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How to Use This Manual

The User’s Manual

Section A - Becoming
Familiar with the
Equipment

Section B -The
Instruction Set,
Programming Techniques

L

Section C -Installing and
Maintaining the System

The User’s Manual contains the necessary information to install,
program, and operate the Bulletin 1745 SLC Programmable Controllers.
The manual has been written with the assumption that the reader has a
basic knowledge of industrial relay control techniques. On this basis,
understanding and applying the controller should be simple and
straightforward.

We have divided the manual into three sections:

Intreduces you to the controller components, discusses programming
basics as they apply specifically to SLC controllers, then shows you how to
use the pocket programmer. You will enter a simple program into
memory, in preparation for the next section.

Introduces you to the various instructions, beginning with relay-type
instructions, timers, and counters. It then moves on to the more complex
instructions, some of which combine two or three of the basic instructions.
Keystroke examples are included to help you gain an understanding of
how to apply the instructions to your particular needs. The section ends
with a summary of program editing techniques and on-line data control.
A chapter on using the optional EEPROM module is also included.

Contains the controller specifications and important information on
system layout, installation, and start-up. We have also included a
chapter on maintenance and troubleshooting.

The Self-Teach
Manual

This companion to the User’s Manual is designed to

® Help the first-time PC user gain an understanding of Bulletin 1745
SLC 100 and SLC 159 Programmable Controllers.

® Supplement the programming portion of the User’s Manual, providing
additional examples and exercises.

The Self-Teach Manual consists of 16 Question/Exercise {(Q/E) units,
corresponding to Chapters 2 thru 17 of the User’s Manual. We suggest
that after you read a chapter of the User’s Manual, read it a second time,
then refer to the corresponding Question/Exercise Unit in the Self-Teach
Manual, where you will be asked questions, shown examples, and practice
programming.

We believe this to be an efficient technique in gaining an understanding
of Bulletin 1745 SLC Programmable Controllers.
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How to Use This Manual

Related
Documentation

The following publications will be helpful to you in applying Bulletin
1745 SL.C Programmable Controllers.

Publication

Application Considerations for Solid State Controls - S$GI-1.1
Describes some important differences between solid state
programmable controller products and hard-wired
electromechanical devices.

Allen-Bradley Programmable Controller

Grounding and Wiring Guidelines ................. 1770-4.1
Product Data - SLC 100 Processor Unit ............ 1745-2.1
Product Data - SLC 100 Expansion Units ........... 1745-2.2
Product Data - Pocket Programmer ............... 1745-2.3
Product Data - EEPROM Memory Module ........ 1745-2.4
Product Data - SLC 150 Processor Unit ._........... 1745-2,5
Product Data - SLC 150 Expansion Unit ............ 1745-2.6

Product Data - SLC 150 High Speed Input Module . 1745-2.7
Product Data - SLC 100/150 Communications Protocol 1745-2.11
Product Data - Personal Computer Interface Kit ...  1745-2.15

Quick ReferenceGuide ......ccoiiiiiniiniinenenn.. 1745-801
Demonstrator Exercises .......cccvviiviiiianaan. 1745-802
SLC Personal Computer Software User’s Manual .. 1745-825
TCAT User’sManual ........c..coviieiiiiinnnnn.. 1745-850

TCAT Demonstrator EXerciSes .........ceeeeeennees 1745-852
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Chapter

Introduction

These are microprocessor-based programmable controllers. They make
up a technologically advanced control system having the inherent
flexibility and advantages characteristic of other programmable
controllers—but with an important difference: Simplicity. They were
designed with the first-time user in mind.

You will find these controllers easy to program, operate, and maintain,
allowing you to take full advantage of their capabilities in the shortest
possible time.

Hard-Wired Control
Versus the Bulletin 1745

A comparison of a hard-wired relay logic system and a system using the
SLC Programmable Controller will show the similarities which make
the Bulletin 1745 controller so easy to apply.

The following figure shows a hard-wired relay control logic system. For
purposes of comparison, it is divided into sections, consisting of:

Input Devices, which include devices operated manually (push
buttons) and devices operated automatically (Iimit switches) by the
machine or process being controlled.

Relay Control Logic, consisting of relays, timers, etc. interconnected
to energize or de-energize output devices in response to the status of the
input devices, and in accordance with the logic designed into the circuit.

Output Devices, consisting of motor starters, solenoids, etc. which
contrel the machine or process.

, |NhPIBJ1' ?Ewchs ‘ RELAY CONTROL LOGIC QUTPUT DEVICES
ush Buttons, Limit . - o Motor Starters,
Switches, Etc. : H?’d‘w-"ed Relay Circuit Solenoids, Etc.

MACHINE OR PROCESS BEING CONTROLLED

A similar control system, using the Bulletin 1745 controller is shown
below. The only difference in this figure is that the relay control logic
section is replaced by the SLC Programmable Controller.

In place of hard-wired relay circuitry, the SLC Programmable
Controller uses programmed instructions,with relay-type symbology.

With the Bulletin 1745, you are still employing familiar relay logic
methods-but in a new way, which provides a great deal more flexibility.

SLC PROGRAMMABLE
INPUT DEVICES SR CON’TRO?.LER_ ) : OUTPUT DEVICES
Push Buttons, Limit | Contajns Progiammed . Motor Starters,
Sswitches, Etc. Instructions Using Relay-Type Solenoids, Etc.
= Symbology L

MACHINE OR PROCESS BEING CONTROLLED
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- ?ROGRAMMING MONITORII‘&G

. “{ Timer Counter Access Term;mai

Pocket Programmer

Equipment
Overview

o SLC150. _ VO EXPANSION
~ Processor Unit  SLC 150 Expansion Unit

PC Software Interface Convérter

NE PROGRAMM!NG Mommmms

] _Pocket?rogrammer T
* PCSoftware Interface (onverter

.
2

e T e T 2o | ,5LC 100 Basic Expansion Unit
+SLE 100 Relay Output Expansion Unit
HE SLQ 100 Analognput Expa nsion Unit

£EPROM Hi
MemoryModufe -

- HIGH SPEED COUNTING
SLC 150 High Speed Input Module

T\nmer Counter Access Terminal . .

SLC 100 _ WO EXPANSION
S Processor Umt ; 1 sLC100 Basic Expansion Unit
o - — T SLC 100 Relay Output Expansion Uinit
i EEPROM .- - | : - | /SLC 100 Analog input Expansien Unit
- | Memory Module : " {- SLC1S0 Expansuon Unit

-B-'Programmable Controlfer ﬂ'sirgb»f_he‘ SLC 100 Processor Unit

General

The diagrams above list the various SLC Pregrammable Contreller
components. Diagram A indicates the components you can use with the
SLC 150 Processor Unit. Programming and monitoring devices, shown
at the left, include the pocket programmer, PC software interface
converter, and timer counter access terminal (TCAT). These devices
plug into the communication port of the processor.

1/0 expansion units, shown at the right, are connected by cable to the
processor unit. They can be used in various combinations to obtain the
[/ configuration you require. If your application involves high speed
eounting, you can alse add high speed input modules.

The EEPROM memory module, shown in the center, plugs directly into
the processor unit.

Diagram B indicates the compenents you can use with the SLC 100
Processor Unit. These are the same components used with the SLC 150,
with one exception. The SLC 150 high speed input module can be used
with the SLC 150 processor unit only.

Important features are pointed out on the following pages:

Page Page
SLC 150 Processor Unit 2-2  SLC 100 Analog Input Expansion Unit 2-10
SLC 150 /0 Expansion Unit 2-4 EEPROM Memory Module 2-1
5LC 150 High Speed Input Module 2-5  Pocket Programmer 2-11
SLC 100 Processor Unit 2-6 PCSoftware Interface Converter 2-12
SLC 100 Basic Expansion Unit 2-8 Timer Counter Access Terminal 2-12

SLC 100 Relay Qutput Expansion Unit  2-9
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{5) tnput power " {1a) Incoming line .- {1b) Wiring terminals
fuse. ] wia;i(tgterminal;. ) ~ -, for 20 inputs.

o _..(S)Co!or patch.

..+ - {11} Expansion
/ unit connection.
(1) Communication :
port.
\ {6) Input status
© indicators.
(12} Battery L {4) Diagnostic
compartment. ) indicators. .
(9) EEPROM memory (B) Auto/Manual * - *(2) Wiring terminals - {1 Output status
module compartment. - ' - Indicators.

" switch. - for 12 outputs.

SLC 150 Processor Unit The following features are pointed out in the illustration above.

1. a) Ineoming line wiring terminals. b) Wiring terminals for 20 inputs.
Self-lifting pressure plates allow for easy wire insertion and secure
connections. Terminals accept two #14 AWG wires. The hinged
cover (shown in the open position) has write-on areas for
identification of external circuits. The terminal block is removable
for easy processor unit replacement.

2. Wiring terminals for 12 outputs. The removable terminal block has
the same construction as the line-input terminal block. Hinged cover
(shown in the open position) has write-on areas.

3. Color patch. Red, black, blue, green, purple, or yellow. Identifies the &
processor unit versions. See General Specifications, Chapter 18.

4. Fivered LED diagnostic indicators:

DC POWER - Indicates that the processor unit is energized and DC
power is being supplied.

PC RUN - Indicates the processor unit is in the Run mode.

CPU FAULT - Indicates the processor has detected an error in the
CPU, expansion units, or memory. Outputs are turned off and
operation is automatically stopped.

BATTERY LOW - Anoptional battery provides back-up power for
the CMOS RAM memory. This LED alerts you when the battery
voltage ievel has fallen below a threshold level.

FORCED /O - Indicates that one or more input or output addresses
have been forced to an ON or OFF state.
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SLC 150 Processor Unit

{continued)

5.

Input power fuse compartment. If line terminal voltage is present but
the DC POWER LED is not lit, the fuse may be blown. Refer to
Chapter 22 for fuse replacement procedure.

. Input status indicators. Twenty red LEDs, identified with address

numbers 1 thru 10 and 101 thru 110, corresponding to numbers below
the input wiring terminals. When an input circuit is energized, the
corresponding status indieator will be lit.

. Output status indicators. Twelve red LEDs, identified with address

numbers 11 thru 16 and 111 thru 116, corresponding to numbers
above the output wiring terminals. When a programmed output
instruetion is TRUE, the corresponding output status indicator wiil
be lit, and the corresponding output eircuit will be energized.

. Auto/Manual switech. This switch controls restarting of the processor

unit after a power loss, brown-out, or correction of a CPU fault.

Auto - On power-up, the processor runs thru its nermal diagnostic
tests and then automatically enters the Run mode (if it was in the
Run meode at the last power-down).

Manual - On power-up, the processer runs thru its diagnostic tests
but will not enter the Run mode. To enter the Run mode, you must
move the switch to the auto position or use the pocket programmer (or
personal computer).

. EEPROM memory module compartment. The optional memory

module can be plugged into the processor. (Cat. No. is 1745-M1. SLC
150 processor requires a Series B module or a Series A medule having
a 28-pin chip.) The pocket programmer or personal computer
software allows you to store your processor RAM program in the
EEPROM. You can also load a program from the EEPROM into the
processor RAM. In addition, the processor unit has an Auto-Load
feature.

Further details on using the EEPROM module appear in Chapter 17,

We recommend that you install an EEPROM memory
module. This will provide maximum protection against user
program loss or program alteration due to capacitor back-up drain,
battery back-up drain, processor malfunction, or excessive noise.

10

11.

12.

. Communication port. The pocket programmer, interface converter,
or TCAT cable is plugged into this socket.

Socket for connecting an expansion unit or high speed input module.
We've included a 20-pin to 10-pin ribbon cable with the processor
unit. Save this cable. You will need it if you want to connect an /O
expansion unit to the processor unit or if you want to connect botha
high speed input module and an expansion unit.

Battery compartment. An optional battery assembly can be
installed in this compartment. This will provide a typical 2-3 year
back-up power for the CMOS RAM memory.

Standard back-up power (1-2 weeks) is provided by a capacitor.
Under certain conditions, battery back-up is preferable. Refer to
General Specifications (Chapter 18) for further information.
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SLC 150 Expansion Unit

This unit can be connected to an SLC 150 or SLC 100 processor unit.
The following features are pointed out in the illustration above.

1. a) Incoming line wiring terminals. b) Wiring terminals for 20 inputs.
2. Wiring terminals for 12 outputs.
3. Color patch. Identifies the 6 expansion unit versions.

4. Diagnostic indicator: DC POWER - Indicates that the expansion
unit is energized and DC power is being supplied.

3. Input power fuse compartment. Ifline terminal voltage is present but
the DC POWER LED is not lit, the fuse may be blown. Refer to
Chapter 22 for fuse replacement procedure,

6. Input status indicators. Twenty red LEDs, identified with address
numbers A01 thru A10 and B01 thru B10, corresponding to numbers
below the input wiring terminals. When an input cireuit is energized,
the corresponding status indicator will be lit.

7. Qutput status indicators. Twelve red LEDs, identified with address
numbers A11 thru A16 and B11 thru B16, corresponding to numbers
above the output wiring terminals. When a programmed output
instruction is TRUE, the corresponding output status indicator will
be lit, and the corresponding output eircuit will be energized.

8. Expansion unit connection. Hinged cover is shown open. The
expansion unit is interconnected with the processor unit and other
expansion units via ribbon cable. See Chapter 20.
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SLC 150 H:gh S5p eed The High Speed Input (HSI) module, illustrated above, is used with the
Input Module SLC 150 processor unit for high speed counting applications. Upto 4
modules can be connected to the processor unit. HS1 features:

1. Input device wiring terminals (under hinged cover). Self-lifting
pressure plates allow for easy wire insertion and secure connections.
Terminals accept #14 AWG wires. The hinged cover has write-on
areas for identification of external circuits.

2. Interconnect cable. Plug this 3-inch cable into the expansion socket of
the SLC 150 processor unit.

3. Expansion connection. An [/O expansion unit or another HSI module
can be plugged into a socket on the side of the module. The end plug
in this socket is to be removed only if you add an expansion unit or
HSI module.

4. DIP switches. Hinged cover can be raised for access to IMP switches.
Switches can be set for 24VDC, 12VDC, or 5VDC input circuit
voltage. Switches are also used to select input filter delay time of 4
millisec. or 50 microsec.

5. LED status indicators. ACTIVE is On when HSI counter instruction
is TRUE. INPUT A is On when HSI module receives signal from
input connected to A/COUNT terminals. INPUT Bis On when the B
terminals of the HSI receive a signal from an input device or the B
channel of a quadrature type encoder.
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SLC 100 Processor Unit

The following features are pointed out in the illustration on Page 2-7.

1. Incoming line wiring terminals. Self-lifting pressure plates allow for
easy wire insertion and secure connections. Terminals accept two
#14 AWG wires. A hinged cover is provided {but not illustrated).
The cover needn’t be removed to gain access to the terminals.

2. Wiring terminals for 10 inputs. Same construction as line terminals.
The hinged cover (not illustrated) has write-on areas for
identification of external circuits. Cover is color-coded to identify the
circuit voltage level. The cover needn't be removed to gain access to
the terminals.

3. Wiring terminals for 6 outputs. Same construction as line terminals.
Hinged cover (not illustrated) has write-on areas to identify external
circuits. The cover needn’t be removed to gain aceess to the terminals.

The processor unit has relay (hard contact) output circuits.
4. Five LED diagnostic indicators:

DC POWER (green) - Indicates that the processor unit is energized
and DC power is being supplied.

PC RUN (green) - Indicates the processor unit is in the Run mode.

CPU FAULT (red) — Indicates the processor has detected an error in
either the CPU or memory. Operation is automatically stopped.

BATTERY LOW (red) - A battery provides back-up power for the
CMOS RAM memory. This LED alerts you when the battery voltage
level has fallen below a threshold level.

FORCED /O (amber) — Indicates that one or more input or outpus
addresses have been foreed to an ON or OFF state.

5. Input power fuse (behind front cover). Ifline terminal voltage is
present but the DC POWER LED is not lit, the fuse may be blown.
Refer to Chapter 22 for fuse replacement procedure.

6. Input status indicators. Ten red LEDs, identified with address
numbers 1 thru 10, corresponding to numbers 1 thru 10 on the input
device wiring terminals. When an input circuit is energized, the
corresponding status indicator will be lit.

7. Output status indicators. Six red LEDs, identified with address
numbers 11 thru 16, corresponding to numbers 11 thru 16 on the
output contact wiring terminals. When a programmed output
instruction is TRUE, the corresponding output status indicator will
be lit, and the corresponding output contact will close.

8. Auto/Manual switch. This switch controls restarting of the processor
unit after a power loss, brown-out, or correction of a CPU fault.

Auto — On power-up, the processor runs thru its normal diagnostie
tests and then automatically enters the Run mode (if it was in the
Run mode at the last power-down).

Manual - On power-up, the processor runs thru its diagnostic tesis
but will not enter the Run mode. To enter the Run mode, you must
move the switch to the auto position or use the pocket programmer (or
personal computer).
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SLC 100 Processor Unit 9. EEPROM memory module compartment. The optional memory
(continued) module can be plugged into the processor. The pocket programmer or
personal computer software allows you to store your processor RAM
program in the EEPROM. You can also load a program from the
EEPROM into the processor RAM. Refer to Chapter 17.

We recommend that you install an EEPROM memory
module. This will provide maximum protection against user
program loss or program alteration due to battery back-up drain,
processor malfunction, or excessive noise.

10. Communication port. The pocket programmer, interface converter,
or TCAT cable is plugged into this socket.

11. Expansion unit connection. The expansion unit cable is plugged in
this socket. SLC 100 and SLC 150 expansion units can be inter-
connected to increase the I/Q capacity of the controller.

12. Battery compartment. Back-up power for the CMOS RAM is
provided by a replaceable battery assembly, accessible from the
front of the processor unit. The lithium battery provides back-up
power for approx. 2-3 years. Battery replacement: Chapter 22.
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SLC 100 Basic  Thebasic expansion unit can be used with the SLC 100 or SLC 150
Expansion Unit processor. The following features are pointed out in the illustration
above.

1. Incoming line wiring terminals. Self-lifting pressure plates allow for
easy wire ingsertion and secure connections. Terminals aceept two
#14 AWG wires. A hinged cover is provided (but not illustrated).
The cover needn’t be removed to gain access to the terminals.

2. Wiring terminals for 10 inputs. Same construction as line terminals.
The hinged cover (not illustrated) has write-on areas for identifi-
cation of external circuits. Cover is color-coded to identify the circuit
voltage level. The cover needn’t be removed to gain access to the
terminals,

3. Wiring terminals for 6 outputs. Same eonstruction as line terminals.
Hinged cover (not illustrated) has write-on areas to identify external
circuits. The cover needn’t be removed to gain access to the terminals.

4. Diagnostic indicator: DC POWER (green LED) - Indicates that the
expansion unit is energized and DC power is being supplied.

5. Input power fuse (behind front cover). Iflire terminal voltage is
present but the DC POWER LED is not lit, the fuse may be blown.

6. Input status indicators. Ten red LEDs, 1E thru 10E, correspond to
input device wiring terminals 1E thru 10E. When an input circuit is
energized, the corresponding status indicator will be lit.

7. Qutput status indicators. Six red LEDs, 11E thru 16E, correspond to
output contact wiring terminals 11E thru 16E. When a programmed
output instruction is TRUE, the corresponding output status
indicator will be 1it, and the corresponding output contact will close.

8. Expansion unit connection. The expansion unit is interconnected
with the processor unit and other expansion units via ribbon cable.
See Chapter 20.
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WRITE-ON AREAS .
If addresses 111-116.and "
211-216 are allocated,
write “1” after A = and
write "2” after A+ 1=

A=

|

SLC 100 Relay Qutput
Expansion Unit

= Relay-output eXpansion unit:

R

<0000 UPPER WIRING TERMINALS.

I

B 1
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LOWER WIRING TERMINALS

Wiring terminal identification.

The relay output expansion unit can be connected to the SLC 100 or SLC
150 processor unit. It has the same construction features and
dimensions as the basic expansion unit except that the 10 input circuits
are replaced by 6 additional relay (hard contact) output circuits.

Relay cutput expansion units have wiring terminals for 6 output circuits
on the upper edge of the unit and wiring terminals for 6 more output
eircuits on the lower edge of the unit. Write-on areas are provided for
you to identify the first digit of the upper and lower addresses.

The upper group always uses the lower number address block. For
example, if address bloeks 2 and 3 apply to & unit, the upper group of
addresses must be 111-116 (address block 2) and the lower group 211-
216 (address block 3). This is illustrated in the diagram above.
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Expansion Unit
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The analog input unit can be connected to the SLC 100 or SLC 150
processor unit. The analog unit, itlustrated above, has 4 input circuits
and no output circuits. Each input circuit has 2 adjustable set points
which can be individually programmed. The following features are
pointed out.

1. Incoming line wiring terminals. Self-lifting pressure plates allow for
easy wire insertion and secure connections. Terminals accept two
#14 AWG wires. A hinged cover is provided {but not illustrated).
The cover needn’t be removed to gain access to the terminals.

2 and 3. Wiring terminals for 4 input circuits. Same construction as line
terminals. The hinged cover (not itlustrated) has write-on areas for
identification of external eireuits. The cover needn’t be removed to
gain access to the terminals.

4. Diagnostic indicator: DC POWER (green LED) - Indicates that the
expansion unit is energized and DC power is being supplied.

5. Input power fuse (behind front cover). Ifline terminal voltage is
present but the DC POWER LED is not lit, the fuse may be blown.

6. Set point status indicaters (red LEDs). The 8 set points {2 per input
circuit) are labeled 1E thru 8E. When an input circuit set point is
reached, the corresponding status indicator will be lit.

7. Set point adjustment potentiometers.

8. Protective transparent cover. Hinged to allow access to the
adjustment potentiometers.

9. Expansion unit connection. The expansion unit is interconnected
with the processor unit and other expansion units via ribbon cable.
See Chapter 20.
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Remove covertoinstall .|
EEPROM module. © * 7

Pocket programmer.

SLC 100 processor unit,

EEPROM Memory  Thisoptional device plugs into the SLC 100 or SLC 150 processor
Module unit. With the EEPROM module, you can:

® Save the contents of the processor RAM memory, for storage purposes.
® Load the contents of the EEPROM memory into the processor RAM.

As shown in the illustration above, a write-on area is provided for use in
identifying memory contents. You will find detailed information on the
EEPROM module in Chapter 17.

Pocket Pr ogramimer  The pocket programmer is used to program, edit, and monitor controller
operation. This device, illustrated above, is easily connected to the
communication port of the SLC 100 or SLC 150 processor unit when
needed. You will find detailed information on the pocket programmer in
Chapter 4,
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The interface converter, which plugs into the communication port of the
processor unit, is part of the Personal Computer Software package. The
software allows you to use an IBM or IBM-compatible personal computer
in place of the pocket programmer. With the software, you can select
funetions equivalent to the operating modes discussed in this manual.
Additional capabilities: off-line programming and program library
development; ladder diagram display and enhancements; data display
and cross reference table generation; program print-out. An R5-232-
C/RS-422 interface converter is required for commumcatlon between the

processor and computer.

Refer to the SLC Personal Computer Software User’s Manual,
Publication 1745-825, for application and operation information.

Timer Counter Access
Terminal (TCAT)

The TCAT is used with the SLC programmable controllers to access
programmed timer, counter, and sequencer data. I/0 addresses can also
be accessed. This allows production, supervisory, and maintenance
people to monitor this data “on-line”.

Refer to the TCAT User’s Manual, Publication 1745-850, for application
and operation information.
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Ladder Diagram Format

Programming
Basics |

The programming format for SLC controllers is the ladder diagram,
which uses symbology similar to hard-wired relay ladder circuits.
Figure 3.1 shows a relay ladder rung as used in hérd-wired relay control
systems and a similar PC ladder rung as used in programming the SLC
controller. With the relay ladder rung, electrical continuity is required
to energize the output, whereas in the PC ladder rung, logical eontinuity
is required to energize the output.

Instructions

In the PC ladder rung of Figure 3.1, the individual symbols represent
instructions; the numbers 001, 003, and 011 are the instruction
addresses. When programming the controller, these instructions are
entered one-by-one'into the processor memory from the pocket
programmer keyboard. Instructions are stored in the user program
portion of the processor memory.

Some of the instructions entered are used to represent the external input
and output devices conhected to the processor unit; other instructions
are “"internal”, used to establish the exact conditions under which the
processor will energize or de-energize output devices in response to the
status of input devices. '

The memory storage unit for instructions is the word, with most
instructions occupying one word of memory storage space.

Figure 3.1
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Instruction Addressing

To complete the entry of an instruction, you must assign an address
number to it. This number identifies the function of an instruction and
links it to a particular status bit in the data table portion of the memory.

The status bits in the data table can be either ON (logic 1 state) or OFF
(logic 0 state), indicating the TRUE/FALSE status of the instructions
they are associated with.

Figure 3.2 is a simplified representation of the user program and data
table areas of the processor memory.

Figure 3.2

. Anstructions ate stored in
thee same order you'enter

“them. During operation,

- ~ the processor carries out

" tHese instructions in'this

v same order.

-‘Most instructions occupy
- - .oneword of storage
” “space. 885 words are
- available in the 5LC 100,
7 1200 words in the SLC 150.°

f / The address number you
assign to an instruction

- associatesdt with & .
foe pamcular&sta_tus bit. -

" . This bit will be either ON

- {logic 1} ar.OFF (logic 0),
. indicating whether the .
mstruct:on is TRUE or
FALSE ;

* -During- operation the
- processor examines this.
. _information and updates
ot accordmg to logical

. continuity rules,
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.'h ternal Addresses

The table below lists the various infernal instructions and the addresses
you will be assigning to them in your user program. The instructions
are discussed in detail in succeeding chapters. :

Figure 3.3

e . '701 thru 863 plus 701 thru 866 plus
Relay Type instructions - two addresses of two addresses of 5
T each I/Q address each I/0 address
block {Page 3-3). bilock (Page 3-5).
Timer, Counter, Sequencer, 901 thru 932 901 thru 932 6,7,
and Reset and 951 thru 982 and 951 thru 982 10, 11
HS! Countér®' 901 thru 904 Not applicable 12
and 951 thru 954 -
.(SQO instructions)
Fine Time Base - 869 thru 873 869 thru 873 8
Long Time Base . B74,875 874,875 8
Breakpoint 100 100 14
Programmable EEPROM 864 Not applicable 17
Auto-Load®
Battery Status® 865 Not applicable 14
Triac Zero-Cross . - 866 Not applicable 14
Turn-On Enable®.
TCAT Power-Up - C 867 867 14
Program Initiatization 868 868 - 14
Auto/Man Switch’' 876 . 876 13
MCR and ZCL Addresses are notrequired 9
[ Shift Register -~ - Combines Relay Type, ZCL, and 13
i . Sequencer instructions .
® Note that these insﬁu&iéns_ébbly to the SLC 150 only, although the addresses
apply to instructions used in‘the SLC 100 as'well (relay type, timer, counter,
sequencer). You must be cautious when Interchanging programs between the
SLC150 and SLC100: . ) : :
CAUTION: interchanging programs between controllers could cause improper
operation and damage equipment. You must be especially cautious when
interchangingprograms bétween SLC 150 and SLC 100 controllers, because of
differences assodiated with certain internal addresses and other variations.
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WO Addresses  1/0 addresses are used in your program to represent the input and
output circuits connected to the processor unit and /O expansion units.
There are 112 /O addresses available to you. These are divided into 7
address blocks (10 input addresses and 6 output addresses per block).
The SLC 150 processor unit, having 32 I/0, uses blocks 1 and 2. The SLC
100 processor unit, having 16 /0, uses block 1.
You can connect various combinations of SLC 150 and SLC 100 1/O
expansion units to your processor unit. Assigning addresses is simple,
once you understand how processor "address blocks” are allocated.
Figure 3.4 identifies the address blocks and summarizes the address
bloek requirements for the various processor and expansion units.
Figure 3.4
" Address Block . input Output
. - . Number ‘Addresses{10) | Addresses(8)
The 7 address blocks are identified in
the table to the right. Address biock 1 1-10 11-16
requirements for the various processor 2 101-110 111-116
" and expansion units are shown befow. *3 - 201-210 211-216
- . L oL B “301-310 311-316
5. . 401-810 411-416
R 501-510 | . 511-516
N 601-610 . 5-11—-51_6-
ADDRESS BLOCKS REQUIRED FOR PROCESSOR AND-EXPANSION UNITS -
. : - Address - Cea .
Type of Unit . YO Blocks | 7 -~ <. . Addresses Used
. ‘| Required e ’ .
A . : Block‘l and 2 addresses are used. Inputs: 1-10, 101-110.
SLC 150 Processor !.)nlt 20/1? . 2 Outputs 1116, 111-116.
SLC 150 Expansion Unit ' | 20/12 . -2 ' Ail addr_e_ss_es of-2 consecutive blocks are used.
SLC 150 High Speed Input Module 10 |. Nome | Aninternal SQO address is associated with the HSI module.
" SLC 100 Processor-Unit . 10/6. 1| Bloek addresses are used. Inputs: 1-10. Outputs: 11-16.
SLC IOOIBasic Ekpansibn Unit 106 |1 | A addresses of the block are used.
. TR “Dutput addresses of 2 consecutive blocks are used. Input
‘SLC 100 Relay Output E_’,‘Pa““‘_’"““"‘ 0” 1. .2 addresses of the 2 blocks are bypassed.
e SUETIORS RS B 7+ ["Upper two input addresses {_9, _10) are bypassed. All
SLC 100 Analog "'Tpm Expansion ant ’ 8-!9 S R 1_‘ ’ - 1 output addresses of the block are bypassed.

Connection Examples — The following examples indicate how you
might interconnect expansion units with an SLC 150 processor unit and
an SLC 100 processor unit. Note that example 1 includes an HSI
medule.

SLC 150 SLC 150 SLC150 SLC 150 SLC100
Processor |— HSI b4 Expansion — Expansion — Basic
20/12 O Module 20/12 WO 20/12 /0 10/6 VO
Blocks 1,2 None Biocks 3,4 Blocks 5.6 Block 7

EXAMPLE 1: Afl input and output addresses of all 7 address blacks are used. The configu-
ration provides 112 V0 (70 inputs, 42 outputs). It also provides 1 high speed input circuit.
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HO Addresses SLC 100 SLC 100 SLC100 SLC100 SLC 150
R Processor  — Basic — Analog input — Relay Qutput |- Expansion
(continued) 10/6 /O 10/6 17O 8/0 /O 012 110 20/12 110
Block 1 Block 2 Block 2 Blocks 4,5 Blocks 6,7

EXAMPLE 2: All 7 address blocks are used. The configuration provides 84 I/Q: 40 discrete
inputs (blocks 1, 2, 6, 7 - addresses 1-10, 101-110, 501-510, 601-610); 8 analog set points
(block 3 - addresses 201-208); and 36 outputs (blocks 1,2, 4,5, 6, 7 - addresses 11-16,
1%1-116,311-316,411-416,511-516,611-616).

I/0 Terminal Identification — The table below indicates the terminal
identification of the four types of I/O expansion units. The table also
indicates the address blocks, input addresses, and ocutput addresses that
apply if you connect the expansion unit to an SLC 150 processor unit.

SLC150 - | Inputs: A01-A10and | 3and4 |Terminals:A=2and8=3. Input

B01-810. .| addresses: 201-210 and 301-310.
Outputs: A11-A16 E - | Output.addresses: 211-216 and
-and 811-B16. . | . 311318, s .
SLC100  |[inputs: 1E-10E. 3 input addresses: 201-210.
Basic Qutputs: 11E-16E. Output addresses: 211-216.
SLC 100 Upper terminals | 3anda. |Terminaks: A=2andA+1=3.

Relay Output | (A): +1E-16E.
Lower terminals
{A+1): 11E-16E.

Upper addresses: 211-216.
tower addresses: 311-316.
Input addresses of blocks 3and 4

are bypassed.
'SLC100 . | 8setpoints derived 3 |Setpointaddresses: 201-208.
Analog input |-from the 4input. Output addresses of block 3 are - |

circuits: 1E-8E. o bypassed.

Maximum I/0 Configuration — The maximum I/0 eonfiguration is
112, using all available addresses. If you use SLC 100 relay output or
analog input expansion units, the maximum configuration will be less,
and varies with the particular combination of expansion units used.
Keep in mind that when you've used all 7 address blocks, you've reached
the maximum,

Internal Addresses Associated with 1/0 Address Blocks - The
table below lists internal relay-type instruction addresses associated
with I/O address blocks. You can use these addresses in your program in
the same way as the relay-type instructions discussed in Chapter 5, but
only if expansion units using the associated address blocks are connected
to the processor unit.

Ifyouare USI,ng the SLC 100 Relay-Type Instruction | Associated Address
processor unit, addresses 17 Addresses Block Number
and 18 (address block 1) can
always be used. If you are 17,18 1
using the SLC 150 processor ;;‘; ;:g ;
unit, addresses 17, 18, 117, 317,318 a
and 118 (address bloecks 1 and 417,518 5
2) can always be used. 517,518 6
617,618 7
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Instruction Instructions are classified as condition instructions and output
Classifications instructions. The instruction set is shown in Figure 3.5.

Figure 3.5

an_&ition Instructions -] [-

EXAMINE ON ° T BRANCH OPEN
. | masnmnm |
1. EXAMINE OFF - - g | BRANCH CLOSE

Output Instructions —{ )-

: e

4r ‘OUTPUT ENERGIZE ~{SQl}- | SEQUENCER INPUT
[, 7 | SHIFTREGISTER® . . -|—CTD)- | DOWN COUNTER

L> | watCH. o ~{RTF}~ | RETENTIVE TIMER OFF-DELAY
ool o 1-(RTO)-| RETENTIVE TIMER ON-DELAY
U} | UNLATCH ~RST} | RESET
~(SQO)-| SEQUENCER QUTPUT ~ZCL)}- | ZONE CONTROL LAST STATE
~CTU)-| UP COUNTER . ~{MCR)}-| MASTER CONTROL RESET

instruction‘set of the SLC controller. Symbols are
fepresentations of the pocket programmer keys.

@ The Shift Register symbotis <{SR}-. It does not appear on the programmer key.

TN
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Logical
Continuity

An example of how condition and output instructions are used is shown
in the ladder diagram of Figure 3.6. The Examine ON and Examine OFF
instructions (conditional) are analogous to relay contacts, while the
Output Energize instruction is analogous to a relay coil. However, this
diagram must be evaluated in terms of logical continuity rather than
electrical continuity.

Figure 3.6

Condition lhstructions Output Instruction

-
B - i
| o0i- . a2 .l 0T 1
T, | LA L {
: I RN '~ ; LY I
E Exar'r';iﬁe . ‘E;cam:ne ) L Qutput
. ON - OFF ,' o Energlze

Ladder dlagram rung. A contmuous path of TRUE condmon
o mstructlons is requ:red to make the output Instruction’ TRUE

As stated earlier, each instruetion is linked to a status bit in the data
table. The bit will be either ON or OFF to indicate the status of the
instruction. Thus, with the Examine ON instruction we are asking the
controller to “examine the status bit for an ON condition”. If the status
bit is ON, then the instruetion is TRUE; if the bit is OFF, then the
instruction is FALSE. '

Similarly, the Examine OFF instruction means “"examine the status bit
for an OFF condition”. If the status bit is OFF, the instruetion is TRUE;
if the bit is ON, the instruction is FALSE.

The Output Energize instruction asks the controller to “set the status bit
of the addressed Qutput Energize instruction to ON when rung
conditions are TRUE”. Thus, in Figure 3.6, when both the Examine ON
instruction and the Examine OFF instruction are TRUE, the status bit
of the Output Energize instruction will be set to ON.

In terms of continuity: When there is a continuous path of TRUE
conditional instructions in a rung, logical continuity exists; aceordingly,
the cutput instruction is TRUE and its status bit will be set ON. If any
conditional instruction in the continuity path goes FALSE, logical
continuity is lost; the output instruction is then FALSE and its status
bit will be set to OFF.



38 Chapter Programming Basics

External Theuser program always includes instructions to represent external

/O Devices  devices connected to the processor and expansion units. The processor
examines the status of these external devices indirectly.

Thus, in Figure 3.7a, the limit switch contact connected to input
terminal 3 causes a voltage to be present at the terminal when the
switch is closed, and removes this voltage when the switch is opened.
The processor senses these voltage levels, and sets the status bit of the
instruction representing the limit switch to ON for the closed condition
and OFF for the open condition.

If an Examine ON instruction is used to represent the limit switch
contaet, the open condition makes the instruction logically FALSE, and
the closed condition makes it logically TRUE.

If an Examine OFF instruction is used to represent the limit switch
contact, the open condition makes the instruction logically TRUE, and
the closed condition makes it logically FALSE. Figure 3.7b summarizes
both the Examine ON and Examine OFF cases.

Figure 3.7b also summarizes the Output Energize instruction as it
applies to an external I/0 address. In this case, if the status bit of the
instruction is ON, the corresponding output contact (Figure 3.7a} closes,
energizing the external device. If logical continuity of the rung is lost,
the status bit is changed to OFF: the output contact opens, de-
energizing the external device.

Figure 3.7

External ) -I |_ *
Input Input . .
External input devices are wired to processcr Deavice Tarminal E'xa;mn;_ON EraT'";‘OFF
unit terminais 1to 10, corresponding to. . ) nstruction nstruction
instruction addresses 001 to 010.
. . o— OFE FALSE TRUE
' OPEN Status Bit OFF| Status Bit OFF
is2 . . I-— Supply Voltage - .
‘ , : 00— | gy TRUE FALSE
CLOSED Status Bit ON | Status Bit ON

ICOM11[2’3[4ISIl(.‘OM16l7lB|9[1UICOMI

/ Output contacts § —( )"— outout Ec:;timati
{internal). ) . utpu utpy
I‘I l-l l‘l h rl I-] "1 h rl h I-{ h Open/ciosed status Output Energize Contacts Device

[r1]n]a]n | 13] 13 14 14| 15| 15) 16 ml is controlled by : Instruction
. processor. )
Status Bit ON
TRUE Rung Conditions | CLOSED
External output devices are wired B ENERGIZED

to processor unit terminais 11 to
16, corresponding to instruction

Status Bit OFF OPEN
addresses 011 to 016. FALSE Rung Conditions

Supply Voltage

NOT ENERGIZED

3.7a - External input and output device connections for the SLC . .
100 processor unit. Input wiring terminais 1-10 correspond to ' 3.7b - Examrine ON, Examine OFF, and Output
addresses 001-010. Output wiring terminals 11-16 correspond Energize instructions, as they relate to external
to addresses 011-016. input and output devices.
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Processor
Operating Cycle

1/O Scan

Program Scan

PROGRAM SCAN

3.8a. Operating cydle of the processor.

During each operating cyele, the processor examines the status of input
devices, executes the user program, and changes outputs accordingly.
For a typical 500 word program, the SLC 150 controller repeats this
cycle about 500 times each second; with the SLC 100, the cycle is
repeated about 67 times each second.

A single operating cycle or scan is shown in Figure 3.8. Note that the
cycle is divided into two parts — the I/0 scan and the program scan.

In the [/O sean, data associated with external outputs is transferred
from the data table to the output terminals. (This data was up-dated
during the preceding program scan.) In addition, input terminals are
examined, and the associated status bits are changed accordingly.

The updated status of the input devices is applied to the user program
during this part of the cycle. The processor executes the entire list of
instructions in the same order they were entered. Status bits are
updated according to logical continuity rules as the program scan moves
from instruction to instruction thru successive ladder rungs. (If you use
an instruction with a unique address more than once in your program,
the solution of the rung in which the instruction last appears takes
precedence. An example appears in Chapter 9, Page 9-3.)

The I/Q 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 I/Q sean. Similarly,
data changes associated with external cutputs are not transferred to the
outputs until the next I/O scan. Exception: If you are using the high
speed input module (SL.C 150 only), the operating eyele is interrupted to
allow the processor unit to eount high speed input signals and
immediately set processor unit outputs associated with SQQ instructions
901-904, This is illustrated below,

Figure 3.8
/O SCAN 170 SCAN
. PROGRAM SCAN
High
Speed
Input
Module

3.8b. .Operating cydle when using the HSI module. The SLC
150 processor interrupts the aperating cycle to count high
speed input signals and immediately set appropriate outputs.
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Typical Scan Times  The table below lists typical scan times for the SLC 150 and SLC 100
Programmable Controtlers. Approximate execution times for the
individual instructions appear on Pages 18-13 and 18-14.

Note: Scan time can vary significantly depending on program content,
program length, and expansion units connected. Alsc, with the SLC
150, scan time increases if you are using high speed input modules.

Scan times in excess of 100 milliseconds will be detected by the processor
and cause system shutdewn. You can measure your scan time using the
techniques described on Page 8-4.

iseconds” 1 1.5 milliseconds plus . - . » . . [ 12.4 illiseconds’
e e | 0,27 millisecondsforeach o | oL
ov 140 s fexpansion unitaddress block.”
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Programmer

The Pocket Pr ogrammer Instructions are entered into the processor memory with the pocket
programmer. Becoming familiar with the features and basic operation
of this device will prepare you for the specifi¢ programming procedures
discussed in later chapters.

Keyboard  The pocket programmer keyboard is shown below. Upper case functions
(FRC OFF,FRC ON, A, B, C, etc) are obtained by pressing the SHIFT
key, then the desired function key.

Figure 4.1
e ré‘ N N T \
- |Frcorr| [ FRCONL | A (|| - B <
e 1. [ 2 311 4
== == —) =/ =

i - N\ o .\' e N — "

- oD E : F EVENT TIME
. - At 8 9
: Lr !.J E lJ L 1] = " |‘J t L

- g ) \

. . LAST
B Lr) —)
NEXT
=)
. A
SHIFT
L H
\, v
’ ENTER
, =
: o ‘ﬁoékeﬂig;rogrémmer keyboard. -
o Abbrevtatlons and Symbols

" FRC OFF . Force GFF < .| HRTF}: -:Retentwe Tsmer Off-l:)elay=
JFRC ON - | Force ON ™~ S 00| HRTO) - | Retentive Timer On-Delay.
(PRT o pProtect * oo .| CCANCEL  cyncel Command
_ UNPRT . | NotProtect - - - |- c™mD. A
+4SQO)-. | Sequencer Output =~ [~ HRST)- |Reset .

- AsQ- Séquencerinput | - " T[. . |BranchOpen
~{CTU}- | UpCounter. ~ ~ “-F - A" I'Branch Close
_—(C'I_‘D")—_ ‘| Down Counter * - b o e
- {zct}- . | Zone Control Last Stété Ak | Examine ON
~{MCR)-. | Master-Control Reset - 3K | examine OFF

L | Latch DN M : : -
: L e Qutput Enérgize
- 1{“'?“_" =+ Shift Register (use shift key)
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Display

The display window of the programmer is shown in Figure 4.2. The
LEDs in the upper portion illuminate when instructions are entered,
edited or monitored. Addresses, data, prompt messages, and other
information is presented on the 7-segment displays located belew the

LEDs.

Figure 4.2

‘In this typical displdy, the cursor is located at an Examine OFF
instruction, address 008. Itis the first instruction in rung 3 of the

program and rts cu rrent status is TRUE:

1. L"ED indicaéors.

3. TRUE/FALSE
/ status indicator.

o f% TR EA
ST IRIO} €RTF)-- -(cz‘u}
ALy (u}~ - (SQI)-
; -{MCR})- ?RT‘ " PROG
..... e R ADDRESS : :
o Tl A AR b £ . .
: b MODE ’5)

DATA . |

Sl Address{Déta-
B -_infdrm_ation'.' ‘

N\

4. Rung/Error/Mode
infermation.

- 1. ,Illuminaté;d LED indicates the cursor position, that is, the instruction being
: 1entered edited or mamtored In this case, the Examine OFF LED is illuminated.

2. Four—character«dtgntal dlspiay shows instruction addresses and other
) mformatlon The'symbol at the left indicates that the ‘cursored instruction is at

addréss, 008

-

> the begmmng of the rung The number 8§ at the right indicates the instruction

.3 éTRUE/FALSE status indicator. it is |I1urnmated indicating that the Examine OFF
'mstructlon is TRUE This indicator functions only in the Run or Test mode.

4, ?hree-cha racter r.hglta! display. shows rung, mode, or error code number. In this
. case, the dlsptay indicates that we are inrung 3 of the program.

‘ jAﬂer you enter a program you can move thru it from one instruction to ancther by
' pressang  the NEXT and LASTkeys
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Modes of Operation

The pocket programmer is used to select the various modes of operation.
A list of these modes appears on the back of the programmer. A detailed
explanation is given below,

Figure 4.3

- CLEARMEMORY: Sélecting this mode erases the <ontents of -
. the on- board RAM ‘memory. Upan completmn the”
programmer ahtomatrcally smtches tomode 2; Program. L

JCLER

PRGGRAM Used to entef a néw program of up date an .
. @xisting one m the RAM memo! ¥

jVFljr B g

RUN; Tn thrsmoﬂe 'the prmesso;scansand executes theuser. . e

programﬂ lnput‘devrees are;momtoved and Sutput devrces@ge

compilete a smg’]é s*cén ofthe user*program geach*trme the |

= fureakei i‘spressedA g outputs s willbé i Energlzed “T’*mérand

rmef‘-dnven sequgn’te’r«accum uiated‘va Iues wiiifbé mtremented
0 f " N E

programmer - can bé figi it :
i/O ‘and change counterftrmerlsequenc»er value‘s‘

I R

55

p

Tssr-conmuous‘ SC‘AN“ Causes t’hé pmr.essor‘to éﬁerate iy
‘from the user program without en”ergrzmg any, outputs. The
programmer canbe useditc thonitor the user prograrn for:e :
1/9 and change counterltrmerfsequencer values i Fos

| e5en

'STORE USER PROGRKM iN EE?ROM MODULE Allows yoo to.

‘save a program; that ig, stofe a program contained inthe on- o
board RAM memory nan EEPROM memory module

SAUE

" |, LoADusER PROGRAM FROM EEPROM MDDULE Th;s moade:
" “allows you to read a prograny intomemory, thatis, Jloada

- program: ‘contained in an EEPROM ‘moduleinto the'on-board - .
RAM memory You can then; rémove: the EEPROM ‘modulear

1 teaveitin piace The processor operates from the RAM only

| rERd

ENTERICHANGE ACCESSCODE Thlsmodeallows youtoenter L

or change an access code or password

rASS

DIAGNOSTIC TEST—PROGRAMMER A sequence of self—
_chécking dragno,sﬁotests Refer tchage 225 i5 (Mamtenance
and TrouELeshootmg) for details. . .

1 4R
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Practice Setup  SLC 100 and 150 Demonstrator Units (Catalog Nos. 1745-DEMO1,
-DEMO3) provide a convenient means for practicing the keystroke
examples, monitoring techniques, and editing techniques shown in this
manual. If you do not have access to a demonstrator, you can use

another of the practice setups shown below.

Figure 4.4

%

LR T I

- 5Lt190:p;d<es_sorhni¥\;\fitpthe pocket{progi"a'rﬁrﬁer pluggedin.. ' I ST e e
~ . Connect a power cord to the processor.as indicated in Figure 85, ~ "7 7 - B e e B




Chapter Using the Pocket Programmer

4-5

Practice Setup  The figure below shows the procedures for connecting an SLC 100
(continued}  processor unit or an SLC 150 proeessor unit to a 115VAC power source.

Figure 4.5

51c 1ﬂ0Processor Umt Ccm nectlons

s i QGreen .
.( T w",TaﬂSVAc
: Co ‘Whnte s Grounded’
: Priec e, L Solfce T
- .cg‘q'a'ck,. Slayrn
: ‘ TOAISVAC -
: Grounded

: Sou ree’

LNar b
wussm ;

1 ﬂmw N

w»ﬂ.ys s

1 gﬁy Wieumlnco;regtwwe»ceﬁqemonﬁ cm céusedamage tothe -
pmcessm’umt poewersupgiy, _ﬁunotqumper‘ 15VAC: NEUT and. N
230\[A?MEUT tog,ether Danat fumpe:un 115VAC NEU‘I‘ or jj N

unus‘edamm &Elﬂ'icme CHASSlS‘ GﬁD temunal

tug: o rdg@tg a ouaded 11'3 WiC‘ Outlet : f.the outlet fsnot -
o ~co$t1‘61lgéc_i by a'near y Switch; power €an he appl'ied*’and femoued by
B piuggmg and unplu,ggmg thepowz;cbrd T

WARNING Contact \mth the,sourfef voitage can fause serious m;ury
Do not apply aower untll thewlrmg is comﬁleted and checked
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Practice Setup
{continued)

New Processors

When you apply power to the processor unit, the DC ON indicator should
light, indicating that DC voltage is being supplied to the internal logic
circuitry.

When you turn the pocket programmer switch on, the programmer
display will show “SLC-100" and automatically go thru a series of
diagnostic checks; it then displays the operating mode it was left in
when last used. (If the programmer displays an error, follow the
procedure described in “New Processors” at the bottom of this page.)

To be certain that you are beginning with the processor memory cleared,
enter the Clear Memory mode. To do this, press

ENTER
—1

SurE P

Itis asking whether you are SURE you want to clear the memory.

Press the ENTER key again. The display will briefly show
danE
indicating the memory is cleared. It will then show

HAHS End ifyouareusinganSLC 100 processoror |[200 End
if you are using an SLC 150 processor. This indicates that you are at the
end of the program and there are 885 (or 1200) words remaining in
memory. Since the memory capacity is 885 (or 1200) words, this also
tells you that the program length is zero words.

Note that the LED labeled PROG is lit. This indicates you are in the
Program mode.

The display will show

If the controller is protected with an access code: When you turn
the pocket programmer switch on, the programmer will go thru the
diagnostic checks, then display

- _-— PHS
Enter the code and press ENTER. The processor will then enter the
mode it was left in when last used.

If this is the first time the processor unit is being used since it left the
factory, the programmer will detect a series of errors in memory, Clear
each error by pressing the CANCEL CMD key after the erroris
displayed.

After you clear the errors, you must elear the processor memory. Press
MODE, 1, ENTER, ENTER. This clears the memory and places the
processor in the Program meode.
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Using an Access Code
(Password)

You can restrict access to the processor memory by entering a 3-digit
access code or “password”. To do this, enter mode 8 {(Enter/Change
Access Code) by pressing MODE, 8 ENTER. Then enter any 3-digit
number from 001 to 999 except 356, 712, or 840. Finally, press ENTER.
The aeccess code is now stored in the user program.

Each time you use the pocket programmer (any pocket programmer),
vou will be prompted for the acecess code with the display "PAS”; you
must enter the correct code and press ENTER before the processor will
enter the mode it was left in when last used.

The access code will also protect the contents of an EEPROM memory
module. If an access code has been stored in an EEPROM, you will be
required to enter the code before the processor will execute this program
(Chapter 17).

If you want to change your code, enter your code as you normally would,
then re-enter mode 8 and press the new code and ENTER when
prompted for a code.

If you no longer want the processor to be protected by a code, re-enter
mode 8 and press 0, ENTER when prompted for a code.

An access code can be overriden. Todo this, press 9,4, 0, ENTER,
INSERT when prompted for a code. Important: The processor will no
longer be protected by the access code. [t must be re-entered.

Mode Selection

Operating modes are described in detail on Page 4-3. Youcanselecta
particular mode as follows:

1. Pressthe MODE key. The programmer will display the symbol and
number of the current mode, Tor example
prog =
2. Press the numerical key corresponding to the particular mode you
want. Your mode will be shown on the display.

Alternately, you can press the NEXT or LAST key repeatedly until
yvour mode appears on the display.

3. Pressthe ENTER key. If you selected mode 2, 3, 4, 5, or 9, you are
now in that mode.

If you selected mode 1, press ENTER a second time.
Entering modes 6 and 7 are discussed in detail in Chapter 17.

Entering mode 8 is diseussed in the paragraph above, “Using an
Access Code (Password)”.

Note: When you enter the Run mode (3), outputs in your program are
enabled. When you change from the Run mede to any other mode,
outputs will be disabled.
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Entering a Simple

Program

The ladder diagram of your program is your “road map” in entering and
reviewing your program. It is important to check the diagram for
accuracy before you enter it into memory. Number the rungs.

A simple 3-rung ladder diagram is shown below. External [/Q addresses
001 and 002 are assigned to the conditional instructions (Examine ON,
Examine OFF) in each of the three rungs. External /0 addresses 011,
012, and 013 are assigned to the three Output Energize instructions.

The step-by-step programming procedure indicates which keys you
should press, and what you should observe in the programmer display
window after pressing the keys. Note that the PROG LED is
illuminated centinuously while you are in the Program mode.

Figure 4.6

I 001 002 011
C g e e———(
o foeor e 012
Rung2 N - Al ¢
i U S
Rung3 ¢+ —fb— }—+

- Kéyit?dké Example - .Ent_é'ri_ng asi mfp;leibrb_grazif; o

: .Whe_n:y;)g press the'Examiné ON key, the corresponding LED illuminates. The

-:”i “] [_ D : l . .| dashesare prompting youfor an address. The “1” indicates you are inrung 1.
. 1 y - ‘I' N ‘ |: | “address 001 is entered By.pressing key 1. You do not enter the leading zeros
sk LK N R b |, ofanaddress. . - . e : :
=)= == ?_ = _,' L T The ExammeDFF J.;éy:is:press'ed. Dashes are prompting you for an address.
2 : _*] l’{; O A T ‘Thé address has been entered. H you enter an incorrect address, you can
S R N E o +|- deleteitby pressing CANCEL CMD and then-enter the correct address.. .
S O S 1 = )_ : . I : f!‘hé@ut;iutfhgrgixé key'is pressed. Dashes are prompting you for an address.
1, 1’- 1 I 4( )- . e ] The ayd't.irekss has been entered. Thisis the final instruction of rung 1.
= ENTER - ' g8g a E:ri ﬂ. 1. The rungis entered into memory by pressing the ENTER key. The display
: R B o S o+ vindicatesthat 882 words remain in memory.
Keys for - . 1= '~ 1 1 Rungs 2 and 3.0 the program are very similar to rung 1. Enter these rungs. At
B16 . End : ! 4 9
Rungs 2,3 ; . _ ;he',epd of rung 3 the display should indicate 876 words remain in memory.
I NEXTand LAST keys: You can review your program with the NEXT and LAST
NEXT o : keys. Each time you press the NEXT or LAST key, the cursor moves to the
Y y.1
and I11- F ] 3 following or previous instruction in the program, indicating its address and
LAST ' thie rung number.
keys The firstinstruction of each rung is indicated by the rung start symbol: |
§ When you reach the first instruction of rung 3, the display at the left appears.
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Display Symbols

“He
bnd .

‘bro

. .|3_'r'P

C-E
CLEr
~Lhcn

d ]Hg_ '
danE "

To guide you thru programming and monitoring procedures, various

abbreviations and symbols appear in the Address-Data and Rung Err-
Mode display areas of the pocket programmer. These abbreviations and
symbols are explained in Figure 4.7,

Figure 4.7

Accumulated (AC) value, sequencers.

Accumulated (AC) value, timers/counters |
' Branch close

Branch open

Breakpoint instruction

Time-driven {Clock), sequencers

Select time- or event-driven, sequencers

Mode 1, Clear Memory

~Modes, Testfontir_iu‘qus Sean |

Step data, sequencers o
Meode 9, Diagnostic Test - Prograni_mer

Done processing

" Event-driven, sequencers, or Error

Enter logic element .

End

Forced /0

Failed internal test or password

Firmware revision number

| Group number, sequencers -

Insertrung -

" Insert

Shift left register
Master Control Reset
Not found

Preset {PR) value, sequencers

P

r

cE .

e
SR

| rERd-

"ruh*g-- ' ﬁ.

SLC-I00

h: 5r ch -

| sucE?.
USE

PASS

'|:|Ir' og .

o
rAc

FEF
run.
SAUE

55ea
GEP

2CL

Mode 8, Enter/Change Access Code

Preset (PR} value, timers and counters

‘Mode 2, Program

‘I Shift right register

Rung

‘| Reset Accumulated (RAC) value

“Remove

Remove force - -
Remove rung

Remove faulty branch error.

 Mode 7, Load Program from EEPROM

Mode 3, Run

Rung

- Mode 6, Store Program in EEPROM

Start-up display .

" Search

Mode 4, Test-Single Scan'

Prompt for step number

Sure you want to continue?.

Mask data, sequencers
'|. Zone Control Last State

Shift key in effect

Start of rung

Prompt for data
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Error Codes -SLC 100
and SLC 150

The error code numbers which may appear on the programmer display
are defined in Figure 4.8. This information also appears on the back of
the pocket programmer.

Internal processor errors (codes 1-9) are those occurring in the processor
circuitry or the memory. When any of these errors occur, the “CPU
Fault” LED on the processor unit will light, and all outputs will be
disabled.

Error codes 10-59 identify communication, expansion unit, EEPROM,
and programmer hardware problems (code 27 applies to SLC 150 only).

Programming errors (codes 60-67) are user errors indicating that you
have used an invalid procedure, entered incorrect or incomplete data,
etc. In most cases, the errors are easily understood and remedied;
occasionally, it may be necessary to review the proper keystroke
sequence for the particular programming operation you are attempting.

The procedure for correcting programming errors is to 1) read the error
description, 2) press the CANCEL CMD key, which returns the display
to the point it was at before the error was made, then 3) take corrective
action as determined by the nature of the error.

Figure 4.8

INTERNAL PROCESSOR ERRORS

JAthrud | procassor hardware problem
- 5thrug | Ppracessor mémiory problem
.9 Processor scantime problem
10thru25 | Communication problem
26 || Expansion unit problem

<27 | SLC1500nly, See Figure 4.9
51 EEPROM module problem
52 | CAUTION -Program changes not saved in EEPROM module

53thru59 | programmer hardware problem
PROGRAMMING ERRORS

60 Incomplete rung {no output instruction)
61 | Invalid address for instruction

62 User memory exceeded
63 | Instruction cannot be forced

. 64 Branch esror {short circuit)

- 65 Branch error (incomplete branch)
66 Invalid access code -

T 67 Rung toolarge
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Error Codes -SLC 150  Error codes 27-1, 27-2, and 27-5 are detected by the SLC 150 processor
only. Ifany of these error conditions oecur, the pocket programmer will
initially display error code 27. You must then press the CANCEL CMD
key to display the -1, -2, or -5 suffix.

Figure 4.9

High speed input module problem
Zero-cross turn-on failure
ZCL programming error
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Chapter Relay Type
Instructions

General Relay type instructions include Examine ON, Examine OFF, and
QOutput Energize instructions, already discussed in Chapters 3 and 4.
This chapter goes into further detail and alse intreduces you to the
Lateh and Unlateh instructions {retentive output) and the Branch Open
and Branch Close instructions.

The figure below summarizes relay type instructions.

RS RN L IR 016

. ExamineON . "7 < Examine OFF - Output Energize
s 016
—( o= —u—
I’;atch f Cow - Unlatch

: -Numbers 001 and‘016 above the symbols are instruction addresses.
'Ani exptanation and| I|s___t|ng of internal and externai addresses you
can assign to these instructions appears on Pages 3-3 to 3-5.

L
s

» .gBrairich‘“Qpn)gn . Branch Close

These mstructsons are used to program pa rallel paths of

) condltlonai rnstructlonas wuthm arung. -Addresses are not used.

- The symbols ‘[ ’_:l'mdlcate -Branch Open and Branch Close on
the progfammer keys and PC software d:splay )
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Examine ON, These instructions were already explained (Pages 3-6, 3-7). A user
Examine OFF, program applying them is shown in Figure 5.1. This figure shows a
Ou tput Ene rgize hard-wired circuit and a user program which provides the same results.

Programmed instructions with addresses 733 and 734 are internal,
They do not represent external /O devices. On the other hand,
instructions 001, 002, 011, 012, and 013 represent limit switches LS1,
LS2, and pilot lights PL1, PL2, PL3.

You will note similarities between the hard-wired circuit and the user
program. Thus, when relay coil CR1 in the hard-wired circuit is
energized, its normally open and normally closed contacts in rungs 3, 4,
and 5 operate, or change state. Similarly, when Qutput Energize
instruetion 733 in the user program goes TRUE, its associated Examine
ON and Examine OFF instructions in rungs 3, 4, and 5 change their
TRUE/FALSE state.

In comparing the diagrams, you will also discover an apparent
contradiction. That is, normally open limit switch LS1 and normally
closed limit switch LS2 are both represented in the program by an
Examine ON instruction. This makes sense when you consider that
rungs 1 and 2 must accomplish the same thing: The rung must be TRUE
when the external limit switch is closed, and FALSE when the limit
switch is open. Using an Examine ON instruction to represent the limit
switch satisfies these requirements. The N.O/N.C. mechanical action of
the switch is not a consideration.

Liniit switches 151,152, and"
- pilot lights PL1;PL2, and PL3
. <« * dre reptesented inthe user * -
212" pidgeam by instrictions 001,
|7 002,010,092, and 013 > L <
- - - “respectively. Note thatboth . -
S w glge:p,a.iﬁfpﬁkswit‘;h LSTand
_ * 7 the NIC. limit switch'LS2 are -
“ .5 » répresented by Examine ON' . -
-+ " instrictions (001,002). - -

2
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Equiva lent User  The function of the hard-wired circuit in Figure 5.1 can be achieved with
Progra ms  another, simpler program-the 3-rung ladder diagram in Figure 5.2.
Again, instructions 001 and 002 represent limit switches [.51 and LS2;
instructions 011, 012, and 013 represent pilot lights PL1, PL2, and PL3.

The ladder diagram of Figure 5.2 does not use internal instructions to
represent hard-wired relays CR1 and CR2. Instead, instruction
addresses 001 and 002 are used repeatedly to obtain the logical
continuity equivalent to the electrical continuity of rungs 3, 4, and 5 of
the hard-wired circuit.

Figure 5.2

o e S

5

o ;i { _? S Hfard:wi_%éd circuit {frbm Figure _5.1),‘

Ll " 00t - 002 ' 011
o Ruag 1 = Ne——
A o > o . ;?u'oo1 002 012 [

conils o eeio02 on
el Rung3 4 ——(
' Sl ..'Equi&yale}njc 3-rung uﬁer program.
-+ {Compare this with the user -
* program.in Figure5.1.)
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Unconditional
Output Energize

It is possible to enter a rung consisting of an Cutput Energize
instruction only. Since the rung lacks a condition instruction, the
output will be continuously TRUE. Although the unconditional Qutput
Energize has a few specialized applications, it is generally an
undesirable programming procedure which you should be careful to
avoid.

Branch Instructions

These are used to create parallel paths of condition instructions,
allowing more than one set of conditions (OR logic) to establish
continuity ina rung. Figure 5.3 illustrates a branching condition. The
rung will be TRUE if either instruction 001 or instruction G602 is TRUE.
To program branch instructions with the pecket programmer:

1) Press the Branch Open key before entering the first instruction of
each parallel path.

2) Press the Branch Close key after entering the last instruction of the

last branch.
? ]

" The ladder diagram of Figure 5.3 illustrates the use of branch

instructions. To program this rung, press the following keys:

+H ; 5 ENTER
— — —— cC—1

. 015
{
Y

> Two parallel paths
for logic continuity

. {ORlogic).

e B & e
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The Nested Branch

A nested branch (branch within a branch) cannot be programmed, but

you can program an equivalent branching condition. This is shown in
the figure below.

Figure5.4

[~ A branch within
a branch.

Ru ng A above cannot be programmed.

‘oof 002 003

R VR F IR e
’ B_II 4 |5| — I —{ )
0 ooa C 003 ed .
Instruction 403
A"_—'l l | | | repeated.

Rung B, equwalent torung A, can be programmed.
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Output Latch

Output Unlatc

h

These retentive instructions are used as a pair at the same address.

When a rung containing an Output Latch instruetion goes TRUE, the
Output Latch status bit is set to ON. The bit can only be turned OFF by
an Output Unlateh instruction located in a separate rung. This is
summarized in Figure 5.5,

The Lateh/Unlatch instruction status is retained when you change from
the Run mode to another mode. Thus, in the example of Figure 5.5, if
you change from the Run mode to any other mode while status bit 015is
ON, the external output device will be de-energized, but the status bit
will remain ON; when you return to the Run mode, the output device
will again be energized.

The Latch/Unlatch instruction status is also retained on power loss,
since the processor memory is provided with battery baek-up.

Operation after CPU Faults: Latch instructions are reset to their
initial conditions after a CPU fault is detected (error codes 1 thru 9, 26,
and 51).

Figure 5.5
. F=i o . 015 ST Oufput
I ﬁ!‘-) —1 . -Terminals
. LatchRung- 1 |1S_l15|‘16_|‘15|
_ R L SO " Device
' ... UnlatchRung . . -
Lot L supply
- Programmed Rungs - : - Voltage
o TRUE
Latch Rung :
FALSE
L TRUE
Unlatch: Rung. :
L FAESE
. Status-bit 015 .
A OFF :

- B Latch rung is TRUE; Status bit 015 is:ON; Output device
isenergized. . o o
{2 Latch rung goes FALSE; Status bit 015 remains
ON; Output device remainis energized. .
- 3] Unlatch rung-goes TRUE; Status bit 015 goes OFF: -
. Qutput device is de-energized, . e A
- 18] Unlatch rung goes FALSE; Status bit 015 remains OFF; - -
Qutput device remains de-energized. S e T
[5] Latch rung goes TRUE; Status bit 015 goes ON; Output
deviceisenergized. 1. -l T LT

. Timing Diagram
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Hold-in R ungs  Figure 5.6 shows a typical hold-in rung, analogous to the familiar
- Operating Differences  electromechanical start-stop hold-in circuit. All versions of SLC 100 and
Series A vs Series B SLC 150 processor units will function as described. However, there are
two conditions under which there are operating differences. This is
pointed out in the table.

Figure 5.6

. (Al processor units:
" When Examine ON instruction 001 goes
’ TRU£ output instruction 011 goes TRUE.

* “When-instruction 001 subsequently
-goes FALSE, output 011 remains TRUE,
beirig “held-in" ‘by Examine ON
mstructmn 011

"" Output 011 will 9o FALSE ‘when Examme
[ ‘OFFinstruction 002 goes FALSE:

Status of Non-Retenme Outputs in Hold Int Rungs

; e e A: 1LC1 - SeriesB SLC150
: Se"es s < 5° - | ‘and SeriesA, 8, C SLC 100

c.,,/

APTO';N,&I';E cyéié&frém Outputs retumto ; 1 Outputs aré OFf.
Oﬁtom: thelslaststaie /’\ P _pu; re

jOutputs (etumto thelr £

Pnocesso? is sw&t;hed R P
" fromthe Runmiode: - | . laststate. However, if - » Outputsare Off.
“toany other opers : i therogram madewasj . -

11 ating mode, then: * gnteredand a program

o swmhed*batleto’ihe A. «changg wasmade, .
" | Rinmod | oueputs e ot
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RTO and RTF Timer
Characteristics

AC, PR, and RAC Values

Timer
Instructions

Timer instructions inelude the Retentive Timer On-Delay —(RTO)-and
the Retentive Timer Off-Delay -(RTF)-. Both require the use of the
Reset instruction —(RST)-. Timer instructions are represented by the
follewing symbols:

901 901
—RT0)}— —{RTF—
PR400.0 PR 400.0

Address: 901-932. Time base: 0.1 second. Range: 000.1 to 999.9 seconds.

Timers with long or fine time base: Special instructions can be used
for time delays beyond 999.9 seconds and for timers with greater
resolution than 0.1 second. Refer to Chapter 8.

The timer instruction functions as an internal “clock”, counting
0.1-second intervals. The number of intervals counted is called the
Accumulated value (AC). Counting takes place under these
TRUE/FALSE rung conditions:

RTO Timer Rung Conditions RTF Timer Rung Conditigns
TRUE |  FALSE TRUE FALSE TRUE FALSE
Counting ) 7 Counting ‘
Timer is stops. Counting Timeris stops. Counting
counting. AC value resumes. counting. AC value resumes.
retained. retained.
AC value represents the cumulative ACvalue represents the cumulative
time during which rung is TRUE. time during which rung is FALSE.

The clock figure below represents the AC value. The time delay is set by
programming a Presef value (PR). In this case, the PR value is set at
400.0 seconds.

The figure also shows a Reset Accumulated value (RAC) at 0000. This is
automatically set when you program the reset instruction. In most

cases, RAC is left at 0000, but you ean change it to any value up to 9999.
H you program an RAC value, the time delay will equal PR minus RAC.

You will find that the programmer display does not show a decimal point
for RAC values. Thus, if you program PR to 30.8 and RAC to 105, the
time delay will be 30.8 minus 10.5=20.3 seconds.

RAC

AC Value:
8 0000 t0 999.9 2

k PR set to 400.0
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Status and Overflow Bits

Reset Instruction

The timer status bif has the same address as the timer instruction:

901 901 |

—F N

The RTO status bit is set ON when the AC value reaches the PR value.
Examine ON instructions at the status bit address go TRUE; Examine
OFF instructions go FALSE,

The RTF status bit is set ON instantaneously when the RTF instruction
goes TRUE, and is set OFF when the AC value reaches the PR value.
Examine ON instructions at the status bit address go FALSE; Examine
OFF instructions go TRUE.

The overflow bit is given the timer address plus 50. (901 +50=951):

951 951

— SN

The overflow bit is set to ON when the AC value “overflows” from 999.9
to 0000. Examine ON instructions at the overflow bit address go TRUE;
Examine OFF instructions go FALSE. RTO and RTF status bits are not
affected when the AC value overflows.

The reset (RST) instruction is given the same address as the timer
instruetion:

901

——{RST}—

RAC 0000

When the RST instruction goes TRUE, status bits and overflow bits are
set to OFF, and the AC value is reset to the RAC value. The RST
instruction must go FALSE again before the timer can resume counting.
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Typical Timer Operation

The table below indicates how the status and overflow bits of timers
change state as the AC value increments from 1) the reset state
(AC=RAC(), 2} up to and past the PR value, 3) beyond a value 0of 999.9
(overflow), and 4} back to the reset state. '

5 Bi 1. Timer 2. RTO Rung TRUE 3. AC Value 4, RST
tatus Bit Reset ot RTF Rung FALSE. Overflows Beyond | Rung TRUE.
901 AC=RAC AC Value'Increments 999.9 Timer Reset
-| |_ RAC RAC RAC RAC RAC RAC
Overflow Bit
I
{Examine ON PR PR PR PR PR PR
Instructions) AC<PR AC<PR | AC>PR | AC<PR | AC>PR AC<PR
RTO Status Bit OFF OFF ON ON ON OFF
RTF Status Bit OFF- ON OFF OFF OFF OFF
Overflow Bits OFF OFF OFF ON ON OFF

Power Down: The timer status is retentive. When you apply power
after a power-down, the AC value and ON/OFF states of status and
overflow bits will be the same as before the power-down. The status is
also retained when going from the Run mede to another mode.

Operation after CPU Faults: Timer instructions and associated
status bits and data values are reset to their initial conditions after a
CPU fault is detected (error codes 1 thru 9, 26, and 51).

Monitoring and Changing Data: PR and AC values can be monitered
and changed in the Run and Test modes. The PR value can be protected
from changes in the Run and Test modes by using the UNPRT/PRT key.
Refer to Page 15-9.
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Retentive Timer
On-Delay (RTO)

Chapter ﬂn’mer Instructions

As pointed out on Page 6-1, the AC value of the RT'O timer increments
when the RTO rung is TRUE. This is illustrated in the figure below,
which shows an RTO timer ladder diagram and timing diagram.

For illustrative purposes, both Examine ON and Examine OFF
instructions are used at the timer status bit address, 901. These
instructions are used to energize output 015 and de-energize cutput 016
when the AC value reaches the programmed PR value.

The timing diagram illustrates the retentive nature of the timer. In
effect, the timer measures the cumulative periods during which the
timer rung (1) is TRUE. The AC value will continue to increment
during TRUE rung periods as long as the reset rung (4) remains FALSE,
On the count after 999.9, an overflow bit (not used here) is set ON and
the AC value continues to increment from 0000,

After the timer is reset and rung 1 goes TRUE again, the timing period
will begin at AC=RAC. In most applications, the RAC value would be
0000. We chose to show a non-zero value for illustrative purposes.

Figure 6.1

901

Rung 1

Instruction -

RTO-Timer /'PR XXX.X

{RTO}—

015

Rung 2

Rung3 +—Nc

Status Bit
Address

Reset
3 ritolz instruction
Rung4 it

PR XXX.X -

901 .
AC Value

Ladder Diagram

Letters A to F at the bottom of the timing diagram

indicate the following events:
A.

rung 3 is TRUE.

8. Rung1goes FALSE. The AC value stops incrementing,

but the existing value is retained.

C. Rung 1 goes TRUE. The AC value continues to

increment from the point it left off.

Rung 1 goes TRUE, The AC value increments, ) £.
beginning at AC=RAC. Examine ON instruction 901
inrung 2 is FALSE. Examine OFF instruction 901:in

. The ACvalue has reached the PR value, Examine ON
instruction 901 goes TRUE, making rung-2 TRUE..

{RST—¢

RAC yvvy

RAC YYYY -

"9 , g
AC =0°qo /i- H ! é . i ' H
Timing Diagram

Examine OFF instruction 901 goes FALSE, making rung
" 3 FALSE. The AC value continues to increment.

Rung 1 goes FALSE. The AC value stops incrementing,
but the existing value is retained. Rung 2 remains
TRUE. Rung 3 remains FALSE.

F. Rung4 goes TRUE. The AC value is reset to the
"~ programmed RAC value. Examine ON instruction 901
- ‘goes FALSE, making rung 2 FALSE. Examine OFF
instruction 901 goes TRUE, making rung 3 TRUE.

While the RST instruction is TRUE, the timer is
disabled. Timing can resume whenrung 4 goes FALSE
again. -
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Retentive Timer
Off-Delay (RTF)

The essential difference between the RTQ and RTF timers is that with
the RTF timer, the AC value increments when the timer rung goes
FALSE rather than TRUE.,

Figure 6.2 shows an RTF timer ladder diagram and the corresponding
timing diagram. For illustrative purposes, both Examine ON and
Examine OFF instructions are used at the timer status bit address, 901.
These instructions are used to de-energize output 015 and energize
output 016 when the AC value reaches the programmed PR value.

Here again, the timing diagram illustrates the retentive nature of the
timer. After rung 1 makes a TRUE-FALSE transition, the timer
measures the camulative periods during which rung 1 is FALSE. The
AC value will continue to increment during FALSE rung periods as long
as the reset rung (4) remains FALSE. On the count after 999.9, an
overflow bit (not used here) is set ON and the AC value continues to
increment from 0000.

Ladder Dlagram .

: »Letters AtoG atthe bottorn ofthe tlmmg dnagram

. indicate xhe followlng events:

A, Thetlmer is feset , with AC . RAC. Rung 1is FALSE
" Examine ON instruction 901 in rung-2:is FALSE.

RACvvyy °

Figure 6.2
001 901
‘Rung 1 { | —(RTF)—¢
RTF Tnmer /'PRxxxx
Instruction
_ : - 015
Rung 2 | B { V—
. StatusBit. .. .|+
‘ WITY T Address 016
Rung 3 '—\H\ — - ( —
.k 202 Reset o
L : Instruction T 901 - ]
Rung 4- 1—|’ ' E - '{RST)—'

. :rimih'g biag'"r‘am?

F‘ The AC vaiue has reachedthe PR vatue Examme ON
.~ instructign 901. goes FALSE, making rung 2. FALSE i
Examine OFF mstructaon 901 goes 'FRUE, mak:ng rung

Examme OFFinstruction 901 in rung. 3 is TRUE.. R G ‘_Rung a goes TRUE The AC vaiue is rasetto the RAC

B. Rung 1 goes TRUE Instantaneously, Examme O_N
“ instruction’901 goes TRUE and Examme OFF . - -
instruction 901 goes FALSE, makmg rung 2 TRUE and ’

_.rung 3 FALSE.

C. 'Rung 1.goes FALSE Th7e AC value begms to mcremem.

D. Rung 1goes TRUE: The AC: value stops mcrementmg
but the existing value is retained.

.- valué. Note that thisisthe same situdtion as event A,
N ,.w:th thie Examine ON instruction 901 FALSE and the .
" Examme OFF mstructlon 9&1 TRUE.. e

'wmle the'RST mstructmn is TRUE, the timeér is .

disabled. ‘Atter the RST instruction goes FALSE and -

rung 1 makes 3 TRUE to FALSE transition, the tmﬁng
- jperlod waﬂ hegm at AC= RAC : .

E. Rung 1'goes FALSE. The ACvalue continues to

increment from the point it left off.
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6-6
Tlmmg Beyond 999.9  Special instructions at addresses 874 and 875 have time bases of 0.5 and
Seconds 1.0seconds, allowing you to program the equivalent of an RTO timer
with time delays beyond 999 .9 seconds. This is discussed in Chapter 8.
You can also use the instructions discussed in this chapter to obtain time
delays beyond 999.9 seconds. An example is shown below, where the
overflow bit of one RTO timer initiates a second RTO timer to produce
an output at 1400 seconds.
Timer 901 in rung 1 is used for the first part of the timing period and
timer 902 in rung 2 is used for the last part. The Examine ON
instruction 001 of rung 1 is repeated in rung 2, so that if timing 1s
interrupted during the last part of the timing perioed, the AC value will
stop inerementing, preventing an output in rung 3.
Figure 6.3
e
Cae / 7
’ “Rung1 / . ///////
‘ P FALSE
o oo e Lt e
Rung 1 4o (RO}
g e |
“Rung 24— o] p— \Rro)-~
SR B - 9&4000 :
e gL
Rung3 $— } Baaca-rn B i 2
o] 002 et i
Rungd ¢ p———————(RST)—3 ;- -
SolpTTriis e Traco0ge Tl ﬁ
R - S -
- Rungs P frsT
et FRE ‘_"_'3"-""4.',RAC0000
:Q_» i Ladder Dsagfam i

¥ oA

[T R e g

Letters A to E at the bottom of the tm'lmg d1agram
_indicate the foifowmg events:

A. Examine ON mstructlons 091 inrungs 1, and 2 g0 T TRUEI- ‘ i
ZRung 1 goes TRUE. Ac value ofﬁmerBtH mcrements s
from 0000 N Cx

- .B. ACvalue of tlmer 901 ‘gverfiows beyon& 9‘99 ’9"settmg- :
. . the'overflow bit (address 951) ON.’ Examine ON. )
- instruction 951 inrang 2 goes TRUE makmg xun92
. TRUE. ACvalue of ttmez 902 incremerits from 0000.

2000 seconds have elapsed. : S 4 SLn .“ ; T :

€. ACvalye of timer 902 reaches programmed PR va!ue ]
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Timer Keystro ke Program this basic RTO timer. After you've programmed it, you may
Example want to use the NEXT and LAST keys to review your work.

Figure 6.4
" Keystroke Example - RTO Instruction
o 001 . 981 - |
Rung 1 ¢— }——ArTO}—1
S PR300.0 |
o - 901 C011.
Rung2 $— } : { )
: o o02.. .. \ 961 :
Rung 3 { —— {RST}—1¢
.. RACO

*l Address E}G‘l isentered.

ok P'rémbt.for an address.

L

=

(=]
T
L.
X

A

()

T

i

i

I

9, 0,'.1.. V<RTO= 1" 890 |- <o | | Address 901 éntered. ' i
“ENTER - '=(RTO)= :__‘_:'; S. Pr Prompt fo;aprezset_(PR) valye.

3,0,0,0 | (RTO)--{300.0 Pr: : PR value of 300.0 seconds is entered.

ENTER. B3 End: [7hiscompletesrung 1.
“11[- . =l E -Prompt for.an address.
9, 0; 1. <f[~- : 90 | o .2 | Address 90t is entered.. .
S '__(f )__ IR E . Prompt for an address
1,1 )= T |: | B | Address 013 is entered.
ENTER | . .| BB 1 End [Thiscompletesrung2.
-1- -] t_ [ _ 270 3 |'promptforan address.
. .2 ‘*].["K. ' __E . -d Address 002 is'entered.
S I P : =“I“h“e‘SH_IF“éy"key must be pressed before’
’ . ~=r: | you.press the «(RST)- key. The dotto
SHIFT -1 “al 1. the right of the rung number indi- -
. . catés you have pressed the SHIFT key.
<(RST)~ ._'(RST); . : _ . 3 Prompt for an address.
9, 0'1 —~(RST)~ 9 |} ' 3 | Address 901 is entered.

| ... | The display indicates that the RAC
ENTER | —(RST)- .| ___0 rBAc |valueissettozera Youcanoverride -
: o this by-entering an RAC value.

] The RAC value isspecified-as 10.-For
) . || timers, the actual RAC value is 0.1

; L - of the value displayed (in this case
~rsT)- | -- 10 rRAc | itis 1.0, not 10).. The time delay
) [ (PR-RAC) issetat300.0-1.0=299.0
se;qnds. )

ENTER | | B71H “End [Endofprogram.

. 1.0
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Programming an RTF Timer  Figure 6.4 can be easily converted to an RTF timer keystroke example.
Just change the RTO instruction in the ladder diagram to an RTF
instruction. Then, instead of pressing the -(RTO)- key in rung 1, press
the SHIFT key and the {RTF)- key.
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CTU and CTD Counter
Characteristics

AC, PR, and RAC
Values

Counter
Instructions

Counter instructions inciude the Up Counter «{CTU)- and the Down
Counter (CTD)-. Both are retentive, requiring the use of the Reset
instruction (RST)—. Counter instructions are represented by the
following symbols:

901 901
—cTu}— —{cTD)}—
PR 1000 PR 1000

Address: 901-932. Internal. Range: 1 to 9999 counts.

Counter instructions eount successive FALSE-to-TRUE transitions of
the rung containing the counter instruction. After each count, the rung
must return to FALSE before another count can take place.

The existing count is called the Accumulated value (AC). For up
counters, the AC value increases by 1 for each FALSE-TRUE transition.
For down counters, the AC value decreases by 1 for each FALSE-TRUE
transgition,

Up-down counters have both an up counter rung and a down counter
rung. Accordingly, the AC value both increases and decreases,
respending to FALSE-TRUE transitions in both rungs.

The clock figure below represents the AC value. Anoutput can be
obtained at a particular count by programming a Preset value (PR). In
this case, the PR value is set at 1000.

The figure also shows a Reset Accumulated value (RAC) at 0000. This is
automatically set when you program the reset instruction. You can
either leave it at 0000, or change it to any value up to 9999.

RAC

‘— PR set to 1000

AC Value:
8 0000 to 9999 2
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Setting a Counter

.Sta tus and
OverflowiUnderflow Bits

Reset Instruction

Up counters can be reset to begin counting at AC=RAC and produce an
output at AC=PR. To obtain an eutput at 1000 counts, just set the PR
value to 1000. Or, since RAC can be programmed to any value, you
might set the PR value at 1500 and the RAC value at 0500, ete.

Up-down counters add and subtract counts, starting at AC=RAC, and
produce an output at AC=PR. Thus, if you set RAC at 500 and PR at
1500, an output will be produced whenever the up counts exceed the
down counts by 1000.

The counter status bit has the same address as the counter instruction:

901 901

—HF SN

The status bit is set ON when the AC value reaches the PR value.
Examine ON instructions at the status bit address go TRUE; Examine
OFF instructions go FALSE.

Ouverflow and underflow bits are assigned the counter address plus 50.
(901 +50=951): '

__9|5|1_ 951

The overflow bit is set ON when the AC value “overflows” from a count
0f 9999 to 0000. The underflow bit is set ON when the AC value "under-
flows” from 0000 to 9999. Examine ON instructions at the overflow/
underflow bit address go TRUE; Examine OFF instructions go FALSE.

CTU status bits are not affected when the AC value overflows. CTD
status bits will be set ON if the AC value underflows making AC>PR.

The reset (RST) instruction is given the same address as the counter
instruction:

901

~—{R§T}——

RAC 0000

When the RST instruction goes TRUE, the status, overflow, and under-
flow bits are reset to OFF, and the AC valueis reset to the RAC value.
The RST instruction must go FALSE again before counting can resume.
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Typical Up Counter

Operation

The table below indicates how the status and overflow bits of counters
change state as the AC value increments from 1) the reset state
(AC=RAC), 2) up to and past the PR value, 3) beyond a value of 9999
(overflow), and 4) back to the reset state.

Status Bit 1. Counter 2. Repeating 3. AC Value 4.RSTRung
FALSE-TRUE Rung Overflows Beyond TRUE.

201 Reset Transitions. AC Value Counter
-I I- AC=RAC Increments Count of 9999 Reset.

Overflowsit | RAC o | RAC o RAC .| RAC o RAC .| RAC
951

lx

{Examine ON

Instructions) AC<PR AC<PR AC > PR AC<PR AC > PR AC<PR
Status Bit OFF OFF ON ON ON OFF

Overflow Bit OFF OFF OFF ON ON OFE

Power Down: The counter status is retentive. When you apply power
after a power-down, the AC value and the ON/OFF states of status and
overflow/underflow bits will be the same as before power-down. The

status is also retained when going from the Run mode to another mode.

Operation after CPU Faults: Counter instructions and associated
status bits and data values are reset to their initial conditions after a
CPU fault is detected (error codes 1 thru 9, 26, and 51).

Monitoring and Changing Data: PR and AC values can be monitored
and changed in the Run and Test modes. The PR value can be protected
from changes in the Run and Test modes by using the UNPRT/PRT key.
Refer to Page 15-9.
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Chapter 7 Counter Instructions

Up Counter (CTU)

As pointed out on Page 7-1, the AC value of the CTU counter increases

by one for each FALSE-to-TRUE transition occurring in the CTU
counter rung. Thisisillustrated in Figure 7.1, which shows a CTU
counter ladder diagram and the corresponding timing diagram.

For illustrative purposes, both Examine ON and Examine OFF
instructions are used at the counter status bit address, 901. These

instructions are used to energize output 015 and de-energize output 016

when the AC value reaches the PR value.

Figure 7.1
- ’ b :
U e T AR sor |’
" Rung i "»-»——{ F - ‘CTUH'
T ERE RS CCTU Coumer = PR < :
s R 'f 901 .Instructfon . ;2.0{13
Rung2 - B )
R N ‘>StatusBit R :
T T 901 . Address 015 S R
Rung3 —. —
. -y Reset A
T ‘:olz _instruction 901 -
7, L Rung 4 .¢— H - ; —— ‘RSTHj- 2o
w Lo 'RACY\!YY~-’*

iadder D%agram L

_ Letters Ato E atthe bottam of the t:mmg d:agfarn mdu:ate )
L the follawmg events:

) _A; The AC vaiue equals the RAC vaiue Rung 1is FALSE:
" - Examine ON instruction 901 in rung 2 is FALSE. * |
. Examme OFF mstructaon 901 m Tung. 3 is TRUE

. ‘B, Rung1goes from FALSE: to ‘fRUE causmg theACvalue_ - ]

" toincréase byt oie. The rung then fetums to FALSE."

. This <ycle repeats againand | agam, with the' AL value o )

e =mcreasmghyoﬂe countfor each FALSE-TRUE
c transmon .

e ‘Fhe ‘AC vaiue has reached the prograrnmed PR value : ‘_ :
: ..lExamme ON instruction 901 goes TRUE, makmg rang2.

TRUE Examine OFF mstructuon 901 goes FALSE
makmg rung 3 FALSE ’

* Timing Diagram

© D. The A€ value continues to increase for each FALSE-

- TRUE transition of rung 1. Rung 2 remains TRUE. Rung

E -3 remams FALSE..
- -E. Rung 4 goes TRUE The AC va!ue is reset to the

programmed. RAC value. Examine ON instruction 501

- goes FALSE, making rung 2 FALSE. Examine OFF

instruction'801 goes TRUE, making rung 3 TRUE.

~~ While the RST instruction is TRUE, the counter is

- - disabled. Countmg can resume when rung 4 goes
. FALSE agam i

B -If the counter is not reset as done in ‘event E,the AC value
. contmues to increase for FALSE-TRUE counter rung
. transitions. ‘Oncthe count after 9999, an overflow bit is set
: ON and the AC value contmues to increment from 0000.
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Keystroke Exa mple Program this basic CTU counter. The programming steps are quite
similar to those of the RTO timer example of Figure 6.4.

Figure 7.2
‘ Keystmke Example cTu !nstructnon
: 001   '. '~901 ,
“_‘_ARg_r;:.ng — F—————{(cTu}—%.
oo e PR3000
S peet gy ]
,; _R‘un‘g?' ——-l ]_——__‘ }———0
. u;'.",',;ooz S e
. Rung3 p— p—{RST}—
X i . RACI0"

Pmmp’t ’fo,r a npreset,(P va|;.1e

;’_F‘Ravaiue‘of 3&9015 entered e

0 ?Thrs tom pletes rung a

T Pmm‘pt foran adn‘réss w
- s,:xdd”ress 907

sentergq. e

G Pfckrripg .f@rffai:l gda;iaése

A'a&réss 91tis ér#tér“e‘d"

Tm,s& mpletes mng 2.

_P(dm ot foran: arjdress; o

3 | Address 062isentered.  ©

1:The SHIFT Key must be pressed before
{vou press the —(RST)— key The dot to ]
the rsghtcftﬁe rung number-indi-. .

catesyou have pressed thé SH!FT key.

| iPerpt for-an address« A

i Address 901 nsen‘ﬁered; e

! The daspiay Jndzcates that the- RAt
.} valuelis setto zery) You cangverride
Els Esy entérmgaﬂ RAC ’value S

J‘he RAC, veiue ’of 10 is entered The j i
count PR RAC) is. 3000 = 10 2990

ENTER.| .| 78 Eod.




Chapter 7 Counter Instructions

P

Up-Down Counter  This counter includes a CTU instruction and a CTD instruction which
share the same address (including status and overflow/underflow
addresses). AC, PR, and RAC values are also shared. This isillustrated
in Figure 7.3, which shows an up-down counter programmed to produce
two outputs:

The first output is energized when the AC value reaches 9000, then de-
energized when the AC value overflows beyond 9999. In terms of counts,
this output is energized only when the net count (up counts minus down
counts) is within the range of 3000 to 3999.

The second output is energized when the AC value overflows beyond
9999, that is, when the net count is 4000 or more.

We are assuming that the AC value does not underflow below 0000.

Figure 7.3

Up Counts

M Deown Counts

=

N

;w!'iu_‘ng 1 ﬁs}ubtbun_ting, and the AC value has reached the
PR vatue.of 9600. Examine ON instruction 901 goes TRUE,
o makmgmng 3 TRUE. The net countis 3000 again.

- TheAt value overﬂows ‘beyond 9999, setting the
overflaw bit {address 951) ON. Examine ON instruction
* 951 inring 4 goes TRUE, making rung 4 TRUE. Examine
- - QFF mstructmn 951 in rung 3 goes FALSE, makmg rung 3
' FALSE “Thenet count is 4000..

A. tTU uritemn ru;zg 1 beg s 3 ﬁenesoi‘ 1.1 counts,” v )
AC : :l;[e oN msh:m:n

rur;g 3 .s‘rm;i ;
ALSES <=0 [
" B, ‘[’he‘AC*walu’ms{reqchedthg programmed ?Rvalue of :
s seai) setting thg sta’eus bat (address 901 }@M Examme :
‘ n'r TR

T ’fF,‘ Rung S goes TRU E. The AC value is resetto the
- programm’ed RAC value of 6000, Status b:t and overflow
h bit are Feset to OFF, Rung 4 goes FALSE.

A runglns‘c‘t - Whﬂecthe RST insériiction is. TRUE, the counter is
n’owvlesstharrthe PR value of 9000- ixamme oN mstmc- : d:sabted Cauntmg canresume when fung 5 goes
20 tion901in mngagoes FAL§€ makmg nmg3 FA!.SE The MR ?AL_SE_agam ‘

T aet counthas dropped below 3600 o : S
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Coun ting When it is necessary to count beyond 9999, one way of accomplishing it
Beyond 9999  isby programming the counter shown in Figure 7.4.

The overflow bit of counter 301 initiates a single count in counter 302 at
a count of 10,000. Status bits of both counters are programmed in series
to produce an output when an additional 3060 counts are made by
counter 901.

Figure 7.4

” 43,000 Counts -

r' A Ctsunter 901 begms a senes of co;ints, ﬁegmnmg,ét
AC RAC 90011 Instrucﬂons §§1 AnTangs 2 and‘3 are

‘ gong mu;t sthen FALSE, Causing t the ACv;
& the gg fm;ﬁ ﬂﬁ(mato thePR value of.00¢ 1
Anistr . goes TRUE: f (K 000 counts have

. B The Ac walu‘e has‘reaghedcoun%er 991 PR

: k: ntegm«f has agaun réachedthe PR
‘Examme ON mstwr.‘tmn 301 lg ruag & goes IR,UE but

Examine ON msxrpctlon 901 inrudg 4 goes
1 RUE 13 j000.cbunts haue*ovccurred
mmgss and& bo t1 U& Jl,jewA(; valués of both ¢ounters .
tue; Status b!ts and ow;fl W blts PR

foes.TF
a'esettmg munter 901 Exa‘mme GN mst;uct'on 901 in
5 tin fung




Chapter Timers with Long or
Fine Time Base

General Timers using the long time base and fine time base instruetions have the
following apptications:

Long time base instructions

¢ Time bases of 0.5 sec and 1.0 sec. These instructions allow you to
program counter-type timers with long time delays, up to 9999
seconds.

® With SLC 150 processor unit Catalog Nos. 1745-LP151 and 1745-

LP152, the 1.0 sec time base is derived from the AC line frequency,
useful in “real time” clock applications.

Fine time base instructions

¢ Choiee of 4 time bases plus the scan rate time base. Allows you to
program timers with greater resolution than the 0.1 sec provided by
the standard timers.

Long time base and fine time base timers use a standard up counter
instruction with a special examine instruction representing the time
base. This provides the equivalence of an RTO timer. An example
appears in Figure 8.1.

Figure 8.1

. ‘; Senl Lnngtime base orfine - - Up counter
fre - “tmebase instruction -

LS

:x‘xxv'_'_ 901 .
| {cTU)—

PR 0200

013

— r—

.' . 901
(RST}—¢

‘RAC 0000
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Long Time Long time base instructions can be used with SLC 100 and SLC 150
Base Instruction  processor units at addresses 874 and 875. This is summarized below.

Figure 8.2
Long Tlme Base instructlons -All SLC um Processors
IntemalAddres‘s Lot Time Increment;m secgnds_ T
EE RS S o/ SO SR N é.s-se_é !}a_{sgd on icroprocessor-dock 1 B
L ers _‘ 1 fi.ﬂ sec., _ﬁa’séd Bﬁ-éicfopro;essOr;lo;k )

T

j.ong»Tlme Base Instructuons SLC 150 Processor

Internal
Address

M I Précessarunit

: -Time_~lnc_re_ment in secénd"sv .

Aﬂ AC and DC versions - | - B?’@

1:0.5 sec. Based on’ mmroprocessor clock 1

] Dc versmns, Catan§ Kos
53,-LP154 -

- 875 -« 10sec Based on mlcroprncessor dock 1

e ht versmns.Catalog Nos “375
17&54.?15‘1 -LP152 2

. >=1 -,B sec. fsas'je?:! _b.i‘l A"C'!ine frequency :

Note ’!’au dO" not have tq measure your scan tm‘le in appiymgthesemstructnons

The timer in Figure 8.3 illustrates how the long time base instruction
can be used. When instruction 006 in rung 1 is TRUE, Examine ON
instruction 875 pulses ON and OFF, incrementing the AC value of
counter 901. This provides the equivalence of an RTO timer.

Instruction 875 has a time base of 1.0 second. If an AC powered SLC 150
processor is used, timing will be synchronized with the AC line

frequency.,

Flgure 8 3

ThiS mstructlon

| initiates timing. <
’ ; 0 M © 1.0 second,
901'
RSN L _ _‘_upnoosa“’
1. s

007 Pt T gae

RungB " H \RST)—<

' ‘..RAc oouo

—"

Long tnrne base :nstructson
Time mcrement of

Preset (PR} of 60 B
provides a-60 sec_' 1
timé delay. -

| ‘ R .(60x105ec}
',RungZ_--'——'.{“}:_' SRR S = T

Along tqme basetnmeff o
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Timers with Long or Fine Time Base

Fine Time
Base Instruction

The fine time base instruction allows you to program timers with
greater resolution than the 0.1 sec provided by the standard timers.
The special internal addresses and correspending time increments
(resolution) are indicated in Figure 8.4 (upper table). To use these
addresses, you must first measure the scan time of your program, then
refer to the lower table of Figure 8.4 and choose an address compatible
with your application needs and the measured scan time.

For proper operation, do not use an address number lower (shorter time
inerement) than the lowest specified for your particular scan time.
Exception: Youcan always use address 869, which pulses ON and OFF
in time with your sean. This provides a time increment equal to twice
your scan time. But keep in mind that the scan time of a particular
program can vary, and the time increment using address 869 will vary
accordingly.

Caution: If you are using the Zero-Cross Turn-On instruction in
your program, your scan time will be 8.3 msec (or some multiple of 8.3
msec) at 60 Hz, and 10 msec (or some multiple of 10 msee) at 50 Hz.
This will be a deciding factor when applying the instructions listed in
Figure 8.4.

Figure 8.4

jngema:l Addresses and Correspondmg Tlme
2 Incvements (Resolutlon)

internal v Tame Im:rement in M:lltseconds )
AddressM
, [ osce0 | sic1s0
L o 859 jf Scan rate - *§can rate
: mmy,ﬁ' 107 710
|7 817 _w-‘-'ze«-;.,_"~-2°"'
N ST RO SERRE-| EEG R ERU
: '»873?3:/&"«@0‘ e 1000
N .-‘Acceptabie Addresses

’foryour Measured Scan Tnme

Acceptahle
© - Addresses -

“8105371,'372; 873 |

- 871,872,873
100t0209 | - 872,873
;30 010499 873
- Any vatie | 869

!esst‘han 1001
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Procedure for Using the
Fine Time Base Instruction

Add the required fine time base timers to your program. An example
appears in Figure 8.5 below. Since you do not as yet know the scan time
of your program, use any of the special internal addresses, and leave the
counter PR value at 0060.

Figure 8.5
R Fine time base instruction.
Thisinstruction . '~ - _ Time increment of 10
Jinitiatestiming. milliseconds.
S - 870 - 1]
Rung 1 1 —{CTU)—. Preset (PR) of
S R :Rooos 41" Sprovidesa
50 Msec time
e 013 delay (5x 10
S Rung2 - { y—¢ Mseq).
e e B ,067 L R 901
' S A LR RAC 0000

oA fiie time'base timer.

Scan Time Measurement:

1. Add the following two rungs to the end of your program:

Figure 8.6
-+ . Rung?1’ »—H - - —{cTU)—1
RERTTEPEE TEREE " PR 0500
SR - B 932
7 Rung 2. $—Ne— {RTO)}—
SRR PR 0000

"+ Rungsfor scan time measurement.
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8-5

Procedure for Using the

Fine Time Base Instruction
{continued)

2. Enter the Test-Continuous Scan mode (5), then immediately turn off
the programmer (measurement will be more accurate if the
programmer is off).

3. RTO 932 will measure the time it takes to perform 1000 scans. For a
typical SLC 100 program, this would be 15 seconds (15 milliseconds x
1000); for the SLC 150, it would be 4 seconds {4 milliseconds x 1000).
Leave the programmer off long enough to assure that scan time
measurement is complete (2 minutes would be a safe off time). Now
turn the programmer back on and monitor the AC value of the RTO
instruetion at address $32.

4. Take note of the final AC value displayed. Subtract 1.0 millisecond
from this value (0.5 millisecond is added to your program by the scan
time measurement rungs and another 0.5 millisecond is added
because of Test mode sub-routines). The resultant is the scan time of
your program, measured in milliseconds.

Note: Your scan time will vary. Some conditions which increase scan
time:

® The pocket programmer is turned On.

® The TCAT is connected.

e Input pulses to an HSI module are being counted (SLC 15€ only).

® User program instructions are currently being executed.

We recommend that you take several scan time measurements, under
various conditions. This will give you an understanding of scan time
variance for your application. When you repeat the scan time
measurement, you must first reset counter 931 and timer 332 to zero.

5. Delete the scan time measurement rungs (Figure 8.6).

You can now change the address of the fine time base instruction to an
address compatible with Figure 8.4 (lower table) on Page 8-3.

Now set the PR value of the up counter. The time delay in milliseconds
will be the PR value multiplied by the time increment specified for the
special internal address you selected. In the example of Figure 8.5,
address 870 and a PR value of 5 are used, providing a time delay of 50
milliseconds (5 x 10 milliseconds). If you select address 869, the time
delay in milliseconds will be your PR value times twice your measured
scanrate.
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MCR and ZCL
Instruction
Characteristics

. (zai _:—.—.xv D

MCR and ZCL
Instructions

The following are special relay-type instructions.
e Master Control Reset -(MCR)-(No address required).
® Zone Control Last State —(ZCL)-(No address required).

Figure 9.1a illustrates MCR and ZCL zones. Note that a zone begins
with a start rung and ends with an end rung. The MCR and ZCL
instructions are outputs in these rungs, and do not require an address.

The start rung contains the eondition instruetions which control the
zone. The end rung contains the MCR or ZCL instruction only. Any
number of rungs can be programmed between the start and end rungs.

When the start rung is TRUE, output instructions in the zene function
normally. When the start rung goes FALSE, non-retentive cutputs
within an MCR zone are de-energized; non-retentive outputs in a ZCL
zohe remain in their last state. The effect on non-retentive and
retentive instructions is summarized in Figure 9.1a.

Multiple MCR and ZCL zones can be programmed. With the SL.C 150,
ZCL zones can be nested (Page 9-4). MCR zones should not be nested.

Figure 9.1a

MCR Zone Start

| ZCL Zone Start

' - . Ouipu.ts’fertnaén‘
Uncondltlonal bled. . . . | inlaststate..
.l end rung - - Shifting -~ | $hifting disabled.
: P disabied.f N

Rung FALSE- -.|" = RungFALSE | = .
} " Remain in
De energnzed - last state ’

- Remam m Iaststate ’

i AC value stops mcrementmg, value
fetamed status, overflow, and
; underflow bits remam in last: state

. AC \':alue B ACva!uestops

. [increments | - | ¢ -incrémenting,
: Coresew ] value retained.

| Status, Gverflow,
“and underflow bits
remain in last
"state

AC value stops mcrementmg, value
" retained. Steprnumber retamed Bit

. | © sequencers.
Ll s i f addresses;emam in Iast state

e ‘Rie_m'ains in I_afst_stale o

. *CAUTiON Smce th&RTF tnmer runs msude of aFALSE

. MCR: zone, its accumuiator; status, and overflow bits

U ld change state wh:le an MCR zone,is FALSE. This’
cou ;affe(t ather outputs in: your program. .
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MCR and ZCL Instruction  Figure 9.1b lists additional operating characteristics of non-retentive

Characteristics
{continued)

outputs inside a ZCL zone.

Figure 9.1b
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ZCL Zones Using the
Same Qutputs

Yeou may use two or more ZCL zones in your program. Multiple ZCL
zones allow you to use the same output instruction several times in your
program without experiencing contention between them. Figure 9.2
shows how this works.

If zone control were not included in Figure 9.2, the output instruction
that appears last in the program would govern the state of the external
output; using multiple zones avoids this. To avoid contention between
the output instructions, only one ZCL zone should be TRUE at a time.

F_igure 9.2

— Zc}meA

:Output 011 -
appéars in
both zones.

p -~ ZoneB

P i@ﬁ;ﬁ! 1is contro!led bymstmctlon 002in
S zdnem Zonie Bis bypassed inthe program scan
aad ﬂ\er%fore has na effect )

/hen.zo A goes FALSE, output 01 1 remains in
Aitsfast state Both zones are now bypassed in’ '.
the p(o,,gram sean.. .

5y @né’ﬂgééikaE, oué;lut 011is pow
MK controlled by instruction 004 in Zone 8. Zene As
< e FN.SE?and has no effect )

v i thlS ease, output 011 iss controlled by instruc-
= o tion G0&ri Zone B.- This is bécause zone Bis’
'a’nnedafter zane A and the;efore takes
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Nesting ZCL Zones

SLC 100: You cannot nest ZCL zones (place one zone within another)
with the SLC 100 processor unit, It will produce undesired results.

SLC 150: Upto eight ZCL zones can be nested together. Figure 9.3
illustrates three nested zones. Note that each zone has a conditional
start rung and an unconditional end rung. ZCL zone A controls outputs

in programs A, B, and C. Zone B controls outputs in programs B and C.
Zone C controels outputs in program C.

An outer zone must be TRUE in order for internal zones to control their
outputs. Ifan outer zone is FALSE, all outputs within internal zones are

held in their last state, regardless of the rung conditions of the internal
zZones.

Error code 27-5: H ZCL zones are nested deeper than eight zones, or if
each start rung is not accompanied by an end rung, a processor fault will
occur and error eode 27-5 will be displayed on the pocket programmer,
This prompts you to-cerrect the condition.

¥ hpE Y

—§ Program - Zone
e

A R R (O

2 TR R

£
.

x«rxg‘p“ﬁa-";'ut;.»m«?ge%&wzxm'@-:ﬁ
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d Znes, Possible with the SLC 150 0hly. | . -
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MCR and ZCL Instructions
vs a Master Control Relay

In some respects, the function of MCR and ZCL instructions is similar to
a hard-wired master control relay of a relay system, which can be wired
to control the overall function of several operations, based on certain
necessary conditions. An important distinction must be made, however:

The master control relay is a safety device, providing Emergency Stop
capability to the controller operator; with MCR and ZCL instructions,
this is not the case.

We strongly recommend that you install a hard-wired master control
relay to provide emergency 1/0 power shut-down. Refer to Pages 19-4
and 19-5 for wiring details.
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SQO and SQI
Sequencer
Characteristics

Time- or Event-Driven

Sequencer
Instructions

Sequencer instructions include the Sequencer Cutput —(SQO)- and the
Sequencer Input —(SQI)-. Both are retentive, requiring the use of the
Reset instruction. You will find that sequencer instructions will be
easier to understand if you first become familiar with timer and counter
instructions.

Sequencer instructions are represented by the following symbols:

9301 901

—{(sQo}— —{sQi}—

Address: 901-932 (internal). 100 steps maximum,

High Speed Input Module Applications (SLC 150 only): Sequencer
Output instructions at addresses 901, 902, 903, and 904 are used in
programming high speed input modules. Refer to Chapter 12 for
programming detatls.

If you are not using high speed input modules, addresses 801, 902, 903,
and 304 can be used for standard timer, counter, and sequencer
programming.

Sequencers can be time-driven or event-driven. Operation involves an
Accumulated value (AC) and a Preset value (PR).

Time-driven sequencers count 0.1-second intervals while the sequencer
rung is TRUE. When the AC value reaches the PR value, the sequencer
advances to the next step and the AC value inerements from 0000 again.
After the final step, the sequencer continues with step 0.

Event-driven sequencers count FALSE-TRUE transitions of the
sequencer rung. When the AC value reaches the PR value, the
sequencer advances to the next step and the AC value increments from
0000 again. After the final step, the sequencer continues with step 0.

The Sequencer Output (SQO) instruction sets the ON/OFF status of up
t0 8 bit addresses for each step. This group of bit addresses can be
selected as either 6 external output addresses plus 2 internal addresses,
or as 8 internal addresses.

The Sequencer Input {SQI) instruction examines the ON/OFF status of
up to 8 bit addresses for each step, setting an input-satisfied status bit
ON when the status of the bit addresses matches programmed data. The
group of bit addresses can be selected as either external input addresses
ot internal addresses. :
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Status and
Completion Bits

ResetInstruction

The SQI sequencer input-satisfied status bit and the SQO sequencer step
completion bit use the sequencer instruction address:

901 901

—HF N

The SQI input-satisfied status bit is set ON when the ON/OFF status of
the bit addresses matches the programmed data for the current step.
The SQO step completion bit is set ON for a single program scan
(approx. 15 msec) each time the SQO instruction completes a step.
Examine ON instructions at the bit address go TRUE; Examine OFF
instructions go FALSE.

The SQO step compietion bit is discussed further with shift registers, in
Chapter 13.

The SQO ¢ycle completion bit is assigned the sequencer address plus 50,
(901+50=951):

951 951

e L

The SQO cycle completion bit is set ON when the sequencer completes
its final step. Examine ON instructions at the bit address go TRUE;
Examine OFF instructions goc FALSE.

The reset (RST) instruction is given the same address as the sequencer
instruetion:

901

—RST—
RACO0000
When the RST instruction goes TRUE, the SQO cycle completion bit is
reset to OFF, and the sequencer is reset to the step number
corresponding to the RAC value. Qutputs for the step are controlled as
programmed.

The RST instruction must go FALSE again before sequencer operation
can resume.
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Sequencer Data

Monitoring and
Changing Data

Power Down

In programming the ON/OFF status of bit addresses for sequencer steps,
1’s and (s are used, where 1=0N and 0 =0FF. To simplify
programming, a 2-digit code is used to represent the status of the bit
addresses for a particular step.

Group numbers define which addresses are involved in the sequencer
data. Masking data (using the 2-digit code) indicates which of these
addresses apply to the sequencer and which do not.

Additional details on sequencer data appear on Page 10-6.

The PR value, AC value, and current step number can be monitored in
the Run and Test modes. The PR value of any step can be changed in the
Run or Test modes. Use the PRT/UNPRT key to protect the PR value
from being changed.

The sequencer status is retentive. When you apply power after a power-
down, the current step number, AC value, and the completion bit status
will be the sarme as before power was removed. The status of the input-
satisfied bit will also be the same, provided the status of the external
inputs remain the same.

The sequencer status is also retained when going from the Run mode to
another mode.

Operation after CPU Faults: Sequencer instructions and associated
status bits and data values are reset to their initial conditions after a
CPU fault is detected (error codes 1 thru 9, 26, and 51).



10-4

Chapterquuencer Instructions

Basic Operation -
Sequencer Output

The SQO instruction can control the ON/OFF status of up te 8 bit
addresses for up to 100 steps. It can be time-driven or event-driven.
With time-driven sequencers, each step functions similar to timer
instructions, involving an AC value and a programmed PR value (dwell
time). Inthe same way, the event-driven sequencer functions similar to
the counter instruction.

Time-Driven SQQO:

Bit Addresses DueliTi
{Data Entry: ON=1,0FF=0) well Time
Step 4 (PR Value)

A B C D E
OFF | OFF | OFF | OFF | OFF 5 seconds
OFF | ON | GFF | ON | OFF | 20seconds
ON | ON | ON { CON { OFF | B0seconds
ON | OFF | OFF | GN | ON 10 seconds

Tw N = e

Beginning at step 0: With rung conditions FALSE, the SQQ instruction

is waiting on step 0. Bit addresses A thru E are OFF in accordance with

data for step 0. When the SQO instruction goes TRUE, step 0 is

initiated; bit addresses A thru E remain OFF for a dwell time of 5

seconds (assuming SQO remains TRUE). Then step 1 begins; bit

addresses B and D go ON. After 20 seconds, step 2 begins; bit addresses

A and C go ON. After 60 seconds, step 3 begins; bit addresses Band C

go OFF, E goes ON. After 10 seconds, a completmn bit is set ON and the T
cycle repeats with step 0.

Event-Driven SQO:

-1
Step | ©2% Er?;trﬁ dc?nrje:ie, oFF=0) | FALSETRUE
A B c D c (PR Value)
0 | OFf | OFF | OFF | OFF | OFF 1
1 QOFF | ON | OFF | ON | OFF 1
2 |on[on[on [ on o ]
3 ON | OFF | OFF | ON ON 1

The PR value is set at 1 for each step (the typical case). Beginning with
step 0, bit addresses A thru E are QFF. After a FALSE-TRUE
transition of the SQQ instruction occurs, step 1 is in effect; bit addresses
B and D go ON. After a 2nd transition, step 2 is in effect; A and C go
ON. After a 3rd transition, step 3 is in effect; B and C go OFF, E goes
ON. After a 4th transition, a completion bit is set ON and the eycle
repeats with step 0.
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Basic Operation —
Sequencer input

The SQI ingtruction differs from the SQO instruction in that it examines
up to 8 bit addresses and sets an input-satisfied status bit ON when the
ON/OFF status of these bit addresses matches the programmed data for

a particular step. The SQI sequencer can be either time-driven or event-
driven.

Time-Driven SQl:

Bit Addresses Dwell T ; satisfied
Data Entry: ON=1,0FF=0 well Time | input-Satistie
step | ¢ Y ! (PR value) Status Bit
A B C o £

0 OQFF | OFF | OFF | OFF | OFF | 120 seconds { Eachstep: This

1 | OFF | ON | OFF | ON | OFF | 60secands .fb}t is ON Onlyh

if inputs matc

2 ON | ON [ ON | ON | OFF | 60secands programmed
3 ON | OFF | OFF | ON | ON | 120 seconds data.

This sequencer moves from step to step in the same way as the time-
driven SQO sequencer.

During the time that a particular step of the SQI instruction is in effect,
the input-satisfied status bit will be set ON only when the status of bit
addresses A thru E matches the programmed data for that step.

Event-Driven SQl:

T
o | Ono O ON T 0re-0) | ASETILE | st
A B c b £ {PR Value)
g OFF | OFF | OFF | OFF | OFF 1 Each step: This
1_|OFF | On | OFF | on | OFF 1 bitis ON only
2> lon]on|on|on]oF 1 'L'::)%L‘rfmm""fgjh
3 | ON | OFF | OFF | ON | ON 1 data.

This sequeneer moves from step to step in the same way as the event-
driven SQO sequencer.

During the time that a particular step of the SQI instruction is in effect,
the input-satisfied status bit will be set ON only when the status of bit
addresses A thru E matches the programmed data for that step.



106 Chapter Sequencer Instructions

Sequencer Data  Sequencer data includes:
® Sequencer classification: SQI or SQO; instruction address;
time- or event-driven.
¢ Group number and corresponding 8 bit addresses.
® Mask data, indicating which of the 8 bit addresses will be used.

® Stepdata, indicating the ON/OFF status of the
bit addresses for each step.

® Program codes for the mask and step data.

® Preset values for each step.

We recommend that you use the Sequencer Instruction Data Form to
document this data. This form (included at the end of this manual)

allows you to document sequencer data in an orderly, systematic way,
reducing the chances for programming errors.

A sample data form is shown below.

CLASSIFICATION: L] sQn- ADDRESS: 0] TIME DRIVEN GROUP NUMBER:
" [0 -sqo)- F— [] EVENT DRIVEN T—
BIT ADDRESS DATA PROGRAM
CODE
B A PRESET
Data | Data VALUES
Bit Addresses — . 8 A

Mask Data —>

Step Data— 0

L — == =]—=]-
L e | e ==

'data*éndthe%sequencetd’a%a” wah A

G

55 aamomai:caﬂyentermg U,Qad*dfes 0

'; v o “gbgm ‘“HexMeslaiF has eﬂ:spemfted »aufoma‘tlcally‘ v

i emermg%ma“’ yask 00 111 in the form. HexDa ,
&t s@ééﬁed for.step0; autgmatlca Hy entanrig,bmary
M@g@aem wﬁmihe s

5




Chapter Sequencer instructions

10-7

i

Sequencer Data

Flgure 10 1

Group numbers and program codes are used in filling out the table.
{continued) They are listed below.

: "‘Pro’gréi“n Codes

. {use Hex Mask and Hex Data

. . ‘codesfor. personal computer
kS ?E)etemfal‘lnpust N =; j S softwafe data form)
: gtﬁddmesses o
fi

Blt Address Prdgram

9“-016(0!.!?{.'}‘2’:‘@‘)"
,61791[8(1ntema|) L

| M {-d16 outputy ;
3 Mo7~4§8€%nternal) 1=

. Data- - Code
“ 9000

& B EX

. 517~ 538 (srsternal)

s ioutputy.

A 7‘2 1&(mtemal)

- 211216 foutput) 7"+ % T | 611676 loutpud). |

31'

1 6 (oe;t t} ‘f

8 (infel

617-618 (internal} |

0001
<« 0010

- 0100 v
- 0101 ¢
L0110,

S0 -

Gy g B8 R o mo A e v

s 10000
1001 .
1019, .

© T 709-7160 - v
5 7177287

M OA] Sron | wouas | dhes

Exampte For. data 0001 1111,

. . “entercode 1. for Data B, and

© *codé £ for Data A. .

. Fhus:- - 20001 11 1 .
~~1 : F

f

"Rg(ﬂ' Bit add;resges E&lkth r,uy’amaarppty@t@

« -4 specialinstructions, éxpi‘ained pthe :
e ?olii:

]

wmg cbapt

& »Note that the data in the "Bmary Value" and

LeL ?HekMask; a Vd Hex Data Codes
i {fenp soﬂaltumputersoftware data form)

PP

UL

IBpUe,

s 'iH’ex Vélue “colum n; is equngaient to the data
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Filling in the
Sequencer Data Form

Time-Driven SQO:

8it Addresses owell Ti
Step (Data Entry: ON=1,0FF=0) (;‘E”_{ev;'?e?
A B C D E
0 QFF | OFF { OFF | OFF | OFF 3 seconds
1 QOFF | ON | OFF { ON | OFF | 20seconds
2 ON §{ ON | ON | ON | OFF | 60seconds
3 ON | OFF | QFF | ON | ON 10 seconds

To illustrate how the form is used, we'll enter data for the following
time-driven SQO sequencer (same sequencer as discussed on Page 10-4).

Follow these 3 steps (an explanation follows each data form figure):

Step 1: a) Enter sequencer classification. b) Enter group number, bit addresses.

CLASSIFICATION:

O sQy-
-{5Q0}-

ADDRESS: _901

TIME DRIVEN
[7] EVENT DRIVEN

GROUP NUMBER: _0

S

BIT ADDRESS DATA PROGRAM
CODE
B A Data | Data
014 1 013 | 012 | 011 B A

Bit Addresses—> | 018 | 017 | 016 | 015

Mask Data—

PRESET
VALUES

Step Data~> 0

1

2

3

F--1----1-

Step 1: a) Enter the sequencer classification. We've indicated SQO,

address 901, and time-driven in the heading of the data form.

b) Enter the group number and corresponding 8 bit addresses.
Determine the sequencer group number from Figure 10.1, Page 10-7.
We've selected group number “0”, corresponding to bit addresses
011-018. Addresses 011 thru 016 apply to the external outputs of the
processor unit; addresses 017 and 018 apply to internal relay-type

instructions.

List these 8 bit addresses in reverse order, beginning with the highest
number in the far left column under B.
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Step 2: a) Enter mask data. b} Enter step data.

O san- TIME DRIVEN

CLASSIFICATION: ~{5Q0)- ADDRESS: 901 [] EVENT DRIVEN GROUP NUMBER: _0
BIT ADDRESS DATA PROGRAM
CODE
B A Data | Data 5:3?;
Bit Addresses— J 018 | 017 | 016 | 015 ] 014 | 013 | 012 { 011 B A
Mask Data— | 0 1 0 0 1 1 1 1
~— Step Data—> 0 0 o lolo]o I
1 0 1 0 1 0 Vol
2 1 1 1 1 0 o
3 1 0 0 1 1 o

Step 2: a) Enter mask data. Enter a 1 in the form under the addresses
to be controlled by the sequencer. Enter a 0 under those excluded. Our
sequencer has 5 outputs; we've excluded addresses 015, 016, and 018
from sequencer control. These addresses can be used elsewhere in your
program.

Note that the sequencer is controlling 4 external output addresses (011
thru 014) and 1 internal address {017).

b) Enter step data. 1 corresponds to an ON condition and 0 corresponds
to an OFF condition. Thus, for each step, the ON and OFF states of A, B,
C, D, and E correspond to the 1’'s and 9’s entered under addresses 017,
014, 013, 012, and 011 in the data form.

Step 3: a) Enter program entry codes for mask and step data. b) Enter preset values.

sQ1 <] TIME DRIVEN
CLASSIFICATION: :((sgg}- ADQRESS: 901 EVEN? DRIVEN  GROUP/NUMBER: 0
BIT ADDRESS DATA PROGRAM \
CODE
e A Data | Data \';ARfESJIIEEZ

Bit Addresses—> 1 018 { 017 } 016 | 015 | 014 | 013 | 012 | 011 B A

Mask Data—> 0 1 0 o] 1 1 1 1 4 F
StepData—0) @ | 0 @ | @ | o0 | 0 0 ] 0 [ 0 I 15,0
HIEBERERE K 0o | 1 0 0 A 21010
2l ® [ @ | ® |1 1 1 0 4 E 16]0,0
3@ | ® | @0 0 1 1 a4 3 1100

[ @ Masked addresses are 0 for coding. —T

Step 3: a) Enter program codes for mask and step data. The
program code is shown in Figure 10.1, Page 10-7. Applying this code to
mask data 0100 under B, we’ve entered 4 under “Data B” in the form.
Similarly, mask data 1111 under “Data A” is identified by code F.

Note: For step data, masked addresses are considered as 0’s. Thus, for
step 3 under B, the step data is considered to be 0100. Code 4 is entered.

b) Enter Preset values. We've specified the PR values to the tenth of a
second, just as with timers.
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Sequencer Instructions

Sequencer Output

(5Q0)

Figure 10.2 shows a ladder diagram and a completed data form for an
SQO instruction. This is a 10-step, time-driven sequencer controlling 4
external output addresses (012, 014, 015, 016) and 1 internal address
(017). Operation is explained below the data form.

Figure 10.2
_ Sequencer
001 Instruct%on 901
Rung 1 $—— | {sQo)—
Step Comipleticn
901 “/ Bit Address 761
Rung2 $——] }— { —¢
Cycle Completion
951 “‘/ Blt Address 702
Rung3 T l| - { -,"" 2 4
Reset
_ ‘ 002 - " Instruction 901
Rung4 ¢— = (RST)—
RAC2
Ladder Diagram
COAsan- ) [ TIME. DRIVEN )
CLASSIFICATION: {50 ADDRESS: -901 [ EVENT DRIVEN GRO?P NUMBER: 0
8iT ADDRESS DATA ' PROGRAM
: : CODE
B A PRESET
Data | Data VALUES
" Bit Addresses— | 018|017 Jose Jois ] o1a {013 o2 fenn ] 8. | A o
Mask Data— | o | 1 K 1 {0 1 0 7 A
stepData— 0| & [ 1 o |1 Joie] 1 ]e 5 2 i 1540
aje |1 jJeoe a1 ]le]lole] 51 s 1 1510
2lelo 1 loflolelele] 2 9 R
3f @ | 1 o l1Fole]lofje] s | o HIREEL
alel oo fFo 1 el 1o o] a R
slet 1 o b trlelele] s 8, R
6l ® i 1T tolorkelole] s 0 EHE
IR E s ilaolvie | r}ela A I
gl ® 0 | 1 11t }ejo e | 3 8 G
alejol 1 frfrfetfile]l s | a RN

® Masked.address. Used:as § for coding purposes.

Cperation begins with rung 1 FALSE and the 5Q0
instruction on step 0. External output addresses 12'and 15 *
are ON, and internal bit address 17 is ON.'Now rung 1 goes

" Rung 3 demonstrates how the cycle completion bit °

TRUE. Aslong as thé rung is TRUE, the sequencer advances

from one step to'the next each time the PR.value of the
current step is reached. Atthe beginning of each step, bit
addresses 012,014,015, 016, and 017 are set ON or OFF as
" . indicated by the 1°s and 0's in the data form. (Addresses
011,013, and 018-are-not used:)

Rung 2 demonstrates how the step completion bit .
functions. Each time a step is completed, this bit is set to
- ON for a single program scan, during which time the
Examine ON instruction in rung 2 will be TRUE. This blt is
used in shift register appilcattons

functions. The first time the sequencer recycles from the

final (9th) step to step 0, the cycle compietion bitis set ON,
“causing the Examine ON instruction in rung 3 to go TRUE.

The cycle completion bit remains ON until the sequencer is
“reset.

" . Rurig 4 contains the reset instruction. Viisen this rung goes

TRUE; the sequencer is reset tostep 2, corresponding to the
programmed RAC value. Also. the cyde completion bit is
reset'to QFF. -

While the RST instruction is TRUE, the sequencer is held on
its RAC step with the corresponding outputs controlled as
‘programmed. Operation can.resume whenrung 4 goes
FALSE aga:n
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Sequencer .'np ut (SQ’) Figure 10.3 shows a ladder diagram and a completed data form for an
SQI instruction. This 10-step, event-driven sequencer examines 7
external input addresses, 002-008. Bit address 001 is not used.
Operation is explained below the data form.

Figure 10.3

* Sequencer .

ot . Instruction \‘ 901"
Rung 1 { } — - \SQl}“" :
901 . ) e L ) ‘013 .

Input—Satlsfred

\9&* StatusBltAddresé 014 o
Rung3 ¢ s N T L ) -1
s ol "Resét
008 - - Instructmn L
Rung 4 $——f} — \”RST)H- f
: ‘ SR RACO |7
,_Lac;d_e__r‘ Diagram® 4

-

(LI TIME DRVEN * roup NUMBER: 7 .

~sQi)- ADDRsss 901

CLASS'F'C.A“_F’“"_[J-{SQO)-. ‘ = EVENTIDRIVEN

BITADDRESS DATA |- prOGRAM | - :

: e CODES e )
1 B . NI . —* 1. *  PRESET: -

. : R ‘e NI TN : i Da‘t.;_; {)’ata‘. VA':.U:ES"w
git Addresses— | 008 .| 007 | 006-| 005.} 004 J003 { 002 [ oot |-B- | A .

- Mask Data—>} 1. | 1 e b r el Te e e ]

Step Data—>0] 1 R EE RN et o el o G
' 1 fJofolofl ] 1f[olo e} | s ot
2o fe v fa NN N
HENREREREEE RN - N R
af v s lo]loe]olol-olel clio |1 1 40
sl lololotlololole sl o} 1 1. i1
sp ol 1ol obo|-1.]ale ] a R
fofof1Tofolololef s I o] T 111
sl ol o r{olrlelbal a ] T 7T 11
sfol ol o i rladtefafe] &+ 11

. @ Masked addréss. Used as0 for coding pur‘p’oses.~ S

o - Rungsz and 3are output rungs. contammg examine.
FALSE-TRUE transitions of ung 1 move the s Seq“e‘“ef from. | instructions at.the input-satisfied status bit address. When
one step to the next. Iri this case, a single FALSE-TRUE | © *.7 " the status bit is ON, rung 2 is TRUE and rung 3is FALSE
transition advances the sequencer, since all PR values: are - - wher the status blt is OFF rung 2 as FALSE and rung 3 (L

setat 1. < TRUE: . ; -

" The ONOFF states of-t'he- external in_put_s dete:mihg R : _iaung a coﬂtams the’ reset mstructlon When this rung goes - -
whether the input-satisfied status bit willbe ON or OFF. ' TRyE, the sequenter s reset to stepﬂ (corresponds toRAC
That'is, when the ON/QFF states of the externalinputs |~ - yalue). , O )

match the data programmed for the current step, the input- o o .
satisfied status bit will be ON; when the externalinputsdo  * While the RSTr '"5“““"°” is TRUE, the sequencer s held on
not match the data programmed for the current step, the - its RAC stép and the SQI will continue to examineinputs.
status bit will be OFF. _ Qgeratlon canresume when rung 4 gaes FALSE again.
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Progr amming The keystroke example below shows you how te program rung 1 of the
Seq uencer sequencer appearing on Page 10-10. This example illustrates how to
Instructions  program time- or event-driven operation, the group humber, mask data,

step data, and PR values. For practice, you may want to program all ten
sequencer steps and all four rungs of the sequencer ladder diagram.

Figure 10.4
Keystroke Example — Sequencer instruction. | ‘:ol’ 901
Rung 1 3 1| {sQO0
. O -sa- . TIME DRIVEN .
CLASSIFICATION: = cooy ADDRESS: 901 [] EVENT DRIVEN GROUP NUMBER: _Q
BIT ADDRESS DATA PROGRAM
CODE
8 A PRESET
i Data { Data VALUES
Bit Addresses— | 018 Jo17 | o6 | 015 Jotafoizlos2 o1ty B A
Mask Data— | 0 1 1 1 1 Q9 1 0 7 A
Step Data— 0] & | 1 0 1 0 ® 1 Ll 5 2 v 1510
1| ® 1 0 1 1 @ 01 @ 5 8 !5l
2] @ |0 1 0 Jofe |0 |@® 2 0 4215

-1[-.1 -1I- L | Examine ON instruction, address 001 is entered.
HIFT, . '
—?SQO)—— -(5Q0)- e ] Display is prompting for address of the 5QO instruction.
9,01, - Address 901 is entered. Display shows € - E, prompting you to specify
ENTER ~5Q0) - L-E time-driven or event-driven.
SHIFT, TIME, _ r We have specified time-driven (we could also have pressed C instead of
~{SQO) grp
ENTER - TIME). Display is prompting you for the group number,
0, ENTER —(5QQ)- __ US5E Group 0 is entered. Display shows USE, prompting you for mask data.
7, SHIFT, A, -(5Q0)- d O Mask data 7, A is entered from the data form. Display is prompting you for
ENTER -~ step data of step 0.
52 : Step data 5, 2 is entered from the data form. Display is prompting for step
EN'TE'R -(5QO0)-f{____ B O 0 PR value. Note: With event-driven sequencers, a PR value of 1is entered
automatically {you can change this}.
5,0, —-(SQO)- d I PR value of 5.0 is entered from the data form. Display is prompting you for
ENTER - step data of step 1.
Keys for steps The display will continue prompting for step data and PR values. When
19, PROG BES Ernd entering the PR value of step 9, press ENTER a second time. This ends the
ENTER data entry; the display at the left will appear.
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Cascading SQO
Instructions

001

1

Special Sequencer
Instruction Techniques

g

SQO instructions ean be cascaded in order to control more than 8
bit addresses. Anexample is shown in Figure 11.1a. Runglisa
dummy sequencer. Rung 2 resets all sequencer instructions in the
program. Itisimportant that this reset rung follows the dummy
sequencer rung so that the cascaded sequencers are reset properly.
Rungs 3 and 4 are cascaded sequencers controlling 16 bit addresses.

With ecascaded SQO instructions, bit addresses controlled by the 2nd,
3rd, and subsequent sequencers are set in the same [/0 scan,; bit
addresses controlled by the 1st sequencer are set one scan later. This is
the reason we've made the rung 1 sequencer a dummy. It controls no bit
addresses. It serves only to synchronize the setting of bit addresses of the
sequencers in rungs 3 and 4.

Sequencers in rungs 1, 3, and 4 have the same address and are operated
by the same rung conditions. They are event-driven (could also be time-
driven), and have the same presets and number of steps. The sequencer
in rung 3 controls Group 0 outputs; the sequencer in rung 4 controls
Group 1 outputs; the sequencer in rung 1 has Mask data of 00, so that it
controls no outputs at all. Data forms are shown in Figure 11.1b on the
next page.

Figure 11.1a

Dummy SQO 901. Controls no
outputs. Itservesonlyto
901 g} synchronize subsequent

Rung 1

Rung 2 4

{sQ0)}—+ sequencers.

\ 901 &+ RST 901 resets SQO
{RST—+ instructions to step 0.

Same rung RACO

conditions 901 | 5Q0 901 can be programmed

Rung 3

Rung 4 »——-I lr

001

/

-«
i ) ! to control one set of outputs,
15Q0 Group 0 for example.

9

. L——— SQ0O 901 can be programmed
{sqo}"+ again to control another set of
outputs, Group 1 for example.

Cascading sequencers. See Figure 11.1b for data forms.
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171-2
Cascadin g SQO The data forms below apply to the cascaded sequencers in Figure
Instructions 11.1aon the previous page.
(continued)
Figure 11.1b
0 ~4sQ)- - '[] TIME DRIVEN

. CLASSIFICATION:

Rungi’ '

Dummy
Seguencer

‘Samedata. |
Casrung3

“exceptMask
isg0 .

‘Rung3 f
Sequencer

‘Runga” |
. Sequencer

¥ B ~5Qo)-- - '.ADD?E'55=__9_91; GROUP NUMBER: _0

EVENT DRIVEN

_ PITADDRESSDATA | ReseEM .
SPES FIV A R PR W ' PRESET
’ S - _ , : " Data | Data VALUES
" Bit Addresses— }-018 { 017 | 016 | 015 014-1-013 J-.012 | o011 B A
.. Mask.Data=> b 0. i-0. 1.0l o loladolo 0 0
 StepData—0f 1.4 1.}5.6.] 1 .01 0] 1 Fop 1 T
v o Jot il ol i Tolalol 2 A HE
b v biacbobe o] o C 4 R
3ol oftoe i fololo ]t ] N
"CLASSIFICATION: j:gg;ﬁ ' ‘gc‘é_nn'sss:_ a1 ﬁ :ﬁ:rogs:::ﬁ GROUP NUMBER: 0
STADDGESSOATA oo
B RETE PRESET ——
. : Data | Data | yaLyes
B:t Addresses«a 018 1017|016 | 015 J 014 | 013 ] 012 1 011:] B A
MaskData—>§ 1 | v | 1+ | 1 | 1 | 1 1 1 F F .
Steppata—» 04 t-F 1l ol afo T o1 o] D 1 R
o e el a ool i el 2 1A K
sy Tt ol oo v To o] ¢ 4 HE
IR EE KR ES ER N B D EE R EERE
cu\sswmnon gj:gg';_ igbpgés‘s 901 ; g ::m.r[’gg::" -~ GROUP NUMBER: _1_
S
, i - PR | Y PRESET
E — : ‘Data | Data VALUES
sn Addresses—» L1 ]zl aelais ezl B A
prres REENENEN B ERERE F F
Steppata—O) [ 1" | 0.1.0 J ] i1 }lo]oelclc | I N
bl o b1 fole oo 8 8 HE
20 Lot o f1 ] 1ol 4 | b I
3] o 1 lojo 1 o] o Al a Tl

: Note for SLC Pprsoﬁat Computer SGﬁwarg Users

The data form you are using prompts you for Hex Mask and Hex Data.
This corfesponds to the Program Code used in the forms above. A '
comparison of the sequencer data form you are using and the form
- shown above appears on Page 10- 6 ) ——
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Cascadi ng SQ!  sQlinstructions can be cascaded in order to examine more than eight
Instructions inputaddresses. The example below shows how this is done. (Note that
a dummy sequencer is not required as with SQO instructions.)

Figure 11.2
001 a01 )
Py , input addresses 001 thru 008 are
Rung 1 i {SQI—1  examined by SQI 901. Addresses 009
o | e e e
conart us ISTI or
Rung2 ¢ Iﬁ {SQ’}_—.' sequencers in order to energize
: 901 902 o1 ~instruction 011 inrung 3.
Rung3 $— | | | { }—4  Bothsequencers must have the same
number of steps. In this example,
002 901 examine instruction 002 resets both
Rung 4 1 {RST—  sequencerstostep 0.
RAC O .
002 902
Rung5 #— | {RST)—*
’ RAC ¢
CLASSIFICATION: :((ggg')_ ADDRESS: 901 :'\':ENTD;;YEEN GROUP NUMBER: 7 _
BIT ADDRESS DATA PROGRAM
CODE :
" A PRESET
Data | Data VALUES
Bit Addresses—> | 008 | 007 | 006 |.005 § 004 | 003 } 002 | 001 B A
Mask Data— | 1 1 | 1 1 1 1 1 1 F F
Step Data— 0| © 0 0 1 0 0 o | 1 1 1 HIHERE
1 o] o 1 0 0 0 1 0 2 2 E
b ol 0o ool alo 4 a R
3| 1 ol ot o 1 o .o o} s 3 R
aloJojofjofjolo|lo]o]o]|o L
Sequencer data form for rung 1
CLASSIFICATION: :{(:gg-}_ ADDRESS: 902 ;ﬁf«f;:\fﬁu GROUP NUMBER: 14
BIT ADDRESS DATA S PROGRAM
: : CODE
B T A B PRESET
: - Data { Data VALUES
Bit Addresses— | 210 | 209 | 110 | 109 J 010 [ 009 |} - | ~ B A
MaskData—>] 0 | ¢ [ 01 0O 1 {1 0} o 0 C
stepData—0] 0 | 0t 0o Jo Jo ool 0 0 HE
‘ 1folo]o]o ol ot ol o 0 ) R
2l et oo o o lolo] o 0 0 RE
3lo|lo]lojojfo[0ofo]o 0 0 R
sl olololo |l 111 ]afol]o C R

—_ Sequencer data form forrung 2
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Reversing Sequencer
Step Operation

The reversing sequencer operation allows you to operate a sequencer in
a forward or reverse step order. Anexample is shown in Figure 11.3.
Rung 1 is the forward operating sequencer. Rung 3, having identical
rung conditions, implements reverse operation of the sequencer; note
that this rung is within a ZCL zone.

Operation: When rung 1 is TRUE and rung 2 is FALSE, the sequencer
operates in a forward step order (rung 3 is TRUE, but inoperative).
When rung 2 goes TRUE, rung 3 becomes operative and the sequencer
reverses the step order, beginning with the step in effect at the time.
When rung 2 goes FALSE again, the sequencer operates in a forward
step order again.

The data forms for rungs 1 and 3 are included in the figure. Data for
rung 1 is entered using the program codes listed in Figure 10.1, Page
10-7. Enter rung 3 according to the following special procedure:

1. If you like, you ean enter rung 3 by copying rung 1, then modifying
the data. The SQO instruction address is 901, and it is time-driven.

2. Select a special group number from the table below. The number
must correspond to the address number of the sequencer. Inthis case
number 38 applies.

Address | O°YP | address | ©7OUP [| address | GTOUP || address | GTouP

.No. No. No. No,
901 38 309 46 917 54 925 62
Q02 39 210 47 318 55 926 63
03 40 411 48 319 56 - 927 64
904 a1 912 49 320 57 928 65
905 a2 313 50 921 58 929 66
906 43 914 51 922 59 930 67
907 44 315 52 923 60 931 68
908 a5 916 53 924 61 932 69

3. You must specify FF for mask data. This is required when you use
any of speeial group numbers 38-69.

4. Enter the special step data for reverse step order, as directed below

the rung 3 data form. :

5. Preset values for both sequencers must be the same, in this case a

value of 1.0.

Program Editing Note: When you program a reversing sequencer you must select a
special group number from the table above. The step data you program is a decimal
notation for the reversing step order, as opposed to the coded step data for a
reguiar group number. If you edit a sequencer and change a group number from a
special group number to a regular group number or vice versa, you must also edit
the step data. Failure to do this could resultin unexpected sequencer operation.
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Rules for step data: StepO Enter second Iast step number(s m thls case )
Enter laststep number (310 thiscase.) | .
Steps 2.and h|gher Enter step nurviber minus 2 (2 minus: 52

Step 1:

5

Reversmgsequemer B om o

Figure 11.3
001
Rung 1 I+
901 002 _
Rung 2 »-—’ ! — | Sam? rung
9 o conditions
001 '
Rung 3 — F
Rung 4
cLassiFicanion; & 5@ aDDRESs: 90 B TIME DRIVEN GROUP NUMBER: 0
" B4 <5Q0)- CENEO =S - [ EVENT DRIVEN. R =
BIT ADDRESS DATA “ . .iv....]| prOGRAM |
: — ' - CODE | .
B A P11 . PRESET.
L . e Data | Data VALUES
Bit Addresses— J 018 [ 017 [ore [o1s Jora o3| o1z fonn -8 | A} T
Mask Data—> 4 1 | 1 IR R 1 i ] F ol E -
StepData— 0] 0 {0 J o | o] o] ofoi{oe o -pbe-J ;1 oi1ial
fopejoflotrloqdrdo] oA it140f _
2o ot i l+vtoeofofoje]-z-Teod T t1io] .
ato |l vto |l +do |1 todr] 5] 5 t1h0]
ste ot o rtolodod s f 1} 1ot
sle ol 1 ]lotofolriol 212 BN |
7ol 1r]o]oto| v ]odo] 4 -} 1 1100
gio o1 |lotr|ofotol]l 218 ettt od
of 1 o letedo ool fa-f o]0 T1i0
. g . R R I SR I L B - - - o .v.l ik Z
Sequencer data ferm for rung 1 . :
o OAsQ- oS R TIME DRIVEN . ';k
CLASSIFICATION:. . _(SQO)‘ _AfﬁUR!ESS_. 901. - ,IZ] EVENT DRIVEN - GROUP NUMBER 38
BITADDRESS DATA == " - - PROGRAM
.. CODE . | . s
e . w x —— .PRESET
— ‘ DaTa Data VALUES
Bnt Addresses-@- . 1. A AV
Mask Data —> F DD
Step Data—> 0] N R ERIET
' Rk § ER SRR
SLC Personal Computer . v N ‘0 R B
. : _— l L
Software Users 3 g b T TiTo
When you are prompted for - . -4 3 SRS TR §
"Dec Data” enterthestep Y 3k 10
data as doné Hete - 08,09, A~ 4 )
'| 00,01,02, and so on. ~+— ——  Es e e
S - o e R S R BN
DY Y B 6 HERERE
; VAl Ty oy

=0; SmmUSZ—l etc)
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Sequencer
Input Driving a

Sequencer Output

The input-satisfied status bit of an SQI instruction can be used to
advance an SQO step number. Figure 11.4 shows how this is done.

The SQI and SQO instructions are assigned addresses 901 and 902.
Both instructions are event-driven with a preset of 1 for each step. The
input-satisfied status bit of the SQI instruction is used in rung 2 to
advance the SQO step number. The SQO step completion bit is then
used to advance the SQI step number.

In step 0, status bits corresponding to bit addresses 011 thru 018 are
OFF, as specified in the SQO data table. Referring to step 0 of the SQI
data table, note that when bit address 005 is ON and bit addresses 0086,
007, and 008 are OFF, the programmed data for step 0 is matched,
causing the input-satisfied status bit to go ON. This advances both the
SQI and SQO instructions to step 1, causing outputs 012 and 014 to go
ON. Operation continues from step to step in this manner.

. ‘SQtdiivingansQo .. |

Figure11.4
. _ 902 901
Rung T $—— | {sQi)—¢
U T 02 T 90t 902
Rung 2 "¢—N— } ~(5Q0)—
R 901
- Rung3 $+—| {RST)—1
o S RACO
} ¥ 001 ) 902
Rung 4 - {(RST—1
RACO
G R sal ' [7] TIME DRIVEN )
© CLASSIFICATION: - cooy -+ ADDRESS: 901 i EVENT DRIVEN ~ GROUP NUMBER: 7
) " BITADDRESSDATA . . PROGRAM
. Lo . CODE
| s . T A PRESET
e a e e . — Data | Data - VALUES
" Bit Addresses=>|"008 | 007 | 006 [ 005 004 [ 003 [002 [001} B A
Mask Data— | 1 1 1 1 0 9 0 0] F G
~StepData=>0] 0 0] o I EAEIEREERE 0 HHEHE
cece 1o oo 1 o je|le|e|e 2 0 K
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. BITADI ' PROGRAM
BIF ADDRESS DATA oRe
: PRESET
i s A Data | Data VALUES
| - sit Addvesses—> J0ig8 J 017 [ 016|015 ] oia 013 o120 | 8 A
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1ojJo ool [Fo 1 0 0 A Vo]
240 |.o0 IR RN 0 3 E I
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n-z

S$QI Monitoring
an SQO

Example 1 - SQI monitoring an SQQO step. This is shown in Figure
11.5. The SQI instruetion in rung 3 is monitoring the SQO instruction
in rung 2. When the SQO instruction reaches step 12, the input-
satisfied status bit of the SQI instruction (rung 1) is set to ON,
energizing output 011,

Figure 11.5

' ) ‘Néte:‘ ﬁﬁn@fo_i-def issele'cte'd so that outpuﬂﬂ? is energized |
in thé same /0 scan that sequencer 901 bit addresses are set.
L eel ot '
: SRS IS § R : 7 .
._TEUDQT‘ - ”.v,\_ AR — )—,‘I_
S 7 TN SQlinputssatisfied e
ST ostatushbit o
R (IR, L SR ﬁ . SR L
SRR | N '
Rung 2 $—————— ~—{SQ0)}—*
' ; Group.number: 38 - - .

(oo Stepdatari2 Ny 902

(51—

I RUng 3+
. - SQE"rridhitpring-aA_n 5Q0 step

Program the SQO instruction as you ordinarily would. Program the SQI
instruction according to the following special procedure:

1. Assign it an address between 901 and 932.

2. When prompted for time- or event-driven operation, select either one;
operation will be the same regardless of your choice.

3. Select a group number from the table below. It must correspond to the
address of the SQO instruction you are monitoring. For Figure 11.5,
SQ0 901 is monitored, requiring group number 38. You must
program the mask data as FF (for any of group numbers 38-69).

Address | G70UP || address | GTOUP || address | GTOUP || Address | GTOUP

No. No. No. No.
901 38 909 a6 917 54 925 62
902 39 910 a7 918 55 926 63
903 40 911 48 919 56 927 64
304 41 912 49 920 57 928 65
945 42 913 50 921 58 929 66
306 43 914 51 922 59 930 67
307 a4 915 52 923 B0 931 68
908 45 916 53 924 61 932 69

4. The programmer will now prompt for step data. Enter the step
number as data (12 for example). Any preset value can be entered.

SL.C Personal Computer Software Users: You will be prompted
for “Dec Data”. Enter the step number (12 for example).

This completes the SQI instruction entry.

Program Editing Note: When you program a sequencer input instruction to
monitor another sequencer instruction, you must select a special group number
from the table above. The step data you program is the step number you want
to monitor as opposed to the coded step data for a reguiar group number. If
you adit a sequencer and change a group number from a special group number
to a regular group number or vice versa, you must also edit the step data.
Failure to de this could result in unexpected sequencer operation.
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SQ! Monitoring
anSQO

{continued)

Example 2 - SQI monitoring an SQO for “greater than” (>) step.
In Figure 11.6, 5QI 902 is monitoring SQO0 901. SQI 902 status bit

952 (902 + 50) is set ON when the SQO step number 15 greater than (>)
5. The status bit remains ON until 3Q1 902 is reset.

Figure 11.6

Note: Rungorder is selected so that output 011 is energized
in the same I/O scan that sequencer 901 bit addresses are set.

952 011
Rung 1 9 i { )—0
¥—— 5Ql status bit '
001 (902 + 50) 901
Rung 2 | | {sQ0)—+

Group number: 38
Step data: 5 ~ 902

Rung 3 {sQi}—
002 902
Rung 4 | | {RST}—4
RAC 0

SQl monitoring an SQO for “greater than™ (=) step

Program the SQO instruction as you ordinarily would. Program the SQI
instruction according to the special procedure deseribed in Example 1.
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P

SQI Monitoring
an SQO

(continued)

Example 3 - SQI monitoring an SQO for step number range. In
Figure 11.7,SQI 915 and SQI 916 are monitoring SQO 310 for a range of
steps. Instruction 012 in rung 1 will be ON when the SQO 910 step is
greater than 10 and less than or equal to 15. Reset instructions are used
to set SQI status bits 965 and 966 back to their initial states.

Figure 11.7

Note: Rung order is selected so that output 012 is energized
inthe same ¥Q scan that sequencer 910 bit addresses are set.

965 966 012
Rung 1 +—f —Nc { }—
\ $QI915 and
SQI916
005 status bits 910
Rung2 $— | {sQo)—¢
Group number: 47
Step data: 10 ~, 915
Rung 3 {sqi}—
Group number: 47
Stepdata: 15 ™ 916
Rung 4 —sQi}—1
. 006 915
Rung 5 lr—‘I Il {RST}—2
RAC O
006 916
Rung 6 { | {RST}—¢
RAC 0

SQ1 monitering an SQO for step number range

Program the SQO instruction as you ordinarily would. Program the SQI
instructions according to the special procedure described in Example 1.
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- SLC Personal Computer Sofgware Users:
- Whenyou are prompted for “Dec Data”,
. . enterthe step number, 05, :

11-10
Sequen cer .Iump The jump operation allows you to either execute all steps of a sequencer
Opera tion  instruction or to skip certain steps (jump). The sequencer input
monitoring technique (Page 11-7, example 1) is used in the jump
operation.
In Figure 11.8, SQI 902 is monitoring step 5 of SQO 901. Ifinstruetion
002 (rung 3} is TRUE and SQO 901 is on step 5, SQO 901 will be reset to
step 15 by the RST 901 instruction. In effeet, steps 5 thru 14 are
skipped. On the other hand, if instruection 002 is FALSE when step 4 is
completed, SQO 901 will continue with steps 5 thru 20.
Figure 11.8
s _ $Q0O 901 Step
1 .
N I e R E 901 fi o A
S R T /Groupnumber 38 6. :
S 902 PO o Step data "5 g finstruction 002 (rung
- Rung2 g—— Q{)—-—q:_ h 5 YisTRUEwhenstep 4
: R 11 iscompleted, steps 5
T EE I ‘ 12 thru 14 of SQO 901 are
: 902 002 B _ o o :
ol LT : 01 13" skipped.
Rung3" p—— b= f——(RST)—1 ..~ . ol
o racs D SRR
: el L
The procedure for program mmg the SQi }3 :
.-mstructaon |s exp[amed onPage 11-7: 20

; -Program Edmng Néte: When you program a sequerrcer input instruction to momtor another
-sequencer instiuction; you must seiecta spec:a! group riumber figm the table onPage 11-7. The step
data you program is the stepnumber you, want to'monitor as opposed to the coded stepdata fora
regular group aAumber. f you edita sequencerand change agroup number from 2 spedial group
number to a reguiar group number or.vice versa, you must also edit the step data. Farlure to do this
: couldTesu!t in unexpected sequencer operatron C :

L :.\'Séq'uéncer,j&mﬁ §;§eratibﬁ
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An HSI module [right} connected to an SL.C 150 processor unit.
{The HS! module is for use with the SLC 150 processor only).

The High Speed
Input (HSI) Module

High Speed Input

Programming

The High Speed Input moedule facilitates the counting of rapid pulses
produced by external input devices such as a solid state sensor or an
encoder. Counting is accomplished in your program by a special event-

driven SQO instruction. We will refer to this as an HSI counter

Instruction.

Your SLC 150 controller is designed to accommodate up to four HSI
modules. Addresses for the corresponding four HSI counter instructions
are 901,902, 903, and 904. The figure below indicates how the addresses

must be assigned.

Figure 12.1
_ Connection Cable
S i e st 2nd 3rd 4th
SLC 150 Processor Unit /| J | HSI HsI HS1 HS!

Address Addregs Address Address
.- 904

- 901

902

-903

The physical focation of the HSImodule determines what address you
" must assign to it. The HS! connected directly to the procassor must be

assigned address 907, the HSi connected to the 1st HSEmust be assigned
address 902, etc. Unused addresses can be used for standard

timer/counter/sequencer programming.
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The HSI
Counter Instruction

The HSI counter is distinguished by an event-driven SQO instruction
immediately preceded by an Examine OFF instruction with the same
address. Additional examine ingtructions can be used in the rung to
enable or disable the counting proeess. This is illustrated below.

Figure 12.2

- The HSI Counter Instruction

T ’{:;;ir e @
|/H — \{*HSQOH

. gx'a'm-'?,i"ﬁm?th he’e;?_" " This pair of adjacent instructions
beusedin therungtoenabler . i tinoish the HSI counter. The
disable the counting process: - ¢n0 i avent-driven

Operation is similar to event-driven sequencers discussed in Chapter 10.
When instruction 001 in Figure 12.2 is TRUE, HSI counter 901 is
enabled. Pulses fed into the HSI 901 module increase the AC value of
SQ0 901. When the AC value reaches the programmed PR value, the
HSI counter advances to the next step, setting outputs according to
programmed data.

Maximum Pulse Rate (Frequency) - If the maximum pulse rate is
exceeded, Examine OFF instruction 901 (Figure 12.2) will go FALSE,
disabling the HSI counter. The maximum pulse rate is 5 KHz when you
are using one HSI module. If you use 2, 3, or 4 HSI modules, the
maximum pulse rate is less. This is explained in the table below.

No. of Maximumpul'sg - The sur of the
~modules | rate for a single | pulse rates for . Example
tonnécted | - - module’ | |" ‘allmodules |

CCUBKHz e oo If you use 2 HSI modules, neither
Ca e AKHE Y YT Cannotexceed | one canhave a puise rate greater

" 3KHz.. - |+ 'SKHz | than 4 KHz, and the sum of the
R 4. S M | pulse rates cannot exceed 5 KHz.

swno

Basic Operation

Figure 12.3 shows two HSI counters. Note that each counter is
characterized by an event-driven SQO instruction preceded by an
Examine OFF instruction with the same address.

Cycle Completion Bit {Rung 2): HSI counter 901 includes a cycle
completion bit (901 +50). Instruction 951 in rung 2 will go TRUE for
one program scan when SQQO 901 completes its last step.
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Basic Operation
{continued)

Normal Reset (Rung 3): HSI counter 901 is reset normally. When
instruction 002 goes TRUE, counting is disabled. SQO 901 is reset to
step 0, applying step 0 outputs. SQO 901 remains at step 0 until rung 3
goes FALSE,

Single Shot Reset (Rungs 5 and 6): HSI counter 9202 uses a single shot
reset, which resets the counter to a specific step without losing any high
speed input counts. The single shot is initiated by the step completion
bit of an SQO instruction. Thus, when rung b goes TRUE, instruction
910 in rung 6 goes TRUE for one program scan. This momentarily sets
rung 6 TRUE, resetting SQO 902 to step 0, where the counter resumes
operation. Any high speed input pulses oceurring during reset are
applied to the AC value of step 0.

You must program a 4-digit RAC value for a single shot reset. The first
two digits must be 99; the second two digits specify the step number you
want the counter reset to.

Exceeding the Maximum Pulse Rate: If the maximum pulse rate is
exceeded, Examine OFF instructions 901 and 902 (rungs 1 and 4) will ge
FALSE, disabling the counting process. The counters are held in their
last states, with respective outputs applied. Instructions 901 and 902
remain FALSE until the over-speed condition is corrected and the
counters are reset.

Caution: ‘Exceeding the maximum pulse rate will disable the HSI
counter and hold outputs to the last state. Appropriate emergency
stop switches should be used in your application to guard against
unexpected machine operation. '

Figure 12.3
o001 . 901 ggy
Rung 1 ¢—F ————Nc—{sQo}— —
~Cycle Completion Bit S Ewent '
: : \_‘ 95l1= N A I
_ -,R‘?"g? T l L ) " | HSICounter
o S A 901
Normai Reset — Rung3. ¢~ p— ——RST}—¢
' o RACO.
003 902 \9_02: ' 3
Rung4 ¢— ———Nc—(sQo}—
' ©+ Event [ HSlICounter
voa o 902
| : y .
. v Rung5 U A ‘SQO) 1—'—-—-—_. Event-Driven
Single Shot : o , - Group No.: 0
Reset 910 . 902 ; Mask Data: 0
Rung 6 1 b {RST}—4 ‘ Step0Data: 0
. racosgo | __| Step 0 Preset: 1
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Special Application
Considerations

Cascading: You cannot cascade sequencers used in HSI counters. Your
HSI counter is limited to 8 bit addresses, 6 of which can be external
outputs.

External Outputs: To obtain the fastest possible operation of your HSI
counter, use the external outputs located on the processor unit. These
outputs, corresponding to SQO sequencer group numbers 0 and 1, are
updated immediately, ahead of the /O scan. See Figure 12.4.

You can also use external outputs located on expansion units. These are
updated during the normal I/O scan.

Figure 12.4

HSI counter ouipqts addressed to
i : anexpansion unit are updated
... during the normal /0 scan.

/0 SCAN
PROGRAM SCAN-

HSlcounter program .
“|: The processor interrupts the
- operating cycle to count
1 highspeedinput signals

when réceived. If you are
using external outputs of -
the processor unitin your |
HSI counter; they will be -~

* pdated immediately, ahead |
of the'l/0 scan. T

Scan Time: As the frequency of your HSI counter increases, your scan
time also increases. Programming preset values of 1will further
increase your scan time.

A scan time in excess of 100 milliseconds will be detected by the
processor unit and cause system shutdown (error code 9). You should
verify your scan time at the maximum HSI input rate for your
application, to assure proper operation of your system. Refer to Page 8-4
for instructions on measuring scan time.
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Special Application

Considerations
(continued)

Test Single Scan Mode: When the SLC 150 processor unit is placed in
the Test-Single Scan mode and the HSI counter start rung is TRUE, the
HSI will count in real time and the accumulator will inerement as it
would in the Run mode.

Disconnecting the HSI Module: The HSI module should not be
connected or disconnected when power is applied to the SLC 150
processor unit.

WARNING: [mproper operation and damage to equipment or
personnel could occur if the HSI module is connected or
disconnected when power is applied to the SLC 150 processor unit.

Expansion Socket End Plug: The HSI module has an expansion
socket for the purpose of adding another HSI module or expansion unit
to your system. The HSI module is shipped with an end plug inserted in
this expansion socket. Do not remove this plug unless you are adding
another HSI module or an expansion unit to your system. Removing the
plug will cause a CPU fault, shutting down the processor in the Run
mode.
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Application Example -

Two Step

Cut Off Operation

Home

A high speed cut-off operation measures metal strips by counting pre-
formed bumps as the metal strip is fed into the cut-off area. The bumps
pass a solid state sensor at the rate of 1000 bumps per second. Every
2000 bumps, the strip is cut. The counting process then resumes,

In the program below, an HSI counter is used to perform the counting
and cut-off operation. SQO 901 outputs at addresses 011 and 012 control
the feed motor and the cut-off saw motor. The counter is enabled only
when the cut-off saw is in the home position.

In step 0, the feed motor is energized, which feeds the metal strip. As the
strip is fed, the bumps are counted by the HSI counter. When 2000
counts are reached, SQO 901 advances to step 1. This lowers the cut-off
saw which cuts the strip and returns to the home positien.

When the cut-off saw returns to its home position a limit switch at
address 001 is closed, initiating a single shot reset that resets the
process back to step 0. This single shot reset allows the feeding process
to resume and high speed input signals to be counted immediately. The
preset of 3999 for step 1 has been arbitrarily chosen and allows for over-
feeding of the metal strip. The preset for step 1 could be set to any four
digit number except zero since the process is reset when the saw returns
home.

Figure 12.5

HSi counter

901 Instruction

Bumgps are sensed by solid
state sensor, providing input
to HSI module

Metal

I Saw motion

Rung 1

Rung 2 1

. 901 -
—hk—{sQo)}—

Event

001 910 &

— ———{(sQo)—¢

Event-Driven
GroupNo.: 0
Mask Data: 0
StepO0Data: 0

Strip

CLASSIFICATION:

akehbeldodolbolodold

feed

[0 (sQi-
—{SQO)

901 Step 0 Preset: 1

{RST)}—+

RAC 9900

Rung 3

. JTIME DRIVEN

EVENT DRIVEN 9

ADDRESS: 801 GROUP NUMBER:

BIT ADDRESS DATA

PROGRAM
CODE

PRESET
VALUES

B Data | Data

Bit Addresses— ] 018 | 017

016 B |

o
w

Mask Data —

Step Data— 0

1

A
3
1
7

0
0
0

[Ys]

—i{®{®]c

0
®
®
l

= GG E
sREEE
L=
—1®®]eiz
—|8|®]e
N
o |o

& Masked addresses

-
f——bé—‘*‘

[

Qutput address 011 controls feed

Qutput address 012 controls saw motion
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Applica tion Exa mpie —  Drill position and hole depth are controlled by counting high speed input
Multiple Step  pulses from an encoder mounted on a feed motor. The feed motor turns a
Position Control leadscrew which moves the drill forward and backward. As the feed
motor rotates, encoder pulses are fed into the HSI module at a rate of
5000 pulses per second.

Step 0 is the home position, with all outputs off. The preset of 9598 for
step 0 is arbitrarily chosen and allows for encoder movement without
advancing the sequencer step number. A push button at address 001
initiates the process by performing a single shot reset which moves the
process to step 1 where the feed motor is energized. Encoder pulses are
then counted by the HSI counter. After 9000 counts, the drill motor is
turned on. After another 2000 pulses, the drill bit reaches its proper
depth and the sequencer advances to step 3. Step 3 reverses the feed
motor, retracting the drill. After 2000 pulses the drill motor is turned
off . The drill continues to retract to its original position.

When the cycle is complete, the process returns to step 0 which is the
home position with all outputs off.

Figure 12.6
001 a0 - - Event-Driven
B I f ) Group No.: 0
— | Rung T i_ (5Q0 { Maskaata: 0
\nuanuuny i B I Step 0 Data: 0
Motor 9110 901 Step 0 Preset: 1
Retract Part 4 —1f b
— - Rung2 ? | i {RST)—

RAC9901 HS!

/ Counter
‘ 901 a01 Ik instruction

Rung3 t————Nc—{$Q0)—

Event

CLASSIFICATION: :ggg;_ ADDRESS: _901 Ex;TD:::S:IN GROUP NUMBER: _0
BIT ADDRESS DATA PROGRAM
CODE
B A Data | Data 3:3{5;
Bit Addresses— f 018 | 017 [ 016 [015jo14| 013 Jo12jonn] B A
Mask Data— | 0 0 Y 0 0 1 1 1 0 7
Steppata—0] ® | ®@ | o | @ | @ | @ 0 0 0 ' EEERE
1e|e@|leje]|® |0 0 1 0 1t |9lolo}jo
2le (& | ® | @] @ 1 0 1 0 s |2lo0loto
3l |le || @)@ 1 1 s 9 6 Jz!o0tolo
sle | e || ]| @ 0 1 0 0 2 Jo9lololo
L i 1 [ t_
[ Qutput address 011 controls
® Masked addresses teed motor —forward

Output address 012 controls feed motor —reverse

Qutput address 013 controls drill motor



Chapter

General

Shift Register
Instruction

With the shift register instruction, status data enters an 8-bit register
and is automatically shifted thru the register from one bit address to the
next on a time- or event-driven basis. A typical application is with
conveyors, to monitor and control the flow of the individual parts. In
general, it can be used in the control of machines or processes where
parts are continually shifted from one position to the next.

You can program a shift register to shift status data either right or left.
In operation, the shift register instruction is executed each program
scan, and uses a ZCL zone to control the shifting process. A sequencer
instruction is used to control the shift rate. The unlatch instruction can
be used to set status bits from ON to OFF,

The shift register instruction is retentive. The ON/OFF status and the
position of data is retained if power to the processor unit is removed or if
the processor unit is switched from the Run mode to another mode.

Programming the Shift
Register Instruction

Acceptable addresses for shift registers are shown below. A shift right
register is assigned the address of its most significant bit. A shift left
register is assigned the address of its least significant bit.

Valid addresses include external output addresses and internal
addresses. Internal addresses can be used within your program or used
to obtain outputs, as required.

Figure 13.1

1east significant bit

v
[s]1a]l3]2}11]

8-bitregister

most significant bit

_; | 18 l 17 | 16

- 18,118, 218,318,418, 518,618,708,
716,724,732, 740, 748, 756, 764,772,

780, 788, 796, 804,812,820, 828, 836,
. 844,852,860,

11,111, 211,311,411, 511,611,701,
709,717,725,733,741,749, 757, 765,
773, 781,789,797, 805, 813, 821, 829,
837, 845, 853, 861.

The shift register instruction is represented by the symbol -(SR)-. To
program this instruction, press SHIFT, -{ ), then the appropriate
numeric keys for the address (selected from the table above).

Display symbol for a shift right register: r

L

Display example: When the cursor is on a shift right
register instruction, address 018, rung 3, the output

Display symbol for a shift left register:

energize LED will be lit and the display will show: r B 3
Display example: When the cursor is on a shift left

register instruction, address 011, rung 4, the output

energize LED will be lit and the display willshow: L || Y
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Event-Driven Shift Figure 13.2is a ladder diagram of an event-driven shift right register.

Regfs ters indicated in the figure. Rungs 2-3-4 consist of a shift right register
within a ZCL zone.

Each time instruction 001 in rung 1 goes from FALSE to TRUE, step 0 of
the sequencer is completed (AC=PR) and the ZCL zone is TRUE for one
program scan. If instruction 002 is TRUE during this scan, rung 3 is
TRUE, and a 1 is shifted into the most significant bit address (18) of the
register; if instruction 002 is FALSE, a 0 is shifted into the register.
Simultaneously, all other status data in the register is shifted right to
the next address, with status data of bit 11 being shifted out of the
register:

Most Significant
bit address

18 17 16 15 14 713 12 11
oofr = B B T F 5

Status data shifts on each FALSE to TRUE transition of 5QO

Figure 13.2
_ oot 501 4’/ Zvent-ilrlve;
Rung 1 ¢— b—— { p  Broup o
ung o 9':1 —{sQo)— "Mask Data: 0
) o Step 0 Data: Any
Rung 2 ’_‘| 1 - (zcLl— Step 0 Preset: 1
e g
Rung3 +— | ———(SR}—1
‘Rung 4 -~ —{(zcL)—

* - Eventdriven shift right register

Figure 13.2 could be changed to an event-driven shift left register
simply by assigning address 11 instead of 18 to the shift register
instruction in rung 3. Operation would be similar, with status data
shifted into the least significant bit address, and status data of bit 18
shifted out of the register:

Least Significant
bit address

18 17 16 i5 14 13 12 11
S e S e i e S P

Status data shifts on each FALSE to TRUE transition of SQ0O
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Time-Driven Shift
Registers

Figure 13.3 is a ladder diagram of a {ime-driven shift right register.
Note the similarity to the event-driven shift register of Figure 13.2.

Rung 1 is a 1-step, time-driven sequencer. Programmed data is
indicated in the figure; set the PR value to the desired shift rate. Rungs
2-3-4 consist of a shift right register within a ZCL zone.

Step 0 of the sequencer is completed each time the AC value reaches the
PR value. The ZCL zone is then TRUE for one program scan, If
instruction 001 is TRUE during this scan, rung 3 is TRUE, and a 1 is
shifted into the most significant bit address (18) of the register; if
instruction 001 is FALSE, a 0 is shifted into the register.
Simultaneously, all other status data in the register is shifted right to
the next address, with status data of bit 11 being shifted out of the
register:

Most Significant
bit address

18 17 16 15 14 13 12 1N
o =

Clock rate = SQO Preset

Figure 13.3 .
Time-Ori
o 0 T N0
Rung 1 ( : N
s ¢ 901 : ‘SQO}_“ Mask Data: 0
’ o - Step 0 Data: Any

11 | 3

Rung2 $— } _ \ZCL} -Step O Preset:
001 _ 18 Shift clock rate

Rung3 ¢ I —(SR—+

Rung 4 - (zcLy—

Time-driven shift right register

Figure 13.3 could be changed to a time-driven shift left register simply
by assigning address 11 instead of 18 to the shift register instruction in
rung 3. Operation would be similar, with status data shifted into the
least significant bit address, and status data of bit 18 shifted cut of the
register:

Least Significant
bit address

v
18 17 16 15 i4 13 12 11
._*_ (.J_ ..}_ 44— + 4—]— + 4-{— 4—}— 1or0

Clock rate = SQO Preset




134 Chapter m Shift Register Instruction

Cascadmg You can cascade shift register instructions in order to shift more than 8
Shift Registers  bitsof data. Inthe 16-bit shift left register of Figure 13.4, status data is
entered into shift register 701. Bit 708 of this register shifts data into
register 709:

716 715 714 713 712 711 710 709 708 707 706 705 704 703 702 701

[F < F F 4 FF <F <F F < F F F F 400

Status data shifts on each FALSE to TRUE transition of SQO

Important: The rung containing the shift register into which data is
entered must follow the rung containing the second shift register. Thus,
shift register 701 (rung 4) follows shift register 709 (rung 3).

Figure 13.4
o m e Eme
Rung 1 $- { q N
. 9 ;0}1 {sQ0)— Mask Data: 0
: Step Q Data: Any
‘ I'l (zcL)—
Rung 2 1 \ZAF—1  step O Preset: 1
: 708 709
Rung 3 1 | {SR—1
002 - 701
Rung4 $— | {SR—1
Rung5 {zcL}—

A 16-bit event-driven shift left register
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Circulating Shift Figure 13.5 is an example of a circulating time-driven shift left register.
Register Status data is entered by instruction 001 (rung 3) and shifted left from
bit address 701 to bit address 708; bit address 708 is used in rung 3 to
shift the status data back into bit address 701, and the cycle is repeated:

708 707 706 705 704 703 702 701

£ F £ F F T+

Clock rate = SQO Preset

Figure 13.5

Time-Driven
901 &

N Group No.: 0
Rung 1 1= L -(SQO')'_“‘ Mr:sL;(pDa:a'O
: S S (1 ' .
I N C ; - | . Step 0Data: Any
: u__R:ung_Z- »———{ }__——(ZCL)_' Step O Preset:
c co )y 00 ' : 701 _ Shiftclock rate
- *Rung 3 $—— F——4——(sR}—4
o 708 .
- Rungd g —~zeL—4

¥ Data circulated from bit-address 708 to bit address
- 7701 would be overridden by data shifted into bit
~ address 701 by Examine ON instruction 001. .

An 8-bit fircylating shift register
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Example: Using Shift
Register Outputs

Chaptimsmft Register Instruction

Rungs 6 thru 9 in Figure 13.6 show how you can use the various bit
addresses within the shift register to produce external outputs. Note
that these rungs are placed outside the ZCL zone.

Status data is entered by instruction 002 in rung 3. The 1’s entered into
the circulating register can be changed to 0's with instruction 003 in
rung 5, which unlatches bit address 701.

Outputs at these bit addresses
{Rungs 6,7,8,%inFig 11)

r

708 707 706 705 704 703 702 701

< T & F F -F ¥

Status data shifts on each FALSE to TRUE transition of SQO

Figure 13.6
Event-Driven
001 901 &
. Group No.: 0
Rung 1 J»——| fb——s !
g 901 Qo)—‘j Mask Data: 0
Step 0 Data: Any
Rung 2 1 | (zety—1- Step 0 Preset: 1
: 002 701
Rung3 +— | (SR}— —
7’0!_3
Rung 4 - (zcL—
’ 003 701
Rung 5 »———| '[ {Uu)y—e
703 011
Rung6 +—— { —¢
705 012
Rung7 +——Ng { r—
706 013
Rung 8 §— F— —
708 014
Rung9 s { r—

Circulating shift left register using outputs for
bit addresses 703, 705, 706, and 708



Chapter Special Internal

Instructions

General This chapter explains how to use the following special internal
instructions:

876. . | Auto/Man switch. This address bit is ON when the Auto/Man
’ swit¢h of the processor unit is in the Auto position.

868 Program initialization instruction. Used with timers, counters,
and latch instructions to set initial conditions on power-up.

SLC 100 ; : . ;
and B67 TCAT power-up. Used with the Timer Counter Access Terminal

stc1s50 | © | to display a selected timer/counter/sequencer address on
o R | power-upg. )

100 [ Breakpoint instruction. Used for debugging and trouble-

"shooting. When a rung containing this instruction is TRUE, the
| processor will automatically hait its program scan, switch from
the Rur to the Test-Single Scan mode, and turn all outputs off.

864 Programmable EEPROM auto-load. Used to automatically load
the EEPROM program in the processor RAM when the

" processor detects a memory checksum error {capacitor or
battery back-up drain, or processor malfunction).

SLC 150 B -
.. only 865 Battery status. This bitis ON when the battery voltage is
© 7 | mormal. The bitis set OFF when battery voltage drops beiow a
certain threshold: If a battery is not used, the bit remains ON.

866 Triac zero-cross turn-on. Output instruction, used to
synchronize triac outputs with the ACline.

Auto-Man Switch  This instruction allows vou to examine the status of the Auto/Man
- Address 876  switch of the processor:

876 876
TRUE when the switch FALSE when the switch

is in the Auto position is in the Auto position
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Program Initialization
—Address 868

Non-Retentive Latch

This is an internal examine instruction you can use to initialize your
program to a known state on power-up. It can be used to initialize
timers, counters, sequencers, and latch instructions.

The bit address of the instruction is 868. This bit is set ON for the first
and only the first program scan under either of the following conditions:

1. Power is switched on to the processor unit in the Run or Test modes.

2. The programmer is used to place the processor unit in the Run or Test
modes.

The following examples show you how to use the program initialization
instruction to program non-retentive timers and a non-retentive latch.
You will also be shown how to initialize an up-down counter and a latch
instruction. Always use instruction 868 in the first rung of your
program so that program initialization will occur properly.

A ladder diagram for a non-retentive latch instruction is shown in
Figure 14.1. On power-up, instruction 868 in rung 1 will go TRUE for
the first scan, so that instruction 701 will be unlatched initially.
Examine ON instruction 001 in rung 1 is used to unlatch instruction 701
during program execution.

Figure 14.1

i 0‘" ' R
Rung 1 +— F——— (uyr—

701
{ | -
{L)y—
011

{ }—
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14-3

- Non-Retentive Timers

Figure 14.2 shows a non-retentive RTO timer. On power-up, instruction
868 in rung 1 will be TRUE for the first scan, so that the timer will be
reset initially. Note that rung 1 also contains an Examine OFF
instruction having the same address (001) as the Examine ON
instruction in rung 2. This Examine OFF instruction resets the timer
when rung 2 goes FALSE.

The figure also illustrates a non-retentive RTF timer. In this case, an
Examine ON instruction (001) is used in the reset rung (1). Rung order
is important with the non-retentive RTF timer. The RST rung must
precede the RTF rung.

Figure 14.2
001 - _ 901
Rung 1 +—Fk- {RST)—4
‘ 868 _RAC 0000
L | o0t o 901
Rung2 $—i |- (rRTO)}—¢
: S PR0O10.0
ST set o1
- 901 012
Rung 4 $—— { »—+
_ Q!on;Retentive RTO Timer
091 : _ %01
Rung 1 "__‘4 — ,L {RST)—2
L RAC0000
. sss o
- S B 001 ’ - 901
- Rung2 »——-H - {RTF—¢
A s PR0O10.0
. |13 A . 011 :
~‘Rung3 —‘H — { r—¢
o ser - 012
Rung4 +—Nc — 1

_ Non-Retentive RTF Timer -
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Initializing an Up-Down  The figure below shows how you can initialize an up-down counter. On
Counter  power-up, instruction 868 in rung 1 will go TRUE for the first scan,
resetting the counter to 5, which is between the upper limit of 10 and the

lower lHmit of 0.
Figure 14.3
S 001 901
Rung 1 $— — {RST)—¢
, 868 RAC 0005
[ 1
1 -
_ 002 901
Rung2 +— | {cTu)y—+
T PR 0010
. 003 301
" Rung3 -1 E“ {CTD}—A-
PR 0010
’ 901 951 o
"Rung 4 N { ) —¢
L es 012 '
Rung5 $— }— { —

Initializing a Latch The figure below shows how you can initialize a latch instruetion. On
Instruction  power-up, instruction 868 in rung 1 will go TRUE for the first scan,

latching output 011.
Figure 14.4
a1 011
Rung 1 ¢} {L)y—+
868
| |
Il
002 011
Rung2 1 } {u)y—¢
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TCAT Power-Up
- Address 867

If you are using a TCAT (Timer Counter Access Terminal), you can use
this Examine OFF instruetion to automatically display any
timer/counter/sequencer address you choose on power-up (instead of
scanning the timer/counter/sequencer addresses). An example is shown
below.

Figure 14.5

867 001 929
— {CTUH
\ PR 500

On power-up, TCAT goes directly
to rung containing instruction 867

PROGRAMMING NOTE - Instruction 867 should be an Examine OFF,
programmed in series with the rung containing the instruction you want
displayed on power-up. (You can program instruction 867 anywhere in the
rung, to the left of the timer/counter/sequencer instruction.)

Breakpoint Instruction
- Address 100

This is an output instruction at address 100. You can use it to pin-point
suspected problem areas in your program during debugging and
troubleshooting procedures.

When the rung containing the breakpoint output instruetion is TRUE,
the processor will halt the program sean, automatically switch from the
Run mode to the Test-Single Scan mode, and turn all outputs OFF.

Use the breakpoint instruction as follows:

1. Decide on what point in your program you should insert the
breakpeint instruction. This should be directly after the part of your
ladder program that you suspect is not operating correctly. )

2. Program the breakpoint rung. The conditions that make the
breakpoint output instruetion TRUE should be the conditions that
you suspect would cause your program to malfunction. An example is
shown on Page 14-6.

3. Place the processor in the Run mode and test your program. Ifthe
processor halts and outputs are disabled, the breakpoint output rung
is TRUE.

4. Connect the pocket programmer. It will automatically identify the
breakpoint rung number. (If you are using the SLC Personal
Computer Software, it will display a message telling you that a
breakpoint -(BPT)- has occurred at a specific rung number.)

5. Correct the program malifunction and delete the breakpoint rung.

A breakpoint output rung can be programmed as many times as you
need it in your program.

Important: Do not use the breakpoint output instruction for emergency
stop situations. We strongly recommend that you use a hard-wired
master control relay to provide emergeney I/0 power shutdown.
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Breakpoint instruction
- Address 100

{continued}

An example of how you might use the breakpoint instruction:

Operation B: Refer to the program below. When a series of five
external inputs (represented in the program by instructions 001 thru
005) are closed, output instruction 011 is energized, causing assembly
operation B to be performed. When assembly B is completed, instruction
006 goes FALSE, de-energizing output 011. The external inputs are
then opened and the next operation in the assembly process is initiated.

Operation
Enable Conditions Complete  Operation B

| \ /
| 001 002 603 004 005 ] 006 011
TR A

The Problem: Occasionally, operation B is not performed because one
of the external inputs does not remain closed for the duration of the
assembly process. Determining which of the five external inputs is at
fault is a difficult and time-consuming troubleshooting procedure,

The Solution: Breakpoint rungs 2 thru 6 are inserted into the user
program:

001 002 003 004 005 006 011

Rung t $— — —— A — F—N—A »—1¢
001 o1t 100

Rung 2 FN—t (BPT)—4
002 o 100

Rung 3 t———N-— | (BPT)—1
003 011 100

Rung 4 N—F (8PT)—¢
004 011 160

Rung5 ¢——— N } (sPT)—2¢
005 011 100

Rung 6 —N—— (BPT)—1

During operation B, rung 1 will be TRUE and the breakpoint rungs will
be FALSE. If an external input opens before assembly operation B ig
completed, one of the breakpoint rungs will go TRUE. This will cause
the processor to switch from the Run mode to the Test Single Sean mode,
disabling all outputs. The pocket programmer will identify the
breakpoint rung number, revealing which external input is causing the
problem,

If operation B is completed without a problem, program execution
continues as normal.
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Programmable
EEPROM Auto-Load
—-SLC 150 Only

With the SLC 150 processor unit, you can use address 864 in your
program to automatically load the EEPROM program in the processor
RAM when the processor detects a memory checksum error. Such errors
are detected if memory data is altered or lost due to capacitor back-up
drain, battery back-up drain, or processor malfunction. It works like
this:

1. Enter the following unconditional rung as Rung 1 of your program:

| 864
Rung 1 ! { )—+

2. Store the program in the EEPROM. This is your “back-up” program.

3. If a memory problem occurs and the processor unit detects a memory
error (codes 5 thru 8), recycle power. The EEPROM program will be
automatically loaded in the processor RAM, clearing the error.

Refer to Chapter 17 for further information on the Auto-Load Procedure.

Important: Keep in mind that when the auto-load occurs, the /O table
data is cleared. All retentive instructions (latches, timers, counters,
sequencers) will be reset to their initial states.

Battery Status
-SLC 150 Only

If you are using the battery back-up option with the SLC 150, you can
use the status bit at address 865 to energize a “Battery Low” indicator
when the battery voltage falls below a certain threshold. This threshold
voltage level will support the processor memory for approximately 2
weeks.

The figure below indicates how you might use this battery status
instruction. Battery low indication is provided only when power is
applied to the processor unit.

Figure 14.6

Use an external output address to
. indicate a “Battery Low” condition.
Battery status bit Arbitrarily, we are using address 011.

N
R

Rung is FALSE when battery voltage is normal. Rung goes
TRUE when battery voltage drops below a certain threshold.




Chapter Special Internal Instructions
14.8 pter iy i § 5° v

Triac Zero-Cross Turn-On  Thisisan output energize instruction at address 866. It is used to
synchronize triac outputs with the AC line to help minimize noise

_SLC 150 Only
generated when switching loads. To achieve zero-cross turn-on, you
must use a common power source for the processor unit power supply
and the output cireuits.

The figure below indicates how to use the triac zero-cross turn-on
instruction. NOTE: When this instruction is in effect, your program
scan will be synchronized with the AC line zero-cross. This means that
your sean time will be 8.3 msec (or some multiple of 8.3 msec) at 60 Hz,
and 10 msec (or some multiple of 10 msec) at 50 Hz.

Caution: Make certain that the scan time resulting from using the
Zero-cross turn-on instruction will not adversely affect your program
execution. This is especially important if you are using any of the
fine time base instruetions discussed in Chapter 8.

Figure 14.7
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Chapter

General

Program
Editing

In the following paragraphs, you will learn how to edit your pregram
using the NEXT and LAST keys (cursor control), the SEARCH key, and
the REMOVE and INSERT keys. The following keystroke examples do
not cover all of the editing techniques. Refer to Pages 15-10, 15-11, and
15-12 for a comprehensive list.

Program Editing with the TCAT and PC Sofiware: Editing
techniques possible with the TCAT (Timer Counter Access Terminal)
and the SLC Personal Computer Software are described in the
respective User’s Manuals, Publications 1745-850 and 1745-825.
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Cursor Control

The programmer indicates the cursor location by the particular instrue-
tion LED lit, the address number, and the rung number. The cursor
location is moved by pressing the NEXT key or the LAST key.

Each time you press the NEXT key, the cursor moves to the following
instruction, that is, one instruction to the right. Each time you press the
LAST key, the cursor moves to the preceding instruction, one
instruction to the left. You can use this method to move from instruction
to instruction thru the rungs of your program.

When the cursor is positioned on a timer, counter or sequencer
instruction, pressing the NEXT key displays the data associated with
that instruetion (PR value, AC value, and other data), in the order in
which it was entered.

You can move the cursor to the start of the next rung by pressing RUNG,
NEXT, or to the start of the preceding rung by pressing RUNG, LAST.

The keystroke example of Figure 15.1 (following page) illustrates use of
the NEXT and LAST keys.
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Keystroke Example
— Cursor Control

Cursor control was explained on Page 15-2. The keystroke example
below will show you how to use the NEXT and LAST keys to move the
cursor thru the program and access data.

Figure 15.1

Rung 1. .

Rung 3

001

Keystroke Example - Program the ladder diagram betow.

002

003 o1

Ladder Diagram .

| —tN— )—
00a ' 005 901
Rung 2 "—\N:—_I I—"'(RTO)‘“—"«
' PRS00 |
006" ar |-
als {RsT)—¢

RACQO00

" LAST B . | You have located the cursor on the.
7 times | 1= 3 Exafmine ON instruction in rung 1.
| The cursor is new on the Examine OFF .
‘instructionin rung 2. Thestartring © -
2N EXT -I/[- I+ H symbol showr at the Jeft in'the
times displayindicates this is the first”
instruction in'the rung. :
RUNG, [ vou have movedthe cursoftb the .
NEXT -1- F B first mstfuctloen inrung3. i
RUNG, | /1 The cursor has returned to the first
LAST -1 - .y mstructuon inrung 2. .
'NEXT . Youhave rigved the cursof to the
2 times —(RTO)_" 5 a1 RTC ms‘cructmn in rung 2
' - - :| The displayis showmg the PR value
NEXT (RTO} : 50.0 Fr you. entered earlier.
The cursor has move‘d_to the next
NEXT -l [_. F b | instruction in your program.
' . | The cursdr hés moved Vbéck'to the - :
—~(RTO)- RTO instructior:. Motice that you did.
LAST { ) 30| . not returntothe PRvalue. You must
use the NEXT key to access data. |
Program editing techniques are summarized on Pages 1_5-16, 15-1 1,:;1_5-12 .
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Search Function

The search function can be used to locate:
1. A specific instruction.

2. A specific rung number.

3. The start or end of a pregram.

4. The start or end of a rung.

5. A specific sequencer step.

When searching for a specific instruction, the search begins at the cursor
location; you can choose the start of the program, or any other point in
the program. When the instruction is found, press SEARCH, ENTER to
find the next occurrence of the instruetion.

To move the cursor to a specific rung, you press SEARCH, RUNG, then
the rung number. Specifying rung number 1 will locate the cursor at the
beginning of the program; rung number 999 will locate the curser at the
end of the program,

To move to the start of a rung, press SEARCH, LAST. To move to the
end of the rung, press SEARCH, NEXT.

To move to a specific sequencer step, locate the cursor on any sequencer
data, then press SEARCH, the step number, ENTER.

The keystroke example of Figure 15.2 illustrates the use of the SEARCH
key.
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Keys troke Example The search function was explained on Page 15-4. The keystroke

—~Search Function  example below will show you how to use the SEARCH key to find a
specific instruetion, the start of the program, and the end of the
program.

Figure 15.2

Keystroke Example - Program the ladder diagram below.

001 002 011

' AR 003
~NJ
R 003 012
Rung 2 +—| Mo { 1

‘ Ladder Diagram

Yauarein asearch operation.

SEARCH.

An Examine QFF instruction is

e NG N FA TN specified. Dashes are prompting
: S T you for an address.
3 | :-]l [~ - ' 3 ) Address 003 is entered.

R Search begins at cursor location.
“ENTER * |- -1/ {— 3 [ 1 Therungnumber is displayed when
- . . T the instruction is found.

- oo Pressing SEARCH, ENTER will locate
SEARCHr_ 1= : 3 i = the next accurrence of the specified
- ENTER ] - instruction.
ar | . e You have initiated a new search
SEARCH. Breh _ operation. '
' : : : : You are searching for rung 1, the
RUNG,1 { - i R start of your program.
Cexven |1 - R Search is completed. The cursor is
ENTER - -1 = |+ | I' 1 on the first instruction of rung 1.
_ AR I R To find the end of the program, you
SEAREH, . . 999 enterarung number which is
RgUg 9' SRR = = g S '| certain to exceed the number of
& L 3

: rungs in your program. 999 is a good
) ~ | choice.

"ENTER |

. ) The cursor is at the end of your
) H-i S y End program.

"Program editing technigques are summarized on Pages 15-10, 15-11, 15-12.
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Insert and Remove
Functions

While in the Program mode, you can insert and remove instructions,
branches, rungs, or sequencer steps by using the INSERT and REMOVE
keys. The keys also allow you to copy a rung and insert it anywhere in
your program. These editing techniques are summarized on Pages 15-11
and 15-12.

The keystroke examples of Figures 15.3, 15.4, and 15.5 illustrate how to
insert and remove instructions, branches, and rungs.

Figure 15.3

Keystroke Example — Program the ladder diagram below.The
keystroke exampte will show,you_how to insert and remove an

instruction.
\ 015
f 3
17

Ladder Dizgram

Insert an Examine OFF
instruction, address 002

~ " 001
Rung 1 +———H

The cursor is positioned on the
instruction following the point
where the new instruction isto be.

LAST

)

n - Display is pc;ompting youtoinsartan
' . | instruction.

INSERT -

;]'/[— <} ._._]/:[_: Prompt for an address.

2 _ - Address 002 ks_entéred,

The instruction has been entered.
The cursor has moved to the next
instruction. - . .

'ENTER.'_._*_(_")— -

Cursoris positioned on the newly
entered.instruction. Now we'll
remove it :

LAST i1- ¥ |

Display indicates the remove
function.

REMOVE %I /- rE

The instruction has been removed: -
The cursor has moved to the next
instruction.

ENTER | —( )~ 13 I

The curser has moved to the first

1 instruction in the rung, verifying the
remaoval of the Examine OFF
instruction.

LAST | -1 [- [ |

- Progfaﬁt editing techniques ar‘eysur‘nm'_a rized on Pages 15-10,.1 5-11,15-12,
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Figure 15.4

Keystroke Example — Program these rungs. The keystroke example will show you how to insert and
remove branches.

ol ooz _ | oo 002 o1t
: 011 Rung 1 1, L . { ) ‘
Rung T +_—_| I % |[ { )_+ I | 11
A A 003 004
! .
Iy

i 003

—

1 1
‘"——{ |'—““"1~—-_. Insert, then | 005 f
remove Insert _4-—-—?&__| P
Example 1 I_
Example 2

Example 1:

. I We must first ihsert a'branch open instruction preceding instruction 001,
LAST 3times 1 Foo | Cursor is 0n instruction 001
INSERT, L T bro ! Display indicates i-Kn,ylnser_t, then bro, branch open.
ENTER -1[- : ! i Branch open instruction entered. Cursor moves to next instruction.
r . Cursor is now on the instruction following the point where the new
NEXT, NEXT - )- H ! branch will be inserted.
INSERT The branch open instruction is entered. We can now enter instruction
' T brao i 003. Note: Any number of examine instructions could be entered
T without pressing ENTER after each one.
-1 [~ 3 -1 [- -3 | Examine ON, address 003 has been entered.
' To complete the branch, we've pressed the branch close key. Display
T . =l brnd I b ndindicates branch end.
ENTER -{ )- i1 '| Cursor has moved to the instruction following the branch close.
Cursor is on the examine instruction in the branch we just entered. We
LAST' I_'AST -1- 3 I will now remove this branch.
REMOVE The examine instruction is removed. Cursor is onthe branch close. This
ENTER ! I bnd | instruction and the 2 branch open instructions in the program must be
removed. We can do this very simply, with 2 keystrokes.
First, we attempt to move off the rung. The display indicates a branch
MODE . el re ¢ EBM error E64 {short circuit). It is asking whether we want to remove it.
prog 2 Next, we press ENTER, which removes the branch instructions. We could
ENTER also have removed the 3 branch instructions individually.
Example 2:

. : . In this case, the instruction beginning the new branch (003) is already
LAST, LAST I bnd I preceded by a branch open instruction. Begin by moving the cursor to
the instruction following the point where the branch will be inserted.

INSERT, T T bra | Disptay indicates branch open. We can now enter instruction 005.
-1{-.5 -1[- __5 i Examine ON, address 005 has been entered.

ENTER I bnd | New branch is entered. Cursor moves to the nextinstruction.
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Insert and Remove

Functions
{continued)

Figure 15.5

- Tung.

0065

| Keystroke Example - Prograrm the ladder diagram below. The
keystroke example will show you how toinsert and remove a

00t 002 011
Rung 1 | N { ¢
013
Sl 003 004 012
e ML I :
- Rung2 ¢ e 11 { ) —
‘Ladder Diagram

BTN . . You can'move the cursorto any in-
i ACT: " R |2 struction in the rung which follows
;s LAST . { ) ¥ the |ocation where you will insert
R the new rung. The cursor is located
- e on the output instruction in rung 2.
INSERT, - mn. r The display is prompting you to
RUNG . insertarung. -
- 5 . “} ‘{“'“ : | -_§8 Examine ON instruction is inserted.
'] {—; _ U This will be rung 2, as indicated.
. . ¥ _i3 The output instruction is entered.
_( )_l 1:3 _( )_ ° 1 .
e . : Cursor has moved to the first
CONEXT b —J1i- F = instruction in rung 3. This was
. R . formerly rung 2.
N | C 13 ' Cursor is back to the output
LAST =( )= instruction of the newly entered
D rung. We'll remove thisrung.
"REMOVE, | B W | rE r Display is prompting you to remove
. RUNG |- . L arung.
o P E 3 Rung-is removed. Cursor has
. ENTER - ']/'[f I . moved to the following rung,
R ; - | whichis now rung 2 again.
-~ .Program editing techniques are summarized on Pages 15-10, 15-11, 15-12,
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Changing Instructions
in the Program Mode

With the CANCEL CMD key, you can easily change an instruction,
address, or data while the cursor is still located on the instruction.

You can also change an instruction, address, or data after a rung or
program is completed. Just locate the cursor on the instruction to be
changed, then enter a new instruction, address, and data. Refer to the
program editing summary on Pages 15-11 and 15-12.

Protecting the PR Value
of Timers, Counters,
and Sequencers

The PRT key allows you to protect the PR value. This prevents anyone
from changing the PR value while the processor is in the Run or Test
modes. Inthe case of timers and counters, neither the PR value nor the
AC value can be changed while the processor is in the Run or Test.
maodes.

You can change a PR value in the Program mode even if it is protected.
But if you change a protected PR value, you must protect it again after
changing it. Refer to the program editing techniques on Page 15-12.

Deleting an Entire
- Program

Selecting mode 1, Clear Memory, allows you to delete your entire
program. Refer to the program editing summary on Page 15-11.
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Program Editing

You can use the following procedures to move about your program
while you are in the Program, Run or Test modes.

Techniques

Move to the following instruction. NEXT _
_ Handy when you want to move to a nearby instruction or
Move to the previous instructi'on LAST review your program instruction-by-instruction.
If the cursor is on a branch or condition instruction, you
Move to the following rung.. RUNG, NEXT will move to the start of the next rung. If the cursor is on
. - the output, you will move to the output of the next rung.
. ) . ) | Hfthecursorisona branch or condition instruction, you
Move to the previous rung. RUNG, LAST will move to the'start of the fast rung. If the cursor is on
: : the output, you will move to the output of the last rung.
Move to the start of the rung. SEARCH, LAST This saves time when the rung is complex, where you
. - ——1 would otherwise have to press LAST or NEXT many times
Move to the end of the rung. SEARCH, NEXT to go thru the instructions and/or data.
' If't.he cursor is on a branch or condition instruction, you
. RUNG, 5, ENTER will move to the start of rung 5. If the cursor is on the
Move to a specific rung, output, you will move to the output of rung 5. '
number 5 for example. Two -
methods can be used. SEA:CE]:"TREI;;NG’. You will move to the start of run-g 5.
L) b
SEARCH, RUNG, - i .
: You will move tathe start ofrung 1.
Move to the start of the program. 1, ENTER g
Move to the end of the program. SgEAgRgH";:g_I:g' You will move to the end statement after the last rung.
Move to a specific instruction, SEARCH, -] [-, 1, | ‘Search beginsat cursor location. I the instruction is not
-1 [-, 001 for example. ENTER found in the program, nFis displayed.
Move to next occurrence of the ; if the instruction occurs only once in the program, the
specificinstruction. SEARCH, ENTER display of the first occurrence reappears.
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Program Editing

Techniques
{continued)

Correct an error while
entermg an instruction,
- address or data

You can correcterross.as fong -
as the cyrsor position has.not
beén moved (pressing ENTER, -

- NEXT, UAST,-or another snstrut—
) tlon key moves- the cur50r)

CANCEL CMD _

(as often as

~ - required) | L

You can use the following procedures to add, delete, or change
instructions and rungs while you are in the Program mode.

- Bachtime you préss thekey,a - -
. ;;Srew’ouskeystreke is. wiped -,
out’. Aninstruction andits -

. address can'be cance!ed and

changed in tf'us way.-

Insert an instructionin.a
completed rung.

Locate the cursor on the ..
instruction. folfowing the pomt

- INSERT, ] [~

« Cursor moves to theinstruction

where ydu'want to, add the. | “| .. g~ R 1. ,‘fgll{ow:’ngt,he new instruction. .
Examp!e =11~ OOB new instruction to the rung. : 8' EﬁTER T e S
_ . R R . . Cursor mcvestothe mstructloﬁ
Delete an examlne Locate t_he cursoronthe-. .. | . REMOVE, ' “1° which foliowed the deleted
instruction. . instructiontobe deleted. " - - ENTER . instruction. "1+
Change an instruction I I' 1 We have changed the,

. oritsaddressina. .

completed rung. Example:
~RTO)-, 901 to ~{ )-,012

" Locate'the cursoronthe '« - .

instruction to be changed.

*| -instruction and its address.’

Cursor movesto the *foliowmg !
mstructlen

Another example: .

A0 o] 702

[ '_'Locate the cursor on the
: mstructmn to be changed .

We haverchénged the address .

| Insertorremove abranch. |

Re;fer to the keystroke examp e of’ngre 15 ¢on Page 15 7

Insert a rung. Example:
003016
=0

1 Locate thecursor.of any
. insfruction ifi therung wlﬁch <

foliows the point where yoti

_want to.enter thenew fung.

E

!NSERT RUNG

Rung is mserted Ciirsor has
_moved to the rsextrung Rung .
'numbershave been- :
automatrcaﬂy changed

‘Add arungtotheendof -

_the program. -

) dlsplay

Locate the cursor on the End :

We have entered the exam ple .

I rung atthe end oﬁzhe program_ '

* Locate the cursor o any S

" REMOVE, "

"e,,n Phe e

Nters o g ; £l Rung is removed Cu‘rsorhas .
S truct Hi RN
" -De}et_ear.l'mg' : ,:;sa_‘r::tolaglygtte. e. e yeu . ! f RUNG ENTER . r‘n:a\.‘ed tothe foi!owrng rung.
,.Cd;iy"a. rung. Example: C Do REMOVE. . : 5 Rung Zis repeatedand placed
! . Locatethe cursor-on any * LI

!RUNG INSERT,

e ) . . . affer rung; 5. The folfowmg
Insert a copy of rung 2 instruction in riAg2: : " rungsidré re-numbered
: K-after rungs. - . ST | 6, ENTER - " accordingly.
o . L ' The prompt messagé Sure 7.
R . N the.opportunity o -
Delet, i | gvesyou :
tir € your We wilf assufme you ‘are entered i ~Cha"9‘-’ yourmind. .Youwould -
entire program. . . inthe Program, Run, or Test * press CANCEL CMD to-avdid,
{Select Clear Memory, made; Cursor ¢an be on any - clearmg your. program T
: - ; - ; mstruc‘uomn the § program _‘ -
: o : Y0u have; automat;cally enteréd

mode 1)

-the Program mode. 885 words
(L€ 100) or 1200 words (SLC.
150} of memory are available
toyou., )
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Program Editing  Use the following procedures to change or protect timer/counter data

- Techniques
{continued)

while you are in the Program mode. The table alse lists procedures for
changing, protecting, adding and deleting sequencer data.

Change the PR value of a

Value is changed to 20.0 sec.

Example: change RACto9.

. Locate the cursor on the 2,0,0 Cursor has moved to the nextin-
timer or cc_aunter. Example: PR value. ENTER' struction. NOTE: If PR value was
change timer PR to 20.0. protected, you must protect it
again after changing the value.
Cursor moves ta next instruc-
Protect the PR value of a tion. The PRT LED will be |
] - . e lit
timer or counter (this also t‘;‘f:ﬁ;he cursor on the SHIFT, while curscr is on the PR value
protects AC value). : PRT (Program, Run, Test modes) and
the ACvalue (Run, Test modes).
" Remove protection Locate the cursor on the UNPRT PR and AC values have returned
from the PR value. PR value. ta the unprotected state.
Change the RAC value of
. R Locate the cursor on the Valye is changed. Cursor has
the RST instruction. RAC value. 9. ENTER moved to the next instruction.

Accessdataina

Cursor canbe located on

specific step. Exampie: sequencer group, mask, step, SEARCH, S::;o;fh;: m;)veci tothe step
access datain step 5. or PRdata. 5, ENTER P
Change group number, Value is changed to 5, 7. Cursor
mask data, step Locate the cursor on step 5. 5 7 has moved to PR value of step 5.
data, or PR values. Display shows current data and ENTE'R Other data is changed in this
Example: change step ds. ;ameway, Just lgca’ce cu;sor on
: ata, enter new data, and press
data forstep 5to 5, 7. ENTER.
. Cursor moves to next instruc-
Protectthe PRvalue of a tocate the cursor on the SHIFT, tion. PRT LED will be [it while
seguencer step. PR vaiue of the step. PRT cursor is on protected PR value
{Program, Run, Test modes).
Remove protection Locate the cursor on the UNPRT The PR value has returned to the
from the PR value. PRvalug of the step. unprotected state.
Add a step after the final INSERT. NEXT .
step. Example: step data Locate the cursor on the PR . ' New step is added. You can add
.of7,3: PRof data for the final step. 7,3,ENTER, 1,0, as many steps as you want
91 d ' c? ENTER. ENTER before pressing the final ENTER.
Jsecond. 4
Insert a step somewhere Locate cursor on the PR data of INSERT, 7, 3, We have added the same data as
before the final ste the step following the point ENTER, 1,0, in the example above. Cursor
. P where you will insert a step. ENTER has moved to the next step.
Locate cursor on the step data . )
Delete a step. or PR value of the step 10 be REMOVE, Step is removed. Foilowing
deleted. ENTER steps are re-numbered.
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General

On-Line
Data Control

With the controller in the Run or Test mode, you can monitor, control,
and change your program. This is referred to as On-Line Data Control.
It includes:

¢ Forcing external I/0 addresses.
e Monitoring timer, counter, and sequencer data.
¢ Changing PR, AC, and RAC values.

WARNING: Before you force external I/O or change data,
investigate the effects on machine operation to avoid possible
personal injury and equipment damage.

On-Line Data Control with the TCAT and PC Software: On-line
data control techniques possible with the TCAT (Timer Counter Access
Terminal) and the SLC Personal Computer Software are described in
the respective User’s Manuals, Publications 1745-850 and 1745-825.

Force Function

This function {FRC ON and FRC OFF keys) can be used in the Run and
Test modes to force an external I/0 address to an ON or OFF state
regardless of its actual status. This function is very helpful in start-up
and troubleshooting procedures.

Foreing an input address: When you force an input address, you are
forcing the status bit of the instruction at the [/O address to an ON or
OFF state. The program scan records this, and the program is executed
with this forced status regardless of the actual ON/OFF status of the
input device. This is illustrated in Figure 16.1.

Figure 16.1

Input Terminals (SLC 100)

/-

tnput Device

. Address 003 is forced ON'

| 003 o pis | k OFt Address 003 _
1 Bitforced | TRUE ‘Output Device .
ON & . .
o5 - ote - ]
=t ON. Address 015
otRUE -1 - OutputDevic Address 016

- TRUE -

Cutput Terminals
{sLC100)

ON

Forcing an input address. “The program is
executed as if the input device were actually ON.
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Force Function
{continued)

Forcing an output address: Inthis case, we are forcing only the
output terminal to an ON or OFT state. The status bit of the output
instruction at the address is not affected. Refer to Figure 16.2.

A forced /O address will be retained in memory when any of the
following occurs: 1) A power outage; 2) The mode is changed from Run;
3) The pocket programmer is disconnected. A forced I/Q address will not
be retained if you enter the Program mode and make a change, or if a
processor fault is detected.

Figure 16.3 on the following page shows the keystrokes used for forcing
[/0 addresses.

Forcing sequencer 1/0 bit addresses: These programmed /O

addresses cannot be accessed in the user program, but they can be forced
ON or OFF.

Example: To foree sequencer output bit address 016 ON, press INSERT,
-( )-, 1,6, ENTER, SHIFT, FRC ON. To remove the force, press
REMOVE, -( )-, 1, 8, SHIFT, FRC ON, ENTER. To remove all forces in
the program, press REMOVE, ENTER.

Figure 16.2

Input Terminals (SLC 100}

Input Device n

2|

n Address 003

AddressMSisfp.rced Oﬁ .
003 015
4

FALSE -~ 'Bitremains |
OFF

Forced-ON terminal

Qutput Device

015 016 Forced ON

——

FALSE ~ FALSE °

Address 015

ad

Cutput Device Address 016

OFF \

Qutput Terminals
{SLC100)

Forcing an outr;»ux address: The output device associated with the
forced output address is turned ON. The status bit is not affected.

TRUE-FALSE
Status Indicator

With the controller in the Run or Test mode, you can monitor the
TRUE/FALSE status of an instruction. The ON LED of the programmer
is lit when the cursored instruction is TRUE, and not lit when the
instruction is FALSE. Remember that when you force an output
address, only the output terminal is forced; the output instruction is not
affected, and therefore the ON LED remains off.

Figure 16.3 indicates how the ON LED functions.



Chapter

On-Line Data Control

is not lit when an output terminal is forced.

FORCE LED: This LED is continruously iit whenever one or more instructions Rung 2 1 | ( i
in the program are forced ON or OFF.

FORCE ON function key: Pressing this key will force the status bit address
of the cursored instruction to the ON state (except for output addresses). If Rung 3 "-‘{ |_‘—| l_( )"‘“'
the status bit was already ON, it will be held ON untit the force is removed.
FORCE OFF function key: Pressing this key wili force the status bit address
of the cursored instruction to the OFF state. If the status bit was already
OFF, it will be held OFF until the force is removed.

16-3
Figure 16.3
Keystroke Example - Forcing instruction addresses. Program the ladder
diagram at the right. Read the following information before going thru
the keystroke example, Note that the ON LED and the force function are
effective in the Run and Test modes only. 001 002 011
| L | { )
ON LED: indicates whether the cursored instruction is TRUE or FALSE. The Rung 1 I \h\ N (
LED is it when the instruction is TRUE and not litwhen it is FALSE. The LED 001 002 012

00t 002 013

Ladder Diagram

MODE, 3, B B E E You are in the Run mode. The PROG LED is no longer lit.
ENTER - End :
P
LAST -1/ 1{-, 2 | You have moved thru your program to the Examine OFF instruction inrung 1.
8 times ON The ON LED is lit, indicating the instruction is TRUE (status bit OFF).
Status bit address 802 has been forced ON. The.letter Fin the display indicates
SHIFT, =1/{- = a | the address has been forced (either ON or OFF). The ON LED is not Iit,
FRC ON FORCE indicating the instruction is FALSE. The FORCE LED is lit, and will stay lit as
long as ene or more instructions in the program have been forced ON or OFF.
NEXT -1 [- . Cursor is lotated on the Examine ON instruction in rung 2. The letter F in the
X ON, F 2 c display indicates bit address 002 has been forced. We did this in the previous
3times FORCE step. The ON LEDis lit, indicating the instruction is TRUE (status bit ON).
_ Cursor is located on the outputinstruction in rung 2. The ON LED is lit,
- ) indicating that the instruction is TRUE. By forcing status hit address 002 ON,’
NEXT ON, 2 J - we have made both condition instructions in rung 2 TRUE, making the rung
FORCE TRUE. Notice that the letter F does not appear in the display. This is because
_ we have not applied the force function to status bit address 012.
NEXT, -1 [~ We have moved the cursor to the Examine ON instruction 001 in rung 3 and
SHIFT, ON F i 3 have forced bit address 001 ON. Now both bit addresses 001 and 002 are
FRC ON FOR(':E forced ON. (Rung 2 is now FALSE. Rung 3 is now TRUE).
-l = F 2 3 Cursor is on the Examine ON instruction 002, rung 3. The next two steps show
NEXT gNé you how to remove a force from a particular bit address (002 in this case).
FORCE
-l =
REMOVE ON, rE F 3 Display indicates “remove force”.
FORCE
SHIFT, -1 [~ The Force ON is remaved from all instructions at status bit address 002. Status
- ERC ON FORCE c 3 bit address 001 is still forced ON, therefore the FORCE LED remains fit.
REMOVE, To remove forces fram all forced addresses, press REMOVE, ENTER as we've
ENTER -1 [- c 3 done here. Cursor does not have to be on a forced instruction.
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Changing and
Monitoring

Techniques  mode.

The figure also lists procedures for changing and monitoring sequencer

PR and RAC values.

Figure 16.4

You can use the following procedures to change or monitor PR, AC, and
RAC values of timers and counters while you are in the Run or Test

Change the PR value (if

Locate the cursar on the

Example: ¢change RACto 5.

RAC value.

T LED 2, '9. 0, Value is changed. Cursor remains on the
unprotected). Example: PRyalue (Tthe PRT. ENTER PRyalue. Press NEXT or LAST to move it
change PR to 200. changed.) ’ .
. The AC value is chéhged to 10.0 seconds.
Monitor and change ifthe AC value is incrementing, it will
an AC value. Locate the cursor on the 1,0,0, continue to increment from 10.0.
_ Assume thisis a AC value. ENTER NOTE: if the PR value is protected, the
timer. change the AC value PRT LED will be lit and you wiit not be
i t0 10.0 able to change the AC value.
Change the RAC value. Locate the cursor on the & ENTER. Value is changed Cursor temams on the

RAC vaiue

NEXT

Current step number and corresponding
step data is displayed. if the sequencer is

Example: change RACt0 2.

RAC value.

operating, the step number and data will
bei mcrementmg
. . Current step number and corresponding
Monitor step data, PR Locate the cursor on the NEXT PR vaiue is displayed. [f the sequenceris
values, or AC values. " mask data (USE): : operating, the PRvalue and step number
) : will be incrementing.
Current step number and corresponding
" NEXT. - ACvalue isdisplayed. If the sequenceris
operating, the AC vaiue and step number
will be incrementing.
o Display prompts for step-number, § t P.
Change the PR value ‘Locate the cursor o.n tHe NSERT i i ”‘fmb r *
(UnpfOFQCtEd) ofa PRvalue. If the sequen- 5, ENTER Current PR value of step 5 is displayed.
_ specific step. cer is operating, the PR — -
Example: change PR value value and step number _ New PR value of 25 is entered. If the
of step 5to 25. witl be incrementing. 2.5,ENTER sequencer is operating, the PR value and
: - } . step number will be incrementing. -
Change the RAC value. Locate the cursor on the Valueis changed Cursor remains on the

2,ENTER

RAC value.




Chapter Using the EEPROM
Memory Module

P

PROM memory miodude: -
- «compartment ’

The EEPROM  The EEPROM is a non-volatile memory in convenient modular form, for
Memory Module usewith SLC 100 and SLC 150 Programmable Controllers.

A Series B module or a Series A module having a 28-pin chip must be
used with the SLC 150 processor unit. The majority of Series A modules
sold in the past meet the 28-pin chip requirement.

EEPROM Program Since EEPROM modules can be inserted in any SLC 100 or SLC 150
Identification  processor unif, it is important that you identify each EEPROM with the
particular program it contains and the controller or centrollers it is to be
used with,

Caution: Interchanging programs between controllers could cause
improper operation and equipment damage. You must be especially
cautious when interchanging programs between SLC 150 and SLC 100
controllers, because of differences associated with certain internai
addresses and other variations.
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Installing the
EEPROM

The procedure for installing the EEPROM in the processor unit is shown
in the figure below.

. Memory module socket.

%@% T W R BT ?"B"ﬁ"ﬂi”&éﬁ .
PR T Sk

Write-on area.

S B e

SLC 150 processor unit. EEPROM
socket cover on SLC 100 processor
unit is similarly located.

Caution: Always turn off power to the processor before you
insert or remove the EEPROM. This guardsagainst possible
damage to the EEPROM and also aveids undesired CPU faults.

_INSTALLATION PROCEDURE:
1. Turn off power to the processor unit.

2. Toinsertthe memory module, remove the cover from the front of the
processor unit. Save the cover for use later.

3. Alignthe memory module socket with the receptacle inside the
processor unit. Push carefully to seat the module.

. 4. Restore power to the pracessor.

Storing and Loading
Procedures

The following paragraphs explain how to use the pocket programmer to
store a processor RAM program in the EEPROM and to load an
EEPROM program in the processor RAM. If you are using the personal
computer software, refer to the SL.C Personal Computer Software User’s
Manual (Pub. 1745-825) for further information on these procedures.
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Storing a Program in the The following steps show you how to use the pocket programmer to store
Memory Module (save) the contents of the processor RAM in the EEPROM memory
medule. If you are using an access code, it will be stored in the
EEPROM. We'll assume that the memory module is not plugged in.

1. Conneet the programmer. Press MODE, 6, ENTER. Display will
show SurE ?

Note: You could press ENTER a second time, altho 1t isn’t necessary.
Error code E51 will appear; you can ignore the error code and perform
step 2.

2. Disconnect power from the processor. Insert the memory module.
Restore power.

3. Press ENTER, ENTER. After a brief time, the display will
momentarily show donE. Any program previously stored in the
memory module will be erased.

4. You can now disconnect power and remove the memory module
(replace cover), or you can leave the module in place. The processor
operates from the RAM only.

Caution: It is important to enter mode 6 before installing the
memory module. Reason: [f the processor were in the Run mode
when you disconnect power, insert the memory module, and restore
power (step 2), your program could be automatically erased and
replaced with the contents of the memory module. Refer to aute-
load procedure on the following page.

Loading the EEPROM into  The following steps show you how to use the pocket programmer to load
the Processor RANM  (read) the contents of the EEPROM memory module into the processor
RAM. If you know that the processor is in the Run mode, you may be
able to use the auto-load procedure described on the following page. If
the processor is in some other mode, follow these steps:

1. Disconnect power from the processor. Insert the memory module.
Restore power.

2. Connect the programmer. Press MODE, 7, ENTER, ENTER. (If an
access code is stored in the EEPROM, you will be requested to enter
the code after you press ENTER the second time.)

3. Duplication of the EEPROM contents in the RAM occurs aimost
instantaneously. The previous program in the RAM is automatically
erased.

4. You can now disconnect power and remove the memory module
(replace cover), or you can leave the module in place. The processor
operates from the RAM only.
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Auto-Load Procedure  If you are using an SLC 100 processor unit: The auto-load procedure
will load the contents of an EEPROM into the processor RAM without
the use of the programmer. The only exception: If the EEPROM has an
access code, you must use the programmer. (It doesn’t matter whether
the processor has the same code as the EEPROM, a different code, or no
code.)

Follow these steps:

1. The processor must be in the Run mode initially.

2. If the processor is energized, disconneet power. Insert the EEPROM.
Caution: To avoid automatically entering the Run mode when you
restore power, set the Auto/Man switch to Man at this time.

3. Restore power. The EEPROM contents is automatically duplicated in
the RAM. The previous program in the RAM is automatically erased.

4. When you are prepared to enter the Run mode, set the Auto/Man
switch to Auto.

If you are using an SLC 150 processor unit: In this case, you can
enter an access code in the processor RAM to protect the stored program
against unauthorized EEPROM loading. The table below indicates the
conditions under which the auto-load procedure will and will not
function. If the auto-load is functional, follow steps 1 - 4 in the
paragraph above. :

¢ 4 *Has no access code or access No. You must use

o ) cOde does not match-code in - © programmer.
B kR processor
| Hasaccesscode | - Hassameaccesscade Yes

as the “processor

Has no access codé ~ ' [" May oF may not have access Yes
: : code

Programmable With the SLC 150 processor unit, you can use address 864 in your
Auto-Load —SLC 150  program to automatically load the EEPROM program in the processor
Processor Unit RAM when the processor detects a memory checksum error. Such errors
are detected if memory data is altered or lost due to capacitor back-up
drain, battery back-up drain, or processor malfunction. It works like
this:

1. Enter the following unconditional rung as Rung 1 of your program:

864
Rung 1 % { )—4
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Programmable
Auto-Load -SLC 150

Processor Unit
(continued)

2. Enter the rest of your program and store the program in the
EEPROM. This is yeur "back-up” program.

Lo

. If a memory problem occurs and the processor unit detects a
memory error (codes 5 thru 8), recycle power. The EEPROM program
will be automatically loaded in the processor RAM, ¢learing the error.

An error 6 message will be displayed by your pocket programmer or
computer following an auto-load error. This error message can be
cleared by using the Cancel key on the pocket programmer or re-
entering the Run/Mon/Test mode via SLC personal computer
software.

Important: Keepin mind that when the auto-load occurs, the /0 table
data is cleared. All retentive instructions (latches, timers, counters,
sequencers) will be reset to their initial states.

Editing EEPROM
Programs

You cannot edit the EEPROM program directly. You must first load the
program into the processor RAM, if it is not already in the RAM. You
then edit the RAM program and store the edited program in the
EEPROM.

For example, suppose an EEPROM is installed, and its contents are
loaded in the RAM. You can change the program in the EEPROM as
follows:

1. The RAM program is a duplicate of the EEPROM program; edit the
RAM program.

2. Press MODE, 6, ENTER, ENTER.

3. The edited program is now in the EEPROM (and in the RAM).

Changes not Saved
in EEPROM
(Error Code E52)

Error code E52 tells vou that the processer RAM program does not
match the EEPROM program. If an EEPROM is installed in the
processor unit,this error will appear after you edit your program and
attempt to enter the Run or Test modes. This reminds you that you
should load the edited program in the EEPROM before going into the
Run mode.

Error code E52 can be overridden by pressing ENTER again. Note:
Error code E52 is not displayed when on-line data changes are made to
the processor RAM.
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General Specifications - SLC 100 Processor Unit

Voltage Ranges (Incoming Power, Input Circuits, OQutput Circuits):

- . -External I/O Circuits
Catalog - |- Voltage Ranges
" Number . (Incoming Power " Output’ .
) ; Input Input Terminal Cover
. Com_rec‘cfons) N (Hard Contact) | Color Code
85-132/170-265 VAC | 85-132 vaC ‘_ o 1
‘ 1745-LP1(1 S0/60 Hz 50/60Hz | : ..V.Oits_ Color
Lorras. 85-132/170-265 VAC | 170-265 VAC 85-132VAC | oo
1745:4P102 50/60.Hz 50/60 Hz 50/60 Hz
' 85-132/170 265 VAC | 10-30 SRS B
. S - : - -30v - 10-125VDC 170-265 VAC
1745-LP103 50/60 Ha ACDC VOO | soeone | Black
F 1839 VDC - 10 3: V] - 1030V Biue
1745-LPI04 | ¢y wave rectified ‘AC-/E?C . ACDC
AL voltage 18V RMS ) e -
+ 20%, 30V peak

: - Maximum Power Requrrement ‘
1745 LP101 -LP102,-LP103: 20VA. 1745-LP104: 15VA.

".Input Power Fus_e Protection: N . s g
- 1745-LP101,-LP102, -LP1 03:31 SmAIZSOV_. 1745-LP104: 1.6 A/250V.
.Fuse Types: SAN-O: S0CSD4. Bussman: MDL, or GDC (miniature):

. Hold-Up Time: The processor can sustain operation for approx: 300 miili-
seconds in the event of power interruption or removal. It takes approx.
-85 milliseconds for the i processor to reach full power from an initial.
power on concfmon : :

_ Spec1f|cat|ons applyrng to all Catalog Numbers
: Memory Type: CMOS RAM w;th battery back- ‘ Timer Range: 0.1t 999. 9 seconds.

;Jé)atPL%vrir;)%fmSptlonal EEPROM moduje  Counter Capacity: 9999 counts.
. Battery Back Up Lithium battery, non - Sequencer Capacity: 8 bits x 100 steps.
T rechargeable 2-3 year life. _ ' Shift Register: 8-bit groups. _
,User Memory Size: 885 words maximum. : Noise Immunity: - NEMA Standard 1CS 2-230.
_ (Most instructions require 1 word.). ~ Vibration: DIN Rail Mounting: 0.006 inch peak
Typical Scan Time: 15 msec (depends on - -to-peak displacement, 1.0g peak (max)
program tength). - - - acceleration, 1 Hr/axis. Screw Fastener
. Mounting: 0.015 inch peak to peak
E/Oé:zzggﬂe’fc”ﬁ ;(g 1I?C;”PU"5 eoutputs) displacement, 2. Sg peak(max) acceleration,
Input specifications: Page 18-3. VHrfaxis.
Qutput specifications: Page 18— - Ambient Temperature Rating: 0°to60°C

nternal Relay-Type Instructlons 181 max, (operating). - 40710 85°C (storage).
_ regu!ar or latched. Humidity Rating: 510.95% (without

. Timers/Counters/Sequencers: 32 max, any condensation).

combination. Retentive. . Wiring: #14 - #24 AWG stranded 3/64"

-' ‘ Time Base: 0.1'sec. Fine time bases to 0 01sec insulation (max).

an be selected.



18-2

Chapter mSpeciﬁcations

General Specifications
—-SLC 100 Expansion

Units

Voltage Ranges (Incoming Power, Input Circuits, Qutput Circuits):

General specifications for the basie, relay output, and analeg input
expansion units are shown below.

Maximum Power Requirement:
1745-E101,-E102,-E103,-E105, -E106: 12VA.

) Externél vo
Catalog Number (;Io!;age R‘;’;ge:
ncoming Fower eui Qutput Circuits -
Connections) Input Circuits Hard Contact
85-132/170-265 VAC 85-132 VAC '
17458101 50/60 Hz 50/60 Hz
input Terminal Cover
85-132/170-265 VAC 170-265 VAC Color Code
1745-£102 50/60 Hz 50/60 Hz
i Volts Color
1745-€103 85-132170-265VAC | 40 30y acDC || 10-250VAC/10-325VDC 85-132VAC | oy
: 50/60 Hz e
. 50/60 Hz
18-30 VDC 170-265VAC | g0
Full wave rectified 50/60 Hz
1745-E104 AC voltage 10-30V AC/DC
18 volts RMS £20%, 10-30V Bive
30 volts peak ACDC
85-132/170-265 VAC
1745-E105 50/60 Hz N/.O.\
85-132/170-265 VAC
1745-E106 50/60 Hz' o
- Analoginputs :
18-30.vDC e N/A
Full wave rectified 0-10 VDC or
1745-E107 AC voltage 0-20 mA
18 volts RMS  20%,
30 volts peak

Specifications applying to all Catalog Numbers

1745-E104, -E107: VA,

Input Power Fuse Protection:

1745-E101, -£102; -E103: 315mA/250V.
1745-E104: 1.6A/250V.

1745-E105: 160mA/250V.

1745-E106: 200mA/250V:

1745-E107: 1A/250V.

Fuse Types: SAN-O:50CSD4. -
Bussman: MDL, or GDC1 {miniature).

|IO Capauty

1745-E101, <E102, -E103, -E104:

16 #O (10 inputs, 6 outputs).

1745-E105: 12 /0 (0 inputs, 12 outputs)

1745-E106, -E107. 4 analog input.circuits,

" with 2 adjustable set points per input.

Input specifications: Pages 18-3 and 18-4.
Output specifications: Page 18-5.

Noise immunity: NEMA Standard ICS 2-230.

Vibration:
" DIN Rail Mounting: 0.006 inch peak to peak
displacement, 1.0g peak {max) acceleration,
1 Hr/axis. Screw Fastener Mounting: 0.015
inch:peak to peak displacement, 2.5g
peak(max) acceleration, 1 Hr/axis.

Ambient Temperature Rating:

0° to 60° C (operating).

-40°10 85" C(sto_{ag‘e).
Humidity Rating:

5 to 95% (without condensation).

Wiring: #14- #24 AWG stranded.
- 3/64" insulation (max).
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Input Speciﬁca tions Input specifications are shown below. The 2 mA OFF state leakage
~SLC 100 Processor and  current specification allows direct interface to solid state sensing

Basic Expansion Unijts  devices.
Note that the 2 mA OFF state leakage current for 24VAC cireuits
applies to inputs 1 and 2 only. When required, you can also achieve a 2
mA OFF state leakage current for inputs 3 thru 10, as indicated in the
specifications.

All input ¢ircuits include optical isolation as well as filtering and surge
suppression to guard against damage by transients from external input
devices,

-ON State Voltage Range and Frequency:
. 1745-LP101, -E101: 85-132 VAC, 50/60 Hz.
“1745-LP102, -E102: 170-265 VAC, 50/60 Hz.
-1745-LP103, -LP104, -E103, -E104: 10-30V, AC/DC.

- Maximum OFF State Voltage:
1745-LP1CG1, :ET01: '35V,
- 1745- f;P102 EH}Z 50V,
1745-{PTG3 LP104 -E103, -E104: 5V.

: Mammum OFF State Leakage Current: -
_1745-LP101,-LP102, -E101, -E102: 2 mA.
1745- LP103 -LP104, E103 -E104: 2mA, inputs 1 and 2 oniy.
To achieve a 2mA OFF state feakage current for inputs 3
thru 10, connecta 5. GKQ 1/2 watt (min) resistor from the
Cinput termmal to the common termmal

Nommal In‘put Current
1745- LP401'~LP102 -E101,-E102: 8mA.
1745:LP103, -LP104, -E103, -E104: Inputs 1 and 2-
8mA at 12V, 18mAat 24\/ Inputs 3 thru 10- 6 mA at 12V,
14mAat24v. -

. Speclflcatlons applylhg-tb éII-Catalog Numbers:

- Input Filter Time Delay:
30~25 msec.

' Electricai Optrcai Isolation:
1500volts between mput voltage and control Iogzc
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InPUt Specifica tions Input specifications for the analog input expansion unit are shown
-SLC 100 Analog  below.
Input Expansion
Unit

K Voitage lnguts :

- Minimum’ Isolatron Between Input and Control Logic:
1500 volts. - .

lnput Type szferentlal

Input impedance X -
“ +V1:o( ) >1000Kohms
AV or{- )to COM: > 500 K ohms.

ca =Trzp Point Repeat,ablhty over Timeand Température:
Sore25- 35°C 0.25%of full scate or 25 millivolts (typical).
e '+.00% of full scale or 100'millivolts (worst case).
-~ 0- 60°C -0.50% of full scale or 50 millivolts (typical).

Tirvawaad 1 50% of full scale or 150 mmwoits (worst case).

. «Hysteresrs {l{l mllimolts

o Ma»xfrnsum Oberéit;hg Range
s+t (=)0 to -+ 10 volts.
. +Vof( )te COM =35 to. +35 volts.

eis ‘Mimmu-m Ci rcuet?totectlon Range -
s :i-Vto( L‘i—‘\for( )tcCOM + 50.0 volts.

. :i. 'Mammum inpust Respense Tlme
o 3 5 mrlhseconds o

_ Cut:rentt*nut . .

Mlmmum Isolation Between Input and Contro| Logic:
1590 vofts T

EE ;Input Type D:fferentlai

.. : lnputlmpedance ; '
. +Itb( ¥ 2500hms + 1 0%.

s Tr(p’ Pamt Repeatabrlrty over Time and Temperature:-
; 25—35°C 0.50% of full scate or 0.10mA (typical).

S o ?5% of full scale or 0.35mA (worst case).
0-“60°C -1.00% of full scale or 0.20mA (typical).

Pores ZJS% of full scaie orO 55mA (worst case).

Hysteres&s 40 microamps

> : Maxsmum Operatmg Range
+Ito(~): 01020 mA. :
-+ I or (=) to COM =35 to + 35 volts.

" Minimum Circuit Protection Range
CdTto(=) 2 40mA. .
s +lor(-) to: COIVI * 50 Owolts.

' Maxlmum input Response Time:
3 5 maH:seconds
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Output Specifications
—SLC 100 Processor
and Expansion Units

Output specifications for all versions of the processor unit and the basic
and relay output expansion units are shown below.

Internal output circuitry includes surge suppression to guard against

possible damage by transients from external output devices. We
recommend that you also use some type of contact protection when
switching inductive load devices. Refer to Page 19-9.

Vottage Range and Frequency
10—25@ VAC (50160* HZ), _10 ?25 VDC

Contact Ratmgs

‘Amperes - |

o Voltamperes .

. .;’Ma’“m“"! — " Ampeies |
.. Volts - Make- |- Bréak - Continuous | pake | Break -
Vzaovac | 7sacforsall L., oo
o raovac | aBal] vsa | ZA | 180OVALTSOVA L
| aesvoc | d22a | oA 28VA
T 25A 0| 0 28va

Contact ;Resnstance 20 mﬂ (typlcal) a

Electrlcal Isolatron 2000 vo

-

GFF State Leakage Current 2 mA (AC voltage onty).

Intern31 RC Network Values R =120 ohms C=0. 022 mlcrofarad
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Chapter

18 Specifications

General Specifications — SLC 150 Processar Unit

Voltage Ranges (Incoming waer. input Circuits, Qutput Circuits):

External ¥O
Catalog | er
Number Connegtions) Input Circuits - 20 OQutput Circuits - 12 Color Patch*
1745.LP151 §5-132/170-265 VAC 85-132 VAC 50/60Hz 10 Triac — 85-265 VAC 50/60 Hz Red
50/60 Hz Current Sinking 2 Hard Contact — 10-250VAC/10-125VDC
1785-LP152 85-132/170-265 VAC 170-265 VAC 50/60Hz | 10 Triac - 85-265 VAC 50/60 Hz Black
50/60 Hz Current Sinking 2 Hard Contact— 10-250VAC/10-125VDC
85-132/170-265 VAC 10-30 VDC '
1745-LP153 50/60 Hz Current Sinking 12 Hard Contact — 10-250VAC/10-125VDC Blue
10-30vDC 10 PNP Transistor — 10-50 VDC
1785-LP154 18-30VDC Current Sinking 2 Hard Contact - 10-250¥AC/10-125V0C Green
85-132/170-265 VAC 10-30 vDC .
1785-LP156 50/60 Hz Current Sourcing 12 Hard Contact - 10-250VAC/10-125VDC Purple
. 10-30 vDC 10 NPN Transistor - 10-50 VDC
1745-LP157 18-30 vDC Current Sourcing 2 Hard Contact - 10-250VACAH 0-125VDC Yeliow

* Color-patch appears in the upper right corner of the unit, above the cluster of LED status indicators.

Maximum Power Requirement:
1745-LP151, -LP152, -LP153, -LP156: 25VA,
1745- LPIS4 -LP157: 15 VA,

Input Power Fuse Protection:
1745-1.P151, -LP152, -LP153: 315mA/250V.
1745-LP154: 1.6A/250V.

Fuse Types: SAN-Q: SOCSD4.
Bussman: MDL, or GDC (miniature).

Hold-Up Time:

The processor can sustain operation for a
minimum of 25 milliseconds in the event of a
power interruption.

/0 Capacity:

20 inputs and 12 outputs. See table above.

Input specifications: Page 18-8.

Output specifications: Pages 18-9 and 18-10.
Memory Type: CMOS RAM.

Standard Capacitor Back-up: Provides memory
back-up for 2 weeks at 30°C and 1 week at

60°C. No maintenance required.

Note: If the processor unit is operated in
temperatures above 50°C for extended
periods of time, capacitor life cannot be
guaranteed beyond 2 years. For these
applications, we recommend that you install
the Lithium battery for memory back-up.

Optional Battery Back-up: Catalog No. 1745-B1.
" Lithium battery, non-rechargeable. 2103
year life. Actual life may vary, depending on
controller environmental conditions.
installation: Page 22-11.

User Memory Size: 1200 words max.
Most instructions require 1 word.

Typical Scan Time:
4 msec (1000 word program).
Internal Relay Type Instructions:
177 max. (regular or latched).
Timers, Counters, Sequencers:
32 max, any combination, retentive.
Time Base: 0.1sec. Fine time bases down to
0.01 secand can be selected.

Timer Range:
0.110 999.9 seconds.

Sequencer Capacity:
8 bits x 100 steps.

Shift Register:
8 bit groups.
Noise Immunity:
NEMA Standard ICS 2-230.
Vibration:
0.015 inch peak to peak displacement, 2.5g
peak(max) acceleration, 1 Hr/axis.
Ambient Temperature Rating:
0° to 60° C (operating).
- 40° to 85° C (storage).
Humidity Rating:
5to 95% (without condensation).

Wiring: #14 - #24 AWG stranded.
3/64" insulation {max).
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General Specifications - SLC 150 Expansion Unit
- Voltage Ranges (Incoming Power, Input Circuits, Output Circuits): ;
' ' E 11
Catalog Voltage R:;nges . xternal /0
Number {incoming Power  Input Circuits - 20 _ Output Circuits - 12 h*
Connections) - - Qutput Circuits - Color Patcl
1745-E154 85-1'3?/17Q~265 VAC '85-1 37 VaC SQ.’GOHZZ ) 10 Triac~B85-265 VAC 50/60 Hz Red
© 5060 Hz CurrentSinking™ - | -2 Hard Contact— 10-250VAC/10-125¥DC ¢
17456152 | B5-132/170-265VAC - | 170-265 VAC50/60Hz " 10 Triac = 85-265 VAC 50/60 Hz Black
. ~ 50/60Hz |  CurrentSinking - * | 2Hard Contact— 10-250VAC/10-125VDC ¢
85-132/170-265VAC |  10-30VDC o e
1745-£153 S0/60 12 Current Sinking - | 124219 Co.nta_ct- 10-250VAC/10-125VDC Blue
' ) 10-30VvDC. | . " 10 PNP Transistor - 10-50 VDC
17458154 18-30VDC CurrentSinking. | 2 Hard Contact - 10-250VAC/10-125VDC Green
. 85-132/170-265 VAC 10-30v0C - | o :
1745-E156 S0/60 Hz - CurréntSourcing - . 12 Hard(Conta;t— 10-250VAC/10-125VDC Purple
] e arunie 1030VDC . - 10NPN Transistor -10-50 vDC
1745-£157 18-30vDC Current Sourcing * | 2 Hard Contact - 10-250VAC/10-125VDC vellow

* Color patch appears inthe upper right corner of the unit,-above thecluster of LED status indicators.

Maximum Power Requirement:_

1745-E151, -E152, -E153,-E156: 15 VA,

1745-E154, -E157: 9 VA,

input Power Fuse Protection:
1745-E151,-E152,-E153: 315mA1250V
1745-E154: 1 6A1250V .
Fuse Types: SAN-O: SOC$SDA4.
Bussman: MDL or GDC (mlmature)

/0 Capar.:ty

20 inputsand 12 outputs See table above

Input specifications: Page 18-8. .
Output speaﬁcatzona Pages 18-9 and 18-1 0.

 Specifications applying to all Catalog Numbers

Noise Immunity: NEMA. Standard ICS 2-230.

Vlbrailon

0.015inch peak to peak dnspiacement 2.5g

peak(max) acceleration 1 Mrfaxis.

- Ambient Temperature Rating:

- 0°to 60° C (operating).
- —40° to 85° C (storage).

- Humidity Rating:
5t095% (wnhout condensation).

Wirmg #14 #24 AWG stranded.
- =3/64" insulation (max).



Chapter Specifications
18-8

’ﬂp ut Speciﬁca tions [nput specifications are shown below. All input circuits include optical
—SLC 150 Processor  isolation as well as filtering to guard against high voltage transients

and Expansr'on Units from external input devices.

ON State Voltage Range and Frequency:
1745-LP151,-E151: 85-132 VAC, 47-63 Hz.
1745-LP152, -E152: 170-265 VAC, 47-63 Hz.
1745-LP153, -LP154, -LP156, -LP157,
-E153,-E154, -E156, -E157: 10-30VDC.

Maximum OFF State Voltage:
1745-LP151,-E151: 30V,
1745-LP152, -E152: 50V.
1745-LP153, -LP154, -LP156, -LP157,
-E153,-E154,-E156,-E157: 4V.

Maximum OFF State Leakage Current:
1745-LP151, -LP152,-E151,-E152: 2 mA.
1745-LP153, -LP154, -LP156, -LP157,
-E153,-E154, -E156, -E157: 1mA.

Nominal Input Current:
1745-LP151,-LP152, -E151, -E152: 8 mA.
1745-LP153, -LP154, -LP156, -LP157,
-E153,-E154, -E156, -E157: 4 mA at 12VDC,
8mA at 24VDC.

Input Filter Time ON Delay:
1745-LP151, -LP152,-E151,-E152: 3 to 13 msec.
1745-LP153, -LP154, -LP156, -LP157,
-E153,-E154, -E156, -E157: 4 to 8 msec.

Input Filter Time OFF Delay:
1745-1LP151,-LP152, -E151,-E152: 9 to 18 msec.
1745-LP153, -LP154, -LP156, -LP157,
-E153,-E154,-E156,-E157: 4 to 8 msec.

Electrical-Optical Isolation:
1500 volts between input voltage and control togic.
Applies to all catalog numbers.
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Output Specifications

—SLC 150 Processorand "'~ - qgac QUTPUTS, 1745-LP151, -LP152, -E151, -E152
Expansion Units . (Hard contact relay outputs Page 18-10).

yl‘Output Voltage Range: 85-265 VAC.

- Cuntmuous Output Current per Circuit:
<TMA at 30°C lmearly derated to 0.5A at 60°C.

. Contmuous Output Current per Chassis:
C10A at30°C, lmeafly derated to 5A at 60°C.

;Surge Cu rrent

.+ +10A for25: msec: Repeat once each second at 30°C, or once
-+ each2seconds at 60°C.
Mlnlfnu?ﬁ Load Cufrent: 10mA.
- Mameum OFF State Leakage Current: 2mA.
j;dl;F’tb dfil'ResplOnse Tirﬁe'(non zero-cross): 0.1 msec {(max).
: Zero-Cross Tum-on Tlmmg Accuracy: * 500 microseconds.
N S‘aturatlon Voltage Drop: 1. 5 volts at 1. 0A.

- ,~~'Electrr‘cai-0ptlcal Isolation:
- 1500 valts betwee,n -output voltage and control logi¢.

: i:Recommended Output Fusmg San-0: SOCST4-3A,
Bussman MSL-ZA -or equwalent

TRANSISTOR OUTPUTS 1745-1P154, -LP157, -E154, -E157
L (l-lard contact relay outputs: Page 18-10)

Output Voltage Range: 10-50VDC.

TSCOntmuou,s Output Current per Circuit:
“1Aat 30°C, linearly derated to 0,5A at 60°C.

' Contmuous Output Current per Chassis:
: 1OA at30°C: 5A at60°C.

: =Surge Current
- 3Afor 20 msec. Repeat once each second at 30°C, or once
each 2 seconds at 60°C o .

s ;Mmsmum Load Current 1.0mA.
: " Maxtmum OFF State Leakage Current 0.1 mA.
- OFF to ON RespOnse Tlrne 100 microseconds.

Sl Max:mum ON State Voltage Drop:
oL 5 volts at 1.0A. 0. Svolts at 0.5A.

¢tr|cal .ptlcal isolatlon
1 501) volts between output voltage and control logic.

Recommend”eti*eutput Fusing: San-O: SOCST4-2A,
Bussman MSL-zA Jor equwa!ent
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Output Specifications
- SLC 150 Processor

and Expansion Units
(continued)

Specifications for hard contact relay outputs are shown below. We

recommend that you use some type of surge suppression when switching
inductive load devices with hard contact outputs. Refer to Page 19-9.

HARD CONTACT RELAY OUTPUTS -

o Wiring Térmihéis,mtémai Arc Suppression:

Catalog -f° ... Hard Contact Relay Out
© Number | : ar .e 34 . puts
. :;:g:t:}g; } “_l']_ﬁit-s"hav'e' 2 hard contact refay outputs, at
B >1u5_|_-”54' termingls 11 and 111, These outputs do not
178519157 | have internal arc sugpressnon circuitry.
: “Units have 12 hard contact relay outputs. Relay
17a5-Lp153+ - ©utPuts at terminals 12 thru16 and 112 thru
 1745-1P156 116 have internal arc suppression circuitry.
-~ 77 | - Relay.outputs at terminais 11 and 111 do not
) ‘I “have internal arc suppression circuitry.
g::'g::; Units have 2-hard contact relay outputs, at _
17 45:E 154, terminals A11and B11. These outputs do not
17a5-E157 | . _ha;ve. mternal'arc suppression circuitry. .
.. .| :Units have 12 hard contact relay outputs. Relay
1785-E1 53 © outputs.at terminals A12 thru A 16 and B12 thru
17 45"5'1 56 B16 have internal arc suppression circuitry,
o | Relay outputs at terminals A11 and B11 do not
- | have intérnal arc suppression circuitry. ’

Voltage Range and Frequency:

10-250 VAC(50/60 Hz), 10-125 VDC,

. Contact Ratings:
Maximum | - - Amperes | Amperes Voltampgres
. Volts - | Make | Break | Continuous | pyape Break

200vac | 758 0754 |

120vaC | 15 | .1sa | < 2SA [ 1800vA | 180vA

125vpC | 0224’ 1.0A 28vA

“28vpC | 12A- - | 25A 28vA

quht_acty_ !fési;tance:_ 20 ma (typical).

El

.-0

ectrical lsbt'a";io‘n: _ e :
2000 voits between output contacts and control fogic. - -
FF State Leakage Current: SR
Processor unit outputs at terminals 11 and 111 (all catalog
numbers); ‘Also expansion unit cutputs at terminals A11

“and B11 (all catalog numbers): No eakage current.

" Processor unit outputs at terminals 12 thru 16 and 112

thru 116 of 1745-LP153, -LP156; Also expansion unit
outputs at terminals A12 thru A16 and B12 thruB16 of -
1745-E153, -E156: 2mA (AC voltage only). To limit .
leakage current, use a loading resistor across theload as
shown on Page 20-15. - s
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Outp uts peciﬁca tions  Specifications for hard contact relay outputs are shown below. We
- SLC 150 Processor  recommend that you use some type of surge suppression when switching
and Exp ansion Units inductive load devices with hard contact outputs. Refer to Page 19-9.

{continued)
| " HARD.CONTACT RELAY OUTPUTS
Wiring Terminals, Internal Arc Suppression:

Catalog - {. - n 0 Hard Contact Relay Outputs
MNumber - | ¢ CTTOTRETERYPR
: ;:g::::: :; | unitshave 2 hard contact relay outputs, at
1745.1P154 1" terminals 11 and 111, These outputs do not
| 1745.LP157 ,hé\(e nflter_nal arc suppress,on_c:rcuutry.
" '] units have 12 hard ¢ontact relay outputs. Relay
17 4'5_Lj?1 53 |- outputs at terminals 12 thru 16 and 112 thru
1785-Lp156 | -116 have internal arc suppression circuitry.
; - Relay outputs at terminals 11-and 111 do not
= have mtemal arc suppressuon circuitry.

A :;:g ::g; Unifs.have 2 hard contact relay outputs, at
1745-g154 |  ferminals A11and B11. These outputsdo not
1745-E157 haye mferngl arc suppression circuitry.

S Units.have 12 hard contact relay 6utputs Relay
: 17“ 5153 1~ outputs at terminals A12 thru A16 and 812 thru
1 45-5 156 B16 have internal arc suppression circuitry.
K "Relay outputs at terminals A11 and B11 do not
. have mternal au: suppression circuitry.

‘Voltage Range and Frequency:
"10-250 VAC (50/60 Hz) 10-125VDC.
: COntact Ratmgs

Amperes ‘Voltamperes

Maximum ‘Amperes
[Volts: | ‘Make | Break | Continuous | - pae - | Break

240VAC. | .7.5A 1 0.75A,

Taovac | Toa | 1sa | ZBA .| 1800vA | 180vA

125v0C |7 OzzA i 104" ' . QSVA

avpc Tl rza 0 28a |0 28va

' 'Ccmtact Resrstance 20 mn (typlcal)

_Electncal lsolatron
2000 volts between output contacts and control loglc

- OFF State Leakage Current:
- - Processor unit outputs at-téerminals 11 and 111 (all cataiog
numbers); Also expansion unit outputs at terminals A1
-and B1 1(aH catalog numbers): No leakage current.

o Processor unit outputs at terminals 12 thru 16 and 112
- thru 116.of 1745-LP153, -LP156; Also expansion unit
outputs at terminals A12 thru A16 and 812 thru 816 of
1745-E153,-E156: 2mA {AC voltage onty): To limit
leakage current, use a toading resistor across the load as
. shown on Page 20-15.
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Specifications - SLC 150 7
High Speed Input ON State Voltage Range:
5VDC 2-7vDC
Module 12vDC  5-15VDC
24VDC  10-30VDC

Maximum OFF State Voltage:
5vDC 0.8vDC
12vDC 2vDC
24vDC 4vDC

Maximum OFF State Leakage Current:
1.mA (all voltage levels)

Nominal Input Current:
5VDC 25mA
12vDC 17TmA
24vDC 15mA

Maximum Turn ON and OFF Time:
Filter not selected - 50 microseconds * 25%
Filter selected - 4 milliseconds +25%

Electrical-Optical Isolation:
1500 volts between input voltage and control logic.

Noise Immunity:
NEMA Standard I1CS 2-230

Vibration:
0.015 inch peak to peak displacement, 2.5g peak (max)
acceleration, Hr/axis - ' '

Ambient Temperature Rating:

0°C 1o 60°C {operating). —40°C to 85°C (storage)
Humidity Rating:

5t0 95% (without condensation)
Wiring:

#1410 #24 AWG stranded. 3/64” insulation (max)
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Specifications - _ o . .
Pocket Programmer -~ . .- ... catalogNo. 1745-PT1
-Display _ '
‘Light.emitting diodes {LEDs} and 7-segment
LED readouts

Keyboard
- Thirty mgmentary push keys with tactile feedback.

Interconnect Cable:
- Six-foot (1.8 m).cable. Mates with processor unit.

o Operatmg Power:
Su ppifed by processeru mt

_ Amblent Tempefature Rating:
. -0°to 50° C (operating).
-40°to 85° C (storage)

' ‘OveraH Dlmensmns (Approx Y
7x3x1 inches (1 78x76x25 mm}.

Specifications - o o
EEPROM Memory = "~ © o0 No. 1745-M1
Module Memory Type: - - .
. Electrically- Erasable Programmable
Read Oniy Memory (EEPROM)

Me’mory Slze
1200 words mammum Most mstructrons
: reqwre 1'word.

Ambaent Temperature Range
“0° to 60° C (operating).
-40° to 85° C (storage).
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Instruction
Execution Times
and Word Usage

-SLC 100

" Approximate instruction execution times in microseconds:

i R -]/[— “Examine ON, Examine OFF 25

: = ) QOutput Energize ' 30
“=(L)=,=(U)= " Latch, Unlatch ; 32
- =~(RTQ)-" '~ Retentive Timer On-Delay 208
- =(RTF)="" " ' Retentive Timer Off-Delay - 208
-(CTU)- -+ Up Counter . 196
—-(CTD)~ - - Down Counter - 156
—(ZCL)- - - - Zone Control Last State 37
~(MCR)~ . . Master-Control Reset - 34
ST Brarich Open : 30
T . Branch.Close ' 32
- ~{RST)- ' Reset : 156
- ~{5QQC)- ' " Sequencer Output, time-driven - 370
-(SQO)-" - . Sequencer Qutput, event-driven - 362
. ={SQN-- . . “Sequencer Input, time-driven 390
T={SQN- " ' . Sequencer Input, event-driven 378

‘~(SR}- . . " Shift Register 24

The I/O Scan execution time'is approximately 1500
microsecands, plus 270 microseconds for each expansion unit.

Note: Execution times are approximate. You can measure

" your total program scan time by programmsng the rungs

shown in F|gure 8 6, Page 8-4.

!nstru:tion Word Usage The instructions above reguire one
word of memory, except for the Reset and all versions of the
_Sequencer These reqmre

' —(RST)w 2words

_ w(SQO)— —(SQf)— 1 +3(numberofsteps) words’

2
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Instruction
Execution Times Approximate instruction execution times in microseconds:
and Word Usage _
—SLC 150 -1 [-,-]/[- Examine ON, Examine OFF 2
- =} . OutputEnergize 3
=(L)-,-{U)- Latch, Unfatch 1
={RTQ)- Retentive Timer On-Delay 50
- =(RTF)~ . Retentive Timer Off-Delay 50
=(CTU)- ‘Up Counter 43
={CTD)- Down Counter 43
-{ZCL)- Zone Control Last State 2
~(MCR)- Master Control Reset
3 + 3 x{no. of rungs in zone)
T Branch Open 0
= ~ . Branch Close 0
—(RST)- . Reset 50
—(5Q0}- . Sequencer Qutput, time-driven 113
—(5QO0)- Sequencer Qutput, event-driven 113
—{5Qi)}- Sequencer Input, time-driven 113
- =(SQh- ‘Seguencer Input, event-driven 113
—{SR)- Shift Register 5
The I/0'Scan execution time is approximately 300 microseconds,
plus 250 microseconds for each expansion unit.
Note: Execution times are approximate. You can measure your
total program scan time by programming the rungs shown in
Figure 8.6, Page 8-4.
Instruction Word Usage: The instructions above require one
- word of memory, except for the Reset and all versions of the
Sequencer. These require
—(RST)—: 2 words.
~(5Q0)~, —(5Q1)-: 7 + Inumber of steps) words
2
L. Auto-Baud TheSLC 150 processor unit automatically adjusts its communication
Recogmtlon -SLC 150 baudrate to allow communication with external devices such as

computers and modems. Acceptable baud rates are 300, 1200, 2400,
9600 and 19,200.

This auto-baud feature is effective in any mode except the Run mode. If
the SLC 150 is in the Run mode and you want to communicate at a
different baud rate, remove power from the processor unit or enter any
other operating mode. Then connect the external device you want to
communicate with. If you remove power from the processor unit in the
Run mode, the Auto/Man switch must be set te the Man position in order
for the baud rate to be adjusted on power-up. Once power is applied, you
can return the switch to the Auto position.
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Recommendations

General T, help you install the controller as safely and securely as possible, we
have set up a few specific recommendations and guidelines for you to
follow. They are the result of product testing and Allen-Bradley’s
extensive experience with solid state industrial controls.

For general installation guidelines, also refer to article 70F of the
National Fire Protection Association (NFPA). Articie 70E describes
electrical safety requirements for employee workplaces.

Figure 19.1 shows some of the eomponents that make up a typical
installation,

Figure 19.1

- Disconnect -
. Device -

MCR

isolation
- Transformer

| siccontroter

1. NEMA tated enclosure suitable for your application and
environment that will shield your controller from electrical noise
and aurbome contaminants.

2. Dusconnect to remove powerfrom'the systetﬁ

3. Fused isclation transformer or a constant voltage transforme; as
your application dictates.

4. Master control rélay/emergency stop circuit.
5. Terminal blocks or wiring ducts.

6. Suppression devices for limiting EMI generation.

Enclosure  The enclosure protects the equipment from atmospheric contamination.
Considerations Standards established by the National Electrical Manufacturer’s
Association (NEMA) define enclosure types, based on the degree of
protection an enclosure will provide. Select a NEMA rated enclosure
that is suitable for your application and environment.

The enclosure must be equipped with a disconneet device.
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Component Spa cing The figure below shows acceptable layouts. Follow the recommended
minimum spacing to allow for convection cooling within the enclosure.
Cooling air in the enclosure must be kept within a range of 0° to 60°C.

Note that SLC 100 and SLC 150 expansion units can be interconnected
with either an SLC 100 or an SLC 150 proeessor unit. High speed input
modules can be used with the SLC 150 processor unit only.

Figure 19.2

Y

. : R R y :
SLC150 J sctoo L, sen00 e
; A ONPUR mal SRR I - {Expansion Unit;
ExpL?n.suo_n‘ |Expansion Uit [y | oo - hRens i
nit EAERCHE St : A#k

o

: AT R .fésttj}’g;o\“ K

: ’ : P [ T, el 5ion 7 |- e

g | osicisoc | 4| seciso Mg TR B

<—|  Processor |« Expansion R EEE R e |
2}

- Unit . -I : “Unit oA s .o
2 ' crerl e oske00r

¢ . S copionzf e o - | Priocessor Unit

|1\.|

Endlosure &7 02 -

Recommended
Minimum Spacing c LI
A 2°(5Tmm) B R

B: 4”{102mm) ‘e ‘ :

C: 6"(152mm)

| swcreg s i
| Expansion Unit. [T 7T

"._fA’J;.W

-PS%.Caso “
rocessor L o < S RS R
<2 o unite IR K s N B 1 LA DR

<7 Highspeed
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Excessive Heat

For most applications, normal convection cooling will keep the
controller components within the specified operating range. Proper
spacing of components within the enclosure is usually sufficient for heat
dissipation.

Additienal cooling provisions might be necessary when high ambient
temperatures are encountered.

In some applications, a substantial amount of heat is produced by other
equipment inside or outside the enclosure. In this case, blower fans may
be placed inside the enclosure to assist in air circulation and to reduce
“hot spots” near the contreller, Do not bring in unfiltered outside air. It
may introduce harmful contaminants or dirt that could cause improper
operation or damage to components. [n extreme cases, air conditioning
may be required to protect against heat build-up within the enclosure.

Wiring Layout

Careful wire routing within the enclosure helps to cut down electrical
noise between I/0 lines. Follow these rules for routing your wires:

1. Route incoming power to the processor and expansion units by a
separate path from wiring to I/0 devices. Do not run signal wiring
and power wiring in the same conduit! Where paths must cross, their
intersection should be perpendicular.

2. If wiring ducts are used, allow at least 2 inches between I/O wiring
ducts and the processor or expansion unit. If terminal strips are used
for 1/0 wiring, allow at least 2 inches between the terminal strips and
the processor or expansion unit.

3. Segregate /O wifing by signal type. Bundle wiring with similar
electrical characteristics together.

Wiring with different signal characteristics should be routed into the
enclosure by separate paths whenever possible,

Grounding

In solid state control systems, grounding helps limit the effects ef noise
due to electromagnetic induction (EMI). The grounding path for the
controller and its enclosure is provided by the equipment grounding
conductor.

WARNING: The SLC controller, other control devices, and the
enclosure must be properly grounded. All applicable codes and
ordinances must be ebserved when wiring the controller system.

Ground connections should run from the CHASSIS GND terminal on
each processor and expansion unit to the ground bus. Ground wires can
be daisy-chained between units to minimize the number of ground wire
connections. Exact connections will differ between applications. An
autheritative source on grounding requirements for most installations is
the National Electrical Code.




Chapter System Layout Recommendations

Grounding In addition to the grounding required for the controller and its
(continued}  enclosure, you must also provide proper grounding for all controlled
devices in your application. Care must be taken to provide each device
with an acceptable grounding path.
Master Control Relay A hard-wired master control relay (supplied by you) provides a

convenient means for emergency controller shutdown. Since the master
control relay allows the placement of several Emergency Stop switches
in different locations, its installation is important from a safety
standpoint. Overtravel limit switches or mushroom-head push buttons
are wired in series so that when any of them opens, the master control

‘relay is de-energized. This will remove power from the machine. Never

alter these circuits to defeat their function, since serious injury or
machine damage could result.

[fyou are using a DC power supply, interrupt the DC side rather than
the AC side to avoid the additional delay of power supply turn-on and
turn-off. Asshown in Figure 19.3 on the following page, the DC power

* supply should receive its power directly from the fused secondary of the

transformer. Power to the DC input and output circuits must be
connected through a set of master control relay contacts.

The main power disconnect switch should be located where operators
and maintenance personnel have quick and easy access to it. Ifa
disconnect switch is to be mounted inside the controller enclosure, the
switch operating handle should be on the outside of the enclosure, so
that power can be disconnected without opening the enclosure.

Wiring the master contrel relay into a grounded system is shown in
Figure 19.3. Whenever any of the Emergency Stop switches are opened,
power to input and output devices is removed.

When the master control relay is used to remove power from the
external I/O cireuits, power continues to be provided to the controller’s
power supply so that diagnostic indicators on the processer can still be
observed.

NOTE - The master control relay is not a substitute for a disconnect to
the controller. It is intended for any situation where the operator must
quickly de-energize I/O devices only. When inspecting or installing
terminal connections, replacing output fuses, or working on equipment
within the enclosure, the disconnect must be used to shut off power to
the rest of the system.
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115VAC terminals of Processor and
Expansion Units. See Chapter 20.

24VDC terminals of Processor and
Expansion Units. See Chapter 20.

19-5
Master Control Relay The master control relay must not be controlled by the SLC controller.
(continued)  The operator must be provided with the additional safety of a direct
connection between an emergeney stop switeh and the master control
relay.
WARNING: Do not program Emergency Stop switches in the
controller program. Any Emergency Stop switch should turn off all
machine power by turning off the master control relay.
Observe all applicable local codes concerning the placement and
laheling of Emergency Stop switches.
Figure 19.3
CAUTION: Emergency Stop switches and the master control relay
' P 2 must be installed in your system. You must make certain thatrelay
contacts have a sufficient rating for your application. Emergency
|‘ 230VAC *‘ Stop switches must be easy to reach.
Disconnect
Fuse MCR
It
T 11 T 230vAC
1/0 Circuits.
N I See Chapter 20.
Isolation ( Operation of either of these contacts will E
Transformer i remove power from the controiler external !
1 /O circusts, stopping machine motion. :
: - i ' Master Control Relay (MCR)
X1 e 115 VAC = X2 E Refer to Page 19-4 for details. ! pelw 700-?1(400yA1
i Emergency Stop : Suppressor
! i Overtravel : . No. 700-
Fuse L Pushbutton Limit Switch | Stop Stal rt Cot. No, 70024
: o=g0—+—20 | 0—1—0 o0 @
fe e e e e A ——————— ( l l
H
MCR
MCR
|1
1P : 115VAC
170 Circuits.
DC Power Supply See Chapter 20.
Use NLE.C. Class 2
for UL Listing MCR
- + |1 24vDC
i 1
o) (Hid - ¢ 110 Circuits.
Incoming Line Terminals. Connect to Incoming Line Terminals. Connectto See Czlaapter

Refer to Chapter 20 for details on line wiring connections and /O wiring connections to SLC components.
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Common Power Source

We strongly recommend that the processor unit and all expansion units
interconnected with it have the same power source as the input and
output devices. This inhibits electrical interference.

The processor unit power supply monitors the incoming voltage. When
it detects low line voltage, the monitor signals the processor to stop
receiving input data. At the same time, the controller will turn all
outputs OFF and the CPU FAULT LED will be lit.

In addition to monitering incoming veltage at its power terminals, the
processor unit detects the absence of power to any expansion unit it ig
interconnected with. If power to 8n expansion unit is lost {or not yet
applied), the CPU fault LED will be lit and all controller outputs will be
turned off.

This fault detection makes it necessary that you apply power to the

-expansion units before you apply power to the processor unit, to aveid an

unwanted CPU fault. Of course, applying power in sequence is
unnecessary if the processor and expansion vnits have a common power
source.

Isolation Transformer

You may want to use an isolation transformer in the AC line to the
controller. See Figure 19.3 (Page 19-5). This type of transformer
provides isolation from your power distribution system and is often used
as a "step down” transformer to reduce line voltage. Any transformer
used with the controller must have a sufficient power rating for its load.
This power rating is generally expressed in volt-amperes (VA).

To supply the worst-case power to the controller power supply, an
isolation transformer should have a rating of approximately 3 times the
maximum power requirement of the processor and expansion units.
This allows ample power to be delivered to the power supply throughout
the AC cycle. This also allews sufficient power for most types of input
devices connected to the controller. If output devices are connected
through the transformer as in Figure 19.3, their maximum VA
requirements must be added to determine correct transformer size.
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Special Considerations

Excessive Line Voltage
Variations

Excessive Noise

The recommendations given previously will provide favorable operating
conditions for most controller installations. Your application may
invelve one or more of the following adverse conditions. Additional
measures can be taken to minimize the effect of these conditions.

The best solution to excessive line voltage variation is to correct any
feeder problems in your distribution system. Where this does not solve
the line variation problem, or in certain eritical applications, a constant
voltage transformer can be used. If a constant voltage transformer is
required, it must be connected to the controller pewer supply and all
input devices connected to the SLC controller. Qutput devices should be
eonnected on the same power line, but their connection along the power
line is normally made before the constant voltage transformer. A

constant voltage transformer must have a sufficient power rating for its
load.

When the SLC controller is operating in a “noise-polluted” industrial
environment, special consideration should be given to possible electrical

interference.

The effect of electrical interference is reduced by the following:
¢ SLC controller design features.

¢ Proper mounting of controller within an enclosure.

¢ Proper equipment grounding.

® Proper routing of wiring.

NOTE - To increase the operating noise margin, we recommend that
you provide suppression for noise generating devices.
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Excessive Noise
(continued)

Potential noise generators include inductive loads, such as relays,
solenoids, and motor starters when operated by “hard contacts” like
push buttons or selector switches. Suppression may be necessary when
such loads are connected as output devices or when connected to the
same supply line that powers the controller. Figure 19.4 lists Allen-
Bradley load devices and recommended suppressors. Figure 19.5 shows
how suppressors are used.

If an SLC 150 triac output (1745-LP151, -LP152, -E151, -E152) is
¢onnected with a hard contaet to contrel an inductive load, we
recommend that you use varistors to suppress noise. Do not use
suppressors having RC networks, since damage to triacs could occur.
Allen-Bradley AC surge suppressors which are not recommended for use
with triacs include Catalog Nos. 599-K04, 599-KA04, 199-FSMAT1, 199-
FSMAZ, 1401-N10, and 700-N24.

‘Applications such as high frequency welding equipment and large AC

motors generate excessively high levels of noise pollution. In these
applications, all possible sources of noise should be suppressed. Best
results are achieved when the noise suppressing networks are connected
as closely as possible to the noise generating device.

Figure 19.4

‘Bulletin'509 Motor Starter 120 VAC  599-K04
~* _Bulletin 569 Mator Starter- 240 VAC 599-KA04
~ Bulletin 100 Contactor 120 VAC 199-FSMA1
BuHetin 100 Contactor 240 VAC 199-FSMA2
Bulletin 709 Motor Starter 120 VAC 1801-N10
Bulletin 700 Type R, RM Relays AC coil None required
. Bulletin 700 Type R Relay 12vDC 700-N22
Buletin 700 Type RM Relay 12vDC 700-N28
Bulletin 700 Type R Relay - 24vVDC 700-N10
Bulletin 700 Type RM Relay 24vDC 700-N13
Bulletin 700 Type R Relay a8 vDC 700-N16
Builetin 700 Type RM Relay 43VDC 700-N17
Bufletin 700 Type R Relay 115-125vDC 700-N11
Bulletin 700 Type RM Relay 115-125 vDC 700-N14
Bulletin 700 Type R Relay 230-250 VDC 700-N12
Bulletin 700 Type RM Relay 230-250 VDC 700-N15
Builetin 700
- Type N, P, or PK Relay
- 150V max, AC or DC 700-N24
Misceaneous :
electromagnetic devices
limited to 35 sealed VA
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Output Contact Protection

Inductive output devices such as motor starters and solenoids may
require the use of some type of surge suppression to protect the
controller output contacts. Examples are shown in Figure 19.6.

These surge suppression circuits are connected directly across the
output device. The effect is to reduce arcing of the output contacts
(arcing can be caused by the high transient voltage which ocecurs when
switching off an inductive device). Suitable surge suppression methods
for inductive AC output devices include a varistor, an RC network, and
an Allen-Bradley surge suppressor (see Figure 19.4). These components
must be appropriately rated to suppress the switching transient
characteristic of the particular inductive device.

For inductive DC output devices, a diode is suitable. A 1N4004 diode is
acceptable for most applications. A surge suppressor can also be used, as
indicated in Figure 19.4.

We recommend that you locate the suppression device as close as
possible to the output device.

Figure 19.5
‘ : _ e — Supply Line »
——— SupplyLine —pf R JACorDC
ACorDC ' Cernpn

R START

stop

b

I; .

- Examples ofinductive loads o'perjagé;} by "hqrd contacts”. S_upp’ressgré are connected
directly across the coils.. A list of Allen-Bradley suppressors appears in Figure 19.4.

Figure 19.6

. Surge Seppression for Inductive Ac_' Output Devices

Output Device

W

P

Varistor

OUtputDevice . - ' Output Device N
LA - - Surge
_RCNetwork: - 1 Sunpggssor

Surge Suppression for Inductive DC Output Devices -

_._/"\-1-

Output Device |

- ” RS " * A surge suppressor
: D_mdg_* cree R . can also be used -

Contact protection methods for inductive AC and DC §utput’deviées. Alist 6‘_& Allen-Bradley suppressors appears in Fig.ure 19.4.
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Installation
Procedure

General

The following paragraphs will show you how to

1. Mount the processor, expansion units, and high speed input module.
2. Install connection cables.
3. Wire input devices, output devices, and incoming power.

IMPORTANT: Before you begin, plan your system layout according to
the guidelines in Chapter 19, System Laycut Recommendations.

..........

Mounting the SLC
100 Processor and
Expansion Units

1. Serew mounting: The processor unit can be mounted directly to the
back panel of your enclosure using four #10 screws. Hole locations
are shown in the dimension drawing below.

2. DIN rail mounting: The processor unit can be mounted in your
enclosure ona 35 mm by 7.5 mm DIN mounting rail (Catalog No.
199-1DR). Two DIN rail fasteners are provided on the processor unit.

The DIN rail can be screwed, bolted, or welded to the enclosure back
panel. Install the processor unit by hanging the unit on the top edge
of the DIN rail, then pressing the unit toward the rail until it snaps
into place. To remove the processor unit, pry open the fasteners.

T L
woode s (128mm) - L

A

" " "DIN Rail Mounting

R T . 35mm x 7.5 mm
-+ ; 8MountingHoles .
" #10-32 X 5/8" Screws .
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Mounting the SLC
150 Processor and
Expansion Units

Dimensions are shown below. Take note of the important mounting
recommendations. If you are using a high speed input module with the
processor unit, allow pane! space to the right of the processor unit. Refer
to Page 19-2 for layout recommendations.

105" 2.75"
10.25" - .
(260.4 mim} . (69.9 mm)
Til o] ]‘ -
5.45" s9v
“3%.0mm) || - 149 il
= |

980" . .l [ T 4Mounting Holes
(249.0 mm) #10-32 % 5/8"7 Screws

- IMPORTANT: SLC 150 processor and expansion units utilize the
. mounting back.panel as & heat sink for dissipating excess heat during
.operation. It is'important that you mount thenit on a smooth metal
- back panel to provide good thermal condusctzwty Back panel
o temperature specxfieatlon 60°C maximum, 770

“Mounting on a sub’ panel In hlgh ambzent temperatures (6{}°C) :
“sub panels not exposed to air outs1de the enclosure couldheatup _
‘beyond 60°C. Inthese situations; the ‘Sub- panel temperature canbe

teduced by remdving other heal; generating equipment from the

-enclosure or by providing fans or dir conditioning for cooling.
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Mounting the SLC  Mount directly to the back panel of your enclosure using four #10
150 ngh .SPQEd lnput serews. The medule must be mounted directly to the right of the

Module 150 processor unit or directly to the right of another high speed input
module. Refer to Page 19-2 for layout recommendations.

2.36" 3.0"
{60 mm} {76.2 mm}
f of o al
" 5.45"
(139.0 mm) 59"
D (189.9 mm)
3-inch ) O J | — e
interconnect —_i.l I_i_k
cable 1.95" 4 Mounting Holes

(49.0 mm) #10-32 x 5/8" Screws
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Connection Cables  Two cables are used for interconnecting processor and expansion units:
Interconnect cable 1745-C2 is a 10-pin to 10-pin cable supplied with each
expansion unit, Interconnect cable 1745-C3 is a 20-pin to 10-pin cable
supplied with the SLC 150 processor unit. Both cables are 18.5 inches
{47 cm) long. See the figure below for eable connector details.

Impertant: Do not use cables longer than those provided. Longer cables
could affect the integrity of data communications between the processor
and expansion units, possibly causing unsafe operation.

1745-C3 interconnect cable
supplied with SLC 150 processor unit

20-pin connector onone end

10-pin connector on
the otherend

Black key. Mates with
keyslot on expansion unit.

Black key. Mates with keysloton
processor unit {SLC 150 only) or
high speed input module socket.

End views

1745-C2 interconnect cable

" supplied with expansion units

10-pin connector on
each end of cable.

Black key. Mates with
keyslot on expansion unit.

End views Keyslot. Mates with white
E key on expansion unit.
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Connection Cables
{continued)

A- Connecting expansion units_ to an SLC 150 processor unit

o
Fating

. direction
of units

Cable socket.
Access door
removed.

e - 1745-C3 cable

White key

SLC 150 proceéssor unitor -
- high speed input module

8- Co.nne_‘;ti,ng expa_nSiOn units to an SLC 100 proces_sor unit

Key#iot )
~4

The figure below explains how to install the interconnect cables.

1745-C2 cable

[+ +|] 1745-C2 cable 1ien
-] Rt

SLC 150 expansion units -

re e
Yemae

¥

SLC 100 expansion unit

White key. -
\ 1745-C2 cablé Keyslot .
’ ¥
Facing |:CIIZI» =ittt I
direction = L N - I— — _
of units “Cable socket. Access door removed. 1745-C2 cable -
SLC 100 processor unit SLC 100 expanAsion unit %_‘

Connecting an expansion unit
to an SLC150 processor unit:

Use cable 1745-C3, supplied with the
SLC 150 processor unit. -
1. Openthe access doors.
2. Refertoillustration A. Align the 20-
" pin cable connector with the socket
_on the processor unit. Push gently;
tabs will lock the connectorin place.
. 3. Align the 10-pin connector with the
expansion unit socket having the

" keyslot, Push gently; tabs will lock

< the tormector in place.
4. Close the actess doors

~Connecting an expansnon uhit

‘toa hrgh speed mput module: -

* Same as abové, but remove the plig
from the high speed input module
socket:

SLC 150 expansion unit

Connecting an expansion unit
{0 an SLC 100 processor unit:

Use cable 1745-C2, supplled with the
expansion unit.

1. Open the access doors.

Connecting one expansion unit
to another:

Use cable 1745-C2, supplied with the
expansion unit.

1. Openthe access doors,

2. Refertoillustrations A and B. On

2. Refer toillustration B. Alignthe

cable connector having the keysiot
with the socket on the processor
unit. Push gently; tabs will lock the
connector in piaceh . :

the expansion unit already connect-
ed to another unit: Align the cable
connector having the keyslot with
the socket. Push gently; tabs will

3. Align the connecter having the
" :hlack key with the expansion unit
" socket havingthe keyslot . Push
gently; tabs wul! lock the connector
in place.

Close the acc,ess‘_doms.

b

lock the connector in place.

3, 'On the other expansion unit: Align
the connector having the black key
with the socket having the keysiot.
Push gently; tabs will lock the
connector in place.

4. Close the access doors.

‘| To remove cablé: Move tébs on socket cutward; connector will pop out.
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Wiring i[O Devices
and Incoming Power

General wiring recommendations:

¢ Use acceptable wire gauge: The /O wiring terminals are designed

to accept up to two #14 AWG stranded wires.

Label wires: All wiring to I/O devices, power sources, and ground
should be appropriately labeled. Tape, shrink-tubing, or other
dependable means can be used for labeling purposes. In addition to
labeling, insulation color may be used to identify wiring based on
signal characteristics. For example, DC /O wiring may be blue; AC
[/Q wiring may be red.

Bundle wires: Wiring for each I/0 deviee should be bundled
together. If you use ducts, allow at least 2 inches between wiring
bundles and duets so¢ there is sufficient room to wire the devices.
Power and ground wires, of appropriate gauge, may be used as
jumpers from one I/ terminal to the next, if the I/O terminals are the
same voltage.

Identify terminals: Terminal coverplates have a write-on area for
each terminal. Use this area to identify your [/O devices.

CAUTION: Calculate the maximum possible current in each
power and common wire. Observe all local eleetrical codes
dictating the maximum current allowable for each wire size.
Current above the maximum ratings may cause wiring to
overheat which may damage equipment.

Before you install and wire the [/O devices, disconneet power from the
controller and any other source to the I/Q devices. Remove the
protective terminal coverplates.

Line Wiring Connections

Make line connections to the processor and expansion units as follows:

-5LC 100
CAUTION: Incorrect wire connections can cause damage to the
processor unit power supply. Do netjumper 115VAC NEUT and
230VAC NEUT together. Do not jumper unused 115VAC NEUT
or unused 230VAC NEUT to the CHASSIS GND terminal.
o . Note: An N.E.C. Class 11
To Lo Hi To Lo Hi Ta power supply is o
Ground Ground . . Ground required for UL listing
BiJs_ 1_11 SVA}Q Bi.ts lq- 230VAC +| : Bils - p28VDCE +
CHASSIS § 230VAC | 115VAC 115/230 CHASSIS | 230VAC 115VAC 115230 CHASSIS NOT 24vDC +24
GND NEUT NEUT VAC GND NEUT NEUT VAC GND USED NEUT vbc
Wiring Terminals - Wiring Términals Wiring Terminals

Catalog Nos. 1745-LP101, -LP102, -LP103,-E101, -E102, -E103, -E105, -E106 Catalog Nos, 1745-LP104, -E104,-E107
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Discrete In put SLC 100 input circuitry is current sinking. Circuitry includes optical

Win'ng Connections  isolation and surge suppression to guard against damage by
—SLC 100  transients from user input devices.

A direct interface to solid state sensing devices and SLC 100 controller
output circuits is possible because of the 2 mA OFF state leakage
current specificatien, indicated below. Note that the 2 mA value applies
only to inputs 1 and 2 in some units. You can achieve a 2 mA current
value for inputs 3 thru 10 by adding a resistor, as indicated.

Catalog Number Maximum OFF

Processor | Expansion | St?teleakage | | & To achieve a 2 mA OFF state

Unit Unit Current leakage current for inputs 3
thru 10, connect a resistor
from the input terminal to
the COM terminal as shown
in the wiring diagram.

1745-LP101 | 1745-E101 2mA,all
1745-LP102 | 1745-E102 inputs

1745-LP103 | 1745-E103 | 2mA, inputs 1
1745-LP104 | 1745-E104 | and2only @

Input terminal coverplates are color coded: 115VAC —~red,
23G6VAC - black, 24VDC - blue. Wire input devices as shown below.

Input wmng terrmna! numbers in the dlagrams (1 thru H}) apply to processor umts Termmais of
expansnon ‘unitsare numbered 1E thru 1OE e :

CDe(sy . pe(n),

: L1 (Hiy ey oo o o 1p30vDe —
Solid State : : . L D : S aE

T Switch l+— ACVoliage — R L .

e swrdoeselid AN
S . State Switch N
52 . . : s ] 1s2
(0 8 I 3 R I 3 22 B K e
" COM terminals are connécied together internally - Tl = Sl COM termlnalsare connected togetheranternally
CC1745-LP101,-LP102,-E101,-E102. . ... 1745-LP103 -uno4 -5103 “E104 (DC input devices).
: ...Aé H)© o AC(o):

AC Solig. State S

“Switch L0 30VA{:~. S §

- To achievea? mA OFFstate
. leakage current for inputsy’
thru 10, connect a resistor | |
*fronithe input terminalite - - -
CONE. 56K ghims, /2 watt
min:

kimlll { I E ""‘“‘I?I1?|?J'|'9I1°-I6:0M,|j

v COM termlnals are connected together mternally

"1745 LP183 I.'P104~ -E103 -5194 (AC mput dewces)
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Analog Input Wiring connections for the analog input expansion unit are shown
W]nng Connections  below. These connection diagrams use a single analog input circuit,
providing one or two programmable set points. If you require more than
two set points per input circuit, use the connection diagrams on the next
page.
.‘Abbiieﬁ '\.'c‘t!tag.e'w o e . B . - E - ‘ o
_— PR /\ e - . e Cénh"ecteéihtefn_anytoch‘aésis g'rdund
" SetPoint 2E i - V A e R :
setpoint 1€ / R [rva[+1r]-] su Jeom]
A : : . - : .
. _. e 5 g . E C .; E,Iea}t.i‘r';gﬁ PN :
201 l L .

= 4, Voltage sgurce;single ended connection.

. The fol!owmg appines t6 the d:agram abq\re

o ,.’Analugmput gircuit number1 is used asm ; .
* - connection diagrams tand 2. Set paints 1€ and 2E ¢ ]

. apply: Arbitrarily,address block 3, addressgs201- . - -

© 7 -208'is assigned. Examine ON instructiong 201 and MR
e 202 ave programmedfor setpomtsﬁ andzE ool
The applled voitage”. :szor connectnon diag; rn

" 1,0r Vi-V21grdiagraim 2. When this voltage = . 10 " s
_Jn:reas;éﬁ to set pomt 4 E mstrumon 2&1 ‘goes. TRUE. g

APPLICATION NOTES
+ v must be o1 voltsgreater than (=)

'_ +Vand =) must Se keptwsthm 35 volts of
Seom. -l
. Al COM termmats of the expansuon umt are i
: connaected tbgether mternally :
* Atf SHterminals are corinected toﬁethe;

~interfially,-and are connected to chassls
._'ground ’ Cs

<. . Quirents . .
- Sourge” » - .,

‘ P

Important wrrmg recommendatwns wal[ be
found'in Publication 1770-4.1, ”Program- =

.. /mable COntroNer Groundmg and Wmng

o Guldel’mes " :

a) sApglythe des;réd set pomt vo!tage or

- currgnt ta the mputarcmt ‘Measyre the " | ™ 7.
* vokage gr current, 6r'simulate’ the condition: . |
5 forwi'nch the et ;aomt‘is’to be adwsted. v

S Turn the, a.d[ustme ] petentlonfeteer until
o thecorrespondmg LEDmducatar lights. LW

- Jifcreases the setting. hwe ard 18turns © b
; betw m-mmm _mandm@ 'mumgg&tmg; 5y
' c) ;Venfy thezsettmgdunng ntrolters are :

"3(

s
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Analog Inp Ut  Inthese connection diagrams, two analog input cireuits of the expansion
Wi n'ng Connections unitare interconnected, providing four programmable set points (1E,
{continued) 2, 3E, and 4E in this case).

- 2

| ‘Connected internally tochassisground - - -

P

Voltage ok 1‘|+;IIII|‘7%(J
Source ———————— i B

+- T .1 T "

i 1>(><|
A g SN
N e NA
j_——“‘ --T . Lo

Floating Drew DI 00

)leSHl(OMl«VZl +12 |';,(z)=| ‘SH,'I.[épm.] 5

o

o VOIQa)ge s'oh,tcef;s(in’gie..iegqgﬁ-'cgér'a'ral.egt‘iqﬁq__’. .

érnally to chassis ground” - .

- . Conriectedint

: téMIffz \ZZ;’" [+ f_(z)"i “SH. tcOM] g : . N

Ea—
S s e L t

© Voltage
Source.

Floating :
© 2. Veltage source, differential conriettion: - |
TR R PR
-1 Connected ihie%riailyto;-'cl_gmjc;s'sisfgrt;n;qa' .
0 5 B 8 2 [ A ) T
Source: .ol ATt Al g s

S 5

IMPORTANT: Refér to the APPLICATION NOTES 5id CAUTION box.on Page20-8. " |- -

i a T g



20-10

Chapter m Installation Procedure

Output Wiring
Connections
-SLC 100

o - QutputCDntacts SO

—

Wiring connections for output devices are shown below. Note that the
diagram shows the internally-connected output contacts and parallel RC
networks. The RC networks guard against possible damage by
transients from external cutput devices.

External connections are shown for outputs 11, 15, and 16, We've added
a suppressor in parallel with two of the external devices for the purpose
of contact protection. Contact protection is discussed on Page 19-9.

In cases where you need to limit the effects of leakage current, add a
resistor in parallel with the load as indicated in the diagram.

Since the output contacts are isolated from each other, each output
circuit can be wired independently, with its own ground return. Youcan
apply a different voltage in each output cireuit, as your application
might require. Power or ground wires can be jumpered between sets of

- terminals if desired.

Youshould provide appropriate fusing to protect the output devices and
wiring from short eircuits and overload conditions.

o RENetwork- - ..o o

<~ oo (internal) - "0 70+ - .Output wiring

iy Jh L. 00 termingls of processor
¥ 1 A R N . uhits. - Terminals of

7. ;. expansion units are

- ~numbéred T1E thru 16E.

5 }15] 16 |t6 I

- al . pe voltage -
. .- JSuppressor. . l :
. - ‘Suppressof - : 2 pc(+)
: - AT A ) ; . B

: i L2(la);
arsvac o
e
71 Tolimit thigeffects of 7 AR D
- 1 - leakage turrent, used i L2{te} .
- loadingresistar dcross SR TR A
TISVAC.
. = J' L1 tHi)
-~ .. Resistor - ., co
©. T15VAC:15K ohm, 2watt. . |
-230VAC; 15K-ohm, Swatt
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Line Wiri Ng  Make line connections to the processor and expansion units as follows.

Connections - SLC 150

Lol UL UL HE
To IR .
. Ground T 230VAC -
Bus . |
115VAC ’ . _ AN R SR
Lo Hi . ' | Ground - -
. . . , L .BUS'\

alglelellel @@ @ e

cHassis| © moT NOT . EEE CHASSIS| “NOT “|" “NOT* |
GND USED USED e b )l eNo T usep T usel; ) o
230vac| 11svAC| 115230 weT : o -§ 23pvac] A1svACT tsR30] NMOT A e o fop s s

NEUT | NEUT VAC USED o  oNEUT. | UNEUT § D VAC |7 usED e p e ke

Catalog Nos. 1745-LP151, -LP152, -LP153, -LP1 ,5'6.:'5;151,_-5_152,=g153,l515§ o

2avDC.”

To Tl NoterAnNECClassH L -
Ground == ; powersupplyis: .. ... . ..
" Bus \ . required for UL listing- ~

CHASSIS|  NoT NOT' A I S

GND | USED UsED o B
NoT | zevoc | +28 | WOt Chul
wsep |. mneut [ woc | usen:

Catalog Nos. 1745.LP154, -LP157, -£154, 75157’ RS

CAUTION Incorrect wire. connections can ‘causé damage to the e
. processor unit power supply. Do.not jumper 115VAC NEUT and o

230VAC NEUT together. Donotjumperunused 115VAC NEUT S PR

or unused 230VAC NEUT te the CHASSIS GND termmal BEEEEEE EEn




Chapter installation Procedure
20-12

Input Wmng Connecttons SLC 150

1745 LP151 -E.P152 'E151 -5152 Cinrent smkmg mpu cu'curtry

12 (Lo)

[ 15 |“c0M|
1a9| 110 |COM|

;99' Am]coml
st BB’QI Bao|c0M|
7

- »SolidStaie_ -
‘- (PNP} .
Switeh -

. lnputhng Termmais
0{174‘5 LP153,—LP

Ce Inputhmg{ermmaés
i of 1745-£153, E15¢

'B10| c0M|

'BO5.
S &
B

n,n ctedtogethe ,ntemalty

|":’ VDC[ -

InputWIrmgTer ifals
- of 1785-€156, E157.

B3

“’S‘i /DL ermfnpis are connected together mternally
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Output Wiring
Connections
~-SLC 150

Wiring connections are shown on Pages 20-14 and 20-15. Note that each
processor and expansion unit has two isolated groups of outputs plus two
additional isolated hard contact relay outputs.

Triac Outputs: Triac outputs include optical isolation as well as MOV
protection to guard against possible damage by transients from external
outputs. Triac output firing can be synchronized with the AC line to
accomplish zero-cross turn-on and minimize noise generated when
switching loads. This is accomplished by making instruction —{866)-
TRUE in the user program. If this feature is used, your scan time will be
8.3 msec (or some multiple) at 60 Hz and 10 msee (or some multiple) at
50 Hz. A common power source must be used for the processor unit
power supply and output cireuits to achieve zero-cross turn on.

Sinee triacs turn off at AC line zero cross, it is not necessary to use
external surge suppression when switching inductive loads. However, if

" hard contacts are connected with triacs to switch an inductive load, we

recommend using varistors for external surge suppression. Do not use
suppressors having RC networks, since damage to triacs could occur.
Refer to Pages 19-8, 19-9 for further discussion on surge suppression.

Hard Contact Relay Outputs: OQutputs at terminals 12-16 and
112-116 (A12-A16 and B12-B16) include arc suppression circuitry (RC
networks) which protects contacts when switching inductive loads. We
recommend that you also connect external surge suppression to protect
the contacts from high transient voltage which eccurs when an inductive
device is switched off.

Hard contact relay outputs at terminals 11 and 111 (A11 and B11) do rot
include internal arc suppression. Contact protection/surge suppression:
See Pages 19-8, 19-9,

Transistor Outputs: Catalog Numbers 1745-LP154 and 1745-E154
have current sourcing (PNP) transistor outputs. Catalog Numbers
1745-LP157 and 1745-E157 have current sinking (NPN) transisitor
outputs.

We recommend that you connect external surge suppression to protect
transistors from the high transient voltage which occurs when an
inductive device is turned off. An IN4004 diode is acceptable for most
applications. Refer to Pages 19-8, 19-9 for further discussion on surge
suppression.

Fusing: You should provide appropriate fusing to protect output
devices and wiring from short circuits and overload conditions. Refer to
Chapter 18, Page 18-9 for recommended fusing.
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Output Wiring  Wiring connections for catalog numbers 1745-LP151, -LP152, -LP154
-E151,-E152, -E154 are shown below.

Connections - SLC 150

(continued)

3 |:P‘1’51V %kpi 52 JéEt:STi :  Witing ter g‘unai aumbél;s,;li ﬂ;;e’diagram(ﬂ thr«u T&and ‘ﬁﬂ thr

gjy tor rms&gfsi@i?ts;z, ggbg;sjog“’ ,?i_s";ﬁ 1; 152 are AT thra Aggs gch B11thruB16.
PATIfrenmeiie ; : S SE Rt E i

o it

. WVITE VQ*
vTermnans; G

7 dutpluts; uge‘aioad*mg : ol
= pesistoracrossithe foad.ag © 7 0 < iﬂ;é\m‘:ﬁﬁg 2
« shown amﬁé;l\g@g‘ : s "g = : f e ,ZﬁWl{Q ;j!?k"o‘hm*

*éﬂﬁ“?“%*#‘»\vva:ga‘&e

EABA. Ciirbitsbiicng (NP 500t
Aband. §§Wﬁﬂfﬁ)%gply&t@ ai4§msa Tt

“’nfa%

*(PNP)#‘W&WSEW&OUE lI« B @ % ‘ ’;
frirval ﬂamféaf&fgﬁég

?*‘%}ur‘cq%;ﬁﬁ

el g Hard'contact « -
(33 VDC an»dis(;»QM Sodin by -: by wedaywt@u 3:’

"#5&3&'

; lat .
er’rg &b
emalaa‘ii

S % A

“*’”"‘;’t#’s&&

$ iy
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- Al6andB1TthruB16.

Output Wiring  Wiring connections for catalog numbers 1745-LP153, -LP156, -LP157,
Connections -=SLC 150 -E153,-E156, -E157 are shown below.
(continued)

- 1745- LP1 53, -LP156, -E153, -E156 Output wmng termmal numbefs in the: diagram (11 thru 16

and 111 thru 116) apply to 1745~ LP153 -LP156 Termmal numi:ers of 1745 E153 -‘5156 are Al thru A16 .
andB11thruB16 ' -

"— Hard contact re%ay outputs
Ne arc suppressnon L

Hard contact retay outputs Gr@up !* o : Hard contact relay outputs Group 2*
. VACNDCIs shared S _; i RO VACNUC is shared

19 — FVAC | Josa T ran e oae doae I Not | ipqi  vaC] a, Not. |,
| I T fope| 213 | ) a5 116 fyseq "l;_;}_:]:ln voc | 112, vms ‘__\114 M5 [ 116 |yceq
: Outpui : > ;‘

CWiring =
Termmals :
* Solenoid” e i (TP =
' wS.U.p[_)!’essm =«f 7.} 1. Suppressor
Suppressor- ) oo
: jot——— 115VAC st c 4——-— 230VAC —
== D Voitage ) : . . .
o . S (Hs) T L2 (LQ) L1 (HE) BRI ; L2_(L_o)
DC(+) , De(-) ;. R U '

* Group 1-and 2 hard eontact relay -
outputs have built-in arcsuppression !
" (R =120 0hms, C =0:022 mlcrofarad)
To limit the effects of leakage - - . ' - Resistor
. _current,use aloading resistor across .. 120VAC: 15K ohm, 2waﬁ B
the load as shown at the rlght 240VAC 15|< ohm Sw»att-' :

1.2 (Lo)

1745-.P157, -E1 57 Carrent sinking (NPN). transistor- outputs. dutpui wiring terminal n'bmbefs inthe
diagram (11 thru 16 and 111 thru 116) apply to 1745 LP157 Termma«i numbers of. 1745—5157 are Al 1 thru ’

. : Transnstor outputs Group 1 Hafd cbn:ia' g ' 'T}"ans_isiorfoqtputs—Group 2
___Hya; d contact - vDC and COM are shared st ... .VDCand COM are'shared

‘relayoutput PN relajoutput 0 S
_ T3 Lo raa T i
LI r",lf -1 i bz s 14115 16 Cﬁ“‘" T 11;1:]7( 1+.’_\£,’P¢~ 192 45131‘.3 118115 | 116 oM
 Output vl ‘ : " '
- AN
Terminals

o “Sgianaid‘i'

<4 suppressor- < - .| .
3 I . . Suppressor.

Suppressor -

. n—,—:-n_SVAc ol fe— z4voc —b [

@ trper ol oieelpe LR iTeeicolti. o pel
N v Ui SRR R S0 EERER SRR i T s
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Wiring Connections
-SLC 150 High Speed
Input Module

~ DIP switches are located under the
- module cover, as shown at the
"o - right,

The tables below explain the DIP
. | switch settings. The maxlmum
o mput pulse rate |s also hsted

i - Input ' 5w1tch
Input Voltage | = Settings: . |
: 2av0¢ | 10FF, zosr?
A | 12¥DC | 10N, 2 OFF
“1-8VDC- | YOFF,20N
.| 2avoc | 30Fr.40FF
B 12vDC |~ 3 ON,4 OFF
./ *-} 5VDC | 3 OFF,40N
| Filter Switch
lnpt“n *Selection Settings
“a. | amitisec. | 60N
= . . [ 50 microsec. 60FF
B . : 4 millisec. TON |
i ‘50 microsec. | . 7 OFF
coe | swikeh |
; ;FF‘T’?’“-"’__‘ < Settings |
Count - o
7 Select this function | - :
2] tocount high' speed. ] "8 oN--
- | input signals received )
at ;etmma! A/COUNT
E‘ntoder s
1. Selectthls function | .
“tointerfaceto - | BOFE,
= ,quadra’tureitype h ’
) encoder -

¢ Maximum PulseRate | -
Note I maximim or-total

‘ frequencnes are exceeded, status -

bit 901 —904 wnﬂ besetON -

L Numberof HSII Ao b
=0 modules | t12)1314
: Connected : : 1

nghesi Smgle N :
., Frequency-
< (KHz).

| HighestTotal | 1 | |
" Frequency - |51 5. [5-}5
* (KHz) - 1"

Installation Procedure

Typical connection diagrams are shown below and on the following page.
DIP switches must be set for the input voltage range, input filter
selection, and the encoder/count function. This is explained below.

o 19

HIGH SPEED INFUTMODULE -

Lift here to gain access
to the DIP switches.

BNV R - RN

.—0ON

DIP switches. ‘The top switch is
number § and the bottom switch
is number 1. Switch numberSis
notused. -

Move the switch to the right for
the ON paosition.

- ToCHASSIS GND ~ + ¢
-terminalon -
" processor unit

CHASSIS GND

5. 12; or.

’ ) dSqE‘id. state
24vDC sensor arhard
contact inpat
Pr 7 device -l

+. 1
A/ COUNT.

" Beldenor

—_
] ok ; B
. N -
Shielded- - - |_.1 "

twisted pair, HSi M.o&uléj‘l“grminals_ .

. equivalent

Connectlons for a sohd state sensot or hard contact mput devnce
) (Count apphcat!on)

“
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Chapter

Wiring Connections The following wiring diagrams apply to single-ended and differential
~-S1LC 150 H]gh Speed encoder applications. Note: The purpose of the B terminal of the HSI
module is to indicate a direction change for input pulses. This function

Input Module L C _
(continued) is not recognized by SLC 150 Series A processor units. Inthe diagrams
below, the B channel of a quadrature type encoder is connected to the B

terminals to help increase immunity to noise and shaft jitter

Y
[
Wi

E gl

Ay

g,
g
RN P

GE
%

LA

# tvynsted‘paw .
S eBeidenicﬁ e

£
*E

wwmmnneamnﬁ

4
B odr

&

s

& x
4

" hélde@“ms%ed@anrsw .
T Mea ouaqufiva!@m«r I

B
£
;_

aT ﬁ\ggngc

. Iliﬁferents




Chapter Start-Up

General Start-up invelves the following procedures, to be carried out in sequence:
A. Inspect the installation before power is connected.
B. Disconnect motors and other devices which cause machine motion.
C. Test inputs.
D. Test outputs.
E. Enter and verify your program.

F. Testthe system with motoers and other motion-causing devices
reconnected.

G. Gothruadry runof the application.

The purpose of these procedures is to isolate such problems as wiring
mistakes, equipment malfunction, and programming errorsina
systematic, controlled manner.

We urge you to go thru these procedures very carefully. This will help
avoid possible personal injury and equipment damage.

Do not attempt system start-up until you are thorcughly familiar with
the controller eomponents and programming/editing techniques
discussed in earlier chapters. You must also be thoroughly familiar
with the particular application.

Note: For general recommendations concerning installation safety
requirements and safety related work practices, refer to NFPA TOE,
Electrical Safety Requirements for Employee Workplaces.

SLC PERSONAL COMPUTER SOFTWARE USERS: This chapter is written with the
assumption that you will be using a pocket programmer in‘the start-up procedures.
If you are using the SLC Personal Computer Software, you will find that the multi-
rung display and monitoring capabilities are valuable tools. However, the SLC
Personal Computer Software does not allow you to use the FORCE function as we
recommend in this chapter.

Inspecting the  Youcan often prevent serious problems in later test procedures by first
Installation (A) makinga thorough physical inspection. We recommend that you:

1. Make sure that the controller and all other devices in the system are
securely mounted.

2. Check all wiring, including: connections from the main disconnect to
the controller input; the master control relay/emergency stop circuit;
input device circuits; output device circuits; expansion cables.

Make certain that all wiring connections are correct and that there
are no missing wires. Check the tightness of all terminals to make
certain wires are secure.

3. Measure the incoming line voltage to be certain that it corresponds to
controller requirements and that it falls within the specified voltage
range. See specifications for input voltage ranges.
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Disconnecting Motion-
Causing Devices (B)

In the following test procedures, the controller will be energized. Asa
safety precaution, you must make certain that machine motion will not
occur. The preferred way to disconnect a motion-causing device such as
a moter is to disconnect the motor wires at the motor starter or the motor
itself. In this way, you can test the operation of the starter coil,
verifying that your output circuit is wired correctly and functioning.
Similarly, the preferred way to disconnect a solencid is to disengage the
valve, leaving the coil connected.

In some instances, you may not be able to disconnect a device the
preferred way. In this case, it will be necessary to open the output
circuit at some convenient point.

For circuit testing purpeses, it is best to open the circuit at a point as
close as possible to the motion-causing device. For example, your output
might be a relay coil which in turn energizes a motor starter; if it is
impractical to disconnect the motor wires, the next best thing to do is to
open the circuit at a point between the motor starter and the relay
contact.

WARNING: Machine motion during system checkout can he
hazardous to personnel. During the following checkout procedures
C, D, and E, you must disconnect all devices which, when energized,
might cause machine motion,

Testing Inputs (C)

When you are certain that machine motion can not occur with the
controller energized, you can begin testing inputs. Follow these steps:

1. Energize the controller.

2. Connect the pocket programmer and enter the Clear Memory mode
{mode 1). Press ENTER when the display prompts vou with SurE? A
clear memory is necessary for this test.

3. The controller will enter the Program mode automatically when the
memory is cleared.

Enter the test rung shown below. The Examine ON instruction
should be assigned the address corresponding to the first input you
will test. The Output instruction should be assigned an internal
address, 701, to avoid involving output circuits at this time.

Address of
* input device
being tested

!

| XXX 701
I {
T 1

Input test rung

4. Place the contrelier in the Test—-Continuous Sean mode (5). Cursor to
the Examine ON instruction in the test rung with the programmer,
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Testing Inputs (C)

{continued)

5. Manually close and open the addressed input device. Use a wooden
stick for this purpose, as recommended below.

WARNING: Never reach into a machine to actuate a switeh,
since unintentional machine motion can oceur. Use a wooden
stick or some other non-conductive device to guard against
personal injury and electrical shock.

Observe the ON LED indicator on the pocket programmer and status
LED on the processor or expansion unit. The LEDs should be ON (lit)
when the input device is closed, and OFF when the input device is
open. Say for example the first input device you wanted to test was an
Examine ON instruction at address 001 in rung 1. When input 001 is
ON, the display on the programmer would leok like this:

SIE - T F
[ O O d O
-(RTQ)}- -(RTF)- {CTU)-  -(CTD)- -(RST)-
ad O O | ad
{L)} -(u} -sqn- -(5Q0) -(ZCL}
O O g 0] O
{MCR)- PRT PROG ON FORCE

[ ] !

ADDRESS RUNG/ERR
Foo l
| ——— | N— )

\_  DATA MODE _/

Cursor to the output instruction at address 701. It should be ON
when the input device is ON.

If the ON LED and test rung respond properly, testing of the first
input is complete. Repeat this procedure for each input. To save time,
begin at step 3, by entering the Program mode. Remove the Examine
ON instruction of the test rung, and insert a new Examine ON
instruction with the appropriate address.

We recommend that you do not program multiple rungs. Thisisa
potential source of confusion and errors.

Troubleshooting: If a status indicator on the processor or expansion
unit or the ON LED on the programmer fails to go ON when it should,
check the following:

a) The input terminal power source.
b) The input circuit wiring,

¢) The input device itself.

d) The expansion unit connection.

If the source of the problem is not found to be ina), b), ¢), or d), try
connecting to ancther input terminal. If the problem still exists, the
processor unit or pocket programmer may need replacement. Contact
vour local Allen-Bradley representative.
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Testing Outputs (D)

After all inputs have been tested and are functioning properly, test the
outputs. Once again, make certain that no machine motion ean occur.
Follow these steps:

1. Energize the controller,

2. Connect the pocket programmer and enter the Clear Memory mode
{mode 1). Press ENTER when the display prompts you with SurE ?

3. The controller will enter the Program mode (mode 2) automatically.

Enter the test rung shown below. The Examine ON instruction is
assigned an internal address, 701, to avoid involving external inputs.
The Output instruction shouid be assigned the address corresponding
to the first output device you will test.

Address of

output device
being tested

701 . XXX
+ Il l) *
I : LY

QOutput test rung

4, Place the controller in the Run mode (mode 3). Display the test rung
on the pocket programmer.

5. Move the cursor to the output instruction. Force this instruction
address to the ON state, using the Force ON function. The FORCE
LED on the programmer should be lit. Also, the FORCED I/Q
indicator on the processor unit should light. If for example your first
output device to be tested were at address 011 in rung 3, the pocket
programmer display should look like this:

(MF h > T T )
-(RTO)}- -(RTF)- {CTU)- -{CTD)- -(RST)-
O O O O

AL)- (U} {sQ)-  -{sQO)- -(zc)-
g O 0 O

O
MCR}-  PRT PROG ON FORCE
£l ] 1 |
ADDRESS RUNG/ ERR
| |
| S —— Ij
\_  DATA MODE _/

Now ohserve the output terminal status indicator LED and the output
device. The LED should be ON and the output device should be
energized (unless vou had to purposely disconnect it).

6. Remove the Force ON condition, using the Force OFF function. The
test rung should go FALSE, the output status indicator should go
OFF, and the output device should be de-energized.
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Testing Outputs (D)

(continued)

If the LED status indicators, and output device functioned properly,
testing of the first output is complete. Repeat this procedure for each
output. To save time, begin at step 3, by entering the Program mode,
deleting the test rung, and re-entering it with the appropriate output
address.

We recommend that you do not program multiple rungs. Thisisa
potential source of confusion and errors.

Troubleshooting: If the output terminal LED status indicator does not
go ON and the output device does not energize, try another output
terminal and check the expansion unit connection. If the problem still
exists, the processor unit or pocket programmer may need replacement.
Contact your local Allen-Bradley representative.

If the output terminal status indicator goes ON but the output device
fails to operate, check:

a) The output terminal power source.
b} The output circuit wiring.
¢) The output device itself.

If the source of the problem is not found to be in a), b}, or ¢}, the processor
unit or pocket programmer may need replacement. Contact your local
Allen-Bradley representative.

Entering and Testing
Your Program (E)

After all inputs and outputs have been tested and are functioning
properly, you ean enter your program in the processor RAM memory.
Before entering your program, enter mode 1 and follow the prompting
message to clear the processor RAM memory. The processor will enter
the Program mode automatically when memory is cleared. Enter your
program using the keystroke sequences you have become familiar with
in previous chapters. Careful program entering will reduce the chance
of program related problems.

Program Verification - After the program has been entered, it must
be verified. Each instruction and rung must be closely checked for
errors before the controller is placed into operation. Check your written
program, rung for rung, against the program you have just entered into
the processor RAM. Use the NEXT and LAST keys to step through your
program and check addresses and other information associated with
your instructions. The most common mistakes in program entry are:

¢ Incorrect addressing of instructions.
¢ Omission of an instruction or rung.

e Mistaken entry of the same cutput instruction and address twiceina
program. This will cause the first output instruction to be ignored.

Program Checkout Using the Test-Single Scan Mode - After the
user program has been entered and verified, the Test-Single Scan mode
(mode 4) can be used to verify correct operation of the user program.
This mode allows you to step through the sequence of events that are to
be executed by your program.
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Entering and Testing
Your Program (E)

(continued)

When the controller is placed in the Test-Single Scan mode, the
processor unit will complete one scan of the user program each time the
ENTER key is pressed. Controller outputs are disabled in this mode,
however execution of the user program can be monitored with the
programmer, Timer and time driven sequencer accumulated values will
be incremented by 0.1 for each scan of the user program if rung
conditions are correct. To check out the user program using the Test-
Single Scan mode follow the steps below,

1. Place the controller in the Test-Single Scan mode using the pocket
programmer.

2. Use the cursor keys to display the output instruction er ladder rung
that you wish to monitor.

3. Simulate the input conditions necessary to execute the first step of the

user program. If it is not practical to manually activate the input
device, use the FORCE function to simulate the proper condition.

4. As you simulate the input eonditions that will make rung 1 TRUE,
the status of your input devices changes state but you will not be able
to see this change updated on the programmer until the ENTER key
is pressed. Pressthe ENTER key and monitor the programmer
display to verify correct operation of the user program.

Say for example your first rung is an Examine ON instruction and an
Output Energize instruction. You could simulate the ON condition
necessary to make the Examine ON instruction TRUE. The ON LED
for the examine instruction weuld not be lit until you press the
ENTER key. When you turn the input device OFF, the Examine ON
instruction will continue to remain TRUE (ON LED lit), until the
ENTER key is pressed again.

5. Repeat steps 2 thru 4 for each step of your program to verify that the
user program is executed correctly.

Motion Checkout (F)

Now that program execution has been verified, checkout of machine
motion ean begin. All persons involved with the programming,
installation, layout design, machine or process design and maintenance
should be involved in making deecisions for determining the best and
safest way to test the total system.

The following procedures are general in nature. Individual conditions
may warrant their modification. The basic approach is to initiate
testing with the least amount of machine motion. Only some outputs
are allowed to generate machine motion. Then additional machine
motion can be added gradually, thereby allowing any problems to be

.detected more easily under controlled conditions. The following

procedure gives steps for testing machine motion using one output ata
time.
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Motion Checkout (F)

{continued)

WARNING: During all phases of motion checkout, station a person
ready to operate an Emergeney Stop Switch if necessary. The
Emergency Stop Switch will de-energize the master control relay
and remove power from the machine. This circuit must be hard-
wired only; it must not be programmed.

Procedures are as follows:

1. Identify the first output device to be tested and reconnect its wiring.

WARNING: Contact with AC line potential may cause injury to
personnel. When reconnecting wiring, make sure that AC power
disconnect switch is opened.

2. Place the controller in the Run mode and observe the behavior of the
output device. To do this, simulate the input eonditions necessary to
energize the output in the program. If it is not practical to manually
activate an input device, use the FORCE function to simulate the
proper input condition.

Repeat steps 1 and 2, testing each output device, one at a time.

Dry Run (G)

After thoroughly checking out the controller system and program,
proceed with a dry run of the application with all output devices
enabled. This dry run will vary with the application. A machine tool
dry run would test the program with all outputs enabled but without
tooling an actual piece part. After the entire system is checked out, and
your dry run has been completed satisfactorily, we recommend that you
load your program into an EEPROM memory module for back-up
program storage. Refer to Page 17-3 for directions on loading the
EEPROM from RAM. This step completes start-up procedures. Your
SLC Programmable Controller is now ready for operation.



Chapter Maintenance and
Troubleshooting

General The SLC eontroller has been designed to simplify maintenance and
troubleshooting procedures. By observing the diagnostic indicators on
the front of the processor unit, the majority of faults can be located and
corrected. These indicators, along with error codes displayed on the
programmer and PC software sereen, help trace the source of the fault to
the user’s input/output devices, wiring, or the controller.

SLC PERSONAL COMPUTER SOFTWARE USERS: This chapter is written with the
assumption that you will be using a pocket programmer in certain troubleshooting
procedures. You can also use the SLC Personal Computer Software, exceptin
instances where we suggest using the FORCE function. The SLC Personal Computer
Software does not allow you to use the FORCE function.

Safety Safety considerations are an important element of proper trouble-
Considerations shooting procedures. Actively thinking about the safety of yourself and
others, as well as the condition of your equipment, is of primary
importance. Several safety areas are discussed below.

Power Supplies: Before working on a power supply, always remove
the AC power source at the main power disconnect switch. When using
more than one power supply, be sure to disconnect all of them.

Replacing Fuses: When replacing a fuse, be sure to remove all power
from the system.

Main Pewer Disconnect: The main power disconnect switch should be
located where operators and maintenance personnel have quick and
easy access to it. Ideally, the disconnect switch is mounted on the
outside of the enclosure, so that it can be accessed without opening the
enclosure. In addition to disconnecting electrical power, all other
sources of power (pneumatic and hydraulic) should be de-energized
before working on a machine or process controlled by an SLC controller.

Activating Devices When Troubleshooting: When troubleshooting,
never reach into the machine to actuate a device. Unexpected machine
motion could occur. Use a wooden stick. A metal rod is more likely to
damage the machine and could conduct electricity back to you.

Stand Clear of Machine: When troubleshooting any controller
problem, have all personnel remain clear of the machine. The problem
could be intermittent, and sudden unexpected machine motion could
occur. Have someone ready to operate an emergency stop switch in case
it becomes necessary to shut off power to the machine.

Program Alteration: There are several causes of alteration to the user
program, including extreme environmental conditions, Electromagnetic
Interference (EMI), improper grounding, improper wiring connections,
and unauthorized tampering. If you suspect the memory has been
altered, check the program against an approved version such as on an
EEPROM memory module.
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Safety
Considerations
(continued)

Hardware Redundancy: Circuits installed on the machine for safety
reasons, like overtravel limit switches, stop push buttons, and
interlocks, should always be hard-wired directly to the master control
relay. These devices must be wired in series so that when any one device
opens, the master control relay is de-energized thereby removing power
to the machine. Never alter these circuits to defeat their function.
Serious injury or machine damage could result.

Power Distribution: There are some points about power distribution
that you should be aware of. First, the master contrel relay must be able
to inhibit all machine motion by removing power to the machine I/O
devices when the relay is de-energized.

Second, if you are using a DC power supply, interrupt the load side
rather than the AC line power. This avoids the additional delay of

- power supply turn-on and turn-off. The DC power supply should ke

powered directly from the fused secondary of the transformer. Power to
the DC input and output circuits is connected through a set of master
control relay contacts.

Periodic Tests of Master Control Relay Cireuit: Any part can fail,
including the switches in a master control relay circuit. The failure of
one of these switches would most likely cause an open circuit which
would be a safe power-off failure. However, if one of these switches
shorts out, it no longer provides any safety protection. These switches
should be tested periodically to assure they will stop machine motion
when needed.

Preventive
Maintenance

The printed cireuit beards of the controller must be protected from dirt,
oil, moisture and other airborne eontaminants. In order to protect these
boards, the contreller must be installed in an enclosure suitable for the
environment. The interior of the enclosure should be kept clean and the
enclosure door should be kept closed whenever possible.

Regularly inspect your terminal connections for tightness. Loose
connections may cause improper functioning of the controller or damage
the components of the system.

WARNING: To ensure personal safety and to guard against
damaging equipment, inspect connections with incoming power
OFF.

The National Fire Protection Association (NFPA) gives
recommendations for electrical equipment maintenance. Refer to article
70B of the NFPA for general requirements regarding safety related
work practices.
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Spa re Parts Stock a full set of spare parts to minimize down-time. We recommend
that at least 10% (minimum of 1) of each SLC controller component be
stocked as spare parts. Recommended spare parts are listed below.

1745-tP101, -LP102,
R S _ -LP103, -LP104
" SLC 100 Basic ExpansionUnit - . -' 1745-101,-E102,
R N : -E103, -E104
 SLC100 Relay Oitput Expansion Uit 1745-£105
SLC 100 Analog Input Expansion Unit _ ‘ 1745-E106, -E107
_SLC 150 Processor Unit - 1745-LP151, -LP152,
. . o : -LP153, -LP154,
: ) ] -LP1586, -LP157
SLC 150 i‘Expa;nsiéﬁ Unik ' 1745-€151, -E152,
SR -E153,-E154,
c . SN -€£156, -E157
SLC150 ngh Speed Input Module - = - " 1745-E155
_‘ Pocket Programmer LT o ' 1745-PT1
_EEPROM Memory Module - . - ' 1745-M1
Processoi/Programmer interconnect Cable —— 1745-Ct
Expansion u'hié!riterconnectfcahke -10 pinto 10 pin 1745-C2
. Expansron Unit Interconnect Cabfe 20 pinto 10 prn - _ 1745-C3
P Plastic Parts Kit - SLC 100 B _ 1745-N3
" Plastic Parts Kit - SLC 150 _' LT S 1745-N4
' ,Termmai Blocks for | Power Supply, lnputs and Outputs ' 1745-N5 .
fams SLC 150 Processor and Expansmn Umts i
' Relay Board—SLC 100 Pfocessortnit "1745-R1
. Relay Board - SLC 100 8asic Expansion Unit ’ ' 1745-R2
* ‘Relay Board - SLC'100 Relay Output Expansion Unit 1745-R3
. Battery Assembiy SLC 100 and 159 Processor Units L 1745-81
: Power Supﬁiy Fuses—5. per‘package
~ SEC'100/150 AC Processor Unitsand AC Basac Expansron Units || 1745-F1
- SEC 10011 50 DC ngessor Unit and.DC Basic Expansron Units 1745-F2
“SLC 100 Re[ay’Output Expansrdn ‘Unit. . 1745-F3
'$LC 100 AC Analog Input Expansion’ Umt o 1745-F4
- SLC 100 nC Analoqlnput Expansion Umt . 1745-F5

Terminal Block Removal The wiring terminal blocks can be removed to allow replacement of the
- SLC 150 Processor and  processor unit without removing power supply, input, or output wiring.
Expansion H To remove a terminal block, back out the two serews located at the ends
pansio Units of the terminal bloek. Alternate between the two screws, backing out
about five turns at a time. This will help avoid binding.

To replace the terminal block, align the terminal block screws with the
holes on the chassis. Alternate between the two screws, as you did when
removing the terminal block. Press on the center of the terminal block
as you tighten the screws to help guard against an improper seat.
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Troubleshooting

Power Supply

If installation and start-up procedures detailed in Chapters 19, 20, and
21 were followed closely, your SLC controller will give you reliable
service. If a problem should occur, the first step in the troubleshooting
procedure is to identify the problem and its source. Do this by observing
your machine or process and by monitoring the diagnostic indicators on
the controller. By doing this, the source of a problem can generally be
narrowed down to the processor/expansion unit, wiring, or the
input/output devices.

If a problem should oceur within the processor/expansion unit, we
recommend that you start troubleshooting the following areas.

The power supply is located in the processor/expansion unit. Its purpose

is to convert incoming power to the logic level voltage required by the
processor/expansion unit, programmer and EEPROM module. The DC
POWER green LED indicator on the front of the processor/expansion
unit is ON when the proper logic level voltage is at the output of the
power supply. If the DC POWER indicator is not illuminated when
incoming power is available, the following should be checked to identify
the source of the problem:

1. Incoming péwer wiring and connections.

2. Power supply fuse. See Pages 22-5 and 22-6 for replacement
procedures.

3. Incoming power voltage level. See following paragraph.

Incoming Voltage Monitor: The power supply monitors the voltage at
the incoming power terminals:

Specified Voltage Allowable Range

115VAC 85-132VAC
230VAC 170-265VAC
24VDC 18-30VDC

If the incoming voltage falls outside the allowable voltage range, the PC
RUN indicator on the processor unit will extinguish and all outputs will
be disabled. Note that the DC POWER indicator might not be
extinguished because the voltage could be sufficient for the power
supply to provide the necessary logic level voltage.
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22-5

Processor Restart Switch

Power Supply Fuse
Replacement

The restart switch (MAN/AUTO) on the processor can be used in
conjunction with the incoming voltage monitor feature to aid in
troubleshooting the controller. When the incoming voltage monitor
detects abnormal line voltage, it shuts the processor down. The
processor restart switch (MAN/AUTO) setting determines what happens
when power is restored to acceptable levels. (The processor must have
been in the Run mode when the outage occurred.)

If you place the restart switch in the Manual (MAN) position, the pro-
cessor will not automatically enter the Run mode on power-up. Instead,
the processor goes through its normal diagnostic tests, but the outputs
remain disabled. To enter the Run mode, you must move the restart
switch to the Automatic (AUTO) position or use the pocket programmer.
This feature provides you with the additional safety of manually
restarting the controller when you want.

In the AUTO positien, upon power-up, the processor goes through its
normal diagnestic tests then automatically enters the Run mode. (The
processor must have been in the Run mode when power was removed.)

Under normal power-up conditions, the DC POWER indicator will
illuminate. If a power supply fuse is blown, the DC POWER indicator
will not illuminate. One of the following conditions could cause a blown
power supply fuse:

¢ Excessive line voltage.
¢ Internal power supply malfunetion.

CAUTION: Use only replacement fuses of the type and rating
specified for the unit. Improper fuse selection may resultin
equipment damage.

WARNING: Contact with AC line potential may cause injury to
personnel. Remove system power before attempting fuse
replacement.
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Power Supply Fuse  After the conditions causing the malfunction have been corrected, the

Replacement  fusecanbe replaced. It is especially important to check the wiring.
(continued) Replacement procedure:

Replacement Procedure - SLC 100 Units: See Figure 22.1.
1. Disconnect line power to processor/expansion unit.

2. Remove the EEPROM module if you are replacing the processer unit
fuse. Loosen the 2 cover screws. Move the cover aside to expose the
fuse. The ecover does not have to be removed.

3. Locate the fuse. Use a miniature fuse puller to grip the fuse and
remove it from its holder. Diseard this fuse and replace it with the
recommended replacement fuse.

4. Replace the cover and tighten the screws. Do not over tighten.
6. Restore power. The DC POWER indicator should now be lit,

‘Replacement Procedure - SLC 150 Units: See Figure 22.1.

1. Disconnect line pewer to processor/expansion unit.

2. Remove the fuse compartment cover.

3. Remove fuse holder. Push the handle to the left, then pull outward.
4

. Remove the fuse from its holder and replace it with a recommended
replacement fuse.

5. Place the fuse holder back into its compartment. Push inward until it
locks into place. You may first have to shift the position of the wires.

6. Replace the fuse compartment cover.
7. Restore power. The DC Power indicator should now illuminate.
Figure 22.1
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Processor Fault  The processor continually monitors itself for any problems that might
Detection  cause the controller to improperly execute the user program. A built-in
“watch-dog” timer circuit will time out if a processor hardware
malfunction oecurs. Errors in memory data are also detected through
buiit-in diagnostic routines.

If a processor hardware malfunction or a memory data error is detected,
the processor CPU FAULT indicator will light and outputs are disabled.
To clear a processor hardware fault, follow this procedure:

1. Toggle the processor restart switch (MAN/AUTO). If this does not
elear the fault, then:

2. Turn processor power OFF, then ON. If the fault still does not clear:

3. Connect the pocket programmer to display the error eode. Processor
error codes, fault descriptions and remedies are listed in Figure 22.2a
and 22.2b.

Figure 22.2a

hardivare problem: * - | Contactyour A- Brepresentatwefor_
ftias caused "watch- . | repair or replacement. ‘

- Progets hardware problem: i Contact your A-B representative for

) ynabieetow,nie‘m RAMw 7z - ) repair orreplacement.
‘D3 =Pm:oc,e(t.s_,orj haxdware' probleliﬁ: o | Contact your A-B representative for
. | internal communicatianerror. - . | repair or replacement.
; ‘oa Pfo&&iér%én’d&véiéﬁrd&érﬁ ‘ Contact your A-B representative for
L unabletownte i’ WAM o - repair orreplacement.
. ;. g Processor memory‘problem Sl Corract u;ei' program or delete
, “ ‘mcorrecfchecksum m,,user - ... " | programand re-enter.

[+ i?roce%s*or memory problem panty Correct user ;irogr_’api ordelete
ermr m use( ﬁrogram nﬁ co"de | ‘program and re-enter,

07 Précessopmergdrg problem presetf | Correct user program.or defete
a7 :oraccumhtated valuésiout efrange ~| program and re-enter.’
pfu‘seﬂpmg,ram"fuw T :

; ”Pmcessarmmemory problem~ 2007 | correct user program of delete

- incorrect <he<ksuﬁ1 inh0 table: - .1 program and re-enter..
" id ‘vn 9] Ed ) _—

i i ?rocessor sca tm:ge exceedsloﬂ : Reduce size of,u,se:j program.
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Processor Fault
Detection
{continued)

Error Codes Detected by the SL.C 150 Processor only: Error codes
27-1, 27-2, and 27-5 are detected by the SLC 150 proeessor only. If

any of these error conditions occur, the pocket programmer will initially
display error code 27. You must then press the CANCEL CMD key to
display the -1, -2, or -5 suffix.

Figure 22.2b

. 27-1 | High speedinput - -8 -Check the high speed input module connection.

module ‘p.,roﬁbiem,\ =} ® .Determine whether you aré using aninsufficient

* number of high speed input modules to support
- your program.

® Determine whether two high speed sequencer
1+ 7 instructions have been assigned the same address.

27-2 Zero-cross turn-. . check to'make sure that an AC powered unit is
onfailure - - - used when address 866 is used. Check the tine
. frequency. Refer to note @ befow.

.| ®. ifyouaré using an AC powered unitand the line
|- - frequency is within range listed in note @, the -
obtem is a hardware failure. Contact.your Iocai
»Q-B, re presentatwe for repalr or replacement

- 235 -ZCLprogrammmg > Determsne whether you have programmed 'more
B L R R ‘than'8niested ZCL zones.

T e i | Make certain thateach ZCL start rung hasa ZCL
.1 lend rurig,

@ Error Code 27-2: The processor measures the input power frequency
each time you power-up. If the frequency falls outside the ranges of
57-63 Hz or 47-53 Hz, a processor fault may occur. The pocket
programmer will display error 27. When this happens, press the cancel
key; if the number 2 appears, the error is a zero-cross fault. (If you are
using the SLC Personal Computer Software, a message indicating a
Zero-Cross fault appears on the screen.)

Correct the fault as follows:
1. Remove input power to the processor.

2. Correct the input power problem so that the input frequency remains
within a valid range.

3. Apply input power to the processor.

Note: When you perform the corrective action above, retentive outputs
(timers, counters ete.) will remain in their last state when the Run mode
is re-entered. If you want the retentive outputs to be reset to their Off
states on power-up, you must clear the error message before performing
the corrective steps above. Do this by pressing the eancel key until the
message “Run 3” is displayed. (If you are using the SLC Personal
Computer Software, press any key until the main menu is displayed.)
Then correct the fault as indicated above.
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Processor Fault

Detection
(continued)

For your convenience, a processor diagnostic guide is shown in
Figure 22.3.

Fi

ure 22.3

.. ON

None; n mai status md:r.atron in Run
mode.

None; normal status md:catron when not

OoN ] corE
inRun mode L
ON ] T oRE Processor restart switchin MAN position.
Y o 1 e, ; _
- f trolleris ’
. inRun -
L) medel) ceb o]
off " | .oer - |. off | ofF - ]1. iIncoming power absent.
: T RV N 2. Incoming powefwmng /eonnection
1 problem:
3. Blown-power supply fuse. (To replace
| fuse, see Pages 22-5,22-6.)
4. Power supply malfunction.
“OFF * | ON’ | OFF 1. Processorhardware fault (error codes
ﬂfcon- A : - -+ t-4).See Figure 22.2a.
trolieris | . . . ] 2. Processor-memory fault (ermrcodess-
ifRun’ |- b 9) SeeFigure 22.23. |
mode.) : )|3: Expansion unit problem (error code 26).
} | SéePage 22-16..
14 Incoming power below minimum
. voltage level (seeChaptef 18,
: - Spécifications). .

Battery needs to be replaced.
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The SL.C 100 processor unit is supplied with battery backup as
standard. The SLC 150 processor unit is supplied with capacitor back-
up as standard, but can be equipped with battery backup as an option.
Figure 22.4 shows the location of the battery compartment in the SLC

100 and SLC 150 processors.

RAM Memory
Battery Backup

Figure 22.4

e
AR

- . Battery compartmient,
SLC 100 DTOCES_SQf'uﬂit.- .

Battery assembly,
Cat. NO."1745-B1. -

. . Battery compartment, SLC 150 processor unit.

Battery Handling Precautions
Lithium batteries should be handled and disposed of carefully. Follow the procedures below to
ensure proper battery and controller operation, and to reduce hazards to personnel:
® Only use the battery for its intended application. L
Do not attempt to charge the battery. Anexplosion could result, or the cell could overheat

and cause burns to personnel. )
Do not open, puncture, crush or otherwise mutilate the battery. The possibility of an
explosion exists and/or toxic, corrosive and fiammable chemicals would be exposed.

Do not incinerate or expose the battery to hi'gh temperatures. Do not solder the battery or its

{eads. An explosion could occur. ) _
Do not short together the positive and negative leads since the battery could overheat.

Dispose of used batteries immediately. Do not store used batteries longer than 3 months.
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RAM Memory
Battery Backup
(continued)

Battery Replacement - SLC 100: A lithium battery is housed in a
small compartment on the front of the processor unit. This battery
provides backup power to the processor RAM when external power is
removed. The battery provides backup power for a typical life span of 2-
3 years. Actual battery life span may vary depending on controller
environmental conditions.

The processor BATTERY LOW indicator will be lit when the battery
voltage falls below a threshold voltage. Replace the battery at this time.
You can replace the battery without disconnecting power or disturbing
normal operation of the machinery. Procedure:

1. Remove small compartment door on front of processor.

2. Remove battery from compartment. Unplug lead wires from
processor.

* 3. Connect new battery making sure that the slot on the

battery lead is correctly aligned with the key of the processor
unit’s socket. Insert battery into compartment.

4. Replace compartment door.

Battery Installation or Replacement - SLC 150: You can install or
replace the battery, Catalog Neo. 1745-B1, without diseennecting power
or disturbing normal operation of your machinery. Procedure:

1. Remove battery compartment door from the front of the processor
unit.

2. If you are installing a battery in a new processor unit (battery never
installed before), unplug the battery connector and lead wires (red
and white) by inserting your finger into the compartment and pulling
up on the lead wires. If this cannot be done with a finger, you may
wish to use a needle nose pliers to pull eut the lead wires.

2a. If you are replacing an old battery, remove the battery assembly
stored in the compartment. To do this, first pull up on the lead wires
and remove them from the compartment. The battery is held in
place by a small retainer clip on the right of the battery. Apply
pressure on the left of the battery with a small screwdriver or other
small tool to push the battery against the clip while pulling the lead
wires up at the same time. This will allow the battery to be pulled
straight out of the compartment. Unplug female from male end of
connector to disconnect old battery.

3. Connect a new battery making sure that the slot on the battery
assembly connector aligns with the key of the processor unit socket.

4. Insert battery into compartment minus side first (white lead wire).
Push the retainer clip to the side with the battery while inserting so
that the battery will fall to the bottom of the compartment and stay in
place with the elip.

5. Place battery connector and lead wires in compartment.

6. Replace compartment door.
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/0 Hardware

When troublesheoting, pay careful attention to these general warnings:

WARNING: Have all personnel remain clear of the controller
equipment when power is applied. The problem may be
intermittent and sudden unexpected machine motion could occur
and result in injury. Have someone ready to operate an emergency
stop switch in case it becomes necessary to shut off power to the
controller equipment. Alsosee NFPA 70E Part II for additional
guidelines for safety related work practices.

WARNING: Never reach into a machine to actuate a switch since
unexpected machine motion can occur and cause injury. Usea
wooden stick. A metal rod could damage the machine and/or
conduct eurrent to the person holding it.

WARNING: Remove all electrical power at the main power dis-
connect switches before checking electrical connections or inputs/
outputs causing machine motion.

If the controller is operating in the Run mode but output devices do not
operate as programmed, most likely the problem is one of the following:

¢ [/O devices.
¢ Wiring between [/O devices and user power.
¢ User power.

Identifying one of the above as a problem can usually be narrowed down
by comparing the actual status of the suspect I/0 with controller status

indicators. This comparison technique is similar to procedures given in
Start-Up, Chapter 21.

Each I/0O device has two status indicators. One of these indicators is
located on the front of the processor/expansion unit and the other is the
“ON” LED on the programmer. These two status LEDs indicate the
logical (TRUE/FALSE) nature of programmed instructions
corresponding to connected I/0 devices.

Testing Outputs: If an output device does not energize as expected,
observe the appropriate status indicator on the processor/expansion unit
to see if it is lit.

If the status indicator is lit but the output deviee does not energize,
check wiring connections between the wiring terminals and output
device. If wiring connections appear correct, use a test light or voltmeter
to cheek for power at the output wiring terminals. [f there is power at
the wiring terminals, check your output device.

If there is no power at the wiring terminals, the processor/expansion
unit output relay may be faulty. Reconnect the output device to a spare
output terminal. If none is available, replace the output relay board.

If the status indicator is not lit, the logical status of the corresponding
programmed instruction is FALSE. Connect the pocket programmer
and monitor each instruction in the programmed rung and observe the
“ON” LED status indicator on the programmer. A eontinuous path of
TRUE condition instructions must exist in order for the status indicator
to be lit and the output device energized. If a continuous path of TRUE
condition instructions does not exist, your problem might involve input
devices.
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If you want to make sure that your output can be energized before you
start checking your input devices, you can use the Force function to
energize the output. Refer to Page 16-1 for information on using the
Force function. If the Force funetion energizes your output, your
processor/expansion unit is functioning properly. Move on and test the
input deviee that energizes the problem output.

A guide for troubleshooting output devices is shown in Figure 22.5.

Figure 22.5

< Energized On .00 D TRUE © - ' - None. Correctstatus
GAONY oL B indication. o
' ‘Delenergized | © OFF * FALSE | None. Correctstatus
.. . {OFF), EEIE R I | -1 indication.”
1, Wiring to output device
AR R o : at fault. .
. De-energized | - ON - |.. . TRUE 2. Output device fautt.
{OFF}. . M & ; L
. : ] = .| 3. Processorfexpansion unit
SRR TRIEIR EEUTIER L output refay fault.
S R S . .| _Rung conditions are : :
De-energized . OFF - TRUE but cutput Programming error. Two
{oFF) - .. © . instfuctionis FALSE. | outputs at the same address.
- : . Rung conditions are:
Energized "ON- - FALSE butoutput Programming error. Two
{ON} o1 instraction is TRUE, - outputs at the same address.

Testing Inputs: If input hardware is suspected as being the source of a
problem, follow the procedures given below to isolate the problem:

1. Using the programmer, place the controller in the TEST - Continuous
Scan mode {mode 5).

2. The input status indicator located on the processor/expansion unit,
illuminates when the input circuit is receiving power; that is, when
the input device is ON. You should compare the actual ON/OFF
status of the suspect input device with its corresponding input status
indieator. To do this, manually turn the input device ON and OFF
and cbserve the status indicator.

Procedure continues on next page,
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- “Closed (ON)
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Step 2, Testing Inputs, (continued):

WARNING: Do not reach into a machine to actuate a switch by
hand. Unexpected machine motion could cause injury. Stand clear
of the machine and use a wooden stick to operate the switch.

If the input status indicator does notilluminate when the input device
is ON, check the following:

# User power to the input device.

® Wiring between input device and user power,

® The input device.

CAUTION: Remove system power before checking electrical
connections or input devices.

If the input status indicator illuminates, go to step 3.

3. Using the programmer, place the controller in the Run or Test mode
(mode 3, 4 or 5). Compare the programmer’s ON status indicator with
the actual ON/OFF status of the suspect input device.

If the programmer does not show the correct status indication for the
suspect condition instruction, the input cireuitry may not be
supplying the required logic level voltage. In this case, reconnect the
input device to a spare input circuit. If this does not solve the
problem, contact your A-B representative for repair or replacement of
the processor or expansion unit.

A guide for troubleshooting input devices is shown in Figure 22.6.

Figure 22.6

© Nore. Copractstatusindication.

— ‘Open(0FF) |- - OFF |-

- | None. Correct status indication. | -

7 .

" Closed(oN) | . on . | . asE- O: .k 1

B

N BN circpitry,fgult’. e _
| ;2. Prgcessor/programmer - 1
" - . commiunication faglt. . © -

" " 1. Processorexpansion unitinput -

ot ,Cibéed(OI_\l}:":_ OFF

'} 1. Wiring/power to processorfexpansian
-7 unifinput dreuitry fault. - s
2 Pracessor/expansion unit input- T
fa ‘cirguitfyffadi{t’.f i s .

Cralse L3 ] TRUE

w_ Open (OFF)’ OFF

ER Programming evvor.
-2, Processor/programmer - ‘
- communicationfautt: . 0]

o @b

——0\\0— Open (OFF) ON

T woe @ |

B _sﬁd}fgifidit ininput déitiqé of wiring_.i T
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Pocket Programmer

Diagnostic Test -
Programmer, Mode 9

Communication
Problems (Error
Codes 10 thru 25)

The programmer can be used to program, edit, monitor and troubleshgcot
the controller.

[fno display appears when the programmer is initially energized, check
the following:

¢ DC POWER indicator on the processor unit: If the LED is OFF, power
is not available for the programmer.

® Interconnect cable: Check connections at programmer and processor
unit for proper fit.

If everything appears to be correct, replace the interconnect cable. If
this dees not solve the probiem, contact your A-B representative for
repair or replacement of the pocket programmer.

~ Error Code 55: If a programmer hardware malfunction is detected,

error code 55 will be displayed by the programmer, 1f this happens,
contact your A-B representative for repair or replacement of the
programmer.

When mode 9 is selected, the programmer automatically runs through a
series of diagnostic tests including:

1. Firmware revision number (displayed once at start of test).
2. LED indicators: Each LED is individually illuminated.

3. Digital display: Each segment of the digital display is individually
illuminated.

4. LED indicators and digital display combined: All indicators and LED
display segments illuminate.

In addition, the keyboard can be tested to verify that it is working
correctly. When a key is pressed, a unique numeric value is displayed on
the programmer.

You exit the diagnostic mode by pressing CANCEL CMD or by toggling
the ON/OFF switch on the programmer.

Error codes 10 through 25 will be displayed if communication problems
are detected between the programmer and the processor unit. Follow
the procedures given below to locate the problem:

1. Check the interconnect cable to insure it is securely connected at both
the processor and programmer.

2. Recyele power to the programmer.
3. Recycle power to the processer unit.

If the error code still appears, contact your A-B representative for repair
or replacement of the processor/expansion unit and/or pocket
programmer.
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Expansion Unit Problem
(Error Code 26)

EEPROM Module

Problem (Error
Codes 51 and 52)
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In the Run and Test modes, the processor unit will continually monitor
the expansion units that are connected. If a problem is detected with

any of the expansion units, the processor unit will shut down, all outputs
will be turned OFF, and the CPU FAULT LED indicator will illuminate.
Error code 26 will be displayed by the pocket prograrmmer. If the above
eonditions exist, your controller should be checked for the following fault
conditions.

1. Check program addressing and the number of expansion units
connected. If you have addressed an expansion unit that is not
connected, this error condition will occur.

2. Check the expansion unit interconnect cable for damage. Make sure
that all expansion units are properly connected.

3. Check expansion unit power connections and hardware. Make sure

that the DC power LED is lit on each expansion unit connected.

Ifitems 1, 2, and 3 above appear to be O.K_, and the CPU Fault still
exists, the expansion unit may need to be replaced. Contact your local
Allen-Bradley representative for repair or replacement.

If error code 51 is displayed by the programmer when programming the
EEPROM module, 2 malfunetion has occurred in either the processor
unit or the EEPROM meodule. If this happens, try a different EEPROM
module. If the problem persists after replacing the EEPROM meodule,
contact your A-B representative for repair or replacement of the
processor unit.

Error code 52 appears when the program in the processor unit’'s RAM
does not match the program stored in the EEPROM module. The error
code is a cautionary reminder that changes have been made to the
program and the RAM and EEPROM no longer match. Youcan correct
this error in two ways:

1. Select mode 8, Store Program in EEPROM, and transfer the new
program into the EEPROM. The previous contents on the EEPROM
module will be deleted.

2. Press ENTER a second time to override the error code.

Note: Error code 52 will not appear if on-line data changes are made
while the EEPROM module is installed.
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Unit‘ How to Use
This Manual

A Compani on to the  The Self-Teach Manual is designed for use with the SLC Programmable
User’s Manual Controller User’s Manual, Publication 1745-800.

This manual consists of Question/Exercise Units corresponding to
Chapters 2 thru 17 of the User’s Manual. Question/Exercise Units
include questions, a summary of key terms and concepts, and in some
cases additional programming details, examples, and exereises.

A 1-2-3 Procedure  We suggest you use the following procedure. You will need a simple
controller set-up or a factory demonstrator to practice programming.

" 1. Read Chapter 2 of the User’s Manual fwice, then refer to Question-
Exercise Unit 2 of this manual.

2. Read the “Key Terms and Concepts” in the Question-Exercise unit.
Make sure you understand them. Review the referenced User’s
Manual pages if necessary.

3. Answer the questions, then check your answers with those in Unit
18. If you have answered any questions incorrectly, go back and
review the text material associated with these questions.

Repeat steps 1, 2, and 3 for succeeding chapters (read the chapters in
numerical sequence).

Set your own pace.



Q-E Unit Equipment
Overview

K ey Terms and  You should become thoroughly familiar with the following terms and
Co ncepts concepts. Re-read the referenced pages if necessary.

SLC 150 Processor Unit 2-2 Expansion Unit 2-4, 2-8, 2-9, 2-10
Pocket Programmer 2-11 EEPROM Memory Module 2-11
High Speed Input Module 2-5  PC Software Interface Converter 2-12

SLC 100 Processor Unit 2-6 Timer Counter Access Terminal 2-12

Question Gr. OUP 2A - 1. The pocket programmer must remain connected to an SLC processor
Answers in Unit 18 unit in order to run your program. True or false?

2. The EEPROM memory module must be inserted in order to operate
an SLC controller. True or false?

3. AnSLC processor unit user program is retained when processor
power is removed. True or false?

4. Which of the following statements are true?

a. The pocket programmer plugs directly into the processor unit,.

b. The pocket programmer can communicate directly with the
processor unit with no cable connections at distances up to 6 feet,.

¢. The pocket programmer must be wired to the processor unit by
means of a 3-wire power cord.

d. The 6 ft. interconnect cable that is connrected to the pocket
programmer plugs in to the processor unit when needed.

5. The EEPROM memory module is used te:
a. Store the contents of the processor RAM.
b. Load the contents of EEPROM memory to the processor RAM.
¢. Provide back-up storage for your program.
d. All of the above.
e. Noneofthe above.

The SLC 150 uses its back panel as a heat sink. True or false?

The incoming power terminals on SLC processor units have self-
lifting pressure plates for easy wire insertion and secure
connections. True or false?

8. There are 10 input circuits on the SLC 100, and 20 inputs on the SLC
150 processor unit. True or false?

9. There are 6 output circuits on the SLC 150 processor unit. True or
false?

10. SLC 100 and SLC 150 processer and expansion units can be mixed
and matched to suit your application. True or false?

11. Each I/O circuit on the processor and expansion unit is associated
. with an external I/O address. True or false?
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(continued)
Answersin Unit 18

12,

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

A snap-on cover protects the EEPROM port when the EEPROM
module is not in use. True or false?

There are 21 LED diagnostic indicators on the processor unit that
aid in monitoring and troubleshooting the SLC 100 Programmable
Controller. True or false?

I/0 terminal circuitry interfaces the logic level voltage of the
processor with the voltage levels of external input and output
devices. True or false?

Input terminal ¢ircuitry senses whether external input devices are
ON or OFF and relays this information to the processor unit. True
or false?

Output terminal circuitry controls the ON/OFF status of external
output devices, based on commands received from the processor unit.
True or false?

SLC 100 processor units have 10 LED status indicators that
correspond to the 10 input circuits. An LED is lit when the
corresponding input circuit is energized. True or false?

SLC 150 processor units have 6 LED status indicators that
correspond to the 6 output circuits. An LED is lit when the
corresponding output instruction is TRUE. True or false?

SLC 100 basic expansion units have 10 LED status indicators that
correspond to the 10 input circuits and cannot be used with the SLC
150 controllers. True or false?

SLC 100 basic expansion units have 6 LED status indicators that
correspond to the 6 output circuits. An LED is lit when the
corresponding output instruction is TRUE. True or false?

SLC /O wiring terminals have self-1ifting pressure plates for easy
wire insertion and secure connections. True or false?

SLC 100 input terminal covers are color-coded for easy
identification. True or false?

The pocket programmer is your means of communicating with the
processor unit. True or false?

The EEPROM memory module is an optional device that can be used
to store the contents of the processor RAM. True or false?

You can load the contents of the EEPROM memory module to the
processor RAM memeory. True or false?

The EEPROM module has a write-on area for use in identifying its
centents. True or false? N

The EEPROM memory module requires a special mounting plate
that will hold up to four memory modules and a reserve battery.
True or false?

The relay output expansion unit has no inputs. True or false?

There are 12 hard contact output eireuits in the relay output
expansion unit. True or false?
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Question Group 2A

{continued)
Answers in Unit 18

30.

31.

32.

33.

34.

35.

SLC personal computer software can also be used for programming
SLC processor units. True or false?

Expansion units are available with AC, DC, triac and transistor
outputs. True or false?

High speed input modules can be used only with the SLC 150
processor. True or false?

Relay expansion units have wiring terminals for 12 output circuits
and can be used with either the SL.C 100 or SLC 150. True or false?

The TCAT is used to access programmed timer data only. True or
false?

The analog input expansion unit allows connection of up to 8 analog
input signals. True or false?



Q-E Unit

Key Terms and
Concepts

Programming
Basics

You should become thoroughly familiar with the following terms and
concepts. Re-read the referenced pages if necessary.

Relay Ladder Rung 3-1 Output Instructions 3-6
PC Ladder Rung 3-1 Instruction Set 3-6
Processor Memory 3-2 Examine ON 3-7
User Program 3-2 Examine OFF 3-7
Instructions 3-1 Electrical Continuity 3-7
Word 3-1 Logical Continuity 3-7

. Data Table 3-2 Output Energize 3-7
Addresses 3-2 TRUE 3-7
Status Bits 3-2 FALSE 3-7

ON (logic 1), OFF (logic 0) States 3-2 External /O Devices 3-8
TRUE/FALSE Status {Instructions) 3-2 Operating Cycle 3-9
External I/Q Addresses 3-4 /Q Scan 3-9

internal Addresses 3-3 Program Scan 3-9
Condition Instructions 3-6

SYMBOLOGY

) )
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Matching Exercise
Answers in Unit 18

Each of the following terms can replace one of the callout letters in the
figures below. Fill in the correct letter for each term.

1.

A

Processor Memory
Address

User Program

Instruction
Data Table

6.

7
8.
9

Relay Ladder Rung
Status Bit

Word

PC Ladder Rung
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Question Group 3A

Answers in Unit 18

1.

10.

11.

12,

13.

14.

15.

Instructions are either:
a) TRUE or FALSE. b)) ON or OFF.

Status bits are either:
a2) TRUE or FALSE. 1) ON or OFF.

Status bits tell us exactly where an instruction is located in the user
program. True or false?

All SLC 150 programs are compatible with the SLC 100. True or
false?

The address number of an instruction tells us:

a) Whether the instruction is internal or external.

b) Whether the instruetion represents an input or an output device.
¢) aandb

An address number of 016 indicates that the address is associated
with an internal instruction. True or false?

How many external addresses are available for programming?
a)32 Db)112 ¢} 885

The memory storage unit for instructions is called:

a)the BYTE. b)theword. c¢)the bit.

The data table portion of memory stores the list of instructions you
enter. True or false?

The instruction address links the instruction to a particular status
bit in the data table portion of the memory. True or false?

Relay-type instruetions are used internally and externally. True or
false?

Address 868 has a function called instruction.

When developing an SLC program, you may use as many address
blocks as you like, so long as you do not exceed 112 addresses. True
or false?

When using the HSI, the operating eycle is interrupted to allow
processeor to count high speed input signals. True or false?

Triac zero cross turn on can be programmed in the SLC 150 by using
address 864 in the user program. True or False?
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Question Group 3B

Answers in Unit 18

1.

10.

11.

12,

13.

Instructions are classified into two groups, input instructions and
output instruetions. True or false?

The branching instructions are classified in the output instruction
group. True or false?

Examine ON and Examine OFF instructions are classified as
instructions. Choose one of the following.

a. input. b. output. c. condition. d. unconditional.

The Examine ON instruction means “examine the status bit for an
ON condition”. True or false?

With the Output Energize instruction, the status bit of the
addressed OQutput Energize instruction is set ON when the
conditional instructions in that rung are TRUE. If there are no
conditional instructions, the status bit is always ON. True or false?

Logical centinuity exists in a rung if:

a, The Examine ON instructions in the rung are TRUE.

b. The Examine OFF instructions in the rungare FALSE.

¢. A continuous path of TRUE conditienal instructions exists,
d. Only one conditional instruction in the rung is FALSE.

If an Examine ON instruction is used to represent a limit switch
contact, a closed condition for the limit switch makes this
instruction logically TRUE. True or false?

The controller operating cycle is divided into two parts, the 1/0 scan
and the program scan. True or false?

If an external input device changes state during the program secan,

which of the following is true?

a. The change of state will be recognized immediately during that
program scan.

b. The change of state will be recognized during the next I/O scan.

¢. The user program scan will be reset to ¢.

d. The program scan will start over again.

For a typical 500 word program, the SLC 100 repeats its processor
operating cycle 67 times each second. How many times does the SL.C
150 controller repeat its eyele in one second:

a. 200 b. 300 c. 400 d. 500 e. None of these.

If you are using a high speed input module, the SLC 150 operating
cycle is interrupted to allow the processor unit to count high speed
input signals and immediately set processor unit outputs. True or
false?

The SLC 150 [/O scan is 300 microseconds plus 250 for each

expansion unit address block used. How long is the I/0 scan for the

SLC 1007

a. 1.5 msec plus .27 ms for each expansion unit.

b. 1.5sec plus .27 secfor each expansion unit.

¢. 6090 microseconds plus 500 microseconds for each expansion
unit. '

d. none of these.

The typical SLC 100 operating cycle is 15 msec, whereas the typical
SLC 150 operating cycle is only 2.5 msec. True or false?

e
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Question Gro up 3C  Inthe figure of the SLC 100 processor unit I/0 terminals below, a limit
Answers in Unit 18  switch is wired to an input terminal and a starter coil is wired to an
output terminal. Programmed instructions associated with these
devices are shown in the ladder rung. Answer the following questions.

External mput devn:es are,
« wired to processgrunit - - .
%erm:nalﬂ to 10, corres-
pondmgto instruction,
addresses(}m to 018

1 - ,./ Output contacts (mlernar)
A Openviclosed status s -
gontrol[e;i by processor,‘

fExternal outp“ut demces are wured
0 processw uflit terminals 1110 - . |
16, cofresponding’ t’mns%mfimh ¥
édresses 01;1 x‘go 015

- e
ST me I
Assoénated 4 Assoclated

wath ist wnh M

1. What is the 3-digit address number of the instruction associated
with N.O. limit switch L51?

2. Which of the two classifications does this instruction belong to?
What is the name of the instruction?

4. Assume that the controller is energized and operating (Run mode),
and the limit switch is in the closed position. Will this instruction be
TRUE or FALSE?

5. Will the corresponding status bit be ON or OFF?

6. What is the 3-digit address number of the instruction associated
with coil M?

7. Which of the two classifications does this instruction belong to?
8. What is the name of the instruction?
9. What rung conditions are necessary to make this instruction TRUE?

10. When this instruction is TRUE, will the associated status bit be ON
or OFF?

11. The instruction at address 733 is associated with an external I/O
device True or false?

12. What is the name of the instruction?
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{continued)
Answersin Unit 18

13.

14

15.

16.

When this instruction is TRUE, will the corresponding status bit be
ON or OFF?

When the rung is TRUE, the status bits associated with each of the
instruetions will be ON. True or false?

Ifa N.C. limit switch were substituted for LS1, the instruction
representing it would have to be changed to an Examine OFF
instruction in order to energize coil M for the closed position of the
switch. True or false?

Suppose you had one expansion unit connected to your processor
unit. If the limit switch and coil were connected to corresponding
terminals on the expansion unit, what addresses would you assign to
these instructions?

Question Group 3D

Answers in Unit 18

In the figure below, a simple programmed rung is shown. Answer the
following questions.

In what part of the operating cycle does the status bit of instruction
001 change from OFF to ON or vice versa?

In what part of the operating cycle does the status bit of instruction
011 change from OFF to ON or vice versa?

The output contact will go ON or OFF during the program scan.
True or false?

The time period beginning when the input terminal representing
instruction 001 goes ON and ending when the output terminal
associated with instruction 011 goes ON is

a) Fixed, at approximately 25 milliseconds.
b) Variable, but never longer than one operating cycle.
¢) Variable, depending on the location of this rung in the program.

d) Variable, depending on what point in the operating cycle the
processor happens to be at when the input terminal goes ON.

e) Variable, depending on program length (how many instructions
in the program) and content (the various types of instructions in
the program).

Which of the above statements are true?
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Question Group 3E  Assign address and determine the number of address blocks required for
Answersin Unit 18  the SLC system below.
S "_SLC,“.I"if)__f'z o ‘o : SLC ipd Basm R Re"lﬁ-’)‘y' ' . Analog
~ | Processor. |1 - Expansion' |=————+1: ‘Output’ | ~ Input
A o ey T runit oo o0 77 FExpansion h - | Expansion
- AddressBlocks , -
o used
' AddressBlocks |
[ Total’
" Used -
o ".lnp'ut.Agtdr_es‘f,_é- = - - -
S Out'putﬁ Jl{dfq%é;;séé - = — —

e



Key Terms and

Q-E Unit | 4

Using the Pocket
Programmer

Concepts
Pocket Programmer 4-1
Keyboard 4-1
LED Indicators 4-2
Address/Data Area 4-2
Display 4-2
Rung/Error/Mode Area 4-2
Modes of Operation 4-3

You should become thoroughly familiar with the following terms and
concepts. Re-read the referenced pages if necessary.

Access Code (Password) 4-7
Mode Selection 4-7

Display Symbols 4-9

Error Codes 4-10, 4-11
Internal Processor Errors 4-10

Programming Errors 4-10, 4-11

SYMBOLOGY
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£ Q-E Unit Using the Pocket Programmer

Question Group 4A
Answers in Unit 18

1.

10.

s

12,

13.

14.

15.

16.

The pocket programmer is only used to enter your program. True or
false?

The pocket programmer has 30 keys, many with upper case
funetions. True or false?

The pocket programmer has an ON/OFF switch located just below
the display. True or false?

The pocket programmer display consists of two separate areas. The
upper display consists of 20 square LEDs. An LED will be lit when
you press the corresponding key on the kevhoard. The lower display
ares consists of seven-segment LE Ds which display various data and
meszages. True or false?

To select an upper case function on the keyboard, which key must be
pressed first?
a RUNG. b SEARCH ¢ SHIFT, d. MODE., e NEXT.

The pocket programmer can be pa ssword-protected to prevent
unauthorized access to the user program. True or false?

What mode of operation must you enter to change or entera
password?

a Mode2 b Moded. c.Mode8. d ModeB. e ModelD.

Error codes must be converted to binary code before they canbe
interpreted. True or false?

When any error code from 01 thru 08 appears on the display:

An internal processor error has cccurred.
The processor CPU FAULT LED will light.
All outputs will be disabled.

All of the above.

None of the above,

s o

The processor unit will function in only two modes, Programming
and Run. True or false?

There is a table fixed to the back of the pocket programmer with
information on error codes, modes of operation and instruction
addressing. True or false?

If you enter mode 9 on the pocket programmer the display will read
ERROR 40. True or false?

If you enter mode 9, the pocket programmer will perform a
diagnostic test on itzelf. True or false?

In order to clear the processor RAM memory you must enter mode 1,
True or false?

Error codes 60 - 66 are user errors that indicate;

a. Invalid procedure (s
b. Incorrectdata

c. Incomplete data

d.  All of the above

Frror Code 27 is detected only by an SLC 150 Processor. True or
false?
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4-3

Question Group 4A

(continued)
Answers in Unit 18

17. The keyboard is used to enter your program information, and the

display shows you this information and data as you enter it.
True or falze?

Examine the
Programmer

Examine the pocket programmer keyboard and press one of the
keys. Asyou press down on the key you can feel the key give under
the pressure of your finger. As you let up on the key, it will return to
its original position. This tactile feedback feature helps make it
easy to program the SLC Programmable Contreller. You can feel
the key and know that the information is entered.

Turn the pocket programmer over so that you can see the table that
is fixed to the back side. This table can be very useful whenever you
are using the pocket programmer. Mode numbers and descriptions,
acceptable addresses for programming various instructions, and
error code descriptions are featured on this table. Refer to this table
when you need information on any of these items.

Mbove the information table at the top of the programmer is the
interconnect cable. The eable should remain connected to the
programmer at all times. When you no longer need the programmer
to communicate with the processor, disconnect the cable at the
processor unit and leave the cable connected to the programmer.

Question Group 4B

Answers in Unit 18

=1

SLC Programmable Controllers operate from a 5 VDO power source
and should not be connected to 120 VAC power, True or false?

The pocket programmer operates from a lithium power battery and
can communicate with the processor unit with no cable connection at
adiztance of upto 6 ft. True or falze?

When power is applied to the processor unit, the DC POWER LED
should light. True or false?

When power is first applied to the pocket programmer, it will
automatically go thru a series of diagnostic cheeks, True or false?

The interconnect cable iz eguipped with spring latehes that secure
the cable to the programmer and processor unit. True or false?
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(continued)
Answers in Unit 18

6,

1.

11.

12,

13.

14

15.

16.

17.

18,

19.

When conneeting a three-wire power cable to an SLC processor,
connect the black wire to the terminal marked CHASSIS GND.
True or false?

The interconnect cable should remain attached to the programmer
atall times. When not needed, disconnect the programmer at the
processor unit and leave the cable connected to the programmer.
True or falze?

To avoid accidental memary loss, the pocket programmer will ask
you to verify that you want to clear memory when you enter mode 1.
What prompting message does the display show you when you enter
mode 17

When the processor memory has been cleared on the SLC 100, there
are 885 words of memaory available for programming. True or false?

A typieal rung has one or more condition instructions and end with a
single output instruction. True or false?

If you enter the wrong address for an instruction, you can change it
by pressing the CANCEL CMD key until the incorrect information
isdeleted. The correct address can then be entered. True or false?

[t is possible to have two output instructions in the same rung, True
ot false?

The gutput instruction completes the ladder rung. After entering
the output instruction and its address, pressing the ENTER key will
enter the rung in memory. True or false?

Ladder rungs are numbered as they are entered in memory, While
you are entering the rung, the display tells you what rung number
you are entering. True or false?

The upper case functions are all color-coded blue for easy
identification. True or false?

When you press an instruction key, the corresponding instruction
LED will be lit in the upper part of the display. In the lower display
area, three underlines { _ _ _) appear under the address line, which
are actually prompting you for an address for the instruction you
have just entered. True or false?

The instruetion address is entered with the numeric keys that are
located in the 2 top rows on the keyboard. True or falge?

If you wanted to assign address 001 to an instruction, vou need not
enter the leading zeros of the address. Pressing numeric key 1 is all
you must do to enter this address. True or false?

The SLC 150 can be programmed with the same pocket programmer
used to program the SLC 100. True or false?
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Question Group 4C

Answersin Unit 18

Program the rungs below and answer the questions that follow. Refer to
the keystroke sequence in Figure 4.7 of the User’s Manual if you need
help entering this sample program. Make sure that you have cleared
the processor memory before you begin to program these rungs.

E.

D01 ODE 003 004 005 T
rung 1 —

001 00z 003 004 005 o2
Rung2 ()

o0& 007 909

nung 3 FRA-R— - T—O—

After you have entered this program into an SLC 150 processor unit,
there are words of memory available.

a 1182 b. 1200 c. 387 d. None of these,

It is possible to examine an input address more than once in your
program, True or false?

It is possible to examine an gutput address for an ON or OFF
eondition. True or false?

Enter the Bun mode and cursor to the Examine ON instruction at
address 003 in rung 1 using the NEXT and LAST keys. Is the ON
LED in the display 1it?

Cursor right to the Examine OFF instruction at address 004 with
the NEXT key. Is the ON LED in the display lit?

If you have no external ['O devices connected, you cannot turn any
inputs ON or OFF. Without using the Force function, all Examine
ON instructions should be FALSE and Examine OFF instructions
should be TRUE, True or false?

Using the NEXT key, cursor thru this program until the display
reads

1182 End

Press the LAST key once and observe the display. Which square
LEDsz on the display ara [it?

Press the LAST key three times. Which square LEDs on the display
are lit?

Why is the ON LED lit?
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Question Group 40 Matching exercise - Match the SLC 150 error codes with their
Answers in Unit 18 appropriate description.

Error Code

aT-2
27-5
27-1

ZCL programming error
Zero cross turn on failure

HS5I module problem



Q-E Unit Relay-Type

Instructions

Key Terms a nd  Youshould become thoroughly familiar with the following terms and
Concepts concepts. Re-read the referenced pages if neceszary.

Hard-Wired Circuit 5-2 Branch Instructions 5-4

Examine ON 5-2 Nested Branch 5-5

Examine OFF 5-2 Output Latch 5-b

Output Energize 5-2 Output Unlatch 5-6
SYMBOLOGY

) ) 1) 2] &

Question Group 54 1. Inarelay ladder rung, output devices are represented by relay coils
Answers in Unit 18 or pilot lights. In a PC ladder rung, these output devices are
represented by which instruction?
a. Examine ON,
b. Examine OFF,
& Output Energize,
d. Branech Close.

2. Relay-type instructions are used for external I/0 points only. True
or false?

3., An Examine ON instruction examines a status bit for an ON
conditipn. The instruction is TRUE when the status bitis ON. True
or false?

4, Since the Examine ON instruction examines for an ON condition, it
ean be used to represent a normally open or a normally closed set of
contacts if you want to know when your input device is ON. Trueor
false?

§. Since the Examine OFF instruction examines for an OFF condition,
it can be used to represent a normally open or a normally closed set
of contacts if you want to know when your device 1a OFF. True or
false?

6. [tispossible to program a rung consisting only of an Output
Energize instruction. True or false?
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Question Group 5A

{continued)
Arnswers in Unit 18

T

8.

10.

The instruction in question 6 will always be TRUE and the output
will always be energized when in the Run mode. True or false?

The unconditional output energize instruction is generally an
undesirable programming procedure. True or false?

[f you have a normally open limit switch and you want a pilot light
to go ON when the limit switch is open, programming a rung using
an Output Energize instruction to represent the pilot light and an
Examine OFF instruction to represent the limit switch could
accomplish this. True or false?

A separate branch cloge instruetion { —;r ) must be used for every
rung of the parallel branch that you wish to close. True or false?

Question Group 5B
Answersin Unit 18

Study the rung below and answer the questions that follow.

I:ﬂt_ 015
[
Rung 1 il { }—_
002 003

If the examine instruction at address 001 is TRUE, output 015 will
also be TRUE. True or false?

If the examine instruction at address 002 is TRUE, output 015 will
also be TRUE. True or false?

If the examine instructions at addresses 002 and 003 are TRUE,
ottput 015 will also be TRUE. True or false?

If the examine instructions at addresses 001 and 003 are TRUE,
output 015 will alzo be TRUE. True or falzse?

If the examine instructions at addresses 001 and 002 are TRUE,
output 016 will alseo be TRUE. True or false?

If the examine instructions at addresses 001, 002 and 003 are all
TRUE, the output at address 015 will be OFF (de-energized). True
or false?

Question Group 5C

Answers in Unit 18

—

Which of the rungs in the following figure use the proper branching
procedure for the Bulletin 1745 programming format? Enter the

correct rung on the pocket programmer. If you need help, the correct
key sequence for this problem is in the answer section.
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Question Group 5C
{continued) A C

o
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001 002 015
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D01 002 015 oot uu}l 015
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063 063 002

B e B
:

Question Group 50D Study the rungs below and answer the questions that follow. Refer to
Apswersin Unit 18 Page 5-4 il you need help.

001 015
Rung 1 il {1)

B 5
Rung 2 1 | 1V {

1, When input 001 is ON, output 015 is ON_ True or false?

2. When input 001 makes a transition from TRUE to FALSE, sutput
015 remains ON_ True or false?

3. When input 002 is ON, output 015 will unlatch and turn OFF. True
or false?

4, Wheninput 001 is ON output 015 is latehed ON, Output 015 will
unlateh only when inputs 002 and 004 are ON. True or false?

5. [Foutput 01515 latched ON and power is remowved, it will return to
0N when power is restored. True or false?

6. Ifthe Examine ON instructions at addresses 001, 002 and 004 are all
TRUE, the output at address 015 will be OFF (de-energized). True
ar falze?



Q-E Unit Timer
Instructions

K ey Terms and  Youshould become thoroughly familiar with the following terms and
Can cep t5  concepts. Re-read the referenced pages if necessary.

Accumulated Value (AC) 6-1 Overflow Bit 6-2

Preset Value {PR) 6-1 Reset (RST) 6-2

Reset Value (RAC) &-1 Timer Operation 6-3

Timing Range 6-1 Retentive Timer On-Delay (RTO) 6-4
Status Bit 6-2 Retentive Timer Off-Delay (RTF) &-5

Timing Beyond 999.9 Seconds 6-6

SYMBOLOGY

—RTF}- ~RST)-
—+RTO}F
— —

Question Group 6A The RTO and RTF instruetions both require a reset instruetion.
Answers in Unit 18 True or false?

=
H

2. Address assignments for timers must be from 901 thru 932, True or
falze?

3. Thetimer instruction counts 0.01 second time intervals. True or
falze?

4. The number of intervals counted while the timer iz timing is called
the accumulated value. True or falze?

5. Because of the retentive nature of these timers, their AC value is
retained when power is lost and when switching from the Run mode,
True or false?

6. For RTO instructions, the timer starts timing when rung conditions
are TRUE. When the rung conditions are FALSE, the timer stops
timing but the AC value is retained so that timing is resumed from
that point when rung conditions are TRUE again. True or false?

7. AnRTF timer starts timing when rung conditions change from
TRUE to FALSE. The AC value represents the eumulative time
that the rung has been FALSE. True or false?

8. The time delay for timer instructions is actually the AC value minus
the PR value. Trueor false?
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Q-E Unit ﬂ Timer Instructions

Question Group 6A

{continued)
Answersin Unit 18

9.

10,
11.

12,
13.

14.

15.

18.

17.

18,

A PR value of 500 with an RAC value of 0 represents a time delay oft

a. 500 seconds.

b. 5 minutes.

¢. 5 hours.

d. 50 seconds.

e. none of the above.

Once a PR value has been set, it cannot be changed, True or false?

In order to change a PR value in the run mode, the PR value must he
protected. True or false?

AC values cannot be changed. True or false?

The timing range for timer instructions is from 0.1 to 999.9 seconds.
True or false?

Timer status bits can be assigned addresses from 951 thru 982, True
or false?

Timer overflow status bits must be assigned an address that equals
the timer address plus 50, True or false?

The overflow status bit is set ON when the AC value "overflows™
from a count of 3999 to 0000. Examine ON instructions at the
overflow address are then TRUE. True or falga?

The RESET ={R5T}= instruction is given an address that is the same
as the timer address. True or false?

When the reset instruction is TRUE, status bits and overflow hits
return to their initial state and the AC value is reset to the
programmed RAC value. True or false?

Question Group 68
Answers in Unit 18

Study the rungs below and answer the questions that follow. You may
want to program these rungs and observe what happens on the pocket

Programimer.
0|n|1 901
{
Rung 1 1 {rro }—
PRO15.0
901 on
|l [
g 1] 1}
w 012
R
Rung 3 A { }
951 013
| | i)
Rung 4 {1 { }
ulula 901
i 3
Rung 5 Il { rs1 }




Q-E Um'tﬂ Timer Instructions 6.3

Question Group 6B

{continued)
Answers in Unit 18

1,

10.

11.

When input 001 is first turned ON, which of the following is correct?

a. Rung 213 TRUE,
b. Rung 3 is TRUE.
¢. Rung 4is TRUE.
d. Rung 5is TRUE,
e, MNone of the above,

When the AC value of timer 901 reaches 015.0 and rung 1 remains
TRUE, which other rungs are TRUE?

a2 b3 cd d24 e dd

Rung 4 will be TRUE as soon as the AC value exceeds the PR value,
True or false?

When rung 5 is TRUE, what will the AC value be reset to?
a. 0150, b. 901l.c 0. d AC value minus 50. . None of these.
Address 951 is the address of:

a. The examine instruction in rung 4.
b. The overflow status bit of timer 901,
¢, Both of the above,

d. None of the above,

Suppose that rung 1 is TRUE for ten seconds and then power is [ost.
What will the AC value of counter 301 be when power is restored?

a 1100, b 2100, e Q010 4 1000, e 000.1.
When will rung number 2 be TRUE?

Agsoon asrung 1is TRUE.

When timer 901 has an AC value of 015.0 or more.
Until timer 901 has an AC value of 015.0.

While the RST instruction is TRUE.

e. None of the above.

If the RT'O instruction in rung 1 had an address of 925, what would
the address of the Examine ON instruction in rung 4 have to be to
examine the overflow status bit of timer 9257

a 901, b. 951. c. 925.d. 975. e. None of these.

When the AC value of timer 301 exceeds 9999, what output will be
energized?

a 901. b, 011. ¢, 012, d. 013, e. None of these.

What initiates the timing function for timer 9017

& Examine ON at address 001 is TRUE.
b. Examine ON at address 002 is TRUE.
¢. Examine ON at addrezz 951 13 TRUE.
d
€

an e

All of the above.
None of the above,

What is the address of the examine instruction that will reset timer
a01?

a. 001. b. 901. ¢. 951, d. 00Z. e. None of these.
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Q-E Unit ﬂﬂmerlmtructiuns

Question Group 6C

Answersin Unit 18

Study the rungs below and answer the questions that follow. You may
want to program these rungs and observe what happens on the pocket

programmer.
om 901
rung 1 L] (%)
PR 030.0
L1l a1
Rung 2 | — (=Yt
90 o1z
Rung 3 \‘I-L— { )
851 013
rungs {7 33
951 ol
rungs ¢ ()
0oz 91
Rung f —_” { mst )
BALC da00

When rung 1 goes TRUE, input 001 must be ON. True or false?
When rung 1 goes TRUE, timer 901 will start timing. True or false?
Rung 2 will be TRUE when:

a. Bung 3is TRUE.
b. Rung 3is FALSE.
c. Input 002 is ON.
d. Input 002 is OFF.
e. None of the above.

Rung 4 will be TRUE as soon as the AC value exceeds the PR value.
True or false?

Rung 3 is TRUE:

a. When the AC value equals or exceeds 0300,
b. Until the AC value equals or exceeds (300,
¢. When rung 2 is TRUE.

d. Upon power-up only.

e. None of the above.

Foran RTF timer, the AC value reprasents the cumulative time that
the RTF rung has been FALSE. True or false?

If your accumulator value is up to 0250 and power to your system is
lpst, what will your aceumulator value be when power is restored?

a 0000, b. 0300, c 9999 4 0250. e MNoneof these.



Q-E Unit ﬂﬁmeﬁnﬂmcﬁam S

Question Group 6C
(continuad)
Answers in Unit 18

8.

10,

11.

13,

13.

14

When will cutput 012 be energized?

a. Never.

b, Always,

e. When rung 3 is TRUE,
d. When rung 1 is FALSE.
&, None of the above.

When will output 013 be energized?

a. Never,

b, Always.

e, When timer 901 AC value exceeds 9999,
d, When input 002 is ON,

e, Until timer 901 AC value exceeds 9999,

When will output 014 be energized?

a, When timer 901 AC value exceads 9993,
b, When input 002 is ON,

¢. Until timer 301 AC value exceeds 99949,
d. bande,

It iz possible for status bit 901 and status bit 951 to be ON at the

same time. True or false?

When your AC value is at 500, status bit 901 will be OFF, True or
falze?

Suppose the AC value equals or exeeeds the PR value and status bit
901 has gone OFF. If the reset instruction goes TRUE:

a. The AC value will be reset to the RAC value.

b. Status bit 901 will remain OFF,

c. Status bit 901 will be reset to ON,

d. Overflow status bit 951 will reset to QOFF (if it has been set ON),
e. a, b,and d above.

If RTF 901 is reset, status bit 901 will go ON aflter rung 1 makes a
TRUE to FALSE transition. True or false?
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Q-E Unit H Timer Instructions

Question Group 6D

Answers in Unit 18

Study the rungs below and answer the questions that follow. You
may want to program these rungs and observe what happens on the
pocket programmer.

Rung 1 +—} { aro }—

Rung 2 | { &0 )

Rung 3

Rung 4 {} { rst }—1

Rung 5 H { st }—rp

RAC 0000

After -] [= 001 goes TRUE, how much time must elapse before
output 011 is energized?

a. 850 seconds,

b. 999.9 seconds.

¢. 1860 seconds.

d. 1000 seconds.

e. None of the above.

Which rung(s) must be TRUE in order for output 011 to be

energized?
al. b 1,2 e124 d3 e Noneofthese
When input 002 iz ON, what will happen?

a. Timer 901 will be reset.
b. Timer 902 will bo reset.
e. Rung 4 will be TRUE.
d. Rung 5 will be TRUE.
e. All of the above.

After what time period will timer 902 starct timing?

a, Input 001 and status bit 901 must be ON. 850 seconds have
elapsed.

b, Input 001 and status bit 351 mu=t be ON, 1000 seconds have
elapsed.

c. Input 002 must be ON.

d. Allof the above.

2. None of the above.

Timer 901 starts timing when the rung conditions for rung 1 are
FALSE. True or false?



Q-E Unit Counter

Instructions

Key Terms and  Youshould become thoroughly familiar with the following terms and
Concepts  concepts. Re-read the referenced pages/figures if necessary.

Preset Value (PR) 7-1 Underflow Bit 7-2

Reset Value (RAC) 7-1 Reset Instruction 7-2

Accumulated Value (AC) 7-1 FALSE -TRUE Transition Fig_ 7.1

Status Bit 7-2 Up Counter —{CTU)}- 7-4

Overflow Bit 7-2 Up-Down Counter 7-6
SYMBOLOGY

~RST)-
~cTU)- ~CTD}-
— | — —]

Question Group 7A 1. CTU counters start counting when rung conditions are TRUE.
Answersin Unit 18 True or false?

2. CTU counters count FALSE to TRUE transitions of the rung
containing the CTU instruction. True or false?

3. ACTU counter's AC value increases by 1 count for each FALSE to
TRUE transition of the CTU rung. True or false?

4. 1fa CTU counter rung is FALSE and then goes TRUE, its AC value
will inerease by 1. When the rung goes FALSE again, the AC value
will inerease by 1 again. True or false?

5. CTD counters start counting when rung eonditions are TRUE.
True or false?

6. CTD counters count FALSE to TRUE transitions of the rung
containing the CTD instruction, True or false?

7. ACTDcounter's AC value will decrease by 1 for each FALSE to
TRUE transition of the CTD rung. True or false?

8. The counter status bit is set ON when the AC value reaches the PR
value, True or false?
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0-E Unit Coumter Instructions

Question Group 7A
{continued)
Answersin Unit 18

9.

10.

11,

12

13

14,

15,

14.

17.

18.

The counter status bit has an address that is:

The same as the counter instruction.

The eounter address plus 50,

The counter address minus 50.

Automatically assigned when the instruction is entered.
None of the ahove.

e

The counter overflow status bit has an address that is:
The same as the counter instruction.
b. The counter address plus 50.
2. The eounter address minus 50,
d.  Automatically assigned when the instruction is entered.
e, Noneof the above,

The counter overflow status bit iz set ON when:

The AC value equals or exceeds the PR value,

The AC value exceeds 9999,

The AC value exceeds the PR value minus the RAC value.
All of the above,

None of the above,

The eounter underflow bit is set ON when;

a. The AC value exceads 9999,

b. The AC value goes below 0000,

¢. The AC value is less than the PR value.

d. The AC value equals the PR value minus the BAC value.

B L=

The reset instruction is given the same address as the counter
instruction. True or false?

When the reset instruction is TRUE, status, overflow and underflow
bits are reset to OFF, True or false?

When the reset instruction is TRUE, the AC value is reset to the PR
value, True or false?

In the Run mode, when the eursor is positioned on the reset
instruction and rung conditions are TRUE, the ON LED in the
programmer display will be lit. True or false?

PR and AC values can be monitored and changed only in the
Program mode, True or false?

Your PR values can be protected from changes in the Run and Test
modes by using the PRT/UNPRT key. True or false?



Q-E Unit Counter Instructions
?-3

Question Group 7B Study the rungs below and answer the questions that follow. You may
Answersin Unit 18  want to program these rungs and observe what happens.

0g3 928
Rung 1 1 { ctu }—4
PR 005D
928 011
wno2 (7] )
928 o2
rung3 3¢ §
i -
Rung 4 it { rst )
RAC D00

1. The address for the CTU instruction in rung 1 is an acceptable
address for a counter instruction. True or false?

2, Ifyou wanted to examine the overflow status bit of the counter in
rung 1, what address would you assign to the examine instruction?

a. 901, b, 951, ¢. 952, d. 978, e. None of these,

3. When would output 011 be energized?
a. Until the AC value equals the PR value,
b. When the AC value equals or exceads the PR value,
e. Only when the AC value exceeds 9999,
d. Only when the AC value goes below 0000,
e. None of the above.

4. When would output 012 be energized?

. Until the AC value equals the PR value.

. When the AC value equals or exceeds the PR value,
. Only when the AC value exceeds 9999,

. Only when the AC value goes below 0000,

. None of the above,

m o0 oo

5. Suppose your AC value is at 0048 and you lose AC line power to the
controller. When power is restored to vour controller, what will your
AC value be?

a. 0000, b, 0048, ¢ 0049 4 0050, e, Noneof these

6. KRung 4 goes TRUE and while itis TRUE rung 1 goes thru 5§ FALSE
to TRUE transitions, After that, rungs 1 and 4 go FALSE at the
same time. What is the AC value of counter 928 at this time?

a. 0005 b 0004, ¢ 000D, 4 0001, e Noneofthese

7. Suppose you were running a production line and you were using a
counter to keep track of the number of parts produced. If you wanted
to subtract the number of rejected parts, so your counter would count
only good parts, you could program an up/down counter, Trueor
false?
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Q-E Unit Counter Instructions

Question Group 7C
Answers in Unit 18

Study the rungs below and answer the questions that follow. You may
want to program these rungs and observe what happens on the pocket

programmer.
1) o01
Rung 1 1 { cru )
PR OOHS
o2 501
Rung 2 _I I (o }¥—
PRODAS
a0 011
Rung 3 H { }
31 012
Fung 4 {] { )}
0oz o0t
Rung 5 |} { mst )
R Ok

What i3 the address of the examine instruction that will eause the
counter to increment?

a. 001. b. 002. c. 901. d. 951. & 003.

What is the address of the examine instruction that will cause the
counter to decrement?

a. 001. b. 002. c. 901. d. 951. e. 0O3.

What is the address of the examine instruction that will preset the
counter to a count of zero when TRUE?

a. 001. b. D02, e. 801, d. B61. e. 003,

When would output (11 be energized?

. When the up counter reaches a count of 0015,
. When the down counter goes below 0000,

. When status bit 901 is ON.

. All of the above.

. None of the above.

When would output 012 be energized?

a. When the up counter exceeds a count of 3999,
b. When the down counter goes below 0000,

¢. When status bit 951 is ON,

d. All of the above.

e. None of the above,

When input 003 is ON, which counter(s} would be reset?
a. CTUS01. b. CTD901. e Both. d. Noneofthese,

s ok



Q-E Unit Counter instructions 7.5

Question Group 7C 7. Suppose rung 5 is TRUE and counters are reset. Inputs 001 and 002
{continued) are both actuated 5 times. What will the AC value of CTU 901 be?

Answers in Unit 18 a. 0015, b, 0006, ¢ 0000. d. 0010. e. Noneofthese.
8. What will the AC value of CTD 901 be in question 77
a. 0015, b, DOO5. e 0000, d. 0010, e, Noneofthese,

9. From that point input 001 is actuated 9 times. What will the new
AC value of CTU 901 be?

a. 0001, b 0019, ¢ 0DOD9. d. 0011. e. Noneof these.

10. The AC value of CTU 901 will always be the same as CTD 901
during normal operation. True or false?

11. While the reset instruction is TRUE, both counters are disabled and
the inputs 001 and 002 will not enable the counters. True or falze?

Question Group 7D Study the rungs below and answer the questions that follow,
Answers in Unit 18

oot 904
Rung 1 jl : { £Tu }
PR 600D
951 q03
Rung 2 |} { eu }
PR OODT
951 4901
Rung 3 | — { rsT }—
RAC D00
o 02 o1
Rung 4 —| |—“ {)
11 r] 201
Rung 5 --—” { RST '_'.'
RAC 000D
ooz a0z
Rung & ” { RST b——
AAC 0000

1. Itispossible to energize an outpuf after a count of something greater
than 9999 by caseading counters together. True or false?

2, When does counter 302 start counting?
a When the AC value of CTL 901 reaches 3000.
b. When the AC value of CTU 901 reaches 6000,
¢. When the AC value of CTU 301 exceeds 9999,
d. When the AC value of CTU 201 reaches 0001,
e. None of the above.
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Q-E Unit Cmm‘l‘ﬂr Instructions

Question Group 7D
{continued)
Answers in Umit 18

3.

When will output 011 be energized?

a. When the AC value of CTU 901 reaches 6000,

b, When CTU 901 is reset.

c. When CTU 902's AC value equals or exceeds 0001 and CTU
901's AC value equals or exceeds 6000.

d. Then CTU 901’s AC value exceeds 9999 and CTU 902's AC value
equals or exeeeds 0001,

e. None of the above.

When output 011 iz energized, how many counts have oecurred?
a, 13,000, b. 10,000, ¢ 0001. d. 16,000, e. Noneof these.

The AC value of counter 301 must reach 8,000 twice before output
011 will be energized. True or false?

If you wanted output 011 to go ON alter a count of 10,500, what
would you change the PR value of eounter 901 to?

a.9999. b 0500. ¢ 0501. d. 0001. e MNoneof these.



Q-E Unit Timers with Long or

Fine Time Base

Key Terms and  Youshould become thoroughly familiar with the following terms and
Cﬂnfep ts  concepts. Re-read the referenced pages if necessary.

Long Time Base Instructions 8-2 Scan Time Measurement 8-4

Fine Time Base Instructions 8-3

SYMBOLOGY

870 am e72 873 874 B75

b g =fF = b sl —ps

Question Group 84 1. Fine Time Base instructions are bits that pulse ON and OFF at
Answersin Unit 18 intervals of 10 milliseconds to one second. True or false?

2. If the scan time of your program is less than 10 milliseconds but
more than 5 milliseconds, you could select a fine time base of 10
millizeconds using address 870. True or false?

3. The only way to determine the scan time of your program is to write
down all the instructions you use in your program and add up the
instruction execution times. True or false?

4. The pulse rate of the fine time base instruction at address 869 is the
gsame as your measured scan time. True or false?

5. Youcan only use address 869 if your measured scan rate is less than
5.0 milliseconds. True or false?

8. By using a fine time base instruction with a counter instruction, you
could program a time delay that is less than the 0.1 sec. provided by
standard timers. True or falze?

7. The rungs that you add to your program to measure scan time
should be deleted from your program when you are ready to run.
True or falze?

8 Long time base instructions can be used with the SLC 100 and SLC
150 processors at addresses 875 and 874, True or falze?

9. Thelong time base instruction allows you to program timers with
greater resolution than the .1 second provided by the standard
timers. True or false?

10. Fine time base instructions allow you to choose only one of four time
bases, True or false?

11. 0.5and 1.0 second time bases allow you to program timers with time
delays up to 9999 zeconds. True or false?

12. The SLC 150 1.0 second long time base is based on the processor scan
eycle allowing you to program real time clock applications. Trueor
false?



§is Q-E Unit H Timers with Long or Fine Time Base

Question Group 88  Study the SLC 100 program below and answer the questions that follow.
Answersin Unit 18  You may want to program these rungs and ocbserve what happens on the

pocket programmer.
oot ar2 901
Rung 1 --——-l I = { (cTu—4
PRO0O3
901 o011
Rung 2 -—| I {+--)
0as 901
Rung 3 1 {rRsT)
RAC 0000

1. When input 001 i3 ON, rung 1 will be TRUE once every 40
milliseconds. True or false?

2. Ifinput 001 stays ON, when will cutput 011 be energized?
a. Immediately.
b. After 12 seconds
e. After 120 milliseconds.
d. Never,
e, None of the above.

3. Ifyou wanted a time delay of 240 milliseconds without changing the
PR value of CTU 901, what address would you assign to the fine base
instruction in rung 17

a. 870. b, 871. e. 873. d. 874. e. 875.



Q-E Unit

MCR and ZCL
Instructions

Key Terms and
Concepts

You should become thoroughly familiar with the following terms and
concepts. Re-read the referenced pages if necessary.

Master Control Reset —(MCR)- 9-1 Non-retentive 9-1
Zone Contral Last State {{ZCL)- 9-1 Multiple ZCL Zones 9-3

Zone 9-1 Nesting ZCL Zones 9-4
Start Rung 9-1 Master Control Relay 9-5
End Rung 9-1

SYMBOLOGY

{ze1-
| re— —

Question Group 9A

Answers in Umit 18

1. The master control reset instruction (MCR) allows you to use one set
of condition instructions to control multiple outputs. True or false?

2. The master control reset instruction (MCR) consists of a start rung
which contains the condition instructions for the zone, and an end
rung which contains no conditional instructions and marks the end
of the zone, True or false?

3. All non-retentive outputs between the MCR start and end rungs are
controlled by the MCR instruction. True or false?

4, Any number of rungs may be programmed between the MCR start
and end rungs providing memory space is available. True or false?

5. When the MCR start rung is TRUE, all non-retentive outputs within
the zone are de-energized. True or false?

8. InanMCR zone when the start rung ie FALSE, latch/unlateh
instructions remain in their last state regardless of whether they
were ON or OFF. True or false?

7. Atimer or counter in an MCR zone with a FALSE start rung will
have ita AC value reset to the BAC value. True or false?

B. A sequencer instruction in an MCR zone with a FALSE start rung
will have its step number retained. AC value stops incrementing
and will be retained. Programmed outputs, completion and input
satisfied bits will remain in their last states. True or false?

9. A resetinstruction in an MCR zone with a FALSE start rung will
remain in its last state. Instructions cannot be reset. True or false?

10, An MCR instruetion is assigned an address that is between 033 and
099, True or false?

11, When the MCR rung is TRUE and you cursor to the MCR
instruction on the display, the ON LED should be lit. True or false?
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Q-E Unit nMCH and ZCL Instructions

Question Group 9B

Answers in Unit 18

Study the rungs below and answer the questions that follow. You should
program these rungs and ohserve how the MCR instruction works,

oo1 002 003
Rung 1 ¢— — | { mcr }
04 o
Rung 2 H X

005
Rung 3 .—” { )
0

Rung 4 { mca }

1. Turninputs 1 through 5 ON. Outputs 11 and 12 will be ON. True or
false?

2, Turninput 5 OFF. Qutputs 11 and 12 will be ON. True or false?
3. Turninput 1 OFF, Outputs 11 and 12 will be OFF. True or false?

4. Turninput 1 back ON and input 2 OFF. Outputs 11 and 12 will be
OFF, Trueor false?

5. [Inputs 1,2, and 3 are the condition instruetions that control the
MCR zone. True or falge?

6. Wheninputs 1, 2, and 3 are ON, the putputs in the MCR zone
operate normally. True or false?



Q-E um MCR and ZCL Instructions 9.3

Question Group 9C

Arswers in Unit 18

i

10.

11.

12.

13.

14.

The ZCL instruction operates the same as the MCR instruetion.
True or falze?

The ZCL instruction does not require an address. True or false?
It is possible to nest ZCOL zones with the SLC 1007 True or false?

The ZOL zone is defined as the rungs between the ZCL start and end
rungs. True or false?

When the ZCL start rung is TRUE, non-retentive outputs are de-
energized. True or false?

When the ZCL start rung is FALSE, timers and counters function
the same as they would in an MCR zone with a FALSE start rung.
True or false?

An infinite number of ZCL zones may be nested together when
using an SLC 1507 True or falze?

When the Z0L start rung is FALSE, sequencers function the same
as they would in an MCR zone with a FALSE start rung. Trueor
false?

When the ZOL start rung is FALSE, lateh/unlateh instructions
operate the same as they would in an MCR zone with a FALSE start
rung. True or false?

More than one ZCL instruetion may be used in your program, True
or false?

If two ZOL zones are used with an SLC 100, one zone must end before
another can begin. True or false?

A ZCL or MCR instruction may be used instead of hard-wiring a
Master Control Relay for emergency shut-down. True or false?

A Master Control Relay provides emergeney shut-down capability
for the operator of @ machine. This system should be hard-wired to
shut your controller down in the event of an emergency, A ZCLor
MCR instruction cannot provide this degree of protection. True or
falge?

ZCL zones may not share commeon outputs. True or false?
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Question Group 9D

Answersin Unit 18

Study the rungs below and answer the questions that follow.

o
Rung 1 1} { zcL )
oaz ot
Rung 2 H— { )
(NE] 012
Rung 3 H { )}
|
Rung 4 { L }—
oo
Rung 5 %,L { zcL )
ik 004 oz
e
ans m3
Rung 7 I I {
Rung 8 { zcL )j

It is possible to have two ZCL zones ina program as long as they
don't overlap, True or false?

If input 001 is OFF, sutputs in the lower ZCL zone will be held in
their last state. True or false?

This program will net work properly because output 012 appears
twice in the program, True or false?

Ifinput 001 is ON, what must happen in order for output 012 to be
QN7

a. Rung 6 must be TRUE.
b. Rung 3 must be TRUE.
¢. Input 2 must be OFF.
d. Botha and b above,

e. None of the above

This program would work identically if MCR instructions were used
inplace of the ZCL instructinns. True or false?



Q-E Unit Sequencer
Instructions

Key Terms and  You should become thoroughly familiar with the following terms and
Concepts concepts. Re-read the referenced pages if necessary.

Time-Driven 10-1 Sequencer Qutput 10-4
Event Driven 10-1 Sequencer Input 10-5
SQI Input-Satisfied Status Bit 10-2 Sequencer Data 10-6
500 Step Completion Bit 10-2 Group Mumbers 10-7
5Q0 Cycle Completion Bit 10-2 Sequencer Data Form 10-8
Reset Instruction ~{RST)- 10-2 Mask/Step Data 10-9
SYMBOLOGY
<500 H5qQi- TIME EVENT —{RET)-
[ ] [ 1] ra— | | E—— | | EORE—— |

Question Group T0A 1. The Sequencer Output instruction (SQO) is retentive and requires a
Answers in Unit 18  reset instruction, however the Sequencer Input instruction (5QI) s non-
retentive and requires no reset instruction. True or false?

2. Sequencer instructions are typically used with machines or
processes involving repeating operating cycles which can be
segmentad into steps. True or false?

3. Sequencer instructions must be assigned an address
from thru

4, Sequencerscan have up to
gteps and can he
driven or driven.

5. When using a time-driven sequencer, what advances the sequencer
to the next step?
a, When the AC value equals 999.
b. When the AC value equals the PR value,
c. Whenthe AC value equals the RAC value.
d. When the input satisfied bit is ON.
g. Noneof the above.

6 Time-driven sequencers count 1.0 second intervals. True or false?



-E Unit Sequencer Instructions

Question Group 10A

(continued)
Answersin Unit 18

7.

10.

11.

12,

13.

14

15.

16,

17.

18.

19

20

21.

22,

23

Event-driven sequencers count FALSE to TRUE transitions of the
sequencer rung. True or false?

Event-driven sequencers move to the next step when their AC value
equals the RAC value. True or false?

Sequencer output instructions set the ON/OFF status for one group
of bit addresses for each step. True or false?

After the final step, the sequencer continues with step 0. Trueor
false?

The sequencer input instruction examines the ON/OFF status of one
group of bit addresses for each step. An input-satisfied status bit is
get ON, when the status of the examined bit addresses matches
programmed data. True or false?

The 5QI sequencer input-satisfied status bit is assigned an address
that is equal to the SQI instruction plus 50. True or false?

The 3Q0 eycle completion bit is assigned the same address as the
sequencer, True or false?

The 3QO eycle completion bit goes ON when the sequencer
completes its final step. True or false?

The reset (RST) instruction is given the same address as the
sequencer. True or false?

When the reset instruction goes TRUE, which of the following
statements are true?

. The SQI input-satisfied status bit iz reset to OFF.

. The completion bit is reset to OFF,

. Bequencer instruction is reset to the programmed RAC step value.
. All of the above.

. None of the ahove,

= B = -]

m

The RST instruction must go FALSE before the sequencer can
resume aperation. True or false?

When programming sequencer data for the bit addresses to be
controlled, a two-digit code is used to represent the ON/OQFF status
for each step. Instead of entering eight 1's or 0s only 2 digits are
entered for each step. True or false?

If AC power is lost during sequencer operation and then restored,
the sequencer will start over from step 0. True or falsa?

Sequencer status will be retained when switching from one mode to
another. True or false?

Sequencer output instructions at addresses 901, 902, 903, 904 are
used in programming high speed input modules. True or false?

S0 and 5Q0 instruclions can be time or event driven. True or
false?

The SQI instruction is no different than the Q0 instruetion. True
or false?
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Question Group 10B 1. Sequencer Programming Example.
Answers in Unit 18 Use the Sequencer Instruction Data Form to document an SQO time-
driven sequencer at address 801, You want to control outputs at bit
addresges 011 through 016 for a simple d-step sequence,

# Step 0 has no bits ON for § seconds,

#® Step 1 has only bit 016 ON for 15 seconds.

® Step 2 has bits 011,012, 013, and 014 ON for 30 seconds.
® Step 3 has bits 013, 014, 015, and 016 ON for 1 minute,

Try not to look at the answer until you have completed the form.

Use this form as a work sheet:

_ O -san- 1 [ TIME DRIVEN :
CLASSIFICATION: ] «{sQ0} ADDRESS: [ EVENT DRIVEN GROUP NUMBER:
PROGRAM
BIT ADDRESS DATA soils
. P PRESET
Data | Data VALUES
Bit Addresses —+ B A
Mask Data —=
Step Data —» () ol L
1 £l Ees o
2 o
3 e L

Use this form for your final answer:

- [0 4sqi¥ : [] TIME DRIVEM ;
CLASSIFICATION: ] <s00k- ADDRESS: [] EVENT DRIVEN GROUP MUMBER:
PROGRAM
BIT ADDRESS DATA CODE
B A PRESET
Data | Data VALLUES
Bit Addresses —= B A

Mask Data-—
Step Data — ()
1

Z

£l




Q-E Unit Sequencer Instructions

Question Gro up 10C  Study the rungs below and the sequencer data form that follows. This
AnswersinUnit 18  information will help you answer the questions in group 10C.

Rung 1 ” {sqo0 }
yils 703
Fa
Rung 2 '—II £
485 701
Rung 3 I { )
aa1 905

Rung4 -—| [—-——{ RST —
RAC DOCO

CLASSIFICATION: g:{{:ﬁg’}_ ADDRESS: 905 :'::f‘,rn:::::" GROUP NUMBER: 0
BIT ADDRESS DATA PROGRAM
CODE
8 A Data | Data ::EEEE;
Bit Addresses— | 018 | 017 | 016 | 015 | 14 | 013 | oz | 019 B A
Mask Data — 0 1] 1 t 1 1 1 1 3 F
Step Data—>0 | 0O e [ AR ) e 1 ] i EREEE
B N T T (O Y I 3 goni A iy
3 R I R R [ 7 MERE
i BN S S B 1 1 1 0 F i 0]
a2 sg @G 1 1 1 1 1 1 F R
e Taahe de i1 1 1 3 F ImE
o i ) T T T BT T e i R
ol I 1 1 1 1 1 3 F ST
T A R 0 0 D
T T RS 1 1 T 1 3 F A

1. How many bit addresses are controlled by this sequencer?
a4 b6 e & d 10 e 12

2, What is the mask data program code for this sequencer?
a. 3F. b FE. c. 0OF. d. CE. e 01.

3. Assuming normal operation, when input 005 is turned ON |, the
sequencer will perform the steps as vou have programmed. When
input 005 is turned OFF, the sequencer will stop at the step it was
eurrently on and resume from that step when input 005 is turned
ON again. True or false?




Q-E Unit Sequencer Instructions
10-5

Question Group 10C

{cantinued)

Arswers i Unit 18

4,

10
11.
12,

13,
14.

15.

16.

Suppose input 005 were turned OFF at step 3 in the Run mode.
Inputs 011 through 014 would be energized. True or false?

If you wanted to control only outputs 011, 012,013, and 014, what
would the program entry code for your mask data be?

a. C3. b OF. ¢ 2B. d. BEZ e Noneofthese,

What is the preset value for each step?

a. 10sec. b. 0.1sec. ¢ 1.0sec, d 100sec. e None of these.
When will rung 2 be TRUE?

For 1.0 second after each step.

For 10 seconds after each step.

For one program scan after each step is completed.
All of the above,

None of the above.

For what step(s) of the sequence will all outputs be ON?
a.l. b5 ¢ 8 47 e 9

For what step(s) of the sequence will all outputs be OFF?
al b6 8 d4d9% e l8

PR values can be changed in the Run and Test modes. True or false?

LS ol L CRE

The sequencer RAC value should always be set to 0. True or false?

The reset instruction will always reset the sequencer to step 0 of the
sequence. True or false?

When will bit address T03 be ON7

When input 001 is ON, the sequencer will be reset to step 0 and the
completion bit will be reset to OFF. True or falze?

While rung 4 is TRUE, the sequencer will be held on step 0. True or
falze?

[f a bit address of the group controlled by your sequencer is masked,
it may be used elsewhere in your program. True or false?
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Question Group 10D 1. I1f you wish to energize an output only after a certain set of input
Answers in Unit 18 eonditions have been satisfied, a sequencer input instruction (SQI)
can be used. True or false?

2. Atypical application for a sequencer input instruction might be a
packaging application where certain limit switches must be tripped
before the conveyor can cyele to its next position. True or false?

3. How many bit addresses can the SQI instruction examine?
a1l b2 ecd 4.6 e 8

4. What happens when all input conditions for a given step are
satisfied?
a. The sequencer advances to the next step.
b. The sequencer is reset to step 1.
¢. The input-satisfied bit is set QN
d. Allflags are reset to 0.
e. None of the above,

Question Group TOE  Study the rungs below and the sequencer data form that follows. This
AnswersinUnit 18 information will help you answer the questions for group E.

Dt'lli 501
Rung 1 it { son }——
QIG1 013
| iy
Rung 2 i {
a0 014
|
Rung 3 ”L\ { —
(o]e.} 801
Rung 4 H { nst }——t
RAC DDOO

_ EHsa- ] [] TIME DRIVEN .
CLASSIFICATION: ] 4500k ADDRESS: 901 EVENT DRiven  GROUP NUMBER: _7
BIT ADDRESS DATA PROGRAM
CODE
B A PRESET
Data | Data VALUES
Bit Addresses— | 008 [ 907 | 006 | 005 | 004 | 003 | 002 | 001 B A
Mask Data— | 0 1 1 1 1 1 i 0 7 E
stepData—0| o | o | 1 | ] e i L ] 3 8 T A
£ g s ap e ge Jege figed ey fapefFegiefop 6 S
= |1 gt ale s sl B 4] g Teilag s fwgs 1 8 il ey
AR R E R E Y E IR 0 o o i
P e el bt LR LT TERT 3 B T F G ey
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Question Group 10E

{continuad)
Answers in Unit 18

1o.

How many bit addresses are examined by this sequencer?
a2 b4 c B d B e Noneofthese

What is the bit address group number controlled by this sequencer?
Al bod e b dTo e B
When will the input-satisfied bit be ON for step number 07

. When inputs 3 and 8 are ON.

. When inputs 4,5, and 6 are ON.

. When rung 1 makes a FALSE -TRUE transition.
. When the sequencer advances to step 2.

. None of the above.

When will output 014 be energized?

o oM

1= =

. Always.

. Never,

. When the AC value exceeds 3999,

. Until the input satisfied conditions for a particular step are met.
e. For the first second of each step.

oo oom

The 3QI sequencer will advanee to the next step whenever the
FALSE to TRUE transitions of the SQI rung match the programmed
preset value, True or false?

If input conditions have not been met but the SQI rung goes thrua
FALSE to TRUE transition, the sequencer will advanee to the next
step if the preset value for that stepis 1. True or false?

The reset instruction can be used to reset the sequenecer to any step.
True or false?

The reset instruction will reset the sequencer to the programmed
RAC step, reset the input-satisfied bit to 0, and reset the completion
bit to 0. True or false?

When will the sequencer advance to step 47

. When rung 1 goes thru one FALSE to TRUE transition at step 3.
b. When rung 1 goes thru twe FALSE to TRUE transitions at step 3.
c. When the input-satisfied bit for step 3 goes ON.

d. When rung 4 is TRUE.

e. None of the above,

What conditions must be met for the input-satisfied bit to be ON for
step 47

a. Inputs corresponding to program entry code TE must be ON,
b. Inputs 2 through 7 must be ON.

¢. Allinputs controlled by this sequencer must be ON.

d. Allofthe above,

e. None of the above.



Q-E Unit Special Sequencer
Instruction Techniques

Key Terms and  You should become thoroughly familiar with the following terms and
C oncep f5  concepts. Re-read the referenced pages if necessary,

Cascading Sequencers 11-1 5Ql Monitoring an SO0 11-7

Reversing 11-4 Sequencer Jump Operation 11-10
S0l Driving an 5Q0 11-6

SYMBOLOGY

S EEBE

(=

Question Group T1A SQI instructions can be cascaded in order to monitor more than
Answers in Unit 18 8 input addresses. True or false?

2. 5Q0 instructions can be cascaded in order to control a sequence of
operations that energizes outputs in more than one group. Trueor
false?

3. A reversing sequencer operation allows you to operate a sequencer
in forward or reverse step order, True or false?

4. The reversing sequencer operation requires a ZCL zone to control
reverse operation. True or false?

5. Toprogram a reversing sequencer you must assign a special group
number to the reversing SQ0 instruction. True or false?

6, If you had a sequencer at address 921, and you wanted to make ita
reversing sequencer, what group number would you assign to the
reversing sequencer instruction?

7. For areversing sequencer operation, the preset values for bath
sequencers must be the same. True or false?

8. It iz possible to program an SQO instruction that will energize
gutputs in response to the conditions satisfied in an SQI instruction,
True or false?

9. With the SLC 100 you can't use an SQI instruction to monitor an
SQ0 instruetion. True or false?

10. If you don't want to use all the steps of a programmed SQO
instruction, you can program a sequencer jump to skip the steps you
don't want to use. True or falsa?

11. An 3QI status bit can be used to advance an SQO to its next step.
True or false?

12, The jump operation allows you to skip certain steps of your program
if the proper conditions are met. True or false?



Q-E Unit Special Sequencer Instruction Technigues

Question Group 118 Study the rungs below and the sequencer data forms that follow, These
Answersin Unit 18 will help you answer the questions for group 118,

a1 901

Rung | $— | {sQo)—+
o2 901

Rung 2 | } (RST)—

RAC O

1 901

Rung 3 [ | (sqo)}—+
o1 901

Rung 4 || (sqo)}—1¢




Q-E Unit

Special Sequencer Instruction Technigues

Question Group 118

Rung 1

Rung 3

Rung 4

{continued)

Answersin Unit 18

] 4sail-

] TIME DRIVEN

CLASSIFICATION; & (5Q0}- ADDRESS: _ 901 5 EVENT DRIVEN GROUP NUMBER: _0
BIT ADDRESS DATA PROGRAM
i CODE
PRESET
id A Data | Data VALUES
Bit Addresses— | g [ 17 |06 | o5 s oz [oa2 Jor ]| B A
Mask Data— 0 i 1] 1] 1] o] 4] 0 8] 0
Step Data—>0 ] 1 TR [T T N o 1 I
g | o |1 T N F 2 k5 A W
B g ] Fy s ek sl Dyale i e ok LW L € ] W i
TE T B T T ) T R R 1 1 1 b e
O -san- : [] TIME DRIVEN :
CLASSIFICATION: & 45Q0k ADDRESS: 901 [ EVENT DRIVEN GROUP NUMBER: 0
BIT ADDRESS DATA PROGRAM
CODE
PRESET
B A Data Data .!.ALUES
Bit Addresses— | 018 |07 |0te | D15 | od |13 |01z | | B A
Mask Data— | 1 1 1 1 1 i 1 1 F F
Step Data—> 0| 1 1 i 1 [} [ 5] 1 7] 1 pENLw
B 0 1 ] 1 0 1 [} 2 A et e
21 1 o o] o 1 o | o C q s et
=3 D i O R R e e 1 1 o g
- O HsQ- : [ TIME DRIVEN :
CLASSIFICATION: & 500} ADDRESS: 901 @ EVENT DRIVEN GROUP NUMBER: 1
BIT ADDRE ATA PROGRAM
DORESS O il
PRESET
a 3 pats [Data’] - yaiies
Bit Addresses— [ 11 [ iz e s el iz iz a8 [
Mask Data—» 1 1 1 1 i 1 1 1 F F
Stop Data— 0 | 1 1 i 1 1 o | o [ C el iy
FEENEHNEE T B ETIIIN N g R
21 o 1 o 1] 1 1 0 1 a 5] ]
ER i} 1 o 0 1 ] ] A a T E

1. Runglisusedtosynchronize the bit addresses of the sequencers
inrungs 3and 4, True or false?

2. Rung 2 will reset the 360 instructions to step 0. True or false?

3. Thedatainrungs 3 and 4 are very rarely the same when using
cascaded S0 instructions. True or false”

4, The sequencers in rungs 1, 3 and 4 are time driven. True or false?

5. The sequencer in rung 4 controls Group 2 outputs. True or false?

6. The mask data of a Dummy rung is always Hexadecimal FF in the
program code, True or false?
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Question Group TTC  Study the rungs below and fill out the sequencer data form for SQO 905
Answersin Unit 18  inrung3d. You want to prograin a reversing sequencer so select the right
group number, program code, and preset values, The correct answer is
located in the answer section. Try not to look at the answer until you
have completed the blank form below,

905

005
ﬂung’i -l——I I— {sQo)}—¢

905 006

Rung2 +—— } (zoL)}—

005 205
Rung3 +— | (sQor—1
Rung 4 {zcL)—

O sai- '  TIME DRIVEN
CLASSIFICATION: = coon ADDRESS: 505 O] EvenT oRiven  GROUP NUMBER: 0
BIT ADDRESS DATA PROGRAM
CODE
PRESET
B A Cata | Data VALLUES
Bit Addresses—+ | 018 | 017 | 016 | 045 J 014 | 012 | 012 | a1 B A
MaskData—| o | o | 1 1 1| 1 1 3 F
stepData—0] 0 [ 0o [ o [oJo|o]ao|[ao] o i R T
T EETE T N T 0 1 A
1 B N T (O ) R 2 L
=N ) T S ) T T R e 0 F R
BN IR EEE T 0 g BN
gl o llo 0 1 i o | vd 0 1 g R R
6] o | « 1 ol N 0 2 0 R ]
cLassiFicaTion; = ADDRESS: LITIME DRIVEN o oup NUMBER:
' O sqo) *——  [] EVENT DRIVEN S
BIT ADDRESS DATA PROGRAM
CODE
B A PRESET
Data | Data
Bit Addrasses — B A e
Mask Data —

Step Data— 0

4
i

i

m|un | & | ek

e e e e e e B
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I1-5

Question Group 11D

Answers in Unit 18

-

Suppose that you are controlling a long sequence of events with an
8Q0 sequencer. You would like to know when the sequencer is on
the last step of the sequence, You could program an SgI sequencer
to monitor the SQO instruction for the last step. True or false?

If you want to monitor step § of an SQO instruction at address 925,
you could program an SQI sequencer, select group number
, and enter for the step number.

If you wish to know when a sequence of events has reached or past a
certain step in your application, you could programa

a. An SQI monitoring an SQO

b. An SQIinstruction usinga > {greater than) status bit

c. AnSQO instruction using a < (less than) status bit
d. aandb
e aande

If you wanted to know when your application had completed step 25
but not yet started step 30, vou could program two SQI instructions
to monitor an S0 instruction. The SQI instructions would have
step data of:

a. 25 29

b. 24,28

c. 25,30

d. 26,30

e. 26,28

Question Group 11E
Answers in Unit 18

1.

Suppose that you are controlling a bottling operation for a soft drink
line, You bottle Brand A three days a week and Brand B 2 two days
a week, Both processes are controlled by an SQ0 instruction. Brand
A requires 15 steps of the sequencer operation but when you bottle
Brand B, you can skip steps 5 through 9 of the sequencer operation
Given the ladder diagram below, {ill in the missing information to
complete the sequencer jump operation,

un|1 909
Rung 1 +——} {s00 }—¢
B_I_.I.IHDlTi FOR:
915 """-F;r::u Wember
Rung 2 { e 2
) { a1} faih
w0 il
Rung 3 It { rsT )

Addrazs

l'_\” RAC
i

Reamt Walue



Q-E Unit High Speed
Input Programming

Key Terms and  Youshould become thoroughly familiar with the following terms and
Conc epls  concepts. Re-read the referenced pages if necessary.

HSI Counter Instructions 12-2 Cascading 12-4
Maximum Pulse Rate 12-2 Scan Time 12-4
Mormal Reset 12-3 Socket End Plug 12-5
Single Shot Reset 12-3

Question Group 12A 1. High speed counting is accomplished in your program by ain)
Arswersin Unit 18

4. time driven SQO instruction,

b. special event driven SQI instruetion.
¢. special event driven SQO instruetion.
d. time driven SQO instruction.

e. HSI instruction.

2. The controller is designed to handle up to HSI modulels),

a. B
b. 6
c. 4
d 12
el

3. The corresponding HSI counter instruction addresses are

a. 601-608,
b. B01-604.
c. 501-508.
d. 901-904.
e. 951-954.

4. You must program a 4-digit RAC value for 2 single shot reset. The
first two digits must be 99, What do the other two digits represent?

a. The instruction number,

b. The counter location.

c. The step number you want the sequencer set to.
d. The S8R number.,

o. They have no significance,

5. What is the maximum pulse rate of one HSI module?

a BMH=z
b. 5KHz
c. 2KHz
d. 10KH=z

8. What happens when the maximum pulse rate is exceeded?

a, Instruction 601 goes FALSE.
k. The HSI counter is disabled.

c. Instruction 901 goes FALSE.
d. Bothaandh.

e. Bothcandb,
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Q-E Unit E High Speed Input Pregramming

Question Group 12A

{continued)
Answers in Unit 18

1.

What hﬁppans when you remove the end plug, which is inserted in
the expansion socket, while the processor is in the Run mode?

a. A CPU fault will oceur and the processor will always shut down,
b. The processor may shut down.

¢. Nothing if you have a lithium battery back-up.

d. The program will be temporarily suspended,

8. Is it possible to cascade sequencers used in HSI counters?

. Yes,

. No.

. Maybe.

. Only on the SLC 100
. [don't know.

D = P =R =

Question Group 12B

Answers in Unit 18

st

HSI counter instructions are very similar to some sequencer
instructions described earlier. True or False?

To obtain the fastest possible output control when using your HSI
counter, use the external outputs located on the expansion unit,
True or false?

As the frequency of your HSI counter increases, your scan time also
increases. Therefore, programming preset values of 1 will decrease
your scan rate. True or false?

If the processor is placed in the Test-Single Scan mode and the HSI
counter start rung is TRUE, will the H3I count in real time and
increment the accumulator as it would in the Run mode? Yes or no?

The H3I module should not be connected or disconnected when
power is applied to the processor unit, True or false?

If you use two or more HSI modules the maximum pulse rate, for
each module, is less than if you were using only one module, True or
false?

The single shot reset is used to reset the counter to a specified step
without losing any high speed input counts. True or false?



Q-E UnftE High Speed input Programming

12-3

Question Group 12C

Answersin Unit 18

An SLC 150 and HSI module is being used to count cans in a high
speed packaging application. The cans pass a solid state sensor at a rate
of 200 cans per second. The solid state sensor is connected to an HS1
module. After 24 cans are fed into a case, the conveyor belt is stopped.
The full case is removed and replaced with an empty one. The eonveyor
then carries the next 24 cans into the empty case. This process may be
summarized in 2 steps.

Steploperation 0 - Conveyor ON, fill case

Steploperation 1 - Conveyor OFF, eject case

The conveyor is controlled by SLC 150 output address 111,
The eject solenoid is controlled by SLC 150 output address 112,

A limit switch at address 001 senses when an empty case is in position.
The empty case, onee in position, will reset the process to step 0 and
enable the conveyor. Hint: Use a single shot reset so the HSI module
does not miss counting any cans.

Complete the ladder diagram and sequencer data table to perform the
application in 12C.
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Question Group 12C
{continued)
Answersin Unit 18

O san- s [J TIME DRIVEN ¢
CLASSIFICATION: 0] «sq0)- ADDRESS: [ EVENT DRIVEN GROUP NUMBER:
PROGRAM
BIT ADDRESS DATA ey
PRESET
B A Data | Data VALLUES
Bit Addresses—= B A
Mask Data—
Step Data—> 0 Ear
I I =
1 T ]
2 R
3 L
Type:
. IREWEr,
Use this form for your final answer:
O -san- - (] TIME DRIVEM :
CLASSIFICATION: ] -1sQ0)- ADDRESS: [] EVENT ORIVEN GROUP NUMBER:
PROGRAM
BIT ADDRESS DATA il
2 2 PRESET
Cara |.Oata VALUES
Bit Addresses—+ B B
Mask Data—>
Step Data— 0 AL
] [] T
1 | 1 1
2 SW Ny
3 Ll b

Type:




Q-E Unit Shift Register

Instruction

Key Terms and  Youshould become thoroughly familiar with the following terms and
Concepts  concepts. Re-read the referenced pages if necessary.

Status Data 13-1 Least Significant Bit 13-1

B-bit Register 13-1 Event-Driven 13-2

Shift Right 13-1 Time-Driven 13-3

Shift Left 13-1 Cascading 13-4

Maost Significant Bit 131 Circulating 13-5
SYMBOLOGY

DHUEE

=

Question Group 134 Shift registers can be used to control machines or processes where
Answers in Unit 18 parts are continually shifted from from one position to the next.
True or falze?

2. Address assignments are not important for shift register
instructions, True or false?

3. When programming a shift register, a ZCL zone is used to control
the shifting process and a sequencer instruction is used to control
the shift rate. True or false?

4. Ifyou were programming a shift register instruction and you wanted
to shift data through the outputs of expansion unit number 2 from
least signifieant bit to most significant bit, what address would you
assign to the shift register instruction?

a. 211. b. 218. c. 111. 4. 118, e. None of the above.

5. Ifyouneeded a shift lefi register for the application in question 4,
what address would you assign to the shift register instruction?

a. 211. b. 218 ¢ 111. d. 118, e. None of the above.

B. You can program a shift register instruction to shift 1'sor 0's
through the register. True or false?

7. You can program shift register instructions to be either time or
event-driven. True or false?



5 Q-E Unfrm Shift Register Instruction

Question Group 13A
{continued)
Answers in Unit 18

8. Aneventdriven shift register instruction shifts status data (either a

1ora 0)on each FALSE-to-TRUE transition of the sequencer
instruction that drives it. True or falze?

A time-driven shift register instruction shifts status data at a
clocked rate that equals the preset value you have programmed for
the 3Q0 instruction when rung conditions are TRUE. True or false?

10, What is the most significant bit address in group number 57

a. 118 b. 111, c. 518. d. 511. . None of the above.

Question Group 138

Answers in Unit 18

Study the rungs below and answer the questions that follow. You may
want to program these rungs and observe what happens on the pocket
Programimer.

':',l:l

ot 01 — Event-Driven
| { sqo }"""
Ry 1 [ * Group No.: Any

w|1 : Mask Data: 0
Rung 2 I \ ZCL — Step D Data: Any

a8 1 Step O Preset: 1

Rung 3 | { sa —1
Rung 4 .—EE_—.——{ sk —

Rung 5 { 2w )

When input 002 is ON, a 1 is shifted into the 011 register every time
rung 1 goes through a FALSE-to-TRUE transition. True or false?

If input 002 is OFF, a 0 is shifted into the register every time rung 1
goes through a FALSE-to-TRUE transition. True or false?

In rung 4, the shift register instruetion is assigned the least
significant bit address in output group number 0. If data is
continually shifted through the register, what address will data be
shifted 1o after address 0187

g 019 b, 011. ¢ 118. d. 111. e. None of the above.

When data leaves address 118, it is shifted back to address 011.
True or false?

The order of rungs 3 and 4 is not eritical to the shift register
operation. True or false?
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Question Group 13C
Answers in Unit 18

l. Youcan program a shift register instruction to shift data ina

circulating manner 5o that data leaving the most significant bit
address iz shifted back into the least significant bit address or vice
versa. True or false?

If you wanted to produce an external output when a certain bit in an
internal shift register is ON, you could program a rung with an
Examine ON instruction corresponding to the address of the shifi
register bit address. You could then assign an external output
address to an Output Energize instruction. When the bit address in
the shift register goes O, the Examine ON instruction will be
TRUE, causing the cutput to be energized. True or false?

If you program an internal shift register instruction, you can only
shift data left. True or false?



Q-E Unit Special Internal

Instructions

K ey Terms and  You should become thoroughly familiar with the following terms and
Concepts concepts. Re-read the referenced pages if necessary.

Auto/Man Switch Instruction 14-1
Program Initialization Instruction 14-2
TCAT Power-up Instruction 14-5
Breakpaint Instruction 14-5
Programmable EEPROM Auto-Load 14-7
Battery Status Instruction 14-7

Triac Zero-Cross Turn-On 14-8

Question Group T4A 1. The program initialization instruction is a bit that pulses ON and
Answers in Unit 18 OFF in accordance with the processor YO scan. True or false?

2. The program initialization instruction has two hard-wired terminals
on the processor so you can wire input devices directly, Trueor
false?

3. The program initialization instruction is a bit in memory that is set
ON for the first program scan under certain conditions. True or
false?

4. [If you use the pocket programmer to place the processor unit in the
Run or Test modes, the program initialization instruction will go ON
for the first program scan and then turn OFF. True or false?

5. Youcanuse bit address 868 to program non-retentive timers,
counters and non-retentive lateh instructions. True or false?

6. The program initialization instruction is an internal examine
instruction that you can use to initialize your program to a known
state on power-up, True or false?

7. Breakpoint instructions can be programmed on both the SLC 150
and SL.C 100, True or False?

8. Address 864 can be programmed in the SLC 150 to allow the
EEPROM memory module to clear processor faults caused by
memory errors. True or False?

9. The status of bit address 865 can be examined for battery status,
True or False?

10. A breakpoint output instruction should be used in place of a hard-
wired E-Stop. True or False?

11. Triae zero-cross turn OIN instructions are used to minimize noise
generated when switching loads. True or False?

12. To enable triae zero-cross turn ON, status bit address 866 must be
set ON with:

an unconditional rung.
a conditional rung,
neither a or b,
eitheraorh.

pe o
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Question Group 14A
{continued)
Answers in Unit 18

13. ﬂlthuugﬁ special functionality of addresses 864, 865 and 866 are
unigque only to the SLC 1510, these addresses are simple Relay type
instructions in the SLC100. True or false?

14, Address 865 is used for the programmable EEPROM auto-load
feature. True or false?

Question Group 14B

Answers in Unit 18

Study the rungs below and answer the questions that follow. You may
want to program these rungs and observe what happens on the pocket
programmer.

01 301
Rung 1 +—HN {RsT}—
RAC D000
868
[ L
s
001 901
Rung2 +— | (RTO}—
PRO30.0
901 011
Rung 3 || {4

1. When power iz first applied, the reset instruction in rung 1 is TRUE,
True or false?

2. When input 001 is ON, timer 901 starts timing. When will status bit
901 be ON?

a. Assoon as input 001 is ON,
b. After input 001 goes OFF.
¢. When rung 1 is TRUE.

d. After 30 seconds.

e. After 300 seconds,

3. What happens when rung 2 goes FALSE?

. Timer 301 stops timing.

. Timer 201 is reset.
Input 001 is OFF,

. All of the above.

. None of the above.

(10 =PI =

4. Timer 901 starts timing when input 001 is ON, The accumulator
reaches a value of 025 0 and power is lost. When power is restored,
what will the AC value be?

0250, b 010.0. ¢ 0000 d 9929 e Noneofthese
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Question Group 14B

(continued)

Answers in Unit 18

5 metrman ermiim TA5
vuestion araup 4L

Answarsin Unit 18

5. Timer 901 starts timing when input 001 is ON. The accumulator

reaches a value of 025.0 and input 001 is turned OFF. When input
001 is turned ON again, what will the AC value be?

a. 026.0. b. 010.0. e 000.0. d.999.9. e Noneofthese,

Since the AC value is reset to 0 when power iz lost and restored, this
type of timing example is elassified as a(n) timer,

Study the rungs below and answer the questions that follow.

oo 901
Rung 1 u—“ {RSTH—2
o RAC 0005
00z 301
Rung 2 '—1 I {cTur—1
FROO10
003 o401
Rung3 ¢— | {cTD)}—
PRODIO
Q01 951 011
Rung 4 +— —Hk ()
951 012
Rungs {— | ( r—

What is the address of the examine instruction that will cause the
counter to increment?

a. 001. b. 002. e. 901. d. 951. e. 003.

If power is lost and then restored, the AC values of the counters will
be:

a. The same as they were before power was lost.
b, Equal to the programmed preset values,

¢. Reset to 5,

d. Reset to 0000,

e. None of the above.

What is the address of the examine instruction used to reset the
counters during program execution?

a. 003.b. 901. ¢, 001, d. DOZ. e. 868,

- =
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Question Group 14C
(continued)
Anmswers in Unit 18

4, Output .addresa 011 will be turned ON when:

a. The AC value is greater than or equal to 10.
b. The AC value is less than or equal to 10,

e. The AC value is less than 0.

d. The AC value is greater than 9999,

e. None of the above.

5. Output address 012 will be turned ON when

. The AC value is greater than or equal to 10,
. The AC value is less than or equal to 10,

c. The AC value underfllows below 0.

d. The AC value is greater than 9999,

e. None of the above.

6. Ifthe AC value iz 2, and input 003 makes three FALSE to TRUE
transitions, then input 002 makes three FALSE to TRUE
transitions, which of the following will be TRUE?

The AC value would be 2,

Dutput 012 would be ON.
Underflow bit 351 would be OFF,
aandc.

aandb.

=l =}

e il



Q-E Unit

Key Terms and
Concepts

Program Editing

You should become thoroughly familiar with the following terms and
concepts. Re-read the referenced pages if necessary,

Cursor Control 15-2 Clear Memory Mode 15-9

Search Function 15-4 Protecting PR Values 15-9

Remove [ Insert Functions 15-5 Changing Instructions in the

Program Mode 15-9

Cancel Command 15-9

SYMBOLOGY
- vy - .
RUNG MEXT LAST INSERT
L 1, | 1) —) C———1
g ' 1 i % L
CANCEL PRT
SEARCH REMOVE
CMD UNPRT
L - N 1) = ] ——

Question Group 15A

Answersin Unit 18

1,

The RUNG, NEXT and LAST keys allow you to move through your
program and stop at any instruction you wish to see on the display.
True or false?

Since the pocket programmer can display enly one instruction at a
time, the cursor keys are necessary to help you move through your
program for editing or troubleshooting purposes. True or false?

The ecursor functions in which of the following modes of operation?

a. Run,
b. Test.
¢. Load EEPROM Module.

d. Program.
e, Clear Memory.

When you are cursored on the first instruction of a rung, the display
will indicate this by displaying the symbol = in front of the
address information. True or false?

While in that rung, if you cursor right (NEXT), the instruction to the
immediate right of the first instruction will be displayed. True or
false?

If you are cursored on the output instruction in the last rung of your
program and you press the NEXT key, the pocket programmer will

display:
GBS End

Although your program may vary in length, this message is
intended to tell you that you are at the end of your program and you
have so many words of memory remaining. True or false?
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Q-E Unit m Program Editing

Question Group 15A
(continued)
Answers in Unit 18

7.

10.

11

12,

13

14,

15.
14,

1T.

18.

19.

20.

21

22,

If vou a}e cursored on the output instruction in the last rung of your
program and you press RUNG, LAST, vou will move to the first
instruction in the first rung. True or false?

If you cursor to a sequencer instruction, the instruection LED will
light and its address and rung number will be displayed. By using
the NEXT key, you can step through the instruction and aceess
other data associated with that instruetion. True or false?

If you have a long program, the SEARCH function will help you save
time finding a specific instruction. The SEARCH function can also
help you find the start or end of rungs or the start or end of your
program. True or false?

If you are cursored to a point in the middle of your program and are
searching for a specific instruction, the search will wrap around and
search vour whole program until the instruetion is found. Trueor
false?

. To loeate the start of your program, the correct keystroke sequence

is: SEARCH, RUNG, 1, ENTER. True or false?

If you are searching for a specific instruction and the pocket
programmer displays the message

nF
{not found), the instruction you were searching for was not found in
your program. True or false?

You can add and delete examine instructions and entire rungs in
your program with the REMOVE and INSERT keys enly in the
Program mode. True or false?

If you want to add a rung to your program, you must cursor to the
rung that will follow the rung vou are about to insert and press
INSERT, RUNG. After this key sequence you can enter the new
rung. True or false?

A new rung may only be added in the Program moede. True or false?

When you remove or insert an examine instruction, this change is
automatically recorded in RAM memery. True or false?

If you cursor to an output instruetion in a rung of your program and
remove that output instruction, the conditional instructions will be
automatically removed so that the whole rung is removed.

True or false?

By entering mode | and following the prompting messages on the
pocket programmer, you can clear the processor RAM memory. True
or false?

Mode 1 can also be used to clear the memory of an EEPROM module.
True or false?

Onee RAM memory i3 cleared, the controller automatically enters
the Program mode, True or false?

Sequencer data can only be changed in the Program moede, True or
false?

Adding or deleting steps of a sequencer instruction can be performed
through an editing function in the Program mode. True or falae?



E Unit ogram Editin

Question Group 15A 23, When you cursor to a sequencer instruction, each time you press the

(continued)
Answers in Umit 18

24,

25,

NEXT key, one of the values programmed as sequencer data will be
displayed. Trueor false?

If you want to change a sequencer parameter in the Program mode
vou must cursor to the sequencer instruction and press the
sequencer key associated with that instruetion and then press the

ENTER key. From that point you are able to change any data or
preset value. True or false?

Changes that you make to sequencer data are entered intoa
temporary storage register. When you have finished editing the
sequencer, youu must press ENTER to register the last change you
have made. These changes will not be permanently recorded in
RAM memory until the ENTER key is pressed again. True or false?

Question Group 158 Program the following rungs and complete the program editing

Answers in Unit 18

exercizes that follow.

001 002 011
rung t L] 0
003 004 005 0z
Rung 2 .—.-iHHI_._..( —
006 9
Rung 3 ” :::Tu}
PRO100
gl oo7 733
Il 1 i
Rurig 4 | \
01 1'?.-'5 03
Rung s 1| ()
ang
f
Dog 801
Rung & “ { &st }
RAL Q000

After you have entered this program, stay in the Program mode. An
additional rung must be entered in this program that will follow
rung 4. The rung you want to insert will examine status bit 951 for
an ON condition and energize output address 016 when rung
conditions are TRUE. See Figure 15.5 if you need help inserting the
new rung,

After you have entered this rung, cursor through your program and
verify that the rung you have just entered has been inserted between
rungs 4 and 5 of your original program. Your edited program will
now contain 7 rungs. Check your final program with the answer for
Question / Exercise 1, group B, in the answer section. Verify that
the rung you have just entered is now rung 5,
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Question Group 15B
{continued)
Answers in Unit 18

2.

=1

For this exercise you will remove an examine instruction from rung
2. You must remove the instruction that examines address 005 for
an ON condition. Refer to Figure 15.3 if you need help removing this
examine ingtruction. Check the new configuration of rung 2 in the
answer section and make sure that it matches your edited rung.

The Examine OIN instruction that you removed in exercise 2 should
now be placed in rung 1. Insert this examine instruction between
the Examine ON at address 001 and the Examine ON at address
002. If you need help inserting this instruction, refer to Figure 15.3.
Check the answer section for the correctly edited rung and compare
this with the rung you have just edited.

Add a branch to the new rung 1 so that the ladder dizgram looks like

this:
oo 002 005 LR
g 1
733
p—— -

Hefer to Figure 15.4 if you need help inserting this branch. You will
find the correct keystroke sequence for adding this branch in the
answer section.

Remove the branch vou have just entered. If vou attempt to leave
the rung before you have removed all of the branch instructions, the
programmer will display an error message

rE 7 EBM

This message is telling vou that you have created a short circuit. At
this point you can either insert a new instruection or, press ENTER,
and the branch instructions will be automatically removed.

For this editing exercise, you will remove the rung that you have
inserted in exercise 1. Refer to Figure 15.5 if vou need help
removing this rung. Note that when vou remowve the output
instruction from the rung, the conditional instruetions associated
with that rung are not autematically removed,

When you remove the oulput instruction, the programmer will
prompt you with

<] =
You must either add another output instruction or remove all the
remaining conditional instructions in that rung. The correct
keystroks sequence for removing this rung is located in the angwer
section. Verify that there are only 6 rungs left in the modified
program.

Before you move on to the questions and exercises in §-E Unit 16,
yvou must clear the processor RAM memory, Enter mode 1 and
tollow the prompting messages on the pocket programmer. If you
need help, follow the keystroke example in the table on Page 15-8,
After the memory is cleared, you will have 885 words of memory
available for your next exercise.



Q-E Unit On-Line
Data Control

Key Terms and  Youshould become thoroughly familiar with the following terms and
CDHEEIDI’S concepts. Re-read the referenced pages if necessary,

On-Line Data Control 16-1 TRUE-FALSE Status Indicator 16-2
Forcing I/O Addresses 16-1 Monitoring Data 16-4
FRC ON, FRC OFF 16-1

SYMBOLOGY

PRLSM KB QEE REMOVE INSERT
[ ] [ 1 [ ] | —

Question Group 16A When the processor is in the Run mode, the pocket programmer can
Answersin Unit 18 be used to change certain instructions in your program. True or
false?

2. Ifleft unprotected, timer and counter data can be changed in the
Run mode with the pocket programmer. True or false?

=

Sequencer data may also be changed in the Run mode. True or false?

Timer, eounter, and sequencer data may only be monitored in the
Run mode, True or false?

5. By using the Force function, you can force an external [0 address
into an ON or OFF state in the Run mode. True or false?

8. When you force an input device to an ON or OFF state, you are
forcing the status bit at the I'0 address and not the input terminal.
True or false?

7. When you force an output device to an ON or OFF state, you are
forcing the status bit at the I'0 address and not the output terminal.
True or false?

8. Ifyouare monitoring an Examine ON instruction with the pocket
programmer and that instruction is forced ON,

. The FORCE LED will be lit.

. The ON LED will be lit.

. The FORCED I/O LED on the processor will be lit.

. An "F” will appear next to the displayed instruction.
e. Allof the above.

9. The only way to remove a FRC ON function is with a FRC OFF
function. True or false?

10. When an input is forced into an ON or OFF condition, the FORCED
/0 indicator on the processor unit will be lit. True or false?

oo
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Question Group 16A

({continued)
Answers in Unit 18

11.

12.

13.

14,

13,

18.

17.

18,

19,

When an input is forced ON, the program is executed as if the input
deviee were actually ON, True or false?

A foreed 1/0 address will not be retained if you enter the Program
mode and make a change or if a processor fault is detected. True or
falze?

It is possible to remove all forces within your program withous
removing each forced instruction individually. True or false?

Forced [0 addresses may be removed individually by cursering to
the forced instruction and pressing REMOVE, ENTER. True or
false?

The pocket programmer allows you to view timer, counter, and
sequencer data in the Bun and Test modes. True or false?

To view data associated with timer or counter instructions you must
cursor to the instruction you wish to view, Once you are positioned
on that instruetion, pressing the NEXT key will display the PR
value. Pressing the NEXT key again will display the AC value.
Pressing the NEXT key one more time will display the PR value
again. True or false?

If you are monitoring the AC value and you press the LAST key, the
PR value will be displayed. True or false?

Timer and counter PR and AC values can anly be changed in the
Program mode. True or false?

If a PR value is protected, it cannot be unprotected in the Run mode.
True or false?

Exercises

Program the following rungs and complete the exercises that follow.
When programming the timer instruction, leave the PR value
unprotected.

ao1 9
Rung 1 H‘ {ﬂﬂ )_
PR 100.0
DIGII 733
Rung 2 {] {)
am 734
Rung 3 H { }
Eﬁi 735
Rung 4 M { I',_
i‘ﬁ‘l 801
Rung‘i i {H’ST }._.._
RAC 000D



Q-E Unit mﬂn-une Data Control PP

Exercises

{continued)

L.

Enter the Run mode and turn input 001 ON, Cursor to the timer
instruction in rung 1 and observe the AC value as it increments.
Refer to Figure 16.4 if you need help monitoring this timer data. As
you cursor to the timer instruetion, pressing the NEXT key will
display the PR value. Pressing NEXT again will display the AC
value.

While in the Run mode, change the PR value of RTQ 501 to 0700, If
you need help changing this PR value, refer to Figure 16.4.

The reset instruction should be changed to make the BAC value
equal to 10 instead of 0. Refer to Figure 16.4 if you need help
changing the RAC value,

Enter the Run mode and turn input 001 ON, Cursor to the RTO
instruction and monitor the AC value as it increments. Next, cursor
to the Examine On instruction at address 001 in that rung. Force
input 001 to an OFF condition. If you need help implementing the
FRC OFF condition, refer to Figure 16.3.

When you have forced input 001 OFF, cursor to the RTO instruction
and monitor the AC value, Verify that turning input 001 OFF and
ON has no effect on the rung conditions. Remove the FRC OFF
condition and verify that the rung will now function normally,

Cursor to the Examine ON instruction at address 003 in rung 5.
Force input 003 to an ON condition. If vou need help implementing
the FRC ON function, refer to Figure 16.3.

After you have forced input 003 ON, turn input device 003 ON and
OFF and verify that the reset instruction remains TRUE even
though the condition instruction that will enable the reset
instruction is FALSE.

Cursor to rung 1 and try to enable the RTO instruction by turning
input 001 ON. Verify that the timer AC value is rezet to the RAC
value and will not increment even though the rung eonditions are
TRUE.

Remove all forces in this program before you move on to the next
EXETCISE.



Q-E Unit Using the EEPROM
Memory Module

Key Terms and  Youshould become thoroughly familiar with the following terms and
Concepts concepts. Re-read the referenced pages if necessary.

EEPROM 17-1 Load (Read) 17-3

Mon-volatile 17-1 Auto-Load 17-4

Store (Save) 17-2 Editing EEPROM Programs 17-5
5YMBOLOGY

Question Group 17A 1. The EEPROM memory module uses the same battery the processar
Answers in Unit 18 uses to retain memory eontents. True or false?

2, The EEPROM memory module has a memory capaeity of 1200
words, so both SLC 100 and SLC 150 programs can be duplicated in
the EEPROM module. True or false?

3. Before the EEPROM can be inserted into the processor module, AC
line power to the processor must be removed. This helps to guard
against possible damage to the EEPROM or unwanted CPU faults,
True or falzse?

4. The EEPROM module must be used in conjunction with the pocket
programmer or SLC computer software in order to load programs
into the processor RAM. True or false?

8. The EEPROM iz housed in a small plastic case with a large white
write-on area to help vou identify EEPROM contents, True or false?

8. Tosave or store the contents of the processor RAM in the EEPROM,
you must use mode 8 (Save). True or false?

7. When you enter mode 6, prompting messages thal appear on the
pocket programmer display will guide vou through the saving
proeess. True or false?

8. Inorder to avoid accidental memory loss, the programmer will
prompt you with the message SurE ? when you enter mode 6. True
or false?

9. Ifaprogram isinthe EEPROM module and you want to lead a new
program, you must erase the old program in the EEPROM module
by entering mode 10. True or falze?

L0 If you clear memory (imaode 1), and then enter mode 6 and o through
the saving process, the contents of the empty RAM will be duplicated
in the EEFROM module, leaving the EEPROM blank True or falze?

11. The programmakble EEPROM auto-load instruction (364} can be
used with the SLC 100 or SLC 150, True or false?
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Question Group 17A

{continued)
Answers in Linit T8

12.

13.

14,

15.

16.

17,

1B8.

19.

20.

21,

The prugf&mmahle EEPROM auto-load instruction can be used to
clear a memory error and reload your user program inte the
processor RAM memory. True or false?

If you want to load the contents of the EEPROM into the processor
RAM you could enter mode 7 (Read). True or falze?

When the EEPROM contents are loaded to RAM memory, a program
already in the processor RAM will be automatically erased. Trueor
false?

When you enter mode ¥, prompting messages on the pocket
programmer will guide you through the copying process. True or
false?

The auto-load procedure is a time saving convenience in applications
where the same program is to be used in a number of processors or
when guick program change-overs are necessary. True ar false?

The program in the processor RAM will be erased when you follow
the auto-load procedure, True or false?

The auto-load procedure is disabled if an access code is stored in the
EEPROM. True or false?

The EEPROM modules are interchangeable with SLC 100 and SLC
160 programmable controllers. ‘['rue or false?

SLC 100 programs can be easily run on the SLC 150 programmable
controller, True or false?

All SLC 150 programs are compatible with SLC 100 controllers.
True or falze?



Unit

Answers

Q-E Unit 2 Group 2A:
1. False, 2. False. 3. True. 4. {d). 5, (d).
6. True. 7. True. 8. True. 9. False. 10. True.
11. True. 12, True. 13 True. 14. True. 15 True.
16. True. 17, True. 18 Falge. 19. False. 20. True.
21. True. 22. True. 23. True. 24 True. 25. True.
26. True.
27. False. A mounting plate is not needed for the

EEPROM module. The EEPROM needs no battery.

28. True. 29, True. 30. True 31 True. 32. True.
33. True. 34, False. 35, False

Q-E Unit 3 Matching Exercise:
Tz I Pt 3. C. 4. B 5: E.
6. H. 7. D. B E. 9. A
Group 3A:

1. (a). 2, (b,

3. False. Status bits will be ON or OFF, telling vou whether the
instruction is TRUE or FALSE.

4. False.
g e

8. False. Addresses 701 thru 867 are for internal relay-type
instructions.

7. (b} 8. th). 9. False. 10 True. 11. True.

12. Program initialization.13. False 14. True 15. True.
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Q-EUnit3 Group 3B:

fcontinued)
1. False. Instruetions are classified as conditional and output
instructions.

2. False. Branching instructions are classified as conditional.

3. {e) 4. True. §. True. 6. ek 7. True,

B. True. 9. (b 10. () 11, True. 1Z. (A)

13. True

Group 3C:

1. 003, 2. Conditional. 3. Examine ON. 4 TRUE.
5. ON. 6. 011 7. Output. 8. Output Energize.

9. A continuous path of TRUE condition instructions must exist. In
this case, instruetions 003 and 733 must be TRUE,

10 ON.

11. False. External I/O terminals have address numbers from 001 to
016, 101 to 116, 201 to 216, and 301 to 316.

12. Examine OFF. 13. OFF,

14. False. When the rung is TRUE, Examine ON instruction 003 is
TRUE and its status bit is ON; Examine OFF instruction 733 is
TRUE and its status bit is OFF; Output Energize instruction 011 is
TRUE and its status bit is ON,

15. False. [fthe closed position of the switch i3 to energice coil M, the
switch must be represented by an Examine ON instruction. This is
true whether the switch is N.O. or N.C,

16. Address 103 for LS1. Address 111 for coil M.
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Q-EUnit3 Group3D:

(continued)

1,

2.

3.

I/O sean,

Program scan.

Falze. Output contact will go ON or OFF during I/O scan.

a) False, The time period is variable, as explained ind) and e).

k) False. Time period can be longer than one ¢yvele, as explained in
d).

¢} False. After the input terminal goes ON {any point in the
operating cycle), it corresponding status bit will not be set ON until
the next I/0 scan, no matter where the rung is located in the program.
Similarly, the output terminal will not be set ON until the following
110 sean, no matter where the rung is located in the program.

d) True. If the input terminal goes ON early in the program sean, it
will take longer to reach the next 1O sean than il the input terminal
went ON late in the program sean.

Shortest time period: The input terminal goes ON just at the
beginning of the /0 scan. The output terminal goes ON one
aperating cycle later.

Longest time period: The input terminal goes ON just at the
beginning of the program sean. The status bit of instruction 001
does not go ON until the /O scan is reached, one operating eyele
later. The output terminal does not go ON until a second operating
cyele has passed.

Note: We are neglecting 1/O scan length here, since it is very short
compared to the total operating cyele length.

e) True. Obviously, the more instructions in the program, the
longer the program scan, This means that after the input terminal
goes ON, it takes longer to get to the /O scan (when the status bit of
instruction 001 goes ON), and it takes longer to get to the next I/0
scan (when the sutput terminal goes ON).

Program content also has an effect on program scan length, since
some instructions take a longer time to execute than others,
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Q-EUnit3 Group 3E:
{continued)
SLC 150 5LC 100 Basic Relay Analog
Processor Expansion Output Input
Unit Expansion Expansion
Uinit Unit
Address Blocks
Address Blocks
Total 6
Used
ISR ERLT 201 - 210 e 501 - 508
Input Addresses
101 - 110 (Eidiiiey iasidist Sheys
B8 211 - 216 311 - 316 -
Output Addresses T t
i - 116 At i aas 411 - 416 a3 neas ;




Unit Answers
m TB-S

Q-EUnit4 Group 4A:

1. False. The pocket programmer can also be used for monitoring your
program and troubleshooting,

2. True. 3. True. 4. True.

5. e} 6. True. 7. (d).

& False. There is a table fixed to the back of the pocket programmer
with a description of the error codes,

9, (d),

10. False. The processor will function in all modes of operation.

11. True.

12, False, If you enter mode 9, the programmer will initiate a diagnostic
test,

13, True. 14, True. 15, (d). 16, True, 17. True,

Group 4B:

1. False. The SLC 100 controller power supply will convert your
incoming line power to the 5 VDO required.

2. [Palse. The pocket programmer receives power from the processor
unit by means of the interconnect eable.

3. True. 4, True, 5 True.

6. False, Connectthe green wire to the terminal marked CHASSIS

GRD.

7. True. 8. SurE? 9 True 10. True. 11, True.

12,

13.

False Onlyone outpub instruction per rung,

True. 14. True. 15. True. 16. True

17. True 18, True, 19, True
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Q-E Unit4
(continued)

Group 4C:

1. (a), 2. True. 3. True, 4. No. 5. Yes
6. True. 7. The Cutput Energize LED.
8, The Examine OFF LED and the ON LED.

9. The Examine OFF instruction is TRUE.

Group 4D:

27-5 ACL Programming error,
27-2 Zero cross turn on failure

27-1 H5Il medule problem

Q-E Unit5

Group 5A:

1. (e).

2, False. Relay type instructions are used internally also.
3. True, 4. True. 5, True, 6. True.

7. True. 8. True. 9. True, 10. False.

Group 5B:

1. True,

2. False, A continuous path of TRUE condition instructions does not
exist. Input 001 OR inputs 002 and 003 must be ON for output 015
to be energized,

3. True. 4 True 5. True.

6. False. Continuous path of TRUE instructions does exist.
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Q-EUnit5 GroupbC:

{continued)

1. (). The keystroke sequence is as follows:

T 4k i 41F 3
\L L1 R = JEL A AL 1)
= g y V b

T 1k 3 4k 5
.I 1 LI '_l ..I i_: L|. I_.| IL|. =J

Group 5D

1. True. 2. True. 3. False. 4. True. 5. True, 6 True.

Q-E Unit6

Group 6A:

1. True, 2. True, 3. False. Timers count 0.1 second intervals,

4. True. 8. True. 6. True. 7. True.

B,

1.

10

12:

13.

14.

15

False. The time delay is actually the PR value minus the RAC
value.

id). 500 = 0.1 =50 seconds.

False. PR values can easily be changed in the Run or Program
maode.

False.
False. AC values can be changed as easily as PR values,
True.

False. The address assignments from 951 to 982 are reserved for
overflow status bits.

. True. 16, True. 17. True. 18 True
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Q-EUnit6 Group#éB:

{cantinued)

1. (b). The status bit does not go ON until the AC value reaches the PR

value,
2. (a) 3. False. 4, (eh 5. (). 6. (b).
7. (bl 8, (d), 925+ 50=975.

9. (d). The Examine ON instruction at address 951 examines the
overflow status bit of tirner 901 for an ON condition,

10. (a). 11. (d).
Group 6C:
1. True.

2. False. RTF timers start timing when their rung conditions change
from TRUE to FALSE.

3. (h

4. False. Rung 4 will be TRUE when the AC value exceeds 9999,

5. (a). 8. True. 7. (d). RTF timer status is retentive.

8, el 9 (o). 10, {d). 11. False.

12. True. Status bit 301 will be OFF when the AC value reaches 300,
13. (el 14. True.

Group 6D:

1. (el. RTO 901 overflows from 999.9 to 1,000, BTO 902 times to an
AC value of 850.0. (1000 + 8501 = 1850 seconds. |

2. (d). Rungs 1 and 2 {or input -] [- 001) must be TRUE for 1,850
seconds before output 011 will be energized. After 1,850 seconds,
output 011 will remain ON even if rungs 1 and 2 go FALSE, The
only way to turn output 011 OFF is to reset.

3. {e). 4. 1h).

5. False. Timing starts when rung conditions are TRUE.
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Q-EUnit7 Group7A:

1. False. 2. True. 3. True.

4. False. AC walue will inerement when the rung makes the next
transition to TRUE .

5. False. 6. True. 7. True. 3. True. 9, (a).
10, (bl 11. (b} 12. (b 13. True. 14. True.

15. False. When the reset instruction is TRUE, the AC value is reset to
the RAC value,

16. True.
17. False. Counter parameters can also be changed in the Run mode.
18. True.

Group TB:

1. True. The address range for counters is from 901 thru 932.

2. (d). 928+560=978. 3 (bl 4. la)

5. (k). Counter instructions are retentive.

f. (¢l The counter is inactive while the reset instruetion is TRUE.

7. True. Anup-counter could be programmed to keep track of all parts
made, and a down-counter could be programmed at the same address
to subtract the bad parts from the total count.
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Q-EUnit7 Group7C:
{continued)

1. (a) 2. (bh 3. (el 4. (d), 5 {d),

6. {eh T Ael.

8. (e). CTU has ineremented 5 times but OTD has decremented §
times, leaving the AC value at G000,

9. (e].

10. True. Counters have the same address, therefore the same AC
value,

11, True.

Group 7D:

L. True. 2. fe).

3. (e). Bothofthese conditions must be met. Counter 902 will not start
counting until counter 901 has overflowed. When 901 overflows, the
Examine instruction in rung 3 will reset counter 901 and it must
reach the preset value again before the status bit is set ON again.

4. (d). 5. True, 6. (b).

Q-EUnit8 Group 8A:
1. True.

2. False. Youshould select a time increment of 20, 40, or 80
milliseconds.

3. False. Although this method will work, adding the timing rungs to
your program is faster and more accurate,

4. True.

5. False. Youcan always use address B89, since il is associated with
FOUT scan rate.

8. True T. True: & True 9. False 10, False 11. True

12. False.

Group 8B:

1. True. 2. (c). 3. {e).
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Q-EUnit9 Group9A:

1. True. 2 True, 3. True. 4. True.

5. False. When the MCR start rung is FALSE, all non-retentive
outputs within the zone are de-energized

6. True.

7. False. Atimer or counter functioning in an MCR zone with a
FALSE start rung will have its status, underflow, and overflow bits
held in their last state. The AC value will stop incrementing, but
that value will be retained.

8. True. 9. True
10. False. An MCR instruction is azsigned no address at all.

11. False. The ON LED does not indicate when MCR or ZCL
instructions are TRUE ar FALSE.

Group 98:

1. True. 2. Trua.

3. True. MCR start rung is now FALSE. All non-retentive outputs
within the zone are de-energized. Outputs 011 and 012 are de-
energized even though the condition instructions for their rungs are
TRUE. These outputs are being controlled by the MCR zone,

4, True. All three conditional instructions in the MCR start rung must
be TRUE for outputs in the zone to function normally.

A. True. 6. True.

Group 9C:

1. False. 2. True. 3 False 4 True.

5. False. When the ZCL start rung is TRUE, all outputs within the
zone function normally.

6. True, 7. False. 8 True 9 True 10. True. 11. True.
12. Falze. A hard-wired Master Control Relay must be used.

13. True. 14. False.
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18-12
Q-EUnit9 Group9D:
{continued)

1. True. The two zones may not overlap. Overlapping zones may cause
unexpected operation.

2. False

3. False. The ZCL zone allows you to select which rung conditions you
want to eontrol output 012, Ifinput 001 i ON, rung 3 controls
output 012, Ifinput 001 is OFF, rung 6 controls output 012.

4. (b

5. False. The program would operate differently with MCR
instructions. The lower MCR zone (rungs 5, 6, and 7) would always
eontrol output 012, Also, under the MCR zone, any outputs which
were ON at the time the MCR took effect would be de-energized. In
a ZCL zone, these outputs would remain in their last state,

Q-EUnit 10 Group 10A:

1. False. Beth instructions are retentive,
2. True, 3. 901 thru 932,

4. Sequencers can have up to 100 steps and they can be time-driven or
event-driven.

5. (b 6. False. Time-driven sequencers count 0.1 second
intervals,

7. True.

8. False. Event-driven sequencers move to the next step when their
AC value matches their PR value.

9. True. 10, True. 11. True.

12. False. The SQ sequencer input-satisfied status bit has the same
address as the SQI sequencer instruction.

13. Talse. The eyele completion bit is assigned the sequencer address
plus 30,
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Q-EUnit 10  Group 10A:
(continued)

14. True. 15, True. 18. {d). 17. True. 18. True.

19. False. Sequencer data is retentive. The sequencer will resume
operation from the point where it left off.

20, True, 21. True. 22. False 23 False

Group 10B:

CLASSIFICATION: jig‘:;_ ADDRESS: 901 ;’:‘::"D;:::" GROUP NUMBER: 0
BIT ADDRESS DATA FREIgDH?M
B A PRESET
Data | Data VALUES
Bit Addresses— | 18 17 16 15 i4 i3 12 1 a A
Mask Data —* ] 0 i ] 1 1 1 1 3 F
Step Data— 0 0O o e ) I A D e e ] Q 1] M e 1s ]
1l 0 [} 1 0 0 [ [ z ] Ly se g
2] @ 0 1] 0 i 1 1 1 a F bE L g
il o 0 1 1 1 1 0 0 3 C i ey
Group 10C:

1. (b). Maskdatais 3F. Bitaddresses 011 thru 016 are controlled by
this sequencer.

2. (a. 3. True. 4. True. 5. (b, 6. (h).
7. (el 8. (b}, {d), and (e). 9. (b)and (c).
10. True. 11. False,

12. False. The reset instruetion will reset the sequencer to the
programmed RAC step value.

13. Bit address 703 will be ON for one program scan each time SQ0
completes a step,

14. True. 15. True. 18&. True.
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Q-EUnit 10 Group 10D:

{continued)

1. True. 2. True. 3. (e). 4. (el

Group 10E:

L. {c). Inputs 001 and 008 are not examined by this sequencer

2. (d). 3. (b 4. (d). 5 True.

6. True. The input-satisfied status bit will not go ON for that step,
7. True. 8. True.

9. (bl. The preset value for step 4 is 2 and so two FALSE-to-TRUE
transitions of the rung must occur before the sequencer will advance
to the next stap,

10. (d).

Q-EUnit 11  Group 11A:

1. True. 2. True. 3. True. 4. True. 5. True. 6. 58

7. True. 8. True 9. False. 10. True. 11, True. 12. True

Group 11B:

1. True. 2. True. 3. False. 4. False. 5 False. 6 False

Group 11C:
CLASSIFICATION: :{{:gg‘}* ADDRESS: 905 g:’::f‘fs:ﬁ:" GROUP NUMBER: a2
BIT ADDRESS DATA PROGRAM
CODE
2 it Data | Data ::EfIEEL
Bit Addressas =+ B A
Mask Data —» = F
Step Data — 0 0 5 I [u'_'ll_s
! o & e
2 1] 0 T
3 0 1 G
: B (T B THE
5 0 3 Yo &
& o a EE
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Q-EUnit 11 Group11D:
{continuad)

1. True. 2. Groupnumber 62 and step number 5. 3. (d) 4. {a)

Group 11E:

001 209
Rung 1 § I {sqo)—¢
FILL IN DATA FOR:
915 =
Rung 2 (sq1) P b =0k
315 001 909 StepData_ 5
Rung3 +—— —————Ars7}—¢
RAC 10
FILL IN DATA
FOR:
Address 915
Reset Value 10°
Q-EUnit 12 Group12A:
1. (e} 2. {e) 3. (d). 4. le)
5. (h), G, (el 7. (a). B. (b.
Group 12B:
1. True.

2. False. You should use the external outputs on the processor,
3. False. 4. Yes. 5. True.
6. True. Refer tothe Maximum Pulse Rate table on page 12-2,

T. True.
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Q-EUnit12 Group 12C:

{continued)
201 801
e (sQ0)
001 210
| (so)
210 301
|| (RST)
RACI900
O 4541 [I TIME DRIVEN

CLASSIFICATION: ADDRESS: 901

GROUP NUMBER:

1

i {500 [ EVENT DRIVEN —_
BIT ADDRESS DATA PROGRAM
CODE
B A PRESET
Data | Data VALUES
Bit Addresses— | 118 | 117 [ 11e| s e ma |z ] B A
Mask Data— | o i i 1] ] 0 1 1 q 3
StepData—0) o | o o lolole o] il 1 J0;0;2 ;4
LS [ il 0 i 0 0 1 i 0. 2 9:9:9;49
: ——1
3 e |

Type: HS|Sequencer

Use this form for yvour final answer: I

o O =(s01- 1 [] TIME DRIVEM :

CLASSIFICATION: & <500 ADDRESS: 910 ] EVENT DRIVEN GROUP NUMBER: 0

BIT ADDRESS DATA PROGRAM
CODE
B B PRESET

Data | Data VALUES
Bit Addresses— | M8 | 017 | M6 | S 014 | 012 | ¢12 | Oon B A
Mask Data — 0 1] 1] 0 1] 0 i i L] ]

stepbData—0] 9 | g ol odofologlgl]loldolo,0,0,

1 P e

2 e

3 s wdice i

Type: Single Shot Reset Sequencer
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Q-EUnit13 Group13A:

1. True. 2. False. 3. True. 4. (a). 5. (b
6. True. 7. True, B, True. 9, True, 10, (e,

Group 13B:

1. True. 2. True. 3. (d). 4, False, 5. False

Group 13C:

1. True. 2, True. 3. False.

Q-EUnit 14 Group 14A:

1. False. 2. False, 3. True. 4. True. 5. True. 6 True.
7. True. 8. True. 9. True. 10. False, 11. True. 12. (d).

13. True 14. False (864)

Group 14B:

1. True. Address 868 is the program initialization bit, This bit will be
ON during the first program scan for power-up

2. (d). 3. (d).

4. (g). RTO timer status is retentive, but the program initialization bit
is always ON for the first program scan on power-up. When this bit
is ON, the Examine ON instruction at address 868 in rung 3 will be
TRUE, enabling the reset instruetion that resets the timer to 0.

5. {e). Since the AC value has not reached the PR value, status bit 901
has not been et ON. When input 001 is turned OFF, Examine OFF
instruction 001 in rung 3 will reset timer 901 to the RAC value.

8. Non-retentive
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Q-EUnit14 Group 14C:

{continued)
L. (b).

2. (c). The counter status is retentive. However, the Examine ON
instruction at address 868 is the program initialization instruetion,
which is TRUE for the first program scan and will reset the counters
automatically upon power-up.

3. (o) 4. (a), 5. (e) and (d).

6. (e). Even though the current AC value of 0002 does not indicate an
underflow condition, output 012 was turned ON when the AC value
underflowed to 9999 (0002 minus 0003). Once set ON, overflow/
underflow bits can only be turned OFF with the reset instruction. .

Q-EUnit 15  Group 15A:

1. True. 2. True. 3. (a), (b}, and (d).
4, True, 5, True. 6. True.

7. False. The cursor will move to the output instruction in the rung
directly above the last rung of your program.

8 True. 9. True. 10. True. 11. True. 12, True.

13. True. 14. True. 15 True. 16. True.

17. False. All conditional instructions must also be removed.

18. True,

19. False. Mode 1 has no effect on the EEPROM memory module,
20. True,

21. True. However sequencer presets can be changed in the Run, Test,
or Program modes,

22. True. 23. True.
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Q-E Unit 15
{continued)

Group 15A:

24, False. Cursor to the value vou want to change, enter the new value

and press ENTER.

25, False. Changes are immediately entered into RAM memory.

Group 15B:

1. See diagram below.

001 D0z o1
Rung 1 .___f : 3
003 004 005 02
wngz (LI (5
005 901
Rung 3 = { e }—4
PR D100
slnla &1'1 733
Rung 4 i T { }
951 M6
Rung 5 H— fiyorsy
3
.
RUAZS T { )
861
I
]
008 a1
Rung 7 H { rst —4
RAC 0000
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Q-EUnit15 Group 158:

{eantinued)
2and 3. See diagrams below.

Question 2:
001 0oz (AR
Rung 1 H.._” « —
003  ooa niz
wna2 - PYE
uos 201
Rung 2 I I { cru )
PRO100
2 'glﬂif ‘l:ﬁ? 733
£y
At TR {)
951 016
Rung 5 H { —
ant 733 013
T &
a1
11
4]
ong am
Rung 7 +—| { rst }—
RAC DR0D
Question 3;
001 D05 DO2 011
rung |G
003 004 012
w2 {
a6 901
Rung 3 | : { cru p—rt
PR 0100
01 aor 733
T e |
a51 a6
Rung 5 “ &3
901 733 o013
rung s +— Y| ()
i
; am
Rung 7 | I- _{ RST }__
RAC (000
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Q-EUnit15 Group 15B:

{continued)

4. Correct keystroke sequence for adding the branch: Cursor to
Examine ON instruction at address 001 in rung 1 and press

-

FNEERT} T J ENTER MNEXT } MEXT ] NEXT ]

6. Seediagram below.

001 005 002 o
rung 14—
003 004 012
rung2 [T} ()
006 501
g3 7] )
PROHOO
so1 007 133
Rung 4 “ "}.L { —
a0t 733 13
rungs t— S
901
08 901
Rung & —-o} { et )
- RAC 0000

Correct keystroke sequence for removing the rung in exercise 6: Cursor
to any instruction in rung 5 and press

HEE

The entire rung will be removed from memaory.
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Q-E Unit 16

Group 16A:

2. True.

3. False. Bequencer data may only be changed in the Program mode.
Sequencer Preset values may be changed in the Run mode,

4, False. Data may also be monitored in the Test modes.

5. True, 6. True.

7. False. The status bit is not affected. Only the output terminal is
forced.

B. (el

9. False. The FRC OFF function will foree the instruction to an OFF
condition. To remove the FRC ON condition you must cursor to the
forced instruction and press REMOVE, SHIFT, FRC ON,

10. True. 11. True. 12, True.

13. True. To remove all forces in your program you must press
REMOVE, ENTER.

14. False. This will remave all forees in your program. To remove a
forced ON instruction, cursor to that instruction and press
REMOVE, SHIFT, FRC ON. To remove a forced OFF instruction,
cursor to that instruction and press REMOVE, SHIFT, FRC OFF,

15, True,

16. False. Pressing the NEXT key one more time will take you to the
next rung.

17. True.

18, False, Timer and counter PR and AC values can be changed in the
Run mode also,

19, True. However you can switch to the Program mode and unprotect.

True. Timer and counter parameters can be changed in the Run
mode.
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Q-EUnit 17 Group 17A:

1.

10

14

17.

18

19.

20.

21

False. The EEPROM requires no battery to retain memory
contents,

True. 3, True.

Falze. The Auto-load procedure can be used. See Page 18-3 of the
User's Manual for details.

True. 8. True. 7. True. 8. True,

False. The old program will be automatically erased when you load
A NEW PTogram.

True. 11. False,only SLC 150 12. True. 13, True.
True, 15, True. 16, True.

True.

True

True.

True. However caution should be used when using addresses that
hawve unique functions with the SLC 150,

False. SLC 150 special instruction addresses and HSI counter
instructions are not compatible with the SLC 100,
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