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Important User Information

Solid state equipment has operational characteristics differing from those of
electromechanical equipment. “ Safety Guidelines for the Application,
Installation and Maintenance of Solid State Controls’ (Publication SGI-1.1)
describes some important differences between solid state equipment and
hard—wired electromechanical devices. Because of this difference, and also
because of the wide variety of usesfor solid state equipment, all persons
responsible for applying this equipment must satisfy themselves that each
intended application of this equipment is acceptable.

In no event will the Allen-Bradley Company be responsible or liable for
indirect or consequential damages resulting from the use or application of
this equipment.

The examples and diagramsin this manual are included solely for illustrative
purposes. Because of the many variables and requirements associated with
any particular installation, the Allen-Bradley Company cannot assume
responsibility or liability for actual use based on the examples and diagrams.

No patent liability is assumed by Allen-Bradley Company with respect to use
of information, circuits, equipment, or software described in this manual.

Reproduction of the contents of this manual, in whole or in part, without
written permission of the Allen-Bradley Company is prohibited.

Throughout this manual we use notes to make you aware of safety
considerations.

ATTENTION: Identifies information about practices or
circumstances that can lead to personal injury or death, property
damage, or economic loss.

Attentions help you:
* identify a hazard
* avoid the hazard
* recognize the consequences

Important: ldentifiesinformation that is especially important for successful
application and understanding of the product.

PLC, PLC 2, PLC 3, and PLC 5 are registered trademarks of Allen-Bradley Company, Inc.
SLC, SLC 100, SLC 500, SLC 5/01, SLC 5/02, PanelView, RediPANEL, and Dataliner are trademarks of Allen-Bradley Company, Inc.
IBM isaregistered trademark of International Business Machines, Incorporated.



Summary of Changes

Summary of Changes

The information below summarizes the changes to this manual since the last
printing as 1747-809 in July 1989, which included the supplement
40063-079-01(A) from October 1990.

The table below lists sections that document new features and additional

New Information

information about existing features, and shows where to find this new

information.

For This New Information

See Chapter

Using the HHT with an SLC
5/02 (in general)

4 - Data File Organization and Addressing

6 — Creating a Program

8 — Saving and Compiling a Program

14 — Using EEPROMSs and UVPROMs

15 - Instruction Set Overview

27 — The Status File

32-Bit Addition and
Subtraction

20 - Math Instructions

Index Register

22 — File Copy and File Fill Instructions

23 - Bit Shift, FIFO, and LIFO Instructions

24 — Sequencer Instructions

DH-485 devices

9 — Configuring Online Communication

User Fault Routine

28 — Troubleshooting Faults

29 - Understanding the User Fault Routine — SLC 5/02
Processor Only

Selectable Timed Interrupts

30 - Understanding Selectable Timed Interrupts — SLC 5/02
Processor Only

IO Interrupts

31 - Understanding I/O Interrupts — SLC 5/02 Processor Only

Instruction Execution Times

C — Memory Usage, Instruction Execution Times

Scan Time Worksheets

D - Estimating Scan Time
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Who Should Use this Manual

Purpose of this Manual

Preface

Preface

Read this preface to familiarize yourself with the rest of the manual. This
preface covers the following topics:

* who should use this manual

* the purpose of this manual

e conventions used in this manual
e Allen—Bradley support

Use this manual if you are responsible for designing, installing,
programming, or troubleshooting control systems that use Allen—Bradley
small logic controllers,

You should have a basic understanding of SLC 500 products. If you do not,
contact your local Allen—Bradley representative for information on available
training courses before using this product.

We recommend that you review The Getting Started Guide for HHT, catalog
number 1747-NMQ009 before using the Hand—Held Terminal (HHT).

This manual is areference guide for technical personnel who use the
Hand—Held Terminal (HHT) to develop control applications. It describes
those procedures in which you may use an HHT to program an SLC 500
controller.

This manual:

* explains memory organization and instruction addressing

* covers status file functions and individual instructions

* givesyou an overview of ladder programming

* explainsthe procedures you need to effectively usethe HHT

P-1
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Contents of this Manual

P2

Chapter Title Contents
Describes the purpose, background, and scope of
Preface this manual. Also specifies the audience for whom
this manual is intended.
1 Features, Installation, Introduces you to the Hand-Held Terminal (HHT).
Powerup
2 The Menu Tree Guides you through the HHT display menu tree.
- Defines programs, program files, and data files,
3 g?dgr:isztzgg:]ng File explaining how programs are created, stored, and
g modified.
4 Data File Organization and Provides details on data files, covering file formats
Addressing and how to create and delete data.
5 Ladder Program Basics Exp_lams ladder programming. Includes examples
of simple rungs and 4-rung programs.
6 Creating a Program Steps you through creation of a program.
7 Creating and Editing Program | Shows you how to create and edit a program, and
Files use the search function.
8 Saving and Compiling a Covers the procedures used to compile and save a
Program program.
9 Configuring Online Describes online communication between the HHT
Communication and SLC 500.
10 Downloading/Uploading a Provides the procedures for downloading and
Program uploading.
1 Processor Modes Describes the different operating mo_des a
processor can be placed in while using the HHT.
12 Monltorlng Controller Briefly covers how to monitor controller operation.
Operation
13 The Force Function Explains and demonstrates the force function.
. Provides procedures for transferring a program
14 B\S/lggRgﬁF;ROMs and to/from an EEPROM. Briefly covers using
UVPROMSs.
15 Instruction Set Overview Gives you a brief overview of the instruction set with
cross references for detailed information.
16 Bit Instructions Provides detailed information about these
instructions.
17 Timer and Counter Provides detailed information about these
Instructions instructions.
18 1/0 Message and Provides detailed information about these

Communication Instructions

instructions.




Preface

Chapter Title Contents
19 Comparison Instructions _Prowde_s detailed information about these
instructions.
20 Math Instructions Prowde_s detailed information about these
instructions.
21 Move and Logical Provides detailed information about these
Instructions instructions.
29 File Copy and File Fill Provides detailed information about these
Instructions instructions.
23 Bit Shift, FIFO, and LIFO Provides detailed information about these
Instructions instructions.
24 Sequencer Instructions Prowde_s detailed information about these
instructions.
25 Control Instructions Erowdgs detailed information about these
instructions.
2% PID Instruction Prowdgs detailed information about these
instructions.
, Covers the status file functions of the fixed, SLC
21 The Status File 5/01, and SLC 5/02 processors.
Explains the major error fault codes by indicating
28 Troubleshooting Faults the probable causes and recommending corrective
action.
Understanding the User Fault Covers recoverable and non-recoverable user
29 Routine-SLC 5/02 Processor a
0 faults.
nly
Understanding Selectable . ) .
30 Timed Interrupts-SLC 502 E});s:?lljnisthe operation of selectable timed
Processor Only pis.
Understanding 1/0
31 Interrupts—SLC 5/02 Explains the operation of I/O interrupts.
Processor Only
Appendix A HHT Messages and Error Provides details about the messages that appear
PP Definitions on the prompt line of the HHT display.
Appendix B | Number Systems, Hex Mask Explains the different number systems needed to
use the HHT.
Appendix ¢ | Memory Usage, Instruction | oo memory usage and capacity
Execution Times '
Appendix D | Estimating Scan Time Provides worksheets and examples for estimating

scan time.
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Related Documentation

The following documents contain additional information concerning
Allen-Bradley SLC and PLC products. To obtain a copy, contact your local
Allen—Bradley office or distributor.

For Read this Document ﬁafnut?;':nt
An overview of the SLC 500 family of products SLC 500 System Overview 1747-2.30

A description on how to install and use your Modular SLC 500 Installation & Operation Manual for Modular Hardware 1747-NI002
programmable controller Style Programmable Controllers

A description on how to install and use your Fixed SLC 500 Installation & Operation Manual for Fixed Hardware Style 1747-NI001.
programmable controller Programmable Controllers

A procedural manual for technical personnel who use APS to develop Allen-Bradley Advanced Programming Software (APS) 1747-NM002
control applications User Manual

A reference manual that contains status file data, instruction set, and Allen-Bradley Advanced Programming Software (APS) 1747-NROOL
troubleshooting information about APS Reference Manual

An introduction to APS for first-time users, containing basic concepts but

focusing on simple tasks and exercises, and allowing the reader to begin | Getting Started Guide for APS 1747-NM001
programming in the shortest time possible

A procedural and reference manual for technical personnel who use the

APS import/export utility to convert APS files to ASCII and conversely APS Import/Export User Manual 1747-NM006
ASCII to APS files

An introduction to HHT for first-time users, containing basic concepts but

focusing on simple tasks and exercises, and allowing the reader to begin | Getting Started Guide for HHT 1747-NM009
programming in the shortest time possible

A complete listing of current Automation Group documentation, including

ordering instructions. Also indicates whether the documents are Automation Group Publication Index SD499
available on CD-ROM or in multi-languages.

A glossary of industrial automation terms and abbreviations Allen-Bradley Industrial Automation Glossary ICCG-7.1

Common Techniques Used in
this Manual .

The following conventions are used throughout this manual:
Bulleted lists such as this one provide information, not procedural steps.

*  Numbered lists provide sequentia steps or hierarchical information.
e |talic typeisused for emphasis.
e Textint hi s font indicateswords or phrases you should type.

¢ Key names match the names shown and appear in bold, capita letters
within brackets (for example, [ ENTER] ).

P4



Allen-Bradley Support

Preface

Allen—Bradley offers support services worldwide, with over 75 Sales/Support
Offices, 512 authorized Distributors and 260 authorized Systems Integrators
located throughout the United States alone, plus Allen—Bradley
representatives in every major country in the world.

Local Product Support

Contact your local Allen—Bradley representative for:
* salesand order support

e product technical training

e warranty support

* support service agreements

Technical Product Assistance
If you need to contact Allen—Bradley for technical assistance, please review

the information in the Troubleshooting Faults, chapter 28, first. Then call
your local Allen—Bradley representative.

Your Questions or Comments on this Manual

If you have any suggestions for how this manual could be made more useful
to you, please send us your ideas on the enclosed reply card.

If you find a problem with this manual, please notify us of it on the enclosed
Publication Problem Report.
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HHT Features

Chapter ]

Features, Installation, Powerup

This chapter introduces you to the Hand—Held Terminal (HHT) hardware. It
covers:

e HHT features

* installing the memory pak, battery, and communication cable
* powerup

» display format

* the keyboard

The Hand-Held Terminal is used to:

» configure the SLC 500 fixed, SLC 5/01, and SLC 5/02 controllers
* enter/modify a user program

e download/upload programs

* monitor, test, and troubleshoot controller operation

You can use the HHT as a standalone device (for remote programming
development with 1747-NP1 or NP2 power supply), point—to—point
communication (one HHT to one controller), or on a DH-485 network
(communicate with up to 31 nodes over a maximum of 4,000 feet or 1219
meters). When equipped with a battery (1747-BA), the HHT retains a user
program in memory for storage and later use.

Specifications:
Environmental conditions
Operating temperature 0to +40° C (+32° to +104° F)
Storage temperature —20° to +65° C (-4° to +149° F)
Humidity rating 5 to 95% (non-condensing)
Display 8 line x 40 character super-twist nematic LCD
Keyboard 30 keys
Operating Power 0.105 Amps (max.) at 24 VDC
Communications DH-485
Certification UL listed, CSA approved
Memory Retention with Battery 2 years
. Fixed, SLC 5/01, SLC 5/02
Compatibility
Not SLC 5/03
) ) 201.0 mm H x 193.0 mm W x 50.8 D
Dimensions ) ) )
(79iINnHx7.6inWx2.0inD)

11



Chapter 1

Features, Installation, Powerup

The HHT is menu-driven. The display area accommodates 8 lines by 40
characters. You can display up to five rungs of auser program. When
monitoring a program ONLINE, in the Run mode, instructionsin aladder
diagram are intensified to indicate “true” status. A zoom feature isincluded
to give immediate access to instruction parameters.

< ™\
Display Area
\ SLC 500 PROGRAMMING SOFTWARE Rel. 2.03
[ 1747 - PTAIE
Allen-Bradley Company Copyright 1990
All Rights Reserved
PRESS A FUNCTION KEY OFL
SELFTEST _TERM___PROGMAINT UTILITY.
F1 F2 F3 F4 F5
- _/
F1 F2 F3 F4 F5
Calculator-style, o | | o | | o | | | | o |
Color—coded Keyboard N S ! o ESC
PRE/LEN |ACC/POS U SPACE
|| — | — | | — | | —
A B C < >
| e |
Keys operate with motion and D E F A v
tactle response. | | e
TR M| rune [ zoom
o || — | — | | — | | —
\ i’ B ' SHIFT | enrer
| — | — | | — | | — | —
- J
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Chapter 1

Features, Installation, Powerup

Installing the Memory Pak, The HHT (with communication cable), memory pak, and battery are supplied
Battery, and Communication  separately. Install each asfollows:
Cable

1. Install the memory pak first. The English version is catalog number
1747-PTALE.

ATTENTION: The memory pak contains CMOS devices. Wear
agrounding strap and use proper grounding procedures to guard
against damage to the memory pak from electrostatic discharge.

a Toinstal the memory pak, remove the cover from the back of the
HHT.

( )

Al
U

. J

\/\J Slide cover to the left. Lift off cover.

Backside of HHT

[ [
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Chapter 1

Features, Installation, Powerup

b. Insert the memory pak in its compartment as indicated in the following
figure:

O

O
After the memory pak

is in the compartment, \
\
1}

press down on handle
to secure connector in

socket. |:| o ©®

Backside of HHT

14



Chapter 1

Features, Installation, Powerup

2. Install the battery, catalog number 1747-BA. The battery compartment is
next to the memory pak compartment.

ATTENTION: The letter B appears flashing on the prompt line
of the HHT display if the battery is not installed correctly or the
battery power islow; in addition, each time you power up, the
self—diagnostic is interrupted, and the prompt BATTERY TEST
FAILED appears.

To prevent this from happening, |eave the “battery low defeat
jumper” inserted in the battery socket. The HHT isfunctional,
but your user program is cleared from memory when you
de—energize the HHT. If you do not download the user program
to the processor before you de—energize the HHT, your program
will be lost.

a. Remove the jumper from the battery socket, then connect the battery
as shown in the figure below:

4 ~\

©

Battery Compartment —__|

(©]

[
1'D
Plug battery connector
into socket (red wire up). J:I/J:I

Secure battery
between clips.

Backside of HHT

b. Replace the cover.

15



Chapter 1

Features, Installation, Powerup

3. Locate the communication port on the SL C 500 controller, or periphera
port on the 1747-AIC Link Coupler. The figure below showswhereitis

located on the different devices:

Processor Module SLC 500 Fixed Controller Isolated Link

(Modular Controller) /6\ [ O\ Coupler

|
[]o
[17_—[] (peripherm E

O // B

(Cover Open (Communication Port)

oooo0 | g8

The connectors are keyed. Connect one end of the 1747-C10
communication cable to the top of the HHT. The other connector plugs
into the communication port on the SL.C 500 controllers or the peripheral

port on the 1747-AIC.
B\ [8\

E (8] 8@ 1747-C10 Cable

SLC Controller
(Modular)

HHT

If you are using a 1747-NP1 wall mount power supply or a 1747-NP2
desktop power supply, plug the communication cable connector into the

socket provided.

16



HHT Powerup

Chapter 1

Features, Installation, Powerup

After you install the memory pak and battery, and plug in the cable, you can
test the operation of the HHT by applying power to the SLC 500 controller
or plugging in the external power supply such as the 1747-NP1 or —-NP2.

When the HHT is energized, it performs a series of diagnostic tests. When
the selftest is successfully completed, the following display appears:

SLC 500 PROGRAMM NG SOFTWARE Rel . 2.03

1747 - PTALlE
Al | en-Bradl ey Conpany Copyright 1990
Al Rights Reserved

PRESS A FUNCTI ON KEY OFL
SELFTEST TERM PROGVAI NT UTI LI TY
F1 F2 F3 F4 F5

If any of the testsfail, the failure isindicated by the appropriate message on
the display. For adetailed list of HHT messages and error definitions, refer
to appendix A in this manual.

After powerup, you may perform any of five diagnostic tests using the
selftest function. Press[ F1], SELFTEST. Thefollowing display appears:

SLC 500 SELFTEST UTILITY

OFL
DI SPLAY KEYPAD RAM ROM  WICHDOG
F1 F2 F3 F4 F5

From this menu, you may choose the test you wish to perform. Press[ESC]
to return to the previous screen.

1-7



Chapter 1

Features, Installation, Powerup

HHT Display Format The HHT display format consists of the following:

o display area
e prompt/data entry/error message area
* menu tree functions

The figure below indicates what appears in these areas. To access this

particular screen, press| F3] , PROGMAINT.

Display Area File Nanme: 101 Prog Nanme: 1492
File Nane Type Size(lnstr)
Prompt/Data Entry/Error Area 0 system *
1 Reserved *
Menu tree functions 2 101 Ladder *

are directly accessible. \\ oL~ |
PCHG_NAM ORT_FI L EDT_FIL DEL_FIL MEM MAP >

F1 F2 F3 F4 F5 /
Select menu function keys /

Indicates that the HHT is offline.
When online, the node address and
processor mode are shown.

with [F1] to [F5] keys. When the > symbol is present, pressing [ENTER]
toggles additional menu functions.

1-8



Chapter 1

Features, Installation, Powerup

The Keyboard

FL F2 F3 F4 F5
o | s s s |
P:E/LEN AiC/POS Iu sOPACE ESC
C—|C|C3|cC3ic3
A B C < >
| e |
b) E F

4 5 6 A v
o | s s s |
T R " RUNG | zoom
o | s s s |
# - ' SHIFT

0 : | ENTER
o | s s s |

This section isintended only as a brief preview of keyboard operation.
Starting in chapter 6, you will become familiar with the keyboard as you are
guided through various programming procedures.

Menu Function Keys (F1, F2, F3, F4, F5)

The top row of purple keys, F1 through F5, are menu function keys. They
select the menu functions shown on the bottom line of the display. Note that
when the > symbol is present, the [ ENTER] key will toggle additional menu
functions (if any) at a particular menu level. The[ ESC] key exits the display
to the previous menu level.

Data Entry Keys

These blue keys (A 7, B 8, €9...) include numbers, |etters, and symbols used
for addresses, password, file numbers, and other data. The data you enter
always appears on the prompt/data entry/error message area of the display.

To obtain the upper function of akey, press and release the [ SHI FT] key,
then press the desired key.

If you make an error while entering data, press[ ESC] and re—enter the data,
or use the cursor (arrow) keys and/or the [ SPACE] key to locate and correct
the error. To complete adata entry, press[ ENTER] . You can also use the
[ESC] key to exit the data entry and return to the previous menu level.

Auto Shift

When you enter an instruction address, the HHT automatically goes to
SHIFT mode to enable you to enter the upper function of a key without first
pressing the [ SHI FT] key. This modeisindicated by asmall arrow in the
bottom right hand corner of the display.

zooMon XIc —1 [— 2.6.0.0.*
NAVE: EXAM NE | F CLOSED
BI T ADDR

Indicates that the HHT is in
SHIFT mode (e.g., to enter
ENTER BI T ADDR: A the letter “I" you do not

have to first press SHIFT).
F1 F2 / F3 F4 F5

The data you enter
appears here,
at the cursor location.

1-9



Chapter 1

Features, Installation, Powerup

Cursor Keys a ,a,>,v

Use the four arrow keys to:
* change or modify instruction addresses

* |ocate and correct data entry errors (either type over or use the [ SPACE]
key)

* move the cursor |€ft, right, up, and down in aladder program (rungs not
shown on the HHT display automatically scroll into view as you move the
cursor up [or down] in the program)

» scroll through controller and 1/O configuration selections

» scrall through program file directories

» gcroll through active node addresses

» scroll through the lements and bits of individual datafiles

The <— —> keys move ZOOM on OTE —( )-— 2.1.1.0.2
the cursor left and right NANE: OUTPUT ENERG ZE

between the items of the ~_| BIT ADDR 0:2.0/7

address.

ENTER BI T ADDR (Q0:2.0/7

EDT_DAT ACCEPT
F1 F2 F3 F4 F5

XICl11:2.0/2 NO FORCE 2. 0.1
1 I

EZN
T [

The <— — T ¢ keys
move the cursor left, right,

A AN D

~ e O

]

up, and down in a ladder OFL
diagram. INS RNG MOD RNG SEARCH DEL RNG UND RNG >
F1 F2 F3 F4 F5

1-10



Chapter 1

Features, Installation, Powerup

The T %keys seroll Rack 1 i 1746-A4 4-SLOT RACK
Rack 2 = NONE
through the 1/0 module Rack 3 = NONE
choices in this display. Slot 0 = 1747-L511  CPU-1K USER NMEMORY
Similarly, these keys scroll
through rack and CPU \ Slot 1 = 1746-1A4 4—1 NPUT 100/ 120 VAC
choices in the appropriate ~Slot 1 = 1746-1 A4 4-1NPUT 100/ 120 VAC
displays.
F1 F2 F3 F4 F5
Fi |l e Nane: Prog Name: 2A
File Nane Type Si ze(lnstr)
0 System 217
1 Reserved 0
TheT¢ keys scroll 2 Ladder 30
through user program oFL
files. CHG NAM CRT FIL EDT FIL DEL FIL MEM MAP >
F1 F2 F3 F4 F5
Node Addr. Devi ce Max Addr ./ Oaner
0 APS (31)
L7 TERM NAL (31)
f e 2 5/ 02 (31) *x
The keys scroll
through active node 3 500-20 (31)
Node Addr: O Baud Rate: 19200
addresses. OFL
DI AGNSTC ATTACH NODE CFG OWKNER
F1 F2 F3 Fa F5
Addr ess 15 data 0
B3: 0 0010 0011 0100 1111
T ¢ B3: 1 1000 0010 0000 0000
The <— — keys B3: 2 0000 0000 1110 0000
move the cursor left, right, B3 0000 0000 0100 0000
up and down inadatafile< B3: 4 0101 1101 0100 1000
display. MB3/31 = 1 RUN
ADDRESS NEXT FL PREV FL NEXT PG PREV PG
F1 F2 F3 Fa F5

1-11



Chapter 1

Features, Installation, Powerup

ZOOM and RUNG Keys

The[ zooM key brings up adisplay that shows the parameters of an
instruction.

The[ RUNG key movesthe cursor to a particular rung. Using this key saves
time when you have along ladder diagram. When you press[ RUNG , you are
prompted for the rung number that you want to edit or monitor. Enter the
rung number and press [ ENTER] , the cursor moves to the selected rung and
the rung appears at the top of the display.

TON: T4: 2

N

~

AN~ N
8o

T o

/(| N

[ S Py PP P Y
—————

Press the [ ZOOM key

with the cursor on an
INS RNG MOD RNG SEARCH DEL RNG UND RNG > instruction. The Zoom

F1 F2 F3 F4 F5 display shows the
instruction parameters.

Qe
i

Exit the Zoom displ
ZOOM on TON —( TON) — 2.2.0.0.2 tthe szsgSp ay by
NAVE: TI MER ON DELAY pressing [ ESC] o
TI NER T4: 2 TIME BASE .01 SEC [ ZOOM .
PRESET: 20
ACCUM 0
EDT_DAT
F1 F2 F3 F4 F5
TON: T4: 2 2.6.0.0. %
T 1 £ 1ON—
1 { \
1 [ A\
1 I. { \
T L </
1 { \
P ¢ )
> 4 1 [ C J
OFL
Press [ RUNG] [ 6] [ ENTER] . INS RNG MOD RNG SEARCH DEL RNG UND RNG >
The cursor moves from the Timer F1 F2 F3 Fa F5

rung to the left power rail of rung 6.
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Using the HHT Menu

Chapter 2

The Menu Tree

This chapter guides you through the HHT display menu tree. It isintended
as an overview. For amore detailed introduction to ladder programming,
refer to The Getting Started Guide for HHT, catalog number 1747-NMO009.

The abbreviated function and instruction mnemonic keys you encounter in
this manual and on the HHT displays are explained at the end of this chapter.

Before you begin using the HHT to develop a user program or communicate
online, you should be familiar with the following:

Progressing through Menu Displays

To progress through the HHT menu displays, press the desired function key.
When that display appears, press the next appropriate function key, and so
on.

1. For example, to clear the HHT memory, start from the Main menu.

SLC 500 PROGRAMM NG SOFTWARE Rel . 2.03

1747 - PTALE
Al | en-Bradl ey Conpany Copyright 1990
Al R ghts Reserved

PRESS A FUNCTI ON KEY oFL
SELFTEST TERM PROGVAI NT UTI LI TY
F1 F2 F3 F4 F5

2. Press[F3], PROGMAINT. The following menu is displayed:

File Name: 101 Prog Nane: 1492
File Nare Type Size(lnstr)
0 System 217
1 Reserved 0
2 101 Ladder 465

OFL
CHG NAM CRT_FIL EDT_FIL DEL_FIL MEM MAP >

F1 F2 F3 F4 F5

2-1



Chapter 2

The Menu Tree

The ENTER Key

1. Because the > symbol appearsin the lower right hand corner of the
display, press[ ENTER] to display additional menu functions.

File Name: 101 Prog Name: 1492
File Nane Type Size(lnstr)
0 System 217
1 Reserved 0
2 101 Ladder 465
OFL

EDT_DAT SEL_PRO EDT_I /O CLR_MEM >

F1 F2 F3 F4 F5

2. Press[F4],CLR_MEM to clear the HHT memory. You are asked to

confirm:

File Name: 101 Prog Nane: 1492

File Nane Type Size(lnstr)

0 System 217

1 Reserved 0

2 101 Ladder 465

ARE YOU SURE? OFL

YES NO >

F1 F2 F3 F4 F5

3. Press[F2], YES. Thisdeletesthe current program inthe HHT. After
you confirm, the display returns to the previous menu.

Fil e Nane: Prog Nane: Default
File Narme Type Size(lnstr)
0 System
1 Reserved
2 Ladder
OFL

EDT_DAT SEL_PRO EDT_| /O CLR_MEM >

F1 F2 F3 F4 F5

The ESCAPE Key

Use[ ESC] to exit amenu and move to the previous one.
1. Press[ ESC] to return to the Main menu.

SLC 500 PROGRAMM NG SOFTWARE Rel . 2.03

1747 — PTA1lE
Al l en—Bradl ey Conpany Copyright 1990
Al R ghts Reserved

PRESS A FUNCTI ON KEY OFL
SELFTEST TERM PROGVAI NT UTI LI TY
F1 F2 F3 F4 F5

2-2



The Main Menu

Main Menu Functions

Chapter 2

The Menu Tree

After going through diagnostic tests at startup/powerup, the HHT displays
the Main menu. It consists of the following function keys:

o Sdlftest

e Terminal

* Program Maintenance
e Utility

The display appears as follows:

SLC 500 PROGRAMM NG SOFTWARE Rel . 2.03

1747 - PTAlE
Al | en—Bradl ey Conpany Copyright 1990
Al Rights Reserved

PRESS A FUNCTI ON KEY OFL
SELFTEST TERM PROGVAI NT Ul LI TY
F1 F2 F3 F4 F5

Some of the procedures you may perform from the Main menu are:

SELFTEST, [ F1]

Allows you to test the following components of the HHT:
e display

* keypad

e random access memory

* read only memory

* internal watchdog timer

TERMINAL, [F2]
Allowsyou to:

e configure the HHT for IMC 110 mode (when attached to a
1746-HS module)

* monitor and debug MML programs

PROGRAM MAINTENANCE, [ F3]
Allowsyou to:

* name programs and program files

* create, delete, and edit program files

* create and delete datafiles

* edit datafiles

» select processors and configure the 1/0
* clear HHT memory
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UTILITY, [F5]
Allowsyou to:
* attach online to a processor
— upload and download programs between the processor and HHT
change processor mode
transfer processor memory between RAM and EEPROM
force inputs and outputs
* access nhetwork diagnostic functions
e create or delete processor passwords
* clear processor memory
* monitor the ladder diagram while the processor isin Run mode

The Menu Tree The figures that follow, graphically guide you through the HHT menus and
sub—menus.

Main Menu

KEYPAD

F1 | SELFTEST

F3 [RAM F2 [ pstRucT |
F4 | ROM | F4 | NONDEST |

WTCHDOG

F2 | TERM

F3 PROGMAINT ——— > Referto page 2-6.

F5 UTILITY —— > Refer to page 2-7 to 2-10.
Main Menu Function Key Use For
SELFTEST HHT unit diagnostics
TERM terminal mode for IMC 110
PROGMAINT program development and editing
UTILITY processor/network communications and online monitoring
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Main Menu — Program Maintenance [F3]

[F3 ] PrOGMAINT |

Chapter 2

The Menu Tree

ENTER

—1 F1 [ cHe_NAM F2 | PROGRAM |
—{ F2 [ crRT_FLL :—[: F4 [ FILE |
—{rs [eor AL+ F1 [INsRNG. |+ FL Te.NeT See next
— F2 [ BRANCH FLlexTor ] P
—{ F3 [SEARCH  |——{F1 [cURINs |
—{F4 [oELRNG | - F2 Jcur-opp |
NEW-INS
ENTER MOD_INST
—{F1 [ept pAT  F——{F1 [ADDRESS |
—{r4 [savect | R [nexT L | ENTER
—{Fa Joecre | “Hrs [saveex | H{rs [PrEVAL ]
—{ F5 [MEMmAP ——F1 JcriDT | H{F4a [NexT PG ]
—F2 [oeLor | “Hrs [Prev.re |
—{F1 [eor paT  }——{F1 [ADDRESS |
—{ F2 [ seL_PrO F1 [ TvPE |
—{rs [eoT 0 F1 [ moD_RcK
—{F2 [mop_stt |——Fs JotTHER |
L Irs [apv.ser [%—{F1 [INTSBR |m
— F2 [ mop_seT Legend
© Modular controllers only
= SLC 5/02 only
* Toggle operation
A Enter file number
. * May have to select
- node first
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Program Maintenance [F3] - Ladder Editing

_] [_

F1
Ee

- )
L)
«U)-
OSR

OTHERS

ENTER

TON

FL
TOF

CTD

cTu
F5

RES

HSC

ENTER

F1

OTHERS

GEQ

OTHERS

wl o
wl o 12
w| | w| | |
o
m
L
ol |2 o (7 B~ i Kot
= o w a4
SHIEHEE Yl ol Y
[Ny I WA I W T [Ny I W
v
T =
1 =
w
[ o4
3l|2||g
TWO,nMu
ol |F| |=||O
| || || s
_,EEEF

ADD

FL
suB

MUL
DIV

DDV
NEG
CLR
SQR
FRD
DCD
scL

OTHERS

ENTER
ENTER

{F1 Jmov
—{F2 [mvm |
—{ F3 JanD |

NOT
OTHERS

OTHERS

LBL
JSR
RET
MCR
SBR

INT

STE

STS

[a e

_W._

171 L
1%)
o
a £
o= =
o [ o
| e w0
w| | w

2l el (o] |2l o

2| |5| el |2 | | 2] |2 |2
Q| ol |l |lun] v wl || |3l (=
W e e ) e w| ] ) e

el o

m

L

F4
STD

Sus

TND

OTHERS

F——Ft [avp

ENTER

CPTIMTH
MOV/LOG
FILE

SFT/SEQ
L—{F4 | conTROL

See previous
page.

ENTER

ENTER
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Main Menu - Utility [F5], Default Program in Processor (First Time)

[Fs Jutury — Y—{F1 Jonune  F——{F1 [DpiAGNsTC F1 | NoDE |
. }—[: F5 [ NETWORK |—— F5 [RESET
—{F3 [attacH | F1 JorrNe |
—{ Fa [NopE cF6 F——{F1 [cHG ADR ]
L r3 [BauD F—— F1 [ 19200 |
i—{ F5 [ OwNER FL [ SET OWNR | F2 [ 9600 |
T F5 [ CLR_OWNR | [F3 ] 2400 |m
.
—{ F3 [ PasswrD | F1 [ ENT |

Main Menu - Utility [F5], Default Program in Processor (If Previously Attached to that Processor)

—1 F1 [ oFFLINE }J

[Frs Tumury  FY—{Ft Jonune
—{ F2 [wHo 1 JoiaensTc F1 | NODE |
* T F5 | NETWORK |— 5 [RESET
—{r3 Jartach | F1 Jorrne |
—{ F4 [ nopE cF6 | F1 [cHe_ADR |
Legend
{3 [BAuD ——{ F1 19200 |
L{F2 [owNer F1 [ SET_OWNR | F2 [ 9600 | ¢ Modular controllers only
}—[: F5 [ CLR_OWNR | [F3 ] 2400 |m ® SLC5/02 only
— F3 [ PassWRD |——F1 [ENT | Fi oo m e Toggle operation
A Enter file number
* May have to select
node first
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Main Menu - Utility [F5], Processor Program Does Not Equal HHT Program (First Time)

[r Jutry  Y—F1 Jonune ] F1 [DiaGNSTC }—E: F1 | NODE

. F5 [ NETWORK |—F5 [RESET

— F3 JattacH | F1 [ oFFLINE

—{ F4 [ mopE F——F1 [run |
L{rs Jctrpre | (F3 [TEST F2 | cont |
—{ F4 [NopE cF6 F——{F1 JcHe ADR | '~ F5 [PROGRAM :—[: F4 [siNGLE |
L r3 [ BAUD 71 Fi] 10200 |
—{ F5 [ OWNER F1 [ SET_OWNR |
BT .
—{F3 [ PasswrD | F1 [ENT |
-

Main Menu - Utility [F5], Processor Program Does Not Equal HHT Program (If Previously Attached to that Processor)

[ Junory  FY—{r1 Jonune ] F1 [oFFLNE }J

— F4 [ moDE F1 [RUN | o

L{Fs JcrPre | F3 | TEST ® {F2 Jcont |
F5 | PROGRAM }T[: F4 [sinGle |

— F2 [ wHo F——{ F1 [piaGNsTC }—[: F1 | NoDE

% F5 [NETWORK |—F5 [RESET |

— F3 JartacH | F1 [ oFFLINE

F2 | UPLOAD

DWNLOAD

—{ F4 [ mopE F1 [RUN |
F3 [ TEST F2 | cont |
F5 | PROGRAM | F4 [SINGLE ]

L{Fs Jcr pre
— F4 [ NODE CFG |——{ F1 [ CHG_ADR

L{'rs5 Jowner F1 | SET_ownR |
—{ F3 [ PAssSWRD |——{ F1 [ENT | F5 | CLR OWNR |
PR3] 400 |mw
[ Fs[ 2000 |
-
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Main Menu - Utility [F5], Processor Program Equals HHT Program (First Time)

[Fs Turiry

|_

I—{ F1 [ onune

|_

F1 | NoDE |

—1 F1 [ piagnsTC }—[:

F5 | NETWORK |—— F5 [RESET

Legend

Modular controllers only
SLC 5/02 only

—{F3 [ PasswrD  |—

i—{ F5 [ OWNER F1 [ SET_OWNR |
—{ F1 JEnT |

OFF

4 | REM_ALL

w| [~
s
m
=

F5 | ENABLE .

— r3 [ EDT_DAT

|_

1

F1

3
o
o
)
m
[92]
w

NEXT_FL

3 | PREV_FL

m| |m
IN]

F4 | NEXT_PG

-
o

PREV_PG

|_

" F4 | SEARCH

1

m
AN
(e}
c
3]
=
[

N

| |m|[m
c
o

CUR-OPD

3 | NEW-INS

19200

i

3 2400 L]

i

1200 []

-
a1

FORCE

—{Fs [artacH  F———{F1 Jorrune ] e Toggle operation
A Enter file number
* May have to select
—{ F4 [ mopE F1 [RUN | node first
—{Fs JcLr_pProc | F3 [ TEST F2 | cont |
F5 | PROGRAM :—[: F4 [sinole ]
ENTER
—{ F1 [ PASSWRD F1 [ENT |
—{ F3 | XFERMEM F2 [ MEM_PRC |
—{ F4 [EDT DAT |——{F1 [ADDRESS |
.
L—{rs [monmOR | F1 [MmoDE {1 [run |
—{F3 [ EST F2 | cont |
—{ F4 [ NODE CFG |——{ F1 [CcHG_ADR | "—{F5 [ PROGRAM :—[: F4 [sINGLE |
—{F2 [max abR | FF2 [rorce  }——{F1 Jon |
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Main Menu - Utility [F5], Processor Program Equals the HHT Program (If Previously Attached to that Processor)

=

[Fs umimy

2-10

F{r1 Jonume }
—]{ F4 [ mopE F——F1 [run |
—{rs Jctrproc | F3 [TEST }—[: F2 | cont |
ENTER " F5 [PROGRAM | F4 [SINGLE ]
—{F1 [PasswrD | F1 [ENT |
== Legend
& Modular controllers only
—{ F3 [ xFERMEM F2 [ MEM_PRC | = SLC5/02 only
* Toggle operation
—{F4 [ EDT DAT | F1 | ADDRESS | A Enter file number
* Select node first
F3 [ PREV_FL
.
L{rs [monmor | F1 | mMoDE 1 F1 [run |
—{ F3 [ TEST F2 [ cont
L{F5 [ PROGRAM :—[: F4 [ SINGLE
—F2 [Force {1 Jon |
REM
.
—{ F3 [EDT DAT | F1 [ADDRESS |
L{Fa [searcH ] F1 Jcurins ]
—{F2 Jwro {1 [ownenstc |
* I—{Fs [ NeTworRK  —— F5 [RESET =R | o
— F4 [ NoDE cF6 | F1 [cHe_ADR |
L{rs [BAUD F1 [ 19200 |
L{Fs JownerR F1 [ SET_OWnR | F2 [ 9600 |
}—[: F5 | CLR_OWNR | F3 [ 2400 | m
—{F3 [ PasswRD | F1 [ENT | .
L{Fs JctRMeEM | - F2 [Rem |
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HHT Function Keys and The following table provides alisting of the abbreviated function keys and
Instruction Mnemonics their meanings. The next table provides alist of instruction mnemonics.

Function Keys

Abbreviation Meaning
ACCUM accumulator value
ACP_RNG accept rung
ADDR address
ADV_SET advanced setup
ADV_SIzZ advanced size
APP_BR append branch
B battery
BIN binary number
CAN_ED cancel edit
CAN_RNG cancel rung
CFG_SIZ configure size
CHG_ADR change node address
CHG_NAM change name
CLR_MEM clear memory
CLR_OWNR clear ownership
CLR_PRC clear processor
CONT continuous
CPT/MTH compute/math
CRT_DT create data
CRT_FIL create file
CSN continuous scan
CUR-INS current instruction
CUR-OPD current operand
DEC decimal number
DEL_BR delete branch
DEL_DT delete data
DEL FIL delete file
DEL_INST delete instruction
DEL_RNG delete rung
DEL SLT delete slot
DIAGNSTC diagnostic
DWNLOAD download
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Abbreviation Meaning
EDT_DAT edit data
EDT_FIL edit file
EDT_IIO edit /0
ENT enter
ENT_MAS enter master
EXEC_FILE executable files
EXT_DWN extend down
EXT_UP extend up
F force
FILEPRT file protection
FLT fault
FUTACC future access
HEX/BCD hexadecimal/binary coded decimal number
INDXCHK index across files
INS_BR insert branch
INS_INST insert instruction
INS_RNG insert rung
INT_SBR interrupt subroutine
I/0_MSG I/O message
MAX_ADR maximum node address
MEM_MAP memory map
MEM_PRC memory module to processor
MEM_SIZ memory size
MOD_INST modify instruction
MOD_RCK modify rack
MOD_RNG modify rung
MOD_SET modify setup
MOD_SLT modify slot
MOR_CPT more compute
MOVILOG move/logic
NEW-INS new instruction
NEW_PRG new program
NEXT_FL next file
NEXT_PG next page
NODE_CFG node configuration
OFL offline
OTHERS other instruction choices
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Abbreviation Meaning
PASSWRD password
PRC_MEM processor to memory module
PREV_FL previous file
PREV_PG previous page
PRG program
PRG_SIZE program size
PROGMAINT program maintenance
RLY relay
REM remove
REM_ALL remove all
REM_MAS remove master
SAVE_CT save and continue
SAVE _EX save and exit
SEL_PRO select processor
SET_OWNR set ownership
SFT/SEQ shift/sequencer
SNK sink
SRC source
SSN single scan
TERM terminal
TMR/CNT timer/counter
TRANS transistor
TRI triac
TSTRUNG test single rung
UND_INST undelete instruction
UND_RNG undelete rung
UND_SLT undelete slot
WTCHDOG watchdog
XFERMEM transfer memory

2-13
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Instruction Mnemonics

Mnemonic Instruction
ADD add
AND and
BSL bit shift left
BSR bit shift right
CLR clear
CoP copy file
CTD count down
CTU count up
DCD decode 410 1 of 16
DDV double divide
DIV divide
EQU equal
FFL FIFO load
FFU FIFO unload
FLL file fill
FRD convert from BCD
GEQ greater than or equal to
GRT greater than
HSC high-speed counter
IID /O interrupt disable
IIE /O interrupt enable
1M immediate input with mask
INT interrupt subroutine
IOM immediate output with mask
JMP jump to label
JSR jump to subroutine
LBL label
LEQ less than or equal to
LES less than
LFL LIFO load
LFU LIFO unload
LIM limit test
MCR master control reset
MEQ masked comparison for equal
MOV move
MSG message
MUL multiply
MVM masked move

2-14
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Mnemonic Instruction
NEG negate
NEQ not equal
NOT not
OR or
OSR one-shot rising
OTE output energize
OTL output latch
OoTU output unlatch
PID proportional integral derivative
REF I/O refresh
RES reset
RET return from subroutine
RPI reset pending I/O interrupt
RTO retentive on—delay timer
SBR subroutine
SCL scale data
SQC sequencer compare
SQL sequencer load
SQO sequencer output
SQR square root
STD STI disable
STE STl enable
STS STI start immediately
SUB subtract
Sus suspend
SvC service communications
TND temporary end
TOD convert to BCD
TOF timer off-delay
TON timer on—delay
Xic examine if closed
XIO examine if open
XOR exclusive or

2-15






Program, Program Files, and
Data Files

Chapter

Understanding File Organization

This chapter:

* defines program, program files, and datafiles

* indicates how programs are stored and transferred

* coversthe use of EEPROMs and UVPROMSs for program backup

As explained in the following sections, the program can reside in:
* the Hand—Held Terminal

* an SLC 500 processor

e amemory module

e the APStermina

Notes on terminology: The term program used in Hand-Held Terminal
(HHT) displaysis equivalent to the term processor file used in APS software
displays. These terms mean the collective program files and data files
created under a particular program or processor file.

Most of the operations you perform with the HHT involve the program and
the two components created with it: program files and datafiles.

Program
I N

Program Files Data Files
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Understanding File Organization

Program

A program is the collective program files and data files of a particular user
program. It contains all the instructions, data, and configuration information
pertaining to that user program. The HHT allows only numbers and certain
letters available on the keyboard to be entered for a program name.

The program is atransferable unit. It can be located in the Hand-Held
Terminal (or in the APS programming terminal); it can be transferred to/from
an SLC 500, 5/01, or 5/02 processor, or to/from a memory module located in

the processor.
Program 01 < Program 02 < Program 03
HHT SLC 500 Processor Memory Module
Upload
Download
HHT SLC 500 Processor

The HHT and each CPU hold one program at atime. A program is created
in the offline mode using your HHT. You first configure your controller,
then create your user program. When you have completed and saved your
program, you download it to the processor RAM memory for online
operation. (See page 3-3 for more information on downloading.) You may
a so keep a back—up of your program in the EEPROM memory module
located in the processor.

Program Files

Program files contain controller information, the main control program, and
any subroutine programs. The first three program files are required for each
program. These are:

e System Program (file 0)-Thisfileis awaysincluded and contains

various system related information and user-programmed information
such as processor type, I/O configuration, program name and password.

* Reserved (file 1)— Thisfileis always included and is reserved for internal
controller use.

* Main Ladder Program (file 2)-Thisfileis alwaysincluded and contains
user-programmed instructions defining how the controller isto operate.

e Subroutine Ladder Program (files 3 — 255)—These are user-created and
activated according to subroutine instructions residing in the main ladder
program file.
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Data Files

Data files contain the data associated with the program files. Each program
can contain up to 256 datafiles. These files are organized by the type of data
they contain. Each piece of datain each of these files has an address
associated with it that identifiesit for use in the program file. For example,
an input point has an address that represents its location in the input datafile.
Likewise, atimer in the timer data file has an address associated with it that
allows you to represent it in the program file.

Thefirst 9 datafiles (0 — 8) have default types. You designate the remainder
of the files (9 — 255) as needed. The default types are:

* OQutput (file 0) — Thisfile stores the status of the output terminals or
output information written to speciality modulesin the system.

* Input (file 1) — Thisfile stores the status of the input terminals or input
information read from the speciality modules in the system.

» Status(file 2) — Thisfile stores controller operation information. This
fileisuseful for troubleshooting controller and program operation.

* Bit (file 3) — Thisfileis used for internal relay logic storage.

e Timer (file 4) — Thisfile stores the timer accumulated and preset values
and status hits.

e Counter (file5) — Thisfile stores the counter accumulated and preset
values and the status bits.

e Contral (file 6) — Thisfile stores the length, pointer position, and status
bits for specific instructions such as shift registers and sequencers.

* Integer (file7) — Thisfileisused to store numeric values or bit
information.

* Reserved (file 8) — Thisfileis not accessible to the user.

* User—Defined (file 9 — 255) — These files are user—defined as Bit, Timer,
Counter, Control and/or Integer data storage. In addition, file9is
specifically available as a Communication Interface File for
communication with non—-SL C 500 devices on a DH-485 network.

Downloading Programs

When you have completed your program, it is necessary to transfer it to the
SL C 500 processor in order to run the program. You do this by attaching
your HHT to the processor and using the download function to transfer the
program into the processor RAM. When downloading, you must take the
processor out of the Run mode.

HHT PROCESSOR

| | [ ]
RAM RAM
1000 —— Download —f 1000
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Uploading Programs

When you need to modify a program, it may be necessary to upload the
program from an SLC 500 processor to the HHT. If the original HHT
program is not current or the HHT has been attached to a different processor,
uploading is necessary. Use the upload function to do this. When you are
uploading, you can leave the processor in the Run mode.

— PROCESSOR
" — ]

RAM RAM

1000 l«— Upload 1000

Using EEPROM and UVPROM Memory Modules for Program Backup

An EEPROM or UVPROM memory module can be inserted in SLC 500
controllers. You can use the HHT to transfer a copy of the program in
processor RAM to an EEPROM memory module. UVPROM memory
modul es cannot be programmed by a processor. (You need an external
PROM burner.) You can aso transfer a program from an EEPROM or
UVPROM memory module to the processor’'s RAM memory. Refer to page
14-1 for more information on using EEPROMs and UV PROMS.

/— PROCESSOR —\
RAM

MEMORY
MODULE
Processor
— —> 1000
1000 to Memory
Memory to
Processor




Data File Organization and Addressing

This chapter discusses the following topics:

 datafile organization and addressing

* indexed addressing (SLC 5/02 processors)

e fileinstructions (using the file indicator #)

* creating and deleting data

* program constants

* MO-M1files, G files (SLC 5/02 processors with specialty I/0 modules)

Data files contain the status information associated with external 1/0 and all
other instructions you use in your main and subroutine ladder program files.
In addition, these files store information concerning processor operation.
You can also use thefiles to store “recipes’ and lookup tablesif needed.

Data File Organization

Data Files residing in the processor memory Data Files associated with Specialty I/O modules (SLC 5/02

processors)

0 Qut put i nmage ]
. MO and M1 files

1 I nput i mage ) L )
These data files reside in the memory of the specialty 1/0

2 Status module. Their function depends on the particular specialty 1/0

3 Bit module.

4 Ti mer In most cases, you can address these files in your ladder
program.

5 Count er

6 Control

7 I nt eger

8 Reserved G files

9

See Note bel ow

10-255 Bit, Timer, Counter,
Control, or Integer,
assigned as needed

These data files are the software equivalent of DIP switches.

G files are accessed and edited offline under the I/0
Configuration function. The information is passed on to the
specialty /0 module when you enter the Run or Test mode.

Note: Data file 9 can be used for network transfer on the
DH-485 network. Non-SLC 500 devices are able to read
and write to this file. Data file 9 can be used as an
ordinary data file if the processor is not on a network.
Designate this file as Integer or Bit when using the
network transfer function.

This file is also called “Common Interface File 485CIF” or
“PLC-2 compatibility file.”
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Addressing Data Files

4-2

Data File Types

For the purposes of addressing, each datafile typeisidentified by aletter
(identifier) and afile number.

File numbers 0 through 7 are the default files, created for you. If you need
additional storage, you can create files by specifying the appropriate
identifier and afile number from 9 to 255. This appliesto Bit, Timer,
Counter, Control, and Integer filesonly. Refer to the tables below:

Data file types, identifiers, and numbers

File . File - -
Type Identifier Number User-Defined Files
File File

Output 0 0 i

input | 1 Type |dentifier Number
Status S 2 Bit B

Bit B 3 Timer T

Timer T 4 Counter C 9-255
Counter C 5 Control R
Control R 6 Integer N
Integer N 7

Datafiles contain elements. As shown below, some data files have 1-word
elements, some have 3-word elements. You will be addressing elements,
words, and hits.

Output and Input files have 1-word elements, with each element specified
by slot and word number:

151413121110 9 8 7 6 5 4 3 2 1 0 Element

N O I O ey
011
012

Elements in Timer, Counter, and Control files consist of 3 words:
151413121110 9 8 7 6 5 4 3 2 1 O Word

N I

Status, Bit, and Integer files have 1-word elements:
151413121110 9 8 7 6 5 4 3 2 1 O

Addresses are made up of apha-numeric characters separated by delimiters.
Delimiters include the colon, slash, and period.
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Typica element, word, and bit addresses are shown below:

File File File
. - El t . El t
File  Number Element File  Number emen File  Number emen _
Type i / Type l Word Type i / Bit
N7:15 T4:7.ACC B3:64/15
Element Element Word Element Bit
Delimiter Delimiter  Delimiter Delimiter  Delimiter
An element address Aword address Abit address

The address format varies, depending on the filetype. Thisisexplainedin
the following sections, beginning with file 2, the status file, and following
withfiles0, 1, 3,4, 5, 6, and 7.

Data File 2 — Status

The status file is explained in chapter 27. You can address various bits and
words as follows:

Format Explanation

S | Status file

Element delimiter

S:elb e Element Ranges from 0 to 15 in a SLC 5/01 or fixed controller, 0-32
number ina SLC 5/02. These are 1-word elements. 16 bits per
element.
/ Bit delimiter

b | Bit number Bit location within the element. Ranges from 0 to 15.

Examples:
S:1/15 Element 1, bit 15. This is the “first pass” bit, which you can use to
initialize instructions in your program.

S:3 Element 3. The lower byte of this element is the current scan time.
The upper byte is the watchdog scan time.
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Data Files 0 and 1 - Outputs and Inputs

Bitsin file O are used to represent external outputs. Bitsinfile 1 are used to
represent external inputs. In most cases, asingle 16-bit word in these files
will correspond to a slot location in your controller, with bit numbers
corresponding to input or output terminal numbers. Unused bits of the word
are not available for use.

I/O Addressing for a Controller with Fixed 1/0: In the figure below, a
fixed I/O controller has 24 inputs and 16 outputs. An expansion rack has
been added. Slot 1 of the rack contains a module having 6 inputs and 6
outputs. Slot 2 contains a module having 8 outputs.

The figure shows how these outputs and inputs are arranged in datafiles 0
and 1. For thesefiles, the element sizeis aways 1 word.

The table on the following page explains the addressing format for outputs
and inputs. Note that the format specifies e asthe slot number and s asthe
word number. When you are dealing with file instructions, refer to the
eement ase. s (ot and word), taken together.

Slot ‘ Inputs ‘ Outputs

Slot Numbers 0 24 16
N 1 6 6
0 1 2 2 None 8

110 /0 | 110

Data File 0 — Output Image
1514 1312 1110 9 8 7 6 5 4 3 2 1 0

Slot 0 outputs (0-15) ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ X o0
Slot 1 outputs (0-5) — INVALID a1
Fixed 1/0 Expansion Slot 2 outputs (0-7) | ——— I NVALI D ‘ X‘ Q2

Controller rack

Data File 1 - Input Image
1514 1312 1110 9 8 7 6 5 4 3 2 1 0

Slot 0 inputs (0-15) | X ‘ ‘ ‘ ‘ ‘ ‘ ‘ 1:0
Slot 0 inputs (16-23) I NVALI D X 1:0.1
Slot 1 inputs (0-5) — INVALID X I:1

X See Addressing “Examples,” next page.
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Assign 1/0O addresses to fixed 1/O controllers as shown in the table below:

Format Explanation
O | Output
I Input
Element delimiter
Slot number | o4 0 controller: 0
(decimal)
e left slot of expansion rack: 1
O:eslb right slot of expansion rack: 2
le.s/b Word delimiter. Required only if a word number is necessary as noted
o below.
Word Required if the number of inputs or outputs exceeds 16 for
S | umber the slot. Range: 0 — 255 (range accommodates
multi-word “specialty cards”)
/ Bit delimiter
b Terminal Inputs: 0 to 15
number Outputs: 0to 15

Examples (applicable to the controller shown on page 4-4):

0:0/4
o:217
1:1/4
1:0/115
1:0.1/7

Word addresses:
0:1

1:0
[:0.1

Controller output 4 (slot 0)

Output 7, slot 2 of the expansion rack
Input 4, slot 1 of the expansion rack
Controller input 15 (slot 0)

Controller input 23 (bit 07, word 1 of slot 0)

Output word 0, slot 1
Input word 0, slot 0
Input word 1, slot 0

Default Values: Your programming device will display an address more formally. For example,
when you assign the address 1:1/4, the HHT shows it as 11:1.0/4 (Input file, file #, slot 1, word 0,

terminal 4).
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I/O Addressing for a Modular Controller: With modular controllers, slot
number O is reserved for the processor module (CPU). Slot Oisinvalid asan
1/O dlot.

The figure below shows a modular controller configuration consisting of a
7-dot rack interconnected with a 10-slot rack. Slot O contains the CPU.
Slots 1 through 10 contain I/O modules. The remaining slots are saved for
future 1/0 expansion.

The figure indicates the number of inputs and outputs in each slot and also
shows how these inputs and outputs are arranged in the datafiles. For these
files, the element sizeis aways 1 word.

Slot Numbers

Power | epy Power

Supply Supply
/O | /O | 1O | /O ]| l0O] IO /O | 10| 10| IO

Future Expansion

Modular controller using a 7-slot rack interconnected with a 10-slot rack.

Data File 0 — Output Image
1514 1312 1110 9 8 7 6 5 4 3 2 1 0

Slot | Inputs | Outputs Slot 1 outputs (0-5) INVALID ——— o1
1] 6 6 siot3ouputs-15) | x| [ [ | | | | 03
2 32| None Slot 4 outputs (0-7) I NVALI D 0 4
3 None 16
4 8 8 Slot 5, word 0 outputs (0-15) Xl os
5 None 32 Slot 5, word 1 outputs (0-15) 05.1
6 16 | None Slot 9 outputs (0-15) 09
7 16 None
8 8 Nonhe Slot 10 outputs (0-15) X O 10
9 None 16
10 | None 16 Data File 1 - Input Image
15 14 1312 1110 9 8 7 6 5 4 3 2 1 O
Slot 1inputs (0-5) | ———— INVALID ———— l:1
Slot 2, word 0 inputs (0-15) 1:2
Slot 2, word 1 inputs (0-15) X 1:2.1
Slot4inputs (0-7) | ———— INVALID ——— 4
Slot 6 inputs (0-15) 1:6
Slot 7 inputs (0-15) X 1:7
Slot8inputs (0-7) | ——— I NVALI D 1:8

See Addressing “Examples,” next page.
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The table below explains the addressing format for outputs and inputs. Note
that the format specifies e asthe slot number and s as the word number.
When you are dealing with file instructions, refer to the element ase. s (slot

and word), taken together.

Format Explanation
O | Output
| Input
Element delimiter
Modular Processor:
Oeshb e Slot number | Slot 0, adjacent to the power supply in the first rack,
h (decimal) applies to the processor module (CPU). Succeeding slots
are /O slots, numbered from 1 to a maximum of 30.
le.slb Word delimiter. Required only if a word number is necessary as noted
o below.
S Word Required if the number of inputs or outputs exceeds 16 for
number the slot. Range: 0-31
/ Bit delimiter
b Terminal Inputs: 0 to 15
number Outputs: 0 to 15

Examples (applicable to the controller shown on page 4-6):

0:3/15 Output 15, slot 3
0:5/0 Output 0, slot 5
0:10/11 Output 11, slot 10
[:2.1/3 Input 3, slot 2, word 1
1:7/8 Input 8, slot 7

Word addresses:

05 Output word 0, slot 5
0:5.1 Output word 1, slot 5
I:8 Input word 0, slot 8

Default Values: Your programming device will display an address more formally. For example,
when you assign the address O:5/0, the HHT shows it as 00:5.0/0 (Output file, file #, slot 5, word

0, terminal 0).
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Data File 3 - Bit

File 3isthe bit file, used primarily for bit (relay logic) instructions, shift
registers, and sequencers. The maximum size of thefileis 256 1-word
elements, atotal of 4096 bits. You can address bits by specifying the element
number (0 to 255) and the bit number (0 to 15) within the element. You can
also address bits by numbering them in sequence, 0 to 4095.

You can also address elements of thisfile.

151413121110 9 8 7 6 5 4 3 2 1 0 pgoapent

B3: 0
. B3: 1 .
Bit 14, Element 3 Bit 0, Element 252
Address B3:3/14. B3:2  Address B3:252/0.
Can also be ™~ B3:3 , Canalso be
expressed as bit 62. ‘ ‘ expressed as bit
Address B3/62. I : 4032. Address
y B3/4032.
B3: 252
B3: 253
B3: 254
B3: 255
Format Explanation Examples
B | Bittypefile
File number. Number 3 is the default file. A file B3:3/14
Bf:e/b f | number between 10 — 255 can be used if additional .

storage is required. Bit 14, element 3

Element delimiter

Ranges from 0 to 255. These are

Element . B3:252/0
e 1-word elements. 16 bits per ,
number element. Bit 0, element 252
/ Bit delimiter
. Bit location within the element. B3:9
b | Bit number Ranges from 0 to 15. Bits 0-15, element 9
B | Same as above.
Bf/b f | Same as above. E?;/gg
/ Same as above. :
. Numerical position of the bit within B3/4032
b | Bit number the file. Ranges from 0 to 4095. Bit 4032

Your programming device may display addresses dightly different than what
you entered on the HHT.

The HHT and APS always display the Bf/b format in XIO, XIC, and OTE
instructions.
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Data File 4 — Timers

Timers are 3-word elements. Word 0 is the control word, word 1 stores the
preset value, and word 2 stores the accumulated value. Thisisillustrated
below:

Timer Element
151413121110 9 8 7 6 5 4 3 2 1 0 Word

ENTT DN \ I nternal Use 0
Preset Val ue PRE 1
Accumul at ed Val ue ACC 2
Addressable Bits Addr essabl e Wrds
EN = Bit 15 Enable PRE = Preset Val ue
TT = Bit 14 Timer Timng ACC = Accunul ated Val ue
DN = Bit 13 Done

Bitslabeled “Internal Use” are not addressable.

Assign timer addresses as follows:

Format Explanation

T | Timer

f File number. Number 4 is the default file. A file number between 10 -
Tf:e 255 can be used if additional storage is required.

Element delimiter

Element Ranges from 0 to 255. These are 3-word elements.
number See figure above.

Example: T4:.0 Element 0, timer file 4.

Address bits and words by using the format Tf:e.s/b
where Tf:e is explained above, and:

. is the word delimiter

s indicates subelement

| is the bit delimiter

b indicates hit

T4:0/15 Enable bit

T4:0/114 Timer timing bit

T4:0/13 Done bit

T4:0.1 or T4:0.PRE Preset value of the timer
T4:0.2 or T4:0.ACC Accumulated value of the timer
T4:0.1/0 Bit 0 of the preset value

T4:0.2/0 Bit 0 of the accumulated value
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Data File 5 - Counters

Counters are 3-word elements. Word 0 is the control word, word 1 stores the
preset value, and word 2 stores the accumulated value. Thisisillustrated

below:
Counter Element

151413121110 9 8 7 6 5 4 3 2 1 0 Word Addressable Bits Addr essabl e Wrds
CU = Count up enabl e PRE = Preset

CU CD DN OV UN UA | Internal Use 0 CD = Count down enable  ACC = Accum

Preset Val ue PRE 1 DN = Done bit
Accumul at ed Val ue ACC 2 Ov = Overflow bit

UN = Underfl ow bit
UA = Update accum val ue

(HSC in fixed controller only)

Bitslabeled “Internal Use” are not addressable.

Assign counter addresses as follows:

Format Explanation

C | Counter

f File number. Number 5 is the default file. A file number between 10 — 255
Cf:e can be used if additional storage is required.

Element delimiter

e Element Ranges from 0 to 255. These are 3-word elements. See
number figure above.
Example: C5:0 Element 0, counter file 5.

Address bits and words by using the format Cf:e.s/b
where Cf:e is explained above, and;

. is the word delimiter

s indicates subelement

| is the bit delimiter

b indicates hit

C5:0/15 Count up enable bit

C5:0/14 Count down enable hit

C5:0/13 Done bit

C5:0/12 Overflow bit

C5:0/11 Underflow bit

C5:0/10 Update accum. bit (HSC in fixed controller only)

C5:0.1 or C5:0.PRE Presetvalue of the counter
C5:0.2 or C5:0.ACC Accumulated value of the counter

C5:0.1/0 Bit 0 of the preset value
C5:0.2/0 Bit 0 of the accumulated value
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Data File 6 — Control

These are 3-word elements, used with Bit Shift, FIFO, LIFO, and Sequencer
instructions. Word 0 is the status word, word 1 indicates the length of stored
data, and word 2 indicates position. Thisis shown below:

Control Element Addressabl e Bits Addr essabl e Words

151413121110 9 8 7 6 5 4 3 2 1 0 Word EN = Enabl e LEN = Length
EU = Unl oad Enabl e (FFU, LFU) POS = Position

EN EU DN EM ER UL FDI Internal Use 0 -
DN = Done

Length of Bit array or File 1 EM = Stack Enpty (stacks only)
Posi tion 2 ER = Error , _

UL Unl oad (Bit shift only)

Found (SQC only)

Bitslabeled “Internal Use” are not addressable.

Assign control addresses as follows:

Format Explanation

R | Control file

f File number. Number 6 is the default file. A file number between 10 — 255

Rie can be used if additional storage is required.

Element delimiter

Element Ranges from 0 to 255. These are 3-word elements. See
number figure above.

Example: R6:2  Element 2, control file 6.

Address bits and words by using the format Rf:e.s/b
where Rf:e is explained above, and:

. is the word delimiter

s indicates subelement

| is the bit delimiter

b indicates bit

R6:2/15 Enable bit
R6:2/14 Unload Enable bit
R6:2/13 Done bit

R6:2/12 Stack Empty bit

R6:2/11 Error bit
R6:2/10 Unload bit
R6:2/8 Found bit

R6:2.1 or R6:2.LEN Length value
R6:2.2 or R6:2.POS Position value

R6:2.1/0 Bit 0 of length value.
R6:2.2/0 Bit 0 of position value.
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Data File 7 - Integer

These are 1-word elements, addressable at the el ement and bit level.

Address Data
N7: 0 0 Element 1 has a
N7: 1 495  «—— decimal value of 495.
N7: 2 0
N7: 3 66 - Element 3 has a

decimal value of 66.

Assign integer addresses as follows:

Format Explanation

N | Integer file

f File number. Number 7 is the default file. A file number between 10 — 255
Nf:e/b can be used if additional storage is required.

Element delimiter

e Element Ranges from 0 to 255. These are 1-word elements.
number 16 bits per element.
/| Bitdelimiter

b | Bit number Bit location within the element. 0to 15

Examples:
N7:2 Element 2, integer file 7
N7:2/8 Bit 8 in element 2, integer file 7
N10:36 Element 36, integer file 10 (you designate file 10 as an integer file)
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An indexed address is offset from itsindicated address in the data table.
Indexing of addresses appliesto word addressesin bit and integer datafiles,
preset and accumulator words of timers and counters, and to the length and
position words of control elements. You can also index I/O addresses.

The indexed address symbol is#. When programming, place it immediately
before the file type identifier in the word address. Examples:

e #NT7:2

» #B36

* #T4:0.PRE

 #CG5:1.ACC
* #R6:0.LEN

Offset Value (S:24 Index Register)

An indexed addressin a bit or integer datafileis offset from itsindicated
address by the number of words you specify in word 24 of the statusfile.
Operation takes place at the address plus the offset number of words. If the
indexed addressisword 1 or 2 of atimer, counter, or control element, the
offset value in S:24 is the offset in elements. For example, an offset value of
2 will offset #T4:0.ACC to T4:2.ACC, which is 2 elements (6 words). The
number in S:24 can be a positive or negative integer, resulting in a positive or
negative offset.

You can use more than one indexed address in your ladder program. All
indexed addresses will have the same offset, stored in word S:24. You can
mani pul ate the offset value in your program before each indexed addressis
operated on.

Note that file instructions (SQO, COP, LFL for example) overwrite S:24
when they execute. For this reason, you must insure that the index register is
loaded with the intended value prior to the execution of an indexed
instruction that follows afile instruction.

Example

Suppose that during the operation of the ADD instruction, an offset value of
10 isstored in word S:24. The processor will take the value at N7:12
(N7:2+10) and add it to the value at N10:0. Theresult isplaced at N11:15
(N11:5+10).

— ADD
| ADD
Source A #N7: 2
Source B N10: 0
Dest #N11: 5

4-13
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Creating Data for Indexed Addresses

Datatables are not expanded automatically to accommodate indexed
addresses. You must create this data with the memory map function as
described in chapter 6. In the example on the previous page, data words
N7:3 through N7:12 and N11:6 through N11:15 must be allocated.

Important: Failureto allocate these data file elements will result in an
unintended overwrite condition or a major fault.

Crossing File Boundaries

An offset value may extend operation to an address outside the datafile
boundary. You can either alow or disallow crossing file boundaries. If you
choose to disallow crossing file boundaries, a runtime error occursif you use
an offset value which would result in crossing afile boundary.

You are allowed to select crossing file boundaries only if no indexed
addresses exist in the O: (output), I: (input), or S: (status) files. This
selection is made at the time you save your program. The file order from
start to finishis:

e B3:, T4:, C5;, R6:, N7, x9:, x10: . ..

e x9:and x10: ... areapplication-specific files where x can be of types B,
T,C R, N.

Example

The figure below indicates the maximum offset for word address #T4:3.ACC
when allowing and disallowing crossing file boundaries.

B3:.0
Maximum negative
T4:0.ACC T of -3

#T4:3.ACC
#T4:3.ACC

Maximum.
T4:.9.ACC positive of 6

Crossing file boundaries is disallowed. End of Highest File Created

Crossing file boundaries is allowed.

Crossing file boundaries disallowed: In the example above, the highest
numbered element in the timer datafileis T4:9. This meansthat #T4:3.ACC
can have a maximum negative offset of —3 and a maximum positive offset of
6.

Crossing file boundaries allowed: The maximum negative offset extends
to the beginning of datafile 3. The maximum positive offset extends to the
end of the highest numbered file created.
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Monitoring Indexed Addresses

The offset address value is not displayed when you monitor an indexed
address. For example, the value at N7:2 appears when you monitor indexed
address #N7:2.

Example

If your application requires you to monitor indexed data, we recommend that
you use aMOV instruction to store the value.

—] B‘[?’ _I\/D\/E

1 Sour ce #N7: 2

Dest N10: 2
— ADD ——MM

ADD L
Source A #N7: 2
Source B T4:0. ACC
Dest T4: 1. PRE

N10:2 will contain the data value that was added to T4:0.ACC.

Effects of File Instructions on Indexed Addressing

The# symbol is aso required for addressesin file instructions. The indexed
addresses used in these file instructions also make use of word S:24 to store
an offset value upon file instruction completion. Refer to the next page for a
list of file instructions that use the # symbol for addressing.

ATTENTION: Fileinstructions manipulate the offset value
stored in word S:24. Make sure that you load the correct offset
valuein S:24 prior to using an indexed address that follows afile
instruction. Otherwise, unpredictable operation could occur,
resulting in possible personal injury and/or damage to equipment.

Effects of Program Interrupts on Index Register S:24

When normal program operation is interrupted by the user error handler, an
STI (selectable timed interrupt), or an 1/0 interrupt, the content of index
register S:24 is saved; then, when normal program operation is resumed, the
content of index register S:24 isrestored. This meansthat if you alter the
valuein S:24 in these interrupt subroutines, the system will overwrite your
alteration with the original value contained on subroutine entry.
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File Instructions — Using the
File Indicator #

4-16

File instructions employ user-created files. These files are addressed with
the# sign. They store an offset value in word S:24, just as with indexed
addressing discussed in the last section.

COP  Copy File LFL  (LIFO Load)*

FLL  File Fill LFU  (LIFO Unload)*

BSL  Bit Shift Left SQO  Sequencer Output
BSR  Bit Shift Right SQC  Sequencer Compare
FFL  (FIFO Load)* SQL  Sequencer Load*

FFU  (FIFO Unload)*
* Available in the SLC 5/02 processor only.

ATTENTION: SLC 5/02 processor users

If you are using file instructions and also indexed addressing,
make sure that you monitor and/or load the correct offset value
prior to using an indexed address. Otherwise, unpredictable
operation could occur, resulting in possible personal injury and/or
damage to equipment.

The following paragraphs explain user-created files as they apply to Bit Shift
instructions, Sequencer instructions, and File Copy and File Fill instructions.

Bit Shift Instructions

The figure below shows a user-defined file within bit datafile 3. For this
particular user-defined file, enter the following parameters when
programming the instruction:

* #B3:2 Theaddress of the bit array. This defines the starting bit as bit O
in element 2, datafile 3.

e 58 Thisisthelength of the bit array, 58 bits. Note that the bits “left
over” in element 5 are unusable.

You can program as many bit arrays asyou likein abit file. Be careful that
they do not overlap.

in the Bit Shift instruction.

INVALID

Bit Data File 3
15 0

0
Address of the bit array is #B3:2 ; %
Length of the bit array is 58,
entered as a separate parameter 2 #B3:2

5

6
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Sequencer Instructions

The figure below shows a user-defined file within bit datafile 3. For this
particular user-defined file, enter the following parameters when
programming the instruction:

* #B3:4 The address of thefile. This definesthe starting element as
element 4, hit file 3.

* 6 Thisisthe specified length of the file, 6 elements beyond the starting
address (totals 7 elements).

You can use user-defined integer files or bit files with sequencer instructions,
depending on the application.

You can program as many files as you like within another file. However, be
careful that the files do not overlap.

Bit Data File 3

15 0
0
1
2
3
4 0
5 1
6 2
7 #B34 3
8 4
9 l :
10 6
11

\ \
Address of the user-defined file is #B3:4.

Length of the file is 6 elements beyond the starting
address (elements labeled 0-6 in the diagram).
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File Copy and File Fill Instructions

These instructions manipul ate user-defined files. The files are used as source
or destination parametersin File Copy or File Fill instructions. Files can be
Output, Input, Status, Bit, Timer, Counter, Control, or Integer files. Two
examples are shown below. Note that the file length is the specified number
of elements of the destination file; this differs from the file length
specification for sequencer instructions. Refer to the previous page.

Thefirst exampleis a user-defined file within Data File 7 — Integer. Thefile
iS#N7:14, specified as 6 elements long.

The second example is a user-defined file within Data File 0 — Output Image.
We used this particular data file configuration in regard to I/O addressing on
page 4-6. Here, we are defining afile 5 elements long.

Note that for the output file (and the input file aswell), an element is aways
one word, referenced as the slot and word taken together. For example,
element O:3.0 refersto output file, slot 3, word 0. This defaultsto O:3,
whereword O isimplied.

Address Data File #N7:14
4« Thisfile is 6 elements

% ig 8 long: Elements 14, 15,
N7: 16 0 16, 17, 18, 19.
N7: 17 0
N7: 18 0
N7: 19 0
Data File 0 — Output Image
15 0
— | NVALI D—— o1
HERREE o3 T
—— I NVALID—— o4
o5 #0O 3
05.1 i
a9
0O 10

File #0:3 shown above is 5 elements long: Elements 3, 4,5, 5.1, 9.
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Creating Data The SLC 500 controller provides the flexibility of a user-configured memory.
Datais created, in the Offline mode, in two ways:

Assign addressesto instructionsin your program —When you assign
an address to an instruction in your ladder program, you are allocating
memory space in adatafile. Datafiles are expanded for instructions that
use File Addresses. As more and more addresses are assigned, the
various data files increase in size, according to the needs of your program.
Memory space is allocated in element blocks, beginning with element O.
For example, suppose the first address you assign in your program is
B3/16. Thisallocates two elementsto your program: B3:0, which
consists of bits B3/0 through B3/15; and B3:1, which consists of bits
B3/16 through B3/31. Since B3/16 isthefirst bit of element B3:1, al 16
bits of that element are created, therefore, the highest bit address now
availableto you isB3/31. If thefirst timer element you assign in your
program is T4:99, you allocate timers T4:0 through T4:99. As described
on page 4-9, timers are 3-word elements. By assigning timer T4:100
you alocate 100 elements using 300 words of memory. So whether you
use timers T4:0 through T4:98 later in the program, they are alocated in
memory.

Obvioudly, you can keep the size of your data files to a minimum by
assigning addresses beginning at element O of each datafile, and trying to
avoid creating blocks of addresses that are allocated but unused.

Create fileswith the memory map function — The memory map
function of the programming device allows you to create datafiles by
entering addresses directly, rather than assigning addresses to instructions
in your program. You can create datafiles to store recipes and lookup
tablesif needed.

You create a datafile by entering the highest numbered element you want
to beincluded in thefile. For example, entering address N7:20 creates 21
integer elements, N7:0 through N7:20.

Creating Data for Indexed Addresses

Datatables are not expanded automatically to accommodate indexed
addresses as described on page 4-14. However, the data tables are expanded
for file addresses. You must create this data with the memory map function
as described in chapter 6.

4-19



Chapter 4

Data File Organization and Addressing

Deleting Data

Program Constants

4-20

Deleting data is accomplished only in the Offline mode. There are two ways
to delete the contents of datafiles:

e Clear memory — This deletes your entire program, including all files
except the system program file (0) and the status data file (2).

¢ Usethememory map function — The memory map function allows you
to delete datain individual files or portions of files. For example, you can
delete blocks of addresses that have been allocated but are not being used.

- -
' You cannot delete
! Not Used !
Allocated Space : these files.
L Not Used < Youcan delete
these files.

You cannot delete an element if it is used in your program. Neither can you
delete an unused element if a higher numbered element in the fileisused in
your program. (For example, if you are using element B3:5, you cannot
delete B3:0 through B3:4, even if you aren’t using them in your program.)

Important: Make certain that you do not inadvertently delete data originally
reserved for indexed addressing. Unexpected operation will
result.

You can enter integer constants directly into many of the instructions you
program. Therange of values for most instructions is —32,768 through
+32,767.

Instructions such as SQO, SQC, MEQ, and MVM allow you to enter a hex
mask, which is also a program constant. The hex mask is represented in
hexadecimal, range O-FFFF.

Program constants are used in place of datafile elements. They cannot be
manipulated by the user program. You must enter the offline program editor
to change the value of a constant.

See appendix B in this manual for more information on number systems.
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MO and M1 files are data files that reside in specialty I/0 modules only.
There is no image for these files in the processor memory. The application

of these files depends on the function of the particular specialty 1/0 module.
For some modules, the MO file is regarded as a module output file and the
M1 fileisregarded asamoduleinput file. In any case, both MO and M1 files
are considered read/write files by the SLC 5/02 processor.

MO and M1 files can be addressed in your ladder program and they can also
be acted upon by the specialty 1/0 module — independent of the processor
scan. Itisimportant that you keep the following in mind in creating and
applying your ladder logic:

Important: During the processor scan, MO and M1 data can be changed by
the processor according to ladder diagram instructions
addressing the M0 and M1 files. During the same scan, the
specialty I/0 module can change M0 and M1 data, independent
of the rung logic applied during the scan.

Addressing M0-M1 Files
The addressing format for MO and M1 filesis below:

Mf.e.s/b

Where module

file type (0 or 1)

slot (1-30)

word (0 to max. supplied by module)
bit (0-15)

M
f

e
S
b

Restrictions on Using M0-M1 Data File Addresses

MO and M1 data file addresses can be used in all instructions except the OSR
instruction and the instruction parameters noted bel ow:

Instruction Parameter (uses file indicator #)
BSL, BSR File (bit array)
SQO, SQC, SQL File (sequencer file)
LFL, LFU LIFO (stack)
FFL, FFU FIFO (stack)
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Monitoring Bit Instructions Having MO or M1 Addresses

When you monitor aladder program in the Run or Test mode, the following
bit instructions, addressed to an MO or M1 file, areindicated as false
regardless of their actual true/false logical state.

.S

M:e
—L)
b

M:e.s M:e.s M:e.s M:e.s
— b A ) —(u-

b b
f =file (0 or 1)

When you are monitoring the ladder program in the Run or Test mode, the
HHT display does not show these instructions as being true when the
processor evaluates them as true.

If you need to show the state of the MO or M1 addressed bit, you can transfer
the state to an internal processor bit. Thisisillustrated below, where an
internal processor bit is used to indicate the true/fal se state of arung.

H B3 B3 — EQU MD: 3.0 H
P EQUAL ¢)
0 Source A N7:12 1
Source B N7: 3

This rung will not show its true rungstate because the EQU instruction is always shown as

true and the MO instruction is always shown as false.

H B3 B3 — EQU B3 H
J ] EQUAL )
0 Source A N7:12 2
Source B N7: 3 MD: 1;: 0
1

OTE instruction B3/2 has been added to the rung. This instruction shows the true or

false state of the rung.
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As pointed out earlier, the processor does not contain an image of the MO or
M1 file. Asaresult, you must edit and monitor MO and M1 file datavia
instructions in your ladder program. For example, you can copy a block of
data from a processor datafile to an MO or M1 datafile or vice versa using
the COP instruction in your ladder program.

The COP instructions below copy data from a processor bit file and integer
fileto an MO file. Suppose the datais configuration information affecting
the operation of the specialty I/O module.

First scan bit. It makes this
rung true only for the first
scan after entering the Run
mode.

S1
1 I

1

[
/15

— COP
COPY FI LE
Sour ce #B3: 0
Dest #MD: 1.0
Lengt h 16
— COP
COPY FI LE
Sour ce #N7: 0
Dest #MD: 1. 16
Lengt h 27

The COP instruction below copies data from an M1 datafile to an integer
file. Thistechniqueis used to monitor the contents of an MO or M1 datafile
indirectly, in a processor datafile.

— COP
COPY FI LE
Sour ce #ML: 4. 3
Dest #N10: 0
Length 6
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Access Time

During the program scan, the processor must access the specialty 1/0 card to
read/write MO or M1 data. This access time must be added to the execution
time of each instruction referencing MO or M1 data. The following table

shows approximate access times per instruction or word of datafor the
SLC 5/02 processors.

Access Time per Bit Access Time per
Processor Instruction or Word of Data Multi-Word Instruction
SLC 5/02 Series B 1.93ms 1.58 ms plus 0.67 ms per word
SLC 5/02 Series C 1.16 ms 0.95 ms plus 0.40 ms per word
M: 2.1 ML: 3.1 MD: 2.1
— = = )
1 1 10

If you are using a Series B processor, add 1.93 ms to the program scan time for
each bit instruction addressed to an MO or M1 data file. If you are using a Series C
processor, add 1.16 ms.

— COP
| COPY FILE
Sour ce #B3: 0
Dest #MD: 1.0
Lengt h 34

If you are using a Series B processor, add 1.58 ms plus 0.67 ms per word of data
addressed to the MO or M1 file. This adds 24.36 ms to the scan time of the COP
instruction. If you are using a Series C processor, add 0.95 ms plus 0.40 ms per word.
This adds 14.55 ms to the scan time of the COP instruction.
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Minimizing the Scan Time

You can keep the processor scan time to a minimum by economizing on the
use of instructions addressing the MO or M1 files. For example, XIC
instruction M0:2.1/1 isused in rungs 1 and 2 of figure 1 below, adding
approximately 2 msto the scan time if you are using a Series B processor. In
the equivalent rungs of figure 2, XIC instruction M0:2.1/1 isused only in
rung 1, reducing the scan time by approximately 1 ms.

M:2.1 B3
el ¢ )
1 10

B3 M: 2.1 B3
2 1 1 ¢ )
12 1 14

Figure 1. XIC instructions in rungs 1 and 2 are addressed to the MO data file.
Each of these instructions adds approximately 1 ms to the scan time (Series
B processor).

M:2.1 B3
el ¢ )
1 10

B3 B3 B3
2 1 ¢ )
12 10 14

Figure 2. These rungs provide equivalent operation to those of figure A by
substituting XIC instruction B3/10 for XIC instruction M0:2.1/1 in rung 2. Scan
time is reduced by approximately 1 ms (Series B processor).

The following figure illustrates another economizing technique. The COP
instruction addresses an M1 file, adding approximately 4.29 msto the scan
timeif you are using a Series B processor. Scan time economy is realized by
making this rung true only periodically, as determined by clock bit S:4/8
(clock bits are discussed in chapter 27). A rung such as this might be used
when you want to monitor the contents of the M1 file, but monitoring need
not be on a continuous basis.

S4  BlL ey
1| [ OSR] COPY FI LE
) 0 Sour ce #ML: 4. 3
S:4/8 causes the #M1:4.3 Dest #N10: 0
file to update the #N10:0 file Length 6

every 2.56 seconds.
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Capturing MO-M1 File Data

The first and second figures in the last section illustrate a technique allowing
you to capture and use MO or M1 data asit exists at a particular time. Inthe
first figure, bit M0:2.1/1 could change state between rungs 1 and 2. This
could interfere with the logic applied in rung 2. The second figure avoids the
problem. If rung 1 istrue, bit B3/10 takes a snapshot of this condition, and
remainstruein rung 2, regardless of the state of bit M0:2.1/1 during this
scan.

In the second example of the last section, a COP instruction is used to
monitor the contents of an M1 file. When the instruction goes true, the 6
words of datain file #M1:4.3 is captured as it exists at that time and placed
in file #N10:0.

Specialty I/0O Modules with Retentive Memory

Certain speciaty I/0O modules retain the status of MO-M1 data after power is
removed. Seeyour speciaty I/0O module user’'s manual. This means that an
OTE instruction having an MO or M1 address remains on if it is on when
power isremoved. A “hold-in” rung as shown below will not function asit
would if the OTE instruction were non-retentive on power loss. If therungis
true at the time power is removed, the OTE instruction latches instead of
dropping out; when power is again applied, the rung will be evaluated as true
instead of false.

1

vy)
w
A3
— N

| = |
0 1
M: 2.1
[

1

ATTENTION: When used with a specidity 1/0 module having
retentive outputs, this rung can cause unexpected start—up on
powerup.

You can achieve non-retentive operation by unlatching the retentive output
with the first pass bit at powerup:

: : This rung is true for
Sl‘ lr M2U2\ 1 «— thefirst scan after
J 5.5 ' ’1 powerup to unlatch
M0:2.1/1.
B3 MD: 2.1
] I- [
1T 0 { )
0 1
M: 2.1
] I-
T 0
1
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Some specialty I/0 modules use G (confiGuration) files (indicated in the
specialty 1/0 module user’s manual). These files can be thought of asthe
software equivalent of DIP switches.

The content of G filesis accessed and edited offline under the 1/0
Configuration function. You cannot access G files under the Monitor File
function. Datayou enter into the G fileis passed on to the specialty 1/0
module when you download the processor file and enter the Run or Test
mode.

The following figure illustrates the three G file data formats that you can
select on the HHT. Word addresses begin with the file identifier G and the
slot number you have assigned to the specialty 1/0 module. In this case, the
slot number is 1. Four words have been created (addresses G1:0 through
G1:3).

Important: Word 0 of the G file is configured automatically by the

processor according to the particular specialty 1/0 module.
Word O isread only.

4-word G file, 1/0 slot 1, decimal format

addr ess dat a
GL: 0 XXXX
Gl: 1 0
GlL: 2 0
Gl: 3 0

4-word G file, I/0 slot 1, hex/bcd format

addr ess HEX/ BCD data
GL: 0 XXXX
Gl: 1 0000
Gl: 2 0000
Gl: 3 0000

4-word G file, I/0 slot 1, binary format

addr ess 15 dat a 0
GL: 0 XXXX  XXXX  XXXX  XXXX
Gl: 1 0000 0000 0000 0000
Gl: 2 0000 0000 0000 0000
Gl: 3 0000 0000 0000 0000
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Editing G File Data

Datain the G file must be edited according to your application and the
requirements of the specialty I/0 module. You edit the data offline under the
I/O configuration function only. With the decimal and hex/bcd formats, you
edit data at the word level:
e G1:1 =234 (decima format)

G1:1 = 00EA (hex/bcd format)
* With the binary format, you edit data at the bit level:

Glr19=1

Important: Word O of the G file is configured automatically by the
processor according to the particular specialty I/O module.
Word 0 cannot be edited.



Ladder Programming

Ladder Program Basics

This chapter discusses the basic operation of ladder programs. For amore
simplified introduction to ladder programming, refer to The Getting Sarted
Guide for HHT, catalog number 1747-NMO009. This guide isintended for
the first time user.

The ladder program you enter into the controller’s memory contains bit
(relay logic) instructions representing external input and output devices. It
aso contains other instructions, as described in the section “ The Instruction
Set,” chapters 15 through 26.

As your program is scanned during controller operation, the changing on/off
state of the external inputsis applied to your program, energizing and
de-energizing external outputs according to the ladder logic you have
programmed.

To illustrate how ladder programming works, we chose to use bit (relay
logic) instructions, since they are the easiest to understand. The three
instructions discussed in this section are:

Examine if Closed (XIC)

—1 [— Analogous to the normally open relay contact. For this instruction, we ask
the processor to “Examine if (the contact is) Closed.”

Examine if Open (XIO)

—3/[— Analogous to the normally closed relay contact. For this instruction, we ask
the processor to “Examine if (the contact is) Open.”

Output Energize (OTE)

- Analogous to the relay coil. The processor makes this instruction true
— ) 9 y p

(analogous to energizing a coil) when there is a path of true XIC and XIO
instructions in the rung.

Keep in mind that operation of these instructions is similar but not equivalent
to that of relay contacts and coils. In fact, a knowledge of relay control
techniquesis not a prerequisite for programming the SL.C 500 Programmable
Controller.

These instructions are explained in greater detail in chapter 16, Bit
Instructions.
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A 1-Rung Ladder Program A ladder program consists of individual rungs, each containing at least one
output instruction and one or more input instructions. Variations of this
simple rung construction are discussed in later chapters.

This ladder rung has two input instructions and an output instruction. An
output instruction always appears at the right, next to the right power rail.
Input instructions always appear to the left of the output instruction.

Input Instructions Output Instructions
XIC Xlo OIE
B3 B3 B3

( ).
\

E | E
J \_10_1/\_ /12|

11

XIC = Examine if Closed  Address B3/10
XIO = Examine if Open  Address B3/11
OTE = Output energize  Address B3/12

A Simple Rung, Using Relay Logic Instructions

Note that each instruction in the diagram above has an address. As described
in the chapter 4, this address identifies a location in the processor’s data files,
where the on/off state of the bit is stored. Addresses of the above
instructions indicate they are located in the Bit datafile (B3), bits 10, 11, and
12:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Lofofofs]ofs]ofofofofofafofofo]o]

Bit Data File 3

—Element 0
OTE XIO XIC

Bit Status

In the preceding diagram, we indicated that bit 10 islogic 1 (on), bit 11 is
logic 0 (off), and bit 12 islogic 1 (on). These logic states indicate whether
an instruction istrue or false, as pointed out in the table below.

The status of the instruction is
. XIC X0 OTE
If the datiz table bit | £y amine if Closed Examine if Open Output Energize
— = —3/ —()—
Logic 0 False True False
Logic 1 True False True

From the diagram and table above, we see that the state of bits 10, 11, and 12
indicate that the X1C, XI0O, and OTE instructions of our rung are al true.
The true/false state of instructionsis the basis of controller operation, as
indicated in the following paragraphs.
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Logical Continuity During controller operation, the processor determines the on/off state of the
bits in the data files, evaluates the rung logic, and changes the state of the
outputs according to the logical continuity of rungs. More specifically, input
instructions set up the conditions under which the processor will make an
output instruction true or false. These conditions are:

* When the processor finds a continuous path of true input instructionsin a
rung, the OTE output instruction will become (or remain) true. We then
say that “rung conditions are true.”

*  When the processor does not find a continuous path of true input
instructions in arung, the OTE output instruction will become (or remain)
false. Wethen say that “rung conditions are false.”

The figure below shows the on/off state of output B3/12 as determined by the
changing states of the inputsin the rung.

Input Instructions Output Instructions
XiC XIO OTE
B3 B3 B3
EEa3/E )
10 11 12 |
Inputs Output Bit Status
Time XIC XIOo OTE XIC XIO OTE
ty(initial) False True False 0 0 0
t True True Goes True 1 0 1
t3 True False Goes False 1 1 0
ty False False | Remains False 0 1 0
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Series Logic

Parallel Logic

In the previous section on logical continuity, you have seen examples of
series (And) logic. This meansthat when al input conditionsin the path are
true, energize the output.

Example — Series I nputs
A B C
E 1 E (

In the above example, if A and B are true, energize C.

Another form of logical continuity is Parallel (OR) logic. This means that
when one or another path of logic istrue, energize the outpuit.

Example—Parallel Inputs

A C
|

C \
\J
__t

In the above example, if A or B istrue, energize C.

Use branching to form parallel logic in your user program. Branches can be
established at both input and output portions of arung. The upper limit on
the number of levels which can be programmed in a branch structure is 75.
The maximum number of instructions per rung is 127.
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Input Branching

Use an input branch in your application program to alow more than one
combination of input conditionsto form parallel branches (OR—-logic
conditions.) If at least one of these parallel branches forms atrue logic path,
therung logic isenabled. If none of the parallel branches forms atruelogic
path, rung logic is not enabled and the output instruction logic will not be
true. (Output is not energized.)

Example— Parallel Input Branching

| A B D
1 E—d/E (

In the above example, either A and B, or C provides atrue logical path.

Output Branching

You can program parallel outputs on arung to alow atrue logic path to
control multiple outputs. When thereis atrue logic path, all parallel outputs
become true.

Example — Parallel Output Branching

A C

1 E ()

e |

=4 E (MV)—
E
(U

In the above example, either A or B provides atruelogic path to all three
output instructions.
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With the SLC 5/02 processor, additional input logic instructions (conditions)
can be programmed in the output branches to further condition control of the
outputs. When there is atrue logic path, including extrainput conditions on

an output branch, that branch becomes true.

Example — Parallel Output Branching with Conditions (SL C 5/02 Only)
< |

| A
| = ( )
| = )
B D E
E —1 E ()

In the above example, either A and D or B and D provide atrue logic path
toE

Nested Branching

With the SLC 5/02 processor, input and output branches can be “nested” to
avoid redundant instructions, to speed—up processor scan time, and provide
more efficient programming. A “nested” branch is a branch that starts or
ends within another branch. You can nest branches up to four levels deep.

Example — Nested Input and Output Branches

| C T = ( ).
\ 7/

B E
=

L

(i IEﬂ I‘I:

L [Ny}
u

—~

\|/

L
Ll

T
L

Important: APS allows al branching combinations to be programmed in a
fixed, SLC 5/01, or SLC 5/02 processor. The HHT does not
support nested input or output branches or additional conditions
on output branches to be programmed in afixed or SLC 5/01
processor.
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Nested branches can be converted into non—nested branches by repeating
instructions to make parallel equivalents.

Example
A B C F
— E == = ()
o
E
E
Nested Branch
A B C F
— E 3 E 1 E ()
D C
3 EH
E
T |

Non-nested Equivalent Parallel Branch

5-7



Chapter 5

Ladder Program Basics

A 4-Rung Ladder Program

The following 4-rung ladder program uses the same 3 bit addresses as our
simple 1-rung diagram. It also uses an external input bit address and an
external output bit address. Note that individual bits are addressed
repeatedly. For example, B3/11 is addressed with an XIC instruction in
rungs 1 and 4, and it is addressed with both an XI1C and an OTE instruction
inrung 2.

During normal controller operation, the processor checks the state of the
input datafile bits then executes the program instructions individually, rung
by rung, from the beginning to the end of the program; as it does, it updates
the datafile bits and the appropriate output data file bits accordingly.

When XIC instruction 1:0/1 goes true (because an external momentary push
button closes):

* Rung lisevauated asfase, because XIC instruction B3/11 isfalse at this
time.

* Rung 2isevauated astrue. XIC B3/11 in the branch of this rung goes
true to maintain continuity in the rung.

* Rung 3isevaluated astrue.

* Rung 4 isevaluated astrue because XI1C B3/11 has gone true. The
external device represented by OTE O:0/2 is energized.



Chapter 5

Ladder Program Basics

Application Example

Use the following program to achieve the maintained contact action of an
On-Off toggle switch using a momentary contact push button. (Pressfor
On; press again for Off.)

Thefirst time you press the push button (represented by address 1:0/1),
instruction B3/11 is latched, energizing output O:0/2. The second time you
press the push button, instruction B3/12 unlatches instruction B3/11,
de—energizing output O:0/2. Instruction B3/10 prevents interaction between
instructions B3/12 and B3/11.

1:0.0 B3 B3 B3
1 1L 1L [ {)
1 10 11 12
1:0.0 B3 B3 B3
2 1L 1L 1/ [ {)
1 10 12 11
B3
1 I
1 L
11
1:0.0 B3
3 1L {)
1 10
B3 Q0.0
4 1 I {)
11 2
Status Bit
Rung 1:0/1 B3/10 B3/11 B3/12 0:0/2
1 —1 — |31/ —1 [— — )— —
2 T |3/ ) 3 — |3/ —
3 —3 | )= — — —
4 — — —1 [ — — )—

As previoudly indicated, the processor executes instructions individually,
rung by rung, from the beginning to the end of the program. Thisiscaled a
program scan and it is repeated many times a second. The figure on the next

page indicatesin greater detail what happens during individual scans when
an external input device (represented by 1:0/1) is operated.
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When the state of a bit changes during the scan, the effects this may havein
earlier rungs of the program are not accounted for until the next scan. To
point this out, we have shown successive scans (1000 and 1001, 2000 and

2001, etc.).
XIC Instruction Execution
1:0/1 T = true at time of execution
F = false at time of execution
1:0.0 B3 B3 B3
1 . HE PoE )
10 11 12 Goes Scan 1000 Scan 1001
True
5 |10r0 B13/r 83r B’;\ T—T—F—F T—F—T—F
I L I0 L L X J
1 10 12 11 T—T T—T T—F T—T
B3 F J T J
1 r11 T——— T T——m T
T T T———mmT
1:0.0 B3
3 . )
1 10 Goes Scan 2000 Scan 2001
4 B 0.0 False F—F—T—F F—T—T—F
11 F—FT T—T F—TT—T—T
The diagram above is the same one that appears on the T J T J
preceding page. This diagram is also represented below, F—  F F—  F
with each instruction replaced with a T or F, indicating
the initial True/False status of the instruction. T T T T
Goes Scan 3000 Scan 3001
F—T—F—F True T—T—T—T T—F—F—F
F—T T—F
T—T F—F T—F T—F
P 1 1
F F T—7 T—7
F F F F F————F
The table at the right indicates how the instructions are
executed when XIC instruction .0/1 changes state. Goes Scan 4000 Scan 4001
(1:0/1 represents an external momentary contact push False
button.) F—F—F—F F—T—F—F
F—F T—F F—T T—F
e 1 1
F——F F——F
F——F F

5-10
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Operating Cycle (Simplified)  The diagram below shows asimplified operating cycle, consisting of the
program scan, discussed in the last section, and the 1/0 scan.

I/0 SCAN
PROGRAM SCAN

In the 1/O scan, data associated with external outputsis transferred from the
output data file to the output terminals. (This data was updated during the
preceding program scan.) In addition, input terminals are examined, and the
associated on/off state of the bitsin the input data file are changed
accordingly.

In the program scan, the updated status of the external input devicesis
applied to the user program. The processor executes the entire list of
instructions in ascending rung order. Status bits are updated according to
logical continuity rules as the program scan moves from instruction to
instruction through successive ladder rungs.

The 1/0 scan and program scan are separate, independent functions. Thus,
any status changes occurring in external input devices during the program

scan are not accounted for until the next 1/0 scan. Similarly, data changes
associated with external outputs are not transferred to the output terminals
until the next I/O scan.

Important: The description here does not account for the processor

overhead and communications portions of the operating cycle.
These are discussed in appendix D, Estimating Scan Time.
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The following figures indicate how the operating cycle works for the 4-rung
ladder program discussed on pages 57 through 5-10.

When the Input Goes True

Input Scan

Program
Scan

Input Scan

Program
Scan

Input Scan

Program
Scan

5-12

Scan before input goes true (scan 999).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

o\o\o\o\o\o\o\o\o\o\o\o\o\o\o\o

Input Bit De-energized

et
1:0.0

Instructions are normal
— - intensity. 0.0
1 ¢ )3
6 5 4 3 2 1 0

15 14 13 12 11 10 9 8 7

0\0\o\0\0\0\0\0\0\0\0\0\0\0\o\o

Output Bit De-energized

First scan after input goes true (scan 1000).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0\0\o\o\o\o\o\o\o\o\o\o\o\o\1\0

Input bit energized
1:0.0 Instructions Intensified
a \ Q0.0
El _( >

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

o\o\o\o\o\o\o\o\o\o\o\o\1\0\0\0

Output Bit De—energized

Second scan after input goes true (scan 1001).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

o\o\o\o\o\o\o\o\o\o\o\o\o\o\1\0

Input Bit Energized

1:0.0

Instructions Intensified
B~ NG Q0.0
1 ( ¥

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0\0\0\0\0\0\0\0\0\0\0\0\0‘1‘0\0

Output Bit Energized

Input Data File
1:0

Ladder Program

Output Data File
0.0

Input Data File
1:0

Ladder Program

Output Data File
0.0

Input Data File
I:0

Ladder Program

Output Data File
0:0
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When the Input Goes False

Input Scan

Program
Scan

Input Scan

Program
Scan

Input Scan

Program
Scan

Scan before input goes false (scan 1999).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

o|o|o|o|o|o|o|o|o|o|o|o|o|o|1|o

Input Bit Energized
1:0.0 Instructions intensified
- — \ G0.0
E ( 2

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

o|o|o|o|o|o|o|o|o|o|o|o|o|1|o|o

Output Bit Energized

First scan after input goes false (scan 2000).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0|0|o|0|o|0|0|0|0|0|0|0|0|0|0|o

Input Bit De-energized

1:0.0 !
Instructions are normal
};] E— e intensity. \ O( 0-)0
1 2

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0|0|o|0|o|0|0|0|0|0|0|o|1|o|0|0

Output Bit Energized

Second scan after input goes false (scan 2001).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

o|0|o|0|o|0|0|o|o|o|o|o|o|o|0|o

Input Bit De-energized

ao0.0
— )5

‘ 1:0.0 Instructions are normal
1 E a intensity \

1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

o|o|o|o|o|0|o|o|o|o|o|o|o|o|o|o

Output Bit De—energized

Input Data File
I:0

Ladder Program

Output Data File
0.0

Input Data File
1:0

Ladder Program
Output Data File

0:.0

Input Data File
10

Ladder Program

Output Data File
0.0
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Creating a Program Offline
with the HHT

Chapter

Creating a Program

In this chapter you create aladder program. The tasks you will perform are:
* configure your SLC 500 controller
* name your program

A program is always created offline using the HHT. In creating the program,
you:
1. Clear the memory of the HHT.

2. Configure the processor.
3. Configurethel/O.

4. Name the ladder program and main program file.

Clearing the Memory of the HHT

To create anew program, clear the HHT memory (DEFAULT program).

1. Energizeyour HHT. After it goes through the self—diagnostic tests, the
main menu display appears:

SLC 500 PROGRAMM NG SOFTWARE Rel . 2.03

1747 — PTAlE
Al | en—Bradl ey Conpany Copyright 1990
Al Rights Reserved

PRESS A FUNCTI ON KEY OFL
SELFTEST TERM PROGVAI NT UTI LI TY
F1 F2 F3 F4 F5

6-1
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2. Press[F3], PROGMAINT. Then press[ENTER] to view the additional
menu functions (asindicated by the > symbol in the lower right corner).
The following display appears:

File Nane: Prog Nane: 2345
File Name Type Si ze(lnstr)
0 System *
1 Reserved *
2 Ladder *
OFL

EDT_DAT SEL_PROEDT_I/O CLR_MEM >

F1 F2 F3 F4 F5

3. Press[F4], CLR_MEM. Thefollowing display appears:

File Nane: Prog Nane: 2345
File Nanme Type Si ze(lnstr)
0 System 76
1 Reserved 0
2 Ladder 5
ARE YOU SURE? OFL
YES NO
F1 F2 F3 F4 F5

4. Press[F2], YES. Thisclearsthe HHT memory and the following display

appears:
File Nane: Prog Name: DEFAULT
File Name Type Si ze(lnstr)
0 System *
1 Reserved *
2 Ladder *
OFL
EDT_DAT SEL_PROEDT_I/O CLR_MEM >
F1 F2 F3 F4 F5

Configuring the Controller

After clearing the HHT memory, you must configure the processor and 1/0
structure for your application.

Configuring the Processor

1. Press[F2], SEL_PRO. Thenpress[ F1i], TYPE. Thefollowing display
appears:
Type = 1747-L511 CPU-1K USER MEMORY

Series =
Menmory Size = 1 K | NSTRUCTI ONS

Type = 1747-L511 CPU-1K USER MEMORY
OTHER

F1 F2 F3 F4 F5
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2. Usethecursor keys[ +] or[ ¢ ] thenpress[ ENTER] to select the correct
processor type. For this example, select the 1747-L.511 processor. Since
thisis the default selection on the display, press[ ENTER] . Processor
module 1747-1.511 is entered into memory. The previous display

appears.
3. Press[ ESC to return to the following display:

Fi |l e Nanme: Prog Nane: DEFAULT
File Narme Type Si ze(lnstr)
0 System *
1 Reserved *
2 Ladder *
OFL

EDT_DAT SEL_PROEDT |/ O CLR MEM >

F1 F2 F3 F4 F5

Configuring thel/O
1. Press[F3], EDT_I/O. Thefollowing display appears:

Rack 1 = 1746-A4 4-SLOT RACK
Rack 2 = NONE

Rack 3 = NONE

Slot 0 = 1747-L511 CPU-1K USER MENMORY
Slot 1 = NONE

MOD_RCK MOD SLT DEL_SLT UND_SLT

F1 F2 F3 F4 F5

The display shows that the processor module we just entered is assigned
todlot 0. It aso shows the default rack selection 1746-A4. For this
example you do not have to change the rack selection. If you areusing a
different rack, press[ F1] , MOD_RCK, then[ F1] , RACK 1. Select the
appropriate rack, usingthe[ ¢ ] and[ 1] keys, then press[ ENTER] .

If you are using more than one rack, follow the same procedure for racks
2 and 3. The next task isto assign the I/O module slots. For this
example, usedlots 1, 2, and 3.

2. Press[F2], MOD_SLT.
The following display appears:

Rack 1 = 1746-A4 4-SLOT RACK
Rack 2 = NONE
Rack 3 = NONE
Slot 0 = 1747-L511 CPU-1K USER MEMORY
Slot 1 = NONE
Slot 1 = NONE
OTHER
F1 F2 F3 F4 F5

Sl ot 1 = NONE appears on the prompt line.
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3. Assign the input module found in slot 1 by scrolling with the[ 1 ] key.
For thisexample, pressthe[ 1 ] key onceto assign the 1746-1A4
module. (The[F3], OTHER key isfor configuring 1/0 modules not
found in the list of catalog numbers. See your specialty 1/0 user manual
or instruction sheet for the proper code).

4. Press[ENTER]. The 1746-1A4 ACinput is entered for slot 1. The
following display appears:

Rack 1 = 1746-Ad 4-SLOT RACK

Rack 2 = NONE

Rack 3 = NONE

Slot 0 = 1747-L511 CPU-1K USER MEMORY

Slot 1 = 1746-1A4 4—I NPUT 100/ 120 VAC
MOD_RCK MOD_SLT DEL_SLT UND_SLT

F1 F2 F3 F4 F5

5. Call up another slot number usingthe[ ] and[ t ] keys. Pressthe
[ 11 keyonceforslot 2. Assign the other slots by following the
procedure for slot 1.

Your controller is now fully configured. The configuration can be
changed at any time by using the functions shown here. UND_SLT can
be used to undelete adlot if it is accidently removed or to configure
multiple dlots with the same modul e type.

6. Press[EsC]. Thisreturnsyou to the display shown below.

File Nane: Prog Name: DEFAULT
File Name Type Si ze(lnstr)
0 System *
1 Reserved *
2 Ladder *
3 Ladder *
OFL
EDT_DAT SEL_PROEDT_I/O CLR_MEM >
F1 F2 F3 F4 F5

If needed, use SEL_PRO to change the processor type.
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Configuring Specialty I1/0O Modules— (SLC 5/02 Specific)

When you use a specialty I/O module, you must indicate the type of module
to the HHT. The configuration menu provides alist of available modules to
select from. Each module is pre—configured, so after selecting the module
from the list you have the option of viewing its configuration by pressing
[F5], ADV_SET, advanced setup. Alteration of the fieldsis not
recommended since these fields are pre—configured. However, if you select a
module not listed, you may be required to alter some of thefields. Refer to
your specialty 1/0 module user manual for more information regarding the
required parameters.

To configure a specialty 1/0 module not listed:

1. Configure your SLC 5/02 processor, racks, and standard |/O as described
earlier.

2. Assign the specialty 1/0 module to an open slot in your rack. We are
using slot 6 ina1747-A7, 7—slot rack for the following example. We are
also using the Remote |/O Scanner Module, catalog number 1747—-SN for
this example. Refer to RIO Scanner User Manual, catalog number
1747-NMOO05, for a detailed description of the parameters.

From the previous display press[ F3], EDT_I/Oand| :] fivetimes. The
following display appears:

Rack 1 = 1746-A7 7-SLOT RACK
Rack 2 = NONE

Rack 3 = NONE

Slot 0 = 1747-L524 CPU-4K USER MEMORY

Slot 6 = NONE
MOD_RCK MOD_SLT DEL_SLT UND_SLT ADV_SET
F1 F2 F3 F4 F5

3. Press[F2], MOD_SLT. Thefollowing display appears:

Rack 1 = 1746-A7 7-SLOT RACK
Rack 2 = NONE
Rack 3 = NONE
Slot 0 = 1747-L524 CPU-4K USER MEMORY
Slot 6 = NONE
Slot 6 = NONE
OTHER
F1 F2 F3 F4 F5
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4, Press[F3], OTHER. For the RIO Scanner Module, enter the module ID
code. Type 13608, then press| ENTER] . (For some module ID codes, the
HHT may request additional information). The next display appears:

Rack 1 = 1746-A7 7-SLOT RACK
Rack 2 = NONE

Rack 3 = NONE

Slot 0 = 1747-L524 CPU-4K USER MEMORY

Slot 6 = OTHER 13608

MOD_RCK MOD_SLT DEL_SLT UND_SLT ADV_SET
F1 F2 F3 F4 F5

5. Press[F5], ADV_SET to view or modify the RIO scanner module’'s
parameters:

—————— Advanced 1/ O Configuration ————
Current Subroutine File: 0
Current Configuration File: G5

OFL

I NT_SBR MOD_SET CFG SIZ ADV_SIZ
F1 F2 F3 F4 F5

6. Press[F4], ADV_SIZ to view or modify the I/O and MO/M1 file sizes.

———————— Advanced 1/ 0O Size Setup ———————
Note: All sizes are in words. Slot = 6
Qut put Si ze: 32 M File Size: O
| nput Si ze: 32 ML File Size: O
Scanned Qutput Size: 32
Scanned | nput Size: 32
ENTER SCANNED QUTPUT: 32 OFL

F1 F2 F3 F4 F5

The default for the scanned output sizeis 32 words. In this example, to
reduce the processor scan time, enter 16 words.

7. Type 16, then press[ ENTER] .

The display changes as follows:

———————— Advanced 1/ 0O Size Setup ———————
Note: All sizes are in words. Slot = 6
Qut put Si ze: 32 M File Size: O
| nput Si ze: 32 ML File Size: O
Scanned CQutput Size: 16
Scanned | nput Size: 32
ENTER SCANNED | NPUT: 32 OFL

F1 F2 F3 F4 F5

8. View or modify the remaining parameters by pressing [ ENTER] . Seethe
Remote 1/0 Scanner User Manual, catalog number 1747-NMQ05, for
specific values.
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9. Press[ESC]. Thefollowing display appears:

—————— Advanced |/ O Configuration
Current Subroutine File:
Current Configuration File:

OFL

I NT_SBR MOD_SET CFG SIZ ADV_SIZ
F1 F2 F3 F4

10.Set the G file (configuration file) sizeto 3. Press[F3], CFG_SIZ. The
following display appears:

F5

—————— Advanced 1/0O Configuration —————
Current Subroutine File: 0
Current Configuration File: (€9

ENTER CONFIG FILE SIZE: O OFL
F1 F2 F3 F4 F5

11. Type 3, then press[ ENTER] . You are returned to the previous display.
Press[ F2], MOD_SET to view or modify the G file contents. The
following display appears, with the cursor positioned on G6:0:

Addr ess HEX/ BCD Dat a

&: 0 2020

&6: 1 0000

G6: 2 0000
| >

ELEMENT CANNCOT BE EDI TED! OFL
BI'N DEC HEX/ BCD NEXT_PG PREV_PG

F1 F2 F3 F4 F5

Word 0 of the G file is configured automatically by the processor
according to the particular specialty I/0O module. Word O isread only.
For a description of G files, refer to page 4-27 in this manual.

12.Press[ 1] to edit other wordsin the G file. The display changes as

Indicates Slot 6

follows:

Addr ess HEX/ BCD Dat a

G 1 0000

GB: 2 0000

G5: 0 2020

Gs:1 = 000 OFL
BI N DEC HEX/ BCD NEXT_PG PREV_PG
F1 F2 F3 F4 F5
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13.From this display you may choose the data format you prefer to use to
configure the module for your application: BINary, DECimal,
HEXadecimal/Binary Coded Decimal. Refer to Remote I/O Scanner User
Manual, catalog number 1747-NMOQO05, for a detailed description of the
configuration specifications.

14.When you finish configuring your specialty 1/0 module, press[ ESC] to
return to the previous display:

—————— Advanced |/ O Configuration ————
Current Subroutine File: 0
Current Configuration File: G5

OFL

I NT_SBR MOD_SET CFG SIZ ADV_SIZ
F1 F2 F3 F4 F5

The[F1], INT_SBR, interrupt subroutine number, designates the I/O
event-driven interrupt function that is used with the SLC 5/02 processor
only. Thisfunction alows a specialty 1/0 module to interrupt the normal
processor operating cycle in order to scan a specified subroutine file.
Thisisdescribed in detail starting on page 31-1. Interrupt operation for a
specific module is described in the user’s manual for the module.

Naming the Ladder Program

In addition to configuring your controller, you must give the program a
name, other than DEFAULT, before continuing. When naming your ladder
program, the HHT allows only numbers and certain letters available on the
keypad, to be entered.

Important: Ladder program names may be created on an APS terminal
using the characters A—Z, 09, and underscore ( ). These
programs may be uploaded to and displayed on the HHT.

1. From thisdisplay:

Fil e Name: Prog Name: DEFAULT
File Name Type Si ze(lnstr)
0 System *
1 Reserved *
2 Ladder *
OFL

CHG NAM CRT_FIL EDT_FIL DEL_FIL NEM MAP>

F1 F2 F3 F4 F5
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2. Press[F1], CHG_NAM. Thefollowing display appears:

——————— Change Progranf File Nane —————
Fil e Name:

Program Nane: DEFAULT

OFL
PROGRAM FI LE
F1 F2 F3 F4 F5
3. Press[F2], PROGRAM.
The following display appears:
——————— Change Prograni File Nane ——————
Fi |l e Nane:
Program Nane: DEFAULT
ENTER NAME: DEFAULT OFL
F1 F2 F3 F4 F5

4. Name your program 1000. Type 1000, then press[ SPACE], then
[ ENTER] . The program name is entered and you are returned to the
previous display.

——————— Change Progranf File Nane ——————
Fi |l e Name:
Program Nanme: 1000

OFL

PROGRAM FILE
F1 F2 F3 F4 F5

Important: If you forget to pressthe [ SPACE] key, the program name is now
1000ULT. Whenever you create a new program name or change
the name; if the previous name consists of more characters than
the new one, the [ SPACE] key must be used to clear the
additional characters. To correct the name, repeat the above
procedure.

Naming Your Main Program File

Unlike the ladder program name, it is not required that you name the main
program file. However, amain program file name is helpful, especialy if
there are multiple program files, such as a main program file (alwaysfile 2)
and one or more subroutine files (files 3 through 255).
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1. Continuing from the change name display, press[ F4], FILE. This
display appears:

——————— Change Program File Name ——————
Fil e Nane:
Program Nane: 1000

ENTER NAME: OFL

F1 F2 F3 F4 F5

2. Namethe main program file 222. Type 222, then press[ ENTER] . The
main program file name is entered and you are returned to the previous
menu.

The same restrictions apply to the characters for the main program file
name as to ladder program names. Also, using the [ SPACE] key may be
necessary if you are re-naming the main program file.

3. Exit thismenu leve by pressing [ ESC]. The program maintenance

display appears:
Main Program Program Name
File Name i File Name™ 222  Prog Name: 1000 <
File Name Type Si ze(lnstr)
0 System *
1 Reser ved * File Size
2 222 Ladder *
OFL
CHG NAM CRT_FIL EDT_FIL DEL_FIL MEM MAP >
F1 F2 F3 F4 F5

The program directory now shows the name of the program, whichis
1000 and the name of the main program file, which is 222. The display
also showsthefile sizes. At this point, asterisks (*) are displayed
because no ladder programs are entered.

Passwords Password protection prevents access to a program file and prevents changes
from being made to the program. Each program may contain two passwords,
the password and the master password. The master password overrides the
password. Thisfunction is available for the offline HHT program, from the
utility menu display and for the online processor program, from the attach
display. You can only use numeric—based passwords.
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You can use passwords in the following combinations:

You must enter the password to gain access to the program

Only Password Designated file

You do not have to enter the master password to gain
access to the program file. A master password is used by

Only Master Password Designated itself to allow access if a regular password is accidentally

entered.
Password and Master Password You must enter either the password or the master password
Designated to gain access to the program file.

Generally, if you are using a number of processors, each processor isgiven a
different password, and a master password is applied to all of the processors.
You can use the master password to change or remove any password.

Important: Thereisno password override to defeat the protection. Contact
your Allen-Bradley representative if you are not able to locate
your password.

Entering Passwords

Ordinarily, you do not enter a password until your ladder program is
completed, tested, and ready to be applied. This avoids having to typein the
password each time you edit the program, download, edit again, and so on.

Passwords can consist of up to 10 characters, numbers O through 9.

In this example, enter the password, 123, for program file 1000. Usethe
Offline mode for this procedure.

1. Begin at the utility display:

File Name: 222 Prog Nane: 1000
File Name Type Si ze(lnstr)
0 System *
1 Reserved *
2 222 Ladder *
OFL
ONLI NE WHO PASSWRD CLR_MEM
F1 F2 F3 F4 F5

2. Press[F3], PASSWRD. The following display appears:

File Name: 222 Prog Nane: 1000
File Narme Type Si ze(lnstr)
0 System *
1 Reserved *
2 222 Ladder *
OFL
ENT REM ENT_MAS REM MAS
F1 F2 F3 F4 F5
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3. Press[F1], ENT. Thedisplay prompts you for the password:

File Name: 222 Prog Name: 1000

File Name Type Si ze(lnstr)

0 System *

1 Reserved *

2 222 Ladder *

ENTER NEW PASSWORD: OFL
F1 F2 F3 F4 F5

4. Type123. Noticethat asyou enter the characters, X's are displayed for
security reasons:

File Name: 222 Prog Nane: 1000

File Name Type Si ze(lnstr)

0 System *

1 Reserved *

2 222 Ladder *

ENTER NEW PASSWORD: XXX OFL
F1 F2 F3 F4 F5

5. Press[ ENTER].
You are prompted to verify the password, by re-typing it:

File Nanme: 222 Prog Narme: 1000

File Name Type Si ze(lnstr)

0 System *

1 Reserved *

2 222 Ladder *

RE-ENTER NEW PASSWORD: OFL
F1 F2 F3 F4 F5

6. Type 123 again. The password is now accepted.
7. Cycle power to the HHT for the password to take effect.

After the HHT powers up, you are requested to enter the password if you
press[ F3] , PROGMAINT or [ F5], UTILITY.

Entering Master Passwords

If amaster password isrequired, press[ F3] , ENT_MAS, from the password
menu display. The entry procedure is the same as for a password.
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Removing and Changing Passwords

To remove a password or master password, do one of the following:

Removing Passwords

Removing Master Passwords

1. Press [F3], PASSWRD.

1. Press [F3], PASSWRD.

2. Press [F2], REM

2. Press [F4], REM_MAS.

3. Type existing password and press [ENTER].

3. Type the existing master password and press
[ENTER].

To change a password or master password, do one of the following:

Changing Passwords

Changing Master Passwords

1. Press [F3], PASSWRD.

1. Press [F3], PASSWRD.

2. Press [F1], ENT

2. Press [F4], ENT_MAS.

3. Type existing password and press [ENTER].

3. Type the existing master password and press
[ENTER].

4. Type the new password and press [ENTER).

4. Type the new master password and press
[ENTER].

5. Re-type the new password and press
[ENTER].

5. Re-type the new master password and press
[ENTER].

6. Cycle power to the HHT.

6. Cycle power to the HHT.
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Creating and Deleting
Program Files

Chapter 7

Creating and Editing Program Files

In this chapter you create aladder program. The topics include:
* creating and deleting program files

e editing program files

e using the search function

e creating and deleting datafiles

As described in chapter 2, a program must contain the main program file (file
2) for user—programmed instructions defining how the controller is to
operate. Additional program files may be created for specialized user
defined program routines. User error handler, ST interrupts and interrupt
programs require subroutine program files. These are described later in this
manual. Valid file numbers range from 3 to 255.

Creating a Subroutine Program File using the Next Consecutive File
Number

Create subroutine program file 3.

1. Begin at the program maintenance display.

File Nane: 222 Prog Nane: 1000
File Name Type Si ze(lnstr)
0 System *
1 Reserved *
2 222 Ladder *
OFL

CHG NAM CRT_FIL EDT_FIL DEL_FIL MEM MAP >

F1 F2 F3 Fa4 F5

2. Press[F2], CRT_FIL. Thefollowing display appears.

File Name: 222 Prog Nane: 1000

File Nane Type Si ze(lnstr)

0 System *

1 Reserved *

2 222 Ladder *

ENTER FI LE NUVBER: OFL
F1 F2 F3 F4 F5
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3. To create subroutine program file 3, press[ 3] then [ ENTER] . File3is
created and the following display appears showing subroutine file 3 asa

ladder file.
File Name: 222 Prog Name: 1000
File Name Type Si ze(lnstr)
0 System *
1 Reser ved *
2 222 Ladder *
3 Ladder *
OFL
CHG_NAM CRT_FIL EDT_FIL DEL_FIL MEM MAP >
F1 F2 F3 F4 F5

You may not name any of the subroutine program files using the HHT.
Subroutine program files may be named on an APS terminal. These
programs may be uploaded to, and displayed on the HHT.

Creating a Subroutine Program File using a Non-Consecutive File
Number

In this example create subroutine program file 6.

1. From the above display press[ F2], CRT_FIL.

2. Press[6],then[ ENTER] . File 6 iscreated, but the display does not
change.

3. Pressthe[ 1 ] key 3timesto view file 6.

File Name: 222 Prog Nane: 1000
File Name Type Si ze(lnstr)
. i listed. b 3 Ladder *
These files are listed, but > 4 Undefi ned *
notcreated.  ————F 5 Undefined *
6 Ladder *
OFL
CHG NAM CRT_FILEDT_FIL DEL_FIL MEM MAP >
F1 F2 F3 F4 F5

Notice that files4 and 5 are listed as Undef i ned and file 6, the file you
created, islisted asLadder. Although files4 and 5 are not created, they
are still displayed. You may create the files at alater time by repeating
the above procedure.
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Deleting a Subroutine Program File

All created program files (file numbers 3 — 255) can be deleted. You cannot
deletefilesO and 1. Deleting file 2 deletes al ladder rungsin the main
program file. Attempting to deletefile O, file 1, or an undefined subroutine
file displaysthe FI LE CANNOT BE DELETED! prompt. Inthe caseof a
subroutine file, the error message indicates that a subroutine program file of
a higher number exists.

Delete subroutine program file 6.
1. From the previous display, press[ F4], DEL_FIL.

File Name: 222 Prog Nane: 1000
File Nanme Type Si ze(lnstr)
3 Ladder *
4 Undef i ned *
5 Undef i ned *
6 Ladder *
ENTER FI LE NUVBER: OFL
>
F1 F2 F3 F4 F5

2. You are prompted for the file number to delete. Press[ 6], then [ ENTER] .
The following display appears:

File Nane: 222 Prog Nane: 1000

File Name Type Si ze(lnstr)

3 Ladder *

4 Undef i ned *

5 Undef i ned *

6 Ladder *

DATA/ FORCES | N LAST STATE, DELETE? OFL

YES NO >

F1 F2 F3 F4 F5

3. Press[F2], YESto delete thefile. Refer to appendix A for a description
of HHT messages and error definitions. The following display appears:

File Name: 222 Prog Nane: 1000
File Name Type Si ze(lnstr)
0 System *
1 Reserved *
2 222 Ladder *
3 Ladder *
OFL
CHG NAM CRT_FIL EDT_FIL DEL_FIL MEM MAP >
F1 F2 F3 F4 F5

Now that you have created all necessary subroutine program files, enter a
simple program.
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Editing a Program File

The HHT displays the full address. For example, when
you assign the address 0:3/0, the programming device
displays it as 00:3.0/0 (output file, file 0, slot 3, word 0,
terminal 0).

Indicates the force status of the cursored instruction.

-4

This section describes the following editing techniques:
* entering arung

* adding arung with branching

¢ modifying rungs

¢ modifying instructions

e modifying branches

* deleting branches

* deleting and copying instructions

* deleting and copying rungs

Important: In the following examples, there may be multiple ways to enter
certain instructions. The examples are chosen to show the
simplest methods of programming and editing.

Ladder Rung Display

When you are editing aladder program offline, atypical rung display
appears as follows:

When you locate the cursor on an instruction These numbers in the upper right corner of the display provide
(as shown below), the HHT displays the you with the following ladder program information:
instruction mnenomic and address in the upper )
left corner of the display. file number
rung number
nest level
branch level
instruction number in rung (An
/_ asterisk [*] means the cursor is not
N LA on an instruction, but rather on a
OTE: C0: 3. O/O/VNO FCRCE \Q\ 0.0.2 power rail or a branch.)
b L ( )—‘
<END>
OFL
I NS_RNG MOD_RNG SEARCH DEL_RNG UND_RNG>
F1 F2 F3 F4 F5
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Entering a Rung
To enter arung, do the following:

1. Press[F3], EDT_FIL from the program maintenance display. The
following display appears:

File Nanme: 222 Prog Nane: 1000

File Name Type Si ze(lnstr)

0 System *

1 Reserved *

2 222 Ladder *

3 Ladder *

ENTER FI LE NUMBER: OFL
F1 F2 F3 F4 F5

2. Edit file number 2, the main program file. Press[ 2], then [ ENTER]. The
display shows the END of program statement. No other rungs exist at this
time. Thenumbers 2. 0. 0. 0. * appear in the upper right corner of the
display. Thisindicatesthat you are editing program file 2, and the cursor
islocated on rung O, nest level O, branch level 0, and not presently on an
editable instruction (the cursor is located on the END of program
statement).

2.0.0.0.*
‘ <END>
OFL
INS_RNG MOD_RNG SEARCH DEL_RNG UND_RNG>
F1 F2 F3 F4 F5

3. Press [F1], INS_RNG. Thefollowing display appears:

The | symbol in the power rails
% indicate this rung is being
inserted or edited.

/ 2.0.0.0.% ]
| I
\ <END> |
OFL
INS_INST BRANCH MOD_INST ACP_RN\G >
F1 F2 F3 F4 F5

The Insert Rung command inserts the new rung above the rung where the
cursor is positioned. In this case, since there are no other rungs, the new
rung is placed directly above the END statement. The cursor is now
located on the left power rail of rung 0. Thefirst rung of aprogramfileis
always numbered 0.
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Entering an Examineif Closed Instruction
1. Press[F1], INS_INST. Thefollowing display appears:

2.0.0.0.*
I |
OFL
BIT TMYCNT |I/0O MSG COWARE CPT/ MIH >
F1 F2 F3 F4 F5

2. Press[F1], BIT. Thefollowing display appears:

2.0.0.0.*

I |
OFL

e e e e
F1 F2 F3 F4 F5

3. Press[F1],—] [—, for the examine if closed instruction.
The following zoom display appears:

ZOOMon XIC —} [— 2.0.0.0.*
NAME: EXAM NE | F CLCSED
BI T ADDR This symbol indicates that the
HHT has automatically
shifted for you. You can then
) 4 enter the file type (1, O, S, B,
ENTER BI T ADDR A T,C,R, and N).
F1 F2 F3 F4 F5

4. AttheENTER BI T ADDR prompt, typethe address| : 1/ 0, whichisan
abbreviated form of the address. The display appears as follows:

ZOOMon XIC —} [— 2.0.0.0.*

NANE: EXAM NE | F CLOSED

BI T ADDR

ENTER BI T ADDR |:1/0 A
F1 F2 F3 Fa4 F5

5. Before continuing, make certain that the information entered is correct. If
you entered the wrong instruction by mistake, press[ ESC] twice and
re—enter the correct instruction. If you entered the wrong address, press
[ ESC] once and re—enter the correct address. When al the information
displayed is correct, press[ ENTER] .
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This zoom display, once again gives you a chance to verify that all the
information entered is accurate. Notice that the address displayed is

shown inits full format:

ZOOMon XIC —} [— 2.0.0.0.*
NANE: EXAM NE | F CLOSED

BIT ADDR 11:1.0/0

ENTER BIT ADDR  11:1.0/0
EDT_DAT ACCEPT

F1 F2 F3 F4 F5
6. Press[F5], ACCEPT. Thisinsertsthe instruction and addressinto the
rung. The following rung display appears.

2.0.0.0.*
I 1 [ I
\ <END> |
OFL
4 - 3/~ « ) AL HUV- >
F1 F2 F3 F4 F5

Notice that the cursor is now located on the right power rail of rung 0. In
the next section, the Output Energize instruction isinserted to the left of

the cursor.
Further instructions may be entered in the same way.

Entering an Output Energize Instruction
1. Press[F3],—( )—, for the output energize instruction. The following

display appears:

ZOOM on OTE — )— 2.0.0.0.*

NANE: OUTPUT ENERG ZE

Bl T ADDR:

ENTER BI T ADDR: A
F1 F2 F3 F4 F5

2. Type bit address O 3/ 0, then press[ ENTER] .

ZOOMon OTE  —{ )— 2.0.0.0.*
NANE: OUTPUT ENERG ZE

BIT ADDR: ©0:3.0/0

ENTER BIT ADDR  0:3.0/0
EDT_DAT ACCEPT

F1 F2 F3 F4 F5
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3. Press[F5], ACCEPT, then press[ EsC] twice to move up through the
menu displays. Now press[ F5] , ACP_RUNG.

The following display appears:

M Notice the | symbol in the power
rails has changed to a solid line,
/1- 0.0. */ indicating the rung is accepted
T () into the program.
T [ < ﬂ
<END>

OFL
INS_RNG MOD_RNG SEARCH DEL_RNG UND_RNG>
F1 F2 F3 F4 F5

Important: Saving and compiling your ladder program is explained in
detail, in the next chapter. But before you continue with the
additional editing examples, save the work you have done so
far. Whenever you are adding or editing rungs of a program it
is recommended to periodically save your program. In the
event of a power loss to the HHT, any edits that you have made
up to this point are not recoverable.

4. At thispoint the rung is entered and accepted. Now save this rung and
continue editing. Press[ ENTER] to display additional menu options.

2.1.0.0.*
I { )ﬂ
<END>
OFL
EDT_DAT SAVE_CT SAVE_EX >
F1 F2 F3 F4 F5

5. To save and continue editing, press[ F4] , SAVE_CT, then press| F5],
ACCEPT.

Adding a Rung with Branching

Refer to chapter 5 for a description and example of different types of
branching.
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Adding a Rungto a Program

1. From the previous display, press[ ENTER] for the additional menu
functions. The following display appears.

2.0.0.0.%
1 [ { )ﬁ
<END>
OFL
INS_RNG MOD_RNG SEARCH DEL_RNG UND_RNG>
F1 F2 F3 F4 F5

2. Pressthe[ 1] key once to place the cursor on the END of program
Statement.

3. Press[F1], INS RNG. Theinsert rung function always places the new
rung above the rung on which the cursor is positioned. This places the
new rung between the first rung and the END of program statement. |f you
did not move the cursor, the new rung is inserted above the original rung.
The display appears as follows:

2.1.0.0. * Position of the new rung
indicated by the | symbol
| 1 () in the power rails.
I‘ 10 < —=1 P
‘ (END> ‘
OFL
INS_RNG MOD_RNG SEARCH DEL_RNG UND_RNG>
F1 F2 F3 F4 F5

4. Press[F1], INS INST, then[F1], BIT, then[F1],—] [—. The
following display appears:

ZOOMon XIC —} [— 2.1.0.0.*

NANE: EXAM NE | F CLOSED

BI T ADDR

ENTER BI T ADDR: A
F1 F2 F3 F4 F5
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5. Enter the address for the first examineif closed instruction. Type the
address | : 1/ 0, then press[ ENTER], then[F5], ACCEPT. Thefollowing
display appears with the cursor positioned on the right power rail:

2.1.0.0.*

[ £ )—

I 11 I

‘ <END> ‘
OFL

il e B e (i (V
F1 F2 F3 F4 F5

6. Enter the output energize instruction. Press[F3],—( )—. The
following zoom display appears:

ZOOM on OTE — )— 2.0.0.0.*

NANE: OUTPUT ENERG ZE

BI T ADDR

ENTER BI T ADDR: A
F1 F2 F3 F4 F5

7. Typethe address G 3/ 1, then press[ ENTER] , then [ F5] , ACCEPT. The
cursor is now positioned on the output energize instruction and the
following display appears:

OTE: 00: 3.0/ 1 NO FORCE 2.1.0.0.2
P ~
\ ] ()
Notice that with the cursor placed |‘ i % 2 );_I‘-> The cursor location is also

on the output instruction, the ‘ displayed in the upper right
instruction mnemonic and <END> ‘ corner. This indicates that the

address are displayed in the cursor is located in program file
upper left corner. 2,rung 1, nest level 0, branch

COFL
- 3/ «)>- AL AU > level 0 and on the second

instruction in the rung.
F1 F2 F3 F4 F5
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Entering a Parallel Branch
The five branching instructions available on the HHT are listed below.

Function Key Description

, Extend Up s a parallel branch above the cursored branch.
[F1], Extend U Add llel branch above th d branch
[F2], Extend Down Adds a parallel branch below the cursored branch.
[F3], Append Branch Places the starting point of a branch to the right of the

+ APp cursored instruction or at the cursor.
[F4], Insert Branch Places the starting point of the branch to the left of the

' cursored instruction or at the cursor.
[F5], Delete Branch Removes a branch and the instructions within the branch

' from a rung.

In this example use the insert branch command. The other branching
commands are described starting on page 7-19.

1. Starting from the previous display, press[ ESC] twice to bring up the
following menu display:

OTE: 00: 3.0/ 1 NO FORCE 2.1.0.0.1
1 [ £ )—
I— [ £ )—I
‘ <END>. ‘
OFL
I'NS_I NST BRANCH MOD_I NST ACP_RNG >
F1 F2 F3 F4 F5

2. Press[F2], BRANCH. The display shows the various branching
instructions:

OlE: 00: 3.0/ 1 NO FORCE 2.1.0.0.1

[ { )—

I— [ ¢ )—I

‘ < END> ‘
OFL

EXT_UP EXT_DWN APP BR INS BR DEL_BR
F1 F2 F3 F4 F5
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3. With the cursor still on the output energize instruction, press
[F4], INS BR.

The display changes as follows:

2.1.0.0.*

)—]

I )—I
v

‘ <END> ‘

SELECT BRANCH TARGCET, PRESS ENTER OFL

i B Y
—_——
o~~~

F1 F2 F3 F4 F5

The insert branch instruction places the start of the branch to the left of
the cursor position. (You choose the direction of the branch target by
usingthe[ <] or[ -] keys.)

4. The cursor is now positioned on the branch start and you are prompted to
move the cursor to the branch target. Pressthel —] key once. The cursor
is now positioned to the left of the examineif closed instruction:

2.1.0.0.*

)—

| )—I
v

‘ <END> ‘

SELECT BRANCH TARCET, PRESS ENTER OFL

[ -
—_—r—
o~~~

F1 F2 F3 Fa4 F5
5. Press[ENTER]. The branch isinserted around the examine if closed
instruction:
2.1.1.1.*
. £ )—
I [ £ )—1I
[ [
‘ <END> ‘
OFL
EXT_UP EXT_DWN APP_BR INS BR DEL_BR
F1 F2 F3 F4 F5

Inserting an Instruction Within a Branch
1. Press[EsC to display the previous editing menu.

2.1.1.1.*

[ £ )—
I [ £ )—1
| |
‘ <END> ‘
OFL

INS_INST BRANCH MOD_ | NST ACP_RNG >

F1 F2 F3 F4 F5
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2. Press[F1],INS_INST, then[F1], BIT, then[F1], —] [—.
The zoom display prompts you for the bit address:

ZOOMon XIC —} [— 2.1.0.0.*

NANE: EXAM NE | F CLOSED

BI T ADDR:

ENTER BI T ADDR: A
F1 F2 F3 F4 F5

3. Typetheaddress|: 1/ 1, then press[ ENTER] , then [ F5], ACCEPT. The
display appears as follows:

2.1.1.1.*
| 1 [ g )
I 1 EJ < )—I
‘ (END> ‘
OFL
i Ve O e O el (Ve
F1 F2 F3 F4 F5

4. To accept the new rung into your program, press[ ESC] twice, then
[F5], ACP_RNG. Therungisnow apart of your program, as indicated
by the absence of | 'sin the power rails:

2.2.0.0.*

| ;
Ly
<END>

OFL
INS_RNG MOD_RNG SEARCH DEL_RNG UND_RNG>
F1 F2 F3 F4 F5

o~~~

5. Press[ ENTER] for additional menu options, then press[ F4] , SAVE _CT, to
save and continue editing, then press|[ F5] , ACCEPT.
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Modifying Rungs

In the previous two examples you created rungs by inserting them into the
program. After rungs are part of aladder program, you can modify those
rungs offline, at any time.

Adding an Instruction to a Rung

In this example, add an examineif closed instruction to the first rung (rung
0) of your program. The modified rung should appear as follows.

H 1:1.0 1:1.0 03.0 H

H b L b L ()

\ J
0 2‘&\\

Add this instruction to the rung.

By adding an examine if closed instruction to this rung, you are creating a
rung of serieslogic, that is: when input 1:1.0/0 and input 1:1.0/2 are both
energized, output O:3.0/0 is energized.

1. From the previous display, press[ ENTER] to display the additional menu

functions.
The cursor is located on the left
power rail of rung 0. 2.0.0.0. %
A
! { )
il {
[ { )—
ERE
<END>
OFL
INS_RNG MOD_RNG SEARCH DEL_RNG UND_RNG >
F1 F2 F3 F4 F5

2. To place the new instruction between the existing input and output
instructions, pressthe[ -] key twice to place the cursor on the output
instruction. The display changes as follows:

OTE: 0: 3.0/ 0 NO FORCE 2.0.0.0.2
\

Notice that with the cursor placed — | 1 [ { )?J———> The cursor location is also

on the output instruction, the 10 { )— displayed in the upper right
instruction mnemonic and L] J corner. This indicates that the
address are displayed in the [ < > cursor is located in program file
upper left corner. END. 2,rung 0, nest level 0, branch

OFL level 0 and on the second

INS_RNG MOD RNG SEARCH DEL_RNG UND_RNG> instruction in the rung.

F1 F2 F3 F4 F5

3. Press[F2], MOD_RNG then[F1], INS INST, then[ F1], BIT for the
following display to appear:

OTE: 00:3.0/0 NO FORCE 2.0.0.0.2
I— [ { )
1 [ { )—
Ly
<END>

OFL
—+ = A= A A LY >

F1 F2 F3 F4 F5
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4. Press[F1], —] [— for the new examineif closed instruction. The
following zoom display appears:

ZOOMon XIC —} [— 2.0.0.0.2

NANE: EXAM NE | F CLOSED

BI T ADDR:

ENTER BI T ADDR: A
F1 F2 F3 F4 F5

5. AttheENTER BI T ADDR prompt, type the address| : 1/ 2, then press
[ ENTER] .

6. Press[F5], ACCEPT. Thisinsertstheinstruction and addressinto the
rung. The following display appears:

OTE: @0:3.0/0 NO FORCE 2.0.0.0.3
I 1 [ 1 [ ¢ )—l
] { )—
.
<END>.
OFL
4= 3= 4> A (Y- >
F1 F2 F3 F4 F5

7. Press[ESC] twice. Then press[ F5], ACP_RNG.

The new examineif closed instruction is now part of your rung, as
indicated by the absence of 1 ’sin the power rails.

2.1.0.0.*
3 [— [ f )
0 | %
END oFL
I NS_RNG MOD_RNG SEARCH DEL_RNG UND_RNG>

F1 F2 F3 F4 F5

Once again, press[ ENTER] , then [ F4] , SAVE_CT, then [ F5] , ACCEPT to
compile and save these edits, and continue editing.
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Modifying Instructions

In the previous example you modified arung by adding an instruction to the
rung. Anocther function available in the HHT isthe ability to modify
instructions. Instructions may be edited by changing the address and/or
changing the type of instruction. The following examples show you how to
do both.

Changing the Address of an Instruction

Change the address of the second examine if closed instruction, in the first
rung (rung 0) of the program, from 1:1.0/2 to 1:1.0/1. The new rung should
appear asfollows:

H [:1.0 1:1.0 3.0 H
H ] [ 1 I- { )

) H

10
0 1 0

Change this address.

1. From the previous save and continue display, press[ ENTER] . The
following display appears:

2.0.0.0.*
1 [ 1 [ {)
1 (
1 [ { )—
E
<END>
OFL
INS_RNG MOD_RNG SEARCH DEL_RNG UND_RNG>

F1 F2 F3 F4 F5

2. To change the address of the second examine if closed instruction, press
[ -] twice

3. With the cursor positioned on the examine if closed instruction with
address11: 1. 0/ 2, press[ F2] , MOD_RNG. The following display

appears:

XIC11:1.0/2 NO FORCE 2.0.0.0.2
s | 1 [ { )—1
L} [J { )—
[
<END>
OFL
INS | NST BRANCH MOD | NST ACP_RNG >
F1 F2 F3 F4 F5



Chapter 7

Creating and Editing a Program File

4. Press[F3], MOD_INST, then[ zooM .

The following display appears with the cursor on the first character of the
instruction address, on the prompt line:

ZOOMon XIC —} [— 2.0.0.0.2
NANE: EXAM NE | F CLOSED
BIT ADDR 11:1.0/2

ENTER BIT ADDR 11:1.0/2

EDT_DAT ACCEPT
F1 F2 F3 F4 F5

5. To change the address:
* either write over the 2 with a1 by pressingthe[ —] key seventimes
to position the cursor over the 2, then press| 1] , then [ ENTER]
e or enter the entire new address and then press[ ENTER]

Important: When using the second method, you must pressthe [ SHI FT]
key for thefiletype (I, O, B...). Also, if the previous address
contains more characters than the new one, you must use the
[ sSPACE] andthe[ -] keysto clear each remaining character
before pressing [ ENTER] .

When the new address is displayed on the prompt line:

ZOOMon XIC —} [— 2.0.0.0.2
NANE: EXAM NE | F CLOSED
BIT ADDR 11:1.0/1

ENTER BIT ADDR  11:1.0/1

EDT_DAT ACCEPT
F1 F2 F3 F4 F5

6. Press[F5], ACCEPT. Thedisplay returnsto the ladder display, and the
addressis changed, as indicated in the upper left corner.

XICl11:1.0/1 NO FORCE 2.0.0.0.2
I | 10 { )—l
] [J { )—
L
<END>

OFL
BIT TMRCNT |/O MSG COMPARE CPT/ MIH

F1 F2 F3 F4 F5

7. To accept the new address, press[ ESC] once to display the proper menu,
then press[ F5] , ACP_RNG.

8. Savethe changes.
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Changing an Instruction Type

Change the second examine if closed instruction, in the first rung of the
program, to an examine if open instruction. Keep the same address for the
new instruction. The new rung should appear as follows:

H 1:1.0 1:1.0 03.0 H
1L 1/ [ {)
H 0o i |

Change this instruction type.

1. From the previous save and continue display, press[ ENTER] . The
following display appears:

2.0.0.0.*

10 10 £ )

] 4

il { )—
Ef.

<END>
OFL

INS_RNG MOD_RNG SEARCH DEL_RNG UND_RNG >

F1 F2 F3 F4 F5

2. To change the examineif closed instruction, pressthe[ -] key twice.
With the cursor positioned on the examine if closed instruction with
address|1: 1.0/ 1, press[ F2] , MOD_RNG. Thefollowing display

appears:
XICl1:1.0/1 NO FORCE 2.0.0.0.2
I —1 [ 1 [ { )—1
] [J { )—
L
<END>
OFL
INS | NST BRANCH MOD | NST ACP_RNG >
F1 F2 F3 F4 F5

3. Press[F3], MOD_INST, then[ F1], BIT,then[F2] ,—] / [—. The
following zoom display appears.

ZOOMon XIO —}/[— 2.0.0.0.2
NANE: EXAM NE | F OPEN
BIT ADDR 11:1.0/1

ENTER BIT ADDR  11:1.0/1

EDT_DAT ACCEPT
F1 F2 F3 F4 F5
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4. Since al theinformation is correct, press| F5] , ACCEPT.

The new instruction is inserted into the rung.

XICl1:1.0/1 NO FORCE 2.0.0.0.2
—3 /1 ()
o ¢ —
Ly )
END>
OFL
4 A )~ ~A)— U >
F1 F2 F3 F4 F5

5. To accept the new instruction, press[ ESC] twice to display the proper
menu, then press[ F5] , ACP_RNG.

6. Save the changes.

Modifying Branches

Earlier in this chapter you programmed a rung containing a branch, using the
insert branch function. The branch menu contains several different
branching functions. This example deals with those functions.

Extending a Branch Up

Use the extend branch up command to create a new branch level on an
existing branch, above your cursor location. The new branch shares the same
start and target locations as the branch on which the cursor islocated. In this
example, modify rung 1 of your program to appear as follows:

1:1.0 G3.0
] { )
1 \ J
0 1
B3 B3 /,/ Add this branch to the rung.
[— [
1 2
1:1.0
[
1

1. From the previous save and continue display, press[ ENTER] . The
following display appears:

2.0.0.0.*
1 [—/I

)
0 %
<END>

OFL
I NS_RNG MOD_RNG SEARCH DEL_RNG UND_RNG >
F1 F2 F3 F4 F5

o~~~
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2. Because the cursor is positioned on the left power rail of rung O, move the
cursor to a position within nest level 1, branch level 1 of rung 1; by
pressingthe[ :] key, thenthe[ -] key, thenthe[ 1] key.

The display changes to the following:

2.1. 11|
1 [ H( £ ) — Cursor Location
L%«[L—l/ ¢t )—
' <END>
OFL
INS_RNG MOD_RNG SEARCH DEL_RNG UND_RNG>
F1 F2 F3 F4 F5
3. Press[F2], MOD_RNG, then[F2] , BRANCH. The following menu
display appears.
2.1.1.1.%
—1 31 ¢ )
1 (
| 1 [ { )
OFL
EXT_UP EXT_DWN APP_BR INS_BR DEL_BR
F1 F2 F3 F4 F5

4. Press[F1], EXT_UP Thedisplay changes asfollows:

2.1.1.1.~

_‘

)
Y—

— [—3/1
b

o~~~

| 3= |
<END> oL

EXT_UP EXT_DWN APP_BR INS BR DEL BR
F1 F2 F3 F4 F5

5. Press[ESC]. The proper menu is displayed:

2.1.1.1.*

3 —31 )—
| )—I

| :

~—~ A~

| 3 = <END> |
EN
OFL
INS_I NST BRANCH MOD_I NST ACP_RNG >
F1 F2 F3 F4 F5
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First insert the examine if closed instruction with address B3/1, by
pressing [ F1], INS_INST, then[ F1], BIT, then[F1],—] [—.

In the zoom display type the address B3/ 1, then press[ ENTER] , then,
[F5], ACCEPT. Thedisplay appears asfollows:

2.1.1.1.*
—
)_

[

‘ 1 [ 1 [
} |
L
[
‘ <END> ‘

4= i ) ) «G- >
F1 F2 F3 F4 F5

o~~~

Now insert the examine if closed instruction with address B3/2. Since the
cursor islocated on theright rail of the branch, press[ F1], —] [—.

In the zoom display type the address B3/ 2, then press[ ENTER] , then
[F5], ACCEPT. Thedisplay appears asfollows:

2.1.1.1.*
3 —3/1 ¢ )—|
l—1 [ £ )—I
e |
‘ [ <END> OFL‘
= = = ) ) 0
F1 F2 F3 Fa4 F5

Notice that the length of both branches has increased .

Press[ ESC] twice to return to the proper menu. Then press
[F5], ACP_RNG.

Save the changes.
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Extending a Branch Down

Use the extend branch down command to create a new branch level on an
existing branch, below your cursor location. The new branch shares the same
start and target locations as the branch on which the cursor islocated. In this
example, modify rung 1 of your program to appear as follows:

1:1.0 G3.0
] [ { )
1 v/
0 1
B3
1
1:1.0
— [1 | /—/ Add this branch level to the rung.
B3
—1 [
3

1. From the previous save and continue display, press[ ENTER] . The
following display appears:

2.0.0.0.*
| 0)
| ()
E 1 [—
[ <END> oL
INS_ RNG MOD RNG SEARCH DEL RNG UND RNG >
F1 F2 F3 Fa F5

2. Because the cursor is positioned on the left power rail of rung O, move the
cursor to a position within nest level 1, branch level 2 of rung 1; by
pressingthe[ ] key , thenthe[ -1 key, thenthe[ :] key twice. The
display changes to the following:

2.1.1.2.*

] ({ ™
1 ¥
E [ ————+

)
I Cursor Location
<END> oL

| NS_RNG MOD_RNG SEARCH DEL_RNG UND_RNG >
F1 F2 F3 F4 F5
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3. Press[F2], MOD_RNG, then[ F2] , BRANCH.
The following menu display appears:

| 2.1.1.2.*

—1 —3/1 =

el € )

I t” [ 1 [— I
| [

<
END> OFL
EXT_UP EXT DWN APP BR INS BR DEL BR
F1 F2 F3 F4 F5

4. Press[F2], EXT_DWN. Thedisplay changes as follows:

2.1.1.3.*

—|
)—

H 1

[
[
[— [—
[—

o~~~

LI1lL

|

|

oFL!

EXT UP EXT DW APP BR INS BR DEL BR
F1 F2 F3 Fa F5

5. Press[ESC]. The proper menu is displayed:

| 2.1.1.3.*
—1 —3/1 ¢ )—
I—3 [ ¢ )>—
L — [— I
[ [
| oL
I'NS_| NST BRANCH MOD | NST ACP_RNG >
F1 F2 F3 F4 F5

6. Now insert the examineif closed instruction with address B3/3, by
pressing [ F1], INS_INST, then [F1], BIT, then[F1], —] [—.

7. Inthe zoom display type the address B3/ 3, then press [ ENTER] , then,
[F5], ACCEPT. Thedisplay appears asfollows:

2.1.1.3.*

)—|
)—

! { H 1
[— [—

|

[——— [
] |
= i ) ) «G- >

F1 F2 F3 F4 F5

o~~~

m_. —

Notice that the length of the newest branch is the same as the rest.

8. Press[ ESC] twiceto return to the proper menu. Then press
[F5], ACP_RNG.

9. Savethe changes.
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Appending a Branch

Use the append branch command to place the start of a branch to the right of
the cursor location. In this example, you use the append branch command to
create aparallel output branch. Modify rung 1 of your program to appear as
follows:

1:1.0 3.0
1 [ {)
O j
B3 B3 G3.0 Add this branch to the rung.
- g
—1 [1—] [——H)
1:1.0
[
1
B3
—1 [
3

1. From the previous save and continue display, press[ ENTER] for the main
editing display menu:

2.0.0.0.*

[—3/1
[

[— [—
[———

[—
I NS_RNG MOD_RNG SEARCH DEL_RNG UND_RNG>

F1 F2 F3 F4 F5

2. Pressthe[ 1] key oncethenthe[ -] key threetimes to position the cursor
on the right power rail of branch level O:

o~~~
~ ~—

m_. —

2.1.1.0.*
)
)

[—3/1
[
[— [—
[—
[—
J = A 40— - (G >
F1 F2 F3 F4 F5
3. Press[F2], MOD_RNG, then [ F2] , BRANCH. The branch menu display
appears.

o~~~

m_. —

‘ 2.1.1.0.*
1 [—3/1 {)

[ 10 { )—I

[ [— [— |

[ [ I

EXT UP EXT DWN APP BR INS BR DEL BR
F1 F2 F3 F4 F5
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4. Press[F3], APP_BR. Thefollowing display appears:

2.1.1.0.*

b [—3/1 ¢ )—|

I— I y ¢ )—I
I — [— I
| [— | [
| [— |
SELECT BRANCH TARGET, PRESS ENTER OFL

F1 F2 F3 Fa4 F5

5. Pressthe[ -] key once to place the cursor to the right of the output.

.6

o

L

2.1.1.

[—1/1
-1 [

I S I -
I |
I

o~~~

)
)—

——

[

[—
SELECT BRANCH TARGET, PRESS ENTER  OFL
F1 F2 F3 F4 F5

6. Press[ENTER] . The branch is placed around the output:

2.1.1.1.*

b [—3/1 § ;
l—1 [ an
| [— [— Tl
| E — |
| [———— oL |
EXT_UP EXT_ DWN APP BR INS BR DEL_BR

F1 F2 F3 F4 F5

7. Press[ESC to return to the editing menu display:

2.1.1.1.*
| ¢ )—|
I— [ ¢ )l
! — [— T
| [— [
I'NS | NST BRANCH MOD | NST ACP_RNG >
F1 F2 F3 F4 F5
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8. To enter the output energize instruction, press[ F1], INS_INST, then
[F1], BIT, then[ F3], —( )—.

9. Inthe zoom display, type the address O 3/ 2, then [ ENTER] , and [ ACCEPT] .
The display appears as follows:

2.1.1.1.7

)—
i

[/
[
— — |
[—

OFL |

[—
—+ = /= ) A= HAY— >
F1 F2 F3 F4 F5

—~ A~ A~

m_. "

10. Press[ ESC] twice to return to the proper menu. Then press
[F5], ACP_RNG.

11. Savethe changes.

Delete and Undelete Commands

Delete commands are used to delete branches, instructions, and rungs. In
addition, undel ete commands are used to copy an instruction or arung and
create new instructions or rungs.

Deleting a Branch

Use the delete branch command to remove a parallel branch and the
instructions located within the branch. Modify rung 1 of your program to
appear asfollows:

1:1.0 3.0
11 ()
1 {7
1

1:1.0 03.0
11 ()
1 {7
1 2

Important: Unlike the delete rung and del ete instruction commands, thereis
no associated undel ete branch command, in the HHT, to
re-insert a deleted branch.
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1. From the previous save and continue display, press[ ENTER] for the main
editing display menu:

2.0.0.0.*
1 [ H [ {)
1 [ {)
[— [ ()
[
[—— OFL
INS_RNG MOD_RNG SEARCH DEL_RNG UND_RNG >
F1 F2 F3 F4 F5

2. Pressthe[ 1] key to position the cursor on rung 1, then press
[F2], MOD_RNG. Thefollowing display appears with the cursor
positioned on the left power rail of rung 1:

2.1.0.0.*
—1 —3/1 ¢ )—
l—1 [ ¢ )
L — (1
[ [——— I
| _— OFL |
I NS_I NST BRANCH MOD_I| NST ACP_RNG >

F1 F2 F3 F4 F5

3. Toremove branch level 1, position the cursor on the branch by pressing
the[ -] key, thenthe[ 1] key. Thedisplay appears as follows:

2.1.1.1.*
— [—3/1 ¢ )—
I/ [ { )l
| [— [— | ( )]_I
| — [
| _— OFL |
INS_I NST BRANCH MOD | NST ACP_RNG >

F1 F2 F3 F4 F5

4. Press[ F2], BRANCH, the branch menu display appears:

2.1.1.1.*

3 —3/1 ¢ )—
— [ | €
| [ [— ()1
| | [
| [—— OFL |
EXT_UP EXT_DWN APP_BR INS_BR DEL_BR

F1 F2 F3 F4 F5
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5. Press[F5], DEL_BR.

The following display cautions you that address references on this branch
remain in their last state (either energized or de—energized) when you
delete the instructions.

2.1.1.1.*

)—
] |

| )1

! — [— i

| [— [

! (g?CE

DATA/ F S I N LAST STATE, DELETE? OFL
YES NO

—1 [—3/1
1

~ A~ A~

F1 F2 F3 F4 F5

Important: When you modify a program after leaving the Run mode, the
status bits associated with the instructions that are energized
(true) or forced on, remain in that state even after they are
deleted. This can cause incorrect program operation if these
addresses are associated with other instructions.

6. Press[F2], YESto delete the branch. The display changes as follows:

2.1.1.1.*

_‘
;

3 —3/1
1

I 1 [
| |
| E} =
| [
<END>
OFL
EXT UP_ EXT DWN_APP BR INS BR DEL BR
F1 F2 F3 F4 F5

—~ A~ A~
~ ~— —

7. To remove the bottom branch level, press[ 1], then [ F5], DEL_BR.

8. Press[F2], YES, then press[ ESC] , to return to the previous display.
Press| F5], ACP_RNG and save the changes.
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Deleting an Instruction
Modify your program to appear asfollows:

1:1.0 1:1.0 3.0
11— )
0 1 0
1:1.0 03.0
[ <)
0 1
1:1.0 03.0
=T —)—

1. From the previous save and continue display, press[ ENTER] for the main
editing display menu:
2.0.0.0.*
T [—3 1 £ )
[ £ )
BN ()
<END>
OFL
I NS_RNG MOD_RNG SEARCH DEL_RNG UND_RNG >
F1 F2 F3 F4 F5
2. Pressthe[ -] key twiceto place the cursor on the instruction to be
deleted. Then press[F2], MOD_RNG. Thefollowing display appears:
XIO11:1.0/1 NO FORCE 2.0.0.0.2
l T [—3/ 1 ¢ )
L% [ ] | £ )
[ ()
<END>
OFL
| NS_RNG BRANCH MOD_| NST ACP_RNG>
F1 F2 F3 F4 F5
3. Press[ ENTER] to display additional menu functions:
XIO11:1.0/1 NO FORCE 2.0.0.0.2
I } [—3/1 ¢ )
L% [ ] | { )
[ ()
<END>
oFL
DEL_| NST UND_| NST >
F1 F2 F3 F4 F5
4. Press[F2], DEL_INST, then,[ F2], YESto confirm the deletion.

5. Press[ENTER], then[F5], ACP_RNG. Theinstruction is removed and
placed in adelete buffer. Thisinstruction remainsin the delete buffer
until another instruction is deleted to replace it.
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Copying an Instruction from One L ocation to Another

Use the delete instruction command in conjunction with the undelete
instruction command to copy an instruction from one location to another,
within the same rung or to a different rung.

1. To copy the examineif closed instruction with address1:1.0/1, in rung 1,
and place it between the input and output instructions in rung O, start with
the display from the previous procedure, with the cursor positioned on the
left power rail of rung 1.

2.1.0.0.*
)

)

)_

] |

N AN~

._E_”__a
—_———

<END>

OFL
INS_ RNG MOD RNG SEARCH DEL_RNG UND RNG>
F1 F2 F3 F4 F5

2. Pressthe[ -] key two times, thenthe[ 1] key once to position the cursor
on theinstruction to be copied. The display appears as follows:

XIC11:1.0/2 NO FORCE 2.1.1.1.2
1
| )

o )
BN -

—~ A~ A~

<END>

OFL
INS_RNG MOD_RNG SEARCH DEL_RNG UND RNG>
F1 F2 F3 F4 F5

3. Press[F2], MOD_RNG, then [ ENTER], for additional menu functions.
Then press[ F2], DEL_INST, then [ F2], YESto confirm the deletion and
place the instruction in the del ete buffer.

4. Press[F4], UND_INST to re-insert the instruction into rung 1, then
[ ENTER] , then press[ F5] , ACP_RNG. Thedisplay appears with the
cursor on the END statement:

2.2.0.0.*
)

)

)_

~ A~ A~

[
S

._E_. —

<END>

OFL
INS_ RNG MOD_RNG SEARCH DEL_RNG UND RNG>
F1 F2 F3 F4 F5

5. Toinsert the deleted instruction, between the input and output instructions
inrung O, pressthe[ +] key threetimes, thenthe[ -] key onceto
position the cursor on the output energize instruction. Then press| F2] ,
MOD_RNG, then [ ENTER] .

The undelete instruction command operates the same as the insert
instruction command. Theinstruction is placed to the left of the cursor
position.
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6. Press[F4], UND_INST, then[ ENTER], then[ F5], ACP_RNG. The
examine if closed instruction is now pasted into rung O.

2.1.0.0.*
)

)

)_

1 [ ] [
RN

~ A~ A~

<END>

OFL
INS_RNG MOD_RNG SEARCH DEL_RNG UND RNG>
F1 F2 F3 F4 F5

7. To confirmthis, pressthe[ 1] key, thenthe[ -] key twice. The display
shows you that the examine if closed instruction with address1:1.0/1 is
now the second instruction in rung O.

XICl1:1.0/1 NO FORCE 2.0.0.0.2

P [—1 1 )

o )
BN -

~ A~ A~

<END>

OFL
INS_RNG MOD RNG SEARCH DEL_RNG UND RNG>
F1 F2 F3 F4 F5

Deleting and Copying Rungs

Use the delete and undelete rung commands to copy rung 0 and create rungs
2 and 3. After copying the rungs, change the instruction addresses so that
your program appears as follows:

1:1.0 1:1.0 G3.0
] 1 [ {)
0 1 0
1:1.0 03.0
—1 [ { )—
0 1
1:1.0 G3.0
— —)]
1:1.0 1:2.0 03.0
] [ { )

3 0 3
1:2.0 1:2.0 3.0
] [ { )—

1 2 4

1. Starting from the previous display, with the cursor positioned on rung O,
press[ F4] , DEL_RNG. Thedisplay changes as follows:

XIC11:1.0/1 NO FORCE 2.0.0.0.2
] ]
P [—1 1 )

0 ’
<END>

)_
DATA/ FORCES | N LAST STATE, DELETE?  OFL
YES NO

—~ AN~

F1 F2 F3 F4 F5
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2. Confirm the deletion by pressing [ F2] , YES.

. Rung O is now placed in the delete buffer. Re-insert the rung by pressing

[F5], UND_RNG.

. Copy the rung before the END statement. Position the cursor on the END

statement by pressing the[ 1] key twice.

The undelete rung command functions the same as the insert rung
command, the new rung is inserted above the rung that the cursor is
positioned on.

. Press[F5], UND_RNG. The new rung isinserted above the END

statement:

2.2.0.0.*

b [ )

} ‘ ()

Ey ()

J [ )

END~ OFL
INS RNG MOD RNG SEARCH DEL RNG UND RNG>

F1 F2 F3 F4 F5

. Since the two new rungs are identical at this point, you are not concerned

with the position of the next rung. With the cursor positioned on the left
power rail of the first new rung, press[ F5], UND_RNG. The second
new rung is inserted above the previous one:

2.2.0.0.*
)
)

)-

(o
—

[

7

[

[ 1 [ )

[ I :

INS_ RNG MOD RNG SEARCH DEL_RNG UND RNG>
F1 F2 F3 F4 F5

[l B Y ._l: ——

AN AN AN AN N

. To change the addresses of the instructions in the new rungs, position the

cursor on thefirst instruction by pressing the[ -] key. The address
appears in the upper left corner of the display:

XICl11:1.0/0 NO FORCE 2.2.0.0.1
3 [— I )

Eln g
T [—1 )

T [—1

L
INS_RNG MOD_RNG SEARCH DEL_RNG UND RNG>
F1 F2 F3 F4 F5

AN AN AN AN N
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8. Press[F2], MOD_RNG, then[F3], MOD_INST, then[zooM . The
zoom display for that instruction appears:

ZOOM on XIC —} [—
NANE: EXAM NE | F CLOSED
BIT ADDR 11:1.0/0

2.2.0.0.1

ENTER BI T ADDR  11:1.0/0
EDT_DAT ACCEPT
F1 F2 F3 F4 F5

9. To change the addressto |:1.0/3, pressthe[ -] key seventimesto

position the cursor on the bit element

10. Press|[ 3], then [ ENTER], then [ F5] , ACCEPT. The new addressis

assigned to the instruction.

XIC11:1.0/3 NO FORCE

b [—

BRI

[ [

[ Erpyin

AN AN AN AN AN

[ [

F1 F2 F3 F4

F5

11. To change the next address, press[ -], then[ zoov . The zoom display

for thisinstruction appears:

ZoOOMon XIC —} [—
NANE: EXAM NE | F CLOSED
BIT ADDR I1:1.0/3

2.2.0.0.2

ENTER BIT ADDR  11:1.0/3
EDT_DAT ACCEPT
F1 F2 F3 F4 F5
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12. Since you are assigning an input address from a different slot, press the
[ -1 key threetimes, then press[2]. Pressthe[ -] key three more times,
then press[ 0], then [ ENTER] . Verify that the new addressis correct, then
press| F5] , ACCEPT.

13. Pressthe[ -] key, then [ zoow to change the output address. The zoom
display for the output energize instruction appears:

ZOOMon OTE  —{ )— 2.2.0.0.3
NANE: OUTPUT ENERG ZE
BI T ADDR: 0:3.0/0

ENTER BIT ADDR  0:3.0/0

EDT_DAT ACCEPT
F1 F2 F3 F4 F5

14. Pressthe[ -] key seven timesto position the cursor on the bit element.
15. Press|[ 3], then [ ENTER] , then [ F5] , ACCEPT.

16. To complete editing thisrung, press[ ESC] , then[ F5] , ACP_RNG.

17. Repeat the above procedure for the instructionsin rung 3.

18. Save and compile your changes.

Abandoning Edits

If you have made changes that you do not want and they are not saved, press
[ESC and[F2], YES. Thisdeletesyour edits up to the last program save.
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The search function allows you to quickly locate instructions and addresses
in ladder program files. This section shows you how to search for:

* instruction types, such as XIC

e addresses, such as1:1/2

e combined instruction/address, such as OTE + O:3/4
e forced I/O instructions

e asgpecific rung

The HHT search function is done only within the existing program file.
Subroutine files require that you go to those files to initiate another search.

The search function is accessible offline, from the edit file menu display
[ F3], SEARCH, or...

2.0.0.0.*

1 [—1

il

10

10 1
INS_RNG MOD_RNG SEARCH DEL_RNG UND RNG>

F1 F2 F3 F4 F5

AN AN AN AN A
[

1 [
11

online, from the monitor file menu display [ F4] , SEARCH.

2.0.0.0.*
)
)
)_
1 )

1 [ AN
MODE  FORCE EDT_DAT SEARCH
F1 F2 F3 F4 F5

I
[

o i—E—ll__l
—_———

—_——

AN AN AN AN AN
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Thefollowingisalist of the search commands available on the HHT:

Function Key

Description

[F1], CURSOR-INSTRUCTION

Searches for all instructions that are the same type as the
instruction that the cursor is positioned on.

[F2], CURSOR-OPERAND

Searches for every instruction that contains the address
associated with the instruction that the cursor is positioned
on.

[F3], NEW-INSTRUCTION

Displays the ladder editing menu of the available instruction
symbols and/or mnemonics.

[F4], UPIDOWN

Toggles the search direction within the program.

When UP is displayed, the search starts at the cursor
location and continues down to the end of the program,
then wraps around to the start of the program.

When DOWN is displayed, the search starts at the cursor
location and continues up to the start of the program, then
wraps around to the end of the program.

[ F5], FORCE

Searches for all forces installed in a program.

Additionally, a search rung feature is available from either the offline, edit
file display or the online, monitor file display, using the [ RUNG key located

on the keypad.
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Searching for an Instruction

In this example, search for every examineif closed instruction (X1C) in the
program, regardless of address. A search can beinitiated with the cursor
located anywhere in the program. In this example, the cursor islocated on
the left power rail of rung 0.

1. Start at the offline edit file display:

2.0.0.0.*

1 [ 1 [
O

1 [ 1 [

1 [ 1 [

L
INS_RNG MOD_RNG SEARCH DEL_RNG UND RNG>
F1 F2 F3 F4 F5

2. Press[ F3], SEARCH. The search display appears.

AN AN AN AN A
[

2.0.0.0.~

)
)_
)

P [—1 1

1

1
L] [J ‘
The search address is 10 1
i . 1 1
displayed here. —__| ]

AN AN AN AN N

\;ﬂ? I 1 [ &:
The instruction L > L
mnemonic is displayed — | CUR-INS CUR-OPD NEW-I NS uP FORCE
here. F1 F2 F3 F4 F5

3. There are two waysto select the examine if closed instruction:
e either usethe[ -] key to position the cursor on an examine if closed
instruction, then press[ F1] , CUR-INS

e orpress[F3], NEW-INS, then[F1], BIT, then[F1], —] [—, then
[ ENTER]

The display changes as follows with the cursor on the first examineif closed
instruction. Notice the instruction mnemonic is displayed in the search
buffer, in the lower left corner of the display:

XICl11:1.0/0 NO FORCE 2.0.0.0.1
P [—1 {
] | ¢ )
- ()
T [—1 1 { )
1 1 /
The instruction P X1 C'+ [ i v &:L
mnemonic is displayed CUR-I NS CUR-OPD NEW-I NS UP FORCE
in the Search Buffer. F1 E2 E3 E4 E5

Each time the search object is found, the new cursor location becomes the
search start point.
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4. Tofind the next occurrence of the same instruction, press[ ENTER] .

The following display appears with the cursor positioned on the second
examineif closed instruction in rung 0. Once again, notice that the
display shows the instruction mnemonic and address in the upper left
corner, and the cursor location in the upper right corner.

Instruction IXIC:11:1.0/1 NO FORCE 2.0.0.0.2 9
Mnemonic / 11 1 1 {) Cursor
and Address 10 () Location
El S . ‘
[ [———— )
P [— [ ()
i | i | ({
o, [ €t
CUR-INS CUR-OPD NEW-I NS UP FORCE
F1 F2 F3 F4 F5

5. Pressing [ ENTER] again, brings up the next occurrence of the instruction,
the first instruction in rung 1, nest level 1, branch level 0.

Xl C. |_|l:[l. 0/0 NO FORCE 2. l.ll. 0.1
1 \
EpEE ()

1 [—1 £ )

1 [—1 £ )
XIC + <END> OFL
CUR-INS CUR-OPD NEW-I NS UP FORCE

F1 F2 F3 F4 F5

You may continue to search for each X1C instruction in the program by
pressing [ ENTER] . When you reach the last occurrence of thisinstruction
in the program, the cursor wraps around to the start of the program.

6. To conclude this search procedure and clear the search buffer, press
[ESC] .

Searching for an Address

In this example, search for every occurrence of address I:1/1 in the program,
regardless of instruction type. A search can be initiated with the cursor
located anywhere in the program.

1. Usethe cursor keys to position the cursor on the left power rail of rung O:

2.0.0.0.*
)

)
)
)

[
—_—

[

7

[

[ 1 [

[ I -

NS RNG MOD RNG SEARCH DEL_RNG UND RNG>
F1 F2 F3 Fa4 F5

[l B ._E_. —_

AN AN AN AN AN
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2. Press[F3], SEARCH. The search display appears:

2.0.0.0.*

)

)-

)

AN AN AN AN N

[
[
NS CUR-OPD NEW-I NS

UP

di

:

F1 F2 F3

F4

F5

3. To search for the specific address, press[ SH FT], then type the
abbreviated form of the address, 1: 1/ 1. Then press[ ENTER] to place the

address into the search buffer:

2.0.0.0.*

[
[
NS CUR-OPD NEWAI NS

UP

AN AN AN AN AN
[

:

F1 F2 F3

F4

F5

4. Press[ ENTER] again, to find the first occurrence of the address, whichis

the second instruction in rung 0.

XICI1:1.0/1 NO FORCE 2.0.0.0 2
1 1 {
1 [ 1 [ { )
E S ¢)
[ ()
1 [ 1 [ { )
i | 1 4
+ |:‘1/[2 I ‘e
CUR-TNSE CUR-OPD NEW-INS UP  FORCE
F1 F2 F3 Fa F5

5. Press[ ENTER] again, to find the next occurrence of the address, whichis

located in rung 1, nest level 1, branch level 1, instruction number 2:

Xl C: |112 1.0/1 NO FORCE 2. l.ll.)l.
1 \
BN ()
b [ ¢)
P [ €)

<END>
+ | 1{\1% OFL
CUR-I CUR-OPD NEW-1 NS UP FORCE
F1 F2 F3 F4 F5
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6. Press[ENTER] again.

The cursor wraps around to the beginning of the program and locates the
cursor on the previous occurrence of the address, in rung O:

Xl C I1l:[l. 0/11 [ NO FORCE 2.0.0.0.2
1 1

i — $
10 [ )

[ i

1
1 [

+ |11/

CUR-I N% CUR-OPD NEW-I NS UP
F1 F2 F3 F4 F5

AN AN AN AN N

[ PR Y

:

7. Exitthe search. Press[ESC .

Searching for a Particular Instruction with a Specific Address

In most applications, you search for the location of an instruction and its
associated address. In the procedure below, the search is for the location of
output energize (OTE), O:3/4.

1. Usethe cursor keysto position the cursor on the left power rail of rung O:

2.0.0.0.*
)

)
)
)

[
S
[— [

[— [

I NS_RNG I\/(J]D_RNG SEARCH DEL_RNG UND(%IQG>

F1 F2 F3 F4 F5

[
—_

[ S h-l: ——

AN AN AN AN N

2. Press[F3], SEARCH. The search display appears.

2.0.0.0.*

)
)
)

[ [

[ [ &
NS CUR-CPD NEW-INS  UP

1 F2 F3 F4 F5

AN AN AN AN N

:

» LL L
N7 [
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3. Press[F3], NEW-INS, then[ F1], BIT, then[F3] , —( )—, then
[ ENTER] . Thefollowing display appears, with the instruction mnemonic
displayed in the search buffer:

2.0.0.3.*

P [—1 1

1
1
1 [
| ]
=g
CUR-I NS CUR-CPD NEW-I NS

F1 F2 F3

AN AN AN AN N
[

Instruction Mnemonic
for the Output Energize
Instruction

— | upP

F4

:

F5

4. To enter the address, press[ SHI FT], then type the abbreviated address
Q 3/ 4. Then press[ ENTER] to insert the information into the search
buffer. The display appears as follows:

2.0.0.3.*

)

)_

)

Instruction Mnemonic and I
the Address for the Output

CUR-

D NEW-I NS

—_— o ——
N AN AN AN AN

§—

UP

\&:L

:

Energize Instruction

F3

F4

F5

5. Press[ENTER] to locate the instruction. Since thisisan output energize
instruction, there should be only one occurrence of this instruction and
address. For other types of instructions, such as the examine if closed
(XIC) instructions that you saw earlier, pressing [ ENTER] , finds each
additional occurrence of the instruction with that address.

Rever sing the Search Direction

The default setting for the search direction is to search from the cursor
position down to the end of the program, then wrap around to the start of the

program. In alarge ladder program, you may want to change the search
direction.

Each time you bring up the search display, the direction function displays up:

2.0.0.0.*
| [ 1 (
] (
j [ ¢)
BN ()
| [ [ ¢)
i | ] (
1,0 | s
CUR-I NS CUR-OPD NEW-I NS UP FORCE
F1 F2 F3 Fa F5

With up displayed, the search starts at the cursor location, in this case at the
start of the program, and continues toward the end of the program.
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To change the search direction, press[ F4] , UP. The display changes as
follows:

2.0.0.0.~

b [—1 [

|

P [— [

h | ]

J+[ 1 [ &:L
CUR-I NS CUR-OPD NEW-INS DO

F1 F2 F3 F4 F5

With bom displayed, the search starts at the cursor location, in this case at
the start of the program, wraps around to the end of the program and
continues toward the start of the program.

AN AN AN AN N
[

:

Whenever you exit the search function, the direction display defaults back to
UP.

Sear ching for Forced 1/0

Searching for forced I/O is most useful in the Online Monitor mode, but can
be used in the Offline Editing mode after aladder program has been running
in aprocessor and uploaded to the HHT. Refer to chapter 10 for details
regarding uploading aladder program and chapter 13 for a detailed
description of the force function.

In the Online Monitor mode, use the search forced 1/O function to locate all
forced inputs and outputs that are inserted in your program.

In the Offline monitor mode, use the search forced I/O function to locate all
forced inputs and outputs that were inserted into your program the last time it
was operating in the Run mode before being uploaded to the HHT. Then
document the location of each force and investigate the effects on machine
operation before downloading the modified program.

ATTENTION: Usethe search force function to locate all forces
that have been uploaded to the HHT. Downloading a program
containing forces can cause persona injury and damage to
equipment.
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In this example, aforce has been inserted into the ladder program on input
11:1.0/0. Start from the offline edit file display with the cursor positioned on
the left power rail of rung O:

2.0.0.0.*

[—1
S
[ [
[ [

—_— ._E_. -

AN AN AN AN AN
[

[ SRy

| NS RNG MOD RNG SEARCH DEL RNG UND RNG>
F1 F2 F3 F4 F5

1. To search for any forces, press[ F3] , SEARCH. The search display

appears:
2.0.0.0.*
N <)
b ()
N ()
] — | ()
1 1 (
P (e
CUR-I NS CUR-OPD NEW-I NS (/2] FORCE
F1 F2 F3 F4 F5

2. Press[F5], FORCE. The following prompt appears.

2.0.0.0.*
} [—3 [ 5 ;
1 [ {
EREE ()
1 [— 1 ()
h | i 4
ENTER 110 Fi ND[FORCE o * &:L
F1 F2 F3 F4 F5

3. Press[ENTER] to find thefirst force. The cursor is positioned on the
forced bit. The instruction mnemonic and address, the force status of the
bit, and the location of the instruction are displayed along the top of the
display:

xici1:1.0/0 FORCE ON 2.0.0.0.1
b [— )
)

RS -
)

1 [—1 [
1 1
1 1
ENTER 1[0 Fi ND[ &:L
uP
F1 F2 F3 Fa4 F5

Force Information

AN AN AN AN AN

FORCE

4. Tofind any additional forces, press[ ENTER] again. Since this program
contains no other forces, press[ ESC] twiceto exit the search function.
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Sear ching for Rungs

You can search for a specific rung number by using the rung key located at
the lower right corner of the keypad:

FL F2 F3 F4 F5
| | o | | o | | o | { |

N S [ 0
PREILEN [accipos | _u space | ESC
| | o | | o | —

A B C < >
| e | e e

D E F

4 5 6 A v
| | o | | o | o |

TR M| rune [ zoom
o | | o | | o [ ]

7 = ; Py — Press [ RUNG , type the desired rung
|0:| I:I I/ZI — gl number, and then press [ ENTER] .

To use the search rung function you must be in either the offline, edit file
display or the online, monitor file display.

1. To search for rung 3, start at the following display with the cursor located
on the left power rail of rung 0.

2.0.0.0.~

3[ 1 [
ER S
[
[

AN AN AN AN N
[

[ KPR Y

L
INS_RNG MOD_RNG SEARCH DEL_RNG UND RNG>
F1 F2 F3 F4 F5

2. Press[ RUNG . Thefollowing prompt appears:

2.0.0.0.*
}I— [ 0)
e ()
N ()
i ()
ENT:IER[ RU'R%:)’\L%'\N%ER: ( d:L

FNS_RNG MAD RNG SEARCH DEL_RNG UND RNG >
F1 F2 F3 F4 F5
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3. Type 3, then press[ ENTER] . The cursor is how positioned on the | eft
power rail of rung 3.

| 2.3.0.0.*

—
—_—
i
—
—~
~

END

OFL
INS_RNG MOD_RNG SEARCH DEL_RNG UND RNG>
F1 F2 F3 F4 F5

4. To search for additional rungs, repeat steps 1 through 3.

The memory map function also allows you to create and del ete data elements
and files. To locate the Memory Map function from the HHT’s main menu,
press[ F3] , PROG_MAINT and [ F5] , MEM_MAP.

Creating Data Files

If your application requires alot of data manipulation or use of sequencers,
you may want to create the data files and enter the data prior to developing
the ladder diagram. Also, if you are using indexed addressing in your SLC
5/02 program, you need to create the data file elements that the instructions
may index into.

You cannot create additional elementsin the output file (file 0), input file
(file 1), or statusfile (file 2). Thesefiles can only be created through the
processor and 1/0 configuration.

Datais created by entering the highest numbered element you want to be
included. For exampleif they have not already been created, entering
element N7:12 (default integer file 7) creates element N7:12 and all lower
numbered elements down to N7:0.

1. From the main menu, press[ F3], PROG_MAINT and [ F5] , MEM_MAP.
The following display appears:

File Type Last Addr El enents Words

0 O out put :3.0 1 1

1 I input 11:2.0 2 2

2 S status S2: 15 16 16

3 B bit B3/ 15 1 1

4 T tinmer - - -

OFL

CRT DT DEL DT NEXT PG PREV PG PRG S| ZE

F1 F2 F3 F4 F5
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2. To create elements N7:0 through N7:12, press[ F1] , CRT_DAT, type
N7:12 and press[ ENTER] . The following display appears:

File Type Last Addr El enents Words

7 N i nt eger N7: 12 13 13

8 Reserved - - -

0 O out put 00:3.0 1 1

1 I i nput 11:2.0 2 2

2 S status S2: 15 16 16

OFL

CRT DT DEL DT NEXT PG PREV PG PRG SI ZE

F1 F2 F3 F4 F5

The memory map indicates that the integer (N) file 7 size is 13 elements
(equivalent to 13 words) and the last addressis N7:12.

Deleting Data Files

When you modify your ladder program and delete instructions, any
corresponding data file addresses are not de—allocated. For efficient memory
usage, it is best to delete unused data file addresses.

You cannot delete a data file element that is used in your ladder program.
Neither can you delete an unused element within afileif a higher number in
thefileisused in your ladder program. Also, you cannot delete elementsin
the output file (file 0), input file (file 1), or statusfile (file 2). Thesefilescan
only be deleted through the processor and 1/O configuration.

Datais deleted by entering the lowest numbered element you want to be
deleted. For example, entering element N7:12 (default integer file 7) deletes
element N7:12 and all existing higher numbered elements.

To delete elements N7:5 through N7:12, press[ F2] , DEL_DT from the
memory map display, type N7: 5 and press[ ENTER] . The following display

appears:

File Type Last Addr El enents Wérds

7 N i nt eger N7: 4 5 5

8 Reserved - - -

0 O out put :3.0 1 1

1 I i nput 11:2.0 2 2

2 S status S2:15 16 16

OFL

CRT DT DEL DT NEXT PG PREV PG PRG S| ZE

F1 F2 F3 F4 F5

The memory map now indicates that the integer (N) file 7 size is 5 elements
(equivalent to 5 words) and the last addressis N7:4.
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Saving a Program

Chapter

Saving and Compiling a Program

This chapter discusses the procedures used to save and compile ladder
programs. Topicsinclude:

* save and continue editing
* save and exit offline editing
* view memory layout

When you are entering a new program or editing an existing program, the
ladder program is stored in the work area of the HHT. After completing your
editing session, you must save your program to the HHT RAM memory.
First, your program is compiled, transforming it into a more efficient
package. Then the program and datafiles are updated. When you save and
exit, asummary of the data words and instruction words used aong with the
available memory is updated.

Since programs are created or edited offline, it isimportant to save your
work before downloading it to the processor.

As mentioned in the previous chapter, whenever you are creating a new
program or editing an existing one, you should periodically save your work.
In the event of a power loss to the HHT, any edits that you have made up to
that point, are not recoverable. Save and Continue (SAVE_CT) allows you
to save your work and continue editing. Save and Exit (SAVE_EX) alows
you to save your work and exit offline editing.

To save your program, start at the main editing display:

2.0.0.0.*
)

)
)
)

INS_ RNG MOD RNG SEARCH DEL RNG UND_RING>

F1 F2 F3 F4 F5

[— [
S
[—1 [
[—1 [

AN AN AN N

e ._E_. -

~

1. Press[ENTER] to display additional menu selections. The following
display appears:

2.0.0.0.*
b [ )
e €)
N ()

b [ [ )
P [ (F
EDT_DAT SAVE CT SAVE EX >
F1 F2 F3 F4 F5
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2. To savethis program and continue editing, press[ F4] , SAVE_CT. To
save this program and exit offline editing, press[ F5] , SAVE_EX.

If you are using a SL.C 5/02 processor, the following display appears:

Conpi |l er Options

Future Access: Yes

Test Single Rung: Di sabl e

I ndex Across Files: Di sal | ow
File Protection: Qut put s

MODI FY OPTI ONS, ACCEPT TO COWPI LE OFL
FUTACC TSTRUNG | NDXCHK FI LEPRT ACCEPT

F1 F2 F3 F4 F5

Important: The above display appearsif you have a SLC 5/02. If you have
afixed controller or a SLC 5/01 processor only [ F1] and [ F5]

appear.
Function Key Description
[F1], Future Access — Fixed, SLC 5/01, and SLC | Toggles between Yes and No. This option allows
5/02 processors you to protect proprietary program data and

algorithms. The protection takes affect only after
the processor file is downloaded to a controller.

[F2], Test Single Rung — SLC 5/02 processor Toggles between Enable and Disable. This
option allows you to execute your program one
rung at a time or a section at a time. Use this
function for debugging purposes.

[F3], Index Checks — SLC 5/02 processor Toggles between Allow and Disallow. This
option allows you to use indexed addressing to
address data table elements outside of the base
address data file.

[F4], File Protect — SLC 5/02 processor Toggles between Outputs, None, and All. This
option allows you to protect your data table files
from external modification by devices on the
DH-485 network.

[F5], ACCEPT Starts the compile.

3. After you have made your selections press[ F5] , ACCEPT.
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If you selected SAVE_CT, you are returned to the editing display when
the compile and save is complete. If you selected SAVE _EX, the
following display appears:

File Name: 222 Prog Nane: 1000
File Name Type Si ze(lnstr)
0 System 77
1 Reserved 0
2 222 Ladder 13
3 Ladder 1
OFL
CHG_NAM CRT_FI| EDT_FIL DEL_FIL MEM MAP >
F1 F2 F3 F4 F5

Available Compiler Options

[F1] Future Access (All Processor s)
This option alows you to protect proprietary program data and algorithms.

Important: The protection takes effect only after the programis
downloaded to acontroller. The protection does not alow
online access to the processor unless a matching copy of the
online processor program is resident on the terminal hard disk
or inthe HHT. Otherwise you are not able to upload the
program.

Yes. Online access to the processor program and data table using a
programming terminal is unrestricted. Thisisthe default.

No: Online access to the processor program and data table is not permitted
unless a matching copy of the online processor programisin the HHT. You
cannot:

* monitor the program

* enter or change the processor password

 upload the online processor program to HHT RAM

* transfer the program from the processor memory to a memory module

However, you can:

* clear the processor memory

» download a different program to the processor
* change the processor mode

Important: If you lose or delete the offline copy of the program, you cannot
access the program in the controller. You must clear the
controller memory and re—enter the program.
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[F2] Test Single Rung (SL C 5/02 Specific)

This option alows you to execute your program one rung at atime or a
section at atime. Use this function for debugging purposes.

Enable: When selected the size of your program increases by 0.375
instruction words per rung.

Disable: Test Single Rung isnot available. Thisisthe default selection.

Important: The HHT can save the program enabling Test Single Rung;
however, the Test Single/Rung mode is available with APS.

[F3] Index Checks (Index Across Files) (SLC 5/02)

This option allows you to use indexed addressing to address data table
elements outside of the base address datafile. Refer to chapter 5 for more
information.

Allow: The processor will not verify if the indexed address, the sum of the
base address, and the offset value is in the same data file as the base address.
The processor does check to ensure that the indexed address is contained
within the data table address space.

Disallow: The processor performs runtime checks on indexed addresses to
ensure that the indexed address is contained within the same data file as the
base address. Thisisthe default selection.

[F4] File Protection (SLC 5/02)

This function key toggles between Outputs, None, and All. Thisoption
alows you to protect your data table files from external modification by
devices on the DH-485 network.

Outputs: Only the output file (O0) is protected from external data
modification. Thisisthe default selection.

None: External devices may change any data address within the data table
files, including the output file (O0).

All: The entire datatable is protected from external data modification.
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The memory map function allows you to view your program memory layout.
It shows you the type and size of the data files used. It also givesyou a
summary of the number of the program files created and the number of
instructions used in them. Lastly, it showsyou how much user memory is
left. This section covers:

* viewing datafiles

* viewing program file sizes

To view your program memory layout, start from the previous display or
select [F3], PROG_MAINT from the main display.

1. Press[F5], MEM_MAP. Thefollowing display appears:

File Type Last Addr El ements Words

0 O output Q0:3.0 1 1

1 I input 11:2.1 2 2

2 S status S2:15 16 16

3 B bit B3/ 15 1 1

4 T tinmer - - -

OFL
CRT_DT DEL_DT NEXT_PG PREV_PG PRG S| ZE
F1 F2 F3 F4 F5

This display shows one output file word and two input file words created
by the 1/0O configuration.

There are 16 wordsin the statusfile (file 2). The number of wordsin the

status file is determined by the particular processor:

» fixed and SLC 5/01 processor—16 words

e SLC5/02 processor—33 words. There is one word in bit file 3 due to
addresses used in the sample ladder program (B3/1, B3/2, B3/3).

To view additional datafiles, press| F3], NEXT_PG.

For a detailed description of datafilesrefer to chapter 4, Data File
Organization and Addressing.

2. To view the memory usage, press| F5], PRG_SIZE. Thefollowing
display appears:

————————————— MEMORY LAYOUT ——————

20 data words used in 9 data files
90 instr. used in 4 programfiles
929 instructions of avail able nenory

OFL

F1 F2 F3 F4 F5
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MEMORY LAYOUT
20 datawordsused 1 output
2 input
16 status
1 bit

90 instruction words (ladder program and overhead)

20 + 4 =5 instruction words (data)
+ 90 instruction words (ladder)
95 instruction words

1024-95 = 929 words left

If you had not saved your program after adding or deleting program files,
or modifying datafiles, the following display appears with asterisks (*)
indicating that the program has not been compiled.

------------- MEMORY LAYOUT ——————

**** data words used in *** data files
**** jnstr. used in *** programfiles
**** jnstructions of available nmenory

OFL

F1 F2 F3 F4 F5

3. Press[ ESC] threetimesto return to the main menu display.
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Chapter

Configuring Online Communication

This chapter describes online communication between the HHT and SLC 500
processors. Topicsinclude:

* online configuration
* the Who function

Asdescribed in chapter 1, the HHT may be connected directly to a port
located on an SL.C 500 processor or it may be connected to any fixed, SLC
5/01, or SLC 5/02 processor that is active on a DH-485 network.

Important: The HHT is not compatible with the SLC 5/03 processor.

For the examples in this section, the DH—485 network is configured as
follows:

Allen—Bradley 1784-T45, T47

or Compatible Laptop

Node 2

1747-PIC
Interface Converter

1747-AIC Isolated

Node Address Network Device
0 APS Terminal
1 Hand-Held Terminal
2 SLC 5/02 Processor
3 SLC 500 Processor
4 SLC 5/01 Processor
SLC 500

Hand-Held Terminal

1747-AIC Isolated
Link Coupler

1747-AIC Isolated
Link Coupler

]

g Link Coupler
5]

Node 3 Node 4

Modular I/O Controller

B\ /0, QWO
E FeEEEEEE[" oo L T
(]
g L) T
SLC 500 5/02 SLC 500 20 SLC 500 5/01

1/O Fixed Controller Modular I/O Controller
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To configure your HHT for online communication, begin at the main menu
display of the HHT.

SLC 500 PROGRAMM NG SOFTWARE Rel . 2.03

1747 — PTALlE
Al | en-Bradl ey Company Copyri ght 1990
Al Rights Reserved

PRESS A FUNCTI ON KEY OFL
SELFTEST TERM PROGVAI NT uTl LI TY
F1 F2 F3 F4 F5

Press[ F5], UTILITY. Thefollowing display appears:

File Name: 222 Prog Nane: 1000
File Name Type Si ze(lnstr)
0 System 76
1 Reserved 0
2 222 Ladder 56
3 Ladder 0
OFL
ONLI NE WHO PASSVRD CLR_MEM
F1 F2 F3 F4 F5

The following functions are available from this display:

Function Key Description

Allows you to go online and communicate with
the processor you were previously attached to.
If you were not previously attached to a
processor, the Who function is entered.

[F1], ONLINE

Allows you to view the nodes on the network, run
network diagnostics, attach to and communicate
with a specific node, change a node
configuration, and set and clear ownership.

[F2], WHO

Allows you to change a password in the HHT

[F3], PASSWRD X
offline program.

[F4], CLR_MEM Allows you to clear the HHT offline memory.

In the following example, go online to the processor at node address 4.
Assume that the HHT has previously been attached to node 4, and that the
program in the HHT and the program in the processor are identical.

Fromthe UTILITY menu, press| F1], ONLINE. The display changes as

follows:
File Name: 222 Prog Nane: 1000
File Nane Type Si ze(lnstr)
2 gyst em d (7J7 Display toggles between the
5 299 Lezgr ve 13 processor node address and
3 La d der 1 the processor operating
adder mode.
RUN
OFFLI NE UPLOAD DWNLOAD MODE CLR PRC>
F1 F2 F3 F4 F5
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Because the program files match, there are 2 menu screens and 10 function
keys. The greater than sign (>), in the lower right corner of the display,
indicates that a second function key menu is available.

The following functions are available to you:

Function Key Description
[F1], OFFLINE Returns you to the utility menu display.

Reads the program from the processor RAM and
copies it to the HHT RAM. This function

[F2], UPLOAD overwrites any program currently stored in HHT
RAM.
Copies the program stored in HHT RAM to the

[F3], DOWNLOAD processor RAM. This function overwrites the
program stored in the processor RAM.

[F4], MODE Allows you to change the processor operating

' mode to Run, Test, or Program.
[F5], CLR_PRC Allows you to the clear the processor RAM and

place the memory in the Default state.

Pressing [ ENTER] displays the second set of function keys.

Function Key Description

Allows you to change the processor
password/master password.

Transfers processor RAM to EEPROM or
EEPROM/UVPROM to processor RAM.

Allows you to monitor or edit processor data

[F1], PASSWORD

[F3], TRANSFER MEMORY

[F4], EDT_DAT )
files.
[F5], MONITOR Allows you to observe the program operation of
' the processor program file that you specify.
Exceptions

The function keys and menus vary depending on how the HHT and processor
programs relate. 1n the following example, assume that the HHT has
previously been attached to this processor, but the offline program in the
HHT has been altered and no longer matches the program in processor RAM.
If the HHT and processor programs do not match, the following display
appears when you press[ F1] , ONLINE:

Program Directory
Pr ogr anmer Processor
Pr og: 1000 Pr og: 1000
File: 222 File:
Exec Files: 4 Exec Files: 4
Data Files: 9 Data Files: 9
PROGRAM FI LES DI FFER RUN
OFFLI NE UPLOAD DWNLOAD MOXDE CLR PRC
F1 F2 F3 F4 F5

When the program files do not match, there is only one menu display and
five function keys. Notice the absence of the greater than sign (>), in the
lower right corner.
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Another exception is when the processor contains the default program. The
following screen appears:

Program Directory
Pr ogr anmer Processor

Pr og: 1000 Pr og: DEFAULT
File: 222 File:
Exec Files: 4 Exec Files: 3
Data Files: 9 Data Files: 3
DEFAULT FILE | N PROCESSOR PRG

OFFLI NE DWNLOAD CLR PRC MEM PRC

F1 F2 F3 F4 F5

The Who Function The Who function allows you to view the nodes on the network, run network
diagnostics, attach to and communicate with a specific node, change a node
configuration, and set and clear ownership.

From the utility display, press[ F2] , WHO. The following display appears:

Node Addr. Devi ce Max Addr ./ Omner
2 5/ 02 (31) - Current Node
3 500-20 (31)
y ¥ ** 4 5/ 01 (31)
o 0 APS (31)
Asterisks indicate the node Node Addr: 2 Baud Rate: 19200
previously attached to. OFL
DI AGNSTC ATTACH NODE_CFG OWNER
F1 F2 F3 F4 F5

Important: The HHT usestop-ine editing. This means that the
information shown nearest the top of the display is the current
node address. For example, the above display indicates that
pressing [ F3] , ATTACH, causes the HHT to go online with
node 2.

In the following sections, “selected” refers to the node nearest the top of the
display. The current node is also indicated on the status line of the display.
To change the node address, or to view additional nodes on the network, use
the[ 1] and[ ] keys.
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The following functions are available from the Who display:

Function Key Description

[F1], DIAGNSTC Allows you to monitor the status of the network
' or the selected node.

Initiates communication with the selected node
for uploading/downloading a program, changing
the processor operating mode, clearing

[F3], ATTACH processor memory, changing processor
password/master password, monitoring a
program, viewing or modifying data files, or
clearing the processor memory.

Allows you to change the node address, the

[F4], NODE_CFG maximum node address, and the baud rate of
each node.

Allows you to clear or set ownership of the
selected processor. Setting ownership prevents
other programmers from accessing the owned
processor program.

[F5], OWNER
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Diagnostics

1. To monitor the diagnostics of the network or the selected node, press
[F1],, DIAGNSTC from the Who display. The following display appears:

Node Addr. Devi ce Max Addr ./ Oaner
2 5/ 02 (31)
3 500-20 (31)
4 5/01 (31)
0 APS (31)
Node Addr: 2 Baud Rate: 19200
OFL
NODE NETWORK
F1 F2 F3 F4 F5

2. To monitor the diagnostic display of the selected node press[ F1] , NODE.
The following display appears:

Node: 2 Device Type: 5/02
Firmvare Rel : 5 Series: C
Mode: PRG
Faul t Code: 0000H
Program Nanme 1000
For ces: Not Installed
OFL
F1 F2 F3 F4 F5

3. To monitor the diagnostic display of the network press[ ESC] , then
[F5], NETWORK.

The following display appears:

Total Nodes: 5 Max. Addr.: 31
Msgs Sent: 29736 Msgs Rcvd: 202
Retri es: 0 Limt Exceeded: 0
Bad Msgs Rcvd: 0O
NAK Sent : 0 NAK Recvd: 0
Node Addr: 2
OFL
RESET
F1 F2 F3 F4 F5

4. From this display, you can reset the messages sent and messages received
counters by pressing [ F5] , RESET.

5. Press[ESC] twiceto return to the Who menu.
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Attach

The Attach function initiates communication between the HHT and a
processor. The Attach function allows you to:

 upload/download a program

» change processor operating modes

* clear the processor memory

e enter or remove a password/master password

* transfer memory between processor RAM and EEPROM

* monitor program execution

* monitor and change datafile values

e forcel/O

 search the user program for specific instructions and/or addresses

The function keys and menus vary depending on how the HHT and processor
programs relate. In this example, attach the HHT to node 4. Assume that the
HHT and processor programs are identical.

1. Start at the Who display:

Node Addr. Devi ce Max Addr./ Oaner
2 5/ 02 (31) =— > Current Node
3 500-20 (31)
xxx 4 5/ 01 (31)
0 APS (31)
Node Addr: 2 Baud Rate: 19200
OFL
DI AGNSTC ATTACH NODE_CFG OWNER
F1 F2 F3 Fa4 F5

2. Pressthe|[ ], twiceto select node 4.
The display appears as follows:

Node Addr. Devi ce Max Addr./ Oaner
*Ex 4 5/ 01 (31) =— > Current Node
0 APS (31)
1 TERM NAL (31)
2 5/ 02 (31)
Node Addr: 4 Baud Rate: 19200
OFL
DI AGNSTC ATTACH NODE_CFG OWNER
F1 F2 F3 Fa4 F5

3. Press[F3], ATTACH. Thefollowing menuis displayed:

Fil e Nane:
File Name
0

1
2 222
3

222

Prog Name: 1000
Si ze(lnstr)

Type
System

Reserved

Ladder
Ladder

OFFLI NE UPLCAD DWNLOAD

77
0
13
1

MODE CLR PRC>

RUN/

Display toggles between the
processor node address and
the processor operating
mode.

F1

F2

F3

F4

F5
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Because the program files match, there are 2 menu displays and 10
function keys. The greater than sign (>), in the lower right corner of the
display, indicates that a second function key menu is available.

At this point, all the functions listed on page 9-3 are available to you.

Return to the utility display by pressing [ F1] , OFFLINE or press[ ESC,
then[ F2], YES.

Exception

The function keys and menus vary depending on how the HHT and processor
programs relate. In this example, attach the HHT to node 2. Assume that the
processor contains a program other than the default, and the program is
different from the program in the HHT.

1. From the utility menu display, press[ F2] , WHO to bring up the Who

display:
Node Addr. Devi ce Max Addr./ Oaner
2 5/ 02 (31) =— > Current Node
3 500-20 (31)
xxx 4 5/01 (31)
0 APS (31)
Node Addr: 2 Baud Rate: 19200
OFL
DI AGNSTC ATTACH NODE_CFG OWNER
F1 F2 F3 F4 F5

2. Usethe[ 1] and[ ] keysto changethe order of the nodes listed, if
necessary. Press[ F3], ATTACH, sincethe current nodeis already 2.

The following menu is displayed:

Program Directory

PROGRAM FI LES DI FFER

Pr ogr anmer Processor
Pr og: 1000 Pr og: 2345
File: File:
Exec Files: 4 Exec Files: 4
Data Files: 9 Data Files: 9

OFFLI NE UPLOAD DWNLOAD

PRG
MODE CLR_PRC

F1

F2

F3

F4

F5

3. You may now perform one of the five functions displayed.

4. Press[F1], OFFLINE or press[ ESC], then[ F2], YES, to return to the
utility display.

Node Configuration

The Node Configuration function allows you to configure a processor or the
HHT for online communication. The Node Configuration functions are:

¢ change the node address
¢ change the maximum address
e changethe baud rate
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Begin at the WHO display. Presy F4], NODE_CFG.

Node Addr. Devi ce Max Addr./ Oaner

2 5/ 02 (31)

3 500-20 (31)

4 5/ 01 (31)

0 APS (31)
Node Addr: 2 Baud Rate: 19200

OFL

CHG ADDR NMAX_ADDR BAUD

F1 F2 F3 F4 F5

The following functions are available from this menu:

Function Key Description
Allows you to change the node address of your
[ F1], CHG_ADDR HHT or the node address of any active

processor on the DH-485 network. Cycle power
to the processor for your changes to take effect.

Allows you to set the maximum node address for

[ F2], MAX_ADDR your HHT or any active processor on the
network.
Allows you to set or change the communication
[F3], BAUD rate of your HHT or any active processor on the

network. Cycle power to the processor for the
changes to take effect.

You do not need to cycle power if you change your HHT node address, the
address changes as soon as you press [ ENTER] .

Important: Each programming device and processor on a DH-485 network
must have a unique address from O through 31. The default
node address of a processor is 1 and a programmer isO.

Consequences of Changing a Processor Node Address

Remember that the processor node address resides in the status data file
(word S:15) of aprogram. This means that when you overwrite the contents
of processor memory by using the download function or transfer memory
function, the node address may change as follows:

* Download — When you download a program and cycle processor power,
the node address of the downloaded program takes effect, overwriting the
previous node address.

* Memory Transfer — When you transfer a program from a memory module
to the processor and cycle processor power, the node address of the
transferred file takes effect, overwriting the previous node address.

Important: Immediately after you download a program for transfer a
program from a memory module to the processor, press| Fi],
CHG_ADR and re-enter the current node address. Failure to do
this can result in aduplicate or incorrect node address after you
cycle power to the processor.
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Entering a Maximum Node Address

You may change the maximum node address for your HHT and any active
processors on the DH-485 network. However, you cannot alter the value on
another programming device. For the most efficient network operation, itis
best to set the maximum node addresses of al devices on the DH-485
network to the lowest available value.

The default maximum node address for all SL.C 500 family processors and
programming devicesis 31. To minimize the network scan time, it is
recommended to eliminate any unused node addresses of a higher number
than the addresses used on the network. For example, if the highest node
address used on your network is 5, then you should set the maximum node
address of all devices on the network to 5. Consequently, the polling devices
on the network no longer take the time to look for nodes 6 through 31.

Important: If you later add a device to the network with a higher node
address than the present maximum node address, you must
change the maximum node addresses to include that address.
Failure to do so causes the devices on the network to ignore the
new device.

When you cycle power to a Series A SLC 500 or SLC 5/01
processor, the maximum node address returns to the default
selection of 31.

Changing the Baud Rate

The baud rate of a processor or programming device is the speed at which it
communicates with other devices on the DH-485 network. The available
baud rates are:

e 19200 baud (default setting for all SLC 500 family devices)

* 9600 baud

e 2400 baud (not available on SLC 500 and SLC 5/01 processors)

e 1200 baud (not available on SLC 500 and SLC 5/01 processors)

You do not need to cycle power if you change your HHT baud rate. The
baud rate changes as soon as you press[ ENTER] .

Important: The baud rate change to a processor does not take effect until
power is cycled to the processor.

Set and Clear Ownership

The set and clear ownership function alows aterminal to “own” one or more
processor files on the network. Ownership means that aslong as the owner
is active on the network, other terminals cannot access the online functions
of the owned processor files. Only a programming device can own a
processor.



Chapter 9

Configuring Online Communication

When the owner exits the network or goes offline, another terminal can clear
the ownership of the inactive node and gain access to an owned processor

file.

In this example, the SLC 5/02 processor with node address 5 is owned by the
APS terminal with address 0, which is no longer online. Clear node 0's
ownership of the processor and set the HHT, node 1, as owner of node 5.

1. Begin at the Who display. To indicate ownership by a programmer, the
node address of the owner isincluded in parentheses with the maximum

node address.

Node Addr. Devi ce Max Addr ./ Oaner
3 500-20 (5) |_— Indicates that node 5
4 5/ 01 (5) is owned by node 0.
5 5/ 02 (5/0) ]
1 TERM NAL (5)

Node Addr: 3 Baud Rate: 19200

OFL

DI AGNSTC ATTACH NODE_CFG OWNER

F1 F2 F3 F4 F5

2. To claim ownership of node 5, pressthe[ ] key twice, then press| F5],
OWNER. Thedisplay changes as follows:

Node Addr. Devi ce Max Addr./ Oaner
5 5/ 02 (5/0)
1 TERM NAL (5)
3 500-20 (5)
4 5/ 01 (5)
Node Addr: 5 Baud Rate: 19200 OFL
SET_OMWAR CLR_OMR
F1 F2 F3 F4 F5

3. Press[F1], SET_OWNR. Sincethe previous owner, node O, is no longer
active, the display changes as follows:

Node Addr. Devi ce Max Addr./ Oaner
5 5/ 02 5/ 1
1 TERM NAL 55) ) — Indicates that node 5 is
3 500-20 (5) now owned by node 1.
4 5/01 (5)

Node Addr: 5 Baud Rate: 19200 OFL

SET_OMR CLR_ OMR
F1 F2 F3 F4 F5

4. To clear ownership, place the cursor on the desired node and press|[ F5] ,
CLR_OWNR. In order to succeed, you must be the current owner or the
current owner cannot be active on the network.
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Recommendations When Using DH-485 Devices

The following summarizes the recommendations for a DH-485 network.

* Usenode 0 (default) and the lowest node numbers for the programming
device(s).

* Number the processor nodes consecutively, beginning at the lowest
possible number.

¢ When establishing a multi—node network, keep in mind that the default
node address for a processor is1. This means that unless the address has
been changed previoudly, all processor nodes on the network initially
have node address 1, this makes it impossible to communicate with an
individual processor. You must bring up the network one node at atime,
assigning each node address before proceeding to the next.

¢ Set the maximum node address as low as possible. The highest numbered
node should have its maximum node address set to its own address.

¢ Set the maximum node address the same for all nodes on the network.

* Make certain that the baud rate settings of all nodes are the same. A
terminal only communicates with processors set at the same baud rate.
The baud rate change for a processor does not take effect until you cycle
power to the processor. The default baud rate for a device on the network
IS 19200.

* Make certain that the node address and baud rate are correct before
making a processor memory change using the upload or download
functions. These functions overwrite the existing node address and
existing baud rate when you cycle processor powe.

ATTENTION: If two processors on the DH-485 network are
assigned the same node address, it is possible that the processor
file in one of the processors will be lost and replaced with the
default file.

9-12
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This chapter discusses how to:
* download a program from the HHT to a processor
e upload a program from a processor to the HHT"

When you have finished creating your program offline, you must download it
from the HHT to a processor. In this example you will download program
1000, that you created in the previous chapters.

1. Start at the main menu:

SLC 500 PROGRAMM NG SOFTWARE Rel . 2.03

1747 - PTALE
Al |l en-Bradl ey Conmpany Copyright 1990
Al Rights Reserved

PRESS A FUNCTI ON KEY OFL
SELFTEST TERM PROGVAI NT UTI LI TY
F1 F2 F3 F4 F5

2. Press[F5], UTILITY. Thefollowing display appearsif apassword is
required:

SLC 500 PROGRAMM NG SOFTWARE Rel . 2.03
1747 — PTALE

Al | en-Bradl ey Conmpany Copyright 1990
Al Rights Reserved

ENTER PASSWORD: OFL

F1 F2 F3 F4 F5

or this display appears after the password is entered or if a password is
not required:

File Name: 222 Prog Nane: 1000
File Nanme Type Si ze(lnstr)
0 System 77
1 Reserved 0
2 222 Ladder 13
3 Ladder 1
OFL
ONLI NE WHO PASSVRD CLR_MEM
F1 F2 F3 F4 F5

O APS uses the terminology restoring for downloading and saving for uploading.
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In this example assume that the HHT has not been previously attached to
a processor.

3. Press[F2], WHO.

4. Usethe[ 1] and[ ] keysto display node 4 as the current node. The
display should appear as follows:

Node Addr. Devi ce Max Addr./ Oaner
4 5/01 5
5 5/02 55; D— Indicates that node 4 is the current
1 TERM NAL (5) node.
3 500-20 (5)
Node Addr: 4 Baud Rate: 192007
DI AGNSTC ATTACH NODE_CFG OWNER
F1 F2 F3 F4 F5

5. Press[F3], ATTACH.

Either the following display appearsif a program is not in processor

memory:
Program Directory
Pr ogr anmer Processor
Prog: 1000 Prog: DEFAULT <
File: 222 File: T~ DEFAULT indicates that a
Exec Files: 4 Exec Files: 3 program is not in the pro-
Data Files: 9 Data Files: 3 Cessor.
DEFAULT FI LE | N PROCESSOR PRG
OFFLI NE DWNLOAD CLR PRC MEM PRC
F1 F2 F3 F4 F5

or this display appearsif aprogram isin processor memory:

Program Di rect ory 1952 (or anything other than

Pr ogr anmer Pr ocessor DEFAULT) indicates that a
Pr og: g 1000 Pr og: 1952 / program is in the processor.
File: 222 File:
Exec Files: 4 Exec Files: 3
. . The processor node address
Data Files: 9 Data Files: )9/ that
you have attached to and
PROGRAM FI LES DI FFER PRG the processor operating mode
OFFLINE UPLCAD DWNLOCAD MODE CLR PRC are intermittently displayed.
F1 F2 F3 F4 F5 The processor must be in the

Program mode.

Important: The processor must be in the Program mode to download a
program. If the above display appears and the processor is not
in the Program mode, do the following:

a. Press[F4], MODE.
b. Press[Fs5], PROGRAM.
c. Press[F2], YES.
d. Press[ESC].
Refer to the following chapter for details regarding processor modes.
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6. Press[F3], DWNLOAD. Thefollowing display appears:

Program Directory
Pr ogr anmer Processor
Pr og: 1000 Pr og: 1952
File: 222 File:
Exec Files: 4 Exec Files: 3
Data Files: 9 Data Files: 9
DOWNLOAD TO PROCESSOR? PRG
YES NO
F1 F2 F3 F4 F5

7. Press[F2], YESto confirm. If necessary, the HHT requests you to
compile the program.

When complete, the display then changes as follows:

File Name: 222 Prog Nane: 1000
File Name Type Si ze(lnstr)
0 System 76
1 Reserved 0
2 222 Ladder 56
3 Ladder 0
PRG
OFFLI NE UPLOAD DWNLOAD MODE CLR PRC>
F1 F2 F3 F4 F5

You are now ready to perform the functions described in the following
chapters. These functions are:

* change processor operating mode
e transfer memory

* monitor or edit datafiles

* monitor online program operation

ATTENTION: If forcesareingtalled in an offline program, they
are downloaded to the processor in their last state. Be absolutely
certain that the installed forces will not cause unexpected
machine operation before continuing.

Any changes made to a program running in a processor, such as datafile
values or bit changes, or /0O forcesinstalled, reside in the processor RAM.

If you wish to save these changes, you must upload the program from the
processor to the HHT. Also, if you wish to monitor a program, other than the
program stored in the HHT, you must upload that program.

ATTENTION: Uploading aprogram to the HHT clears the
current HHT program from memory. Thereis no way to recover
this program.
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In this example you will upload program 03CLOCK stored in processor
node 3. The processor can be in any mode to upload a program.

1. Start at the main menu display:

SLC 500 PROGRAMM NG SOFTWARE Rel . 2.03

1747 — PTALE
Al | en-Bradl ey Company Copyright 1990
Al Rights Reserved

PRESS A FUNCTI ON KEY OFL
SELFTEST TERM PROGMAI NT UTI LI TY
F1 F2 F3 F4 F5

2. Press[Fs5], UTILITY. Thefollowing display appearsif apassword is
required:

SLC 500 PROGRAMM NG SOFTWARE Rel . 2.03
1747 — PTALE

Al | en-Bradl ey Conpany Copyright 1990
All R ghts Reserved

ENTER PASSWORD: OFL

F1 F2 F3 F4 F5

or this display appears after the password is entered (for the current
offline program, which is 1000) or if a password is not required:

File Name: 222 Prog Nane: 1000
File Name Type Si ze(lnstr)
0 System 77
1 Reserved 0
2 222 Ladder 13
3 Ladder 1
OFL
ONLI NE WHO PASSVRD CLR_MEM
F1 F2 F3 F4 F5

3. Press[F2], WHO, thenusethe[ 1] and[:] keysto display node 3 asthe
current node. The display should appear asfollows:

Node Addr. Devi ce Max Addr ./ Oaner
3 500-20 5 .
4 5/01 E 5; D— Indicates that node 3
5 5/ 02 (5) is the current node.
1 TERM NAL (5)/

Node Addr: 3 Baud Rate: 19200 OFL

DI AGNSTC ATTACH NODE_CFG OWNER
F1 F2 F3 F4 F5
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4. Press[F3], ATTACH. If apassword isrequired for program 03CLOCK,

the following display appears:

Program Directory
Pr ogr anmer Processor
Pr og: 1000
File: 222
Exec Files: 4
Data Files: 9
ENTER PASSWORD:

Prog:

File:

Exec Files:

Data Files:
PRG

03CLOCK
03M

3
9

F1 F2 F3 F4 F5

or this display appears after the password is entered (for the current online

program, which is 03CLOCK) or if a passwo

rd is not required:

Program Directory
Pr ogr anmer Pr ocessor

Pr og: 1000 Pr og: 03CLOCK
File: 222 File: 03M
Exec Files: 4 Exec Files: 3
Data Files: 9 Data Files: 9

PROGRAM FI LES DI FFER PRG
OFFLI NE UPLOAD DWNLOAD MODE CLR PRC

F1 F2 F3 F4 F5

5. Press[F2], UPLOAD. Thedisplay changes asfollows:

Program Directory
Pr ogr anmer Processor
Pr og: 1000 Pr og: 03CLOCK
File: 222 File: 03M
Exec Files: 4 Exec Files: 3
Data Files: 9 Data Files: 9
OVERWRI TE EXI STI NG PROGRAM? PRG
YES NO
F1 F2 F3 F4 F5

6. Press[F2], YESto replace program 1000 with 03CLOCK inthe HHT

RAM.

Program 03CLOCK is now stored in the HHT RAM and program 1000

has been erased.

You are now ready to perform the following functions:

go offline and edit the program
change processor operating mode
clear processor memory

change the password/master password
transfer memory

monitor or edit datafiles

monitor online program operation
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This chapter describes the different operating modes a processor can be
placed in while using the HHT. Available processor modes include:

* Run
* Program
o Test
The Test mode has the following options:

— continuous scan
— single scan

Run Mode

While in the Run mode, the processor scans or executes the ladder program
and monitorsinput devices. It also energizes output devices and acts on
enabled 1/O forces.

The Run mode allows you to:

* Monitor the ladder program, rung state, and data as it is being executed.
* Usethe search function.

* Forcel/O.

* Upload aprocessor program to HHT RAM.

* Monitor and edit data.

Program Mode

The Program mode facilitates the transfer of programs through the download
and upload function. In this mode the processor does not scan or execute the
ladder program and all outputs are de—energized regardless of their current
states.

Once a program is downloaded, you can:

* Monitor the ladder program in the processor without rung state indication.
e Set up I/O forces without enables being executed.

* Usethe search function.

* Monitor last run mode state of datafiles.

* Edit datafiles.

* Transfer programs to and from a memory module.

111



Chapter 11

Processor Modes

Changing Modes

112

Test Mode

The Test mode allows you to:

* Monitor the current ladder program as it is being executed.
e Use the search function.

* Forcel/O.

e Monitor and edit data.

While you are in the Test mode, the processor scans or executes the ladder
program, monitors input devices, and updates the output data files without
energizing output circuits or devices.

The Test mode provides the following ladder program tests:

Continuous Scan - This mode is the same as the Run mode, except output
circuits are not energized. Thisallows you to troubleshoot or test your ladder
program without energizing external output devices.

Single Scan - In this mode, the processor executes a single operating cycle
which includes reading the inputs, executing the ladder program, and
updating all data without energizing output circuits.

The remaining portion of this chapter takes you step by step through
changing processor modes.

The previous chapters described going online to a processor and
downloading/uploading programs.

Changing the Mode
To change any mode (Program, Test, or Run) the same steps are used.

1. To change your processor operating mode, start at the program utility
display for program 1000, resident in processor node 4.

File Name: 222 Prog Nane: 1000 ~—_|

File Narme Type Size(lnstr) | Program Name

0 System 77

1 Reserved 0

2 222 Ladder 13

3 Ladder 1 . |—Display toggles between the
PRG processor node address and

OFFLINE UPLOAD DWNLCAD MXDE CLR_PRC> the processor operating

F1 F2 F3 F4 F5 mode.

In this case, the processor isin the Program mode.
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The following display appears:

File Name: 222 Prog Name: 1000

File Nanme Type Si ze(lnstr)

0 System 77

1 Reserved 0

2 222 Ladder 13

3 Ladder 1

PRG

RUN TEST PROGRAM
F1 F2 F3 F4 F5

3. Change the processor to the Run mode by pressing [ F1] , RUN. The
display requests you to confirm your selection:

File Name: 222 Prog Nane: 1000
File Narme Type Si ze(lnstr)
0 System 77
1 Reserved 0
2 222 Ladder 13
3 Ladder 1
ARE YOU SURE? PRG
YES NO
F1 F2 F3 F4 F5

4. Press[F2], YES. Thedisplay changes as follows:

| _— Display toggles between the
processor node address and

the processor operating

File Name: 222 Prog Nane: 1000

File Narme Type Si ze(lnstr)

0 System 77

1 Reserved 0

2 222 Ladder 13

3 Ladder 1

RUN =

RUN TEST PROGRAM
F1 F2 F3 F4 F5

mode, which is now Run.
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Monitoring Controller Operation

This chapter briefly describes monitoring controller operation. Topics
include:

* monitoring a program file

* monitoring datafiles

* monitoring datafile displays
* online data changes

The following demonstrates how to monitor a program file while online:
1. Start from the main online display:

File Name: 222 Prog Nane: 1000
File Narme Type Si ze(lnstr)
0 System 76
1 Reserved 0
2 222 Ladder 56
3 Ladder 0
RUN
OFFLINE UPLOAD DWNLOAD MOXDE CLR _PRC>
F1 F2 F3 F4 F5

2. Press[ENTER] to view additional menu functions. Then press|[ F5],
MONITOR. Thefollowing display appears requesting the file number
you want to monitor:

File Name: 222 Prog Nane: 1000

File Name Type Si ze(lnstr)

0 System 76

1 Reser ved 0

2 222 Ladder 56

3 Ladder 0

ENTER FI LE NUMBER: RUN
F1 F2 F3 F4 F5

3. To view the main program file (2), press 2, then [ ENTER] . The ladder
program display appears:

2.0.0.0.* 4— IS
The cursor location is displayed
,_] E 10 £ ) in the upper right corner. This
] E { indicates that the cursor is
L] [ L] [ ) located in program file 2, rung 0,
( )- nest level 0, branch level 0 and
1 [ ] [ { ) the asterisk (¥) means the cursor
1 ] [ is not on an instruction, in this
10 11 \ R)UN case the cursor is located on the
_» MODE FORCE EDT_DAT SEARCH % | left power rail.
F1 F2 F3 F4 F5

Processor Node Address and
Operating Mode

Further details of the ladder display are provided in chapter 7, Creating
and Editing a Program.
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True/False Indication

Once the processor is operating in the Run or Test mode, the ladder program
indicates the logical state of the instructions, either true or false.

In the previous display and on the following pages, true instructions and the
program cursor appear as follows:

* trueinstructions are intensified (heavier line weight)
* the cursor isthe blinking reverse video block

e atrueinstruction at the cursor location flashes between the intensified
instruction and the reverse video block

This section describes the types of datafiles, where to access them in the
HHT, and how to monitor them.

Data Files

These files contain information used in your ladder program. Datatable files
include:

e DataFile 0— Output

» DataFile1 - Input

e DataFile2 - Status

* DataFile3—Binary or Bit
e DataFile4—Timer

e DataFile5- Counter

e DataFile 6 —Control

* DataFile7 —Integer

e DataFile 8- Reserved file

* DataFiles 9-255 — User created files. They can be bit, timer, counter,
control, and integer files.

When offline, use data files 3—255 to set up sequencers, math routines,

“recipes,” and look-up tables. When online, use datafiles to reset timers and

counters, and sequencers to test and/or troubleshoot.
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Accessing Data Files

There are four ways to access the data table:

Option 1

While offline, press[ F3] , PROGMAINT, from the menu display, then
[ENTER], and [ F1] , EDT_DAT.

Option 2
While monitoring a program offline, press[ ENTER] and [ F1], EDT_DAT.

Option 3

While online, press[ ENTER] from the main online display, then [ F4] ,
EDT_DAT.

Option 4
While monitoring a program online, press| F3], EDT_DAT.

Important: Datatable file protection is available with any of the SLC 500
processors. However, the form of protection can only be
changed during offline programming.

* Fixed and SLC 5/01 processors— output files are always

protected and all other files are unprotected from online
changes while the processor isin the Run mode.

e SLC 5/02 processors — at the time you save your program
you can protect output files, al files, or no files from online
changes while the processor isin the Run mode.

Monitoring a Data File

The following count—up ladder program is an example of how to monitor
datafiles.

1:1.0 — CTU
- N COUNT UP —(cu—
Rung 0 ] [0 Count er C5: 0 (
Preset 3 |—(DN)
Accum 0
C5: 0 0:3.0
Rung 1 10 ()
CcuU 0
C5:0 0:3.0
Rung 2 1 « )
DN 1
C5:0 0:3.0
Rung 3 1 ()
ov 2
1:1.0 0:5.0
Rung 4 11 ( RES) —
1
| END |
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The following HHT display shows the ladder program being monitored in
the online mode. The cursor islocated on the X|C instruction C5:0/DN on

rung 2.

XI C: C5: 0/ 13 2.2.0.0.1
bk (cr
] I- {
1 ol \
1 [ ()
| )
1 ("8
MODE  FORCE EDT_DAT SEARCH
F1 F2 F3 F4 F5

When you are monitoring afile, the location of the cursor in the ladder
program determines how you access a particular address within adatafile:

e |f the cursor is on an instruction when you press [F3], EDT_DAT, the
cursor moves to the address (bit or word level) of the instruction in the
appropriate datafile.

* |f the cursor ison apower rail or branch intersection when you press [F3],
EDT_DAT, the cursor movesto the beginning of the first datafile, the
Output datafile. You can then use the ADDRESS function key, followed
by [ENTER] to specify any address in the datatable.

Monitor the counter datafile by pressing [F3], EDT_DAT. The following

display appears:
COUNTER C5:0
CU CO DN OV UN UA
STATUS 0 0 0 0 0 0
PRESET 3
ACCUM 0
STATUS=000 000 RUN
ADDRESS NEXT FL PREV FL NEXT PG PREV PG
F1 F2 F3 F4 F5
Function Key Description
[F1], ADDRESS Locates any address in the data table
[F2], NEXT_FL Displays the next consecutive file in the data table
[F3], PREV_FL Displays the previous file in the data table
[F4], NEXT_PG Displays the next page of elements in the existing data file
[F5], PREV_PG 1I‘i3||:plays the previous page of elements in the existing data
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The following section provides you with an example of what each data table
display appearsas. Theradix (or number system) that the file elements are
displayed inisfixed: binary for Input, Output, and Bit files; decimal for
Integer files; and formatted display for Status, Timer, Counter, and Control
files.

To access the data table, place the cursor on the left power rail in the online
monitor display and press[F3], EDT_DAT. Thefirst filein the datatable
appears, the output datafile.

Output File (00)

The output data file displays the elements that correspond to the specified
controller 1/O configuration. The following output file display indicates that
there is an 8—point output modulein slot 3. Each bit in the word represents
the On/Off status of an output circuit or terminal. All bits are presently reset

(0).

Important: If the processor isin the Run mode, you can only save changed
datain the output file if you have a SLC 5/02 processor and
your file was saved allowing this option. Refer to chapter 8.

Addr ess 15 dat a 0
:3.0 0000 0000
:3.0/0 =0 RUN
ADDRESS NEXT FL PREV FL NEXT PG PREV PG
F1 F2 F3 Fa4 F5

To display the next consecutive data file — the input datafile, press[F2],
NEXT_FL.

Input File (11)

Theinput datafile displays the elements that correspond to the specified
controller I/O configuration. The following input file display indicates that
there is a4—point input module in slot 1 and an 8—point input module in slot
2. Eachinput dot is shown as aword/element address. Each bit in the word
represents the On/Off status of an input circuit or terminal. All bitsare
presently reset (0).

Addr ess 15 dat a 0
11:1.0 0000
11:2.0 0000 0000
11:1.0/0 = 0 RUN
ADDRESS NEXT FL PREV FL NEXT PG PREV PG
F1 F2 F3 Fa4 F5
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To display the next consecutive data file — the status data file, press [F2],

NEXT_FL.

Status Data File (S2)

The status data file contains information about processor operation,
diagnostics, memory module loading, fault codes, etc. The displays below
show the 16-word status file for afixed controller or a SLC 5/01 processor.

To move between displays, press[F3], NEXT_PG.

Status File Status File
S2:5 Mnor Fault 0000 0000 0000 0000 S2:9 & S2:10 Active Node Li st
S2:6 Fault Code 0000H 1 2 3
Desc: No Error 0 0 0 0
S2: 3L Program Scan [x10nS] |ast: 0 0111 1000 0000 0000 0000 0000 0000 0000
S2: 3H Wat chdog [ x10n8] 10 Node = 0
S2:5/0 =0 PRG S2:9/0 =0 PRG
ADDRESS NEXT FL PREV _FL NEXT PG PREV PG ADDRESS NEXT FL PREV _FL NEXT PG PREV PG
F1 F2 F3 F4 F5 F1 F2 F3 F4 F5
Status File Status File
S2:7 Suspend Code 0 S2:11 & S2:12 1/0O Slot Enables
S2: 8 Suspend File 0 1 2 3
S2: 4 Runni ng d ock 0000 0000 0000 0000 0 0 0 0
S2:13&14 Math Regi ster 00000000H 1111 1111 1111 1111 11171 21111 1111 1111
Slot = 0
S2:7 =0 PRG S2:11/0 =1 PRG
ADDRESS NEXT FL PREV FL NEXT PG PREV PG ADDRESS NEXT FL PREV FL NEXT PG PREV PG
F1 F2 F3 F4 F5 F1 F2 F3 F4 F5

Status File
S2: 15H Comuni cati on KBaud Rate 19.2
S2:15L Processor Address 1
Not e:
Enter 3 for 9600
Enter 4 for 19200

Status File
Arithmetic Flags S:0 zZ:0 V:0 CO
S2:0 Proc Status 0000 0000 0000 0000
S2:1 Proc Status 0000 0000 1000 0001
S2:2 Proc Status 1000 0000 0000 0010

S2:15H = 4 PRG S2:0/0 =0 PRG
ADDRESS NEXT FL PREV FL NEXT PG PREV PG ADDRESS NEXT FL PREV FL NEXT PG PREV PG
F1 F2 F3 F4 F5 F1 F2 F3 F4 F5




Chapter 12

Monitoring Controller Operations

The displays below show the 33—-word status file for a SLC 5/02 processor.
To move between displays, press[F3], NEXT_PG. To display the next
consecutive data file — the bit datafile, press[F2], NEXT_FL.

Status File
S2:5 M nor Fault 0000 0000 0000 0000
S2:6 Fault Code 0O0O0OOH
Desc: No Error
S2:29 Err File: O Indx Cross File: No
S2:24 Index Reg: O Single Step: No
PRG

Status File
S2:27 & S2:28 1/0O Interrupt Enables
1 2 3
0 0 0 0
0000 0000 0000 0000 0000 0000 0000 0000

S2:5/0 = 0 S2:27/0 = 0 PRG
ADDRESS NEXT FL PREV FL NEXT PG PREV PG ADDRESS NEXT FL PREV FL NEXT PG PREV PG
F1 F2 F3 F4 F5 F1 F2 F3 F4 F5
Status File Status File
S2: 7 Suspend Code 0 S2:25 & S2:26 1/O Interrupt Pending
S2:8 Suspend File 0 1 2 3
S2:4 Running C ock 0000 0000 0000 0000 0 0 0 0

S2: 13814 Math Regi ster 00000000H

0000 0000 0000 0000 0000 0000 0000 0000

S2:7 =0 PRG S2:25/0 = 0 PRG
ADDRESS NEXT FL PREV FL NEXT PG PREV PG ADDRESS NEXT FL PREV FL NEXT PG PREV PG
F1 F2 F3 F4 F5 F1 F2 F3 F4 F5
Status File Status File
S2: 3H Wat chdog [ x10n8] 10 S2: 15H Conmuni cation KBaud Rate 19.2
S2: 15L Processor Address 1
S2: 3L Last Scan [x10nf] 0 Not e:
S2:23 Avg. Scan [ x10nf] 0 Enter 1 for 1200 Enter 3 for 9600
S2:22 Max. Scan [x10nf] 2 Enter 2 for 2400 Enter 4 for 19200
S2:3H = 10 PRG S2:15H = 4 PRG
ADDRESS NEXT FL PREV _FL NEXT PG PREV PG ADDRESS NEXT FL PREV FL NEXT PG PREV PG
F1 F2 F3 F4 F5 F1 F2 F3 F4 F5
Status File Status File
Sel ectabl e Tinmed | nterrupt S2:9 & S2:10 Active Node Li st
S2:31 Subroutine File: 0 1 2 3
S2: 30 Frequency [x10nf]: 0 0 0 0 0
Enabl ed: 0 Executing: O Pendi ng: 0 0111 1000 0000 0000 0000 0000 0000 0000
Node = 0
S2:31 =0 PRG S2:9/0 =0 PRG
ADDRESS NEXT FL PREV _FL NEXT PG PREV PG ADDRESS NEXT FL PREV FL NEXT PG PREV PG
F1 F2 F3 F4 F5 F1 F2 F3 F4 F5

Status File
Debug Single Step

Status File
Arithmetic Flags S:0 zZ:0 V:0 CO

File Rung S2: 0 Proc Status 0000 0000 0000 0000
S2: 16817 Single Step 0 0 S2:1 Proc Status 0000 0000 1000 0001
S2:18&19 Breakpoi nt 0 0 S2:2 Proc Status 1000 0000 0000 0010
S2:20&21 Faul t/ Power down 1 2
S2:16 =0 PRG S2:0/0 =0 PRG
ADDRESS NEXT FL PREV FL NEXT PG PREV PG ADDRESS NEXT FL PREV FL NEXT PG PREV PG
F1 F2 F3 F4 F5 F1 F2 F3 F4 F5
Status File
S2:11 & S2:12 1/0O Slot Enables
1 2 3
0 0 0 0
1111 1111 1111 11171 21111 2211 2211 1111
Slot = 0
S2:11/0 = 1 PRG
ADDRESS NEXT FL PREV FL NEXT PG PREV PG
F1 F2 F3 F4 F5
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Bit Data File (B3)

The display below shows the bit datafile. Two elements are shown; B3:0
and B3:1. The cursor islocated on bit B3/0. All bits are reset to zero.

Addr ess 15 dat a 0

B3: 0 0000 0000 0000 0000

B3:1 0000 0000 0000 0000

B3/0 = 0 RUN

ADDRESS NEXT FL PREV _FL NEXT PG PREV PG
F1 F2 F3 F4 F5

To display the next consecutive data file —the timer datafile, press [F2],
NEXT FL.

Timer Data File (T4)

The display below shows the timer datafile. The cursor is on the enable bit
(EN) of timer T4:0. The control words EN, TT, and DN (bits 15, 14, and 13)
are all reset. The preset is currently 1000 and the accumulator is 0.

Ti mer T4:0
EN TT DN
STATUS 0O 0 O
PRESET 1000
ACCUM 0
STATUS=000 RUN
ADDRESS NEXT_FL PREV_FL NEXT_PG PREV_PG
F1 F2 F3 F4 F5

To display the next consecutive data file — the counter data file, press[F2],
NEXT_FL.

Counter Data File (C5)

The display below shows the counter datafile. The cursor is on the count—up
enable bit CU (bit 15) of counter C5:0. The control word bits CU, CD, DN,
OV, UN, and UA (bits 15, 14, 13, 12, 11, and 10 respectively) are all reset.
The preset is currently 10 and the accumulator is O.

Count er C5: 0
CU COD DN OV UN UA
STATUS 0O 0O O o o0 o
PRESET 10
ACCUM 0
STATUS=000000 RUN
ADDRESS NEXT_FL PREV_FL NEXT_PG PREV_PG
F1 F2 F3 F4 F5

To display the next consecutive data file — the control datafile, press[F2],
NEXT_FL.
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Control Data File (R6)

The display below show the control datafile. The cursor ison the enable bit
EN (bit 15) of control element R6:0. The control word bits EN, EU, DN,
EM, ER, UL, IN, and FD (bits 15, 14, 13, 12, 11, 10, 9, and 8 respectively)
areall reset. Thelength is 25 and the position isO.

Cont r ol R6: 0
EN EU DN EM ER UL IN FD

STATUS 0O 0 O O O O o0 o
PRESET 25
ACCUM 0
STATUS=0000000 RUN
ADDRESS NEXT_FL PREV_FL NEXT_PG PREV_PG

F1 F2 F3 F4 F5

To display the next consecutive data file — the integer datafile, press[F2],
NEXT_FL.

Integer Data File (N7)

The display below shows the integer datafile. Four elements are shown:
N7:0 through N7:3. The cursor ison N7:0, which currently has a decimal
value of 1098.

Addr ess Dat a

N7: 0 1098

N7:1 0

N7: 2 2000

N7: 3 5

N7: 0=1098 RUN
ADDRESS NEXT_FL PREV_FL NEXT_PG PREV_PG

F1 F2 F3 F4 F5

To display the next consecutive datafile, press[F2], NEXT_FL. If adatafile
numbered 8 or higher has been used, the displays will change accordingly.
Otherwise, the HHT wraps around to the start of the data table and displays
the output datafile.

This section illustrates how:

* to monitor counter operation

* to change counter preset and accumulator values
* counter enable, done, and overflow bits operate
* toreset acounter

The examples in this section are based on the count—up ladder diagram
shown on page 12-3. The count—up enable bit CU (bit 15), done bit DN
(bit 13), and overflow hit OV (bit 12) of the counter energize external
outputs 0, 1, and 2 respectively. External input O enables the counter;
external input 1 resets the counter.

129



Chapter 12

Monitoring Controller Operations

To change online data, begin by monitoring the program online while the
processor isin either the Run or Test Continuous Scan (CSN) mode.

XIC11:1.0/0 NO FORCE 2.0.0.0.1
i (cr
1 I- {
L \
][ ()
][ )
] RS
MODE FORCE EDT_DAT SEARCH

F1 F2 F3 F4 F5

Observe the following:

e XlCinstruction C5:0/15 (count—up bit) and rung 1 are true whenever rung
O istrue, and false whenever rung O isfalse.

* Eachtimerung 0 makes afalse to true transition, the accumulator value
increments. Position the cursor on the CTU instruction and press [zooM
to display the counter accumulator value.

* When the accumulator value equals the preset, 3, XIC instruction C5:0/13
(done bit) goes true, making rung 2 true. The instruction remains true as
long as the accumulator is greater than or equal to the preset value.

To change the counter preset or accumulator values or the status bits:

1. PressEDT_DAT from either the zoom display or the online monitor
display. A screen similar to the one below appears.

Count er C5: 0
CU CD DN O/ UN UA
STATUS 0O 0 1 0 0 O
PRESET 3
ACCUM 16
STATUS=001000 RUN
ADDRESS NEXT_FL PREV_FL NEXT_PG PREV_PG
F1 F2 F3 F4 F5

In this display, the accumulator (ACCUM) is 16 and the done bit DN (bit
13) isset. Reset the counter by making rung 4 true momentarily. The
accumulator value and the done bit are reset to zero.

2. Change the preset and accumulator values from the EDT_DAT screen.
Press the down arrow key to place the cursor on the preset. Type 32767
(maximum value) and press [ENTER]. Press the down arrow key to place
the cursor on the accumulator (ACCUM). Type 32767 (maximum value)
and press [ENTER]. The display appears as follows:

Count er C5: 0
CU COD DN OV UN UA
STATUS 0 o0 1 0 0 O
PRESET 32767
ACCUM 32766
STATUS=32766 RUN
ADDRESS NEXT_FL PREV_FL NEXT_PG PREV_PG
F1 F2 F3 F4 F5
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3. Increment the counter by turning on 1:1/0. The accumulator value equals
the preset value, the done bit DN (bit 13) is set, and rung 2 is true.

4. Increment the counter again. Theisin an overflow condition, setting the
overflow bit OV (bit 12). Rung 3 in the ladder programistrue. The
display changes as follows:

Count er C5: 0
CU COD DN OV UN UA
STATUS 0 o0 1 1 0 O
PRESET 32767
ACCUM -32768
STATUS=-32768 RUN
ADDRESS NEXT_FL PREV_FL NEXT_PG PREV_PG
F1 F2 F3 F4 F5

The accumulator is on the 32768th count, shown as—32678. Asthe count
continues to increment, the accumulator shows negative numbers of
decreasing absolute value.

12-11
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The Force Function

This chapter briefly describes the force function. Topics include:
e forcing 1/0

» forcing an external input

» searching for forced 1/0

» forcing an external output

» forces carried offline

FOI’Cing I/O The force function allows you to override the actual status of external input
circuits by forcing external input datafile bits On or Off. You can also
override the processor logic and status of output datafile bits by forcing
output circuits On or Off.

You can install and then enable or disable forces with the processor in any
mode while monitoring your file online.
To force an external input, the following program (the same program used in
the last chapter), is used throughout this chapter.
1:0.0 B3 B3 B3
0 1 T 1/ T 1 T ()
1 L 171 1 L v )
1 10 11 12
Operation: This program is used to achieve the maintained contact
1:0.0 B3 B3 B3 action of an On-Off toggle switch using a momentary contact push
1 1 [ 1/ [ 1/ { ) button. (Press for on; press again for off.)
1 10 12 11 The first time you press the push button (represented by address
1:0/1), instruction B3/11 is latched, energizing output O:0/0. The
B3 second time you press the push button, instruction B3/12 unlatches
1 [ instruction B3/11, de—energizing output 0:0/0. Instruction B3/10
11 prevents interaction between instructions B3/12 and B3/11.
. Note: If you have not yet entered this program and downloaded, refer
2 | 1 O-r 0 83; \ to chapter 10. The controller configuration and I/O addresses
T 0 v programmed in the HHT must match the controller you download to.
1 10 This program is written for a fixed controller.
B3 a0.0
3 1 T ()
1 L 7/
11
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Forcing an External Input

Installing forces on input data file bits only affects the input force table.
However, enabling the installed forces affects the input force table, input data
file, and, thus, the program logic. The effects on the program logic of
installed and enabled forces can be seen in both the Run and Test modes.

In the following example, the HHT is online, monitoring the program in the

Run mode. The cursor islocated on external input 1:0/1. The display
indicates NO FORCE.

XIC 11:0.0/1 NO FORCE 2.0.0.0.1
— e ¢ )
—[]} E 171 1/T { )
— [ ()
—1 I ()
RUN
MODE  FORCE EDT DAT SEARCH

F1 F2 F3 F4 F5

To Close an External Input Circuit

To simulate the closing of the external input circuit, you must force the input
asfollows:

1. Select the force function by pressing [F2], FORCE. The force functions
appear:

XIC 11:0.0/1 NO FORCE 2.0.0.0.1
— 1/ ¢ )

L% [ 171 1/T { )
— [ -
—1 [ ()

RUN

ON OFF REM REM ALL ENABLE

F1 F2 F3 F4 F5

Note: The HHT does not have access to the force table.
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Function Key

Description

[F1], ON

Enters a 1 in the input force table for the cursored external
input bit address. This installs a force. If the Enable
function is in effect and the processor is in the Run or Test
mode, the force is applied. The data file bit remains forced
until: 1) the disable function is in effect, or 2) the force is
removed.

[F2], OFF

Enters a 0 in the input force table for the cursored external
input hit address. This installs a force. If the Enable
function is in effect and the processor is in the Run or Test
mode, the force is applied. The data file bit remains forced
until: 1) the disable function is in effect, or 2) the force is
removed.

[F3], REM

Affects the cursored external input bit address. If
applicable, removes the installed force from the force table
and the data file. Other forces are unaffected.

[F4], REM_ALL

Affects all forced external input bit addresses and external
output circuits. Removes installed forces from all external
input bit addresses and output circuits. You must confirm
your choice.

[F5], ENABLE

Toggles between enable and disable all forces, both inputs
and outputs. You must confirm your choice. The disable
function is in effect when no forces are enabled. Note that
the processor must be in the Run or Test mode to see the

effects of the forced input data bits.

2. Forcetheinput on. Press[F1], ON. FORCE ONisindicated.

XIC 11:0.0/1

FORCE ON 2.0.0.0.1
—1 [—} ; % 1 [ (/ )\
—[]} E 1/ t )
— [ ()
1 [ ()
F RUN
ON OFF REM REM ALL ENABLE
F1 F2 F3 F4 F5

Theforceisinstaled, but not yet enabled. Thisisindicated by the
flashing F appearing on the prompt line. Thisisalso indicated by the
FORCED 1/0O LED on the controller, which is now flashing.

SURE? isindicated.

Enable the force by pressing [F5], ENABLE. The prompt ARE YOU

XIC 11:0.0/1 FORCE ON 2.0.0.0.1
— [—} 5 % 1 [ £ )
—[]} E 1/ { )
— [ ()
1 [ ()
ARE YOU SURE? F RUN
YES NO
F1 F2 F3 F4 F5
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4. To verify enabling of forces, press[F2]. Theforceisenabled. The letter
F on the prompt line is now on continuously. Also, the FORCED 1/0

LED of the processor is on continuously.

XIC 11:0.0/1 FORCE ON 2.0.0.0.1
—3 — 11— ¢ )

L}L [$ 1/ < )
—1 [ ()
1 [ ()

F RUN

ON OFF REM REM ALL DI SABLE

F1 F2 F3 F4 F5

Rungs 1, 2, and 3 have gonetrue, as indicated by highlighted (bold)
instructionsin the display. Note that the output O LED of the controller is

on.

To Close and Open an External Circuit

To simulate closing, opening, closing, and opening of an external circuit (as

by pressing and releasing a push button twice), you must force the input off,
then on, then off:

1. Press[F2], OFF. Rungs1 and 3 remain true.

XIC 11:0.0/1 FORCE OFF 2.0.0.0.1
—1 [—]/I 1 [ { )
1 171 1/ ¢ )
I ——
— ()
1 [ ()
F RUN
ON OFF REM REM ALL DI SABLE
F1 F2 F3 F4 F5

2. Press[F1], ON. Rungs1 and 3 are now false and rung 2 istrue. The

output O LED of the controller is no longer on.

Xl C

11:0.0/1

FORCE ON 2.0.0.0.1
[ — )

Lj [ 1/T <)
— [ ()
—1 I ()

F RUN

ON OFF REM REM ALL DI SABLE

F1 F2 F3 F4

F5




Chapter 13

The Force Function

3. Press[F2], OFF. All rungsarefase. Program operation is back to the
starting point. The display shows FORCE OFF, but the forceis still

enabled.
XIC 11:0.0/1 FORCE OFF 2.0.0.0.1
—1 [—1/I 1 [ )
1 17T 1/ ¢ )
I [ SN R
— [ ()
1 [ ()
F RUN
ON OFF REM REM ALL DI SABLE
F1 F2 F3 F4 F5

To disable and/or remove forces, you can select DISABLE, REM, or

REM ALL.

4. Remove the force by pressing [F3], REM. NO FORCE indicates the force is

removed and disabled. The F no longer appearsto the left of RUN. The
FORCED 1/0O LED of the processor is off.

XIC 11:0.0/1  NO FORCE 2.0.0.0.1
— = ][ ¢ )
—q [ 171 1/ € )
— [ ()
1 [ ()
RUN
N OFF REM  REMALL ENABLE
F1 F2 F3 F4 F5
5. Press[ESC] to exit the force function:
XIC 11:0.0/1  NO FORCE 2.0.0.0.1
e I e A 1 [ £ )
1 171 1/ £ )
i ——
— [ ()
—1 [ ()
RUN
MODE ~FORCE EDT DAT SEARCH
F1 F2 F3 F4 F5

13-5
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Searching for Forced I/O

To search for forced /O, you can have the cursor located anywherein the
program at the beginning of the search. In the following display, the cursor
islocated in rung O, on aforced instruction. Theforceis enabled.

1. Set up theseinitial conditions (arepeat of what was done on page 13-2).

XIC 11:0.0/1 FORCE ON 2.0.0.0.1
—1 [—} 5{ 1 [ (/ )\
—[]} Eg 1/ { )
— [ ()
—1 [ ()
F RUN
MODE FORCE EDTiDAT SEARCH
F1 F2 F3 F4 F5

2. Select the search function by pressing [F4], SEARCH. The search
functions appear.

XIC 11:0.0/1 FORCE ON 2.0.0.0.1
— ) | )
—[]} E 1/ € )
— [ ()
1 [ ()

+ F RUN

CUR-I NS CUR-OPD NEW-I NS uP FORCE

F1 F2 F3 F4 F5
3. Press[Fs], FORCE.

XIC 11:0.0/1 FORCE ON 2.0.0.0.1

— | )

Lj [ 1/ T < )
— [ ()
—1 [ ()—

ENTER TO FI ND FORCE F RUN
UP
F1 F2 F3 F4 F5
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4. Press[ENTER]. Asthedisplay shows, the next occurrence of aforced
instruction is found in rung 1.

XIC: 11:0.0/1  FORCE ON 2.0.0.0.1
[—1/1 1 [ )
gER R
— [ ()
1 [ ()
END>
ENTER TO FI ND FORCE F RWN
uP
F1 F2 F3 F4 F5

5. Press[ENTER]. Thedisplay indicates the next occurrence of aforced
instruction, in rung 2.

XIC: 11:0.0/1  FORCE ON 2.0.0.0.1
1 [ ()
1 ()
‘ END>
ENTER TO FI ND FORCE F RUN
uP
F1 F2 F3 F4 F5

6. Press[ENTER]. The cursor haswrapped around to rung O, the first
occurrence of aforced instruction.

XIC 11:0.0/1 FORCE ON 2.
—3 [—]j[ 11

—[]}E 17T 1/
— [

(
\
—1 (

ENTER TO FI ND FORCE

F1 F2 F3 F4
Notes:

The search locates al forced instructions, regardless of instruction type or
address.

The search for forced instructions can be done online while monitoring,
or offline while editing afile.
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Forcing an External Output
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A forced external output circuit is independent of the internal logic of the
ladder program and the output datafile. Installing forces on output circuits
only affects the output force table. Enabling installed forces does not affect
the output datafile or the program logic. However, it does affect the output
circuit. The effects of installed and enabled forces can only be seenin the
Run mode. The Test mode does not energize output circuits.

The procedure for forcing an external output is the same as for forcing an
external input. However, the HHT aways shows the logical state of the
instruction. For example, the following display shows output O:0/0 forced
off. The controller output LED is off, yet the rung and output data file show
the output to be logically true.

OTE: (00:0.0/1 FORCE OFF 2.3.0.0.2
[—/1 171 { )
R
— [ ()
1 I (r—
<END>=
F RUN
ON OFF REM REM ALL DI SABLE
F1 F2 F3 F4 F5
Function Key Description

Enters a 1 in the input force table for the cursored external

input bit address. This installs a force. If the Enable

[F1], ON function is in effect and the processor is in the Run or Test
' mode, the force is applied. The data file bit remains forced

until: 1) the disable function is in effect, or 2) the force is

removed.

Enters a 0 in the input force table for the cursored external

input bit address. This installs a force. If the Enable

[F2], OFF function is in effect and the processor is in the Run or Test
' mode, the force is applied. The data file bit remains forced

until: 1) the disable function is in effect, or 2) the force is

removed.

Affects the cursored external input bit address. If
[F3], REM applicable, removes the installed force from the force table
and the data file. Other forces are unaffected.

Affects all forced external input bit addresses and external

output circuits. Removes installed forces from all external
[F4], REM_ALL input hit addresses and output circuits. You must confirm
your choice.

Toggles between enable and disable all forces, both inputs
and outputs. You must confirm your choice. The disable
[F5], DISABLE function is in effect when no forces are enabled. Note that
the processor must be in the Run or Test mode to see the
effects of the forced input data bits.
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The following display shows output O:0/0 forced on. The controller output
LED ison, yet the rung and output data file show the output to be logically
false.

OTE: 0:0.0/1  FORCE ON 2.3.0.0.2

/[ 1/1 £ )
T
— [ ()
—1 [ ()
END

F RUN

N OFF __REM REMALL DI SABLE
F1 F2 F3 F4 F5

When your program has forced 1/0 and you go offline, the FORCE ON and
FORCE OFF indications appear in the offline ladder diagram displays,
although the I/O datafiles do not change. If you subsequently remove the

forces online, then go offline, the FORCE ON and FORCE OFF indications
no longer appear in the offline ladder diagram displays.
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Using an EEPROM Memory
Module

Chapter ] 1

Using EEPROMs and UVPROMs

This chapter describes:

e using an EEPROM memory module
* EEPROM burning options

e using aUVPROM memory module

You can transfer a program from the processor to an EEPROM and vice
versa. The procedures are similar.

* Make sure the EEPROM isinstalled in the processor. Disconnect
controller power and insert the EEPROM in the processor. (Accessto the
EEPROM socket is gained by removing the front cover of the fixed 110
controllers or by remaoving the processor module of modular controllers.)

ATTENTION: Ensurethat the EEPROM isinstalled properly.
To avoid damage to the EEPROM and undesired CPU faullts,
follow the installation procedure described in the controller
installation manual, 1747-NI1001 (fixed controller) or
1747-N1002 (modular controller).

 Establish online communications with the processor.
e Make sure the processor is in the Program mode.
* Transfer the file to/from the EEPROM memory module.

Transferring a Program to an EEPROM Memory Module

1. Establish online communication with the processor. Refer to chapter 9.
2. Change the processor mode to Program. Refer to chapter 11.

3. Download the program from the HHT to processor RAM. Refer to
chapter 10.

4. Begin at the following display:

File Name: 222 Prog Nane: 1000
File Nanme Type Si ze(lnstr)
0 System 77
1 Reserved 0
2 222 Ladder 13
3 Ladder 1
PRG
OFFLINE UPLOAD DWNLOAD MODE CLR _PRC>
F1 F2 F3 F4 F5
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. Press[ENTER] to view the remaining menu selections:

File Name: 222 Prog Nane: 1000
File Name Type Si ze(lnstr)
0 System 77
1 Reserved 0
2 222 Ladder 13
3 Ladder 1
PRG
PASSVRD XFERVEM  EDT_DAT MONI TOR>
F1 F2 F3 F4 F5

. Press[F3], XFERMEM.

File Name: 222 Prog Nane: 1000
File Name Type Si ze(lnstr)
0 System 77
1 Reserved 0
2 222 Ladder 13
3 Ladder 1
PRG
MEM_PRC PRC_MEM
F1 F2 F3 F4 F5

Choices are memory to processor (MEM_PRC) and processor to memory
(PRC_MEM).

. To transfer the processor program to the EEPROM, press [F4],

PRC_MEM.
File Name: 222 Prog Nane: 1000
File Name Type Si ze(lnstr)
0 System 77
1 Reserved 0
2 222 Ladder 13
3 Ladder 1
XFER PROC TO MEMORY MODULE? PRG
YES NO
F1 F2 F3 F4 F5

The prompt line asks you to verify your choice.

. Press[F2]. The prompt line indicates XFERRI NG PROC TO MEMORY

MODULE momentarily, then returns to this display:

File Nane: 222 Prog Nane: 1000
File Nanme Type Si ze(lnstr)
0 System 77
1 Reserved 0
2 222 Ladder 13
3 Ladder 1
PRG
PASSWRD XFERVEM  EDT_DAT MONI TOR>
F1 F2 F3 F4 F5

A copy of the program has been transferred to the EEPROM.




Chapter 14

Using EEPROMs and UVPROMs

Transferring a Program from an EEPROM Memory Module

1. Establish online communication with the processor. Refer to chapter 9.
2. Change the processor mode to Program. Refer to chapter 11.
3. If the DEFAULT fileisin the processor, continue to step 4.

If the processor and HHT programs do not match, upload or download to
make the programs match. (Refer to chapter 10.) Proceed to step 7.

4. With the DEFAULT file in the processor, begin at the following display:

Program Directory

Pr ogr anmer Processor
Prog: 1000 Prog: DEFAULT
File: 222 File:
Exec Files: 4 Exec Files: 3
Data Files: 9 Data Files: 3
DEFAULT FI LE | N PROCESSOR PRG
OFFLINE DWNLOAD CLR PRC MEM PRC

F1 F2 F3 F4 F5

5. Press[F4], MEM_PRC.

Program Directory
Pr ogr anmer Processor
Prog: 1000 Prog: DEFAULT
File: 222 File:
Exec Files: 4 Exec Files: 3
Data Files: 9 Data Files: 3
XFER MEMORY MODULE TO PROC? PRG
YES NO
F1 F2 F3 F4 F5

The prompt line asks you to verify your choice.

6. Press[F2], YES. The prompt line indicates XFERRI NG MEMORY MODULE
TO PROC momentarily, then returns to this display:

Program Directory

Pr ogr anmer Processor
Prog: 1000 Prog: 1066
File: 222 File:
Exec Files: 4 Exec Files: 3
Data Files: 9 Data Files: 9
PROGRAM FI LES DI FFER PRG
OFFLINE UPLOAD DWNLOAD MODE CLR PRC

F1 F2 F3 F4 F5

A copy of the processor program has been transferred to the EEPROM.
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7. Totransfer a program from an EEPROM with matching programsin the
HHT and the processor, begin at the following display:

File Name: 222 Prog Nane: 1000
File Name Type Si ze(lnstr)
0 System 77
1 Reserved 0
2 222 Ladder 13
3 Ladder 1
PRG
OFFLINE UPLOAD DWNLOAD MODE CLR PRC>

F1

F2

F3

F4

F5

To view the remaining menu selections, press [ENTER].

File Name: 222 Prog Nane: 1000
File Name Type Si ze(lnstr)
0 System 77
1 Reserved 0
2 222 Ladder 13
3 Ladder 1
PRG
PASSVWRD XFERVEM EDT_DAT MONI TOR>
F1 F2 F3 F4 F5

8. Press[F3], XFERMEM:

File Name: 222 Prog Nane: 1000
File Name Type Si ze(lnstr)
0 System 77
1 Reserved 0
2 222 Ladder 13
3 Ladder 1
PRG
MEM_PRC PRC_MEM
F1 F2 F3 F4 F5

Your choices are memory module to processor RAM (MEM_PRC) and
processor RAM to memory module (PRC_MEM).

9. To transfer the program from the memory module to the processor RAM,
press[F2], MEM_PRC.
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File Name: 222 Prog Nane: 1000
File Name Type Si ze(lnstr)
0 System 77
1 Reserved 0
2 222 Ladder 13
3 Ladder 1
XFER MEMORY MODULE TO PROC? PRG
YES NO
F1 F2 F3 F4 F5

The prompt line asks you to verify your choice.
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10.Press[F2]. The prompt line indicates XFERRI NG MEMORY MODULE TO PROC
momentarily, then returns to this display:

Program Directory

Pr ogr anmer Processor
Prog: 1000 Prog: 1066
File: 222 File:
Exec Files: 4 Exec Files: 3
Data Files: 9 Data Files: 9
PROGRAM FI LES DI FFER PRG
OFFLINE UPLOAD DWNLOAD MODE CLR PRC

F1 F2 F3 F4 F5

A copy of the EEPROM program has been transferred to the processor.

You can burn a program into an EEPROM memory module using a processor
that is different from the one used to run the program. The following
conditions describe how to accomplish this.

Burning EEPROMSs for a SLC 5/01 Processor or Fixed Controller

Aslong as the program does not exceed the memory size of the processor
that burns the EEPROM, you can use one SL C 5/01 processor or fixed
controller to burn the EEPROM program and another SLC 5/01 processor or
fixed controller to actually runit. The /O and rack configurations of the
processors do not have to match, however, the processor and 1/0
configuration must match the EEPROM program in order to enter the Run
mode. If you do, amajor fault will occur.

You cannot use a SLC 5/02 processor to burn a program configured for a
SLC 5/01 processor or fixed controller. A program configured for aSLC
5/01 processor or fixed controller can only be downloaded to a SLC 5/01
processor or fixed controller.

Burning EEPROMs for a SLC 5/02 Processor

You can use one SLC 5/02 processor to burn the EEPROM program, and
another SLC 5/02 processor to actualy runit. The I/O and rack
configurations of the two processors do not have to match, however, the
processor and /O configuration must match the EEPROM program in order
to enter the Run mode. If you do, a magjor fault will occur.

You cannot use a SLC 5/01 processor or fixed controller to burn a program

configured for a SLC 5/02 processor. A program configured for a SL C 5/02
processor can only be downloaded to a SLC 5/02 processor.
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Burning EEPROMS for SLC Configurations

If you have a SLC 5/02 processor or SLC 5/01 4k processor, you can burn
EEPROMSs for any fixed, SLC 5/01, or SLC 5/02 program.

UVPROM Memory Modules You may choose to use UVPROM modules. These modules are protected
against electrical erasure. You can transfer a program from the UVPROM to
the processor, but you cannot transfer a program to the UVPROM.

To transfer a program from a UVPROM memory module to the processor
RAM, follow the “ Transferring A Program from an EEPROM” procedures
earlier in this chapter.

Program loading is done with a commercialy available PROM programmer,
and &

o 1747-M5 adapter

e 1747-M3or 1747-M4 UVPROM

e ¢ther al747-M1 or 1747-M2 complementary EEPROM containing the
program to be transferred to the 1747-M3 or 1747-M4 UVPROM

e oracopy of theprogramin an INT INTELLEC 8/MDS Hex file format
as created by the Advanced Programming Software PROM Translator
Utility. Refer to the APS User Manual.

The 1747-M1 or 1747-M2 EEPROM would contain the program to be
transferred to the 1747-M3 or 1747-M4 UVPROM.
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Instruction Classifications

Instruction Set Overview

This chapter:

* takesabrief look at the instruction set

* liststhe name, mnemonic, and function of each instruction

* points out the instructions that can be used only with SLC 5/02 processors

Important: To avoid misapplication, do not apply any of the instructions
until you have read the detailed descriptions in chapters 16
through 26.

On page 15-9 you will find an Instruction Locator. Thisisalist of the
instruction mnemonics, in alphabetical order, with page references.

Theinstruction set is divided into the classifications named in chapters 16
through 26. A brief description of the individual instructionsin each
classification follows.

Bit Instructions— Chapter 16

Instruction Name 5/02 Function — Conditional (Input) or Output
. Only .
and Mnemonic . Instructions as Noted

Examine if Closed XIC Conditional instruction. True when bitis on (1).

Examine if Open XIO Conditional instruction. True when bit is off (0).

One-Shot Rising OSR Conditional instruction. Makes rung true for one scan
upon each false-to-true transition of conditions
preceding it in the rung.

Output Energize OTE Output instruction. True (1) when conditions preceding
it are true. Goes false when conditions preceding it go
false.

Output Latch OTL Output instruction. Addressed hit goes true (1) when
conditions preceding the OTL instruction are true.
When conditions go false, OTL remains true until rung
containing OTU instruction with same address goes
true.

Output Unlatch oTU Output instruction. Addressed hit goes false (0) when
conditions preceding the OTU instruction are true.
Remains false until rung containing OTL instruction with
same address goes true.
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Timer and Counter Instructions— Chapter 17

5/02
Only Function - Output Instructions

Instruction Name
and Mnemonic

Timer On-Delay TON Counts time intervals when conditions preceding it in
the rung are true. Produces an output when
accumulated value (count) reaches preset value.
Resets when rung is false (non-retentive).

Timer Off-Delay TOF Counts time intervals when conditions preceding it in
the rung are false. Produces an output when
accumulated value (count) reaches preset value.
Resets when rung is true (non—retentive).

Retentive Timer RTO This is an On-Delay timer that retains its accumulated
value when:

— rung conditions go false;

— the mode changes to program from run or test;

— the processor loses power;

— a fault occurs.

Count Up CTu Counts up for each false-to-true transition of conditions
preceding it in the rung. Produces an output when
accumulated value (count) reaches preset value.

Count Down CTD Counts down for each false-to-true transition of
conditions preceding it in the rung. Produces an output
when accumulated value (count) reaches preset value.

High-speed HSC Applies to 24 VDC fixed I/O controllers only. Counts
Counter high-speed pulses from a high-speed input. Maximum
pulse rate of 8kHz.

Reset RES Used with timers and counters. When conditions
preceding it in the rung are true, the RES instruction
resets the accumulated value and control bits of the
timer or counter. Itis also used to reset position value
and control bits of a sequencer.
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I/O Message and Communications I nstructions — Chapter 18

Instruction Name
and Mnemonic

5/02
Only

Function - Output Instructions

Immediate Input 1M When conditions preceding it in the rung are true, the

with Mask [IM instruction is enabled and interrupts the program
scan to read the status of a word of external inputs and
transfer it through a mask to the input data file.

Immediate Output IOM When conditions preceding it in the rung are true, the

with Mask IOM instruction is enabled and interrupts the program
scan to read a word of data from the output data file
and transfer the data through a mask to the
corresponding external outputs.

Message MSG . This instruction transfers data from one node to another

Read/Write on the DH-485 network. When the instruction is
enabled, message transfer is pending. Actual data
transfer takes place at the end of the scan, during the
communications portion of the operating cycle.

Service SsvC . When conditions preceding it in the rung are true, the

Communications SVC instruction interrupts the program scan to execute
the communications portion of the operating cycle. The
program scan time then resumes from where it left off.

IO Interrupt Enable IE . The lIE, 1D, and RPI instructions are used with

I/O Interrupt Disable | 1ID . specialty /0 modules capable of generating an

Reset Pending RPI . interrupt. See chapter 31 for functional details.

110 Interrupt

I/0 Refresh REF . When conditions preceding it in the rung are true, the

REF instruction interrupts the program scan to execute
the 1/0 scan (write outputs-service comms-read inputs).
The program scan then resumes from where it left off.
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Comparison Instructions— Chapter 19

. 5/02
Instruction Name . - .
and Mnemonic Or.1ly Function - Conditional Input Instructions
Equal EQU Instruction is true when source A = source B.
Not Equal NEQ Instruction is true when source A = source B.
Less Than LES Instruction is true when source A < source B.
Less Than or Equal | LEQ Instruction is true when source A < source B.
Greater Than GRT Instruction is true when source A > source B.
Greater Than or GEQ Instruction is true when source A > source B.
Equal
Masked MEQ Compares 16-bit data of a source address to 16-bit
Comparison for data at a reference address through a mask. If the
Equal values match the instruction is true.
Limit Test LIM . True/false status of the instruction depends on how a
test value compares to specified low and high limits.
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Instruction Name
and Mnemonic

5/02
Only

Function - Output Instructions

Add

ADD

When rung conditions are true, the ADD instruction
adds source A to source B and stores the result in the
destination.

Subtract

SuB

When rung conditions are true, the SUB instruction
subtracts source B from source A and stores the result
in the destination.

Multiply

MUL

When rung conditions are true, the MUL instruction
multiplies source A by source B and stores the result in
the destination.

Divide

DIV

When rung conditions are true, the DIV instruction
divides source A by source B and stores the result in
the destination and the math register.

Double Divide

DDV

When rung conditions are true, the DDV instruction
divides the contents of the math register by the source
and stores the result in the destination and the math
register.

Negate

NEG

When rung conditions are true, the NEG instruction
subtracts the source from zero and stores the result in
the destination.

Clear

CLR

When rung conditions are true, the CLR instruction
clears the destination to zero.

Convert to BCD

TOD

When rung conditions are true, the TOD instruction
converts the source value to BCD and stores it in the
math register or the destination file of the SLC 5/02.

Convert from BCD

FRD

When rung conditions are true, the FRD instruction
converts a BCD value in the math register or the source
file of the SLC 5/02 to an integer, and stores it in the
destination.

Decode

DCD

When rung conditions are true, the DCD instruction
decodes 4-bit value (0 to 16), turning on the
corresponding bit in 16-bit destination.

Square Root

SQR

When rung conditions are true, the SQR instruction
calculates the square root of the source and places the
rounded result in the destination.

Scale

SCL

When rung conditions are true, the SCL instruction
multiplies the source by a specified rate. The result is
added to an offset value and placed in the destination.
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Move and Logical Instructions— Chapter 21

Instruction Name
and Mnemonic

5/02
Only

Function - Output Instructions

Move

MOV

When rung conditions are true, the MOV instruction
moves a copy of the source to the destination.

Masked Move

MVM

When rung conditions are true, the MVM instruction
moves a copy of the source through a mask to the
destination.

And

AND

When rung conditions are true, sources A and B of the
AND instruction are ANDed bit by bit and stored in the
destination.

Inclusive Or

OR

When rung conditions are true, sources A and B of the
OR instruction are ORed bit by bit and stored in the
destination.

Exclusive Or

XOR

When rung conditions are true, sources A and B of the
XOR instruction are Exclusive ORed hit by hit and
stored in the destination.

Not

NOT

When rung conditions are true, the source of the NOT
instruction is inverted (0 — 1, 1 - 0) bit by bit and stored
in the destination.

File Copy and File Fill Instructions— Chapter 22

Instruction Name
and Mnemonic

5/02
Only

Function - Output Instructions

File Copy CoP When rung conditions are true, the COP instruction
copies a user-defined source file to the destination file.
File Fill FLL When rung conditions are true, the FLL instruction

loads a source value into a specified number of
elements in a user-defined file.
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Bit Shift, FIFO, and LIFO Instructions— Chapter 23

. 5/02
In:g&“&?}%%’(jme Only Function - Output Instructions
Bit Shift Left BSL On each false—to-true transition, these instructions
Bit Shift Right BSR load a bit of data into a bit array, shift the pattern of
data through the array, and unload the end bit of data.
The BSL shifts data to the left and the BSR shifts
data to the right.

First In First Out (FIFO) The FFL instruction loads a word into an FIFO stack
Load (FFL) FFL . on successive false—to-true transitions. The FFU
Unload (FFU) FFU . unloads a word from the stack on successive

false-to-true transitions. The first word loaded is the
first to be unloaded.

Last In First Out (LIFO) The LFL instruction loads a word into an LIFO stack
Load (LFL) LFL . on successive false-to-true transitions. The LFU
Unload (LFU) LFU . unloads a word from the stack on successive

false—to-true transitions. The last word loaded is the
first to be unloaded.

Sequencer Instructions— Chapter 24

. 2
Instruction Name g/r?l Function - Output Instructions
and Mnemonic y P

Sequencer Output SQO On successive false-to-true transitions, the SQO
transfers a word of data from a programmed
sequencer file through a mask to a destination word.

Sequencer Compare SQC On successive false-to-true transitions, the SQC
compares a source word or file through a mask to a
word of data in a programmed sequencer file for
equality.

Sequencer Load SQL D On successive false-to-true transitions, the SQL
loads a word of source data into the current element
of a sequencer file.
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Control Instructions— Chapter 25

5/02
Only

Instruction Name
and Mnemonic

Function — Conditional Input or Output
Instructions
as Noted

Jump to Label JMP

Output instruction. When rung conditions are true,
the JMP instruction causes the program scan to
jump forward or backward to the corresponding
LBL instruction.

Label LBL

Conditional instruction. This is the target of the
correspondingly numbered JMP instruction.

Jump to Subroutine JSR

Output instruction. When rung conditions are true,
the JSR instruction causes the processor to jump
to the targeted subroutine file.

Subroutine SBR

Conditional instruction. Placed as the first
instruction in a subroutine file. Identifies the
subroutine as a non—interrupt file.

Return from Subroutine RET

Output instruction, placed in subroutine. When
rung conditions are true, the RET instruction
causes the processor to resume program
execution in the main program file or the previous
subroutine file.

Master Control Reset MCR

Output instruction. Used in pairs to inhibit/enable a
zone within a ladder program.

Temporary End TND

Output instruction. When rung conditions are true,
the TND instruction stops the program scan,
updates 1/0 and communications, then resumes
scanning at rung 0 of the main program file.

Suspend Sus

Output instruction, used for troubleshooting. When
rung conditions are true, the SUS instruction
places the controller in the Suspend Idle mode.
The suspend ID number is placed in word S:7 and
the program file number is placed in S:8.

Selectable Timed Disable STD .

Output instructions, associated with the Selectable

Selectable Timed Enable STE . Timed Interrupt (STI) function. STD and STE are
Selectable Timed Start STS . used to prevent an STI from occurring during a
portion of the program; STS initiates an STI.
Interrupt Subroutine INT . Conditional instruction. Placed as the first

instruction in a Selectable Timed Interrupt
subroutine file or an I/0 Event-Driven Interrupt
subroutine file. Identifies the subroutine as an
interrupt file.




Chapter 15

Instruction Set Overview

Proportional Integral Derivative I nstruction — Chapter 26

Instruction Name 502
u . Only Function — Output Instruction
and Mnemonic .
Proportional PID . This instruction is used to control physical properties
Integral Derivative such as temperature, pressure, liquid level, or flow rate
of process loops.
Instruction Locator The table below listsinstructions by mnemonic, in aphabetical order. Page
references are included.
Instruction Mnemonic and Name 5/02 Page Instruction Mnemonic and Name 5/02 Page
Only Only

ADD | Add 20-3 MOV| Move 21-2
AND | And 21-5 MSG| Message o |18-1
BSL | Bit Shift Left 23-2 MUL| Multiply 20-7
BSR | Bit Shift Right 23-2 MVM| Masked Move 21-3
CLR | Clear 20-11 NEG| Negate 20-10
COP | File Copy 22-2 NEQ| Not Equal 19-3
CTD | Count Down 17-6 NOT| Not 21-8
CTU | Count Up 17-6 OR | Or 21-6
DCD | Decode 4 to 1 of 16 20-19 OSR| One Shot Rising 16-6
DDV | Double Divide 20-9 OTE| Output Energize 16-4
DIV | Divide 20-8 OTL| Output Latch 16-5

OTU| Output Unlatch 16-5
EQU | Equal 19-2 - —

PID | Proportional Integral Derivative | * |26-1
FFL | FIFO Load e |23-5
FFU | FIFO Unload e |23-5 REF [ I/0 Refresh e |[18-19
FLL | File Fill 20-4 RES| Reset _ 17-13
FRD | Convert from BCD 20-15 RET [ Return from Subroutine 25-6

RPI | Reset Pending I/O Interrupt e [18-16
GEQ | Greater Than or Equal 19-7 - . 2
GRT | Greater Than 19-6 :;2 Ee;entlv? Timer On-Delay ;Z 2

- ubroutine —

HSC | High-speed Counter 17-9 scL | scale Data e |2001
[ID | I/O Interrupt Disable e |18-17 SQC| Sequencer Compare 24-2
IE I/O Interrupt Enable e [18-17 SQL| Sequencer Load e |[24-8
[IM | Immediate Input with Mask 18-15 SQO| Sequencer Output 24-2
INT | Interrupt Subroutine e |25-11 SQR| Square Root e |20-20
IOM | Immediate Output with Mask 18-16 STD| STI Disable e [25-10
IJMP | Jump to Label 25-2 STE| STIEnable * |25-10
JSR | Jump to Subroutine 25-4 STS | STI Start Immediately e |25-10
LBL | Label 253 232 gumracé gg‘g
LES | Less Than 19-4 uspen - g
LEQ | Less Than or Equal 19-5 SVC| Service Communications e |18-14
LFL | LIFO Load e [23-8 TND | Temporary End 25-8
LFU | LIFO Unload o |[23-8 TOD| Convertto BCD 20-12
LIM | Limit Test e |[10-9 TOF | Timer Off-Delay 17-4
MCR | Master Control Reset 25-7 TON Tlmer.On.—DeIay 173
MEQ | Masked Comparison for Equal 19-8 XIC | Examine if Closed 16-2

XIO [ Examine if Open 16-3

XOR| Exclusive Or 21-7
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Bit Instructions

This chapter covers the bit instructions with fixed, SLC 5/01, and SLC 5/02
Processors:

Examineif Closed (XIC)
Examineif Open (XIO)
Output Energize (OTE)
Output Latch (OTL)
Output Unlatch (OTU)
One-Shot Rising (OSR)

Bit instructions operate on a single bit of data. During operation, the
processor may set or reset the bit, based on logical continuity of ladder rungs.
You can address a bit as many times as your program requires.

The following data files use bit instructions:

output and input datafiles. The instructions represent external outputs
and inputs.

the status datafile

the bit datafile. Usetheseinstructionsfor theinternal relay logic of your
program.

timer, counter, and control datafiles. The instructions use various control
bits.

the integer datafile. The instructions are used (on the bit level) as your
program requires.
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Examine if Closed (XIC)

Examine if Closed XIC Input Instruction

HHT Ladder Display: —1 [—

ZOOM on XIC -] [- 2.0.0.0.1
HHT Zoom Display: NAVE: EXAM NE | F CLOSED
(online monitor mode) | B! T ADDR 11:1.0/0 0

EDT_DAT
F1 F2 F3 F4 F5
1:1.0
Ladder Diagrams and APS Displays: ——1 [—
0
Logic States: Bit Address State | XIC Instruction
0 False
1 True

Specific operation of an XIC instruction having an input data file
address: When an external input device completesits circuit, an on stateis
indicated at the input terminal wired to the device. This status of the
terminal isreflected in the input datafile at a particular addressed bit. With
the terminal on, the processor finds this bit set (1) during an I/O scan,
causing the XIC instruction to be true. When the input device no longer
completesits circuit, the input terminal is Off; the processor then finds the bit
reset (0) during an 1/0O scan, causing the X1C instruction to be false.
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Examine if Open XI0 Input Instruction

HHT Ladder Display: —1/F—

ZOOM on XI O -] /[ - 2.3.0.0.1
HHT Zoom Display: NAME: EXAM NE | F OPEN
(online monitor mode) | B! T ADDR 11:1.0/0 FRIEII LI AT A IERXO
EDT_DAT
F1 F2 F3 F4 F5

1:1.0
Ladder Diagrams and APS Displays: —3/[—
0

Logic States: Bit Address State | XIO Instruction
0 True
1 False

Specific operation of an XIO instruction having an input data file
address: When an external input device does not complete its circuit, an Off
state isindicated at the input terminal wired to the device. This status of the
terminal isreflected in the input datafile at a particular addressed bit. With
the terminal off, the processor finds this bit in the reset condition (0) during
an /0O scan, causing the XI0O instruction to be true. When the input device
completesits circuit, the input terminal will be On; the processor then finds
the bit set (1) during an 1/O scan, causing the X10 instruction to be false.
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Output Energize (OTE)

164

Output Energize OTE | Output Instruction

HHT Ladder Display: — )—

ZOOM on OTE —( )-— 2.3.0.0.2
HHT Zoom Display: NAME: OUTPUT ENERG ZE
(online monitor mode) | BI T ADDR Q0:2.0/7 0

EDT_DAT
F1 F2 F3 F4 F5

G20
Ladder Diagrams and APS Displays: —< )—
7

Specific operation of an OTE instruction having an input data file
address: The status of an output terminal is reflected in the output datafile
at aparticular bit address. When the processor finds atrue logic path in the
rung containing the OTE instruction, it sets this bit (1); this turns the output
terminal On and energizes the output device wired to the terminal during an
I/0O scan. When atrue logic path no longer exists, the processor resets the bit
(0), turning the terminal Off and de-energizing the output device during an
1/O scan.

The OTE instruction is non-retentive. OTE instructions are reset when:
* You enter or return to the Run or Test mode or power isrestored.

e A CPU fault occurs.

e The OTE is programmed within an inactive or false MCR zone.

Important: A bit that is set within a subroutine using an OTE instruction
remains set until the subroutine is scanned again.

Avoid duplicate OTE addresses within the same program file: When you
want two or more different conditions or sets of conditions to control an
output, avoid programming two or more OTE instructions with the same
address. This can cause unwanted results. Use input branching and asingle
OTE instruction instead, as shown in the example below.

AVOID Duplicate OTE Addresses Use Input Branching and a

B3 B3 ‘ Singé% OTE Instead ”

1 I ({ )

T 1 ' b oI ()
1 3

B3 B3

1L { ) B3

2 3 [

2

If B3/1 is true and B3/2 is false, the OTE instruction will not
be energized. This is because the processor controls the
OTE based on the status of the last rung it solved that
contains the OTE address.

Output B3/3 is energized when
B3/1, or B3/2, or both are true.
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Unlatch (OTU)
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Output Latch, Output Unlatch OTL, OTU | Output Instruction

HHT Ladder Display: —FL)— —(U—

ZOOM on OTL —(L)- 2.3.0.0.2

HHT Zoom Display: NAME: QUTPUT LATCH
(online monitor mode) | B! T ADDR B3/ 6

*********0******

EDT_DAT
F1 F2 F3 F4 F5

ZOOM on OTU —(U) —
NAME: QUTPUT UNLATCH
BIT ADDR B3/6

2.4.0.0.2

*********0******

EDT_DAT
F1 F2 F3 F4 F5

B3 B3
Ladder Diagrams and APS Displays: ~ — Lg— — Ué—
Logic States: Instruction |Prévious| Rung | New
State | Condition | State
True 1
! False 1
OTL
0 True 1
False 0
True 0
! False 1
oTuU
0 True 0
False 0

These are retentive output instructions that can be used in a pair for the data
table bit they control. Possible logic states are indicated in the table above.
OTL and OTU instructions can aso be used to initialize data values at the bit
level.

When you assign an address to the OTL instruction that corresponds to the
address of an external output terminal, the output device wired to this
terminal is energized when the bit in memory is set (1). An OTU instruction
with the same address as the OTL instruction resets (0) the bit in memory.
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When the processor changes from the Run to the Program mode or when
power islost (provided there is battery backup or the capacitor retains
memory), the last true output latch or output unlatch instruction in the ladder
program continues to control the bit in memory. The latched output deviceis
energized even though the rung conditions controlling the output latch
instruction may have gone false.

ATTENTION: Physical outputs are turned off under processor
fault conditions. However, when error conditions are fixed, the
controller will resume operation using the data table value stored
at the instruction address.

Your program can examine a bit controlled by OTL and OTU instructions as
often as necessary.
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One-Shot Rising OSR | Input Instruction

HHT Ladder Display: — OSRF—

ZOOM on OSR —| OSR| — 2.3.0.0.2
HHT Zoom Display: NAME: ONE SHOT RI SI NG
(online monitor mode) | B! T ADDR B3/0 0

EDT_DAT
F1 F2 F3 F4 F5

B3
Ladder Diagrams and APS Displays: —F OS%]—

The OSR instruction is a retentive input instruction that triggers an event to
occur onetime. Use the OSR instruction when an event must start based on
the change of state of the rung from fal se—to—true, not on the resulting status.
Applications include starting events triggered by a pushbutton switch. An
exampleisfreezing rapidly displayed LED values.

This instruction makes a rung true for one program scan upon every
false-to-true transition of the conditions preceding it in the rung. The output
instructions on the rung are executed for only one program scan, even if the
rung goes true and remains true.

Instruction Parameters

Use a bit address from either the bit or integer datafile. The addressed bit is
set (1) aslong as rung conditions preceding the OSR instruction are true; the
bit is reset (0) when rung conditions preceding the OSR instruction are false.

The address assigned to the OSR instruction is not the one-shot address to be
referenced by your program. The address allows the OSR instruction to
“remember” its previous rung state. The output instruction(s) that follow the
OSR instruction can be referenced by your program.

The bit address you use for thisinstruction must be unique. Do not use it
elsewhere in the program.

We recommend that you do not use an input or output address to program the
address parameter of the OSR instruction.

The following rungs illustrate the use of the OSR instruction.
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Fixed, SLC 5/01, SLC 5/02 Processors

1:1.0 B3 03.0
— [ { OSR] £ )—
0 0 0
When the input instruction goes from false-to-true, the OSR instruction conditions the
rung so that the output goes true for one program scan. The output goes false and
remains false for successive scans until the input makes another false-to-true transition.

1:1.0 B3 — 1D
—1 I [ OSR] TO BCD
0 0 Source T4:0.ACC
Dest S: 13
— MOV
MOVE
Sour ce S: 13
Dest Q3

In this case, the accumulated value of a timer is converted to BCD and moved to an
output word where an LED display is connected. When the timer is running, the
accumulated value is changing rapidly. This value can be frozen and displayed for each
false-to-true transition of the input condition of the rung.

SLC 5/02 Processors Only
1:1.0 B3 —TTOOQCD—
—1 I f SR —
b ' (} Source T4:0.ACC

Dest a3

This example is the same as the one above, except that a MOV instruction is not required.
The accumulated value of a timer is converted to BCD and moved to an output word
where an LED display is connected. When the timer is running, the accumulated value is
changing rapidly. This value can be frozen and displayed for each false—to-true transition
of the input condition of the rung.

1:1.0 B3 B3 3.0
— J/—fosR—— )
0 1 0 0

B3 B3 3.0

1 osR—( )

2 3 i

Using the OSR instruction in output branching such as in this example is permitted when
using the SLC 5/02 processor. In this case, when 1:1/0 is on, output 0:3/0 will be on for
one scan only if B3/1 in not on, and output O:3/1 will be on for one scan only if B3/2 is on.

The SLC 5/02 processor allows you to use one OSR instruction per output in
arung. The SLC 5/01 processor alows you to use one OSR instruction per
rung. Do not place input conditions after the OSR instruction in arung.
Unexpected operation may occur.
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Timer and Counter Instructions

This chapter covers the following timer and counter instructions for use with
all processors except where noted:

* Timer On-Delay (TON)

* Timer Off-Delay (TOF)

* Retentive Timer On-Delay (RTO)

e Count Up (CTU)

e Count Down (CTD)

* High—Speed Counter (HSC) — fixed controller only
* Counter or Timer Reset (RES)

Timers and counters are output instructions. They include:

e Timer On-Delay (TON). It counts timebase intervals when therung is
true and resets when the rung is false (non—retentive). Thetimebaseis
selectable as 0.01 sec or 1.0 sec for SLC 5/02 processors, and set at 0.01
sec for fixed controllers and SLC 5/01 processors. See page 17-3.

* Timer Off-Delay (TOF). It countstimebase intervals when the rung is
false and resets when the rung is true (non—retentive). The timebase is
selectable as 0.01 sec or 1.0 sec for SLC 5/02 processors, and set at 0.01
sec for fixed controllersand SLC 5/01 processors. See page 17-4.

* Retentive Timer On-Delay (RTO). An on-delay timer which retainsits
accumulated value when the rung goes false. See page 17-5.

e Count Up (CTU). The count increments at each false-true transition of
therung. See page 17-7.

e Count Down (CTD). The count decrements at each false-true transition
of therung. See page 17—7.

* High—-Speed Counter (HSC). A specia CTU counter for use with fixed
controllers having 24 VDC inputs. See page 17-9.

e Counter or Timer Reset (RES). Thisinstruction resets the accumulated
value and status bits of a counter or timer. It cannot be used with TOF
timers. See page 17-13.

Timer and counter instructions have 3-word data file elements, illustrated on
pages 17-2 and 17—7. Word 0 is the control word, containing the status bits
of theinstruction. Word 1 isthe preset value. Word 2 is the accumulated
value.

The accumulated value is the current number of timebase intervals that have
been measured for atimer instruction; for a counter instruction, it isthe
number of false-to—true transitions that have occurred. The preset valueis
the set point that you enter in the timer or counter instruction.

When the accumulated value becomes equal to or greater than the preset
value, the done status bit is set. You can use this bit to control an output
device.
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Preset and accumulated values for timers range from 0 to +32,767. If atimer
preset or accumulated value is a negative number, a runtime error occurs and
places the processor in afault condition.

Preset and accumulated values for counters range from —32,768 to +32,767.

Indexed Word Addresses

With SLC 5/02 processors, you have the option of referencing timer and
counter preset and accumulated values in other areas of your program with
indexed addressing. The purpose of using indexed addressing is to change
the presets of several timers or counters or to reset several timers or counters.
Before you do so, refer to the discussion of indexed addressing in 3-word
elements, page 4-13.

Data File Elements
Control word data for timer instructions includes three timer status bits, as
indicated below. These are the only bits accessible in the control word.

15 14 13
EN TT DN Internal Use

Preset Val ue

Accumul at ed Val ue

EN = Tinmer Enable Bit
TT = Timer Tinming Bit
DN = Tiner Done Bit

Timebase

The timebase is a measure of the interval counted by atimer. Selectable as
0.01 sec or 1.0 sec for SLC 5/02 processors. Fixed at 0.01 sec for fixed
controllers and SLC 5/01 processors.

Accuracy

Timing accuracy is minus 0.01 to plus 0 seconds, with a program scan of up
to 2.5 seconds.

Timing accuracy described here refers only to the length of time between the
moment atimer instruction is enabled and the moment the timed interval is
complete. Inaccuracy caused by the program scan can be greater than the
timer time base. You must also consider the time required to energize the
output device.

Timing could be inaccurate if a Jump (JIMP) or Jump to Subroutine (JSR)
instruction is executed and skips over arung containing the timer instruction
while the timer istiming. If the skip duration iswithin 2.5 seconds, no time
will be lost; if the skip duration exceeds 2.5 seconds, an undetectable timing
error will occur.
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Timer On-Delay TON | Output Instruction

HHT Ladder Display: — TON—

ZOOM on TON —( TON) — 2.0.0.0.2
HHT Zoom Display: NAME: TI MER ON DELAY
(online monitor mode) TI MER: T4:0 TI ME BASE .01 SEC
PRESET: 120
ACCUM 0
EN TT DN
0 0 O
EDT_DAT
F1 F2 F3 F4 F5
Ladder Diagrams and APS Displays: TON—————
’ TI MER ON DELAY H EN)ﬂ
Ti mer T4: 0
Ti me Base 0.01
Preset 120 oY
Accum 0

Operation: The TON instruction begins to count timebase intervals when
rung conditions become true. Aslong as rung conditions remain true, the
timer adjusts its accumulated value (ACC) each scan until it reaches the
preset value (PRE). The accumulated value is reset when rung conditions go
false, regardless of whether the timer has timed out.

Status Bits

The done bit (DN) is set when the accumulated value is equal to the preset
value. Itisreset when rung conditions become false.

Thetimer timing bit (TT) is set when rung conditions are true and the
accumulated value is less than the preset value. It isreset when the rung
conditions go false or when the done bit is set.

The enable bit (EN) is set when rung conditions are true; it is reset when
rung conditions become false.

Effects of processor mode changes: When the processor changes from the
Run or Test mode to the Program mode or user power islost while the
instruction is timing but has not reached its preset value, the following
OCCUr'S:

e Timer enable and timing bits remain set.
e Accumulated value remains the same.

Upon return to the Run or Test mode, the following can happen:

* If therung istrue, the accumulated value is reset, and the timing and
enable bits remain set.

* If therung isfalse, the accumulated valueis reset and the control bits are
reset.
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Timer Off-Delay TOF | Output Instruction
HHT Ladder Display: ¢ TOF)—
ZOOM on TOF —(TOF) — 2.0.0.0.2
HHT Zoom Display: NANE: TIMER OFF DELAY
(online monitor mode) | T' MER T4:1 TIME BASE .01 SEC
PRESET: 120
ACCUM 0
EN TT DN
0 0 O
EDT_DAT
F1 F2 F3 F4 F5
Ladder Diagrams and APS Displays: ToOF ——
TI MER OFF DELAY I EN)
Ti mer T4:1
Ti me Base 0.01
Preset 120 B
Accum 0

Operation: The TOF instruction begins to count timebase intervals when
the rung makes atrue-false transition. Aslong as rung conditions remain
false, the timer increments its accumul ated value (ACC) each scan until it
reaches the preset value (PRE). The accumulated value is reset when rung
conditions go true regardless of whether the timer has timed out.

Status Bits

The done bit (DN) is reset when the accumulated value is equal to the preset
value. It isset when rung conditions become true.

Thetiming bit (TT) is set when rung conditions are false and the
accumulated value isless than the preset value. It isreset when the rung
conditions go true or when the done bit is reset.

The enable bit (EN) is set when rung conditions are true; it is reset when
rung conditions become false.

Effects of processor mode changes: When processor operation changes
from the Run or Test mode to the Program mode or user power islost while a
timer off-delay instruction istiming but has not reached its preset value, the
following occurs:

¢ Timer enable bit remains reset.
¢ Timing and done bits remain set.
¢  The accumulated value remains the same.
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When you go back to the Run or Test mode, the following can happen:

e |f therung istrue, the accumulated value is reset, the timing bit is reset,
the enable bit is set, and the done bit remains set.

* |If therung isfalse, the accumulated value is set equal to the preset value
and the control bits are reset.

The counter/timer RES instruction cannot be used with the TOF instruction.

Retentive Timer RTO | Output Instruction

HHT Ladder Display: — RTO—

ZOOM on RTO —(RTO) — 2.0.0.0.2
HHT Zoom Display: NAME: RETENTI VE TI MER ON
(online monitor mode) TI MER: T4:2 TI ME BASE .01 SEC
PRESET: 120
ACCUM 0
EN TT DN
0 0 O
EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays:

RTO
RETENTI VE TIMER ON  L{EN)

Ti mer T4: 2
Ti me Base 0.01
Preset 120 o
Accum 0

Operation: The RTO instruction begins to count timebase intervals when
rung conditions become true. Aslong as rung conditions remain true, the
timer increments its accumulated value (ACC) each scan until it reaches the
preset value (PRE). The accumulated value is retained when any of the
following occurs:

* Rung conditions become false.

* You change processor operation from the Run or Test mode to the
Program mode.
* The processor loses power (provided that battery backup is maintained).

e A fault occurs.

When you return the processor to the Run or Test mode and/or rung
conditions go true, timing continues from the retained accumulated value.
By retaining its accumulated value, retentive timers measure the cumulative
period during which rung conditions are true. You can use this instruction to
turn an output on or off depending on your ladder logic.
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Status Bits

* Thedonebit (DN) is set when the accumulated value is equal to the
preset value. However, it is not reset when rung conditions become false;
it isreset only when the appropriate RES instruction is enabled.

* Thetiming bit (TT) is set when rung conditions are true and the
accumulated value is less than the preset value. It is reset when the rung
conditions go false or when the done bit is set.

* Theenablebit (EN) is set when rung conditions are true; it is reset when
rung conditions become false.

The accumulated value must be reset by the RES instruction. When the RES
instruction having the same address as the RTO is enabled, the accumulated
value and the control bits are reset.

Effects of processor mode changes: When the processor changes from the
Run or Test mode to the Program or Fault mode, or user power islost while
the timer istiming but not yet at the preset value, the following occurs:

* Thetimer enable and timing bits remain set.

* The accumulated value remains the same.

When you return to the Run or Test mode or power is restored, the following
can happen:
e |f therungistrue, the accumulated value remains the same and continues

incrementing from where it stopped. The enable and timing bits remain
Set.

e |f therungisfalse, the accumulated value remains the same, the timing
and enable bits are reset, and the done bit remainsin its last state.
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Count Up, Count Down CTU, CTD Output Instructions
HHT Ladder Displays: — CTU—  —(CTD)—
ZOOM on CTU —(CTU) - 2.3.0.0.2
NANME: COUNT UP

HHT_ Zoom Displays: COUNTER G5 0
(online monitor mode) | prESET: 120

ACCUM 0
CU CD DN OV LN
0 00 00O
EDT_DAT
F1 F2 F3 F4 F5
ZOOM on CTD —(CTD) - 2.4.0.0.2
NANE: COUNT DOAN

COUNTER: C5:1
PRESET: 120

ACCUM 0
CU CD DN OV WN
0 00 00O
EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays:

—CTy—M —CID——M
— | COUNT UP | COUNT DOWN
Count er C5:0 B Count er C5:1 B
Preset 120 | (DN) Preset 120 ¢ DN)
Accum 0 Accum 0

CTU and CTD instructions are retentive. Count up and count down
instructions count false-to-true rung transitions. These rung transitions could
be caused by events occurring in the program such as parts traveling past a
detector or actuating alimit switch.

Each count is retained when the rung conditions again become false. The
count isretained until an RES instruction having the same address as the
counter instruction is enabled.

Each counter instruction has a preset and accumulated value and a control
word associated with it. The accumulated value isretained after the CTU or
CTD instruction goes false, and when power is removed from and then
restored to the processor. Also, the on or off status of counter done,
overflow, and underflow bitsis retentive.
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Status Bits
The control word for counter instructions includes six status bits, indicated in
the figure below.

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
CU CD DN OV UN UA \ Not Used

Preset Val ue

Accumul at ed Val ue

CU = Counter up enable bit

CD = Counter down enable bit
DN = Done bit

OV = Overflow bit

UN = Underflow bit

UA = Update accumnul ator (HSC only)

Counter preset and accumulated values are stored as signed integers.
Negative values are stored in two’'s complementary form.

When rung conditions for a CTU instruction have afalse-to-true transition,
the accumulated value increments by one count, provided that an evaluation
occurs between these transitions. When this occurs successively so that the
accumul ated value becomes equal to the preset value, the counter done (DN)
bit is set and remains set if the accumulator exceeds the preset.

Bit 15 of the counter control word is the count up enable (CU) bit. It isset
when rung conditions of the CTU instruction are true. The bit is reset when
either rung conditions go false or an RES instruction having the same address
asthe CTU instruction is enabled.

CTU ingtructions can count beyond their preset value. When counting
continues past the preset value and reaches (32,767 + 1), an overflow
condition results. Thisisindicated when bit 12, the overflow (OV) bit, is set.
You can reset the overflow bit by enabling a RES instruction having the same
address asthe CTU instruction. You can also reset the overflow bit by
decrementing the count less than or equal to 32,767 with aCTD instruction.

When the OV hit is set, the accumul ated value wraps around to — 32,768 and
continues counting up from there.
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CTD instructions also count false-to-true rung transitions. The counter
accumul ated value is decremented one count for each false-to-true transition.
When a sufficient number of counts has occurred and the accumulated value
becomes less than the preset value, the counter done bit (bit 13) is reset.

Bit 14 of the counter control word is the count down enable (CD) bit. Itis
set when rung conditions of the CTD instruction aretrue. It isreset when
either rung conditions go false (count down instruction disabled) or the
appropriate reset instruction is enabled.

When a CTD instruction counts beyond its preset value and reaches a count
of (32,768 — 1), the underflow bit (UN) isset. You can reset it by
energizing the appropriate RES instruction. You can also reset the underflow
bit by incrementing the count greater than or equal to —32,768 with aCTU
instruction having the same address as the CTD instruction.

When the UN bit is set, the accumul ated value wraps around to +32,767 and
continues counting down from there.

Fixed Controllers Only

High-Speed Counter HSC | Output Instruction

HHT Ladder Displays: — HSC)—

ZOOM on HSC —( HSC) — 2.0.0.0.2
HHT Zoom Displays: NANE: H GH-SPEED COUNTER

(online monitor mode) | COUNTER:  C5: 0
PRESET: 800

ACCUM 0
CU CD DN OV UN UA
000000
EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays:

— HSC
— | H GH-SPEED COUNTER
Count er C5:0 B
Preset 800 { DN)
Accum 0

The High—Speed Counter isavariation of the CTU counter. The HSC
instruction is enabled when the rung logic is true and disabled when the rung
logicisfase.
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Important: Thisinstruction provides high—speed counting on fixed
controllerswith 24 VDC inputs. One HSC instruction
allowed per controller. To use the instruction, you must clip a
jumper as described in the installation manual, catalog number
1747-NI1002. Input 1:0/0 then operates in the high—speed mode.
The address of the high—speed counter enable bit is C5:0/CU.
When rung conditions are true, C5:0/CU is set and transitions
occurring at input 1:0/0 are counted. The maximum pulserateis
8 kHz.

Do not program an X1C instruction with the |:0/0 address and
the HSC instruction as the output. Thiswill enable and disable
the high—speed counter —missing counts. Instead, use an
unconditional rung with the HSC instruction, or use a condition
that only prevents the HSC instruction from counting.

To begin high—speed counting, load a preset value into C5:0.PRE and enable
the counter rung. To load a preset value, do one of the following:

e Change to the Run or Test mode from another mode.

*  Power up the processor in the Run mode.

* Reset the HSC using the RES instruction.

Automatic reloading occurs when the HSC itself setsthe DN bit on interrupt.

Each input transition that occurs at input 1:0/0 will cause the accumulator of
the HSC to increment. When the accumulator value equals the preset value,
the done bit (C5:0/DN) will be set, the accumulator will be cleared, and the
preset value (C5:0.PRE) will be loaded into the HSC in preparation for the
next high—speed transition at input 1:0/0. The ladder program polls the done
bit (C5:0/DN) to determine the state of the HSC. Once the done bit has been
detected as set, the ladder program should clear bit C5:0/DN (use the unlatch
OTU instruction) before the HSC accumulator again reaches the preset value,
or the overflow bit (C5:0/0V) will be set.

It isimportant to note that the HSC differs from the CTU and CTD counters
in that the HSC is a hardware counter as opposed to a software counter and
that the HSC operates asynchronously to the ladder program scan. The HSC
accumulator value (C5:0.ACC) is normally updated each time the HSC rung
is evaluated in the ladder program (this means that the HSC hardware
accumulator valueis transferred to the HSC software accumulator). Many
HSC counts could occur between HSC eval uations which would make
C5:0.ACC inaccurate when used throughout a ladder program. To allow for
an accurate HSC accumulator value, the update accumulator bit (C5:0/UA)
will cause C5:0.ACC to be immediately updated to the state of the hardware
accumulator when set. (Usethe OTE instruction only to reset the UA bit.)
Note: The HSC instruction will immediately clear bit C5:0/UA following the
accumulator update.

The high—speed counter can be reset using the RES instruction at address
C5:0. A reset will clear the HSC status bits, clear the accumulator, and load
the preset value into the counter.
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The HSC's status bits and accumul ator are non-retentive. At power-up or
Run mode entry, the HSC instruction will clear the status bits, clear the
accumulator, and load the preset value.

Instruction Parameters
Address C5:0 is the HSC counter 3-word el ement.

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
CU CD DN OV UN UA \ Not Used

Preset Val ue

Accunul at ed Val ue

CU = Indicates enabl e/ di sabl e status of the HSC
CD = Does not apply to HSC

DN = Done bit

OV = OQverflow bit

UN = Does not apply to HSC

UA = Update accumnul at or

» Word O contains the status bits of the HSC instruction:
— Bit 10 (UA) updates the accumulator word of the HSC to reflect the
immediate state of the HSC when true.
— Bit 12 (OV) indicates if a HSC overflow has occurred.
— Bit 13 (DN) indicatesif the HSC preset value has been reached.
— Bit 15 (CU) shows the enable/disable state of the HSC.

* Word 1 contains the preset value that is loaded into the HSC when the
RES instruction is executed, when the done hit is set, or when powerup
takes place. Thevalid rangeis1—32767.

* Word 2 contains the HSC accumulated value. Thisword is updated each
time the HSC instruction is evaluated and when the update accumulator
bit is set using an OTE instruction. This accumulator isread only. Any
value written to the accumulator is overwritten by the actual high—speed
counter on instruction evaluation, reset, or Run mode entry.

Application Example

In the figure that follows, rungs 6, 16, and 31 of the main program file each
consist of an XIC instruction addressed to the HSC done bit and a JSR
instruction. These rungs poll the status of the HSC done bit. When the DN
bit is set at any of these poll points, program execution moves to subroutine
file 3, executing the HSC logic. After the HSC logic is executed, the DN bit
isreset by an unlatch instruction, and program execution returns to the main
program file.
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Program File 2 — Poll for DN Bit in Main Program File

Run

9 1T 1/ 1T {)
1T [ 110 1 I <)

c5: 0 — JSR
6 1 [ JUWP TO SUBROUTI NE
DN SBR file nunber 3
1T 1/ 1T {)
1T [ 110 1T I <)

c5: 0 — JSR
16 1| JUWP TO SUBROUTI NE
DN SBR file nunber 3
1 T 1/ T 1 T { )
1 L 1 L 1 L \ J

C5: 0 —JSR
31 1 [ JUWP TO SUBROUTI NE
DN SBR file nunber 3
1 T 1/ T 1 T { )
1 L 1 L 1 L \ J

Program File 3 — Execute HSC Logic

Rung — SBR
0 SUBROUTI NE 1| () HSC
Application
/ Logic
1 1 T 1/ T 1T ()
1 1 100 1 1 \ )
Unlatch
/ DN Bit
C5:0
20 (V)
DN
— RET
21 RETURN
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Reset RES | Output Instruction

HHT Ladder Displays: —{ RES)—

ZOOM on RES —( RES) — 2.3.0.0.2
HHT Zoom Displays: NAME: RESET
(online monitor mode) | COUNTER G510

EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays:

C5: 0
— RES)—

You use areset instruction to reset timing and counting instructions. The
RES instruction can aso be used to reset the position value and status hits
(except FD) of acontral file (R6:0) used in sequencers, shift registers, etc.

Using the RES instruction with timers and counters: When the RES
instruction is enabled, it resets the retentive on-delay timer, count up, or
count down instruction having the same address as the RES instruction.

e With timers, the RES instruction resets the accumulated value, done hit,
timing bit, and enable bit.

* With counters, the RES instruction resets the accumulated value, overflow
or underflow bit, done bit, and enable bits.

If the counter rung is enabled, the CU or CD bit will be reset aslong as the

RES instruction is enabled.

If the counter preset value is negative, the RES instruction sets the
accumulated value to zero. Thisin turn causes the done bit to be set by a
count down or count up instruction.

ATTENTION: Because the RES instruction resets the
accumulated value, and the done, timing, and enabled bits, do not
use the RES instruction to reset a TOF instruction. Unpredictable
machine operation or injury to personnel may occur.
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This chapter discusses the following output instructions.
* Instructions for use with fixed, SL C 5/01, and SLC 5/02 processors:

— Immediate Input with Mask (11M)
— Immediate Output with Mask (IOM)

* Instructions for use with SLC 5/02 processors only:
— Message Read/Write (MSG)
— Service Communications (SVC)
— /O Interrupt Enable (I1E)
— 1/O Interrupt Disable (11D)
— Reset Pending 1/0O Interrupt (RPI)
— 1/0 Refresh (REF)

[1E, 11D, and RPI instructions apply to I/O event-driven interrupts, discussed
in chapter 31, Understanding 1/0 Interrupts — SL C 5/02 processor only.

All application examples shown arein the HHT zoom display.

Message Instruction (MSG) SLC 5/02 Processors Only

Message Read/Write MSG | Output Instruction

HHT Ladder Display: ~— MSG)—

ZOOM on MSG —( MSG) — 2.0.0.0.1
HHT Zoom Display: NAME: MESSAGE READ/ WRI TE
(online monitor mode) MSG TYPE: WRI TE LD/ LS ADDR: N7: 40
TARGET: 500 CPU TARG NODE: 5
CTRL BLK: N7:0 TARG OS/ AD: N7: 6
EN ST DN ER NR TO MSG LEN: 2
0 0 0 0 0 O
EDT_DAT

F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays:

— M5G
— | READ/ WRI TE MESSAGE { EN)
Read/wite VRI TE

Target Device 500CPU | DN)
Control Bl ock N7: 0
Control Bl ock Length 7 ~ ER)
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Thisis an output instruction that allows you to transfer data from one node to
another on the DH—485 network. The instruction can be programmed as a
write message or read message. The target device can be another SLC 500
processor on the network, or a non-SLC 500 device, using the common
interface file (data file 9 in SLC 500 processors).

When the target device is SLC 500, communication can take place between
two SLC 5/02 processors or between a SL.C 5/02 processor and afixed or
SLC 5/01 processor. The instruction cannot be programmed in the fixed or
SLC 5/01 processor.

The data associated with a message write instruction is not sent when you
enable the instruction. Rather, it is sent at the end of the scan during service
communications of the operating cycle or at thetime an SVC or REF
instruction in your ladder program is enabled. In some instances, this means
that you must buffer data in your application.

The processor can service only one message instruction at any given time,
athough the processor may hold several messages “ enabled and waiting.”
Waiting messages are serviced one at atime in sequential order (firstin first
out).

Related Status File Bits

Two status bit files are related to the M SG instruction:

* Bit S:2/6, DH-485 Message Reply Pending — Read only. This bit
becomes set when another node on the DH-485 network has supplied the
information or performed the action that you have requested in the MSG
instruction of your processor. This bit is cleared when the processor
stores the information and updates your M SG instruction status bits.

Use this bit as a condition of an SV C instruction to enhance the
communications capability of your processor.

* Bit S:2/7, DH-485 Outgoing Message Command Pending — Read only.
This bit is set when one or more messages in your program are enabled
and waiting, but no message is being transmitted at the time. As soon as
transmission of amessage begins, the bit is cleared. After transmission,
the bit is set again if there are further messages waiting, or it remains
cleared if there are no further messages waiting.

Use this bit as a condition of an SV C instruction to enhance the
communications capability of your processor.

You may also be concerned with the function of statusfile bit S:2/15,
DH—485 Communications Servicing Selection Bit. Refer to chapter 27.
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Available Configuration Options

The following configuration options are available with a SL C 5/02 processor:
* Peer—to—Peer Write on alocal network to another SLC 500 processor

* Peer—to—Peer Read on alocal network to another SLC 500 processor

* Peer—to—Peer Write on alocal network to a 485CIF (PLC2 emulation)

* Peer—to—Peer Read on alocal network to a 485CIF (PLC2 emulation)

Entering Parameters

After you select the MSG instruction on the HHT, the data entry display
appears. You enter seven parametersin the following order.

1. Select Message Type—

ZOOM on MSG —( MBG) — 2.0.0.0.*
NAME: MESSAGE READ/ VRI TE

MSG TYPE: READ LD/ LS ADDR

TARGET: 500 CPU TARG NODE: 0

CTRL BLK: TARG OS/ AD:

CTRL BLK 7 WORDS ~ MSG LEN: 0

—> SELECT MESSAGE TYPE:

READ WRI TE

F1 F2 F3 F4 F5

Choices are READ, WRITE. Read indicates that the local processor
(processor in which the instruction is located) is receiving data; write
indicates that it is sending data.

After you make aselection [ F2] or [ F4], the display changesto the
following:

2. Select Target Device—

ZOOM on MSG —( MSG) — 2.0.0.0.*
NAME: MESSAGE READ/ WRI TE

MSG TYPE: WRITE  LD/LS ADDR:

TARGET: 500 CPU TARG NODE: 0

CTRL BLK: TARG CS/ AD:

CTRL BLK 7 WORDS  MSG LEN: 0

—> SELECT TARGET DEVI CE.

500_CPU 485_CI F

F1 F2 F3 F4 F5

Choices are 500 CPU, 485 CIF. The target device can be afixed
controller, SLC 5/01, SLC 5/02 processor (500 CPU) or a hon—SLC 500
device (485 CIF). For read message instructions, the target device sends
data. For write message instructions, the target device receives data.
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After you make aselection [ F2] or [ F4], the display changesto the
following:

3. Enter Control Block —

ZOOM on MSG —( MSG) — 2.0.0.0.*
NANE: MESSAGE READ/ WRI TE

MSG TYPE: WRITE  LD/LS ADDR

TARGET: 500 CPU TARG NODE: 0

CTRL BLK: TARG OS/ AD:

CTRL BLK 7 WORDS  MBG LEN. 0

—> ENTER CONTROL BLK:

F1 F2 F3 F4 F5

Thisisan integer file address that you select. Itisa7—element file,
containing the status bits, target file address, and other data associated
with the message instruction.

After you enter an address, the display changes to the following.
4. Local Destination/Source File Address—

ZOOM on MG —( M5G) — 2.0.0.0.*

NANME: MESSAGE READ/ VWRI TE

MSG TYPE: WRI TE LD/ LS ADDR: LD - Local Destination
TARCGET: 500 CPU TARG NODE: 0 LS - Local Source
CTRL BLK: N7:0 TARG OS/ AD:

CTRL BLK 7 WORDS MSG LEN: O
—> LOCAL SOURCE FI LE ADDR:

F1 F2 F3 F4 F5

If thisis aread message instruction, this parameter is the local destination
file address, the address in the local processor which isto store datathat is
read from the target node. If thisis awrite message instruction, this
parameter isthelocal source file address, the address in the local
processor which stores data that is written to the target node. Valid file
typesae S, B, T,C, R, N.
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After you enter an address, the display changes to the following.
5. Target Node —

ZOOM on MSG —( MSG) — 2.0.0.0.*
NANE: MESSAGE READ/ WRI TE

MSG TYPE: WRITE LD/ LS ADDR N7: 40
TARGET: 500 CPU TARG NODE: 0

CTRL BLK: N7: 0 TARG OS/ AD:

CTRL BLK 7 WORDS  MBG LEN. 0

—>{ TARGET NODE: 0

F1 F2 F3 F4 F5

Thisis the node number of the device that the local processor is reading
or writing to.
After you enter a node number, the display changes to the following.

6. Target File Address/Offset —

ZOOM on MSG —( MBG) — 2.0.0.0.*
NAME: MESSAGE READ/ VRl TE

MSG TYPE: WRITE  LD/LS ADDR N7: 40
TARGET: 500 CPU TARG NODE: 5

CTRL BLK: N7:0 TARG OS/ AD; = 0S - Offset
CTRL BLK 7 WORDS  MSG LEN: 0 AD — Address
—> TARGET FILE ADDR

F1 F2 F3 F4 F5

If the target device is a 500 CPU, thisis the source or destination file
address in the target processor. Valid filetypesare S, B, T, C, R, N. If
the target device is 485 CIF, thisis the offset value in the common
interface file.
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After you enter an address, the display changes to the following.

7. Enter Message Length —

ZOOM on MSG —( MSG) — 2.0.0.0.*
NANE: MESSAGE READ/ WRI TE

MSG TYPE: WRITE  LD/LS ADDR N7: 40
TARGET: 500 CPU TARG NODE: 5

CTRL BLK: N7: 0 TARG OS/ AD: N7: 6

CTRL BLK 7 WORDS  MSG LEN. 0

—> ENTER MESSAGE LENGTH: 0

F1 F2 F3 F4 F5

Thisisthe length of the message in elements. The 1-word elements are
limited to a maximum length of 41. The 3-word elements (T,C,R) are
limited to a maximum length of 13.

The destination file type determines the number of words that are
transferred. Examples: A MSG read instruction specifying atarget file
type C (counter), adestination file type N (integer), and alength value of
1 will transfer 1 word of information. A MSG read instruction specifying
atarget file type N, adestination file type C, and alength value of 1 will
transfer 3 words.

The message length isthe final parameter. After you enter it, the display
changes to the following.

ZOOM on MSG —( MBG) — 2.0.0.0.*
NAME: MESSAGE READ/ VRl TE
MSG TYPE: WRITE  LD/LS ADDR N7: 40
TARGET: 500 CPU TARG NODE: 5
CTRL BLK: N7:0 TARG OS/ AD: N7: 6
CTRL BLK 7 WORDS  MSG LEN. 2
SELECT MESSAGE TYPE.
READ WRI TE  ACCEPT

F1 F2 F3 F4 F5

Pressing [ F5] , ACCEPT, completes the entry of parameters. If you must
change any of the parameters, you can run through the entry of
parameters again before you press ACCEPT.
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Control Block Layout
The control block layout if you select 500 CPU as the target device:

Control Block Layout - 500 CPU
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 Word
EN ST DN ER EWNR TO | Error Code 0

Target Device Node Nunber

Reserved for nmessage length in words
Target Address File Nunber
Target File Type (S, B, T, C R N Code

Target Address El ement Nunber

o o B~ W N e

Reserved

The control block layout if you select 485 CIF as the target device:

Control Block Layout - 485 CIF
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 Word
EN ST DN ER EWNR TO| Error Code 0

Target Devi ce Node Number 1
Reserved for nessage length in words 2
Target Device Ofset 3
Not used 4
Not used 5
Not used 6

M SG Instruction Status Bits

The upper byte of the first word in the control block contains the MSG
instruction status bits.

* Bit 15, EN — Enable bit. Thisbit is set when rung conditions go true and
the instruction is being executed. It remains set until message
transmission is completed and the rung goes false.

e Bit 14, ST — Start bit. Thisbit is set when the processor receives
acknowledgement from the target device. The ST hit is reset when the
DN bit or ER bit is set.

* Bit 13, DN —Done bit. Thisbit is set when the message is transmitted
successfully and is replied to by the target device. The DN bit is reset the
next time the associated rung goes from false-to—true.

e Bit 12, ER — Error bit. Thishit is set when message transmission has
failed. The ER hit is reset the next time the associated rung goes from
false—to—true.

* Bit 10, EW — Enabled and waiting. Thishit is set after the enable bit is
set and the message is waiting to be sent.

* Bit 09, NR —No response bit. Thishit isset if the target processor does
not acknowledge the message request. The NR hit is reset when the ER
bit or DN bit is set.

e Bit 08, TO —Timeout bit. You can set this bit in your application to
remove an active message instruction from processor control. Your
application must supply its own timeout value. An example appears on
page 18-13.
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When you are online, you can locate the cursor on the MSG instruction,
press the Zoom key, and observe the current status of some of these bits:

ZOOM on MSG —( MBG) — 2.0.0.0.2
NAMNE: MESSAGE READ/ VRl TE

MSG TYPE: WRITE  LD/LS ADDR N7: 40
TARGET: 500 CPU TARG NODE: 5

CTRL BLK: N7:0 TARG OS/ AD: N7: 6

EN ST DN ER NR TO MSG LEN. 2

0 00 0O0UDO

EDT_DAT

F1 F2 F3 F4 F5

Successful M SG Instruction Timing Diagram

Target node processes packet
Target node successfully and returns data
Rung goes True. receives packet. (read) or writes data (success).

1
EN o
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M SG Instruction Error Codes

When an error condition occurs, the error bit ER is set. The lower byte of
the first word in the control block indicates the type of error:

Error Code Error Code Error Code - s
(decimal) (binary) (hex) Description of Error Condition

2 0000 0010 02H Target node is busy. The MSG instruction will automatically
reload. If other messages are waiting, the message is placed at
the bottom of the stack.

3 0000 0011 03H Target node cannot respond because message is too large.

4 0000 0100 04H Target node cannot respond because it does not understand the
command parameters.

5 0000 0101 05H Local processor is offline.

6 0000 0110 06H Target node cannot respond because requested function is not
available.

7 0000 0111 07H Target node does not respond.

16 0001 0000 10H Target node cannot respond because of incorrect command
parameters or unsupported command.

55 0011 0111 37H Message timed out in local processor.

80 0101 0000 50H Target node is out of memory.

96 0110 0000 60H Target node cannot respond because file is protected.

241 1111 0001 F1H Local processor detects illegal target file type.

231 1110 0111 E7H Target node cannot respond because length requested is too
large.

235 1110 1011 EBH Target node cannot respond because target node denies access.

236 1110 1100 ECH Target node cannot respond because requested function is
currently unavailable.

250 1111 1010 FAH Target node cannot respond because another node is file owner
(has sole file access).

251 1111 1011 FBH Target node cannot respond because another node is program

owner (has sole access to all files).
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To view aMSG instruction error code when troubleshooting, add a MVM
instruction to the program as shown in the example below. This example
assumes the control block is an integer file.

— WM
Sour ce N7: 0
Dest 0CFF
Mask B3: 0

Application Examples

1. Application example 1 is shown below. It indicates how you can
implement continuous operation of a message instruction.

2. Application example 2 begins on page 1811 through 18-12. It involves
a SLC 5/02 processor and a SLC 5/01 processor communicating on a
DH-485 link. Interlocking is provided to verify data transfer and to shut
down both processors if communications fails.

Operation: A temperature-sensing device, connected as an input to the
SL C 5/02 processor, controls the on-off operation of a cooling fan,
connected as an output to the SLC 5/01 processor. The SLC 5/02 and
SLC 5/01 ladder programs are explained in the figure on page 18-11.

3. Application example 3 appears on page 18-13. It shows how you can use
the timeout bit TO to disable an active message instruction. Inthis
example, an output is energized after five unsuccessful attempts (two
seconds duration) to transmit a message.

Example 1
B3 — MBG
1T READ/ WRI TE MESSAGE EN)—}
0 T Read/write wite [LE
Target Device 500CPU (H DN)
Control Bl ock N7: 0
Control Block Length 7 ~ ER)
N17: (r) N7/UQ * MSG instruction
1 1 . i . status bits:
13 5 12 =ER
N7: 0 13=DN
15=EN
12*
2 |ENDy

Operation Notes

Bit B3/1 enables the MSG instruction. When the MSG instruction done bit
is set, it unlatches the MSG enable bit so that the MSG instruction will be
enabled in the next scan. This provides continuous operation.

The MSG error bit will also unlatch the enable hit. This provides
continuous operation regardless of errors.
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Example 2 — Program File 2 of SL C 5/02 Processor

1:1.0 N7: 0 Il— Bit 1 of the message
0 1L { ) word. Used for fan
5 1 control.
Temperature-sensing /’/_ .
Inout Devi S1 T4:0
nput Device 1 — 1 I { RES)
) 15 .
First Pass Bit — N7:0 _ | 1— Bit0 of the message
{L) word. This is the
0 interlock bit.
B3
(V)
0
— TON
TIMER ON DELAY EN—  4-second Timer
2 Ti mer T4:0 HEN
Ti me Base 0.01
Preset 400 <N
Accum 0
First Pass Bit
™ S 1 — M5G
3 1 35 2525; &KR: ;'E MESSAGE VRITE — EN) Write message instruction.
Target Devi ce 5000PU | { DN) The source and tgrget file
S: 4 Control Bl ock N10: 0 addresses are N7:0
— Control Block Length 7 [{ER) Target nO(Ije: 3h |
t 6 Message length: 1 word.
1280 ms Clock Bit — | geleng
B3 B3
b @
N10: 0 — MG
4 /] [ EE:%VW\R: Ig MESSAGE H EN)—  Read message instruction.
I 13* : EAD The destination and target
Message Write Done — | Target | De?” CE 500CPU- - DN) file addresses are N7:0
Bit Control Bl oc NL1:0 H ER) Target node: 3
Control Block Length 7
Message length: 1 word.
T4:0 B3
5 1 L {L) Latch — This alarm
DN 10 instruction notifies the
application if the interlock
N11:0 N7:0 T4: 0 hit N7:0/0 remains set for
6 1T 1/ { RES) more than 4 seconds.
—/ 13* 0 0
Message Read Done — | N7,'L\
Bit "0
|§3 * MSG instruction
(V) status bits:
0 13=DN
N11: 0 15=EN
(Y
15*
N10: O
(U
15*
7 |ENDy

Operation notes appear on the following page.
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Example 2 —Program File 2 of SL C 5/01 Processor at Node 3

S1 N7: 0 o Bit 0 of the message
0 1L {U word. This is the interlock
L 15 0 b,
First Pass Bit T4: 0
RES)
— TON
TI MER ON DELAY EN)—I! 4-second Timer
! Ti mer T4: 0 ~EN
Ti me Base 0.01
Preset 400 oY
Accum 0
T4:0 B3 . )
2 1 [ (L) Latch Instruction — This alarm
DN 10 notifies the application if the
interlock bit N7:0/0 is not set
N7: 0 B3 B3 after 4 seconds.
3 | t OSR| )
0 0 1
B3 N7: 0
4 L (Y
1 0
T4:0
Bit 1 of the message —_ RES) 01100 _ |'
word. Used for fan Ha . |~ O:1/0 energizes cooling
control. N7:0 Q1 0 fan.
5 1 L t )
1 0
6 |END

Operation Notes, SLC 5/02 and SLC 5/01 Programs

Message instruction parameters: N7:0 is the message word. It is the
target file address (SLC 5/01 processor) and the local source and
destination addresses (SLC 5/02 processor) in the message
instructions.

N7:0/0 of the message word is the interlock bit; it is written to the SLC
5/01 processor as a 1 (set) and read from the SLC 5/01 processor as a
0 (reset).

N7:0/1 of the message word controls cooling fan operation; it is written
to the SLC 5/01 processor as a 1 (set) if cooling is required or as a 0
(reset) if cooling is not required. It is read from the SLC 5/01 processor
as either 1 or 0.

Word N7:0 should have a value of 1 or 3 during the message write
execution. N7:0 should have a value of 0 or 2 during the message
read execution.

Program initialization: The first pass bit S:1/15 initializes the ladder
programs on Run mode entry.

18-12

SLC 5/02 processor: N7:0/0 is latched; timer T4:0 is reset; B3/0 is
unlatched (rung 1), then latched (rung 3). SLC 5/01 processor: N7:0/0
is unlatched; timer T4:0 is reset.

Message instruction operation: The message write instruction in the
SLC 5/02 processor is initiated every 1280 ms by clock bit S:4/6. The
done bit of the message write instruction initiates the message read
instruction.

B3/0 latches the message write instruction. B3/0 is unlatched when the
message read instruction done bit is set, provided that the interlock bit
N7:0/0 is reset.

Communication failure: In the SLC 5/02, bit B3/10 becomes set if
interlock bit N7:0/0 remains set (1) for more than 4 seconds. In the SLC
5/01, bit B3/10 becomes set if interlock bit N7:0/0 remains reset (0) for
more than 4 seconds. Your application can detect this event, take
appropriate action, then unlatch bit B3/10.
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Example 3
1 B3 — MBG
0 —1LBL] ! READ/ WRI TE NESSAGE — EN\—j
/ 1 Read/write VR TE — DN)
) o I Target Device 500CPU ER
B3/1 is latched to initiate | con?r ol Bl ock N7: 0 {ER
the message instruction. Control Block Length 7
L B T s
1 Ll 1/ LDN II' HNEF N DELA\; 40 ~ ENl—y 2-second timer. Each
Time Base 0.01 ~DN) attempt at transmission has a
Preset 200 2-second duration.
Accum 0
2| 140 (ot
P E Count er s 0 — CU—1  Counter allows 5 attempts.
Preset 5
Accum 0 o
— CLR
N7: 0 CLEAR
3 10 DEST N7: 0 Clear the control word and
8 0 jump back to rung 0 for
another attempt.
Lo |
JMP)
Al 4O N7,:LQ N7:0/8 is the message
1 L (L) . I :
DN 8 instruction timeout bit.
C5: 0 1.0
5 1l (L) The fifth attempt latches
DN 0 0:1/0.
N7: 0 C5: 0
6 1L ( RES)
13 G1.0
(U)- * MSG instruction
0 status bits:
B3 8=TO
) 13=DN
1 15=EN
7 IEND)

Operation Notes

The timeout bit is latched (rung 4) after a period of 2 seconds. This
clears the message instruction from processor control on the next
scan. The message instruction is then re-enabled for a second attempt
at transmission. After 5 attempts, 0:1/0 is latched.

A successful attempt at transmission resets the counter, unlatches 0:1/0,
and unlatches B3/1.
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Service Communications
(SVC)
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SLC 5/02 Processors Only

Service Communications SVC | Output Instruction

HHT Ladder Display: —{ SVO)—

ZOOM on SVC —( SVC) — 2.0.0.0.1
HHT Zoom Display: NANE: SERVI CE COVMUNI CATI ONS
(monitor mode)
EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays: — SVO)—

The SVC instruction has no programming parameters. When it is evaluated
astrue, the program scan is interrupted to execute the service
communications part of the operating cycle. The scan then resumes at the
instruction following the SV C instruction.

An explanation of the processor operating cycle appearsin appendix D.

One status file bit isrelated to the SV C instruction:

* Bit S:2/5 DH-485 Incoming Command Pending — Read only. This bit
becomes set when the processor determines that another node on the
DH-485 network has requested information or supplied a command to it.
This bit can become set at any time. This bit is cleared when the
processor services the request (or command).

Use this bit as a condition of an SV C instruction to enhance the
communications capability of your processor.

You are not alowed to place an SVC instruction in an STI interrupt, 1/0
interrupt, or user fault subroutine.

Application example: The SVC instruction is used when you want to
execute a communications function, such as transmitting a message, prior to
the normal service communications portion of the operating scan:

Outgoing Message

Command Pending Bit S 2
g \'T‘ 1T (SVC)#—{

‘ ‘ 1 L

5

You can place this rung after amessage instruction. S:2/7 will be set when
the message instruction is enabled and waiting (provided no message is
currently being transmitted). When S:2/7 is set, the SVC instruction is
evaluated as true and the program scan is interrupted to execute the service
communications portion of the operating scan. The scan then resumes at the
instruction following the SV C instruction.
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This example assumes that the Comms Servicing Selection bit S:2/15 is clear
and that thisisthe only active MSG instruction.

Important: You may program the SV C instruction unconditionally.

Immediate Input with Mask 1M Output Instruction

HHT Ladder Display: —{11M—

ZOOM on 1M —(11 M- 2.0.0.0.1
HHT Zoom Display: NAVE: | MVEDI ATE | NPUT W MASK
(online monitor mode) | SLOT: 11:4.0 0000 0000 0000 0000
MASK: 00FF 00FF
EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays:
— 1M
— 1 I MVEDI ATE I N w MASK
Sl ot 1:4.0
Mask O0FF

This instruction updates input data before the normal input scan. When the
[IM instruction is enabled, the program scan is interrupted. Datafrom a
specified 1/0O dot is transferred through a mask to the input data file, making
the data available to instructions following the [IM instruction in the ladder
program.

This instruction operates on the inputs assigned to a particular word of aslot
(16 bits maximum). For the mask, a1l in an input’s bit position passes data
from the physical input slot to the input datafile. A O inhibits data from
passing from the source to the destination.

Entering Parameters

SLOT: Specify the slot number and the word number pertaining to the slot.
A dlot can have up to 8 words for fixed and SLC 5/01 and 32 words for SLC
5/02.

1:0.0 Inputs of slot O, word O (fixed 1/O controller)
1:0.1 Inputs of slot 0, word 1 (fixed 1/O controller)
1:1.0 Inputs of slot 1, word O
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Immediate Output with
Mask (I0M)

18-16

MASK: Specify aHex constant or register address. Refer to appendix B for
information regarding masks and hexadecimal humbering.

Immediate Output with Mask IOM | Output Instruction

HHT Ladder Display: —¢1OM—

ZOOM on 1OM —(1 OV) — 2.0.0.0.1
HHT Zoom Display: NANE: | MVEDI ATE OUTPUT w MASK
(online monitor mode) | SLOT: @:3.0 0000 0000 0000 0000
MASK: FFOO FFOO
EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays:
— 1 OM
— | I MVEDI ATE OUT w MASK
Sl ot 3.0
Mask FFOO

This instruction updates outputs before the normal output scan. When the
IOM instruction is enabled, the program scan is interrupted to transfer data to
aspecified I/O dot through amask. The program scan then resumes with the
instruction following the IOM instruction.

This instruction operates on the physical outputs assigned to a particular
word of aslot (16 bits maximum). For the mask, a1 in the output bit
position passes data from the output datafile to the physical output slot. A O
inhibits the data from passing from the source to the destination.

Entering Parameters

SLOT: Specify the slot number and the word number pertaining to the slot.
A slot can have up to 8 words for fixed and SLC 5/01 and 32 words for SLC
5/02.

0:.0.0 Outputs of dot 0, word O (fixed I/O controller)
0:1.0 Outputs of slot 1, word 0
0:2.0 Outputs of slot 2, word 1

Specification of dot/word numbers for the modular controller is similar
(except that dlot 0 is not applicable).
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MASK: Specify a Hex constant or register address. Refer to appendix B for
information regarding masks and hexadecimal humbering.

/O Event-Driven Interrupts SLC 5/02 Processors Only

/O Interrupt Disable [ID Output Instruction
/O Interrupt Enable IIE Output Instruction
Reset Pending I/O Interrupt RPI Output Instruction
HHT Ladder Display: —!1D—  —(11E— —(RPl)—
. ZoOMon 11D —(11D)— 2.4.0.0.1
HHT Zoom Display: NAME: I/ O | NTERRUPT DI SABLE
(monitor mode) 1 2 3
0 0 0 0

0100 1111 1121 1111 1111 1111 1111 1111

EDT_DAT
F1 F2 F3 F4 F5
ZOMon I11E —(11E)- 2.0.0.0.1
NANE: I/ 0 | NTERRUPT ENABLE
1 2 3
0 0 0 0

0011 0000 0000 0000 0000 0000 0000 0001

EDT_DAT
F1 F2 F3 F4 F5
ZoOM on RPl —(RPI)— 2.0.0.0.1
NANE: RESET PENDI NG | NTERRUPT
1 2 3
0 0 0 0

0000 0000 0000 0000 0000 0000 0000 0001

EDT_DAT
F1 F2 F3 F4 F5
_ _ -~ 11D

Ladder Diagrams and APS Displays: ___| 1/ O | NTERRUPT DI SABLE

Slots: 2,3

—11E ‘ — RPI
— | 1/ O INTERRUPT ENABLE RESET PENDI NG | NTERRUPT
Slots: 2,3 ‘ Slots: 1-30
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The 1/O Event-Driven Interrupt function is used with specialty 1/0 modules
capable of generating an interrupt. You specify a subroutine to be executed
upon receipt of such an interrupt.

Important: Refer to chapter 31, Understanding I/O Interrupts — SLC 5/02
Processor Only, before you use these instructions in your
program.

Programming an I/O event interrupt is done through locations in the status
file.

I/0O Interrupt Disable and Enable (11D, |1 E)

These instructions are generally used in pairs to prevent I/O interrupts from
occurring during time-critical or sequence-critical portions of your main
program or subroutine. These are also optional and are used to disable an
I/O interrupt.

Reset Pending 1/0O Interrupt (RPI)

This instruction resets the pending status of the specified slots and informs
the corresponding I/O modules that you have aborted their interrupt requests.
Thisisaso optional and is used to disable an /O interrupt.

Entering Parameters

I1D instruction — Enter a0 (reset) in aslot position to indicate adisabled 1/0
interrupt.

I1E instruction — Enter a 1 (set) in adlot position to indicate an enabled 1/0
interrupt.

RPI instruction — Enter a0 (reset) in aslot position to indicate the pending
status of an I/O interrupt is reset (aborted).



/0 Refresh (REF)
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I/O Message and Communication
Instructions

SLC 5/02 Processors Only

I/O Refresh REF | Output Instruction

HHT Ladder Display: ~— REF)—

ZOOM on REF —( REF) - 2.0.0.0.1
HHT Zoom Display: NANE: REFRESH 1/ 0
(monitor mode)
EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays: — REF)—

The REF instruction has no programming parameters. When it is evaluated
astrue, the program scan is interrupted to execute the I/O scan, which
includes the service communications portion of the operating cycle (write
outputs, service comms, read inputs). The scan then resumes in the program
scan at the instruction following the REF instruction.

You are not alowed to place an REF instruction in an ST interrupt, 1/0
interrupt, or user fault subroutine.

ATTENTION: Thewatchdog and scan timers are reset when
executing the REF instruction. You must insure that an REF
instruction is not placed inside of a non-terminating program
loop.

Do not place an REF instruction inside of a program loop
unless the program is thoroughly analyzed.
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Comparison Instructions
Overview

Comparison Instructions

This chapter coversinput instructions that allow you to compare values of
data.

Instructions for use with fixed, SLC 5/01, and SLC 5/02 processors:
* Equa (EQU)

* Not Equal (NEQ)

* LessThan (LES)

* LessThanor Equa (LEQ)

e Greater Than (GRT)

e Greater Than or Equal (GEQ)

* Masked Comparison for Equal (MEQ)

Instruction for use with SLC 5/02 processors only
e Limit (LIM)

The following general information applies to comparison instructions.

Indexed Word Addresses
With SLC 5/02 processors, you have the option of using indexed word

addresses for instruction parameters specifying word addresses. Indexed
addressing is discussed in chapter 4.
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Comparison Instructions

Equal (EQU) Equal EQU | Input Instruction

HHT Ladder Display: —EQUI—

ZOOM on EQU —| EQU] — 2.3.0.0.1
HHT Zoom Display: NAME: EQUAL

online monitor mode) | SOURCE A© Nr7: 1 0
( ) SOURCE B: 612 612

EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays:

— EQU
EQUAL [
Source A N7: 1
0
Source B 612

When the values at source A and source B are equal, theinstruction is
logically true. If these values are not equal, the instruction islogically false.

Entering Parameters
You must enter aword address for source A. You can enter a program

constant or aword address for source B. Signed integers are stored in two's
complementary form.
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Not Equal NEQ | InputInstruction

HHT Ladder Display: — NEQF—

ZOOM on NEQ —| NEQ — 2.3.0.0.1
HHT Zoom Display: NAME: NOT EQUAL

online monitor mode) | SOURCE At Nr7: 1 0
( ) SOURCE B: 612 612

EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays:

— NEQ
NOT EQUAL I
Source A N7: 1
0
Source B 612

When the values at source A and source B are not equal, the instruction is
logically true. If the two values are equal, thisinstruction islogically false.

Entering Parameters
You must enter aword address for source A. You can enter a program

constant or aword address for source B. Signed integers are stored in two's
complementary form.
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Comparison Instructions

Less Than (LES)

194

Less Than LES | InputInstruction

HHT Ladder Display: ~—LESH—

ZOOM on LES —| LES| - 2.3.0.0.1
HHT Zoom Display: NAME: LESS THAN

online monitor mode) | SOURCE A© Nr7: 1 0
( ) SOURCE B: 612 612

EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays:

— LES
LESS THAN [
Source A N7:1
0
Source B 612

When the value at source A isless than the value at source B, thisinstruction
islogically true. If the value at source A is greater than or equal to the value
at source B, thisinstruction islogically false.

Entering Parameters

You must enter aword address for source A. You can enter a program
constant or aword address for source B. Signed integers are stored in two's
complementary form.



Less Than or Equal (LEQ)
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Comparison Instructions

Less Than or Equal

LEQ | InputInstruction

HHT Ladder Display:

— LEQ—

HHT Zoom Display: NAME:
(online monitor mode)

EDT_DAT

ZOOM on LEQ —| LEQ -

SOURCE A: N7:1 0
SOURCE B:

2.3.0.0.1
LESS THAN OR EQUAL

612 612

F1

Ladder Diagrams and APS Displays:

F2 F3 F4 F5

— LEQ
LESS THAN OR EQUAL |
Source A N7: 1
0
Source B 612

When the value at source A islessthan or equal to the value at source B, this
instructionislogically true. If the value at source A is greater than the value
at source B, thisinstruction islogically false.

Entering Parameters

You must enter aword address for source A. You can enter a program
constant or aword address for source B. Signed integers are stored in two's

complementary form.
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Greater Than (GRT)

Greater Than GRT | InputInstruction

HHT Ladder Display: —GRTF——

ZOOM on GRT —| GRT| - 2.3.0.0.1
HHT Zoom Display: NAME: GREATER THAN
online monitor mode) | SOURCE A© Nr7: 1 0
( ) SOURCE B: 612 612
EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays:

— GRT
GREATER THAN [
Source A N7: 1
0
Source B 612

When the value at source A is greater than the value at source B, this
instruction islogically true. If the value at source A islessthan or equal to
the value at source B, thisinstruction islogically false.

Entering Parameters
You must enter aword address for source A. You can enter a program

constant or aword address for source B. Signed integers are stored in two’s
complementary form.
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Comparison Instructions

Greater Than or Equal

GEQ

Input Instruction

HHT Ladder Display: — GEQF——

ZOOM on GEQ —| GEQ —
HHT Zoom Display: NAME: GREATER THAN OR EQUAL
(online monitor mode) | SCURCE A= N7: 1

0

2.3.0.0.1

Ladder Diagrams and APS Displays:
— (JEQ

Source A

Source B

GRTR THAN OR EQUAL |

N7: 1
0
612

SOURCE B: 612 612
EDT_DAT
F1 F2 F3 F4 F5

When the value at source A is greater than or equal to the value at source B,

thisinstructionislogically true. If the value at source A islessthan the

value at source B, thisinstruction islogically false.

Entering Parameters

You must enter aword address for source A. You can enter a program

constant or aword address for source B. Signed integers are stored in two's

complementary form.
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Masked Comparison for
Equal (MEQ)

Masked Comparison for Equal MEQ | Input Instruction

HHT Ladder Display: ~—— MEQ——

ZOOM on MEQ —| MEQ — 2.3.0.0.1
HHT Zoom Display: NAME: MASKED EQUAL
(online monitor mode) | SOURCE A: B3: 10 0100 0110 0000 0000
MASK: OO0FF O0FF
COWPARE: B3:11 0000 0000 0111 0101
EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays:

— MEQ
MASKED EQUAL [
Sour ce B3: 10
0100011100000000
Mask O0FF
Conpar e B3: 11
0000000001110101

Thisinput instruction compares data at a source address with data at a
reference address and allows portions of the data to be masked by a separate
word.

Entering Parameters

e Source - the address of the value you want to compare.

e Mask —ahex value or the address of the mask through which the
instruction moves data. Refer to appendix B for more information
regarding masks and hexadecimal numbering.

* Compare—an integer value or the address of the reference.

If the 16 bits of data at the source address are equa to the 16 bits of data at
the compare address (Iess masked bits), the instruction istrue. The
instruction becomes false as soon as it detects a mismatch. Bitsin the mask
word mask data when reset, they pass data when set.

198



Limit Test (LIM)
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Comparison Instructions

SLC 5/02 Processors Only

Limit Test LIM Input Instruction

HHT Ladder Display: — LI M——

ZOOM on LIM—|LIM - 2.3.0.0.1
HHT Zoom Display: NAME: LIMT TEST
online monitor mode) | LONLIM N7 0 14
( ) TEST: 50 50
HGHLIM N7:1 70
EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays:

—LIM
LIMT TEST I
Low Lim N7: 0
14
Test 50
High Lim N7: 1
70

Thisinput instruction tests for values within or outside a specified range,
depending on how you set the limits.

Entering Parameters

Low Limit, Test, and High Limit values you program can be word addresses
or decimal values, restricted to the following combinations:

* If the Test parameter is a program constant, both the Low Limit and High
Limit parameters must be word addresses.

* If the Test parameter isaword address, the Low Limit and High Limit
parameters can be be either a program constant or aword address.
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Comparison Instructions

True/False Status of the Instruction

If the Low Limit has avalue equal to or less than the High Limit, the
instruction is true when the Test value is between the limits or is equal to
either limit. If the Test value is outside the limits, the instruction is false.
Thisisillustrated in the figure below.

False True False

~32,768 L o +32,767
Low Limit High Limit

Example, low limit less than high limit:

Low High | Instruction is true Instruction is false
Limit | Limit | when Test value is when Test value is
5 8 5thru 8 -32,768 thru 4 and 9 thru 32,767

If the Low Limit has avalue greater than the High Limit, theinstruction is
false when the Test value is between the limits. |f the Test valueis equal to
either limit or outside the limits, the instruction istrue. Thisisillustrated in
the figure below.

True False True

~32,768 N o +32,767
High Limit Low Limit

Example, low limit greater than high limit:

Low High Instruction is true Instruction is false
Limit | Limit when Test value is when Test value is
8 5 -32,768 thru 5 and 8 thru 32,767 6thru7
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Math Instructions Overview

Math Instructions

This chapter covers output instructions that allow you to perform
computation and math operations on individual words.

Instructions for use with fixed, SLC 5/01, and SLC 5/02 processors:
* Add(ADD)

e Subtract (SUB)

e Multiply (MUL)

* Divide (DIV)

* Double Divide (DDV)

* Negate (NEG)

* Clear (CLR)

* Convert to BCD (TOD)

e Convert from BCD (FRD)
* Decode (DCD)

Instructions for use with SLC 5/02 processors only:

* Square Root (SQR)
e Scale(SCL)

Application techniques possible with Series C and later SLC 5/02 processors:
» 32-bit addition and subtraction

All application examples shown arein the HHT zoom display.

The following general information applies to math instructions.

Entering Parameters

* Source— address(es) of the valug(s) on which the mathematical, logical,
or move operation isto be performed; can be word addresses or program
constants. An instruction that has two source operands will not accept
program constants in both operands.

e Destination — the address (destination) of the result of the operation.

Signed integers are stored in two's complementary form. Refer to appendix
B for more information regarding two's complement form.
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Math Instructions
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Using Arithmetic Status Bits

After an instruction is executed, the arithmetic status bits in the status file are
updated:

e Carry (C), S:0/0—Set if acarry is generated; otherwise cleared.

e Overflow (V), S:0/1 — Indicates that the actual result of a math
instruction does not fit in the designated destination.

e Zero(Z), S:0/2 —Indicates a0 value after amath, move, or logic
instruction.

* Sign (S), S:0/3 — Indicates a negative (less than 0) value after a math,
move, or logic instruction.

Overflow Trap Bit, S:5/0

The minor error bit is set upon detection of a mathematical overflow or
division by 0. If thisbit isstill set upon execution of the END statement, a
TND instruction, or an REF instruction, a recoverable major error will be
declared.

In applications where a math overflow or adivision by O will occur, you can
avoid amajor error from occurring by resetting S:5/0 with an unlatch (OTU)
instruction in your program. The rung containing the OTU instruction must
be between the overflow point and the END statement, or TND instruction,
or REF instruction.

Math Register, S:14 and S:13

Status word S:13 contains the least significant word of the 32-bit values of
MUL and DDV instructions. It contains the remainder for DIV and DDV
instructions. It also contains the first four BCD digits for the FRD and TOD
instructions.

Status word S:14 contains the most significant word of the 32-bit values of
MUL and DDV instructions. It contains the unrounded quotient for DIV and
DDV instructions. It also contains the most significant digit (digit 5) for
TOD and FRD instructions.

Indexed Word Addresses

With SLC 5/02 processors, you have the option of using indexed word
addresses for instruction parameters specifying word addresses. Indexed
addressing is discussed in chapter 4.



Add (ADD)
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Math Instructions

Add ADD | Output Instruction

HHT Ladder Display: ~— ADD)—

ZOOM on ADD —( ADD) — 2.3.0.0.2
HHT Zoom Display: NAME: ADD
online monitor mode) | SOURCE A: N7: 0 879
( ) | SOURCE B N7 1 2150
DEST N7: 2 3029
EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays:

— ADD
| ADD

Source A N7: 0

879

Source B N7: 1

2150

Dest N7: 2

3029

The value at source A is added to the value at source B and then stored in the
destination.

Using Arithmetic Status Bits

C setif carry is generated; otherwise reset

V setif overflow is detected at destination; otherwise reset. On overflow,
the minor error flag (S:5/0) isalso set. Thevalue— 32,768 or 32,767 is
placed in the destination. Exception: If you are using a Series C or later
SLC 5/02 processor and have the Math Overflow Selection Bit S:2/14 set,
then the unsigned, truncated overflow remainsin the destination.

Z setif theresult is zero; otherwise reset
S setif theresult is negative; otherwise reset

Math Register

Contents unchanged.
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Subtract (SUB)

204

Subtract SUB | Output Instruction

HHT Ladder Display: ~—¢ SUB)—

ZOOM on SUB —( SUB) — 2.3.0.0.2
HHT Zoom Display: NAME: SUBTRACT
online monitor mode) | SOURCE A© N7: 0 879
( ) | SOURCE B N7 1 2150
DEST: N7: 2 ~1271
EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays:

— SUB

| SUBTRACT
Source A N7: 0
879
Source B N7: 1
2150
Dest N7: 2
-1271

The value at source B is subtracted from the value at source A and then
stored in the destination.

Using Arithmetic Status Bits

C setif borrow is generated; otherwise reset

V setif underflow; otherwise reset. On underflow, the minor error flag
(S:5/0) isaso set, and the value-32,768 or 32,767 will be placed in the
destination. Exception: If you are using a Series C or later SLC 5/02
processor and have the Math Overflow Selection Bit S:2/14 set, then the
unsigned, truncated overflow remains in the destination.

Z setif theresult is zero; otherwise reset
S setif theresult is negative; otherwise reset

Math Register

Contents unchanged.



32-Bit Addition and
Subtraction-Series C and
Later SLC 5/02 Processors

Chapter 20

Math Instructions

With the Series C SLC 5/02 processor, you have the option of performing
16-hit signed integer addition and subtraction (same as Series B SLC 5/02
processors) or 32-bit signed integer addition and subtraction. Thisis
facilitated by statusfile bit S:2/14, the Math Overflow Selection Bit.

Bit S:2/14 Math Overflow Selection

Set this bit when you intend to use 32-hit addition and subtraction. When
S:2/14 is set, and the result of an ADD, SUB, MUL, or DIV instruction
cannot be represented in the destination address (due to a math underflow or
overflow):

* Theoverflow bit S:0/1 is set.
* Theoverflow trap bit S:5/0 is set.

* The destination address contains the unsigned truncated least significant
16 bits of the result. When combined with the operation of the carry bit,
the unsigned truncated value in the destination allows you to retain the
true value of the result.

The default condition of S:2/14 isreset (0). This provides the same operation
asthat of the Series B SLC 5/02 processor. When S:2/14 isreset, and the
result of an ADD, SUB, MUL, or DIV instruction cannot be represented in
the destination address (underflow or overflow):

* Theoverflow bit S:0/1 is set.
* Theoverflow trap bit S:5/0 is set.

* The destination address contains 32767 if the result is positive or —32768
if the result is negative.

Note that the status of bit S:2/14 has no effect on the DDV instruction. Also,

it has no effect on the math register content when using MUL and DIV

instructions.

Example of 32-Bit Addition

The following example shows how a 16-bit signed integer is added to a
32-bit signed integer. Remember that S:2/14 must be set for 32-bit addition.

Note that in this program, the value of the most significant 16 bits (B3:3) of
the 32-bit number isincreased by 1 if the carry bit S:0/0isset and itis
decreased by 1 if the number being added (B3:1) is negative.

To avoid amajor error from occurring at the end of the scan, you must
unlatch overflow trap bit S:5/0 as shown.
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Add 16-bit value B3:1 to 32-bit value B3:3 B3:2

Add operation Binary

Hex

Decimal”

Addend | B3: 3 B3: 2| 0000 0000 0000 0011 0001 1001 0100 0000
Addend B3:1 0101 0101 1010 1000

0003 1940 | 203,072
55A8 21,928

Sum| B3: 3 B3:2| 0000 0000 0000 0011 0110 1110 1110 1000

0003 G6EE8 | 225,000

DTMmmmmmwwmwmwﬂ&MMMWWMMmyWMRWNMme%mmmHBMWMMm
the displayed binary or hex value. Forexample, 0003 1940 Hexis 1643+ 1631 + 1629 + 161x4 + 16%0=203,072.

B3 B3 — ADD
1 —1OSR ADD
0 1 Source A B3: 1
0101010110101000
Source B B3: 2
0001100101000000
Dest B3: 2
0001100101000000
S0 — ADD
1T ADD L
! Lo Source A 1
Source B B3: 3
0000000000000011
Dest B3: 3
0000000000000011
B3 — SUB
1 | SUBTRACT L
31 Source A B3:3
0000000000000011
Source B 1
Dest B3: 3
0000000000000011
S5
(V)
0
|END;

Application Note: You could use the rung above with a DDV instruction and a
counter to find the average value of B3:1

206

When rung goes true for a
single scan, B3:1 is added
to B3:2. The resultis
placed in B3:2.

If a carry is generated (S:0/0
set), 1is added to B3:3.

If B3:1 is negative (B3/31
set), 1 is subtracted from
B3:3.

Overflow trap bit S:5/0 is
unlatched to prevent a major
error from occurring at the
end of the scan.
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Multiply MUL | Output Instruction

HHT Ladder Display: ~—{ MJL)—

ZOOM on MUL —( ML) — 2.3.0.0.2
HHT Zoom Display: NAME: MULTI PLY
online monitor mode) | SOURCE A© N7: 0 8
( ) | SOURCE B N7 1 2150
DEST: N7: 2 17200
EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays:

— MUL

— | MULLTIPLY
Source A N7: 0
8
Source B N7: 1
2150
Dest N7: 2
17200

The value at source A is multiplied by the value at source B and then stored
in the destination.

Using Arithmetic Status Bits

C awaysreset

V setif overflow is detected at the destination; otherwise reset. On
overflow, the minor error flag isalso set. The value 32,767 or —32,768 is
placed in the destination. Exception: If you are using a Series C or later
SLC 5/02 processor and have the Math Overflow Selection Bit S:2/14 set,
then the unsigned, truncated overflow remainsin the destination.

Z setif theresult is zero; otherwise reset
S setif theresult is negative; otherwise reset

Math Register

Contains the 32—hit signed integer result of the multiply operation. This
result isvalid at overflow.
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Divide (DIV) Divide DIV | Output Instruction

HHT Ladder Display: —¢ DI V)—

ZOOM on DIV —(DI V) — 2.3.0.0.2
HHT Zoom Display: NAME: DI VI DE
online monitor mode) | SOURCE A© N7: 0 6214
( ) SOURCE B: N7:1 19
DEST: N7: 2 327
EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays:

— DIV
| DVIDE

Source A N7: 0

6214

Source B N7: 1

19

Dest N7: 2

327

The value at source A isdivided by the value at source B with the rounded
quotient being stored in the destination. If the remainder is 0.5 or greater,
round up occursin the destination. The unrounded quotient is stored in the
most significant word of the math register. The remainder is placed in the
least significant word of the math register.

Using Arithmetic Status Bits

C awaysreset

V setif division by zero or overflow; otherwise reset. On overflow, the
minor error flagisalso set. The value 32,767 is placed in the destination.
Exception: If you are using a Series C or later SL C 5/02 processor and
have the Math Overflow Selection Bit S:2/14 set, then the unsigned,
truncated overflow remains in the destination.

Z setif theresult is zero; otherwise reset; undefined if overflow is set
S setif theresult is negative; otherwise reset; undefined if overflow is set

Math Register

The unrounded quotient is placed in the most significant word, the remainder
is placed in the least significant word.
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Double Divide DDV | Output Instruction

HHT Ladder Display: ~— DDV)—

ZOOM on DDV —( DDV) - 2.3.0.0.2
HHT Zoom Display: NAVE: DOUBLE DI VI DE
online monitor mode) | SOURCE:  N7: 0 9
( ) DEST: N7: 1 5000
EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays:

— DDV
| DOUBLE DI VI DE
Sour ce N7: 0
9
Dest N7: 1
5000

The contents of the math register are divided by the source value. The
rounded quotient is placed in the destination. If the remainder is 0.5 or
greater, round up occurs in the destination. The unrounded quotient is placed
in the most significant word of the math register. The remainder is placed in
the least significant word of the math register.

Using Arithmetic Status Bits

C awaysreset

V setif division by zero or if the result is greater than 32,767 or less than
—32,768; otherwise reset. On overflow, the minor error flag is also set.
The value 32,767 is placed in the destination.

Z setif theresult is zero; otherwise reset
S setif theresult is negative; otherwise reset; undefined if overflow is set

Math Register

Initially contains the dividend of the DDV operation. Upon instruction
execution the unrounded quotient is placed in the most significant word of
the math register. The remainder is placed in the least significant word of the
math register.
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Negate (NEG)

20-10

Negate NEG | Output Instruction

HHT Ladder Display: — NEG—

ZOOM on NEG —( NEG) — 2.3.0.0.2
HHT Zoom Display: NAME: NEGATE
(online monitor mode) | SOURCE:  N7:0 98
DEST: N7: 1 -98
EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays:

— NEG
— | NEGATE
Sour ce N7: 0
98
Dest N7: 1
-98

The source value is subtracted from 0 and then stored in the destination.
(The destination contains the 2's complement of the source.)

Using Arithmetic Status Bits

C cleared if O or overflow, otherwise set.

V setif overflow, otherwise reset. On overflow, the minor error flag isaso
set. Thevaue 32,767 is placed in the destination. Exception: If you are
using a Series C or later SLC 5/02 processor and have the Math Overflow
Selection Bit S:2/14 set, then the unsigned, truncated overflow remainsin
the destination.

Z setif theresult is zero; otherwise reset.
S setif theresult is negative; otherwise reset.

Math Register
Unchanged.
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Clear (CLR) Clear CLR | Output Instruction

HHT Ladder Display: — CLR)—

ZOOM on CLR —(CLR) — 2.3.0.0.2
HHT Zoom Display: NAME: CLEAR
(online monitor mode) | PEST: N7: 1 0
EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays:

— CLR
— | CLEAR
Dest N7: 1

The destination value is cleared to zero.

Using Arithmetic Status Bits

C awaysreset
V aways reset
Z aways set

S awaysreset

Math Register
Unchanged.
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Convert to BCD (TOD) Convert to BCD TOD | Output Instruction

HHT Ladder Display: ~— TOD)—

ZOOM on TOD —( TOD) — 2.3.0.0.2
HHT Zoom Display: NAME: TO g(])
online monitor mode) | SOURCE: N7 557
( ) DEST: S: 13 1367 (decimal)
EDT_DAT
F1 F2 F3 F4 F5

Fixed, SLC 5/01 Processors

ZOOM on TOD —(TOD) — 2.3.0.0.2
NAME: TO BCD
SOURCE: N7: 0 557
DEST: N7: 1 1367 (decinal)
EDT_DAT
F1 F2 F3 F4 F5

SLC 5/02 Processors

Ladder Diagrams and APS Displays:

—TOD —mM8MM—— — TCD
| TO BCD | TO BCD
Sour ce N7: 0 Sour ce N7: 0
557 557
Dest S: 13 Dest N7:1
00000557 BCD 0557 BCD
Fixed, SLC 5/01 Processors SLC 5/02 Processors

Use this conversion instruction when you want to display or transfer BCD
values external to the processor.

Entering Parameters

* Source —the address of the value to be converted to BCD. If the integer
value you enter is negative, the sign isignored and the conversion occurs
asif the number were positive. The absolute value of the number is used
for conversion.

* Destination —the address of the location to hold the result of the
conversion. With SLC 5/02 processors, the destination parameter can be
aword address in any datafile, or it can be the math register, S:13 and
S:14. With fixed and SLC 5/01 processors, the destination can only be
the math register.

If the math register isthe destination, 32,767 isthe maximum value. If a
word addressis used, 9999 is the maximum value.
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Using Arithmetic Status Bits

C awaysreset

V setif the BCD result islarger than 9999. Overflow resultsin a minor
error.

Z setif thedestination valueis zero
S setif the source word is negative; otherwise reset

Math Register (When Used)

Contains the 5—digit BCD result of the conversion. Thisresult isvalid at
overflow.

Example 1 (SL C 5/02 Processor s Only)

The integer value 9760 stored at N7:3 is converted to BCD and the BCD
equivalent is stored in N10:0. The maximum BCD value possible is 9999.

9 7 6 0 N7:3 Decimal 0010 0110 0010 0000

9 7 6 0 N10:0 4-digtBCD 1001 0111 0110 0000
9 7 6 0

ZOOM on TOD —( TOD) - 2.3.0.0.2
NAME: TO BCD
SOURCE: N7: 3 9760 - T Destination is displayed as
DEST: N10: O —-26784 26784 decimal
(equivalent to 9760 BCD).
EDT_DAT
F1 F2 F3 F4 F5
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Example 2 (Fixed, SL C 5/01, and SL C 5/02 Processor s)

In the following example, the integer value 32760 stored at N7:3 is converted
to BCD. The 5-digit BCD value is stored in the math register. The lower 4
digits of the BCD value is moved to output word O:2 and the remaining digit
is moved thru a mask to output word O:3.

When using the math register as the destination parameter in the TOD
instruction, the maximum BCD value possibleis 32767. However, for BCD
values above 9999, the overflow bit is set, resulting in minor error bit S:5/0
also being set. Your ladder program can unlatch S:5/0 before the end of the
scan to avoid major error 0020, as done in this example.

This example will output the absolute value (0-32767) contained in N7:3 as 5 BCD digits in output slots 2 and 3.

ZOOM on TCD —(TOD) — 2.3.0.0.2
327 6 0 N7:3Decimal NAME: TO BCD
SOURCE: N7: 3 32760
/ \ \ \‘\ DEST: S: 13 10080
[0][9][0] [6][0] Si13&S:14 5-digit BCD
1 S:14 o S:13 ° EDT_DAT
F1 F2 F3 F4 F5
Destination is displayed as
10080, decimal
(equivalent to 2760 BCD).
— TOD
1| TO BCD
Sour ce N7: 3
32760
Dest S: 13 L APS displays S:13 and S:14
00032760 4 in BCD.
Overflow bit
~Lso S5 Minor Error Bit
1 I { U\
1 L AN
1 0
— MOV
MOVE
Sour ce S: 13
10080
Dest 2.0 Il - 0010 0111 0110 0000
100801 | 5 7 & o
— WM
MASKED MOVE
Sour ce S: 14
3
Mask 000F
Dest O 3. g P 0000 0000 0000 0011
3
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Convert from BCD FRD | Output Instruction
HHT Ladder Display: ~— FRD)—
ZOOM on FRD —( FRD) - 2.3.0.0.2
HHT Zoom Display: NAME: FROM BCD
(online monitor mode) | DEST: N7: 1 557

SOURCE: S: 13 1367 (decinal)

EDT_DAT
F1 F2 F3 F4 F5
Fixed, SLC 5/01 Processors

ZOOM on FRD —( FRD) — 2.3.0.0.2
NANME: FROM BCD
SOURCE: N7: 0 9760 (decimal)
DEST: N7: 1 2620
EDT_DAT
F1 F2 F3 F4 F5

SLC 5/02 Processors

Ladder Diagrams and APS Displays:

— FRD — FRD
| FROM BCD — | FROM BCD
Sour ce S: 13 Sour ce N7: 0
00000557 BCD 2620 BCD
Dest N7: 1 Dest N7: 1
557 2620

Fixed, SLC 5/01 Processors SLC 5/02 Processors

Use thisinstruction when you want to convert BCD values to integer or
decimal values.

Entering Parameters

Sour ce —word address of the value in BCD to be converted to
integer/decimal. With SL.C 5/02 processors, the source parameter can be
aword addressin any datafile, or it can be the math register, S:13. With
fixed and SLC 5/01 processors, the source can only be the math register.
If the math register is the source, 32,767 is the maximum value. If aword
addressis used, 9999 is the maximum value.

Destination —word address to contain the converted decimal/integer
value.
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Using Arithmetic Status Bits

C awaysreset

V setif anon-BCD valueis contained at the source or the value to be
converted is greater than 32,767; otherwise reset. Overflow resultsin a
minor error.

Z set when destination valueis zero
S aways reset

Math Register (When Used)

Used as the source for converting the entire number range of aregister.

Ladder Logic Filtering of BCD Input Devices

We recommend that you always provide ladder logic filtering of all BCD
input devices prior to executing the FRD instruction. The slightest difference
in point—to—point input filter delay can cause the FRD instruction to fault due
to conversion of anon-BCD digit. Anexample of filtering is shown below.

S 1 — EQU — FRD
A EQUAL FROM BCD

15 Source A N7: 1 Sour ce 1:2
Source B 1:2 Dest N7: 2

— MOV

MOVE
Sour ce 1:2
Dest N7: 1

The above rungs cause the processor to verify that the value at slot 2 (1:2)
remains the same for two consecutive scans before the FRD instruction is
executed. This prevents the FRD instruction from converting a non-BCD
value during an input value change.
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Example 1 (SL C 5/02 Processor s Only)

The BCD value 9760 at source N7:3 is converted from BCD and stored in
N10:0. The maximum source value is 9999, BCD.

ZOOM on FRD —(FRD) - 2.3.0.0.2 o
NANE: FROM BCD | Source is displayed as
SOURCE:  N7:3 _o6784 < | 26784, decimal (equivalent
DEST: N10: 0 9760 to 9760 BCD).
EDT_DAT
F1 F2 F3 F4 F5

9 7 6 0 N7:3 4-digitBCD 1001 0111 0110 0000
l l L l 9 7 6 0
9 7 6 0 N10:0 Decimal 0010 0110 0010 0000

Example 2 (Fixed, SL C 5/01, and SL C 5/02 Processor s)

The BCD value 32760 in the math register is converted and stored in N10:0.
The maximum source valueis 32767, BCD.

ZOOM on FRD —( FRD) — 2.3.0.0.2
NANE: FROM BCD o
DEST: N10: 0 32760 | Source is displayed as
SOURCE: S: 13 10080 <« | 10080, decimal (equivalent to
32760 BCD).
EDT_DAT
F1 F2 F3 F4 F5

0000 0000 0000 0011 0010 0111 0110 0000
15 S14 o 15 S 5-digit BCD

I ]E] ][]

i

3276 0 NOODecimal 0111 1111 1111 1000

You should convert BCD values to integer before you manipulate them in
your ladder program. If you do not convert the values, the processor
mani pul ates them as integer and their valueislost.

Important: If the math register (S:13 and S:14) is used as the source for the
FRD instruction and the BCD value does not exceed 4 digits, be
sureto clear word S:14 before executing the FRD instruction.

If S:14 isnot cleared and avalue is contained in this word from
another math instruction located el sewhere in the program, an
incorrect decimal value will be placed in the destination word.
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An example of clearing S:14 before executing the FRD instruction is shown

below.
1:1.0 — MV
1| MOVE
0 Sour ce N7:2 |l 0001 0010 0011 0100
4660<— [
Dest S: 13
46604
— CLR
CLEAR
Dest S: 14
0
— FRD
FROM BCD
Sour ce S: 13 Il — APS displays S:13 and
00001234<| S:14 in BCD.
Dest N7: 0
1234~—_||
|7 0000 0100 1101 0010

When the input condition is set (1), a BCD value (from a 4-digit thumbwheel switch for example) is
moved from word N7:2 into the math register. Status word S:14 is then cleared to make certain
that unwanted data is not present when the FRD instruction is executed.
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Decode 4to 1 of 16

DCD | Output Instruction

HHT Ladder Display:

HHT Zoom Display:

Ladder Diagrams and

(online monitor mode) SOURCE: N7: 0 4519 (decinal)

—(DCD)—

Z0OOM on DCD —( DCD) — 2.3.0.0.2
NANME: DECODE 4 TO 1 OF 16

DEST: N7: 1 128 (decimal)

EDT_DAT
F1 F2 F3 F4 F5

APS Displays:

— DCD
| DECODE 4 to 1 of 16

Sour ce N7: 0

11A7 Hex

Dest N7: 1

0000000010000000 Bi nary

When the rung is true,

this output instruction turns on one it of the

destination word. The particular bit that is turned on depends on the value of
the first four bits of the source word. Seethe table below. Thisinstruction
can be used to multiplex data. It could be used for applications such as
rotary switches, keypads, bank switching, etc.

Bi t

Source Destination

15-04 03 02 01 00

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

XX X X X X X X X X X X XX XX
PRPRPRPRPPRPPRPOO0OO0OO0O0O0O0O
PRPRPPRPOOOORRRLRRLROOOO
PRPOORRPROORROORROO
PORPORORORORORORO

POOOOO0OO0OO0OO0OO0OO0OO0OO0OO0OO0O
el NoNeolololololoololololoNoNe]
ol NeolololololoololololoNoNe]
[ejolol JeolojojoloololooloNoNe]
[eNoloNol JeolololoololololoNoNe]
[eNoloNeoleol JeololoololololoNeoNe]
[eNoloNeololaol JoloololololoNoNa]
[ejoloNoolojo} JolojojlololoNoNe]
[eNoNoNololololol JololololoNeoNe]
[eNoNoNeolololololol JeolololoNeNe]
[ejoloNeololololololaol JololoNoNa]
[ejoloNolololojolooNol JolloNeoNe]
[eNoloNolololololooNolo) JoNoNe]
[ejoloNolololololoololoNaol NeoNe]
[ejoloNoolojojoloololoolol o)
[ejoloNolololojoloolololoNoNa)
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Entering Parameters

* Source—the address that contains the bit decode information. Only the
first four bits (0-3) are used by the DCD instruction. The remaining bits
may be used for other application specific needs. Change the value of the
first four bits of thisword to select one bit of the destination word.

* Destination —the address of the word to be decoded. Only one bit of this
word is turned on at any one time, depending on the value of the source
word.

Using Arithmetic Status Bits
Unaffected.

Square Root (SQR) SLC 5/02 Processors Only

Square Root SQR | Output Instruction

HHT Ladder Display: —{ SQR—

ZOOM on SQR —( SQR) — 2.3.0.0.2
HHT Zoom Display: NAME: SQUARE ROOT
(online monitor mode) | SOURCE:  N7:0 21583
DEST: N7: 1 147
EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays:

— SOR
— | SQUARE ROOT
Sour ce N7:0
21583
Dest N7: 1
147

When thisinstruction is evaluated as true, the square root of the absolute
value of the source is calculated and the rounded result is placed in the
destination.

The instruction will calculate the square root of a negative number without
overflow or faults. In applications where the source value may be negative,
use a comparison instruction to evaluate the source value to determine if the
destination may beinvalid.
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Using Arithmetic Status Bits

C reserved

V aways reset

Z set when destination value is zero
S awaysreset

Math Register

Contents unchanged.

Scale Data (SCL) SLC 5/02 Processors Only

Scale Data SCL | Output Instruction

HHT Ladder Display: ~— SCL)—

ZOOM on SCL —(SCL) - 2.3.0.0.2
HHT Zoom Display: NAME: SCALE
online monitor mode) | SOURCE:  N7: 0 9760
( ) RATE: 25000 25000

OFFSET: 127 127

DEST: N7: 1 24527

EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays:

— SCL
| SCALE

Sour ce N7: 0

9760

Rate [/10000] 25000

O fset 127

Dest N7: 1
24527
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Thisinstruction can be used to solve linear equations of the form
Dest = (Rate/10000) x Source + Offset

“Rate” is sometimes referred to as Slope.

When the SCL instruction is true, the value at the source addressis
multiplied by the rate value. The rounded result is added to the offset value
and placed in the destination.

Example

— SCL

| SCALE

Sour ce N7: 0
100

Rat e [/10000] 25000

The source 100 is multiplied by

O f set 127 25000/10000 and added to 127.
The result 377 is placed in
Dest N7: 1 the destination.

377

Important: In some cases, a mathematical overflow can occur before the
offset isadded. The overflow sets minor error bit S:5/0. If this
bit is not reset in your ladder program before the end of the
scan, amajor error will be declared.

Entering Parameters
The range of values for the following parametersis —32,768 to 32,767.

* Source— This can be a program constant (decimal) or aword address.

* Rate- Thisisthe positive or negative value you enter divided by 10,000.
It can be a program constant (decimal) or aword address. The rate
parameter is limited to arange of —3.2768 to 3.2767.

e Offset — This can be a program constant (decimal) or aword address.

* Destination — Thisis aword address containing the linear calulation
(Rate/10000) x Source + Offset.

Using Arithmetic Status Bits

C reserved

V presence of an overflow at the destination is checked before and after the
offset valueis applied. Thishit isset if an overflow is detected; otherwise
reset. On overflow, minor error bit S:5/0 is aso set and the value —32,768
or 32,767 is placed in the destination.

set when destination value is zero.
S setif the destination value is negative; otherwise reset.

N
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Math Register

Contents unchanged.

Typical Application — Converting Degrees Celsius to Degrees Fahrenheit

Convert degrees Celsius to degrees Fahrenheit. The conversion equation is
F = (9/5)C + 32, or F=(1.8)C + 32.

Example: 25 degrees C = 77 degrees F.
F=(1.8)25+ 32 =77. Graphicaly,

F
100

T

32

C

\

\

|

\

\

l

25 100
To implement the conversion equation

F=(18)25+32=77
in the SCL instruction:
1. Placethe degrees C value (25 in this case) in the source parameter.

2. The multiplier is 1.8, so place a program constant value of 18000 in the
rate parameter.

3. 32 must be added. Place this program constant in the offset parameter.

When the SCL instruction goes true, the result will appear in the word
address entered in the destination parameter.

— SCL

| SCALE

Sour ce N7: 0
25

Rate [/10000] 18000 The source 25 is multiplied by
O f set 32 18000/10000 and added to 32. The
result 77 is placed in the destination.

Dest N7: 1
77
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Move and Logical Instructions
Overview

Move and Logical Instructions

This chapter covers output instructions that alow you to perform move and
logical operations on individual words. Use these instructions with fixed,
SLC 5/01 and SLC 5/02 processors:

* Move (MOV)

* Masked Move (MVM)
* And(AND)

* Inclusive Or (OR)

* Exclusive Or (XOR)

* Not (NOT)

All application examples shown arein the HHT zoom display.

The following general information applies to move and logical instructions.

Entering Parameters

e Source- Thisisthe address of the value on which the logical or move
operation isto be performed. It can be aword address or a program
constant. If the instruction has two source operands, it will not accept
program constants in both operands.

* Destination — Thisisthe address of the result of the move or logical
operation. It must be aword address.

Indexed Word Addresses

With SLC 5/02 processors, you have the option of using indexed word
addresses for instruction parameters specifying word addresses. Indexed
addressing is discussed in chapter 4.

Using Arithmetic Status Bits

After an instruction is executed, the arithmetic status bits in the status file are
updated:

e Cary (C), S.0/0—Set if acarry is generated; otherwise cleared.

e Overflow (V), S:0/1 — Indicates that the actual result of amath instruction
does not fit in the designated destination.

e Zero (2), S:0/2 — Indicates a 0 value after amath, move or logic
instruction.

* Sign(9), S:0/3 —Indicates a negative (less than 0) value after a math,
move or logic instruction.
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Overflow Trap Bit, S:5/0
Minor error bit set upon detection of a mathematical overflow or division by

0. If thishit is set upon execution of the END statement or a TND
instruction, amajor error will be declared.

Math Register, S:13 and S:14

Move and logical instructions do not affect the math register.

Move (MOV) Move MOV | Output Instruction

HHT Ladder Display: ~—¢ MOV)—

ZOOM on MOV —( MOV) — 2.3.0.0.2
HHT Zoom Display: NAME: MOVE
(online monitor mode) | SOURCE:  N7:0 9760
DEST: N7: 1 9760
EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays:

— MOV
— | MOVE
Sour ce N7: 0
9760
Dest N7: 1
9760

The processor moves a copy of the source value to the destination location.

Entering Parameters

e Source—aprogram constant or the address of the data you want to move.
¢ Destination — the address where the instruction moves the data.
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Using Arithmetic Status Bits

C awaysreset

V aways reset

Z setif the result is zero; otherwise reset

S setif theresult is negative (most significant bit is set); otherwise reset

Application note: If you wish to move 1 word of data without affecting the
math flags, use a copy (COP) instruction with alength of 1 word instead of
using the MOV instruction. The COP instruction is discussed in chapter 22.

Masked Move (MVM) Masked Move MVM | Output Instruction

HHT Ladder Display: ~ — WM—

ZOOM on MM —( MVM) — 2.3.0.0.2
HHT Zoom Display: NAME: MASKED MOVE
online monitor mode SOURCE: B3: 6 1111 0100 1111 0101
( ) MASK: 00EO 00EO
DEST: B3: 7 0000 0000 1110 0000
EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays:

— WM
— | MASKED MOVE
Sour ce B3: 6
1111010011110101
Mask 00EO
Dest B3: 7
0000000011100000

The masked move instruction is aword instruction that moves a copy of the
data from a source location to a destination, and allows portions of the
destination data to be masked by a separate word.
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214

Entering Parameters

* Source - the address of the data you want to move.

e Mask —the address of the mask word through which the instruction
moves data. You can aso enter a hex value (constant). Refer to appendix
B for more information regarding masks and hexadecimal humbering.

¢ Destination — the address where the instruction moves the data.

Using Arithmetic Status Bits

C awaysreset

V aways reset

Z setif theresult is zero; otherwise reset

S setif theresult is negative; otherwise reset

Operation

When the rung containing thisinstruction is true, data at the source address
passes through the mask to the destination address.

— WM
| MASKED MOVE
Sour ce B3: 0
0101010101010101
Mask FOFO
Dest B3: 2
11111111111211121

B3: 2 before nove

\1111111111111111\

source B3:0

\0101010101010101\

Mask FOFO
\1111000011110000\

B3:2 after nove
\0101111101011111\

)

unal t er ed unal t ered

Mask (do not pass) data by resetting bits in the mask; pass data by setting
bitsin the mask. Theinstruction does not operate unless you set mask bitsto
pass data you want to use. The bits of the mask can be fixed by a constant
value, or you can vary them by assigning the mask a direct address. Bitsin
the destination that correspond to Os in the mask are not altered.
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And AND | Output Instruction

HHT Ladder Display: ~— AND)—

ZOOM on AND —( AND) — 2.3.0.0.2
HHT Zoom Display: NAME: Bl TW SE AND
online monitor mode) | SOURCE A: B3: 6 0001 0001 1101 0111
( ) SOURCE B: B3:7 0000 1001 0010 0100
DEST: B3: 8 0000 0001 0000 0100
EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays:

— AND
— | BITWSE AND
Source A B3: 6
0001000111010111
Source B B3:. 7
0000100100100100
Dest B3: 8
0000000100000100

The value at source A is ANDed bit by bit with the value at source B and
then stored in the destination.

Truth Table;

R=A AND B
A: Source A bit A B R
B: Source B bit
R: Destination bit 0 0 0
1 0 0
0 1 0
1 1 1

Using Arithmetic Status Bits

C awaysreset

V aways reset

Z setif theresult is zero; otherwise reset

S setif themost significant bit is set; otherwise reset
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Or (OR) or OR | Output Instruction

HHT Ladder Display: — OR—

ZOOM on OR —(OR) - 2.3.0.0.2
HHT Zoom Display: NAME: BI TW SE | NCLUSI VE OR
online monitor mode SOURCE A B3: 0 0001 0101 1010 0001
( ) SOURCE B: B3:1 0010 0000 0010 0101
DEST: B3: 2 0011 0101 1010 0101
EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays:

— OR
— | BITWSE INCLUS OR
Source A B3: 0
0001010110100001
Source B B3:1
0010000000100101
Dest B3: 2
0011010110100101

The value at source A is ORed bit by bit with the value at source B and then
stored in the destination.

Truth Table: R=AORB
A: Source A bit A B R
B: Source B bit
. TS 0 0 0
R: Destination bit 1 0 1
0 1 1
1 1 1

Using Arithmetic Status Bits

C awaysreset

V aways reset

Z setif theresult is zero; otherwise reset

S setif theresult is negative (most significant bit is set); otherwise reset
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Exclusive Or XOR | Output Instruction

HHT Ladder Display: ~—{ XOR)—

ZOOM on XOR —( XOR) — 2.3.0.0.2
HHT Zoom Display: NAVE: BI TW SE EXCLUSI VE OR
online monitor mode) | SOURCE A: B3: 0 0001 0101 1010 0001
( ) | soreE B B3 1 0010 0000 0010 0101
DEST: B3: 2 0011 0101 1000 0100
EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays:

— XOR
— | BITWSE EXCLUS OR
Source A B3: 0
0001010110100001
Source B B3:1
0010000000100101
Dest B3: 2
0011010110000100

The value at source A is Exclusive ORed bit by bit with the value at source B
and then stored in the destination.

Truth Table;

R=A XOR B

A: Source A bit A B R
B: Source B bit

. TS 0 0 0

R: Destination bit 1 0 1

0 1 1

1 1 0

Using Arithmetic Status Bits

C awaysreset

V aways reset

Z setif theresult iszero; otherwise reset

S setif theresult is negative (most significant bit is set); otherwise reset

217



Chapter 21

Move and Logical Instructions

Not (NOT) Not NOT | Output Instruction

HHT Ladder Display: ~—¢ NOT)—

ZOOM on NOT —( NOT) — 2.3.0.0.2
HHT Zoom Display: NAME: NOT
online monitor mode) | SOURCE:  B3:0 1010 0110 1110 1100
( ) DEST: B3: 1 0101 1001 0001 0011
EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays:

— NOT
— | NOT
Sour ce B3: 0
1010011011101100
Dest B3: 1
0101100100010011

The source value is NOTed (inverted) bit by bit and then stored in the
destination.

Truth Table: R= NOT A

A: Source bit A
R: Destination bit |

0
1

Using Arithmetic Status Bits

C awaysreset

V aways reset

Z setif theresult is zero; otherwise reset

S setif theresult is negative (most significant bit is set); otherwise reset
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File Copy and File Fill Instructions

This chapter covers the following instructions for use with the fixed, SLC
5/01, and SLC 5/02 processors:

* File Copy (COP)
* FileFill (FLL)

These instructions move data from a source file or element to a destination
file. They are similar to aMove (MQOV) instruction, but they enable you to
move more than one word at atime. Thisisfacilitated by the use of thefile
indicator # in the parameter addresses. The # symbol indicates afile or
group of words, not just one word.

The following general information appliesto file copy and file fill
instructions.

Effect on Index Register in SLC 5/02 Processors

After aCOP or FLL instruction is executed, index register S:24 is cleared to
zero.

22-1



Chapter 22

File Copy and File Fill Instructions

File Copy (COP) File Copy COP Output Instruction

HHT Ladder Display: ~—¢ COP)—

ZOOM on COP —( COP) — 2.3.0.0.2
HHT Zoom Display: NAME: FI LE COPY
online monitor mode) | LENGTH 10 10
( ) SOURCE: #N7: 5 0
DEST: #N10: 0 0
EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays:

— COP
— | COPY FILE
Sour ce #N7: 5
Dest #N10: 0
Length 10

This instruction copies data from one location into another. It uses no status
bits. If you need an enable bit, you can program a parallel (branched) output
using a storage address.

The COP instruction moves data from one file to another, asillustrated
below.

Source: File Destination: File

Entering Parameters

* Source— The address of the first word of the file you want to copy. You
must use the file indicator # in the address.

* Destination — The address of the first word of the file where the copy of
the source file will be stored. You must use the file indicator # in the
address.

* Length — The number of elementsin the file you want to copy. If the
destination file type is 3 words per element (filetypes T, C, R), you can
specify a maximum length of 42. If the destination file typeis 1 word per
eement (filetypesl, O, S, B, N), you can specify a maximum length of
128.
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File Copy and File Fill Instructions

All elements are copied from the specified source file into the specified
destination file each scan the rung istrue. Elements are copied in ascending
order with no transformation of data. They are copied up to the specified
number (length) or until the last element of the destination file is reached,
whichever occursfirst.

The destination file type determines the number of words that the instruction
transfers. For example, if the destination file type is counter and the source
file typeisinteger, three integer words are transferred for each element in the
counter-type file.

If your destination is atimer, counter, or control file, be sure that the source
words corresponding to the status words of your destination file contains
Zeros.

Be sure that you accurately specify the starting address and length of the data
block you are copying. Theinstruction will not read or write over afile
boundary (such as between files N16 and N17) at the destination.

Note that an error isdeclared if awriteis attempted over afile boundary.

You can perform file shifts by specifying a source element address one or
more elements greater than the destination element address within the same
file. Thisshifts datato lower element addresses. Shiftsto higher element
addresses will not work.

File Fill FLL Output Instruction

HHT Ladder Display: ~— FLL)—

ZOOM on FLL —(FLL)- 2.3.0.0.2
) NAME: FILE FILL
HHT Zoom Display: LENGTH; 10 10
(online monitor mode) | SOURCE: N7: 10 0
DEST: #N10: 20 0
EDT_DAT
F1 F2 F3 Fa F5

Ladder Diagrams and APS Displays:

— FLL
— | FILL FILE
Sour ce N7: 10
Dest #N10: 20
Length 10
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The FLL instruction loads either an element of data or a program constant
from the source to adestination file, asillustrated below.

Source: Element Destination: File

Typically, the FLL instruction might be used to reset or clear several integer
values al at once.

Entering Parameters

e Source— The program constant (decimal) or element address. (Thefile
indicator # is not required for an element address.)

* Destination — The address of the first word of the file you want to fill.
You must use the file indicator # in the address.

* Length — The number of elementsin the file you want filled. If the
destination file typeis 3 words per element, you can specify a maximum
length of 42. If the destination file type is 1 word per element, you can
specify a maximum length of 128.

All elements are filled from the source value (typically a program constant)
into the specified destination file each scan the rung istrue. Elements are
filled in ascending order until the number of elements (Iength that you
entered) is reached.

The instruction will not write over afile boundary (such as between files
N16 and N17) at the destination.

Note that an error is declared if awrite is attempted over afile boundary.



Bit Shift, FIFO, and LIFO
Instructions Overview

Bit Shift, FIFO, and LIFO Instructions

This chapter covers instructions for use with fixed, SLC 5/01, and SLC 5/02
Processors:

« Bit Shift Left (BSL)
- Bit Shift Right (BSR)

These are output instructions that load data into a bit array one bit at atime.
The datais shifted through the array, then unloaded one bit at atime.

Bit shift instructions are useful in conveyor applications and product
evaluation (pass/fail) applications.

Instructions for use with SLC 5/02 processors only:

* FIFO Load and Unload (FFL, FFU)

* LIFO Load and Unload (LFL, LFU)

FIFO instructions provide a method of loading words into afile and
unloading them in the same order as they were loaded. First word inisthe
first word out.

LIFO instructions provide a method of loading words into afile and
unloading them in the opposite order asthey wereloaded. Last wordinis
the first word out.

FIFO and LIFO instruction applications include assembly/transfer lines,
inventory control, and system diagnostics.

All application examples shown arein the HHT zoom display.

The following general information applies to bit shift, FIFO, and LIFO
instructions.

Effect on Index Register in SLC 5/02 Processors

All of theinstructionsin this chapter alter the contents of the index register,
S:24. Details appear with the specific instructions.
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Bit Shift Left (BSL), Bit
Shift Right (BSR)

232

Bit Shift Left, Bit Shift Right BSL, BSR Output Instructions
HHT Ladder Display: ~ — BSL)— —{(BSR)—
ZOOM on BSL —(BSL) - 2.3.0.0.1
HHT Zoom Display: NAME: BIT SH FT LEFT
i ; FI LE: #B3: 1 LENGTH: 50
(online monitor mode) CONTROL: R8O
BIT ADDR [11:1.0/0
EN DN ER UL
0 0 0 O
EDT_DAT
F1 F2 F3 F4 F5
ZOOM on BSR —( BSR) — 2.3.0.0.1
NANE: BI T SH FT Rl GHT
FI LE: #B3: 1 LENGTH: 50
CONTROL: R6: 0
BIT ADDR [11:1.0/0
EN DN ER UL
0O 0 0 O
EDT_DAT
F1 F2 F3 F4 F5
Ladder Diagrams and APS Displays:
— BSL
| BIT SH FT LEFT El
File #B3: 1 ~EN
Cont r ol R6: 0 H DN)
Bit Address 1:1.0/0
Lengt h 50
— BSR
— | BIT SHFT RGHT E
File #B3: 1 _( N)
Cont r ol R6: 0 H DN)
Bit Address 1:1.0/0
Length 50
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Entering Parameters

File — The address of the bit array you want to manipulate. You must use
the file indicator # in the bit array address. The address must start on an
element boundary (for example, B3:0/0, not B3:0/4).

Control — The instruction’s address and control (R datafile) element that
stores the status byte of the instruction, the length of the array (in number
of bits), and the bit pointer (currently not used). Note: The control
address cannot be used for any other instruction.

The control e ement is shown below.
15 13 11 10 00
EN DN ER UL \ Not used

Length of bit array (nunber of bits)

Bit Pointer (currently not used)

Status bits of the control element:

EN (bit 15) — The enable bit is set on afalse-to-true transition of the rung
and indicates the instruction is enabled.

DN (bit 13) — The done bit, when set, indicates the bit array has shifted
one position.

ER (bit 11) — The error bit, when set, indicates the instruction detected an
error such as entering a negative number for the length or position. Avoid
using the unload bit when this bit is set.

UL (bit 10) — The unload bit stores the status of the bit exited from the
array each time the instruction is enabled.

When the register shifts and input conditions go false, the enable, done,
and error bits are reset.

Bit Address— Thisisthe address of the source bit that the instruction
insertsin the first bit location of the BSL array, or the last bit location of
the BSR array.

Length (size of bit array) (word 1) — Thisis the number of bitsin the bit
array, up to 2048 hits. A length value of 0 causes the input bit to be
transferred to the UL bit.

A length value that points past the end of the programmed file causes a
runtime major error to occur. If you alter a length value with your ladder
program, make certain that the altered valueisvalid. Do not use any of
the bits beyond the last bit in the array up to the next word boundary.
They areinvalid.

Effect on Index Register in SLC 5/02 Processors

The shift operation clears the index register S:24 to zero.
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Instructions

— BSL
| BIT SH FT LEFT El

File #B3: 1 ~EN
Cont r ol R6:53 [ DN)
Bit Address 1:22/12
Length 58
BSR

BIT SH FT RI GHT El
File #B3: 2 ~EN
Cont r ol R6: 54 [ DN)

Bit Address |:23/06

Length

38

234

Operation - Bit Shift Left

When the rung goes from fal se-to—true, the enable bit (EN bit 15) is set and
the data block is shifted to the left (to a higher bit number) one bit position.
The specified bit at the Bit Address (source) is shifted into the first bit
position. Thelast bit is shifted out of the array and stored in the unload bit
(UL bit 10) in the status byte of the control element. The shift is completed
in one scan.

For wraparound operation, set the Bit Address equal to the address of the last
bit of the array or to the UL bit, whichever applies.

The figure below illustrates how the Bit Shift Left instruction functions.

Bit Address
(source) 1:22/12
< Data block is shifted one bit at
a time from bit 16 to bit 73.
31(30(29(28(27(26(25(24(23(22(21({20(19|18|17|16
47|46|45|44|43|42|41|40|39|38|37|36(35|34|33|32 58
63(62(61({60(59(58(57|56(55(54(53(52(51(50(49|48 gLﬁa
DO NOT USE 73]72[71]70]69|68]67]66[65[64 et

.

Unload Bit R6:53/10

Operation - Bit Shift Right

When the rung goes from fal se-to-true, the enable bit (EN bit 15) is set and
the data block is shifted to the right (to alower bit number) one bit position.
The specified bit at the Bit Address (source) is shifted into the last bit
position. Thefirst bit is shifted out of the array and stored in the unload bit
(UL bit 10) in the status byte of the control element. The shift is completed
in one scan.

For wraparound operation, set the Bit Address equal to the address of the
first bit of the array or to the UL bit, whichever applies.

The figure below illustrates how the Bit Shift Right instruction functions.

Unl oad Bit R6:54/10

T

47]46[45[44[43[42[41[40]39[38[37[36[35]34[33[32 } 38

63|62(61|60(59|58(57|56|55|54|53|52(51|50(49|48 bi t
DO NOT USE 69|68 |67 |66 |65 |64
—_

Data block is shifted one bit at
a time from bit 69 to bit 32.

array
#B3: 2

Bit Address
(source) 1:23/06



FIFO Load (FFL), FIFO
Unload (FFU)
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Bit Shift, FIFO, and LIFO
Instructions

If you wish to shift more than one bit per scan, you must create aloop using
jump (JMP) and label (LBL) instructions.

SLC 5/02 Processors Only
FIFO Load, FIFO Unload FFL, FFU Output Instructions
HHT Ladder Display: —{FFL)— —(FFU—
ZOOM on FFL —(FFL) - 2.3.0.0.2
HHT Zoom Display: NAME: FI FO LOAD
; ; SOURCE: N7: 10 LENGTH 34
(online monitor mode) P FQ AN 12 POSI T1 ON:
CONTROL: R6:0
EN EU DN EM
0 0 0 O
EDT_DAT
F1 F2 F3 F4 F5
ZOOM on FFU —( FFU) — 2.4.0.0.2
NAME: FI FO UNLOAD
FI FO #N7: 12 LENGTH: 34
DEST: N7: 11 POSI TI ON: O
CONTROL: R6: 0
EN EU DN EM
0 0 0 O
EDT_DAT
F1 F2 F3 F4 F5
Ladder Diagrams and APS Displays:
— FFL
— | FIFO LOAD E
Sour ce N7: 10 <Y
FI FO #N7: 12 H{ DN)
Contr ol R6: 0
Lengt h 34 EM
Posi tion 0
— FFU
__ | FIFO UNLOAD E
FI FO #N7: 12 <&
Dest N7:11 H{ DN)
Contr ol R6: 0
Length 34 ~ EM
Posi tion 0

FFL and FFU instructions are used in pairs. The FFL instruction loads words
into a user-created file called a FIFO stack. The FFU instruction unloads
words from the FIFO stack, in the same order as they were entered.

FIFO and LIFO instruction applications include assembly/transfer lines,
inventory control, and system diagnostics.
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Entering Parameters

Enter the following parameters when programming these instructions:

Sour ce — This word address stores the value to be entered next into the
FIFO stack. The FFL instruction places this value into the next available
element in the FIFO stack. SOURCE can be aword address or a program
constant (—32768 to 32767). For 1/0 addresses, the HHT requires you to
specify the slot and word number, for example 1:3.0.

Destination (Dest) — This word address stores the value that exits from
the FIFO stack. The FFU instruction unloads this value from the stack
and placesit in thisword address. For 1/0O addresses, the HHT requires
you to specify the slot and word number, for example O:3.0.

FIFO — Thisisthe address of the stack. It must be an indexed word
address in the input, output, status, bit, or integer file. The same address
is programmed for the FFL and FFU instructions.

Control — Thisisacontrol file (R datafile) address. The status bits, the
stack length, and the position value are stored in this element. The same
address is programmed for the FFL and FFU instructions. Do not use the
control file address for any other instruction.

The 3-word control element:
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
EN EU DN EM

Lengt h

Posi tion

Status Bits

EN (bit 15) — FFL instruction enable bit. The bit is set on afalse-to-true
transition of the FFL rung and is reset on atrue-to-false transition.
EU (bit 14) — FFU instruction enable bit. The bit is set on afalse-to-true
transition of the FFU rung and is reset on atrue-to-false transition.

DN (bit 13) — Done hit. It isset by the FFL instruction to indicate the
stack isfull. Thisinhibitsloading the stack.

EM (bit 12) — Empty bit. It isset by the FFU instruction to indicate the
stack is empty.

Length (word 1) — Thisisthe length of the stack, the maximum number
of elementsin the stack, up to a maximum of 128 words. The same
number is programmed for the FFL and FFU instructions.

Position (word 2) — The next available location where the instruction
loads data into the stack. This value changes after each load or unload
operation. The same number is used for the FFL and FFU instructions.



— FFL
FI FO LOAD EN)—
Sour ce N7: 10 <EN
FI FO #N7: 12 | DN)
Cont r ol R6: 0
Lengt h 34 — EM
Posi tion 9

— FFU
FI FO UNLOAD EU)—|
FI FO #N7: 12 ~EY
Dest N7:11 H DN)
Contr ol R6: 0
Lengt h 34 — EM
Posi tion 9

FFL-FFU Instruction Pair

Chapter 23

Bit Shift, FIFO, and LIFO
Instructions

Operation

Instruction parameters have been programmed in the FFL — FFU instruction
pair shown below.

FFU instruction unloads

data from stack #N7:12 at
position 0, N7:12. Position
\ N7: 11 =~ N7: 12 0 ]
Destination N7:13 1
N7: 14 2
3
4
FFL instruction loads data 5
into stack #N7:12 at the 6 |- 34wordsare
next available position, 9 in 7 allocated for FIFO
this case. 8 stack starting at
. N7:12, ending at
| N7: 10 ™ 9 | N7,
Source
N7: 45 3]

Loading and Unloading of Stack #N7:12

FFL instruction operation — When rung conditions change from fal se-to-true,
the FFL enable bit (EN) isset. Thisloads the contents of the Source, N7:10,
into the stack element indicated by the Position number, 9. The position
value then increments.

The FFL instruction loads an € ement at each false-to—true transition of the
rung, until the stack isfilled (34 elements). The done bit (DN) is then set,
which inhibits further loading.

FFU instruction operation — When rung conditions change from false-to-true,
the FFU enable bit (EU) is set. This unloads the contents of the element at
stack position 0 into the Destination, N7:11. All datain the stack is shifted
one element toward position zero, and the highest numbered element is
zeroed. The position value then decrements.

The FFU instruction unloads an element at each fal se-to—true transition of
the rung, until the stack is empty. The empty bit (EM) is then set.

Effects on Index Register S:24

The value present in S:24 is overwritten with the position value when a
false-to-true transition of the FFL or FFU rung occurs. For the FFL, the
position value determined at instruction entry is placed in S:24. For the FFU,
the position value determined at instruction exit is placed in S;24.

When the DN bit is set, afalse-to—true transition of the FFL rung does not
change the position value or the index register value. When the EM bit is
set, afalse—to-true transition of the FFU rung does not change the position
value or the index register value.
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LIFO Load (LFL), LIFO SLC 5/02 Processors Only
Unload (LFU)
LIFO Load, LIFO Unload LFL, LFU Output Instructions
HHT Ladder Display: ~—(LFL)—  —LFU—
ZOOM on LFL —(LFL)- 2.3.0.0.2
HHT Zoom Display: NANME: LI FO LOAD
(online monitor mode) | SOURCE:  N7:10 LENGTH 34

LI FO #N7: 12 PCSI TI ON: O

CONTROL: R6:0
EN EU DN EM
0 0 0 O

(monitor mode) EDT_DAT
F1 F2 F3 F4 F5

ZOOM on LFU —(LFU) - 2.4.0.0.2

NAME: LI FO UNLQAD

LI FO #N7: 12 LENGTH. 34

DEST: N7: 11 PCSI TI ON: O

CONTROL: R6:0
EN EU DN EM
0 0 0 O

EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays:

— LFL
| LIFO LOAD E
Sour ce N7: 10 B N)ﬂ
LI FO #N7: 12 H DN)
Control R6: 0
Lengt h 34 ~EM
Posi tion 0
— LFU
— | LIFO UNLOAD E
LI FO Nz 12 | U)ﬂ
Dest N7: 11 | DN)
Contr ol R6: 0
Length 34 — EM
Posi tion 0

These instructions are the same as the FIFO load and unload instructions
except that the last data loaded is the first data to be unloaded.

FIFO and LIFO instruction applications include assembly/transfer lines,
inventory control, and system diagnostics.

Entering Parameters

The instruction parameter information on page 23-6 applies. Substitute
instruction mnemonics LI1FO for FIFO, LFL for FFL, and LFU for FFU.
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— LFL
LI FO LOAD EN)—
Sour ce N7: 10 ~EN
LI FO #N7: 12 < DN)
Contr ol R6: 0
Lengt h 34 ~ EM
Posi tion 9

— LFU
LI FO UNLOAD EU)—
LI FO #N7: 12 ~EY
Dest N7:11 {DN)
Contr ol R6: 0
Lengt h 34 HEM
Posi tion 9

LFL-LFU Instruction Pair

Chapter 23
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Instructions

Operation

Instruction parameters have been programmed in the LFL — LFU instruction
pair shown below. For purposes of comparison, the same parameters are
used here asin the FFL — FFU example on page 23-7.

LFU instruction unloads
data from stack #N7:12 at

position 8. Position
\ N7: 11 e N7:12 0]
Destination N7: 13 1
N7: 14 2
3
4
LFL instruction loads data 5
into stack #N7:12 at the 6 |— 34wordsare
next available position, 9 in 7 allocated for LIFO
this case. L] 8 stack starting at
N7:12, ending at
| N7: 10 | 9 N7:45.
Source
N7: 45 3 ]

Loading and Unloading of stack #N7:12

LFL instruction operation —When rung conditions change from
false-to-true, the LFL enable bit (EN) is set. Thisloads the contents of the
Source, N7:10, into the stack element indicated by the Position number, 9.
The position value then increments.

The LFL instruction loads an element at each false-to—true transition of the
rung, until the stack isfilled (34 elements). The done bit (DN) is then set,
which inhibits further loading.

L FU instruction operation — When rung conditions change from
false-to-true, the LFU enable bit (EU) is set. This unloads data from the last
element loaded into the stack (at the position value minus 1), placing it in the
Destination, N7:11. The position value then decrements.

The LFU instruction unloads one el ement at each fal se-to—true transition of
the rung, until the stack is empty. The empty bit (EM) isthen set.

Effects on Index Register S:24

The value present in S:24 is overwritten with the position value when a
false-to-true transition of the LFL or LFU rung occurs. For the LFL, the
position value determined at instruction entry isplaced in S:24. For the
LFU, the position value determined at instruction exit is placed in S:24.

When the DN bit is set, afase-to-true transition of the LFL rung does not
change the position value or the index register value. When the EM bit is

set, afalse-to—true transition of the LFU rung does not change the position
value or the index register value.
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Sequencer Instructions
Overview

Sequencer Instructions

This chapter covers sequencer instructions including Sequencer Output,
Sequencer Compare, and Sequencer Load. These instructions are generally
used in machine control.

Instructions for use with fixed, SLC 5/01, and SLC 5/02 processors:

* Sequencer Output (SQO). It transfers 16-bit datato word addresses for
the control of sequential machine operations.

* Sequencer Compare (SQC). It compares 16-bit data with stored data to
monitor machine operating conditions or for diagnostic purposes.

Instruction for use with the SLC 5/02 processor only:

e Sequencer Load (SQL). It loads 16-bit datainto afile at each step of
sequencer operation.

All application examples shown arein the HHT zoom display.

The following general information applies to sequencer instructions.

Applications Requiring More than 16 Bits

When your application requires more than 16 bits, parallel (branch) multiple
sequencer instructions.

Effect on Index Register in SLC 5/02 Processors

Sequencer instructions ater the contents of the index register, S:24. Details
appear with the specific instructions.
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Sequencer Output (SQO),
Sequencer Compare (SQC)

242

Sequencer Output SQO
Sequencer Compare SQC Output Instructions
HHT Ladder Display: —SQOQ— —SQ0)—

HHT Zoom Display:
(online monitor mode)

ZOOM on SQO —(SQO) —
NAME:

SEQUENCER QUTPUT

2.3.0.0.2

NAME:
FI LE:

FI LE: #B10: 1 CONTROL: R6: 20
MASK: OFOF LENGTH: 4
DEST: :2.0 PCsSI TI ON: 0
EN DN ER
0 0 O
EDT_DAT
F1 F2 F3 F4 F5
ZOOM on SQC —(SQC) — 2.3.0.0.2

SEQUENCER COVPARE

Ladder Diagrams and APS Displays:

#B10: 11 CONTROL: R6: 21
MASK: FFFO LENGTH. 4
SOURCE: 11:1.0 PCSI TI ON: O
EN DN ER FD
0O 0 0 O
EDT_DAT
F1 F2 F3 F4 F5
— SQO
—— SEQUENCER OUTPUT H EN)
File #B10: 1
Mask oFoF DN
Dest a2.0
Control R6: 20
Lengt h 4
Posi tion 0
— SQC
— | SEQUENCER COWVPARE H EN){
File #B10: 11
Mask FFFO [{ DN)
Sour ce 1:1.0
Control R6: 21 — FD)
Lengt h 4
Posi tion 0
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Entering Parameters

File (SQO, SQC) — Thisisthe address of the sequencer file. You must
use the file indicator # for this address.

Sequencer file datais used as follows:

Instruction Sequencer File Stores

SQO Data for controlling outputs
SQC Reference data for monitoring inputs

Mask (SQO, SQC) — Thisisahex code or the address of the mask word
or file through which the instruction moves data. Set mask bits to pass
data, reset mask bitsto mask data. Use amask word or fileif you want to
change the mask according to application requirements.

If the mask is afile, itslength will be equal to the length of the sequencer
file. Thetwo filestrack automatically.

Source (SQC) — Thisis the address of the input word or file from which
the instruction obtains data for comparison to its sequencer file. For input
data file addresses, the HHT requires that you enter the slot and word
number. For example, 1:3.0.

Destination (SQO) — Thisis the address of the output word or fileto
which the instruction moves data from its sequencer file. For output data
file addresses, the HHT requires that you enter the slot and word number.
For example, 0:4.0.

Important: You can address the mask, source, or destination of a sequencer

instruction as aword or file. If you addressit as afile (using
fileindicator #), the instruction automatically tracks through the
source, mask, or destination file as the instruction tracks
step-by-step through its sequencer file.

Control (SQO, SQC) —Thisistheinstruction’s address and control

element (R6 datafile) that stores the status byte of the instruction, the

length of the sequencer file, and the instantaneous position in the file.
15 13 11 08 00

EN DN ER FD

Length of sequencer file

Posi tion

Note: You cannot use the control address for any other instruction.
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Status Bits of the Control Element

EN (bit 15) — The enable bit is set by a false-to-true rung transition and
indicates the SQO or SQC instruction is enabled. It follows the rung
condition.

DN (bit 13) — The done hit is set by the SQO or SQC instruction after it has
operated on the last word in the sequencer file. It isreset on the next
false-to-true rung transition after the rung goes false.

ER (bit 11) — The error bit is set when the processor detects a negative
position value, or anegative or zero length value. Thisresultsin amajor
error if not cleared before the END or TND instruction is executed.

FD (bit 08) — SQC only. The found bit indicates that a match has been found
between a compare of aword or file of input data, through a mask, to aword
or file of reference datafor equality. When the status of all nhon-masked bits
in an input word match those of the corresponding reference word, the found
bitisset. Thefound bit is set when a match exists, otherwise it is cleared.
This bit is assessed each time the SQC instruction is evaluated while the rung
istrue.

e Length (word 1) — Thisisthe number of words of the sequencer file
starting at position 1. Position O is the startup position. The instruction
resets (wraps) to position 1 at each cycle completion.

The address assigned for a sequencer fileis step zero. Sequencer
instructions use length + 1 words of datatable for each file referenced in
the instruction. This appliesto the source, mask, and/or destination if
addressed asfiles.

A length value that points past the end of the programmed file causes a
runtime major error to occur. |If you alter a length value with your ladder
program, make certain that the altered value is valid.

* Position (word 2) — Thisis the word location or step in the sequencer file
from which the instruction moves datain a SQO instruction or to which
the instruction compares data in an SQC instruction.

A position value that points past the end of the programmed file causes a
runtime major error to occur. If you alter a position value with your
ladder program, make certain that the altered valueis valid.

Application note: You may use the reset (RES) instruction to reset a
sequencer. All control bits (except FD) will be reset to zero. The Position
will also be set to zero. The RES instruction should be addressed to the
control register (R datafile) you are using.

Operation — Sequencer Output

This output instruction steps through the sequencer file whose bits have been
set to control various output devices.



— SQO

—— SEQUENCER QUTPUT
File #B10: 1
Mask OFOF
Dest O14.0
Contr ol R6: 20
Length 4
Posi tion 2

H(EN)
HDN)
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When the rung goes from fal se-to-true, the instruction increments to the next
step (word) in the sequencer file. Data stored there is transferred through a
mask to the destination address specified in the instruction. Current dataiis
written to the corresponding destination word every scan that the rung
remains true.

The done bit is set when the last word of the sequencer fileis transferred.
Upon the next false-to-true rung transition, the instruction resets the position
to step one, that is, automatically cycles.

At startup, if the position is = 0 when you switch the processor from the
program mode to the Run mode, instruction operation depends on whether
the rung istrue or false on the first scan:

e |If true, the instruction transfers the value in step O.

* |f false, the instruction waits for the first rung transition from
false-to-true and transfers the value in step 1.

Mask data by resetting bitsin the mask word. The bits mask data when reset,
pass data when set. Unless you set mask bits, the instruction will not change
the value in the destination word. The mask can be fixed by entering a hex
code. The mask can be avariable by entering an element address or afile
address for changing the mask with each step. The following figure indicates
how the SQO instruction functions:

Destination 0:14.0

15 8 7 0
[10000 [ 0101 [ 0000 | 1010

External Outputs
associated with 0:14

00
01 <—ON
Mask Value OFOF 02
15 8 7 0 82 ~—ON
[ 0000 | 1111 [ 0000 | 1111 | 05
06
. 07
Sequencer Output File #810:1 08 l=—ON
Word Step 09
B10:1 [0000 | 0000 | 0000 | 0000 ] 0 10 =—ON
2 [1010 [ 0010 | 1111 | 0101 | 1 B
311111 | 0101 | 0100 | 1010 | 2=— Current Step 13
4 0101 | 0101 | 0101 | 0101 | 3 14
5 [ 0000 | 1111 | 0000 | 1111 | 4 15

Effect on Index Register in SLC 5/02 Processors
The value present in the index register S:24 is overwritten when the

sequencer output instruction istrue. The index register value will equal the
position value of the instruction.
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Operation — Sequencer Compare

The SQC instruction compares aword or file of input data, through a mask,
to aword or file of reference datafor equality. When the status of all
non-masked bitsin an input word match those of the corresponding reference
word, the instruction sets the found bit (FD) in the respective control word.
Otherwise, when the input word does not match, the found bit (FD) is
cleared.

Mask data by resetting bitsin the mask word. The bits mask data when reset,
pass data when set. Unless you set mask bits, the instruction will not
compare hitsin the reference file against the input value. The mask can be
fixed by entering a hex code. The mask can be a variable by entering an
element address or afile address for changing the mask at each step.

When the rung goes from fal se-to-true, the instruction increments to the next
step (word) in the sequencer file. Data stored there is transferred through a
mask and compared against the source data for equality. If the source data
equals the reference data, the FD bit is set in the SQC's control file or word
(R6:x/FD). Current datais compared against the source every scan that the
rung evaluates astrue.

Applications of the SQC instruction include machine diagnostics. The
following figure explains how the SQC instruction functions:

— SQC

— | SEQUENCER COMPARE ¢ EN){ Input Word 1:3.0

File #B10: 11

Mask FFFO | DN) [ 0010 | 0100 | 1001 | 1101

Sour ce 1:3.0

Cont r ol R6: 21 —~ FD) i

Lengt h 4

Position 2 Mask Value FFFO

[ 1111 | 1111 [ 1111 [ 0000

'

Sequencer Compare File #B10:11

Word Step
B10:11 0
12 1
13[ 0010 J o100 [ 1001 [ 1010 | 2
14 3
15 4

The FD bit R6:21/FD is set in this example, since the input word matches the sequencer reference
value using the mask value.

Effect on Index Register in SLC 5/02 Processors
The value present in the index register S:24 is overwritten when the

sequencer compare instruction istrue. The index register value will equal
the position value of the instruction.
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SLC 5/02 Processors Only

Sequencer Load SQL | Output Instruction

HHT Ladder Display: —{ SQL)—

ZOOM on SQL —(SQL) — 2.3.0.0.2
o NANE: SEQUENCER LOAD
HHT Zoom Display: FI LE: #N7: 30 LENGTH 4
(online monitor mode) | source:  11:1.0 POSI TI ON: 0
CONTROL: R6: 4
EN EU DN EM
000 O
EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays:

— SQL
— | SEQUENCER LQAD H EN)#

File #N7: 30
Sour ce 1:1.0 H{DN)
Cont rol R6: 4
Length 4
Posi tion 0

Thisinstruction loads data into a sequencer load file. The source of this data
can be an /O or storage word address, afile address, or a program constant.

Entering Parameters

File— Thisisthe address of the sequencer file where the source dataiis
loaded into. You must use the file indicator # for this address.

Source — This can be aword address, file address, or a program constant
(=32768 to 32767) indicating the value or location whose contents are
loaded into the sequencer file. For input addresses, the HHT requires that
you enter the slot and word number. For example, 1:3.0.

If the source is afile address, itsfile length will be equal to the length of
the sequencer load file (LENGTH). The two fileswill track
automatically, per the position value.

Control — Thisisacontrol file address. The status bits, length value, and
position value are stored in this element. Do not use the contral file
address for any other instruction.

The 3-word control element:
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
EN DN ER

Length

Posi tion

247



Chapter 24

Sequencer Instructions

Status Bits

EN (bit 15) — The enable bit. Thishit is set on afalse-to-true transition
of the SQL rung and reset on atrue-to-false transition.

DN (bit 13) — The done bit. Thisbit is set after the instruction has
operated on the last word in the sequencer load file. It isreset on the next
false-to-true rung transition after the rung goes false.

ER (bit 11) — The error bit. Thisbit is set when the processor detects a
negative position value, or a negative or zero length value. Thisresultsin
amajor error if not cleared before the END or TND instruction is
executed. Use an OTU with address S:5/2 to avoid a CPU faullt.

Length (word 1) — Thisisthe number of steps of the sequencer load file
(and also of the source if the sourceis afile address), starting at position
1. Position O is the startup position. The instruction automatically resets
(wraps) to position 1 at each cycle completion.

The position address assigned for a sequencer file is step zero. Sequencer
instructions use length plus 1 word of datafor each file referenced in the
instruction. This appliesto the source if addressed as afile.

A length value that points past the end of the programmed file causes a
runtime major error to occur. If you alter a length value with your ladder
program, make certain that the altered value is valid.

e Position (word 2) — Thisisthe word location or step in the sequencer file
to which datais moved.

A position value that points past the end of the programmed file causes a
runtime major error to occur. If you alter a position value with your
ladder program, make certain that the altered valueis valid.
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| SEQUENCER LOAD
#N7: 3

File
Sour ce |
Contro

Lengt h

Posi tion

1.
R6

NDMBMOO

— EN)
— DN)
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Operation
Instruction parameters have been programmed in the SQL instruction shown

below. Input word 1:1.0 isthe source. Datain thisword isloaded into
integer file #N7:30 by the sequencer load instruction.

External inputs associated

with 1:1.0
00
01 ~=—ON
Source 1:1.0 02
15 8 7 0 3431 ~—ON
0000 [ 0101 | 0000 [ 1010 | 05
06
) 07
Sequencer Load File #N7:30 08 l=—0ON
Word Step 09
N7:30 0000 | 0000 | 0000 | 0000 | 0 12 <—ON
31[ 1010 | 0010 | 1111 [ 0101 | 1 12
32| 0000 | 0101 | 0000 | 1010 | 2==— Current Step 13
33/70000 | 0000 | 0000 | 0000 | 3 14
34 0000 | 0000 | 0000 | 0000 | 4 15

When rung conditions change from false-to—true, the SQL enable bit (EN) is
set. The control element R6:4 increments to the next position in the
sequencer file, and loads the contents of source 1:1.0 into thislocation. The
SQL instruction continues to load the current datainto this location each scan
that the rung remains true. When the rung goes false, the enable bit (EN) is
reset.

The instruction loads data into a new file element at each false-to—true
transition of the rung. When step 4 is completed, the done bit (DN) is set.
Operation cyclesto position 1 at the next false-to—true transition of the rung
after position 4.

If the source were a file address such as #N7:40, files #N7:40 and #N7:30
would both have alength of 5 (0—4) and would track through the steps
together per the position value. The SQL LENGTH parameter is still 4.

Effect on Index Registers in SLC 5/02 Processors
The value present in the index register S:24 is overwritten when the

sequencer load instruction istrue. Theindex register value will equal the
position value of the instruction.
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Control Instructions

This chapter covers the following control instructions.

Instructions for Use with fixed, SLC 5/01, and SLC 5/02 processors.
e Jump to Label (JIMP) and Label (LBL)

e Jump to Subroutine (JSR) and Subroutine (SBR)

e Return from Subroutine (RET)

* Master Control Reset (MCR)

e Temporary End (TND)

e Suspend (SUS)

Instructions for use with SLC 5/02 processors only:

The following instructions apply to the Selectable Timed Interrupt (STI)
function, discussed in chapter 30.

* Selectable Timed Disable (STD)
* Selectable Timed Start (STS)
» Selectable Timed Enable (STE)

The following instruction applies to Selectable Timed interrupts and 1/0O
Event—Driven interrupts, discussed in chapters 30 and 31.

e Interrupt Subroutine (INT)

The following general information applies to control instructions.

Control instructions allow you to change the order that the processor
scans/solves your ladder diagram rungs. Normally, the processor solves from
left to right on each rung, and from top to bottom of the ladder diagram (rung
0 to the END statement). With control instructions, you can tell the
processor to skip certain rungs (JMP), scan certain groups of rungs (SBR),
end the scan (TND, SUS), or stop/interrupt the scan to do something else
(STI interrupts, Interrupt Subroutine interrupts). Typically, control
instructions are used to minimize scan time, create a more efficient program,
and/or troubleshoot a problem in a program.
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Jump to Label (JMP)

252

Jump to Label JMP | Output Instruction

HHT Ladder Display: —{IMP)—

ZOOM on IJMP —(INP) — 2.3.0.0.2
HHT Zoom Display: NAME: JUWP TO LABEL
(online monitor mode) | LABEL: 1
EDT_DAT
F1 F2 F3 F4 F5

1
Ladder Diagrams and APS Displays: —{ JMP)—

When the rung condition for this output instruction is true, the processor
jumps forward or backward to the corresponding label instruction (LBL) and
resumes program execution at the label. More than one IMP instruction can
jump to the same label. The Jump (JIMP) and its corresponding Label (LBL)
must be in the same program file.

When rungs of logic are “jumped over” or skipped, the processor does not
scan/evaluate them, meaning that outputs, timers, etc. areleft in their last
state. The outputs are not de—energized (turned off).

Important: Be careful when using the IMP instruction to move backward or
loop through your program. If you loop too many times, you
may cause the watchdog timer to time out and fault the
processor. Use a counter, timer, or the “ program scan” register
(system status register, word S:3, bits 0—7) to limit the amount
of time you spend looping inside of IMP/LBL instructions.

Entering Parameters

Enter adecimal label number from 0 to 999. You can place up to 1000 labels
in your program or subroutine file.
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Label LBL | InputInstruction

HHT Ladder Display: ~—LBL}F—

ZOOM on LBL —| LBL| - 2.3.0.0.1
HHT Zoom Display: NAME: LABEL
(online monitor mode) | LABEL: 1
EDT_DAT
F1 F2 F3 F4 F5

1
Ladder Diagrams and APS Displays: ——f LBL]—

Thisinput instruction is the target of the IMP instruction having the same
label number. You must program this instruction as the first instruction of a
rung. The Jump (JMP) and its corresponding Label (LBL) must bein the
same program file. Thisinstruction has no control bits. It isaways
evaluated astrue or logic 1.

You can program multiple jumps to the same label by assigning the same
label number to multiple IMP instructions, but assigning the same label
number to two or more labels causes a compiler error.

Important: Do not jump (JMP) into an MCR zone. Instructionsthat are
programmed within the MCR zone starting at the LBL
instruction and ending at the “End MCR” instruction will
always be evaluated as though the MCR zone is true, regardliess
of the true state of the “ Start MCR” instruction.

Entering Parameters

Enter adecimal label number from 0to 999. You can place up to 1000 labels
in your program or subroutine file.
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Jump to Subroutine (JSR)

254

Jump to Subroutine JSR | Output Instruction

HHT Ladder Display: ¢ JSR)—

ZOOM on JSR —(JSR) — 2.3.0.0.2
HHT Zoom Display: NAME: JUWP TO SUBROUTI NE
(online monitor mode) | FI'LE 3
EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays:

— JSR
— | JuwP TO SUBROUTI NE
SBR file nunber 3

The Jump to Subroutine (JSR), Subroutine (SUB), and Return (RET) are
used in conjunction, as shown on the following page.

When rung conditions for a JSR instruction are true, the processor jumpsto
the subroutine instruction (SBR) at the beginning of the target subroutine file
and resumes execution at that point (you cannot jump into any part of a
subroutine except the first instruction in that file).

When the processor does not jump to the subroutine (JSR rung false), the
SBR rungs are not scanned or evaluated, meaning outputs, timers, etc. are
left in their last state (if an OTE ison, it stays on). They are not
de-energized. Your main program should account for thisand turn
off/reset/de—energize output instructions as required.

You must program each subroutine in its own program file by assigning a
unigue file number (3-255).

Nesting Subroutine Files

Nesting subroutines allow you to direct program flow from the main program
to one subroutine and then on to another subroutine. The following rules
apply when nesting subroutines:

* With fixed and SLC 5/01 processors, you can nest subroutines up to 4
levels.

*  With SLC 5/02 processors, you can nest subroutines up to 8 levels. If you
are using an STI subroutine, 1/0 event—driven interrupt subroutine, or
user fault routine, you can nest subroutines up to 3 levels from each.
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The example below illustrates jumping to successive subroutines, then
returning in reverse order.

Main Level 1 Level 2 Level 3
Program Subroutine File 90 Subroutine File 91 Subroutine File 92
90
SBR SBR SBR
s
91 92
= =
1 ‘ RET 1 ‘ RET W

Example of Nesting Subroutine to Level 3

Note: Runtime errors (error codes 0025, 0026, 0027, and 0030) occur if
more than the allowable levels of subroutines are called (subroutine stack
overflow) or if more returns are executed than there are call levels
(subroutine stack underflow). Also, do not execute a JSR to a subroutine that
is aready active in the subroutine stack.

Update critical 1/0 in subroutines using immediate input (11M) and/or
immediate output (IOM) instructions, especially if your application calls for
nested or relatively long subroutines. Otherwise, the processor does not
update /O until it reaches the end of the main program after executing
subroutines.

Entering Parameters

File— Thisisthe SBR (subroutine) file number. Assign adecimal humber
from 3 to 255.
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Subroutine (SBR)

Subroutine SBR | Input Instruction

HHT Ladder Display: | sBr|——
(online monitor mode)

ZOOM on SBR -| SBR| - 2.3.0.0.1
HHT Zoom Display: NAME: SUBROUTI NE
EDT_DAT
F1 F2 F3 Fa F5

Ladder Diagrams and APS Displays:

— SBR——M
SUBROUTI NE [

Thisinstruction serves as alabel or identifier of a program file as aregular
subroutine file (SBR label) versus an interrupt subroutine (INT label).

The target subroutine is identified by the file number that you entered in the
JSR instruction.

Thisinstruction has no control bits. It isaways evaluated astrue. The
instruction must be programmed as the first instruction of the first rung of a

subroutine.

Return from Subroutine Return from Subroutine RET | Output Instruction
(RET)

HHT Ladder Display: —(RET)—

ZOOM on RET —(RET) - 2.3.0.0.2
HHT Zoom Display: NAME: RETURN
(online monitor mode)
EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays:

-~ RET —————
— | RETURN
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This output instruction marks the end of subroutine execution or the end of
the subroutine file. It causes the processor to resume execution in the main
program file at the instruction following the JSR instruction where it exited
the program. If a sequence of nested subroutinesisinvolved, the instruction
causes the processor to return program execution to the previous subroutine.

The rung containing the RET instruction may be conditional if thisrung
precedes the end of the subroutine. In thisway, the processor omits the
balance of a subroutine only if its rung condition istrue.

Without an RET instruction, the END statement (always present in the
subroutine) automatically returns program execution to the JSR instruction in
your calling ladder program.

SL C 5/02 processors. Use the RET instruction to terminate execution of the
STI subroutine (chapter 30), 1/0 event-driven interrupt subroutine (chapter
31), and the user fault routine (chapter 29).

Master Control Reset MCR | Output Instruction

HHT Ladder Display: —(MCR)—

ZOOM on MCR —( MCR) — 2.3.0.0.2
HHT Zoom Display: NANE: MASTER CONTROL RESET
(online monitor mode)
EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays: —(MCR)—

The master control reset instruction is an output instruction, used in pairs. It
lets the processor enable or inhibit a zone of aladder program according to
your application logic. Instruction parameters do not exist for the MCR.

You start the zone with a conditioned MCR instruction. When the MCR rung
isfalse, al non—retentive outputsin the zone are disabled. The processor
scans al output instructions within the zone as if they were false. When the
MCR rung istrue, outputs act according to their rung logic as if the zone did
not exist. You end the zone with an unconditioned MCR instruction. You
cannot nest MCR zones.

Important: Do not jump (JIMP) into an MCR zone. Instructionsthat are
programmed within the MCR zone starting at the LBL
instruction and ending at the “End MCR” instruction will
always be evaluated as though the MCR zone is true, regardiess
of the true state of the “ Start MCR” instruction.
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ATTENTION: If you start instructions such as timers or
countersin an MCR zone, instruction operation ceases when
the zoneis disabled. Reprogram critical operations outside
the zone if necessary.

The TOF timer will activate when placed inside of afalse
MCR zone.

The MCR instruction is not a substitute for a hard-wired
master control relay. We recommend that your
programmable controller system include a hard-wired master
control relay and emergency stop switches to provide
emergency 1/0 power shut down. Emergency stop switches
can be monitored but should not be controlled by the ladder
program. Wire these devices as described in the installation
manual.

Temporary End (TND) Temporary End TND | Output Instruction

HHT Ladder Display: ¢ TND)—

ZOOM on TND —( TND) — 2.3.0.0.2
HHT Zoom Display: NAME: TEMPORARY END
(online monitor mode)
EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays: —( TND)—

Thisinstruction, when its rung is true, stops the processor from scanning the
rest of the program file, updates the 1/O, services communications, and
resumes scanning at rung 0 of the main program (file 2). If thisinstruction’s
rung is false, the processor continues the scan until the next TND instruction
or the END statement. You can use thisinstruction to progressively debug a
program, or conditionally omit the balance of your current program file or
subroutines.

When used in a subroutine, this instruction does not function the same as an
END or RET (which causes the processor to resume operation in the
previousfile). The processor stops whereit is, updates I/O, services
communications, and goes to the beginning of the main program.
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Important: Use of thisinstruction inside a nested subroutine or interrupt
subroutine terminates execution of all nested subroutines.

Suspend SUS | Output Instruction

HHT Ladder Display: ¢ sus)—

ZOOM on SUS —( SUS) — 2.3.0.0.2
HHT Zoom Display: NAME: SUSPEND
(online monitor mode) | SUS 1D 1
EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays:

—SUS ———
— | SUSPEND
Suspend I D 1

Thisinstruction, when the rung is true, places the controller in the Suspend
Idle mode. The suspend ID is placed in word 7 (S:7) of the statusfile. The
suspend file (program or subroutine number identifying where the executed
SUS instruction resides) is placed in word 8 (S:8) of the statusfile. All
outputs are de-energized.

This instruction can be used to trap and identify specific conditions for
program debugging and system troubl eshooting.

Entering Parameters

SUSPEND ID —an integer in the range of —32,768 to 32,767 that is entered
when the instruction is programmed.

When the SUS instruction is executed, the programmed ID aswell asthe
program file ID from which the SUS instruction executed is placed in the
system status file.
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Selectable Timed SLC 5/02 Processors Only
Interrupt (STI)
Selectable Timed Disable STD | Output Instruction
Selectable Timed Enable STE | Output Instruction
Selectable Timed Start STS | Output Instruction
HHT Ladder Display: ¢ STD)— —(STE)— —(STS)—
ZOOM on STD —( STD)— 2.6.0.0.1
HHT Zoom Display: NANE: SELECTABLE TI MED DI SABLE
(online monitor mode)
EDT_DAT
F1 F2 F3 F4 F5
ZOOM on STE —( STE) - 2.3.0.0.2
NANE: SELECTABLE TI MED ENABLE
EDT_DAT
F1 F2 F3 F4 F5
ZOOM on STS —(STS) - 2.9.0.0.1
NANE: SELECTABLE TI MED START
FI LE: 2 2
TI ME: 30 30
EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays:

— STD
— | SELECTABLE TI MED DI SABLE

— STE
| SELECTABLE TI MED ENABLE

— STS
— | SELECTABLE TI MED START
File 2
Time (x10 ns) 30

The Selectable Timed Interrupt function allows you to interrupt the scan of
the main program file automatically, on a periodic basis, in order to scan a
specified subroutine file.
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Important: Theinformation hereisfor reference only and is optional.
Program these instructions using the information appearing in
chapter 30.

Selectable Timed Interrupt Disable and Enable (STD, STE)

These instructions are generally used in pairs. The purposeisto prevent the
STI from occurring during a portion of the ladder program.

Selectable Timed Interrupt Start (STS)
The Selectable Timed Start (STS) function is used to initiate or restart the

STI function. Instruction parameters are the ST1 file number and the ST
setpoint.

SLC 5/02 Processors Only

Interrupt Subroutine INT Input Instruction

HHT Ladder Display: | NT ——

ZOOM on | NT —| I NT| - 2.3.0.0.1
HHT Zoom Display: NAME: I/ O | NTERRUPT
(online monitor mode)
EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays:

— I NT
I NTERRUPT SUBROUTINE [

Thisinstruction serves as alabel or identifier of aprogram file as an interrupt
subroutine (INT label) versus aregular subroutine (SBR label). It can be
used to identify Selectable Timed interrupts or 1/0O event—driven interrupts.

This instruction has no control bits and is always evaluated astrue. The

instruction must be programmed as the first instruction of the first rung of the
subroutine.
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Proportional, Integral,
Derivative (PID)

PID Instruction

This chapter applies to the SLC 5/02 processor only. It explainsthe PID
instruction.

All application examples shown arein the HHT zoom display.

SLC 5/02 Processors Only

It isan output instruction that controls physical properties such as
temperature, pressure, liquid level, or flow rate of process |oops.
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Proportional Integral Derivative PID Output Instruction

HHT Ladder Display: — Pl D)—

ZOOM on PID —(PID)— 1/2 2.3.0.0.2
HHT Zoom Display: NAVE: PROP | NT DERIV MODE: AUTO
(monitor mode) GAIN: 255 [/10] OUT LIM 5% ,95%

RESET: 10 [/10 MR DEADBND: 5
RATE: 5 [/100 MN OUTPUT: 0%
SETPOI NT: 500 PROCESS: 14
auto| ENTER GAIN: 255 PRG
NEXT PG MANUAL
F1 F2 F3 F4 F5
ZOOMion PID —(PID)- 1/2 2.3.0.0.2
NAVE: PROP | NT DERIV MODE: MANUAL
PROCESS: 14  SETPONT: 500
OUTPUT: 0%
MN OQUT: 5%  NAX QUT: 95%
ENTER OUTPUT PCT: 0 PRG
manual | (et PG AUTO
F1 F2 F3 F4 F5
ZOOMi on PID —(PID)- 2/2 2.3.0.0.2
NAVE: PROP | NT DERIV MODE: AUTO
LOOP UPDATE: 50 [ x10ns]
SET_PT RANGE: -100 1000
EN DN PV SP LL UL DB TF SC OL CM AM T™
0000O0O0OGOT OO OTI1TO0O0 1
PRG
PREV_PG
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays:

— PID
| PID
Control Bl ock
Process Variabl e
Control Variable
Control Block Length 2

5%
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The PID instruction normally controls a closed loop using inputs from an
anal og input module and providing an output to an analog output module.
For temperature control, you can convert the analog output to atime
proportioning on/off output for driving a heater or cooling unit. An example
appears on pages 2620 and 26-22.

The PID instruction can be operated in the timed mode or the STI mode. In
the timed mode, the instruction updates its output periodically at the rate you
set. Inthe STI mode, the instruction should be placed in an STI interrupt
subroutine. 1t will then update its output every time the STI subroutine is
scanned. The STI timeinterval and the PID loop update rate must be the
same in order for the equation to execute properly.

PID closed loop control holds a process variable at a desired set point. A
flow rate/fluid level example is shown below.

FFWD
or Bias
Set Point /i\ Error PID
Flow Rate Equation
Process Control
_____ Variable Output
Level
Detector

Control Valve

The PID equation controls the process by sending an output signal to the
control valve. The greater the error between the setpoint and process
variable input, the greater the output signal, and vice versa. An additional
value (feedforward or bias) can be added to the control output as an offset.
The result of PID calculation (control variable) will drive the process
variable you are controlling toward the set point.
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The PID Equation

Entering Parameters

264

The PID instruction uses the following eguation:
Output = K. [(E) + 1/T, j(E)dt + T, - D(PV)/dt] + bias

Standard Gains constants;

Term Range (Low to High) Reference
Controller Gain K¢ 0.1 to 25.5 (dimensionless) Proportional
Reset Term 1/T, 25.510 0.1 (minutes per repeat) Integral

Rate Term Tp 0.01 to 2.55 (minutes) Derivative

The derivative term (rate) provides smoothing by means of alow passfilter.
The cutoff frequency of thefilter is 16 times greater than the corner
frequency of the derivative term.

Normally, you place the PID instruction on a rung without conditional logic.
The output remains at its last value and the integral sum (words 17 and 18) is
cleared when the rung is false.

The PID instruction islocated under CPT/MTH in the HHT instruction set
menu. After you select PID, the following display appears:

ZOOMion PID —(PID)- 1/3 2.0.0.0.*
NANE: PROP | NTEGRAL DERI VATI VE
CONT BLK:
PROCESS:
OUTPUT:
CONTROL BLOCK Sl ZE 23 WORDS
ENTER CONTROL BLK:
A
F1 F2 F3 F4 F5

Thisisthefirst of three data entry displays. The prompt line asks you to
enter Control Block, then Process, and then Output.

e Control Block — Thisisafile that stores the data required to operate the
instruction. Thefilelength isfixed at 23 words and should be entered as
an integer file address. For example, an entry of N7:2 will alocate
elements N7:2 through N7:24. The control block layout is shown on page
26-8.

Do not write to control block addresses with other instructions in your
program except as described later in this chapter. If you are re-using a
block of datawhich was previously allocated for some other use, itis
good practice to first zero the data.
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Process (also called the Process Variable, PV) — Thisis an element
address that stores the process input value. This address can be the
location of the analog input word where the value of the input A/D is
stored. Thisvalue could also be an integer value if you choose to
pre-scale your input value to the range 0-16383.

Output (also called Control Variable, CV) — Thisis an element address
that stores the output of the PID instruction. The output value ranges
from 0 to 16383, with 16383 corresponding to a control output percent of
100. Thisisnormally an integer value, so that you can scale the PID
output range to the particular analog range your application requires.

The display below shows typical values entered for these parameters:

ZOOM on PID —-(PID - 1/3 2.0.0.0.%
NAME: PROP | NTEGRAL DERI VATI VE

CONT BLK: N7:2

PROCESS: N7:0

QUTPUT: N7: 1

CONTROL BLOCK SI ZE 23 WORDS

ENTER CONTROL BLK: N7:2

NEXT_PG

F1 F2 F3 F4 F5

Pressing [ F1], NEXT_PG brings up the second display:

ZOOM on PID —(PID)— 2/3 2.0.0.0.*
NANE: PROP | NTEGRAL DERI VATI VE
GAIN 0 [/10] MN OUT: 0%

RESET: 0 [/10 MR MAX OUT: 0%
RATEE 0 [/100 MN] AUTQ MAN: AUTO
SETPOI NT: 0 DEADBAND; 0
ENTER GAIN: O

F1 F2 F3 F4 F5

You enter the following parameters at this display:

Gain (control block word 3) — Thisisthe Proportiona gain (k¢), ranging
from 0.1to0 25.5. A rule of thumb isto set this gain to one half the value
needed to cause the output to oscillate when the reset and rate terms
(below) are set to zero. Entered range: 1-255.

Reset (control block word 4) — Thisisthe Integral gain (1/T;), ranging
from 0.1 to 25.5 minutes per repeat. A rule of thumb is to set the reset
time equal to the natural period measured in the above gain calibration.
Entered range: 1-255. Note: the value 255 will add the minimum integral
term possible into the PID equation.

Rate (control block word 5) — Thisisthe derivative term (Tp). The
adjustment range is 0.01 to 2.55 minutes. A rule of thumb isto set this
value to 1/8 of theintegral time above. Entered range: 1-255.

Setpoint (SP) (control block word 2) — Thisisthe desired control point
of the process variable. Typein the desired value and press ENTER. You
can change this value with instructions in your ladder program. Write the
value to the third word in the control block (for example write the value
to N7:4 if your control block isN7:2). Without scaling, the range of this
valueis 0-16383. Otherwise, the range is scaled setpoint min (Smin)
(word 8) to scaled setpoint max (Smax) (word 7).
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*  Minimum output (control block word 12) — If you want to use output
limiting or alarms, enter avalue. If the output limit bit is also set, this
value is the minimum control output percent (word 16) that the control
variable (CV) obtains or outputs.

e Maximum output (control block word 11) — If the output limit bit is
also set, the value you enter is the maximum control output percent (word
16) that the control variable (CV) obtains or outputs.

e Auto/manual (control block word 0, bit 1) — The default conditionis
AUTO. Thisindicatesthat the PID is controlling the output. MANUAL
indicates that the user is setting the output value. When tuning, we
recommend that changes be made in the MANUAL mode, followed by a
returnto AUTO. Output limiting is applied in the MANUAL mode.

* Deadband (control block word 9) — Enter a non-negative value. The
deadband extends above and below the setpoint by the value you enter.
The deadband is entered at the zero crossing of the process variable PV
and the setpoint SP. This means that the deadband is in effect only after
the process variable PV enters the deadband and passes through the
setpoint SP. Range: 0-scaled max, or 0—16383 when no scaling exists.

The display below shows typical values entered for these parameters:

ZOOM on PID —(PID) - 2/3 2.0.0.0.*
NAME: PROP | NTEGRAL DERI VATI VE
GAI N 25 [/10] MN QUT: 5%

RESET: 10 [/10 MR MAX QUT: 95%
RATE: 1 [/100 M N AUTO MAN:  AUTO

SETPOI NT: 500 DEADBAND: 5
ENTER GAIN: 255
NEXT_PG

F1 F2 F3 F4 F5

Pressing [ F1] , NEXT_PG brings up the third display:

ZOOM on PID —(PID)- 3/3 2.0.0.0.*
NAME: PROP | NTEGRAL DERI VATI VE

LOOP UPDATE: 0 [ X10ms]

SET_PT MN 0 SET_PT MAX: O

MODE: STI QUT LIMT: NO
CONTROL: REVERSE

ENTER LOOP UPDATE: 0

F1 F2 F3 F4 F5

You enter the following parameters at this display:

* Loop update (control block word 13) (Dy) — Thisisthe time interval
between PID calculations. The entry isin 0.01 second intervals. A rule
of thumb is to enter aloop update time five to ten times faster than the
natural period of the load (determined by setting the reset and rate
parameters to zero and then increasing the gain until the output beginsto
oscillate). When in the STI mode, this value must equal the STI time
interval value S:30. Entered range: 1-255. In timed mode, the PID loop
isonly calculated upon time—out of the loop update and not every scan.
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Scaled setpoint minimum (Smin) (control block word 8) — If the
setpoint isto read in engineering units, then this parameter corresponds to
the value of the setpoint in engineering units when the control input is
zero. Range: —16383 to +16383.

Scaled setpoint maximum (Smax) (control block word 7) — If the
setpoint isto read in engineering units, then this parameter correspondsto
the value of the setpoint in engineering units when the control input is
16383. Range: —16383 to +16383.

Note: Smin — Smax scaling allows you to enter the setpoint in
engineering units. The deadband plus error will also be displayed in
engineering units. The process variable PV will still be expected to be
within the range 0 —16383. That is, Smin — Smax scaling provides a full
resolution PID calculation.

Mode (control block word 0, bit 0) — STI is the default condition.
TIMED indicates that the PID updates its output at the rate specified in
the loop update parameter (word 13); STI indicates that the PID updates
its output every timeit is scanned. When you select ST1, the PID
instruction should be programmed in an STI interrupt subroutine, and the
STI routine should have atime interval (ST period S:30) equal to the
setting of the PID “loop update” parameter (word 13). For example, if
the loop update time contains the value 10 (for 100 ms), then the STI time
interval must also equal 10.

Output limit (control block word 0, bit 3) — Select YES if you want to
[imit the output to minimum and maximum values:

Output YES NO
Output Limiting Selected Output Limiting Deselected
min The value you enter will be the minimum The value you enter will determine when
output percent that the control variable the output alarm, lower limit bit is set.
CV will obtain. If CV drops below this minimum value,
If CV drops below this minimum Va|ue’ the Output alarm, lower limit LL bit will be
the following will occur: set.
® CV will be set to the value you
entered, and
® the output alarm, lower limit LL bit
will be set.
max The value you enter will be the maximum The value you enter will determine when

output percent that the control variable
CV will obtain.

If CV exceeds this maximum value, the
following will occur:

® CV will be set to the value you
entered, and

® the output alarm, upper limit UL bit
will be set.

the output alarm, upper limit bit is set.

If CV exceeds this maximum value, the
output alarm, upper limit UL bit will be
set.
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e Control (control block word 0, bit 2) — Reverse, the default condition,
corresponds to E=SP-PV. Forward corresponds to E=PV-SP. Direct
acting (E=PV—-SP) will cause the output CV to increase when the input
PV islarger than the setpoint SP (for example, a cooling application).
Reverse acting (E=SP-PV) will cause the output CV to increase when the
input PV is smaller than the setpoint SP (for example, a heating
application).

The following display shows typical values entered for these parameters:

ZOOM on PID —-(PID - 3/3 2.0.0.0.~
NAME: PROP | NTEGRAL DERI VATI VE

LOOP UPDATE: 50 [ X10ns]

SET_PT MN. -100 SET_PT MAX: 1000

MCDE: TIMED OQUT LIMT: YES

CONTROL: REVERSE

ENTER LOOP UPDATE: 50

NEXT_PG PREV_PG ACCEPT
F1 F2 F3 F4 F5

Press[ F5], ACCEPT, to complete the entry of parameters. If you must
change any of the parameters, you can run through the entry sequence again
before you press ACCEPT.

Control Block Layout The control block length is fixed at 23 words and should be programmed as
an integer file. PID instruction flags (word Q) and other parameters are
located as shown on the following page.
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Control Block Layout

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 word
EN DN PV SP LL UL DB TF SC a CM‘AM ™ 0

PI D Sub Error Code (Msbhyte)
Set poi nt SP*
Gin Kc*

: a, oM
Reset T * !
eset i AM TM *
Rate Tg*

Feed Forward Bi asr

Set poi nt Max ( Smax}
Setpoint Mn (Sm nk
Deadband *

I NTERNAL USE DO NOT CHANGE
Qut put Max %

Qut put Mn %

© O N oo o B~ W/ N -

[
o

—
=

[
N

Loop Update*

[
w

Scal ed Process Variable

Scal ed Error SE

Control Qutput Percent CO (0-100%
LSW I ntegral Sum

MBW | nt egral Sum

[N
~

[
o

=
(o2}

[
-

—
[o<)

N
o ©

| NTERNAL USE
DO NOT CHANGE

NN
N -

* You may alter the state of these values with your ladder program.

ATTENTION: Do not ater the state of any PID control
block value unless you fully understand its function and
related effect on your process.

PID Instruction Flags Instruction flags are in the first word of the control block. They include:

* Timemodebit TM (word 0, bit 0) — This hit specifiesthe PID mode. It
is set when the TIMED modeisin effect. It iscleared when the STI
modeisin effect. Thisbit can be set or cleared by instructionsin your
ladder program.

* Auto/manual bit AM (word 0, bit 1) — This bit specifies automatic
operation when it is cleared and manual operation when it isset. This bit
can be set or cleared by instructions in your ladder program.

e Control mode bit CM (word 0, bit 2) — Thisbit is cleared if the control
isE=SP-PV (reverse). Itissetif the control is E=PV-SP (forward). This
bit can be set or cleared by instructions in your ladder program.
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26-10

Output limiting enabled bit OL (word 0, bit 3) — Thisbit is set when
you have selected to limit the control variable. This bit can be set or
cleared by instructionsin your ladder program.

Scale setpoint flag SC (word 0, bit 5) — This bit is cleared when setpoint
scaling values have been specified.

Loop updatetimetoo fast TF (word O, bit 6) — Thisbit is set by the PID
agorithm if the loop update time you have specified cannot be achieved
by the given program (because of scan time limitations).

If this bit is set, try to correct the problem by updating your PID loop at a
slower rate or move the PID instruction to an STI interrupt routine. Reset
and rate gains will be in error if the instruction operates with this bit set.

deadband range DB (word 0, bit 8) — This bit is set when the process
variable or error is within the deadband range.

Output alarm, upper limit UL (word 0, bit 9) — This bit is set when the
calculated control output CV exceeds the upper CV limit.

Output alarm, lower limit LL (word O, bit 10) — This bit is set when the
calculated control output CV islessthan the lower CV limit.

Setpoint out of range SP (word O, bit 11) — This bit is set when the
setpoint exceeds the maximum scaled value or is less than the minimum
scaled value.

Process var out of range PV (word 0, bit 12) — This bit is set when the
unscaled (or raw) process variable exceeds 16383 or is |ess than zero.

PID done DN (word 0, bit 13) — This bit is set on scans where the PID
algorithm is computed. (It is computed at the loop update rate.)

PID enabled EN (word 0, bit 15) — This bit is set while the rung of the
PID instruction is enabled.
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Error code 0036 appears in the status file (S:6) when a PID instruction
runtime error occurs. Code 0036 covers the following PID error conditions,
each of which has been assigned a unique single byte code value that appears
in the M Sbyte (most significant byte or upper 8 bits) of the second word
(word 1) of the PID control block.

Error Error
Code Code | Description of Error Condition or Conditions Corrective Action
(Decimal) (Hex)
4352 11H 1) Loop update time D; > 255, or Change loop update time D; to
2) Loop update time D; =0 0<D; < 255
4608 12H 1) Proportional gain K > 255, or Change proportional gain K to
2) Proportional gain Ko =0 0< K¢ <255
4864 13H Integral gain (reset) T; > 255 Change integral gain (rate) T to
0 <T; <255
5120 14H Derivative gain (rate) Ty > 255 Change derivative gain (rate) T4 to
0 <Tyg <255
8448 21H 1) Scaled setpoint max Smax > 16383, or Change scaled setpoint max Smax to
2) Scaled setpoint max Smax < -16383 -16383 < Smax < 16383
8704 22H 1) Scaled setpoint min Smin > 16383, or Change scaled setpoint min Smin to
2) Scaled setpoint min Smin < -16383 -16383 < Smin < Smax < 16383
8960 23H Scaled setpoint min Smin > Scaled setpoint max Smax Change scaled setpoint min Smin to
-16383 < Smin < Smax < 16383
12544 31H If you are using setpoint scaling and Smin > If you are using setpoint scaling, then change the
setpoint SP > Smax, or setpoint SPto Smin < SP < Smax, or
If you are not using setpoint scaling and 0 > If you are not using setpoint scaling, then change
setpoint SP > 16383, the setpoint SPto 0 < SP < 16383.
then during the initial execution of the PID loop, this error occurs
and bit 11 of word 0 of the control block is set. However, during
subsequent execution of the PID loop if an invalid loop setpoint
is entered, the PID loop continues to execute using the old
setpoint, and bit 11 of word 0 of the control block is set.
16640 41H Scaling Selected | Scaling Deselected Scaling Selected | Scaling Deselected
1) Deadband < 0, or 1) Deadband <0, or Change deadband to Change deadband to
2) Deadband > 2) Deadband > 16383 0 <deadband < 0< deadband <
(Smax - Smin), or (Smax — Smin) < 16383
3) Deadband > 16383 16383
20736 51H 1) Output high limit <0, or Change output high limit to
2) Output high limit > 100 0 < output high limit < 100
20992 52H 1) Output low limit < 0, or Change output low limit to
2) Output low limit > 100 0 < outputlow limit < output high limit < 100
21248 53H Output low limit > output high limit Change output low limit to
0 < outputlow limit < output high limit < 100
24576 60H PID is being entered for the second time. (PID loop was inter- | You have at least three PID loops in your program: One in the

rupted by an I/O interrupt, which is then interrupted by the PID STI
interrupt.)

main program or subroutine file, one in an I/O interrupt file, and
one inthe STl subroutine file. You must alter your ladder program
and eliminate the potential nesting of PID loops.
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PID and Analog I/O Scaling For the SLC 500 PID instruction, the numerical scale for both the process
variable (PV) and the control variable (CV) is0to 16383. To use
engineering units, such as PSI or degrees, you must first scale your analog
I/0 ranges within the above numerical scale. To do this, use the Scale (SCL)
instruction and follow the steps described below. Refer to the Analog I/0
Modules User Manual, catalog number 1746-NMQ03 for more information.

Scale your analog input by calculating the slope (or rate) of the analog input
range to the PV range (0 to 16383.) For example, an analog input with a
range of 4 to 20mA has a decimal range of 3277 to 16384. The decimal
range must be scaled across the range of 0 to 16383 for use as PV.

Scale the CV to span evenly across your analog output range. For example,
an analog output which is scaled at 4 to 20mA has a decimal range of 6242 to
31208. Inthis case, 0to 16383 must be scaled across the range of 6242 to
31208.

Once you have scaled your analog 1/0 ranges to/from the PID instruction,
you can enter the minimum and maximum engineering units that apply to
your application. For example, if the 4 to 20mA analog input range
represents 0 to 300 PSI, you can enter 0 and 300 as the minimum (Smin) and
maximum (Smax) parameters respectively. The Process Variable, Error,
Setpoint, and Deadband will be displayed in engineering unitsin the PID
Data Monitor screen. Setpoint and Deadband can be entered into the PID
instruction using engineering units.

The following equations show the linear relationship between the input value
and the resulting scaled value.

Scaled value = (input value x slope) + offset
Slope = (scaled max. — scaled min.) / (input max. — input min)

Offset = scaled min. — (input min. x slope)

Use the following valuesin an SCL instruction to scale common analog input
ranges to PID process variables.

2612

Parameter 4t0 20mA Otob5V 0to 10V
Rate/10,000 12,499 10,000 5,000
Offset -4096 0 0

Use the following valuesin an SCL instruction to scale control variablesto

common analog outputs.

Parameter 4 to 20mA 0to 5V 0to 10V
Rate/10,000 15,239 10,000 19,999
Offset 6242 0 0
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The following ladder diagram shows atypical PID loop that is programmed
inthe STI mode. Thisexample (in APS format) is provided primarily to
show the proper scaling techniques. It shows a4 to 20mA analog input and a
4 to 20mA analog outpui.

This rung immediately updates the analog input used for PV.

— 1M
Rung 3:0 | MVEDI ATE I N w MASK
Sl ot 1:1.0
Mask FFFF

These two rungs ensure the analog input value to be scaled remains within the limits of 3277 to 16384. This is necessary to
prevent “out of range” conversion errors in both the SCL and PID instructions. The latch bits can be used elsewhere in your

program to identify the particular out of range condition that occurred. Under range

— LES B3
Source A 1:1.0 0
0
Source B 3277
— MOV
MOVE
Sour ce 3277
Dest 1:1.0
0
Over range
_GREATER THAN B3
Rung 3:2 (L)Y—
g Source A 1:1.0 \1
0
Source B 16384
— MOV
L | MOVE I
Sour ce 16384
Dest 1:1.0
0

The source to be scaled is the input I:1 and its destination is the process variable of the PID instruction. These values are
calculated knowing that the input range is 3277 to 16384, while the scaled range (PV) is 0 to 16383.

— SCL

Rung 3:3 SCALE
g Sour ce 1:1.0
0
Rate [/10000] 12499
O fset -4096
Dest N10: 28
0

— PI D
Rung 3:4 PI D

Control Bl ock N10: 0
Process Vari abl e N10: 28
Control Variabl e N10: 29
Control Block Length 23

26-13



Chapter 26

PID Instruction

The PID control variable is the input for the scale instruction. The PID instruction guarantees that the CV remains within
the range of 0 to 16383. This value is to be scaled to the range of 6242 to 31208, which represents the numeric range

Rung 3:5 that is needed to produce 4 to 20mA analog output signal.
— SCL

SCALE

Sour ce N10: 29
0

Rate [/10000] 15239

O fset 6242

Dest G1.0
0

This rung immediately updates the analog output card that is driven by the PID control variable value.

—1 0
Rung 3:6 | MVEDI ATE OQUT w MASK |
Sl ot 01.0
Mask FFFF
END
Online Data Changes You can monitor PID parameters and status bits when you are online under

the monitor function. You can also change datain any processor mode.

The following displays appear when you press the Zoom key with the cursor
on the PID instruction while monitoring online. Note that in the first display
you can change the mode from auto to manual and vice versa.

In the auto mode, you can also change the gain parameter:

ZOOM on PID —(PID)— 1/2 2.0.0.0.1
NAVE: PROP | NT DERIV MODE: AUTO
GAIN. 25 [/10] QUT LIM 5% ,95%

RESET: 10 [/10 MR] DEADBND: 5
RATE: 1 [/100 M N OQUTPUT: 0%

SETPOI NT: 500 PROCESS: 0
—>| ENTER GAIN. 25 PRG
NEXT_PG MANUAL
F1 F2 F3 F4 F5

In the manual mode, you can change the maximum output percent:

ZOOM on PID —(PID)— 1/2 2.0.0.0.1
NAME: PROP | NT DERI'V NMODE: MANUAL
PROCESS: 0 SETPOI NT: 500

QUTPUT: 95%
M N QUT: 5% MAX QUT: 95%

—>| ENTER OQUTPUT PCT: 95 PRG
NEXT PG AUTO
F1 F2 F3 F4 F5
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The second display shows the status bits discussed in the last section:

ZOOM on PID —(PID)— 2/2 2.0.0.0.1

NAVE: PROP | NT DERIV MODE: MANUAL

LOOP UPDATE: 50 [ x10ms]

SET_PT RANGE: -100 1000

EN DN PV SP LL UL DB TF SC OL CM AM T™M
11

0000O0GO0UO 0O OO 11
PRG

PREV_PG
F1 F2 F3 F4 F5

Using Scaled Values

If you are using scaled values with the PID instruction, note that the HHT
Zoom display in the monitor mode indicates the unscaled value of the
Process Variable PV (PROCESS in the figures above). To display the
process variable in its scaled form, view the control block of the PID
instruction (shown on page 26-8). Word 14 contains the scaled value of the
Process Variable PV. To view the scaled error, view the control block of the
PID instruction. Word 15 contains the scaled error.

Changing Values in the Manual Mode

In the manual mode the Zoom display allows you to change only the
OUTPUT % value:

ZOOM on PID —(PID)— 1/2 2.0.0.0.1
NAME: PROP | NT DERIV MODE: MANUAL
PROCESS: O SETPO NT: 500
QUTPUT: 95%
Only the Output % MN OQUT: 5% MAX QUT: 95%
can betﬁ?sgigs%?a;t "} ENTER QUTPUT PCT: 95 PRG
' NEXT_PG AUTO
F1 F2 F3 F4 F5

You can change the Setpoint, Deadband, Gain, Reset, Rate, Output min %,
and Output max % parameters by writing to the appropriate word within the
control block of the PID. The control block is shown on page 26-9.

26-15
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Application Notes

26-16

Normally, when the (CV) Output % is changed, the scaled value in the
“Output” location is changed. Thisvaueisanumber from 0 to 16383
corresponding to the (CV) Output % of 0to 100. Although the (CV) Output
% is displayed in the control block (word 16), modifying thisword in the
manual mode has no effect on the “Output” value. When you arein the
manual mode, the scaled value in the “Output” location can be changed in
either of two ways:

* Usethe Zoom display to change the (CV) Output % in the Run mode, or

* Write aladder program that will convert the (CV) Output % to an analog
value and place it into the “ Output” (or “ Control Variable’) location. An
example of thisis shown on page 26-20.

The following paragraphs discuss:

* |nput/Output Ranges

» Scaling to Engineering Units

* Zero-crossing Deadband

e Output Alarms

e Output Limiting with Anti-reset Windup
e TheManual Mode

* Feed Forward

* Time Proportioning Outputs

Input/Output Ranges

The input module measuring the process variable (PV) must have afull scale
binary range of 0 to 16383. If thisvalueislessthan O (bit 15 set), then a
value of zero will be used for PV and the “Process var out of range” bit will
be set (bit 12 of word 0 in the control block). If the processvariableis>
16383 (bit 14 set), then avalue of 16383 is used for PV and the “Process var
out of range” bit is set.

The Control Variable, calculated by the PID instruction, has the same range
of 0to 16383. The Control Output (word 16 of the contral block) has the
range of 0 to 100%. You can set lower and upper limits for the instruction’s
calculated output values (where an upper limit of 100% correspondsto a
Control Variable limit of 16383).

Scaling to Engineering Units

Scaling lets you enter the setpoint and zero-crossing deadband valuesin
engineering units, and to display the process variable and error valuesin the
same engineering units. Remember, the process variable PV must still be
within the range 0 to 16383.
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Select scaling as follows:

1. Enter the maximum and minimum scaling values Smax and Smin in the
PID control block. Refer to the control block of the PID instruction on
page 26-9. The Smin value corresponds to an analog value of zero for
the lowest reading of the process variable, and Smax corresponds to an
analog value of 16383 for the highest reading. These values reflect the
process limits. Setpoint scaling is selected by entering a non-zero value
for one or both parameters. If you enter the same value for both
parameters, setpoint scaling is disabled.

For example, if measuring afull scale temperature range of — 73 (PV=0)
to +1156° C (PV=16383), enter avalue of —73 for Smin and 1156 for
Smax. Remember that inputs to the PID instruction must be 0 to 16383.
Signal conversions could be as follows:

Process limit —73 to +1156° C

Transmitter output (if used) +4 to +20 mA
Output of analog input module 0 to 16383mA
PID instruction, Smin to Smax —73 to +1156° C

2. Enter the setpoint (word 2) and deadband (word 9) in the same scaled
engineering units. Read the scaled process variable and scaled error in
the control block aswell. The control output (word 16) is displayed asa
percentage of the 0 to 16383 range. The output transferred to the output
modules is always unscaled.

When you select scaling, the instruction scales the setpoint, deadband,
process variable, and error. You must consider the effect on all these
variables when you change scaling.

Zero-crossing Deadband DB

The adjustable deadband lets you select an error range above and below the
setpoint where the output does not change as long as the error remains within
thisrange. Thisletsyou control how closely the process variable matches
the setpoint without changing the output.

+DB
SP >7 Error Range
-DB

Time

Zero-crossing is deadband control that lets the instruction use the error for
computational purposes as the process variable crosses into the deadband
until it crosses the setpoint. Once it crosses the setpoint (error crosses zero
and changes sign) and aslong as it remains in the deadband, the instruction
considers the error value zero for computational purposes.

Select deadband by entering a value in the deadband storage word (word 9)
in the control block. The deadband extends above and below the setpoint by
the value you enter. A value of zero inhibits this feature. The deadband has

the same scaled units as the setpoint if you choose scaling.
26-17
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26-18

Output Alarms

You may set an output alarm on the control output (CO) at a selected value
above and/or below a selected output percent. When the instruction detects
that the output (CO) has exceeded either value, it sets an alarm bit (bit 10 for
lower limit, bit 9 for upper limit) in word O of the PID control block. Alarm
bits are reset by the instruction when the output (CO) comes back inside the
limits. The instruction does not prevent the output (CO) from exceeding the
alarm values unless you select output limiting.

Select upper and lower output alarms by entering a value for the upper alarm
(word 11) and lower alarm (word 12). Alarm values are specified asa
percentage of the output. If you do not want alarms, enter zero and 100%
respectively for lower and upper alarm values and ignore the alarm hits.

Output Limiting with Anti-reset Windup

You may set an output limit (percent of output) on the control output. When
the instruction detects that the output (CO) has exceeded alimit, it sets an
alarm bit (bit 10 for lower limit, bit 9 for upper limit) in word O of the PID
control block, and prevents the output (CO) from exceeding either limit
value. Theinstruction limits the output (CO) to 0 and 100% if you choose
not to limit.

Select upper and lower output limits by setting the limit enable bit (bit 3 of
control word 0), and entering an upper limit (word 11) and lower limit (word
12). Limit values are a percentage (0 to 100%) of the control output (CO).

The difference between selecting output alarms and output limitsis that you
must select output limiting to enable limiting. Limit and alarm values are
stored in the same words. Entering these values enables the alarms, but not
limiting. Entering these values and setting the limit enable bit enables
limiting and alarms.

Anti-reset windup is afeature that prevents the integral term from becoming
excessive when the output (CO) reaches alimit. When the sum of the PID
and bias termsin the output (CO) reaches the limit, the instruction stops
calculating the integral output term until the output (CO) comes back in
range.
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The Manual Mode

In the manual mode, the PID algorithm does not compute the value of the
control variable. Rather, it usesthe value as an input to adjust the integral
sum (words 17 and 18) so that a bumpless transfer takes place upon
re-entering the AUTO mode.

In the manual mode, the HHT alows you to enter a new CO value from 0 to
100%. Thisvalueis converted into a number from 0 to 16383 and written to
the Control Variable address. If you are using an analog output module for
this address, you must save (compile) the program with the File Protection
option set to None. This alows writing to the output datatable. If you do
not perform this save operation, you will not be able to set the output level in
the manual mode. If your ladder program sets the manual output level,
design your ladder program to write to the CV address when in the manual
mode. Note that this number isin the range of 0 to 16383, not O to 100.
Writing to the CO percent (word 16) with your ladder program has no effect
in the manual mode.

The following is an example that can be used to control the output (CV) with
your ladder program.
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Example — To Manually Control the CV Output

Manual AM Bit
1:2.0 N7: 10
1 I- { L\
1 L =)
2 1
Auto A/M Bit
1:2.0 N7: 10
! (V)
1 1
A/M Bit Accept CV
N7: 10 1:2.0 B3 — FRD
1 [ ! f CSR] FRCM BCD
1 0 0 Sour ce 11:1.0
Dest N7: 0
— LIM — MJL
| LIMT TEST MULTI PLY |
Low Lim 0 Source A N7: 0
Test N7: 0 Source B 16384
High Lim 100 Dest N7: 2
— DDV
|| DOUBLE DI VI DE |
Sour ce 100
Notes on Operation Dest N7: 8
A 3-digit BCD thumbwheel is wired to an input
module at 11:1.0 (range 0-100). S5
A pushbutton wired to 11:2.0/0 accepts the (V)
thumbwheel value. 0
A selector switch for auto/manual mode is wired
Error — Out of Range
to 11:2.0/1 (auto) and 11:2.0/2 (manual). LM B3 9
N7:0 stores the value entered on the ] tlovl\\//l Ii ;EST 101 ()
thumbwheel switch. 3
N7:2 stores an intermediate calculation. Test N7: 0
Hi gh Lim -1

N7:8 is the PID control variable address.

N7:10 is the control block address of the PID
instruction.

N7:26 Percent output is updated automatically
by the PID instruction.
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Feed Forward

Applications involving transport lags may require that a bias be added to the
CV output in anticipation of adisturbance. This bias can be accomplished in
the SLC 5/02 processor by writing a value to the Feed Forward Bias element,
the seventh element (word 6) in the control block file (see page 26-7). The
value you write will be added to the output, allowing afeed forward action to
take place. You may add a bias by writing a value between 0 and 16383 to
word 6 with your HHT or ladder program.

Time Proportioning Outputs

For heating or cooling applications, the Control Variable analog output is
typically converted to atime-proportioning output. While this cannot be
done directly in the SL.C 5/02 processor, you can use the program on the
following page to convert the Control Variable to atime proportioning
output. Inthisprogram, cycletimeisthe preset of timer T4:0. Cycletime
relates to % on-time as follows:

< T4:0.PRE is the cycle time —>

<% on-time —>

< 100% output on-time ——>
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Example — Time Proportioning Outputs

— PID
PI D
Control Bl ock N7: 2
Process Vari abl e N7: 0
Control Variable N7: 1
Control Block Length 23
~—ToN—M
TI MER ON DELAY EN)—}H
Ti mer T4:0 ~EN
Ti me Base 0.01
Preset 1000 -.ﬂ
Accum 0 | Cycle Time of the Output
— GRT 01.0
GREATER THAN (U)
Source A T4:0.ACC 0 ™
0
Source B N7: 25 Time Proportioning
0 Output Contact
T4:0 T4:0
1 [ { RES)
DN
NEQ 01.0 /
NOT EQUAL (L)
Source A N7: 25 0
0
Source B 0
N7: 2 — ML Control Variable
] [ MULTI PLY
/ 13 Source A N7: 1=
0
. Source B T4:0.PRE
PID Instructlon 1000
Done Bit Dest N7: 25
0
— DDV
| DOUBLE DI VI DE -
Sour ce 16383 - Output as a Fraction
I of Cycle Time
Dest N7: 25 | = y
0
— CLR .
CLEAR L] Clears Minor Error Flag
Dest S5 | 1
0
|END
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PID Tuning

PID tuning requires a knowledge of process control. If you are
inexperienced, it will be helpful if you obtain training on the process control
theory and methods used by your company.

There are anumber of techniques that can be used to tuneaPID loop. The
following PID tuning method is general, and is limited in terms of handling
load disturbances.

When tuning, changes should be made in the manual mode, followed by a
return to auto. Output limiting is applied in the manual mode.

Important: This method requires that the PID instruction controls a
non-critical application in terms of personal safety and
equipment damage.

The method requires only a few simple calculations.

Procedure

1. Create your ladder program. Make certain that you have properly scaled
your analog input to the range of the process variable PV and that you
have properly scaled your control variable CV to your analog output.

2. Connect your process control equipment to your analog modules.
Download your program to the processor. Leave the processor in the
program mode.

Important: Ensurethat al possibilities of machine motion have been
considered with respect to personal safety and equipment
damage. It ispossible that your output CV may swing between
0 and 100% while tuning.

3. Enter the following values: Theinitial setpoint SP value, areset T; of 0, a
rate Tq of 0, again K¢ of 1, and aloop update of 5.

Set the PID modeto STI or Timed, per your ladder diagram. If STl is
selected, ensure that the loop update time equals the STI time interval.

Enter the optional settings that apply (output limiting, output alarm, Smax
— Smin scaling, feedforward).

4. Get prepared to chart the CV, PV, analog input, or analog output as it
varies with time with respect to the setpoint SP value.

5. Placethe PID instruction in the MANUAL mode, then place the
processor in the Run mode.

6. While monitoring the PID display, adjust the process manually by writing
to the CO percent value.

7. When you feel that you have the process under control manually, place
the PID instruction in the AUTO mode.
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10.

12.

13.

14.

15.

Adjust the gain while observing the relationship of the output to the
setpoint over time.

Note that gain adjustments disrupt the process when you change values.
To avoid this disruption, switch to the MANUAL mode prior to making
your gain change, then switch back to the AUTO mode.

When you notice that the process is oscillating above and below the
setpoint in an even manner, record the time of 1 cycle. That is, obtain the
natural period of the process. Record the gain value. Return to the
MANUAL mode (stop the processif necessary).

Set the loop update time (and ST time interval if applicable) to avalue of
5 to 10 times faster than the natural period.

If the cycletimeis 20 seconds for example, and you choose to set the
loop update time to 10 times faster than the natural rate, set the loop
update time to 200, which would result in a 2-second rate.

. Set the gain K value to 1/2 the gain needed to obtain the natural period of

the process. For example, if the gain value recorded in step 9 was 80, set
the gain to 40.

Set the reset term T; to approximate the natural period. If the natural
period is 20 seconds, asin our example, you would set the reset termto 3
(0.3 minutes per repeat approximates 20 seconds).

Now set the rate Ty equal to avalue 1/8 that of the reset term. For our
example, the value 4 will be used to provide arate term of 0.04 minutes
per repeat.

Place the process in the AUTO mode. If you have an ideal process, the
PID tuning will be complete.

To make adjustments from this point, place the PID instruction in the
MANUAL mode, enter the adjustment, then place the PID instruction
back in the AUTO mode.

This technique of going to MANUAL, then back to AUTO ensures that
al “integral buildup” and “gain error” is removed at the time each
adjustment is made. This allows you to see the effects of each adjustment
immediately.



Status File Functions

Word
S0
S:L, S:1IH
S:2L, S:2H
S:3L
S:3H
S4
S5
S:6
S:7,S:8
S:9,S:10
S11, S;12
S:13,S:14
S:15L
S:15H

The Status File

This chapter discusses the status file functions of the:
e fixed

e SLC5/01

e SLC5/02 processors

All application examples shown are in the HHT zoom display.

The SLC 5/02 processor has the functions of the fixed and SLC 5/01
processors plus the functions listed in the right-hand column of the figure
below.

The status file gives you information concerning the various instructions you
use in your program, and other information such as EEPROM functionality.
The status file indicates minor faults, diagnostic information on major faults,
processor modes, scan time, baud rate, system node addresses, and various
other data.

Important: Do not write to status file data unless the word or bit islisted as
read/write in the descriptions that follow. If you intend writing
to status file data, it isimperative that you first understand the
function fully.

The status file S: consists of the following words:

Function
Arithmetic Flags Words 16 through 32 are functional for the SLC 5/02 only:
Processor Mode Status/Control Word Function
STI Bits/DH-485 Communications S:16, S:17 Test Single Step — Start Step On — Rung/File
Current Scan Time S:18, S:19 Test Single Step — End Step Before — Rung/File
Watchdog Scan Time S:20, S:21 Test - Fault/Powerdown — Rung/File
Free Running Clock S:22 Maximum Observed Scan Time
Minor Error Bits S:23 Average Scan Time
Major Error Code S:24 Index Register
Suspend Code/Suspend File S:25, S:26 /0 Interrupt Pending
Active Nodes S:27,S28 /0 Interrupt Enabled
I/0 Slot Enables S:29 User Fault Routine File Number
Math Register S:30 Selectable Timed Interrupt Setpoint
Node Address S:31 Selectable Timed Interrupt File Number
Baud Rate S:32 /O Interrupt Executing
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The following tables describe the status file functions, beginning at address
S:0 and ending at address S:32. If abullet (¢) is present in the columns
headed SL C 5/02 and SL C 5/01, Fixed, the function applies to the indicated
processor(s).

5/01,

Address Description 5/02 Fixed

S:0 Arithmetic Flags . .
Read/write. The arithmetic flags are assessed by the processor
following the execution of any math, logical, or move instruction. The
state of these bits remains in effect until the next math, logical, or
move instruction in the program is executed.

S:0/0 Carry Bit . .
This bit is set by the processor if a mathematical carry or borrow is
generated. Otherwise the bit remains cleared. This bit is assessed
as if a function of unsigned math.

When an STI, I/O Slot, or Fault Routine interrupts normal execution of .
your program, the original value of S:0/0 is restored when execution
resumes.

S:0/1 Overflow Bit . .
This hit is set by the processor when the result of a mathematical
operation does not fit in its destination. Otherwise the bit remains
cleared. Whenever this bit is set, the overflow trap bit S:5/0 is also
set (refer to S:5/0).

When an STI, I/O Slot or Fault Routine interrupts normal execution of .
your program, the original value of S:0/1 is restored when execution
resumes.

S:02 Zero Bit . .

This bit is set by the processor when the result of a math, logical, or
move instruction is zero. Otherwise the bit remains cleared.

When an STI, I/0 Slot, or Fault Routine interrupts normal execution of | e
your program, the original value of S:0/2 is restored when execution
resumes.

Sign Bit . .
S:03 This bit is set by the processor when the result of a math, logical, or
move instruction is negative. Otherwise the bit remains cleared.

When an STI, I/0 Slot, or Fault Routine interrupts normal execution of | e
your program, the original value of S:0/3 is restored when execution
resumes.

S:0/4 to Reserved . .
S:0/15
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Address

Description

5/02

5/01,
Fixed

S:1/0
thru
S:1/4

Processor Mode/Status
Read only. Bits 0 - 4 function as follows:

00000=(0) Download in process

00001 =(1) Program mode (the fault mode exists when bit
S:1/13 is set along with mode 0 0001)

00011=(3) Suspend Idle (operation halted by SUS instruction
execution)

00110=(6) Run mode

00111 =(7) Test continuous mode

01000 =(8) Test single scan mode

01001=(9) Testsingle step (step until)

All other values for hits 0—4 are reserved or unallocated.

S:1/5

Forces Enabled Bit
Read only. This hit is set by the processor if you have enabled forces
in a ladder program. Otherwise the bit remains cleared. The
processor “Forced I/0” LED is on continuously when forces are
enabled.

S:1/6

Forces Installed Bit
Read only. This bit is set by the processor if you have installed forces
in a ladder program. The forces may or may not be enabled.
Otherwise the bit remains cleared. The processor “Forced I/0" LED
flashes when forces are installed but not enabled.

S:1/7

Communications Active Bit
Read only. This bit is set by the processor when at least one other
node is present on the DH-485 link. Otherwise the bit remains
cleared. When a device is active, it is a recognized participant in a
DH-485 token-passing network.

S:1/8

Fault Override at Powerup Bit
Read/write. When you set this bit, it causes the processor to clear the
Major Error Halted bit S:1/13 and Minor error bits S:5/0 to S:5/7 on
powerup, if the processor had previously been in the Run mode and
had faulted. The processor then attempts to enter the Run mode.
When this bit remains cleared (default value), the processor remains
in a major fault state at power up. To program this feature, set this bit
using the EDT_DAT function.

273



Chapter 27

The Status File

274

Address

Description

5/02

5/01,
Fixed

S:1/9

Startup Protection Fault Bit
Read/write. When this bit is set and power is cycled while the
processor is in the Run mode, the processor will execute your fault
routine prior to the execution of the first scan of your program. You
then have the option of clearing the Major Error Halted bit S:1/13 to
resume operation in the Run mode. If your fault routine does not
reset bit S:1/13, the fault mode will result.

To program this feature, set this bit using the EDT_DAT function, then
program your fault routine logic accordingly. When executing the
startup protection fault routine, S:6 (major error fault code) will contain
the value 0016H.

S:1/10

Load Memory Module on Memory Error Bit
Read/ write. You can use this bit to transfer a memory module
program to the processor in the event that a processor memory error
is detected at power up. (A memory error means the processor
cannot run the program in the RAM memory because the program
has been corrupted, as detected by a parity or checksum error. This
type of error is caused by battery or capacitor drain, noise, a power
problem, etc.)

You must set S:1/10 in the status file of the program in the memory
module. When a memory module is installed that has bit S:1/10 set,
a processor memory error detected at power up will cause the
memory module program to be transferred to the processor, and the
Run mode to be entered.

When S:1/10 is cleared in the memory module, the processor
remains in a major fault condition if a memory error is detected on
power up, regardless of memory module presence.

When S:1/10 is also set in the status file of the user program in RAM
memory, the memory module must be installed at all times to enter
the Run or Test modes. Otherwise, the processor faults and S:6
contains error code 0013H.

To program this feature, set this bit using the EDT_DAT function.
Then store the program in the memory module.

S:1/11

Load Memory Module Always Bit
— Not applicable to series A fixed and SLC 5/01 processors

Read/write. When this bit is set, you can overwrite a processor
program with a memory module program by cycling processor power,
with no need for a programming device. The processor mode after
powerup will be as follows:

Mode before Powerdown | After Powerup
Test/Program Program
Run Run
Fault after Test/Program Program
Fault after Run Run

Continued on next page
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Address

Description

5/02

5/01,
Fixed

S:1/11

Continued from previous page:

You must set S:1/11 in the status file of the program in the memory
module. Loading will take place if the master password and/or
password in the processor and memory module match. Loading will
also take place if the processor has neither a password nor master
password.

When S:1/11 is also set in the status file of the user program in RAM
memory, the memory module must be installed at all times to enter
the Run or Test modes. Otherwise, the processor faults and S:6
contains error code 0013H.

A ATTENTION: The overwriting process, including data
tables, is repeated each time you cycle power.

To program this feature, set this bit using the EDT_DAT function.
Then store the program in the memory module.

S:1/12

Load Memory Module and Run Bit
- Not applicable to series A fixed and SLC 5/01 processors

Read/write. With this bit, a user can overwrite a processor program
with a memory module program by cycling processor power, with no
need for a programming device. The processor will attempt to enter
the Run mode, regardless of what mode was in effect before cycling
power:

Mode before Powerdown | After Powerup

Test/Program/Run/Fault Run

The memory module you install in the processor must have status
file bit S:1/12 set. Loading will take place if the master password
and/or password in the processor and memory module match.
Loading will also take place if the processor has neither a password
nor master password.

When S:1/12 is set in the status file of the user program in RAM
memory, it does not require the presence of the memory module to
enter the Run or Test modes.

Application note: Set both S:1/11 and S:1/12 to 1) autoload and run
every power cycle and 2) require the presence of the memory
module to enter the Run or Test mode.

ATTENTION: If you leave the memory module installed,
the overwriting process, including data tables, is repeated
each time you cycle power. The mode is changed to Run
each and every power cycle.

To program this feature, set this bit using the EDT_DAT function.
Then store the program in the memory module. This feature is
particularly useful when you are troubleshooting hardware failures
with “spares” (replacement modules). This feature can also be used
to facilitate application logic upgrades in the field without the need of
a programming device.
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5/01,

Address Description 5/02 Fixed

S:1/13 Major Error Halted Bit . .
Read/write. This bit is set by the processor any time a major error is
encountered. The processor then enters a fault condition. Word S:6
Fault Code will contain a code which can be used to diagnose the
fault condition. Any time bit S:1/13 is set, the processor either:

1) places all outputs in a safe state and indicates the program mode
(00001) in bits S:1/0 - S:1/4, or

2) enters the user fault routine with outputs active, allowing the fault .
routine ladder logic to attempt recovery from the fault condition. If
your fault routine determines that recovery is in order, clear S:1/13
using ladder logic prior to exiting the fault routine. If the fault routine
ladder logic does not understand the fault code, or if the routine
determines that it is not desirable to continue operation, exit the fault
routine with bit S:1/13 set. The outputs will then be placed in a safe
state and indicate the program mode (0 0001) in bits S:1/0-S:1/4.

When you clear bit S:1/13 using a programming device, the processor | e .
mode changes from fault to program, allowing you to re-enter the run
or test modes. You can set this bit in your ladder program to generate
an application-specific Major Error.

Important: Once a major fault state exists, you must correct the
condition causing the fault, and you must also clear this
bit in order for the processor to accept a mode change
attempt (into program, run, or test). Also, clear S:6 (error
code) to avoid the confusion of having an error code but
no fault condition.

Note that if a faulted program is uploaded into the HHT
the fault (S:1/13 set) goes with it. If the program is then
edited offline, you must clear the major fault bit in order
to download and run the program again.
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Description

5/02

5/01,
Fixed

S:1/14

Access Denied Bit
Read/write. You can allow or deny future access to a processor file.
If you deny access, the processor sets this bit, indicating that a
programming device must have a matching copy of the processor file
in its memory in order to monitor the ladder program. A programming
device that does not have a matching copy of the processor file is
denied access.

To program this feature, select “Future Access Disallow” (SLC 5/02)
or “Future Access No” (SLC 5/01) when saving your program. To
provide protection from inadvertent data monitor alteration of your
selection, program an unconditional OTL instruction at address
S:1/14 to deny future access, or an unconditional OTU instruction at
address S:1/14 to allow future access.

When this bit is cleared, it indicates that any compatible programming
device can access the ladder program (provided that password
conditions are satisfied).

When access is denied, the programming device (APS, HHT) may
not display the ladder diagram or allow access to the EDT_DAT
function unless the device contains a matching copy of the processor
file. Functions such as change mode, clear memory, restore
program, and transfer memory module are allowed regardless of this
selection. A device such as the DTAM is not affected by this function.

S:1/15

First Pass Bit
Read/write. You can use this bit to initialize your program as the
application requires. When this bit is set by the processor, it indicates
that the first scan of the user program is in progress (following power
up in the Run mode or entry into a run or test mode). The processor
clears this bit following the first scan.

When this bit is cleared, it indicates that the program is not in the first
scan of a test or Run mode.

This bit will be set during execution of the startup protection fault
routine. See S:1/9.

S:2/0

STI (Selectable Timed Interrupt) Pending Bit
Read only. When set, this bit indicates that the STI timer has timed
out and the STl routine is waiting to be executed. This bit is cleared
upon starting of the STI routine, powerup, Run mode exit, or
execution of a true STS instruction.

S:2/1

STI (Selectable Timed Interrupt) Enabled Bit
Read only. This hit is set in its default condition, or when set by the
STE or STS instruction. If set, it allows execution of the STl if the STI
file (word 31) and STl rate (word 30) are non-zero. If clear when the
interrupt occurs, the STI subroutine does not execute and the STI
pending bit is set. The STI Timer continues to run when disabled.
The STl instruction clears this bit.
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Address

Description

5/02

5/01,
Fixed

S:212

STI (Selectable Timed Interrupt) Executing Bit
Read only. This bit, when set, indicates that the STI timer has timed
out and the STI subroutine is currently being executed. Application
example: You could examine this bit in your fault routine to determine
if your STI was executing when the fault occurred. This bit is cleared
upon completion of the STI routine, powerup, or Run mode entry.

S:2/3

Index Addressing File Range Bit
Read only. Selected by the user at the time the user program is
saved. When clear, the index register can index only within the same
data file of the specified base address. When set, the index register
can index anywhere from data file B3:0 to the end of the last declared
data file.

S:2/4

Saved with Single Step Test Enabled Bit
Read only. This hit is selected by the user prior to saving the user
program. When clear, the Single Step Test mode function is not
available. Clear also indicates that debug registers S:16 through
S:21 are inoperative. When set, the program can operate in the
Single Step Test mode. See descriptions of S:16 through S:21.
When set, your program will also require 0.375 instruction words (3
bytes) per rung of additional memory.

Note: The HHT can save a SLC 5/02 program that has this option
enabled, but the Test Single Step mode is not available with the HHT.

S:2/5

DH-485 Incoming Command Pending Bit
Read only. This bit becomes set when the processor determines that
another node on the DH-485 network has requested information or
supplied a command to it. This bit can become set at any time. This
bit is cleared when the processor services the request (or command).

You can use this bit as a condition of an SVC instruction to enhance
the communications capability of your processor.

S:2/6

DH-485 Message Reply Pending Bit
Read only. This bit becomes set when another node on the DH-485
network has supplied the information that you have requested in the
MSG instruction of your processor. This bit is cleared when the
processor stores the information and updates your MSG instruction.

You can use this bit as a condition of an SVC instruction to enhance
the communications capability of your processor.
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Description

5/02

5/01,
Fixed

S:2/7

DH-485 Outgoing Message Command Pending Bit
Read only. This bit is set when one or more messages in your
program are enabled and waiting, but no message is being
transmitted at the time. As soon as transmission of a message
begins, the bit is cleared. After transmission, the bit is set again if
there are further messages waiting, or it remains cleared if there are
no further messages waiting.

You can use this hit as a condition of an SVC instruction to enhance
the communication capability of your processor.

S:2/8

CIF (Common Interface File) Addressing Mode
Applies to Series C and later SLC 5/02 processors only.

Read/write. This bit controls the mode used by the SLC 5/02
processor to address elements in the CIF file (data file 9) when
processing a communications request.

Word address mode - in effect when the bit is clear (0): This is the
default setting, compatible with other SLC 500 devices on the
DH-485 network.

Byte address mode - in effect when the bit is set (1): This mode is
used when a SLC 5/02 processor is receiving a message from a
device on the network, possibly through a bridge or gateway. This
setting is compatible with Allen-Bradley PLC inter-processor
communication.

S:2/9
thru
S:2/13

Reserved
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Address

Description

5/02

5/01,
Fixed

S:2/14

Math Overflow Selection Bit
Applies to Series C and later SLC 5/02 processors only.

Set this bit when you intend to use 32-bit addition and subtraction.
When S:2/14 is set, and the result of an ADD, SUB, MUL, or DIV
instruction cannot be represented in the destination address
(underflow or overflow),

* the overflow bit S:0/1 is set,

® the overflow trap bit S:5/0 is set, and

® the destination address contains the unsigned truncated
least significant 16 hits of the result.

The default condition of S:2/14 is reset (0). This provides the same
operation as that of the Series B SLC 5/02 processor. When S:2/14
is reset, and the result of an ADD, SUB, MUL, or DIV instruction
cannot be represented in the destination address (underflow or
overflow),

® the overflow bit S:0/1 is set,
® the overflow trap bit S:5/0 is set, and

* the destination address contains 32767 if the result is
positive or — 32768 if the result is negative.

Note that the status of bit S:2/14 has no effect on the DDV instruction.
Also, it has no effect on the math register content when using MUL
and DIV instructions.

To program this feature, use the EDT_DAT function to set/clear this
bit. To provide protection from inadvertent data monitor alteration of
your selection, program an unconditional OTL instruction at address
S:2/14 to ensure the new math overflow operation, or program an
unconditional OTU instruction at address S:2/14 to ensure the original
math overflow operation.

See chapter 20 for an application example of 32-hit signed math.
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Address

Description

5/02

5/01,
Fixed

S:2/15

DH-485 Communications Servicing Selection Bit
Read/write. When set, only one communication request/command
will be serviced per END, TND, REF, or SVC. When clear, all
serviceable incoming or outgoing communication requests
/commands will be serviced per END, TND, REF, or SVC. When
clear, your communications throughput will increase. However, your
scan time will increase if several communication commands/requests
are received in the same scan.

One communication request/command consists of either a DH-485
incoming command, DH-485 message reply, or DH-485 outgoing
message command. See S:2/5, S:2/6, S:2/7.

To program this feature, use the EDT_DAT function to set/clear this
bit. To provide protection from inadvertent data monitor alteration of
your selection, program an unconditional OTL instruction at address
S:2/15 to ensure one request/command operation, or program an
unconditional OTU instruction at address S:2/15 to ensure multiple
request/command operation. Alternately, your program may change
the state of this bit using ladder logic if your application requires
dynamic selection of this function.

Application example: Suppose you have a system consisting of a
SLC 5/02 processor, an APS programmer, and a DTAM. The
program scan time for your user program is extremely long. Because
of this, the programming device or DTAM takes an unusually long
time to update its screen. You can improve this update time by
clearing S:2/15.

In a case such as this, the additional time spent by the processor to
service all communications at the end of the scan is insignificant
compared to the time it takes to complete one scan. You could
increase communication throughput even further by using an SVC
instruction. See chapter 18.
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Address

Description

5/02

5/01,
Fixed

S:3L

Current/Last 10 ms Scan Time Byte
Read/write. The value of this byte tells you how much time elapses
in a program cycle. A program cycle includes the ladder program
scan, 1/0 scan, and servicing the communication port. The byte
value is zeroed by the processor each scan, immediately preceding
the execution of rung 0 of program file 2 (main program file) or on
return from the REF instruction. The byte is incremented every 10
milliseconds thereafter, and indicates, in 10 ms increments, the
amount of time elapsed in each program cycle. If this value ever
equals the value in S:3H Watchdog, a user watchdog major error will
be declared (code 0022).

Resolution of the scan time value: The resolution of this value is +0
to — 10 milliseconds. Example: The value 9 indicates that 80-90 ms
has elapsed since the start of the program cycle.

Application example: Your application requires that each and every
program scan execute in the same length of time. You measure the
maximum and minimum scan times and find them to be 40 ms and
20 ms.

You can make every scan equal to precisely 50 ms by programming
the following rungs as the last rungs of your program.

1 — MOV
LBL[ MOVE
Sour ce S 3
Dest N7: 0
—AND —M8M—
Bl TW SE AND L
Source A 255
Source B N7: 0
Dest N7: 0
—LES ——MMM—— 1
LESS THAN { JIVP)
Source A N7: 0
Source B 5

This example assumes that your 1/O scan and communications
servicing takes less than 10 ms. If it were to exceed 10 ms, the
resolution of +0 to -1 tick (10 ms) would have to be added to the
scan time.
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. 5/01,
Address Description 5/02 Fixed
S:3H Watchdog Scan Time Byte . o
Read/write. This byte value contains the number of 10 ms ticks
allowed to occur during a program cycle. The default value is 10 (100
ms) but you can increase this to 250 (2.5 seconds) or decrease it to 2,
as your application requires. If the program scan S:3L value equals
the watchdog value, a watchdog major error will be declared (code
0022).
S:4 Free Running Clock .

Discussion applies to SLC 5/01 and fixed processors only.

Read only. Only the first 8 bits (byte value) of this word are assessed
by the processor. This value is zeroed at powerup in the Run mode.
With the Series B SLC 5/01 processor, this value is also zeroed at
each entry into the run or test mode. Itis incremented every 10 ms
thereafter.

You can use any individual bit of this byte in your user program as a
50% duty cycle clock bit. Clock rates for S:4/0 to S:4/7 are:

20, 40, 80, 160, 320, 640, 1280, and 2560 milliseconds.
The application using the bit must be evaluated at a rate more than

two times faster than the clock rate of the bit. This is illustrated in the
example below for SLC 5/02 processors.

Free Running Clock .
Discussion applies to SLC 5/02 processors only.

Read/write. All 16 bits of this word are assessed by the processor.
The value of this word is zeroed upon power up in the Run mode or
entry into the run or test mode. It is incremented every 10 ms
thereafter.

Application note: You can write any value to S:4. It will begin
incrementing from this value.

You can use any individual bit of this word in your user program as a
50% duty cycle clock bit. Clock rates for S:4/0 to S:4/15 are:

20, 40, 80, 160, 320, 640, 1280, 2560, 5120, 10240, 20480,
40960, 81920, 163840, 327680, and 655360 milliseconds.

The application using the bit must be evaluated at a rate more than
two times faster than the clock rate of the bit. In the example below,
bit S:4/3 toggles every 80 ms, producing a 160 ms clock rate. To
maintain accuracy of this bit in your application, the instruction using
bit S:4/3 (0:1/0 in this case) must be evaluated at least once every
79.999 ms.

S: 4 G1
F— 160 ms —ﬁ 1L )o
3
—I—\—I_ Both S:4/3 and Output 0:1/0 toggle

S:4/3cyclesin160ms  every 80 ms. 0:1/0 must be evaluated
at least once every 79.999 ms.

—_~
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Address

Description

5/02

5/01,
Fixed

S5

Minor Error Bits

The bits of this word are set by the processor to indicate that a minor
error has occurred in your ladder program. Minor errors, bits 0-7,
revert to major error 0020H if any bit is detected as being set at the
end of the scan. If the processor faults for error code 0020H, you
must clear minor error bits S:5/0-7 along with S:1/13 to attempt error
recovery.

S:5/0

Overflow Trap Bit
Read/write. When this bit is set by the processor, it indicates that a
mathematical overflow has occurred in the ladder program (see
S:0/1).

If this bit is ever set upon execution of the END, TND, or REF
instruction, a major error (0020) will be declared. To avoid this type of
major error from occurring, examine the state of this bit following a
math instruction (ADD, SUB, MUL, DIV, DDV, NEG, SCL, TOD, or
FRD), take appropriate action, and then clear bit S:5/0 using an OTU
instruction with S:5/0 or a CLR instruction with S:5.0.

S:5/1

Reserved

S:5/2

Control Register Error Bit
Read/write. The LFU, LFL, FFU, FFL, BSL, BSR, SQO, SQC, and
SQL instructions are capable of generating this error. When bit S:5/2
is set, it indicates that the error bit ER of the control instruction has
been set.

If this bit is ever set upon execution of the END, TND, or REF
instruction, a major error (0020) will be declared. To avoid this type of
major error from occurring, examine the state of this bit following a
control register instruction, take appropriate action, and then clear bit
S:5/2 using an OTU instruction with S:5/2 or a CLR instruction with
S5.0.




Chapter 27

The Status File

Address

Description

5/02

5/01,
Fixed

S:5/3

Major Error Detected while Executing User Fault Routine Bit
Read/write. When set, the major error code (S:6) will then represent
the major error that occurred while processing the fault routine due to
another major error.

If this bit is ever set upon execution of the END, TND, or REF
instruction, a major error (0020) will be declared. To avoid this type of
major error from occurring, examine the state of this bit inside your
fault routine, take appropriate action, and then clear bit S:5/3 using an
OTU instruction with S:5/3 or a CLR instruction with S:5.0.

Application example: Suppose you are executing your fault routine
for fault code 0016H Startup Protection. At rung 3 inside this fault
routine, a TON containing a negative preset is executed. When rung
4 is executed, fault code 0016H will be overwritten to indicate code
0034H, and S:5/3 will be set.

If your fault routine did not determine that S:5/3 was set, major error
0020H would be declared at the end of the first scan. To avoid this
problem, examine S:5/3, followed by S:6, prior to returning from your
fault routine. If S:5/3 is set, take appropriate action to remedy the
fault, then clear S:5/3.

S:5/4

MO-M1 Referenced on Disabled Slot Bit
Read/write. This bit is set whenever any instruction references an MO
or M1 module file element for a slot that is disabled (via its 1/O slot
enable bit). When set, the bit indicates that an instruction could not
execute properly due to the unavailability of the addressed M0 or M1
data.

If this bit is ever set upon execution of the END, TND, or REF
instruction, a major error (0020) will be declared. To avoid this type of
major error from occurring, examine the state of this bit following a
MO0-M1 referenced instruction, take appropriate action, and then clear
bit S:5/4 using an OTU instruction with S:5/4 or a CLR instruction with
S:5.0.

S:5/5,
S:5/6,
S:5/7

Reserved
Read/write. Reserved for minor errors that revert to major errors at
the end of the scan.

27-15
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Address

Description

5/02

5/01,
Fixed

S:5/8

Memory Module Boot Bit
Read/write. When this bit is set by the processor, it indicates that a
memory module program has been transferred to the processor. This
bit is not cleared by the processor.

Your program can examine the state of this bit every Run mode entry
to determine if the memory module content has been transferred.
S:1/15 will be set to indicate Run mode entry. This information is
useful when you have an application that contains retentive data and
a memory module that has only bit S:1/10 set (load memory module
on NVRAM error). You can use this bit to indicate that retentive data
has been lost. This bit is also helpful when using bits S:1/11 (load
memory module always) or S:1/12 (load memory module always and
run) to distinguish a powerup Run mode entry from a program (or
test) mode to Run mode entry.

S:5/9

Memory Module Password Mismatch Bit
Read/write. This bit is set at Run mode entry, whenever loading from
the memory module is specified (word 1, bits 11 or 12) and the
processor user program is password protected, and the memory
module program does not match that password.

You can use this bit to inform your application program that an
autoloading memory module is installed but did not load due to a
password mismatch.

S:5/10

STI (Selectable Timed Interrupt) Overflow Bit
Read/ write. This bit is set whenever the STI timer expires while the
STl routine is either executing or disabled and the pending bit is
already set.

S:5/11

Battery Low Bit
Read only. This bit is set whenever the Battery Low LED is on; the bit
is cleared when the Battery Low LED is off. It is updated only in the
run or test modes.

S:5/12
thru
S:5/15

Reserved
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Description

5/02

5/01,
Fixed

S:6

Major Error Fault Code
Read/write. A hex code will be entered in this word by the processor
when a major error is declared (refer to S:1/13). The code defines
the type of fault, as indicated on the following pages. This word is not
cleared by the processor.

Error codes are presented, stored, and displayed in hexadecimal.
(appendix B explains hex numbering system.)

If you enter a fault code as a parameter in an instruction in your
ladder program, you must convert the code to decimal. For example,
if you program an EQU instruction to go true when the error 0016
occurs, enter S:6 as source A and 22, the decimal equivalent of
0016H, as source B:

— EQU
EQUAL I
Source A S: 6

Source B 22

Application note: You can declare your own application-specific
major fault by writing your own unique value to S:6 and then setting
bit S:1/13.

SLC 5/02 processor users: Interrogate the value of S:6 in your fault
routine to determine the type of fault that occurred. If your program
was saved with the test single step enabled, you can also interrogate
S:20 and S:21 to pinpoint the exact rung that was being executed
when the fault occurred.

Fault Classifications: Faults are classified as Non-User,
Non-Recoverable, and Recoverable, defined below.

Non-User Non-Recoverable Recoverable
Fault User Fault User Fault
The fault The fault routine executes for 1 | The fault routine

routine does pass. (You may initiate a MSG | may clear the
not execute. instruction to another node to fault by clearing
identify the fault condition of hit S:1/13.
the processor.)

Error code descriptions and classifications are listed on pages 27-18
through 27-22. Categories:

® powerup errors

® going to run errors

® runtime errors

® user program instruction errors

® /O errors

See chapter 28 for cause/recovery information on faults.

27-17
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Fault Classification Processor
Description User
Error 501
Address Code Powerup Errors Non-User Non-Recov Recov 5102 o
Fixed
(Hex)
S:6 0001 NVRAM error. X . .
0002 Unexpected hardware watchdog timeout. X . .
0003 Memory module memory error. X .
0004 Memory integrity check failed (runtime). X .
Fault Classification Processor
Description User
Error 5/01
Address Code Going to Run Errors Non-User Non-Recov Recov 5/02 o
Fixed
(Hex)
S:6 0010 Processor does not meet proper revision level. X . .
0011 The executable file number 2 is absent. X . .
0012 The ladder program has a memory error. X . .
0013 The required memory module is absent or either S:1/10 or X . .
S:1/11is not set (and the program requires it).
0014 Internal file error. X . .
0015 Configuration file error. X . .
0016 Startup protection after power loss. Error condition exists at X .
powerup when bit S:1/9 is set and powerdown occurred while
running.
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Fault Classification Processor
Description User
Error 501
Address Code Runtime Errors Non-User Non-Recov Recov 5/02 o
Fixed
(Hex)
S:6 A minor error bit is set at the end of the scan. (See S:5 minor X o o
0020 .
error bits.)
0021 Remote power failure of an expansion 1/ rack occurred. X . .
Note: A modular system that encounters an overvoltage or
overcurrent condition in any of its power supplies can
produce any of the 1/O error codes listed on pages 27-21 and
27-22 (instead of code 0021). The overvoltage or
overcurrent condition is indicated by the power supply LED
being off.
A ATTENTION: Fixed and FRN 1to 4 SLC 5/01
processors - If the remote power failure occurred while
the processor was in the Run mode, error 0021 will
cause the major error halted bit (S:1/13) to be cleared
at the next powerup of the local rack.
SLC 5/02 processors and FRN 5 SLC 5/01 processors
— Power to the local rack does not need to be cycled to
resume the Run mode. Once the remote rack is
re-powered, the CPU will restart the system.
0022 User watchdog scan time exceeded. X . .
0023 Invalid or non-existent ST interrupt file. X .
0024 Invalid ST interrupt interval (greater than 2550 ms or X .
negative).
0025 Excessive stack depth/JSR calls for STI routine. X .
0026 Excessive stack depth/JSR calls for /O interrupt routine. X .
0027 Excessive stack depth/JSR calls for user fault routine. X .
0028 Invalid or non-existent “startup protection” fault routine file X .
value.
0029 Indexed address reference outside of entire data file space X .
(range of B3:0 through the last file).
002A Indexed address reference beyond specific referenced data X .

file.
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Fault Classification Processor
Description User
Error 501
Address Code User Program Instruction Errors Non-User Non-Recov Recov 5102 o
Fixed
(Hex)
S:6 0030 Attempt was made to jump to one too many nested X o o
subroutine files. Can also mean that a program has
potentially recursive routines.
0031 Unsupported instruction reference was detected. X . .
0032 Sequencer length/position points past end of data file. X . .
0033 Length of LFU, LFL, FFU, FFL, BSL, or BSR points past end X . .
of data file.
0034 A negative value for a timer accumulator or preset value was X . .
detected.
Fixed processors with 24 VDC inputs only: A negative or X .
zero HSC preset was detected in an HSC instruction.
0035 TND, SVC, or REF instruction is called within an interrupting X .
or user fault routine.
0036 Invalid value for a PID parameter. This code is discussed in X .
chapter 26.
0038 A RET instruction was detected in a non-subroutine file. X . .
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SLOT NUMBERS (xx) IN HEXADECIMAL

ERROR CODES: The characters xx in the following codes Slot | xx Slot | xx Slot | xx Slot | xx
represent the slot number, in hex. If the exact slot cannot be 0 | 00 8 | 08 16 | 10 24 | 18
determined, the characters xx become 1F. 1] 01 9 | 09 17 | 11 25 | 19
2 | 02 10 | OA 18 | 12 26 | 1A
RECOVERABLE I/0 FAULTS (SLC 5/02 processors only): 3 | 03 11 | oB 19 | 13 27 | 1B
Many /O faults are recoverable. To recover, you must 4 | 04 12 | oc 20 | 14 28 | 1C
disable the specified slot, xx, in the user fault routine. If you 5 | 05 13 | oD 21 | 15 29 | 1D
do not disable slot xx, the processor will fault at the end of 6 | 06 14 | oE 2 | 16 30 | 1E
the scan. 7|07 15 | OF 23 | 17
Fault Classification Processor
Description User
Error 5/01
Address Code I/O Errors Non-User Non-Recov Recov 5/02 o
Fixed
(Hex)

S:6 XX50 A rack data error is detected. X . .
xx51 A "stuck” runtime error is detected on an 1/O module. X . o
¥x52 A module required for the user program is detected as X . .

missing or removed.

At going-to-run, a user program declares a slot as unused, X . .
XX53 and that slot is detected as having an /O module inserted.

Can also mean that an I/0O module has reset itself.

A module required for the user program is detected as being X . .
xx54

the wrong type.

A module required for the user program is detected as having X . .
XX55 A

the wrong I/O count or wrong /O driver.

The rack configuration specified in the user program is X . .
Xx56 e

detected as being incorrect.

A specialty I/0 module has not responded to a lock shared X o o
XX57 o RS

memory command within the required time limit.
¥X58 A specialty /0 module has generated a generic fault. The X . .

module fault bit is set to 1 in the status byte of the module.

A specialty /0 module has not responded to a command as X . .
Xx59 . s AU

being completed within the required time limit.
XX5A Hardware interrupt problem (“stuck”). X o

G file configuration error — user program G file size exceeds X .
Xxx5B )

capacity of the module.
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Fault Classification Processor
Description User
Error 501
Address Code I/0 Errors Non-User Non-Recov Recov 5/02 o
Fixed
(Hex)
S:6 MO-M1 file configuration error — user program M0-M1 file X o
xx5C , ;
size exceeds capacity of the module.
xx5D Interrupt service requested is not supported by the processor. X .
XX5E Processor I/O driver (software) error. X .
xx60 thru Identifies an 1/0 module specific recoverable major error. X .
XX6F Refer to the user manual supplied with the specialty module.
xx70 thru Identifies an I/0 module specific non-recoverable major error. X .
XX7F Refer to the user manual supplied with the specialty module.
xx90 Interrupt problem on disabled slot. X .
xx91 A disabled slot has faulted. X .
XX92 Invalid or non-existent module interrupt subroutine file. X o
xx93 Unsupported I/0 module specific major error. X .
In the run or test mode, a module has been detected as X o
XX94 being inserted under power. Can also mean that an I/O
module has reset itself.
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Address

Description

5/02

5/01,
Fixed

S:7
and
S:8

Suspend Code/Suspend File
Read/write. When a non-zero value appears in S:7, it indicates that
the SUS instruction identified by this value has been evaluated as
true, and the Suspend Idle mode is in effect. This pinpoints the
conditions in the application that caused the Suspend Idle mode.
This value is not cleared by the processor.

Word S:8 contains the program file number in which a true SUS
instruction is located. This value is not cleared by the processor.

Application Note: Use the SUS instruction with startup
troubleshooting, or as runtime diagnostics for detection of system
errors.

Example: You believe that limit switches connected to 1:1/0 and 1:1/1
cannot be energized at the same time, yet your application program
acts as if they can be. To determine if you have a limit switch
problem or a ladder logic problem, add the following rung to your
program:

0 I:1.0 SUS
} | SUSPEND
0 1 Suspend I D 1

H 1:1.
i I-
H I 10

If your program enters the SUS idle mode for code 1 when you run
the program, you have a limit switch control problem; if the SUS idle
mode for code 1 does not occur, you have a ladder logic problem.

S:9
and
S:10

Active Nodes
Read only. These two words are bit mapped to represent the 32
possible nodes on a DH-485 link. S:9/0 through S:10/15 represent
node addresses 0-31. These bits are set by the processor when a
node exists on the DH-485 link that your processor is connected to.
The bits are cleared when a node is not present on the link .
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27-24

- 5/01,
Address Description 5/02 Fixed
S:11 I/0 Slot Enables . o
and Read/write. These two words are bit mapped to represent the 30
S:12 possible 1/0 slots in an SLC 500 system. S:11/0 represents 1/0 slot 0

for fixed 1/0 systems (slot 0 is used for the CPU in modular systems);
S:11/1 through S:12/14 represent 1/O slots 1-30. S:12/15 is unused.

When a bit is set (default condition), it allows the 1/O module
contained in the referenced slot to be updated in the 1/0 scan of the
processor operating cycle.

When you clear a bit, it causes the /O module in the referenced slot
to be ignored. Thatis, an I/O slot enable value of 0 causes the input
image data of an input module to freeze at its last value. Also, the
outputs of an output module will freeze at their last values, regardless
of values contained in the output image. Outputs remain frozen until

®  either power is removed,
* the Run mode is exited,

®  oramajor fault occurs.

At that time the outputs will be zeroed, until the slot is again enabled
(set).

Disabled slots do not have to match the user program configuration.

A ATTENTION: Make certain that you have thoroughly
examined the effects of disabling (clearing) a slot enable
bit before doing so in your application.

Note: The SLC 5/02 processor informs each specialty I/O module
that has been disabled/enabled. Some I/0 modules may perform
other actions or inactions when disabled or re-enabled. Refer to the
user information supplied with the specialty /O module for possible
differences from the above descriptions.
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Address

Description

5/02

5/01,
Fixed

S:13
and
S:14

Math Register
Read/write. Use this double register to produce 32 bit signed divide
and multiply operations, precision divide or double divide operations,
and 5 digit BCD conversions.

These two words are used in conjunction with the MUL, DIV, DDV,
FRD, and TOD math instructions. The math register value is
assessed upon execution of the instruction and remains valid until the
next MUL, DIV, DDV, FRD, or TOD instruction is executed in the user
program.

An explanation of how the math register functions is included with the
instruction definitions.

If you store 32-bit signed data values (example on page 20-6), you
must manage this data type without the aid of an assigned 32-hit data
type. For example, combine B10:0 and B10:1 to create a 32-bit
signed data value. We recommend that you keep all 32-bit signed
data in a unique data file and that you start all 32-hit values on an
even or odd word boundary for ease of application and viewing. Also,
we recommend that you design, document, and view the contents of
32-bit signed data in either the hexadecimal or binary radix.

When an STI, I/O Slot, or Fault Routine interrupts normal execution of
your program, the original value of the math register is restored when
execution resumes.

S:15L

Node Address
Read/write. This byte value contains the node address of your
processor on the DH-485 link. Each device on the DH-485 link must
have a unique address between the decimal values 0 and 31. To
change a processor node address, write a value in the range of 1-31
using either the EDT_DAT or NODE_CFG functions of your HHT, then
cycle power to the processor.

The default node address of a processor is 1. The default node
address of APS or the HHT programmer is 0. To provide runtime
protection from inadvertent EDT_DAT alteration of your selection,
program this value using a MOV and MVM instruction in an
unconditional rung as shown below. Example, showing runtime
protection of node address 3:

— MOV
MOVE
Sour ce 3
Dest N7: 0
— WM
MASKED MOVE
Sour ce N7: 0
Mask O0FF
Dest S: 15
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Address

Description

5/02

5/01,
Fixed

S:15H

Baud Rate

Read/write. This byte value contains a code used to select the baud
rate of the processor on the DH-485 link.

SLC 5/02 processors provide a baud rate of 19200, 9600, 2400, or
1200. SLC 5/01 and fixed processors provide a baud rate of 19200
or 9600 only.

To change the baud rate from the default value of 19200, use either
the EDT_DAT or NODE_CFG functions of your HHT. The processor
uses code 1 for 1200 baud, code 2 for 2400 baud, code 3 for 9600
baud, and code 4 for 19200 baud.

Example showing runtime protection of baud rate 19200
(code 4):

— MOV
MOVE
Sour ce 1024
Dest N7: 100
— WM
MASKED MOVE
Sour ce N7: 100
Mask FFOO
Dest S: 15

S:15H equal to 4
= 1024 decimal = 0400 hex = 0000 0100 0000 0000 binary

Example showing runtime protection for both baud rate 19200 (code
4) and node address 3:

— MOV
MOVE
Sour ce 1027
Dest S: 15

S:15H equal to 4 and S:15L equal to 3
=1027 decimal = 0403 hex = 0000 0100 0000 0011 binary
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Description

5/02

5/01,
Fixed

S:16
and
S:17

Test Single Step - Start Step On - Rung/File
Read only. These registers indicate the executable rung (word S:16)
and file (word S:17) number that the processor will execute next when
operating in the Test Single Step mode. To enable this feature, you
must select the Test Single Step option at the time you save your
program.

These values are updated upon completion of every rung (see S:2/4).
Your programming device interrogates this value when providing
“start step on file x, rung y” status line information. There is no known
use for this feature when addressed by your ladder program.

Note: The HHT can save a SLC 5/02 program that has this option
enabled, but the Test Single Step mode is not available with the HHT.

S:18
and
S:19

Test Single Step — End Step Before — Rung/File
Read only. These registers indicate the executable rung (word S:18)
and file (word S:19) number that the processor should stop in front of
when executing in the Test Single Step mode. To enable this feature,
you must select the Test Single Step option at the time you save your
program.

If both the rung and file number are 0, the processor will step to the
next rung only; otherwise the processor will continue until it finds a
rungffile equaling the S:18/S:19 value.

The processor stops, then clears S:18 and S:19 when it finds a
match, while remaining in the test single step mode. The processor
will operate indefinitely if it cannot find the end rungffile that you have
entered; it operates until it finds a match, receives a mode change, or
powers down. See S:2/4.

Your programming device interrogates this value when providing “end
step before file x, rung y” status line information. Your programming
device also writes this value when prompting you for “set end rung.”
There is no known use for this feature when addressed by your
ladder program.

Note: The HHT can save a SLC 5/02 program that has this option
enabled, but the Test Single Step mode is not available with the HHT.
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- 5/01,
Address Description 5/02 Fixed
S:20 Test — Fault/Powerdown - Rung/File .
and Read/write. These registers indicate the executable rung (word S:20)
S:21 and file (word S:21) number that the processor last executed before a

major error or powerdown occurred. To enable this feature, you must
select the Test Single Step option at the time you save your program.
You can use these registers to pinpoint the execution point of the
processor at the last powerdown or fault routine entry. This function
is also active in the Run mode. See S:2/4.

Application example: Your program contains several TON
instructions. TON T4:6 in file 2, rung 25 occasionally obtains a
negative preset. Recovery from the negative preset fault is possible
by placing the preset at 100 and resetting the timer.

Place the following rung in your fault routine to accomplish this. Bit
B3/0 is latched as evidence that an application recovery has been
initiated.

Note: The HHT can save a SLC 5/02 program that has this option
enabled, but the Test Single Step mode is not available with the HHT.

- EQU ———M - EQU ——M - EQU ——M - MoV H
EQUAL EQUAL EQUAL MOVE
Source A S:6 Source A S: 20 Source A S: 21 Sour ce 100
Source B ;‘;2 Source B ;5 Source B fz Dest T4: 6. PRE
/ / / Ta:6
- . { RES)
The value 52 equals 0034 Hex. This is Rung Number File Number
the error code for a negative timer B3
preset. (L)
\=/
0
S1
(Y
13
{ RET)
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Address

Description

5/02

5/01,
Fixed

S:22

Maximum Observed Scan Time

Read/write. This word indicates the maximum observed interval
between consecutive scans.

Consecutive scans are defined as: Intervals between file 2/rung 0
and the END instruction, TND instruction, or the REF instruction. This
value indicates, in 10 ms increments, the time elapsed in the longest
program cycle of the processor. The processor compares each last
scan value to the value contained in S:22. If the processor
determines that the last scan value is larger than the value stored at
S:22, the last scan value is written to S:22.

Resolution of the maximum observed scan time value is +0 to —10
milliseconds. For example, the value 9 indicates that 80-90 ms was
observed as the longest program cycle.

Interrogate this value using a programming device data monitor
function if you need to determine or verify the longest scan time of
your program.

The 1/0 scan, processor overhead, and communication servicing are
not included in this measurement.

S:23

Average Scan Time
Read/write. This word indicates a weighted running average time.
The value indicates, in 10 ms increments, the time elapsed in the
average program cycle of the processor. For every Scan't,

Ave = (Ave * 7) + Scan;
8

Resolution of the average scan time value is +0 to —10 milliseconds.
For example, the value 2 indicates that 10-20 milliseconds was
calculated as the average program cycle.

The 1/0 scan, processor overhead, and communication servicing are
not included in this measurement.

S:24

Index Register
Read/write. This word indicates the element offset used in indexed
addressing.

When an STI, I/0 Slot, or Fault Routine interrupts normal execution of
your program, the original value of this register is restored when
execution resumes.
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27-30

Address

Description

5/02

5/01,
Fixed

S:25
and
S:26

1/0 Interrupt Pending
Read only. These two words are bit-mapped to the 30 /O slots. Bit
S:25/1 through S:26/14 refer to slots 1-30. Bits S:25/0 and S:26/15
are reserved.

The pending bit associated with an interrupting slot is set when the
corresponding I/O slot interrupt enable bit is clear at the time of an
interrupt request. It is cleared when the corresponding I/O event
interrupt enable bit is set, or when an associated RPI instruction is
executed.

The pending bit for an executing I/O interrupt subroutine remains
clear when the ISR is interrupted by an ST1 or fault routine. Likewise,
the pending bit remains clear if interrupt service is requested at the
time that a higher or equal priority interrupt is executing (fault routine,
STI, or other ISR).

/0 interrupts are discussed in chapter 31.

S:27
and
S:28

I/0 Interrupt Enabled
Read/write. These two words are bit-mapped to the 30 I/O slots. Bit
S:27/1 through S:28/14 refer to slots 1-30. Bits S:27/0 and S:28/15
are reserved.

The default value of each bit is 1 (set). The enable bit associated
with an interrupting slot must be set when the interrupt occurs to allow
the corresponding ISR to execute. Otherwise, the ISR will not
execute and the associated I/O slot interrupt pending bit will become
set.

Changes made to these bits using the data monitor function or ladder
instructions other than 11D or IIE of a programming terminal take affect
at the next end of scan.

I/O interrupts are discussed in chapter 31.

S:29

User Fault Routine File Number
Read/write. You enter a program file number (3-255) to be used in all
recoverable and non-recoverable major errors. Program the ladder
logic of your fault routine in the file you have specified. Write a 0
value to disable the fault subroutine.

To provide protection from inadvertent EDT_DAT alteration of your
selection, program an unconditional MOV instruction containing the
program file number of your fault routine to S:29, or program a CLR
instruction at S:29 to prevent fault routine operation.

The user fault routine is discussed in chapter 29.
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Address

Description

5/02

5/01,
Fixed

S:30

Selectable Timed Interrupt — Setpoint
Read/Write. You enter the time base, in tens of milliseconds, to be
used in the selectable timed interrupt. Your STI routine will execute
per the value you enter. Write a 0 value to disable the STI.

To provide protection from inadvertent EDT_DAT alteration of your
selection, program an unconditional MOV instruction containing the
setpoint value of your STl to S:30, or program a CLR instruction at
S:30 to prevent ST operation.

If the STl is initiated while in the Run mode by loading the status
registers, the interrupt starts timing from the end of the program scan
in which the status registers were loaded.

Selectable timed interrupts are discussed in chapter 30.

S:31

Selectable Timed Interrupt — File Number
Read/write. You enter a program file number (3-255) to be used as
the selectable timed interrupt subroutine. Write a 0 value to disable
the STI.

To provide protection from inadvertent EDT_DAT alteration of your
selection, program an unconditional MOV instruction containing the
file number value of your STl to S:31, or program a CLR instruction at
S:31 to prevent STI operation.

Selectable timed interrupts are discussed in chapter 30.

S:32

I/0 Interrupt Executing
Read only. This word indicates the slot number of the specialty 1/0
module that generated the currently executing ISR. This value is
cleared upon completion of the ISR, Run mode entry, or upon
powerup.

You can interrogate this word inside of your STI subroutine or fault
routine if you wish to know if these higher priority interrupts have
interrupted an executing ISR. You may also use this value to discern
interrupt slot identity when multiplexing two or more specialty 1/0
module interrupts to the same ISR.

I/0 interrupts are discussed in chapter 31.
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Status File Display -SLC
5/02 Processors

The status file displays that apply to SLC 5/02 processors are shown below.
The displays are accessible offline and online under the EDT_DAT function.
To move between datafiles: PressNEXT_FL or PREV_FL. To move
between displays. Press NEXT_PG or PREV_PG. To move the cursor from
any datafile address to any other datafile address: Press ADDRESS, enter

27-32

the address, then press ENTER.

Status File
S2:5 M nor Fault 0000 0000 0000 0000
S2:6 Fault Code O0O0OOH
Desc: No Error
S2:29 Err File: O
S2:24 I ndex Reg: O

Indx Cross File: No
Single Step: No

Status File
S2:27 & S2:28 |1/ O Interrupt Enables
1 2 3
0 0 0 0

0000 0000 0000 0000 0000 0000 0000 0000

S2:5/0 = 0 PRG S2:27/0 = 0 PRG
ADDRESS NEXT FL PREV_FL NEXT_PG PREV_PG ADDRESS NEXT FL PREV_FL NEXT_PG PREV_PG
F1 F2 F3 F4 F5 F1 F2 F3 F4 F5

Status File
S2:7 Suspend Code 0
S2:8 Suspend File 0
S2: 4 Running O ock 0000 0000 0000 0000
S2:13&14 Math Regi ster 00000000H

Status File
S2:25 & S2:26 1/O Interrupt Pending
1 2 3
0 0 0 0
0000 0000 0000 0000 0000 0000 0000 0000

S2:7 =0 PRG S2:25/0 = 0 PRG
ADDRESS NEXT_FL PREV_FL NEXT_PG PREV_PG ADDRESS NEXT_FL PREV_FL NEXT_PG PREV_PG
F1 F2 F3 F4 F5 F1 F2 F3 F4 F5
Status File Status File
S2: 3H Wat chdog [ x10ng] 10 S2: 15H Conmuni cati on KBaud Rate 19.2
S2:15L Processor Address 1
S2: 3L Last Scan [x10ng] 0 Not e:
S2:23 Avg. Scan [x10ng] 0 Enter 1 for 1200 Enter 3 for 9600
S2:22 Max. Scan [x10ng] 2 Enter 2 for 2400 Enter 4 for 19200
S2:3H = 10 PRG S2:15H = 4 PRG
ADDRESS NEXT_FL PREV_FL NEXT_PG PREV_PG ADDRESS NEXT_FL PREV_FL NEXT_PG PREV_PG
F1 F2 F3 F4 F5 F1 F2 F3 F4 F5
Status File Status File
Sel ectabl e Tined I nterrupt S2:9 & S2:10 Active Node Li st
S2:31 Subroutine File: 0 1 2 3
S2: 30 Frequency [x10nS]: 0 0 0 0 0
Enabl ed: 0 Executing: O Pendi ng: 0 0111 1000 0000 0000 0000 0000 0000 0000
Node = 0
S2:31 =0 PRG S2:9/0 = 0 PRG
ADDRESS NEXT_FL PREV_FL NEXT_PG PREV_PG ADDRESS NEXT_FL PREV_FL NEXT_PG PREV_PG
F1 F2 F3 F4 F5 F1 F2 F3 F4 F5
Status File Status File
Debug Single Step Arithmetic Flags S:0 zZ:0 V:0 CO
File Rung S2:0 Proc Status 0000 0000 0000 0000
S2: 16817 Single Step 0 0 S2:1 Proc Status 0000 0000 1000 0001
S2:18&19 Breakpoi nt 0 0 S2:2 Proc Status 1000 0000 0000 0010
S2: 20821 Faul t/ Power down 1 2
S2:16 = 0 PRG S2:0/0 =0 PRG
ADDRESS NEXT_FL PREV_FL NEXT_PG PREV_PG ADDRESS NEXT_FL PREV_FL NEXT_PG PREV_PG
F1 F2 F3 F4 F5 F1 F2 F3 F4 F5

Status File
S2:11 & S2:12 1/0 Slot Enables
1 2 3
0 0 0 0
1111 1111 1111 21111 212111 2211 1211 1111
Slot = 0

S2:11/0 = 1 PRG
ADDRESS NEXT_FL PREV_FL NEXT PG PREV_PG
F1 F2 F3 F4 F5




Status File Display — SLC
5/01 and Fixed Processors
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The figures below are the status file displays that apply to the SLC 5/01 and
fixed processors. The displays are accessible offline and online under the

EDT_DAT function. To move between datafiles; PressNEXT_FL or

PREV_FL. To move between displays: Press NEXT_PG or PREV_PG. To

move the cursor from any data file address to any other data file address:
Press ADDRESS, enter the address, then press ENTER.

Status File Status File
S2:5 M nor Fault 0000 0000 0000 0000 S2:9 & S2:10 Active Node Li st
S2:6 Fault Code O0000H 1 2 3
Desc: No Error 0 0 0 0
S2: 3L Program Scan [x10nS] | ast: 0 0111 1000 0000 0000 0000 0000 0000 0000
S2: 3H Wat chdog [ x10nS] 10 Node = 0
S2:5/0 =0 PRG S2:9/0 =0 PRG
ADDRESS NEXT_FL PREV_FL NEXT_PG PREV_PG ADDRESS NEXT_FL PREV_FL NEXT_PG PREV_PG
F1 F2 F3 F4 F5 F1 F2 F3 F4 F5
Status File Status File
S2:7 Suspend Code 0 S2:11 & S2:12 1/0 Slot Enables
S2: 8 Suspend File 0 1 2 3
S2: 4 Running d ock 0000 0000 0000 0000 0 0 0 0
S2: 13814 Math Regi ster 00000000H 1111 1111 1111 1111 1111 21111 21111 1111
Slot =0
S2:7 =0 PRG S2:11/0 =1 PRG
ADDRESS NEXT_FL PREV_FL NEXT_PG PREV_PG ADDRESS NEXT_FL PREV_FL NEXT_PG PREV_PG
F1 F2 F3 F4 F5 F1 F2 F3 F4 F5
Status File Status File

S2: 15H Comuni cati on KBaud Rate 19.2
S2:15L Processor Address 1

Not e:

Enter 3 for 9600

Enter 4 for 19200

Arithretic Flags S:0 Z:0 V:0 CO
S2:0 Proc Status 0000 0000 0000 0000
S2:1 Proc Status 0000 0000 1000 0001
S2:2 Proc Status 1000 0000 0000 0010

S2: 15H = 4 PRG S2:0/0 = 0 PRG
ADDRESS NEXT_FL PREV_FL NEXT_PG PREV_PG ADDRESS NEXT_FL PREV_FL NEXT_PG PREV_PG
F1 F2 F3 F4 F5 F1 F2 F3 F4 F5
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Troubleshooting Overview

Troubleshooting Faults

This chapter:

* liststhe major error fault codes

* indicates the probable causes of faults
* recommends corrective action

Chapter 27 also lists the error codes, under word S:6.

The following general information applies to troubleshooting.

User Fault Routine Not in Effect

You can clear afault by one of the following methods:

e Manually clear minor fault bits S:5/0 — S:5/7 and the major fault bit
S:1/13 inthe status file, using a programming device or DTAM. The
processor then enters the Program mode. Correct the condition causing
the fault, then return the processor to the Run or Test mode.

* Set the Fault Override at Powerup Bit S:1/8 in the statusfile to clear the
fault when power is cycled, assuming the user program is not corrupt.

e Set one of the autoload bits S:1/10, S:1/11, or S:1/12 in the status file of
the program in an EEPROM to automatically transfer a new non-faulted
program from the memory module to RAM when power is cycled.
Refer to chapter 27 for more information on status bits S:1/13, S:1/8,
S:1/10, S:V/11, and S:1/12.

Application Note: You can declare your own application-specific major
fault by writing your own unique value to S:6 and then setting S:1/13.

User Fault Routine in Effect — SLC 5/02 Processors Only

When you designate a subroutine file for your user fault routine, the
occurrence of recoverable or non-recoverable user faults will cause the
designated subroutine to be executed for one scan. If the fault is recoverable,
the subroutine can be used to correct the problem and clear the fault bit
S:1/13. The processor will then continue in the Run mode. If thefaultis
non-recoverable, the subroutine can be used to send a message via the
Message instruction to another DH—485 node with error code information
and/or do an orderly shutdown of the process.

The subroutine does not execute for non-user faults. The user fault routineis
discussed in chapter 29.
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Status File Fault Display The status file displays applying to major and minor faults are shown below.
The displays are accessible offline and online under the EDT_DAT function.
PressNEXT__FL until you get to the status file. Move between displays by

pressing NEXT__ PG or PREV__ PG.

SLC 5/02 Processors

Fixed and SLC 5/01 Processors

B Status File B Status File
TaS2:5 Mnor Fault 0000 0000 0000 0000 TaS2:5 M nor Fault 0000 0000 0000 0000
Cc —»S2:6 Fault Code 0O000H Cc —»S2:6 Fault Code 0O000H
l,-Desc: No Error l,-Desc: No Error
D —1 s2:29 Err File: 0 Indx Cross File: No D —| s2:3L Program Scan [x10nS] |ast: 0
S2:24 Index Reg: O Single Step: No S2: 3H Wat chdog [ x10n8] 10
S2:5/0 =0 PRG S2:5/0 =0 PRG
ADDRESS NEXT_FL PREV_FL NEXT_PG PREV_PG ADDRESS NEXT_FL PREV_FL NEXT_PG PREV_PG
F1 F2 F3 F4 F5 F1 F2 F3 F4 F5
Status File Status File
Arithnmetic Flags S:0 zZ:0 V:0 CO Arithmetic Flags S:0 zZ:0 V:0 CO
A —_| S2:0 Proc Status 0000 0000 0000 0000 A —_| S2:0 Proc Status 0000 0000 0000 0000
™S2:1 Proc Status 0000 0000 1000 0001 ™S2:1 Proc Status 0000 0000 1000 0001
S2:2 Proc Status 1000 0000 0000 0010 S2:2 Proc Status 1000 0000 0000 0010
S2:0/0 = 0 PRG S2:0/0 =0 PRG
ADDRESS NEXT_FL PREV_FL NEXT_PG PREV_PG ADDRESS NEXT_FL PREV_FL NEXT_PG PREV_PG
F1 F2 F3 F4 F5 F1 F2 F3 F4 F5

A, B, C, and D in the figure above indicate the location of fault information:

A “Word S2:1. Bit S2:1/13 in thisword is the major fault bit. Clear the fault
bit at thisdisplay by setting S2:1/13 to 0. Pressthe[ F1], ADDRESS, type
S: 1/ 13, press [ ENTER] , type O, press[ ENTER] .

B —-Word S2:5. Minor fault bits. Clear the fault at this display by setting the
bitsto 0. Pressthe[F1], ADDRESS, type in the address of the minor fault
bit, press[ ENTER] , type 0, press[ ENTER] .

C —Word S2:6. Fault code. Clear the code at this display by setting S2:6 to
0. Pressthe[F1], ADDRESS, typein the address of the fault code, press
[ ENTER] , type 0, press [ ENTER] .

D — Fault description. A textua description of the fault code. Clear at this
display by setting word S2:6 to 0.

Error Code Description, The following tables list error types as:
Cause, and _ « Powerup
Recommended Action «  Going-to-Run

¢ Runtime

e User Program Instruction
* 1/O

Each table lists the error code description, the probable cause, and the
recommended corrective action.
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Err(()}_rlg(c))de Description Probable Cause Recommended Action
0001 NVRAM error. * Either Noise, Correct the problem, reload the program,
« lightnin and run. You can use the autoload feature
1ghining, _ with a memory module to automatically
® improper grounding, reload the program and enter the Run
® lack of surge suppression on outputs mode.
with inductive loads, or
® poOr power source.
® | oss of battery or capacitor backup.
0002 Unexpected hardware watchdog timeout. * Either Noise, Correct the problem, reload the program,
« lightnin and run. You can use the autoload feature
.g 9. ) with a memory module to automatically
* improper grounding, reload the program and enter the Run
® lack of surge suppression on outputs mode.
with inductive loads, or
® poOr power source.
0003 Memory module memory error. Memory module memory is corrupted. Re-program the memory module. If the

error persists, replace the memory module.

Going-to—-Run Errors

Error Code

(Hex) Description Probable Cause Recommended Action
0010 The processor does not meet the required The revision level of the processor is not Consult your local A-B representative to
revision level. compatible with the revision level for which purchase an upgrade kit for your
the program was developed. processor.
0011 The executable program file number 2 is Incompatible or corrupt program is present. | Reload the program or reprogram with A-B
absent. approved programming device.
0012 The ladder program has a memory error. * Either Noise, Correct the problem, reload the program,
« lightnin and run. If the error persists, be sure to
.g Y . use A-B approved programming device to
® improper grounding, develop and load the program.
® lack of surge suppression on outputs
with inductive loads, or
® poor power source.
0013 * Either one of the status bits is set in the

® The required memory module is absent,
or

® S:1/10 or S:1/11 is not set as required
by the program.

program but the required memory
module is absent, or

® status bit S:1/10 or S:1/11 is not set in
the program stored in the memory
module, but it is set in the program in
the processor memory.

® Either install a memory module in the
processor, or

® upload the program from the processor
to the memory module.
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Error Code

(Hex) Description Probable Cause Recommended Action
0014 Internal file error. * Either noise, Correct the problem, reload the program,
« lightnin and run. If the error persists, be sure to
. ghtning, . use A-B approved programming device to
* improper grounding, develop and load the program.
® lack of surge suppression on outputs
with inductive loads, or
® poor power source.
0015 Configuration file error. * Either noise, Correct the problem, reload the program,
« lightnin and run. If the error persists, be sure to
. ghtning, . use A-B approved programming device to
® improper grounding, develop and load the program.
® |lack of surge suppression on
outputs with inductive loads, or
® poor power source.
0016 Startup protection after power loss. Error Status bit S:1/9 has been set by the user o Either reset bit S:1/9 if this is consistent

condition exists at powerup when hit S:1/9
is set and powerdown occurred while
running.

program. Refer to chapter 31 for details on
the operation of status bit S:1/9.

with the application requirements, and
change the mode back to run, or

® clear S:1/13, the major fault bit, before
the end of the first program scan is
reached.

Runtime Errors

Err(():l;((;de Description Probable Cause Recommended Action
0004 Memory error occurred during the Run * Either noise, Correct the problem, reload the program,
mode. « lightnin and run. You can use the autoload feature
. gnining, . with a memory module to automatically
® improper grounding, reload the program and enter the Run
® Jack of surge suppression on outputs mode.
with inductive loads, or
® pOOr power source.
0020 A minor error bit is set at the end of the e Either math or FRD instruction overflow | Correct the programming problem, reload

scan.

has occurred,

® sequencer or shift register instruction
error was detected,

® a major error was detected while
executing a user fault routine, or

® M0-ML1 file addresses were referenced
in the user program for a disabled slot.

the program and enter the Run mode. See
also minor error bits S:5 in chapter 27.
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Errt()i_rle(;c;de Description Probable Cause Recommended Action
0021 A remote power failure of an expansion I/0O Fixed and FRN 1 to 4 SLC 5/01 Fixed and FRN 1to 4 SLC 5/01
rack has occurred. processors: Power was removed or the processors: Cycle power on the local
power dipped below specification for an rack.
Note: A modular system that encounters expansion rack.
an overvoltage or overcurrent condition in SLC 5/02 processors and FRN 5 and
any of its power supplies can produce any SLC 5/02 processors and FRN 5 and higher SLC 5/01 processors: Re-apply
of the I/O error codes listed on pages 28-8 | pigher SLC 5/01 processors: This error power to the expansion rack.
to 28-10 (instead of code 0021). The code is present only while power is not
overvoltage or overcurrent condition is applied to an expansion rack. This is the
indicated by the power supply LED being only self-clearing error code. When power
off. is re-applied to the expansion rack, the
fault will be cleared.
ATTENTION: Fixed and FRN 1 to 4
SLC 5/01 processors — If the
remote power failure occurred
while the processor was in the Run
mode, error 0021 will cause the
major error halted bit (S:1/13) to be
cleared at the next powerup of the
local rack.
SLC 5/02 processors and FRN 5
SLC 5/01 processors — Power to
the local rack does not need to be
cycled to resume the Run mode.
Once the remote rack is
re-powered, the CPU will restart
the system.
0022 The user watchdog scan time has been * Either Watchdog time is set too low for * Either increase the watchdog timeout in
exceeded. the user program, or the status file (S:3H), or
® user program caught in a loop. ® correct the user program problem.
0023 Invalid or non-existent ST! interrupt file. * Either an STl interrupt file number was * Either disable the STI interrupt setpoint
assigned in the status file, but the (S:30) and file number (S:31) in the
subroutine file was not created, or status file, or
® the STl interrupt file number assigned ® create an STl interrupt subroutine file
was 0, 1, or 2. for the file number assigned in the
status file (S:31). The file number must
not be 0, 1, or 2.
0024 Invalid STl interrupt interval. The STI setpoint is out of range (greater * Either disable the STI interrupt setpoint
than 2550 ms, or negative). (S:30) and file number (S:31) in the
status file, or
® create an STl interrupt routine for the
file number referenced in the status file
(S:31). The file number must not be 0,
1,0r2.
0025 Excessive stack depth/JSR calls for the A JSR instruction is calling for a file Correct the user program to meet the

STl routine.

number assigned to an STl routine.

requirements and restrictions for the JSR
instruction, then reload the program and
run.
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Err?;'e(;c;de Description Probable Cause Recommended Action
0026 Excessive stack depth/JSR calls for an /0O A JSR instruction is calling for a file Correct the user program to meet the
interrupt routine. number assigned to an I/O interrupt requirements and restrictions for the JSR
routine. instruction, then reload the program and
run.
0027 Excessive stack depth/JSR calls for the A JSR instruction is calling for a file Correct the user program to meet the
user fault routine. number assigned to the user fault routine. requirements and restrictions for the JSR
instruction, then reload the program and
run.
0028 Invalid or non-existent “startup protection” * Either a fault routine file number was * Either disable the fault routine file
fault routine file value. created in the status file, but the fault number (S:29) in the status file, or
routine file was not physically created, * create a fault routine for the file number
or referenced in the status file (S:29). The
* the file number created was 0, 1, or 2. file number must not be 0, 1, or 2.
0029 Indexed address reference is outside of The program is referencing through Correct and reload the user program. This
the entire data file space. indexed addressing an element beyond problem cannot be corrected by writing to
the allowed range. The range is from B3:0 the index register word S:24.
to the last element of the last data file
created by the user.
002A Indexed address reference is beyond the The program is referencing through Correct the user program, allocate more
specific referenced data file. indexed addressing an element beyond a data space using the memory map, or
file boundary. re-save the program allowing crossing of
file boundaries. Reload the user program.
This problem cannot be corrected by
writing to the index register word S:24.

User Program Instruction

Errors
Err(()l_ré(c))de Description Probable Cause Recommended Action
0030 An attempt was made to jump to one too * Either more than the maximum of 4 (8 if | Correct the user program to meet the
many nested subroutine files. This code you are using a SLC 5/02 processor) requirements and restrictions for the JSR
can also mean that a program has levels of nested subroutines are called instruction, then reload the program and
potential recursive routines. for in the user program, or run.
® nested subroutine(s) are calling for
subroutine(s) of a previous level.
0031 An unsupported instruction reference was The type or series level of the processor * Either replace the processor with one
detected. ?hoes not support an instruction residing in that supports the user program, or
€ user program. * modify the user program so that all
instructions are supported by the
processor, then reload the program and
run.
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Error Code

(Hex) Description Probable Cause Recommended Action

0032 A sequencer instruction length/position The program is referencing an element Correct the user program or allocate more
parameter points past the end of a data beyond a file boundary set up by the data file space using the memory map,
file. sequencer instruction. then reload and run.

0033 The length parameter of an LFU, LFL, The program is referencing an element Correct the user program or allocate more
FFU, FFL, BSL, or BSR instruction points beyond a file boundary set up by the data file space using the memory map,
past the end of a data file. instruction. then reload and run.

0034 A negative value for a timer accumulator or | The accumulated or preset value of a timer If the user program is moving values to the
preset value was entered. in the user program was detected as being accumulated or preset word of a timer,

negative. make certain these values cannot be
negative. Correct the user program,
reload, and run.

0034 A negative or zero HSC preset was The preset value for the HSC instruction is If the user program is moving values to the

(related to detected in an HSC instruction. out of the valid range. Valid range is preset word of the HSC instruction, make
HSC 1-32767. certain the values are within the valid
instruction) range. Correct the user program, reload,
and run.

0035 ATND, SVC, or REF instruction is called A TND, SVC, or REF instruction is being Correct the user program, reload, and run.

within an interrupt or user fault routine. used in an interrupt or user fault routine.
This is illegal.
0036 An invalid value is being used for a PID An invalid value was loaded into a PID Code 0036 is discussed in chapter 26.
instruction parameter. instruction by the user program or by the
user via the data monitor function for this
instruction.
0038 An RET instruction was detected in a An RET instruction resides in the main Correct the user program, reload, and run.

non-subroutine file.

program.
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I/O Errors

ERROR CODES: The characters xx in the following

SLOT NUMBERS (xx) IN HEXADECIMAL

. Slot | xx Slot | xx Slot | xx Slot | xx
codes represent the slot number, in hex. The characters
xx become 1F if the exact slot cannot be determined. 0 | 00 8 | 08 16 | 10 24| 18
1 01 9 09 17 | 11 25 | 19
RECOVERABLE I/0 FAULTS (SLC 5/02 processors 2 | 02 10 | 0A 18 | 12 26 | 1A
only): Many I/O faults are recoverable. To recover, you 3 |03 111 08 19 | 13 2r | 1B
must disable the specified slot, xx, in the user fault 4 | 04 12} 0C 20 | 14 28 | 1C
routine. If you do not disable slot xx, the processor will 5105 13 | 0D 21 | 15 29 | 1D
fault at the end of the scan. 6 | 06 14| COE 22 | 16 30 | 1E
7 07 15 | OF 23 | 17
Err?;'e(;c;de Description Probable Cause Recommended Action
xx50 A rack data error is detected. * Either noise, Correct the problem, clear the fault, and
. re-enter Run mode.
® lightning,
® improper grounding,
® lack of surge suppression on outputs
with inductive loads, or
® poor power source.
xx51 A “stuck” runtime error is detected on an If this is a discrete 1/0 module, this is a Cycle power to the system. If this does not
1/O module. noise problem. If this is a specialty /O correct the problem, replace the module.
module, refer to the applicable user
manual for the probable cause.
xx52 A module required for the user program is An I/0 module configured for a particular * Either disable the slot in the status file
detected as missing or removed. slot is missing or has been removed. (S:11 and S:12), or
® Insert the required module in the slot.
xx53 At going-to-run, a user program declares a | e Either the I/O slot is not configured fora | Either disable the slot in the status file
;Iot_as U”“igd' ar&dlthgt slott 'j detected as module, but a module is present, or (S:11 and S:12), clear the fault and run,
aving an Iy module inserted. ® the 1/0 module has reset itself. ® Remove the module, clear the fault and
This code can also mean that an 1/0 fun, or S
module has reset itself. * modify the I/O configuration to include
the module, then reload the program
and run.
® If you suspect that the module has reset
itself, clear the major fault and run.
xx54 A module required for the user program is An 1/0 module in a particular slot is a * Either replace the module with the
detected as being the wrong type. different type than was configured for that correct module, clear the fault, and run,
slot by the user. or
® change the I/O configuration for the slot,
reload the program and run.
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Error Code

(Hex) Description Probable Cause Recommended Action

Xx55 A discrete /0 module required for the user * [f this is a discrete /0 module, the 1/0 * If this is a discrete I/O module, replace it
program is detected as having the wrong count is different from that selected in with a module having the 1/0 count
/O count. the 1/0 configuration. selected in the 1/O configuration. Then,

isi i clear the fault and run, or
This code can also mean that a specialty °ff ?h's Isa specialty 1/0 module, the card ! )
ar e i driver is incorrect. ® change the 1/O configuration to match
card driver is incorrect. L
the existing module, then reload the
program and run.
® |f this is a specialty I/O module, refer to
the user manual for that module.

Xx56 The rack configuration is incorrect. The rack configuration specified by the Correct the rack configuration, reload the

user does not match the hardware. program and run.

Xx57 A specialty /0 module has not responded The specialty I/O module is not responding Cycle rack power. If this does not correct
to a Lock Shared Memory command within to the processor in the time allowed. the problem, refer to the user manual for
the required time limit. the specialty I/O module. You may have to

replace the module.

xx58 A specialty /0 module has generated a Refer to the user manual for the specialty Cycle rack power. If this does not correct
generic fault. The card fault bit is set (1) in 1/O module. the problem, refer to the user manual for
the module’s status byte. the specialty /0O module. You may have to

replace the module.

xx59 A specialty /0 module has not responded A specialty /O module did not complete a Refer to the user manual for the specialty
to a command as being completed within command from the processor in the time I/O module. You may have to replace the
the required time limit. allowed. module.

XX5A Hardware interrupt problem (“stuck”). If this is a discrete 1/0 module, this is a Cycle rack power. Check for a noise

noise problem. If this is a specialty /O problem and be sure proper grounding

module, refer to the user manual for the practices are used. If this is a specialty 1/0

module. module, refer to the user manual for the
module. You may have to replace the
module.

xx5B G file configuration error — user program G G file is incorrect for the module in this slot. Refer to the user manual for the specialty
file size exceeds the capacity of the I/0 module. Reconfigure the G file as
module. directed in the manual, then reload and

run.

xx5C MO-M1 file configuration error — user MO-M1 files are incorrect for the module in Refer to the user manual for the specialty
program M0-M1 file size exceeds capacity this slot. I/0 module. Reconfigure the MO-M1 files
of the module. as directed in the manual, then reload and

run.

xx5D Interrupt service requested is not The specialty I/O module has requested Refer to the user manual for the specialty
supported by the processor. service and the processor does not I/0 module to determine which processors

support it. support use of the module. Change
processor to one that supports the module.

XX5E Processor I/O driver (software) error. Corrupt processor I/O driver software. Reload program using A-B approved

programming device.
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Error Code

(Hex) Description Probable Cause Recommended Action
Xx60 Identifies an /O module specific - -
through recoverable major error. Refer to the
XX6F user manual for the specialty module for
further details.
XX70 Identifies an I/O module specific - -
through non-recoverable major error. Refer to
XX7TF the user manual for the specialty module
for further details.
xx90 Interrupt problem on a disabled slot. A specialty /0 module requested service | Refer to the user manual for the
while a slot was disabled. specialty /0 module. You may have to
replace the module.
xx91 A disabled slot has faulted. A specialty I/0 module in a disabled slot Cycle rack power. If this does not
has faulted. correct the problem, refer to the user
manual for the specialty I/0 module.
You may have to replace the module.
Xx92 Invalid or non-existent module interrupt The I/0 configuration/ISR file information Correct the 1/0 configuration/ISR file
subroutine (ISR) file. for a specialty 1/0 module is incorrect. information for the specialty I/O module.
Refer to the user manual for the module
for the correct ISR file information. Then
reload the program and run.
xx93 Unsupported 1/0 module specific major The processor does not recognize the Refer to the user manual for the
error. error code from a specialty I/O module. specialty /0 module.
Xx94 A module has been detected as being The module has been inserted in the No module should ever be inserted in a

inserted under power in the run or test
mode.

This code also can mean that an /O
module has reset itself.

rack under power, or the module has
reset itself.

rack under power. If this occurs and the
module is not damaged,
® Either remove the module, clear the

fault and run, or

® add the module to the I/O
configuration, reference the module in
the user program where required,
reload the program and run.
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Overview of the User Fault
Routine

Recoverable and
Non-Recoverable User Faults

Understanding the User Fault Routine — SLC
5/02 Processor Only

This chapter appliesto the SLC 5/02 processor only. It covers the following
topics:

* recoverable and non—recoverable user faults

* application examples of user fault subroutines

The SLC 5/02 processor allows you to designate a subroutine file as a User
Fault Routine. Thisfile will be executed when any recoverable or
non-recoverable user fault occurs. Thefileis not executed for non-user
faults.

The User Fault Routine gives you the option of preventing a processor
shutdown upon the occurrence of a specific user fault. You do thisviathe
designated subroutine by entering aladder program which will prevent the
fault from occurring. You can handle a number of user faults in this way, as
the example on page 29-6 shows.

All application examples shown arein the HHT zoom display.

Status File Data Saved

Datain the following wordsis saved on entry to the designated subroutine
and re-written upon exiting the subroutine.

e S0 Arithmetic flags
e S:13and S:14 Math register
e S:24 Index register

Faults are classified as recoverable and non-recoverable user faults, and
non-user faults. A complete list appearsin chapter 27, “ Status File.”
Definitions:

Non-User Fault Non-Recoverable User Fault Recoverable User Fault

The user fault routine The user fault routine executes for 1 pass. The user fault routine
does not execute. (Hint: You may initiate a MSG instruction may clear the fault by
to another node to identify the fault clearing bit S:1/13.

condition of the processor.)

Recoverable and non-recoverable user faults are listed on the following
pages. Refer to chapters 27 and 28 for additional information.

29-1



Chapter 29

Understanding the User Fault Routine —
5/02 Processor Only

29-2

Recoverable User Faults

GOING TO RUN ERRORS

The required memory module is absent or either S:1/10 or S:1/11 is not set

0013 (and the program requires it).

Startup protection after power loss. Error condition exists at powerup when
0016 o . .

bit S:1/9 is set and powerdown occurred while running.

RUNTIME ERRORS

0020 A minor error bit is set at the end of the scan.

Indexed address reference outside of entire data file space (range of B3:0
0029 ,

through the last file).

INSTRUCTION ERRORS

0032 Sequencer length/position points past end of data file.
0033 Length of LFU, LFL, FFU, FFL, BSL, or BSR points past end of data file.
0034 A negative value for a timer accumulator or preset value was detected.
0036 Invalid value for a PID parameter. Code 0036 is discussed further in

chapter 26.
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I/0 ERRORS
Recoverable only if you disable slot xx in the
user fault routine

xx50 A rack data error is detected.
xx52 A module required for the user program is detected as missing or removed.
At going-to-run, a user program declares a slot as unused, and that slot is
Xx53 detected as having an I/O module inserted. Can also mean that the I/O
module has reset itself.
wx54 A module required for the user program is detected as being the wrong
type.
A module required for the user program is detected as having the wrong
XX95 ;
/0 count or wrong I/O driver.
A specialty I/0 module has not responded to a lock shared memory
XX57 o AL
command within the required time limit.
A specialty I/O module has not responded to a command as being
Xx59 o > R
completed within the required time limit.
XX5A Hardware interrupt problem.
XX5B G file configuration error — User program G file size exceeds capacity of the
module.
MO0-M1 file configuration error — User program M0-M1 file size exceeds
xXx5C ;
capacity of the module.
xx5D Interrupt service requested is not supported by the processor.
XX5E Processor 1/0 driver (software) error.
XX60 - - .
thru Identifies an 1/0 module specific recoverable major error. Refer to the user
X6F manual supplied with the module.
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Non-Recoverable User Faults

An example of using a non-recoverable user fault in auser fault routine
would be to initiate a M SG instruction to inform another node of the fault
condition. Non-recoverable user faults:

RUNTIME ERRORS
0022 User watchdog scan time exceeded.
0023 Invalid or non-existent ST interrupt file.
0024 Invalid STl interrupt interval (greater than 2559ms or negative).
0025 Excessive stack depth/JSR calls for STI routine.
0026 Excessive stack depth/JSR calls for /O interrupt routine.
0027 Excessive stack depth/JSR calls for user fault routine.
002A Indexed address reference beyond specific referenced data file.

INSTRUCTION ERRORS

0030 Attempt was made to jump to one too many nested subroutine files. Can
also mean that a program has potentially recursive routines.
0031 Unsupported instruction reference was detected.
0035 TND, SVC, or REF instruction is called within an interrupting or user fault
routine.
I/O ERRORS
xx51 A “stuck” runtime error is detected on an 1/O module.
*X58 A specialty I/0 module has generated a generic fault. The module fault bit
is set to 1 in the status byte of the module.
xx70 thru Identifies an /O module specific non-recoverable major error. Refer to the
XX7F user manual supplied with the module.
xx90 Interrupt problem on a disabled slot.
xx91 A disabled slot has faulted.
XX92 Invalid or non-existent module interrupt subroutine file.
Xx93 Unsupported /0 module specific major error.
X904 In the run or test mode, a module has been detected as being inserted
under power. Can also mean that an I/O module has reset itself.
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To utilize the user fault routine, create a subroutine file (3-255), then enter
this file number in word S:29 of the statusfile. In the status file display
below, subroutine file 3 is designated as “ Err File,” the user fault routine:

Status File
S2:5 M nor Fault 0000 0000 0000 0000
S2:6 Fault Code 0000H
Desc: No Error
Word S:29 — S2:29 Err File: 3 Indx Cross File: No

S2:24 Index Reg: O Single Step: No

S2:5/0 = 0 PRG

ADDRESS NEXT_FL PREV_FL NEXT_PG PREV_PG
F1 F2 F3 F4 F5

Suppose you have a program in which you want to control major errors 0020
(M NOR ERROR AT END OF SCAN) and 0034 ( NEGATI VE VALUE | N
TI MER PRE OR ACC) in the following manner:

* Prevent aprocessor shutdown if the overflow trap bit S:5/0 is set. Permit
aprocessor shutdown when S:5/0 is set more than five times.

* Prevent aprocessor shutdown if the accumulator value of timer T4:0
becomes negative. Reset the negative accumulator value to zero.
Energize an output to indicate that the accumulator has gone negative one
or more times.

e Allow aprocessor shutdown for all other user faults.

A possible method of accomplishing thisisindicated in the following
figures. Subroutines 3, 4, and 5 are created. The user fault routineis
designated as subroutine file 3.

When arecoverable or non-recoverable user error occurs, the processor scans
file 3. The processor jumpsto file 4 if the error code is 0020 and it jumpsto
file5if the error code is 0034. For al other recoverable and non-recoverable
errors, the processor exits the user fault routine and halts operation in the
fault mode.
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Word S:6 is the fault code

(in decimal).
— EQU — JSR
EQUAL / JUMP TO SUBROUTI NE
Source A S 6 SBR file nunber 4
0
Source B 32 <«—— Fault code 0020H
=0000 0000 0010 0000 hinary
=32 decimal
— EQU — JSR
EQUAL JUVP TO SUBROUTI NE
Source A S. 6 SBR file nunber 5
0
Source B 52 «—— Fault code 0034H
=0000 0000 0011 0100 hinary
=52 decimal
|ENDy

User Fault Routine — Subroutine File 3

When the processor detects a recoverable or non-recoverable user fault, this
file is executed. The fault code appears as Source A in the EQU instructions in
this file.

The processor will enter the fault mode and shut down for all user faults except
two:

0020 M NOR ERROR AT END OF SCAN
0034 NEGATI VE VALUE IN TI MER PRE OR ACC

If the fault code (S:6) is 0020H, subroutine file 4 is executed. If the fault code
is 0034H, subroutine file 5 is executed.
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—SBR—— g5 C5: 0
SUBROUTI NE 1 | (U
0 Ccu
—Cly———
COUNT UP
Count er C5:0 B
Preset 120
Accum 0 N
— GRT — RET
GREATER THAN RETURN
Source A C5:0. ACC
0
Source B 5
S5 S: 5
1l (v
0 0
S:1
)
13
RET ——M™
_FRETURN
|ENDy

Subroutine File 4 — Executed for error 0020
M NOR ERROR AT END OF SCAN
If the overflow trap bit S:5/0 is set, counter C5:0 will increment.

If the count of C5:0 is 5 or less, the overflow trap S:5/0 will be cleared, the
major error halted bit S:1/13 will be cleared, and the processor will remain in
the Run mode. Fault code 0020 will be indicated in the status file display. If
the count is greater than 5, the processor will set S:5/0 and S:1/13 and enter
the fault mode.

This subroutine file is also executed if the control register error hit S:5/2 is set.
In this case, the processor is placed in the fault mode.

Status File Display — At 1st through 5th overflow (S:5/0) occurrences

S:1/13 Cleared S:5/0 Cleared
Status File Status File

Arithnmetic Flags S0 Z0 V.0 CO L—{ S2:5 M nor Fault 0000 0000 0000 0000

S2:0 Proc Status 0000 0000 0000 0000 —»{ S2:6 Fault Code 0020H

S2:1 Proc Status 0000 0000 1000 0001 —»{ Desc: Mnor Error At End OF Scan

S2:2 Proc Status 1000 0000 0000 0010 S2:29 Err File: O Indx Cross File: No
S2:24 Index Reg: O Single Step: No

S2:0/0 =0 PRG S2:5/0 =0 PRG

ADDRESS NEXT_FL PREV_FL NEXT_PG PREV_PG ADDRESS NEXT_FL PREV_FL NEXT_PG PREV_PG

F1 F2 F3 F4 F5 F1 F2 F3 F4 F5

Fault code and description are indicated.
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— LES

— SBR
SUBRQUTI NE LESS THAN

Source A

Source B

T4: 0. ACC

CLR
CLEAR
Dest

— RET
RETURN

[END)

Subroutine File 5 — Executed for error 0034
NEGATI VE VALUE I N TI MER PRE OR ACC

If the accumulator value of timer T4:0 is negative, the major error halted bit,
S:1/13 is unlatched, preventing the processor from entering the fault mode. At
the same time, the accumulator value T4:0.ACC is cleared to zero and output
0:3.0/3 is energized. Fault code 0034 will be indicated in the status file

display.

If the preset of timer T4:0 is negative, S:1/13 will remain set and the processor
will enter the fault mode (0:3.0/3 will be reset if previously set). Also, if either
the preset or accumulator value of any other timer in the program is negative,
S:1/13 will be set and the processor will enter the fault mode (0:3.0/3 will be

reset if previously set).

Status File Display — T4:0.ACC is negative.

S:1/13 Cleared

Status File
Arithmetic Flags S0 Z:0 V:0 CO
S2:0 Proc Status 0000 0000 0000 0000
S2:1 Proc Status 0000 0000 1000 0001
S2:2 Proc Status 1000 0000 0000 0010

29-8

S2:0/0 = 0 PRG
ADDRESS NEXT_FL PREV_FL NEXT_PG PREV_PG
F1 F2 F3 F4 F5

Fault code and description are indicated.

Status File
Faul t 0000 0000 0000 0000
0034H

S2:5 M nor
S2:6 Fault Code

Desc: Negative Value in Tinme PRE or ACC
S2:29 Err File: O Indx Cross File: No
S2:24 Index Reg: O Single Step: No
S2:5/0 = 0 PRG
ADDRESS NEXT_FL PREV_FL NEXT_PG PREV_PG
F1 F2 F3 F4 F5




STI Overview

Operation

Understanding Selectable Timed Interrupts -
SLC 5/02 Processor Only

This chapter appliesto the SLC 5/02 processor only. It covers the following
topics:

e STI operation

* STl parameters

e STD and STE instructions

e STSinstruction

* INT instruction

The STI (selectable timed interrupt) function can be used with the SL C 5/02
processor only. This function allows you to interrupt the scan of the main
program file automatically, on a periodic basis, in order to scan a specified
subroutinefile.

Basic Programming Procedure for the STI Function

To use the STI function with your main program file:

* Create asubroutine file (range is from 3 to 255) and enter the desired
ladder rungs. Thisisyour STI subroutinefile.

Creating a subroutine file is discussed in chapter 7.

* Enter the STI subroutine file number in word S:31 of the statusfile. (See
page 304.) A file number of zero disables the STI function.

* Enter the setpoint (the time between successive interrupts) in word S:30
of the status file (see page 304). Therangeis 10 to 2550 milliseconds
(entered in 10ms increments). A setpoint of zero disables the STI
function.

Important: The setpoint value must be alonger time than the execution
time of the STI subroutine file, or aminor error (overrun bit
S:5/10) will occur.

After you download your program and enter the Run mode, the ST begins
operation as follows:

* The STI timer begins timing.

e At timeout, the main program scan is interrupted and the specified ST
subroutine file is scanned; simultaneously, the STI timer is reset.

*  When the ST subroutine scan is completed, scanning of the main
program file resumes at the point where it left off.

* Thecycle repeats.
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30-2

STI Subroutine Content

For identification of your STI subroutine, include an INT instruction as the
first instruction. Thisidentifies the subroutine as an interrupt subroutine
versus anormal subroutine.

The STI subroutine will contain the rungs of your application logic. You can
program any instruction inside the STI subroutine except a TND, REF, or
SVCinstruction. 1IM or IOM instructions are needed in an ST subroutine if
your application requires immediate update of input or output points. End
the STI subroutine with an RET instruction.

JSR stack depth islimited to 3. That is, you may call other subroutinesto a
level 3 deep from an STI subroutine.

Interrupt Occurrences

STI interrupts can occur at any point in your program, but not necessarily at
the same point on successive interrupts. Interrupts can only occur between
instructions in your program, inside the 1/0 scan (between slots), or between
the servicing of communications packets. STI execution time adds directly
to the overall scan time.

ﬁ STl interrupts can occur:

| nput Scan l«— Between slot updates
Program Scan l«— Between instruction executions
Qut put Scan l«— Between slot updates

Conmuni cat i on l«— Between communication packets
Processor Over head

]

Events in the processor operating cycle

Interrupt Latency

The interrupt latency (interval between the ST timeout and the start of the
interrupt subroutine) is 3.7 milliseconds max. for the SLC 5/02 series B
processor, and 2.4 milliseconds max. for the SLC 5/02 series C and later.
During the latency period, the processor is performing operations that cannot
be disturbed by the STI interrupt function.
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Interrupt Priorities

Interrupt priorities are as follows:
1. Fault routine

2. STI subroutine

3. 1/Ointerrupt subroutine (ISR)

An executing interrupt can only be interrupted by an interrupt having higher
priority.

Status File Data Saved

Datain the following words is saved on entry to the STI subroutine and
re-written upon exiting the ST1 subroutine.

e S0 Arithmetic flags
e S:13and S:14 Math register
e S:24 Index register
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STI Parameters The following parameters are associated with the STI function. These
parameters have status file addresses. They are described here and also in
chapter 27.

Word S:31 ST1 file number — This can be any number from 3 to
255. A vaue of zero disablesthe STI function. Aninvalid number
will generate fault 0023.

Word S:30 Setpoint — This is the time between the starting point of
successive scans of the ST file. It can be any value from 10 to 2550
milliseconds. (You enter avalue of 1— 255, which resultsin a
10-2550 ms setpoint.) A value of zero disablesthe STI function. An
invalid time will generate fault 0024.

Bit S:2/0 Pending bit — Read only. Thisbit is set when the ST
timer has timed out while the ST file is either being scanned or is
disabled.

This bit will not be set if the STI timer expires while executing the
user fault routine.

This bit is reset upon the start of the STI routine, execution of an STS
instruction, powerup, and exit from the Run mode.

Bit S:2/1 Enable bit — The default valueis 1 (set). When afile
number between 3 and 255 is present in word S:31 and a setpoint
value between 1 and 255 is present in word S:30, a set enable bit
alows scanning of the STI file. If the bit isreset by an STD
instruction, scanning of the ST1 file no longer occurs. If the bit is set
by an STE or STSinstruction, scanning is again alowed.

The enable bit only enableg/disables the scanning of the STl
subroutine. It does not affect the STI timer. The STSinstruction
affects both the enable bit and the STI timer. The default stateis
enabled. If thisbit is set/reset using the STE, STD, or STS
instruction, enable/disable takes effect immediately.

If thisbit is set or reset by the user program or communications, it
will not take effect until the next end of scan.

Bit S:2/2 Executing bit — Read only. Thisbit is set when the ST
fileis being scanned and cleared when the scan is completed. The bit
isalso cleared on powerup and entry into the Run mode.

Bit S:5/10 Overrun bit — Read/write. This minor error bit is set
whenever the STI timer expires while the STI routine is executing or
disabled while the pending bit is set. When this occurs, the STI timer
continues to operate at the rate present in word S:30.

If the overrun bit becomes set, take the corrective action your
application dictates, then clear the bit.
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Enter and monitor STI parameters at the status file displays under
EDT_DAT. Parameters are pointed out in the displays that follow.

Status File
Arithretic Flags S:0 Z:0 V:0 CO
S2:0 Proc Status 0000 0000 0000 0000
S2:1 Proc Status 0000 0000 0000 0001
A —> S2:2 Proc Status 0000 0000 0000 0010

S2:0/0 = 0 PRG
ADDRESS NEXT_FL PREV_FL NEXT_PG PREV_PG
F1 F2 F3 F4 F5

Status File

B — S2:5 Mnor Fault 0000 0000 0000 0000

C —>»{ S2:6 Fault Code 0000H

D —> Desc: No Error

S2:29 Err File: O Indx Cross File: No

S2:24 Index Reg: O Single Step: No
S2:5/0 = 0 PRG
ADDRESS NEXT_FL PREV_FL NEXT_PG PREV_PG
F1 F2 F3 F4 F5
Status File
Sel ectabl e Ti med Interrupt
E — S2:31 Subroutine File: 0
F —>{ S2:30 Frequency [x10nf]: 0
G,H,|—> Enabled: 1 Executing: O Pending: 0
S2:31 =0 PRG
ADDRESS NEXT_FL PREV_FL NEXT_PG PREV_PG
F1 F2 F3 F4 F5

A —Word S:2. Bits0, 1, and 2 are the STI pending, enabled, and executing
bits respectively. These bits also appear in the “ Selectable Timed Interrupt”
display. SeeG, H, I.

B —Word S:5. Bit S:5/10 isthe STI overrun bit.

C —Fault code. STI and other fault codes appear here.

D — Fault description. A textual description of the fault code.

E —Word S:31, the STI subroutine file number.

F —Word S:30, the STI setpoint or frequency.

G — STl enabled bit S:2/1. Also appearsin thefirst status file display.
SeeA.

H — STI executing bit S:2/2. Also appearsin thefirst status file display.
SeeA.

| — STI pending bit S:2/0. Also appearsin thefirst statusfile display. See A.

30-5



Chapter 30

Understanding Selectable Timed
Interrupts — 5/02 Processor Only

STD and STE Instructions The STD and STE instructions are used to create zones in which STI
interrupts cannot occur. These instructions are not required to configure a
basic STI interrupt application.

Selectable Timed Disable STD | Output Instruction
Selectable Timed Enable STE | Output Instruction
HHT Ladder Display: ¢ STD)— —(STE)—
ZOOM on STD —( STD)— 2.6.0.0.1
HHT Zoom Display: NANE: SELECTABLE TI MED DI SABLE
(monitor mode)
EDT_DAT
F1 F2 F3 F4 F5
ZOOM on STE —( STE) - 2.3.0.0.2
NANE: SELECTABLE TI MED ENABLE
EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays:

— STD
— | SELECTABLE TI MED DI SABLE

— STE
| SELECTABLE TI MED ENABLE

STD Selectable Timed Disable — This instruction, when true, will reset the
STI enable bit and prevent the STI subroutine from executing. When the
rung goes false, the ST1 enable bit remains reset until atrue STSor STE
instruction is executed. The STI timer continues to operate while the enable
bit isreset.

STE Selectable Timed Enable — Thisinstruction, upon afalse-true
transition of the rung, will set the STI enable bit and allow execution of the
STI subroutine. When the rung goes false, the STI enable bit remains set
until atrue STD instruction is executed. Thisinstruction has no effect on the
operation of the STI timer or setpoint. When the enable bit is set, the first
execution of the STI subroutine can occur at any fraction of the timing cycle
up to afull timing cycle later.
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STD/STE Zone Example

In the program below, the STI function isin effect. The STD and STE
instructions in rungs 6 and 12 are included in the ladder program to avoid
having STI subroutine execution at any point in rungs 7 thru 11.

The STD instruction (rung 6) resets the ST enable bit and the STE
instruction (rung 12) sets the enable bit again. The STI timer increments and
may time out in the STD zone, setting the pending bit S:2/0 and overrun bit
S:5/10.

Thefirst pass bit S:1/15 and the STE instruction in rung 0 are included to
insure that the ST function isinitialized following a power cycle. You
should include this rung any time your program contains an STD/STE zone
or an STD instruction.

Program File 2 s 1 _ STE
0 1L SELECTABLE TI MED ENABLE
15
1 1 1 £ )
2
3
4
5
— STD
6 SELECTABLE TI MED DI SABLE
T 7 ] I- 1 I- { )
STl interrupt et v
execution will g
not occur
between STD g
and STE.
10
11 1 3 £ )
— STE
12 SELECTABLE TI MED ENABLE
13 1 3 [ £ )
14
15
16
17 {ENDY
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STS Instruction The STSinstruction can be used to condition the start of the STI timer upon
entering the Run mode — rather than starting automatically. It can also be
used to set up or change the file number or setpoint/frequency of the ST
routine that will be executed when the STI timer expires.

Thisinstruction is not required to configure abasic STI interrupt application.

Selectable Timed Start STS | Output Instruction

HHT Ladder Display: ¢ sTS)—

ZOOM on STS —( STS) - 2.9.0.0.1
HHT Zoom Display: NAME: SELECTABLE TI NED START
monitor mode FILE: 3 3
( ) TI MVE: 30 30
EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays:
— STS
— | SELECTABLE TI MED START
File 3
Time (x10 ns) 30

STS Selectable Timed Start Immediately — The STSinstruction requires
you to enter two parameters, the STI file number and the STI setpoint. Upon
atrue execution of the rung, thisinstruction will enter the file number and
setpoint/frequency in the statusfile (S:31, S:30), overwriting the existing
data. At the sametime, the STI timer isreset and beginstiming; at timeout,
the ST subroutine execution occurs. When the rung goes false, the STI
function remains enabled at the setpoint and file number you' ve entered in
the STSinstruction.
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The Interrupt Subroutine (INT) instruction is used in selectable timed
interrupt subroutines and I/O event—driven interrupt subroutinesto
distinguish the subroutine as an interrupt subroutine versus a regular
subroutine. Use of the instruction is optional.

Interrupt Subroutine INT

HHT Ladder Display: | NT ——

ZOOM on | NT —| I NT| - 2.3.0.0.1
HHT Zoom Display: NANE: I/ O | NTERRUPT
(online monitor mode)
EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays:

— I NT
I NTERRUPT SUBROUTINE [

Interrupt Subroutine — Thisinstruction has no control bits and is aways
evaluated astrue. When used, the INT should be programmed as the first

instruction of the first rung of the interrupt subroutine.
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I/0 Overview

Understanding /O Interrupts — SLC 5/02
Processor Only

This chapter appliesto the SLC 5/02 processor only. It covers the following
topics:

* |/Ointerrupt operation

* 1/Ointerrupt parameters

e |ID and lIE instructions

* RPI instruction

* INT instruction

The 1/0 event-driven interrupt function can be used with the SL C 5/02
processor only. This function allows a speciaty I/O module to interrupt the
normal processor operating cycle in order to scan a specified subroutine file.
Interrupt operation for a specific module is described in the user’s manual for
the module.

I/0 event-driven interrupts cannot be accomplished using standard discrete
I/O modules.

Basic Programming Procedure for the 1/O Interrupt Function

* Specialty 1/0 modules which create interrupts should be configured in the
lowest numbered I/O slots. When you are configuring the specialty 1/0
module slot with the HHT, select the ADV_SET and INT_SBR function
keys and program the “ISR” (interrupt subroutine) program file number
(range 3-255) that you want the 1/0O module to execute.

Configuring I/O is discussed in chapter 6.

* Create the subroutine file that you have specified in the I/O module slot
configuration.

Creating a subroutine file is discussed in chapter 4.
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Operation

312

When you download your program and enter the Run mode, the /O interrupt
begins operation as follows:

* The specialty 1/0O module determines that it needs servicing and generates
an interrupt reguest to the SL C processor.

* The processor isinterrupted from what it is doing, and the specified
interrupt subroutine file (ISR) is scanned.

* When the ISR scan is completed, the specialty I/0O moduleis notified.
Thisinforms the specialty I/0O module that it is allowed to generate a new
interrupt.

* The processor resumes normal operation from where it left off.

Interrupt Subroutine (ISR) Content

Include an Interrupt Subroutine (INT) instruction as the first instruction in
your ISR. Thisidentifies the subroutine file as an interrupt subroutine versus
aregular subroutine.

The ISR will contain the rungs of your application logic. You can program
any instruction inside an 1SR except a TND, REF, or SVC instruction. [IM
or IOM instructions are needed in an ISR if your application requires
immediate update of input or output points. Terminate the ISR with an RET
(return) instruction.

JSR stack depthislimited to 3. That is, you may call other subroutinesto a
level 3 deep from an ISR.

Interrupt Occurrences

I/O interrupts can occur at any point in your program, but not necessarily at
the same point on successive interrupts. Interrupts can only occur between
instructions in your program, inside the 1/0 scan (between slots), or between
the servicing of communications packets. 1SR execution time adds directly
to the overall scan time.

ﬁ /O interrupts can occur:

I nput Scan l«— Between slot updates
Program Scan l«— Between instruction executions
Qut put Scan l«— Between slot updates

Conmuni cat i on l«— Between communication packets
Processor Over head

]

Events in the processor operating cycle



Chapter 31

Understanding I/O Interrupts —
5/02 Processor Only

Interrupt Latency

The interrupt latency (interval between the detection of an interrupt request
from the specialty 1/0 module and the start of the interrupt subroutine) is 3.7
milliseconds max. for the SLC 5/02 series B processor, and 2.4 milliseconds
max. for the SLC 5/02 series C and later. During the latency period, the
processor is performing operations that cannot be disturbed by the 110
interrupt function.

Interrupt Priorities

Interrupt priorities are as follows:
1. Fault routine

2. STI subroutine
3. /O interrupt subroutine (1SR)

An executing interrupt can only be interrupted by an interrupt having higher
priority.

The 1/O interrupt cannot interrupt an executing fault routine, an executing
STI subroutine, or another executing /O interrupt subroutine. If an I/O
interrupt occurs while the fault routine or STI subroutine is executing, the
processor will wait until the higher priority interrupts are scanned to
completion. Then the I/O interrupt subroutine will be scanned.

Note: It isimportant to understand that the 1/0O Pending bit associated with
the interrupting slot remains clear during the time that the processor is
waiting for the fault routine or STI subroutine to finish.

If amajor fault occurs while executing the I/O interrupt subroutine,
execution will immediately switch to the fault routine. If the fault was
recovered by the fault routine, execution will resume at the point that it left
off in the I/O interrupt subroutine. Otherwise, the fault mode will be entered.

If the STI timer expires while executing the 1/0O interrupt subroutine,
execution will immediately switch to the STI subroutine. When the ST
subroutine is scanned to completion, execution will resume at the point that it
left off in the 1/O interrupt subroutine.

If two or more I/O interrupt requests are detected by the processor at the
same instant, or while waiting for a higher or equal priority interrupt
subroutine to finish, the interrupt subroutine associated with the speciaty 1/0
module in the lowest slot number will be scanned first. For example, if slot 2
(ISR 20) and slot 3 (ISR 11) request interrupt service at the same instant, the
processor will first scan ISR 20 to completion, then ISR 11 to completion.
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/0 Interrupt Parameters
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Status File Data Saved

Datain the following words is saved on entry to the 1/O interrupt subroutine
and re-written upon exiting the 1/0 interrupt subroutine.

e S0 Arithmetic flags
e S:13and S:14 Math register
* S:24 Index register

The I/O interrupt parameters below have status file addresses. They are
described here and also in chapter 27.

S:11 and S:12 1/0 Slot Enables— Read/Write. These words are bit
mapped to the 30 I/0 dlots. Bits S:11/1 through S:12/14 refer to slots
1 through 30. Bits S:11/0 and S:12/15 are reserved. The enable bit
associated with an interrupting slot must be set when an interrupt
occurs. Otherwise amajor fault will occur. See chapter 27 for more
details. Changes made to these bits using the EDT_DAT function
take effect at the next end of scan.

S:27 and S:28 /O Interrupt Enables— Read/Write. These words
are bit mapped to the 30 I/O dots. Bits S:27/1 through S:28/14 refer
to slots 1 through 30. Bits S:27/0 and S:28/15 arereserved. The
enable bit associated with an interrupting slot must be set when the
interrupt occurs to alow the corresponding I SR to execute.
Otherwise the ISR will not execute and the associated 1/O slot
interrupt pending bit will be set. Changes made to these bits using
the EDT_DAT function take effect at the next end of scan.

S:25and S:26 1/0 Interrupt Pending Bits— Read only. These
words are bit mapped to the 30 1/0O slots. Bits S:25/1 through
S:26/14 refer to dots 1 through 30. Bits S:25/0 and S:26/15 are
reserved. The pending bit associated with an interrupting slot is set
when the corresponding 1/0 slot interrupt enable bit is clear at the
time of an interrupt request. It is cleared when the corresponding I/O
event interrupt enable bit is set, or when an associated RPI
instruction is executed. The pending bit for an executing 1/0
interrupt subroutine remains clear when the ISR isinterrupted by an
STI or fault routine. Likewise, the pending bit remains clear if
interrupt serviceis requested at the time that a higher or equal
priority interrupt is executing (fault routine, STI, or other ISR).
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You can enter and monitor parameters at the status file displays, under
EDT_DAT. Parameters are pointed out in the displays below.

Status File
A —> S2:11 & S2:12 1/0 Sl ot Enables
1 2 3
0 0 0 0
1111 1111 1121 1111 1211 1111 1111 1111
Slot =0
S2:11/0 = 1 PRG
ADDRESS NEXT_FL PREV_FL NEXT_PG PREV_PG
F1 F2 F3 F4 F5
Status File
B —» S2:27 & S2:28 1/O Interrupt Enables
1 2 3
0 0 0 0
0000 0000 0000 0000 0000 0000 0000 0000
S2:27/0 = 0 PRG
ADDRESS NEXT_FL PREV_FL NEXT_PG PREV_PG
F1 F2 F3 F4 F5
Status File
C —>{ S2:25 & S2:26 1/0O Interrupt Pending
1 2 3
0 0 0 0
0000 0000 0000 0000 0000 0000 0000 0000
S2:25/0 = 0 PRG
ADDRESS NEXT_FL PREV_FL NEXT_PG PREV_PG
F1 F2 F3 F4 F5

A —Words S:11 and S:12. 1/0O dlot enable bits.
B —Words S:27 and S:28. 1/O interrupt enable bits.

C —Words S:25 and S:26. 1/0 interrupt pending bits.
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[ID and IIE Instructions ThelID and IIE instructions are used to create zones in which 1/0 interrupts
cannot occur. Theseinstructions are not required to configure abasic 1/10
interrupt application.

/O Interrupt Disable IID Output Instruction
/0 Interrupt Enable IE Output Instruction
HHT Ladder Display: —{11D—  —{(l1E—
N ZOOMon 11D —(11D)— 2.4.0.0.1
HHT Zoom Display: NANE:; I/ O | NTERRUPT DI SABLE
(online monitor mode) 1 2 3
0 0 0 0

0100 1111 1111 1111 1111 1111 1111 1111

EDT_DAT
F1 F2 F3 F4 F5
ZooM on 11E —(11E)— 2.0.0.0.1

NANE: 110 I NTERRUPT ENABLE
1 2 3
0 0 0 0

0011 0000 0000 0000 0000 0000 0000 0001

EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays:

— 11D
| 1/O I NTERRUPT DI SABLE
Sl ots: 2,3
—IIE
| 1/ O I NTERRUPT ENABLE
Slots: 2,3
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[1D 1/O Interrupt Disable—When true, thisinstruction clears the I/O
interrupt enable bits (S:27/1 through S:28/14) corresponding to the slots
parameter of the instruction (slots 1, 2, 7 in the following example).
Interrupt subroutines of the affected slots will not be able to execute when
an interrupt request is made. Instead, the corresponding 1/0 pending bits
(S:25/1 through S:26/14) will be set. The ISR will not be executed until an
[1E instruction with the same slot parameter is executed, or until the end of
the scan during which you use a programming device to set the
corresponding status file bit.

Use thisinstruction together with an |1 E instruction to create a zone in your
main ladder program file or subroutine file in which 1/O interrupts cannot
occur. ThellD instruction takes effect immediately upon execution.
Setting/clearing the 1/0 interrupt enable bits (S:27 and S:28) with a
programming device or standard instruction such as MV M takes effect at
the END of the scan only.

Parameter — Enter a0 (reset) in adot position to indicate a disabled 1/0
interrupt.

I1E I/O Interrupt Enable — When true, thisinstruction sets the 1/0
interrupt enable bits (S:27/1 through S:28/14) corresponding to the slots
parameter of the instruction (slots 1, 2, 7 in the following example).
Interrupt subroutines of the affected slots will regain the ability to execute
when an interrupt request is made. If an interrupt was pending (S:25/1
through S:26/14) and the pending slot corresponds to the I1E slots
parameter, the ISR associated with that slot will execute immediately.

Use thisinstruction together with the |1D instruction to create azonein
your main ladder program file or subroutine file in which 1/0 interrupts
cannot occur. The l1E instruction takes effect immediately upon execution.
Setting/clearing the 1/0 interrupt enable bits (S:27 and S:28) with a
programming device or standard instruction such as MVM takes effect at
the END of the scan only.

Parameter — Enter a1 (set) in aslot position to indicate an enabled 1/0
interrupt.
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[ID/IIE Zone Example

In the program below, slots 1, 2, and 7 are capable of generating I/0O
interrupts. ThellD and IIE instructionsin rungs 6 and 12 are included to
avoid having 1/0 interrupt ISRs execute as a result of interrupt requests from
dots 1, 2, or 7. Thisalowsrungs 7 through 11 to execute without
interruption.

Program File 2

The first pass bit S:1/15 and the IIE instruction in rung 0 are [ E
included to insure that the 1/O interrupt function is initialized S B
following a power cycle. You should include a rung such as this 0 I IS{ ol NTERRUPT ENABLE 1
. . 15 ots: 1,2, 7
any time your program contains an lID/IIE zone or an IID
instruction.
The 1D instruction in rung 6 clears the I/O interrupt enable bits 1 1 [ 1 [ {)
associated with slots 1, 2, and 7 (S:27/1, S:27/2, and S:27/7).
The IIE instruction in rung 12 sets these same bits. If an /O 2
interrupt is detected by the processor while the processor is
executing rungs 7-11, the interrupt will be marked as pending 3
(S:25/1, S:25/2, and/or S:25/7 will be set). All interrupts marked 4
as pending will be serviced upon execution of rung 12 (the
lowest numbered slot is serviced first when multiple pending bits 5
are set). 11D
6 I/ O | NTERRUPT DI SABLE | i
T Slots: 1,2,7
HHT Ladder Display:
When the cursor is on the IIE instruction, ISR execution 1 — | ()
the enabled slots are indicated here by 1s. will not occur
between 11D 8
and IIE
|‘| E: 0110 0001... 2.0.0.0.2 instructions g
| {11E)
10
11 A e B £ )
RUN —I1E
MODE FORCE EDT_DAT SEARCH 12 |/ O | NTERRUPT ENABLE | |
F1 F2 F3 F4 F5 Slots: 12,7
When the cursor is on the IID instruction, the 13 1| 1| ()
disabled slots are indicated here by 0s.
/ 14
11D 0001 1110... 2.6.0.0.1 15
16
— {11D) 17 {ENDY
—
RUN
MODE  FORCE EDT_DAT SEARCH
F1 F2 F3 F4 F5
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The RPI instruction is used to purge unwanted /O interrupt requests. This
instruction is not required to configure abasic I/O interrupt application.

Reset Pending Interrupt RPI Output Instruction

HHT Ladder Display: —{ RPI )—

HHT Zoom Display: ZOOM on RPI —(RPI) - 2.0.0.0.1
(online monitor mode) | VVE RESET PENDING I JITERRUPT
0 0 0 0

0000 0000 0000 0000 0000 0000 0000 0001

EDT_DAT
F1 F2 F3 F4 F5

Ladder Diagrams and APS Displays:

— RPI
| RESET PENDI NG | NTERRUPT
Sl ots: 1-30

RPI Reset Pending Interrupt —When true, thisinstruction clears the I/0O
pending bits (S:25/1 through S:26/14) corresponding to the slots parameter
of the instruction. In addition, the processor notifies the specialty 1/0
modules in those slots that their interrupt request was aborted. Following
this notice, the slot may once again request interrupt service. This
instruction does not affect the I/0O dot interrupt enable bits (S:27/1 through
S:28/14).

Parameter: Enter a0 (reset) in aslot position to indicate that the pending
status of an 1/O interrupt is reset (aborted).

HHT Ladder Display:

When the cursor is on the RPI instruction, the
slots having reset Pending I/O Interrupt bits are
indicated here by 0s.

RPI 1 0000 0000. . . 2.0.0.0.2
—t | {RPI)
— )
RUN
MODE FORCE EDT DAT SEARCH
F1 F2 F3 F4 F5
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Appendix

HHT Messages and Error Definitions

This appendix provides details about the messages that appear on the prompt
line of the HHT display. These messages prompt you regarding
programming procedures, restrictions, and limitations. They also bring your
attention to errors such as incorrect procedures, incorrect data entry, failure
of selftest functions, and hardware/software incompatibility.

The messages in this chapter refer specifically to HHT operations. They are
listed in alphabetical order. For alist of SLC 500 family processor error
codes, refer to chapter 27.

Message: Appears when: Respond by:

5/02 This processor type is incompatible with your present ladder . . .
INSTRUCTION, program. There are references to inputs and outputs in your Crzo?;i:?]g a different processor type or modifying your ladder
FILE X, RUNG Y program which do not exist in this processor type. program.

The HHT battery is not present or has lost power. . . .
BATTERY TEST Important: If a ladder program is stored in the HHT, it may be Connecting or replacing the battery or connecting the battery
FAILED lost jumper.
BRANCH LEVEL | You have reached the limit of extend up or extend down Using storage bits and programming a separate rung for the
LIMIT EXCEEDED | branching instructions. additional branches.
BRANCH WILL You are attempting to begin a branch within an existing branch
EXCEED NEST for 500 or 5/01. Or, you are attempting to exceed the nest Referring to page 5-7 in this manual.
LIMIT level for a 5/02.

The processor is in a fault condition and try to enter the Run Correcting the fault,

mode.
CANNOT : . . -
GENERATE You are trying to enable forces where none exist. Installing the desired force.
CONDITION You are trying to copy a processor RAM ladder program to a

memory module (EEPROM) that is not installed in the Installing the memory module.

processor.
CHANGE
PROCESSOR TO | The function you are attempting cannot be done while the Using the [ MODE] function to change the processor to the
PROGRAM processor is in the run or Test mode. Program mode.
MODE
CHANGE You are trying to access the edit file function for a program that
PROGRAM NAME doe notrg gt prog Changing the program name from DEFAULT.
FROM DEFAULT S Not exist
CONTINUE AND - o Answering YES to go offline. Answering NO to continue online
GO OFELINE? You want to exit online communications. monitoring,

Answering YES to save your program in a state that allows
future edits to be made. Answering NO abandons the save

(S:g\,/\IET I\?‘/HEAND The HHT program compiler cannot successfully compile your | operation.
ERRORS? program. Important: You can SAVE the program with errors (to correct

at a later time), but you cannot download the program to the
processor.
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Message:

Appears when:

Respond by:

DATA FORCES IN
LAST STATE,
DELETE?

The instruction or rung you are attempting to delete may
contain the only reference to a data location.

Forces are present on the instruction or in the rung you are
attempting to delete.

Answering YES if you want to continue the deletion.
Answering NO if you wish to abort the deletion.

Answering YES if you want to continue the deletion.
Answering NO if you wish to abort the deletion.

DATA INTEGRITY

The ladder program file stored in the HHT RAM is lost. The

Connecting or replacing the battery.

TEST FAILED HHT battery may be missing or the voltage is low.

DEFAULT FILE IN . .

PROCESSOR The processor contains a default ladder program. Downloading a non—default ladder program.
DELETED RUNG .

BUFFER EMPTY You undelete a rung and the rung buffer is empty. No response.

DESTRUCTIVE

RAM TEST The battery—backed RAM chip of the HHT is corrupted. Contacting your A-B service representative.
FAILED

DIRECTORY FILE | The ladder program file directory of the processor is No response. The HHT is unable to read or monitor this
CORRUPTED inaccurate. program.

DOWNLOAD

DENIED, The ladder program has been saved with errors (possibly /0O . .

COMPILER configuration errors). Using the ladder program editor to correct your program.
ERRORS

DUPLICATE

‘(HIGH SPEED You attempt to program multiple HSC instructions. Your ladder

COUNTERY program is allowed to contain only one HSC instruction Removing duplicate HSC instructions.
INSTRUCTION (processor must be DC type).

ERROR . L

EXPANDING THE The Igngth parameter of an instruction is trying to create a Entering a smaller length.

DATA TABLE data file larger than 256 elements.

ERROR: INVALID
FORCE

The cursored instruction is not an input or output instruction.

Choosing the correct type of instruction or abandoning this
attempt.

Either editing the program and changing the address to agree
with the configured 1/0 modules, or re—configuring the I/O to

ERROR: A mismatch exists between the I/0 addresses used in the match the entered address. For the latter, refer to chapter 4
UNDEFINED /O X : .
ladder program and the configured I/O modules. for more help. Important: You can SAVE the program with
ADDRESS i
errors (to correct at a later time), but you cannot download the
program to the processor.
FILE CANNOT BE | You are creating a ladder program file where the number . . '
CREATED entered is illegal or the file already exists. Choosing a different fle number.
The entered program or data file number does not exist or is
FILE CANNOT BE | incorrect. . . ) .
DELETED Important: Data File numbers 0, 1, and 2 and program files 0 Choosing a different file or aborting the procedure.
and 1 cannot be deleted.
FILE A file overwrite has occurred. SQO, SQC, BSL, BSR, FLL, or
OVERWRITE pi . o h ' ' i X b ' dari o Correcting the file length in the appropriate instruction.
ERROR COP instruction operation has crossed file boundaries.
HSC ALREADY You attempt to program multiple HSC instructions. Your ladder
EXISTS program is allowed to contain only one HSC instruction Remove duplicate HSC instructions.

(processor must be DC type).
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Message: Appears when: Respond by:
HSC
INSTRUCTION, This processor type does not allow HSC instructions. Removing any HSC instructions in your ladder program.
FILE X, RUNG Y
The processor is requested to read/write data to a . ) .
ILLEGAL non-existent ladder program file address or non-existent data Creating the ladder program file address or aborting the
ADDRESS table procedure.
The processor does not understand the command received Checking power and communications connections to the HHT
ILLEGAL from the HHT. Communications may have been interrupted. and processor and retry the procedure.
COMMAND . . . )
The HHT attempts to attach to an SLC 5/03 processor. Aborting the procedure. The HHT is not compatible with the
5/03 processor.
ILLEGAL ENTRY You have tried to enter an incorrect password or master
TO PROG d three times for offl p't naedit Entering a valid password for the specified program file.
ATTEMPTED password three times for offline monitoring/editing.
ILLEGAL There are duplicate nodes or the nodes are operating at Use the offline WHO display to set node numbers and baud
NETWORK different baud rates. rates.
ILLEGAL The address entered is not in the correct format. Entering the valid format.
OPERAND The address entered is not a valid data file operand. Entering a valid address.
ILLEGAL OSR An OSR instruction is placed within a branch and is not Inserting the OSR instruction at a permissible location within
LOCATION immediately adjacent to an output instruction. the rung.
ILLEGAL SIZE The processor does not understand the command received Checking power and communication connections to the HHT
from the HHT due to invalid size of advanced I/O setup. and processor and retry the procedure.
The HHT is attempting to communicate with an invalid . . ' .
INCOMPATIBLE pIOCESSOr type. Aborting the procedure or changing the configuration.
PROCESSOR : - - - - -
TYPE The processor that you have configured in your program does | Going offline and changing the processor type in the
not match the processor your HHT is communicating with. Processor Configuration.
INCORRECT You have tried to enter an incorrect password or master ' ' '
PASSWORD password three times for online monitoring of a processor. Entering a valid password for that processor program file.
INITIALIZING HHT | A new memory pakis installed. Uploading a valid ladder program to the HHT.
MEMORY TO ;
The ladder program data stored in the HHT has become . .
DEFAULT corrupt and it is necessary to replace it with a default program. Uploading a valid ladder program to the HHT.
INSIDE A You are attempting to begin a branch within an existing branch . S
BRANCH for 500 or 5/01. Referring to page 5-7 in this manual.
INVALID The data file address entered does not correspond to a valid
ADDRESS address in this ladder program. Entering a valid address.
You are attempting to create or monitor a data file and the
address entered is not in the correct format, the file type is Entering a valid address or file type.
INVALID DATA invalid, or it already exists as a different type.
FILE
The data file address entered does not correspond to a valid
address in this ladder program. Entering a valid address.
INVALID ERROR | The HHT has encountered an unknown error. This should not | Cycling power to the HHT. If that does not work contact your
CODE occur in a properly functioning HHT. A-B service representative.
!r’\{(\I/?AELlD FILE This data file type is not allowed in this instruction. Entering a valid data file type.
INVALID ID When you are configuring 1/0 and the HHT is unable to find a Entering a valid ID number.

slot configuration which matches this ID number.
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Message: Appears when: Respond by:
INVALID The address entered is not a valid data file operand Entering a valid address
OPERAND ) '
INVALID This processor type is incompatible with your present ladder . . .
PROCESSOR program. There are references to inputs and outputs in your Crt:)ocr)zmg a different processor type or modifying your ladder
TYPE program which do not exist in this processor type. program.
INVALID
?58;: FT_ISSS(? R This processor type does not allow HSC instructions. Removing any HSC instructions in your ladder program.
PRESENT
KEYPAD TEST The internal test of the keypad has determined that there are Contacting your A-B service representative.
FAILED one or more inoperable keys.
LABEL (LBL)
DOES NOT EXIST | The JMP instruction does not have a valid LBL destination. Correcting the ladder program.
FOR JUMP (JMP)
LABEL (LBL)
VALUE IS NOT The LBL number is assigned elsewhere in the ladder program. | Choosing a different LBL number.
UNIQUE

LENGTH ISTOO
LARGE

The operand of the instruction is larger than what is defined as
valid.

Entering a smaller length.

MASTER
CONTROL A beginning MCR instruction is missing an end MCR . . . :
RESETS (MCR) instruction. Programming the required end MCR instruction.
NOT MATCHED
MCR IS NOT
ONLY . . . o . . o
INSTRUCTION An end MCR instruction is not the only instruction in the rung. Removing the other instructions in that rung.
ON RUNG
MISSING There is an internal compiler error. Contacting your A-B service representative
DESTINATION P ' 9y P '
MODULE ID o . )
CODE NOT V\llhten y?u are;_connﬁyrrl]ng I/tOhandﬂ:helgHT |sbunable to find a Entering a valid ID number.
SUPPORTED slot configuration which matches this ID number.
MULTIPLE OSR When you attempt to enter multiple OSR instructions in a rung. Aborting the entr
INSTRUCTIONS Only one OSR instruction per rung is allowed for a 500 or 5/01. 9 y
MUST SELECT You attempt to accept a rung without instructions. A ladder
AN rung must contain at least one output instruction to be Entering output instructions or aborting the rung edit.
INSTRUCTION accepted.
NO MEMORY You are trying to copy a processor RAM ladder program to a

memory module (EEPROM) that is not installed in the Installing the memory module.
MODULE

processor.
NO RESPONSE The processor is not answering requests from the HHT to Checking power and communication connections to the HHT
FROM comr?mnicate greq and processor. Also check online configuration such as baud
PROCESSOR : rate and the number of devices on the network.
NO SLOTS You are attempting to define more slots than are physically .
AVAILABLE available in this rack. Aborting the procedure.
NO SUCH . . . .
SUBROUTINE The subroutine number in the JSR instruction does not exist. Creatlng the subroutine or changing the number in the JSR
FILE instruction.
NOT ABIT The address entered does not specify a legal bit in a data file. | Entering a valid bit address.
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Message: Appears when: Respond by:
) — Usingthe [ + Jor[ 1 ]keys to change the order of the
Igg_arﬁ)gg'sg%rt%g\t/tiighv\mﬁeﬁr;go\ﬁ:_lhgrlﬁﬁﬁ Ifora nodes listed on the WHO screen. Put the processor at the top
P Y of the list and try to attach.
Changing the communication parameters of the HHT in the
,I:\jlgCT) éESSOR node configuration menu. From the WHO screen, press
You are trying to attach the HHT to a non—existent device, or [ Eg] ' gggg,—%’ze' er (cjganglnbg the ba_ud ratlg 1by pressing
no devices are shown on the WHO screen [F3], » the node address by pressing [F1] !
: CHG_ADR; or the maximum node address by pressing [ F2] ,
MAX_ADR. Try different combinations. (The processor
defaults to node address 1 and baud rate 19200.)
NOT A The address entered does not specify a valid subelementina | Entering a valid address (may require a decimal point and
SUBELEMENT data file. word value in address).
NOT A You attempted to enter an SBR instruction in the main program
SUBROUTINE file P prog Entering a valid address.
FILE i
NOT AN The address entered does not specify a valid element in a . .
ELEMENT data file. Entering a valid address.
NOT DIRECT You hay € entered the [ #] symbol for indirect addressing Entering a valid address (remove # symbol).
where it is not allowed.
NOT FILE The processor files have been configured to be accessed only | Pressing [ F5] , CLR_OWNR from the WHO display to clear
OWNER by another programming device. the previous owner.
NOT FOUND During a search, the entered instruction, address, or force s Aborting the search or entering the correct information.

not present in the ladder program.

NOT IMMEDIATE

Data file addresses are not allowed.

Entering an immediate value.

NOTIN A You are attempting to extend or close a branch without first L

BRANCH beginning the branch. Beginning a branch.

NOT INDEXED The address entered is not an indexed address. Beginning the address with the [ #] symbol.

NOT ON THE An SBR instruction is not located on the first rung of the . : : : L
EIRST RUNG subroutine program, Placing the instruction on the first rung of the subroutine file.
NOT PROGRAM The processor program has been configured to be accessed Pressing [ F5] , CLR_OWNR from the WHO display to clear
OWNER only by another programming device. the previous owner.

NOT THE FIRST | An SBR instruction is not located as the first instruction in the Inserting this instruction as the first instruction of the
INSTRUCTION subroutine program. subroutine file.

ONLY ONE You are attempting to enter more than one immediate value in

IMMEDIATE an instruction pting Entering a valid data file address for this parameter.
ALLOWED :

OPCODE NOT PR : . . .

RECOGNIZED An invalid instruction has been entered. Correcting the instruction.

OUT OF The HHT does not have enough memory to store this ladder . .

MEMORY fle o program, Decreasing the size of the program.

OUT OF

MEMORY IN The user program and data files are too large for the Aborting the procedure or changing to a processor with
PROCESSOR processor type. additional memory.

IMAGE

OUTPUT FILE ! ) .

CANNOT BE You are attempting to change output file data while the Aborting the procedure or changing the Program mode.
EDITED processor is in the Run mode.
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HHT Messages and Error Definitions

Message: Appears when: Respond by:
The password or master password currently protecting the
EﬁiﬁlvgggD NOT ladder program or processor has not been entered correctly. Entering the current password correctly.
You must enter the old password before changing it.
POSITION IS The position parameter entered is larger than the data file . -
TOO LARGE indicated. Correcting the position value.
E:T_gg ESSOR The HHT is unable to read or monitor the ladder program Downloading an uncorrupted ladder program to the processor
CORRUPTED stored in the processor. then uploading that program to the HHT.
PROCESSOR The processor ladder program was either programmed by a
PROGRAM non-HHT compatible programmer or contains non-HHT Aborting the procedure.
INCOMPATIBLE compatible instructions for branching.
PROC PROGRAM | The future access bit in the processor ladder program is set. Aborting the procedure, downloading an unprotected program,
IS LOCKED This denies monitoring the program. or clearing memory.

PROGRAM FILES
DIFFER

The ladder program in the processor does not match the
program in the HHT.

Uploading or downloading the appropriate ladder program.
Important: The program which is overwritten will be lost.

Aborting the procedure or deleting higher numbered racks,

RACK CANNOT The slot size of this rack cannot be modified because a higher o . S .

BE MODIFIED numbered rack exists. p;cCJEgymg this rack, then re—configuring the higher numbered
RACK MUST A rack that must have one slot configured for the processor in _

CONTAIN A SLOT | slot 0 is not configured correctly. Configuring the slot.

RESET (RST)

USEDONA Areset (RST) instruction has been used to reset a Timer Off

TIMER Delay instruction (TOF). You cannot use a RST to reset a Remove the RST instruction.

OFF-DELAY TOF.

(TOF)

ROM TEST

FAILED — FATAL
ERROR

The memory pak of the HHT has failed. The HHT is
inoperable.

Replacing the memory pak.

RUNG HAS NO You attempt to accept a rung without instructions. A ladder
OUTPUT rung must contain at least one output instruction to be Entering output instructions or aborting the rung edit.
INSTRUCTION accepted.
RUNG HAS NO The rung you are editing does not contain an output
OUTPUT instruction. Each rung must contain at least one output Entering an output instruction.
INSTRUCTION instruction.
RUNG HAS The rung you are editing contains a branch around an output
SHORTED that does not contain its own output instruction. Any branch Entering an output instruction within the branch.
OUTPUT around an output must contain at least one output instruction.
You have reached the limit of instructions and/or branches . . .
RUNG TOO allowed on one rung. There are 127 instructions allowed per Using storage bits and programming a separate rung for the
LARGE ung additional instructions and/or branches.
SERIAL LINK The communication link between the HHT and the processor Checking power and communication connections to the HHT
DOWN is not functioning. and processor.
SUBROUTINE
(SBR) OR LABEL | A subroutine or label instruction having this number already . : .
(LBL) ALREADY exists in this ladder program. Choosing a different label or subroutine number.
EXISTS
SUBROUTINE , . . . o
FILE IS INVALID lTr(lje(:jﬂle‘accessed in & subroutine (SBR) insiruction is riot a Changing the number in the SBR instruction.
TYPE adder file.
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Message: Appears when: Respond by:
The syntax of the current rung is incorrect. Correcting the rung.
SYNTAX ERROR
The syntax of the current rung is incorrect. Correcting the rung.
TOO MANY
INSTRUCTIONS The rung contains more than 127 instructions. Changing the rung to contain fewer instructions.
ON RUNG
TOO MANY
INSTRUCTIONS The rung contains more than 127 instructions. Changing the rung to contain fewer instructions.
ON RUNG
UNABLE TO : ! . ,
BEGIN BRANCH A branch cannot be inserted at the cursor location. Aborting the procedure or moving the cursor.
UNABLE TO
DELETE Removing this instruction results in an illegal rung structure. Aborting the procedure.
INSTRUCTION
UNABLE TO EDIT | The file number entered does not exist in this program. Entering a valid file number.
FILE The file number entered does not exist in this ladder program. | Choosing the correct file number.
UNABLE TO
INSERT Inserting this instruction results in an illegal rung structure. Aborting the procedure.
INSTRUCTION
UNABLE TO The file number ent gred glther does not exist in thg processor Choosing a different file number or downloading the program
ladder program or it is a file type not capable of being . ;
MONITOR FILE : with the program file number.
monitored.
UNABLE TO
REPLACE Replacing this instruction results in an illegal rung structure. Aborting the procedure.
INSTRUCTION
The f'.lle type returned by the data base is unknown to the Using only S2, 00, 11, Bx, Rx, Cx, and Nx file types.
UNKNOWN FILE | COMPIer.
TYPE 3 i
The file type returned by the data base is unknown to the Using only S2, 00, 11, Bx, Rx, Cx, and Nx file types.
compiler.
UNKNOWN There is an internal compiler error. Contacting your A-B service representative.
OPERATOR

There is an internal compiler error.

Contacting your A-B service representative.
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Message: Appears when: Respond by:
UPDATE o
ACCUMULATOR | You have programmed an update accumulator (UA) bit without | gy ming the high-speed counter (HSC) instruction.
(UA) INOUTPUT | first programming a high-speed counter (HSC).
ENERGIZE/
OUTPUT LATCH
(OTE/OTL) AND | You have programmed an update accumulator (UA) bit without . . . .
NO HIGH SPEED | first programming a high—speed counter (HSC). Programming the high-speed counter (HSC) instruction.
COUNTER (HSC)
UPLOAD The ladder program stored in the processor contains errors.
DENIED, The HHT cannot load this program into its memory. If the HHT | Downloading an error free ladder program to the processor
DECOMPILER is unable to recover its existing program, it initializes to a then uploading that program to the HHT.
ERRORS default program.
The HHT does not have enough memory to store this ladder . .
UPLOAD file or program. Decreasing the size of the program.
DENIED, OUT OF - - - -
MEMORY The programming device does not have enough memory to Aborting the procedure or shortening the current user
compile the current user program. program.
ggé%’%iM 10 The program data changes you have entered are stored only
SAVE DATA in the processor program. If you wish to save the data Uploading the ladder program to the HHT.
EDITS changes in the HHT, you must upload the program.
WARNING: . .
You are attempting to delete a rack or reduce the slot size of a . . .
;E(F;ERNCES rack where the ladder program indicates there are input or chre;TJ%\gt?r? OtLgharg%g]dgutrze addresses in your ladder program
UNDEFINED output instructions referencing slots in this rack. gfhep '
You are attempting to accept an instruction where the I/0 Configuring the 1/0 slot for that address.
address has not been configured in your program.
Either editing the program and changing the address to agree
with the configured 1/0 modules, or re—configuring the I/O to
WARNING: A mismatch exists between the I/0 addresses used in the match the entered address. For the latter, refer to chapter 4
UNDEEINED 1/0 ladder program and the configured I/O modules. for more help. Important: You can SAVE the program with
REFERENCED errors (to correct at a later time), but you cannot download the

program to the processor.

The address you entered while editing does not match the 1/0
configuration.

Either changing the address to agree with the configured 1/0
modules or exiting the edit mode and re—configuring the 1/0 to
match the entered address.

A-8



Binary Numbers

Appendix B

= 214 + 213 + 212 + 211

=32767

Number Systems, Hex Mask

This appendix:

* describes the different number systems you need to understand for use of

the HHT with SLC 500 family controllers

* coversbinary, Binary Coded Decimal (BCD), and hexadecimal.
* explainsthe use of aHex mask used to filter datain certain programming

instructions

The processor memory stores 16-bit binary numbers. Asindicated in the

figure below, each position in the number has a decimal value, beginning at

the right with 20 and ending at the left with 215,

Each position can be 0 or 1 in the processor memory. A 0 indicates a value of

0 at that position; a 1 indicates the decimal value of the position. The
equivalent decimal value of the binary number is the sum of the position

values.

Positive Decimal Values

Thefar left position is always O for positive values. Asindicated in the figure
below, this limits the maximum positive decimal value to 32767. All

positions are 1 except the far left position.

— 1x214=16384
— 1x213=8192
— 1x212 = 4096

— 1x211 =2048

— 1x210=1024

— 1x29=512

— 1x28=256

— 1x27=128

— 1x26=64

—1x25=32

— 1x24=16

— 1x23=8
—1x22=4
—1x2l=2

—

0111 1111 1111 1111

[ 0x215=0  This position is always zero for positive numbers.

16384
8192
4096
2048
1024

512
256
128
64
32
16
8

~

2

1x20=1 + 1

32767

The binary number may also be converted to decimal as follows:
16 bit pattern = 0111111111111111,

+210 +29 +28 +27 +26 +25 +24 +23 +22 +21 +20
=16384 +8192 +4096 + 2048 +1024 +512 +256 +128 +64 +32 +16 +8 +4 +2 +0
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Other examples:

16 bit pattern = 0000 1001 0000 1110,
=211 4 298 4+ 23 4+ 92 4+ 21
=2048 +256 + 8 + 4 + 2
=2318

16 bit pattern = 0010 0011 0010 1000,

=213 4+ 299 4+ 28 4+ 25 4+ 23
=8192 +512 +256 + 32 + 8
=9000

Negative Decimal Values

The 2s complement notation isused. The far left position isaways 1 for
negative values. The equivaent decimal value of the binary number is
obtained by subtracting the value of the far |eft position, 32768, from the
sum of the values of the other positions. In the figure below al positions are
1, and the value is 32767 — 32768 = —1.

— 1x214 = 16384 16384
— 1x213=8192 8192
— 1x212 = 4096 4096
— 1x211 = 2048 2048
— 1x210=1024 1024
— 1x29=512 512
— 1x28=256 256
— 1x27=128 128
— 1x26=64 64
—1x25=32 32
— 1x24=16 16
— 1x23=8 8
—1x22=4
—1x2l=2 2

h1><20=1 + 1
32767
1111 1111 1111 1111

~

1x215=32768 This position is always 1 for negative numbers.

The negative binary number may be converted to decimal as follows:
16 bit pattern = 1111111111111111,
(214 +213 49212 4 211 4+ 210 429 4 28 4+ o7 496 495 424 4903 4902 4901 +20) — 215
(16384 +8192 +4096 + 2048 +1024 +512 + 256 +128 +64 +32 +16 +8 +4 +2 +0) -—-32768
- 32767 —32768

= 4
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Another example:
16-hit pattern = 1111 1000 0010 0011,

= (214 +213 49012 4 211 4 25 4 21 4+ 200) _ 215
=(16384 +8192 +4096 +2048 + 32 + 2 + 1) -— 32768
= 30755 — 32768
= 2013

An easier way to calculate anegative value isto locate the last “1” in the
string of 1s beginning at the left, then subtract its value from the total value
of positions to the right of that position.

For example:

16-bit pattern = 1111 1111 0001 1010,
=(24 + 28 +21) 28
=(16 + 8 +2) -—-256
=-230

Binary Coded Decimal numbers use a 4-hit binary code to represent decimal
values ranging from O to 9 as shown below:

" BCD| Binary
Value | Value
0 0000
1 0001
2 0010
3 0011
4 0100
5 0101
6 0110
7 0111
8 1000
9 1001

Thumbwheels and LED displays are two types of 1/0 devices that use BCD
numbers.

The position values of BCD numbers are powers of 2, asin binary, beginning
with 20 at the right:

28 22 21 20

8§ 4 2 1 —— Position Decimal Value
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Hexadecimal Numbers

B4

Example: BCD bit pattern 0111, for one digit, has a decimal equivalent
value of 7:

— 0x23=0
—— 1x22=4
— 1x21=2

x20=1
’_

0111

N, so

To form multiple digit numbers, BCD uses a 16-bit pattern similar to binary.
Thisalows up to 4 digits, using the above 4-bit binary code. BCD numbers
have arange of 0to 32,767 in the SLC 500 family processors.

The following figure shows the BCD representation for the decimal number
9862:

Thousands Hundreds Tens Ones

1001 12000 0110 0O1O Binary Pattern

8 421 8421 8421 8 421 — PositionValues
9 8 6 2 —  Decimal value

Hexadecimal numbers use single characters 0 to 9 and A to F, to represent
decimal values ranging from 0 to 15:

HEX 0123456789 ABCDEF

Decimal | 01 234567 89 101112 13 14 15

The position values of hexadecimal numbers are powers of 16, beginning
with 169 at the right:

163 162 161 160

Example: Hexadecimal number 218A has a decimal equivalent value of
8586:

— 2x163 = 8192 8192
— 1x162 = 256 256
— 8x161=128 128
’— 10x169=10 10
8586

218A
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Hexadecimal and binary numbers have the following equivalence:

Hexadecimal | 2 1 8 A = 8586

Binay| 0010 0001 1000 1010 = 8586

8192 256 128 10
1x213 1x28 1x27 1x23+1x21

Example: Decimal number —8586 in equivalent binary and hexadecimal
forms:

Binaay| 1101 1110 0111 0110 =-8586

Hexadecimal | D E 7 6 | =56950
(negative number, —-8586)

Hex number DE76 = 13x163+14x162+7x161+6x160 = 56950. Thisisa
negative number because it exceeds the maximum positive value of 32767.
To calculate its value, subtract 164 (the next higher power of 16) from 56950:
56950 — 65536 = —8586.

Hex Mask Thisis a4-character code, entered as a parameter in SQO, SQC, and other
instructions to exclude selected bits of aword from being operated on by the
instruction. The hex values are used in their binary equivalent form, as
indicated in the figure below. The figure also shows an example of a hex
code and the corresponding mask word.

Hex | Binary
Value | Value

0000 Hex Code
0001

0010 00FF
0011
0100
0101
0110
0111 0000 OO0OOO0 1111 1111

1882 Mask Word
1010
1011
1100
1101
1110
1111

MMUOOWP>POOoONODTRWNRO
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B-6

Bits of the mask word that are set (1) pass data from a sourceto a
destination. Reset bits (0) do not. In the example below, datain bits 07 of
the source word is passed to the destination word. Datain bits 8-15 of the
source word is not passed to the destination word. Destination bits 8-15 are
not affected (they are left in their |last state).

SourceWord | 1110 1001 1100 1010

MaskWord | 0000 0000 1111 1111

Destination Word 0000 OOOO 1200 1010
(all bits 0 initially)




Memory Usage

Appendix

Memory Usage, Instruction Execution Times

This appendix covers the following topics:

* memory usage

* instruction execution times for the fixed and SLC 5/01 processors

* instruction execution times for the SLC 5/02 processor series A and B

* instruction execution times for the SLC 5/02 processor series C and later

SL C 500 controllers have the following user memory capacities:

Type of Processor Type of Controller User Memory Capacity

Fixed /0 Controllers
Fixed and SLC 5/01 1024 instruction words
Modular Controllers 1747-L511

SLC 5/02 Modular Controllers 1747-L524 | 4096 instruction words

Definition: 1 instruction word = 4 data words = 8 bytes.

The number of instruction words used by the individual instructionsis
indicated in the following table. Since the program is compiled by the
programmey, it is only possible to establish estimates for the instruction
words used by individual instructions. The calculated memory usageis
normally greater than the actual memory usage, due to compiler
optimization.

C-1
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Fixed and SLC 5/01 Instruction Words for the Fixed and SLC 5/01 Processors
Processors _
Instruction Instruction
Instruction Words Instruction Words
(approx) (approx)
ADD 15 MCR 05
AND 15 MEQ 15
BSL ) MOV 15
BSR 5 MUL 15
MVM 15
CLR L NEG 15
coP 15
NEQ 15
CTD ! NOT 1
CTU 1
DCD 15 OR 15
OSR 1
DDV 1
DIV 15 OTE 0.75
' oTL 0.75
EQU 15 oTU 0.75
FLL 15 RES 1
FRD 1 RET 05
GEQ 15 RTO 1
GRT 15 SBR 05
sQc 2
HSC 1 200 :
IIM 15 SUB 15
IOM 15 sSUS 15
JMP 1 TND 05
JSR 1 TOD 1
LBL 05 TOF 1
LEQ 15 TON 1
LES 15 XIC 1
XIO 1
XOR 15

C-2
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Estimating Total Memory Usage of Your System Using a Fixed or
SLC 5/01 Processor

1. Calculate thetotal instruction words used by the instructionsin your
program and enter the result. Refer to the table on page C-2.

2. Multiply the total number of rungs by .375 and enter the result.

3. Multiply the total number of data words (excluding the
status file and 1/O data words) by .25 and enter the result.

4. Add 1 word for each data table file and enter the result.

5. Multiply the highest numbered program file used by 2 and enter
the result.

6. Multiply the total number of 1/0O data words by .75 and enter the
result.

7. Multiply the total number of 1/0 dlots, used or unused, by .75 and
enter the result.

8. To account for processor overhead, enter 65 if you are using afixed
controller; enter 67 if you are using a1747-L.511 or 1747-L.514.

Total: 9. Total steps 1 through 8. Thisisthe estimated total memory usage of
your application system. Remember, thisis an estimate, actual
compiled programs may differ by +12%.

10. If you wish to determine the estimated amount of memory remaining
in the processor you have selected, do the following:

If you are using afixed controller or 1747—L511, subtract the total
from 1024. If you are using a 1747-1.514, subtract the total from
4096.

The result of this calculation will be the estimated total memory
remaining in your selected processor.

Important: The calculated memory usage may vary from the
actual compiled program by +12%.
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Example: L20B Fixed I/O Controller

42 XIC and XIO 42 x 1.00 = 42.00
10 OTE instructions 10 x 0.75 = 7.50
10 TON i nstructions 10 x 1.00 = 10.00

1 CTU instruction 1 x 1.00 = 1.00

1 RES instruction 1 x 1.00 = _1.00

I nstruction Usage 61. 50
21 rungs 21 x.375 = 7.87
37 data words 37 x.250 = 9.25
User Program Total 78. 62
2 1/ 0 data words 2 x 0.75 = 1.50

1 slot 1 x 0.75 = 0.75
Over head 65. 00
I/O Configuration Total 67.25
Estimated total menory usage: 145. 87
(round to 146)

1024 — 146 = 878 instruction words remnaining
in the processor

Example: 1747-L514 processor, 30-slot configuration, (15) 1746-1A16,
(10) 1746-OA8, (1) 1747-DCM full configuration, (1) 1746-NI4, (1) 1746-N104l

50 XIC and XIO 50 x 1.00 = 50.00
15 OTE instructions 15 x 0.75 = 11. 25
5 TON i nstructions 5x 1.00 = 5.00
3 GRT instructions 3 x 1.50 = 4.50
1 SCL instruction 1 x 1.75 = 1.75
1 TOD instruction 1 x 1.00 = 1.00
3 MOV instructions 3 x 1.50 = 4.50
10 CTU i nstructions 10 x 1.00 = 10.00
10 RES instructions 10 x 1.00 = 10.00
I nstruction Usage 98. 00
30 rungs 30 x 0.375 = 11.25
100 data words 100 x 0.25 = 25.00

10 is highest data table file nunber
10 x 1 = 10.00

4 is highest programfile nunber

4 x 2 = 8.00
User Program Total 163. 50
49 |1/ O data words 49 x 0.75 = 36.75
30 sl ot 30 x 0.75 = 22.50
Over head 67.00
I/O Configuration Total 126. 25
Estimated total nenory usage: 289. 75
(round to 290)

4096 — 290 = 3806 instruction words renaining
in processor

c4
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Instruction Execution Times for the Fixed and SLC 5/01 Processors

Execution Time Execution Time
in Microseconds in Microseconds
Instruction (approx.) Instruction (approx.)
False True False True
ADD 12 122 MCR 10 10 For the rung example at the right:
AND 12 87 MEQ" 12 75 1) [Ifinstruction 1 is false, instructions 2, 3,
BSL 12 | 144+ 24 per word MO\L/ g 50 4,5, 6, 7 take zero execution time.
BSR 12| 134+ 24 per word U 30 Execution time =
R o 20 MVM 12 115 4 + 18 = 22 microseconds.
CopP 12 45 + 21 per word HEGD g (13%)0 2) Ifinstruction 1is true, 2 is true, and 6 is
CTD 12 111 N O('? 12 66 true, then instructions 3, 4, 5, 7 take
CTU 12 11 zero execution time. Execution time =
OR 12 87 4+ 4 + 4 + 18 = 30 microseconds.
DCD 12 80 OSR 12 9
DDV 12 650
OTE 18 18
DIV 12 | 400 1 2 6 8
OTL 19 19
EQUY | 12 | 60 oTU 19 | 19 — I 1l 1l ()—
FLL 12 37 +14 per word RES 12 40 3 t J
FRD 12 | 223 RET 12 | 34 —1[— I
GRTU 12 | 60 SBR 2 2 — 1
HSC 12 | 60 sQC 121 225 5
SQO 12 225 1
IIM 12 372 SUB 12 125
IOM 12 475 SUS 12 12
JMP 12| 38 TND 12 | 3
JSR 12 46 TOD 12 200 U These instructions take zero execution time if
LBL 2 2 TOF 12 140 they are preceded by conditions that guarantee
LEQ 12 60 TON 12 135 the state of the rung. Rung logic is solved left
LESC 12 60 IO 1 1 to right. Branches are solved top to bottom.
XI10U 4 4
XOR 12 87
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SLC 5/02 Processor The number of instruction words used by an instruction is indicated in the
following table. Since the program is compiled by the programmer, it is only
possible to establish estimates for the instruction words used by individual
instructions. The calculated memory usage will normally be greater than the
actual memory usage, due to compiler optimization.

Instruction Words for the SLC 5/02 Processor

Instruction Instruction Instruction
Instruction Words Instruction Words Instruction Words
(approx) (approx) (approx)
ADD 15 IMP 1 REF 05
AND 15 JSR 1 RES 1
BSL 2 LBL 05 EEIT 225
BSR 2 LEQ 15 :
LES 15 RTO 1
CLR 1
coP 15 LFL 15 SBR 0.5
e 1 LFU 15 SCL 1.75
oTU 1 LIM 15 sQc 2
MCR 05 sQL 2
DCD 15 MEQ 1 SQO 2
DDV 1 MOV 1'5 SQR 1.25
DIV 15 '
MSG 34.75 STD 0.5
EQU 15 MUL 15 STE 05
FFL 15 MVM 15 STS 1.25
FFU 15 NEG 15 SUB 15
FLL 15 NEQ 15 Sus 15
FRD 1 NOT 1 SVC 0.5
GRT 15 OSR 1 TOD 1
HSC 1 OTE 0.75 TOF !
oTL 0.75 TON 1
“E igg oTU 075 XIC 1
m 1 PID 2325 o Lo
INT 0.5
IOM 15
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Estimating Total Memory Usage of Your System Using a SLC 5/02
Processor

1. Calculate thetotal instruction words used by the instructionsin your
program and enter the result. Refer to the table on page C—6.

2. Multiply the total number of rungs by .375 and enter the resullt.

3. If you are using a 1747-L.524 and have enabled the Single Step
Test mode, multiply the total number of rungs by .375 and enter
the result.

4. Multiply the total number of data words (excluding the
status file and 1/O data words) by .25 and enter the result.

5. Add 1 word for each data table file used and enter the result.
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Instruction Execution Times for the SLC 5/02 Processor Series A or B

Execution Time Execution Time
Instruction in Microseconds Instruction in microseconds
(Series AorB (approx.) (SeriesAorB (approx.)
SLC5/02) SLC 5/02)
False True False True
ADD 12 126 MSG 80 300"
AND 12 91 MUL 12 234
BSL 12 148 + 24 per word MvM 12 119
BSR 12 | 138+ 24 per word NEG 12 | 14 For the rung example below:
NEQU 12 | 64 1) Ifinstruction 1 is false, instructions 2, 3, 4, 5, 6, 7
CLR 12 44 NOT 12 20 A
CoP 12 49 + 21 per word take zero execution time. _
CTD 12 115 OR 12 91 Execution time = 4 + 18 = 22 microseconds.
cTy 12 115 OSR 12 34 2) Ifinstruction 1 is true, 2 is true, and 6 is true, then
DCD 12 84 OTE 18 18 instructions 3, 4, 5, 7 take zero execution time.
DDV 12 | 654 OTL 19119 Execution time = 4 + 4 + 4 + 18 = 30
DIV 12 404 oty 19 19 microseconds.
EQU" 12 64 PID 150 | 6000
FFL 85 250 REF 6 400 + _1 2 6 8 —
300 per word I I 11
FFU 85 250 + RES 1 a4
18 x position value RET 12 2 3 7
FLL 12 | 41+ 14 per word — 1 11
FRD 12 297 RPI 12 400
5 RTO 12 144 4
AEE THEE I
SCL 12 800 5
IID 12 | 65 sQC 12 | 229 — [
IE 12 70 SQL 60 225
[IM 12 552 SQO 12 229
INT 0 0 SQR 12 270
IOM 12 767
STD 6 15 U These instructions take zero execution time if
‘]g/'P 1§ 32 STE 6 15 they are preceded by conditions that guarantee
JSR 1 4 STS 121 120 the state of the rung. Rung logic is solved left
LBL 2 6 SuB 121 129 to right. Branches are solved top to bottom.
a SUS 12 12
LEQD 12 o4 SVC 6 400
LES 12 64 U This only includes the amount of time needed
LFL 85 250 TND 12 36 « "th : d Itd
LEU 85 300 70D 1 204 to “set up” the operation requested. It does not
include the time it takes to service the actual
LM 12 S TOF 12 144 communications
MCR 10 10 TON 12 139 '
MEQY | 12 | 79 xct | 4 |4
MOV 12 24 xioY 4 4
XOR 12 91
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Instructions Having Indexed Addresses

For each operand having an indexed address, add 50 microseconds to the
execution time for atrue instruction. For example, if aMQV instruction has
an indexed address for both the source and destination, the execution time
when the instruction istrueis 24 + 50 + 50 = 124 microseconds.

Instructions Having MO or M1 Data File Addresses

For each bit or word instruction, add 1928 microseconds to the execution
time. For each multiple-word instruction, add 1583 microseconds plus 667
microseconds per word.

. . . — MOV

M:2.1 M: 3.1 M:2.1
— —3/[— — — —— MOVE I
[1 [1 %0 Sour ce ML: 10. 7

Dest N7: 10

Example
— COP
—1{ COPY FILE I—
Sour ce #B3: 0
Dest #MD: 1.0
Lengt h 34

For the multi-word instruction above, add 1583 microseconds plus 667
microseconds per word. In this example, 34 words are copied from #B3:0 to
MO0:1.0. Add 1583 + (667 x 34) = 24261 microseconds to the execution time
listed on page C-8. This comesto 763 (calculated from page C-8 table) plus
24261 = 25024 microseconds total, or 25.0 milliseconds.
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Instruction Execution Times for the SLC 5/02 Processor Series C
and Later

The SLC 5/02 series C processor performance is on the average 40% faster
than that of the SLC 5/02 series B processor. The table below lists the
instruction execution times for the SL.C 5/02 series C processor.

Execution Time Execution Time
Instruction in Microseconds Instruction in Microseconds
(Series C (approx.) (Series C (approx.)
SLC 5/02 SLC 5/02
) False True ) False True
ADD 7 76 MSG 48 180Y
AND 7 55 MUL 7 140 For the rung example below:
BSL 36 89 + 14 per word MVM ! n 1) [Ifinstruction 1 is false, instructions 2, 3, 4, 5, 6, 7
BSR 36 | 83+ 14 perword NEGD 7 68 take zero execution time. _
CLR 7 % Hg?_ 33 ig Execution time = 2.4 + 11 = 13.4 microseconds.
cop 7 29 + 13 per word 2) Ifinstruction 1 is true, 2 is true, and 6 is true, then
CTD 7 69 OR 7 55 instructions 3, 4, 5, 7 take zero execution time.
CTU 7 69 OSR 7 20 Execution time = 2.4 + 2.4 + 2.4+ 11=18.2
DCD 7 50 OTE u u microseconds.
DDV 7 392 OTL 1 1
ov_| 7| o e BT e 0
EQu” | 38 | 38 PID 90 | 3600 ; t J
FFL 51 | 150 REE 4 B o —1— 0
FFU 51 | 150+ RES ; % per wor
11 x position value RET 7 20 _4 1[—
FLL 7 25 + 8 per word
ERD 7 136 RPI 7 240 5
5 RTO 30 86 EgT -
oRP | 3 | SNERE
SCL 7 480
IID 7 39 SQC 36 137
IE 7 42 SQL 36 135
[IM 7 340 SQO 36 137
INT 0 0 SQR 7 162
IOM 7 465 STD 4 9
JMP 7 23 STE 4 9 O These instructions take zero execution time if
JSR l 28 STS 7 72 they are preceded by conditions that guarantee
LBL 1 4 SUB 7 " the state of the rung. Rung logic is solved left
LEQC 38 | 38 SUS 7 7 to right. Branches are solved top to bottom.
Q
LFL 51 | 150 TND 7 22 U This only includes the amount of time needed to
LFU 51 | 180 TOD 7 122 “set up” the operation requested. It does not
LIM 7 45 TOF 36 | 86 include the time it takes to service the actual
MCR 6 6 TON 36 | 83 communications.
MEQ” | 7 47 Xict 24 | 24
MOV 7 14 XIoP 24 | 24
XOR 7 55
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Example: 1747-L524 series C processor, 30-slot configuration, (15) 1746-1A16,
(10) 1746-OA8, (1) 1747-DCM full configuration, (1) 1746-NI4, (1) 1746-N104l

50 XIC and Xl O 50 x 1.00 = 50.00
15 OTE instructions 15 x 0.75 = 11. 25
5 TON i nstructions 5 x 1.00 = 5.00
3 GRT instructions 3 x 1.50 = 4.50
1 SCL instruction 1x 1.75 = 1.75
1 TOD instruction 1 x1.00 = 1.00
3 MOV instructions 3 x 1.50 = 4.50
10 CTU instructions 10 x 1.00 = 10.00
10 RES instructions 10 x 1.00 = 10.00
I nstruction Usage 98. 00
30 rungs 30 x 0.375 = 11.25
100 data words 100 x 0.25 = 25.00

10 is highest data table file nunber
10 x 1 = 10.00

4 is highest programfile number

4 x 2 = 8.00
User Program Total 163. 50
49 1/ 0O data words 49 x 0.75 = 36.75
30 sl ot 30 x 0.75 = 22.50
Over head 204. 00
I/0 Configuration Total 263. 25
Estimated total nenory usage: 426. 75
(round to 427)

4096 — 427 = 3669 instruction words renaining
i n processor
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C-12

Instructions Having Indexed Addresses

For each operand having an indexed address, add 30 microseconds to the
execution time for atrue instruction. For example, if aMOV instruction has
an indexed address for both the source and destination, the execution time
when the instruction istrueis 14 + 30 + 30 = 74 microseconds.

Instructions Having MO and M1 Data File Addresses

For each bit or word instruction, add 1157 microseconds to the execution
time. For each multiple-word instruction, add 950 microseconds plus 400
microseconds per word.

. — MOV
M:2.1 M:3.1 M:2.1
_ | — _ —— MOVE I
— [1 — [1 — %0 Source  ML:10.7
Dest N7: 10

Example
— COP
— 1 COPY FILE —
Sour ce #B3: 0
Dest #MD: 1.0
Lengt h 34

For the multi-word instruction above, add 950 microseconds plus 400
microseconds per word. In this example, 34 words are copied from #B:3.0 to
MO0:1.0. Add 950 + (400 x 34) = 14550 microseconds to the execution time
listed on page C-10. Thiscomesto 471 (calculated from page C-10 table)
plus 14550 = 15021 microseconds total, or 15.0 milliseconds.



Events in the Operating Cycle

Appendix

Estimating Scan Time

This appendix:

* contains worksheets that allow you to estimate the scan time for your
particular controller configuration and program

* includes scan time calculation for an example controller and program

Use the instruction execution times listed in appendix C.

The diagram and table below breaks down the processor operating cycle into
events. Directions for calculating the scan time of these events appear in the
workshests.

o

I nput Scan

Program Scan
Qut put Scan
Communi cati on

Processor Overhead

]

Events in the processor operating cycle

Event Description

The status of input modules is read and the input image in
the processor is updated with this information.

The ladder program is executed. The input image table is
evaluated, ladder rungs are solved, and the output image is
updated. The information is not yet transferred to the
output modules.

The output image information is transferred to the output
modules.

Communication with programmers and other network
devices takes place.

Processor internal housekeeping takes place. Actions
Processor Overhead include performing program pre-scan and updating the
internal timebase and the Status file.

Input Scan

Program Scan

Output Scan

Communications
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Scan Time Worksheets

Worksheets A, B, and C on the following pages are for use with SL C 500
systems as follows:

* Worksheet A —Fixed controllers
* Worksheet B —1747-L511 or 1747-L514 processor
*  Worksheet C — 1747-L524 processor

These worksheets are intended to assist you in estimating scan time for your
application. Refer to appendix C for instruction execution times. Refer to
the SLC 500 System Overview, publication 1747-2.30, for I/O module part
numbers and sizes.

An example scan time cal culation appears on page D—6.

Defining Worksheet Terminology

When you work through the worksheets, you will come across the following
terms:

Background Communications — Occurs when your processor is attached to
an active DH—485 network. During this event the processor accepts
characters from the network and places them into a packet buffer.

Foreground Communications — Occurs only when another node is
attached, or when another processor sends an MSG instruction to your
processor. During this event the processor performs the communication
commands contained in completed packets built during background
communications.

Forced Input Overhead — Thisvaueisincluded in your scan time
whenever input forces are Enabled in your program.

Forced Output Overhead — Thisvalueisincluded in your scan time
whenever output forces are Enabled in your program.

Single Step — When using this function with a 5/02 processor, you can
execute your program one rung or section at atime. This function is used for
debugging purposes.

Multi-Wor d M odule — Example of multi-word modules are DCM, analog,
and DSN.



Worksheet A — Estimating the Scan Time of Your Fixed Controller

Appendix D
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Procedure Min Scan Time Max ScanTime
1. Estimate your input scan time (ps).
A.  Determine the type of controller that you have.
If you have a 20 I/O processor, write 313 on line (a).
If you have a 30 or 40 I/O processor, write 429 on line (a). a.)
B.  Calculate the processor input scan of your discrete input modules.
Number of 8 point modules x197 = b)
Number of 16 point modules x313 = «c¢)
Number of 32 point modules x545 = d)
C.  Calculate the processor input scan of your specialty 1/0 modules.
Number of 1/4 DCM or analog combo X652 = e)
Number of 1/2 DCM, analog input, or 1746-HS x1126 = f)
Number of 3/4 DCM x1600 = @)
Number of full DCM, BASIC, or 1747-DSN x2076 = h)
Number of 1747-KE x443 = i)
D.  Addlines athrough i. Place this value on line (j).
Add 101 to the value on line (j). This sum is your minimum input scan time. i) +101=
E.  Calculate your maximum input scan time:
Maximum input scan time = Minimum scan time + (Number of specialty I/O modules x 50)
F. Calculate the Forced Input Overhead: Forced Input Overhead =
(Number of input modules x 180) + 140 per additional word for multi-word modules (e.g. DCM, analog, DSN)
2. Estimate your output scan time (ps).
A.  Determine the type of controller that you have.
If you have a 20 I/O processor, write 173 on line (a).
If you have a 30 or 40 I/O processor, write 272 on line (a). a.)
B.  Calculate the processor output scan of your discrete output modules.
Number of 8 point modules x173 = b)
Number of 16 point modules X272 = c¢)
Number of 32 point modules x470 = d)
C.  Calculate the processor output scan of your specialty 1/0 modules.
Number of 1/4 DCM or analog combo X620 = e)
Number of 1/2 DCM, analog output, or 1746-HS x1028 = f)
Number of 3/4 DCM x1436 = @)
Number of full DCM, BASIC, or 1747-DSN x1844 = h)
D.  Add lines a through h. Place this value on line (j).
Add 129 to the value on line (). This sum is your minimum output scan time.  i.) +129=
E.  Calculate your maximum output scan time:
Maximum output scan time = Minimum scan time + (Number of specialty I/O modules x 50)
F. Calculate the Forced Output Overhead: Forced Output Overhead =
(Number of output modules x 172) + 140 per additional word for multi~word modules (e.g. DCM, analog, DSN)
3. Estimate your program scan time. This estimate assumes operation of all instructions once per operating scan.
A.  Count the number of rungs in your APS program. Place value on line (a).
B.  Multiply value on line (a) by 1. a.) Xx1=
C.  Calculate your program execution time when all instructions are true. (See appendix A to do this.)
4. Add the values in the minimum and maximum scan time columns. subtotal subtotal
5. Add processor overhead time (178 for min. scan time; 278 for max. scan time) to the subtotals estimated in step 4. + 178 + 278
Use these new subtotals to calculate communication overhead in step 6. subtotal subtotal
6.  Estimate your communication overhead: X 1.000 x 1.140
A.  Calculate the background communication overhead: multiply the subtotal for minimum scan time (estimated in Hsecs. psecs.
step 5) by 1; multiply the subtotal for maximum scan time by 1.140 (max. value accounts for active DH-485 link). +0 + 2310
B.  Calculate the foreground communication overhead: for minimum scan time add 0; for maximum scan time
add 2310. (Maximum scan time accounts for programmer being attached to processor.) / Hsecs. / Hsecs.
C.  Convert Psecs. to msecs., divide by 1000. 1000 1000
Estimated minimum and maximum scan times for your fixed controller application: msecs. msecs.




Appendix D

Estimating Scan Time

Worksheet B — Estimating the Scan Time of Your 1747-L511 or 1747-L 514 Processor

Procedure Min Scan Time Max ScanTime
1. Estimate your input scan time (us).
A. Calculate the processor input scan of your discrete input modules.
Number of 8 point modules x197 =  a)
Number of 16 point modules X313 = b.)
Number of 32 point modules x545 = ¢)
B. Calculate the processor input scan of your specialty /0O modules.
Number of 1/4 DCM or analog combo x652 = d)
Number of 1/2 DCM, analog input, 1746-HS x1126 = e)
Number of 3/4 DCM x1600 =  f)
Number of full DCM, BASIC, or 1747-DSN x2076 = g.)
Number of 1747-KE X443 = h.)
C. Add lines a through h. Place this value on line (i)
Add 101 to the value on line (i). This sum is your minimum input scan time. i) +101=
D. Calculate your maximum input scan time:
Maximum input scan time = Minimum scan time + (Number of specialty I/O modules x 50)
E. Calculate the Forced Input Overhead: Forced Input Overhead =
(Number of input modules x 180) + 140 per additional word for multi-word modules (e.g. DCM, analog, DSN)
2. Estimate your output scan time (s).
A. Calculate the processor output scan of your discrete output modules.
Number of 8 point modules x173 = a)
Number of 16 point modules X272 = b.)
Number of 32 point modules X470 = ¢)
B. Calculate the processor output scan of your specialty I/O modules.
Number of 1/4 DCM or analog combo x620 = d)
Number of 1/2 DCM, analog output, or 1746-HS x1028 = e)
Number of 3/4 DCM x1436 =  f)
Number of full DCM, BASIC, or 1747-DSN x1844 = g)
C. Add lines a through g. Place this value on line (h).
Add 129 to the value on line (h). This sum is your minimum output scan time. h.) +129=
D. Calculate your maximum output scan time:
Maximum output scan time = Minimum scan time + (Number of specialty I/O modules x 50)
E. Calculate the Forced Output Overhead: Forced Output Overhead =
(Number of output modules x 172) + 140 per additional word for multi-word modules (e.g. DCM, analog, DSN)
3. Estimate your program scan time. This estimate assumes operation of all instructions once per operating scan.
A. Count the number of rungs in your APS program. Place value on line (a).
B. Multiply value on line (a) by 1. a.) x1 =
C. Calculate your program execution time when all instructions are true. (See appendix A to do this.)
4. Add the values in the minimum and maximum scan time columns. subtotal subtotal
5. Add processor overhead time (178 for min scan time; 278 for max. scan time) to the subtotals estimated in + 178 + 278
step 4. Use these new subtotals to calculate communications overhead in step 6. subtotal subtotal
6. Estimate your communication overhead: x 1.000 x 1.140
A. Calculate the background communication overhead: multiply the subtotal for minimum scan time (estimated in Jsecs. Jsecs.
step 5) by 1; multiply the subtotal for maximum scan time by 1.140 (max. value accounts for active DH-485 link). +0 + 2310
B. Calculate the foreground communication overhead: for minimum scan time add 0; for maximum scan time secs secs
add 2310. (Maximum scan time accounts for programmer being attached to processor.) 71000 Hsecs. 1 1000“ '
C. Convert psecs. to msecs., divide by 1000.
Estimated minimum and maximum scan times for your 1747-L511 or 1747-L514 application: msecs. msecs.
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Procedure Min Scan Time Max ScanTime
1. Estimate your input scan time (us).
A. Calculate the processor input scan of your discrete input modules.
Number of 8 point modules x 126 = a)
Number of 16 point modules x 195 = b.)
Number of 32 point modules x 335 = c)
B. Calculate the processor input scan of your specialty I/O modules.
Number of 1/4 DCM or analog combo x 375 = d)
Number of 1/2 DCM, analog input, 1746-HS X 659 = e)
Number of 3/4 DCM X 944 = f)
No. of full DCM, BASIC small config., or 7-block DSN x 1228= g.)
Number of 1747-KE x 250 = h)
C. Calculate the processor input scan of your specialty I/O modules.
Number of BASIC Lg. config., 1746-HSCE x 1557 = i)
Number of RI/O Scanner or 30-block DSN x 4970= j)
D. Add lines a through j. Place this value on line (k).
Add 121 to the value on line (k). This sum is your minimum input scan time. k.) +121=
E. Calculate the maximum input scan time:
Minimum scan time + (Number of specialty /0 modules in part B x 30) + (Number of specialty /0 modules in part C x 120)
F. Calculate Forced Input Overhead = (No. of input modules x 108) + 140 per additional word for multi-word modules
2. Estimate your output scan time (us).
A. Calculate the processor output scan of your discrete output modules.
Number of 8 point modules x 104 = a)
Number of 16 point modules x 164 = b))
Number of 32 point modules X 282 = c)
B. Calculate the processor output scan of your specialty 1/0 modules.
Number of 1/4 DCM or analog combo x 372 = d)
Number of 1/2 DCM, analog output, 1746-HS X 617 = e)
Number of 3/4 DCM x 862 = f)
No. of full DCM, BASIC small config., or 7-block DSN x 1047= g.)
C. Calculate the processor output scan of your specialty 1/0 modules.
Number of BASIC Lg. config., 1746-HSCE x 1399= h)
Number of RI/O Scanner or 30-block DSN X 4367 = i)
D. Add lines a through i. Place this value on line (j).
Add 138 to the value on line (j). This sum is your minimum output scan time. j) +138=
E. Calculate your maximum output scan time =
Minimum scan time + (Number of specialty I/O modules in part B x 30) + (Number of specialty I/O modules in part C x 120)
F. Calculate the Forced Output Overhead = (No. of output modules x 104) + 140 per additional word for multi-word modules
3. Estimate your program scan time. This estimate assumes operation of all instructions once per operating scan.
A. Count the number of rungs in your APS program. Place value on line (a).
B. Multiply value on line (a) by 6. (If you saved your program with Single-Step Enabled, then multiply the value on line (a)
by 66.) a.) X6=
C. Calculate your program execution time when all instructions are true. (See appendix A to do this.) Subtotal subtotal
4. Add the values in the minimum and maximum scan time columns.
5. Add processor overhead time (180 for min. scan time; 280 for max. scan time) to the subtotals estimated in step 4. + 180 + 280
Use these new subtotals to calculate communication overhead in step 6. subtotal subtotal
6. Estimate your communication overhead: X 1.040 x 1.140
A. Calculate the background communication overhead: multiply the subtotal for minimum scan time (estimated in Hsecs. Hsecs.
step 5) by 1.040; multiply the subtotal for maximum scan time by 1.140 (max. value accounts for active DH-485 link). 10 + 2286
B. Calculate the foreground communications overhead: for minimum scan time add 0; for maximum scan time secs
add 2286. (Maximum scan time accounts for programmer being attached to processor.) Hsecs. T 1000 Hsecs.
C. Convert psecs. to msecs., divide by 1000. //1000
Estimated minimum and maximum scan times for your 1747-L524 series C application: msecs. msecs.
7. Estimate the scan time for your 1747-L524 series B application; multiply the values for series C application by 0.60. x 0.60 x 0.60
Estimated minimum and maximum scan times for your 1747-L524 series B application: msecs. msecs.
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Example Scan Time

Suppose you have a system consisting of the following components:

Calculation
System Configuration
Description
Catalog Number | Quantity
1747-1514 1 4K Processor
1746-1A8 2 8 point 120VAC Input Module
1746-1B16 1 16 point 24VDC Sinking Input Module
1746-0A16 3 16 point 120VAC Relay Output Module
1746-0B8 1 16 point 24VDC Sourcing Output Module
1746-N104V 1 4 Channel Analog Combination Module
Since you are using the 1747-L514 processor, worksheet B must be filled
out. Thisisshown on page D-7.
The ladder program below is used in this application. The execution times
for the instructions (true state) are from appendix C. The total execution
time, 465 microseconds, is entered in the worksheet on page D—7.
The worksheet indicates that the total estimated scan timeis 3.85
milliseconds minimum and 8.9 milliseconds maximum.
B3 B3 B3 T4 0 01.0 Execution Times:
| H [ | H [ { ) 38 microseconds
0 1 45 DN 0
B3
_] [9_
T4: 0 — TON——mMM
H [ TIMER ON DELAY H EN—f —— 139 microseconds
DN Ti mer T4:0
Ti me Base 0.01
Preset 6000 DN
Accum
T4: 0 B3 — &RT — TOD
1T [ GREATER THAN TO BCD — 288 microseconds
DN 1 Source A T4:0. ACC Source T4:0. ACC
Source B 5999 Dest S: 13 [l Total: 465 microseconds
— MOV
MOVE
Sour ce S: 13
Dest a1l.0
IEND]

D6
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Example: Worksheet B — Estimating the Scan Time of a 1747-L 514 Processor Application

Procedure: Min Scan Time: Max ScanTime:
1. Estimate your input scan time (us).
A. Calculate the processor input scan of your discrete input modules.
Number of 8 point modules 2 x197 = a)__ 394
Number of 16 point modules 1 x313 = b)_ 313
Number of 32 point modules 0 x545 = ¢) 0
B. Calculate the processor input scan of your specialty /0 modules.
Number of 1/4 DCM or analog combo 1 x652 = d)_ 652
Number of 1/2 DCM, analog input, or 1746-HS 0  x1126= e) 0
Number of 3/4 DCM 0  x1600= f) 0
Number of full DCM, BASIC, or 1747-DSN 0 x2076= g)__ 0
Number of 1747-KE 0 X443 = h) 0
C. Add lines a through h. Place this value on line (i).
Add 101 to the value on line (i). This sum is your minimum input scan time. i) 1359 +101= 1460
D. Calculate your maximum input scan time:
Maximum input scan time = Minimum scan time + (Number of specialty 1/O modules x 50) 1510
E. Calculate the Forced Input Overhead: Forced Input Overhead =
(Number of input modules x 180) + 140 per additional word for multi-word modules (e.g. DCM, analog, DSN) 860
2. Estimate your output scan time (ps).
A. Calculate the processor output scan of your discrete output modules.
Number of 8 point modules 1 x173 = a)_ 173
Number of 16 point modules 0 x272 = b) 816
Number of 32 point modules 0 x470 = ¢)__0
B. Calculate the processor output scan of your specialty I/O modules.
Number of 1/4 DCM or analog combo 1  x620 = d)__ 620
Number of 1/2 DCM, analog output, or 1746-HS 0 x1028= e)__ 0
Number of 3/4 DCM 0  x1436 = f) 0
Number of full DCM, BASIC, or 1747-DSN 0 x1844 = g) 0
C. Add lines a through g. Place this value on line (h). 1747
Add 138 to the value on line (h). This sum is your minimum output scan time. h.)_1609 +138 = —
D. Calculate your maximum output scan time: 1788
Maximum output scan time = Minimum scan time + (Number of specialty I/O modules x 50)
E. Calculate the Forced Output Overhead: Forced Output Overhead = 1000
(Number of output modules x 172) + 140 per additional word for multi~word modules (e.g. DCM, analog, DSN)
3. Estimate your program scan time. This estimate assumes operation of all instructions once per operating scan.
A. Count the number of rungs in your APS program. Place value on line (a).
B. Multiply value on line (a) by 1. a)_3 xl1= 3 3
C. Calculate your program execution time when all instructions are true. (See appendix A to do this.) 465 465
4. Add the values in the minimum and maximum scan time columns. 3675 subtotal | 5626 subtotal
5. Add processor overhead time (178 for min scan time; 278 for max. scan time) to the subtotals estimated in + 178 + 278
step 4. Use these new subtotals to calculate communication overhead in step 6. 3853 subtotal 5804 subtotal
6. Estimate your communication overhead: x 1.000 x 1.140
A. Calculate the background communication overhead: multiply the subtotal for minimum scan time (estimated in 3853 psecs. 6617 pisecs.
step 5) by 1; multiply the subtotal for maximum scan time by 1.140 (max. value accounts for active DH-485 link). + 0 + 2310
B. Calculate the foreground communication overhead: for minimum scan time add 0; for maximum scan time 8927 secs
add 2310. (Maximum scan time accounts for programmer being attached to processor.) 3853 psecs. 11000 Hsecs.
C. Convert secs. to msecs., divide by 1000. //1000
Estimated minimum and maximum scan times for your 1747-L511 or 1747-L514 application: 3.85 msecs. 8.9 msecs.







Symbols

#, addressing user—created files with, 4-16

Numbers

1-rung ladder program, 5-2
1747-AIC, link coupler, 1-6
1747-BA

battery installation, 1-5
memory retention, 1-1

1747-C10, communication cable, 1-6

1747-NP1, -NP2, remote programming with,
1-1

1747-PTALE, memory pak installation, 1-3

4-rung ladder program, 5-8

5/01 processor
instruction words, C-2
status file displays, 27-33
5/02 processor
controller memory usage, C-1
instruction words, C—6
status file, 27-1
status file displays, 27-32
understanding I/O interrupts, 31-1
understanding selectable timed interrupts,
30-1
understanding the user fault routine, 29-1

A

abandoning edits, 7-34

add (ADD)
math instruction, 15-5, 20-3
mnemonic listing, 2-14
series C or later 5/02 processor, 20-5
adding a rung, 7-9
adding an instruction to a rung, 7-14
Allen-Bradley, P-5
contacting for assistance, P-5

and (AND)
mnemonic listing, 2-14
move and logical instructions, 15-6, 21-5

appending a branch, 7-24
auto shift, 1-9
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battery
installing, 1-3
specifications, 1-1

BCD
convert from (FRD), 15-5, 20-15
convert to (TOD), 15-5, 20-12
ladder logic filtering of, 20-16
mnemonic for converting from, 2-14
number systems, B-3

bit data file display, 12-8

bit instructions, 15-1, 16-1
examine if closed (XIC), 15-1, 16-2
examine if open (XI0), 15-1, 16-3
one-shot rising (OSR), 15-1, 16-7
output energize (OTE), 15-1, 16-4
output latch (OTL), 15-1, 16-5
output unlatch (OTU), 15-1, 16-5

bit shift left (BSL)
bit shift instruction, 15-7, 23-2
mnemonic listing, 2-14

bit shift right (BSR)
bit shift instruction, 15-7, 23-2
mnemonic listing, 2-14

bit shift, FIFO, and LIFO instructions, 15-7,
23-1

bit shift left (BSL), 15-7, 23-2

bit shift right (BSR), 15-7, 23-2

FIFO load (FFL), 15-7, 23-5

FIFO unload (FFU), 15-7, 23-5

LIFO load (LFL), 15-7, 23-8

LIFO unload (LFU), 15-7, 23-8

C

cable, communication, installing, 1-3
changing an instruction type, 7-18
changing modes, 11-2

changing online data, 12-9
counter preset and accumulator values,
12-9
monitor counter operation, 12-9
reset a counter, 12-9

changing the address of an instruction, 7-16
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clear (CLR)
math instruction, 15-5, 20-11
mnemonic listing, 2-14

clearing the memory of the HHT, 6-1
communication cable, installing, 1-3

comparison instructions, 15-4, 19-1
equal (EQU), 15-4, 19-2
greater than (GRT), 15-4, 19-6
greater than or equal (GEQ), 15-4, 19-7
less than (LES), 15-4, 19-4
less than or equal (LEQ), 15-4, 19-5
limit test (LIM), 15-4, 19-9
masked comparison for equal (MEQ),
15-4,19-8
not equal (NEQ), 15-4, 19-3

configure your HHT for online
communication, 9-1
exceptions, 9-3

configuring the controller, 6-2
configuring the I/0, 6-3
configuring the processor, 6-2
configuring the specialty I/O modules, 6-5

contacting Allen-Bradley for assistance, P-5
contents of this manual, P-2
control data file display, 12-9

control instructions, 15-8, 25-1
interrupt subroutine (INT), 15-8, 25-11
jump to label (JMP), 15-8, 25-2
jump to subroutine (JSR), 15-8, 25-4
label (LBL), 15-8, 25-3
master control reset (MCR), 15-8, 25-7
return from subroutine (RET), 15-8, 25-6
selectable timed interrupt (STI), 15-8,

25-10

subroutine (SBR), 15-8, 25-6
suspend (SUS), 15-8, 25-9
temporary end (TND), 15-8, 25-8

controller memory usage, C-1
5/02 processor, C-1
fixed and 5/01 processors, C-1

convert from BCD (FRD)
5/02 processor example, 20-17
fixed, 5/01, and 5/02 processor example,
20-17
math instruction, 15-5, 20-15
mnemonic listing, 2-14

convertto BCD (TOD)
5/02 processor example, 20-13
fixed, 5/01, and 5/02 processor example,
20-14
math instruction, 15-5, 20-12
mnemonic listing, 2-15

COP, file copy and file fill instruction, 22-2
copying an instruction, 7-30

count down (CTD)
mnemonic listing, 2-14
timer and counter instructions, 15-2, 17-7

count up (CTU)
mnemonic listing, 2-14
timer and counter instructions, 15-2, 17-7

counter data file display, 12-8

creating a program file with the HHT, 6-9
creating and deleting program files, 7-1
naming your program file, 6-9

creating a program with the HHT, 6-1
clearing the HHT memory, 6-1
configuring the controller, 6-2
naming the ladder program, 6-8

creating a subroutine program file using a
non-consecutive file number, 7-2

creating a subroutine program file using the
next consecutive file number, 7-1

creating and deleting programs, 7-1
creating a subroutine program file using a
non-consecutive file number, 7-2
creating a subroutine program file using
the next consecutive file number, 7-1
deleting a subroutine program file, 7-3

creating data, 4-19
for indexed addresses, 4-19
offline, 4-19

cursor keys, 1-10

D

data entry keys, 1-9
data file 2 — status, 4-3
data file 3 — bit, 4-8
data file 4 — timers, 4-9
data file 5 — counters, 4-10
data file 6 — control, 4-11
data file 7 — integer, 4-12
data file displays
bit files, 12-8
control files, 12-9
counter files, 12-8
examples of, 12-5
input files, 12-5
integer files, 12-9
output files, 12-5
status files, 12-6



timer files, 12-8

data file G, 4-27
editing data, 4-28

data file protection, 12-3

data file types
file 2 - status, 4-3
file 3 - bit, 4-8
file 4 —timers, 4-9
file 5 - counters, 4-10
file 6 — control, 4-11
file 7 - integer, 4-12
file G, 4-27
file MO, 4-21
file M1, 4-21
files 0 and 1 - outputs and inputs, 4-4
influence on address formatting, 4-3

data files, 3-3

addressing, 4-2

default types, 3-3, 4-2

monitoring, 12-2

organization of, 4-1

protection of, 12-3

residing in specialty 1/0, 4-21, 4-27
data files 0 and 1 - outputs and inputs, 4-4

data files MO and M1, 4-21
access time, 4-24
capturing data, 4-26
minimizing scan time, 4-25
monitoring bit instructions having MO0 or
M1 addresses, 4-22
transferring data between processor files
and M0 and M1 files, 4-23
data table, 12-3
accessing, 12-3
decode (DCD)
math instruction, 15-5, 20-19
mnemonic listing, 2-14
delete and undelete commands, 7-26
copying an instruction, 7-30
deleting a branch, 7-26
deleting an instruction, 7-29
deleting and copying rungs, 7-31
deleting a branch, 7-26
deleting a subroutine program file, 7-3
deleting an instruction, 7-29
deleting and copying rungs, 7-31
deleting data, 4-20
dimensions, 1-1
display area, example of, 1-2, 1-8
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divide (DIV)
math instruction, 15-5, 20-8
mnemonic listing, 2-14

double divide (DDV)
math instruction, 15-5, 20-9
mnemonic listing, 2-14

downloading a program from the HHT to a
processor, 10-1

downloading program from HHT to
processor, 3-3

E

editing a program file, 7-4

abandoning edits, 7-34

adding a rung, 7-9

adding an instruction to a rung, 7-14

appending a branch, 7-24

changing an instruction type, 7-18

changing the address of an instruction,
7-16

copying an instruction, 7-30

delete and undelete commands, 7-26

deleting a branch, 7-26

deleting an instruction, 7-29

deleting and copying rungs, 7-31

entering a parallel branch, 7-11

entering a rung, 7-5

entering an examine if closed instruction,
7-6

entering an output energize instruction,
7-7

extending a branch down, 7-22

extending a branch up, 7-19

inserting an instruction within a branch,
7-12

ladder rung display, 7-4

modifying branches, 7-19

modifying instructions, 7-16

modifying rungs, 7-14

EEPROM burning options, 14-5

EEPROMSs, 3-4
transferring to, 14-1

ENTER key, 2-2
entering a parallel branch, 7-11
entering a rung, 7-5

entering an examine if closed instruction,
7-6

entering an output energize instruction, 7-7
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equal (EQU)
comparison instruction, 15-4, 19-2
mnemonic listing, 2-14

error codes, 28-2
going to run, 28-3
/0, 28-8
powerup, 28-3
recoverable I/O faults, 28-8
runtime, 28-4
user program instruction, 28-6

ESCAPE key, 2-2

estimating scan time for your controller and
program, D-1
example, D-6
worksheets, D-2
examine if closed (XIC)
bit instruction, 5-1, 15-1, 16-2
mnemonic listing, 2-15
examine if open (XIO)
bit instruction, 5-1, 15-1, 16-3
mnemonic listing, 2-15
exclusive or (XOR)
mnemonic listing, 2-15
move and logical instructions, 15-6, 21-7

execution times, C-5
extending a branch down, 7-22
extending a branch up, 7-19

F

fault recovery
error codes, 28-2
status file display, 5/01 and fixed, 27-33
status file display, 5/02, 27-32

faults
non-recoverable, user, 29-4
recoverable, user, 29-2

FIFO load (FFL)
5/02 processor, 23-5
FIFO instruction, 15-7, 23-5
mnemonic listing, 2-14

FIFO unload (FFU)
5/02 processor, 23-5
FIFO instruction, 15-7, 23-5
mnemonic listing, 2-14

file copy (COP)
file copy and file fill instruction, 15-6, 22-2
mnemonic listing, 2-14

file copy and file fill instructions, 15-6, 22-1
file copy (COP), 15-6, 22-2

file fill (FLL), 15-6, 224

file fill (FLL)
file copy and file fill instruction, 15-6, 22-4
mnemonic listing, 2-14

fixed processor
instruction words, C-2
status file displays, 27-33

FLL, file copy and file fill instruction, 22-4

force function
FORCED I/O LED, 13-3, 13-4, 13-5
forces carried offline, 13-9
forcing external input, 13-2
forcing external output, 13-8
forcing 10, 13-1
searching for forced I/0, 13-6

forced 110, 13-1
searching for, 13-6

forcing
external input, 13-2
external output, 13-8
/0, 13-1

FRD, convert from BCD, math instruction,
20-15

G

greater than (GRT)
comparison instruction, 15-4, 19-6
mnemonic listing, 2-14

greater than or equal (GEQ)
comparison instruction, 15-4, 19-7
mnemonic listing, 2-14

H

HHT, 1-1
dimensions, 1-1
display, 1-8
function keys, 2-11
installing the memory pak, battery, and
communication cable, 1-3
instruction mnemonics, 2-14, 15-1
keyboard, 1-9
main menu, 2-3
menu tree, 2-4
powerup, 1-7
specifications, 1-1

HHT display, 1-8

HHT keyboard, 1-9
auto shift, 1-9
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cursor keys, 1-10

data entry keys, 1-9
ENTER key, 2-2
ESCAPE key, 2-2

menu function keys, 1-9
RUNG key, 1-12
ZOOM key, 1-12

HHT main menu functions, 2-3

HHT messages and error definitions
alphabetical listing, A-1
warning messages, A-8

HHT program, in relation to APS, 3-1

high-speed counter (HSC)
mnemonic listing, 2-14
timer and counter instructions, 15-2, 17-9

I/O event driven interrupts
/O interrupt disable (D), 15-3, 18-17
/O interrupt enable (IIE), 15-3, 18-17
reset pending I/O interrupt (RPI), 15-3,
18-17

/0 interrupt disable (IID)
5/02 processor, 18-17
I/O message and communications
instructions, 15-3, 18-17
mnemonic listing, 2-14
understanding 1/O interrupts, 31-6

/0 interrupt enable (IIE)
5/02 processor, 18-17
I/O message and communications
instructions, 15-3, 18-17
mnemonic listing, 2-14
understanding I/O interrupts, 31-6

I/O message and communications
instructions, 15-3, 18-1
/O event driven interrupts, 15-3, 18-17
/O refresh (REF), 15-3, 18-19
immediate input with mask (1IM), 15-3,
18-15
immediate output with mask (IOM), 15-3,
18-16
message (MSG), 15-3, 18-2
service communications (SVC), 15-3,
18-14
/O refresh (REF)
5/02 processor, 18-19
I/O message and communications
instructions, 15-3, 18-19
mnemonic listing, 2-15

immediate input with mask (1IM)
I/O message and communications
instructions, 15-3, 18-15
mnemonic listing, 2-14

immediate output with mask (IOM)
I/O message and communications
instructions, 15-3, 18-16
mnemonic listing, 2-14

indexed addressing for 5/02 processors,
4-13
creating data, 4-14
crossing file boundaries, 4-14
effects of file instructions on, 4-15
monitoring, 4-15

input branching, 5-5
input data file display, 12-5
inserting an instruction within a branch, 7-12

installing the memory pak, battery, and
communication cable, 1-3

instruction types, 15-1
bit, 5-1, 15-1, 16-1
bit shift, FIFO, and LIFO, 15-7, 23-1
chapters found in, 15-1
comparison, 15-4, 19-1
control, 15-8, 25-1
file copy and file fill, 15-6, 22-1
I/O message and communications, 15-3,
18-1
math, 15-5, 20-1
move and logical, 15-6, 21-1
PID, 15-9
sequencer, 15-7, 24-1
timer and counter, 15-2, 17-1

instruction words
5/01 processor, C-2
5/02 processor, C-6
fixed processor, C-2

instructions for 5/02 processor
add (ADD), 20-5
FIFO load (FFL), 23-5
FIFO unload (FFU), 23-5
/O interrupt disable (IID), 18-17
I/O interrupt enable (IlE), 18-17
/0 refresh (REF), 18-19
interrupt subroutine (INT), 25-11
limit test (LIM), 19-9
message (MSG), 18-2
proportional integral derivative (PID), 26-1
reset pending I/O interrupt (RPI), 18-17
scale data (SCL), 20-21
selectable timed disable (STD), 25-10

-5



Index

Hand-Held Terminal
User Manual

selectable timed enable (STE), 25-10
selectable timed interrupt (STI), 25-10
selectable timed start (STS), 25-10
sequencer load (SQL), 24-7

service communications (SVC), 18-14
square root (SQR), 20-20

subtract (SUB), 20-5

integer data file display, 12-9

interrupt subroutine (INT)
5/02 processor, 2-14, 25-11
control instruction, 15-8, 25-11
understanding, 30-9

J

jump to label (JMP)
control instruction, 15-8, 25-2
mnemonic listing, 2-14

jump to subroutine (JSR)
control instruction, 15-8, 25-4
mnemonic listing, 2-14

K
keyboard, description of, 1-2, 1-9

L

label (LBL)
control instruction, 15-8, 25-3
mnemonic listing, 2-14

ladder programming, 5-1
1-rung ladder program, 5-2
4-rung ladder program, 5-8
bit instructions, 5-1
logical continuity, 5-3

ladder rung display, 7-4
adding a rung, 7-9
entering a parallel branch, 7-11
entering a rung, 7-5
entering an examine if closed instruction,
7-6
entering an output energize instruction,
7-7
inserting an instruction within a branch,
7-12
less than (LES)
comparison instruction, 15-4, 19-4
mnemonic listing, 2-14

less than or equal (LEQ)
comparison instruction, 15-4, 19-5
mnemonic listing, 2-14

LIFO load (LFL)
5/02 processor, 23-8
LIFO instruction, 15-7, 23-8
mnemonic listing, 2-14

LIFO unload (LFU)
5/02 processor, 23-8
LIFO instruction, 15-7, 23-8
mnemonic listing, 2-14

limit test (LIM)
5/02 processor, 19-9
comparison instruction, 15-4, 19-9
mnemonic listing, 2-14

logical continuity, 5-3

M

manuals, related, P-4

masked comparison for equal (MEQ)
comparison instruction, 15-4, 19-8
mnemonic listing, 2-14

masked move (MVM)
mnemonic listing, 2-14
move and logical instructions, 15-6, 21-3

master control reset (MCR)
control instruction, 15-8, 25-7
mnemonic listing, 2-14

master password, 6-10
entering, 6-12

math instructions, 15-5, 20-1
add (ADD), 15-5, 20-3
clear (CLR), 15-5, 20-11
convert from BCD (FRD), 15-5, 20-15
convert to BCD (TOD), 15-5, 20-12
decode (DCD), 15-5, 20-19
divide (DIV), 15-5, 20-8
double divide (DDV), 15-5, 20-9
multiply (MUL), 15-5, 20-7
negate (NEG), 15-5, 20-10
scale (SCL), 15-5, 20-21
square root (SQR), 15-5, 20-20
subtract (SUB), 15-5, 20-4

memory pak, installing, 1-3
menu function keys, 1-9

message (MSG)

5/02 processor, 18-2

application examples, 18-10

available configuration options, 18-3
entering parameters, 18-3

I/O message and communications

instructions, 15-3, 18-2
instruction error codes, 18-9



instruction status bits, 18-7
mnemonic listing, 2-14

modifying branches, 7-19
appending a branch, 7-24
extending a branch down, 7-22
extending a branch up, 7-19

modifying instructions, 7-16

changing the address of an instruction,

7-16

changing the instruction type, 7-18
modifying rungs, 7-14

adding an instruction to a rung, 7-14
monitoring

application, 12-1

data files, 12-3

program files, 12-1

move (MOV)
mnemonic listing, 2-14
move and logical instructions, 15-6, 21-2

move and logical instructions, 15-6, 21-1
and (AND), 15-6, 21-5
exclusive or (XOR), 15-6, 21-7
masked move (MVM), 15-6, 21-3
move (MOV), 15-6, 21-2
not (NOT), 15-6, 21-8
or (OR), 15-6, 21-6

multiply (MUL)

math instruction, 15-5, 20-7
mnemonic listing, 2-14

N

naming the ladder program, 6-8
naming your program file, 6-9
negate (NEG)

math instruction, 15-5, 20-10
mnemonic listing, 2-15

nested branching, 5-6

node configuration, 9-8
changing the baud rate, 9-10
consequences of changing a processor
node address, 9-9
entering a maximum node address, 9-10

not (NOT)

mnemonic listing, 2-15

move and logical instructions, 15-6, 21-8
not equal (NEQ)

comparison instruction, 15-4, 19-3
mnemonic listing, 2-15
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number systems, B-1
BCD, B-3
binary, B-1
hex mask, B-5
hexadecimal, B-4

0

one-shot rising (OSR)
bit instruction, 15-1, 16-7
mnemonic listing, 2-15
operating cycle, 5-11
or (OR)
mnemonic listing, 2-15
move and logical instructions, 15-6, 21-6

OSR, one-shot rising, bit instruction, 167
OTE, output energize, bit instruction, 16-4
OTL, output latch, bit instruction, 16-5
OTU, output unlatch, bit instruction, 16-5
output branching, 5-5

output data file display, 12-5

output energize (OTE)
bit instruction, 5-1, 15-1, 16-4
mnemonic listing, 2-15

output latch (OTL)
bit instruction, 15-1, 16-5
mnemonic listing, 2-15

output unlatch (OTU)
bit instruction, 15-1, 16-5
mnemonic listing, 2-15

P

parallel logic, 5-4
input branching, 5-5
nested branching, 5-6
output branching, 5-5

password, 6-10
entering, 6-11
master password, 6-10
removing and changing, 6-13

PID instruction, 15-9, 26-1
5/02 processor, 26-1
analog I/O scaling, 26-12
application notes, 26-16
control block layout, 26-8
entering parameters, 26-4
equation, 26-4
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explanation of, 26-3
instruction flags, 26-9
mnemonic listing, 2-15
online data changes, 26-14
runtime errors, 26-11

processor execution times, C-5
5/02, C-8
fixed and 5/01, C-5
processor modes, 11-1
program mode, 11-1
run mode, 11-1
test mode, 11-2
program, 3-2
program constants, 4-20
program files, 3-2
types, 3-2
program mode, 11-1
progressing through the menu displays, 2-1
publications, related, P-4

R

reset (RES)
mnemonic listing, 2-15
timer and counter instructions, 15-2,
17-13
reset pending I/O interrupt (RP)
5/02 processor, 18-17
I/o message and communications
instructions, 15-3, 18-17, 31-9
mnemonic listing, 2-15
retentive timer (RTO)

mnemonic listing, 2-15
timer and counter instructions, 15-2, 17-5

return from subroutine (RET)
control instruction, 15-8, 25-6
mnemonic listing, 2-15

reversing the search direction, 7-41
run mode, 11-1
RUNG key, 1-12

S

saving a program, 8-1
available protection options, 8-3
scale data (SCL)
5/02 processor, 20-21
application example, 20-23
math instruction, 15-5, 20-21
mnemonic listing, 2-15

scan time worksheets, D-3
1747-1511 and -L514 processors, D-4
1747-1524 processor, D-5
fixed controller, D-3

search function, 7-35
reversing the search direction, 7-41
searching for an address, 7-38
searching for an instruction, 7-37
searching for an instruction within an

address, 7-40

searching for forced 1/0, 7-42, 13-6
searching for rungs, 7-44

searching for an address, 7-38

searching for an address within an
instruction, 7-40

searching for an instruction, 7-37
searching for forced I/0, 7-42, 13-6
searching for rungs, 7-44

selectable timed disable (STD)
5/02 processor, 25-10
control instruction, 15-8, 25-10
mnemonic listing, 2-15
understanding, 30-6

selectable timed enable (STE)
5/02 processor, 25-10
control instruction, 15-8, 25-10
mnemonic listing, 2-15
understanding, 30-6

selectable timed interrupt (STI)

5/02 processor, 25-10

control instruction, 15-8, 25-10

selectable timed disable (STD), 15-8,
25-10

selectable timed enable (STE), 15-8,
25-10

selectable timed start (STS), 15-8, 25-10

understanding, 30-1

selectable timed start (STS)
5/02 processor, 25-10
control instruction, 15-8, 25-10
mnemonic listing, 2-15
understanding, 30-8

sequencer compare (SQC)
mnemonic listing, 2-15
sequencer instruction, 15-7, 24-2

sequencer instructions, 15-7, 24-1
sequencer compare (SQC), 15-7, 24-2
sequencer load (SQL), 15-7, 24-7
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using memory modules (EEPROM and
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using the file indicator #, 4-16
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WHO function, 94
attach, 9-7
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X
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