0 to 255. This is a built in feature and requires no additional setup or

programming.
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Uses:

« This facility is often used to vary timer settings, but it can be used in any application
where a data register is normally found, i.e. setting counters, supplying raw data, even

selection operations could be carried out using this option.

4.13 Index Registers

Device Mnemonic: V,Z
Purpose: To modify a specified device by stating an offset.
Alias: (V/ Z) Register

Index (register/ addressing/ modifier)

Offset(s) (register/ addressing/ modifier)

Indices
Modifier
k= 16 Bit —f k- 16 Bit—f
Available forms:
For 16bitdataVorZ k 32 Bit 4
L v [ z |
(2 devices)

For 32bit dataV and Z combined
(1 device - Zis specified)

Operation is similar to data registers

Devices numbers: 16 devices V0 -V7 and Z0 - Z7
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Further uses: Can be used to modify the following devices under certain conditions;
X,Y,M,S,P,T,C,D,K, H, KnX, KnY, KnM, KnS

Example device usage:

The program shown right transfers data from D5V to D10Z.

If the data contained in register V is equal to 8 and the data in register Z is equal to 14,
then:

V=8

D5V

D5+8=13D13

Z=14

D10Z

D10+14=24D24

Hence, the actual devices used after the modifiers V and Z have been taken into
account are;

D13 and D24 and not D5 and D10 respectively.

Use of Modifiers with Applied Instruction Parameters:

« All applied instruction parameters should be regarded as being able to use index

registers to modify the operand except where stated otherwise.
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4.13.1 Modifying a Constant

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

Example:

K 20

If V = 3276 then K20V < ¥ (3276)
3296

4.13.2 Misuse of the Modifiers

Modifying Kn devices when Kn forms part of a device description such as KnY is not
possible,
i.e. while the following use of modifiers is permitted;
K3Z
KIM10V
Y20Z
Statements of the form:
K4ZY30
are not acceptable.

- Modifiers cannot be used for parameters entered into any of the 20 basic

instructions, i.e. LD, AND, OR etc.
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4.13.3 Using Multiple Index Registers

The use of multiple index registers is sometimes necessary in larger programs or
programs which handle large quantities of data. There is no problem from the PLC’ s
point of view in using both V and Z registers many times throughout a program. The
point to be aware of is that it is sometimes confusing for the user or a maintenance

person reading such programs, as it is not always clear what the current value of V or Z

is.
Example: 0
X1
V=10 (K10) >
Z =20 (K20) —)1(2I—| ADD | D 5V|D 157]D40Z}—
e
D5V =D15 (D5+V =D5+ 10 = D15) -
—{ ————{DADD[D 0[D 2[D 4z}

D15Z=D35(D15+Z=D15+20=D35)
D40Z = D60 (D40 + Z = D40 + 20 = D60)
Both V and Z registers are initially set to K10 and K20 respectively.

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

V is then reset to 0 (zero) and both V and Z are used in the double word addition
(DADD).

The contents of D1, DO are then added to D3, D2 and then finally stored in D25, D24.

4.14 Bits, Words, BCD and Hexadecimal

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

Available devices:

« For PLC specific available devices please see chapter 8.
4.14.1 Bit Devices, Individual and Grouped

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

The PLC identifies groups of bit devices which should be regarded as a single entity by
looking for a range marker followed by a head address. This is of the form KnP where
Prepresents the head address of the bit devices to be used. The Kn portion of the
statement identifies the range of devices

enclosed. “n” canbeanumberfromtherangeOto8.Each “n” digit actual represents 4
bit devices, i.e K1 =4 bit devices and K8 = 32 bit devices. Hence all groups of bit

devices are divisible by 4.

The diagram and example on the following page explain this idea further........

Assigning grouped bit devices:

As already explained, bit devices can be grouped into 4 bit units. The “n” in KnMO
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defines the number of groups of 4 bits to be combined for data operation. K1 to K4 are
allowed for 16bit data operations but K1 to K8 are valid for 32bit operations.
K2MO, for example identifies 2 groups of 4 bits; MO to M3 and M4 to M7, giving a total of

8 bit devices or 1 byte. The diagram below identifies more examples of Kn Ycuse.

X37X36 X35X34X33 X32X31X30  X16X15X14X13X12X11X10 X7 X6 X5 X4 X3 X2 X1 X0
lof1]ofofof1]o] % Y Jofof1]1]o[1]ofo[1][1]o[1[1]o0]

K1X6 K1X0

K3X0

K8X0

K1X0 : X0 to X3—4 bit devices with a head address of X0
K1X6 : X6 to X11—4 bit devices with a head address of X6
K3X0 : X0 to X13—12 bit devices with a head address of X0

K8X0 : X0 to X37—32 bit devices with a head address of X0

Moving grouped bit devices:

« If a data move involves taking source data and moving it into a destination which is
smaller than the original source, then the overflowing source data is ignored. For
example;

If K3M20 is moved to KIMO then only M20 to M23 or KIM20 is actually moved. The
remaining data K2M24 or M24 to M31 is ignored.

Assigning 1/0:
+ Any value taken from the available range of devices can be used for the head
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address ‘marker’ of a bit device group. However, it is recommended to use a 0 (zero)
in the lowest digit place of X and Y devices (X0, X10, X20.....etc). For M and S devices,
use of a multiple of “8” is the most device efficient. However, because the use of such
numbers may lead to confusion in assigning device numbers, it recommended to use

a multiple of “10” . This will allow good correlation to X and Y devices.

4.14.2 Word Devices

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

It may seem strange to quote the size of a word device in bits. This is not so strange
when it is considered that the bit is the smallest unit of data within the PLC. So by
identifying everything in bit format a common denomination is being used, hence
comparison etc is much easier.

Additional consequences of this bit interpretation is that the actual data can be
interpreted differently. The physical pattern of the active bits may be the important
feature or perhaps the numerical interpretation of the bit pattern may be the key to

the program. It all comes down to how the information is read.

4.14.3 Interpreting Word Data

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

- A pure bit pattern

-Adecimal number

- A hexadecimal number

- Or as a BCD (Binary Coded Decimal) number

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

a) Considering a bit pattern

The following bit pattern means nothing - it is simply 16 devices which have two
states.

Some of the devices are randomly set to one of the states. However, if the header
notation (base 2) is added to the 16 bit data the sum, decimal, total of the active bits

can be calculated, e.g.,

110(0(1|1|1|1j0|0|11|1]01]0]|1

<>

MSB 214 213212911910 99 58 57 56 55 54 53 52 o1 A0
1/0({0|1|1(1|1j0(0f1|1|1|({0]1|0[1

Decimal value = (29x )+ (22x N+ (24 x 1)+ (2°x 1)
H25x 1)+ (22x 1)+ (20x 1) + (211 x 1) + (212x 1)
Decimal value = 7797

Thisisin factincorrect!
There is one bit device which has been shaded in. If its header notation is studied

carefully it will be noted that it says MSB. This is the Most Significant Bit. This single bit
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device will determine if the data will be interpreted as a positive or negative number.
In this example the MSBis equal to 1. This means the data is negative.

The answer however, is not -7797.

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

The correct answer is therefore -24971.

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

different.

b) A hexadecimal view
Taking the same original bit pattern used in point a) and now adding a hexadecimal

notation instead of the binary (base 2) notation the bit patterns new meaning

becomes:
Lfofol e[ fofe e efefe]r]o]]
a 4 2 1 a8 4 2 1 8 4 2 1 8 4 2 1
Lrfofofefofefefofofefefefofefe]]

Hexadecimal value = ((1x8)+ (1x 1)), ((1x8)+(1x4)+(1x2)),
(Tx4)+(1x2)+(1x1)), (1x4)+(1x1))

Hexadecimal value = 9E75
128



HCFa

— RJIIf& 13 ——HCFA CORPORATION

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

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

e.g. Ato F respectively.

As a result of base 16 counting, 4 binary bits are required to represent one base 16 or
hexadecimal number. Hence, a 16 bit data word will have a 4 digit hexadecimal code.

There is actually a forth interpretation for this bit sequence. This is a BCD or Binary
Coded Decimal reading. The following section converts the original bit pattern into a

BCD format.

c) ABCD conversion

Using the original bit pattern as a base but adding the following BCD headers allows

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

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

example the following values would be found,;

9

Extreme Left Hand Block= ((1X8) + (1 X 1))
Second Right Hand Block= ((1X4) + (1X2) +(1X1))=7

Extreme Right Hand Block= ((1X4) + (1X1))=5

BCD data is read from left to right as a normal number would be read. Therefore, in
this example the “9” would actually represent “9000” . The second right hand block
isactually “70” not “7” .The units are provided by the extreme right hand block, i.e.
5. The hundreds “100" s” would have been provided by the second left hand block
(whichisin error). It is also important to note that there is no sign with BCD converted
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data. The maximum number allowable for a single data word is “9999” and the

minimum is “0000” .

Word Data Summary
In each of the previous cases the original bit pattern had a further meaning. To recap

the three new readings and the original bit pattern.

Decimal : -24971

Hexadecimal: 9E75

BCD: Error (9775)

Each meaning is radically different from the next yet they are all different ways of

describing the same thing. They are in fact all equal to each other!

4.14.4Two’ s Compliment

Programmable controllers, computers etc, use a format called 2” s compliment. This
is a mathematical procedure which is more suited to the microprocessors operational
hardware requirements. It is used to represent negative numbers and to perform
subtraction operations.

The procedure is very simple, in the following example “15-7” is going to be solved:
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Stepl: Find the binary values (this example uses 8 bits)
15=00001111

7=00000111

Step2: Find the inversion of the value to be subtracted.
Procedure: invert all 1istoOis and all Oistol’ s.
7 = (00000111

Inverted 7= 11111000

Step3:Add 1 to the inverted number.

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

Inverted7 11111000

Additionall 00000001

Answer 11111001

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

Step4:Add the answer to the number the subtraction is being made from (i.e. 15).
Procedure: Remember 1+1 =0 carry 1 in base 2 (binary).
Original value 1500001111

Answer found in step3 11111001
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Solution (1) 00001000

The “(1)” isacarried “1” andisignored as this example is only dealing with 8 bits.

Step 5:Convert the answer back.

00001000=8

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

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

quantity of bits.

4.15 Floating Point And Scientific Notation

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

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

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

a) Floating point and

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

General note:

« Sometimes the words ‘Format’ , ‘Mode’ and ‘Notation’ are interchanged
when descriptions of these numerical processes are made. However, all of these
words are providing the same descriptive value and as such users should be aware of
their existence.

Some useful constants

s 3.141 x 100

2n 6.283 x 100

/4 7.853 x 101

n2 9.869 x 100

The speed of light 2.997 X 108 m/s
Gravity, g 9.807 X 100 m/s?

e 2.718 X 100

Fixed points:

Boiling point of liquid oxygen -1.8297 X 102 °C
Melting point of ice 0.00 x 100 °C
Triple point of water 1.00 X 10-2°C
Boiling point of water 1.00 X 102°C

4.15.1 Scientific Notation

This format could be called the step between the ‘integer’ formats and the full
floating point formats. In basic terms Scientific Notation use two devices to store
information about a number or value. One device contains a data string of the actual
characters in the number (called the mantissa), while the second device contains
information about the number of decimal places used in the number (called the

exponent). Hence, Scientific Notation can accommodate values greater/smaller than
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the normal 32 bit limits, i.e. -2,147,483,648 to 2,147,483,647 where Scientific Notation

limits are;
Maximums Minimums
9999*103> 9999*104

-9999*10%  -9999*104

The following points should be remembered about the use of Scientific Notation

within appropriate PLC units;

« The mantissa and exponent are
stored in consecutive data registers.
Each part is made up of 16 bits and
can be assigned a positive or negative

value indicated by the value of the

EXPONENT MANTISSA
Data Register D+1 Data Register D
b15 _ bojb15 b0
HE e L
L Sign bit (MSB) L Sign bit (MSB)
1= Negative 1= Negative
0 = Positive 0= Positive

most significant bit (MSB, or bit 15 of the data register) for each number.

« The mantissa is stored as the first 4 significant figures without any rounding of the

number, i.e. a floating point number of value 2.34567*10%wouldbestoredasa mantissa

of 2345 at data register D and an exponent of O (zero) at data register D+1.

+ The range of available mantissa values is 0, 1000 to 9999 and -1000 to -9999.

+ The range of available exponent values is +35 through to -41.

« Scientific format cannot be used directly in calculations, but it does provide an ideal

method of displaying the data on a monitoring interface.
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4.15.2 Floating Point Format

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

results:

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

c) In Scientific format this calculation would be equal to 3142*103

So it can be seen that a greater degree of accuracy is provided by floating point
numbers, i.e. through the use of larger numerical ranges and the availability of more
calculable digits.

Hence, calculations using floating point data have some significant advantages.
Decimal data can be converted in to floating point by using the FLT, float instruction
(FNC 49). When this same instruction is used with the float fag M8023 set ON, floating

point numbers can be converted back to decimal..

The following points should be remembered about the use of Floating Point within
appropriate PLC units.

« Floating point numbers, no matter what numerical value, will always occupy two
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consecutive data registers (or 32 bits).

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

+ Floating point numbers have both

mantissa and exponents (see Scientific _ _ 5
Data register ‘041" Data register 'O
Ens (16 bits) tjfns (16 hits) bO)|
IIIIIIIIIIIIIIII_IS;!IIIIIIIII
. . Exponat anti
Notation for an explanation of these :l; @bits) |, (23bits) N
Sign bit Floating Point Format

terms). In the case of floating point
exponents, only 8 bits are used.
Additionally there is a single sign bit for the mantissa. The remaining bits of the 32 bit

value, i.e. 23 bits, areused to ‘describe’ the mantissa value.

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

Exponent Mantissa
(bit pattern) (bit pattern)
11111111 1111111111111
11111110 1M1 111111111111111110
00000001 |00000000000000000000001
00000000000000000000000

Zero 0 or 1| 00000000 |00000000000000000000000 All digits are 0 (zero)

Description | Sign Remark

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

Normal Float |0 or 1

4.15.3 Summary Of The Scientific Notation and Floating Point Numbers

The instruction needed to convert between each number format are shown below in a

diagrammatically format for quick and easy reference.
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\liew as either integer of Use tq view the
hexadecimal mantissa and
Perform all mathematical &XDUI_'lEnl of a floating
operations as normal pplnl number as
(MB023 OFF) integer values

Perform all mathematical operations using the special
floating point instructions using double word format
Integers (DEADD, DESUB, DEMUL, DEDIV, DESQR, efc.)

(16 or 32 bit)
(Data registers) |

Floating Point
Numbers
(1°32 bit)

Scientific
Notation
(2" 16 bit)

5. Applied Instructions

They allow the user to perform complex data manipulations, mathematical

Applied Instructions are the ‘specialist’ instructions of the family of PLC’ s.

operations while still being very easy to program and monitor. Each applied
instruction has unique mnemonics and special function numbers. Each applied

instruction will be expressed using a table similar to that shown below:

i ] Operands
Mnemonic Function D Program steps
[o] A method of Valid pointers from the range 0 to 63 CJ,CJP:3steps
FNC 00 jumping to an
(Conditional |identified pointer Jump pointer
Jump) position Pwe7e:1 step

The table will be found at the beginning of each new instruction description. The area
identified as  ‘Operands’ will list the various devices (operands) that can be used

with the instruction.
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Various identification letters will be used to associate each operand with its function,
i.e. D- destination, S- source, n, m- number of elements. Additional numeric suffixes
will be attached if there are more than one operand with the same function.

Not all instructions and conditions apply to all PLC’ s. Applicable CPU’ s are
identified by the boxes in the top right hand corner of the page. For more detailed
instruction variations a second indicator box is used to identify the availability of pulse,
single (16 bit) word and double (32 bit) word format and to show any flags that are

set by the instruction.

16 BIT OPERATION 32 BIT OPERATION PULSE-P

No modification of the instruction mnemonic is required for 16 bit operation. However,
pulse operation requiresa ‘P’ to be added directly after the mnemonic while 32 bit
operation requires a ‘D’ to be added before the mnemonic. This means that if an
instruction was being used with both pulse and 32 bit operation it would look like..... D

Yoy¥ve P whereYs v vrwas the basic mnemonic.

The ‘pulse’ function allows the associated instruction to be activated on the rising
edge of the control input. The instruction is driven ON for the duration of one program
scan.

Thereafter, while the control input remains ON, the associated instruction is not active.
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To re-execute the instruction the control input must be turned from OFF to ON again.
The FLAGS section identifies any flags that are used by the instruction. Details about

the function of the flag are explained in the instructions text.

:- For instructions that operate continuously, i.e. on every scan of the program

the instruction will operate and provide a new, different result, the following
identification symbol will be used™*" ’ to represent a high speed changing state.
Typical instructions covered by this situation have a strong incremental, indexable
element to their operation.

« In most cases the operands of applied instructions can be indexed by a users
program. For those operands which cannot be indexed, the symbol'M' has been

used to signify an operand as being ‘fixed’ after it has been written.

- Certain instructions utilize additional data registers and/or status flags for

example a math function such as ADD (FNC 20) can identify a zero result, borrow and

carry conditions by using preset auxiliary relays, M8020 to M8021 respectively.
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Applied Instructions:

e

10.

1.

12.

13.

14.

15.

16.

17.

FNC 00 - 09

FNC10-19

FNC 30 - 39

FNC 40 - 49

FNC 60 - 69

RRERRARE

FNC 80 - 89

FNC 130-139

FNC 140-149

|

FNC 150-159

FNC 160-169

FNC 180-189

FNC 220-249

Program Flow

Move And Compare

Arithmetic And Logical Operations (+,

Rotation And Shift

Data Operation

High Speed Processing
Handy Instructions
External FX I/O Devices
External FX Serial Devices
Floating Point 1 & 2
Trigonometry (Floating Point 3)
Data Operations 2
Positioning Control

Real Time Clock Control
Gray Codes

Additional Functions

In-line Comparisons
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-, X, +)

5-24
5-34

5-42

5-52

5-66

5-80

5-94

5-110

5-118

5-112

5-126

5-136

5-146

5-146

5-150
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5.1 Program Flow-Functions 00 to 09

D - Destination device.

Symbols list:

S - Source device.

m, n- Number of active devices, bits or an operational constant.

Additional numeric suffixes will be attached if there are more than one operand with
the same function e.g. D1,S3or for lists/tabled devices D3+0,S+9etc.

MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a
number, i.e. positive =0, and negative = 1.

LSB - Least Significant Bit.

Instruction modifications:
Yo ¥e- Aninstruction operating in 16 bit mode, where Ycysvridentifies the instruction
mnemonic.

Y veveP - A 16 bit mode instruction modified to use pulse (single) operation.
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D¢ ¥¢ys- Aninstruction modified to operate in 32 bit operation.

D¥svc¥e P-A32bit mode instruction modified to use pulse (single) operation.

% - A repetitive instruction which will change the destination value on every scan

unless modified by the pulse function.

® - An operand which cannot be indexed, i.e. The addition of V or Z is either invalid or

will have no effect to the value of the operand.

5.1.1 CJ (FNC 00)

) . Operands
Mnemonic Function D Program steps
[oN] Jumps to the Valid pointers from the range 0 to 63 CJ, CJP:3steps
FNC 00 identified pointer Jump pointer
(Conditional |position P7eve: 1 step
Jump)
16 BIT OPERATION 32 BIT OPERATION PULSE-P
X20 [D]
| CJ [ P9 | .
Operation:
POI—| : S o
When the CJ instruction is active it forces the

program to jump to an identified program
marker. While the jump takes place the intervening pro-gram steps are skipped. This
means they are not processed in any way. The resulting effect is to speed up the

programs operational scan time.
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Points to note:

a) Many CJ statements can reference a single pointer.
b) Each pointer must have a unique number. Using
pointer P63 is equivalent to jumping to the END
instruction.

c) Any program area which is skipped, will not update
output statuses even if the input devices change.

For example, the program opposite shows a

situationwhichloadsX1todriveY1l.AssumingX1 is ON

X20

e s o N A
X21 :
CJ[ P9 ]
PO—| O
X0
—
X1
| T
M8000
PO | CYoO—
{END}

and the CJinstruction is activated the load X1, out Y1 is skipped. Now even if X1 is

turned OFF Y1 will remain ON while the CJ instruction forces the program to skip to

the pointer P0. The reverse situation will also apply, i.e. if X1 is OFF to begin with and

the CJ instruction is driven, Y1 will not be turned ON if X1 is turned ON. Once the CJ

instruction is deactivated X1 will drive Y1 in the normal manner. This situation applies

to all types of outputs, e.g. SET, RST, OUT, Y, M & S devices etc.

d) The CJ instruction can jump to any point within
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the main program body or after an FEND instruction.

e) A CJ instruction can be used to Jump forwards through a program, i.e. towards the
END instruction

OR it can jump backwards towards step 0. If a backwards jump is used care must be
taken not to overrun the watchdog timer setting otherwise the PLC will enter an error
situation.

f) Unconditional jumps can be entered by using special auxiliary coils such as M8000.
In this situation while the PLC is in RUN the program will ALWAYS execute the CJ

instruction in an unconditional manner.

: IMPORTANT:

« Timers and counters will freeze their current values if they are skipped by a CJ
instruction. For example if Y1 in the previous program (see point c¢) was replaced by T0O
K100 and the CJ instruction was driven, the contents of TO would not change/increase
until the CJ instruction is no longer driven, i.e. the current timer value would freeze.
High speed counters are the only exception to this situation as they are processed

independently of the main program.

+ Applied instructions are also skipped if they are programmed between the CJ

Using applied instructions:

instruction and the destination pointer. However, The PLSY (FNC 57) and PWM (FNC 58)
instructions will operate continuously if they were active before the CJ instruction was

driven, otherwise they will be processed, i.e. skipped, as standard applied
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instructions.

5.1.2 CALL (FNC 01)

Subroutine D10

{SRETH

) . Operands
Mnemonic Function D Program steps
CALL Executes the Valid pointers from the range 0 to 62 CALL, CALLP:
FNC 01 subroutine 3 step
(Call sub- program starting | Nest levels: 5 including the initial CALL Subroutine pointer
routine) at the identified P2e7e: 1 steps
pointer position
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
X0 [D]
— | (CALLTP 10} When the CALL instruction is active it
FEND forces the program to run the
P10

subroutine associated with the called

pointer (area identified as subroutine

P10). A CALL instruction must be used

in conjunction with FEND (FNC 06) and SRET (FNC 02) instructions. The program

jumps to the subroutine pointer (located after an FEND instruction) and processes the

contents until an SRET instruction is encountered. This forces the program flow back

to the line of ladder logic immediately following the original CALL instruction.

Points to note:

a) Many CALL statements can reference a single subroutine.

b) Each subroutine must have a unique pointer number. Subroutine pointers can be

selected from the range PO to P62. Subroutine pointers and the pointers used for CJ

(FNC 00) instructions are NOT allowed to coincide.
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c) Subroutines are not normally processed as they occur after an FEND instruction.

When they are called, care should be taken not to

X1

overrun the watchdog timer setting. ox=

{FEND}—
P

@E—i ]

d) Subroutines can be nested for 5 levels including

the initial CALL instruction. As an example the

SRETH
P2 A———C |

SRETH

program shown opposite shows a 2 level nest.

When X1 is activated the program calls subroutine
P11. Within this subroutine is a CALL to a second subroutine P12. When both
subroutines P11 and P12 are active simultaneously, they are said to be nested. Once
subroutine P12 reaches its SRET instruction it returns the program control to the
program step immediately following its original CALL (see(®). P11 then completes its
operation, and once its SRET instruction is processed the program returns once again

to the step following the CALL P11 statement (see ).

Special subroutine timers:

« Because of the chance of intermittent use of the subroutines, if timed functions are
required the timers used must be selected from the range T192 to T199 and T246

toT249.

5.1.3 SRET (FNC 02)

) . Operands
Mnemonic Function D Program steps
SRET Returns operation | N/A SRET:
FNC 02 from a subroutine | Automatically returns to the step immediately |1 step
(Subroutine | program following the CALL instruction which activated
return) the subroutine.

148



HCFa

— KJII#&43 ——HCFA CORPORATION

16 BIT OPERATION

32 BIT OPERATION

PULSE-P

Operation:

SRET signifies the end of the current subroutine and returns the program flow to the

step immediately following the CALL instruction which activated the closing

subroutine.

Points to note:

a) SRET can only be used with the CALL instruction.

b) SRET is always programmed after an FEND instruction - please see the CALL (FNCO1)

instruction for more details.

5.1.4 IRET, EI, DI (FNC 03, 04, 05)

Mnemonic Function Operands Program steps
D
IRET FNC 03 Forces the program to N/A Automatically | IRET:
(Interrupt return) | return returns to the main | lstep
from the active interrupt program step which was
routine being processed at the
time of the interrupt call.
EIFNC 04 Enables interrupt N/A El:
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(Enable

interrupts)

inputs to be processed

Any interrupt input being

activated after an El

instruction and before

FEND or Dl instructions

will be processed

immediately unless it

has been specifically

disabled.

1step

DI

FNC 05 (Disable

interrupts)

Disables the processing of

interrupt routines

N/AAny interrupt input

being activated after a DI

instruction and before an

El instruction will be

stored until the next

sequential El instruction

is processed.

DI:

1step

(Interrupt

pointer)

Identifies the beginning of

an

interrupt routine

A3 digit numeric code

relating to the interrupt

type and operation

PAGAGAS

1step

General description of an interrupt routine:

An interrupt routine is a section of program which is, when triggered, operated
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immediately interrupting the main program flow. Once the interrupt has been
processed the main program flow continues from where it was, just before the

interrupt originally occurred.

Operation:

Interrupts are triggered by different input conditions, sometimes a direct input such
as X0 is used other times a timed interval e.g. 30 msec can be used. The availability of
different interrupt types and the number operational points for each PLC type are
detailed on 4-12, Interrupt Pointers. To program and operate interrupt routines
requires up to 3 dedicated instructions (those detailed in this section) and an interrupt
pointer.

Defining an interrupt routine:

An interrupt routine is specified between its Interrupt Program 1001

: ﬁh
1201 = IRET

Interrupt Program 1201

own unique interrupt pointer and the first

occurrence of an IRET instruction.

IRET

Interrupt routines are ALWAYS programmed
afteran

FEND instruction. The IRET instruction may only be used within interrupt routines.

Controlling interrupt operations:

The PLC has a default status of disabling interrupt operation. The El instruction must
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be used to activate the interrupt facilities. All interrupts which physically occur during
the program scan period from the El instruction until the FEND or DI instructions will
have their associated interrupt routines run. If these interrupts are triggered outside of
the enclosed range (EI-FEND or EI-DI, see diagram below) they will be stored until the
El instruction is processed on the following scan. At this point the interrupt routine will

be run.

N N U W

Enabled Interrupts
.
é s 3
: DI é

Disabled Interrupts

Enabled Interrupts

1101 = [FEND : FEND
, 1301
Interrupt ¢ routine Interrupt routine
(RET}— HRET

If an individual interrupt is to be disabled its associated special M coil must be driven
ON.

While this coil is ON the interrupt routine will not be activated. For details about the
disabling M coils see the PLC device tables in chapter 8.

Nesting interrupts:

Interrupts may be nested for two levels. This means that an interrupt may be
interrupted during its operation. However, to achieve this, the interrupt routine which
may be further interrupted must contain the El and DI instructions; otherwise as under
normal operation, when an interrupt routine is activated all other interrupts are
disabled.

Simultaneously occurring interrupts:
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If more than one interrupt occurs sequentially, priority is given to the interrupt
occurring first. If two or more interrupts occur simultaneously, the interrupt routine
with the lower pointer number is given the higher priority.

Using general timers within interrupt routines:

HCFA PLC’ s have a range of special timers which can be used within interrupt

routines. Timers Used in Interrupt and ‘CALL’  Subroutines.

Input trigger signals - pulse duration:

Interrupt routines which are triggered directly by interrupt inputs, such as X0 etc.,
require a signal duration of approximately 200usec, i.e. the input pulse width is equal
or greater than200usec. When this type of interrupt is selected, the hardware input
filters are automatically reset to 50usec. (under normal operating circumstances the

input filters are set to 10msec.).

Pulse catch function:

Direct high speed inputs can be used to ‘catch’ short pulsed signals. When a pulse

is received at an input a corresponding special M coil is set ON. This allows the
‘captured’ pulse to be used to trigger further actions, even if the original signal is

now OFF.HCA1P,HCA2P,HCA2C units require the El instruction (FNC 04) to activate

pulse catch for inputs X0 through X5, with M8170 to M8175 indicating the caught pulse.

Note that, if an input device is being used for another high speed function, then the
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pulse catch for that device is disabled.

Operands
Mnemonic Function D Program steps
FEND Used to indicate | N/A FEND:
FNC 06 the end of the Note: 1 step
(First end) main program Can be used with CJ (FNC 00), CALL (FNC 01)
block and interrupt routines
Operation:

An FEND instruction indicates the first end of a main program and the start of the
program area to be used for subroutines. Under normal operating circumstances the
FEND instruction performs a similar action to the END instruction, i.e. output
processing, input processing and watchdog timer refresh are all carried out on

execution.

Points to note:

a) The FEND instruction is commonly used with CJ-P-FEND, CALL-P-SRET and I-IRET
program constructions (P refers to program pointer, | refers to interrupt pointer). Both
CALL pointers/subroutines and interrupt pointers (l) subroutines are ALWAYS
programmed after an FEND instruction, i.e. these program features NEVER appear in

the body of a main program.
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0 0
1o — ‘i
OFF X10 p X11 C

- CerTPz ON | LA e | |OFF

e X0 L

ON
1100 Interrupt prog'
END END

b) Multiple occurrences of FEND instructions can be used to separate different
subroutines (see diagram above).
) The program flow constructions are NOT allowed to be split by an FEND instruction.

d) FEND can never be used after an END instruction.

5.1.5 WDT (FNC 07)

Operands
Mnemonic Function D Program steps
WDT Used to refresh N/A WDT, WDTP:
FNC 07 the watch dog Can be driven at any time within the main 1 step
(Watch dog |timer during a program body
timer refresh) | program scan
16 BIT OPERATION 32 BIT OPERATION PULSE-P
X0
—— WDT 4‘ _
Operation:
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The WDT instruction refreshes the PLC’ s watchdog timer. The watchdog timer checks
that the program scan (operation) time does not exceed an arbitrary time limit. It is
assumed that if this time limit is exceeded there is an error at some point. The PLC will
then cease operation to prevent any further errors from occurring. By causing the
watchdog timer to refresh (driving the WDT instruction) the usable scan (program

operation) time is effectively increased.

time 60 msec

Main program D - Main program pt1{— Frogram(pt1) scan
END

— ——————WDT— |

Program(pt2) scan
time 60 msec

Program scan —{Main program pt2—
time 120 msec

END

Points to note:

a) When the WDT instruction is used it will operate on every program scan so long as
its input condition has been made.

To force the WDT instruction to operate for only ONE scan requires the user to

program some form of interlock.

b) The watchdog timer has a default setting
M8000
of 200 msec. This time limit may be }_“ MOV|K1SG|DBUOOH

customized to a users own requirement by

editing the contents of data register D8000, the watchdog timer register.
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5.1.6 FOR, NEXT (FNC 08, 09)

. i Operands
Mnemonic Function 3 Program steps
FOR Identifies the start |K, H, FOR:
FNC 08 position and the KnX, KnY, KnM, KnS, 3 step
(Start of a number of T.C,D,V,Z
FOR-NEXT |repeats for the
loop) loop
NEXT Identifies the end | N/A NEXT:
FNC 09 position for the Note: 1 step
(End of a loop The FOR-NEXT loop can be nested for 5 lev-
FOR-NEXT els,
loop) i.e. 5 FOR-NEXT loops are programmed within
each other.
16 BIT OPERATION 32 BIT OPERATION PULSE-P
[S]
K1X0 Operation:

aoo

The FOR and NEXT instructions allow the

specification of an area of program, i.e. the

program enclosed by the instructions, which is to be repeated S number of times.

Points to note:

a) The FOR instruction operates in a 16 bit mode hence, the value of the operand S
may be within the range of 1 to 32,767. If a number between the range -32,768 and 0
(zero) is specified it is automatically replaced by the value 1, i.e. the FOR-NEXT loop
would execute once.

b) The NEXT instruction has NO operand.

c) The FOR-NEXT instructions must be programmed as a pair e.g. for every FOR

instruction there MUST be an associated NEXT instruction. The same applies to the
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NEXT instructions, there MUST be an associated FOR instruction. The FOR-NEXT
instructions must also be programmed in the correct order. This means that
programming a loop as a NEXT-FOR (the paired NEXT instruction proceeds the
associated FOR instruction) is NOT allowed.

Inserting an FEND instruction between the FOR-NEXT instructions, i.e. FOR-FEND-
NEXT, is NOT allowed. This would have the same effect as programming a FOR without
a NEXT instruction, followed by the FEND instruction and a loop with a NEXT and no
associated FOR instruction.

d) A FOR-NEXT loop operates for its set number of times before the main program is
allowed to finish the current program scan.

e) When using FOR-NEXT loops care should be taken not the exceed the PLC’ s
watchdog timer setting. The use of the WDT instruction and/or increasing the
watchdog timer value is recommended.

Nested FOR-NEXT loops:

FOR-NEXT instructions can be nested for 5 levels. This means that 5 FOR-NEXT loops
can be sequentially programmed within each other.

In the example a 3 level nest has been programmed. As each new FOR-NEXT nest level
is encountered the number of times that loop is repeated is increased by the

multiplication of all of the surrounding/previous loops.

For example, loop C operates 4 times. But within this loop there is a nested loop, B.

For every completed cycle of loop C, loop B will be completely executed, i.e. it will
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loop DOZ times.

This again applies between loops B and A.

The total number of times that loop A will operate
for ONE scan of the program will equal;

1) The number of loop A operations multiplied by

2) The number of loop B operations multiplied by
3) The number of loop C operations

If values were associated to loops A,Band C, e.g. 7,

6 and 4 respectively, the following number of operations would take place in ONE

program
scan:

Number of loop C operations =4 times

Number of loop B operations =24 times (C X B, 4 X6)

P22|

H

- {FoR[ K4 ]
X10 E

—

[FORKTx0]

]AB

Number of loop A operations = 168 times (CXB XA, 4X6X7)

Note:

The use of the CJ programming feature, causing the jump to P22 allows the

‘selection” of which loop will be processed and when, i.e. if X10 was switched ON,

loop Awould no longer operate.
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Applied Instructions:

160



HCFa

— RJI|f%43 ——HCFA CORPORATION

1. FNC 00 - 09

4. FNC 30- 39

FNC 40 - 49

7. FNC 60 - 69

o .

9. FNC 80 - 89

Program Flow

Move And Compare

Arithmetic And Logical Operations (+,

Rotation And Shift

Data Operation

High Speed Processing
Handy Instructions
External FX 1/0O Devices

External FX Serial Devices
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5-4

5-16

- X, +)

5-24
5-34

5-42

5-52

5-66

5-80

5-94
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10. Floating Point 1 & 2 5-110
11. Trigonometry (Floating Point 3) 5-118
12. Data Operations 2 5-122
13. Positioning Control 5-126
14. Real Time Clock Control 5-136
15. Gray Codes 5-146
16. Additional Functions 5-146
17. In-line Comparisons 5-150

5.2 Move And Compare - Functions 10 to 19

Symbols list:

D - Destination device.

S - Source device.

m, n- Number of active devices, bits or an operational constant.

Additional numeric suffixes will be attached if there are more than one operand with
the same function e.g. D1,S3 or for lists/tabled devices D3+0,S+9etc.

MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a
number, i.e.

positive =0, and negative = 1.

LSB - Least Significant Bit.

Instruction modifications:
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Yc¥ede- An instruction operating in 16 bit mode, where identifies the instruction
mnemonic.

¥k P - A 16 bit mode instruction modified to use pulse (single) operation.

D¢ ¥¢ys- Aninstruction modified to operate in 32 bit operation.

D¢y ¥¢P - A32 bit mode instruction modified to use pulse (single) operation.

¥ ~ A repetitive instruction which will change the destination value on every scan

unless modified by the pulse function.

" An operand which cannot be indexed, i.e. The addition of V or Z is either invalid

or will have no effect to the value of the operand.

5.2.1 CMP (FNC 10)

Mnemonic Function S Opesrzands ) Program steps
CMP Compares two K, H, Y, M, S CMP, CMPP:
FNC 10 data values - KnX, KnY, KnM, KnS, 7 steps
(Compare) resultsof <, =and |T,C,D, V, Z Note:
> are given. 3 consecutive | DCMP,
devices are DCMPP:
used. 13 steps
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
X0 [S81][S2] [D]
— CMP|K 100/C20[ MO = | The data of Slis compared to the data of S2. The
Mo
F— C20=K100,M0=0N
M|1_ C20=K100 M1=ON result is indicated by 3 bit devices specified
M2
F— C20>K100,M2=0ON )
from the head address entered as D. The bit

devices indicate:
S2is less than S1- bit device D is ON

S2is equal to S1- bit device D+1is ON
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S2is greater than S1- bit device D+2is ON

Note: The destination (D) device statuses will be kept even if the CMP

instruction is deactivated. Full algebraic comparisons are used, i.e. -10 is smaller than

+2 etc.

5.2.2 ZCP (FNC 11)

M4

M5

F— C30<100,K120,M3=0N
F— K100 C30 K120,M4=ON
— C30>K100,K120,M5=0ON

compared against a data range (S1-S2).

S3is less than Sland S2- bit device D is ON

Mnemonic Function 5 sz Operansd:"s ) Program steps
ZCP Compares a data |K, H, Y, M, S ZCPZ CPP:
FNC 11 value against a KnX, KnY, KnM, KnS, Note: 9 steps
(Zone data range - T.C D, V.Z
compare) results of <. = and 3 consecutive | DZCP,

> are qiven. Note: devices are DZCPP:
g : S1 should be less than S2 used. 17 steps
16 BIT OPERATION 32 BIT OPERATION PULSE-P
X0 [S1][S2] [S3][D ]
— ZCP [K 100[K 120/C 30 | M 3 |
M3 Operation:

The operation is the same as the CMP

instruction except a single data value (S3) is

S3is equal to or between Sland S2- bit device D+1 is ON S3 is greater than both Sland

S2- bit device D+2is ON
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5.2.3 MOV (FNC 12)

Operands
Mnemonic Function s D Program steps
MOV Moves data from |K, H KnY, KnM, KnS, MOV, MOVP:
FNC 12 one storage area |KnX, KnY, KnM, KnS, |T.C,D, V, Z 5 steps
(Move) to a new storage TC,D,V, Z DMOV,
area DMOVP:
9 steps
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | zero Mes20
X0 [S] [D]
| MOV |HUD5U| D10 H Operation:

The contents of the source device (S)

is copied to the destination (D) device when the control input is active. If the MOV

instruction is not driven, no operation takes place.

Note: This instruction has a special programming technique which allows it to

mimic the operation of newer applied instructions when used with older

programming tools.

5.2.4 SMOV (FNC 13)

165

Operands
Mnemonic Function Program steps
m1 ‘ m2 ‘ n S D
SMOV Takes elements of | K, H K, H, K, H, SMOV,
FNC 13 an existing 4 digit | Note: available KnX, KnY, |KnY, KnM, | SMOVP:
(Shift move) |decimal number |range 1to 4. KnM, KnS, (KnS, 11 steps
gand inserts lhgm 54 TCDVZ |T.C.DV.Z
into 2 new 4 digi Range 0 0 9,999 (deci-
mal) or 0 to 9,999 (BCD)
when M8168 is used -
see note opposite
16 BIT OPERATION 32 BIT OPERATION PULSE-P
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X0

[S] m1 m2 [D] n

{smov|D1|K4|K2|D2[K3

Operation 1:

This instruction copies a specified

number of digits from a 4 digit decimal source (S) and places them at a specified

location within a destination (D) number

(alsoaddigitdecimal).The existing data in the destination is overwritten.

Key:

m1- The source position of the 1st digit to be moved

m2- The number of source digits to be moved

n- The destination position for the first digit

Note: The selected destination must NOT be smaller than the quantity of source data.

Digit positions are referenced by number: 1= units, 2=

4=thousands.

5.2.5 CML (FNC 14)

tens, 3= hundreds,

Operands
Mnemonic Function S D Program steps
CML Copies and K, H, CML,CMLP:
FNC 14 inverts the source |KnX, KnY, KnM, KnS, [KnY, KnM, KnS, 5 steps
(Compliment) | bit pattern to a T.CDVZ T.C,D, )V, Z DCML,
specified DCMLP:
destination 9 steps
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
X0 [S] [D]
———cML | Do [KWB}—{
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A copy of each data bit within the source device (S) is inverted and then moved to a

designated destination (D).

This means each occurrence of a ‘1’

destination data while each source digit which is ‘0’

in the source data will become a

will become a ‘1’

‘0" in the

. If the

destination area is smaller than the source data then only the directly mapping bit

devices will be processed.

5.2.6 BMOV (FNC 15)

Operands
Mnemonic Function Program steps
S D n
BMOV Copies a specified | KnX, KnY, KnY, KnM, K, H BMOV,
FNC 15 block of multiple | KnM, KnS, KnS3, D (FX2C, BMOVP:
(Block move) |dataelementstoa |T,.CD,V, Z TC,D,V 2 FX2N only) 7 steps
new destination (RAM) File (RAM) File 59
registers, registers, see Note:
note d) n< 512
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
X0 [S] [D] nm
}_‘ |_| BMOV l D5 | D7 | K3 H A quantity of consecutively

occurring data elements can be

copied to a new destination. The source data is identified as a device head address

(S) and a quantity of consecutive data elements (n). This is moved to the destination

device

(D) for the same number of elements (n).
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Points to note:

a) If the quantity of source devices (n) exceeds the actual number of available source

devices, then only those devices which fall in the available range will be used.

b) If the number of source devices exceeds the available space at the destination

location, then only the available destination devices will be written to.

c) The BMOV instruction has a built in automatic feature to prevent overwriting errors

from occurring when the source (S - n) and destination (D -n) data ranges coincide.

This is clearly identified in the following diagram:

(Note: The numbered arrows indicate the order in which the BMOV is processed)

X0
'—<|—|amov| D5|D7| K3 H

]l
=J Sy

-
Lo |oo

X1
’—H—{BMDV|DED|D1B| K 4 }—{

oo

L] {as]

-
]
™

N

-
)
o]

-
%]

Ho

d) Using file registers as the destination devices [D]Jmay be performed on all units.

5.2.7 FMOV (FNC 16)

168

Operands
Mnemonic Function Program steps
S D n

FMOV Copies a single KnX, KnY, KnY, KnM, K, H FMOV,FMOVP:7

FNC 16 data device to a KnM, KnS, KnS, steps

(Fill move) |range of TC DV Z |TCDV,Z |X DFMOV,.DFMOVP
destination Note:n< 512 :
devices 13 steps

16 BIT OPERATION 32 BIT OPERATION PULSE-P
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[S]

[D] n

X0
}—H—[ FMOV | KO | DO | K1GH

Operation:

The data stored in the source device (S) is copied to every device within the

destination range. The range is specified by a device head address (D) and a quantity

of consecutive elements (n). If the specified number of destination devices (n) exceeds

the available space at the destination location, then only the available destination

devices will be written to.

Note: This instruction has a special programming technique which allows it to

mimic the operation of newer applied instructions when used with older

programming tools.

5.2.8 XCH (FNC 17)

Operands
Mnemonic Function Program steps
D1 | D2
XCH Data in the KnY, KnM,KnS, T,C,D, V, Z XCH,XCHP:
FNC 17 designated MNote: when using the byte XCH (i.e.M8160is |5 steﬂs
(Exchange) |devicesis ON) D1 and Dz must be the same device other- | DXCH, DXCHP:
. exchanged wise a program error will occur and 9 steps
MB8067 will be turned ON
16 BIT OPERATION 32 BIT OPERATION PULSE-P

Operation 1:The contents of the two destination devices D1and D2are swapped, i.e.

the complete word devices are exchanged. Ex.

[D1][D2]

X0
f——————/XCH{P)| D1 |D 1?)—{

Data register Before XCH After XCH
(g} 20 530
D17 530 20

Operation 2:This function is equivalent to FNC 147 SWAP The bytes within each word
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of the designated devices Dlare exchanged when

‘byte mode

flag’ M8160 is ON.

Please note that the mode will remain active until it is reset, i.e. M8160 is forced OFF.

Ex.
X20 = Values are in Hex for dlarity | Before DXCH| After DXCH
, :
—— pxcHP)| D 10| D 10 Byte 1 8B+ 1FH
MB000 1 Cin 354
D1 Byte
Byte 1 361 CAv
5.2.9 BCD (FNC18)

Mnemonic Function 3 Operands D Program steps
BCD Converts binary KnX.KnY, KnM, KnS, |[KnY, KnM, KnS, BCD, BCDF:
FNC 18 numbersto BCD |T,C,D,V,Z TC,D,V.Z 5 steps
(Binary coded | equivalents / When using M8023 o convert data to scientific for- | DBCD.
decimal) Converts floating | mat, only ';%ub,e word (32 bit) data registers (D) may | DBCDP:

point data to be used. See page 4-46 for more details regarding ~ | 9 Steps
scientific format | figating point format.
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation: (Applicable to all units)
X0 [5] [D] P PP
+— p———— BCD|[D 12 KZYD}—{ ] )
| ] The binary source data (S) is
X330 . .
-y converted into an equivalent BCD
| [S] |[D]
—|DBCD D20 |D42
MBOOD number and stored at the
=#HF
destination device (D). If the

converted BCD number exceeds the operational ranges of 0 to 9,999 (16 bit operation)

and 0 to 99,999,999 (32 bit operation) an error will occur. This instruction can be used

to output data directly to a seven segment display.
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5.2.10 BIN (FNC 19)

Mnemonic Function 5 Operands b Program steps

BIN Converts BCD KnX, KnY, KnM, KnS, |[KnY, KnM, KnS, BIN, BINP:

FNC 19 numbers to their TC DV Z TC,D,V, Z 5 steps

(Binary) binary equivalent/ "When using M8023 to convert data to floating
Converts scientific | point format, only double word (32 bit) data reg- | DBIN, DBINP:
format data to float- | jsters (D) may be used. See page 4-46 for more |9 steps
ing pointformat | details regarding floating point format.

16 BIT OPERATION 32 BIT OPERATION PULSE-P

}—ﬂ% BIN |

[S] [D]

K2x0| D 13H

Operation: (Applicable to all units)

The BCD source data (S) is

converted into an equivalent binary number and stored at the destination device (D).

If the source data is not provided in a BCD format an error will occur. This instruction

can be used to read in data directly from thumbwheel switches.

Applied Instructions:
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1.

2.

FNC 00 - 09

FNC 30 - 39

FNC 40 - 49

FNC 60 - 69

FNC 80 - 89

Program Flow

Move And Compare

Arithmetic And Logical Operations (+,

Rotation And Shift

Data Operation

High Speed Processing
Handy Instructions
External FX I/O Devices

External FX Serial Devices
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5-4

5-16

-, X, +)

5-24
5-34

5-42

5-52

5-66

5-80

5-94
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10. Floating Point 1 & 2 5-110
11. Trigonometry (Floating Point 3) 5-118
12. Data Operations 2 5-122
13. Positioning Control 5-126
14. ||ruc1e0169 || Real Time Clock Control 5-136
15. Gray Codes 5-146
16. Additional Functions 5-146
17. In-line Comparisons 5-150

Symbols list:

D - Destination device.

S - Source device.

m, n- Number of active devices, bits or an operational constant.

Additional numeric suffixes will be attached if there are more than one operand with
the same function e.g. D1,S3or for lists/tabled devices D3+0,S+9etc. MSB - Most
Significant Bit, sometimes used to indicate the mathematical sign of a number, i.e.
positive =0, and negative = 1.

LSB - Least Significant Bit.

Instruction modifications:

Y¥eye- An instruction operating in 16 bit mode, where identifies the instruction

mnemonic.
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¥k P - A 16 bit mode instruction modified to use pulse (single) operation.

D¢ ¥¢y%- Aninstruction modified to operate in 32 bit operation.

D¢y ¥¢P - A32 bit mode instruction modified to use pulse (single) operation

T A repetitive instruction which will change the destination value on every scan

unless modified by the pulse function.

" ‘An operand which cannot be indexed, i.e. The addition of V or Z is either invalid

or will have no effect to the value of the operand.

5.3.1 ADD (FNC 20)

— ADD [D10|D12|D 14}—{ Operation:

units)

| ] Operands
Mnemonic Function Program steps
S1 S2 D

ADD The value of the K, H, KnX, KnY, KnM, KnS, KnY, KnM, KnS, | ADD, ADDP:

FNC 20 two source TC DV, Z T.C,D,V.Z 7 steps

(Addition) devices is added  [\When using M8023 to add floating point data,
and theresult | o1y double word (32 bit) data registers (D) or | PADD, _
stored in the desti-| oonstants (K/H) may be used. See page 4-46 | DADDP:
nation device for more details regarding floating point format. | 13 steps

16 BIT OPERATION 32 BIT OPERATION PULSE-P
X0 [51] [S2] [D]

(Applicable to all

The data contained within the source devices (S1,52) is combined and the total is

stored at the specified destination device (D).

Points to note:
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a) All calculations are algebraically processed, i.e. 5 + (-8)=-3.

b) The same device may be used as a source (Slor S2) and as the destination (D). If
this is the case then the ADD instruction would actually operate continuously. This
means on every scan the instruction would add the result of the last scan to the
second source device.

To prevent this from happening the pulse modifier should be used or an interlock
should be programmed.

c) If the result of a calculationis “0" then a special auxiliary flag, M8020 is set ON.

d) If the result of an operation exceeds 32,767 (16 bit limit) or 2,147,483,647 (32 bit
limit) the carry flag, M8022 is set ON. If the result of an operation exceeds -32,768 or
-2,147,483,648 the borrow flag, M8021 is set ON. When a result exceeds either of the
number limits, the appropriate flag is set ON (M8021 or M8022) and a portion of the
carry/borrow is stored in the destination device. The mathematical sign of this stored
data is reflective of the number limit which has been exceeded, i.e. when -32,768 is
exceeded negative numbers are stored in the destination device but if 32,767 was
exceeded positive numbers would be stored at D.

e) If the destination location is smaller than the obtained result, then only the portion
of the result which directly maps to the destination area will be written, i.e if 25
(decimal) was the result, and it was to be stored at K1Y4 then only Y4 and Y7 would be
active. In binary terms this is equivalent to a decimal value of 9 a long way short of the

real result of 25!
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5.3.2 SUB (FNC 21)

i . Operands
Mnemonic Function Program steps
S1 | S2 D
SuB One source K, H, KnX, KnY, KnM, KnS, |KnY, KnM, KnS, |SUB, SUBP:
FNC 21 g::levice TC,D,V.Z T,C, D,V 2 Tsteps
(Subtract) Is subtracted from When using M8023 to subtract floating point
the other - the - : DSUB,
; i~ |data, only double word (32 bit) data registers .
result is stored in DSUBP:
the destination (D) or constants (K/H) may be used. See page | {3 steps
device 4-46 for more details regarding floating point
format.
Zaro MEIZ0
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | sores sz
Operation: (Applicable to all
X0 [S1][S2] [D]
|—1|—| SUB |D1U|D12[D14}—{ units)

The data contained within the

source device, S2is subtracted from the contents of source device S1. The result or

remainder of this calculation is stored in the destination device D.

Note: the

similarly applied to the subtract instruction.

5.3.3 MUL (FNC 22)

‘Points to note’ , under the ADD instruction (previous page) can also be

176

| . Operands
Mnemonic Function Program steps
51 52 D

MUL Multiplies the two K, H, KnX, KnY, KnM, KnS, KnY,KnM,KnS, | MUL, MULP:

FNC 22 source devices T.C,D,V.Z T, C, D, Z(V) 7steps

(Multiplica together the result Note: Z(V) may

“tion) is stored in the 3ee page ""ﬁ? f“{] more NOT be used |DMUL,

destination device e!a{? regatr ing floating for 32 bit oper- | DMULP:
point format. ation 13 steps
When using M8023 to subtract floating point
data, only double word (32 bit) data registers
(D) or constants (K/H) may be used.
16 BIT OPERATION 32 BIT OPERATION PULSE-P
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Operation:(Applicable to all

X0 [S1][S2] [D] .
}—H—[ MUL|DD|D2|D4|_1 units)

The contents of the two source

devices (S1, S2) are multiplied together and the result is stored at the destination

device (D). Note the normal rules of algebra apply.

Points to note:

a) When operating the MUL instruction in 16bit mode, two 16 bit data sources are
multiplied together. They produce a 32 bit result. The device identified as the
destination address is the lower of the two devices used to store the 32 bit result.
Using the above example with some test data:

5(D0) X7 (D2) =35 - The value 35 is stored in (D4, D5) as a single 32 bit word.

b) When operating the MUL instruction in 32 bit mode, two 32 bit data sources are
multiplied together. They produce a 64 bit result. The device identified as the
destination address is the lower of the four devices used to store the 64 bit result.

c) If the location of the destination device is smaller than the obtained result, then
only the portion of the result which directly maps to the destination area will be
written, i.e if a result of 72 (decimal) is to be stored at K1Y4 then only Y7 would be
active. In binary terms this is equivalent to a decimal value of 8, a long way short of

the real result of 72!

Viewing 64 bit numbers
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« It is currently impossible to monitor the contents of a 64 bit result. However, the

result can be monitored in two smaller,32 bit, blocks, i.e. a 64 bit result is made up of

the following parts: (upper 32 bits) X 232 +(lower32bits).

5.3.4 DIV (FNC 23)

Operands
Mnemonic Function Program steps
S1 52 D
DIV Divides one K, H, KnX, KnY, KnM, KnS,T, |KnY, KnM, KnS, | DIV,.DIVP:
FNC 23 source valueby |C,D, V. Z T.C, D, Z(V) Tsteps
(Division) another the result 'See page 4-46 for more Note: Z(V) may
is stored inthe | 4etails regarding floating NOT be used for | PPIV, _
destination device | point format. 32 bit operation 1D3E}|\tfP_
steps
When using M8023 to subtract floating point P
data, only double word (32 bit) data registers
(D) or constants (K/H) may be used.used to
perform
16 BIT OPERATION 32 BIT OPERATION PULSE-P

%ji—% DIV |

[S1]1[S2] [D]

DE|DE|D4F+

The primary source

Operation:(Applicable

units)

to all

(S1) is

divided by the secondary source (S2). The result is stored in the destination (D). Note

the normal rules of algebra apply.

Points to note:

a) When operating the DIV instruction in 16bit mode, two 16 bit data sources are

divided into each other. They produce two 16 bit results. The device identified as the
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destination address is the lower of the two devices used to store the these results.

This storage device will actually contain a record of the number of whole times S2will
divide into S1(the quotient).

The second, following destination register contains the remained left after the last
whole division (the remainder). Using the previous example with some test data:

51 (D0)=10 (D2) = 5(D4) 1(D5)

This resultis interpreted as 5 whole divisions with 1 left over (5X10+1=51).

b) When operating the DIV instruction in 32 bit mode, two 32 bit data sources are
divided into each other. They produce two 32 bit results. The device identified as the
destination address is the lower of the two devices used to store the quotient and the
following two devices are used to store the remainder, i.e. if D30 was selected as the
destination of 32 bit division operation then D30, D31 would store the quotient and
D32, D33 would store the remainder. If the location of the destination device is smaller
than the obtained result, then only the portion of the result which directly maps to the
destination area will be written. If bit devices are used as the destination area, no
remainder value is calculated.

c) If the value of the source device S2is 0 (zero) then an operation error is executed and

the operation of the DIV instruction is cancelled.
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5.3.5 INC (FNC 24)

On every execution

| . Operands
Mnemonic Function D Program steps
INC The designated KnY, KnM, KnS, INC,INCP:
FNC 24 device is TC,D,V, Z 3 steps
(Increment) incremented by 1 | Standard V,Z rules apply for 32 bit operation
o= on every DINC,
execution of the DINCP:
instruction 5 steps
16 BIT OPERATION 32 BIT OPERATION PULSE-P
D
X0 [D]
I
}_{' INC Operation:

of the

instruction the device specified as the destination D, has its current value incremented

(increased) by a value of 1.

In 16 bit operation, when +32,767 is reached, the next increment will write a value of

-32,768 to the destination device.

In 32 bit operation, when +2,147,483,647 is reached the next increment will write a

value of -2,147,483,648 to the destination device. In both cases there is no additional

flag to identify this change in the counted value.
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5.3.6 DEC (FNC 24)

Operands
Mnemonic Function D Program steps
DEC The designated KnY, KnM, KnS, DEC.DECP:
FNC 25 device is TC DV Z 3 steps
(Decrement) |decremented by 1 | Standard V.Z rules apply for 32 bit operation
s on every DDEC,
execution of the DDECP:
instruction 5 steps
16 BIT OPERATION 32 BIT OPERATION PULSE-P

[D]

X1
}_{ I DEC Operation:

On every execution of the

instruction the device specified as the destination D, has its current value
decremented (decreased) by a value of 1.

In 16 bit operation, when -32,768 is reached the next increment will write a value of
+32,767 to the destination device.

In 32 bit operation, when -2,147,483,648 is reached the next increment will write a
value of +2,147,483,647 to the destination device. In both cases there is no additional

flag to identify this change in the counted value.

5.3.7 WAND (FNC 26)

Operands
Mnemonic Function Program steps
81 52 D
WAND Alogical AND is |K, H, KnY, KnM, KnS, | WAND,WANDP:
FNC 26 performed on the |KnX, KnY, TC,D,V,.Z 7 steps
(Logical source devices - |KnM, KnS, DAND,
word AND) | result stored at TC,.D,V, Z DANDP:
destination 13 steps
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16 BIT OPERATION

32 BIT OPERATION

PULSE-P

[S1]1[S2] [D]

X0
——WAND|D 10 |D 12| D 14

}_{ Operation:

The bit patterns of the two source

devices are analyzed (the contents of S2is compared against the contents of S1). The

result of the logical AND analysis is stored in the destination device (D).

The following rules are used to determine the result of a logical AND operation. This

takes place for every bit contained within the source devices: General rule: (S1) Bit n

WAND (S2)Bitn=(D)Bitn

IWAND1=10WAND1=0

1WANDO=00WANDO=0

5.3.8 WOR (FNC 27)

devices

are

Operands
Mnemonic Function Program steps
S1 S2 D

WOR Alogical OR is K.H, KnY, KnM, KnS, | WOR,WORP:
FNC 27 performed on the |KnX,KnY, KnM, KnS, TC, D,V Z 7 steps
(Logical source devices- |T,C,D,V,Z DOR,

word OR) result stored at DORP:

destination 13 steps
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
X1 [S1][S2] [D]

—— WOR|[D10|D 12|D 14}—{ The bit patterns of the two source

analyzed (the

contents of S2is compared against the contents of S1). The result of the logical OR
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analysis is stored in the destination device (D).

The following rules are used to determine the result of a logical OR operation. This

takes place for every bit contained within the source devices: General rule:

(S1)BitnWOR(S2)Bitn=(D)Bitn

1WOR1=1 0WOR1=1

1WOR0=1 OWORO0=0

5.3.9 WXOR (FNC 28)

Operands
Mnemonic Function Program steps
51 52 D

WXOR Alogical XORis |K, H KnY, KnM, KnS, | WXOR,

FNC 28 performed on the |KnX, KnY, KnM, KnS, TC, D,V 2 WXORP:
(Logical source devices- |T,C,D, V. Z 7 steps
exclusive result stored at DXOR,DXORP
OR) destination 13 steps

16 BIT OPERATION 32 BIT OPERATION PULSE-P
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}—Tzl—{wxonl

[S1][S2] [D]

D10|{D12|D 14}—{

Operation:

The bit patterns of the two

source devices are analyzed (the

contents of S2is compared against the contents of S1). The result of the logical XOR

analysis is stored in the destination device (D).

The following rules are used to determine the result of a logical XOR operation. This

takes place for every bit contained within the source devices: General rule: (S1)Bit

NWXOR (S2)Bitn= (D)Bitn

1WXOR1=0 OWXOR1=1

1WXOR0=1 OWXORO0=0

5.3.10 NEG (FNC 29)

deviceisinverted.

This means any occurrence of a ‘T’

will be writtenasa ‘1" .

184

Operands
Mnemonic Function D Program steps
NEG Logically inverts [ KnY, KnM, Kn3, NEGNEGP:
FNC 29 the contents of TC,D,V.Z 3 steps
(Negation) |the designated DNEG,
o= device DNEGP:
5 steps
16 BIT OPERATION 32 BIT OPERATION PULSE-P
X0 [D]
}—{ I NEG Operation:

The bit pattern of the selected

becomes a ‘0’ and any occurrence ofa ‘0’
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When this is complete, a further binary 1 is added to the bit pattern. The result is the

total logical sign change of the selected devices contents, e.g. a positive number will

become a negative number or a negative number will become a positive.

Applied Instructions:

10.

1.

12.

13.

14.

15.

16.

17.

© N o g bk w b =

©

Fncoo-o09 || Program Flow

Move And Compare

Fnc30-39 | Rotation And Shift

FNca0-a9 | Data Operation

High Speed Processing

FNceo-69 | Handy Instructions

Fnc70-79 | External FX I/O Devices

FNcso-89 | External FX Serial Devices

FNC 110-129

FNC 130-139

FNC 140-

FNC 150-

FNC 160-

3

=

-
e

FNC 180-189

FNC 220-

49

Floating Point 1 & 2
Trigonometry (Floating Point 3)
Data Operations 2

Positioning Control

Real Time Clock Control

Gray Codes

Additional Functions

In-line Comparisons
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Arithmetic And Logical Operations (+, -,

5-110

5-118

5-122

5-126

5-136

5-146

5-146

5-150

5-4
5-16
X, +
5-24
5-34
5-42
5-52
5-66

5-80

5-94
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@Sym bols list:

D - Destination device.

S - Source device.

m, n- Number of active devices, bits or an operational constant.

Additional numeric suffixes will be attached if there are more than one operand with
the same function e.g. D1,S3or for lists/tabled devices D3+0,S+9etc. MSB - Most
Significant Bit, sometimes used to indicate the mathematical sign of a number, i.e.
positive = 0, and negative = 1.

LSB - Least Significant Bit.

Instruction modifications:

Y¥e¥e- An instruction operating in 16 bit mode, where identifies the instruction
mnemonic.

Y¥eveP - A 16 bit mode instruction modified to use pulse (single) operation.
D¢ ¥e- An instruction modified to operate in 32 bit operation.

Dyx¥¢¥%¢ P - A32 bit mode instruction modified to use pulse (single) operation

-

~ A repetitive instruction which will change the destination value on every scan

unless modified by the pulse function.
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" An operand which cannot be indexed, i.e. The addition of V or Z is either invalid

or will have no effect to the value of the operand.

5.4.1 ROR (FNC 30)

(AATTTO[0]0]0[0[0[0]0}

—_—

After 1 rotation

¢

MEB022
arry

MSB
—HO[oJolof11 11110000

msozz[ 0] LSB

instruction.

The status of the last bit rotated is copied to the carry flag M8022.

Operands
Mnemonic Function D Program steps
n
ROR The bit pattern of |[KnY, KnM, KnS, K, H, ROR, RORP:
FNC 30 the destination TC,D.V.Z = 5 steps
(Rotation device is rotated | Note:
right) ‘n’ places to the 16 bit operation Note: DROR,
e right on every Kn=K4, 16 bit operation n< 16 DRORP:
execution 32 bit operation Kn=K8 | 32 bit operation n< 32 |9 steps
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | carry mso22
X0 [D] [n]
}—H—[ROR]DD]KJ,}—{ _
Operation:

The bit pattern of the destination
device (D) is rotated n bit places to the

right on every operation of the

The example shown left is based on the instruction noted above it, where the bit

pattern represents the contents of DO.
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5.4.2 ROL (FNC 31)

LSB

11111I111111110[0[0]0 CIDI?

MSB @Aﬂeﬂ rotation
111[111lolojolofofo[olof1]1]111
[T ]ma022

Operands
Mnemonic Function S D Program steps
ROL The bit pattern of | KnY, KnM, KnS, K, H, ROL,ROLP:
FNC 31 the destination TC DV Z 54 5 steps
(Rotation device is rotated | Note:
left) ‘n’ places to the 16 bit operation . DROL,
> left on every Kn= K4, Note: _ DROLP:
execution 32 bit operation 16 bit operation n<16 |7 steps
Kn= K8 32 bit operation n< 32
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | carry Mg022
X0 [D] [n]
I_{ RDL‘ DO [ K4 }_{ Operation:

The bit pattern of the destination

device (D) is rotated n bit places to

the left on every operation of the

instruction.

The status of the last bit rotated is copied to the carry flag M8022.

The example shown left is based on the instruction noted above it, where the bit

pattern represents the contents of DO.

5.4.3 RCR (FNC 32)

Operands
Mnemonic Function D Program steps
n

RCR The contents of | KnY, KnM, KnS, K, H, RCR,RCRP:
FNC 32 the destination TC DV Z 52 5 steps
(Rotation device are rotated | Note:
right with right with 1 bit 16 bit operation Note: DRCR,
carry) extracted to the Kn= K4, ) 16 bit operation n< 16 DRCRP:

carry flag ?{2 brléaoperatlon 32 bit operation n<32 |7 steps

n=
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16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | carry meo22

X0 [D] [n]
|—| RCR| DO | K 4 H Operation:

5 The bit pattern of the destination
;MEUEED device (D)is rotated n bit places to the
J} Carry

[OOOAA A A AA0[0]0]0] right on every operation of the
MB022[ 0 ]

instruction.
The status of the last bit rotated is moved into the carry flag M8022. On the following
operation of the instruction M8022 is the first bit to be moved back into the
destination device.
The example shown left is based on the instruction noted above it, where the bit

pattern represents the contents of DO.
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5.4.4 RCL (FNC 33)

X0
———— RCL |

DO | K4

H

———

Carry

MEo22 J}

[1_]M8022

i i Operands
Mnemonic Function S D Program steps
RCL The contents of [KnY, KnM, KnS, K, H, RCL, RCLP:
FNC 33 the destination TCDVZ = 5 steps
(Rotation device are
left w;ilth :'of}[atedh b Note: Note: gggtp
carry eft wit it - . o ; :
extracted to the |16 bit operation Kn= K4, ;g E:E ggg:{:gn nf ;g 9 steps
carry flag 32 bit operation Kn= K8 -
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | carry Mso22
Operation:
[D] [n]

The bit pattern of the destination

device (D)is rotated n bit places to

the left on every operation of the

instruction.

The status of the last bit rotated is

moved into the carry flag M8022. On the following operation of the instruction M8022

is the first bit to be moved back into the destination device.

The example shown left is based on the instruction noted above it, where the bit

pattern represents the contents of DO.
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5.4.5 SFTR (FNC 34)

| x3] x2] x1] 0]
1 natalnan i d—Jwr ownd maa] was]— var [ o] ms] mas]—{ nia] waz] [ o]

Operands
Mnemonic Function Program steps
] D n1 n2
SFTR The status ofthe | X, Y,M, S |Y,M, S K.H, SFTR,SFTRP:
FNC 34 source devices are 52 9 steps
(Bit shift right) | copied to a Note:
= controlled bit stack FX uéerS'
moving the existing n2<m < 1024
data to the right FXo,FXon users:
nzsn1 <512
16 BIT OPERATION 32 BIT OPERATION PULSE-P
X6 [S] [D] [n1] [n2]
}—1 ———/sFTR|x 0M 0K 16K 4
Operation:

The instruction copies n2source

devices to a bit stack of length nl.

For every new addition of n2bits, the existing data within the bit stack is shifted n2bits

to the right. Any bit data moving to a position exceeding the nllimit is diverted to an

overflow area. The bit shifting operation will occur every time the instruction is

processed unless it is modified with either the pulse suffix or a controlled interlock.

5.4.6 SFTL (FNC 35)

[r1afvizvii—{riofv7 | ve — 5| va|va}— v2| vi[ vo|

Operands
Mnemonic Function Program steps
S D n1 nz

SFTL The status ofthe | X, Y,M, S |Y, M, S K.H, SFTL,SFTLP:
FNC 35 source devices are 52 Osteps
(Bit shift left) |copied to a Note:
+ controlled bit stack FX users: n2< n1< 1024

moving the existing FXo FXon users:

data to the left nz<mi<512

‘ 16 BIT OPERATION 32 BIT OPERATION
X7 [S] [D] [n1] [n2]
’—1 ——IsFTix 10y ok 12K 3}—{
REERE
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Operation:

The instruction copies n2source devices to a bit stack of length nl. For every new

addition of n2bits, the existing data within the bit stack is shifted n2bits to the left. Any

bit data moving to a position exceeding the nllimit is diverted to an overflow area.

The bit shifting operation will occur every time the instruction is processed unless it is

modified with either the pulse suffix or a controlled interlock.

5.4.7 WSFR (FNC 36)

(1013 - O W =
Z)017 - 0D — D13 - D10
(H021-0% — D17- D14
WoDas.012 = DX D&
— S0 3-D0 —D- D=
s T ) ) ] I (5 ) I ) ) [ i
- - - <

14} 13

- ey
‘*-\_:""_ i1

121

| . Operands
Mnemonic Function Program steps
S D n1 n2
WSFR The value of the KnX, KnY, |KnY,KnM, |K,H, WSFR,
FNC 36 source devices are | KnM,KnS, |KnS, 5 WSFRP:
(Word copied to a T,C,D T,C,D Note: 9 steps
shift ight) | controlled word FX users: nz<n1<512
e stack moving the
existing data to the
right
16 BIT OPERATION 32 BIT OPERATION PULSE-P
X0 [S] [D] [n1] [n2]
I—H—[WSFR] DO [D10|K16| K4 }—{ Operation:

The instruction copies n2source

devices to a word stack of length n1.
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For each addition of n2words, the existing data within the word stack is shifted

n2words

To the right. Any word data moving to a position exceeding the nllimit is diverted to

an overflow area.

The word shifting operation will occur every time the instruction is processed unless it

is modified with either the pulse suffix or a controlled interlock.

Note: when using bit devices as source (S) and destination (D) the Kn value must be

equal.

5.4.8 WSFL (FNC 37)

X0
}—H—[WSFR[DD [D10]K16[ K4

-

=

D2 D2 —

g]nm. D18 — D325- D2

jD1T- D14 — D2 -D18

4] D13 D10 =— D17 - D14

o309 “oialom — [calez[e5q]

[

[D25] 024 [O2a] D22 [ o1 | [ma]or] [oia[oa]oz[o1 o1 .
-~ < o~ < >~ <~ —
m 2 e )

)

i . Operands
Mnemonic Function Program steps
S D n1 n2

WSFL The value of the KnX, KnY, |KnY,KnM, |K,H, WSFL,
FNC 37 source devices are | KnM,KnS, [KnS, =] WSFLP:
(Word copied to a TC,D TC,D Note: 9 steps
shift left) controlled word FX users:
- stack moving the nz<m<512

existing data to

the left

16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
[S] [D] [n1] [n2]

The instruction copies n2source
devices to a word stack of length
nl. For each addition of n2words,

the existing data within the word

stack is shifted n2words to the left. Any word data moving to a position exceeding the

nllimitis diverted to an overflow area.
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The word shifting operation will occur every time the instruction is processed unless it

is modified with either the pulse suffix or a controlled interlock.

Note: when using bit devices as source (S) and destination (D) the Kn value must be

equal.

5.4.9 SFWR (FNC 38)

2

Operands

Mnemonic Function S D Program steps
SFWR This instruction K, H, KnY, KnM, K, H, SFWR,
FNC 38 creates and builds | KnX, KnY, KnS, 52 SFWRP:
(Shift register |a FIFO stack n KnM,KnS, T, C,D, Note: 7 steps
write) devices long -must | T, C, D, V, Z 2<n< 512
. be used with

SFRD FNC 39
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | carry meoz2
[S] [D] [n]
’—I ———ysFwr| D0 [ D1 [K10 |—1 Operation:

The contents of the source device

=

EME@EE%}%%E

stack is automatically calculated by the PLC.

(S) are written to the FIFO stack.

The position of insertion into the

The destination device (D) is the head address of the FIFO stack. The contents of D
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identify where the next record will be stored (as an offset from D+1).
If the contents of D exceed the value “n-1” (n is the length of the FIFO stack) then
insertion into the FIFO stack is stopped. The carry flag M8022 is turned ON to identify

this situation.

Points to note:

a) FIFO is an abbreviation for ~ ‘First-In/ First-OUT .

b) Although n devices are assigned for the FIFO stack, only n-1 pieces of information
may be written to that stack. This is because the head address device (D) takes the first
available register to store the information regarding the next data insertion point into
the FIFO stack.

c) Before starting to use a FIFO stack ensure that the contents of the head address
register

(D) areequalto ‘0’ (zero).

d) This instruction should be used in conjunction with SFRD FNC 39. The n parameter

in both instructions should be equal.

5.4.10 SFRD (FNC 39)

Operands
Mnemonic Function Program steps
S D n

SFRD This instruction KnY, KnM, KnY, KnhM, K.H, SFRD,
FNC 39 reads and KnS, KnS, = SFRDP:
(Shift reduces FIFO T,C, D, T,C,D, Note: 7 steps
register read) | stack- must be KnY, KnY, 2<n< 512
used with SFWR | KnM,KnS, KnM,KnS,

FNC 38 T,C,D T.C,D,V.Z
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16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | zero mso20

[S] [D] [n] Operation:

X1
}—{ J—[SFRDI D1 |D EG] K10 H The source device (S) identifies

the head address of the FIFO

M=t —
P

WM stack. Its contents reflect the last

entry point of data on to the FIFO

stack, i.e. where the end of the FIFO is (current position).

This instruction reads the first piece of data from the FIFO stack (register S+1), moves
all of the data within the stack ‘up’ one position to fill the read area and
decrements the contents of the FIFO head address (S) by 1. The read data is written to

the destination device (D).

When the contents of the source device (S) are equalto ‘0’ (zero), i.e. the FIFO stack

is empty, the flag M8020 is turned ON.

Points to note:

a) FIFO is an abbreviation for ~ ‘First-In/ First-OUT .

b) Only n-1pieces of data may be read from a FIFO stack. This is because the stack
requires that the first register, the head address (S) is used to contain information
about the current length of the FIFO stack.

c) This instruction will always read the source data from the register S+1.
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d) This instruction should be used in conjunction with SFWR FNC 38. The n parameter

in both instructions should be equal.
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Applied Instructions:

1. Program Flow 5-4
2. Move And Compare 5-16
3. Arithmetic And Logical Operations (+, -, ;<_,24+)
4. Rotation And Shift 5-34
v| 5. Data Operation 5-42
6. High Speed Processing 5-52
7. Handy Instructions 5-66
8. External FX I/0 Devices 5-80
9. External FX Serial Devices 5-94
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10.
11.
12.
13.
14.
15.
16.

17.

FNC 140-149

!

FNC 150-1

FNC 160-169

FNC 170-179

FNC 180-189

FNC 220-249

Symbols list:

D - Destination device.

S - Source device.

Floating Point 1 & 2
Trigonometry (Floating Point 3)
Data Operations 2

Positioning Control

Real Time Clock Control

Gray Codes

Additional Functions

In-line Comparisons

m, n- Number of active devices, bits or an operational constant.

5-110

5-118

5-122

5-126

2-136

5-146

5-146

5-150

Additional numeric suffixes will be attached if there are more than one operand with

the same function e.g. D1,S3or for lists/tabled devices D3+0,S+9etc. MSB - Most

Significant Bit, sometimes used to indicate the mathematical sign of a number, i.e.

positive =0, and negative = 1.
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LSB - Least Significant Bit.

Instruction modifications:

Ye¥e¥e- Aninstruction operating in 16 bit mode, where identifies the instruction

mnemonic.

¥k P - A 16 bit mode instruction modified to use pulse (single) operation.

D¢ ¥¢ys- Aninstruction modified to operate in 32 bit operation.

D¢y ¥¢P - A32 bit mode instruction modified to use pulse (single) operation.

- repetitive instruction which will change the destination value on every scan

unless modified by the pulse function.

" An operand which cannot be indexed, i.e. The addition of VV or Z is either invalid

or will have no effect to the value of the operand.

5.5.1 ZRST (FNC 40)

M8&002
’—< |—|ZR5T|M 5UD|M 599}_‘ Operation:

) . Operands
Mnemonic Function s ) Program steps

ZRST Used to reset a Y, M.,S, ZRST,

FNC 40 range of like T.C,D ZRSTP:

(Zone dewce-s in one g?rtﬁ;st be less than or equal ( <) to Dz 5 steps

Reset) operation Standard and High speed counters cannot be mixed.

16 BIT OPERATION 32 BIT OPERATION PULSE-P
[D1] [DZ]

The range of devices, inclusive of

those specified as the two destinations are reset, i.e. for data devices the current value
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is set to 0 (zero) and for bit elements, the devices are turned OFF,i.e.alsosetto0(zero).

The specified device range cannot contain mixed device types, i.e. CO00 specified as

the first destination device (D1) cannot be paired with T199 as the second destination

device (D2). When resetting counters, standard and high speed counters cannot be

reset as part of the same range.

If D1is greater than (>) D2then only device D1is reset.

5.5.2 DECO (FNC 41)

7. 6

X2 X1 X0

(0T 1] 1]
4 2

A

5. 4. 3

2

1

0

[0lo0lololilol0Tl0]

M17 M16 M15 M14 M13 M12 M11 M10

Source data

| ] Operands
Mnemonic Function Program steps
S D n
DECO Source data value | K, H, Y, M, S, K, H, DECO,
FNC 41 Q identifies the X,Y,MS, [T,C,D 52 DECOP:
(Decode) Qth bit of the T,C, DV, Note: 7 steps
destination device |Z D= ¥,M,S then n range =
which will be 1-8
turned ON D=T,C.D then
nrange = 1-4
n= 0, then no
processing
16 BIT OPERATION 32 BIT OPERATION PULSE-P
X4 [S] [D] [n]
———DECO| X0 [M10| K3 }—| Operation:

is provided by a
combination of operands S and n.
Where S specifies the head address
of the data and n, the number of

consecutive bits. The source data is

read as a single number (binary to decimal conversion) Q. The source number Q is the
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location of a bit within the destination device (D) which will be turned ON (see

example opposite). When the destination device is a data device n must be within

therangelto4asthereareonlyl6available destination bits in a single data word. All

unused data bits within the word are set to 0.

5.5.3 ENCO (FNC 42)

) . Operands
Mnemonic Function Program steps
S D n
ENCO Then locationof (X, Y,M, S, |T,C,D,V, (K, H, ENCO,
FNC 42 the highest active |T,C,D,V, |Z x| ENCOP:
(Encode) bitis storedasa |Z Nate: 7 steps
numerical position S=X, Y, M, S then
from the head n range=1-8
address S=T,C,D then
nrange = 1-4
n =0, then no
processing
‘ 16 BIT OPERATION 32 BIT OPERATION PULSE-P
X5 [S] [D] [n]
}—H—{ENCO|M1D|D10‘ K3 H
7. 6. 5. 4. 3. 2. 1. 0.
(0T oToJTOo[iTo0l0T0] Operation:

|I’\.I'I1Tr’ M16 M15 M14 M13 M12 M11 M10

D10

(o]ojolofolofojolojofofolofof1]1]

. 421
+
=3

The highest active bit within the readable

range has its location noted as a numbered

offset from the source head address (S). This is

stored in the destination register (D).
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Points to note:

a) The readable range is defined by the largest number storable in a binary format

within the number of destination storage bits specified by n, i.e. if n was equal to 4 bits

a maximum number within the range 0 to 15 can be written to the destination device.

Hence, if bit devices were being used as the source data, 16 bit devices
i.e. the head bit device and 15 further, consecutive devices.

b) If the stored destination number is 0 (zero) then the source head ad
i.e. the active bit has a 0 (zero) offset from the head address. Howeve
ON within the source area, 0 (zero) is written to the destination device
generated.

c) When the source device is a data or word device n must be taken

1to4as there are only 16 source bits available within a single data word.

5.5.4 SUM (FNC 43)

would be used,

dress bit is ON,

r, if NO bits are

and an error is

from the range

| ] Operands
Mnemonic Function 3 ) Program steps
SUM The number K, H, KnY, KnM, KnS, SUM,SUMP:
FNC 43 (quantity) of KnX, KnY, KnM, KnS, |T,C,D,V, Z 7 steps
(Sum of active bitsinthe |T,C,D,V,Z
active bits) source data is DSUM,
stored in the DSUMP:
destination device 9 steps
16 BIT OPERATION 32 BIT OPERATION PULSE
X0 [S] [D]
p—{sum| Do [ D2 H
Operation:
DO
O[TIOTTTOTTIOTTIOTT[O]T]O 03
b15 @ b0
D2
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The number of active (ON) bits within the source device (S), i.e. bits which have a value
of “1" are counted. The count is stored in the destination register (D). If a double word
format is used, both the source and destination devices use 32 bit, double registers.
The destination device will always have its upper 16 bits set to 0 (zero) as the counted

value can never be more than 32. If no bits are ON then zero flag, M8020 is set.

5.5.5 BON (FNC 44)

_ ] Operands
Mnemonic Function Program steps
S D n
BON The status of the |K, H, Y,M, S K,H, BON, BONP:
FNC 44 specified bit in the | KnX, KnY, = Tsteps
(Check source device is KnS, Note: DBONP,
specified indicated at the T.C,D,V, 16 bit operation DBON:
bit status) destination Z n=0to 15 13 steps
32 bit operation
n=0 to 31
16 BIT OPERATION 32 BIT OPERATION PULSE-P
%0 [S] [D] [n]
‘—H—{ BON|D1D]MD|K15}—{ Operation:
_— D10 —  Asingle bit position (n) is specified from
(1[o]11o]1[of1]o[1]o[1[o[1]0[1]0]
b13 b15=1, MO = 1 0 ith i
=L MU= within a source device/area (S). n could
(ofof1]of1]ol1]o[1][o[1][o[1]0O[1][0]
b15=0,M0=0 be regarded as a specified offset from the
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source head address (S), i.e. 0 (zero) being the first device (a 0 offset) where as an

offset of 15 would actually be the 16th device.

If the identified bit becomes active, i.e. ON, the destination device (D) is activated to
“flag” the new status.

The destination device could be said to act as a mirror to the status of the selected bit

source.

5.5.6 MEAN (FNC 45)

Operands
Mnemonic Function Program steps
S D n
MEAN Calculates the KnX, KnY, KnY, KnM, K.H, MEAN,
FNC 45 mean of arange |KnM, KnS, KnS, = MEANP:
(Mean) of devices T,C,D T.C,D,V.Z |Note: 7 steps
n=1 to 64 DMEAN,
DMEANP:
13steps
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
X0 [S] [D] [n]
}_{ MEAN| DO [D10] K3 H The range of source data is defined
General nie by operands S and n. S is the head
Sn
rs _ {SD+51 +=:+E‘,n}|
D=5~ = n address of the source data and n
n
Exanple specifies the number of consecutive
D10= {DU}"(DB"}*(Dﬂ

source devices used.
The value of all the devices within the source range is summed and then divided by

the number of devices summed, i.e. n. This generates an integer mean value which is
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stored in the destination device (D). The remainder of the calculated mean is ignored.

Points to note:

If the source area specified is actually smaller than the physically available area, then

only the available devices are used. The actual value of n used to calculate the mean

will reflect the used, available devices. However, the value for n which was entered

into the instruction will still be displayed. This can cause confusion as the mean value

calculated manually using this original n value will be different from that which is

displayed.

If the value of n is specified outside of the stated range (1 to 64) an error is generated.

5.5.7 ANS (FNC 46)

206

Operands
Mnemonic Function Program steps
S D n
ANS This instruction T S K ANS:
FNC 46 starts a timer. Note: Note: = 7 steps
(Timed Once timed out available annunciator Note:
annunciator |the selected range range S800 to | n range 1 to
set) annunciator flag is | TO to T199 S999 32,767 - in
set ON units of
100msec
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
X0 X1 [S] [n] [D] S
— H ANS | TO | K 10 |SQUD}—{ This instruction, when

energized, starts a timer (S) for
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n,100 msec. When the timer completes its cycle the assigned annunciator (D) is set

ON.

If the instruction is switched OFF during or after completion of the timing cycle the

timer is automatically reset. However, the current status of the annunciator coil

remains unchanged.

Note:This is only one method of driving annunciator coils, others such as direct

setting can also be used.

5.5.8 ANR (FNC 47)

ANR

| . Operands Program steps
Mnemonic Function D
ANR The lowest active ANR,ANRP:
FNC 47 annunciator is 1step
(Annunciator |reset on every N/A
reset) operation of this
b instruction
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:

Annunciators which have been

activated are sequentially reset

one-by-one, each time the ANR instruction is operated.

If the ANR instruction is driven continuously it will carry out its resetting operation on

every program scan unless it is modified by the pulse, P prefix or by a user defined

program interlock.
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5.5.9 SQR (FNC 48)

Operands
Mnemonic Function s D Program steps
SQR Performs a K,H,D D SQR, SQRP:
FNC 48 mathematical | When using M8023 in float mode, only 5 steps
E_Sgﬁare square root €.9.: | 4o, ble word (32bit) data can be processed. ggggp
D=/ s See page 4- 46 for more details regarding float- '
ing point. 9 steps
Zero ME020
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | Zroha
Operation 1:
X3 X10 [S1 [D]
— - }———{sar[ K5 [ D2 |- This instruction performs a square root
X7 ;
operation on source data (S) and stores
-y ™ P (S)
DSQR| D5 [D 30} the result at destination device (D). The
M8000
i W18023—
operation is conducted entirely in

whole integers rendering the square root answer rounded to the lowest whole number.
For example, if (S) = 154, then (D) is calculated as being 12. M8020 is set ON when the
square root operation result is equal to zero. Answers with rounded values will
activate M8021.

Operation 2: This function is equivalent to FNC 127 ESQR This operation is similar to
Operation 1. However, it is only activated when the mode setting float flag, M8023 is
used.

This then allows the SQR instruction to process answers in floating point format. The
source data (S) must either be supplied in floating point format for data register use,

or it can be supplied as a constant (K,H). When constants are used as a source, they
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are automatically converted to floating point format. Operation 2 is only valid for

double word (32 bit) operation,

hence both (S) and (D) will be 32 bit values and the SQR instruction will be entered as

DSQR or DSQRP.

.General note:

Performing any square root operation (even on a calculator) on a negative number will

resultin an error. This will be identified by special M coil M8067 being activated:

~/-168 = Error and M8067 will be set ON  This is true for both operating modes.

5.5.10 FLT (FNC 49)

X15

— ——— FLT [D15[ D2 |-

at the destination device (D).

Please note that two consecutive devices (D and

209

i Operands
Mnemonic Program steps
S D
FLT Used to convert D D FLT, FLTP:
FNC 49 data to and from  \18023 = OFF data is converted from decimal | 2 StePs
{Flf)atmg floating point to floating point format DFLT,
point) format DFLTP:
M8023 = ON data is converted from floating 9 steps
point format to decimal format
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
[S] [D]

When the float instruction is used

X271
| 802 without the float flag (M8023 = OFF) the
——— FLT |[D100|D120}— . ,
M8000 source data (S) is converted in to an
—H @023

equivalent value stored in float format
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D+1) will be used to store the converted float number. This is true regardless of the
size of the source data (S), i.e. whether (S) is a single device (16 bits) or a double device
(32 bits) has no effect on the number of destination devices (D) used to store the

floating point number. Examples:

Decima source data Floating point
(S) destination value (D)
1 1
-26700 267 x 10°
404 4.04 x 107

Applied Instructions:
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1. Program Flow 5-4
2. Move And Compare 5-16
3. Arithmetic And Logical Operations (+, -, :_,2:)
4. Rotation And Shift 5-34
5. Data Operation 5-42
v 6. High Speed Processing 5-52
7. Handy Instructions 5-66
8. External FX I/O Devices 5-80
9. External FX Serial Devices 5-94
10. Floating Point 1 & 2 5-110
1. Trigonometry (Floating Point 3) 5-118
12. FNC 140149 || Data Operations 2 5-122
13. Positioning Control 5-126
14. |[Fnc1eo-169 || Real Time Clock Control 5-136
15. Gray Codes 5-146
16. Additional Functions 5-146
17. FNC 220249 || |n-line Comparisons 5-150
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Symbols list:

D - Destination device.

S - Source device.

m, n- Number of active devices, bits or an operational constant.

Additional numeric suffixes will be attached if there are more than one operand with
the same function e.g. D1,S3or for lists/tabled devices D3+0,S+9etc. MSB - Most
Significant Bit, sometimes used to indicate the mathematical sign of a number, i.e.
positive = 0, and negative = 1.

LSB - Least Significant Bit.

Instruction modifications:

Ye¥eve-Aninstruction operating in 16 bit mode, where identifies the instruction
mnemonic.

Y¥eveP - A 16 bit mode instruction modified to use pulse (single) operation.
D¢ ¥¢- An instruction modified to operate in 32 bit operation.

Dy ¥¢¥¢P - A32 bit mode instruction modified to use pulse (single) operation.

=

" A repetitive instruction which will change the destination value on every scan

unless modified by the pulse function.

B4 = An operand which cannot be indexed, i.e. The addition of V or Z is either invalid

or will have no effect to the value of the operand.
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5.6.1 REF (FNC 50)

’—ll—{REF|X‘ID| K 8 H

Operation:

Operands
Mnemonic Function D Program steps
n

REF Forces an XY K,H REF, REFP:
FNC 50 immediate update | 52 5 steps
(Refresh) of inputs or Note: Note:
+ outpg#sc?s D should always be a |n should always be a

Specihe multiple of 10, i.e. 00, |multiple of 8, i.e. 8, 16,

10, 20, 30 etc. 24, 32 etc.
16 BIT OPERATION 32 BIT OPERATION PULSE-P
X0 [D] [n]

Standard PLC operation processes

output and input status between the END instruction of one program scan and step 0

of the following program scan. If an immediate update of the 1/O device status is

required the REF instruction is used. The REF instruction can only be used to update or

refresh blocks of 8 (n) consecutive devices. The head address of the refreshed devices

should always have its last digit as a 0 (zero), i.e. in units of 10.

@Note: A short delay will occur before the 1/0 device is physically updated, in the

case of inputs a time equivalent to the filter setting, while outputs will delay for their

set energized time.
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5.6.2 REFF (FNC 51)

Operands
Mnemonic Function - Program steps
REFF Inputs are K, H, REFF,
FNC 51 refreshed, and 52 REFFP:
(Refrgsh their input filters Note: n= 0 to 60 msec (0 = 50us) 3 steps
ag.d filter are 'lfesdﬂ to the 4 | X000 to X007 (X000 to X017 for FXan) are
adjust) ne;ﬁy esignate automatically designated when using this
vaiue instruction
16 BIT OPERATION 32 BIT OPERATION PULSE-P

Operation:

X10 [nl
’—( | REFF| K1 |

PLC’ sare provided with input filters to

overcome problems generated by
mechanical switch gear.
However, as this involves ensuring a steady input signal is received for a fixed time
duration, the use of input filters slows down the PLC response times. For high speed
applications, especially where solid state switching provides the input signal, input
filter times may be reduced. The default setting for the input filters is approximately 10
msec. Using this instruction input filter times of 0 to 60 msec may be selected. The
setting ‘0" (zero) is actually 50usec. This is the minimum available setting. It is
automatically selected when direct input, interrupts or high speed counting functions
are used. The REFF instruction needs to be driven for each program scan if it is to be

effective, otherwise, the standard 10 msec filter time is used.
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5.6.3 MTR (FNC 52)

Operands
Mnemonic Function Program steps
S D1 Dz n

MTR Multiplexes a X Y Y,M,S K, H, MTR: 9 steps
FNC 52 bank of inputs = 4 52 52
(Input into a number of - Note:
matrix) sets of devices. | Note: n=2 to 8

Can only be used These operands should always be

ONCE a multiple of 10, i.e. 00, 10, 20, 30

etc.
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | 2o e wenns
Operation:

M8000 [S] [D1][D2] [n]
‘—H—|MTR|){1G|Y2!}|M30|K3}—1 This instruction allows a

selection of 8 consecutive input
devices (head address S) to be used multiple (n) times, i.e. each physical input has
more than one, separate and quite different (D1) signal being processed. The result is

stored in a matrix-table (head address D2).

Points to note:

a) The MTR instruction involves high speed input/output switching. For this reason
this instruction is only recommended for use with transistor output modules.

b) For the MTR instruction to operate correctly, it must be driven continuously. It is
recommended that special auxiliary relay M8000, the PLC RUN status flag, is used.
After the completion of the first full reading of the matrix, operation complete flag
M8029 is turned ON. This flag is automatically reset when the MTR instruction is

turned OFF.
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c) Each set of 8 input signals are grouped into a ‘bank’ (there are n number of
banks).

d) Each bank is triggered/selected by a dedicated output (head address D1 ). This
means the quantity of outputs from D1, used to achieve the matrix are equal to the
number of banks n. As there are now additional inputs entering the PLC these will
each have a status which needs recording. This is stored in a matrix-table. The
matrix-table starts at the head address D 2. The matrix construction mimics the same
8 signal by n bank configuration.

Hence, when a certain input in a selected bank is read, its status is stored in an
equivalent position within the result matrix-table.

e) The matrix instruction operates on an interrupt format, processing each bank of
inputs every 20msec. This time is based on the selected input filters being set at
10msec. This would result in an 8 bank matrix, i.e. 64 inputs (8 inputs” 8 banks) being

read in 160msec
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@If high speed inputs (ex. X0) is

Matrix device }—

specified for operand S, the reading

]

ENAVET VTN ENEE VEE FEE VL V)

time of each bank becomes only

10msec, i.e. a halving of the reading Pull dOW”/E
resistors

speed. However, additional pull down resistors are

‘ ‘ ‘ Diode 3.
required on the drive outputs to ensure the high 0,1A % ? ? % % I% %
50 V ~_
speed reading does not detect any residual 2.

FeA
currents from the last operation. These should be

placed in parallel to the input bank and should be

of a value of approximately .3k Q, 0.5W. For easier Transistor output unit
(source)

use, high speed inputs should not be specified at S.
f) Because this instruction uses a series of multiplexed signals it requires a certain

amount of ¢ hard wiring > to operate. The example wiring diagram to the right
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depicts the circuit used if the previous example instruction was programmed. As a
general precaution to aid successful operation diodes should be places after each
input device (see diagram opposite). These should have a rating of 0.1A, 50V.

g) Example Operation

When output Y20 is ON only those inputs in the first bank are read. These results are
then stored; in this example, auxiliary coils M30 to M37. The second step involves Y20
going OFF and Y21 coming ON. This time only inputs in the second bank are read.
These results are stored in devices M40 to M47. The last step of this example has Y21
going OFF and Y22 coming ON. This then allows all of the inputs in the third bank to be
read and stored in devices M50 to M57. The processing of this instruction example

would take 20 X 3 =60msec.

Notice how the resulting matrix-table does not use any of the ¥¢ 8 andv¥¢ 9 bit

devices when state S or auxiliary M relays are used as the storage medium.

5.6.4 HSCS (FNC 53)

Operands
Mnemonic Function Program steps
S1 S2 n
HSCS Sets the selected |K, H, C Y, M, S DHSCS:
FNC 53 output when the KnX, KnY, Note: 13 steps
(High speed |specified high KnM, KnS, C =23510 254, | Interrupt point-
counter set) |speed counter T.C,D,V,Z |oravailable ers
value equals the high speed 1010 to 1060
test value counters can be set.
16 BIT OPERATION 32 BIT OPERATION PULSE-P
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M8000 [S1][S2] [D]
——JpHscs|k100[c255] Y10 }—{ Operation:

The HSCS set, compares the current
value of the selected high speed counter (S 2 )against a selected value (S1 ). When the
counters current value changes to a value equal to S1 the device specified as the
destination (D)is set ON. The example above shows that Y10 would be set ON only
when C255° s value stepped from 99-100 OR 101-100. If the counters current value

was forced to equal 100, output Y10 would NOTbe set ON.

Points to note:

a) It is recommended that the drive input used for the high speed counter functions;
HSCS, HSCR, HSCZ is the special auxiliary RUN contact M8000.

b) If more than one high speed counter function is used for a single counter the
selected flag devices (D) should be kept within 1 group of 8 devices, i.e. YO-7, M10-17.
c) All high speed counter functions use an interrupt process, hence, all destination

devices (D) are updated immediately.

: Note:

For all units Max. 6 simultaneously active HSCS/R and HSZ instructions. Please
remember that the use of high speed counter functions has a direct impact on the

maximum allowable counting speed!
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5.6.5 HSCR (FNC 54)
Operands
Mnemonic Function Program steps
S1 S2 D
HSCR Resets the K, H, C Y, M, S DHSCR:
FNC 54 selected output KnX, KnY, Note: C 13 steps
(High speed |when the KnM, KnS, C=C235t0 Note:
counter specified high TC,D, V. Z C255, or If C, use same
reset) speed counter available high |counter as Sz
equals the test speed
value counters
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
S1]1[s2] [D
MB000 [S1][S2] [D]
’_I DHSCFq HEDGICEE5I Y10 }_‘ The HSCR, compares the

current value of the selected

high speed counter (S2 Jagainsta selected value (S1 ). When the counters current value

changes to a value equal to S 1, the device specified as the destination (D) is reset. In

the example above, Y10 would be reset only when €255’ s value stepped from 199 to

200 or from 201 to 200. If the current value of C255 was forced to equal 200 by test

techniques, output Y10 would NOTreset. For further, general points, about using high

speed counter functions, please see the subsection

‘Points to note’

under the HSCS

(FNC 53). Relevant points are; a, b, and c. Please also reference the note about the

number of high speed instructions allowable.
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5.6.6 HSZ (FNC 55)

. . Operands
Mnemonic Function S 52 S3 ) Program steps
HSZ Operation 1: K, H, C Y.M, S DHSZ:
FNC 55 The current value |KnX, KnY, Mote: Note: 17 steps
(High of a high speed KnM, KnS, C=235t0 3 consecutive
speed zone |counter is checked |T,C,D,V, Z 255, |devices are
compare) against a specified used
range
Operation 2: D K.H M8130 (only)
The designated Using This flag can
range is held in a values only be used
data table driving from with one
Y’ outputs directly 1to DHSZ
128 instr' at a time
Operation 3. (dec- MB132 (only)
The designated mal) This flag can
range is held in a only be used
data table driving with one
PLSY frequencies
directly using
D8132
16 BIT OPERATION 32 BIT OPERATION PULSE-P
S1]1[S2][S3][D
MBO0O [$1][82][S3] [D]
—{DHsz [k1000]k1200] c251] Y10 Operation 1 -

Standard:(Applicable to all

units) This instruction works in exactly the same way as the standard ZCP (FNC11). The

only difference is that the device being compared is a high speed counter (specified as

S3).Also, all of the outputs (D) are updated immediately due to the interrupt

operation of the DHSZ. It should be remembered that when a device is specified in

operand D it is in fact a head address for 3 consecutive devices. Each one is used to

represent the status of the current comparison, i.e. using the above example as a

basis,

Y10 (D) C251 is less than S1, K1000 (S3 <S1)
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Y11 (D+1) C251 is greater than S1, K1000 but less than S 2, K1200 (S3>S1,S3<S2)

Y12 (D+2) C251 is greater than S2, K1200 (S3 >S2)

For further, general points, about using high speed counter functions please see
the subsection ‘Points to note’ under the HSCS (FNC 52). Relevant points are; a, b,
and c. Please also reference the note about the number of high speed instructions

allowable.

The following points should be read while studying the example on the right of the

page. Please note, all normal rules

Record | Comparison | Selected "Y' | SET/RESET
. . . . number value Output "Y'Device
associated with high speed counters still (Imhw):er Device (1=SET,
register’
[D8130] | (D, D-1] (D] (D3]
apply. [D150, D151]| (D152 [D153]
pply 0 K321 H10 (Y10) Ki
,  |[D154 Dis5] [ [D156] [D157]
The data table is processed one ° record " [msﬁﬁsg] HE&‘;JJD} [ngﬂ
K543 H10 (Y10) K1
, . . . 3 |[D162 Die3]|  [D164] (D169
number’ atatime,i.e only 1 record is ever K765 H10 (Y10) KO
4 [D166, D167] [D168] [D16g]
K766 H37 (Y37) K1

active as the comparison data. The currently
active record number is stored in data register D8130. As the comparison value for the
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active record is ‘reached’ , the assigned ‘Y’ device is SET or RESET and the
active ‘Record number’ isincremented by 1. Once all records in a data table have
been processed, the current record pointer (D8130) is reset to 0 (the table is then

ready to process again) and the operation complete flag M8131 is set ON.

If the high speed counter is reset (by program or hardware input), when it resumes

counting and reaches the first record” s
MB000

} C251

comparison value, the M8131 flag will be

x17
F—{oHsz[ D150 | K5 | C251 [MB130

reset. Both the status of M8131 and contents €051 reset
765

of D8130 are not editable by the user. If the g 6541

5 3 =43

2 Y
DHSZ instruction is turned OFF then all §§§ 3211

5§ g Y10 —

. NTg
associated flags are reset. Care should be ces Y7
MBI31_ . | | o g

D8130 0 1 2 3 40

exercised when resetting the high speed

counter or turning OFF the DHSZ instruct as all associated ‘Y’ output devices will
remain in their last state, i.e. if an output was ON it will remain ON until independently
reset by the user. The data within in active records can be changed during operation
allowing data tables to be updated. Any change made is processed at the end of the
current program scan. The HSZ instruction will continue to process only the active
data record, i.e. it will not reset due to the updating of an inactive data record.

When the DHSZ instruction is initially activated it will not process a comparison until
the

following program scan as the CPU requires a slight time delay to initialize the
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comparison
table.
As with Operation 2 only one record in the data table is i oy
x;i{uﬁz{mao[ K5 | cas1[vB1ad
active at anyone time. The current  “ Record number’ rAST o
%H_S\(]Dmaq Ko | Y7

being processed is stored in data register D8131. To

2 5 C251 resst
observe the current comparative value, data registers §§ 400 ‘

E

588 o]

D8134 and D8135 should be monitored as a double word

(32 bit) device.

D8132, output value
in Hz for PLSY
instruction

g B!

Once the final entry in the data table has been processed,

the operation complete flag M8133 is set ON and the

record counter (D8131) cycles back to the first record. It is recommended that if the
high speed counter and PLSY operations form a closed loop that the last record entry
in the data table is set to KO for the comparison value and KO for the PLSY output
frequency. This will bring the controlled system to a stop and the ‘Record number’
counter will not be able to cycle back to the start of the data table until the associated

high speed counter is reset by either pro-gram or hardware methods. This situation
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can be easily monitored by checking the paired data registers D8134 and D8135 for
the ‘0’ value.

It is recommended that the operation of the PLSY instruction is delayed for 1 scan to
allow the DHSZ data table to be constructed on initial operation. Asuggested program

using a pulsed flag is shown in the example on this page.

5.6.7 SPD (FNC 56)

i . Operands
Mnemonic Function Program steps
S1 Sz D
SPD Detects the X0to X5 |K,H, T,C,D, Z(V) SPD:
FNC 56 number of KnX, KnY, [MNote: 7 steps
(Speed ‘encoder’ pulses KnM, KnS, |3 consecutive devices
detection) in a given time T, C, D, V, |are used. In the case
frame. Results z of
can be used to D= Z monitor D8028,
calculate speed D8029 and D8030
16 BIT OPERATION 32 BIT OPERATION PULSE-P
¥10 [81] [S2] [D]
}—H—|SPD|XO|K100|D0}—‘ ]
Operation:

The number of pulses received at S1 are counted and stored in D+1; this is the current

x10__ | count value. The counting takes place over a set time frame
st UL [LILALILE
ﬁ specified by S2 in msec. The time remaining on the current
% “timed count’ ,is displayed in device D +2. The number of
b " . counted pulses (of S 1 )from the last timed count are stored in D.
S2
%\\— The timing chart opposite shows the SPD operation in a

graphical sense.
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Note: M: Current count value, device D +1
@ :Accumulated/ last count value, device D

(3®: Current time remaining in msec, device D+2

Points to note:

a) When the timed count frame is completed the data stored in D +1is immediately
written to D. D +1is then reset and a new time frame is started.

b) Because this is both a high speed and an interrupt process only inputs X0 to X5 may
be used as the source device S 1. However, the specified device for S1 must NOT
coincide with any other high speed function which is operating, i.e. a high speed
counter using the same input. The SPD instruction is considered to act as a single
phase counter.

c) Multiple SPD instructions may be used, but the identified source devices S1 restrict
this to a maximum of 6 times.

d) Once values for timed counts have been collected, appropriate speeds can be
calculated using simple mathematics. These speeds could be radial speeds in rpm,
linear speedsin M/ min it is entirely down to the mathematical manipulation placed

on the SPD results. The following interpretations could be used;
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3600 x (D)

103
nxSz *

Linear speed N (km/h) =

where n =the number of linear encoder divisions per kilometer.

60 x (D)

108
nxS2 x

Radial speed N (rpm) =

where n = the number of encoder pulses per revolution of the encoder disk.

5.6.8 PLSY (FNC 57)

) . Operands
Mnemonic Function Program steps
S$1 S2 D
PLSY Outputs a K, H, PLSY:
FNC 57 specified number | KnX, KnY, Y ) 7 steps
(Pulse Y of pulses at a set | KnM, KnS, Note: DPLSY:
output) frequency T.C.D.V.Z Y000 or Y001 only 5<. | 13steps
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | gemion o
Operation:

%10 [S1] [s2] [D]
}—1 ——{PLSY|K1000| DO | YO }—{ A specified quantity of pulses S2

is output through device D at a

specified frequency S1 This instruction is used in situations where the quantity of

outputs is of primary concern.

Points to note:

a) HCA1P/ HCA2P/HCA2C users may use frequencies of 1 to 132,767Hz (16-bit
operation) and 1 to 100kHz (32-bit operation).

b) The maximum number of pulses: 16 bit operation: 1 to 32,767 pulses, 32 bit
operation: 1to 2,147,483,647 pulses.

Note: special auxiliary coil M8029 is turned ON when the specified number of pulses
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has been completed. The pulse count and completion flag (M8029) are reset when the
PLSY instruction is de-energized. If “0" (zero) is specified the PLSY instruction will
continue generating pulses for as long as the instruction is energized.

c) Asingle pulse is described as having a 50% duty cycle. This means it is ON for 50% of
the pulse and consequently OFF for the remaining 50% of the pulse. The actual output
is controlled by interrupt handling, i.e. the output cycle is NOT affected by the scan
time of the program.

d) The data in operands S 1 and S 2 may be changed during execution. However, the
new data in S 2 will not become effective until the current operation has been
completed, i.e. the instruction has been reset by removal of the drive contact.

e) Two FNC 57 (PLSY) can be used at the same time in a program to output pulses to
Y000 and Y001 respectively. Or, only one FNC 57 PLSY and one FNC 59 PLSR can be
used together in the active program at once, again outputting independent pulses to

Y000 and Y001

It is possible to use subroutines or other such programming techniques to

isolate different instances of this instructions. In this case, the current instruction must

be deactivated before changing to the new instance.

f) Because of the nature of the high speed output, transistor output units should be
used with this instruction. Relay outputs will suffer from a greatly reduced life and will

cause false outputs to occur due to the mechanical ‘bounce’ of the contacts. The
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load current should be 10 - 100mA with the HCA1P/HCA2P/HCA2C Series. It may be

found that ‘pullup’

5.6.9 PWM (FNC 58)

resistors will be required.

[S1][S2] [D]

X10
I—H—|PWM|D10|K50 | YO0 H

S1
min

D ] M
!

) . Operands
Mnemonic Function Program steps
S1 S2 D
PWM Generates a K, H, PWM:
FNC 58 pulse train with KnX, KnY, KnM, Y 7 steps
(Pulse width | defined pulse KnS, Note:
modulation) | characteristics TC,D,V.Z All units: Y000 or Y001
Note: v 5
S1 only
S2
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:

A continuous pulse train is output through
device D when this instruction is driven.

The characteristics of the pulse are defined

as: The distance, in time (msec), between

two identical parts of consecutive pulses (S 2 ). And how long, also in time (msec), a

single pulse will be active for (S1)

Points to note:

a) Because thisis a 16 bit instruction, the available time ranges for S1and S2 are 1 to

32,767.

b) A calculation of the duty cycle is easily made by dividing S1 by S2 . Hence S 1 cannot
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have a value greater than S 2 as this would mean the pulse is on for longer than the
distance between two pulses, i.e. a second pulse would start before the first had
finished. If this is programmed an error will occur. This instruction is used where the
length of the pulse is the primary concern.

c) The PWM instruction may only be used once in a users program.

d) Because of the nature of the high speed output, transistor output units should be
used with this instruction. Relay outputs will suffer from a greatly reduced life and will
cause false outputs to occur due to the mechanical ‘bounce’ of the contacts. The
load current should be 10 - 100mA with the HCA1P/ HCA2P/HCA2C Series. It may be

foundthat ‘pullup’ resistors will be required.

5.6.10 PLSR (FNC 59)

16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | orermer vnzs
Operands
Mnemonic Function Program steps
S1 ‘ S2 | S3 D
PLSR Qutputs a K, H, Y PLSR:
FNC 59 specified number |KnX, KnY, KnM, KnS, 9 steps
(Pulse ramp) |of pulses, TC,D,V,.Z HCA5USErs: DPLSR:
ramping up to a Note: Y000 or YOO1 only. 17 steps
set frequency and | 51
back down to stop | 52

Operation:

M4
}—”—{ PLSR| K500 | DO [K3800| YOO H A specified quantity of pulses S 2 is

output through device D. The output
frequency is first ramped up in 10 steps to the maximum frequency S1 in acceleration

time S 3 ms, then ramped down to stop also in S3 ms. This instruction is used to
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generate simple acc/dec curves where the quantity of outputs is of primary concern.

[S1]10 - 100,000 Hz
h

[S1/10

k.

5 ; | secs
. [S3] Max 5000 ms i [S3] Max 5000 ms

Points to Note:

a) HCA1P/ HCA2P/HCA2C users may use frequencies of 10 to 100,000Hz. The frequency
should be set to a multiple of 10. If not it will be rounded up to the next multiple of 10.
The acceleration and deceleration steps are set to 1/10 of the maximum frequency.
Take this in to consideration to prevent slipping, when using stepping motors.

b) AllHCA1P/ HCA2P /HCA2C units, maximum number of pulses: 16 bit operation: 110
to 32,767 pulses, 32 bit operation: 110 to 2,147,483,647 pulses. Correct pulse output
can not be guaranteed for a setting of 110 or less.

c) The acceleration time must conform to the limitations described below.

d) The output device is limited to YO00 or YOO1 only and should be transistor type.

e) Two FNC 59 (PLSR) can be used at the same time in a program to output pulses to
Y000 and Y001 respectively. Or, only one FNC 57 PLSY and one FNC 59 PLSR can be
used together in the active program at once, again outputting independent pulses to
Y000 and YOO1.
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®It is possible to use subroutines or other such programming techniques to isolate

different instances of this instructions. In this case, the current instruction must be

deactivated before changing to the new instance.

f) If the number of pulses is not enough to reach the maximum frequency then the
frequency is automatically cut

g) Special auxiliary coil M8029 turns ON when the specified number of pulses has
been completed. The pulse count and completion flag (M8029) are reset when the

PLSR instruction is de-energized.

Acceleration time limitations

The acceleration time S3 has a maximum limit of 5000 ms. However, the actual limits
of S3 are determined by other parameters of the system according to the following 4
points.

1) Set S3 to be more than 10 times the maximum program scan time (D8012). If set to

less than this, then the timing of the acceleration steps becomes uneven.

S3 = $x5

2) The following formula gives the minimum value for S 3.

3) The following formula gives the maximum value for S 3.

S3 < gf « 818

232



HCFa

— RJIIf& 13 ——HCFA CORPORATION

4) The pulse output always increments in 10 step up to the maximum frequency as
shown on the previous page.

If the parameters do not meet the above conditions, reduce the size of S1.

« Possible output frequency is limited to10 to 100,000Hz for HCA1P/
HCA2P/HCAZ2C. If either the maximum frequency or the acceleration step size are
outside this limit then they are automatically adjusted to bring the value back to the
limit.

+ If the drive signal is switch off, all output stops. When driven ON again, the process
starts from the beginning.

+ Even if the operands are changed during operation, the output profile does not

change. The new values take effect from the next operation.
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Applied Instructions:

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

FNC 00 - 09

FNC 10- 19

FNC 20- 29

FNC 30- 39

FNC 40 - 49

11

FNC 60 - 69

FNC 70-79

FNC 80 - 89

[

FNC 110-129

FNC 130-139

|

FNC 140-149

FNC 150-159

FNC 160-169

1

FNC 180-189

FNC 220-249

Program Flow 5-4
Move And Compare 5-16

Arithmetic And Logical Operations (+, -, X, +

5-24
Rotation And Shift 5-34
Data Operation 5-42
High Speed Processing 5-52
Handy Instructions 5-66
External FX I/O Devices 5-80
External FX Serial Devices 5-94
Floating Point 1 & 2 5-110
Trigonometry (Floating Point 3) 5-118
Data Operations 2 5-122
Positioning Control 5-126
Real Time Clock Control 5-136
Gray Codes 5-146
Additional Functions 5-146
In-line Comparisons 5-150
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Symbols list:

D - Destination device.

S - Source device.

m, n- Number of active devices, bits or an operational constant.

Additional numeric suffixes will be attached if there are more than one operand with
the same function e.g. D 1,S3 or for lists/tabled devices D3+0, S +9etc.

MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a
number, i.e. positive = 0, and negative = 1.

LSB - Least Significant Bit.

Instruction modifications:

Y¥e¥e -Aninstruction operating in 16 bit mode, where Y¢i<v¢ identifies the
instruction mnemonic.

Y ¥e¥eP - A 16 bit mode instruction modified to use pulse (single) operation.
D¥¢v¥c -Aninstruction modified to operate in 32 bit operation.

D Y¢¥eicP -A32bit mode instruction modified to use pulse (single) operation

Arepetitive instruction which will change the destination value on every scan
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unless modified by the pulse function.

=

or will

have no effect to the value of the operand.

5.7.1 IST (FNC 60)

~ 'An operand which cannot be indexed, i.e. The addition of V or Z is either invalid

[S] [D1][D2]

M8000
}—H—[ IST | X20 | S20 | sm}—{

This consists of variations of

Points to note:

*manual’ and

‘automatic’

i ) Operands
Mnemonic Function Program steps
S1 S2 S3
IST Automatically sets | X, Y, M, S, S, IST:
FNC 60 up a multi-mode | Note: 7 steps
(Initial state) | STL operating uses 8
system consecutive devices
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:

This instruction automatically sets up

a multi-mode STL operating system.

operation modes.

a) The IST instruction automatically assigns and uses many bit flags and word devices;

these are listed in the boxed column on the right of this page.

b) The IST instruction may only be used ONCE . It should be programmed close to the

beginning of the program, before the controlled STL circuits.

c) The required operation mode is selected by driving the devices associated with
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operands S+0 through to S+4 (5 inputs). None of the devices within this range should

3

be ON at the same time. It is recommended that these inputs’ are selected
through use of a rotary switch. If the currently selected operating mode is changed
before the ‘zeroreturn complete’ flag (M8043) is set, all outputs will be turned OFF.
d) The ‘zero position’ isaterm used to identify a datum position from where the
controlled device, starts from and returns too after it has completed its task. Hence,
the operatingmode ‘zero return’ , causes the controlled system to return to this
datum.

Assigned devices

Indirect user selected devices:

S +OManual operation

S+1Zero return

S +2Step operation

S +30ne cycle operation

S +4Cyclic operation

S+5Zero return start

S +6Automatic operation start

S +7Stop

Initial states:

SO initiates ‘manual’ operation

Slinitiates ‘zeroreturn’ operation

S2initiates ‘automatic’ operation
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General states:

S10toS19 ‘zeroreturn’ sequence
D1toD2 ‘automaticreturn’ sequence
Special bit flags:

M8040 = ON STL state transfer is inhibited
M8041 = ON initial states are enabled
M8042 = Start pulse given by startinput
M8043 = ON zero return completed
M8044 = ON machine zero detected

M8047 = ON STL monitor enabled

The ‘zero’ positionis sometimes also referred to as a home position, safe
position, neutral position or a datum position.

e) The available operating modes are split into two main groups, manual and
automatic. There are sub-modes to these groups. Their operation is defined as:
Manual

Manual (selected by device S+0)- Power supply to individual loads is turned ON and
OFF by using a separately provided means, often additional push buttons. Zero Return
(selected by device S+1) -Actuators are returned to their initial positions when the

Zero input (S+5) is given.

Automatic
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One Step (selected by device S+2)- The controlled sequence operates automatically
but will only proceed to each new step when the start input (S+6) is given.

One Cycle (selected by device S+3) - The controlled actuators are operated for one
operation cycle. After the cycle has been completed, the actuators stop at

their ‘zero’ positions. The cycleis started aftera ‘start’ input (S+6) has been
given.

Acycle which is currently being processed can be stopped at any time by activating
the ‘stop’ input(S+7). To restart the sequence from the currently *paused’
position the start input must be given once more.

Automatic (selected by device S+4)-Fully automatic operation is possible in this mode.
The programmed cycle is executed repeatedly when the ‘start’ input (S+6) is given.
The currently operating cycle will not stop immediately when the ‘stop’ input
(S+7)is given. The current operation will proceed to then end of the current cycle and

then stop its operation.

Note: Start, stop and zero inputs are often given by additional, manually
operated push buttons.

Please note thatthe ‘stop’ inputisonly a program stop signal. It cannot be used as
areplacementforan ‘Emergencystop’ push button. All safety, ‘Emergency stop’
devices should be hardwired systems which will effectively isolate the machine from
operation and external power supplies. Please refer to local and national standards for
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applicable safety practices.

5.7.2 SER (FNC 61)

) . Operands
Mnemonic Function Program steps
S1 S2 D n
SER Generates a list [ KnX, KnY, |KnX, KnY, |KnY,KnM, |KH,D SER, SERP:
FNC 61 of statistics KnM, KnS, |KnM, KnS, [KnS < 9 steps
(Searcha |aboutasingle |T.C,D TC,D Note:
Data Stack) |data value T.C,D Note: 5 n= 1~256 for 16 DSER,
located/foundin W, Z consecutive bit operation DSERP:
a data stack K,H devices n= 1~128 for 17 steps
are used 32 bit
operation
‘ 16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:

X72
qu——A%m

[S1]1[S2][D] n

D 50K 20|D 35|100

The SER instruction searches a

defined data stack from head

address S1, with a stack length n. The data searched for is specified in parameter S2

and the results of the search are stored at destination device D for 5 consecutive

devices.
Dastln_atlon Device description
device
D Total number of occurrences of the searched value S2 (0 if no occurrences are found)

D+1 The position (within the searched data stack) of the first occurrence of the searched value S2

D+2 The position (within the searched data stack) of the last occurrence of the searched value S2
The position (within the searched data stack) of the smallest value found in the data

D+3 : - .
stack (last occurrence is returned if there are multiple occurrences of the same valug)

D+4 The position (within the searched data stack) of the largest value found in the data stack
(last occurrence is returned if there are multiple occurrences of the same value)
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Points to note:

a) Normal rules of algebra are used to determine the largest and smallest values, i.e.
-30 is smaller than 6 etc.

b) If no occurrence of the searched data can be found then destination devices D, D+1
and D+2 will equal 0 (zero).

c) When using data register s as the destination device D please remember that 16 bit
operation will occupy 5 consecutive, data registers but 32 bit operation will occupy 10
data registers in pairs forming 5 double words.

d) When multiple bit devices are used to store the result (regardless of 16 or 32 bit
operation), only the specified size of group is written to for 5 consecutive occurrences,
i.e. K1YO would occupy 20 bit devices from YO (K1 = 4 bit devices and there will be 5
groups for the 5 results). As the maximum data stack is 256 (0 to 255) entries long, the

optimum group of bit devices required is K2, i.e. 8 bit devices.

5.7.3 ABSD (FNC 62)

i . Operands
Mnemonic Function Program steps
81 82 D n
ABSD Generates KnX, KnY, C Y.M,S K.H ABSD:
FNC 62 multiple output KnM, KnS, 9 steps
(Absolute patterns in (in groups Note: 54
drum response to of 8) n Note: DABSD:
sequencer) |counter data T.C. D consecutive n< 64 17 steps.
Note: High speed devices are see f).
counters are not used
allowed
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:

[S1][82] [D] [n]

X0
}—H—{ABSD|DBDU| colmo| K4 H
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This instruction generates a variety of output patterns (there are n number of

addressed outputs) in response to the current value of a selected counter, S2.

Points to note:

a) The current value of the selected counter (S2) is compared against a user defined
data table. This data table has a head address identified by operand S1. S1should
always have an even device number.

b) For each destination bit (D) there are two consecutive values stored in the data
table. The first allocated value represents the event number when the destination
device (D) will be turned ON. The second identifies the reset event. The data table
values are allocated as a consecutive pair for each sequential element between D and
D+n.

c) The data table has a length equal to 2 X n data entries. Depending on the format of
the data table, a single entry can be one data word such as D300 or a group of16 bit
devices e.g. K4X000.

d) Values from 0 to 32,767 may be used in the data table.

e) The ABSD instruction may only be used ONCE .

From the example instruction and the data table below, the following timing diagram

for elements M0 to M3 can be constructed.
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40 140 =—— Count value
When counter S2 equals the i
value below, the destination Assigned MO |
device Dis destination 200
device D
tumed ON turned OFF M 1
D300 - 40 D301 - 140 MO
Daoz-100|  DBO3-200 W M2 _\—l
240 280
D304 - 160 DB05 - 60 (Vrd
ON - T—orF
5.7.4 INCD (FNC 63)
) . Operands
Mnemonic Function Program steps
81 S2 D n
INCD Generates a KnX, KnY, C Y.M, S K.H INCD:
FNC 63 single output KnM, KnS, Uses 2 9 steps
(Incremental |sequence in (in groups of |consecu- |Note: 52
drum response to 8) tive n consec- | Note:
sequencer) |counter data TC,D counters |utive - Gé‘l
— devices |N=
Note: High speed are used
counters are not allowed
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | 2rerton s
%0 [s11(s2][DP] [n]
}—H—{ INCD [D300[ CO [MO| K4 }—|
Operation:

This instruction generates a sequence of sequential output patterns (there are n
number of addressed outputs) in response to the current value of a pair of selected

counters (S2, S2+1).

Points to note:
a) Thisinstruction uses a ‘data table’ which contains a single list of values which

are to be selected and compared by two consecutive counters (S2and S2+1). The data
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table is identified as having a head address Sland consists of n data elements.

b) Counter S2 is programmed in a conventional way. The set value for counter S2
MUST be greater than any of the values entered into the data table. Counter S2 counts
a user event and compares this to the value of the currently selected data element
from the data table.

When the counter and data value are equal, S2 increments the count of counter
S2+1and resets its own currentvalueto ‘0’ (zero). This new value of counter
S2+1selects the new data element from the data table and counter S2now compares
against the new data elements value.

c) The counter S2+1 may have values from 0 to n. Once the nth data element has been
processed, the operation complete flag M8029 is turned ON. This then automatically
resets counter S2+1 hence, the cycle starts again with data element S1+0.

d) Values from 0 to 32,767 may be used in the data table.

e) The INCD instruction may only be used ONCE in a program.

From the example instruction and the data table identified left, the following timing

diagram for elements MO to M3 can be constructed.

Data table Value of
Data (Data value/ count value| counter
element for counter S2 s52+1
D300 20 0
e 30 1
ez 10 2 M2 m
DBo3 40 3 M3 ]

M8029 N
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5.7.5 TTMR (FNC 64)

[D] [n]

X10
}—{ ———TTMR]

D300/ K 0 }—l

LN e I s I

Equivalet time data (n

duration D+1), is stored in D

i . Operands
Mnemonic Function D Program steps
n

TTMR Monitors the D K, H TTMR:

FNC 64 duration of a 54 5 steps

(Teaching signal and places |Note: Note:

timer) the timed data 2 devices 16 bit words n=U'L(D) = (D+1) x 1

into a data register| are used D and D+1 n=1 (D) = (D+1) x 10
n=2: (D)= (D+1) %100
16 BIT OPERATION 32 BIT OPERATION PULSE-P

Operation:

The duration of time that the TTMR

instruction is energized, is measured

and stored in device D +1 (as a count

of 100ms periods).

The data value of D+1(in secs),

multiplied by the factor selected by the operand n, is moved in to register D. The

contents of D could be used as the source data for an indirect timer setting or even as

raw data for manipulation.

When the TTMR instruction is de-energized D+1is automatically reset (D is unchanged)

5.7.6 STMR (FNC 65)

Operands
Mnemonic Function Program steps

S n D

STMR Provides T K, H Y, M, S STMR:

FNC 65 dedicated Note: 52 Note:uses 4 7 steps

(Special off-delay, one Timers 0to 199 Note: consecutive

timer) shot and flash (100msec n= devices

timers devices) 1to 32.767 D+0to D+3
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16 BIT OPERATION

32 BIT OPERATION

PL

X0 [S]

[n] [D]

——IsTMR| T 10 [K 100 MO H

Operation:

The designated timer Swill operate for

[ the duration n with the operational effect

configuration below, D+land D+2act in a alternate flashing sequence.

X0 M3
4 FH#—fSTMR[ T10 [k 100 W0
X

Mol L

M1(M3)

5.7.7 ALT (FNC 66)

being flagged by devices D+0to D+3.
Device D+0is an off-delay timer, D+1is a

one shot timer, When D+3 is used in the

) . Operands
Mnemonic Function D Program steps
ALT The status of the |Y, M, S ALT, ALTP:
FNC 66 assigned device 3 steps
(Alternate is inverted on
state) every operation of
+ the instruction
16 BIT OPERATION 32 BIT OPERATION PULSE-P
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ALT| MO |

Operation:

X0 {7

i

=
o

|k

ALT instruction.

The status of the destination device (D)

is alternated on every operation of the

This means the status of each bit device

will flip-flop between ON and OFF. This will occur on every program scan unless a

pulse modifier or a program interlock is used.

The ALT instruction is ideal for switching between two modes of operation e.g. start

and stop, on and off etc.

5.7.8 RAMP (FNC 67)

i ) Operands
Mnemonic Function Program steps
S1 S2 D n
Ramps a device |D K.H RAMP:
?ﬁg;r from one value to | Note: & 9 steps
(Ramp vari- another in the Device D uses two consecutive Note:
able v%lue) specified number |registers identified asD and D+1  |p=1 to
of steps these are read only devices. 32,767
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags g;;’;l':;m
Operation:
X0 [81]1[82] [D] [n]
}—1 RAMPD1][D2|D3 |K1000}—{
The RAMP instruction varies a current value (D)
[s2] [S1]
D .
D between the data limits set by the user (Sland
(S1]4 [52]
1 2so S1osn S2).The ‘journey’ between these extreme

limits takes n program scans. The current scan

number is stored in device D+1. Once the current value of D equals the set value of
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S2the execution complete flag

M8029 is set ON. The RAMP instruction can vary both increasing and decreasing

differences between Sland S2.

5.7.9 ROTC (FNC 68)

[S] [m1][m2][D]

i . Operands
Mnemonic Function Program steps
S m1 mz2 D
ROTC Controls a rotary |D K, H K, H Y, M S ROTC:
FNC 68 tables movement | Note: 5 e 9 steps
(Rotary is response to a uses 3 Note: Note: Note:
table requested consecu- | 1=2t0 |m2=0to |USes8
control) destination/ tive 32 767 32 767 consecu-
position devices ' ’ tive
S+1=m1 m1z=m2 devices
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:

X10
}_{ |—|RDTC|D2UD| K10 | K 2 | MO H The ROTC instruction is used to

aid the tracking and positional

movement of the rotary table as it moves to a specified destination.

Points to note:

a) This instruction has many automatically de-fined devices. These are listed below.
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b) The ROTC instruction may only be used ONCE .

c) The ROTC instruction uses a built in 2-phase counter to detect both movement
direction and distance travelled. Devices D+0and D+1 are used to input the phase
pulses, while device D+2is used to input the ‘zero position’ on the rotary table.
These devices should be programmed as shown in the example below (where the

physical termination takes place at the associated X inputs).

X0

} MO
X1

; M 1
X2

I M2

The movement direction is found by checking the relationship of the two phases of

the 2 phase counter, e.g.

A-phase I l
B-phase I | |

A-phase | I
B-phase I | |

A phase leads B phase

B phase leads A phase

Assigned devices

Indirect user selected devices:

D +0 A-phase counter signal - input
D +1 B-phase counter signal - input
D +2 Zero point detection - input

D +3 High speed forward - output
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D +4 Low speed forward - output
D +5 Stop - output
D +6 Low speed reverse - output

D +7 High speed reverse - output

Rotary table constants:
m 1 Number of encoder pulses per table revolution

m 2 Distance to be travelled at low speed (in encoder pulses)

Operation variables:

S +0 Current position at the ‘zero point’ READ ONLY

S +1 Destination position (selected station to be moved to) relative to the ‘zero
point’ - User defined

S +2 Start position (selected station to be moved) relative to the ‘zero point’ -User
defined

d) When the ‘zeropoint’ input (D+2) is received the contents of device S+0 is reset
to ‘0’

(zero). Before starting any new operation it is advisable to ensure the rotary table is
initialized by moving the ‘zero point’ drive dog or marker around to the ‘zero
point’ sensor.

This could be considered as a calibration technique. The re-calibration of the rotary
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table should be carried out periodically to ensure a consistent/accurate operation.
e) Devices D+3 to D+7 are automatically set by the ROTC instruction during its
operation.

These are used as flags to indicate the operation which should be carried out next.
f) All positions are entered in the form of the required encoder pulses. This can be

seen in the following example:

- Example:

Arotary table has an encoder which outputs 400 (m1) pulses per revolution. There are
8 stations (0 to 7) on the rotary table. This means that when the rotary table moves
from one station to its immediately following station, 50 encoder pulses are counted.
The ‘zeroposition’ isstation ‘0’ (zero). To move the item located at station 7 to
station 3 the following values must be written to the ROTC instruction:

S+1=3 X 50=150 (station 3’ s position in encoder pulses from the zero point)
S+2=7 X 50=350 (station 7’ s position in encoder pulses from the zero point)
m1=400 (total number of encoder pulses per rev)

The rotary table is required approach the destination station at a slow speed starting
from

1.5 stations before the destination. Therefore;

m2=1.5 X 50=75slow speed distance either side of the destination station (in

encoder pulses)
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5.7.10 SORT (FNC 69)

) ) Operands
Mnemonic Function Program steps
S m1 m2 D n

SORT Data in a defined |D K, H D K, H SORT:
FNC 69 table can be 59 e 54 D 11 steps
(SORT sorted on selected Note: o
Tabulated ﬁeld‘s ‘wh|le mi= 1 to 32 Note:
Data) !'etaln!ng record m2=1to 6 n=1to

integrity m2

16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | oo e
[S] m1 m2 [D] n Operation:

This instruction constructs a

X21
’—4 SORT|D100] K 4 | K 3 |D100] K 2 }—‘

data table of m1 records with m
2 fields having a start or head address of S. Then the data in field nis sorted in to
numerical order while retaining each individual records integrity. The resulting (new)

data table is stored from destination device D.

Points to note:

a) When a sort occurs each record is sorted in to ascending order based on the data in
the selected sort field n.

b) The source (S) and destination (D) areas can be the same BUT if the areas are
chosen to be different, there should be no overlap between the areas occupied by the
tables.

c) Once the SORT operation has been completed the ‘Operation Complete Flag’
M8029 is turned ON. For the complete sort of a data table the SORT instruction will be

processed m1times.
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d) During a SORT operation, the data in the SORT table must not be changed. If the
data is changed, this may result in an incorrectly sorted table.
e) The SORT instruction may only be used ONCE in a program.
From the example instruction and the ‘data table’ below left, the following data

manipulation will occurwhen ‘n’ is set to the identified field

Original Tablelst table sort when n=2 2nd table sort when n=1
FIELD (m2) FIELD (m2) FIELD ()
1 2 3 1 2 3 1 2 3
L | (©100) | (D104) [ (D108) , | (©100) [ (D164) | (D108) ; | ©100)[(©104) [ ©108)
R 32 162 4 R 74 6 200 R 7 34 6
E 5 (D101) | (D105) | (D109) E 2 (D101) | (D105) | (D109) E 2 (D101) | (D105) | (D109)
o 74 6 200 o 7 34 6 o 32 162 4
R|[ 5 | (D102 (D106)[(D110) R[ 5 [(D102)](Di08)[(D110) R[ 5 [©O102[©108 |10
D 100 80 62 D 100 80 62 D T4 6 200
(), (D103) | ©107) [ (OT11) (mi) [ ©103) [ ©107) | ©111) ()Y, [ ©103)[ ©107) | ©117)
7 34 6 32 162 4 100 80 62
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Applied Instructions:

1. Program Flow 5-4
2. Move And Compare 5-16
3. Arithmetic And Logical Operations (+, -, :_,2:)
4. Rotation And Shift 5-34
5. Data Operation 5-42
6. High Speed Processing 5-52
7. Handy Instructions 5-66
v 8. External FX I/0| Devices 5-80
9. External FX Serial Devices 5-94
10. Floating Point 1 & 2 5-110
11.  |[Fnc130439] Trigonometry (Floating Point 3) 5-118
12. .@ Data Operations 2 5-122
13. [[Fncis0-159]| Positioning Control 5-126
14. |[Fnc1e0-169 || Real Time Clock Control 5-136
15. |[Fncaroa79]| Gray Codes 5-146
16. |[Fnc1go-189| Additional Functions 5-146
17. ||FNc220249| In-line Comparisons 5-150
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®Symbols list:

D - Destination device.

S - Source device. m, n- Number of active devices, bits or an operational constant.
Additional numeric suffixes will be attached if there are more than one operand with
the same function e.g. D 1,S3 or for lists/tabled devices D3+0, S +9etc.

MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a
number, i.e. positive = 0, and negative = 1.

LSB - Least Significant Bit.

Instruction modifications:

Y¥e¥e -Aninstruction operating in 16 bit mode, where Y¢i<v¢ identifies the
instruction mnemonic.

Y ¥e¥eP - A 16 bit mode instruction modified to use pulse (single) operation.

D Y ¥¢ -Aninstruction modified to operate in 32 bit operation.

Dyx¥¢¥¢P - A32 bit mode instruction modified to use pulse (single) operation

- repetitive instruction which will change the destination value on every scan
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unless modified by the pulse function.

B4 - An operand which cannot be indexed, i.e. The addition of V or Z is either invalid

or will have no effect to the value of the operand.

5.8.1 TKY (FNC 70)

Operands
Mnemonic Function Program steps
S D1 D2
TKY Reads 10 devices | X, Y, M, S KnY, KnM, Y,M, S TKY:
FNC 70 with associated Note: uses 10 |KnS, Note: uses 11 |7 steps
(Ten key decimal values consecutive TC D, V.Z consecutive
input) into a single devices Note: uses 2 | devices DTKY:
number (identified as | consecutive (identified 13 steps
S+oto S+a) devices for 32 | Dz+o to Da+10)
bit operation
‘ 16 BIT OPERATION 32 BIT OPERATION PULSE-P

Operation:
[S] [D1][D2]

xa|nn|m1nk{

X30
F%F———{TKY|

This instruction can read from

10 consecutive devices(S +0 to

S +9) and will store an entered numeric string in deviceD 1.

Points to note:

a) When a source device becomes active its associated destination (bit) device D2 also

becomes active. This destination device will remain active until another source device

is operated. Each source device maps directly to its own D2 device, i.e. S +Omaps to
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D2+0,S+7 maps to D2+7 etc. These in turn, map directly to decimal values which are
then stored in the destination data devices specified by D1..

b) One source device may be active at any one time. The destination device D2+10 is
used to signify that a key (one of the 10 source devices) has been pressed. D 2+10 will
remain active for as long as the key is held down. When the TKY instruction is active,
every press of a key adds that digit to the stored number in D1. When the TKY is OFF,
all of the D 2 devices are reset, but the data value in D 1 remains intact.

c) When the TKY instruction is used with 16 bit operation, D 1 can store numbers from
010 9,999 i.e. max. 4 digits. When the DTKY instruction is used (32 bit operation) values
of 0 t0 99,999,999 (max. 8 digits) can be accommodated in two consecutive devices D 1
and D 1+1. In both cases if the number to be stored exceeds the allowable ranges, the
highest digits will overflow until an allowable number is reached. The overflowed
digits are lost and can no longer be accessed by the user. Leading zero’ s are not

accommodated, i.e. 0127 will actually be stored as

X0 (d)
127 only. I
x1 ()
d) The TKY instruction may only be used ONCE . X2 @)
X3 m
e) Using the above instruction as a brief example:
M10 ——
Ifthe ° keys’ identified (a) to (d) are pressedin M1t ™
M12
that order the number 2,130 will be entered into M3 Co
D1 .If the key identified as (e) is then pressed the @ (b) (c) (d)
M20 T

value in D 1 will become 1,309. The initial 2’

has been lost.
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Input 'keys'and their decimal values

ol E ]

5.8.2 HKY (FNC 71)

(d) (b (a (C e)
Zav] OV]B/a [ w0 %1 [ 2] Xa] %a | X6 ] e[ %7 [Xid%11
Example key connections

) . Operands
Mnemonic Function Program steps
s D1 Dz D3
HKY Multiplexes inputs | X, Y, TCDV.Z |Y.MS HKY:
FNC 71 and outputs to Note: Note: Note: uses 2 | Note: 9 steps
(Hexadeci- |create a numeric |uses4 uses 4 consecutive |uses 8
mal keyboard with 6 consecu- |consecu- |devices consecu- | DHKY:
key input) function keys tive tive for 32 bit tive 17 steps
devices |devices |operation devices
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | 2eten e

[S][D1][D2][D3]

‘—H—[Hw[xahnlnnlma}—‘

Operation 1 - Standard:
This instruction creates a

multiplex of 4 outputs (D1 ) and

4 inputs (S) to read in 16 different devices. Decimal values of 0 to 9 can be stored while

6 further function flags may be set.

Points to note:

a) Each of the first 10 multiplexed source devices (identified as 0 to 9) map directly to

decimal values 0 to 9. When entered, i.e. a source device is activated, then its

associated decimal value is added to the data string currently stored in D2 . Activation

of any of these keys causes bit device D 3+7 to turn ON for the duration of that key
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press.

b) The last 6 multiplexed source devices (identified as function keysAto F) are used to
set bit devices D3+0 to D 3+5 respectively. These bit flags, once set ON, remain ON
until the next function key has been activated. Activation of any of these keys causes
bit device D3+6 to turn ON for the duration of that key press.

c) In all key entry cases, when two or more keys are pressed, only the key activated
firstis effective. When the pressing of a key is sensed the M8029 (execution complete
flag) is turned ON. When the HKY instruction is OFF, all D 3 devices are reset but data

value D 2 remains intact.

d) WhentheHKYinstructionisusedwith16bit operation, D

Input keys-
mpstiers il
2 can store numbers from 0 to 9,999 i.e. max. 4 digits. @@
74V ams[xm T %2 ]
L. Transistor Outputs (source)
values of 0 t0 99,999,999 (max. 8 digits) can be V3

L L
I

When the DHKY instruction is used (32 bit operation)

-~ UE HE N B

accommodated in two consecutive devices D2 and D

2+1.In both cases if the number to be stored exceeds the allowable ranges, the
highest digits will overflow until an allowable number is reached. The over-flowed
digits are lost and can no longer be accessed by the user. Leading zero” s are not
accommodated, i.e. 0127 will actually be stored as 127 only. This operation is similar

to that of the TKY instruction.

e) The HKY instruction may only be used ONCE .

dl

FEND
1 610 |ME000

f) Normal operation requires 8 scans to read the —H
Huky[xo]yvo[po]mo

[
E

-

H
oo

IRET

:
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key inputs. To achieve a steady and repeatable performance, constant scan mode

should be used, i.e. M8039 is set ON and a user defined scan time is written to register

D8039. However, for a faster response the HKY instruction should be programmed in a

timer interrupt routine as shown in the example opposite.

5.8.3 DSW (FNC 72)

[S][D1][D2] [n]

H(?—i DSW |

X1D|Y1ﬂ|Dﬂ|K1H

i ) Operands
Mnemonic Function Program steps
S D1 D2 n
DSwW Multiplexed X Y TCD,V.Z|K H DSW:
FNC 72 reading of n sets | Note: Note: Note: If 52 9 steps
(Digital of digital (BCD) Ifn=2then |uses4 ~ In=2then2 |\ oie:
switch) thumbwheels 8 consecutive | devices n= 1 .or 2
devices |devices else 1.
else 4.
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | Qi s
Operation:

This instruction multiplexes 4

outputs (D1) through 1 or 2(n)

sets of switches. Each set of switches consists of 4 thumbwheels providing a single

digitinput.

Points to note:

a) When n =1 only one set of switches are read. The

multiplex is completed by wiring the thumbwheels
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in parallel back to 4 consecutive inputs from the head address specified in operand S.

The (4 digit) data read is stored in data device D 2.

Continued on next page...

b) When n=2, two sets of switches are read. This configuration requires 8 consecutive

inputs taken from the head address specified in
operand S. The data from the first set of switches,
i.e. those using the first 4 inputs, is read into data
device D 2. The data from the second set of
switches (again 4 digits) is read into data device
D2+1.

c) The outputs used for multiplexing (D 1 )are

cycled for as long as the DSW instruction is driven.

Start of repetitive operation Restart

X0
ol \ﬂ_\
11

Y

MU o '_L\& —

Y12 [ ] Suspended
operation

Y13 1

M8029 Cycle complete

X0
| SET [Mo0]
Mo

F—{Dbsw |x 10|y 10/ Do | K1

M8029

T

After the completion of one reading, the execution complete flag M8029 is set. The

number of outputs used does not depend on the number of switches n.

d) If the DSW instruction is suspended during mid-operation, when it is restarted it will

start from the beginning of its cycle and not from its last status achieved.

e) Itis recommended that transistor output units are used with this instruction.

However, if the program technique at the right is used, relay output units can be

successfully operated as the outputs will not be continually active.

f). HCA1P/ HCA2P/HCA2C units can operate an Unlimited number of DSW instructions.
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5.8.4 SEGD (FNC 73)

X0
————SEGD| DO |KEYOH

It can be seen that
B7 is NOT used.
Hence B7 of the
destination device D
will always be OFF,

i . Operands

Mnemonic Function s D Program steps
SEGD Hex data is K.H KnY, KnM, KnS, SEGD,
FNC 73 decoded into a KnX, KnY, KnM, KnS, |T,C,D,V,.Z SEGDP:
(Seven format used to TC, D,V Z Note: The upper 8 bits |5 steps
segment drive seven Note: Uses only the remain unchanged
decoder) segment displays |lower 4 bits

16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | zero mao20
[S] [D] Operation:

Asingle hexadecimal digit (0 to 9,Ato F)
occupying the lower 4 bits of source device
Sis decoded into a data format used to

drive a seven segment display. A

representation of the hex digit is then displayed. The decoded data is stored in the

lower 8 bits of destination device D. The upper 8 bits of the same device are not

written to. The diagram opposite shows the bit control of the seven segment display.

The active bits correspond to those set to 1 in the lower 8 bits of the destination

deviceD.
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5.8.5 SEGL (FNC 74)

) . Operands
Mnemonic Function Program steps
S D n
SEGL Writes data to K, H Y K, H, 54 SEGL:
FNC 74 multiplexed single | KnX, KnY, Note: Note: 7 steps
(Seven digit displays -4 |KnM, KnS n=0t38 |-0t03 1set
segment digits per set, TC,D,V,Z outputs are of 7 Seg ,active
with latch) max. 2 sets used n=41to 7. 2 sets
n=4107,12 |7 Seg active
outputs are
used
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | 2er e
Operation:

X0 [S] [D] [n]
}_‘ SEGL|DO|YO0[K4 }_{ This instruction takes a source decimal

value (S) and writes it to a set of 4
multiplexed, outputs (D). Because the logic used with latched seven segment displays
varies between display manufactures, this instruction can be modified to suit most
logic requirements. Configurations are selected depending on the value of n, see the

following page.

Points to note:

a) Data is written to a set of multiplexed outputs (D+0to D+7, 8 outputs) and hence
seven segment displays. A set of displays consists of 4 single digit seven segment units.
A maximum of two sets of displays can be driven with this instruction. When two sets
are used the displays share the same strobe outputs (D +4 to D+7are the strobe
outputs). An additional set of 4 output devices is required to supply the new data for

the second set of displays (D +10 to D +13, this is an octal addition). The strobe
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outputs cause the written data to be latched at the seven segment display.

b) Source data within the range of 0 to 9,999 (decimal) is written to the multiplexed
outputs. When one set of displays are used this data is taken from the device specified
as operand S. When two sets of displays are active the source device S+1supplies the
data for the second set of displays. This data must again be within the range 0 to 9,999.
When using two sets of displays the data is treated as two separate numbers and is

not combined to provide a single output of 0 to 99,999,999.

c) The SEGL instruction takes 12 program scans to complete one output cycle
regardless of the number of display sets used. On completion, the execution complete

flag M8029 is set.

Note: A single set of strobe signals are always used
regardless of the number of display sets.

In this example it has

I_@u:hr-|Y::?:‘Tji‘?;?i‘:tts([S\::J‘r\:::\)r-olvnlvﬂlvizlj been assumed that the
FEEFT T 177 ] F22F seven segment displays
Tz &1 I T T accept data HIGH inputs
10 |1d |10 |1 10|10 |10 |1
P vl - and latch when a HIGH
R signal is received

BCD Display set 1 Display set 2

d
signals

d) If the SEGL instruction is suspended during mid-operation, when it is restarted it
will start from the beginning of its cycle and not from its last status achieved.
e) HCA1P &HCA2P &HCA2C units can operate an Unlimited number of SEGL

instructions.

Selecting the correct value for operand n
The selection of parameter n depends on 4 factors;

1) The logic type used for the PLC output
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2) The logic type used for the seven segment data lines

3) The logic type used for the seven segment strobe signal

Device considered Positive logic Negative logic

Source output Sink output
Pull-up
V1 . resistor
HIGH v+
Y
PLC Logic Y
ov LOW
ov
Pull-down co

With a source output, when the With a sink output, when the output
output is HIGH the internal logic is *1" | is LOW the internal logic is ‘1’

Seven Strobe Data is latched and held when this [ Data is latched and held when this
segment |signal logic | signalis HIGH, i.e. its logic is "1’ signal is LOW, i.e. its logic is *1’

Display | Data Active data lines are held HIGH, Active data lines are held LOW, i.e.
logic signal logic |i.e. they have a logic value of ‘1’ they have a logic value of ‘1’

There are two types of logic system available, positive logic and negative logic.
Depending on the type of system, i.e. which elements have positive or negative logic
the value of n can be selected from the table below with the final reference to the

number of sets of seven segment displays being used.

. Seven segment display logic n
PLC Logic = - - =
Data Logic Strobe logic 1 display set | 2 display sets
Positive (Source) Positive (High) Positive (High) 0 4
Negative (sink) Negative (Low) Negative (Low)
Positive (Source) Positive (High) Negative (Low) 1 5
Negative (sink) Negative (Low) Positive (Hign)
Positive (source) Positive (High) Negative (Low) 5 5
Negative (sink) Negative (Low) Positive (High)
Positive (source) Positive (High) Positive (High)
Negative (sink) Negative (Low) Negative (Low) 3 !
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5.8.6 ARWS (FNC 75)

) . Operands
Mnemonic Function Program steps
S D1 Dz n

ARWS Creates a user X,Y.M,8 | TC,D.V.Z|Y K, H ARWS:

FNC 75 defined, (4 key) Note: Note: data |Note: 59 9 steps

(Arrow numeric data uses 4 isstoredin |uses 8 Note:

switch) entry panel consecu- |adecimal |consecu- n=0to 3
tive format tive '
devices devices

16 BIT OPERATION 32 BIT OPERATION PULSE-P
%0 [S]1[D1][(D2] [n] Operation:
}—H—[ARWS|X10| polyo|Ko }—{
This instruction displays the contents of a

single data device D1 on a set of 4 digit, seven segment displays. The data within D1 is
actually in a standard decimal format but is automatically converted to BCD for
display on the seven segment units. Each digit of the displayed number can be
selected and edited. The editing procedure directly changes the value of the device
specified as D1.

Points to note:

Increase digit value (S+1)

a) The data stored in destination device D1 can have a value

Cursor Cursor
from the range 0 to 9,999 (decimal), i.e. 4 digit data. Each e @@ o)

Decrease digit value (S+1)

digits data value, can be incremented (S +1) or decremented
(S+0) by pressing the associated control keys. The edited numbers automatically
‘wrap-around’ from9-0-1and1-0-9. The digit data is displayed by the lower 4

devicesfromD 2 ,i.e.D2+0to D 2+3.
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b) On initial activation of the ARWS instruction,

the digitin the numeric position 10 3 is currently

selected. Each digit position can be sequentially
“cursored through’ by moving to the left (S +2)

or to the right (S +3). When the last digit is

i

. Additional

indicator lamps
-see point c.

=4
1~ Digit

=

position

reached, the ARWS instruction automatically wraps the cursor position around, i.e.

after position 103, position 10 0 is selected and vice-versa. Each digit is physically

selected by a different “strobe’ output.

c) To aid the user of an operation panel controlled with the ARWS instruction,

additional lamps could be wired in parallel with the strobe outputs for each digit. This

would indicate which digit was currently selected for editing.

d) The parameter n has the same function as parameter n of the SEGL instruction,

‘ Selecting the correct value for operand n . Note: as the ARWS instruction only

controls one set of displays only values of 0 to 3 are valid for n.

e) The ARWS instruction can be used ONCE . This instruction should only be used on

transistor output PLC’ s.
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5.8.7 ASC (FNC 76)

) . Operands
Mnemonic Function S D1 Program steps
ASC An entered Alphanumericdatae.g. |T.C,D ASC
FNC 76 alphanumeric 09, A-Zanda-zetc. |Note: . 7 steps
(ASCIl code |string can be Note: Only one, 8 uses 4 consecutive
conversion) |converted to its character string may be |devices
ASCIl codes entered at any one
time.
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
[S] [D]

X0
‘—H—|ASC |FX-E4MR!|D3DI‘.’J}—{

The source data string S consists of

up to 8 characters taken from the

printable ASCII character (Char) set. If less than 8 Char are used,

The difference is made up with null Char(ASCII 00).

The source data is converted to its associated ASCII codes. The codes are then stored

in the destination devices D, see example shown below.

Byte
D _
High Low
D300 58 (X) 46 (F)
D301 36 (6) 2D (-)
D302 4D (M) 34 (4)
D303 21 () 52 (R)

Note: ASCII Char cannot be entered from a hand held programmer.
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5.8.8 PR (FNC 77)

i . Operands
Mnemonic Function S D Program steps
1
PR Outputs ASCII TC,D Y PR:
FNC 77 data to items Note: 8 byte mode (MB027=0FF) Note: uses |5 steps
{Print) such as display uses 4 consecutive devices 10
units 16 byte mode (M8027= ON) uses 8 consecutive
consecutive devices devices.
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags |2emon oo
Operation:
[S] [D]

X0
F———— PR |D300] YO0 }—‘

Source data (stored as ASClI values) is

read byte by byte from the source data
devices. Each byte is mapped directly to the first 8 consecutive destination devices D
+0to D +7). The final two destination bits provide a strobe signal (D +10 , numbered in

octal) and an execution/busy flag (D +11 ,in octal).

Points to note:

a) The source byte-data maps the lowest bit to the first destination device D+0.
Consequently the highest bit of the byte is sent to destination device D +7.

b) The PRinstruction may only be used TWICE in a sequence program. This instruction
should only be used on transistor output PLC’ s. The PR instruction will not
automatically repeat its operation unless the drive input has been turned OFF and ON
again.
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c) The operation of the PR instruction is program scan dependent. Under standard
circumstances it takes 3 program scans to send 1 byte. However, for a faster operation

the PR instruction could be written into a timer interrupt routine similar to the one

demonstrated for HKY.

d)8 byte operation has the following timing diagram. Note:To=scan ime, 568 nots c.
X0 _l

It should be noted that when the drive input (in the - ﬁ“'ﬂ-'
(D+0 - D+T} 0 H T0

example X0) is switched OFF the PR instruction will AR N N L | E—
oy — L

cease operation. When it is restarted the PR
instruction will start from the beginning of the message string. Once all 8 bytes have
been sent the execution/busy flag is dropped and the PR instruction suspends

operation.

e) 16 byte operation requires the special auxiliary

Note:To=scan time, see note c.

x I |

Y0-Y7 4 I :l: A
[t ] o

M8000 is used as a drive input). In this operation v 4':]_I"\_L_

Y11 |

D i) ]

mode the drive input (in the example X0) does not Mg023 [y

flag M8027 to be driven ON (it is recommended that

have to be active all of the time. Once the PR instruction is activated it will operate

continuously until all 16 bytes of data have been sent or the value 00H (null) has been
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sent. Once the operation is complete the execution/busy flag (D +11 ,octal)is turned

OFF and M8029 the execution complete flag is set.

5.8.9 FROM (FNC 78)

) . Operands
Mnemonic Function Program steps
m1 m2 D n
FROM Read data from K, H 54 K, H 5 KnY, KnM, | K, H 52 FROM,
FNC 78 the buffer Note: Note: KnS, T, C, | Note: FROMP:
(FROM) memories of mi=0to 7 | mz= FXec) D,V Z 16 bit op: 9 steps
attached special 0 to 31 n= 1 to 32 DFROM,
function blocks FXon 0 1o 32 bit op: | PFROMP:
32767 n=1to16 |17 Steps
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:

[m1][m2] [D] [n]

X1
’—I —{FROM

K2 | K10| D10| K6 }—{

The FROM instruction reads n

words of data starting from the

buffer memory address m2 of the special function block with the logical block

position specified as m 1, The read data is stored in the PLC at head address D for n

word devices.

Points to note:

a) All special function blocks which are addressable with the FROM/TO instructions
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are connected to the extension bus on the right hand side of the PLC. Each special
function block can be inserted at any point within the chain of extended units (as long
as the system configuration rules are not broken). Each special function block is
consecutively addressed from 0 to 7 beginning with the one closest to the base unit

b) Each special function unit has different buffer memory registers. These often have a
dedicated use for each individual unit. Before any reading or writing of data is
undertaken ensure that the correct buffer memory allocations for the unit used are
known. m 2 : This defines the head address of the (special function blocks) buffer
memories being accessed. m 2 may have a value from the range 0 to 31. n: This
identifies the number of words which are to be transferred between the special
function block and the PLC base unit. n may have a value of 1 to 31 for 16 bit operation
but a range of 1 to 16 is available for 32 bit operation.

c) The destination head address for the data read FROM the special function block is
specified under the D operand; and will occupy n further devices.

d) This instruction will only operate when the drive input is energized.

e) Users of all PLC models have the option of allowing interrupts to occur immediately,
i.e. during the operation of the FROM/TO instructions or to wait until the completion
of the current FROM/ TO instruction. This is achieved by controlling the special
auxiliary flag M8028. The following table identifies certain points associated with this

control and operation.
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Interruption Disabled

Interruption Enabled

M8028 = OFF

M8028 = ON

Jumps called by interrupt operation are delayed
until the completion of the data transfer of the
FROM/TO instruction

Jumps called by interrupt operation occur
immediately

A small delay of (800m +200) usec can be
expected in the worst case. Note: m = the number
of 32 bit words

Data transfer will resume upon return from the
interrupt program. This may not be desirable if a
FROM/TO instruction has been programmed
within the called interrupt

Ensures that FROM/TO instructions included in
an interrupt program will not interact with others
elsewhere

M8028 should only be used when a very short
delay is required in applications where timing and
accuracy's are important

Users of HCA1P have no option for interruption of the FROM/TO instructions and

hence always operate in a mode equivalent to having M8028 switched OFF.

5.8.10 TO (FNC 79)

[m1][m2] [S] [n

i . Operands
Mnemonic Function Program steps
mi m2 S n
TO Writes datato the |k H = K, H KH, KnX, |k H TO, TOP:
FNC 79 buffer memories | yate: Note: KnY, KnM, | note: 9 steps
(TO) of attached mi=0to7 [mz2=0to |KS: T.C. 116 bit op:
special function 30767 D,V Z n=1to 3'2 DTO, DTOP:
blocks 32 bit op: 17 steps
n=1to 16
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:

‘—H—[ TO | H2 [K10[D20| K1 }—I

The TO instruction writes n

words of data to the head buffer

memory address m2 of the special function block with the logical block position

specified in m1. The written data is taken from the PLC”’

devices.

Points to note:

s head address S for n word
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All points are the same as the FROM instruction (see previous page) except point c)

which is replaced by the following:

a) The source head address for the data written TO the special function block is

specified under the S operand.

Applied Instructions:

1.

2.

10.

FNC 00 - 09

FNC 30 - 39

FNC 40 - 49

FNC 60 - 69
FNC 70 - 79

FNC 80 - 89

Program Flow 5-4
Move And Compare 5-16

Arithmetic And Logical Operations (+, -, x, +)

5-24
Rotation And Shift 5-34
Data Operation 5-42
High Speed Processing 5-52
Handy Instructions 5-66
External FX I/O Devices 5-80
External FX Serial Devices 5-94
Floating Point 1 & 2 5-110
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11. |[Fnca3013s] Trigonometry (Floating Point 3) 5-118
12. FNC 140-149|| Data Operations 2 5-122
13. ||Fnc1se-159 || Positioning Control 5-126
14. |[enc1e0-169 || Real Time Clock Control 5-136
15. |[nci70479]| Gray Codes 5-146
16. ||Fnciso189|| Additional Functions 5-146
17. In-line Comparisons 5-150

Symbols list:

D - Destination device.

S - Source device.

m, n- Number of active devices, bits or an operational constant.

Additional numeric suffixes will be attached if there are more than one operand with
the same function e.g. D 1,S3 or for lists/tabled devices D3+0, S +9etc.

MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a
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number, i.e. positive = 0, and negative = 1.

LSB - Least Significant Bit.

Instruction modifications:

Ye¥edc -Aninstruction operating in 16 bit mode, wherevs ¥y identifies the
instruction mnemonic.

¥k P - A 16 bit mode instruction modified to use pulse (single) operation.
D¥s¥¢yk -Aninstruction modified to operate in 32 bit operation.

D Y<¥¢¥cP-A32 bit mode instruction modified to use pulse (single) operation.

¥ - ‘Arepetitive instruction which will change the destination value on every scan

unless modified by the pulse function.

>4 = An operand which cannot be indexed, i.e. The addition of V or Z is either invalid

or will have no effect to the value of the operand.

5.9.1 RS (FNC 80)

[S]

[m]

[D]

[n]

s

D1G]K5|D20]K5}—{

278

i . Operands
Mnemonic Function Program steps
] m D n
RS Used to control D K, H, D K, H, RS: 9 steps
FNC 80 serial (including |D D
(Serial Com- |communications | file 5 52
munications | from/to the registers) | ., =110 m=1to
instruction) | programmable 256. FX2N 256 FX2N
controller 1 to 4096. 110 4096
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | Srovia
Operation:

This instruction performs the direct

control of communications over
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communication adapters which connect to the left hand port of the Main Processing

Unit.

Points to note:

a) This instruction has many automatically defined devices. These are listed in the
boxed column to the right of this page.

b) The RS instruction has two parts, send (or transmission) and receive. The first
elements of the RS instruction specify the transmission data buffer (S) as a head
address, which contains m number of elements in a sequential stack. The
specification of the receive data area is contained in the last two parameters of the RS
instruction. The destination (D) for received messages has a buffer or stack length of n
data elements. The size of the send and receive buffers dictates how large a single
message can be. Buffer sizes may be updated at the following times:

1) Transmit buffer - before transmission occurs, i.e. before M8122 is set ON

2) Receive buffer - after a message has been received and before M8123 is reset.

c) Data cannot be sent while a message is being received, the transmission will be
delayed - see M8121.

d) More than one RS instruction can be programmed but only one may be active at

any one time.
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e) Refer to the HC Communications Manual when using this function
Assigned devices
Data devices:
D8120 - Contains the configuration parameters for communication, i.e. Baud rate, Stop
bits etc. Full details over the page
D8122 - Contains the current count of the number of remaining bytes to be sentin the
currently transmitting message.
D8123 - Contains the current count of the number of received bytes in the

‘incoming” message.
D8124 - Contains the ASCII code of the character used to signify a message header -
defaultis ‘STX’ ,02HEX.
D8125 - Contains the ASCII code of the character used to signify a message terminator
-defaultis “ ETX’ ,03HEX.
Operational flags:
M8121 - This flag is ON to indicate a transmission is being delayed until the current
receive operation is completed.
M8122 - This flag is used to trigger the transmission of data when it is set ON.
M8123 - This flag is used to identify (when ON) that a complete message has been
received.
M8124 - Carrier detect flag. This flag is for use with HCFAMain Processing Units. It is
typically useful in modem communications

M8161 - 8 or 16 bit operation mode ON = 8 bit mode where only the lower 8 bits in
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each source or destination device are used, i.e. only one ASCII character is stored in

one data register OFF = 16bit mode where all of the available source/ destination

register is used, i.e. two ASCII characters are stored in each data register

5.9.2 RUN (FNC 81)

i . Operands
Mnemonic Function S D Program steps
PRUN Used to control KnX, KnM KnY, KnY PRUN,
FNC 81 the FX parallel Note: PRUNP:
(Parallel run) |link adapters: n=1to8 5 steps
FX2-40AW/AP For ease and convenience, the head address DPRUN,
bit DPRUNP:
should be a multiple of “10’, e.g. X10, M100, |9 Steps
Y30 etc.
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
[S] [D]

X6
}—1 ———PRUNJK2X1 qxzmmH This instruction is used with the

parallel link adapters. It allows

source data to be moved into the bit transmission area. The actual control of the

parallel link communication is by special M flags.

Points to note:

8070

807

Master PC
a) Parallel link communications automatically M8000
I
take place when both systems are ‘linked’
Slave PC
and the Master station (M8070), Slave station ‘M_??DD

flags (M8071) have been set ON (there is no need

to have a PRUN instruction for communications).

281




HCFa

— KJII#&43 ——HCFA CORPORATION

There can only be one of each type of station as this system connects only two PLC’ s.
The programs shown opposite should be inserted into the appropriate PLC” s

programs.

Once the station flags have been set, they can only be cleared by either forcibly
resetting them when the PLC is in STOP mode or turning the power OFF and ON again.
b) During automatic communications the following datais ‘swapped’ between the

Master and Slave PLC’ s.

Master station Communication Slave Station
Bit Data direction Bit Data
MB800 to M899 (100 points) o M800 to M899 (100 points)
M8070 = M900 to M999 (100 points) — M900 to M999 (100 points) | M80T71 =
ON Data words Data words ON
D490 to D499 (10 points) o D490 to D499 (10 points)
D500 to D509 (10 points) — D500 to D509 (10 points)

c) The PRUN instruction enables data to be moved into the bit transmission area or
out of the (bit) data received area. The PRUN instruction differs from the move
statement in that it operates in octal. This means if K4X20 was moved using the PRUN
instruction to K4M920, data would not be written to M928 and M929 as these devices

fall outside of the octal counting system. This can be seen in the diagram below.

K4Xx20
[ X37] X36 ] X35] X34 [ X33 x32[ X31[ x30[ X27[ x26 [ x25[ X24 [ X23[ x22 | x21] X20]

/ K4M920

[Mo37]Ma36] M935[ Ma34] Ma33] M932] M93 1] Mo30[M929 [M928 | Ma27] Ma26] Ma25] Ma24] Ma23] Ma22{ Ma2 1| M920)|

These devices are not written to with
the PRUN instruction
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5.9.3ASCI (FNC 82)

}—}1{?|'—| ASCI |

D8 |D2G|KE}—{

) ) Operands
Mnemonic Function Program steps
S D n

ASCI Converts a data K, H, KnX, KnY, KnM, K, H ASCI,
FNC 82 value from KnY, KnS ASCIP:
(Converts hexadecimal to KnM, KnS T,C,D Note: 7 steps
HEX to ASCII TC D, V. Z n=1to 256
ASCII) =

16 BIT OPERATION 32 BIT OPERATION PULSE-P

Operation:
[S] [D] [n]

This instruction reads n

hexadecimal data characters

from head source address (S) and converts them in to the equivalent ASCII code.

This is then stored at the destination (D) for n number of bytes.

Points to note:

Please note that data is converted

‘asread’ ,i.e. using the example above with the

following data in (D9,D8) ABCDH,EF26H. Taking the first n hexadecimal characters

(digits) from the right (in this case n=6) and converting them to ASCI will store values

in 6 consecutive bytes from D20, i.e. D20 = (67, 68), D21 = (69, 70) and D22 = (50, 54)

respectively. In true characters symbols that would be read asCDEF26.
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This can be shown graphically as in the
table to the right. Please take special

note that the source data (S) read from
the most significant device to the least

significant. While the destination data

Source (S)| Data
pizis| A Destination| ASCIl Code
0 = B (D) HEX | DEC |
ba-7 C |— w315 | 43 | 67 'c
- D20
D |—= BO-7 44 68 'O
bizis| E [ D21 w815 | 45 | 69 E
D8 B8-11 F > bO-7 46 | 70 =
ba-7 2 |} L8115 | 32 | 50 'z
bO-3
6 |— BO-7 36 54 6

(D) is read in the opposite direction.

The ASCl instruction can be used with the M8161, 8 bit/16bit mode flag. The example

to the right shows the effect when M8161 is OFF.

If M8161 was set ON, then only the lower destination byte (b0-7) would be used to

store data and hence 6 data registers would be required (D20 through D25).

ASCII Character Codes

The table below identifies the usable hexadecimal digits and their associated ASCII

codes.
HEX 0 1 2 3|1 4|5 |6 7 8| 9 A|B|C|D|E|F
Character
ASCIl |HEX | 30 [ 31 |32 |33 |34 |35 |36 |37 |38 |39 |41 |42 |43 (44 [ 45 | 46
Code DEC| 48 |49 |50 |51 |52 |53 |54 55|56 |57 |65|66|67|68|69]|70
CharaCter !D! l1l I2I I3I !4! l5l lﬁl ITI !8! !g! IA! IBI ICI IDI lEl !F!
Symbol
5.9.4 HEX (FNC 83)
i . Operands
Mnemonic Function Program steps
S D n
HEX Converts a data K, H, KnX, KnY, | KnY, KnM, KnS (K, H HEX,
FNC 83 value from ASCIl |KnM, KnS TC,.D,VZ HEXP:
(Converts into a T,C,D Note: 7 steps
ASCIl to hexadecimal n=1to 256
HEX) equivalent 54
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16 BIT OPERATION 32 BIT OPERATION PULSE-P

Operation:

M10 [S] [D] [n] - ,
This instruction reads n ASCII
———-/ HEX | D50 | D20 | K 4

data bytes from head source

address (S) and converts them in to the equivalent Hexadecimal character. This is then

stored at the destination (D) for n number of bytes.

Points to note:
Please note that this instruction ‘worksin reverse’ to the ASClinstruction, i.e. ASCII

data stored in bytes is converted into associated hexadecimal characters. The HEX

instruction can be used with the M8161 Source (8) m"i; symbol  [Pestinaton) ooy
e1s | 43 | 67 'C b12-15| -
8bit/16bit flag. In this case the source data Pl [a1 [ | & "
Dajums 42 | 66 B \ 020 ba-7 A
b7 <] 49 1 bO-3 1

(S)is read from either the lower byte (8bits)
when M8161 is ON, or the whole word when M8161 is OFF i.e. using the example above
with the following data in devices D50 and D51 respectively (43H,41H)(42H,31H) and
assuming M8161 is ON. The ASCII data is converted to its hexadecimal equivalent and
stored sequentially digit by digit from the destination head address. If M8161 had

been OFF, then the contents of D20 would read CAB1H.

For further details regarding the use of the HEX instruction and about the
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available ASCII data ranges, please see the following information point  ‘ASCII

Character Codes’

under the ASCl instruction on the previous page.

If an attempt is made to access an ASCII Code (HEX or Decimal) which falls

outside of the ranges specified in the table on previous page, the instruction is not

executed. Error 8067 is flagged in data register D8004 and error 6706 is identified in

D8067. Care should be taken when using the M8161 flag, and additional in the

specification of the number of element

the most likely places where this error will be caused.

5.9.5 CCD (FNC 84)

‘n “which are to be processed as these are

}—}fflj—{ CcCcD |

D100| DO | K6 }—|

i . Operands
Mnemonic Function Program steps
S D n
CCD Checks the KnX, KnY, KnM, | KnY, KnM, KnS | K, H CCD,
FNC 84 ‘vertical’ parity of |KnS TC.D D CCDP:
(Check a data stack T.C,D Note: 7 steps
Code) n=1to 256
B4
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
[S] [D] [n]

This instruction looks at a byte

(8 bit) stack of data from head

address (S)for n bytes and checks the vertical bit pattern for parity and sums the total

data stack. These two pieces of data are then stored at the destination (D).

Points to note:
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a) The SUM of the data stack is stored at destination D while the Parity for the data
stack is stored at D+1.

b) During the Parity check an even result is indicated by the use of a 0 (zero) while an
odd parity is indicated by a 1 (one).

c) This instruction can be used with the 8 bit/ 16 bit mode flag M8161. The following

results will occur under these circumstances.

MB161=0FF ME161=0N

Sourse (S) Bit patterm Sourse (S) Bit patterm

o100 PIEEL [T [A[A[A]A]7 DO L [FF 11 1[1]1]1][1]1
LFF[A[A[A[A[A[[a][] D01 L [oo|0]|0|0|0[0[0[0[0O

orog HIEEL A LA [T [ D02 L [oF|o|0|ofo[1[1[1]1
L[oojo[o[o[o[o[o[0][0 D03 L |[Fo|1|1]1|1|0[0]0]0O

ooz MO T [1[1[1]o]o]0]0 D4 L |Fol1]|1]1|1]0[0]0]0O
LoF|olofolol [ 1[1]1 D105 L |oF|0[0]oJo[1[1[1]1

Vertical Vertical

party o|olo|lo|o|o|o|o party 11| 1|1|1|1|1]1
D1 D1

SUM DO 3FC SUM DO 2FD

It should be noted that when M8161is OFF ‘n” represents the number of
consecutive bytes checked by the CCD instruction. When M8161 is ON only the lower
bytesof ‘n’ consecutive words are used.

The ‘SUM’ is quite simply a summation of the total quantity of data in the data
stack. The Parity is checked vertically through the data stack as shown by the shaded

areas.

5.9.6 VRRD (FNC 85)

) ) Operands
Mnemonic Function S D Program steps
VRRD Reads an analog K, H KnY, KnM, KnS | VRRD,
FNC 85 value from 1 of 8 |Note: TC, D,V 2Z VRRDP:
(Volume volume inputs on [S=0to 7 5 steps
read) the FX-8AV corresponding to the 8 available
volumes on the FX-8AV
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16 BIT OPERATION

32 BIT OPERATION

PULSE-P

[S] [D]

Operation:

X0
’—0 ———1vRRD| K0 [ DO |—1 The identified volume (S) on the

8AVis read as an analog input.

The analog data is in an 8 bit format, i.e. values from 0 to 255 are readable. The read

data is stored at the destination device identified under operand D.

Note:

The 8AVvolume ‘inputs’ are able to be read in two formats, a) as an analog value

and b) as an 11 (0 to 10) position rotary switch. The second use is described in the

VRSC instruction (FNC 86).

5.9.7 VRSD (FNC 86)

[S] [D]

i . Operands
Mnemonic Function S D Program steps
VRSC Reads the set K,H KnY, KnM, KnS | VRSC,
FNC 86 position value, 0 Note: TC,D,V Z VRSCP:
(Volume to 10, from S=0to7 5 steps
scale) volume inputs on |corresponding to the 8 avail-
the FX-8AV able
volumes on the FX-8AV
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:

Xn . ..
}—{ |—|VRSC| K 1 | D 1 }_{ The identified volume (S) on the

8AV is read as a rotary switch

with 11 set positions (0 to 10). The position data is stored at device D as an integer
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from the range 0 to 10.

Note:

The 8AVvolume ‘inputs’ are able to be read in two formats, a)asall(0to10)position

rotary switch and b) as an analog value. The second use is described in the VRRD

instruction (FNC 85).

5.9.8 PID (FNC 88)

[S1][S2][S3] [D]

|—K11|D—| PID |

D1B|D19|DED|D¢IB}—{

i . Operands
Mnemonic Function Program steps
51 82 S3 D

PID Receives a data |pgg D2 D2 PID:
FNC 88 input and 9 steps
(PID calcula_tes a Note: S1and Sz | Note: Sa Note: D
comrol loop) CO""ECW'? action | s 3 single uses 25 uses a single
register each | to a specified dataregister  |consecutive |data register

level based on data registers

PID control

16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:

This instruction takes a current

value (S2) and comparesitto a

predefined set value (S1). The difference or error between the two values is then

processed through a PID loop to produce a correction factor which also takes into

account previous iterations and trends of the calculated error. The PID process

calculates a correction factor which is applied to the current output value and stored

as a corrected output value in destination device (D). The setup parameters for the PID

control loop are stored in 25 consecutive data registers S3+0 through S3+24.
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Points to note:

a) Every PID application is different. There will be a certain amount of “trial and
error” necessary to set the variables at optimal levels.

b) On HCA2P/HCA2C MPUs a Pre-tuning feature is available that can quickly provide
initial values for the PID process.

c) The HCA1P does not have analog capabilities, it is therefore necessary to use RS232
communications to achieve basic PID operation.

d) As 25 data register are required for the setup parameters for the PID loop, the head
address of this data stack cannot be greater than D975. The contents of this data stack
are explained later in this section. Multiple PID instructions can be programmed,
however each PID loop must not have conflicting data registers.

e) There are control limits in the PLC intended to help the PID controlled machines
operate in a safe manner. If it becomes necessary to reset the Set Point Value (S1)
during operation, itis recommended to turn the PID command Off and restore the
command after entering the new Set Point Value. This will prevent the safety control
limits from stopping the operation of the PID instruction prematurely.

f) The PID instruction has a special set of error codes associated with it. Errors are
identified in the normal manner. The error codes associated with the PID loop will be
flagged by M8067 with the appropriate error code being stored in D8067. These error
devices are not exclusive to the PID instruction so care should be taken to investigate

errors properly. Please see chapter 6, ‘Diagnostic Devices’ for more information.
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g) Afull PID iteration does not have to be performed. By manipulation of the setup
parameters P (proportional), | (Integral) or D (derivative) loops may be accessed
individually or in a user defined/selected group. This is detailed later in this section.

PID Equations

Forward PV, > SV

T,
AMV = Kp{(EV ~EV(o_1y) + ZEV +D}

EV, = PV, =SV

D To -2PV, . ,+PV +PV +—Xo-Tp D
E T.;,+KD TD( o ni-2) Ts+Kp-Tp 7!
A MV, = Zamv
SV > PV,

T
AMV = KP{{EVH—EVH_I}+?SEVH+DH}
|
EV, = SV-PV,,

D To 2PV, =PV =PV Ko To D
n T-;"'KD TD( - afl = nf-2) Te+Kp- Tp n-1

= Z&MV&
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PVni= PV, + 0PV - PV,)

EV,, = the current Error Value D,, = the Derivative Value

EV,,.1 = the previous Error Value D,.4 = the previous Derivative Value
SV = the Set Point Value (S1) Kp = the Proportion Constant

PV, = the current Process Value (S5) o = the Input Filter

PV s = the calculated Process Value Tg = the Sampling Time

PVpi.1 = the previous Process Value T; = the Integral Time Constant
PVpio = the second previous Process Value Tp = the Time Derivative Constant
AMV = the change in the Output Kp = the Derivative Filter Constant

Manipulation Values
MV,, = the current Output Manipulation Value (D)

Please see the Parameter setup section for a more detailed description of the variable
parameters and in which memory register they must be set.

Forward and Reverse operation (S3 +1, b0)

The Forward operation is the condition where the Process Value, PVnf | is greater than
the Set Point, SV. An example is a building that requires air conditioning. Without air
conditioning, the temperature of the room will be higher than the Set Point so work is
required to lower PV nf. The Reverse operation is the condition where the Set Point is

higher than the Process Value.

An example of this is an oven. The temperature of the oven will be too low unless
some work is done to raise it, i.e. - the heating element is turned On.

The assumption is made with PID control that some work will need to be performed to
bring the system into balance. Therefore, AMV will always have a value. Ideally, a
system that is stable will require a constant amount of work to keep the Set Point and

Process Value equal.

PID setup parameters; S3
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The PID setup parameters are contained in a 25 register data stack. Some of these
devices require data input from the user, some are reserved for the internal operation
and some return output data from the PID operation. Parameters S3+0 through S3 +6

must be set by the user.

Parameter Parameter Description Setting range
S3+P name/function
S3+0 Sampling time | The time interval set between the reading | 1to 32767
TS the current Process Value of the system msec
(PVnf)
S3+1 Action - b0 Forward operation(0), Reverse Not
reaction operation (1) applicable
directionand | bl Process Value (PVnf) alarm
alarm control enable, OFF(0)/ ON(1)

b2 Output Value (MV) alarm enable,

OFF(0)/ON(1)

b3 - Reserved

15
S3+2 Input filter a Alters the effect of the input filter. 0to 99%
S3+3 Proportional This is a factor used to align the 1to
gain KP proportional output in a known 32767%

magnitude to the change in the Process
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Value (PV nf). This is the P part of the PID

loop

S3+4

Integral time

constant Tl

This is the | part of the PID loop.

This is the time taken for the corrective

integral value to reach a magnitude equal

to that applied by the proportional or P

part of the loop. Selecting 0 (zero) for this

parameter disables the | effect.

(0to 32767)

x 100 msec

S3+5

Derivative

gain KD

This is the D part of the PID loop.

This is the time taken for the corrective

derivative value to reach a magnitude

equal to that applied by the

proportional or P part of the loop.

Selecting 0 (zero) for this parameter

disables the D effect.

(0 to 32767)

x10msec

S3+7 to S3+19

Reserved for use

for the internal processing

S3+20

Process Value,

maximum

positive change

Active This is a user defined

when maximum limit for the Process

S3+1, bl | Value (PVnf). If the Process

is set Value (PVnf) exceeds the limit,

ON. S3+24, bit b0 is set On

0to 32767
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S3+21 Process Value, This is a user defined lower
minimum value limit for the Process Value. If
the Process Value (PVnf) falls
below the limit, S3+24, bit bl
isset On
S3+22 Output Value, Active This is a user defined
maximum when maximum limit for the
positive change | S3+1,b2 | quantity of positive change
is set which can occurin one PID
ON. scan. If the Output Value (MV)
exceeds
this, S3+24, bit b2 is set On
S3+23 Output Value, This is a user defined
maximum maximum limit for the
negative quantity of negative change
change which can occurin one PID
scan. If the Output Value (MV)
falls below the lower limit,
S3+24, bit b3 is set On
S3+24 Alarm flags b0 High limit exceeded in Process | Not
(Read Only) Value (PVnf) applicable
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bl Below low limit for the Process
Value (PVnf)

b2 Excessive positive change in
Output Value (MV)

b3 Excessive negative change in
Output Value (MV)

b4 -15 Reserved

Configuring the PID loop

The PID loop can be configured to offer variations on PID control. These are as follows:

Control Selection via setup registers .
Description
method S3+3 (Kp) S3+ 4 (Ti) S3+ 6 (To)
P User value Set to 0 (zero) | Setto 0 (zero) Proportional effect only
Pl User value User value Set to 0 (zero) Proportional and integral effect
PD User value Set to 0 (zero) User value Proportional and derivative effect
PID User value User value User value Full PID

It should be noted that in all situations there must be a proportionalor ‘P’ element

to the loop.

P - proportional change

When a proportional factor is applied, it calculates the difference between the Current

Error Value, EVn, and the Previous Error Value, EV n-1. The Proportional Change is

based upon how fast the Process Value is moving closer to (or further away from) the

296




HCFa

— RJIIf& 13 ——HCFA CORPORATION

Set Point Value NOT upon the actual difference between the PVnf and SV.

Note: Other PID systems might operate using an equation that calculates the
Proportional change based upon the size of the Current Error Value only.

| - integral change

Once a proportional change has been applied to an error situation, ‘fine tuning’ the
correction can be performed with the | or integral element. Initially only a small
change is applied but as time increases and the error is not corrected the integral
effectis increased. Itis important to note how T | actually effects how fast the total
integral correction is applied. The smaller T | is, the bigger effect the integral will have.
Note: The Tl value is set in data register S3+4. Setting zero for this variable disables the

Integral effect.

The Derivative Change

The derivative function supplements the effects caused by the proportional response.
The derivative effect is the result of a calculation involving elements TD,TS, and the
calculated error. This causes the derivative to initially output a large corrective action
which dissipates rapidly over time. The speed of this dissipation can be controlled by
the value TD: If the value of TD is small then the effect of applying derivative control is
increased.

Because the initial effect of the derivative can be quite severe thereisa ‘softening’
effect which can be applied through the use of KD, the derivative gain. The action of

KD could be considered as a filter allowing the derivative response to be scaled
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between 0 and 100%.

The phenomenon of chasing, or overcorrecting both too high and too low, is most
often associated with the Derivative portion of the equation because of the large
initial correction factor.

Note: The TD value is set in Data register S3+6. Setting zero for this variable disables

the Derivative effect.

Effective use of the input filter aS3+2

To prevent the PID instruction from reacting immediately and wildly to any errors on
the Current Value, there is a filtering mechanism which allows the PID instruction to
observe and account for any significant fluctuations over three samples.

The quantitative effect of the input filter is to calculate a filtered Input Value to the PID
instruction taken from a defined percentage of the Current Value and the previous two
filtered Input Values.

This type of filtering is often called first-order lag filter. It is particularly useful for
removing the effects of high frequency noise which may appear on input signals
received from sensors. The greater the filter percentage is set the longer the lag time.
When the input filter is set to zero, this effectively removes all filtering and allows the

Current Value to be used directly as the Input Value.

Initial values for PID loops

The PID instruction has many parameters which can be set and configured to the
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user’ s needs. The difficulty is to find a good point from which to start the fine tuning
of the PID loop to the system requirements. The following suggestions will not be ideal
for all situations and applications but will at least give users of the PID instruction a
reasonable points from which to start.

Avalue should be given to all the variables listed below before turning the PID
instruction ON. Values should be chosen so that the Output Manipulated Value does

not exceed * 32767.

Recommended initial settings:

TS= Should be equal to the total program scan time or a multiple of that scan time, i.e.
2 times, 5times, etc.

a=50%

KP=This should be adjusted to a value dependent upon the maximum corrective
action to reach the set point - values should be experimented with from an arbitrary
5%

Tl= This should ideally be 4 to 10 times greater than the TD time

KD=50%

TD=This is set dependent upon the total system response, i.e. not only how fast the
programmable controller reacts but also any valves, pumps or motors.

For a fast system reaction TD will be set to a quick or small time, this should however
never be less than TS. A slower reacting system will require the TD duration to be

longer. Abeginning value can be TD twice the value of TS.
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Care should be taken when adjusting PID variables to ensure the safety of the operator

and avoid damage to the equipment.

With ALL PID values there is a degree of experimentation required to tune the PID
loop to the exact local conditions. A sensible approach to this is to adjust one
parameter at a time by fixed percentages, i.e. say increasing (or decreasing) the
KP value in steps of 10%. Selecting PID parameters without due consideration will
result in a badly configured system which does not perform as required and will
cause the user to become frustrated. Please remember the PID process is a purely
mathematical calculation and as such has no regard for the ‘quality’ of the
variable data supplied by the user/system - the PID will always process its PID

mathematical function with the data available.

Example PID Settings
MB002
— :,,%%E K500 | D500 —
From the PID instruction at the
ENC 12 ||
Movlg |Hoooo| psot
bottom of the ladder, S1=D200; S2=
ENC 12 ||
Hov@ | K80 | psoz
D201; $3=D500; and D or MV = D525. =
K75 | D503 —
MovId
FNC 12 ||
HovE |K2000| D504
- Ts = FNC 12 ||
D500: Ts =500 ms MOV I3 K50 | D505
FNC 12 ||
Movi |K3o000 | D506
: M3002 ENC 12
D501: Forward Operation, — mov @ |« 1000( D200 —
| M1 FNC 79 ||
© K2 | K1 K4 Kd
FNC 78 ||
o | K2 | K5 | D201 | Ka
M4 FNC 88
i P58 | D200 | D201 | D500 | D525 |—
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Alarms Not Enabled

D502: Input Filter = 50%

D503: KP=75%

D504: TI =4000ms

D505: KD=50%

D506: TD = 1000 ms

D200: Set Point = 1000

D201: PVy (an analog input value)

Begin the PID instruction

D525: PID Output Value
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Applied Instructions:
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1.

2.

11.

12.

13.

14.

15.

16.

17.

FNC 00-09

FNC 30 - 39

FNC 40 - 49

FNC 60 - 69

FNC 80 - 89

FNC 140-1

FNC 150-159

FNC 180-189

3 &

FNC 220-249

Program Flow

Move And Compare

Arithmetic And Logical Operations (+,

Rotation And Shift

Data Operation

High Speed Processing
Handy Instructions
External FX 1/O Devices
External FX Serial Devices

Floating Point 1 & 2

Trigonometry (Floating Point 3)
Data Operations 2

Positioning Control

Real Time Clock Control

Gray Codes

Additional Functions

In-line Comparisons
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5-42

5-52

5-66

5-80

5-94

5-110

5-118

5-122

5-126

5-136

5-146

5-146

5-150
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Symbols list:

D - Destination device.
S - Source device.
m, n- Number of active devices, bits or an operational constant.
Additional numeric suffixes will be attached if there are more than one operand with
the same function e.g. D1,S3or for lists/tabled devices D3+0,S+9etc.
MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a
number, i.e.
positive = 0, and negative = 1.
LSB - Least Significant Bit.
Instruction modifications:
Ye¥e¥e - Aninstruction operating in 16 bit mode, wherev¢ ¥y identifies the instruction
mnemonic.
Y¥eveP - A 16 bit mode instruction modified to use pulse (single) operation.
D¢ ¥¢ -Aninstruction modified to operate in 32 bit operation.
D Y¢¥¢¥¢ P-A32 bit mode instruction modified to use pulse (single) operation.
- repetitive instruction which will change the destination value on every scan
unless modified by the pulse function.
B4 - An operand which cannot be indexed, i.e. The addition of V or Z is either invalid
or will have no effect to the value of the operand.
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5.10.1 ECMP (FNC 110)

M16

—”— D20 =D12

M17

—||— D20 = D12

—||— D20 > D12

head address entered as D. The bit devices indicate:

S2is less than < S1- bit device D is ON

S2 is equal to = S1-bitdeviceD+1is ON

S2 is greater than > S1- bit device D+2is ON

Points to note:

The status of the destination devices will be kept even if the ECMP instruction is

) . Operands
Mnemonic Function Program steps
S1 ‘ S2 D
ECMP Compares two K, H - integer value automati- |Y, M, S DECMP,
FNC 110 floating point cally converted to floating point DECMPP:
Floating values - results of Note: 13 steps
oint <, =and > are D - must be in floating point 3 consecutive
Compare) given format (32bits). devices are
used.
16 BIT OPERATION 32 BIT OPERATION PULSE-P
ME000 [81] [s2] [D]
— |——foecw# D12 [ D20 | Mie _
Operation:

The data of S1is compared to the
data of S2.The result is indicated

by 3 bit devices specified with the

deactivated. Full algebraic comparisons are used: i.e. -1.79X10?" is smaller than 9.43

X 10 15,
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5.10.2 EZCP (FNC 111)

T

Hi-

M52

-

MBOOO
—| l——:IIIEZCP: D50| D60 D100 M50}

[51][82][82][D]

0100 = 050,060

D100 D50 DGO

D100 = D50, D60

Operation:

a datarange (S1-S2).

S3is less than Sland S2- bit device D is ON

S3is between Sland S2- bit device D+1is ON

S3is greater than S2- bit device D+2is ON

5.10.3 EBCD (FNC 118)

| ] Operands
Mnemonic Function Program steps
$1 | S S3 D

EZCP Compares a float mte%er value automatically |Y, M, S DEZCP,
FNC 111 range with a float convened o floating point DEZCPP:
Floating value - results of Note: 3 13 steps

oint Zone |<,=and > are D - must be in floating point format | consecutive
Compare) given 32 b|ts§ devices are

ote: S1 must be less than S2 used.
16 BIT OPERATION 32 BIT OPERATION PULSE-P

The operation is the same as the
ECMP instruction except that a

single data value (S3)is compared to

306

| ] Operands
Mnemonic Function S D Program steps
EBCD Converts floating |D - must be in floating |D - 2 consecutive DEBCD,
FNC 118 point number point format (32 bits). |devices are used DEBCDP:
(Float to format to scientific 9 steps
Scientific number format D - mantissa
conversion) D+1 - exponent.
16 BIT OPERATION 32 BIT OPERATION PULSE-P
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Operation:

Converts a floating point value

I IDEBCD] D102 | D200

at Sinto separate mantissa and

exponent parts at D and D+1 (scientific format).

Points to note:

a) The instruction must be double word format. The destinations D and D+1represent
the mantissa and exponent of the floating point number respectively.

b) To provide maximum accuracy in the conversion the mantissa D will be in the range
1000 to 9999 (or 0) and the exponent D+1corrected to an appropriate value.

c) E.g. S=3.4567 X 10 -5 will become D= 3456, D+1=-8.

5.10.4 EBIN (FNC 119)

number at D from scientific format data at source S.

307

Operands
Mnemonic Function S D Program steps
EBIN Converts scientific | D - 2 consecutive D - a floating point DEBIN,
FNC 119 number format to |devices are used value DEBINP:
(Scientific floating point (32 bits). 9 steps
to Float number format S- mantissa
conversion) S+1- exponent.
16 BIT OPERATION 32 BIT OPERATION PULSE-P
X15 0 tion:
| {bEBIN[ D202 D110 peration:
Generates a floating point
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Points to note:

a) The instruction must be double word format. The source data Sand S+1represent

the mantissa and exponent of the floating point number to be generated.

b) To provide maximum accuracy in the conversion the mantissa S must be in the

range 1000 to 9999 (or 0) and the exponent S+1corrected to an appropriate value.

c) E.g. S=5432, S+1=12 will become D=5.432 x

5.10.5 EADD (FNC 120)

10°

) . Operands
Mnemonic Function Program steps
S1 S2 D
EADD Adds two floating | K, H - integer value automatically | D - a floating | DEADD,
FNC 120 point numbers converted to floating point point value DEADDP:
(Floating together (32 bits). 13 steps
Point D - must be in floating point
Addition) format (32 bits).
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | Soria

X07
}—{DE&DD|K52000| D106 | D108

Operation:

The floating point values stored

in the source devices Sland S2are algebraically added and the result stored in the

destination device D.

Points to note:

a) The instruction must use the double word format; i.e., DEADD or DEADDP. All source
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data and destination data will be double word; i.e. uses two consecutive data registers
to store the data (32 bits).

Except for K or H, all source data will be regarded as being in floating point format and
the result stored in the destination will also be in floating point format.

b) If a constant K or H is used as source data, the value is converted to floating point
before the addition operation.

c) The addition is mathematically correct: i.e., 2.3456 X 102 +(-5.6 X 101)=2.34 X 10?2

d) The same device may be used as a source and as the destination. If this is the case
then, on continuous operation of the DEADD instruction, the result of the previous
operation will be used as a new source value and a new result calculated.

This will happen every program scan unless the pulse modifier or an interlock
program is used.

e) If the result of the calculation is zero “0” then the zero flag, M8020 is set ON.

If the result of the calculation is larger than the largest floating point number then the
carry flag, M8021 is set ON and the result is set to the largest value.

If the result of the calculation is smaller than the smallest floating point number then

the borrow flag, M8022 is set ON and the result is set to the smallest value.

5.10.6 EAUB (FNC 121)

Operands
Mnemonic Function Program steps
51 S2 D
ESUB Subtracts one K, H - integer value automati- |D - a floating |DESUB,
FNC 121 floating point cally point value DESUBP:
(Floating number from converted to floating point (32 bits). 13 steps
Point another D - must be in floating point
Sub-traction) number format (32 bits).
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16 BIT OPERATION 32 BIT OPERATION

PULSE-P

Flags

Zoro MED20
Barrow Ma0z1
Carry MB022

X17
}—{DESUBI D120 |K79124| D128

Operation:

point value of Sland the result stored in destination device D.

Points to note:

The floating point value of S2is

subtracted from the floating

All points of the EADD instruction apply, except that a subtraction is performed.

5.10.7 EMUL (FNC 122)

M12
%DEMUL D108 |K1000| D130

. . Operands
Mnemonic Function Program steps
51 Sz D
EMUL Multiplies two K, H - integer value automati- |D - a floating | DEMUL,
FNC 122 floating point cally point value DEMULP:
(Floating numbers together |converted to floating point (32 bits). 13 steps
Point Mul-
tiplication) D - must be in floating point
format (32 bits).
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:

The floating point value of Slis

multiplied with the floating

point value of S2. The result of the multiplication is stored at D as a floating point

value.
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Points to note:
Point a, b, c and d of the EADD instruction apply, except that a multiplication is

performed.

5.10.8 EDIV (FNC 123)

Operands
Mnemonic Function Program steps
S1 S2 D
EDIV Divides one K, H - integer value automati- |D - a floating |DEDIV,
FNC 123 floating point cally point value DEDIVP:
(Floating number by converted to floating point (32 bits). 13 steps
Point another.
Division) D - must be in floating point
format (32 bits).
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:

X10
}—{ |—IDEDIV] D128 [ K500 [ D106 The floating point value of Slis

divided by the floating point

value of S2. The result of the division is stored in D as a floating point value. No

remainder is calculated.

Points to note:

Points a, b, ¢, d of the EADD instruction apply, except that a division is performed.

« If S2is 0 (zero) then a divide by zero error occurs and the operation fails.
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5.10.9 ESQR (FNC 127)

‘MZd
I
|

IDESQR| D302 | D510

resultis stored in D.

Points to note:

| . Operands
Mnemonic Function S D Program steps

ESQR Calculates the K, H - integer value automati- |D - a floating DESQR,
FNC 127 square root of cally point value DESQRP:
(Floating a floating point converted to floating point (32 bits). 9 steps
Point value.
Square D - must be in floating point
Root) number format (32 bits).

16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | zero Msoz0

Operation:

Asquare root is performed on the

floating point value of Sand the

Points a, b, ¢, d of the EADD instruction apply, except that a square root is performed.

« If Sis negative then an error occurs and error flag M8067 is set ON.

5.10.10 INT (FNC 129)

Operands
Mnemonic Function s D Program steps

INT Converts a D - must be in floating |D - decimal format INT, INTP:
FNC 129 number from point number format 5 steps
(Float to floating point (always 32 bits). for INT, INTP - 16 bits
Integer) format to decimal DINT, DINTP:

format for DINT, DINTP - 32 |9 steps

bits
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16 BIT OPERATION

32 BIT OPERATION

Zero MBDZ0

PULSE-P Flags | serowuoce

Carry Manz2

‘MEE
|
|

| DINT | D510 | D254

Operation:
The floating point value of S is

rounded down to the nearest

integer value and stored in normal binary formatin D.

Points to note:

a) The source data is always a double (32 bit) word; a floating point value.

For single word (16 bit) operation the destination is a 16 bit value.

For double word (32 bit) operation the destination is a 32 bit value.

b) This instruction is the inverse of the FLT instruction.

c) If the result is 0 then the zero flag M8020 is set ON.

If the source data is not a whole number it must be rounded down. In this case the

borrow flag M8021 is set ON to indicate a rounded value.

If the resulting integer value is outside the valid range for the destination device then

an overflow occurs. In this case the carry flag M8022 is set on to indicate overflow.

Note: If overflow occurs, the value in the destination device will not be valid.
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Applied Instructions:

1. FNC 00 - 09

4. FNC 30 - 39

FNC 40 - 49

7. FNC 60 - 69
8. FNC 70 - 79

9. FNC 80 - 89

o

Program Flow

Move And Compare

Arithmetic And Logical Operations (+,

Rotation And Shift

Data Operation

High Speed Processing
Handy Instructions
External FX I/0O Devices

External FX Serial Devices

314

5-4

5-16

- X, +)

5-24
5-34

5-42

5-52

5-66

5-80

5-94
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10. Floating Point 1 & 2 5-110
1. Trigonometry (Floating Point 3) 5-118
12. Data Operations 2 5-122
13. Positioning Control 5-126
14. Real Time Clock Control 5-136
15. Gray Codes 5-146
16. Additional Functions 5-146
17. FNC 220249 || In-line Comparisons 5-150

Sym bols list:

D - Destination device.

S - Source device.

m, n- Number of active devices, bits or an operational constant.

Additional numeric suffixes will be attached if there are more than one operand with
the same function e.g. D1,S3or for lists/tabled devices D3+0,S+9etc.

MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a

number, i.e.
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positive =0, and negative = 1.

LSB - Least Significant Bit.

Instruction modifications:

Ye¥e¥e- Aninstruction operating in 16 bit mode, where¥s¥¢ys identifies the instruction

mnemonic.

¥k P - A 16 bit mode instruction modified to use pulse (single) operation.

D¥¢¥¥¢ - Aninstruction modified to operate in 32 bit operation.

Dy ¥¢vcP - A32 bit mode instruction modified to use pulse (single) operation.

- A repetitive instruction which will change the destination value on every scan

unless modified by the pulse function.

" An operand which cannot be indexed, i.e. The addition of V or Z is either invalid or

will have no effect to the value of the operand.

5.11.1 SIN (FNC 130)

‘ X03

. DSIN | D510 | D314 |-

the floating point value in S. The result is stored in D.

316

. . Operands
Mnemonic Function S D Program steps
SIN Calculates the D - must be in floating |D - a floating point DSIN,
FNC 130 sine of a floating | point number format | value DSINP:
(Sine) point value (32 bits).(radians) (32 bits). 9 steps
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Contents:

This instruction performs the

mathematical SIN operation on
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Points to note:

a) The instruction must use the double word format: i.e., DSIN or DSINP. All source and
destination data will be double word; i.e., uses two consecutive data registers to store
the data (32 bits).

The source data is regarded as being in floating point format and the destination is
also in floating point format.

b) The source value must be an angle between 0 to 360 degrees in radians; i.e.,

0° < S<360°

Radian Angles

Below is an program example of how to calculate angles in radians using floating

point.

| X001 ove] kas | oo H K45 degrees to DO

X002
it

IMOVP| K80 | Do |- Convert DO to float in D4,D5

MB000
—i

IFLT|D0|D¢|—

K90 degrees to DO

HDEDIV|k31415026 k1800000000 D20 H

Cevo] D4 [ 020 [ D30 | Calculatertin radians (11/180)
[S] [D]
——1psiN| D30 [ D100 Store as a float in D20,D21

=

Calculate angle in radians in D30,D31
(deg® X 1/180 = rads)

Calculate SIN of angle in D100
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5.11.2 COS (FNC 131)

Operands
Mnemonic Function s D Program steps
COs Calculates the D - must be in floating |D - a floating point DCOS,
FNC 131 cosine of a point number format value DCOSP:
(Cosine) floating point (32 bits). (32 bits). 9 steps
value
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Contents:
‘ X04
| H 'DCOS| D510 | D316 This instruction performs the

mathematical COS operation on

the floating point value in S. The result is stored in D.

Points to note:

All the points for the SIN instruction apply, except that COS is calculated.
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5.11.3 TAN (FNC 132)

|DTAN| D510 | D318

the floating point value in S. The result is stored in D.

Points to note:

All the points for the SIN instruction apply, except that COS is calculated.

319

Operands
Mnemonic Function s D Program steps
TAN Calculates the D - must be in floating |D - a floating point DTAN,
FNC132 tangent of a point number format | value DTANP:
(Tangent) floating point (32 bits). (32 bits). 9 steps
value
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Contents:

This instruction performs the

mathematical TAN operation on
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Applied Instructions:
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1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

FNC 00-09

FNC 30-39

FNC 60 - 69

FNC 70-79

FNC 80 - 89

FNC 140-149

FNC 150-159

FNC 160-169

FNC 180-189

FNC 220-249

-
=
7]
f-3
(=]
[ " 1

Program Flow

Move And Compare

Arithmetic And Logical Operations (+,

Rotation And Shift

Data Operation

High Speed Processing
Handy Instructions
External FX I/O Devices
External FX Serial Devices

Floating Point 1 & 2

Trigonometry (Floating Point 3)
Data Operations 2

Positioning Control

Real Time Clock Control

Gray Codes

Additional Functions

In-line Comparisons
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5-4
5-16
X, +)
5-24
5-34
5-42
5-52
5-66
5-80
5-94
5-110
5-118
5-122
5-126
5-136
5-146
5-146

5-150
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Symbols list:

D - Destination device.
S - Source device.

m, n- Number of active devices, bits or an operational constant.
Additional numeric suffixes will be attached if there are more than one operand with
the same function e.g. D1,S3or for lists/tabled devices D3+0,S+9etc. MSB - Most
Significant Bit, sometimes used to indicate the mathematical sign of a number, i.e.
positive = 0, and negative = 1.

LSB - Least Significant Bit.

Instruction modifications:
Yede¥e- Aninstruction operating in 16 bit mode, where Y ¥¢¥ridentifies the instruction
mnemonic.
Y¥eveP - A 16 bit mode instruction modified to use pulse (single) operation.
D¢ ¥¢- An instruction modified to operate in 32 bit operation.

Dy ¥¢v¢ P-A32 bit mode instruction modified to use pulse (single) operation

r ~ Arepetitive instruction which will change the destination value on every scan
unless modified by the pulse function.

5 -

An operand which cannot be indexed, i.e. The addition of V or Z is either invalid

or will have no effect to the value of the operand.
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5.12.1 SWAP (FNC 147)

swapped.

This instruction is equivalent to operation 2 of FNC 17 XCH

Points to note:

Operands
Mnemonic Function S Program steps
SWAP The high and low [KnY, KnM,KnS, T,C,D, V, Z SWAP,SWAPP
FNC 147 byte of the : 5 steps
(Byte designated DSWAP,
Swap) devices are DSWAPP:
- exchanged 9 steps
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Contents:
‘ Xﬁd' The upper byte and the lower
‘ il SWAPP| D10
byte of the source device are

a) In single word (16 bit) operation the upper and lower byte of the source device are

exchanged.

b) In double word (32 bit) operation the upper and lower byte of each or the two 16 bit

devices are exchanged.

Result of DSWAP(P) D10:
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Values are in Hex for clarity |Before DSWAP| After DSWAP
1 1FH 8BH
D10 By
Byte 2 8B 1FH
1 CAr 364
D11 Byte
Byte 2 365+ CAni

c) If the operation of this instruction is allowed to execute each scan, then the value of
the source device will swap back to its original value every other scan. The use of the

pulse modifier or an interlock program is recommended.
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Applied Instructions:
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1.

2.

10.

11.

12.

14.

15.

16.

17.

FNC 00 - 09

FNC 30 - 39

FNC 40 - 49

FNC 50 - 59

FNC 60 - 69

FNC 80 - 89

FNC 130-139

FNC 140-149

FNC 150-159

FNC 160-169

FNC 180-189

AR AR

FNC 220-249

Program Flow

Move And Compare

Arithmetic And Logical Operations (+,

Rotation And Shift

Data Operation

High Speed Processing
Handy Instructions
External FX I/O Devices
External FX Serial Devices
Floating Point 1 & 2
Trigonometry (Floating Point 3)
Data Operations 2
Positioning Control

Real Time Clock Control
Gray Codes

Additional Functions

In-line Comparisons
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5-4
5-16
X, +)
5-24
5-34
5-42
5-52

5-66

5-80

5-110
5-118
5-122
5-126
5-136
5-146
5-146

5-150
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Symbols list:

D - Destination device.

S - Source device.

m, n- Number of active devices, bits or an operational constant.

Additional numeric suffixes will be attached if there are more than one operand with
the same function e.g. D1,S3or for lists/tabled devices D3+0,S+9etc.

MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a
number, i.e. positive = 0, and negative = 1.

LSB - Least Significant Bit.

Instruction modifications:

Yo ¥ - Aninstruction operating in 16 bit mode, where Ysvsvridentifies the
instruction mnemonic.

Y¥eveP - A 16 bit mode instruction modified to use pulse (single) operation.
D¢ ¥¢- An instruction modified to operate in 32 bit operation.

Dy ¥¢v¢ P-A32 bit mode instruction modified to use pulse (single) operation

=

" Arepetitive instruction which will change the destination value on every scan

unless modified by the pulse function.

B4 - . An operand which cannot be indexed, i.e. The addition of V or Z is either invalid

or will have no effect to the value of the operand.
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5.13.1 Cautions when using Positioning Instructions

The following positioning instructions are application instructions that can be used
many times in a program.

When designing a program, make sure to follow the cautions outlined below with
regard to instruction drive timing.

FNC 156 (ZRN)

FNC 157 (PLSV)

FNC 158 (DRVI)

FNC 159 (DRVA)

« Do not drive positioning instructions which use the same output relay (Y000 or Y001)
at the same time. If such instructions are driven at the same time, they will be treated
as double coils, and not function correctly.

« Before setting a drive contact ON after is has been set to OFF be sure that the
following condition is satisfied;

One or more operation cycles of the ‘pulse output monitor (YO00:M8147,
Y001:M8148)° must occur after the positioning instruction is turned OFF, before it can
be used again.

This condition must be met, as one or more OFF operations are required for the red

riving of a positioning instruction.

If itis not met, and ‘operation error’ will occur during the instruction execution.
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+ Use the Step Ladder Program to correctly set up positioning instructions in
conformance to the cautions above.

Caution when using Positioning instructions with FNC 57 (PLSY) & FNC 59 (PLSR)

« Pulse output instructions FNC 57 (PLSY) & FNC 59 (PLSR) use output points Y000 and
Y001 in the same way as the positioning instructions described above.

« If a positioning and a pulse output instruction are used in the same operation, the
conflicting instructions will be treated as double coils and not function correctly.

« Itis recommended to use a FNC 158 (DRVI) instruction in place of either a FNC 57
(PLSY) or FNC 59 (PLSR) instruction to avoid incorrect operation when pulse outputs
are required while positioning instructions are being used.

Output terminals YO00 and Y001 are high speed response type

Voltage range : 5 to 24V DC

Currentrange: 10 to 100mA

Output frequency : 100kHz or less

5.13.2 Pulse train settings

When a positioning operation is executed from the PLC, the pulse output signal has

the ‘Pulse train+ Sign’ format during control, as shown in the figure below.
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it A I I N
Arbitrary output rel
Arbitrary cupa reloy ON OFF

(Specifies the direction.)

[ A I I I

Yyooo

(Spedifies the direction.)
Make sure to set the pulse train input mode on the servo amplifier or stepper motor as
follows;

Pulse train input mode: Pulse train + Sign

Pulse train logic: negative logic

5.13.3 Devices related to positioning

Device No. Data | Initial Description

size value

D8140 | Lower | 32bit | 0 Operates as current value registers of positioning instruction
D8141 | Upper output
to Y000
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For FNC 157 (PLSV), FNC 158 (DRVI), FNC 159 (DRVA)

instructions, current value increases or decreases in

accordance with direction of rotation.

Although FNC 57 (PLSY) and FNC 59 (PLSR) instructions use the

same current value registers, the current value represents the

accumulating total number of output pulses during instruction

execution.
D8142 | Lower | 32bit | 0 Operates as current value registers of positioning instruction
D8143 | Upper output

to Y001

For FNC 157 (PLSV), FNC 158 (DRVI), FNC 159 (DRVA)

instructions, current value increases or decreases in

accordance with direction of rotation.

Although FNC 57 (PLSY) and FNC 59 (PLSR) instructions use the

same current value registers, the current value represents the

accumulating total number of output pulses during instruction

execution.

D8145 16 bit | 0 Bias speed when FNC 156 (ZRN), FNC 158 (DRVI), FNC 159

(DRVA) instructions are executed

Set range: 1/10 or less of maximum speed (D8146 & D8147) If

the current value exceeds this range, it is automatically set to
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1/10 of the maximum speed during operation.

D8146 | Lower

32 bit | 100,000

D8147 | Upper

(DRVA) instructions are executed.

Set range 10 to 100,000 (Hz).

D8148 16 bit | 100 Acceleration/Deceleration time in which maximum speed
(D8146 & D8147) is achieved from bias speed (D8145) when
FNC 156 (ZRN), FNC 158 (DRVI), FNC 159 (DRVA) instructions
are executed.
Setrange50t05,000(ms)
Device No. Attribute Description

M8145 Drive enable Y000 pulse output stop command (immediate stop)

M8146 Drive enable Y001 pulse output stop command (immediate stop)

M8147 Read only flag | Y000 pulse output monitor (BUSY/READY)

M8148 Read only flag | Y001 pulse output monitor (BUSY/READY)

5.13.4 Servo Wiring Example

Example of connection to a HCFA servo.

Note. The PLC required for this connection is a SINK Transistor output type.
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1 Ea]
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—E =G 0| [4]D0)
24+ Y EREED
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(70] = | FNC 155
5 E:.q‘;_l:lﬂﬁﬂs}
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Iy E 5 | SO Serun OW =1
o [H[res Femset
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1 17| LS = Rienserses rotafion lirrit
ElE=l

*1 Connect to programmable controller when absolute position detection is required.

*2 Ports CN1A, CN1B, CN2 & CN3 are the same shape. Do not confuse them.

*3 Connect a limit switch to the servo amplifier.

*4 ONLY use a transistor output type PLC.

5.13.5 Example Program

The following example program for forward/reverse operation uses the /0

assignment shown in section 5.13.4 Servo Wiring Example.

333



HCFa

— RJIB%43 ——HCFA CORPORATION

During operation positioning is performed using the absolute position method shown

below.
500000
q |
100 5
Zeerciri \ < \x / —i_l:l]-k
ﬁmnm <
200ms

In this example the actual output frequency for the first step, acceleration, and the last

step, deceleration, can be obtained using the following expression.

- B A = Maximum speed (D8146, D8147)
JA +(2%(C+1000))= Output B = Acceleration/Deceration time

/100000 = (2 x (200 + 1000))= S00Hz

Step Ladder program.

XDOO
I @ Cl.lpl.lttoﬂe)(—aﬂs(‘f[ﬂ])ls
Stop
) @ ;&!untotheznam pnvr;\g‘d'l
. ear signal output is vali
S0 S10 s1 S12 S13 MB145
W + I F‘I:)sllr + + M5 ) Operation is stopped.
Retumn to JOG(+} JOG(-) tioning Positioning
nnommal -~ inreverse  output stop
Zero poirt rUtEltlm rotation
MB002 *1 NG 12 Sets the maximum
— K100000( D8146 | 100,000 (Hz) —
Initial puise Emov DB147 and DB146
*1 Sets the acceleration/
FNC12 | koo | D8148 | deceleration time.
MoV 200 (s) — DB148

*1 When the maximum speed or Acceleration/deceleration do not have to be changed

from their initial values, programming is not required.
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;|JT|1_|~:E =T papp | et the ero point retum
Fetum 1o &-;m g
Fo ] slq:q:ﬂ:!
possitioning cormpletion flag.
Rt fhes rotation
RET K3 m%m
=ET =0 Dritvess: thee zero point netum stobe
ooz NE
it il RST | mnz | Fesets the nomed mbtion
JOG[+) E:.-f'zﬂn-l pmsitioning corrpletion flag.
SET | Si0 | Drves thejog (+) stale (5100
XD0a NE )
—i i RET | M2 | i romaetions o
JOG) GF.HH'ITII
"2 bng =T M3 e e nemspsnses robadion
presitioming cormpletion flag.
SET | 511 | Drves thejog (=) stade (S11)
HD0e NE B0 )
Ressets; fhes nommal rotation
it {} L RST 2 e 4
Pemsificri 0 N Zwes peird possitioning cormpletion flag.
R=T B3 pstiorirg corrpkelions o,
Dirvesss ther ol rotaion
SET [ 312 | cositioning stale (S12)
XD0E NE BATD .
Ressesds; e rorme robation
—itt i ik RST b2 i i
Possfioring Cperation Zit peirt positioning cormpletion fag.
i reverse besing refum
presitioming cormpletion flag.
Dirfwesss ther resverse robation
¥ SET | 513 | Coitioning stete (S13)

*2 The maximum size of a JOG command is 999,999 pulses, as this is the maximum
number of output pulses for a FNC 158 (DRVI) instruction. If a greater distance is

required execute more than one JOG command.
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| =0 MEQ Zero point relum instruction
S ——— FNC136 | wspono | ksooo | xoos | wooo M’“ i thea - cirection
P pont
Fus pal
Jog Zeropant Creep Mear point
£ mm% speed QQJ?I:I:E‘}
2 MBOZD
E T SET MO Zero point retum commpletion flag
£ completion flag
ME14T MBS0 RetLm Zoro paint i
‘E i It RST S0 ﬂmm?st;l‘f-m]. y
4 Y000 being
outpLt -
MBODOD
| UM rronitor
B 002 Executes the jog operation in the
- SE NP PNC158 | ango00| Kaooon | vooo | voos + direction using the ircremental
JOGi+) |JoG [E CRv w instroction.
(+) Burberof Ot Puise cutpnt Fotetion is j]
Eu"“;’.’."f‘ e ricn M.
. MB14T M5 ks finished
: et | st0 | Majemgopenton
g. YOOO being
2 MBO0D 2
= it W51
UM rronitor
Exacutes the jog operation in the
_E;'" ;qx':c3_| PNC158 |iogonog K30000 | YDOO | YOD4 | - direction using the incremental
| | Joa) |[Joc DRV _ pndﬂm’b;rwm
) CLALE pudtss pui== P Lt Rt iopa | YOO )
chrectian)
MB14T M52 2 is finished
i+ T RST | S11 | pea)opertc
YDOO being
MEOOD "2
UM rronitor
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5 512 MES FrCH5E howves to the absclute position
= ——1 d KE00000 | KA00000| Y000 Y004 | "S00.000¢ using the absolute
i EoRva positioning instruction.
E .N:n:i.n mmmgwwmmlsﬁu
_3 specificaiion -1 o1 M.
£
E’ T SET M2 | completion flag
& complation flag
E hE147 WE3 Fositioning in the nommal direction
- it RST | S12 | igfinished (saif-reset)
E outpLl . -
i MB000
: (=
L R mmonitor

e =93 ¥ Mowves 1o the absolute position
2 — FNC158 | 1100 (K100000| YOOO | YOO4 | ™M00" using the absciute
g [ECRvA itioning Instruction.
E nm..u nmmxgwwmmlsm_j
% emcamn LI

MBOZO Reverse rotation positioni
@ T SET | mi3 fag e
4 Exacution
E completion flag
c I'n.-'BI147 I"-I'Il;fﬂ 813 Positioning in the reverse

¥T 1r RS i 1
Eﬁ - direscticn Is finkshed (self-reset).
'-E oLt =
;s - <
— R monitor

*3 The instruction drive timing is delayed by one operation cycle to prevent

simultaneous driving of positioning instructions.

5.13.6 ABS (FNC 155)

MO
— bpaes

%{

227/

Operands
Mnemonic Function Program steps
S D4 D,

ABS Reads the absolute XY,MS |YMS T.C,D,V.Z |DABS
FNC 155 position from a servo 13 steps
Absolute current motor
value read

16 BIT OPERATION 32 BIT OPERATION PULSE-P

Operation:
[=] [C4] [D=]
000 Y004 Da140

This instruction reads the
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absolute position data when a HCFA servo motor, equipped with absolute positioning
function is connected. [S] is the first of three inputs used for communication flags (see
drawing below), [D1 Jis the first of three communication outputs and [D 2 ] is the data

destination register.

Points to note:

a)This instruction is 32-Bit. Be sure to input as  “DABS”

b)Read starts when the instruction drive contact turns ON. When the read is complete,
the execution complete flag M8029 is energized.

If the instruction drive contact is turned OFF during read, read is aborted.

c)When designing a system, set the servo amplifier to be ON earlier than the power of
the PLC, or so that they are both powered ON at the same time.

d)The device [D2 ] to which the absolute value is read, can be set within a word device
range.

However, the absolute value should be transferred at some point to the correct
registers (D8141 & D8140)

e)The DABS instruction drive contact uses an input which is always ON, even after the
absolute value is read.

If the instruction drive contact turns OFF after the read is complete, the servo ON (SON)
signal will turn OFF and the operation disabled.

f)Even if the servo motor is equipped with an absolute position detection function, it

is good practice to execute a zero return operation during initial system set up.
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5.13.7 ZRN (FNC 156)

position values which increase or decrease during operation.

M ] Functi Operands P to
nemonic unction s, s, » D rogram steps
ZRN Return to zero home | K,H,KnX,KnY, XY, Y ZRN:
FNC 156 point after machine |KnM.,KnS M.S Note: =@ |9 steps
Zero return ON or initial setting. |T,C,DV.Z Y000 or DZRN:
Y001 onty |17 steps
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Contents:
MO [S1 [Sd (S D) o
}_ ZzrN | k1000l k100 | %003 | Yooo When executing incremental

or absolute positioning, the

PLC stores the current

Using these values, the PLC always knows the machine position. However when the

power to the PLC is turned off, this data is lost. To cope with this the machine should

return to the zero point when the power is turned ON, or during initial set up, to teach

the zero position. [S 1] is the Zero Return Speed, [S 2] is the Creep Speed, [S 3 ] is the

Near Point Signal, and [D] is the Pulse Output Designation.
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Points to note:

a)Users may specify zero return speed [S1 ] as, 16-bit 10 to 32,767Hz or 32-bit 10 to
100kHz.

b)Users may specify the creep speed [S2 } of 10 to 32,767Hz

c)If any device other than an input relay (X) is specified for the Near point signal [S3] it
will be affected by the operation cycle of the PLC and the dispersion of the zero point
may be large.

d)Only YO00 or Y001 can be used for the pulse output [D].

Because of the nature of the high speed output, transistor type output units should be
used with this instruction. Relay type outputs will suffer a greatly reduced life, and will
cause false outputs to occur.

e)lf M8140 is set to ON, the clear signal is sent to the servo motor when the return to
zero pointis complete.

f)Related device numbers.

D8141 (upper digit) & D8140 (lower digit) : Current value register of YOOO (32-bit)
D8143 (upper digit) & D8142 (lower digit) : Current value register of YOO1 (32-bit)
D8147 (upper digit) & D8146 (lower digit) : Maximum speed when FNC156, FNC158 or
FNC159 are executed 100~100,000Hz.

D8148 : Acceleration/Deceleration time adopted when FNC156, FNC158 or FNC159 are
executed.

M8145 : YO0O0 pulse output stop (immediate)

M8146 : Y001 pulse output stop (immediate)
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M8147 : Y000 pulse output monitor (BUS/READY)

M8148 : Y001 pulse output monitor (BUS/READY)

g)When a HCFA SV-X3 servo amplifier equipped with absolute position detection

function is used, the current position of the servo can be read by FNC 155 (ABS).

+ Dog search function is not supported. Start zero return from the front side of the

Near point signal.

« Attention should be paid to the instruction drive timing.

5.13.8 PLSV(FNC157)

output.

Operands
Mnemonic Function Program steps
5 D1 D2
PLSV Variable speed K.H, Y Y,M,S PLSV
FNC 157 pulse output KnX,KnY, |Note: =2 9 steps
Pulse V KnM,KnS |vooo or DPLSV
T,C.DV,Z |Y001 only 17 steps
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
] D D . .
MO (5] O] (D] Thisis avariable speed
}— PLSY | K1000 | Y000 Y004

output pulse instruction,

with a rotation direction

[S]is the Pulse Frequency, [D 1] is the Pulse Output Designation, and [D2] is the

Rotation Direction Signal.
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Points to note:

a)Users may use output pulse frequencies [S1] of, 16-bit 10 to 32,767Hz or 32-bit 10 to
100kHz.

b)Only YO00 or YOO1 can be used for the pulse output [D1].

Because of the nature of the high speed output, transistor type output units should be
used with this instruction. Relay type outputs will suffer a greatly reduced life, and will
cause false outputs to occur.

c)Rotation direction signal output [D2} operated as follows: if [D 2 ] = OFF, rotation =
negative, if [D 2] = ON, rotation = positive.

d)The pulse frequency [S] can be changed even when pulses are being output.
e)Acceleration/deceleration are not performed at start/stop. If cushion start/stop is
required, increase or decrease the output pulse frequency [S] using the FNC67 RAMP
instruction.

f)If the instruction drive contact turns off while pulses are output, the machine stops
without deceleration

g)Once the instruction drive contact is off, re-drive of the instruction is not possible
while the pulse output flag (Y000 : [M8147] Y001 : [M8148]) is ON.

h)The normal or reverse direction is specified by the positive or negative sign of the
output pulse frequency [S]

i)Related device numbers.

D8141 (upper digit) & D8140 (lower digit) : Current value register of YOOO (32-bit)

D8143 (upper digit) & D8142 (lower digit) : Current value register of YOO1 (32-bit)
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M8145 : Y000 pulse output stop (immediate)

M8146 : YOO1 pulse output stop (immediate)

M8147 : Y000 pulse output monitor (BUS/READY)

M8148 : Y001 pulse output monitor (BUS/READY)

+ Attention should be paid to the instruction drive timing.

5.13.9 DRVI (FNC 158)

It

| DRVI |k2s000|K2000[ Y000 | YoO04

F‘

- ] E ] Operands -

t t
nemonic unction s, S, D, D, rogram steps
DRVI Increment K.H, Y Y.M.S |DRVI
FNC 158 positioning KnX,KnY, Note: 54 9 steps
Drive to KnM,KnS Y000 or DDRVI
increment TCDVZ Y001 only 17 steps

16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
[S1] [S=] (4] [D=]

This instruction is for single

speed positioning in the form

of incremental movements. [S 1] is the Number of Pulses, [S 2]is the Pulse Output

Frequency, [D1] is the Pulse Output Designation, and [DN 2]is the Rotation Direction

Signal.

Points to note:

a)The maximum number of pulses [S1 ] available are: 16-bit -32,768 to 32,767 pulses

or 32-bit
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-999,999 to 999,999 pulses.

b)Users may use output pulse frequencies [S2 ], 16-bit 10 to 32,767Hz or 32-bit 10 to
100kHz.

¢)Only Y000 or Y001 can be used for the pulse output [D 1].

Because of the nature of the high speed output, transistor type output units should be
used with this instruction. Relay type outputs will suffer a greatly reduced life, and will
cause false outputs to occur.

d)Rotation direction signal output [D2] operated as follows: if [D 2 ] = OFF, rotation =
negative, if [D 2] = ON, rotation = positive.

e)lf the contents of an operand are changed while the instruction is executed, it is not
reflected on the operation. The new contents become effective when the instruction is
next driven.

f)If the instruction drive contact turns off while the instruction is being executed, the
machine decelerates and stops. At this time the execution complete flag M8029 does
not turn ON.

g)Once the instruction drive contact is off, re-drive of the instruction is not possible
while the pulse output flag (Y000 : [M8147], Y001 : [M8148]) is ON.

h)For operation in the incremental drive method, the travel distance from the current
position is specified with either a positive or a negative symbol.

i)The minimum value of output pulse frequency which can be actually used is

determined by the following equation.
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JMaxSpeed[D8147,D8146]Hz + (2 x (Acceleration\Deceleration[ D8148 Jms + 1000))

f)Related device numbers.

D8145 : Bias speed adopted when either FNC158, DRVI or FNC159, DRVA are executed

D8147 (upper digit) & D8146 (lower digit) : Maximum speed when FNC156, FNC158 or

FNC159 are executed 100~100,000Hz.

D8148 : Acceleration/Deceleration time adopted when FNC156, FNC158 or FNC159 are

executed.

M8145 : YO0O0 pulse output stop (immediate)

M8146 : YOO1 pulse output stop (immediate)

M8147 : Y000 pulse output monitor (BUS/READY)

M8148 : Y001 pulse output monitor (BUS/READY)

+ Attention should be paid to the instruction drive timing.

5.13.10 DRVA(FNC 159)

M ] E ] Operands P

nemonic unction s, s, D, D, rogram steps
DRVA Absolute K.H, Y Y,.M,S DRVA
FNC 159 positioning KnX,KnY, Note: B2 9 steps
Drive to KnM,KnS Y000 or DDRVA
absolute TCDVZ Y001 only 17 steps

16 BIT OPERATION 32 BIT OPERATION PULSE-P

MO [S1] [Sa] [D1] [Dg]
}— DRVA [K25000( K3000| Y000 | YOOD4 Operation:
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This instruction is for single speed positioning using a zero home point and absolute
measurements. [S 1] is the Number of Pulses, [S 2 ] is the Output
Frequency, [D1] is the Pulse Output Designations, and [D 2 ] is the Rotation Direction

Signal.

Points to note:

a)The target position for absolute positioning [S1] can be: 16-bit -32,768 to 32,767
pulses or 32-bit -999,999 to 999,999 pulses.

b)Users may use output pulse frequencies [S2 ], 16-bit 10 to 32,767Hz or 32-bit 10 to
100kHz.

¢)Only Y000 or Y001 can be used for the pulse output [D 1].

Because of the nature of the high speed output, transistor type output units should be
used with this instruction. Relay type outputs will suffer a greatly reduced life, and will
cause false outputs to occur.

d)Rotation direction signal output [D2] operated as follows: if [D 2 ] = OFF, rotation =
negative, if [D 2] =ON, rotation = positive.

e)lf the contents of an operand are changed while the instruction is executed, it is not
reflected on the operation. The new contents become effective when the instruction is
next driven.

f)If the instruction drive contact turns off while the instruction is being executed, the
machine

decelerates and stops. At this time the execution complete flag M8029 does not turn
346



HCFa

— RJIIf& 13 ——HCFA CORPORATION

ON.

g)Once the instruction drive contact is off, re-drive of the instruction is not possible
while the pulse output flag (Y000 : [M8147], YOO1 : [M8148]) is ON.

h)For operation in the absolute drive method, the travel distance from the zero point
is specified.

i)The minimum value of output pulse frequency which can be actually used is

determined by the following equation

n;’MaxSpccd[D5§14?,DﬂI4ﬁ|Hz + (2 % (Acceleration\Deceleration| D8148ms + 1000))
f)Related device numbers.
D8145 : Bias speed adopted when either FNC158, DRVI or FNC159, DRVA are executed
D8147 (upper digit) & D8146 (lower digit) : Maximum speed when FNC156, FNC158 or
FNC159 are executed 100~100,000Hz.
D8148 : Acceleration/Deceleration time adopted when FNC156, FNC158 or FNC159 are
executed.
M8145 : YO0O0 pulse output stop (immediate)
M8146 : Y001 pulse output stop (immediate)
M8147 : Y000 pulse output monitor (BUS/READY)
M8148 : Y001 pulse output monitor (BUS/READY)

+ Attention should be paid to the instruction drive timing.
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Applied Instructions:
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1.

2.

—
o

m m
= =
3] ]
- -

1.

12.

13.

15.

16.

17.

FNC 00 - 09

FNC 40 - 49

FNC 50 - 59

FNC 60 - 69

FNC 80 - 89

30-

-

3

FNC 140-149

FNC 160-169

FNC 170-179

80-

-
&

FNC 220-249

Program Flow

Move And Compare

Arithmetic And Logical Operations (+,

Rotation And Shift

Data Operation

High Speed Processing
Handy Instructions
External FX I/O Devices
External FX Serial Devices

Floating Point 1 & 2

Trigonometry (Floating Point 3)
Data Operations 2

Positioning Control

Real Time Clock Control

Gray Codes

Additional Functions

In-line Comparisons
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5-4
5-16
X, +)
5-24
5-34
5-42
5-52
5-66
5-80
5-94
5-110
5-118
5-122
5-126
5-136
5-146
5-146

5-150
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Sym bols list:

D - Destination device.

S - Source device.

m, n- Number of active devices, bits or an operational constant.

Additional numeric suffixes will be attached if there are more than one operand with
the same function e.g. D1,S3or for lists/tabled devices D3+0,S+9etc.

MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a
number, i.e. positive = 0, and negative = 1.

LSB - Least Significant Bit.

Instruction modifications:

Ye¥e¥e - Aninstruction operating in 16 bit mode, where Y v¢vy identifies the
instruction mnemonic.

Ye¥eve P-A16 bit mode instruction modified to use pulse (single) operation.
D¢ ¥¢- An instruction modified to operate in 32 bit operation.

Dy ¥¢¥¢P - A32 bit mode instruction modified to use pulse (single) operation.

" Arepetitive instruction which will change the destination value on every scan

unless modified by the pulse function.

b= " An operand which cannot be indexed, i.e. The addition of V or Z is either invalid

or will have no effect to the value of the operand.
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5.14.1 TCMP (FNC 160)

M1

Mo
———— O when D0,D1,02 < 10:30:50

=== 0N when D0,D1,02 = 10:30:50

M2
——+—— O when D0,D1,02 > 10:30:50

Operands
Mnemonic Function Program steps
S1 ‘ S2 ‘ S3 S D
TCMP Compares two K, H, TC,.D |Y M, S [TCMP,
FNC 160 times - results of |KnX, KnY, KnM, KnS, Note- TCMPP:
(Time <, =and > are T,C, D, 3 consecutive 11 steps
Compare) given v, Z devices are used.
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Contents:
[S1] [S2] [ss] [S] [D]
|—x.1|ﬂ—-|mmp| K10 | K30 | k50| Do | DO
S1,S2and S3represent hours,

minutes and seconds respectively.

This time is compared to the time

value in the 3 data devices

specified by the head address S. The result is indicated in the 3 bit devices specified by

the head address D.

The bit devices in D indicate

the following:

D+0issetON,whenthetimeinSislessthanthetimeinS1,52and S3.

D+1is set ON, when the time in Sis equal to the time in S1,S2and S3.

D+2is set ON, when the time in S is greater than the time in S1,S2and S3.

Points to note:

a) The status of the destination devices is kept, even if the TCMP instruction is

deactivated.
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b) The comparison is based on the time value specified in the source devices.

- The valid range of values for Sland S+0is0to23(Hours).

- The valid range of values for S2and S+1is0to59(Minutes).

- The valid range of values for S3and S+2is0to59(Seconds).

c) The current time of the real time clock can be compared by specifying D8015

(Hours),

D8014 (Minutes) and D8013 (Seconds) as the devices for S1,S2and S3respectively.

5.14.2 TZCP (FNC 161)

X10

[51] [S2] [=] [D]

TzcP| D20 |Dao | 0O | mis |-|

0

1

2

OM when DO,D1,D2 < D20,021 D22
OmMwhen D20,021,022 D0,D1,D2 D30,031,032

OmM when D30,031,032 < DO0,D1,D2

Operands
Mnemonic Function Program steps
S1 S2 S D
TZCP Compares atime |T,C,D Y, M, S TZCP,
FNC 161 to a specified time | S1must be less than or equal to Sz. TZCPP:
(Time range - results of Note- 3 consecutive devices are used for all 9 steps
Zone <, =and > are
Compare) given
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Contents:

S$1,S2 and S represent time
values. Each specifying the head

address of 3 data devices. Sis

compared to the time period defined by S1 and S2. The result is indicated in the 3 bit

devices specified by the head address D.

The bit devices in D indicate the following:

D+0is set ON, when the time in S is less than the timesin Sland S2.
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D+1is set ON, when the time in S is between the timesin Sland S2.

D+2is set ON, when the time in S is greater than the times in Sland S2.

Points to note:

a) The status of the destination devices is kept, even if the TCMP instruction is
deactivated.

b) The comparison is based on the time value specified in the source devices.
- The valid range of values for Sland S+0isOto23(Hours).

- The valid range of values for S2and S+1is0to59(Minutes).

- The valid range of values for S3and S+2is0to59(Seconds).

5.14.3 TADD (FNC 162)

Operands
Mnemonic Function Program steps

S1 S2 D

TADD Adds two time T.C,D TADD,

FNC 162 values together to TADDP:

(Time give a new time Note: 3 consecutive devices are used to represent | 7 steps

Addition) hours, minutes and seconds respectively.

16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags E’:’,‘,’;‘:fg;;’z
Contents:

X13 [S1] [S2] [D] '
| TSL.IB| D10 | D20 | D30 H Each of S1,S2and D specify the

head address of 3 data devices
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to be used a time value.
ThetimevalueinSlis added to the time value in S2, the result is stored to D as a new

time value.

Points to note:
a) The addition is performed according to standard time values. Hours, minutes and

seconds are kept within correct limits. Any overflow is correctly processed.

5 = D
D10 10 hours 020: 30 hours D30: 13 hours
D11: 30 mins 021: 10 mins 031: 41 mins
D1z 27 secs 022: 49 secs D32 16 secs
10:30:29 03:10:49 13:41:16

the result is the time remaining above 24 hours.

b) If the addition of the two times results in a value greater than 24 hours, the value of

S = D
D10 10 hours D20: 18 hours D30: 13 hours
D11: 17 mins 021: 12 mins D31: 41 mins
D12 29 secs D22: 34 secs D32 16 secs
11729 18:1234 04:30:03
MB022 ON

When this happens the carry flag M8022 is set ON.

c) If the addition of the two times results in a value of zero (0:00:00: 0 hours, 0 minutes,
0 seconds) then the zero flag M8020 is set ON.

d) The same device may be used as a source (S1 or S2) and destination device. In this
case the addition is continually executed; the destination value changing each
program scan. To prevent this from happening, use the pulse modifier or an interlock

program.
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5.14.4 TSUB (FNC 163)

}—Xjna——{'rsum D10 | D20 | D30 }—{

Operands

Mnemonic Function S1 D Program steps
TSUB Subtracts one T.C,D TSUB,
FNC 163 time value from TSUBP:
(Time another to give a | Note: 3 consecutive devices are used. 7 steps
Subtrac- new time
tion)

Zero MBO20
16 BIT OPERATION 32 BIT OPERATION PULSE-P Flags | ZeroMeeae
Contents:
[S1] [S2] [D]

be used a time value.

The time value in S1is subtracted from the time

valueinS2, the result is stored to D as a new time value.

Points to note:

Each of S1,S2and D specify the

head address of 3 data devices to

a) The subtraction is performed according to standard time values. Hours, minutes

and seconds are kept within correct limits. Any underflow is correctly processed.

S * D
D10: 10 hours D2O: 3 hours DG0: 7 hours
D11: 30 mins 021: 10 mins D31: 19 mins
D12 27 secs | D22 49 secs DG2: 38 secs
10:30:27 03:10:49 07:19:38

b) If the subtraction of the two times results in a value less than 00:00:00 hours, the

value of the result is the time remaining below 00:00:00 hours.
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S = D
D10: 10 hours D20 18 hours DG0: 13 hours
D11: 17 mins 021: 12 mins _ D31: 41 mins
D12 29 secs " [ D22 34 secs " | D32 16 secs
10:17:29 18:12:34 16:04:55
MB021 ON

When this happens the borrow flag M8021 is set ON.

c) If the subtraction of the two times results in a value of zero (00:00:00 hours) then the

zero flag M8020 is set ON.

d) The same device may be used as a source (S1 or S2) and destination device. In this

case the subtraction is continually executed; the destination value changing each

program scan. To prevent this from happening, use the pulse modifier or an interlock

program.

5.14.5 TRD (FNC 166)

M34
——— TRD | D12

devices specified by the head address D.

Operands
Mnemonic Function D Program steps
TRD Reads the current [T, C, D TRD, TRDP:
FNC 166 value of the real 5 steps
(Time time clock to a Mote: 7 consecutive devices are used.
Read) group of registers
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Contents:
[D]

The current time and date of the real time

clock are read and stored in the 7 data
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The 7 devices are set as follows:

Device Meaning Values Device Meaning
D8018 Year 00-99 = D+o Year
D8017 Month 01-12 = D+1 Month
D8016 Date 01-31 = D+2 Date
D8015 Hours 00-23 = D+3 Hours
D8014 Minutes 00-59 = D+4 Minutes
D8013 Seconds 00-59 = D+5 Seconds
D8019 Day 0-6 (Sun-Sat) = D+6 Day

Points to note:
The year is read as a two digit number. This can be change to a 4 digit number by

setting D8018 to 2000 during the first program scan; see following program extract.

——— MOV (K2000|D8018|

M8002 <{

If this is done then the clock year should not be used during the first scan as it

will be a two digit number before the instruction and a value of 2000 after the
instruction until the END instruction executes. After the first scan the year is read and

written as a 4 digit number.

5.14.6 TWR (FNC 167)

Operands
Mnemonic Function S Program steps
TWR Sets the real time |T,C, D TWR, TWRP:
FNC 167 clock to the value 5 steps
(Time stored in a group | Note: 7 consecutive devices are used.
Write) of registers

357



HCFa

— KJII#&43 ——HCFA CORPORATION

16 BIT OPERATION

32 BIT OPERATION

PULSE-P

M34
}ﬁr—— TWR | D20 ‘{

[S]

set a new current value of the real time clock.

The seven devices

Device Meaning Values
S+0 Year 00-99
S+1 Month 01-12
S+2 Date 01-31
S+3 Hours 00-23
S+4 Minutes 00-59
S+5 Seconds 00-59
S+6 Day 0-6 (Sun-Sat)

Points to note:

Contents:

The 7 data devices specified with

the head address S are used to

Y R U U

Device Meaning
D8018 Year
D8017 Month
D8016 Date
D8015 Hours
D8014 Minutes
D8013 Seconds
D8019 Day

This instruction removes the need to use M8015 during real time clock setting. When

setting the time it is a good idea to set the source data to a time a number of minutes

ahead and then drive the instruction when the real time reaches this value.

5.14.7 Hour (FNC 169)

M F Operands p
nemonic unction rogram ste
s D, D, 9 pe
Hour Hour meter K.H, D ZY,
FNC 169 KnX, KnY, |Note: paa |M,S
Hour meter KnM, KnS, Legi:tﬁr should
e battery
T’C’D‘V’Z backed
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16 BIT OPERATION 32 BIT OPERATION PULSE-P

Operation 1: 16 bit

X000 [S] [D1] [D2]
}—DHOUR K300 | D200 | Y005

instruction

[S] = Period of time before

[D2]turnson (Hrs)[D1]=
Currentvalue in Hours [D 1 ]+1 = Current value, if less than 1 hour, time is specified in
seconds. [D 2] =Alarm output destination, turns on when [D 1 ] exceeds [S] In the

above example, [D 2] turns on at 300 hours and 1 second.

X000 [S] [D1] [Dz]
|—[}HDUR K4000 | D210 | Y007 Operation 2: 32 bit

instruction [S] = Period of

time in which [D 2 ] turnson (Hrs) [D 1 ]=Current value in Hours [D 1]+2 = Current
value, if less than 1 hour. In seconds [D 2] =Alarm output destination, when [D 1]

exceeds [S] In the above example, [D 2 ] turns on at 4000 hours and 1 second.

Points to note:

a)In order to continuously use the current value data, even after a power OFF and ON,
specify a data register which is backed up against power interruption.

b)The hour meter will continue operation even after the alarm output [D2 ] turns ON.

Operation will stop when the value of [D1 ] reaches the maximum for the specified 16

or 32 bit operation.
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If continuous operation id required, clear the value stored in [D 1]to[D1]+1 (16-bit) and

[D 1]to [D 1 ]+2 (32-bit).

Applied Instructions:

1. Program Flow 5-4
2. Move And Compare 5-16
3. Arithmetic And Logical Operations (+, -, :,2;)
4. Rotation And Shift 5-34
5. Data Operation 5-42
6. High Speed Processing 5-52
7. Handy Instructions 5-66
8. External FX /O Devices 5-80
9. External FX Serial Devices 5-94
10. Floating Point 1 & 2 5-110
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"
12.
13.
14.

7] s
16
17. || FNC 220-249

Symbols list:

D - Destination device.

S - Source device.

Trigonometry (Floating Point 3)
Data Operations 2

Positioning Control

Real Time Clock Control

Gray Codes

Additional Functions

In-line Comparisons

m, n- Number of active devices, bits or an operational constant.

5-118

5-122

5-126

5-136

5-146

5-146

5-150

Additional numeric suffixes will be attached if there are more than one operand with

the same function e.g. D1,S3or for lists/tabled devices D3+0,S+9etc.

MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a

number, i.e. positive = 0, and negative = 1.
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LSB - Least Significant Bit.

Instruction modifications:

Ye¥e¥e- Aninstruction operating in 16 bit mode, whereveyeysidentifies the instruction

mnemonic.

Yey¥eve P-A 16 bit mode instruction modified to use pulse (single) operation.

D Yoy ¥¢ - Aninstruction modified to operate in 32 bit operation.

D Y¢¥¢¥¢P - A32 bit mode instruction modified to use pulse (single) operation

=

unless modified by the pulse function.

hXe

or will have no effect to the value of the operand.

5.15.1 GRY (FNC 170)

~ Arepetitive instruction which will change the destination value on every scan

~ An operand which cannot be indexed, i.e. The addition of V or Z is either invalid

equivalent and stored at D.

362

Operands
Mnemonic Function s D Program steps
GRY Calculates the K, H, KnY, KnM, KnS, GRY,GRYP:
FNC 170 gray code value KnX, KnY, KnM, KnS, |T,C,D,V, Z 5 steps
(Gray of an integer TC, DV Z DGRY,DGRYP
Code) 9 steps
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
V45 [S] [D]
| GRY K1 234 K3Y10‘{ The blnary Integer valueinSis

converted to the GRAY CODE
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Points to Note:

The nature of gray code numbers allows numeric values to be quickly output without

the need for a strobing signal. For example, if the source data is continually

incremented, the new output data can be set each program scan.

5.15.2 GBIN (FNC 171)

equivalent and stored at D.

363

i ] Operands
Mnemonic Function s D Program steps
GBIN Calculates the K, H, KnY, KnM, KnS, GBIN,GBINP:
FNC 171 integer value of a |KnX, KnY, KnM, KnS, [T,C,D,V,.Z 5 steps
(Gray gray code TC, D,V Z DGBIN,
Code) DGBINP:
9 steps
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
S D
o4 [S] (D]
——— GBIN [K3X20| D10 The GRAY CODE value in Sis

converted to the normal binary
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Points to Note:

This instruction can be used to read the value from a gray code encoder.

If the source is set to inputs X0 to X17 it is possible to speed up the reading time by

adjusting the refresh filter with FNC 51 REFF.

5.15.3 RD3A (FNC 176)

j ] Operands
Mnemonic Function Program steps
M1 M2 D
RD3A Analog block read for |K,H. KnY, RD3A
FNC 176 TXon-3A, TXan-2AD KnX, KnY,KnM,KnS, KnM,KnS |7 steps
Read analog TCDVZ T.C,D\V,Z
block
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
X000 [M1] [M2] [O]
}_ RD3A KO K1 Do [M 1] = Special block number,
KO to K7

[M 2] =Analog input channel number, K1/K21 or K2/K22 [D] = Read data

5.15.4 WR3A (FNC 177)

Operands
Mnemonic Function Program steps
M1 M2 S
WR3A Write data to analog K.H. KnY, WR3A
FNC 177 block TXon-3A, TXan-  |KnX, KnY,KnM,KnS, KnM,KnS |7 steps
Write to Analog | 2AD, TX2n-2DA TC.DVZ TCDV,Z
block
16 BIT OPERATION 32 BIT OPERATION PULSE-P
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Operation:

X000 [M1] [Mz] [S]

Il This instruction writes data
| | WR3A KO K1 D2

to the [M 1] = Special block

number, KO to K7

[M 2] =Analog output channel number, K1/K21 or K22 [S] = Write data
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Applied Instructions:

1.

2.

FNC 00- 09

FNC 30- 39

FNC 40 - 49

FNC 60 - 69

FNC 80 - 89

Program Flow

Move And Compare

Arithmetic And Logical Operations (+,

Rotation And Shift

Data Operation

High Speed Processing
Handy Instructions
External FX 1/0O Devices

External FX Serial Devices

366

5-4

5-16

-, X, +)

5-24
5-34

5-42

5-52

5-66

5-80

5-94



HCFa

— RJIB%43 ——HCFA CORPORATION

10. Floating Point 1 & 2 5-110
11. Trigonometry (Floating Point 3) 5-118
12. Data Operations 2 5-122
13. ||Fnc1se-159 || Positioning Control 5-126
14. ||Fncieo-168 | Real Time Clock Control 5-136
15. Gray Codes 5-146
v\ 16. Additional Functions 5-146
17. FNC 220-249 || |n-line Comparisons 5-150
Symbols list:

D - Destination device.

S - Source device.

m, n- Number of active devices, bits or an operational constant.

Additional numeric suffixes will be attached if there are more than one operand with
the same function e.g. D1,S3or for lists/tabled devices D3+0,S+9etc.

MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a
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number, i.e.

positive =0, and negative = 1.

LSB - Least Significant Bit.

Instruction modifications:

Ye¥e¥e- Aninstruction operating in 16 bit mode, whereveyeycidentifies the instruction

mnemonic.

Y ¥cveP - A 16 bit mode instruction modified to use pulse (single) operation.

D¢ ¥¢- An instruction modified to operate in 32 bit operation.

Dyx¥¢ ¢ - A 32 bit mode instruction modified to use pulse (single) operation

-

unless modified by the pulse function.

" Arepetitive instruction which will change the destination value on every scan

" An operand which cannot be indexed, i.e. The addition of V or Z is either invalid

or will have no effect to the value of the operand.

5.16.1 EXTR (FNC 180)

| . Operands
Mnemonic Function Program steps
S SD1 SDz SD3
EXTR External ROM K, H, K, H, KnX, KnY, KnM, KnS, |EXTR
FNC 180 instruction, TC,D,V, 2Z, 9 steps
(External execution X, Y, M, S. DEXTR,
ROM) commands DEXTRP
17 steps
16 BIT OPERATION 32 BIT OPERATION PULSE-P
Operation:
S SD1 SD2 SDs
F—— EXTR KO 0100 | D200 | MI0 H  Thevalue of S stored in the
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extension ROM (KO to K32767) defines the function number and the instruction.

SD1,SD2 and SD3 are parameters of the application instruction. S or D varies

depending on the function number. The type of operation (16 bit, 32 bit, pulse) is

determined from the instruction number.

Points to Note:

In some function numbers, the parameters SD1 to SD3 may not be required due to

specifications. In such a case KO should be written in the program. K0 is ignored in the

internal processing of the PLC.

5.16.1.1 Inverter Communication

External ROM cassette functions 10 to 13 are for reading and writing data to/from an

inverter using signal instructions. These functions are available when an BD is

attached to the PLC, for communication with a HCFA series inverter.

FurI:Ic.;c-ion Function DiPe&gt?on Reference to Inverter manual
EXTR K10 Operation monitoring |INV to PLC |Execute operation control as for computer link, and
EXTR K11 Operation Control PLC to INV | refer to ‘monitoring’ for communication functions.
EXTR K12 Parameter read INV to PLC | Refer to the parameter code list in the relevant
EXTRK13 | Parameter write PLC to INV _|Manuals appendix.

5.16.1.1.1 Restrictions

Six digit commands that are supported in the E500 and S500 series inverters are not

supported by the EXTR function.

For HC-PCS/WIN-E:

1) Select “Option” - “Serial setting (Parameter)”
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2) Click “Yes”

3) Set “Serial setting (Parameters)” as shown below

Senal setting [parameter)

RS instruction
a) Set these parameters as

R ||

show on the left.

w
g
-

DO NOT select “Link”

b) Select either 19200, 9600

Control imos

or 4800.

Contiol procedure: Format 1

This value should be the

C
oFF o
None 1]
RS-485 ]
Nore 5]
CE
Fomat1 5]
CO—
]

same as set in the parameter

of the inverter.

¢) These parameters do not

affect communication with the inverter.

For HCP-Works
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1) Select “Parameters”

2) Select “PLC Parameter”

3) Select “PLC System (2)” and set as shown below

a) Set these parameters as show on the left.

DO NOT select “Link”

b) Select either 19200, 9600 or 4800. This value should be the same as set in the
inverter.

c) These parameters do not affect communication with the inverter.

5.16.1.1.3 Inverter settings and PLC communication settings

Inverter communication specification and application to PLC

Inverter specifications Application to PLC
Transmission standard RS-485 RS-485
Number of connected units 1:N (8 units maximum) 1:N (8 units maximum)
Communication speed 19200, 9600 or 4800 bps 19200, 9600 or 4800 bps
(selectable) (selectable)
Control procedure Asynchronous system Asynchronous system
Communication method Half duplex Half duplex
Character type ASCII (7 or 8 bits) (selectable) Fixed to 7 bits
c . Stop bit length 1 or 2 bits (selectable) Fixed to 1 bit
E % Terminator 2;:; I;F (absence/presence select- Fixed to CR only
Se - - .
SE[oeo [ s enta” ™ et cven pany
3 @ |method - .
Sum check |Fixed Fixed
Waiting time setting Set by customer Set by communication data
Note:

Some of the specifications above are fixed in the PLC but variable in the inverter. This

has been done to ease set up and reduce any possible problems during configuration.
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5.16.1.1.4 EXTR K10 - Monitoring operations (Inverter to PLC)

S s2 S3 sS4 16 Bit Operation |v~
— exr [ ko [ w6 | wer [ p1oo H [32'Bit Operation |x

Pulse - P x
Parameter Device type Parameter range
51 K/H K10: function No. to monitor inverter operations
52 KH, D Inverter station number (0 to 31)
S3 KH, D Inverter instructuion code (varies with model)
54 D, KnY, KnM, KnS Read value storage destination

5.16.1.1.5 EXTR K11 - Control operations (PLC to Inverter)

51 52 s3 s4 16 Bit Operation | v
|—| EXTRl K11 | K4 | HFA | K02 32 Bit Operation | x

Pulse - P x
Parameter Device type Parameter range
S1 KIH K11: function No. to control inverter operations
S2 KH, D Inverter station number (0 to 31)
S3 KH, D| Inverter instructuion code (varies with model)
54 KH D, KnX, KnY, KnM, KnS |Value to be written to inverter

5.16.1.1.6 Consistency with other instructions

« STLinstruction

During communication, if the executed state is set to OFF, the communication port is

not
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open. As a result, communication is disabled.

+ Branch instructions CJ and CJP

During communication, if the EXTR instruction is skipped by a CJ or CJP instruction,
the communication port is not open. As a result, communication is disabled.

+ Description in subroutine

As the EXTR instruction requires the time of two or more operation cycles until
execution is complete, it is prohibited to write a subroutine where the EXTR
instruction is called twice or more in one operation cycle.

+ Inside master control

No problems are expected.

+ FOR-NEXT

It is prohibited to use an EXTR instruction together with a FOR-NEXT instruction.

+ Description in interrupt

It is prohibited to describe an EXTR instruction in any interrupt.

« Cautions on write during run

(1) Itis prohibited to rewrite the function No. of the EXTR instructions first parameter.
(If the function No. is rewritten during run, a problem will occur in the same way as
change in the application instruction No.)

(2) Itis prohibited to delete an EXTR instruction.

(If the EXTR instruction is deleted during run, communication will be disabled.)

« Communication complete

When communication is finished, the completion flag M8029 turns ON, without regard
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to the completion status (normal or abnormal). (M8029 turns ON for one calculation
cycle at the time of completion.

M8029 is used by manu instructions and therefore the ON/OFF status of M8029 is held
only until the next instruction which utilizes M8029 is executed.)

« Communication error

Communication is executed three times in total, including two retries. If
communication is abnormally finished even after the third execution, it is regarded as
an error. Error types are classified as follows.

1) When an error code is returned from the inverter

2) When the inverter does not give any response

3) When a response is given by an unspecified station

4) When a receive error (such as overrun, parity error and framing error) occurs

5) When M8063 turns ON and error code 6301 is set to D8067

6) When the check sum of the data returned by the inverter does not match

For 1), 2) & 3) M8156 is set to ON, and an error code is set to D8156.

If a communication error occurs, it is cleared when the next EXTR K10/K11/K12/K13 is
executed.

In general when an error occurs, M8157 turns ON and remains ON (latch) until it is set

OFF.

5.16.1.1.7 Communication command error codes

The table below shows values set to D8156 after EXTR K10 K13 are executed.
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D8155 Contents of error Inverter operation

H0000 Communication is terminated normally (no error)

H0001 The inverter does not give any response

H0002 Timeout error interlocking with M8129. Error occurs
when transmission from the inverter is aborted

H0003 An unspecified station has given a response

H0004 The sum of the data returned by the inverter does not
match

H0005 In parameter read/write, parameters Nos. 400 to 899 are
specified but cannot be supported. Sets error code 6702
into D8067

H006 The communication port is being used for another
function and therefore cannot be used for the EXTR
instruction. Sets error code 6702 into D8067.

H0100 The inverter has transmitted the error code HO - If an error occurs
Computer NAK error. Communication request data beyond the permissible
includes an error beyond the permissible number of number
retries of retries, the inverter will

H0101 The inverter has transmitted the error code H1 - Parity come to an alarm st
error. The contents are different from the specified parity

H0102 The inverter has transmitted the error code H2 - Sum
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check error. The sum check code value in the computer is

different to that of the inverter

HO0103

The inverter has transmitted the error code H3 - Protocol

error. There is a grammar error in the data received by

the inverter, data receive is not completed within the

specified time, or the CR or LF is different from the

parameter setting

H0104

The inverter has transmitted the error code H4 - Framing

error. The stop bit length is different from the default set

value

H0105

The inverter has transmitted the error code H5 - Overrun

error. Data sent before previous receive transmission was

complete.

H0106

The inverter has transmitted the error code H6. Currently

undefined

HO0107

The inverter has transmitted the error code HT7 -

Character error. An unused character (any character other

than 0to 9,Ato F and control codes) is received

The inverter does not

accept the data nor does it

come to an alarm stop.

HO0108

The inverter has transmitted the error code H8. Currently

undefined

HO0109

The inverter has transmitted the error code H9. Currently
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undefined

HO10A

The inverter has transmitted the error code HA. This is a

mode error. A parameter write was tried while the

inverter was in operation or computer link mode was not

selected

HO10B

The inverter has transmitted the error code HB

-Instruction code error.

A non-existing instruction code is specified

H010C

The inverter has transmitted the error code HC -Data

range error.In a

parameter write, data outside the permissible setting

range is specified.

The inverter does not accept the data and an alarm does

not occur

The inverter does not

accept the data nor does it

cometo an alarm stop.

HO010D

The inverter has transmitted the error code HD. Currently

undefined

HO10E

The inverter has transmitted the error code HE. Currently

undefined

HO10F

The inverter has transmitted the error code HF. Currently

undefined
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5.16.1.1.8 Example program 1
This program reads parameters 0 to 99 in the inverter at station No. 6, to D1000 to

D1099 in the PLC.

X010
—1 SET M11
M11 |
E— IEXTRl K12 | K6 | v |D1OODV|—
M8029
i
\-{ > | v | K99 I RST | Mi1
END

5.16.1.1.9 Example program 2
This program reads parameters 0 to 99 in the inverters at station Nos. 6, 7,8 and 9, to
D1000 to D1099, D1100 to D1199, D1200 to D1299 and D1300 to D1399 respectively in

the PLC.
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X010
i1l SET M11
RST D10

M11

I} IE)(TRl K12 | K6 | V1 |D1DODV2|—

MB029
11

-I > | D10 | K99 I INC D10

V Station No. control
V1 Parameter No. control

V2 Read parameter storage destination

5.16.1.1.10 Example program 3

This program writes the speed parameter from PLC to inverter, performs forward
rotation by input X1, and reverse rotation by input X2.

By re-writing D10 in the peripheral equipment or the display unit, the frequency of the
inverter can be changed.

This program also monitors the frequency and output current in the inverter.
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Program which
mind spec |00 Misting tie fr
devices: from #he v e m Eﬂﬂlﬂ' o
persanal compuler Si=p M. af
Mo mm e u:acl:n.ning
o Crr code
| e [Gerer | ooma | S s ocared
[ Mo o7ma
M2  Wriles paramelers bo the mverler al stard for the frst Sme
k] Specifies
iI [ [ ki [ ws Jrwom | wo |—upemu1ﬂ lik
I EXTR | Kis | ™™ | " | K120 FLT:;
I EXTR | e | ™ | w2 | #500 Fm:'"ﬂ'l‘.:_ﬂr
EAERERERLEE fif:éﬁ:":;ﬂm 3
1]
I EXTR | e | ™ | WG | K08 anmedﬂr
EAEREREREE Fif:éﬁ:gmp
[eam ] ks | we | w [ wwe |Accelemtion fime
I EXTR | i3 | A | R | Hil |.D=:el-m1'm time
m;:m Bails the default value of the frequency e m
Ri e e
m;}:m Eumes anensy I EXTR | 2] | ™ | HOED | D1 |_
X1: Enrvard, Wi?m Gives commands io the inverisr : ey | - | = | v | mxmu|—
KE: Reverse w2000 Monitars the irverer
It [eam | kw | we | wia [wovoce | Menitors status
{emm | ko | ws | wr | Dm F:‘_‘ETI_'::‘__F
[ecm | kw | ®e | w0 | os Fmﬂ’ e
I EXTR | K0 | ™™ | HT | D&z chg:uﬂn.ﬂ
BND |-

5.16.1.1.11 Example program 4

In the previous example, monitoring and write to the inverter are always driven. If the
program changes the frequency or gives a forward/reverse rotation command,
communication with the inverter may be delayed depending on the step executing
communication.

In the example below, when a request to write is generated, a request to read is
interrupted, write is executed, then monitoring is continued again after write is

completed.
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Program which
manitars the nel -
special devices from

the persoral computes

Iﬁl!!?
1r

weas Writes parameters 1o the inverer at siart
it

T
k

Executes write only when SEIII;J'E default value of the i
D10 has changed | e e it

— T |

Exacuies write io the inverier, only when ane of X0 io XT has chanped
X1: Forward, X2: Reverss

[= [rome[oren |
AL
it (==}
U
T

— | EaEEEREETEET
m

=2 ==}

Monitors the status, only when nathing is written ba the irverier

i = e | ]
g )
_|uulu :u.'rr‘| ] | s B
EERE
Im'r.| =1 | s
EERE

5.16.1.1.12 Example program 5

Example using the STL instruction

381

Waiting time for response fram
inwerier

Step in which enor has occured for
thie first time

Specifies compuler link operation

Mulli=speed sating | 3)
Multi speed setting (2]
Multi speed setting (1)
icceleration Bme

Decel=ration ime

Zals & reguest o wrile

Wiriles the frequency

Withdraws to detect change

Gives a command io the invertesr

Konitars the output ourrent
Moritors e output voltage:
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S20  MB00O
i T MOV K2 D100 | a)

i MOV | HFA | D101 | b)

| mov | Hoz | D102 | ¢)

EXTR | Ki2 | D100 | D101 | D102 | d)

MB156
I} 9) SET | S900 e)

Meozs h)
|} SET s21 f)

a) Specifies station No. 2

b) Instruction code for operation command

c) Forward rotation command

d) Transmits/receives a command to/from the inverter.

e) Changestothe ‘error processing’ state as an error has occurred.
f) Changes tothe ‘next’ state as receive is normally finished.

g) Receive is abnormally finished.

h) Receive is complete.

5.16.1.1.13 Related Error Code Lists

PLC hardware error code list (M8061, D8061)

‘K6110 |There is an abnormality in the extension ROM cassette.

Grammar error code list (M8065, D8065)

|K6512 |The FNC 180 is described while the extension ROM cassette is not mounted.

Operation error code list (M8067, D8067)
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K6760 The sum of the value read by the ABS instruction does not match.
K6761 When FNC185 was executed, the extension memory cassette was not
mounted.

Or, the firmware of the function No. specified by the first parameter does not
exist in the extension memory cassette.

Applied Instructions:

1. Program Flow 5-4
2. Move And Compare 5-16
3. Arithmetic And Logical Operations (+, -, :_,2:)
4. Rotation And Shift 5-34
5. Data Operation 5-42
6. High Speed Processing 5-52
7. Handy Instructions 5-66
8. External FX 1/O Devices 5-80
9. External FX Serial Devices 5-94
10. Floating Point 1 & 2 5-110
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11. Trigonometry (Floating Point 3) 5-118
12. Data Operations 2 5-122
13. Positioning Control 5-126
14. Real Time Clock Control 5-136
15. Gray Codes 5-146
16. Additional Functions 5-146
S || 17. |Fne220249 | [n-line Comparisons 5-150

@ Symbols list:

D - Destination device.

S - Source device.

m, n- Number of active devices, bits or an operational constant.

Additional numeric suffixes will be attached if there are more than one operand with
the same function e.g. D1,S3or for lists/tabled devices D3+0,S+9etc.

MSB - Most Significant Bit, sometimes used to indicate the mathematical sign of a
number, i.e.
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positive =0, and negative = 1.

LSB - Least Significant Bit.

Instruction modifications:

Ye¥ede- Aninstruction operating in 16 bit mode, where Yc¥¢i identifies the

instruction mnemonic.

¥k P - A 16 bit mode instruction modified to use pulse (single) operation.

D¢ ¥¢yk- Aninstruction modified to operate in 32 bit operation.

D¢y ¥e-A32 bit mode instruction modified to use pulse (single) operation.

e =

unless modified by the pulse function.

" Arepetitive instruction which will change the destination value on every scan

B4 - an operand which cannot be indexed, i.e. The addition of V or Z is either invalid

or will have no effect to the value of the operand.

5.17.1 LD compare

(FNC 224 to 230)
. ] Operands
Mnemonic Function S 5 Program steps

LDO Initial comparison |K,H, KnX, KnY, KnM, |KH, KnX, KnY, KnM, |LDO:
(LoaD contact. KnS, T,C,D,V, Z KnS, TC,D,V, 2Z 5 steps
compare) Active when the

comparison DLDO:
where O S10 S2is true. 9 steps
iS =| >| <|
<> < =

16 BIT OPERATION 32 BIT OPERATION PULSE-P
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[S1] [S2]
- LD = | K200 | C10 | Yo1
H{ Lb > [D200 [ K-30 |ﬁ
H LD > [ke7sa93[C200} M50
i

Operation:
The value of S1 and S2 are tested according to the comparison of the instruction. If the
comparison is true then the LD contact is active. If the comparison is false then the LD

contactis not active.

Points to note:
The LD comparison functions can be placed anywhere in a program that a standard LD

instruction can be placed. l.e., it always starts a new block.

ENC No. Mnemonic Active Inactive
16 bit 32 bit when when
224 LD = DLD = S1=S2 S1#92
225 LD > DLD > S1> 82 S1<82
226 LD < DLD < S1<8S2 S1>82
228 LD <> DLD <> S1#S2 S1=S2
229 LD < DLD < S1<S2 S1>S2
230 LD > DLD > S1>S2 S1<S2
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5.17.2 AND compare (FNC 232 to 238)

i ] Operands
Mnemonic Function S D Program steps
ANDO Serial comparison | K,H, KnX, KnY, KnM, |K,H, KnX, KnY, KnM, [ANDJ:
(AND contact. KnS,T,C,D,V, Z KnS, T,C.D, V. Z 5 steps
compare) Active when the
comparison DANDO:
where O S13S2is true. 9 steps
is = > <
<>, <, 2
16 BIT OPERATION 32 BIT OPERATION PULSE-P
[S1] [Sz]
X000
————AND =[ k200 | C10

X001

—+#——AND >| K-10 | D0 | SET | yo11 H
L X% Sanp>[ersasd Do F——vs0

M3
it

Operation:
The value of Sland S2are tested according to the comparison of the instruction. If the
comparison is true then the AND contact is active. If the comparison is false then the

AND contact is not active.

Points to note:

The AND comparison functions can be placed anywhere in a program that a standard

AND instruction can be placed. i.e., it is a serial connection contact.
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Mnemonic i i
FNC No. Active Inactive
16 bit 32 bit when when

232 AND = DAND = S1=82 S1#82

233 AND > DAND > S1>352 S1<82

234 AND < DAND < S51<52 S1=82

236 AND <> DAND <= S1#82 S1=82

237 AND < DAND < S1<82 S1>82

238 AND = DAND = S1=82 S1<82
5.17.3 OR compare (FNC 240 to 246)

. ] Operands
Mnemonic Function S b Program steps

ORO Parallel KH, KnX, KnY, KnM, |K,H, KnX, KnY, KnM, |ORD:
(OR comparison KnS, T, C,D,V, KnS, T,C,D,V,Z 5 steps
compare) contact.

Active when the DOR:
where O comparison 9 steps
is =, >, <, S108S82is true.
<, <, 2

16 BIT OPERATION 32 BIT OPERATION PULSE-P
X001
It Y000
[S1] [S2]
H orR=| k200| c10 }
X002 M30
1} Ik M60
H OR | D100 [k100000}
Operation:

The value of Sland S2are tested according to the comparison of the instruction. If the
comparison is true then the OR contact is active. If the comparison is false then the OR

contactis not active.

Points to note:
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The OR comparison functions can be placed anywhere in a program that a standard

ORinstruction can be placed. i.e., itis a parallel connection contact.

—e Mnemonic Active Inactive
16 bit 32 bit when when
240 OR = DOR = S1=S2 S1#S2
241 OR > DOR > S1>S2 S1<S2
242 OR < DOR < S1<S2 S1=92
244 OR <> DOR <> S1#92 S1=S2
245 OR < DOR < S1<S2 S1> S2
246 OR > DOR > S1>S2 S1<S2

6. Diagnostic Devices

The following special devices are used by the PLC to highlight the current operational
status and identify any faults or errors that may be occurring. There are some
variations in the application of these devices to members of the PLC family, these are
noted where appropriate.

The Internal diagnostic devices consist of both auxiliary (M) coils and data (D) registers.
Often there is a correlation between both M and D diagnostic devices for example
M8039 identifies that the PLC is in constant scan mode but D8039 contains the value

or length of the set constant scan.

Devices unable to be set by user:

Any device of type M or D that is marked with a “()” cannot be set by a users program.
In the case of M devices this means the associated coil cannot be driven BUT all

contacts can be read. For data devices (D) new values cannot be written to the register
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by a user BUT the register contents can be used in a data comparison.

Default Resetting Devices:

+ Certain devices reset to their default status when the PLC is turned from OFF to ON.
These are identified by the following symbol “(=)”

Symbol summary:

X not able to be set by user

« " automatically reset to default at power ON.

. “R Also reset to default when CPU is switched to RUN.

=S Also reset to default when CPU is switched to STOP.

6.1 Device Lists

Device HCALP HCA2P/HCA2C
M8000 | % *

M8001 | % *

M8002 | % *

M8003 | % *

M8004 | % *

M8005 | - -

M8006 | - -

M8007 | - -

390



HCFa

— KJII#&43 ——HCFA CORPORATION

M8008 | - -
M8009 | - -
M8010 Reserved
M8011 * *
M8012 | % *
M8013 | % *
M8014 * *
M8015 * *
M8016 | % *
M8017 | % *
M8018 | % *
M8019 | % *
M8020 | % *
M8021 * *
M8022 | % *
M8023 Reserved
M8024 | - -
M8025 | - -
M8026 | - -
M8027 | - -
M8028 | %*1 -
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M8029 | % *
M8030 | - -

M8031 | % *
M8032 | % *
M8033 | % *
M8034 | % *
M8035 | % *
M8036 | % *
M8037 | % *
M8038 | % *
M8039 | % *
M8040 | % *
M8041 | % *
M8042 | % *
M8043 | % *
M8044 | % *
M8045 | % *
M8046 | % *
M8047 | % *
M8048 | - -

M8049 | - -
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Device HCA1P HCA2P/HCA2C
D8000 * *
D8001 * *
D8002 * *
D8003 * *
D8004 * *
D8005 - -
D8006 - -
D8007 - -
D8008 - -
D8009 - -
D8010 * *
D8011 * *
D8012 * *
D8013 * *
D8014 * *
D8015 * *
D8016 * *
D8017 * *
D8018 * *
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D8019

* *

D8020

D8021

D8022

D8023

D8024

D8025

D8026

D8027

Reserved

D8028

D8029

D8030

D8031

D8032

D8033

D8034

D8035

D8036

D8037

D8038

Reserved

D8039
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D8040 * *
D8041 * *
D8042 * *
D8043 * *
D8044 * *
D8045 * *
D8046 * *
D8047 * *
D8048 Reserved
D8049 - -
Device HCALP HCA2P/HCA2C
M8050 * *
M8051 * *
M8052 * *
M8053 * *
M8054 * *
M8055 * *
M8056 - -
M8057 - -
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M8058 - -
M8059 - -
M8060 - -
M8061 * *
M8062 - -
M8063 * *
M8064 * *
M8065 * *
M8066 * *
M8067 * *
M8068 * *
M8069 - -
M8070 * *
M8071 * *
M8072 * *
M8073 * *
M8074 Reserved
M8075 - -
M8076 - -
M8077 - -
M8078 - -
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M8079 -

M8080

M8081

M8082

M8083

M8084

M8085

M8086

M8087

M8088

M8089

Reserved

M8090

M8091

M8092

M8093

M8094

M8095

M8096

M8097

M8098

Reserved

M8099 -
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Device HCALP HCA2P/HCA2C
D8050
D8051
D8052
D8053
D8054

Reserved
D8055
D8056
D8057
D8058
D8059
D8060 - -
D8061 * *
D8062 - -
D8063 * *
D8064 * *
D8065 * *
D8066 * *
D8067 * *
D8068 * *
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D8069

*

D8070

*

D8071

D8072

D8073

D8074

Reserved

D8075

D8076

D8077

D8078

D8079

D8080

D8081

D8082

D8083

D8084

D8085

D8086

D8087

D8088

D8089
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D8090

D8091

D8092

D8093

D8094

D8095

D8096

D8097

D8098

D8099

Device

HCA1P

HCA2P/HCA2C

M8100

M8101

M8102

M8103

M8104

M8105

M8106

M8107

M8108

Reserved
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M8109 - -
M8110
M8111
M8112
M8113
M8114

Reserved
M8115
M8116
M8117
M8118
M8119
M8120 Reserved
M8121 * *
M8122 * *
M8123 * *
M8124 * *
M8125 Reserved
M8126 * *
M8127 * *
M8128 * *
M8129 * *
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M8130

M8131

M8132

M8133

M8134

M8135

M8136

M8137

M8138

M8139

Reserved

M8140

M8141

M8142

M8143

M8144

Reserved

M8145

M8146

M8147

M8148

M8149

Reserved

Device

HCA1P

HCA2P/HCA2C
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D8100

D8101

Reserved

D8102

D8103

D8104

D8105

D8106

D8107

D8108

Reserved

D8109

D8110

D8111

D8112

D8113

D8114

D8115

D8116

D8117

D8118

D8119

Reserved

D8120
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D8121 * *
D8122 * *
D8123 * *
D8124 * *
D8125 * *
D8126 Reserved
D8127 * *
D8128 * *
D8129 * *
D8130 - -
D8131 - -
D8132 - -
D8133 - -
D8134 - -
D8135 - -
D8136 * *
D8137 * *
D8138

Reserved
D8139
D8140 * *
D8141 * *
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D8142 * *
D8143 * *
D8144 Reserved
D8145 * *
D8146 * *
D8147 * *
D8148 * *
D8149 Reserved
Device HCALP HCA2P/HCA2C
M8150
M8151
M8152
M8153
M8154

Reserved
M8155
M8156
M8157
M8158
M8159
M8160 - -
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M8161 * *
M8162 * *
M8163 Reserved
M8164 - -
M8165 Reserved
M8166
M8167 - -
M8168 - -
M8169 Reserved
M8170 * *
M8171 * *
M8172 * *
M8173 * *
M8174 * *
M8175 * *
M8176
M8177
M8178

Reserved
M8179
M8180
M8181
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M8182
M8183 *M504 | %
M8184 *M505 | %
M8185 *M506 | %
M8186 *M507 | %
M8187 *M508 | %
M8188 *M509 | %
M8189 *M510 | %
M8190 *xM511 | %
M8191 *M503 | %
M8192
M8193
M8194
M8195

Reserved
M8196
M8197
M8198
M8199
Device HCALP HCA2P/HCA2C
D8150 Reserved
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D8151

D8152

D8153

D8154

D8155

D8156

D8157

D8158 *

D8159 *

D8160

D8161

D8162

D8163

Reserved

D8164 -

D8165

D8166

D8167

D8168

D8169

D8170

D8171

Reserved
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D8172

D8173 * *
D8174 * *
D8175 * *
D8176 * *
D8177 * *
D8178 * *
D8179 * *
D8180 * *
D8181 Reserved
D8182 * *
D8183 * *
D8184 * *
D8185 * *
D8186 * *
D8187 * *
D8188 * *
D8189 * *
D8190 * *
D8191 * *
D8192 * *
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D8193 * *
D8194 * *
D8195 * *
D8196
D8197
Reserved
D8198
D8199
Note;

When using an N:N network configuration with the HCA1P, M503 to M511 are used in
place of the regular M devices as shown above. D208 to D218 are used in place of the

regular D devices shown below.

Device HCA1P HCA2P/HCA2C
M8200 - *
M8201 - *
M8202 - *
M8203 - *
M8204 - *
M8205 - *
M8206 - *
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M8207 - *
M8208 - *
M8209 - *
M8210 - *
M8211 - *
M8212 - *
M8213 - *
M8214 - *
M8215 - *
M8216 - *
M8217 - *
M8218 - *
M8219 - *
M8220 - *
M8221 - *
M8222 - *
M8223 - *
M8224 - *
M8225 - *
M8226 - *
M8227 - *
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M8228 - *
M8229 - *
M8230 - *
M8231 - *
M8232 - *
M8233 - *
M8234 - *
M8235 * *
M8236 * *
M8237 * *
M8238 * *
M8239 * *
M8240 * *
M8241 * *
M8242 * *
M8243 * *
M8244 * *
M8245 * *
M8246 * *
M8247 * *
M8248 * *
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M8249 * *
M8250 * *
M8251 * *
M8252 * *
M8253 * *
M8254 * *
M8255 * *
Device HCALP | HCA2P/HCA2C
D8200 Reserved
D8201 *D201 | %
D8202 *D202 | %
D8203 %*D203 | %
D8204 *D204 | %
D8205 *D205 | %
D8206 *D206 | %
D8207 *D207 | %
D8208 *D208 | %
D8209 *D209 | %
D8210 *D210 | %
D8211 *D211 | %
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D8212 *D212 | %
D8213 *D213 | %
D8214 *D214 | %
D8215 *D215 | %
D8216 *D216 | %
D8217 *D217 | %
D8218 *D218 | %
D8219 Reserved
D8220
D8221
D8222
D8223
D8224

Reserved
D8225
D8226
D8227
D8228
D8229
D8230
D8231 Reserved
D8232
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D8233

D8234

D8235

D8236

D8237

D8238

D8239

D8240

D8241

D8242

D8243

D8244

D8245

D8246

D8247

D8248

D8249

Reserved

D8250

D8251

D8252

D8253

Reserved
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D8254

D8255

6.2 PLC Status (M8000 to M8009 and D8000 to D8009)

Diagnostic Operation
Device
RUN
MM
M8000 (X ) Input
M8061 E‘Ior ol;chené
RUN monitor Msogo [ERL R
meodi] [ [7
NO contact meooz M
Ve ][
_l L_Prograrn scan time
M8001 (X )
RUN monitor
NC contact
M8002 (X )
Initial pulse
NO contact
M8003 (X )
Initial pulse
NC contact
M8004 (x ) ON when one or more
Error error
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occurrence flags from the range
M8060
to M8067 are ON
M8005 (x) On when the battery
Battery voltage | voltage is below the
Low value
(Not HCALP/ set in D8006
HCA2P/HCA2C)
M8006 (x) Latches the battery
Battery error Low error
latch (Not
HCA1P/
HCA2P/HCA2C)
M8007 (x) See note 2
Momentary

power failure

(Not HCA1P/

HCA2P/HCA2C)

M8008 (X )
Power failure

(Not HCALP/

Power loss has

occurred

See note 2
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HCA2P/HCA2C)
M8009 (X) Power failure of 24V
24V DC Down DC
(Not HCALP/ service supply
HCA2P/HCA2C)
Diagnostic Operation
Device
D8000 (1)) HCALP/ HCA2P/
Watchdog HCA2C
timer 200ms
Seenote 1
D8001 (X)) HCA1P:22
PLC type and HCA2P/HCA2C:26
version E.g. 26100 =
HCA2P/HCA2C, V1.00
D8002 (X)) 0002: 2K steps
Memory (HCALP only)
capacity 0008: 8K or 16k steps
(see also (HCA2P/ HCA2C)
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D8102)

D8003 (X )

Memory type

00H = Option RAM,

01H =Option

EPROM,

02H = Option

EEPROM,

0AH = Option

EEPROM(protected)

10H = Built-in MPU

memory

D8004 (X )
Error number

My Yok

The contents of this

registeryevs ey

identifies which error

flagis active, i.e.

if Yodeeve=8060

identifies M8060

D8005 (X )
Battery voltage
(Not HCALP/

HCA2P/HCA2C)

E.g. 36 =3.6 volts

D8006 (X )

The level at which a
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Low battery low battery voltage is
voltage detected

(Not HCA1P/

HCA2P/HCA2C)

D8007 (X) The number of times

Power failure

a momentary power

count(Not failure has occurred
HCA1P/ since power ON
HCA2P/HCA2C)

D8008 The time period

Power failure

before shut down

detection. when a power failure
(Not HCALP/ occurs (default
HCA2P/HCA2C) | 10ms) See note 2
D8009 (x ) Lowest device

24V DC failed affected by 24V DC

device((Not

HCALP/

HCA2P/HCA2C)

power failure

@ Note 1:
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+ The contents of this register can be changed

AC

. . Power
by the user. Settings in 1 msec steps are MB000
Approx. Smsec

N D R
M8007

Bl
Momentry power failure

M8008 [

Power failure

possible. The value should

be set greater than the maximum scan time

—
D8008 (Power failure
10msec detection period)

(D8012) to ensure constant scan operation.

: Note 2:

+ When the power supply used is 200V AC, the power down detection period is

determined by the value of

D8008. This can be altered by the user within the allowable range of 10 to 100msec.

6.3 Clock Devices (M8010 to M8019 and D8010 to D8019)

Diagnostic

Diagnostic

Device Operation Device Operation
Current operation cycle / scan

M8010 Reserved Efe?sla?ﬂ(xsgan time in units of 0.1 msec

fime (waiting time for constant scan

mode is included)

M8011 (x ) — —
10 msec Oscillates in 10 msec cycles D8011 (X ) M'F'mum cycle/ scan time in
clock pulse Minimum units of 0.1 msec

scan time (waiting time for constant scan
M8012 (x ) . . mode is included)
100 msec Oscillates in 100 msec ¥ o

aximum cycle/ scan time in

clock pulse cycles D8012 (x ) . y

Maximum units of 0.1 msec
M8013 (X ) ti (waiting time for constant scan
1 sec Oscillates in 1 sec cycles Scan ime mode is included)
clock pulse
M8014 (X )
1 min Oscillates in 1 min cycles
clock pulse

The following devices apply to HCA2C,HCA2P and HCALP PLC’ s as standard when a

real time clock option board installed.
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Register data

MB015 When ON - clock stops, ON
Time setting < OFF restarts clock
M8016 When ON D8013 to 19 are

frozen for display but clock
continues

M8017
Min. rounding

When pulsed ON set RTC
to nearest minute

Setting error

M8018 (x ) When ON Real Time Clock
RTC available |is installed
MB8019 Clock data has been set out

of range

D8013 Seconds data for use with an
Seconds RTC (0 - 59)
D8014 Minute data for use with an
Minute data RTC (0-59)
D8015 Hour data for use with an RTC
Hour data (0-23)
D8016 Day data for use with an RTC
Day data (1-31)
D8017 Month data for use with an
Month data RTC (1-12)
D8018 Year data for use with an RTC
(00-99 or 1980-2079, can be
Year data
selected)
D8019 Weekday data for use with an
Weekday data |RTC (0-6)

6.4 Operation Flags (M8020 to M8029 and D8020 to D8029)

Diagnostic Device | Operation

M8020 (x ) Set when the result of

Zero anADD (FNC 20) or
SUB (FNC 21)is “0”

M8021 (x ) Set when the result of

Borrow aSUB (FNC 21) is less
than the min. negative
number

M8022 (%) Setwhen ‘carry’

Carry occurs

during an ADD (FNC

20) or when an

overflow occurs as a
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result of a data shift

operation

M8024 BMOV (FNC 15) reverse
(Not HCALP/ mode. See note 3
HCA2P/HCA2C)
M8025 When ON
(Not HCALP/ HSC(FNC53-55)
HCA2P/HCA2C) instructions are
processed even when
the external HSC
reset input is activated
M8026 RAMP (FNC 67) hold
(Not HCALP/ mode
HCA2P/HCA2C)
M8027 PR (FNC 77) 16
(Not HCALP/ element data string
HCA2P/HCA2C)
M8028 HCA1P: Change timers
T32~T62to10mstype
M8029 (x ) Set on the completion
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Instruction

execution

complete

of operations such as

DSW(FNC 72), RAMP

(FNC 67) etc.

Diagnostic Device

Operation

D8020(*¥)

See note 4

Input filter setting for

devices; X000 to X017

default value=10

msec, zero value =

50usec

(X000, X001: 20psec)

X000 to X007(HCA1P/

HCA2P/HCA2C)

default value = 10msec

zero value = 50pusec

(X000, X001: 10pusec)

D8021 (1)

(Not HCA2P/HCA2C,)

See note 4

Input filter setting for

devices;

X010 to X017 (HCALP)

default value=10

msec,
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zero value = 50usec

D8022 -D8027 Reserved

D8028 (X ) Current value of the Z0
index register

See note 5

D8029 (X) Current value of the VO
index register

See note 5

Note 3

« 1f M8024 is used with a BMOV (FNC 15) instruction, it will operate as follows; M8024
OFF - Normal operation (Forwarding direction is [S] to [D]) M8024 ON - Reverse
operation (Forwarding direction becomes [D] to [S]) This device is not supported in
HCA1P and HCA2P/HCA2C.

Note 4

« The settings for input filters only apply to the main processing units which use 24V

DC inputs. AC input filters are not adjustable.
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6.5 PLC Operation Mode (M8030 to M8039 and D8030 to D8039)

D:?"";:!hn Operation Dl;g:;:::m Operation
MB030 | ex)
Battary LED Battery woltage is low but DB030 (X ) Walua read from first setting
OFF BATT.V LED naot lit | “pot” in msec, (0 to 255)
MBD3T | ) Currant device settings ara
Non-latch reset at next END, i.e. Dao31(x) | value ad from second
. satting “pot” in msac, (0 o
memory all contacts, coils and current | 255)
clear data values for ¥, M, 5, T,C
and D devices respactively.
MB03Z [ =4) Special devices and file
Latch memory | registars which have default
all clear setlings are refreshad with
those defaults
MB033 (=) ThEr. davica 5tah.|.sa5 and
Menmory hold settings are retained when
in “stop’ mode the PLC changes from RUN
o STOP and back into RUMN
All of the physical switch
MEB034 | ex) gear for activating outputs is
All autputs disabled. However, tha
dizable program still operatas
nomally DB032 -DB03E | Reserved
MB035 [ «5)
FD’DE':? By using forced oparation
operation mode, i.a.MB035 is turmed
mode OM, it is possible to perform
MB03E | «a35) remoate RUNSTOFR or
Forced RUM pulsed RUN! STOP
signal opearation.
MBO3T [ ~5) Flease sea Chapler 10 for
Forced STOP | example oparation
signal
ME038 For the satting of devices
Mta N when using an N o N
networking natwork
When ON tha PLC axecules This register can be wrtten to
the user program within a by the user to define the
constant scan duration. The duration of the constant scan.
RB02S (=) difference betwaen the 06038 (=) Rasolutions of 1mseac are
Constant Constant .
sean made actual .EI'Id of the program eran duration pne.islhla..
operation and the sat This register has a default
constant scan duration satting 0 msec which will be
causes the PLC o ‘pause’. initiated during power ON.
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6.6 Step Ladder (STL) Flags (M8040 to M8049 and D8040 to D8049)

Diagnostic " i Diagnostic i
Devica Operation Davica Operation
RABOAD (=) When ON STL state transfer 00040 (X }
STL transfer is disahlad r=||[Lowast active
dizable STL step
When OM STL transfer from
MED41 [=3) initial state is enabled during . gﬁl&fa}
Transfer start | aulomatic operation STL state
{ref. IST FMC &0)
A pulse output is given in DB042 (X )
Mst:?_;u E;;} response to a start input b1 |3rd active
pu {ref. IST FNC 50) STL state
ME043 [ =3) On during the last state of CB043 (X )
Zero raturn ZERD RETURN mode t=([4th active STL |Up to B active STL states,
complate (ref. IST FNG 60} state from the range S0 to 5899,
M&044 [«3) [ OMN whan tha machine zero DB044 (X ) are stored in DA040 to DBO4T
Zero paint is datectad ™||sth active STL |in ascending numerical arder.
condition {ref. IST FNC 60) state {Updated at END)
MBS () | e e operatn || |-[[22045 )
g::ltdl:il:_;ug mada is changed Bmt:clnla 5TL
{ref. IST FNC 50) el
OM whan STL moniforing
MEO4E (X ) has baen enabled (MB0AT) L Em* }STL
STL state ON | and there is an aclive STL E
siate
siate
MBDAT =) When OM DBO40 to DB04T CIB04T (X )
Enable STL are enabled for aclive STL Sth active STL
manitaring step monitaring state
ME0AE (X ) OM whan Annunciator
Annunciator manitaring has bean
On enabled (MBO49) and there Do048 Fhisanvsd
(Mot Fxrs, Fxg | 1S an active Annunciator flag
ME04D [ =)
Enatle When ON DB048 is enabled DB043 (x ) | Stores tha lowest currently
. A ; Loweast aclive | active Annunciator from the
Annunciator for active Annunciator state h
manitarin man 'rluring Annunciator range S900 to 59549
it Fcre Em} ihiot Exis, Fxw) | {Updated at END)

General note:

+ M8046 to M8049 STL states are updated when the END instruction is executed.
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6.7 Interrupt Control Flags (M8050 to M8059 and D8050 to D8059)

Diagnostic B Diagnostic B
Device Operation Device Operation
MB80S50 (=)
003 disable
M8031 (=)
1100 disable D8050 -D8059 |Reserved
MB0S52 (=)
12000 disable When the EI (FNC 04)
M8053 (=1) instruction is driven in the
1300 disable user program, all interrupts
are enabled unless the
m%ﬁg.{rgl special M devices noted
1sable here are driven ON. In that
ME'U55L (=) case for each special M coil
1500 disable that is ON, the associated
MBOSE (=) interrupt is disabled, i.e. will
6001 disable not operate.
i MNote Ol denctes all types of
MBO5ST {ﬂ} that intermpl
I7 disable
MB0S5E (=)
1830 disable
1010 ~ 1060 is disabled for
MBO59( =) high speed counter interrupt
1010 to 1060 (FNC53)
disabled asa |When this flag is ON, the
single group associated interrupt is
disabled and therefore will
not operate.
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6.8 Error Detection Devices (M8060 to M8069 and D8060 to D6069)

Operation
Diagnostic Detection Diagnostic e
- . Operation
Device LLE|| Sls Device
g\:ll_: B.:; Other LED |sTaTUS

MB0E0 (X )
o The first /O number of
configuration W ofF | run [[—|PB0B0 ) the unit or block causing
Error While: the the arror - Sea note 6

PLC is in

RUN
MB0G1 (X ) Errar code for hardware
PLC hardware | ¥ | - ON | STOP || —||DE0ET (X ) error - Sae appropriate
Brror error code fable
MEDE2 (X ) When a
PC/HPP =ignal fram Errar code for PC/HPP
COMMIMS ermar on the DE0E2 (X ) Communications error -
programming programming Sae appropriate arror
port port & code table

received
! - OFF | RUN
MBOBIX ) =R)
Parallel link/ WWhen : Error code for parallel
RS232-C and =gnal from link arror - See
R5485 (422) Lh:.::mm' DANGIX X-R) communication users
COMMS error an received — manual
optional port
st ) o
Parametar D&064 (X ) parame’

appropriate ermor code

error ‘Whaan the

program is table

changed Errar code identifying
MB0ES (X ) {FLE in synitax amror - Sea
Syntax error ¥ | ¥ ﬂflmu Flash | STOP DB0es (x ) appropriate ermor code

pragram is — table

transferred '-I Error code identifying
MB0EE (X ) E'gp'" ! program construction
Frogram ! | |losoee @y |errar

L &
Brror Wl Sae appropriate arror
W code table

BoBTx ) Er e
Operation —-#- DBO67|x )(=F) appropriate ermor code
enror While in PLC OFF BUM : table

= in RUM “
MIBOES (=) - Operation armor step
Operation DB06EE (=) number latchad
error latch
MBOGD [ =) Step numbers for found
WO bus arror See nole T - DEDEHX )| =R) |ermors corresponding to

flags MB0G5 to MBOET

®- Please see the following page for the notes referenced in this table.

@ Note 6:

«If the unit or block corresponding to a programmed | / O number is not actually

loaded, M8060 is set to ON and the first device number of the erroneous block is

written to D8060.
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Note 7:
Contents of
D8080
«An /O bus check is executed when M8069 is turned ON. [i]o]2]0] =x20
L Dovics numbar:
If an 1/0O bus error occurs, error code 6103 is written to 5 ° _
evice type:

1= Input X

0 - Qutput ¥
D8069 and M8061 is turned ON.

If an Extension unit 24V failure occurs, error code 6104 is written to D8061 and M8061
is turned ON. M8009 will then be turned ON and the 1/O address of the lowest

numbered device affected by the 24V DC power failure is written to D8009

General note:

*HPP refers to Handy programming panel.
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6.9 Link and Special Operation Devices (M8070 to M8099 and D8070 to

Diagnostic . Diagnostic q
D Operation Device Operation
Oriven when the PLC i a Parallel link walchdog time -
MB0T0 (=R) master station in a parallel DBOTO (X ) 500 msss
link application
Driven when tha PLC is a
MBDT1 (=R) slave station in a parallel
link application
MBOTZ (X ) CONwhilathe LG T8 DBOT1 - DBOTS | Resarved
operaling in a parallal link
OM whan MBOTOS MBOT1
MB0DT3 (X ) are incorrectly sat during
parallel link operations
Ma0T4 Reservad e
MBDT5 When execuling Sampling DBOTS
trace in HCP-Works
, thase
LIR076 davices ara usad by the DAt
PLC internal systam
MBO7T OM during sampling trace Degrr
MBOTE OM when sampling trace DBOTE ;‘iﬁ”i:“ﬁ'ﬂ% mf:p"”ﬂ
complete 1 ! thess
When executing Sampling devices are used by the PLC
MBO79 trace in HCP-Wo r_ks _ DB0TS internal systam
., this device .
| is usad by the PLC internal
system
DE0ED to
Da0es
MB080 -MB098 |Re d
sene DB0%E to
Da0ss
High speed free timar Fresa ring timer, range: 0-
operation 32,767 in units of 0.1 msec
MBDID |« . Da0nss '
(=1} 'I-"'-I'hErI'I_ ON, '-'-ﬂl'l_ill'lul_il (for use in measuring high
counting free ring timer spead pulse input durations)
(DBOag) Soa saction 10.9.2

6.10 Miscellaneous Devices

(M8100 to M8119 and D8100 to D8119)
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Dlagnf:-stlc Operation
Device
M8109 (x ) Output refresh error
Not HCA1/HCA2(C)

Diagnostic Operation
Device
0002: 2K steps { yca1 )
518102 x) 0004: 4K steps ( HcA5 )
CemOT:’ 0008: 8K steps (HCA2(C) )
apacity 0016: 16K steps ( HCAS )
D8109 (X ) Output refresh error, lowest
device number; 0, 10, 20, etc.

6.11 Communication Adapter

Devices, i.e. 232ADP, 485ADP (M8120 to M8129 and D8120 to D8129)

Diagnostic -
Device Operation

Ma120 Reserved

Data transmission delayed
MB121(X )(=R) (RS instruction)

Data transmission flag
M8122 (<) (RS instruction)

Finished receiving data
MB8123 (<R (RS instruction)

Carrier detection flag
MB124(X ) (RS instruction)
M8125 Reserved

Global flag
8126 {Computer link)

On Demand handshake flag
MB127 (=) {Computer link)

On Demand error flag
MB128 (<) {Computer link)

On Demand Byte/Word

change over
MB128 (=) (Computer link),

Time out evaluation flag

(RS instruction)

Diagnostic
Device

Operation

Communications format

D8120 (RS instruction, Computer
link)
D8121 Station number setting

(Computer link)

D8122(X )(=R)

Amount of remaining data to
be transmitted
(RS instruction)

D8123(X )(=R)

Amount of data already
received
(RS instruction)

D8124 (=)

Data header, default STX
(02H)
(RS instruction)

D8125 (=)

Data terminator, default ETX
(03H)
(RS instruction)

D8128

Reserved

D8127 (1)

On Demand head device
register
(Computer link)

D8128 (=)

On Demand data length
register
(Computer link)

D8129

Data network 'time-out’ timer
value

(RS instruction, Computer
link)

6.12 High Speed Zone Compare Table Comparison Flags

(M8130 to M8148 and D8130 to D8148)
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DIEE:;?:': Operation D'EE:?:;M Operation
. Contains the number of the
ME130 Selects comparison tables DB130 (X )(=+) |current record being
I to be used with the HSZ rocessed in the HSZ
See note 8 instruction Enmparison table
Contains the number of the
current record being
MB131 (x )=y \ONwhenthe BSZ || —=|p8131 (x )=o) |processed in the HSZ
See note 8 oompilaele d : comparison table when the
P ’ PLSY operation has been
enabled
M8132 Selects the use of the PLSY
) instruction with the HSZ - .
See note 8 comparison tables D8132 Contains the source (output
D8133 pulse frequency) data for the
ON when the HSZ PLSY instruction when used
MB133 (X )(=v) |comparison table (when (X ) =) with the HSZ comparison
* |used with the PLSY table
See note 8 instruction) has been
completed.
Contains a copy of the value
D&134 for the current comparison
D8135 when the HSZ comparison
=l ) (1) table and combined PLSY
output are used. This data is
only available in 32 bit or
double word format.
mg:} g;_ Reserved Contains the total number of
D8136 pulses that have been output
D8137 using the PLSY (or PLSR)
X ) (1) instruction on Y000 and Y001.
This data is only available in
32 bit or double word format
D8138 -
D8139 Reserved
Note 8

« See section 5.6.6 for full explanation and use.
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Diagnostic
Device

Operation

MB140 (X )(=1)

When ON, clears pulse
output in FNC156(ZRN)
instruction

M8141 to
Ma144

Reserved

8145 (=)

Y000 Pulse output stop
command

18145 (=)

Y001 Pulsc ouiput stop
command

M8147 (X ) Y000 Pulse output monitor
(Busy/Ready)
MB1438 (X ) Y001 Pulse output monitor

(Busy/Ready)

Diagnostic .
Device Operation
Contains the total number of
D8140 pulses that have been output
D8141 to Y0 using the PLSY or PLSR
X ) (=) instructions. This data is only
e available in 32 bit or double
word format.
Contains the total number of
DR142 pulses that have be1en Dutpi:lt
to ¥1 using the PLSY or PLSR
D8&143 . . - :
(X ) {=2) insfructions. This data is only
' available in 32 bit or double
word format.
FNC156{ZRN),
D8145 (=) FNC158(DRVI),
P FNC159(DRVA) Bias value
setling (default:0)
D8146 (=) FNC156{ZRN),
[ FNC158(DRVI),
FNC159|DRVA)
D147 (=) Max. speed setting
(default:100,000)
FNC156{ZRN),
FNC158(DRVI),

D8148 (=1)

FNC159(DRVA) Acceleration/
Deceleration time setting
(default:100)
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6.13 Miscellaneous Devices (M8160 to M8199)

Wn Operation Wn Dperation
Devica Device
Selection of XCH operation
MB160 (<) fo swap bytes in a single
data word
Selection of B bit operations
MB161 [=) for applied instructions
ASC, RS, ASCI, HEX, CCD
High speed mode for
MB162 [ =) Parallal link, 2 data words
Readiwrite anly
When OM, a valua in DB164
i5 usad as the numbsar of
ME184 (=) FROM/TD axchange points.
(FRanree CPU Version 2.00
and above)
Selaction of haxadecimal
MB16T (=) input mode for the HKY
instruction
Selection of BCD mode for
MB168 =) use with the SMOV MB17E -M8199 |Resarved
instruction
MB168 Reserved
ME170 [=R) When the leading adge of a
X0 pulse catch | pulss is received at an input
ME1T1 (=) from the range X0 to X5 the
¥1 pulse catch | @ssociated M device
ME172 (=R} detailed hare is sat ON. By
X7 pulse catch FE.EEjtl.ir'lg tha same davice
MB173 (=R) within the usar program !he
X3 pulse catch naxl_ pulse pECurrence wiill
again sat tha M coil ON.
MB174 (=iR) Hence, fast input pulses are
X4 pulse catch ‘caught’ and stored. This
operation requires tha E|
MEITS (=R) | (FMCO4) instruction to be
X5 pulse catch | active. For detsils see page
B-12
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6.14 Miscellaneous devices (D8158 to D8164) and Index Registers

(D8182 to D8199)

Dl;g:;?c Operation D';ﬂ:ﬁnc Operation
Control device for
D8158 () HCA2-5DM*1 DB187 (X ) Value of V3 index register
' Default: k-1
Control device for
D8158 (=) HCA2 -5DM*1 D8188 (X ) | Value of 24 index register
Default: k-1
Mumber of FROM/TO
F}sm"' (=) ?K:::]:gggé'}a'ﬂ:sicn 2 00and DB189 (X ) Value of V4 index register
above)
D8181 (X ) Reserved DB190 (X ) Value of 25 index register
DB182 (X ) Value of Z1 index register D8191 (X ) Value of V5 index register
DB183 (X ) Value of V1 index register DB192 (X ) Value of 26 index register
DB184 (X ) Value of Z2 index register DB193 (X ) Value of V6 index register
D8185 (X ) Value of V2 index register D8194 (X ) Value of Z7 index register
DB186 (X ) Value of Z3 index register D8195 (X ) Value of V7 index register

*1 See Chapter 10.19.2 for more information

436



HCFa

— KJII#&43 ——HCFA CORPORATION

6.15 N:N Network Related Flags and Data Registers

Diagnostic Operation
Device
D8173 ('X) Station number
D8174 (IX) Total number of slave
stations
D8175 (IX) Refresh range
D8176 Station number setting
See notel0 Default value kO
D8177 Total number of slave
See notel0 stations
setting
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Default value k7

D8178 Refresh range setting
See notel0 Default value k0O

D8179 Retry count setting

See notel0 Default value k3

D8180 Comms time-out setting
See notel0 Default value k5

8201 (X)) (For

HCA1Puse D201)

Current network scan time

D8202 (X) (For

HCA1Puse D202)

Maximum network scan

time

D8203 (X)) (For

HCA1Puse D203)

Number of communication

error at master station

D8204 to
D8210 (X)) (For
HCALPuse D204

to D210)

Number of communication

error at respective slave

station

D8211 (X) (For

HCAlPuse D2113

Code of communication

error

at master station

D8212 to D8218 (X))

Code of communication
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(For HCA1Puse D212 to

D218)

error

at respective slave station

439

Diagnostic Operation

Device

M8183 (X) | ON when

(For communication error
HCAlPuse in master station
M504

M8184 (X) ON when

(For communication error
HCAlPuse in 1 st slave station
M505

M8185 (X) ON when

(For communication error
HCAlPuse in 2 nd slave station
M506)

M8186 (X)) ON when

(For communication error
HCAlPuse in 3 rd slave station
M507

M8187 (X)) ON when

(For communication error
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Oores

HCAlPuse in 4 th slave station
M508

M8188 (X) | ON when

(For communication error
HCAlPuse in 5 th slave station
M509)

M8189 (X) ON when

(For communication error
HCAlPuse in 6 th slave station
M510)

M8190 (X)) ON when

(For communication error
HCAlPuse in 7 th slave station
M511)

M8191 (X)) ON when

(For communicating to
HCAlPuse another station
M503)
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+ Devices M503-M511 and D201-D255 in the HCA1P cannot be applied to other

functions in the user program. These devices are used exclusively for the N:N Network.

Note 10
+ When these devices are not being used for an N:N Network their respective default

values areall ‘0’ .Therelevant default values are assumed at each power ON.

6.16 Up/Down Counter Control (M8200 to M8234 and D8219 to D8234)

Diagnostic . Diagnostic .
Device Operation Device Operation

When M8+ r¥ is operated,
counter C<¢7¢<¢ functions as

M8200 - a down counter. When

D8219 -D8234 |Reserved

MB8234 (=) MB8<rvr<¥ is not operated the
associated counter operates
as an up counter

6.17 High Speed Counter Control (M8235 to M8255 and D8235 to D8255)

Diagnostic . Dia T
- Operation gnostic i
Device p Device Operation

When M8 ¢ 7r is operated,
the 1 phase high speed
counter C7e¢r functions as
a down counter. When
M87¢J¢ < is not operated the
associated counter operates
as an up counter.

The available counters
depends upon the PLC type.
When M8<¢r ¥ is operated,
the 2 phase high speed
counter C<rvr7r functions as
a down counter. When
M8+ 7t 7 is not operated the
associated counter operates
as an up counter.

The available counters
depends upon the PLC type.

M8235 -M8245
(=2)

D8235 -D8255 |Reserved

M8246 - M8255
(X )(=1)
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6.18 Error Code Tables

Error Detection

Stored Error

Device Number Associated Meaning Action
0000 No error
6101 RAM error Check t|:16‘ cable
6102 Qperation circuit error g}.i;nne;gﬁr:]:fi};iikn ;:E;i
D8061 6103 I/O bus error (M8069 = ON) the PLC
PLC Hardware 6104 Extension unit 24V failure (M8069=0N)
error Scan time has exceeded
6105 Watch Dog Timer error the WDT time value set

in D8000. Check user
program.

Error Detection

Stored Error

Associated Meaning

Action

Device Number
0000 No error
Eg?&ip 223; (P:arityl ov.ern.ml framing error Check ﬂje cable
o ommunications character error connection between the
:tr)rr::numcatlon 6203 Communication data sum check error | programming device and
6204 Data format error the PLC
6205 Command error

Error Detection

Stored Error

Associated Meaning

Note

Device Number

0000 No error

6301 Parity/ overrun/ framing error

6302 Comms character error Check communication

6303 Comms data sum check error seftings, parameters and

6304 c data f t applicable devices.
D8063 Comms da orma error (Computer link, N:N
Serial ommand error . network, Parallel link
communication 6305 Computer link - received commarlnd etc.)
errors other than GW (global) when station Referto

number was FF Communication Users

6306 Watchdog timer error Manual for wiring

6312 Parallel link character error techniques

6313 Parallel link data sum check error

6314 Parallel link data format error
L De_te cHion | Storsd Eror Associated Meaning Action

Device Number

0000 No error

6401 Program sum check error

6402 Memory capacity setting error STOP the PLC. check
Eg:}asrieter 6403 Latched device area setting error parameter, if incorrect
error 6404 Comment area setting error change to a suitable

6405 File register area setting error value

6406 - 6408 |Reserved
6409 Other setting error
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= De_tectlon AR Associated Meaning Action
Device Number
0000 Mo error
Incorrect instruction/ device symbol/
6501 . -
device number combination
6502 No timer or counter coil before setting
value
1)Mo setting value following either a timer
6503 or a counter coil
2)Insufficient number of operands for an
applied instruction
1)The same label number is used more During programming,
6504 thanonce . . each instruction is
DBOES 2)The same interrupt input or high speed |.1acked as it is entered.
Syntax error counter input is used more than once If a syntax error is
6505 Device number is outside the allowable |detected, re-enter the
range instruction correctly
6506 Invalid applied instruction
Invalid Pointer device [P] assignment for
6507 . .
Jump or Call instruction
6508 Invglid Interrupt pointer device [l]
assignment
6509 Other error
6510 MC nesting (N) number error
The same interrupt input or high speed
6511 . .
counter input is used more than once
Error Stored Error Associated Meaning Action
Detection Number
Device
D8066 0000 No error Acircuit error occurs if
Circuit error | 6601 LD and LDl is used continuously 9 or a combination of
more times in succession instructions is
6602 1)No LD/ LDl instruction. The use of incorrect or badly

LD/LDI or ANB/ORB instruction is

incorrect.

2)The following instructions are not

connected to the active bus line: STL,

RET, MCR, (P)ointer, (I)nterrupt, El, DI,

specified.

Select programming

mode and correct the

identified error.
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SRET, IRET, FOR, NEXT, FEND and END

3)When MPP is missing

6603

MPS is used continuously more than

12 times

6604

The use of MPS, MRD, MPP instruction

is incorrect

6605

1)The STL instruction is continuously

used 9 times or more

2)MC, MCR instruction, (I)nterrupt

pointer

orSRETinstructionisusedwithinanSTL

program area

3)RET has not been used in the

program

oris not connected to an STL

instruction

6606

1)No (P)ointer, (I)nterrupt pointer

2)No SRET/ IRET

3)An (I)nterrupt pointer, SRET or IRET

has been used within the main

program
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4)STL, RET, MC or MCR have been used

within either a subroutine or an

interrupt routine

6607

1)The use of FOR and NEXT is incorrect

2)The following instructions have been

used within a FOR -NEXT loop: STL,

RET, MC, MCR, IRET, SRET, FEND or END

6608

1)The use of MC/ MCR is incorrect

2)Missing MCR NO

3)SRET, IRET instruction or an

(I)nterrupt pointer has been used

within an MC/ MCR instruction area

6609

Other error

Error Stored Error Associated Meaning Action
Detection Number
Device
D8066 6610 LD, LDl is used continuously 9 or more | Acircuit error occurs if
Circuit error times in succession a combination of
6611 Number of LD/LDI instructions is more | instructionsis

than ANB/ORB instructions

incorrect or badly
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6612

Number of LD/LDI instructions is less

than ANB/ORB instructions

6613

MPS is used continuously more than

12 times

6614

MPS instruction missing

6515

MPP instruction missing

6616

Unauthorized use of the MPS/ MRD/

MPP instructions; possible coil missing

6616

Unauthorized use of the MPS/ MRD/

MPP instructions; possible coil missing

6617

One of the following instructions is not

connected to the active bus line: STL,

RET, MCR, (P)ointer, (I)nterrupt pointer,

El, DI, SRET, IRET, FOR, NEXT, FEND and

END

6618

STL, RET, MC or MCR programmed

within either a subroutine or an

interrupt routine

6619

Invalid instruction programmed within

a FOR - NEXT loop: STL, RET, MC, MCR,

(I)nterrupt pointer, IRET and SRET

specified.

Select programming

mode and correct the

identified error.

446




HCFa

— RJI|f%43 ——HCFA CORPORATION

6620

FOR - NEXT instruction nesting levels

(5) exceeded

6621

The number of FOR and NEXT

instructions does not match

6622

NEXT instruction not found

6623

MC instruction not found

6624

MCR instruction not found

6625

The STL instruction is continually used

9 times or more

6626

Invalid instruction programmed within

an STL- RET program area: MC, MCR,

(Dnterrupt pointer, IRET and SRET

6627

RET instruction not found

6628

(I)nterrupt pointer, SRET and IRET

incorrectly programmed within main

program

6629

(P)ointer or (I)nterrupt pointer label

not found

6630

SRET or IRET not found

6631

SRET programmed in invalid location

6632

IRET programmed in invalid location
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Error Stored Error Associated Meaning Action
Detection Number
Device
D8067 0000 No error These error occur
Operation | 6701 1)No jump destination (pointer) for CJ | during the execution
error or CALL instructions of an

2)(P)ointer is designated in a block operation. When an
that comes after the END instruction operation error occurs,
3)An independent label is designated STOP the PLC enter
in a FOR-NEXT loop or a subroutine programming ode and

6702 6 or more CALL instruction nesting correct the fault.
levels have been used Note: operation errors

6703 3 or more interrupt nesting levels have | can occur even when
been used the syntax or circuit

6704 6 or more FOR - NEXT instruction design is correct, e.g.
nesting levels have been used D500Z is a valid

6705 An incompatible device has been statement within an
specified as an operand for an applied | HCA2P/HCA2C PLC.
instruction But if Z had a value of

6706 Adevice has been specified outside of | 10000, the data
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the allowable range for an applied

instruction operand

register D10500 would

be attempted to be

6707 Afile register has been accessed which | accessed. This will
is outside of the users specified range | cause an operation
6708 FROM/ TO instruction error error as there is no
6709 Othererror,i.e.missing|RE/SRET, D10500 device
unauthorized FOR - NEXT relationship | available.
D8067 6730 Sampling time TS(TS<0 or >32767) The identified
PID 6732 Input filter valuea(a<0 or >=101) parameter
Operation 6733 Proportional gain KP(KP<0 or >32767) | is specified outside of
error 6734 Integral time constant Tl (TI<0 its allowable range
or>32767) Execution ceases PID
6735 Derivative gain KD(KD<0 or >=101) instruction must be
6736 Derivative time constant TD (TD<0 reset before execution
or >32767) will resume
6740 Sampling time TS is less than the TS is set to program
program scan time scan time -Execution
will continue
6742 Current value A exceeds its limits Data affected resets to
6743 Calculated errorgexceeds its limits the nearest limit value.
6744 Integral result exceeds its limits For all errors except
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Set Process

6745 Derivative gain over, or differential 6745, this will either be
value exceeds allowable range a minimum of -32768
6746 Derivative result exceeds its limits or a maximum of
6747 Total PID result exceeds its limits +32767. Execution will
continue, but user
should reset PID
instruction.
6750 SV - PVnf< 150, or system is unstable The error fluctuation is
(SV - PV nf has wide, fast variations) outside the normal
6751 Large Overshoot of the Set Value operation limits for the
6752 Large fluctuations during Autotuning PID instruction.

Execution ceases. PID

instruction must be

reset.

7. Execution Times And Instructional Hierarchy

7.1 Basic Instructions

Mnemonic

Object

Devices

Steps

Execution Time inusec
HCA1P HCA2P/HCA2C
ON OFF ON OFF
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LD X,Y,M,S,T,C 1 0.7

LDI and special

AND M 0.65

ANI

OR

ORI

LDP XY,M,S.T,C 1 11.7 - 11.7 -

LDF - -

ANDP - -

ANDF - -

ORP - -

ORF - -

ANB Not 1 0.55

ORB applicable

MPS 0.5

MRD 0.55

MPP 0.5

INV

MC Nest level, 3 8.6 8.0 8.6 8.0
MY

MCR Nest leve 2 4.1 - 4.1 -
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NOP Not 1 0.45
END applicable 450 - 450 B
STL S 1 158+ | - 15.8+ -
(see note 1) 8.2n 8.2n
RET Not 4.8 - 4.8 -
applicable
Mnemonic | Object Steps Execution Time inusec
Devices HCA1P HCA2P/HCA2C
ON OFF ON OFF
ouT Y,M 1 0.7
S 2 4.4
Special M 2 2.8
T-K 3 11.2 10.2 11.2 10.2
T-D 3 12.2 11.2 12.2 11.2
C-K(16bit) |3 8.1 6.9 8.1 6.9
C-D(16bit) |3 9.5 8.0 9.5 8.0
C-K(32bhit) |5 8.1 6.8 8.1 6.8
C-D(32bit) |5 9.5 8.0 9.5 8.0
SET Y,M 1 0.85
S 2 42 24 42 2.4
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S when used 18.6+ 2.4 18.6+ 24
in 6.8n 6.8n
an STL step
(see note 1)
Special M 2.8

RST Y, M 1 0.85
S 2 3.8 2.4 3.8 2.4
Special M 2 2.8
T,C 2 8.7 7.3 8.7 7.3
D,V, Z and 3 3.8 1.1 3.8 1.1
special D

PLS Y,M 2 10.8

PLF Y,M 2

P 0TO6 1 0.45

[ (i 1

..: Note 1:

[ {39

+“n” in the formulae to calculate the ON/OFF execution time, refers to the number of
STL instructions at the current parallel/merge branch. Thus the value of “n” will fall

in the range 1 to 8.
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7.2 Hierarchical Relationships Of Basic Program Instructions

The following table identifies an 'inclusive relationship".
FOR_| __ Primary
El program construction
This means the secondary program construction is DI - Secondary ‘
NEXT program construction

included within the complete operating boundaries of

the primary program construction, e.g.:
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Primary Secondary program consfruction
Program FOR - STL - FEND -
Constgr]uction MC-MCR| CJ-P El - DI NEXT RET P -SRET| I -IRET END
v -8
MC - MCR nest v v v v X - (6608)|x -(B6608)|x -(6608)
levels
CJ-P v Iy vy v [] [ ] X -(6701)
El - DI v v v v v v v v
v -5
FOR - NEXT | x -(6607) v v nest X - (6607) | x - (6607)|x - (6607)|x - (6607)
levels
7 -
STL -RET |x -(6605) [ ] "y (within 1 v X -(6605)|x -(6605)|Xx -(6605)
STL step)
P -SRET X - (6608) v v v X - (6606)| x -(6606)|x -(B606)|Xx -(6709)
I-IRET X - (66086) v v v’ X - (6606)| x -(6606)|x -(B60O6)|Xx -(6606)
FEND - END v v Iy "y [] Iy v v@
0 - FEND v Iy vy v X -(6606)|x -(6606) vz
(ni-IEENNDD] v v v J v X -(6606)|x -(6606) ¥ g

v Instruction combination is acceptable - for restrictions see appropriate note.

X * Instruction combination is not allowed - bracketed number is the error code.

o: Instruction combination is not recommended for use even though there is no

operational error.

The combination of instructions with an 'inclusive relationship' is allowable. However
please be aware of the following exceptions:

1) MC-MCR and STL-RET constructions cannot be used within FOR-NEXT loops, P-SRET
or I-IRET subroutines.

2) Program flow may not be discontinued by using any of the following methods while

inside MC-MCR, FOR-NEXT, P-SRET, I-IRET program

FOR —|__ Primary
El program construction
. . . ] Secondal
constructions, i.e. using interrupts (1), IRET, SRET, Nt |,/ Program Sonstruction

DI

FEND or the END instruction is not allowed.

The following table identifies an 'overlapping relationship'. This means the secondary
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program

construction starts within the complete operating boundaries of the primary program

construction but finishes outside of the primary construction, e.g.:

Primary Secondary program construction
Program FOR - STL - FEND -
Constgruction MC-MCR| CJ-P El - DI NEXT RET P -SRET| I-IRET END
MC - MCR L L] v X -(6607)|x -(6605)| x -(6606)|Xx -(6606)| X -(6608)
CJ-P L L] v ® L] L J ] v
El - DI v v v v v v 4 v
FOR - NEXT |x - (6607) M) v /- |x -(6601)| x -(6607)| x - (6607) | x - (6607)
STL -RET | X - (6605) ® v X - (6607) 7 X - (6606) | X - (6606)|X - (6605)
P-SRET |x -(6608) M) v X - (6607)| X - (6605)|x - (6606)]| x - (6606) | X - (6709)
I-IRET X - (66086) L] v X -(6607)|x -(6606)| x - (6606)| X -(6606)| X - (66086)
FEND - END (x -(6608)|x - (6601)| «@ |Xx -(6607)|x -(6605)|x -(6709)|x -(6709)| J@
0-FEND |x - (6608) 7 v X - (6607) | X - (6605)] X - (6709) | X - (6606) | <2
(n[::).IEENNDD] X -(6608)|x -(6601) SO X -(6607)|x -(6605)| x -(6709)|x -(6606) Sz

Q:@Enters a state as if the Dl instruction was missing. An error is not generated.

@The first occurrence of either an FEND or the END instruction takes priority.

This would then end the program scan prematurely.

(®The sequence will not process as expected, e.g.:

7.3 Batch Processing

Desired

FOR
FORI

Actual
FOR

Operating

FOR

NEXT | boundries|y =yt
NEXT

NEXT

This is the system used by all members of the HC family of PLC’ s. The basic concept

is that there are three stages to any program scan. In other words, every time the
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program is processed form start to end the following sequence of events occur.

Input processing:

All of the current input statuses are read in to a

4_> Input Processing J
p.

Program Processing W

temporary memory area; sometimes called an

-

image memory. The PLC is now ready for the next

.

@ program processing.......

:L Output Processing } Program processing:

All of the updated inputs are checked as the
program is processed. If the new input statuses change the status of driven outputs,
then these are
noted in the image memory for the......

Output processing:

The new, current statuses of the outputs which have just be processed are physically
updated, i.e relays are turned ON or OFF as required. The

program scan starts again............ The system is known as 'Batch processing' because

all of the inputs, program operation and finally the outputs are processed as batches.

7.4 Summary of Device Memory Allocations

The memory allocations of the programmable are very complex, but from a users
point of view there are three main areas:

a) The Program Memory:
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This memory area holds all of the data regarding: parameters, sequence program,
constant values K and H, pointer information for P and | devices, nest level
information, file register contents/allocations and also the program comment area.

- This memory area is latched either by battery backup or by use of EEPROM program
management (dependent on the PLC being used). Any data stored in this area is kept
even when the PLC is powered down. The duration and reliability of the data storage is
dependent upon the condition of the battery or EEPROM being used to perform the
backup process.

b) Data Memory

This memory area contains, as the title suggests, all of the data values associated with:
data registers (normal and special), Index registers, current timer values, retentive
timer values (if available) and current counter values.

- All of the devices which are designated as being latched (including retentive timers)
are backed up in a similar method to the one mentioned under point a).

- Index registers and special data registers (D8000 to D8255) operate in the specified

manner under the following circumstances.

Circumstance Reaction
PLC's power is turned OFF All data is cleared
PLC's power is turned ON Certain devices are reset to their defaults see chapter 6

PLC is switched from STOP to RUN
PLC is switched from RUN to STOP

Certain devices are reset to their defaults see chapter 6

- All other devices such as current values of non latched data registers, timers and

counters behave in the following manner.

458



HCFa

— KJII#&43 ——HCFA CORPORATION

Circumstance Reaction

PLC's power is turned OFF
PLC's power is turned ON

All data is cleared

PLC is switched from STOP to RUN No change

PLC is switched from RUN to STOP Cleared (unless special M coil MB033 is active)

c) Bit Memory

This memory area contains the contact status of all inputs, outputs, auxiliary relays,
state coils, timers and counters.

- All of the devices which are designated as being latched (including retentive timers)
are backed up in a similar method to the one mentioned under point a).

- Special auxiliary relays (M8000 to M8255) act in a similar way to the special data
registers mentioned under point b).

- All other devices are subject to the same changes as the current values of data

registers, timers and counter (see the last point and table under section b).

Summary
Memorv tvpe Power PLC
v P OFF | OFF~ON |STOP = RUN | RUN ~STOP
All devices backed by battery Not changed
Special M and D devices (8000 to
8255) and index registers V and Z Cleared Default Not changed
. Not changed |  Cleared
All other devices Cleared Not changed when M8033 is set

7.5 Limits Of Instruction Usage

7.5.1 Instructions Which Can Only Be Used Once In The Main Program Area

The following instructions can only be used once in the main program area. For PLC

applicability please check either the detailed explanations of the instructions or the
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instruction execution tables list earlier.

- Instructions which can only be used once are:

FNC 52 MTR FNC 60 IST FNC 70 TKY
FNC 57 PLSY FNC 61 SORT FNC 71 HKY
FNC 58 PWM FNC 62 ABSD FNC 72 DSW
FNC 59 PLSR FNC 63 INCD FNC 74 SEGL

FNC 68 ROTC FNC 75 ARWS

- Only one of either FNC 57 PLSY or FNC 59 PLSR can be programmed at once.

Both instructions can not be present in the same active program.
7.5.2 Instructions Which Are Not Suitable

For Use With 110V AC Input Units
When using 110V AC input units certain operations, functions and instructions are not
recommended for use due to long energize/de-energize (ON/OFF) times of the 110V

input devices.

« Program operations not recommended for use are:

- Interrupt routines
- High speed counters
« Instructions not recommended for use are:

FNC 51 REFF FNC 68 ROTC FNC 72 DSW
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FNC 52 MTR FNC 70 TKY FNC 75 ARWS

FNC 56 SPD FNC 71 HKY

8. PLC Device Tables

8.1 Performance Specification Of The HCA1P

Item

Specification

Remarks

Operation control method

Cyclic operation by stored program

I/0 control method

Batch processing method (when

END instruction is executed

I/O refresh instruction is

available

Operation processing time

Basic instructions: 0.55to 0.7us

Applied instructions: 1.65 to several 100us

Programming language

Relay symbolic language + step

Step ladder can be used to

ladder produce an
SFC style program
Program capacity 2K steps Provided by built in EEPROM

memory

Number of instructions

Basic sequence instructions: 29

Step ladder instructions: 2

Applied instructions: 85

AMaximum 116 applied

instructions

are available including all

variations

I/O configuration

Max total I/O set by Main Processing Unit
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Auxiliary General 384 points MO to M383
relay(M Latched 128 points (subset) M384 to M511
coils) Special 256 points From the range M8000 to M8255
State General 128 points SO to S127
relays Initial 10 points (subset) SO0 to S9
(S coils)
Timers (T) | 100 msec Range: 0 to 3,276.7 sec 63 points TOtoT55
10 msec Range: 0 to 327.67 sec 31 points T32 to T62 when special M coil
M8028 is driven ON
1msec Range: 0.001 to 32.767 sec 1point T63
Counters General Range: 1to 32,767 counts 16 points | C0Oto C15
(@) Type: 16 bit up counter
Latched 16 points(subset) Cleto C31
Type: 16 bit up counter
High lphase Range: -2,147,483,648 to C235to C240 (note C235is
speed +2,147,483,647 counts latched) 6points
counters lphase c/w C241(latched), C242 and C244
(C) start stop (latched) 3 points
input
2phase C246, C247 and C249 (all

latched) 3 points
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A/B phase C251, C252 and C254 (all
latched) 3
points
Data General 128 points DO to D127
registers Type:16 bit data storage register
(D) pair for 32 bit device
Latched 128 points (subset) D128 to D255
Type:16 bit data storage register
pair for 32 bit device
Externally Range: 0 to 255 2 points D8013 or D8030 & D8031
adjusted Data is entered indirectly
through the external setting
potentiometer
Special 256 points (inclusive of D8013) From the range D8000 to D8255
Type: 16 bit data storage register
Index 16 points VandZ
Type: 16 bit data storage register
Pointers For use with | 64 points PO to P63
(P) CALL
For use with | 6 points 100Jto 130
interrupts (rising trigger[1=1,
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falling trigger((]=0)

Nest levels 8 points for use with MC and MCR NO to N7

Constants | Decimal K 16 bit: -32,768 to +32,767

32 bit: -2,147,483,648 to +2,147,483,647

Hexadecimal | 16 bit: 0000 to FFFF

H 32 bit: 00000000 to FFFFFFFF

8.2 Performance Specification Of The HCA2P/HCA2C

Item Specification Remarks

Operation control Cyclic operation by stored program

method

I/O control method Batch processing method I/O refresh instruction is available
(when END
instruction is executed)

Operation processing Basic instructions: 0.55 to 0.7us

time Applied instructions: 1.65 to several 100us

Programming language Relay symbolic language + Step ladder can be used to produce an
step ladder SFC style program

Program capacity 8K steps Provided by built in EEPROM memory

Number of instructions Basic sequence instructions: AMaximum 120 applied instructions
29 are available including all variations
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Step ladder instructions: 2
Applied instructions: 89
I/O configuration Max hardware I/O configuration points 128, dependent on user selection
(Max. software addressable Inputs 128, Outputs 128)
Auxiliary | Genera 384 points MO to M383
relay Latched 1152 points (subset) M384 to M1535
(Mcoils) | Special 256 points From the range M8000 to M8255
State Latched 1000 points S0 to S999
relays Initial 10 points (subset) SO to S9
(S coils)
Timers (T) | 100 msec Range: 0to 3,276.7sec 200 TOtoT199
points
10 msec Range: 0 to 327.67 sec 46 T200 to T245
points
Imsec Range: 0 to 32.767 sec T246 to T249
4point
100 msec Range: 0to 3,276.7sec 6 T250 to T255
retentive points
Counters | General Range: 1to 32,767 counts 16 CO0to C15 Type: 16 bit up counter
(@ points
Latched 184 points (subset) C16toC199 Type: 16 bit up counter
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General Range: 1t0 32,767 counts 20 | C200to C219 Type: 32 bit
points bi-directional counter
Latched 15 points (subset) €220 to C234 Type: 32 bit bi-directional
counter

High lphase Range: -2,147,483,648 to C235t0 C240  6points
speed lphasec/w | +2,147,483,647 counts C241,C242 and C244 3points
counters | start stop Select upto four 1 phase
(@) input counters with a combined

2phase counting frequency of 5SkHz or | €246, C247 and C249 3points

A/B phase less. Alternatively select one 2 | €251, C252 and C254 3points

phase or A/B phase counter

with a counting frequency of

2kHz or less. Note all counters

are latched
Data General 7128 points DO to D127 & D1000 to D7999
registers Type: 16 bit data storage register pair
(D) for 32 bit device
Latched 872 points (subset) D128 to D999
Type: 16 bit data storage register pair
for 32 bit device
File 7000 points D1000 to D6999 set by parameterin 3
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blocks of 500 program steps

Type: 16 bit data storage register

Externally Range: 0 to 255 Data is move from external setting
adjusted 2 points potentiometers to registers D8030 and
D8031)
Special 256 points (inclusive of D8013, | From the range D8000 to D8255
D8030 Type: 16 bit data storage register
and D8031)
Index 16 points VandZ

Type: 16 bit data storage register

Pointers For use 128 points PO to P127

(P) with CALL
For use with | 6 points 100[Jto 130[]
interrupts (rising trigger[1=1,

falling trigger((1=0)

Nest levels 8 points for use with MC and NO to N7

MCR

Constants | Decimal K 16 bit: -32,768 to +32,767

32 bit: -2,147,483,648 to +2,147,483,647

Hexadecimal | 16 bit: 0000 to FFFF

H 32 bit: 00000000 to FFFFFFFF
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9. Assigning System Devices

9.1 Addressing Extension Modules

Most of the HC family of PLC’ s have the ability to connect additional discreet 1/0
and/or special function modules. To benefit from these additional units the user must
address each block independently.

Addressing Additional Discrete /O

This type of /O is the standard input and output modules. As each extension block or
powered extension unit is added to the system they assume the next available
addresses. Hence, the units closest to the base unit will have the lowest I/O numbers
or addresses. I/O numbers are always counted in octal. This means from 0 to 7 and 10
to 17 etc. Within a users program the additional addresses are used as normal.
Discreet I/O can be added at the users discretion as long as

the rules of system configuration for each PLC type are obeyed. This information can
be found in the appropriate hardware manual. For easy use and identification, each
additional I/0 unit should be labeled with the appropriate I/O numbers using the

provided number labels.

Caution when using an system with 8ER, 24MR units

« When an 8ER or an 24MR are used an additional 8 points (as 4 inputs, 4 outputs) of
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I/O must be allowed for. This is because both units split blocks of 8 inputs and 8
outputs to obtain a physical 4 input/ 4 output configuration. Hence, an 8ER unit
actually occupies 8 input points and 8 output points even though there are only 4

physical inputs and 4 physical outputs.

Addressing Special Function Blocks

Special function blocks are allocated a logical ‘station/block number’ from 0to 7.
This is used by the FROM/TO instructions to directly access each independent special
function module.

The lower the ‘station/block number’ s, the closer to the base unit it can be found.
Special function blocks can be added at the users discretion but the rules of
configuration for each type of PLC must be obeyed at all times. The configuration
notes can be found in the appropriate hardware manual for each programmable

controller.

9.2 Real Time Clock Function

The time data of a RTC cassette or chip (built in to HCALP and HCA2P/HCA2C) is
battery backed. This means when the PLC is turned OFF the time data and settings are
not lost or corrupted. The duration or storage life of the timedatails dependent upon
the condition of the battery.

The real time clock has a worst case accuracy of * 45 seconds per month at an

ambient temperature of 25°C. The calendar function of the RTC caters for leap years
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during the period 1980 through 2079.

9.2.1 Setting the real time clock

The RTC can be set using the special data registers and control flags as follows:

Device .
Number Function Range
D8013 Seconds |0 to59
D8014 Minutes |0 to 59
D8015 Hours Oto 23

1 to 31 (correct for
D016 Date current Month)
D8017 Month 1to12

00 to 99 (1980 to
D8018 Year 2079)

Day of 0 to 6 (Sunday to Sat-

D8o19 Week urday

Device Comments
Number
Set ON to stop the clock.
M8015 When the clock is stopped the
Time time values can be reset.
setting The clock restarts when the flag
is reset to OFF.

M8016 The F:Iock data in the dat_a regis-
Reaister ters is held. The clock still runs.
9 Use this to pause the data to

Hold .
read the current time.
M.SO” When on rounds the time up or
Minute .
. down to the nearest minute.
Rounding
M8018 Automatically set to indicate the
Clock . .
. RTC is available.
Available
g;?i;g ON when the values for the RTC
9 |are out of range.
Error

9.3 Analog Expansion Boards

The HCA2P/HCA2C expansion boards can be installed on the HCA1P Series PLCs to

provide extra analog I/0 channels. Please see the respective expansion board User’ s

Manual for more information on configuration and hardware specifications.

The expansion boards are not equipped with a Gain/Offset setting so that these values

must be calculated in the PLC ladder program. Example programs are provided below.
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9.3.1 TXIN-1DA-BD

This expansion board is used to convert a digital value in the range of 0 ~ 4000 that is
stored in D8114 to an analog output value. The analog output can be in the Voltage

range of 0-10 Volts DC or 4-20mA.

Voltage Output Mode
The following program example sets the Voltage Output mode. A digital value in DO is

converted to the analog equivalent for output.

MB001
{l M8114 Sets the Voltatge Output mode (0 to 10V default).
Msﬁ’m FNC 12 DO D8114 The value of DO is converted "D to A" and is
MOV output as an analog value.
Current Output Mode

The following program example sets the Current Output mode. A digital value in DO is
converted to the analog equivalent for output.

M8000

Ma114 Sets the Current Output mode (4 to 20mA default).

FNC 12 D2 D8114 The value of D2 is converted "D to A" and is
MOV output as an analog value.

Example Application Programs
The user can use any digital value range that is convenient in the program but must
convert the value to the 0 ~ 4000 range before the correct analog value can be output.

In the same way, the analog outputs can be modified via PLC programming to give
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outputs within a certain range. Please note that outputs outside the given range are

not possible.

The Please see programming examples below.

Example Application Program #1

Output an analog value in the range of 0 to 10 Volts when the digital value in the user

program is 0 ~ 10000.

M8001
T M8112
M8000
it M8113
M8000
- FNC 12 |
T oy | D812 [ Do
FNC 12 |
Moy | 08113 | D2

conversion of Ch1lis stored at DO.

Chlis set for the voltage input (0 to 10V).

Ch2 is set for the current input (4 to 20mA).

The digital value gained through AD

The digital value gained through AD conversion of Ch2 is stored at D2

DO ranges from 0 ~10000. To convert DO to the 0 ~ 4000 value needed for D8114:

D8114 = [DO x 4000] / 10000 or [D x 2] /5

MB8001
—t

MB8000
—

M8114

FNC 22
MUL K2 DO D2
FNC 23
D2 K5 D4
DIV
FNC 12
MOV D4 | D8114
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Example Application Program #2

An output of 0 ~A[ 0 <A<10] is desired in the program that is using a digital range of

0~4000 that is stored in register D10.

- T ———
Digital value
(D8114) for practical ;
analog output |
0 H

0 4000
Digital value (D10) for output

1OV $
Analog Ar——2 f .
output value i |
i |
i !
0 : &
0—= A 4000
Digital value (D8114) for output

Because Ais smaller than 10 Volts, the digital value of 0~4000 must be converted to a

value of 0~A" as shown in the graphs above. 4000/10V=A" /AorA =[4000/10] xA=

400 xA

D8114=[A" ]x (D10 /4000) = [400xA] x [D10/4000) = (Ax D10) / 10.

Me114

‘KS‘D10‘D12‘

‘ D12 ‘ K10 ‘ D14

IfA=8
M8001
l I
M8000
7 FNC 22
MUL
FNC 23
DIV
FNC 12
MOV

D14

D8114 ‘

Example Application Program #3

The desired analog output is from values Ato B where 0 <A< B < 10 and the digital

values range from 0 ~ 4000 in D20.
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B A0V gr-mmmmmmmmmmmmnneee ,
B ¢————————— ! E
Digital value b
(D8114) for practical Nﬁogvd : |
analog output A auputvalue , | I o
i oo
0 0 : i H

0 4000 0 A—— s> B 4000

Digital value (D20) for output Digital value (D8114) for output

This example is equivalent to setting an offset and gain for the analog output.
The digital values must be convertedtoA’” and B’ per the graphs above.
[B-A]/[10-0]=[B" -A ]/[4000-0], therefore[B" -A" ]=[B-A]x400.
D8114=[B" -A" ]x(D20/4000)+A

B’ =400xBandA =400 xA (see previous example programs for calculation)
D8114 = [400 x (B - A)/4000] x D20 + (400 x A)

D8114 = [(B-A)/10] x D20 + (400 x A)

IfA=2and B =5, see the programming example below

M8001
'l M8114

M8000
. FNC 22
' MUL

K3 D20 D22

FNC 23
— D22 | K10 | D24
DIN

FNC 20
— D24 | K800 | D26
R ADD

FNC 12
— D26 | D8114
MOV

Example Application Program #4
In Voltage Output Mode, a digital range of values A~ B is used in the program for an
analog output of 0 ~ 10 Volts. The digital range of A~ B stored in D30 must be

converted to 0 ~ 4000 before the correct analog value can be output.
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Digital value Analog
(D8114) for practical | output |
analog output | value !
0 i 0 i
0O A———= B 0 4000
Digital value (D30) for output Digital value (D8114) for output

[(4000 - 0) / (B-A)] = D8114 / (D30 - A)
D8114 =[4000 x D30/ (B -A)] - [(4000 xA) / (B -A)]
If A=500 and B = 5500, then

D8114 = (4/5) X D30 - 400

MB001
—k MB114

NMB000
FNC 22
—— — K4 D30 Da2
e e oo | o=

FNC 23
DE2 | K5 | D34
—lmoe| T2 | e | o

FNC 21
D34 | K400 | D38
2] oo [ o | o |

FNC 12
PICN| Da8 |DB114‘

Example Application Program #5

If using a digital range of C ~ D in the program to output an analog value of A~ B, the
digital value must be converted to the 0 ~ 4000 equivalent and the analog value must
be converted to 0 ~ 10 Volt equivalent.

Digital Values for conversion to analog are stored in D8114

4000 10V ,
B ¢---eeemeeem e | B i
Digital vaue
(DB114) for mm} ! A‘“Ogvd T |
analog output P — : output value i
0 ' ‘ 0 i
0 C—— D 0 A— B 400
Digital value (D40) for output Digital value (D8114) for output
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Please see prior programming examples for sample equations for the conversion of
data ranges.

D8114=[(B’ -A" )xD40]/(D-C)+[(A" xD)-(B> xC)/(D-C)

D8114 = [(400 x B - 400 x A) x D20] / (D-C) + [(400 xAx D) - (400x Bx C)] / (D - C) (from
prior

examplesA =400xAand B’ =400xB
D8114=[400x(B-A)]/(D-C)+400x[(AxD)-(BxC)]/(D-C)

IfA=1,B=5.5 C=1000,and D =5500, then

D8114=(2xD40)/5

MB001
L @

—{NC2| o | pap | D2

FNC 23
S D42 K5 Da4
B Div

L_{FNC12| p4g | D114

Example Application Program #6

In the Current Output Mode, the 1DA converts values from 0 ~ 2000 to the analog
output of 4 ~ 20 mA. If using a digital range of 0 ~ 20000 in the program, the range must
be converted to 0 ~ 2000 as shown in the programming example below. Digital values

for conversion to analog are stored in D8114.
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2000 $------=mmmmmmmm e ' 20mA
Digital value ' Analog
(D8114) for practical | output value
analog output i 4mA
0 - 0
0 20000 0 2000
Digital value (D50) for output Digital value (D8114) for output

D8114 = [(2000 - 0) x D50] / (20000 - 0)
D8114=D50/ 10

MB000
I MB114

FNC 23
oV K50 K10 D52

FNC12| pso | pe114

Example Application Program #7
In Current Output Mode, a user wants to use a range of 0 ~Ain the program to output
the analog current of 4 ~ 20mA. The user range 0 ~ Astored in D60 must be converted

to the range of 0 ~ 2000 as shown below.

Digital value
(D8114) for practical |
analog output | 4ma,
0 ‘ 0 ‘
0 A 0 2000
Digital value (D60) for output Digital value (D8114) for output

D8114 =[(2000 -0) x D60] / (A - 0)
D8114 = (2000 x D60) /A, if A= 10000

D8114=D60/5
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MB000
1 MB114

FNC22| o D60 DE2

FNC23| o K10 D64
[E DIv

L | FNC12) sy | DB114

Example Application Program #8
In Current Output mode, the user digital range of A~ B is used to output a current of 4 -
20 mA. The range of A~ B stored in D70 must be converted to a range of 0 ~ 2000 per

the example program below.

Digital value Analog -
(D8114) for practical culput value
analog output 4mA
0 : 0
0 A— >B 0 2000
Digital value (D70) for output Digital value (D8114) for output

D8114/(D70 - A) = (2000 - 0)/ (B - A)

D8114 ={[(2000 - 0) x D70] / (B - A)} - {[(2000 -0) X A] / (B - A)}

If A= 4000 and B = 20000, then [(2000 x D70 /(20000 - 4000)] - [2000 x 4000 / (20000 -
4000)]

D8114=(D70/8)-500
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f MB114

FNC 23
D70 K8 D72
DIv

FNC 21
D72 | K500 | D74
BEsuB

FNC12\ p74 | D8114

Example Application Program #9

In Current Output mode, a current in the range of A~ B (4mA<A<B <20 mA) is output
by using a digital range of C ~ D that is stored in D80. The current range A~ B must be
converted to the 4 ~20mA equivalent value and the digital range C ~ D must be

converted to the 0 ~ 2000 range equivalent value.

2000
B |
i
Digital value T |
(D8114) for practical g
analog output !
R — |
i i
0 = :

Obig't:: mtj Digital value (D8114) for output
Please see previous programming examples for sample range conversion calculations.
D8114=(B" -A )xD80/(D-C)+{(A" xD)-(B" xC)}/(D-C)
A =125xA-500,B" =125xB-500,
D8114 =[(125x B -500) - (125 x A-500)] x D80/ (D - C) +[(125 x A- 500) x D - (125 x B -500)
xCl/(D-C)
IfA=5,B=15,C=5000,and D = 15000
=[125x (15-5)] x D80/ (15000 - 5000) + 125 x [(5-4) x 15000 - (15-4) x 5000]/ (15000 -

5000)
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D8114=(D80/8)-500

i MB114

FNC23 gy K8 De2

FING 20
De2 | K500 | Ds4
EADD

FNC12 pgs | pg114

9.3.2 TXIN-2AD-BD

This expansion board is used to convert up to two channels of analog input into digital
values for use by the HCA1P Series PLCs. Voltage input (0 ~ 10 Volts) or Current input (4
to 20 mA) for analog to digital conversion can be set by switching the auxiliary relays
assigned to each channel. The output values can be adjusted after the conversion via

PLC program code but resolution cannot be improved.

Basic Program #1
The following program sets Channel 1 in the Voltage Input mode and Channel 2 in the
Current Input mode with the A/D converted digital value of each channel stored in DO

and D2 respectively.

Me‘ﬁm @ Chlis set for the voltage input (0 to

ME000 10V).
It M8113

M8000
It FNC 12
It MOV D8112 DO

Ch2is set for the current input (4 to

FNC 12
D8113 D2 H
MOV
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20maA).

The digital value gained through AD conversion of Ch1l is stored at DO.

The digital value gained through AD conversion of Ch2 is stored at D2.

Basic Program #2

Chlissetto Currentinput, Ch2 is set to Voltage input, and the average converted

digital value over a set time period is stored in D10 and D14.

W30
3— | C W13 )
MB000
3 [ [ZRST DO D17 3
MOvP D812 DID 3
MOvP D813 Di4 3
[y ] Do J
fhiov D813 D2 J
[D4DD [0 D4 D4 3
[D&DD D2 D8 D8 3
[INC DE 3
Bl D8 K10 j E— ) 7 b6 DD 3
—— U i3 D14 3
[ZRST D4 D9 3
a7 [ END ]

Basic Program 3
Chlissetto Currentinput, Ch2 is set to Voltage input, and the average converted
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digital value over a set time period is stored in D30 and D34, respectively.

% oM

=

F: } HE11E N
HED?D {ZR3TP [20 047 il
THOvP r8112 a0 1
[HOYP ce113 024 i
Ty Cat12 020 H
THoY [:ARE bez K
{DADD 20 024 L24 il
[D&DD 022 026 026 1
[Iuc Des i
EIJ—JTEF T K1
T
¥ m—-— o1y b4 b2g 230 il
{uo1y Wl D28 a4 ]
[ZRsT D24 ] 1
a7 [ EWD ]

Example Application Programs

Because the 2AD does not have Offset and Gain capabilities, if values are required
outside the standard specification range, additional program commands are required
to either multiply or divide the conversion values.

When adjusting the conversion values, some of the resolution will be lost. The original

range of the analog input does not change.

Example Application Program #1
In Voltage input mode, the 2AD converts analog values from 0 ~ 10 Volts to a digital
output of 0 ~4000. If using a digital range of 0 ~ 10000 in the program, the 0 ~ 4000
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output value must be converted as shown in the programming example below. Digital

values that are converted from analog values are stored in D8112 or D8113.

4000 ¢ 10000 ¢ .
Digital output i Digital value (D10)
(D8112, D8113) | used in the program
0 ‘ 0
0 ———=10v 0 4000
Analog input D8112 or D8113 original AD conversion value

D10=10xD8112 /4, (D8113 would be used for Ch2)

The programming code for the Equation above is given below.

M&001
—t M&112

M8000
|

FNC 22
MUL K10 | D8112 | D14

FNC 23| pig K4 D10
EDIV

Example Application Program #2

In Voltage input mode, the 2AD converts analog values from 0 ~ 10 Volts to a digital
output of 0 ~4000. If using an analog range of 0 ~A (where 0 <A< 10) by a digital
output range of 0 ~ 4000, the range must be converted from 0 ~A" to 0 ~ 4000 as

shown in the programming code below.
4000 f------mmrmmemmmmeeee , 4000 f------mmrmmemmeemenees

Digital AD L

i used on the program

| |
conversion | Digital value (D20) |
value | i
(D8112,08113) : !
0 ! 0 :
0———>=A 10V 00— A 4000
Analog input 08112 and D8113 original AD conversion value

If a digital value of 0 ~ 4000 is used in D20,

D20 = (4000) x (D8112 or D8113) /A’
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4000/ (10 volts) =A" /(Avolts), thereforeA =400 xA
D20 =4000 x (D8112 or D8113) / 400 x A
D20=10x(D81120rD8113)/AandifA=5

D20 =2 x (D8112 or D8113)

It MB112

FNC22| o | ps112| D2o

Example Application Program #3
If using an analog range from A~ B by a digital range of 0 ~ 4000, the range must be

converted fromA” ~B’ 0~ 4000 in the program as shown in the example below.

4000 $---—rmmrmmmmmmme—y 4000 +
'O 7
| |
T [ Digital value (D30)
[ used in the program
A y— I b
H | 1
| I | |
0 i " 0 i .
0 A ——= B 10V 0 A——FPB 4000
Analoa inout D8112 or D8113 original AD conversion value

If the digital range 0 ~ 4000 is desired in D30, please see the program below.

D30 =4000x (D8112 or D8113) / (B* -A" )-4000xA" /(B" -A )

A =400xA,B"° =400x B so that

D30 = [4000 x (D8112 or D8113) / (400 x B - 400 x A)] - 4000 x (400 x A) / (400 x B - 400 x A)
D30=[10x (D8112 or D8113) / (B-A)]-4000xA/ (B-A)

IfA=1andB=5

D30 =[5x(D8112 or D8113) /2] - 1000
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MB0O1

ME112

FNC2| w5 | ps112| D3

FNC 23
Eon D32 K2 Dz4

FNC 21
ESLB D34 | K1000 | D30

Example Application Program #4
If using an analog range from 4 ~ 20mA to obtain an output range from 0 to A, the

normal output range of 0 ~ 2000 be converted to the new range.

2000 S SO ——— .
Digital value . i
Digital value (D70) :
?D%ﬁgﬁgffﬁj used on the program i
0 + 0 i

0 4mA———> 20mA 0 ——— > 2000

Analog input Digital values (DB112 and D8113) practically AD-converted

Please perform the conversion as below.
D70=Ax (D8112 or D8113) / 2000. If A= 5000 then,
D70 =5000 x (D8112 or D8113) / 2000
D70=5x(D8112 or D8113) /2

MB00O
7 MB113

FNC2| s | pe113| D74

FMNC 23
D7z K2 D70
EDiN

Example Application Program #5

If using an analog range from 4 ~ 20mA to obtain an output range from A~ B, the
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normal output range of 0 ~ 2000 must be converted to the new range.

2000

Digital value
AD-converted
(D8112,08113)

0
0 4mA—— = 20mA

Analog input

S ——

Digital value (D80)
used on the program

-

o I —a3

0 ——— 2000
Digital values (D8112 and D8113) practically AD-converted

To convert the normal output range of 0 ~ 2000 to the range of A~ B, please see below.

D80 =(B-A)x(D8112 or D8113) / (2000 - 0) +A; if A=4000 and B = 20000

D80 = (20000 - 4000) x (D8112 or D8113) / (2000) + 4000

D80 =8 x (D8112 or D8113) + 4000

MB000

| L
10

MB113
FNC 22
ML K8 D8113 | D&z
FINC 20
D82 | K4000 | D80
B ADD

Example Application Program #6

If using an analog range from A~ B to obtain an output range from C ~ D, both the

current and the digital ranges must be converted from the standard ranges.

4000
B

Digital value
AD-converted

(D8112,08113) ,,

| -
0 4mA A —> B 20mA
Analog input

0

Digital value (D90)
used on the program

c

r- /
/|
7
0 A'—s B' 2000
Digital values (D8112 and D8113) practically AD-converted

To convert both ranges, please see the programming example below. More details can

486



HCFa

— KJII#&43 ——HCFA CORPORATION

be found from the previous examples.

D90=(D-C)x(D8112orD8113)/(B* -A" )+(B" xC-A xD)/(B" -A )

D90 =(D-C)x(D8112 or D8113) / [(125x B - 500) - (125 xA-500)] + [(125x B - 500) x C
~(125 X A- 500) x D] / [(125 x B - 500) - {125 X A - 500)]

(N =125xA-500;B =125xB-500)
D90=(D-C)x(D81120rD8113)/[125x(B-A)]+[(B-A)xC-(A-4)xD]/(B-A)
IfA=5,B=15,C=5000,and D = 15000

D90 = (15000 - 5000) x (D8112 or D8113) / [125x (15-5)] +

[(15-4)x 5000 - (5-4)x15000]/ (15-5)

D90 = 8 x (D8112 or D8113) + 4000

MBOOO
{l MB8113

FNC22| 5 | pB113| Do

FNC 20
E ADD Do | k4000 | De0

10. Points Of Technique

10.1 Advanced Programming Points

The HC family of programmable controllers has a very easy to learn, easy to use
instruction set which enables simple programs to perform complex functions. This
chapter will point out one or two useful techniques while also providing the user with

valuable reference programs
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If some of these techniques are applied to user programs the user must ensure
that they will perform the task or operation that they require. HCFA Corporation can
take no responsibility for user programs containing any of the examples within this
manual.

Each program will include a brief explanation of the system. Please note that the
method of 'how to program' and 'what parameters are available' for each instruction

will not be discussed. For this information please see the relevant, previous chapters.
10.2 Using The Forced RUN/STOP Flags
10.2.1 ARUN/STOP push button configuration

The HCFA programmable controller has a single RUN terminal. When power is applied
to this terminal the PLC changes into a RUN state, i.e. the program contained is
executed. Consequently when there is no power 'on' the RUN terminal the PLCisin a
STOP state. This feature can be utilized to provide the HC PLC with an external
RUN/STOP - push button control. The following PLC wiring and program addition are

required.

Forced RUN m ode

Forced RUN
com m and

Fored STOP
comm and
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Explanation:

Pressing the RUN push button sets the PLC into the RUN state. This means M8000 is
ON.

Following the program, M8000 activates both M8035 and M8036. These two special
auxiliary devices set the PLC in to forced RUN mode. Releasing the RUN push button
would normally return the PLC to the STOP state, but because the two auxiliary coils,
M8035 and 36 are ON, the PLC remains in RUN. To stop the, PLC pressing the STOP
push button drives an input ON

and consequently M8037 turns ON. This then automatically forces OFF both M8035
and 36 and resets itself. Hence, the PLC is in its STOP status and awaits the cycle to

begin again.

Input priority:

» The STOPinputis only processed after the programs END statement has been
reached -this is because the physical input used, i.e. an X device is normally updated
and processed at that time. Therefor, the RUN input is given priority when both RUN
and STOP inputs are given simultaneously.

+ To give priority to the STOP input and provide a 'safer' system, some form of
mechanical/ circuitry interlock should be constructed between both RUN and STOP

inputs. Avery simple example is shown in the wiring diagram above.

489



HCFa

— KJII#&43 ——HCFA CORPORATION

10.2.2 Remote RUN/STOP control

The HCFA programmable controllers can be controlled, i.e. switched into RUN or STOP
modes and have devices monitored by use of intelligent external control devices.
These includes such items as computers, the HCFA data access units and Graphic
Operator Terminals.

The following example utilizes a graphic unit:

Explanation:
SWITCH for...
The programmable controller needs no 1. Remote Mode MBO35
2. Remote Start MBO36
o . . 3. Remote Stop MBO37
special wiring or additional programming

for this example.
The only condition required is that the PLC would not normally be in a RUN state, i.e.,
there is no connection to the RUN terminal and the RUN/STOP switch on PLC’ s that

have one is set in the STOP position.

The HMI should be programmed with 'SWITCH' devices SWITCH
INPUT: &[0 ]
driving the three special M codes M8035,36 and 37. By OUTPUT: PLC MBOSS

MODE: ALTERNATE

activating the 'SWITCH' devices for M8035 and M8036 the

PLC can be switched into a RUN state, while driving the 'SWITCH' device M8037 will
put the PLC into a STOP state.

Example 'SWITCH' device setting opposite.

Use an 'Alternate’ switch for M8035 and M8036 and use a '"Momentary' switch for

M8037. (see DU operation manual for SWITCH operation and programming)
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@ Note: While M8035 and M8036 are ON the MPU can not be changed to STOP

mode using the RUN terminal or RUN/STOP switch. Either set M8037 ON, or reset
M8035 and M8036, to return to the normal operating state.

HCA2P,HCA2C Remote STOP

With HCA2P,HCA2C units, even if the RUN terminal or RUN/STOP switch is in the RUN
position, itis still possible to do a remote STOP by forcing M8037 ON. Return to RUN

by resetting M8037.
10.3 Constant Scan Mode

Some times the timing of operations can be a problem, especially if some
co-ordination is being attempted with a second control system. In cases like this itis
very useful to fix the PLC’ s scan time. Under normal conditions the

PLC’ sscantimewillvaryfromonescantothe next. This is simply because the natural
PLC scan time is dependent on the number of and type of the active instructions. As
these are continually changing between program scans the actual scan time is also a
varying. Hence, by using the additional program function identified below, the PLC" s
scan time can be fixed so that it will be the same duration on every program scan. The
actual scan duration is set by writing a scan time in excess of the current longest

scan duration to special data register D8039 (in the example the value K150 is used). If
the PLC scans the program quicker than the set scan time, a 'pause' will occur until

the set scan duration is reached.

491



HCFa

— KJII#&43 ——HCFA CORPORATION

This program example should be placed at the beginning of a users program.

M8000
'r M8039

——Imov| K150 |D803g

MNewly set
constant scan
time = 150 msec

10.4 Alternating ON/OFF States

It is often useful to have a single input control or toggle a situation. A basic, yet typical
example is the switching ON/OFF of a Light. This can be easily achieved by using
standard ladder program to load an input and switch an output. However, this system
requires an input which is latchable. If basic ladder steps are used to latch the
program then it soon becomes complex

and prone to mis-programming by the user. Using the ALT instruction to toggle the
ON/OFF (SET/RESET, START/STOP, SLOW/FAST) state is much simpler, quicker and
more efficient.

Explanation:

—XHD ALT| Y 1] ALT|MO]
X0 Y1 Yo
Y1
Program
example 1 Program example 2

Pressing the momentary push button X1 once will switch the lamp ON. Pressing the
push button for a second time will cause the lamp to turn OFF. And if the push button

is again pressed for a third time, the lamp is turned ON again and so the toggled status
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continues. The second program shown identifies a possible motor interlock/control,

possibly a start/stop situation.
10.5 Using Battery Backed Devices

For Maximum Advantage Battery backed devices retain their status during a PLC
power down. These devices can be

used for maximum advantage by allowing the PLC to continue from its last operation
status just before the power failure.

For example: Atable traverse system is operating, moving alternatively between two
limit switches. If a PLC power failure occurs during the traversing the machine will
stop. Ideally, once the PLC regains its power the system should continue from where it
left off, i.e. if the movement direction was to the left before the power down, it should
continue to the left after the restoration of the power.

Explanation

Right X? ﬂ’, ™ Limit switch X0 Limit switch X1

traverse ME00
—

; 4 Igl
X1 X0 Motor driven
Left [ =4 ME01 indirectly by
traverse | MS01 Reciprocating M600 and MB01

table

The status of the latched devices (in this example M coils M600 and M601) is retained
during the power down. Once the power is restored the battery backed M coils latch

themselves in again, i.e. the load M600 is used to drive M600

493



HCFa

— KJII#&43 ——HCFA CORPORATION

10.6 Indexing Through Multiple Display Data Values

Many users unwarily fall in to the trap of only using a single seven segment display to
display only a single data value. This very simple combination of applied instructions

shows how a user can 'page' through multiple data values displaying each in turn.

Explanation:

The contents of 10 counters are displayed in a sequential, 'paged’ operation.

The paging action occurs every time the input X11 is

received. What actually happens is that the index register Z is continually incremented
until it equals 9. When this happens the comparison instruction drives M1 ON which in
turn resets the current value of Z to 0 (zero). Hence, a loop effect is created with Z
varying between fixed values of 0 and 9 (10 values). The Z value is used to select the
next counter to be displayed on the seven segment display.

This is because the Z index modifier is used to offset the counter being read by the

BCD output instruction.

Operation
version of program
Z=0 co
Z=1__ ci
10 S
Z=3  C3
it ove[ ko] Z | =L
p =5 €5
=5 CH
X1 0 z=7 c7
——— BCOP[C 0 Z[K4 YO 78 ca
=0 c3
INC P
K4 Y0
cmPR[ ko | 2 [Mo] HEE El
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10.7 Reading And Manipulating Thumbwheel Data

Data can be easily read into a programmable controller through the use of the BIN
instruction. When data is read from multiple sources the data is often stored at
different locations. It may be required that certain data values are combined or mixed
to produce a new value. Alternatively, a certain data digit may need to be parsed from
a larger data word. This kind of data handling and manipulation can be carried out by
using the SMOV instruction. The example below shows how two data values (a single

digit and a double digit number) are combined to make a final data value.

Digit Digit
MB000 10 1010
F—————{ BIN [Kax20] D2 — )
D1=7 B B oz2=s5
—————— BIN | K1X0| D1 — | —
[ L
smov| b1 | k1| K1 | D2 | K3 X0 to X3 X0WX%  horammable
controller
D1- 2 M. pr-765

Explanation:

The two BIN instructions each read in one of the data values. The first value, the single
digit stored in D1, is combined with the second data value D2 (currently containing 2
digits). This is performed by the SMOV instruction. The result is that the contents of D1
is written to the third digit of the contents of D2. The result is then stored back into

register D2.
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10.8 Measuring a High Speed Pulse Input

10.8.1 A1 msec timer pulse measurement

Some times due to system requirements or even as a result of maintenance activities
it is necessary to 'find out' how long certain input pulses are lasting for. The following
program utilizes two interrupt routines to capture a pulse width and measure it with a
1 msec timer. The timer used in the example is one of the timers. However, T63 on the

HCA2P/HCA2C would be used for a similar situation on that PLC.

Explanation:

The 1 msec timer T246 is driven when interrupt 1001 is activated. When the input to X1
is removed the current value of the timer T246 is moved to data register DO by
interrupt program 1100. The operation complete flag MO is then set ON.

Note: X10 acts as an enable/disable flag.

General wiring-pluse
. ‘mﬁﬂ‘ to be measured is
10.8.2 A0.1 msec timer pulse measurement mznﬁted to both X0
an
X1 [ Pulse to be
M measured
This is a very accurate measuring process for 10 2 Elinstruction

1o01| 03— MUST be

included in main

e
1 H H program
pulse inputs. The use of a standard timer is not | X0 =
RsT[ W0 | Special device
s . D8099
accurate enough in this case as the highest o
1100
. . . S0 | ———Measured time
resolution is Imsec. Therefor, this example : stored inDO
™~

Pulse has been

{EnD] measured

shows how the special high accuracy devices
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M8099 and D8099 are used to capture the 0.1 msec resolution pulse data.
Explanation:

The incoming pulse is captured between two interrupt routines. These routines
operate independently of each other, one on the rising edge of the pulse input and
one on the falling edge of the same input. During the pulse input the contents of
special register D8099 are continually moved into data register DO. Once the pulse has
completed the contents of DO can be viewed at leisure.

Please note for this high speed/accuracy mode to be active for D8099, the

corresponding special auxiliary bit device M8099 must be driven ON in the main

program.
nMaooz
— (mMov] ko [DO]
10.9 Using The Execution Complete Flag,
it (Fis oy
M8029 Eu"x'
Trapped
—||—|F'LSY| k10 [k100] vo instruction
S fth lied instructi tak th [_”—_—HST [ vs |
ome of the applied instructions take more than one
, , Eu“”
program scan to complete their operation. Y6 Trapoed
- RAMFDo [D2 [D3 kaoog—| ' "APPEC
ME0ZS instruction
This makes identification of the current operating state |_| ==

difficult. As an aid to the programmer, certainappliedinstructionsidentify
theircompletionbysettinganoperationcompleteflag, M8029.
Because this flag can be used by several different instructions at the same time, a

method similar to the following should be used to trap the M8029 status at each of the
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instructions using it:

Explanation:

The M8029 'trapping’ sequence takes advantage of the batch refresh of the PLC’ s.
As the program scan passes each instruction using M8029 the status of M8029 changes
to reflect the current status of the instruction. Hence, by immediately resetting (or
setting) the drive flag for the instruction the current operational status of the
instruction is

trapped. So when the batch refresh takes place only the completed instructions are
reset. The example above uses a pulse to set the drive flags so that it is easy to
monitor and see when each instruction finishes (if the instructions are continuously

driven it will be difficult to see when they finish!).

moﬂimMmohmhmq K4 j:L )
. . Equivalent
10.10 Creating a User Defined MTR | MTR instruction

| EN
The interrupt

Instruction FEND routine is scanned
16:20| MEN0D every 20 msec
'—“
—|Y [REF] xa0 [ ke |

e
Y31 n each scan o
] = this routine a
[ mov Jkzxad kem1zg) differentinput
block is read
the MTR instruction for HCFA users who - [ PLS [ana}
This program
v area controls
P which input block
will be read

(Fs[vao !

LY X

For users who want to have the benefits of

want to specify more than one MTR area,

—
Y3I0Y3I1Y3I2¥3a

this user defined MTR function will be | Mg X30-37 is
MB000 refreshed at the
————{RreF[vao [ k& | start of the
very useful. [ReT}—{ routine while

Y¥30-37 are
@_ refreshed here
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Explanation:

The main control of this program rests in the timer interrupt 1620. This interrupt
triggers every 20msec regardless of what the main program is doing. On each
interruption one bank of the user defined matrix is read. The program simply consists
of

reading the inputs triggered by each of the multiplexed outputs.
Thereaddataisthenstoredinsequentialsetsof auxiliary registers. Each MOV instruction
reads a new bank of multiplexed inputs.

The equivalent MTR instruction is shown immediately before the 'user defined' MTR.

10.11 An Example System

Application Using STLANd IST Program Control
The following illustration shows a simple 'pick and place' system utilizing a small
robotic arm. The zero point has been de-fined as the uppermost and left most
position accessible by the robot arm.

Anormal sequence of events

A product is carried from point 'A’ to point 'B' by the
robot arm. To achieve this operation the
following sequence of events takes place:

Initial position: the robot arm is at its zero point.

1) The Robots grip is lowered to it lowest limit

-output YO: ON, input X1: ON, output YO: OFF.
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2) The grip clamped around the product at point A

- output Y1: ON.

3) The grip, now holding the product, is raised to its upper limit
-outputY2: ON, input X2: ON, output Y2: OFF.

4) The robot arm traverses to its right most position

-output Y3: ON, input X3: ON, output Y3: OFF.

5) The grip and product are lowered to the bottom limit
-output YO: ON, input X1: ON, output YO: OFF.

6) The grip is unclamped and the product is released at point B
- outputY1: OFF.

7) The grip is retrieved back to its upper limit

-output YO: ON, input X2: ON, output YO: OFF.

8) The arm traverses back to its zero point by moving to the left most limit
-output Y4: ON, input X4: ON, output Y4: OFF.

The cycle can then start again.

System parameters
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Left most arm position -’? X4 Operation 8

- Y4
0 Operation 4
Zero point O—R)(z Y3 § o]
A 1 x2
X3
Upper Left most
Yo vz grip limit arm position Yo yo
Operation 1 Operation 3 Operation 5 Operation 7
X‘I/I;H: Y X1
Lower
grip limit Y1 Y1
Operation 2 Operation 6 :l
Raobot Arm
1) Double solenoid valves are used to control the up Control Center
Press to continue
(Y2)/down (Y0) and right (Y3)/left (Y4) motion. i ] © (& B

2) Asingle solenoid valve is used for the clamp

(Y1)/unclamp operation.

When all conditions
are met robot grip is
at zero point -
M8044 = ON

This example uses the IST instruction (FNC 60) | x4 x2 v1
H

to control the operation mode of the robot

IST control - setup

arm. The program shown opposite identifies how the IST instruction is written into the

main program.

Mode Selection | 1. Manual
. . . 2. Automatic
WhenthelSTinstructionisusedthereare5 selectable modes m 3 2 Return
501 ,—A-‘ —A OB

Touch screen keys

An example DU screen design
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which access three separate programs. This example has the following programs
associated with its modes. Each mode is selected. The screen shown opposite is the
initial mode menu. Each of the menu options causes a screen jump to the
selectedmode.Menuoptionsland3alsosetON

auxiliary devices M30 and M31 respectively.

The active bits then trigger a screen change to the selected mode. Please note
'Automatic' has three further modes which are selected from a following

screen/display.

Manual Mode: M22
@ d Clamp is active
. . M17
In this mode ALL operations of the robot arm _ RSTVA Clamp is not
M15 YO active
are controlled by the operator. An operation — I—Vl—@ Move grip up
M20 Y2
— |_V Move grip down
or movement is selected by pressing the M16 X2 Y3
—H |_L/| Move grip left
M21 X2 Y4
corresponding option on the DUs screen (see FHHA—G3) Move grip right

below). These options then trigger DU SWITCH objects which drive associated

auxiliary relays within the programmable controller. The SWITCH objects should be
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set to momentary so that they

only operate when the key is pressed.

The status of the clamping action could be identified by two INDICATOR (SCR)
functions on the DU unit. They could be monitoring the ON and OFF status of the
clamp output Y1. Hence, when the clamp was ON a single black box opposite the ON
button could appear. When the clamp is OFF the box would appear in front of the OFF
button. At any one time only one box would be active.

Key assignment for DU screen opposite:

Up =M15 Down =M20

Left=M16 Right = M21 Up_|Down] Left | Right ]
Manual Mode

Clamp ON =M22 m[OFF]
Clamp
Clamp OFF =M17 —A Q8 O[oN]

Menu =reset M30

Once manual operation is completed the operator can return to the main mode
selection screen by touching the 'Menu' key. This causes the manual mode bit flag,
M30, to be reset. Once M30 is reset the DU screen then changes back to the desired

mode selection screen.
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Zero Return Mode 51 I Clamp is not activeand the return

yvie cperalion has been started
This mode fulfills an initialization M35+ Ensure 'dowm’ and ‘clamp
E@_ RST_Y1 | options remain reset
function by returning the robot arm ' EE
w2 - (Y2 = Move grip up
to a known position. (511 RST_¥3 ] Ensure 'right' option is reset
@m Move grip left
Once 'Z Return' has been selected X4 1
s512 Set zero return
. complete flag (MB8043)

from the mode selection screen the
bit device M35 is ON. At this point the DU screen changes to the 'zero return' screen.
The actual zero return operation will then start when the 'Return’ push button is
pressed (activating M25) and the robots grip is not active, i.e. Y1 is OFF (on the STL

flow diagram opposite Y1 OFF is shown as Y1*).

The DU unit could be used to report back the Additional user
messages "
At Zero point
status of the current returning operation. The Return] Status: [Now returning
Zero point

example screen shown opposite uses 3 variable

Zero Return Mode

messages to indicate this status. The messages — _A Qg

could be text strings stored in the PLC which are

read and displayed by the DUs ASCII option.

Once the zero point has been returned to, the operator would also return to the mode
selection screen. This is achieved by pressing the 'Menu' touch key. This then resets
the zero return bit device M31 which allows the DU screen change to take place.

Key assignment for DU screen above:

Return =M25
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Menu = reset M31

Automatic Mode

Under this option there are three further mode selections. The available modes are:
Step Mode:

- The automatic program is stepped through - operation by operation, on command
by the user pressing the 'Start' button.

Cycle Mode:

- The automatic program is processed for one complete operational cycle. Each cycle
is initiated by pressing the 'Start' button. If the 'Stop' button is pressed, the program is
stopped immediately. To resume the cycle, the 'Start’ button is pressed again.
Automatic Mode:

- Afully automatic, continuously cycling mode. The modes operation can be stopped
by pressing the 'stop' button. However, this will only take effect after completion of
the current cycle.

In this example these three modes are selected

Automatic Mode
. . . ESlepped Operation | | | Automatic Operation |
by an external rotary switch. The rotary switchis  [sigie cycie Operation |~ (Menu]
-
Current
not connected to the PLC but to the I/O bus on Operation A QB DiSe

messages
the rear of the DU unit. The use of the rotary //\/\\%

Rotary switch input to

CYCLE
STEP AUTO
DU through I/O bus
switch means that the selected modes are @"/1 (used t select mode).

mutually exclusive in their operation. For an operator friendly environment the
currently selected mode is displayed on the DU screen (again this could be by use of

the DUs ASCII function). The start/ stop controls are touch keys on the DU screen.
505




HCFa

— KJII#&43 ——HCFA CORPORATION

When a mode is selected the input received at the DU unit momentarily activates one
of the following auxiliary relays:

Rotary switch:

position 1 'Step' - Step operation: DU input 10, controls bit device M32 position 2
'Cycle' -Single cycle operation:

DU input I1, controls bit device M33 position 3

'Auto’ - Automatic operation: DU input 12, controls bit device M34

Key assignment for DU screen above:

Start=M36

Stop = M37

The program run in all three mode choices is shown opposite. As noted earlier, the
'Step' mode will require an operator to press the 'Start' key to start each new STL
block. This could be viewed as an additional transfer condition between each state.
However, the user is not required to program this as the IST instruction controls this
operation

automatically.

Move grip down
The 'Cycle' mode will process the program from STL
Clamp is active

step S2, all the way through until

Move grip up

STLstepS2isencounteredagain.Once
Move grip right

more the IST instruction ensures that only one cycle

Move grip down

Clamp is not
active

506
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is completed for each initial activation of the 'Start' input.

Finally as suggested by the name, 'Auto’ mode will continuously cycle through the
program until the 'Stop' button is pressed.

The actual halting of the program cycling will occur when the currently active cycle is

completed.

Points of interest:

a) Users of the IST instruction will be aware that only one of the operation modes
should be active at one time. In this example program the isolation of ‘Manual' and
'Zero return' modes by the use of separate DU control screens, and the use of a rotary
switch to isolate the three automatic modes achieves this objective. Alternatively all of
the operation modes could be selected by a rotary switch.

b) For users who would like to test this example using simulator switches (i.e., without
using a data access unit) the appropriate program changes are noted next to the full

program listing later in this section. Alternatively, the original program could be used
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with all of the input conditions being given by forcing ON the contacts with a
programming device e.g. a hand held programmer, Medoc etc.

c) Special flags used in this program are:

+ M8040: State transfer inhibit

- Manual mode: Always ON.

Zero return and Cycle modes: Once the 'Stop' input is given the current state is
retained until the 'Start' input is received.

Step mode: This flag is OFF when the 'Start' input is ON. At all other times M8040 is ON,
this enables the single STL step operation to be achieved.

Auto mode: M8040 is ON initially when the PLC is switched into RUN. It is reset when
the 'Start' input is given.

+ M8041: State transfer start

- Manual and Zero return modes: This flag is not used.

Step and Cycle modes: This flag is only active while the 'Start' input is received.
Auto mode: The flag is set ON after the 'Start' input is received. It is reset after the
'Stop' input is received.

« M8042: Start pulse

- This is momentarily active after the 'Start' input is received.

« M8043: Zero return complete

- Thisis a user activated device which should be controlled within the users program.
« M8044: At Zero position/ condition

- This is a user activated device which should be controlled within the users program.
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Full program listing:

a LD x s | 5TL 5 1 72 STL s M
1 AND x 2 36 LD M 35 73 | SET ¥ 1
2 AMI Y 37 | RST M | 8043 T4 | OUT T o
3 ouUT | M | Bld4 39 | AN b 1 K 10
5 LD M | BODOD 40 | SET 5 10 T LD T i
g IST G0 42 5TL 5 10 78 | SET 5 22
M 30 43 | RST ki 1 B0 STL 5 22
5 20 44 | RST ki a Bl jouT| ¥ 2
5 27 45 (OuUT bl 2 B2 LD X 2
13 | 5TL 5 o 46 LD X 2 B3 | SET =1 23
14 L M | BDu4 47 | SET 5 1 B5 STL s 23
15 | OUT M| BO43 48 | 5TL 5 11 BE (OUT| ¥ 3
17 LD M 22 50 | RST ¥ 3 8T LD X 3
18 | SET ¥ 1 51 (OuUT ¥ 4 B8 | SET 5 24
19 LD M 17 52 LD X 4 a0 STL 5 24
20 | RET Y 1 53 | SET 5 12 81 |ouT| ¥ i
21 LD M 15 55 | STL 5 12 a2 LD X 1
22 AMI Y o 56 | SET M | 8043 a3 | SET =1 25
23 | ouT Y 2 58 | RST 5 12 a5 STL s 25
24 LD M 20 [RET) 86 | RET A 1
25 AMI ¥ 2 60 | STL 5 2 ar | ouT T 1
26 | OUT ¥ 61 LD M | 8041 K 10
27 LD M 168 62 | RST M | 8043 100 LD T 1
28 | AND x 2 G4 [AND| M |B044 101 | SET s 26
28 ANI Y 65 | SET 5 20 103 | STL = 26
30 | ouT Y £l 67 | STL 5 20 i JOUT] Y 2
31 LD M 21 68 |OuUT b a 105 LD X 2
32 | AND x 2 [::] LD X 1 106 | SET s 27
33 AMI ¥ 0 | SET 5 21 108 | STL 5 27
34 | ouT ¥ 3 | |OUT| Y 4
[RETF 0 | D | X 1
T This instruction relums the — [111 [OoUT| 5 2
- Instructions in { ) are not program flow to STL step S2. 8 | RET
NECEESaTy
MECEsSary 114 | END
Program options:
6 IST 60 7 LD X 12 27 LD X 6 |
X 20 19 LD X 7 31 LD X 1
S 20 21 LD X 5 36 LD X 25
S 27 24 LD X 10

10.12 Using The PWM Instruction For Motor Control

The PWM instruction may be used directly with an inverter to drive a motor. If this

configuration is used the following ripple circuit will be required between the PLC’ s
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PWM output and the inverters input terminals.

Programmable
controller
il Motor
E
. a o -
- Inverter | —
Cc1 o
—

Circuit configuration for a PLC with source outputs

Key to component values:

R1-510Q(1/2 W) R2 - 3.3kQ(1/2 W)

R3to R8- 1kQ(1/4 W) R9-220Q(1/4 W)

R10 - variable dependent on configuration. In this example 1kQ (1 W)
C1-470uF

Note: the values of R10 and C1 are dependent on the system configuration

X10 t T

0
I—H—IPWM[ D10 K50 IYDDD}—‘

Establishing system parameters and values
It is assumed that the input impedance of the inverter is of a high order. Having
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established this, the values of C1 and R10 are calculated to giveta time result (in msec)
approximately 10 times bigger than the value used for TOin the PWM instruction:
1=R10(kQ)ALC1(UF)

During this calculation the value of R10 must be vastly greater than the value of R9. In
the example, R9 is equal to 22Q, where as R10 is equal to 1k Q. This proportion is
approximately 1:50 in favor of R10.

The maximum output voltage (to the inverter) including ripple voltage, can be found

by using the following equation:

en=E——

Where:

em= Maximum output voltage

E= pulse (square wave) output voltage (see circuit on the previous page)

t = PWM pulse duration (see previous page for reference)

TO=PWM cycle time for pulse (see previous page for reference)

The average output voltage (to the inverter) including ripple voltage, can be found by

using the following equation:

Ae To-t{ To
e T ~ 1

Where:

Ae=the voltage value of the ripple
e =ripple output voltage

TO=PWM cycle time for pulse
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t=PWM pulse duration

T =ripple circuit delay

See previous page for references.

Operation

Once the system configuration has been selected and the ripple circuit has been built
to suit, the motor speed may be varied by adjusting the value of 't in the PWM
instruction.

The larger the value of 't' the faster the motor speed will rotate. However, this should
be balanced with the knowledge that the faster the output signal changes the greater
the ripple voltage will be. On the other hand a slowly changing output signal will have
a more controlled, yet smaller ripple effect. The speed of the signal change is
determined by the size of C1. Alarge capacitive value for C1 would give a smaller

ripple effect as charge is stored and released over a longer time period.

Programmable
controller

Motor

Inverter

|

Circuit configuration for a PLC with sink outputs.

The component values are the same as stated previously

The following characteristics were noticed when the identified circuit was tested
The PWM instruction had TO set to K50. The value for t was varied and also the load

impedance was varied to provide the following characteristics graph (see over page).
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12.0+ té
10.04 L3 Tested load impedance
L4 (e.g. inverter impedance)
8.0 L1-100k
e (volts) ¢ o] L2-10k
L3-47k
4.07 Ld4-22k
2.0
kss 10 20 30 40 50

The duration of the T0, time base also affects the ripple voltage. This can be clearly

seen in the next set of test data:

PWM parameter setting Measured ripple
t To t/To voltage
100 200 1.27V
50 100 668mY
25 50 0.5 350mv
10 20 154mV
5 10 82mv

The behavior of the Sink switched circuit detailed above will be similar to that of the

Source switched circuit detailed earlier.

10.13 Communication Format

10.13.1 Specification of the communication parameters:

Items such as baud rates, stop bits and parities must be identically set between the
two communicating devices. The communication parameters are selected by a bit

pattern which is stored in data register D8120.
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D8120
L Bit (bn)status
De t
serption 0 (OFF) 1(ON)
b0 Data length 7 bits 8 bits
b1 {00): No parity
b2 Parity (b2, b1) {01): Odd parity

{11): Even parity
b3 Stop bits 1 bit | Zbits
(b7, b6, b5, bd)

e oy 20 07,0000
b6 Baud rate - bps (0100): 600 bps (1000].' 9600 bps
b7 (0101): 1200 bps (1001): 19200 bps
{(0110): 2400 bps ’
b8 Header character MNone D8124, Default: STX (02H)
b9 Terminator character MNone 08125, Default: ETX (03H)

No Protocol

(b12, b11, b10)

(0, 0, 0): RS Instruction is not being used (RS232C interface)

(0, 0, 1): Terminal mode -RS232C interface

o (0, 1, 0): Interlink mode - RS232C interface

b10 | Communication Control | (g q 1): Normal mode 1- R$232C, RS485(422) interfaces (RS485
b11 (see timing diagrams HCAS (C) only)

b12 | page 10-20 onwards) |4 g 1), Normal Mode 2 - RS232C interface

Computer Link

(b12, b11, b10)

(0, 0, 0): RS485(422) interface
(0, 1, 0): RS232C interface

General note regarding the use of Data register D8120: This data registerisa

general set-up register for all ADP type communications. Bits 13 to 15 in the 232ADP

units should not be used. When using the network with 485ADP units bits 13 to 15

should be used instead of bits 8 to 12.

10.13.2 Header and Terminator Characters

The header and terminator characters can be changed by the user to suit their
requirements.

The default setting for the header stored in D8124 is 'STX' (or 02H)and the terminator
default setting stored in D8125 is 'ETX' (or 03H). The header and terminator characters

are automatically added to the 'send’ message at the time of transmission. During a

514



HCFa

— KJII#&43 ——HCFA CORPORATION

receive cycle, data will be ignored until the header is received. Data will be continually
read until either the termination character is received or the receive buffer is filled. If
the buffer is filled before the termination character is received then the message is
considered incomplete.

If no termination character is used, then reading will continue until the receive data
buffer is full. Only at this point will a message have been accepted and complete.
There is no further buffering of any communications, hence if more data is sent than
the available destination buffer size then the excess will be lost once the buffer is full.
It is therefore very important to specify the receive buffer length the same size as the

longest message to be received.

Events to complete a transmission:

M8000
The RS instruction should be set up and — +{ Rs |Ds0][ D49 [D200] K 10
X3
active. — ————BMoV|D100| D50 | K6 H
— MOV | K6 | D49 H
Th i h
e data to be transmitted should be

moved into the transmission data buffer. If

a variable is being used to identify the message length in the RS instruction this
should be set to the new message length. The send flag M8122 should then be SET ON.
This will automatically reset once the message has been sent. Please see the example

program right.

Events encountered when receiving a message:
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The RS instruction should be set up and active. Once data is being received and an

attempt is made to send out data, the special M

M8000
— RS | D50 | D49 |D200| K 10

i indi M8123
flagM8121 is set ON to indicate the __ Evovozo[ 570 K0
transmission will be delayed. Once the

'incoming' message is completely received the message received flag M8123 is set ON.
At the same time if M8121 was ON it is automatically reset allowing further messages
(delayed or otherwise) to be transmitted.

It is advisable to move the received data out of the received data buffer as soon as
possible. Once this is complete M8123 should be reset by the user. This is then ready

to send a message or to await receipt of a new message.

10.13.3 Timing diagrams for communications:

1) No Handshaking D8120 (b12, b11, b10) = (0, 0, 0)

RS
|rr5tru|::|1mCEEICN
Serddata

A Y
SD (TXD) f Cata 1 Data 4
%‘dreq.ﬂst ON CF
Ma122 : :
Send wait : :
flag MB121 : : *This period Shodd

f beﬂ])u s or more
Receivedata : o 3

RD (RXD) : :
Recsive \—/EFL‘ """"" \
completion :

M8123 . The receive wait
rc_stall_lsissta'ted stell.ﬂngaptga‘n
When it is not turned off, the
next data cannot be received.

2) Terminal mode D8120 (b12, b11, b10) =(0, 0, 1)

a) Send Only
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RS O
instruction

L
S o

Send
Ma122

ER(DTR)

b) receive only

RS
; _mCFﬂ O
Receive data

RD (RxD)

ER(DTR) OFF ON
Recaive OFF -
cormpletion
nMB123 Reset using a program.

When it is not tumed off, the next data cannot be received.

3) Normal Mode 1 D8120 (b12, b11, b10)=(0, 1, 1)

R ruction OFE] ON kY
Send data SD I b
(D) Data 1 Data 3 }
Send request
MB122 ON
fl hig"ig1 LXE /
ag ,;f
ERDIR) _OFFY ON (k \if 3 (
Receive data :
S S
..‘E‘m CFF m ........................... I
MB123 § Reset using a
5 Wmitisrﬁturr‘eddf,jha-
7

This period should be 100 us or more

4) Normal Mode 2 D8120 (b12, b11, b10) = (1, 0, 1)
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10.13.4 8 bit or 16 bit communications.

This is toggled using the Auxiliary relay M8161. When this relay is OFF 16 bit
communications takes place. This actually means that both bytes of a 16 bit data
device are used in both the transmission and the receipt of messages. If the M8161
device is activated then 8 bit mode is selected. In this mode only the lower 8 bits (or
byte) is used to perform the transmissionreceiving actions. The toggling of the M8161
device should only occur when the RS instruction is not active, i.e. it is OFF.

When a buffer area is specified in the RS instruction it is important to check whether 8
or 16bit mode has been selected, i.e. a buffer area specified as D50 K3 would produce

the following results.......

518

16 bit mode - M8161=0OFF | 8 bit mode - M3161 = ON
Data register [ High byte Low byte Data register | High byte Low byte
D50 X F D50 F
D51 0 D51 X
D52 0




HCFa

— KJII#&43 ——HCFA CORPORATION

General note regarding hardware: Information regarding pin outs of the

respective ADP special function blocks can be found along with wiring details in the

appropriate hardware manuals.
10.14 PID Programming Techniques
10.14.1 Keeping MV within a set range

In the reserved registers of the PID data block S 3+18 and S3+19 form a double word
device that contains the previous MV x K100. The following program uses this to keep
MV under control when it exceeds the operating limits.

Example Program to keep MV in the range K100 to K5000

Data
10 sV Py Biock By
———1 A0 [ Da | Do | D | e
M
U zcp | w0 | ws00 | o6 | M H  Ched My agsinst mnge
wep SO My
_Lowerlimt [ MOV | KioD | Das | MW= 100 Fo MV tolower mit
M x
K00
[ Dnov [ w0000 | De8 N Reset FID data to lower limit
Mz | Foe MY
s WOV | Ks00 | D#6 | M= S000: Fix MV o upper limit
M nax
K100
| Ovov | KS0000 | D8 | Reset PID data to upper fimit

If data registers are used to hold the limit values, it is possible to use a MUL instruction
instead of the DMOV. E.g. When D50 is upper limit use: MUL D50 K100 D38 because the
result of MUL is already a double word DMUL is not needed.

Resetting (S3+19, S3 +18) in this way prevents runaway, which occurs if only MV is

changed.
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10.14.2 Manual/Automatic change over

In order to switch from automatic (PID) control to manual control and back to
automatic it is necessary for the PID process to perform 'Manual Tracking'. Although
the HC PID instruction does not have a manual tracking feature there are two methods
that can be used to make the switch from manual back to automatic as trouble free as
possible.

To understand the reason for the two methods the following should be noted. The PID
instruction sets its initial output value based on the initial value of the output register.
When the PID instruction is switched on it can only do P as it has only 1 data reading.
On the first reading the current value of the output register is used as AMV. Thereafter
the previous output value is used (stored in S3+18, S3 +19).

After the next reading PI can be calculated and from the third reading full PID is
performed.

Please see section 5.98, PID (FNC 88), for the complete equations.

Method

It is recommended that if manual to auto switching is desired that the PID instruction
is switched off during manual operation and the operator controls the value of the MV
register (the Output Value). When returning to auto mode, the PID instruction is
switched on again and uses the last MV input by the operator during the first PID

calculation. After 3 readings full PID will be operating and the process should be under
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control quickly. (Assuming that manual control did not cause a move too far from the

Set Point.

10.14.3 Using the PID alarm signals

Included as part of the data block there are four alarm values. These set the maximum
positive and negative change that should occur to MV and PV. The PID alarm signals
are used to warn of the system going out of control.

When the system is starting from cold it is usually not good to include the Derivative
numbers of the in the calculation; the changes to PV are large and the Derivative
introduces too much correction. Also, if the system starts to move rapidly away from
the SV then sometimes the use of D can over correct and cause chasing.

By having an "alarm’ flag for the change in PV and MV it is possible to monitor the state
of the system and adjust the PID parameters to appropriate settings.

When the system is close to the SP the changes in PV (and MV) should be minimal. In
this situation using full PID is very useful in keeping the system close to the SP. (Full
PID is appropriate).

However, if the conditions change (e.g. opening a refrigerator door, adding ingredients
to a mixture, cold start, etc.) the system reacts. In some cases (especially cold start)
the reaction is too much for the D to be useful (Pl or sometimes just P only is better). In
these cases the alarm flags can be used to change to PI control until the system
returns to a more stable condition,

when full PID can then be used.
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Basically, rather than use actual values of the PV to determine the change over point
from Pl to PID (or PID to Pl), use the size of the change in PV (or MV). This means
changes to the Set

Point do not require different ranges for the PI - PID change over point (at least, in

theory).

10.14.4 Other tips for PID programming

« Itis recommended that an input value for PV is read before the PID is activated.
Otherwise, the PID will see a big change from 0 to the first value and calculate asif a
big error is occurring.

« The PID instruction is not interrupt processed. It is scan dependent and as such the
sampling can not occur faster the HC scan time. It is recommended that TSis set to a
multiple of the program scan time.

+ To keep timing errors to a minimum it is recommended that constant scan is used.
+ To improve sampling rates it is possible to put the PID instruction inside a timer
interrupt routine.

« Itis better to have the PID only perform P until the input value (PV) reaches the
working range.

« When setting up itis a good idea to monitor the input and output of the PID
instruction and check that they are about the expected values.

« If the PID system is not operating properly check the error flags for PID errors

(D8067).
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10.15 Pre-tuning operation

10.15.1 Variable Constants

The Pre-tuning operation can be used to automatically set values for the following
variables:

- The direction of the process; Forward or Reverse (S 3+1, bit 0)

- The proportional gain constant; KP(S3+3)

- The integral time constant; TI(S3+4)

- The derivative time constant; TD(S3+6)

Setting bit 4 of S3+1 starts the pre-tuning process. Before starting, set all values that
are not set by the pre-tuning operation: the sample time, Ts (S3 +0); the input filtera(S
3+2); the Derivative gain, KD(S 3+5); the Set Point, SV (S1); and any alarm or limit
values, (S 3+20-23).

The Pre-tuning operation measures how fast the system will correct itself when in
error. Because the P, I, and D equations all react with differing speed, the initial error
must be large so that effective calculations can be made for each type of equation.
The difference in values between SP and PVnf must be a minimum of 150 for the
Pre-tuning to operate effectively. If this

is not the case, then please change SV to a suitable value for the purpose of
pre-tuning.

The system keeps the output value (MV) at the initial value, monitoring the process

value until it reaches one third of the way to the Set Point. At this point the pre-tuning
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flag (bit 4) is reset and normal PID operation resumes. SV can be returned to the
normal setting without turning the PID command Off.

During the course of normal operation, the Pre-tuning will NOT automatically set new
values if the SV is changed. The PID command must be turned Off, and the Pre-Tuning
function restarted if it is necessary to use the Pre-tune function to calculate new
values.

+ Caution: The Pre-tuning can be used as many times as necessary. Because the flag
resets, the set bit can be turned On again and new values will be calculated. If the
system is running an oven heater and the SV is reduced from 250 to 200 C, the
temperature must drop below 200 or the “Forward/Reverse” flag will be setin the
wrong direction. In addition, the system error value must be large for the pre-tune

variable calculations to work correctly.

O)

pre-tuning operation. It is recommended that the sampling time is generally set to a

« Note: Set the sampling time to greater than 1 second (1000 ms) during the

value much greater than the program scan time.

» Note: The system should be in a stable condition before starting the pre-tuning
operation.

An unstable system can cause the Pre-tuning operation to produce invalid results. (e.g.
opening a refrigerator door, adding ingredients to a mixture, cold start, etc.)

+ Note: Even though Pre-tuning can set the above mentioned variables, additional
logic may be needed in the program to "scale" all operating values to those capable of
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being processed by the special function devices being used.

10.16 Example Autotuning Program

The following programming code is an example of how to set up the Pre-Tuning

function.
X010
D500: SV =500 [FHC 1z
oy [ | K500 | D500
. = . FNG 12
D502: MV = 1800, initial value o 8 K1800 | D502
- = FNC 12
D510: Ts. SJ"'D 3000 oy 3 Kaooo | D10
D511: 8,+1, Bits 0-3 and 5-15 Off, Bits 4 and
5 On. Bit 4 = Pre-Tune Function gy |Ho0ao | D511

Bit 5 = MV Range Limit

- 0 - FNG 12
D512: Input Filter, $,+2 = 70% e T R e

D515: Ky , S,+5 = 1800, initial iz | ko | osis
value mov 13
. - FNG 12
D532: MV Max, 5,+22 = 2000 oV [ K2000 | D532
D533: MV Min, S,+23 =0 FNCZ | Ko | DSa3
EN s
(Y]
Pulsa M1 to turn On PID command it 8ET
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