SERIESTHREE

PROGRAMMABLE
CONTROLLER

SERIES THREE MANUAL

GENERAL @ ELECTRIC




SERIES TR

=

PROGRAMMABLE
CONTROLLER

SERIES THREE
MANUAL

GEK-25376

FEBRUARY, 1984

ral Electric Company furnistied for custorner use only.
ritten permission of General Electric Company.

GENERAL @ ELECTRIC




WARNING, CAUTION, AND NOTES
AS USED IN THIS PUBLICATION

l WARNING I

Warning notices are used in this publication to emphasize that hazardous

voltages, currents, and temperatures that couild cause personal injury exist in
this equipment.

Caution notices are used where equipment might be damaged if care is not taken.

In situations where inattention could cause either personal injury or damage
to equipment, a Warning notice 1s used.

NOTE

Notes merely call attention to information that is especially significant in
understanding and operating the equipment.
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Copyright ® 1984 General Electric Company

This document 1is based on information available at the time of 1its
publication. While efforts have been made to render accuracy to its content,
the information contained herein does not purport to cover all details or
variations 1in hardware or software, nor to provide for every possible
contingency in connection with installation, operation, and maintenance.
Features may be described herein which are not present in all hardware and
software systems. General Electric assumes no obligation of notice to holders
of this document with respect to changes subsequently made,

General Electric makes no representation or warranty, expressed, implied, or

statutory with respect to, and assumes no responsibility for the accuracy,
completeness, sufficiency or usefulness of the information contained herein.
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PREFACE

This is an updated issue of the manual describing the operation of the Series
Three Programmable Controller. Improvements are expected based upon reader
comments and additional features to be added. To obtaln latest information,
revised manuals, and maintenance bulletins, please return the registration
card at the rear of this manual. Data relative to your application will
assist us in planning new options and help to produce the best programmable
controller at a price you can afford.

After a program or major portions of a program have been entered, or after
extensive changes have been made, it is recommended that a record of that
program be made on magnetic tape. When you are satisfied with the operation
of the programs, two copies on separate tapes should be made as well as a
print-out of its logic for future reference. The program and the Series Three
hardware should be exercised through all possible modes of operation to ensure
proper and expected response of the system to all configurations of inputs.

It is extremely important to observe all possible precautions before beginning
operation of a system in order to preclude the possibility of damage to
equipment or persomnel injury. Since it 1is impossible to anticipate all
applications in which a Series Three Programmable Controller may be used, the
user must assume responsibility for proper use of the programming capabilities
of the system.

Should further information be desired or should particular problems arise
which are not covered sufficiently for the purchaser's purposes, the matter
should be referred to the General Electric Company, Programmable Control
Department, P. 0. Box 8106, Charlottesville, Virginia 22906.




The Series Three and its associated modules have been tested and found to meet
or exceed the requirements of FCC Rule, Part 15, Subpart J. The following
note is required to be published by the FCC.

NOTE

This equipment generates, wuses, and can radiate radio
frequency energy and if not 1installed and wused 1in
accordance with the instruction wmanual, wmay cause
interference to radio communications. It has been tested
and found to comply with the limits of a Class A computing
device pursuant to Subpart J of Part 15 of FCC Rules, which
are designed to provide reasonable protection against such
interference when operated in a commercial environment.
Operation of this equipment in a residential area is likely
to cause interference in which case the user at his own
expense will be required to take whatever measures may be
required to correct the interference.
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CHAPTER 1
INTRODUCTION

In today's control system environment, automation is made possible through the
use of electronics. Rapid development of electronic devices has made the
concept of the factory with a future a reality for modern technology. The
factory with a future provides the automation required by industry in order to
be dynamic and competitive in the marketplace today and in the future. It can
provide 1improved system reliability, product quality, information flow,
reduced costs, efficiency, and flexibility. A basic building block of an
automated factory 1is an electronic device called a Programmable Controller
(PC). The PC was introduced to the industrial environment in 1970. Since the
industrial environment c¢an contain wmany problem areas such as electrical
noise, unreliable AC power, high temperatures, contaminated air and mechanical
shock, the PC is ideally suited since it was designed specifically for the
industrial environment. The design of PC's has been updated every few years
to include the latest technology. Today's PC's 1incorporate the latest
microprocessor design and associated electronic circuitry.

ADVANTAGES OF A PC

Programmable Controllers have many advantages over other control devices used
commonly in the past such as relays, electrical timers and counters, and drum
type mechanical controllers. The PC should be considered when selecting any
control device because of certain advantages which typically are:

Improved reliability

Easier maintainability

Less space required

Programmable as requirements change

Less expensive than equivalent hard-wired systems
More flexible {can perform more functions)

SERIES THREE PROGRAMMABLE CONTROLLER

The General Electric Series Three Programmable Controller is a PC
incorporating the latest design using microprocessor technology. The SERIES
THREE provides up to 400 I/0 points with 4K (4096 sixteen-bit words) of user
logic memory. A maximum configuration uses only three base units to contain a
CPU/Programmer and the I/0 modules required for that configuration. The small
physical space used by the base units provides a compact medium PC requiring a
minimun of space.

1-1
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The base units can be purchased to centain either 4, 6 or 8 I/0 module units.
1/0 modules are available with either &, 16 or 32 1/0 points per module,
depending on the type. The CPU/Programmer unit 1is compact and can be
hand-held or attached to the primary base unit. Programming 1is easily
accomplished by entering programs using a relay ladder diagram language. The
instruction set 1is made up of 57 functions, including a four function BCD
arithmetic capability and a software shift register. Table 1.1 lists some of
the features of the Series Three. Table 1.2 provides a summary of Series
Three specifications.

Table 1.1
FEATURES
Feature Advantage or Description
. User Logic Memory 4096 sixteen—-bit words, CMOS RAM or

optional EPROM

. Lithium Battery Retains CMOS memory on power—-down
condition

. 1/0 Points 400 Maximum

° Internal Relays 368 (64 are Latching Relays)

. Timers/Counters 128-Any mix (Maximum preset, 999.9 sec

for Timer and 9999 for counter)

. Shift Registers 128

. Data Registers 128

. Programming Language Relay Ladder Diagram

. Four Function BCD Math Powerful Programming Tool

. 1/0 Modules 8 or 16 points per Module with LED

indicators. 32 points per Module
with no indicators.

'] Number of Modules Expandible from 8 Modules (1 base unit)
to 24 Modules on three base Units.

* Flexible 1/0 Any Mix in Groups of 8, 16 or 32

. Peripheral Devices Cassette Tape Unit, Printer, PROM Loader.
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Table 1.2
GENERAL SPECIFICATIONS

Power Supply

Required AC Power 115 or 230 Vac, +15% (Jumper Selectable)

Frequency 48-63 Hz -

Maximum Load 60 VA Maximum each Base Unit
Humidity 5-95% (Non-Condensing)
Operating Temperature 0 to 60°C (32-1400F)

Storage Temperature -10 to 70°C (14-1580F)
Battery Life (Depends 2 years (under load)
on Operating Temperature)

Shelf Life 8 - 10 years (no load)
Memory Size 4096 Sixteen-bit words
Memory Type CMOS RAM or EPROM
Scan Rate (Typical) 28.5 ms
Maximum 1/0 400 (Any mix of Input and/or

Qutput)
Internal Relays

Non-Retentive 304

Retentive (Latching) 64
Timers and/or Counters 128
Shift Registers 128
Data Registers 128
Programming Functions 57

(Includes Four Function

Math)

Figure 1.1 shows the Series Three primary base unit with the CPU/Programmer
mounted in place. The base unit pictured will accommodate 6 I/0 modules.

1-3
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(:) CPU/Programmer (:) 1/0 Modules (4, 6 or 8 slots)

Figure 1.1
SERIES THREE PROGRAMMABLE CONTROLLER

Ref. 83-PC-35MM-2-1-29 1-4




Series Three GEK-25376

BASIC PCSYSTEM

Figure 1.2 illustrates a general block diagram of a Programmable Controller.

cPU
VO
- INPUTS =t FELD
—_b
INTERNAL |  USER
PROGRAMMER PROCESSOR, MEMORY | MEMORY > OUTPUTS | DEVICES

POWER SUPPLY

PC-53-83-0001

Figure 1.2
PROGRAMMABLE CONTROLLER BLOCK DIAGRAM

A Programmable Controller is defined as a solid-state industrial control
system using microprocessor technology. Inputs from user supplied control
devices such as switches and sensors are read in by the PC and implemented in
logical patterns determined by instructions programmed by the user and stored
in user memory. The results of these logical decisions are then used to drive
outputs for control of user devices such as relays and motor starters.

PROGRAMMER

The programmer is a keyboard/display device used to enter functions in a
line-by-line sequence which tells the PC how and in what sequence to perform
its control operations, The programmer is also used to display any previously
entered logic, edit (change or delete) portions of the logic, display the
accumulated value of internal timers or counters, monitor the operation of any
coil or contact in the program and make certain changes during program
execution.

Ref. PC-53-83-0001 1-5
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CPU

The Central Processor Unit (CPU) contains a microprocessor and is the part of
the system that does the logical decision making., It reads the status of
input devices in the control system, makes logical decisions using this
information and the instructions which have been entered by the user and based
on those decisions provides control to the actuating portion of the control
system. The CPU performs its operation in a repetitive sequence called
scanning. In the scanning process each line of logic is examined and solved
one at a time in numerical sequence from the first to the last. In the Series
Three, as each line of logic is solved, its output is updated. The scan time
is variable dependent on the size of the program. Figure 1.3 illustrates the
scanning sequence of the Series Three.

LOGIC SOLUTION
OF PROGRAM
INPUTS READ OUTPUTS MONITOR
> —={ DISPLAY
AND UPDATED UPDATED UPDATED
I‘L= SCAN TIME 4—.—]1 PC.53.83-0002
Figure 1.3

SCANNING SEQUENCE

MEMORY

The programs (logic) entered by the programmer are stored in the GPU in the
user memory portion of the storage system., Other memory 1s provided for
internal coils, timers, counters, shift registers, and data registers. User
memory is 4096 sixteen-bit words. This is usually referred to as 4K words,
where K is an abbreviation for Kilo or 1024. Instructions entered into the
Series Three memory use either one or two words of memory, depending on the
type of instruction.

Ref. PC-S3-83-0002 1-6
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MEMORY TYPES

Two types of memory are used to store logic and data in the PC; CMOS RAM and
PROM. CMOS memory is commonly used as the name for a semiconductor type of
memory, CMOS RAM which in turn is an acronym for Complimentary-Metal-Oxide
Semiconductor, Random Access Memory. CMOS RAM is a fast, low cost, low power
consuming memory that can be both read from and written into. This memory is;
however, volatile - which means it can lose its memory contents if power is
removed. To avoid losing the contents of this type of memory it is provided
with a back-up battery to retain its contents during a power—-down condition.
The Series Three uses a Lithium battery for this purpose. A new Lithium
battery can maintain the contents of memory under no-power conditions for a
period of 1 to 5 years. When power is applied to the system, the battery is
not used. Storage life of a Lithium battery 1is typically from five to 10
years.

The other type of memory used for storage of the user program is EPROM,
Erasable Programmable Read Only Memory. This is a fast, low cost memory that
will retain the contents of memory with loss of power. EPROM memory is easily
read; however, the contents cannot be changed without special action by the
user. A Series Three PC requires 2 EPROMs, one to contain the lower 8 bits of
each word and the second to contain the upper 8 bits of each word. A program
is initially entered into an EPROM by entering a program in the PC's CMOS
memory, then transferred or written into EPROM by using a peripheral device
called a PROM Writer. The EPROM is then removed from the writer and inserted
into a socket in the CPU. If the contents of the program in EPROM are to be
changed, the EPROM must be cleared (erased)} of all previous contents. This is
done by subjecting the EPROM to an intense ultraviolet light.

INPUT/OUTPUT SYSTEM

The Input/Qutput (I/0) system receives status signals from field devices
connected to input modules. These signals are filtered and incoming voltages
converted to signal levels compatible with the CPU. Logic decisions are made
in the controller and the proper information is sent out through the output
modules to control machines or processes. The output modules convert signal
levels within the PC to the proper levels required for control of those field
devices. Input and output modules are optically isolated from the internal
circuitry of the PC. This isclation protects the PC from electrical noise on
the power lines, inductive kick-back from loads or interference picked up by
field wiring.

The 1/0 system is modular in design and is capable of handling a variety of
signals. The type of module used is determined by the field device to be
connected to the system. Modules are available for the Series Three to
accommodate 115/230 Vac or 24 Vdc. Modules are available with either 8, 16

1-7
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or 32 1/0 peints per module. Field wiring is made to a socket type terminal
board on the front of each module. This board is easily removable, thereby
allowing an 1/0 module to be easily removed or changed without disturbing
field wiring.

Base units are available to accommodate either 4, 6 or 8 1/0 modules. Three
base units are required for a maximum I/0 configuration of 400 I/0 points. A
primary base unit contains the CPU/Programmer and is daisy chained to a second
base unit by an I/0 expander cable. If a third base unit is required it
connects to the second base unit by another I/0 expander cable. The 1/0
system 1s explained in more detail in Chapter 2. Figure 1.4 1s an
illustration of an 1/0 system connected to accommodate a maximum 1/0 system.,

) 10
Le— BASE UNIT NUMBER 3
| WITH 8 1VO 5L0TS
i IMODULE 17-24]
L .
fs! lo]
1°0 EXPANDER CABLE r] e—BASE UNIT NUMBER 2
$9IN. (50 CM i i WITH 8 1/0 SLOTS
I I {MODULE 3-18}
o [ 0
le] o
CPU PROGRAMMER UNIT ] o PRIMARY BASE UNIT
MOUNTED ON BASE WITH 8 1/0 SLOTS
(MOOULE 1-8)
[e __1 o]
s arenca

Figure l.4
1/0 SYSTEM BASE UNIT INTERCONNECTION

Each base wunit has a power supply wmounted on the left side. The
CPU/Programmer mounts on top of the power supply on the primary base unit.

Ref. PC-53-83-0003 1-8
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PROGRAMMING

Programming of the Series Three 1s accomplished by using & simple relay ladder
representation based upon standard Boolean functions (AND, OR, and NOT).
These functions are entered using the programmer unit. They are entered as
lines of logic using normally open and normally closed contacts, output coils,
timers, counters, shift registers and arithmetic functioms. There is no limit
internally on the number of contacts that can be placed in series or
parallel. As a practical limit for programming and system documentation, it
is recommended that a horizontal line be limited to nine contacts and the
number of vertical rungs be limited to seven parallel lines. Table 1.3 shows
the symbols for programming elements and functions of the Series Three. A
complete list of programming functions can be found in Chapter 4. Chapter 5
describes how to physicalily enter each of the functions by wusing the
programmer unit.

1-9
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Table 1.3
BASIC PROGRAMMING ELEMENTS AND FUNCTIONS

Element

Symbol

Comment

Normally Open
Contact

Basic relay contact used in ladder
logic diagrams. Controlled by a
discrete input reference number or a
coil reference number.

Normally Closed

Controlled same as a normally open

Contact -—————1//F————— contact.
Represents the discrete output of a
rung of ladder logic. Provides a
Coil ) control signal for an  external
A diserete device or can be used as an
internal contact.
Requires one rung of logic.
Timer 4<E:}* Accumulates time 1in seconds to tenths
of seconds (0.1 sec. to 999.9 sec).
Times down from preset.
Retentive. Requires two rungs of
Count logic. Top rung enables, bottom rung
Counter C resets the counter. Count can be
Reset preset from 0 to 9999. Counts down
from preset.
Shift DATA Retentive. Requires three rungs of
Register SR — | logic (Data, Clock, and Reset) and
CLOCK specifying of the first and last coils
of the Shift Register. Shifts in
RESET forward or reverse direction.
Data, —{D.STR XXXX}— | Examples of the programming format for
Arithmetic, —+ XXXX}—— | some functions is shown. Refer to
Logic, ~——D.AND XXXX}— | Chapter 5 for a complete list of
Convert and —{BCD — available functions.
Special —{FUN82 |
Functions

1-10
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When programs are written and entered into a PC, they must include reference
numbers. The reference numbers specify which Function is to be used and are
required by the CPU for keeping track of the program., In the Series Three the
reference numbers are octal based; i.e., they start at zero and go up to
seven, then ten to seventeen, twenty to twenty-seven, etc. When 77 is
reached, the next wvalue is 100. In this numbering system, the numbers are
similiar to decimal numbers, except that the digits 8 and 9 are not used.
Table 1.4 lists the various references used in the Series Three. All discrete
references can also be referenced in groups (8 bits) by using the first three
digits of the discrete reference.

Table 1.4
SERIES THREE REFERENCES

Reference Group Discrete Discrete
Type Reference Reference Quantity
(octal) {octal) (decimal)
1/0 Points 000-061 0000-0617 400
Timer/Counter 200-377 000-177
{Accumulate Timer/Counter I1.D. 128
Register ) Number
Internal Relays 400-445 4000-4457 304
(Non-Retentive)
Internal Relays 700-707 7000-7077 64
(Retentive)
Shift Register 900-917 9000-9177 128
Coils (Retentive)
Data Registers 500-677 128
(8-bit)

In addition to the above list, several internal relays are used for specific
functions. These are listed and described in Chapter 4.

1/0 reference numbers have been preassigned to each of the 24 available I/0
slots. Each slot will accept either an 8 point, a 16 point or a 32 point
Input or QOutput module. The reference points assigned to a module are
therefore established by the physical placement of the module. Referring to
Figure 1.5, note that the primary base unit contains wmodule number 1, which is
to the right of the power supply. An 8 I/0 slot base unit would contain

1-11
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modules 1-8, while a 6 I/0 slot base unit would contain modules 1-6. 1/0
reference numbers begin with the first I1/0 slot and continue upward until the
last I/0 slot is reached (24 possible). The example below shows 1/0
references assigned to modules (either 8 or 16 point) placed in I/0 slots in
the primary base unit,

MOOULE

N JOUT] W | N Jour| w | w | our TYPE
CPU/PROGRAMMER | 8 | 16 | 16 | 8 | B { 16 | 18 | 32 YO
MOUNTS HERE POINTS
00C0 | 0010 | 0030 | 0050 | 0080 | 6070 | 0110 | 0130
0007 | 0017 | 0037 | 0057 | 0067 { 0077 | 0117 | 0137 R ERCNCE
0020 | 0040 0100 | 0120 | 0140
0027 | 0047 0107 | 0127 | 0147
o150
0157
0160
[im
FC-EY.82.0048
0 §LOT 0 SLOT
NUMBER 1 NUMBER 8
Figure 1.5

EXAMPLE OF 1/0 REFERENCES

In the example slot 1 contains an 8 point TInput module with Input references
0000 to 0007; slot 2 contains a 16 point Output module with Output references
0010 to 0017 and 0020 to 0027.

When a system is initially configured, the number of I/0 points and type of
module assigned to each I/0 slot (determined by the number of I/0 points in
the module placed in that slot) is stored in the CPU. FEach time the system is
powered up and when switching from Program mode to Rumn, the CPU checks the
validity of each module in each slot. If there is a discrepancy between the
1/0 configuration stored and actually mounted an error condition is generated
and displayed on the CPU/Programmer. If a slot does not contain an 1/0
module, that address is assumed to be a l6-point cutput.

Ref. PC-53-83-0048 1-12
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PERIPHERALS

Peripherals are optional devices that can be used with the Series Three and
include a cassette tape unit, a PROM Writer, and a prianter. Any standard
audio-type cassette deck such as a General Electric model 3-5158A or
equivalent can be used to record (write) programs that have been entered into
the PC memory or to playback (read) programs previously recorded. A high
quality cassette tape should be used for recording programs. Programs can be
entered in a system, recorded and then entered into a system at a different
location. More than one program can be recorded on a tape and each program
can be given a four digit identification number.

A back-up to a program is also convenient in the unlikely event that a CPU
should fail, it can be replaced and the program read in from tape with a
minimum of system downtime.

As mentioned earlier, a PROM Writer is a device that provides a wmeans of
writing a program entered into the CMOS memory to a PROM. The PROM, which is
a non-volatile device will then contain the program. If the program entered
into the PROM 1is to be changed, the PROM contents must be cleared by
subjecting the PROM to an intense ultraviolet light.

The optional printer provides a method of obtaining a printed record of the
program entered into user memory.
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CHAPTER 2
EQUIPMENT CONFIGURATION

This chapter contains a general description of the physical equipment
configuration of a Series Three PC. Included are descriptions of the base
units, CPU/Programmer and I/0 structure.

BASE UNITS

The Series Three is provided as a family of base units into which I/0 modules
can be inserted. Base units are available to contain either 4, 6 or 8 I1/0
modules. Each base unit requires a power supply, which is mounted on the left
side of each base unit. Figure 2.1 shows the 6 slot and 8 slot base units.

TOP OF BASE UNIT

G KEYHOLES FOR MOUNTING
16 ON EACH BASE)

2 MOOLLE BASE UNIT

| | O
TERMARIAL BOARD -
&MODULE BASE LiNIT
Figure 2.1
BASE UNITS

Ref. PC-53-83-0004 2-1




Series Three GEK-25376

The power supply is jumper selectable for either 115 or 230 Vac operation and
supplies +5 and +12 Vdc to the modules inserted into the base unit. Wiring to
the power supply 1s made to a terminal board mounted at the bottom of the
supply. Mounting of the base units is provided by four keyholes, one on each
corner of the base unit frame.

Table 2.1 lists the power supply specifications.

Table 2.1
SPECIFICATIONS, POWER SUPPLY
Input
Voltage 115 Vac/230 Vac, +15%
Frequency 50/60 Hz.
Normal Load 60 VA (maximum per base unit)
Fuse Rating 1A
Output
Voltage +5 Vdc, +5%
Current 2.5 A Continuous
3.0 A Maximum
Voltage +12 vde, +15%
Current 1.0 A Continucus
1.5 A Maximum
Fault and Run Contacts Maximum load rating of external
device: 4A resistive load, 0.5A
inductive load at 230 Vac

Each base unit has two connectors mounted on the right side of the power
supply. The lower (CPU) connector on the primary base unit connects to the
CPU/Programmer. The top connector (EXPANDER) is used when a second base unit
is required, connection is by a cable 19 inches (.5m) or a cable 3 feet {(lm)
in length {(1/0 Expander Cable). Refer to Figure l.4, which shows connections
to a maximum configuration of three base units.




Series Three GEK-25376

The CPU/Programmer unit mounts directly on top of the power supply on the
primary base unit. When more than one base unit is used in a system, the
CPU/Programmer must be mounted on the first or primary base unit. The CPU
contains the microprocessor and CMOS or EPROM devices required for memory
storage. The I/0 slots in a base unit can contain Input or Cutput modules in
any mix of inputs or outputs or voltage levels as required for a particular
application. The 1/0 modules are secured to the base unit by two screws, one
at the top and one at the bottom of each module. The CPU/Programmer is
secured to the base unit by a captive screw fastener at the bottom of the unit.

The base unit and modules are designed to dissipate internal heat by
convection cooling and do not require a fan for forced air cooling. When
mounting the base units, the flow of air should not be inhibited at the top
and bottom of the unit. The base units should be panel or rack mounted in a
position as shown in Figure 2.1 (when looking directly at the unit). A
minimum of 3 inches (75 mm) at the top and 4 inches (100 mm) at the bottom of
a base unit is recommended as the space required for proper air flow. When
more than one base unit is required, 6 inches (150 pm)(minimum)} is recommended
between bases. Both sides should be free of obstacles to allow easy
installation or removal of a unit, approximately 1 inch (25 mm)} from each side
is recommended.

For reliable operation, the ambient temperature of the air entering the bottom
of the base should not be higher than 60°C (140°F)., Field wiring to I1/0
modules and power supplies should be placed so as to aveid blocking air flow.
A suitable service loop should be provided to allow easy removal of a module
with wiring attached. Wires should be tied neatly to maintain their order in
the event they need to be disconnected for any reason. As a convenience field
wiring is made to terminals on a socket type terminal board on the front of
each module. The terminal board attaches to a board edge connector on each
1/0 circuit board. This terminal board is easily removed, allowing an 1/0
module to be removed or changed without disturbing the field wiring. As a
safety precaution a clear plastic cover is placed over the terminals. This
cover snaps into place and is removed by squeezing in the top and bottom of
the connector while pulling the cover towards you. See Figure 2.2. Some of
the high-density - I/0 modules (32 points) are connected to field devices
through an I/0 Interface cable. This cable has a connector on one end which
mates with a connector mounted on the facepiate. Each module requires two of
these cables.
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Figure 2.2
EXAMPLE OF 1/0 MODULE FACEPLATE

POWER SUPPLY

The power supply can be readily removed and replaced 1if necessary. It is
secured in place on the base unit by 2 captive screw fasteners. The power
supply is identical on each base unit. Figure 2.3 shows the features of a
Series Three power supply. 115 or 230 Vac operation of the power supply is
selected by configuring the jumper straps on the terminal board as shown in
the figure. If the I/0 expander connector is not used, a dust cover is
available to protect the contacts.

Ref. PC-S3-83-0005 2-4
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POWER SUPPLY

The FAULT RELAY contacts on the terminal board can be used to activate an

alarm condition caused by an external device. The two terminals are connected
to a pair of normally open contacts. The RUN terminals are alsoc connected

internally to a2 pair of normally open contacts. This contact output is made
(ON) when in the RUN, RUN 1, or TEST position of the mode select switch. If
an error condition is detected while in one of these modes, the RUN contacts

will open.

Ref. PC-33-83-0006 2-5
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CPU/PROGRAMMER

The CPU/Programmer can be secured to the primary base unit or detached for
hand-held operation. In either case the 5 foot (1.5 m) cable wired to the
CPU/Programmer unit must be connected to the CPU connector on the power supply
on the primary base unit. The CPU/Programmer allows the user to:

Enter ladder diagram programs

Edit existing programs

Change preset values of Timers and Counters when in the RUN 1 mode
Monitor accumulated value of timers and counters

Monitor individual coils and contacts

Start and stop program execution

Access peripheral devices such as an audio cassette unit, PROM Writer
or Printer.

After programs have been entered and verified, they can be recorded on an
audio~type cassette recorder such as a General Electric model 3-5158A . The
recorded tape can then be read into any Series Three PC. This provides a
convenient method of permanent storage for user programs. A connector on the
CPU/Programmer provides a link to a PROM Writer for tramsferring programs to a
PROM. The connector also provides access to a printer. This provides a way
of obtaining a printed copy of the program entered into memory. The
CPU/Programmer also displays error codes which can be used to interpret
various system problems. Figure 2.4 shows the CPU/Programmer.
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Figure 2.4
CPU/PROGRAMMER UNIT

A description of the operation and features of the CPU/Programmer is found in
Chapter 4.

The bottom of the CPU/Programmer has a removable plastic cover which provides

access to the Lithium battery used for retention of information in the CMOS
memory.

Ref. PC-S83-83-0007 2-17
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I/0 SYSTEM

An I/0 system is made up of base units, Input modules, Output modules, input
devices, output loads or actuating devices, field wiring to the I/0 modules
and power sources for the I/0 modules on the user side of the system.

DETERMINING QUANTITY OF BASE UNITS AND 1/0 MODULES

The base units were described in the previous section., Selection of a base
unit or units is determined by the number of I/0 points required by the
system. The following steps are suggested;

] Layout on paper the design of the inputs and outputs for the system.

. Add the total number of inputs and outputs. Separate by type and
voltage required (e.g. (36) 115 Vac and (45) 24 Vde inputs plus (27)
115 Vac and {9} 24 Vdc outputs).

. Divide each category by either 8, 16 or 32 as required by type of
module (i.e. either 8, 16 or 32 inputs or outputs).

. Add total of I/0O modules as determined from the above calculation.

° The number of base units required is determined by the total number
of I/0 modules to be used. A 6 module base unit can contaln a
maximum of 192 I/0 points (6 modules x 32 points), while an 8 module
base unit can contain a maximum of 256 1/0 points (8 modules x 32
points).

2-8
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If more than one base unit is required, an I/0 Expander cable for each
additional base unit is also required (maximum of 2 I/O Expander cables).

The base unit or units should be rack or panel mounted using the 4 keyholes to
secure the base unit(s). Recommended spacing and orientation of base units
should be maintained for proper air flow through the units., Figure 2.5 is an
outline drawing of a base unit. A 9 inch (229 mm) deep panel is recommended
for mounting the base units.

A Hae
WBO}

:] 181 226

e usa
EXPANDER
CONNECTOR 8 MQDULE BASE LT

MOUNTING KEY>4

4 ON EACH BASE

B
Ba

24 DA
&

i

a9
1o

FOR INCOMING POWER 7. DIMENSIONS ARE N INCHES.
MM SHOWNIN( ).

2 FOR A § MODULE BASE UNIT, DIMENSIONS ARE:
A= i8] 410
B =154 1300

3. FOA A 4 MOOLLE BASE LibiT, DIMENSIONS ARE:
A= 1343400

] s

Figure 2.5
BASE MCDULE OUTLINE DRAWING

Catalog numbers are listed for base units and the power supply. Each base
unit ordered requires a power supply.

Description Catalog Number
Base Unit, 4 Module IC630CHS304A
Base Unit, 6 Module IC630CHS306A
Base Unit, 8 Module IC630CHS308A
Power Supply Unit IC630PWR300A

Ref, PC-53-83-0008 2-9
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CHAPTER 3
INSTALLATION

This chapter contains the information required to install a Series Three PC
system. Included are instructions for mounting base units, power supply
connections and mounting the CPU/Programmer.

INSPECTION

All shipping containers should be visually inspected for damage when your
system is received. If any damage is noted, notify the carrier immediately.
Save any damaged shipping containers as evidence for inspection by the
carrier. It is the responsibility of the consignee to register a claim with
the carrier for damage incurred during shipment.

After unpacking the Series Three system including base units, power supplies,
CPU/Programmer, cables, Input modules and Output modules, it is recommended
that any serial numbers on the equipment be recorded. The serial numbers may
be required if Programmable Control Customer Service should need to be
contacted for any reason during the warranty period of the equipment.

Verify that the system components received agree with your order. If any
problems are noted at this time call Programmable Control Product Service in
Charlottesville, Virginia  at (804) 978~5624. A Customer Service
representative will be available to help with your problem.

MOUNTING A BASE UNIT

The following procedures are recommended when mounting a base unit. A base
unit can be easily rack, panel or wall mounted. For reference, Figure 2.5
shows a typical base unit with dimensions noted. Since base units can contain
either 4, 6 or 8 1I/0 modules, the difference in the center to center
dimensions for mounting (on the horizontal plane) should be taken into
consideration. Mounting depth of a panel should be 9 1inches (229 mm) or
deeper.

. Using the base unit as a template, mark where mounting hcoles are to
be drilled.

. Drill the four mounting holes {1/4 inch (6 mm)) if using pass through
bolts, or 3/16 inch (5 mm) if using tapped holes.
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* Insert top two bolts (3/16 inch x 1 1/2 inch or 5 mm by 40 mm), put
unit in place and loosely secure with washers, lock-washers and nuts.

or

Tap holes and insert top two bolts. Place unit onto mounting bolts
and loosely secure.

° Complete installation of the bottom two bolts and tighten all
mounting hardware.

. 1f additional base units are required, repeat the above steps.

. If additional base units are installed, the I/0 expander cable or
cables should now be connected.

POWER SUPPLY INSTALLATION

After installing a base unit or units, install a power supply on each base
unit. To 1install a power supply, note the position of the power supply
connector on the base unit and the mating connector on the bottom of the power
supply. Set the power supply in position on the base unit, pushing it down
gently until the connectors are secure. Secure the power supply to the base
unit by fastening the 2 captive screw fasteners. The location of the screw
fasteners is shown in Figure 2.3
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From one to three base units can be used in a system, depending on the total
number of I/0 points required by the system. Refer to the previous chapter
for instruction on calculating the number of I/0 points and modules. If more

than one base unit is to be used each one should be mounted adjacent to the
other as shown in Figure 3.1.
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EACH BASE UNIT rw (1 (1 r (ﬁﬁ
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CPU PROGRAMMER UNIT
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QF POWER SUPPLY i
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Figure 3.1
BASE UNIT MOUNTING CONFIGURATION

CPU/PROGRAMMER INSTALLATION

Install the CPU/Programmer by affixing it to the bracket at the top of the
power supply. The CPU/Programmer will then fit flush to the power supply.
Figure 3.2 shows this mounting procedure. Tighten the captive screw on the
bottom front of the CPU/Programmer to secure the unit to the base.

Ref. PC-83-83-0009 3-3
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= 53410010

(:) Position power supply over stand-offs, (:) Tighten captive screw fastener.
push down, making sure connector on power
supply is secure with connector on base. (:) Plug CPU/Programmer cable into
Tighten 2 screws as shown. lower connector on power supply
(labeled CPU).
(:) Position CPU/Programmer over power supply.
Place cutout on back over hook on power supply.

Figure 3.2
CPU/PROGRAMMER AND POWER SUPPLY INSTALLATION

NOTE

If a system contains more than one base unit, the CPU

Programmer must be installed on the first or primary base
unit.

The CPU Programmer can easily be removed from its mounted position for
hand-held operation by loosening the captive screw and lifting up on the unit;
however, once connected to the CPU Programmer connector it should not be
removed. Improper system operation could result if the connector is detached.

Ref. PC-S3-83-0010 3-4
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I/0 MODULE INSTALLATION

After mounting the power supply on a base unit, the I/0 modules should be
installed. FEach module position on a base unit has a 28 pin connector mounted
at the top of the unit. Position the I/0 module directly over the selected
position and push down firmly on the module, the edge connector on the circuit
board in the module should mate securely with the connector. Tighten the 2
captive screws on each module to secure the module in place. When all modules
have been installed, the base units can be mounted. Refer to Chapter 6 for
field wiring of I/G modules.

BASE UNIT SPACING

When installing a base unit or units in a rack or panel, sufficient space
should be left around the units to provide proper ventilation and working room
for wiring, maintenance or inspection. Figure 3.3 shows the recommended space
between units and the mounting enclosure. Minimum depth of a rack or panel
should be 9 inches.

MINIMUM SPACING RECOMMENDATION

1
= i
| i

SPACING OF BASE UNITS

Ref. PC-53-83-0011 3-5
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POWER SUPPLY CONNECTION

The power supply has a terminal board located on the bottom of the power
supply case. AC power wiring should be run in conduit separate from signal
wiring to the I/0 modules. This will help to wminimize any effects of
electrical interference from the power lines. The power supply provides +5
and +12 Vdc to the 1/0 modules through the backplane in the base unit. Figure
3.4 shows the power supply terminal board with each terminal connection
labeled.,

R®
I
N

115vAac—J
i N U G CHASSIS
Bl
ACINPUT _ BLACK 230‘;’I::;cEJ
iT|
i SVTCZ:SO GREEN
PC-$3.83.0012
Figure 3.4

POWER SUPPLY TERMINAL BOARD

. Select either 115 Vac or 230 Vac input to the power supply by
connecting the jumper straps as shown in the figure.

. The 2 FAULT RELAY terminals are connected intermally to the normally
open contacts of a relay. These terminals can be connected to an
external alarm device,

The user device connected to the monitor contacts should
present a resistive load of no more than 4A or an inductive
load at no more than 0.5A at 230 Vac.

. The 2 RUN terminals are also connected internally to a pair or
normally open contacts. This set of contacts is closed during normal
operation in the RUN, RUN 1 or TEST mode of operation. These
terminals can be connected to an external device {light, alarm
indicator, etc.) to sense that the PC for some reason has gone out of
the normal operating mode when errors specified by the check function
are detected. The same caution as above should be observed.

Ref. PC-53-83-0012 3-6
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] Connect the ground wire (green) of the AC power source to the screw
labeled G.
] Connect a short jumper wire between the point marked CHASSIS and G on

the terminal board on the first base unit only.

Do not connect the jumper wire between CHASSIS and G on the
second or third base units. If this is done, a difference
in potential between units could cause damage to the
circuit boards.

I/0 EXPANDER CABLE

If more than one base unit is to be connected in a system, the 1I/0 expansion
cables must be connected as shown below.

PUT DUST
COVERON
UNUSUED
a1 CONNECTOR

by

EXPANDER EXPANDER EXPANDER

CPU
CONNECTS
HERE
CPU CPU CPU PC.53-83-0013
PRIMARY SECOND THIRD
BASE UNIT BASE UNIT BASE UNIT
Figure 3.5

1/0 EXPANDER CABLE CONNECTION

Ref. PC-53-83-0013 3-7
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I/0 POWER SUPPLY

When 24 Vde I/0 wmodules are required for a system a 5 to 12 Vde or 24 Vdc
power supply should be connected to the corresponding +V and OV or +24V and OV
terminals on each of the modules. A single supply with sufficient curreat
carrying capacity can be used. Figure 3.6 illustrates the suggested AC/DC and
cabling for a maximum system.
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Figure 3.6

SYSTEM WIRING CONFIGURATION

Ref. PC-53-83-0014 3-8
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I/0 MODULE WIRING

After all base units have been mounted and 1/0 modules installed in their
selected slots in each base unit, field wiring should be connected to each
module., Most field wiring to each module is made to the removable socket type
terminal located on the front of the module. Up to one number 12 AWG or two
number 14 AWG wires can be connected to each terminal. Wiring to Input
modules is from devices such as limit switches, relay contacts, TTL or CMOS
circuitry etc., and wiring from Output modules is to the devices to be
controlled; solenoids, motor starters, TTL or CMOS circuitry, etc.

Certain high density modules (5-12 Vde¢) are connected to inputs or outputs
through two 40-pin connectors mounted on the faceplate, The wmodule connects
to input or output devices through a 10-foot (3 cm) cable.

I WARNING l

Voltages from user field devices may be present on the
module screw terminals, even though power to a base unit is
off. Care should be taken when handling the terminal board

or any wires connected to it,

SAFETY CONSIDERATIONS

When planning the layout of a system, safety should be a prime consideration.
System planning should include procedures and methods to ensure the physical
safety of personnel, the Series Three system and the equipment or process
being controlled. Those personnel who are involved in the planning and
installation of a system should be familiar with all local and national
electrical codes as well as installation instructions in this manual.

All practices should be followed that are specified by the IEEE (Institute of
Electrical and Electronic Engineers) Standard 510 which includes tray and
conduit spacing and wiring procedures. A copy of this standard can be
obtained by writing:

Institute of Electrical and Electronic Engineers

345 East 47th Street
New York, NY 10017

3-9
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FIELD WIRING

The following procedures are recommended when running field wiring:

Low-level signal wires should be separated from other field wiring.
AC power wiring should be separated from DC field wiring.

Wiring should not be routed near devices causing electrical
interference.

If severe noise problems are present, additional power supply
filtering or an isolation transformer may be required. Contact your
General Electric Sales Representative if assistance is required.
Proper grounding should be provided to minimize hazards to personnel.
Label all I/0 wires. Circuit numbers or other identification can
also be marked on the cover over the wire terminals on each I/0

module.

1/0 wires should be no larger than No. 12 AWG.

l WARNING I

The user should calculate the maximum current for each wire
and observe proper wiring practices. Failure to do so can
cause injury to personnel or damage to equipment.

3-10
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CHAPTER 4
OPERATION

This chapter describes the operation of a Series Three PC. An understanding
of the features 1is required to effectively use the programming unit. An
illustration of the CPU/Programmer is shown, followed by descriptions of the
mode switch, keys, displays and connectors. The basic steps required for
building a ladder diagram logic program are shown in a keystroke-by—-keystroke
sequence. Detailed programming sequences for each function can be found in
Chapter 5, Programming.

Figure 4.1 is an illustration of the CPU/Programmer.

NOTE

As each key on the programmer 1is depressed, a tone 1is
generated. This is an audible operator aid indicating that
the keystroke has been entered.

After most keystrokes, the ENTER (ENT) key must be depressed. This puts the
required key or keys in program memory. When a value such as a timer or
counter preset is required a prompt is given by the programmer. This prompt
is a long tone and indicates a two-word instruction.

Certain operations, such as a Delete or Insert, require an additional
keystroke as a verification that the action is to be completed,
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Figure 4.1
CPU/PROGRAMMER FEATURES
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MODE SELECT KEYSWITCH

This is a 6 position keyswitch for selection of the PC operating mode. The 6

positions
and PROM.

TEST

are shown in Figure 4.1 and include; TEST, RUN 1, RUN, PROG, LOAD,
The functions of each operating mode are listed below.

Stops execution of program while 1in this pesition. Outputs are
disabled.

] Allows a one-scan execution of program.

. Individual rung execution can be monitored by assigning coils or
contacts to the 16 monitor LEDs.

] Most programming functions allowed.

RUN I

° Program execution with outputs enabled,

] Timer and Counter preset values can be changed.

. Monitor display can be observed.

. Program can be read using address and data display.

) Allows entering I1/0 configuration into memory if the configuration
has changed since the previous power-up condition.

RUN

. Program execution with outputs enabled.

) Monitor display can be observed.

. Program can be read using address and data display.

. No program changes can be made.

. Key removable in this position.

PROG

. Stops execution of program.

* Allows all of the program entered into memory to be erased.

. Programs can be entered and edited (changed).

LOAD

. Stops execution of program.

. Allows operation (reading, writing and verifying) with a cassette
tape unit.

. Allows operation with a logic printer unit.

. Key can be removed.

® Allows operation with PROM writer
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PROM

Stops execution of program.
. Allows the contents of a PROM to be transferred to the CMOS RAM

memory in the PC,
Allows the transferred contents from PROM to CMOS RAM to be verified.
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GEK-25376

The following table lists the keys on the programmer and their functions.

Table 4.1

KEY DEFINITIONS

DEFINITION

DESCRIPTION

M/K

M MONITOR

K CONSTANT

Causes PC to enter the Monitor mode.

Value entered after this key will be a
constant

CHECK

SCH

CHECK

5CH SEARCH

used with
check

Shifted function (depress SHF SCH},
cassette recorder and PROM writer to
validity of data transfer.

Search for specified information

READ

PRV

READ

PRV PREVICUS

Shifted function, Causes data to be read into
the PC from peripherals such as a cassette
recorder.

Secrolls back to previous program memory
address,

WRITE

NXT

WRITE

NXT

Shifted function causes program memotry
contents to be outputted to a peripheral,

Scrolls ahead to the next program memory
address.

CHG

CHANGE

Used with SET or RST to force the state of a
coil/contact ON or OFF. Also used to change
a reference number.

DEL

DELETE

Causes the displayed instruction to be deleted.
All instructions at & higher program memory
address will move back one address.

INS

INSERT

Adds an instruction at program memory address
displayed, all instructions from that address
up move one address higher.

ENT

ENTER

Used after instruction keys are depressed to
enter the information into program memory.

CLR

CLEAR

Clears displayed data information when

depressed one time and displayed address
when depressed two times.
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GEK-25376

Table 4.1

KEY DEFINITIONS (Continued)

KEY DEFINITION DESCRIPTION
FCTN FUNCTION | When depressed before a two-digit value, causes
a Function (F20, F8l, etc.) instruction
FCTN assigned to that value to be specified.
SHF SHIFT When depressed before another key, the shifted
function of that key will be executed.
NUMERIC Used to specify numeric values for entry into
0-9 KEYS program. Also to specify a program memory
address
BIN BINARY Shifted function used to convert a BCD value
BIN stored in the accumulator to a binary value.
MCS MCS MASTER Specifies start of a Master Control Relay
CONTROL function.
START
BCD BINARY Shifted function used to convert a binary
BCD CODED value stored in the accumulator to a BCD value.
DECIMAL
MCR
MCR MASTER Specifies end of a Master Control Relay
CONTROL function.
RESET
x MULTIPLY | Arithmetic function used when specifying
X multiplication.
SET SET Used te turn a coil ON. Also, when forcing
a coil or contact to the ON state.
kR . DIVIDE Shifted function used when specifying division
' ' in an arithmetic operation.
RST RST RESET Used to turn a coil OFF, Also, when forcing
a coil or contact to the OFF state.
DeOUT DATA OUT | Used in a data instruction sequence to move
D*QUT data from the accumulator to a specified
location.
ouT
OUT Used before a numeric value to assign an
output coil to a rung of ladder diagram logic.
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Table 4,1
KEY DEFINITIONS (Continued)
KEY DEFINITION DESCRIPTION
CMPR COMPARE Shifted function use to specify a compare
CMPR operation ( > = < )
TMR TMR TIMER When used before a numeric value, assigns a
Timer function to a line of logic.
—+ ADD Shifted function used to specify addition in
-+- an arithmetic operation.
CNT CNT COUNTER Used to assign a Counter function to a line
of logic.
-_ SUBTRACT Shifted function used to specify subtraction
—_ in an arithmetic operation.
SR SR SHIFT Assigns a Shift Register function to a line of
REGISTER |logic.
D*AND | D®AND DATA AND |Specifies a logical AND operation,
AND AND Adds referenced status to previously entered
logic in series,
D*OR D*OR DATA OR Specifies a logical OR operation.
OR Adds referenced status to previcusly entered
logic in parallel.
DeSTR  DATA STORE|Used in a data instruction sequence to move
DeSTR data into the accumulator from a specified
location or as a constant value. Always
STR used to start a data operation sequence.
STR START Used with a reference to begin a rung of
ladder diagram logic.
INV INVERT Used to invert the 16 bits of the accumulator.
INV Use after the D.STR imstruction to invert
before performing a data operation or
NOT immediately before D.OUT to invert before out-
putting data.
NOT Specifies a contact reference to be normally
closed.
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In order to enter programs and for other operations of the PC, an
understanding of the use of each key is required. Table 4.2 lists the various
operations, the keystrokes required and the mode or modes 1in which the
operation can be performed. The mode abbreviations used in the table heading
are:

T = TEST

Rl = RUN 1

R = RUN

P = PROGRAM
L = LOAD

PM = PROM
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Table 4.2
PC OPERATION SEQUENCES

OPERATION KEYSTROKES OR MODE

' OPERATION SEQUENCE T [IRLIR|P|L |PM
Insert or Remove X X
Keyswitch .
Switch to RUN 1—®=RUN (Required X | X XX |X
RUN mode sequence to enable outputs)
Update I/O config- |Errer code (E4l) and tone are
uration (After an generated. Enter SET and X

I1/0 module change). [CLR (Clear).
Erase all

program memory CLR SHF 348 NXT X
Clear instruction
display CLR X [ XXX

Clear instruction
display and memory

address CLR CLR X XXX
Select program
memory address CLR XXXX NXT X XXX

Next memory address [(Current address and data) NXT X XX |X
Previous memory

address (Current address and data) PRV JX | X |X |X
Entering an [Program Address] - Instruction -
instruction. TEST |Numeric Value - Enter X X
mode entries limited|{Example:
(See Mode Select 0001 STR 25 ENT

Keyswitch, Page 4-3)
Editing a program. Same as above. Select program

address and enter change. X X
Changing a 0ld reference New reference
reference number.

CLR XXXX CHG XXXX NXT X

(Changes reference in all
locations in program from old
to new).

Insert instruction [Program Address] (Address where X X
in existing program |instruction is to be inserted)
INSTRUCTION INS NXT (Instruction
at this address and rest in
program move ahead 1 address)

Deleting an [Program Address] DEL PRV
instruction in (A1l instructions after this X X
existing program. address move back 1 address)
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Table 4.2
PC OPERATION SEQUENCES {Continued)

OPERATION KEYSTROKES OR MODE
OPERATION SEQUENCE T IRLYRJPJL|PM
Search for specific
information Reference Number
e Instruction [Instruction] XXXX “sCH X | X|X]X
8 Relay Contact CLR XXXX SCH X | XXX
Reference Number
e Timer/Counter CLR TMR or CNT XXXX_ SCH X XX} X
Contact Timer/Count ehumber
e Next available CLR SCH X X|X|X
program address
CLR SCH (Checks for invalid X T X[X]X
Program Check entry. Displays address with

error and error code. Tone is
generated IF no error detected,
next available program address

is displayed.

Entering Timer TMR XXX ENT K 5,0 ENT X X X
or Counter constant
present value. Timer/Counter Constant Value

Number {Timer.1-999.9,

Counter 1-9999)

Changing constant

value of Timer [Program Address] K X X X
or Counter [New wvalue] ENT

Changing Data [Program Address] XXXX ENT

instruction value . If D.STR, enter set value X | X X

intoe accumulator.

. If a constant to be acted
upon, use K before value.

Monitoring Operation

e ON/OFF state [Instruction] XXXXX SCH X | XXX
of contact or coil
reference
(Monitor display 0 LED will be

ON or OFF)
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Table 4.2

PC OPERATION SEQUENCES (Continued)

GEK-25376

OPERATION KEYSTROKES OR MODE
OPERATION SEQUENCE R1 R |P |L|PM
e Data Register CLR CLR M XXX NXT XX |X
contents — looks
at 16 consecutive Lower Byte Number
bits
® Accumulated value (CLR CLR M XXX NXT X1¥X |X
of Timer of
Counter 200 + T/C Number
Monitor Display CLR XX M [Reference] NXT XX |X
e Display contact
or coil status Monitor Display LED (0-15)
at a specified
monitor point.
® Advance display to|CLR XX M [Reference] NXT NXT X [X |X
next monitor point |(After reaching 15, display will
wrap-around to 00).
NOTE
When in Monitor Display Mode, all
instruction keys except TMR and
CNT are disabled.
e Leave Monitor CLR CLR X |X X
display mode
Forced setting
and resetting
e Turn OH CLR [I/0 Reference Number] X X
(Input, Output, CHG SET
Internal Relay)
e Turn OFF CLR [I/0 Reference Number] X X
(Input, Output, CHG RST
Internal Relay)
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Table 4.2
PC OPERATION SEQUENCES (Continued)

OPERATION KEYSTROKES OR MODE
OPERATION SEQUENCE T {RIL|R]P |L|PM
e Turn Timer/ TMR or CNT XXX SCH CHG SET [X | X X
Counter ON
e Turn Timer/ TMR or CNT XXX SCH CHG RST |X X X

Counter OFF

e Turn Shift CLR [SR or Relay Number] CHG SETfX | X X
Register or
Retentive
Relay ON

e Turn Shift CLR (SR or Relay Number] CHG RST|X | X X
Register or
Retentive
Relay OFF

One-Scan Program [Program Address] SET OUT NXT {X
Execution ® Each time the SET QUT NXT
sequence 1s entered, the next
scan will be executed. ON/OFF
status of colls or contacts
can be observed by assigning
them to Monitor Display LEDs
and observing the LEDs.

Cassette Recorder Program Number
Operation
e Write to Tape CLR SHF WRITE XXXX NXT X
® Read From Tape CLR SHF READ XXXX NXT X
® Compare Read or CLR SHF CHECK XXXX NXT X
Write Cperation e Compare should be done
immediately after a Read or
Write

Refer to Chapter 6 for further
details.
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Table 4.2
PC OPERATION SEQUENCES (Continued)

GEK-25376

CPERATION

KEYSTROKES OR
OPERATION SEQUENCE

MODE

R1

PROM Writer Refer to Chapter 6 for this X
Operation operation.
Printer Refer to Chapter 6 for this X
Operation operation.

to CMOS RAM

Transfer Contents CLR SHF READ WNXT X
of PROM to

CMOS RAM

Verify PROM CLR SHF CHECK NXT X
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PROGRAMMING REFERENCES

Programming references for the Series Three are listed in the following
tables. These references are fixed internally and must be assigned as shown
for proper system operation.

Table 4.3
DISCRETE I1/0 POINTS (400)

GROUP [000 1001 [0Q2 003 |004 [005 006 |007 [0L0 JOoll f[ol2 jol3 {014 |Ol5 |O16 |OL17
0000 [G0T0 [60Z0 |0030{0040 (065070060 (00700100 [0110 [0T20 0130 0140[0150(0160[0170
I/0 (0001|0011 |0021{0031{0041 (0051|0061 [0071 {0101 |0111[0121{0131{0141(0151|0161|0171
Number| 0002|0012 |0022 00320042 [00520062 (0072101020112 |0122}0132|0142(0152|0162(|0172
0003|0013 (0023 {0033 {0043 (005310063 |0073 {0103 ;0113 01230133} 0143 |015310163}0173
0004 [0014 |0024 |0034 | 0044 [0054 |0064 |0074 (0104|0114 {0124 |0134| 0144 10154]| 016410174
0005 [0015 |0025 0035|0045 (0055]0065 |0075[0105 |0115|0125|0135| 0145]|0155|0165|0175
0006 {0016 (0026 (0036|0046 |0056)0066 (0076|0106 |0116 |012610136| 3146]0156]0166|0176
0007|0017 {0027 {0037 |0007 |0057|0067 {0077 |G107 {0117 |0127]|0137|015740157]J0167|0177

GROUP |020 [021 (022 |023 J024 [025 |026 {027 [030 [03) (032 [033 |034 {035 [036 [037
0200|0210 [6220[0230]0240|0250]0260{0270]0300|0310(0320[0330[ 0340{0350]|0360[0370
1/0 0201102110221 )0231(0241)0251|0261{0271{0301|0311{0321|0331|0341{0351]0361|0371
Number| 0202|0212 |0222|0232[0242;0252]02620272(030270312|0322(0332|0342{0352]0362|0372
0203|0213 (0223]0233102430253[0263]0273|0303]0313]|0323{0333{034310353{0363|0373
0204 (0214|0224 | 023410244 (0254102640274 (0304 [0314 [0324(0334] 0344]0354| 0364( 0374
0205)|0215)0225(0235j0245]|0255{0265)0275(0305;0315)0325|0335| 0345} 0G355] 43650375
(0206102160226 |0236(0246|0256/026610276{0306[031610326[0336] 0346}0356| 0366|0376
0207102171022710237[0247[0257]0267]|0277|0307]0317]0327|0337§0347]0357{ 0367|0377

GROUP | 040 1041 1042 [0Q43 044 [045 |046 JO47 (050 |051 [052 1053 [ 054 |055 | 056 | 057
0400 |04610[0420[043010440]0450[0460]0470{0500]0510[0520]0530f 054010550] 0560] 0570
I/0 {0401 |0411(0421)|0431|0441|0451010461(0471{0501]0511}0521|0531] 0541;0551] 0561|6571
Number] 0402 |0412{0422 0432|0442 ]0452]046210472(0502{0512}0522]0532| 0542[ 0552 0562 0572
0403|0413 |0423| 043310443 |0453]0463]10473[0503{0513[0523|0533| 0543]{0553] 0563|0573
0404 | 041410424 | 0434 0444 0454 | 0464 0647410504 [0514 |052410534] 0544} 0554) 0564 0574
0405|0415 (0425043510445 |0455]0465(0475[0505]0515[0525[0535[ 05450555} 0565]{ 0575
0406|0416 [0426[0436]1 0446 |0456]10466|0476|050610516[0526( 0536 054610556{ 0566) 0576
0407|0417 {0427 104370447 |0457[0467 |047710507 [0517]0527[{0537] 0547]0557F 0567|0577

GROUP |060 |O61
06000610
I/o0 |060t 0611
Number 0602 |0612
0603|0613
0604 {0614
060510615
0606 (0616
0607 [0617
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Table 4.4
INTERNAL RELAYS (298 PLUS 6 SPECIAL)

GROUP |400 |401 [402 J403 [404 |405 (406 1407 1410 411 |412 1413 j4ld4 [415 [4ale la17

4000[ 4010 [4020[4030[4040[4050[4060{4070[4100([4110[4120}4130[4140]4150][4160(4170
Bit 4001|4011 14021 (4031 (404114051 ]4061]4071 |4101|6110{4121 [4131[4141|415114161(4171
Number |4002;4012 {4022 (4032 |4042]4052]14062|4072|4102]4112|4122[4132)4142(4152(4162]4172
4003|4013 (4023 (4033 4043|4053 140634073 [4103]46113 (4123 (413314143|4153|4163(4173
4004|4014 |4024 4034 4064|4054 (406414074 4104 (4114 (4124|6134 (414414154 4164 (4174
4005]4015 [4025]4035 (40454055 |4065|4075|4105(4115|4125|413514145{4155]4165]4175
4006[4016 14026 (4036 (4046|4056 |4066)4076[4106]4116 (4126 [4136(4146]4156{4166(4176
4007|4017 (4027 (4037 |4047,4057 406714077 (4107|6117 412714137 |4147|4157[4167]4177

GROUP (420 | 421 422 423 |424 |425 |426 | 427 430 1431 1432 |433 434 1435 [436 437

4200[4210[4220[423014240]4250]/4260(4270]4300]431014320[4330(434014350[436014370
Bit {4201{4211(4221(4231|42414251(4261)4271 (4301 (431114321(433114634114351]4361(4371
Number {42021 4212142224232 |4242|4252|4262) 4272 |4302(4312)14322|4332(434214352]4362]14372
420314213{4223|4233|4243(4253)4263(4273(4303[431314323|4333(4343|4353(4363[4373
4204|6214 14224 (4234 142404254 4264|4274 4304 (4314 (4324 (4334 (4344 (4354|4364 14374
4205)4215[4225]6235 [4245|4255(4265(4275 [4305]4315 |4325 4335 (4345|4355(4365]4375
4206421614226 ]4236 |[4246[4256]4266]4276 [4306(4316 4326|4336 (4346]4356(4366]4376
4207]4217]4227 14237 |4247]14257|426714277 |4307143L7 (432714337 [4347[435714367 (4377

GROUP [440 441 442 443 444 [445
4400) 4410|4420 (4430)14440] 4450

Bit |4401(4411(4421 (4431 (444114451
Number (4402 4412|4422 | 443214442 4452

4403|4413 (4423|4433 |4443] 4453 Special purpose cotils. Used as
HO4OL| 4414 | 4424 | 4434 14404 4454 flags for certain conditions as a
4405 4415|4425 44354445 4455 result of a computation.
44061 4416 (4426|4436 14446]|4456
4407|4417 4427 | 4437144474457 J

4452 Compare > (greater than)

4453 Compare = (equal to)

4454 Compare < (less than) F Arithmetic Computations

4455 Carry or Borrow

4456 Zero

4457 Overflow »
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RETENTIVE RELAYS (64)

Table 4.5

GEK-25376

These are internal
coils that will
retain last ON or
OFF state under
power—down
condition.

Special purpose
(See below)

when voltage of Lithium back—up battery drops below 2.7 Vdec.

GROUP {700 {701 |702 1703 |704 |705 |706 |707
7000|7010] 7020 (7030]7040{7050|7060 |7070
Bit 7001({7011]7021 (7031 (7041}7051{7061 |7071
Number | 7002 (70127022 17032 (704270527062 j7072
7003(7013(702317033|7043|7053|7063 (7073
7004 | 70147024 (7034 7044170547064 17074
700517015(7025|7035|7045|7055| 7065|7075
7006|7016 (7026 {7036 |7046| 7056|7066 [7076
7007 |7017|702717037|7047|7057|7067 |7077
7076 Turns on
7077

When on, indicates an error during a data transfer between CPU and
peripheral equipment.
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Table 4.6
SHIFT REGISTERS {(128)
(RETENTIVE)

GEK-25376

GROUP

900

901

902

903

904

905

906 1907

910

911

912

913

914

915 916 |917

Bit
Number

3000
5001
9002
9003
9004
9005
9006
9007

9010
9011
9012
9013
9014
9015
9016
9017

9020
9021
9022
9023
9024
9025
9026
9027

3030
9031
9032
9033
9034
9035
9036
9037

9040
9041
9042
9043
9044
9045
9046
9047

9050
9051
9052
9053
9054
9055
9056
9057

9060(9070
9061|9071
90629072
9063|9073
9064 (9074
5065|9075
20669076
906719077

9100
9101
9102
9103
9104
9105
9106
9107

5110
g1l
9112
9113
9114
9115
9116
9117

9120
9121
9122
9123
9124
5125
9126
9127

9130
9131
9132
9133
9134
9135
9136
9137

9140
9141
9142
9143
9144
9145
9146
9147

9150|9160(9170
9151191619171
9152|9162| 9172
915319163|9173
9154 9164|9174
FL55(9165)|9175
9156 |91i66(9176
9157[9167(9177

Table 4.7
DATA REGISTERS, 8-BIT (128)

500

503

504

505

506

507

510

511

512

513

515 | 516 | 517

520

524

525

526

527

530

531

532

533

534

535 | 536 | 537

540

543

544

545

546

547

550

551

552

553

554

555 | 556 | 557

Number

560

563

564

565

566

567

570

571

572

574

575 (576 577

600

603

604

605

606

607

610

611

612

613

614

615 | 616 | 617

620

623

624

625

627

630

631

632

633

634

635 | 636 | 637

640

641

642

643

644

645

646

647

650

651

653

654

655 | 656 | 657

660

661

662

663

664

665

666

667

670

673

674

675 | 676 | 677

Register
Register
Regiater
Register

674
675
676
677

Fault diagnosis, error condition storage.
Fault diagnosis, error condition storage.

Auxiliary accumulator, lower byte.
Auxiliary accumulator, upper byte.
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Table 4.8
TIMER OR COUNTER NUMBERS AND REGISTERS (128)

The T/C Numbers are not I/0 points, they are only Timer or Counter identification
numbers.

T/C Number 000[ 001 {002 J003 [004 |005| 006|007 [010[011]012{013 |014 |015[016(017
Accumulate Reg. | 200]|201 (202 |203)2041205|206(207 (2102111212213 (214 ;215)216{217

T/C Rumber 020|021 1022|023 1024 [025|026]|027{030]031]1032|033 (034|035|036(037
Accumulate Reg. | 2202211222223 (224 |225|226(227 (230(231]12321233234]235]1236|237

T/C Number 040 041|042 043|044 10451 046 (047 (050 (051 052|053 {054 1055|056 057
Accumulate Reg. | 240| 2411242 243|244 |245] 246247 [250]251)252 253|254 (|255)256(257

T/C Number 0601 0611062 (063|064 (065|066 |067|070|071(072|073 [D?41075{076{077
Accumulate Reg. | 260|261 (262|263 |264 265266267270 |271(2721273|274|275|276|277

T/C Number 100{ 1011102 {103]104]105| 106|107 1101111} 112113 )L14115[116( 117
Accumilate Reg. | 300[301}302 303304 |305/3061307(310|311] 312|313 (314315 316|317

T/C Number 120§1211122 123|124 (125 126{127|130|131|132{133 {134|135[136| 137
Accumulate Reg. | 320[321{32213231324325(326{327(330(331|332|333|334)3351336(337

T/C Number 140|141 (142 {143 | 144 [145[ 1461147 11501511152 [153 [154|1551156} 157
Accumulate Reg. | 340|341 342 (343|344 [345|346|347 1350|351 ]352353|354]355(356]357

T/C Number 1601161 (162 163 [164 |165] 166|167 [170 (171172173 (174|175]|176] 177
Accumulate Reg. | 360{361 (362 (363|364 |365|366|367 370371372373 |374}375(376(377

The top number in each row (000-177) is the number assigned to a Timer or
Counter. The number (200-377) under the Timer or Counter number is the 16-bit
register that stores the accumulated value of that Timer or Counter.

POWER-UP SEQUENCE

When power is turned on, the CPU performs a self-check diagnostic, including
checking the I1/0 configuration installed and comparing it to the configuration
previously entered in a portion of internal memory reserved for that data.
The type of I/0 module (Input or Output) and number of I1/0 points are
checked. 1If a change in the configuration is detected, an alarm will sound
and an error code will be displayed. This sequence is shown below.
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ERROR CODE ® ALARM CLEARED
PC POWER ON - IF E41 SWITCHTO DEPRESS ® MEMORY UPDATED
1’0 CONFIGURATION RUN 1 SET TO THE INSTALLED
ERROR-ALARM I/QO CONFIGURATION
TONE SOUNDS E . SEE TABLE 4.9 FOR ® SYSTEM READY
— OTHER ERROR CODES

——— OTHER ERROR CODE

An I/0 slot that does not have a module installed is interpreted as being a 16
point Output module. This must be considered when assigning I/0 references.
The 1/0 configuration as stored in memory is retained by the lithium back—-up
battery.

Several other diagnostics are performed during the self-check portion of the
power-up sequence. Lf an error is detected, an alarm is sounded and an error
code is displayed. The alarm tone and error code are present until cleared by
the operator. The errcr ceodes and their definitions are listed in Table 4.9,
A complete list of system error cedes can be found in Table 4.13.
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Table 4.9
SELF-CHECK ERROR CODES

Error Code Definition
E13 Instantaneous power failure.
E21 Program memory parity error.
E22 Memory back—up battery has dropped below
2.7 Vde. Will not retain memory.
E31 CPU watchdog timer timed out ( > 300 ms).
E41 Change in 1I/0 module configuration.
or
I/0 to CPU data transfer error.
E50 Error in data transfer to peripheral device,
SWITCHING TO RUN MODE

Insertion of the key in the Kkeyswitch slot allows switching between modes.
However; a specific sequence must be followed when switching to the RUN mode.
When switching directly to RUN from PROG, LOAD or PROM, all operations are
disabled, You must first switch to RUN 1, then RUN as shown below.

PROG \

LOAD —=~ RUN 1 RUN

PROM
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CLEARING PROGRAM MEMORY

Before entering a program initially or if all of the contents of program
memory are to be cleared, use the following procedure. This will clear all
program memory addresses of any instructions and data previously entered.

SWITCHTO
PROG MODE

CLR }—= SHF 3 = 4 a1 8 = NXT

When the above procedure is executed parts of the CPUs internal memory are
also cleared, while other parts are retained.

Memory cleared

. User program memory

® Contents of 16-bit monitor display

. Operating state of intermal retentive relays
[ ] Operating state of shift registers

Memory not cleared

. I/0 configuration
. Data registers
M Timers, Counters and their accumulated value registers

SELECTING A PROGRAM MEMORY ADDRESS

To display a particular program memory address, use the following key
sequence. The address will be displayed along with the data eantered at that
address.

MEMORY

[_‘_‘ ADDRESS _'_|

CLR p———-i»=f NXT

START OF MEMORY

To access the start of program memory (Address 0000), use the following key
sequence.

CLiR = CLR = NXT
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SEARCH FOR NEXT UNUSED ADDRESS

To access and have displayed the next unused program memory address without
stepping through a program one address at a time, enter the following key
sequence. The CPU will search for the next available address and display that
address.

CLR |—®={ SCH

ENTERING INSTRUCTIONS

Instructions for a ladder diagram program are entered by pushing an
instruction key or a combination of up to 3 instruction keys, up to 4
numerical keys and ENT.

Example: Q002 c125
_ i ] 4 O___<’
TO ENTER: t 1/|
PUSH STR NOT — 2 ] ENT f—= OUT -3l 1 2 5 m{ ENT

There are 24 Instruction keys (12 plus 12 shifted) as shown in Figure &.1.
Additional instructions are entered by pushing these keys as the second or
third key of a combined sequence of keys. Table 4.10 shows the key legends
and their allowable locations in a combined key sequence., Combinations of the
keys allow 50 instructions to be entered.

Table 4.10
INSTRUCTION KEY SEQUENCE POSITIONS
Position osition
Key 1 | 2 | 3 [key 1 |2 |3

STR 0 0 D*STR 0
AND 0 D*AND 1]

OR 0 D*OR 0

NOT 0 COoM 0

OuUT 0 0 D*OUT 0

TMR 0 0 0 >=< 0

CNT 0 0 0 + 0

SR 0 - 0

MCS 0 0 BIN 0
MCR 0 0 BCD 0

SET 0 X 0

RST ¢ 0 = 0

422
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Example: 3 KEY INSTRUCTION
~= == [ i | [‘—"“':
STR NOT |—wd TMR : X : : l |
L == d | U | Lmmad
“ v _/
INSTRUCTION
Notice that STR is pushed first, then NOT, and finally TMR. The Keys are in

positions as shown in the table.

This

instruction would specify the first

contact in a rung of logic as a closed contact referencing a Timer coil for

the contact.

If keys are pushed in an invalid sequence,
error code will be displayed on the programmer.

then enter the correct sequence.

In addition to the keys in Table 4.10,

an alarm teone will sound and an
When this happens, push CLR,

there are 7 instructions which can be

entered using the FCTN (Function) key and a two-digit numeric sequence. For
example, to specify Function 20, the following key sequence is pushed,

FCTN

SHF 2 0 - ENT
The data display will display F20 as those keys are pushed. When ENRT is

pushed, a long tone will sound,
0.0.0.0.;
address.
complete the instruction since it is a t

Using the above described key

describes all of the programming instruc
ENTERING DATA
After entering an instruction, the

numerical keys 0-9.
the data display, with digits shifting
four numerical keys are pushed, the
remaining are considered wvalid data.
sequence; i.e. to enter 123, you only
3. Table 4.1l 1lists the imstructions
ranges of those entries.

42

sequences,
available for programming a Series Three PC

need to push 1,

the data display clears and then displays
simultaneously the program memory address display will advance one
This is a CPU prompt indicating that a second entry must be made to

wo-word 1instruction.

a total of 57 instructions are
system. Chapter 5 lists and
tions.

required data 1is entered using the

The value entered with the numerical keys is displayed on
left as they are entered.

If more than
left digit(s) are lost and the four
Leading zeros can be omitted from a
2, 3 and not 0, 1, 2,
requiring numerical entries and the

3
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Table 4.11
VALID NUMERLCAL RANGES

INSTRUCTION NUMERICAYL LIMITS
STR, AND, OR, OUT, SR 0000-0617
SET, RST, SET.OUT, 4000-4457 Relay Number
SET.QUT.RST 7000-7077 Bit References
9000-9177
000-061
D* STR, D*® OUT 400-445
>=< +,-,x,+ 700-707 Byte References
D *AND, D* OR 900-917
500-677
200-377

System Enters

Timer Preset 0000-999.9 Decimal Point
Counter Preset 0000-9999
Timer and Counter 000-177

Reference Numbers

FUN 80, FUN 81 Number of Steps
(Instructions For Data Shifts) 1-15 To Be Shifted
FUN 20 Fault Identification Number
(Fault Diagnosis) 0000~-9999

If a numerical entry is attempted, but is out of range for the Instruction an
alarm will sound and an errvor code (E01l) will be displayed. Push CLR, the
data display will clear, then enter the correct data.

Examples of numerical entries:

. Instruction referencing an internal relay, STR 4265.
STR e 4 - 2 6 —#= 5 ENT
. Instruction specifying a Timer number (35) with a constant preset

value of 60.0 seconds.

4-24




Series Three GEK-25376

ENT {FIRST WORD)

TMR

{SECOND WORD)

ENT

PROGRAMMING PROCEDURES

Some general information required for entering ladder diagram programs is as
follows:

) Instructions are written (entered) in program memory when the ENT key
is pushed.
. Instructions use either 1 or 2 words of memory.

Entering a one-word instruction,

SELECT PUSH PUSH
MEMORY |—m={ INSTRUCTION ——m= NUMERICAL |—#={ ENT
ADDRESS KEY(S) KEY(S)
2. Entering a two-word instruction.
SELECT PUSH
MEMORY INSTRUCTION [——mmd ENT |——n={ )
ADDRESS KEY/(S)
NSTANT PUSH
co K »={ NUMERICAL
NEXT KEY(S) \
@-——- MEMORY ENT
ADDRESS PUSH NUMERICAL KEYS /
ToET FOR BYTE THAT
o a SPECIFIES DATA SOURCE
DISPLAYED

AUTOMATICALLY
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. The program memory address must be displayed for an instruction to be

entered; otherwise, the ENT key has no effect.

] When entering a two-word instruction, the program memory address
advances 1 address when the ENT key is pushed after the instruction
key(s).

. Invalid ENT key operation

1. ENT key does not respond.
' Program memory address not displayed.
. ENT key pushed before instruction key
] ENT key pushed before numerical key (instruction key
has been pushed) ~ except for a two-word instructionm.
. Keys other than numerical pushed for second word of a

two—word instruction.

2. ENT key responds,

but alarm sounds

(error code E0l or E02).
. Only numerical keys pushed (except two-word commands).
] Data entry exceeds the legal limits.

In any of the above examples, push CLR and re-enter the instruction.

EDITING A PROGRAM

Editing a program previously entered
procedure requiring a minimum of keystrokes.

and entry

is invalid

in program memory is a relatively easy
The two following block diagrams

show the general steps for editing a one-word or a two—word instruction,

1. Editing a one-word instruction

SEARCH FOR PROGRAM
MEMORY ADDRESS
CONTAINING INSTRUCTION
TO BE CHANGED. ADDRESS
AND CONTENTS ARE
DISPLAYED.

CHANGE f TO BE ENTERED |

NEW INSTRUCTION

INSTRUCTION NEW
INSTRUCTION
CHANGE
DATA ONLY

NEW
DATA

P ENT

!
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2. Editing a 2-word instruction

FIRST WORD SECOND WORD
SEARCH FOR PROGRAM #=1 INSTRUCTION = ENT DATA =1 ENT
MEMORY ADDRESS CONTAINING
FIRST WORD OF INSTRUCTION
TO BE CHANGED. ADDRESS
AND CONTENTS ARE DISPLAYED. — NXT
CHANGE T PROGRAM ADDRESS
DATA ONLY +1

If a one-word instruction is changed to a two-word instruction, the program
memory address advances for the second word; all following instructions are
shifted ahead one address. Conversly, if a two-word instruction is changed to
a one-word instruction the data contained in the second word is deleted and
all following instructions are shifted back one address.

USING THE OPERATION KEYS

Most of the Keys in the Operation Key group are used when editing. The use of
these Keys when making changes in a program are described in this paragraph.

CLR CLEAR. An instruction can be rewritten by pushing the CLR key and
re—entering the instruction; however, the instruction can be written
over simply by entering the new instruction without pushing CLR.

ENT ENTER. Pushing the ENT key after the instruction and numeric keys
will cause the specified instruction to be entered at the displayed
address in program memory.

PRV PREVICUS. When reading the contents of program memory, pushing the
PRV Key will allow the program memory address to be displayed which
preceeds the one currently displayed. The contents of that address
will also be displayed.

NXT NEXT. Pushing the NXT Key will advance the displayed program memory
address to the next higher address. The program memory address and
its contents will be displayed.
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SCH SEARCH. The SCH key is used to find an instruction, or a coil,
~ contact, Timer or Counter reference in a program. The specified item
will be displayed with its program memory address. The keys
specifying the item to be searched for are pushed, then the SCH key.
The address will be displayed containing the instruction and the
instruction is read by observing the LEDs on the instruction display
and the data display. If the instruction or reference is used more
than one time in a program, the display will show the first time it
is used. Pushing SCH again will advance the program memory address
and display the information at its next location. If the instruction
or reference 1is not used again, the address displayed will not
change. A block diagram of the SCH key operation is shown below.

PUSH PUSH
A INSTRUCTION DATA -
KEYi{S} KEY(S)
SEARCH FOR RELAY RELAY
COIL OR CONTACT R NUMBER
0, INTERNAL RELAY
OR SHIFT REGISTER) OoOodono
‘ SCH
TIMER/COUNTER PROGRAM MEMORY
SEARCH FOR NUMBER ADDRESS CONTAINING
TIMER OR CLR | SPECIFIED
COUNTER OO INSTRUCTION AND
DATA WILL BE
DISPLAYED
SEARCH FOR NEXT
AVAILABLE UNUSED CLR
ADDRESS

If the reference numbers pushed before the SCH key are out of range, error
code E01 will be displayed. If the specified instruction or data is not
found, error code E99 (instruction or data not found) will be displayed.
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INS INSERT. The INS key provides a method of adding a new instruction or
any number of instructions to an existing program. To 1insert an
instruction, first search for and display the program memory address
containing the instruction that will be after the instruction to be
inserted. Push the keys for the instruction and data to be added,
then push INS. The display will alternate On and Off with a tone,
then push NXT (this is a two key operation as a precaution against
accidental insertion of an instruction). The added instruction and
data will be inserted in the program at the displayed address., All
instructions following will advance one address. If the new
instruction is a two-word 1instruction, the existing program will
advance two addresses.

The mode switch must be in the PROG or TEST posgition to do an insert
operation. An insert operation sequence is shown in block diagram
form.
DISPLAY PROGRAM MEMORY
ADDRESS WITH INSTRUCTION PUSH PUSH
THAT IS TO BE AFTER THE INSTRUCTION DATA INS NXT —@
INSERTED INSTRUCTION. KEY{S) KEYS

IFATWO-WORD INSTRUCTION ___
IS TO BE INSERTED.

PUSHDATA
() KEYS ENT
Example of the results of an insert operation:
— Before Insert -
1 Relay logic rung in program Address Instruction Data
0345 STR 5
0005 0007 0222 0346 AND 7
+ | | [ | N\ 0347 oUT 222
| | || N ‘
- After Insert -
Address Instruction Data
2 Contact to be added {(0009) 0345 STR 5
\0346 AND 7
0005 0007 0009 0222 0347 AND 9
+ ] | | | || N\ + 0348 oUT 222
[ [} [ p

4-29




Series Three GEK~-25376

DEL DELETE. The DEL key provides a method of removing an instruction
from a relay ladder logic program. Display the program memory
address containing the instruction to be deleted, then push the DEL
key. The display will alternate On and Off with a tone, then push
PRV (this is a two key operation to prevent accidental deletions).
The instruction located at that address will be deleted and all
instructions that had been after the one deleted will move back one
address.

Example of the results of a delete operation:

- Before Deletion -

1 Relay logic rung in program Address Instruction Data
0211 STR 25
0025 0026 0027 0115 0212 AND 26
| | | | | [ N J 0213 AND 27
{ | | 1 | N A 0214 oUT 115

}

CONTACT TO BE DELETED

2 Rung after deletion ~ After Deletion =
Address Instruction Data
0025 0027 0115 Oy L STR 25
’ | 1 || —~ | 0212 AND 27
| 1| 11 a; | 0213 oUT 115

If the instruction to be deleted 1is a two-word instruction, all following
instructions will move back two addresses.

CHG CHANGE, The CHG key is used in a key sequence when forcibly turning
Inputs, Outputs, Timer or Counter coils, S5hift Register coils or
Internal coils ON or OFF. This key is used with the SET key when
forcing to the ON condition and with the RST key when forcing to the
OFF condition. Examples of these key sequences are shown below.

TO FORCE
REFERENCE ON PUSH
CLR (——— NUMBER CHG ™ o
OOog0of
VR TO FORCE
TIMER/COUNTER OFF PUSH
or NUMBER SCH CHG -
CNT
RST
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The forcing ON or OFF of contacts or coils provides a convenient way of testing

the operation of system devices and debugging a program. Table 4.12 shows the
operation of contacts and coils when they are forced either ON or OFF.

Table 4,12

RESULTS OF FORCED SET OR RESET

Contact or Operation when forced Operation when forced
Relay Type by SET by RST
Input Normally - open contact Normally - closed contact
Contact 15 closed for 1 scan. is opened for 1 scan.
Cutput When the normal operating 1f the normal operating
or condition is OFF, the condition 1s ON, the
Internal Output or Internal Output or Internal Relay
Relay Relay is turned ON. is turned OFF. During
During the next program the next program
execution, the Qutput execution, the Output or
or Relay will turn OFF. Relay will turn back ON.
Shift 1f OFF, is forced If ON, 1s forced to OFF.
Register to ON.
Timer Timer is forced to begin Timer is reset to the
timing. If the timer preset value.
was running 1t would
continue. If the timer
had not been running, it
would reset on the next
scan.
Counter Counter will count up. If the counter is
counting, it will reset.
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The CHG key can also be used in a sequence to change the reference number of a
coil (output or internal) and all subsequent contact references to that coil,
For instance, consider an output coil reference as 0122 with several contacts
in the program referenced to that coil. TIf, using the CHG key, that output
coil reference 1is changed to 0132, all of the contact references will
automatically change to 0132. The sequence to change a coil reference is
shown in the following block diagram. To do this, the mode switch must be in
the PROG position.

colL NEW
REFERENCE REFERENCE
CLR NUMBER CHG NUMBER |——®= NXT

goad 0oao

PROGRAM CHECK AND ERROR CODES

As a program is being entered, the CPU automatically performs a check for the
validity of each entry. Instructions are checked for proper key sequence,
range of numerical data, etc. If an error is detected, an error code will be
generated and a tonme will sound. When this happens, pushing CLR will remove
the tone and error code. Refer to the error code listing in Table 4.13 and
correct the program step.

A program check can also be made at any time while in the TEST, RUN 1, RUN or
PROG mode by using the following key sequence.

CLR [——= SCH

The CPU will perform a program error check. If a program error is found, the
address containing the error will be displayed, a tone will sound, and an
error code will be displayed alternately with the address and its contents.
If no errors are found when the CLR, SCH sequence 1is pushed, the next
available unused program memory address will be displayed.

The CPU also automatically performs the program error check any time that the
system is switched to the RUN mode. Error codes are also generated for system
problems such as watch-dog timer timing out, back-up battery wvoltage low,
etc, These error codes are also listed in Table 4.13,
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Table 4.13
ERROR CODE DEFINITIONS

ERROR WHEN DETECTED
CODE LOAD | PROG. | SWITCH | POWER CAUSE OF ERROR ACTION TO CLEAR ALARM
MODE [ CHECK | TO RUN UP
E 01 0 Incorrect entry of instruction
or data. CIR (Push CIR key)
E 02 0 Instruction and I/0 data wrong.
Input programmed as an Output. CLR Change reference
E 03 0 Instructions that can be stacked
(MCS, MCR, etc.) exceed 8 levels. CLR
E 05 0 Output coil, Internal relay, timer
or Counter reference already used. CLR Use new reference
E 06 0 Number of MCR instructions greater
than number of MCS instructions. CLR
E 07 0 Timer, Counter or Shift Register
required condition incomplete. CLR Check program
E 08 0 0 No Timer or Counter preset value CLR
F 09 0 Incomplete rung CLR Check program entered
E 10 0 Two-word instruction written to
last program memory address (4095), CIR
no room for second word.
E 11 0 AIT program memory locations used. CIR
E 13 [] ] ] (] Momentary power failure. CLR
E 21 [) ¢ [] Program memory parity error Switch to PROG, push CIR
E 22 [] [] Lithium back-up battery <2.7 V dc. CLR Change battery
E 25 0 Contents of cassette tape and CIR and Clear relay
PC memory not equal. 7066 with forced RST
E 28 0 Improper level of recorder CLR Adjust volume control
volume control. to about mid-range
E 31 [ ] [ ] [ ] [ ] Watch-dog timer >300 msec CIR
(timed out). Switch to PROG, push CIR
I/0 module configuration change Switch to RUN 1, push SET
E 41 0 since last power-up. then CIR (Updates I/0 map)
Invalid I/0—e=CPU transfer Switch to RUN 1—=~RST-—e=CIR
E 50 0 Invalid data to or from peripheral CLR, then clear relay 7077
device. with forced RST.
E 75 0 Contents of PROM and CMOS RAM
are not equal. CLR
E76 PROM to CMOS RAM data transfer
invalid or defective CMOS RAM. CLR
E 99 0 Instruction or data not found when
a_SEARCH operation is initiated. CLR

l. O indicates an improper programming operation.
2. ® indicates a system problem.
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MONITORING OPERATION

There are several ways to monitor the operation of a Series Three PC system.
The monitoring operations are convenient in that that not only provide a means
of checking system operation; but they are also a useful tool for debugging
and troubleshooting. The items that can be easily monitored are:

The ON or OFF state of contacts and coils while stepping through a
program,

The operating state (ON or OFF) of any 16 contacts or coils can be
observed simultaneocusly on the monitor display.

The accumulated value of Timers and Counters.
Fault condition identification numbers.
The contents of two consecutive bytes of data. This is an advanced

capability of the system. The procedure for this can be found 1in
Appendix A.

ON/OFF STATE OF CONTACTS OR COILS

Any time that a program memory address is displayed, the state (ON or OFF) of
the referenced contact or coil is displayed on LED 0 of the monitor display.

Example:

0020 0023 0025 0100
% | L | [ Y +
N N | N~
ADDRESS

0008  STR 20} opnaRAMMING

co1e AND 23
SEQUENCE FOR
0011 AND 25 RUNG

0012 ouT 100

When program memory address 0012 is displayed by using the NXT or PRV keys
or the SCH key sequence, the data display will contain 0100, which is the
output coil for the rung. The 0 position on the 0-15 LED display will
reflect the state of the coil or contact on the data display. The LED
will be ON for an ON condition and OFF for an OFF condition.
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MONITOR DISPLAY

The monitor display area on the CPU/Programmer is the center section with the
numerals 0 to 15; each number having an LED directly behind it. The reference
number of a relay coil or contact or a Timer/Counter reference number can be
assigned to one of the monitor display numbers. A bit in an internal register
will then be ON or OFF to reflect the ON or OFF status of the coil or contact
assigned to that point. The associated LED will turn ON or OFF to give a
visual display of that status. Since there are 16 monitor points, any 16
coils, contacts or Timer/Counter references can be assigned to the 16 points.
It is recommended that monitor points 1 through 16 be used for the monitor
display since the 0 position always reflects the ON/OFF state of the coil or
contact whose address is displayed on the programmer. These assignments can
be random or in consecutive order. This provides a convenient way of
observing all of the contacts and the output coil of a rung of logic, and is
helpful when debugging or troubleshooting a ladder diagram program.

The monitor display can be accessed when in the TEST, RUN 1, RUN or PROG
mode, While in the Monitor mode, the LED assignments can be made.

NOTE

While in the Monitor mode all other key operations are
disabled.

Normally, when assigning the LEDs, the first contact, coil, Timer or Counter
reference should be assigned to the 1 position. Once the assignments have
been made and the Monitor mode is left, the LEDs will continue to show the
status of the assigned reference number. The status of the monitor display is
retained during power failure. The references for the monitor display can be
changed as required. The contents of the monitor display register can be
totally cleared only by totally erasing program memory, or by individually
clearing the contact or coil assigned to each LED.
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. The following sequence shows how a rung of logic can be monitored for
power flow by assigning all of the contacts and the output coil to
consecutive monitor LEDs, Assigning the references consecutively is
not necessary; however it 1s easier to monitor a series of contacts
or coils grouped together if they are assigned in this manner.

TIMER
0118 0016 0152 035 4112
Ty RUNG TO BE
- MONITORED
MONITOR DISPLAY | CONTACT OR COIL
ASSIGNMENT REFERENCE
MONITOR DISPLAY
o oia ASSIGNMENT
03 0152 CHART
04 TMR 035
05 4112

It is suggested that a record of monitor LED assignments for each

program be kept for future reference. A sample form can be found in
Appendix B,
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Keystroke Address Data
Display Displa
CLR 0134 ————
I 1 0134 1 Specifies
' Monitor Display
M/K 01 -——- LED 1
1 Ij 01 L5 Assigns contact
0015 to
NXT 01 15 LED 1
NXT 02 -—— Advances to
next LED
1 6 02 16
NXT 02 16
NXT 03 —
1 s || 2 | 03 152
NXT 03 152
NXT 04 ———-
TMR 04 ——— Assigns
Timer 035
04 35 to monitor
LED 04
NXT 04 35
NXT 05 ———
IR IERE 05 4112
NXT 05 4112
. The operating state of the assigned references can now be monitored

by observing the ON or OFF condition of LEDs
monitor display.
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While in the monitor display mode, the contents of each position (0 - 15} can
be checked by displaying the monitor position LED number. Pushing the NXT key
advances to the next position, i.e., 00, 01, 02, 03, etc. Pushing the PRV key
will display the previous position, i.e., 03, 02, 01, etc. When advancing the
display forward and 15 is displayed, depressing the NXT key will cause the
display to wrap around to 00. Conversly, when going in the reverse direction
with the PRV key; when 00 is reached, the display will next go to 15,

° To change a reference assigned to a monitor LED, display the
LED number, enter the new reference and push NXT. That position
will now contain the new reference to be monitored.

® To clear a reference assigned to a monitor LED, display the
LED number push the CLR key, then NXT, NXT. All of the monitor
references can be cleared by repeating this procedure for each
monitor position.

° To leave the Monitor mode, push t®e CLR key two times; i.e.
CLR————»(CLR,

ACCUMULATED VALUE, TIMERS AND COUNTERS

The accumulated value of any Timer or Counter in a program can be monitored by
entering the Timer/Counter number and observing the LED display under Address
and Data on the CPU/Programmer. The Timer/Counter number can be specified
while in the TEST, RUN 1, RUN or PROG mode. The changing of the accumulated
value can be monitored during system operation in the RUN 1 or RUN mode.

The sequence for specifying a Timer or Counter accumulated value register and
displaying the contents for monitoring purposes is shown below.

TIMER OR COUNTER

CLR CLR M/K NUMBER +200 NXT

0O

. The register reference for the accumulated value of a Timer or
Counter is always the Timer or Counter number ( 0 to 177} plus 200.

The accumulate register references are then 200 to 377 (see Table
4.8).
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EXTERNAL DEVICE CHECK FAULT DETECTION DISPLAY

One of the special functions in the Series Three is a Function 20 instruction,
which allows external devices to be monitored for a fault condition. This
provides an easy way of monitoring 2 or more limit switches (for example) that
should not be made at the same time without using complex ladder diagram
logic. This function is described in more detail in Chapter 5. This
paragraph will describe only the display generated as the result of a fault
detection.

Example:

] e o 3

. The references 0001, 0002 and 0003 are for 3 switches that should not
be closed at the same time. They are programmed in a rung of logic
with a FUN20. FUN20 is a two-word imstruction, the second word is a
4 digit BCD value {0000 to 9999) which when displayed indicates that
the specified fault condition has occurred, The normally-open FAULT
contacts on the power supply terminal board will close when a fault
condition is detected by using the FUN20.

If the 3 switches in the example were closed at the same time, the fault would
be detected and the fault identification number would be displayed as shown
below. The FAULT LED on the CPU/Programmer will also turn on

™1 1 2 3 4 ~a——— FAULTIDENTIFICATION NUMBER DISPLAY

Two data registers, 674 and 675 are used to store the fault identificatiom
number when a fault condition occurs. These registers can then be programmed
to turn on an audible or visual alarm.

Any number of fault conditions can be detected by using the FUN20 with
different identification numbers for each FUN20., If more than one fault
occurs, the identification number of the last one to occur will be displayed.
When a fault condition occurs all key operations are disabled except CLR. The
display can be cleared by pushing the CLR key.
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HALTING PROGRAM EXECUTION

Program execution can be temporarily stopped by switching from RUN or RUN 1 to
the TEST mode. The PC scan is stopped, the condition of the program execution
up to that time is retained and outputs programmed with an OUT instruction are
inhibited. Outputs programmed with SET, SET OUT or D*OQUT are not inhibited,
inputs are updated by one scan and program execution using those commands is
enabled.

SINGLE SCAN PROGRAM EXECUTION

While in the TEST mode programs can be executed one scan at a time. This is a
convenient feature for testing and debugging of programs. The operation of
contacts, outputs using the OUT instruction, Internal coils, Timer, Counter
and SR coils can be monitored by assigning their reference numbers to the 16
point monitor display. As the program is stepped through cne scan at a time,
the monitor display LEDs will then reflect the state of the coils assigned to
them.
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CHAPTERSS
PROGRAMMING

This chapter contains the information required for developing and programming
the relay ladder diagram programs for a Series Three PC system. Each of the
instructions and functions are described, along with the step-by-step
sequences required for entering the instructions.

When developing a PC system, the first step should be to define the system by
writing a description of the functional requirements for that system. A
description would usually consist of block diagrams and written descriptions
of the various parts of the system. Input devices should be defined along
with the process or machines to be controlled.

The next step would be to develop the program required to control the system.
A sample of forms that can be used for documenting a program are provided. On
the first sheet, each rung of ladder diagram logic can be drawn. The second
sheet is for writing the program in mnemonic form. An area is also provided
for comments which could include defining inputs and outputs, etc. Formats
for these forms are shown in Figures 5.2 and 5.3. Sample of these forms are

provided in Appendix B of this manual., A typical rung of relay ladder diagram
logic is shown below.

’_ CONTACTS‘——I

0001 0002 0004 0005 0105
}. N / I | | M +
| o / ~ \
0003
OUTPUT RIGHT
colL POWER RAIL
LEFT
POWER RAIL Figure 5.1

TYPICAL LADDER DIAGRAM RUNG

One key feature of PCs is power flow. This is a conceptual flow of electrons
used to visualize the operation of coils, timers, cocunters, etc. Referring to
Figure 5.1, the left hand power rail can be envisioned as '"hot" (connected to
115 Vac or + 24 Vde) and the right to its associated 'neutral" (connected to
115 Vac return or - 24 Vdc). The coil will be energized if there is a path
for elections to flow from the left leg to the coil placing the full potential
across the coil. If there is no power (electron) flow, the coil will be
de-energized (OFF). Power flows always from left towards the right and will
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pass through normally open contacts if their references are energized (ON) or
normally closed with de-energized (OFF) references. Power flow 1is alse
allowed vertically either up or down between adjacent lines where parallel
connections are programmed. However, power can NOT flow from right to left at
any time through contacts or horizontal shunts. This feature simplifies
programming and prevents undesired sneak paths. However, if hard wired relays
are replaced by a Series Three, it 1is possible some adjustments may be
necessary to the logic to either simplify the programming or to add sneak
paths that may be a basis for the relays functioning.

Another difference between PC programming and hardwired relays is that any
reference such as an input or coil can be used on relay contacts as often as
necessary. Since references are merely a unique series of bits in a word of
memory, they can be programmed wherever and whenever necessary. With PCs,
there is no need to count relay contacts and try to limit individual
references to four or less contacts; no need to plan to use form C
configurations to squeeze two contacts from one pole. Any reference can be
envisioned as a relay controlling many poles providing both normally open and
normally clesed contacts that operate without any time delay from pole 1
(closest to the coil) to pole 1,000 (further away from coil).
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Sample program documentation sheets are shown below in Figure 5.2 amd 5.3. As
examples of the entries that can be made on the forms, the rung of logic in
Figure 5.1 is documented.

LADDER LOGIC

RUNG
NUMBER
0001 0002 0004 0005 0105
,II — A I I B " U () S
1 f | LI [
0003
» > I} 3 * * *
I
* ¥* %* % * * ¥*
% * * %* ) * *
Figure 5.2
EXAMPLE, LADDER DIAGRAM DOCUMENTATION FORM
MNEMONICS
RUNG INSTRUCT ION COMMENTS
1 STR 1 Start pushbutton
AND NOT 2 [
OR 3 4 Additional
AND 4 Input
AND 5 L Devices
OUT 105 OQutput device to be
controlled
Figure 5.3

EXAMPLE, PROGRAM MNEMONIC DOCUMENTATION FORM
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Table 5.1 lists the 57 instructions for the Series Three. A more detailed

explanation of each instruction can be found later in this chapter.

Table 5.1
SERIES THREE INSTRUCTIONS
Memory Execution Time
Instruction Definition Words (microseconds)
S5TR START. Start rung with a 1 4.8 ps
N.O. (Normally Open) contact.
STR TMR START TIMER. Start rung with 1
a N.O. contact referencing a
t imer
STR CNT START COUNTER. Start rung with
a N,0. contact referencing a 1
counter.
STR NOT START NOT. Start rung with a 1
N.C. {(Normally Closed) contact.
STR NOT TMR START NOT TIMER. Start rung 1

with a N.C. timer contact.
STR NOT CNT START NOT COUNTER. Start rung

with a N.C. counter contact. 1

AND Add a N.Q. contact in serles 1
with the previocus contact.

AND TMR AND TIMER. Add a N.O. timer
contact in series with the 1
previous contact.

AND CNT AND COUNTER. Add a N.O. counter
contact 1n series with the 1
previous contact.

AND NOT Add a N.C. contact in series 1

with the previous contact.
AND NOT TMR AND NOT TIMER. Add a N.C.
timer contact in series with 1
the previgus contact,

AND NOT CNT AND NOT COUNTER. Add a N.C.
counter contact in series 1
with the previous contact.
OR Add a N.O. contact in parallel 1
with the previous contact.
OR TMR OR TIMER. Add a N.O. timer
contact in parallel with the 1

previcus contact.
OR CNT OR COUNTER. Add a N.0. counter

contact in parallel with the 1 +
previous contact
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Table 5.1

SERIES THREE INSTRUCTIONS (Continued)

GEK—-25376

Instruction

Definition

Memory
Words

Execution Time
(microseconds)

OR NOT

Add a N.C. contact in parallel
with the previous contact.

OR NOT TMR

OR NOT TIMER. Add a N.C. timer
contact in parallel with the
__previous contact.

OR NOT CNT

OR NOT COUNTER. Add a N.C.
counter contact in parallel
with the previocus contact.

AND STR

AND STORE. Connects a logic
group in series with the logic
group preceeding 1it.

OR STR

OR STORE. Connects a logic
group in parallel with the
logic group preceeding it.

4.8 us

MCS

MASTER CONTROL START. Begin
centrol of a bleck of logic
with a master control relay.

40 ps

MCR

MASTER CONTROL RESET. Ends
control of a block of logic
with a master control relay.

20 us

OUT MCS

OUT MASTER CONTROL START.
Controls as block of logic

and inhibits Outputs.

References to the Outputs using
SET, RST, SET OUT and D OQUT are
not affected.

50 us

OUT MCR

OUT MASTER CONTROL RESET. Ends
control of an OUT MCS

instruction.

40 us

ouT

Defines a coil for a rung of
logic, either an external output
or an intermnal coil.

SET

Defines a coil as being latched,
the coil will remain on until
turned off by RST.

30 us

o
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Table 5.1

SERIES THREE INSTRUCTIONS (Continued)

GEK-25376

Memory Execution Time

Instruction Definition Words (microseconds)

SET OUT IF ON, the coil will remain
ON even under control of OUT MCS 1 30 us
or when in the TEST mode.

RST RESET. Causes a coil that had
been latched (SET) to be 1 20 us
unlatched (Reset).

SET OUT RST SET QUT RESET. Defines a coil
as being a one-shot (ON for one 1 90 us
scan).

TMR TIMER. Programs a Timer Data
operation. Times down to zero 140 pus| Constant
from a preset value. Elapsed 2 300 us pData Register
time stored in an accumulate 500 us | Extermal
register. Self resetting.

Preset time range is 0.l seconds
to 999.9 seconds.

CNT COUNTER. Programs a down
counter. Counts down Lo zero
from a preset value which can be 2
0 to 9999. The current count 1is Data
stored in an accumulate register. 140 wus | Comnstant
Counters are retentive. Requires 300 us P Data Register
2 rungs of logic; first rung 500 us| External
enables the counter, the second
rung resets the counter,

SR SHIFT REGISTER. Programs a
shift register which can be 128 2 90 us Inactive
steps in length or a number No. of Steps
of shift registers of varying 260 us 8
lengths (128 bits total). 340 us 16
Retentive. Requires 3 rungs 500 us 32

of leogic; (1} data, (2) clock,
(3) reset. Can be programmed
to shift forward or backward.
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Table 5.1
SERIES THREE INSTRUCTIONS

(Continued)

GEK-25376

Instruction

Definition

Memory
Werds

Execution Time
(microseconds)

FUN 90

FUNCTION 90. Interrupt Input.
Allows checking a specified

input for a change of state more
often than one time per scan. A
block of logic 1is executed up to
a FUN 91 if a change has occurred
in the input since it was last
checked, Acts as a high speed
interrupt. Multiple FUN 90s can
reference the same input.

300 us

FUN 91

FUNCTION 91. Specifies the end
of the logic block initiated by
FUN 90. When reaching the FUN
91, the program jumps to the
address immediately after that
particular FUN 90 which initiated
the interrupt.

80 us

D * STR

DATA STORE. Loads accumulator
with a BCD value which can be

a 4 digit constant or the con-
tents of a specified 2 byte

reference.

Inactive] Active

100 us 150 us

D 2+ 5TR1

DATA STORELl. Loads the lower
byte (least significant) of the
accumulator with the contents of
a specified 1 byte reference.

100 us 150 us

D * STR2

DATA STOREZ. Loads the lower 4
bits of the accumulator with the
upper 4 bits of a specified 1
byte reference.

100 us 150 us

D * STR3

DATA STORE3. Loads the lower
4 bits of the accumulator with
the lower 4 bits of a specified
1 byte reference.

100 ws 150 us

D *OUuT

DATA OUT. The contents of the
accumulator (2 bytes) are written
to a specified 2 byte reference
(Qutput, Internal Relay, Shift
Register Coils, Data Register or
T/C Accumulate Register).

100 us 150 us
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Table 5.1

SERIES THREE INSTRUCTIONS (Continued)

GEK-253706

Instruction

Definition

Memory
Words

Execution Time
(microseconds)

D * OUT1

DATA OUTl. The contents of the
lower byte of the accumulator

are written to a specified 1l byte
reference (Output, Internal Relay,
Shift Register or Data Register).

Inactive

Active

100 us

150 us

D » OUTZ

DATA OUT2. The contents of the
lower 4 bits of the accumulator
are written to the upper &4 bits
of a specified 1 byte reference

(Output, Internal Relay, Shift
Register or Data Register).

100 us

150 us

D * OUT3

DATA OUT3. The contents of the
lower 4 bits of the accumulator
are written to the lower 4 bits
of a specified 1 byte reference
(Qutput, Internal Relay, Shift
Register or Data Register).

100 us

150 us

ADDITION (BCD). The contents of
the accumulator are added to a &
digit comstant or the contents of
a specified 2 byte reference
(Input, Internal Relay, Shift
Register or Data Registers).

100 us

250 us

SUBSTRACTION (BCD}. The contents
of a specified 2 byte reference
(Input, Internmal Relays, Shift
Register, or Data Registers) or a
4 digit BCD constant are sub-
tracted from the contents of the
accumulator.

100 us

250 us

MULTIPLICATION (BCD). The con-
tents of the accumdlator are
multiplied by the contents of a
specified 2 byte reference (Input,
Internal Relays, Shift Register,
or Data Registers) or a 4 digit
BCD constant. The lower 4 digits
of the result remain in the
accumulator, the upper 4 digits
are stored in registers 676 and
677 which are the auxiliary
accumulator.

100 us

1000 to
1500 us

5-8




Series Three GEK-25376

Table 5.1
SERIES THREE INSTRUCTIONS {Continued)

Memory Execution Time
Instruction Definition Words (microseconds)
Inactive] Active
- DIVISION (BCD). The contents of
the accumulator are divided by 2 100 ps [1000 us to
the contents of a specified 2 byte 3000 us

reference (I, IR, SR, or DR) or a
4 digit BCD constant. The first
4 digits of the answer are stored
in the accumulator and the re-
mainder is stored in the
auxiliary accumulator {registers
676 and 677).

D + AND DATA AND (Logic product}. The
contents of the accumulator are 2 100 us [250 us
logically AND-ed with the con-
tents of a specified 2 byte
reference (I, IR, SR, or DR) or
a 4 digit BCD constant. The
result is stored in the

accumulator.
D * OR DATA OR (Logic Sum). The con-
tents of the accumulator are 2 100 ws |250 us

logically OR-ed with the con-
tents of a specified 2 byte re-

ference (I, IR, SR, or DR) or a 4
digit BCD constant. The result

is stored 1n the accumulator.

COMPARE. The contents of the
accumulator are compared to the 2 100 us {250 us
contents of a specified 2 byte
>=Z reference (I, IR, SR, or DR) or
a 4 digit BCD constant. Internal
coils turn on to reflect the
result of the comparison.

Acc Data 4452 On

Acc = Data 4453 On
Acc Data 4454 On
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Table 5.1

SERIES THREE INSTRUCTIONS (Continued)

GEK-25376

accumulator to a decimal
number from 0 to 15 and places a

1 in the bit position in the
accumulator which corresponds

to that decimal number.

Memory Execution Time

Instruction Definition Words (microseconds)

Inactive Active

INV INVERT. The 16 bits of the
accumulator are inverted; 1 100 us 150 us
i.e. 1 to 0 and O to 1.

Example :
1101 1001 0110 0111
inverted to
0010 0110 1001 1000

BIN BINARY. Converts a BCD value
in the accumulator to a binary 1 100 us 300 us
code.

ECD BINARY CODED DECIMAL. Converts
a binary code in the accumulator 1 100 us 300 us
to a BCD value.

F80 FUNCTION 80, SHIFT RIGHT N BITS.

Contents of the accumulator are

shifted to the right by the 2 100 us 200 us
specified number of bits (l-15). 1 bit
Positions from which bits were shiftc
shifted are filled with zeros.

F81 FUNCTION 81, SHIFT LEFT N BITS. 350 us
Contents of the accumulator 2 7 bit
are shifted to the left by the shift
specified number of bits (1-15). 500 us
Positions from which bits were 15 bit
shifted are filled with zeros. shifrc

F82 FUNCTION 82, DECODE. Decodes
the lower 4 bits of the 1 100G us 250 us
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Table 5.1

SERIES THREE INSTRUCTIONS (Continued)

GEK-25376

Memory Executicon Time
Instruction Definition Words (microseconds)
Inactive Active

F83 FUNCTION 83, ENCODE. Encodes

a bit in the accumulator; 1 100 us 250 us

to a binary code representing

the position number (0 - 15)

and places the binary code in

the lower four bits of the

accumulator.
F20 FUNCTION 20, EXTERNAL FAULT

DIAGNOSIS. Allows external 2 100 us 300 us

devices to be monitored for
unwanted conditions. If a fault
occurs a preassigned & digit

BCD number is displayed on the
programmer data display and

the FAULT relay contacts on

the power supply terminal

board are closed. Multiple
fault conditions can be
monitored.
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BUILDING A PROGRAM

This section provides a guide for entering and wusing each of the
instructions. The format used is as follows:

Instruction mnemonic (name).

°

* Description of how the instruction is used.

. Valid References,

. Step-by-step keystrokes required to enter the instructicn in a
rung of ladder logic.

] Illustration of how the instruction fits into a rung of logic.

. Combining the instruction with others to form a complete rung.

The instructions are listed in groups that correspond to their functiomality.
Table 5.2 lists the instructions grouped in this manner.

Table 5.2
SERIES THREE INSTRUCTION GROUPS

STR, STR TMR, STR CNT, STR NOT,

BASIC STR NOT TMR, STR NOT CNT
AND, AND TMR, AND CNT, AND NOT, AND NOT TMR,
AND NOT CNT
OR, OR TMR, OR CNT, OR NOT, OR NOT TMR,
OR NOT CNT

AND STR, OR STR
MCS, MCR, OUT MCS, OUT MCR

OUT, SET, SET OUT, RST, SET OUT RST
TMR, CNT, SR

MOVE D* STR, D *STRL, D* STR2, D ¢ STR3
D *OUT, D *OUTL, D% OUTZ, D *OUT3

ARITHMETIC +, -, X, +, >=<
LOGICAL D* AND, D™ OR, LNV

CONVERT BIN, BCD, FUN 80, FUN 81, FUN 82, FUN 83
SPECIAL FUN 90, FUN 91, FUN 20
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BASIC INSTRUCTIONS

This group can be considered as the basic building blocks for a relay ladder

diagram. The instructions reference discrete bits that are to be part of an
operation; i.e., a conditional contact or the end of a rung, which could be an
output or an internal relay.

STR
STR TMR
STR CNT

Starts a rung of logic with a N.Q. (Normally Open) contact.

Valid References

0000-0617
7000-7077
3000-9177
000-177 STR TMR, STR CNT
XXXX
] xoxx — F-——— Wt
STR TMR| XXX T/C XXX

t— b= ==

STR CNT | XXX
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STR NOT
STR NOT TMR
STR NOTCNT

Starts a rung of logic with a N.C. (Normally Closed) contact.

Valid References

0000-0617
4000"4457 STR NOT
7000-7077
9000-9177
000-177 STR NOT TMR, STR NOT CNT

X XXX v
N
STR | | NOT | XXXX +———H_____.\_-,—__4

XXX
STR | | NOT TMR T/C XXX N

(0=

STR NOT | | CNT | XXX
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AND

AND TMR

AND CNT

Enters a N.O. contact in series with the previous condition (logic product).

Valid References

0000-0617

4000-4457 AND

7000-7077

9000-9177

000-177 AND TMR, AND CNT

XXXX

AND | xxxx f__1k_—H—____<}“

AND | ] TMR | XXX T/C XXX

_+
L [

AND || CNT | xxx
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ANDNOT
AND NOT TMR
AND NOT CNT

Enters a N.C. contact in series with the previous condition (logic product).

Valid References

0000-0617

4000"4457 AND NOT

7000-7077

9000-9177

000-177 AND NOT TMR, AND NOT CNT

XXXX ’
AND [ NoT | xooxx +.__ — T
|| s -

AND || NOT | | TMR | xxx T/6 XXX

+_——1 I | I _——-J\‘/‘_-——+

AND || NOT | JcNT | XXX
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OR
OR TMR
OR CNT

Enters a N.O. contact in parallel with the previous condition (logic sum}.

Valid References

0000-0617
7000-7077
9000-9177
000-177 OR TMR, OR CNT

OR || T™MR [ XXX +__

T/C XXX
] 1

o | x00x b g ==
]
1

CR CNT | XXX
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OR NOT
OR NOT TMR
OR NOTCNT

Enters a N.C. contact in parallel with the previous condition (logic sum).

Valid References

0000-0617

4000-6457 OR NOT

7000-7077

9000-9177

000-177 OR NOT TMR, OR NOT CNT

OR [| NOT | xxxx = — ==
-
X XXX
OR }| NOT || TMR [ XXX +___ ___I I__ _,_["\____+
-/
T/C XXX
, 1
OR {| NOT || CNT| XXX (%
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The following example of a ladder diagram uses many of the instructions
listed up to this point. The key sequence shows how to enter the rung.

6w ] [
LT S D
wo) (vor] (2] (o] 2] (]
o [ o] ] [
ER g (2] (&
3 c2s 7011 103 ] (31 (5] (&

Ot
. o] [ov] (2] (]
[or] [Not] [mMR] [a ] [[5 ] [ent}

T35

. 1/ | [ane) (7} [o] [] [ [en)
T;s 10? J:gl‘r 8 ¢ [ [ o] [ &1
Ta7 [sta] [nor] [wa] [3 ] [5 ] [ent]
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AND STR
OR STR

The AND STR provides a common series connection between a block of logic and
the OR STR provides a common parallel connection for a block of logic. These
instructions provide the connecting links not allowed with any of the
previously mentioned instructions. The logic used with this type of operation
is referred to as a push—-down stack. The push-down stack c¢an accommodate up
to eight levels {groups) of logic. A push—down stack can be thought of as a
temporary storage area to allow the combining of elements in series (AND) or
parallel (OR) connections.

A by O

oo b

CONNECTS LOGIC IN PARALLEL

An example of a more complex rung of logic illustrates how logic is connected
using the AND STR and OR STR in the same rung. The keystroke sequence for
entering the logic is shown. The connecting lines and blocks to the right
show how the contacts are connected by the AND STR and OR STR.

5-20




Series Three

® Example of programming the AND STR and OR STR instructions.

~
[42]

. .
T

W
F -9
~J

-

R r
Lgmy =
/
STR - I
——————————— —AND

b
1
|

@l

3
|
|
|
|
|
|
|
|
|
|
]
L

=
b3
'O

!
stR] [s ] '

————m m e g —CR - -~ vy {
STR Jl
lout] [+ § L o] [o]
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NOTE

Dotted lines and squares
illustrate how the AND,
OR, AND STR and OR STR
keystrokes tie the logic
together. The dotted
squares are not addi-
tional keystrokes,
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MCS
MCR

The MCS (Master Control Start) and MCR {(Master Control Reset) instructions are
used to implement and end a Master Control relay function. This provides a
method of efficient programming for turning off large quantities of coils if a
specific permissive condition is not satisfied. When programming an MCS, the
permissive logic 1is bullt starting with the power rail (left side of the
ladder diagram). Then an MCS is entered, followed by the logic it 1is to
control, and finally, ending with an MCR instructiom.

When power flows to the MCS, the logic after it will operate normally. When
the MCS is de-energized (no power flow to it), the coils under its control
will be forced to the OFF state regardless of the logic conditions controlling
each coil. The logic that can be controlled by an MCS 1is limited only by the
quantity of program memory available.

In the following example of programming an MCS, it may help to understand how
the MCS/MCR works by viewing the MCS instruction as defining a new left power
rail whose connection to the main power rail is dependent on the preceding
logic.

Multiple Master Control relay functions can be used in any program. They can
also be nested in a program; i.e., MCS/MCR under the contrel of a previous
MCS/MCR. This is shown in the example. In order to operate properly, each
MCS must end with an MCR. Up to 8 levels of MCS control can be nested.

5-22




Series Three

Example of programming the MCS/MCR
coils.

1 :

RUNG 1 L——‘ —
4

RUNG 2 —
6

RUNG 3

RUNG 4
MCR

3
5
wcs] 7

instructions

20

i

21

:

22

!

23

;

24

I

I1f the MCS in rung 1l 1s de-energized (no power
flow to it), coils 20, 21, 22 and 23 will always

be OFF.

If the MCS in rung 1 is energized and

the MCS 1in

rung 3 is de-energized, coils 22 and 23 will

always be OFF. In this case coils 20

and 21 would

be controlled normally by the logic preceding it.

The first MCR ends control of the second MCS,
the second MCR ends control of the first MCS.
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B
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]
out} [2] [a] (et
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OUT MCS
OUTMCR

The OUT MCS and OUT MCR instructions are used to implement and end a Master
Control relay function that inhibits external outputs using the OUT
instruction. All external c¢oils between the OUT MCS and OUT MCR are
affected. External outputs referenced by the SET, RST, SET OUT and D OUT
instructions are not inhibited. If an output referenced by the SET, SET OUT
or D OUT is turned ON, it will remain on when switching to the TEST mode.

The OUT MCS5 and OUT MCR instructions can be nested in a program the same as
the MCS and MCR. Each OUT MCS must end with an OUT MCR. The OUT MCS controls
the logic following it when it is de—energized (no power flow from preceding
logic).
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o Example of programming OUT MCS and OUT MCR to inhibit external outputs.

l 1 , Gm [ &
| 4} {OUT Mcs}—O o] [Z] [&]
3 4 30 Four] [mcs] [ent]
i 44 /My
1 /1 ® Gm 3] [
5 6 3 [anp] [wot] { 4] [ent
| 1 | | ( ) Py
L S
v i [eur] [ 3] [ o] [&n1]
7 32
[ | o [str] [ s ] [en1]
1 —So—1¢
anp] [[6 ] [ent
10 11 33
Py {fL Ii O ¢ ser] [3] [1] [enr

FstR] [7] [ent]

* @——q- ] [our] [3] [z [&v)

STH{TI'OIENT

{ano] [ 1 | [ ] [enr]

0UT!3I|3|ENT

[out] [mcr] [Ent]

¢ When the permissive contacts 1 and 2
are open, OUT MCS will be de—energized.

¢ OQutputs 30 and 33 will be inhibited,
regardless of the state of the condi-
tional contacts preceding those outputs,

* When contacts 1 and 2 are closed, OUT MCS

will be energized and logic operation be-
tween OUT MCS and OUT MCR will be normal.
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ouT

The OUT instruction is used to assign a coil to a rung of logie. The coil can
be defined as an external output or an internal relay. Power flow to the coil
will cause it to turn ON, with no power flow, it will be OFF. When ON, it
will remain ON as long as the conditional logic preceeding it provides power
flow.

If the coil 1is assigned an external output number, its output control function
will be inhibited if an OUT MCS instruction is implemented.

Valid References
00G0-0617 External Qutputs

40004457
7000-7077 Internal Relay Coils
9000-9177
R
ouT| XXXX +----} F---4 — O +

Outputs can be paralleled by entering additional OUT instructions at the end
of a rung of logic; i.e. OUT 120, OUT 121, OUT 122, etc.

SETOUT

The SET OUT instruction assigns a coil to a rung of logic and uses the same
reference numbers as the QUT instruction. SET OUT operation is the same as
operation using the OUT instruction, except that an output referenced by SET
OUT will not be inhibited when the OUT MCS instruction is executed. An output
referenced by SET OUT will also remain ON when the mode switch 1s turned to
the TEST position.

R
SeET{ | ouT XXX X +-_-+ |.,_-.l Lh @ %
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SETOQUT RST

When a coil is defined by the SET OUT RST instructicn, that coil will operate
as a one-shot. A one-shot coil when turned ON, will remain on for only 1
scan. It turns on when power flow to it makes an OFF to ON transition. Power
flow is usually completed to the one-shot c¢oil by the closing of a momentary
pushbutton or contact.

Valid References

0000-0617 External Outputs
4000-4457

7000-7077 Internal Relay Coils
9000-9177

e Example of using a one-shot.

!STRI | 1 | |ENT
1 s 400
S uT RS 4 Q ¢} ENT
IéIMIT—'"'Q—" [sev] [our] [mst] [&a ] [ o] o]
WITCH X
(PB2)2 400 100 [sr} [ 2] [ent]
START — 6—] /I—O—-O o] [
PUSHBUTTON MOTOR & v ] Lo Lo} [&v]
100 STARTER
AND NOT 4 o] 0 ENT
Sl(E)AL - [ano] [wot] [&] [o] [o]
CONTACT o] (] (o] o] @1
s
1
PB
2 N
MOTOR
STARTER 100 NN
ONE-SHOT
400 a B
Figure 5.4

TIMING CHART, ONE-SHOT OPERATION
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@ When start pushbutton 2 is depressed, motor starter output coil 100 turns
on and remains on when seal contact 100 closes., LSl detects 1 revolution
and is made momentarily, turning the one-shot (Output 400) ON for 1 scan.
The one-shot contact in rung 2 opens, turning off output 100.

TIMERS AND COUNTERS

Two of the most commonly used non-relay functions are timing and counting.
Both of these functions are easily programmed in the Series Three and are
standard features. Both timers and counters use special internal coils using
references 000-177. A total of 128 coils are available for timers or
counters. Either 128 timers or 128 counters or a combination of timers and
counters up to 128 can be programmed. Both timers and counters are two-word
instructions, T/C number and preset.

Timers are non-retentive and time down from a preset value of (.1 seconds to
9949.9 seconds. The timers are not self resetting. When the timer preset
reaches zero, it's ¢oil turns on. The preset value can be a constant or can
be entered by specifying a group (8 bit) reference that can be an Input,
Internal coil, Shift Register or Data Register. The basic clock that drives
the timers derives its accuracy from a crystal in the CPU.

The elapsed wvalue of a timer or counter is stored in a group of 16-bit
registers referred to as timer or counter accumulated value registers. To
monitor the timing or counting functions, the accumulated value register
contents are displayed. Refer to Table 4.8 for a complete listing of the
timer or counter numbers and their corresponding accumulated value register.
The accumulated value register is the timer or counter number plus 200.

Counters are retentive and count down from a preset value (1 to 9999) to
zero. Counters require two rungs of logic. The top rung controls
decrementing of the counter. Each time the rung changes from no power flow
(OFF) to power flow (ON) the counter decrements by ome count. The lower rung
of logic causes the counter to be reset to zero whenever the rung has power
flow. 1If both rungs supply power flow to the counter, no counts are recorded
and the counter is forced to zero.
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TMR

® Programming a timer by specifying a constant value as the preset,

XXX
v I SR R O—d

XXAX

TIME IN SECONDS
k [T s X o ]

. Programming a timer by specifying a preset value from a group reference.
A group reference is the first three digits of 8 consecutive I/0 points,
internal coils, etc.; e.g., group reference 440 refers to internal coils
4400 to 4407.

Tvr] [T ERRNEER T +-—--| }-----{ L @ %

REFERENCE NUMBER
[ X XX ]

CNT

e Programming a counter by specifying a constant value as the preset.

- l— T/C )I:J)Lél\)QBER —| ______ _| |r COUNT c +

XXX XXXX

< B Al T S _| % RESET
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¢ Programming a counter by specifying a preset value from a group reference.

T/C NUMBER
CNT [_ XX X —I _________ _' {L~ COUNT c 4
xxx
REFERENCE XXXX
NUMBEH _________ 'l { RESET
]

e Example of programming a timer and using the timer coil reference as
the count input for a counter.

1 (P81} TS 5 [sra] Lo ] [ewr]
ik N =) (e [ (53 @)
} A +iII
| o | [ [ [ [
N T (] 7] [=r] (20
¢ CE o (3

I
OL

e When PBl is closed Timer 5 will begin timing
(preset is 10 seconds). Each time the timer
preset reaches zero, the time contact T5 will
close, decrementing the counter, C7, one count.
When the counter counts down to zero from its
preset (6), 60 seconds will have elapsed.
Contact C7 resets the counter. The
counter contact, C7 will turn on output coil 20
at one minute intervals.
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SHIFT REGISTERS

Another feature of the Series Three is the capability of easily programming
shift registers. The built in shift register function can be programmed to
shift up to 128 steps. A group of internal cecils (references 9000 to 9177)
are available to use when building a shift register. This group of coils
allows one shift register to have 128 steps or a number of shift registers can
be programmed with a total maximum number of 128 steps for all shift registers.

A shift register is retentive and requires 3 rungs of logic.

1. DATA. Information to be shifted. ON (1) or OFF (0) status can be
shifted.

2.  CLOCK. For each tranmsition (rise) of the «clock 1input, the
information into DATA will shift one step.

3. RESET. Resets the shift register when an OFF to ON transition occurs.

When a shift register is built, the first coil (step 1) and the last coil must
be specified. If the lower number coil is specified first the shift register
will step forward. If the higher number coil is specified first, the shift
register will step in the reverse direction.

When specifying a shift register, 2 words of program memory are used. The

first word specifies a shift register and the starting coil, the second word
specifies the ending coil. This is shown in the following example.
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SHIFT REGISTER
STARTING NUMBER

SR

WORD 1 —eom |DATA SR
XXXX
o] |Ctock
ENDING NUMBER :
WORD 2 T RESET [ xx

e Example of the programming sequences for forward and reverse shifting
shift registers.

,TL DATA sggo [sw] [T] [own]
'2' 9007 str] [2] [ent)
et FE ¢ W )
7 Reser G ] o] &0 =] &9
o EngERliE
-.r_ ==
4 SR str] [4 | [ent
I f } e 3888 (stR} [ 5 ] [ent]
S ¢ P 4 ) ) G
. Reser (e (o] [o] (o] 2] [ew
T 1 & 2 0
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FUN 90
FUN 91

The FUN 90 (Function 90) and FUN 91 (Function 91) instructions are used to
begin and end control of a high speed interrupt which will allow checking an
input for a change in status {(ON to OFF or OFF to ON) more than one time per
scan. If a change in the input is detected (since it was last checked) a
subroutine (which must be located at the beginning of user memory) which can
be a rung or several rungs of logic is initiated. If there had been no change
in the input, the logic flow would continue in the normal sequence.

More than one FUN 90 can be entered in a program; one input can be checked
several times or more than one input can be checked., Use of this instruction
allows a real time update of an input.

NOTE

When programming the subroutine sequence, consideration
must be given to the total scan time. If a number of F90s
are programmed in a program using a lot of program memory
locations, it would be possible to exceed the time of the
system watch-dog timer. This would cause the CPU to stop
scanning.
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e Programming FUN 90, FUN 91

GEK-25376

FUN 91

))

[\

Enter after FCTN 8 1
subroutine
logic =L
T
Initiates
Input Check FCTN 9 0 =
when encountered FJ
in program
| — INPUT NUMBER —
® Example of subroutine execution
30
fﬁ |1| M\ STR 25
= % AND NOT 1
(SUBROUTINE LOGIC) OuT 30
= 4~ SUBROUTINE
FUN 91 FUN 81
LADDER
N LCGIC
FUN 90 0001 FUN 80 1
LADDER
LOGIC
_—i'!_-
FUN 90 0001 FUN 9SG 1
LADDER
LOGIC
FUN 80 0001 FUN SO 1
END OF
PROGRAM

-—

———

——

P,
—
_——
—-—

—

T
-l
. i T pep——————

FUN 90 XXXX
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Start of Program

Input 1, will be
checked for change
of state since
last time checked.
Assume Input 1
initially closed.

Input 1 checked, no
change of state de-
tected at (a).

Logic flow continues
to next FUN 90,

At (b), Input 1
checked, now GPEN.
Subroutine logic is
executed to the FUN
91. Program then
jumps back to (b)
and continues,
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DATA OPERATIONS

The Series Three has a group of instructicns that include data moves, math
functions, logical operations, and conversion. These instructions provide the
capability of performing various data operations. These instructions operate
on multiple bits rather than one bit at a time.

All of these instructions require that the data to be operated on be loaded
(stored) into a 16-bit register called the accumulator. When an operation is
performed with the contents of the accumulator, the result of the operation is
stored in the accumulator. This data can then be transferred to external
outputs or stored internally to be used as needed.

DATAN,
CONSTANT OR = ACCUMULATOR
GRCUP REFERENCE

CONTENTS OF ACCUMULATOR
COMPUTED WITH A CONSTANT

OR CONTENTS OF A GROUP
REFERENCE
[ DATA OUT,
TO EXTERNAL
RESU
ACCULI\]I-SLS!IPC%E Y" OUTPUTS OR
INTERNAL
STORAGE

The coantents of the accumulator do not change until new data is loaded into it
or a computation takes place and the result is stored in the accumulator.
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SPECIFYING DATA

When entering an instruction for a data operation, the instruction 1is
specified, then the data. The data can be a constant value or a group

reference that contains the data to be used.

. Constant value

INSTRUCTION K

|—4 DIGIT BCD NUI'\ABEF’!-J

When a constant (4-digit BCD number) is entered as the data value, the bits of

the BCD numbers will be stored 1im the corresponding position in the
accumulator.
4-DIGIT BCD NUMBER
DIGIT DIGIT DIGIT DIGIT
4 3 2 1
s[al2]1[8fal2]1[8af2]1]8fa}2]"
| i :
NUMBER { 8 [ 3 | 9 2 ]
: | : r
accumulator [1]o]ofoJofof1 1 1Jo|oJ1Jo]Jo[1]0]

. Group reference

INSTRUCTION

]-GROUP REFERENCE NUM‘IBEF{J

The group reference number is the first three digits of the discrete reference
for each 8-bit group (T/C accumulated value register is 16-bits).

When the group reference 1is
reference are used,

specified, that reference and the next higher

. Exanple: Reference specified 1s 410

411 410
of7

{ 1

[16 16BIT ACCUMULATOR 1]

i o]

Contents of 410 and 411
(16 bits) are loaded into
the accumulator
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Discrete bit 4100 will be stored in the first position of
the accumulator; discrete bit 4117 will be stored in the
last position (16) of the accumulator.

When a program is entered to perform any of the data operations, the first
instruction must have a conditional contact entered immediately preceding it.
When entering any of the data operation instructions, the SHF key must first
be pushed, then the key directly beneath the instruction. When the ENT key is
pushed the data display will display a function number, F5>0, F51, etc, These
numbers are assigned internally to each of the data instructions and are
listed below. The function number will be displayed for an instant, then the
address will advance 1 step and 500 will be displayed. The second word (data
entry) should now be entered. If no entry is made and the ENT key is pushed,
500 is entered as the default value. 500 is the first Data Register.

Instruction Display Instruction Display
D * STR F50 X F73
D * STR1 F51 + Fi4
D * STR2 F52 b+ AND F75
D * STR3 F53 D* OR F76
D * QUT F60 INV F84
D * QUT1 Fol BIN F85
D*OoUT2 F62 BCD F86
D * OUT3 F63 F80 F80
CMPR F70 F81 F81

+ F71 F82 F82
- F72 F83 F83
F30 F30
F91 F91
F20 F20
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D-STR

De* STR (Data

GEK-25376

Store) is a 2 word instruction which, when executed, loads the

accumulator with a 4 digit BCD constant or the contents of a specified 2 byte

reference.
REF+1 REF.
[7 o7 o]
[15 8 7 0] ACCUMULATOR
Valid References
0000 - 0617 1/0 System
4000 - 4451 Internal Coils
7000 - 7075
9000 - 9177 Shift Register Coils
500 - 673 Data Registers (8-bit)
200 - 377 Timer/Counter Accumulate Value Registers
(16-bit)
CONDITIONAL
SHF} [D-ST CONTACT

+---—! l-——[ DSTR XXX H

GROUP

"_HEFERENCE—I

4 DIGIT CONSTANT VALUE

sHF| [D-sTR +----| }———' D STR XXXX l——+

[— NUMERIC VALUE -"I
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D-STR1I

This is a 2 word instruction which, when executed loads the lower 8 bits of
the accumulator with the contents of a specified 1 byte reference. The upper

8 bits (8-15) will be zeros.

[7 - 0]
r
[15 8l7 0] ACCUMULATOR

Valid References
0000 - 0617 I1/0 Svstem
4000 - 4451 Internal Coils
7000 - 7075
9000 - 9177 Shift Register Coils
500 - 673 Data Registers
shF| psTR | 1 +—---{ I——[DSTFHXXXH

GRQUP

[ REFERENCE ™ |

D-STR2
This is a 2 word instruction which, when executed loads the lower 4 bits of

the accumulator with the upper 4 bits of a specified 1 byte reference.

REF.

kA 4|3 o]

T~

h5 43 0] ACCUMULATOR
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Valid References
0000 - 0617 I/0 System
4000 = 4451 Internal Coils
7000 - 7075
9000 -~ 9177 Shift Register Coils
500 - 673 Data Registers

SHF] [D-STR[ | 2 +-—-——| l—————[D-STR2XXX]—+

GROUP

I_REFEHENCE'ﬁl

D-STR3

This is a 2 word instruction which, when executed loads the lower 4 bits of
the accumulator with the lower 4 bits of a specified 1 byte reference.

REF.
7 4{3 0]
[15 BCE 0| ACCUMULATOR

Valid References
0000 - 0617 1/0 System
4000 - 4451 Internal Coils
7000 - 7075
9000 - 9177 $hift Register Coils
500 - 673 Data Registers
SHFI [O'STR 3 +'-- --I I—{D-STR3 XXX]—+
GROUP

[ REFERENCE |

5=41




Series Three GEK-25376

D-ouT

D * OUT (Data Out) is a 2 word instruction, which when executed transfers the
contents of the accumulator (16 bits) to a specified 2 byte (group) reference
(Output, Internal Relay, Shift Register coils, Data Registers or Timer/Counter
accumulate value register).

[15 8|7 0| ACCUMULATOR

Valid References

0000 -~ 0617 I/0 System
4000 - 4451:} Internal Colls
7000 - 7075
9000 - 9177 Shift Register Coils
500 - 673 Data Registers
200 - 377 Timer/Counter Accumulate

Value Registers

SHF|{ |D-OU +----| I-—-[D-OUT xxx]_—+

ROUP

rRE%ERENCE_]
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D-oUTI

D*OUTLl is a 2 word instruction which, when executed will write the contents
of the first 8 bits (0-7) of the accumulator to a specified referemnce.

[15 8[7 0] ACCUMULATOR

REFERENCE

Valid References
0000 - 0617 1/0 System
4000 - 4451 Internal Coils
7000 - 7075
9000 - 9177 Shift Register Coils
500 - 673 Data Registers

SHF| [D-OUT 1 +---—-{ |——ED—OUT1 XX)E'—*+
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Dour2

D* OUT2 is a 2 word instruction which, when executed will write the contents
of the lower (first) 4 bits of the accumulator to the upper 4 bits of a

specified reference.

15 4[3 0] ACCUMULATOR
[7 4]3 0| REFERENCE

Valid References
0000 ~ 0617 1/0 System
4000 - 4451 Internal Coils
7000 - 7075
9000 - 9177 Shift Register Coils
500 - 673 Data Registers

sHF| pouT| | 2 +——--| I-—[D~OUT2 xxx]——+

I_—RE%FE‘I%JNPCE ']
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D* OUT3 is a 2 word instruction,

GEK-25376

which when executed will write the contents

of the lower 4 bits of the accumulator to the lower 4 bits of a specified

reference.

15 4]3 0] ACCUMULATOR
7 4]3 0] REFERENCE
Valid References

0000 - 0617 I1/0 System

4000 - 4451 Internal Coils

7000 - 7075

9000 - 9177 Shift Register Coils
500 - 673 Data Registers

SHF} |D-OUT] ¢ 3

GRQUP

[—REFERENCE—l

ADDITION (+), BCD 4 DIGIT

+—--—f }-—EDOUT:; xxﬂ—+

The contents of a 4 digit constant or a specified 2 group reference are added

to the contents of the accumulator.
the accumulator as a 4 digit BCD number.
flag (Internal coil, 4455) will turn on.

{4456) will turn on.

The flag coils can be used

The result of the addition is stored in

If the answer is >9999%, the carry
If the answer 1s zero,
in a program as references

the zero flag

for contacts to turn on an output connected to a light or other device to
provide an indicator of the flag conditions.

Valid References

G000
4000
7000
3000
500
200

- 0617
4451
7075
9177
- 673
- 377

I/0 System
Internal Coils

Shift Register Coils
Data Registers

T/C Accumulated
Value registers
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SHE| | + +----{ I———-[+ xxxj—+

GROUP

r—REFERENCE_I

4 DIGIT CONSTANT VALUE

sHF| | + +.---_| I—{+KXXXX]——+
8CD VALU
[ "]

e Addition sequence

O‘I ACCUMULATOR

{15 (4 DIGIT BCD NUMBER) CONTENTS

+
REFERENCE +1 REFERENCE

7 0|7 G| 2 GROUP REFERENCE
OR

8]4?2[1 aJ4?2|1 8]4Tﬂ1 81412]1 4 DIGIT CONSTANT

4 DIGIT BCD

4 3 2 1
ANSWER STORED IN
Blaf2]1]8faf2[1]sfaf2]1]8]al2]1 ACCUMULATOR
CARRY | ZERO .
FLAG FLAG o 1If answer is 0000, Zero flag 1is ON
2455 | aa56 e If answer @s >9999, Carry flag 1is ON
o If answer is »9999 and the 4 BCD digits

are 0000, both the Carry and Zero flags
will turn ON.

Example : 7777
+2223

10000

CARRY FLAG ON Jt ZERO FLAG ON
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e Addition Programming Example
Example 1

4 BCD digits are loaded in accumulator from Inputs 0030-0047.

9 fst] [1 ENT |
— [ ostr3
+5
[5]
D-OUT 10

(s [our] (5] [o] (&)

¢ The contents of the accumulator are added to data from Inputs 0050-0067.
e The answer is stored in the accumulator and also written to Outputs 0100 -

0117. 1If D*® OUT is specified as a Data Register, Internal coil, etc.; the
answer would be stored at that location for further use in the program.
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Example 2
This example shows more than one constant value entered in the program. By

closing the respective contact, a different number can be selected to be added
to the contents of the accumulator

st] [ ] [ent

D-STR3 -
+K 1258 ShHF evt] [3] [ew
]
+K 3346 = [5] [
+K773 (e] (] Lz2] [ [e] [
[str} [[3 1} [ent
DOUTE }—@ = ] (o
................ 33 50 0 (5]
[Ca] [t

F ENT
N
(=]
When Il is closed, MCS is energized and <]

does not control the logic following it.

The number selected by closing one of the
contacts, 12, I3, or 14 is added to the

contents of the accumulator (read from

Inputs 0030-0047). When 15 is closed,

the answer will be written to Outputs

0060-0077.

w
i

2 |4
=
o = B
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SUBTRACTION (-), BCD 4 DIGIT

The contents of a specified 2 group reference or a 4 digit BCD constant value
are subtracted from the contents (BCD) of the accumulator. If the answer
after the subtraction is positive, it is written directly to the accumulator.
If the answer is negative, the Borrow Flag (4455) turns ON, the absolute value
is subtracted from 10000 and the resulting value 1is written to the
accumulator. If the answer after subtraction is zero, the Zero flag (4456)

turns ON.

Valid References
0000 - 0617 I1/0 System
4000 - 4451 Internal Coils
7000 - 7075
9000 - 9177 Shift Register Coils FLAGS
500 - 673 Data Registers C%RRHY ZERO
200 - 377 T/C Accumt_xlated BORROW
Value registers 4455 4456
SHF} | —

GROUP ~z=4 I_—[_ XXX H
[ REFERENCE ™| +

4 DIGIT CONSTANT VALUE

SHF| | —

___., '_—-I—K xxxxl——+
I——BCDVALUE——I +

5
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e Subtraction sequence

15 (4 DIGIT BCO NUMBER) 0 Acggm‘éhf‘rgo"
REFERENCE +1 B REFERENCE
7 0j7 O] 2 GROUP REFERENCE

4 3 2 1 OR
8[4]2]71|8]aj2]1|8]a]2]1]8]a]2]1] 4DIGITCONSTANT

Z 3 2 3 4 DIGIT BCD

ANSWER STORED IN
1 8laj2]1[8]al2]|1]8]a]2]1{8]a]2]1] accumuLATOR

B ZERO . .
g::;cu FLAG e If answer is 0000, Zero flag is ON
e If answer is negative, Borrow flag will
4455 4456 be ON.

e Subtraction programming example

5
e =]
SHF f D STR] ENT 4 ENT
-K 3333 =3
A5 0 1 3 3D =

(] ool (&) ] (5 (50

. Data 1s entered intce the accumulator
from Inputs 0040 - 0057.

e A constant value (3333) is subtracted
from the contents of the accumulator.

e The answer is stored in the accumulator
and is written to outputs 0150 - 0167.
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MULTIPLICATION (X), BCD 4 DIGIT

The contents of the accumulator are multiplied by the contents of a specified
2 group reference or a 4 digit BCD constant. The answer can be from 1 to 8
digits. The lower &4 digits of the answer are stored in the accumulator and
digits 5-8 are stored in data registers 676 and 677, which are the auxiliary
accumulator., If the answer is zero, the Zero flag (4456) will turn ON.

Valid References
0000 - 0617 I/0 System
4000 - 4451 Internal Coils
7000 - 7075
9000 - 9177 Shift Register Coils
500 - 673 Data Registers FLAGS
200 - 377 T/C Accumulated ZERG
Value registers T

GROUP REFERENCE

SHF| | X

'
GROUP + - “"I I——[ 3 XXXH
[ REFERENCE ™|

CONSTANT
4 DIGIT CONSTANT VALUE VALUE
SHF| | x *

BCD VALUE +_-- -NI I——E( “ XXXXH
oo vaE—
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e Multiplication sequence
ACCUMULATOR
15 (4 DIGIT BCD NUMBER) 0]  CONTENTS
REFERENCE +1 X REFERENCE
7 of7 O [=+—2 GROUP REFERENCE
4 3 2 1 OR
slaf2[1[8]a]2]1s8[al2]1]8]a]2] 4 DIGIT CONSTANT
8 7 6 5 4 3 2 1
glaf2]1]aal2]1]8Taf2]1]s]a]2]1[sfa]2]1]s]al2]1js]al2] 1[8]a]2]1
REGISTER 677 REGISTER 676 ACCUMULATOR WILL CONTAIN
AUXILIARY ACCUMULATOR LOWER 4 DIGITS
DIGITS 5-8 —J
|
ZEROQ FLAG
4456
The lower & digits (1, 2, 3, 4) of the answer will be stored in the

accumulator. The upper 4 digits (5, 6, 7, B) will be stored in the
auxiliary accumulator (Data Registers 676 and 677).

If the answer is 00000000, Zero flag is ON.

5-52




Series Three GEK-25376

e Multiplication programming example

Multiplying 4 digits by 4 digits with an answer containing 8 digits,

‘——|2 pstRs —4 [5m] [2] [&v1]
XK 1375 —*@ [swe) [ostR] [ent] {5 ] ]ent]
[swr] [ x| {ent]
D-OUT 14— i =
D'STR676 |—@ e S
bouT1s —¢ [5r] (5 (a] (3] (2] (] (&
[see] foout] [ent] [[o f [_s ] [ent

e A 4 digit BCD value is entered into the accumulator from Inputs 0050-0067.

® A constant value (1375) is entered as the multiplier.

e Assume that the answer is an 8 digit BCD number. The lower 4 digits are
stored in the accumulator and transferred to Outputs 0140-0157. The upper

4 digits are stored in the auxiliary accumulator (Data Registers 676, 677)
and transferred to Outputs 0160-0177.
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DIVISION (-), BCD 4 DIGIT

The contents of the accumulator are divided by the contents of a specified 2
group reference or a 4 digit BCD constant. The 4 digits of the quotient are
stored in the accumulator and the 4 digits of the remainder are stored in the
auxiliary accumulator (Data Registers 676, 677). If either the dividend or
divisor are zero, the Zero flag (4456) will turn ON. If the divisor is zero,
the Overflow flag (4457) will also turn ON.

Valid References
0000 - 0617 1/0 System
4000 - 4451 Internal Coils
7000 - 7075
90060 - 9177 Shift Register Coils
0 i
Valueccum‘.’ :te ZERO OVERFLOW
Teglsters 4456 4457
SHF| | +

GROUP +""{ e xxx]—+
[ REFERENCE |

4 DIGIT CONSTANT VALUE

SHF| | +

BCD VALUE +____| I—_l} “ XXXXH
[ o]
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e Division sequence

15 (4 DIGIT BCD NUMBER) ) ACCUMULATOR
[oT T oloTel ] [olofol*[iTel i ol1] ASCuMM
REFERENCE +1 - REFERENCE
7 0o 7 0 =~%—2 GROUP REFERENCE
4 3 2 1 OR
ofoJoJoj{oJoJ1Joje] 1 [oJolol1]1]o ol G RQNSTANT
QUOTIENT - REMAINDER
4 3 2 1 1 2 3 4
oloJololoJo]oTololofo]1]1To]oTol Ta]olel ol 1] o] ofalolo] 1ol 1]o]0
ACCUMULATOR REGISTER 677 REGISTER 676
AUXILIARY ACCUMULATOR
FLAGS
ZERO OVERFLOW
4456 4457
e The quotient (0 - 4 digits) will be stored in the accumulator as shown.

the remainder {0 - 4 digits) will be stored in the auxiliary accumulator
(Data Registers 677, 676) as shown.
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e Division programming example

Division of a 4 digit number by another 4 digit number showing how the
quotient and remainder can be written to Qutputs.

7
‘ | [ 5STR3 [sr 7 | [ent]
[sur] [osTR] [enT]
— -~ 5

D-ouUT 1" I—m [GouT] [ent [—;—I Ej
DSTR 676 [swr] [ostR) [ent] (6] (]
- {obour 13 (swe] [oouq fewt] (7] (5] [&w

e A4 digit number is entered into the accumulator from Inmputs 0030 - 0047.
o That number is divided by a number specified by Inputs 0050 - 0067.

e The 4 digits of the quotient are stored in the accumulator and are also
written to Outputs 0110 - 0127.

e The 4 digits of the remainder are stored 1in the auxiliary accumulator
{Data Registers 677, 676) and are written to Outputs 0130 - 0147,
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CMPR

The contents of a specified 2 group reference or a 4 digit BCL constant are
compared to the contents of the accumulator. The result of the comparison

will cause one of three special purpose internal coils to turn on, depending
on whether the accumulater value is greater than (>), equal to (=) or less

than (<) the value specified by the reference or constant.

Valid References
0000 - 0617 1/0 System
4000 - 4451} Internal Ceils
7000 - 7075
9000 -~ 9177 Shift Register Coils
500 - 673 Data Registers FLAGS
200 - 377 T/C Accumulated = —m =
Value registers 2452 | 4453 | 2454
SHF | |[CMPR

Foed [ cwrx }—
GROUP
REFERENCE |

4 DIGIT CONSTANT

SHF | [CMPR

,—— BCD VALUE—-—-—I

|____<| |——| CMPR xxxx:]»——l
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] Compare sequence
15 {4 DIGIT BCD NUMBER) 0
[otoloJol1]oJolofo[ "1 o1 ]1]0] AccumuLaToR
CONTENTS
CMPR
REFERENCE +1 REFERENCE
7 0 7 0 w2 GROUP REFERENCE
4 3 2 1 OR
ofofafi[1JofoJofolr ["T1{o] T o0 4 DIGIT CONSTANT
'] If Accumulator Reference, then 4452 turns ON.

>
If Accumulator = Reference, then 4453 turns ON.
. If Accumulator < Reference, then 4454 turns ON.

) Programming example, Compare

1
l—-————{ } [DsTR

Accumulator loaded from
Inputs 0030 - 0047

{ |5
CMPR Contents of Inputs 0050 - Q067
compared to Accumulator
4452
|
|
4453 _
PN | t Coil turns on indicating
t result of comparison
4454
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D-AND (DATA AND)

The contents of the accumulator are logically bit AND-ed with the contents of
a specified 2 group reference or a 4 digit BCD constant. The result is stored
in the accumulator. If the answer is 0000, the Zero flag (4456) will turn ON.

Valid References
Q000 - 0617 I/0 Systenm
4000 - 4451 Internal Coils
7000 - 7077
9000 - 9177 Shift Register Coils
500 - 673 Data Reglsters FLAGS
200 - 377 T/C Accumulated ZERO
Value registers 4456

SHF | {D-AND

GROUP +--—-{ }—! DAND XXX l—+

[ REFERENCE |

4 DIGIT CONSTANT

SHF | {C-AND

+----| '—-E}AND xxx>ﬂ-—+
[ BCDVALUE—
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(] D= AND Sequence

[sTiafis[1z[i1]1o[ a8 7] 6] 5]aa[2][1]0] ACMEmsT
D"AND

, , ., 2GROUP

. REFERENCE +1 - REFERENCE | REFERENCE

: 3 2 ! solaT
7i6[5]a[3]2]1]of7[e6lsfa]s]2[1]0] onsTaNnT

LOGIC PRODUCT
i RESULTING
TahaToToTeTa a5 TeTaTala o+ To]  BITPATTERN
—{15f1afizfizfirfiol o] | 7[e s e ]3] 2] v]o] STOREMD
ACCUMULATOR
FLAG ON
IF ALL
ZEROS
4456

e Truth table for D* AND operation.
A = Accumulator contents
D = Contents of reference or constant

A D RESULT
¢ 0 0
o] 1 0
1 0 0
1 1 1
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e Programming example, D* AND

2 [sm] [2] [ev]
OSTR 4 [swr] {osta] [ent] [Le ] [enT]
D-AND 2222 [svr] [oanp] [Ent]
] 20 [ (=] [ =

D-OUT 6

e Assume the data entered into the accumulator from Inputs 0040 - 0057 = 1234
e Is logically AND-ed with 2222

. The resulting answer stored in the accumulator would be 0220

e 0220 is written to Qutputs 0060 - 0077

e Accumulator and reference contents for above operation are shown below

15 o Accumulator
[o]ofof1]ofo[1JoJoJoe1[1]oJ1Tof0] Contents

! A 0 Reference or
[oleTToTololiTolelo[TTeo[o[ilo]  teferene

15 0
[o]oJoloJoJo}l1foJojo]1]ofo]ofo]o Accumulator contents

After operation
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D-OR (DATA OR)

GEK-25376

The contents of the accumulator are logically bit OR-ed with the contents of a

specified 2 group reference or a 4 digit BCD comstant. The result is stored
If the answer is 0000, the Zero flag (4456) will turn ON.

in the accumulator.

Valid References

0000 - 0617 I/0 System

4000 - 4451 Internal Coils

7000 - 7077

9000 - 9177 Shift Register Coils

500 - 673 Data Registers FLAGS
200 - 377 T/C Accumulated ZERO

Value registers 2456

SHF| |D-OR

GROUP

[ REFERENCE |

4 DIGIT CONSTANT

SHF

D-OR

‘——— BCD VALUE

+.__-.{ —— oor xxxH

+_-_-{ ——{oor xxxxH
—
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® D » OR Sequence

Os[ials[z[olee 7] 6]5]213[2]1]0] Aommne O
D"OR
i REFERENCE +1 i REFERENCE ‘»‘/nﬁé?@h’&
4 3 2 1 OR
TTelelelslz [ Tol7 e sTalaTzTo] A280,
LOGIC SUM

|

—ishahafizhivho] ol v]e[s[a ]3] 2] 1 ]0]

FLAGON
= IF ALL
ZEROS

4456

e Truth table for D# OR operation.
A = Accumulator contents
D = Contents of reference or constant
RESULT
0

=00 |»
- O=0]|0

9
1
1
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e Programming example, D OR

9 o]
DSTR 12 ] sm (&) (] (2] @
D-OR 14
o) &7 [ [
D-OQUT 16

[swF] [oor} [evt] [ ] [Ce] [ewr]

¢ Assume data entered into the accumulator from Inputs 0120 - 0137 = 3210

. Is logically OR-ed with data from Inputs 0140 — 0157 7531
¢ The resulting answer stored in the accumulator will be 7731

e 7731 is written to Qutputs (160 - 0177

e Accumulator and reference contents for above operation are shown below

15 0 Accumulator
[ofof1f1fofJe[1JoJoJoJof1{ofo]o]0] Contents
!
7 017 o]
Reference or
[of1[af1JoJ1Jo]1]o[of1[1}o0jofof1]} Constant

15

Q
Io[ 1[1 [ 1 [o] {11 ]0] QIJ ]1 [0 IQJ o[1] Accumulator contents

After operation
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INV

The 16 bits stored in the accumulator are logically inverted; i.e., 1 to 0 and
0 to 1.

SHF| | INV +-—--—{ } { wv +

] Invert segquence

15 0
16 BITS STORED IN
[1fofofofJoj1}1fojofrf1fefof1]*1]1} AccumuLaTor

15 INV 0 ARE
[of1[1f1[1fofJof1]1]oJof1|1{0o[0]0] LOGICALLYINVERTED

e Programming example, INV

L 3 [str] [ a ] [ent
| | [DsTR 3
i L [svr] [ostr] [ent] [ 3 ] [ENT]
INV
+5
sie] [+ ] [ent] [ s ] LenT]
INV
pout 7 (]
[shF] [oout] [ent] [7 ] [ent ]

# Data entered into the accumulator from Inputs 0030 - 0047 is inverted.

e The inverted data is added to data from Inputs 0050 - 0067, The answer is
stored in the accumulator, then inverted again.

* Data is written to Outputs 0070 - 0L07
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BIN (BCD TO BINARY)

The BCD value stored 1in the accumulator

corresponding to that value.

® Binary conversion sequence

SHF| | BIN +-~——' — &n ]——-+

is

2

3

5 4
of1{o]1]ofl1JoJojo]of1]0

ofo[1]s

BCD

BIN

tojojofrfofrjofrfojoefrfoft]Jufr]r]

e Programming example, BIN

D-STR 4
-6
BIiN

D-QUT 10

converted to

4 BCD
NUMBERS
STORED IN
ACCUMULATOR

ARE

CONVERTED
TO A BINARY
CODE

[sor] [ostr] [ent] { & | [ent

G =] (= ] (=g

e Data is stored in the accumulator from Inputs 0040 - 0057.

a

GEK-25376

binary

code

e Data entered from Inputs Q060 - 0077 is subtracted from the value in the

accumulator.

)

¢ The resulting answer is stored in the accumulator,

a binary code.

® The binary code is written to Outputs 0100 - 0l17.
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BCD (BINARY TO BCD)

GEK~25376

A binary code stored in the accumulater is converted tco a 4 digit BCD value.
If the resulting BCD value is >9999, the overflow flag (4457) will turn on.
The flag coil can be used to turn on an output device as an indication of the

overflow.

e BCD conversion sequence

SHF| [Bco +—~--{ F— sco :I———+

BINARY CODE
[o]o]1]olol1]JofoJofo[1{1fo]1]1]1] STOREDINTHE
ACCUMULATOR
BIN
IS
BCD
FLAG 5 > 7 E CONVERTED TO A
OVERFLOW 4 DIGIT BCD
2457 1jofofrfojofifoJofr[r1][1]ofofo]1 NUMBER

. Programming example, BCD

1
l . —{ bsTR3
+5
BCD
D-OUT 7
i 4{45}7 6

[sm] (] (&7

[suF] [ostr] [ent] [ 3] [ent

e ] [ 5] (&
FE 2 ] (53 1 6
oor] [ [3] [o] (&)
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FUN 80 (SHIFT RIGHT)

The contents of the accumulator are shifted to the right by the number of
shifts (bits) specified by the instruction. The number of bits shifted can be
from 1 to 15. The bit positions of bits shifted from the left are filled with
zeros, If a "1" is shifted out of the accumulator as a result of the shift,
the Carry flag will turn on. If after the shift, the accumulator contains
only zeros, the Zero flag will turn on.

FCTN 8 0

---1 F——{Funsoxx
170 15— + ]_+

e FUN 80, Shift right sequence (6 shifts in example)

ACCUMULATOR
CONTENTS
(of1f1f1]1JoJofr]oJofo]1[o]1[0]1] BeroRresHiIFT

SHIFT RIGHT
FUNSOG6 6 BITS

0 1111110 1 ACCUMULATOR
[eTeToTo e o ol [T ilo ol ]ol0] ACCuMuL

T * AFTER SHIFT.

ALL “0" IN THESE POSITIONS FLAGS
CARRY ZERO
4455 4456
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FUN 81 (SHIFT LEFT)

GEK-25376

The contents of the accumulator are shifted to the left by the naumber of

shifts (bits) specified by the instruction.

from 1 to 15. The bit positions
with zeros. If a "1" is shifted
shift, the Carry flag will turn
contains only zeros, the Zero flag

FCTN 8 1

[—1T015—|

e TFUN 81, Shift left sequence (4

The number of bits shifted can be

of bits shifted from the right are filled
out of the accumulator as a result of the
on, If after the shift, the accumulator

will turn on.

+--——-{ F——{ Funer xﬂ—+

shifts in example)

lof1foj1f1]ojojofo]1]rjofofof1]o]

FUNB1 4

[*fojoJofof1]1]ojojofrfofofofofo

FLAGS
CARRY | ZERO
4455 4456

R

ALL "0” IN THESE
POSITIONS
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4 BITS
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Series Three 7 GEK-25376

e Programming example using FUN 80 and FUN 81

This example shows a technique that can be used for deleting unnecessary

data after it has been entered into the accumulator., In the example the
fourth BCD digit will be deleted.

(str] [ ] [ent]
1
H }——Q—-EJ'STR 2 [sur] [ostR] [evt] [2]
FUNSB14 fremn] [ 8] [ ] [ent]
S g Rcs B
Q——E +6
[x] [«
—{pout10 1 B ] 59
[sr] [oour] [enT] [0 ] [o] [ent]

™ Date entered into accumulator

from Inputs 0020 - 0037. 5 T 3 ] & | 2 |
[ ]

Shifted left, & bits. [ 3 ] 6 | 2 | o |
L J

Shifted right, 4 bits. Lol s [ e [ 2]

e The fourth digit (5} has been deleted.

¢ The remaining value is added to the conteants of Inputs 0060 - 0G77. The
result is stored in the accumulator and written to Outputs 0100 - 0117.
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FUN 82 (DECODE)
The lower 4 bits (least significant) of the accumulator are decoded to a
decimal number from 0 te 15. A "1" is placed in the bit position in the

accumulator that corresponds to the decoded decimal number. The upper 12 bits
of the accumulator are disregarded for this operation.

el 8 || 2 $----| —{rn 82]——+

] FUN 82 Decode sequence

LOWER 4 BITS OF
ACCUMULATOR CONTAIN
[ofofoJoJo]olo]JoJofo[ofel1]ofo]l0o] Tecooar

WHICH iS DECODED TQ
FUN 82 A DECIMAL NUMBER,

8(7{6{514]|3]2(1]0 AT WILL BE PLACED
1514113112 /11/10} 9 IN THE ACCUMULATOR

njofojojojolojyjQjojJofojo]ofo1oO POSITION CORRESPONDING
TO THAT DECIMAL NUMBER.
ALL OTHER POSITIONS WILL
CONTAIN ZEROS.

. If the BCD digit to be decoded
is an 8, A "1" will be placed in
the accumulator at that position
as shown.
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GEK-25376

Programming example, FUN 82

| ]
| [DsTR3
5]
FUN 82 IZ’ ENT
DouT (2] (&
40 100 siF] {oout] [ent] [[a ] [t
| |
.~
' , Gm (%] (2] (&
b i
2 ! == [out 1] [ o] [o] [ent]
117
T_ﬂ O—t 8
T out] [ ] [ ] [ [~

6) is loaded into the accumulator (lower 4 bits)
and 23.

A BCD digit (example;
from the lower 4 bits of the reference, Inputs 20, 21, 22,

The BCD digit is decoded to a decimal number between 0 - 15 (in this

example 6).

That number is stored in the corresponding bit position in the accumulator.
Qutputs 0040 to 0057 correspond to the 16 bits of the accumulator. One of
the outputs will be enabled when the accumulator position has a "1" placed

in it. When the contact corresponding to the output reference is closed,
a coil 100 - 117 will turn on.
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FUN 83 (ENCODE)

A bit in a position in the accumulator is encoded to a 4-bit code representing
the position number {(0-15) in the accumulator. The resulting 4-bit code is
placed in the lower four bits of the accumulator.

FeTN| | 8 3 + ------ ~| '———[ FUN 83 H

e FUN 83 Encode sequence (Example)

18 o7 ° ] ONEBIT IN A
0 cflolo cl+1[ololo]Jolo POSITION IN THE
[olols]ololo]d e o]0l Jo]0] POSITION N THE
POSITION 5
FUN 83 1S ENCODED
5 TO A 4-BIT CODE
ND EDIN
[0Tolololofo e ooo oo o T ol1]  ACiereNs
'g 4 2 118 4 2 118 4 2 1:8421; OF THE ACCUMULATOR

e The upper 12 bits of the accumulator will contain zeros after the FUN 83
has been executed.
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FUN 20 (EXTERNAL FAULT DIAGNOSIS)

This instruction provides a method of monitoring external devices for unwanted
conditions such as switches that should not be on at the same time. When the
instruction is programmed, a 4 digit BCD number 1is specified as a fault
indication number. If the unwanted condition occurs, the 4 digit number will
be displayed on the programmer data display. At the same time, the FAULT
relay in the power supply will be energized and the FAULT relay contacts on
the power supply terminal board will be closed. These contacts are available
for connection to an external alarm indicator.

FCTN 2 0 +—[ 'F I IF [FUN 20 XXXX ]——+
r-_ BCD VALUE —) \ INPUTS TO BE MONITORED

Multiple FUN 20 instructions can be used 1in a program for detection of
multiple fault conditions. FEach condition to be monitored 1is assigned a
different 4 digit number. If multiple faults occur simultaneously, the number
displayed will be the one assigned by the last FUN 20 in the program. Data
Registers 674 and 675 will coantain the fault indicator number.
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® Programming example, FUN 20

1 3
l—{ F— ——run20 1111 [sr] 1] [enT]

ianp] [[3 ] [enT]
2 4
o— — F—Frunz0 2222 fred] [2] [o] [ent]
Fx ] [ o] [ 1] [ 1] 1 ENT
4001
i/ OSTR 674 6wl (2] ()
anp ] [ 2 ENT
D-OUT 6 [ferN] [2 ] [0 ] {ent}
[(«] [2] 2] [2] [=2 ENT
[sm] [wor] [4] [o] (o] [Lv] {&v1)
. 1f devices connected to Il [sHr | [osTR] [Ent]
and I3 are made at the same
time, FUN 20 will be active, (s 7 4 ENT
1111 will be displayed
on the data display on the [ser] four] [ent] {6 | [ent]

programmer and the FAULT
relay contacts will close.

™ If devices connected to 12
and I4 are made at the same
time the data display will display
2222,

™ The indicator number will be stored in 674 and 675 and that number will be
written to Outputs 0060-0077.

e Fault indicator number display

ADDRESS DATA
. L B | 2222 |
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CHAPTER 6
I/0 MODULES

/O MODULES

The Input and Output modules available for use with a Series Three PC system
are listed in Table 6.1. The modules can be placed in a base unit in any
order and any mix. The address (1/0 point reference) is determined by the
slot into which the module is inserted (See Figure 1.5). Each wmodule is
secured to the base unit by fastening 2 captive screws on the module, LEDs on
most modules provide a visual indication of the ON or OFF state of each
circuit on the module.

Table 6.1
I/0 MODULES

MODULE CATALOG I/0
NAME NUMBER POINTS
L 115 VAC/DC INPUT IC630MDL325A 16
ISOLATED AC INPUT IC630MDLA26A 8
L 115/230 VAC OUTPUT I1C630MDL375A 16
- ISOLATED AC OUTPUT IC630MDL376A 8
5-12 VDC INPUT IC630MDL303A 32
5-12 VDC OQUTPUT IC630MDL354A 32
24 VDC INPUT IC630MDL301A 16
24 VDC INPUT IC630MDL302A 32
24 VDC OUTPUT IC630MDL351A 8
24 YDC OUTPUT IC630MDL352A 16
24 VDC OUTPUT IC630MDL353A 32
24 VDC IN/OUT IC630MDL304A 16/16
RELAY QUTPUT IC630MDL3B0A 16
I/0 SIMULATOR 1C630MDL324A 16
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Most field wiring connections are made to screw terminals on socket type
terminal boards. The terminal board is easily removable allowing modules to
be readily removed or changed. A clear plastic cover snaps over the terminals
as a safety precaution. The covers also have an insert to record circuit
identification. The circuit boards are mounted in a lightweight Noryl plastic
case. The following series of tables provide specifications and field wiring
information for each of the Input and Output modules. The module name labels
are color coded as a safety precaution. Low voltage (5-12 and 24 Vdc) module
labels are blue; high voltage module labels are red.

Some of the high-density (32 1/0 points} modules are connected to user
supplied input devices or loads to be controlled through am 1/0 interface
cable which is 10 feet (3 m) in length. One end of the cable has a 40-pin
female connector which mates with a 40-pin male connector mounted on the
faceplate of the I/0 module. The wires on the opposite end are stripped and
tinned for connection to user devices. Each modules requires two of these
cables. Each wire in the cable is color coded for easy identification.
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I/O0 REFERENCES

When an I/0 module is inserted in a base slot, the CPU senses the quantity of
1/0 points (8, 16, or 32) and assigns a consecutive number of 1/0 points to
the module starting with the first reference for that slot. Refer to Figure

L.5.

Table 6.2 1is a list of a specifications for use as an aid in selecting user

supplied external power supplies for Series Three I/0 modules.

Table 6.2
EXTERNAL POWER SUPPLY SPECIFICATIONS
1/0 MODULE 1/0
CATALOG NO. TYPE VOLTAGE CURRENT
IC630MDL3 25A INPUT 115 Vac, +15% TYP., 9.5 mA (60 Hz) per one input on
48-63 Hz. TYP., 7.9 mA (50 Hz) per one input omn
1C630MDL326A INPUT 115 Vac, + 15% TYP., 9.5 mA (60 Hz) per ome input on
48-63 Hz. TYP., 7.9 mA (50 Hz) per one input on
1C630MDL303A INPUT +5 Vde, + 5% 130 mA maximum
Ripple <1% rms
or
+12 Vdc, + 10% 400 mA maximum
Ripple <3% rms
IC630MDL354A OUTPUT +5 Vdec, + 5% 160 mA maximum
Ripple <1% rms
or
+12 Vde, + 10% 400 mA maximum
Ripple <3% rms
IC630MDL301A INPUT +24 Vdc, + 10% 280 mA maximum
Ripple <37 rms
IC630MDL30 2A INPUT +24 Vdc, + 10% 270 mA maximum
Ripple <3% rms
IC630MDL351A OUTPUT +24 Vdc, + 10% 50 mA maximum
Ripple <3% rms
IC630MDL352A QUTPUT +24 Vde, + 10% 130 mA maximum
Ripple <3% rms
IC630MDL35 3A OUTPUT +24 Vde, + 10% 50 mA maximum
Ripple <3% rms
IC630MDL304A IN/OUT +24 Vdc, + 10% 160 mA maximum
.| Ripple <37 rms
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115 VAC/DC INPUT
IC630MDL325A

The 115 Vac Input module has 16 Inputs arranged in 2 groups with 8 Inputs in
each group. An Ac/dc voltage source should be connected as shown; one side of
the voltage source to C, the other side of the input device as shown. The
voltage source can be 80 to 133 Vac or 80 to 150 Vdc. Note that the common
connections are tied together internally. Specifications for this wmodule are

listed below.

Input Points 16 with LED Indicators
User Power Supply AC Input DC Input
Voltage 97 - 132 Vac, 50-60 Hz 80 - 150 Vde
Current 7.5 mA (80V, 50 Hz) 2.2 mA (80V)
8.2 mA (80V, 60 Hz) 4.2 mA (150V)

12.8 ma (133V, 50 Hz)
14.1 mA (133v, 60 Hz)

ON state >80 Vac >80 Vdc
>7 mA (50 Hz) >2 mA
>8 ma (60 Hz)

OFF state <20 Vac <30 Vdc
<2 mA (50 Hz) <1 mA
<2.5 mA (60 Hz)

ON delay 10 - 40 ms 6 - 30 ms

QFF delay 10 - 60 ms 15 - 70 ms

Internal Power Consumption 5 Vde, 10 mA + 10 mA/point

16 —a 32°C (18 CRCUITS ON)
12
NUMEBER OF
CIRCUITS
ON 8 8 CIRCUITS ON
[ -

T 1 T Y T T
= 10°C  209C 30°C 400C 50°C 60°C

AMBIENT TEMPERATURE (°C)
/O POINTS V5. TEMPERATURE CHART

PC-$3-83-0025

Ref. PC-53-83-0024 64




Series Three GEK-25376

Figure 6.1 provides user wiring information for the 115 Vac/dc input module,

|
|
I INPUT
1

MODULE
FIELD WIRING CRCUITRY
& 5 REFERENCES
AC/DC SOURCE “t---
i
- o 1 [
r‘ C :.70 ; 020 021
—— O0—"0— | !
— 2 3 '
‘ - —o/o t 622 023
o0 e — SUMPER ON
DEVIEES 4 s i PRINTED CIRCUIT
ICES 0 O—y 1 BOARD 024 025
[
'L————O’/Eb———— X
- 6 7 :
) % 0 /0 | 026 027
|
. O/C !
c c ,
o 1
|
o0 o0—0xd
- 2 3
1 O f/o 032 033
INPUT o0 0—— Q.
PYEES ] ¢ o~ O _*_‘70 034 035
0" 00—
- 6 7
) O_—O/O 038 037
~ o0

REF PC-53-83-0024

|
1
b
I

Figure 6.1
115 VAC/DC INPUT, USER CONNECTIONS

Ref. PC—-53-83-0034 6-5
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ISOLATED AC INPUT
IC630MDL326A

This module provides eight ecircuits, each designed to receive a single
discrete (ON/OFF) signal from user supplied devices. Typical input devices
include 1limit switches, pushbuttons, selector switches, and relay contacts.
Each of these circuits is '"isolated" from the other circuits on this module
relative to AC power source; the term '"isolation" 1is not relative to
optical-coupler noise/fault which all 1I/0 modules have. Each input is
provided with two field terminals allowing separate AC power sources {i.e.
different phases) for each of the eight inputs. These power sources must be
supplied by the user. Specifications for this module are listed below.

Input Points 8 With LED Indicators
User Power Voltage 97 - 132 Vac, 50/60 Hz
Input Current 19.5 mA Typical (115 Vac, 60 Hz)
11.0 mwA Maximum (115 Vac, 60 Hz)
ON Voltage 80 Vac Minimum
QFF Voltage 20 Vac Maximum
ON Delay 10-40 ms Typical
OFF Delay 10-60 ms Typical
Internal Power Consumption 5 Vdc, 50 mA
8
NUMBEROF 7]
CIRCUITS
ON
a-
2]

1 1 L | I
10°C  20°9C 30°C 409C 50°C  60°C

N AMBENT TEMPERATURE {9C}
I/Q POINTS VS. TEMPERATURE CHART

£C-53-83-0025

Ref. PC-53-83-0025 6-6
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Figure 6.2 provides user wiring information for the isolated AC input module.

INPUT

H
FIELD i MODULE
WIRING | CIRCUITRY
1
(@] (]
N
0 0
R
N
1 1
I—@—o/o——o/o
N
2 2

o] o]
1 PL-53-B3-0077
f
|
(E) : USER POWER SOURCE |
97-132 VAC
Figure 6.2

ISOLATED AC INPUT, USER CONNECTIONS

Ref. PC-83-83-0017 6-17

TYPICAL
REFERENCES

040

041

042

043

044

045

046

047
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115/230 VAC OUTPUT {(TRIAC)
I1C630MDL375A

The 115/230 Vac Qutput module provides 16 circuits each capable of controlling
user supplied discrete (ON/OFF) loads. Typical loads include relay coils,
motor starters, solencid valves and indicator lights. The 16 circults are
divided into two groups of 8 circuits, each having its own common. Each group
can be supplied from a separate power source. Power to operate the field
devices must be supplied by the user. Each group of 8 outputs is protected by
a 5 amp fuse. Maximum switching capacity of the output circults 1s 2 amps.
Specificaticns for this module are listed below.

Qutput points 16 with LED Indicators
User Supplied 97 - 265 Vac
Voltage
ON delay < 0.1 ms
OFF delay < 1/2 cycle
Qutput Current (ON)
Minimum 25 mA
Max imum

2 A
Leakage (OFF) 2.7 ma (115V, 50 Hz)
3.3 mA (115V, 60 Hz)
5.5 ma (230V, 50 Hz)
6,6 mA

(230v, 60 Hz)

Inrush Current 20A for 1 cycle
Fuse Rating 5A for each 8 circuits
Internal Power Consumption 5 Vde, 35 mA

12 Vvde, 20 mA + 17.5 mA/point

80C 16 CIRCUITS ON AT 1 AMP EACH

NUMBER OF
CIRCUITS
ON 8 CIRCUITS ON AT
84— = ZAMPSEACH
——
—~
-~ 5 CIACUITS ON AT 1 AMP EACH
44 -

2 CIRCUITS ON AT 2 AMPS EACH

T T 1 1 T A
100C  200C 300C 409C 509C  609C

AMBIENT TEMPERATURE (°C)
VO POINTS V&, TEMPERATURE CHART PC.52.93.0028

Ref. PC-53-83-0028 6-8




Series Three

GEK-25376

Figure 6.3 provides user wiring information for the 115/230 VAC ocutput module,

OUTPUT
MODULE
CRCUITRY

%

PC-S3-83-0020

@ : OUTPUT SWITCHING DEVICE

: USERLOAD

@ : USER POWER SOURCE

Figure 6.3

115/230 VAC OUTPUT, TYPICAL USER CONNECTIONS

Ref. PC-S3-83-0020
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Series Three GEK-25376

ISOLATED AC OUTPUT
IC630MDL376A

This module provides eight circuits each capable of controlling user supplied
discrete (ON/OFF) loads. Typical loads include relay coils, motor starters,
solenoid valves, and indicator lights. Each of these circuits is "isolated"
from the other circuits on this module relative to AC power source; the term
"isolation" is not relative to optical-coupler noise/fault isolation which all
I/0 modules have. Each input is provided with two field terminals allowing
separate AC power sources (i.e. different phases) for each of the eight
outputs. These power sources must be supplied by the user. User supplied
power sources to each circuit can be 97 to 265 Vac, with a maximum current of
2 amps for each circuit. Each output switching circuit 1s protected by a 3
amp fuse, Specifications for this module are listed below.

Qutput points 8 with LED Indicators
User Supplied 97 - 265 VAc
Voltage
ON delay < 0.1 ms
OFF delay < 1/2 cycle
Output Current (ON)
Minimum 25 mA
Max imum

2 A
Leakage (OFF) 2.7 wA {115V, 50 Hz)
3.3 mA (115V, 60 Hz)
5.5 mA (230vV, 50 Hz)
6.6

md (230V, 60 Hz)

Inrush Current 20A for 1 cycle
Fuse Rating 3A {each circuit)
Internal Power Consumption 5 Vdc, 20 mA

12 Vde, 17.5 ma/point

89C 8 CIRCUTTS ON AT 2 AMPS EACH
- A39C B CRCLATS ON AT 1 AMP EACH

@
/

NUMBER OF 6

gRcunts 5 CIRCUITS ON AT 1 AMP EACH

3CRCUMTS ON AT 2 AMPS EACH

T T T T 1 I
109C  20°C  30°C 40°C 50°C 60°C

AMBIENT TEMPERATURE (°C)

O POINTS VS. TEMPERATURE CHART Fe-s3.83-0028

Ref. PC-83-83-0028 6-10
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Figure 6.4 provides user wiring
Qutput module,

QUTPUT
MODULE
CIRCUITRY

information for

FIELD
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&
®

A

A

IREEHEGE

MR
Lk

A
o] O
[§] : OUTPUT SWITCHING DEVICE
I - 1
: USERLOAD [ e
(E) : USER POWER SOURCE !
|
Figure 6.4

the 115/230 Vac

97-265
VAC

TYPICAL
REFERENCES

090

oM

092

093

094

095

096

097

115/230 VAC ISOLATED QUTPUT, TYPICAL USER CONNECTIONS

Ref. PC-53-83-0021

6-11

GEK-25376

Isolated




Series Three GEK-25376

S TO 12 VDC INPUT (32 CIRCUITS)
IC630MDL303A

The 5-12 VDC Input module provides 32 circuits, each designed to receive a
single discrete (ON/OFF) signal from user supplied devices. Typical ioput
devices include TTL, and CMOS circuitry. An external power source 1in the
range of 5 to 12 Vdc must be provided by the user for sensing the state of the
inputs. All 32 Inputs are powered from a single source. User devices are
connected to the inputs through two 40-pin connectors mounted on the faceplate.

When installed in an I/0 slot, a 32 point I/O0 module uses 32 consecutive I/0

references, i.e. the
references.

references assigned to that
A 32 point I/0 module in slot 1 would use references 00-37.

slot and the next 16
In

this case, an I/0 module installed in slot 2 would have a starting reference

number of 40.

If an 8-slot base was filled with 32 point I/0 wodules, that

base would contain 256 I/0 points (references 000-377, if first base unit).

Initial shipments of this module will include two connectors

Eventually, a 10 foot (3m) I/0 interface preassembled cable, with a
tinned wires on the other end, will

wiring.

connector wired on one end and stripped,

requiring user

be available. Twec of these cables will be required per module.

NOTE

The primary function of this module 1s intended to be as a
TTL or CMOS logic interface.

A power source from 5 to 12 Vdc can be used for this module.

Specifications

for 5 and 12 Vdc power sources for each of the 32 circuits are as follows.

External Power
Voltage
Ripple
Current
Input Current ON
Input Current OFF
Input Voltage ON
Input Voltage OFF
ON delay
OFF delay
Input Signal

5 VDC 12 VDG
5 vde, + 5% 12 Vdc, + 10%

<3% rms, maximum
130 mA, maximum

2-4 mA

0.3 mA, maximum
0.75 Vdec, maximum
4.25 Vdc, minimum
1-5 ms

1.5-6 ms

> 2 mA sink current
and < .75 Vdc

<3% rms, maximum
400 mA, maximum
2-13 mA

0.3 mA, maximum
6.8 Vdc, maximum
12.2 Vd¢, minimum
1-5 ms

1.5 - 6 ms

>2 mA sink current
and < 6.8 Vdc

Internal Power Consumption 5 Vdc

supply).

6-12

@ 50 mA (Supplied by Series Three power




Series Three GEK~25376

Figure 6.5 provides user wiring information for the 5 to 12 Vdc¢ Input module.

32
24
NUMBER OF 7
CIRCUITS
ON
16~
B—
1 T 1 T T
109C  20°C 30°C 40°C 50°C 6O°C
AMBIENT TEMPERATURE (0C)
VO POINTS VS TEMPERATURE CHART
wNPUT
UBER WIRING MOOULE TYPICAL
CRCLNTRY REFERENCES
ETO12VDC T
100
L a— 2
OV 4 NPUT
w3 T omctm 103
Lo— [ NO 1 104
1| o==—o—t—o 105
2| o0—ot— 0 08
2l o= | o
Al s 11
5| o—o01— ! n2
¢ | o———t—o i 113
7 | o — | 114
0| o—o1+— 115
1| om—of— i 118
1| o——o04 . "
el 3/o—o0f—
4| o————ag— |
$ 5 OO |
8l o—o+4+— |
D740
20 1
\ 1
|
i
!
) 1
v 20
WS ! i
o < 122
ov | 123
—{o—— O | 124
1| O——O=d——— 12%
2| o—0g—o ! 128
== ! !
4| o——O—f— I 3
c bl o—o0<¢4-— } 132
¢ o—wmot— \ ¥33
7| o—O0—— 124
o] o—og— 1 136
1| o—o1— ) 138
2| G——O—t— 137
3| o—of— !
] ; Ol e
¢| 0——o0—t— L § ORCUT
- 74 NO. 32
ST
PE-P-g-ania
Figure 6.5

5 TO 12 VDC INPUT USER CONNECTIONS

Ref. PC-83-84-0003 6-13




Series Three GEK-25376

5 TO 12 VDC OUTPUT (32 CIRCUITS)
I1C630MDL354A

The 5-12 VDC Output module provides 32 circuits, each capable of cootrolling
user supplied discrete (ON/OFF) loads. The 32 «circuits are provided
referenced to a 5 to 12 Vdc power source that must be supplied by the user.
Typical loads include TTL or CMOS circuitry. The clrcults are arranged on the

medule in two groups of 16 circuits. Each of the 16 circuit groups 1is
connected to user loads through an I/0 interface cable. Two cables are

required for a module. Each cable has a 40-pin couonector on one end which
mates with a corresponding connector on the faceplate.

When installed in an I/0 slot, a 32 point I/0 module uses 32 consecutive I/0
references, i.e. the 16 references assigned to that slot and the next 16
references. A 32 point I/0 module in slot 1 woula use references (0U-37. In
this case, an 1/0 module installed in slot 2 would have a starting reference
number of 40. 1If an 8-slot base was filled with 32 point 1I/0 modules, that
base would contain 256 I/0 points (references Q00-377, if first base unit).

Initial shipments of this module will include two comnnectors requiring user
wiring. Eventually, a 10 foot (3m) 1/0 interface preassembled cable, with a

connector wired on one end, will be available. Two of these cables will be
required per module.

NOTE

The primary function of this module is intended to be as a
TTL or CMOS logic interface.

A power source from 5 to 12 Vdc can be used for this module. Specifications
for 5 and 12 Vdc power sources for each of the 32 circuits are as follows.

5 VDC 12 VIC
External Power
Voltage 5 Vdc, + 5% 12 Vde, + 10%
Ripple <3% rms, maximum <3% rms, maximufi
Current 160 mA, maximum 400 mA, maximum
(Excluding loads) (Excluding loads)
ON State . 0.15 mA @ 3.5 Vdc 2.5 mA @ b Vdc
OFF State 16 mA @ 0.4 Vdc 2.0 mA @ 0.4 Vdc
OFF delay 0.1 ms 0.1 ms
Input Signal 0.1 ms 0.1 ms

Internal Power Consumption 5 Vdc @ 160 mA (Supplied by Series Three power

supply)
6-14




Series Three GEK-25376

Figure 6.6 provides user wiring information for the 5 to 12 Vde Qutput modules.

32
NUMBER OF 24+
CHCUITS
oN J
16
8-
T T T T T
100C  200C 309C 40°C S50°C B0OC
AMBIENT TEMPERATURE {°C}
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QUTPUT
Y00 TYPICAL
USER WIRING cncu-ul-":v REFERENCES
5T012VDC ]
*’
w38
oV = ourpyT
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__-__ 0L o0—o NO 1 00
(1] o—o1— 201
= | 202
H . I 203
Al ST 204
6| o—od— I 205
7| o——o—t—o | 208
> o] o—ot— | 207
" o —+— | 210
2| o—O0—oa——o 21
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~ 0 238
- \ [E— 237
Figure 6.6

5 TO 12 vDC QUTPUT USER CONNECTIONS

Ref. PC-53-84-0002 6-15




Series Three GEK-25376

24 VDC INPUT (16 CIRCUITS)
IC630MDL30LA

This 24 Vdc Input module provides 16 circuits, each designed to receive a
single discrete (ON/OFF) signal from user supplied devices. Typical input
devices include pushbuttons, limit switches, and relay contacts. A 24 Vdc
external power source must be supplied by the user for sensing the state of
the inputs. All 16 inputs are powered from a single source. User devices are
connected to the input circuits by connecting the field wiring to a connector
mounted on the faceplate of the module. Recommended wire size for coonection
to the module is stranded No. 12 AWG wire. Two wires per terminal are
possible with No. 14 AWG wire. The ON state of each circuit is indicated by a
corresponding LED. Specifications for each of the 16 circuits are as follows.

Input Points 16 with LED Indicators
User power supply Voltage 24 Vdc, +10%
Ripple <3% rms
Current 270 mA max. (16 Inputs On)
135 mA typ. ( 8 Inputs On)
ON state <6.0 Vdc, >8.0 mA
QFF state >18.0 Vdc, <4.0 mA
ON delay 3 -12 ms
OFF delay 3 -12 ms
Internal Power Consumption 5 Vdc, 30 mA + 5 mA/point

16 859C {16 CIRCUITS ON)
12 13 CIRCUITS ON
NUMBER OF
CIRCUITS
ON 8
4

T T T T T
109C 20°C 309C 40°C 50°C 60°C

AMBIENT TEMPERATURE {oC}
/O POINTS VS. TEMPERATURE CHART

PC-53-83-0023

Ref. PC-53-83-0023 6-16
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Figure 6.7 provides wiring information for this 24 Vdc Input module.

INPUT
MODULE TYPICAL
FIELD WIRING 2+4 .?4 CIRCUITRY REFERENCES
v Vv
r 1o
24V DC
o—o/oJ__oo/é 150 151
r 00— s
2
1»—0/0—:0/0 152 153
+—o—" 0
4 5
GP'-‘O/O—y 154 155
1%—{?’1&—
6 7
—o O“V 156 157
0" 0—
[ C
NPT ) -0—0
DEVICES
o 1
»—0/0——0_/0 180 161
0—0/0—
2 3
. o/o__y 162 163
ch—{Y’ii—
4 5
.-O/O-—:O/O 164 165
o0
8 7
1»——4)”’?5—-[j2///13 165 187
- L oo+
[ PC-53-83-0015
i
|
1
Figure 6.7

24 VDC INPUT, USER CONNECTIONS

Ref. PC-53-83-0015 6-17




Series Three GEK-25376

24 VDC INPUT (32 CIRCUILTS)
IC630MDL302A
This 24 Vde Input wmodule provides 32 circuits, each designed to receive a
single discrete (ON/OFF) signal from user supplied devices. Typical input
devices include pushbuttons, limit switches, and relay contacts. A 24 Vdc
external power source must be provided by the user for sensing the state of
the inputs. All 32 inputs are powered from a single source. User devices are
connected to the input circuits by connecting the field wiring teo screw
terminals on a connector mounted on the faceplate of the module. Recommended
wire size is one No. 12 AWG wire or two No. 14 AWG wires. Terminals are also

provided on the connector for the user power source. Specifications for each
of the 32 circuits are listed below.

External Power
Voltage 24 Vde, + 10%
Ripple < 3% rms, maximum
Current 270 mA, maximum (32 Inputs ON)
125 mA TYP. (16 Inputs ON)
Input Current 7 mA
ON Level < 6.0 Vde
OFF Level > 18.0 vdc
ON Current, Min. 5.0 mA
OFF Leakage, Max. 2.0 mA
ON Delay 3-12 ms
OFF Delay 3-12 ms
Internal Power Consumpticn 5 Vde @ 50 ma
22 —¢ 589C, 32 CIRCUITS ON
) 27 CIRCUITS ON
NUMBER OF &
CIRCUITS
ON
16—

=T T T T T
100C  20°C 30°C 40°C 600C 609C

AMBIENT TEMPERATURE (°C}
/O POINTS VS. TEMPERATURE CHART

6-18
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Figure 6.8 provides wiring information for this 24 Vdc module.
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Figure 6.8

24 VDC INPUT CONNECTIONS

Ref. PC-S3-84-0004 6-19
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24 VDG OUTPUT (8 CIRCULTS)
IC630MDL351A

This 24 Vdc¢ OQutput module provides 8 circuits, each capable of controlling
user supplied discrete (ON/OFF) loads. Typical loads imclude motor starters,
relay coils, and indicateor lights. A 24 Vdc power supply must be provided by
the user. This supply provides the power for the loads and also provides the
DC power source for the output circuits. The output switching circuitry on
the module 1s arranged in 4 groups of 2 circuits each. Each group 1is
protected with a 5 amp fuse. Specifications for this module are listed below.

Qutput polnts 8 with LED Indicators
User Power Supply Voltage 24 Vdc, +10%

Ripple <3% rms

* Current 50 mA max (8 Outputs On)
25 mA typ. (4 Qutputs On)
Fuse Rating 5A (for each 2 circuits)
Leakage Current <200 nA
ON state 1.5 V maximum
Voltage drop
ON delay 100 ns
QFF delay 100 ns
Max. switching 24 Vdc, ZA
capacity

Internal Power Consumption 5 vde, 20 mA

12 Vvde, 12.5 mA/point

3°C 8 CIRCUITS ON AT 2 AMPS EACH
- 8,439 8 CIRCUITS ON AT 1 AMP EACH

NUMBER OF ;

~
CIRCUITS ¥} 5 CIRCUITS ON AT 1 AMP EACH
ON

!
!
J

2+ 2 CRCUITS ON AT 2 AMPS EACH

1 L] T T T T
100C  200C 30°9C 409C 60°C 60°C
AMBIENT TEMPERATURE (9C)

1O POINTS VS, TEMPERATURE CHART 53820026

*Does not include current required by load device.

Ref. PC-83-83-0026 6-20
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Figure 6.9 provides wiring information for this 24 Vde Qutput module.

OUTPUT
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CIRCUITRY WRING 4 RE-IE\EKEIECN%LES
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[5] : OUTPUT SWITCHING DEVICE

: USERLOAD

—{N

Figure 6.9
24 VvbBC (8 OUTPUTS), TYPICAL USER CONNECTIONS
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24 VDC OUTPUT (16 CIRCUITS)
1C630MDL3524

This 24 Vdc Output module provides 16 circuits, each capable of controlling
user supplied discrete (ON/OFF) loads. Typical lcads include motor starters,
relay coils, and indicators. A 24 Vdc power supply must be provided by the
user. This supply provides power for the loads and also provides the DC power
source for the output circuits on the module. The output switching circultry
on the module is arranged in 4 groups with 4 circuits in each group. Each
group is protected by a 5 amp fuse. Specifications for this module are listed

below.

Qutput points

16 with LED Indicators

User Power Supply

Voltage 24 Vde, +10%
Ripple <3% rms
* Curreat

100 mA max (8 Outputs On)
50 mA typ. (4 Qutputs On)

Fuse Rating

54 (for each 4 circuits)

Leakage Current

<100 pA

ON state .3 V maximum
Voltage drop
ON delay 100 us
OFF delay
Max. switching 24 Vdc, 1A
capacity
Internal power consumption 5 Vde, 35 mA
12 Vde, 11 mA/peint

4BOC 18 CIRCUNTS ON AT 1 AMP EACH
-11 6 CIRCUITS ON AT 0.5 AMPS EACH

NUMBER OF 1 |
CIRCUITS

oN 10 CRCUTS ON AT 1 AMP EACH

T T T T T Y
100C 200C 309C 409%C 50°C 60°C

AMBIENT TEMPERATURE (°C)
YO POINTS VS. TEMPERATURE CHART

PC-$3-83-0027

*Does not include current required by load device.

Ref. PC-53-83-0027




Series Three

Figure 6.10 provides wiring information for this 24 Vdc Output module.

El . OUTPUT SWITCHING
DEVICE
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Figure 6.10
24 VDG (16 OUTPUTS), TYPICAL USER CONNECTIONS

Ref. PC-S3-83-0019 6-23
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24 VDC OUTPUT (32 CIRCUITS)
IC630MDL353A

This 24 Vdc Qutput module provides 32 circuits, each capable of controlling
user supplied discrete (ON/OFF) loads. Typical loads imclude motor starters,
relay coils, and indicators. A 24 Vdc power supply must be provided by the
user. This supply provides power for the loads and also provices the DC power
source for the output circuits on the module. The output switching circuitry
on the module is arranged in 8 groups with 4 circuits 1in each group. Each
group 1s protected by a 5 amp fuse. The 32 outputs are connected to user
loads through field wiring to a 36 terminal connector mounted on the
faceplate. Each terminal will accept one No. 12 AWG wire or two No. 14 AWG
Specifications for each of the 32 circuits are as follows.

wires.
External Power
Voltage 24 Vdc, + 10%
Ripple <3% rms, maxlmum
Current 100 ma, maximum (32 Inputs ON)
25 mA TYP. (16 Inputs ON)
Peak Voltage 45 Vde
Maximum Current 0.5 amp
ON Voltage Drop 0.8 Vde @ 0.5 amp
0.7 Vde @ Q.25 amp
Leakage Current, max. 100 uA
ON Delay 100 us
OFF Delay 100 us
Maximum Switching Capacity 24 vVde @ 0.5A
Fuse (internal) 5 amp (In OQutput Common line,
1 for each 8 circuits.
Internal Power Consumption 5 Vdc, 40 mA + 1.9 mA per point

320C, 32 CIRCUITS ON AT 0.5 AMPS EACH
- "\5o°c. 32 CIRCUITS ON AT 0.25 AMPS EACH

hY
~

~
Y 22 CIRCUITS ON AT .25 AMPS EACH

3z

NUMBER OF 24
CIRCUITS
oN

13 CIHCUITS ON AT 0.5 AMPS EACH

L] T 1 T 1 1
100C  20°C 300C A40°C 50°C &0PC

AMBIENT TEMPERATURE (0C)
I/O POINTS VS TEMPERATURE CHART

6~24
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Figure 6.1l provides wiring information for this 24 Vd¢ Output module.

Ref.

TYPICAL
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Figure 6.11
24 VDC OUTPUT USER CONNECTIONS
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24 VDC INPUT/OUTPUT (16 INPUTS/16 OUTPUTS)
IC630MDL304A

This module provides a dual function in that it provides 16 input circuits and
16 output circuits on one module. The 16 input circuits are each designed to
receive a single discrete (ON/OFF) signal from user supplied devices and the
16 output circuits are each capable of controlling user supplied discrete
(ON/OFF) loads. Typical input devices include limit switches, pushbuttons,
and relay contacts. Typical loads include motor starters, relay colls, and
indicator lights. A 24 Vdc power supply must be provided by the user. This
supply provides the power to sense the state of the inputs and also provides
the DC power source for the cutput circuits,

The 16 input circuits and 16 output circuits are connected to the appropriate
input devices or user loads through field wiring to a 36 screw—terminal

connector mounted on the faceplate. Input and output terminals are each
arranged 1n two groups with eight terminals in each group, numbered (0 to 7.
The top 16 terminals are for inputs, the lower 16 terminals are for outputs.
Each terminal will accept one No. 12 AWG or two No. 14 AWG wires.

When installed in an 1/0 slot, a 32 point I/0 module uses 32 consecutive I/0
references, i.e. the 16 references assigned to that slot and the next 16
references. A 32 point I/0 module in slot 1 would use references (00-37. In
this case, an 1/0 module installed in slot 2 would have a starting reference
number of 40. If an 8-slot base was filled with 32 point 1/0 modules, that
base would contain 256 I/0 points (references 000-377, if first base unit).

Specifications for each of the 16 input and 16 output circuits are as follows.

INPUT CIRCUITS QUTPUT CIRCUITS

loput Current TmA Maximum Current 0.5 amp

ON Level < 6.0 vde ON Voltage Drop, Typical 0,8 vdec @ 0.5 amp

OFF Level > 18.0 Vdc Leakage Current, Maximum 100 uaA

ON Current, Minimum S.0 mA Peak Voltage 45 Vac

OFF Leakage, Maximum 2.0 mA OFF to ON Response 100 us

CFF to ON Response 3-12 ms ON to OFF Response 100 us

ON to OFF Response 3-12 ms Maximum Switching Capacity 24 Vdc @ 0.5 amp

Fuse (Internal) 5 amp (In output

common line, 1l
for each 8 circuits)

External Power

Voleage 24 Vdc, 10%
Ripple <3% ms, Maximum
Current 160 mA Maximum (32 Circuits ON) Excluding loads

80 mA Typical (16 (ircuits ON)

Internal Power Consumption 5 Vdc @ 50 mA + .22 mA per Inpur ON
(Supplied by Series Three power supply) + 2.25 mA per Qutput ON

6-26
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Figure 6.12 provides wiring information for the 24 Vde Input/Output module.
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Figure 6,12
24 VDC INPUT/OQUTPUT USER CONNECTIONS
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RELAY OUTPUT
IC630MDL380A

The Relay Output module provides 16 circuits, each capable of controlling user
supplied discrete (ON/OFF) locads. Typical loads include relay coils, motor
starters, solenoid wvalves, and indicator lights. Since this module 1is mnot
designed for a specific current type such as 24 Vdc or 115 Vac, it can be used
for a wide variety of loads and signal types., The 16 circuits are arranged in
two groups of 8 circuits each. Each group is protected by a 1lU amp fuse.
Each group can be supplied from a separate power source. Power to operate the
field devices must also be supplied by the wuser. Specifications tor this
module are listed below.

Qutput points

16 with LED Indicators

Contact Type

Normally Open (N.0.)

User Supplied *

Voltage 5 -~ 265 Vac/dc maximum
Current 4A continous

ON delay 5 ms

OFF delay 5 ms

Contact protection

RC network (100 £,.015 uf)

Leakage current
of contacts

1.3 ma (230V, 60 Hz) due to surge
protection circuit

Fuse Rating

10A (each 8 circuits)

Internal Power Consumption

5 Vd¢, 35 mA
12 Vdc, 40 mA/point

*Since non-solid state devices are used for power switching,

listed in Table 6.3 must be observed for reliable operation.

16

NUMBER OF
CIRCUITS
ON

the limitations

L T T 1
100C 209C 30°C 400C B0°C 6Q°C

AMBIENT TEMPERATURE {°C)
O POINTS VS, TEMPERATURE CHART

PC-83-83-0030

Ref. PC-83-83-0030 6-28
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Table 6.3

LOAD CURRENT LIMITATIONS

GEK-25376

Operating Maximum Current for Load Type Typical Contact Life
Voltage Resistive Lamp Solenoid (Number of Operations)
220 Vac 4 Amp 0.5 Amp 0.5 Amp 100,000
220 Vac 0.05 Amp 0.05 Amp 800,000
110 Vac 4 Amp 0.5 Amp 0.5 Amp 100,000
110 Vac .1 Amp 0.1 Amp 650,000

24 Vdce 4 Amp 0.5 Amp 100,000
NOTE

Lamp loads are defined as having a X10 inrush with a power
factor (PF) of 1.00 and when turned OFF represent a PF of
1.00. Solenoids are defined as having a X10 inrush with a
PF of 0.65 and when turned OFF represent a PF of 0.35.

Figure 6.13 provides wiring information for the Relay OQutput module.

Fefe il — o
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| SN PN e "
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,.@__%—E}q 85
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s E [T ueenioao

(E) : UenPOWER SOURCE

Figure 6.13
RELAY QUTPUT USER CONNECTIONS

Ref, PC-53-83-0022 6
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I/0 SIMULATOR MODULE
IC630MDL324A

The I/0 simulator module for the Series Three has 16 two-position (ON-OFF)
switches, each having an associated LED; i.e., 1if switch 1 is turned to the ON
position, LED 1 will light. An I/0 simulator module uses one I/0 slot and the
16 1/0 references for that slot. Each of the switches can be programmed as a
discrete input device. An 1I/0 simulator can also be used to program
conditional input contacts for control of outputs. This module requires no
field connections since its function is controlled by programming. An I/0
simulator module can be a valuable tool in program development and
troubleshooting. Internal power consumption by this module is 5 Vdc @ 30 mA +
5 mA/point. Figure 6.14 shows the switch and LED arrangement on the module
faceplate.

- o annd

Figure 6.14
1/0 SIMULATOR

Ref. PC-53-84-0006 6-30
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CHAPTER 7
PERIPHERALS

The CPU/Programmer allows operation via the tape port with various
peripherals. This chapter describes the operations of these peripherals such
as a tape loader, the logic printer, and the PROM writer. To operate these
peripherals, the programmer's mode switch must be turned to the LOAD
position. The 2.5 foot (0.75 meter) audio cable, gray with red tracer
supplied with the CPU is used to connect only the tape loader to the tape port

on the programmer. The so0lid gray cables supplied with the other peripheral
device can be used with either the printer or the PROM Writer.

CASSETTE RECORDER OPERATION

Most audio tape recorders with auto-level control can be used with the Series
Three. It is recommended that the recorder also be equipped with a counter to
allow multiple programs to be recorded on tape. Units such as General
Electric models 3-5158A or 3-5153A have been tested and found fully compatible
with the Series Three. The tape recorder performs three functions: (1)
record a program onto tape, {(2) load a CPU from tape, and (3) verify the
content of a tape. All of logic memory (4096 words) will be recorded onmn
tape. The operation of each of these functions 1s described below in a
step-by-step manner.

RECORD A PROGRAM
1. Turn the mode select switch on the programmer to LOAD.

2. Apply AC power to the tape recorder. Verify presence of write
protect tab on cassette and insert cassette.

3., Adjust tone control to its highest positiomn.

4. Connect Programmer (TAPE port) to the tape recorder (MIC input) with
audio cable (Catalog Number IC630CBL151A).

5. Rewind tape to beginning or desired record position if multiple
programsg are to be recorded on one tape. Programs require a maximum

of 9 minutes (4096 words) of tape per program.

6. Push CLR, SHF, and WRITE.

7-1
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7. For identification of program if desired, enter a four digit number
(0000-9999) on the Programmer. When tape is accessed later to locad
the CPU, this number can be used to verify program prior to altering
CPU data. If program number is not as expected, operator can
terminate load and obtain correct tape without loss of existing
program nor delay incurred by loading wrong program. However, this
identification is optional.

8. Begin tape recorder by depressing the RECORD button (and PLAY if
required) on the recorder, then push NXT on the Programmer.

9. The record operation now commences and the Programmer display will
read P-C. N.N.N.N. (N.N.N.N, is the four digit program number, if no
number assigned display will be 0.0.0.0.).

10, When the record is complete, the Programmer will beep and display P-C
End. Stop the recorder and note the counter position so that the
amount of tape used for that program can be determined.

11. Either turn the mode select keyswitch to RUN 1 to start the CPU or
check (verify) the recording.

12. 1t is recommended that the tape be rewound to where the record began
and that the Verify operation described below be performed to ensure
data integrity.

YERIFY A PROGRAM

1, Place Programmer in the LOAD mode.

2. Apply AC power to the tape recorder and insert cassette (if not
already in the recorder).

3. Adjust volume and tone controls to their maximum setting.

4. Connect Programmer (TAPE port) to the tape recorder (FAR input) with
audio cable (gray with red tracer).

5. Rewind tape to beginning of previously recorded program. Tape can
also be on blank area prior to program, but not on another program.
Enter the program identification number (if previously recorded).

6. Push CLR, SHF, and CHECK. The display will read CI1 P.

-2
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7. Begin tape recorder by depressing the PLAY button, _then push NXT on

the Programmer. The verify operation now commences. The display
will read CiIP-., N.N,N.N, The bar indicates that the volume control

setting is correct. It should not be flickering on or off.

8. Error code E21 indicates the tape has an integral parity error; E25
indicates a wmismatch between the content of the tape and the CPU
logic memory. E28 indicates the play level is wrong and the verify
should be stopped, volume adjusted, and the operation restarted (step
5 above).

9, The illustration below shows the available area of the volume control
for a proper setting.

RECOMMENDED
MIN SETTING MAX
VOLUME VOLUME

7 MA .

SECOND RANGE (NOT RECOMMENDED)

With some recorders, there are two ranges where the signal level
appears to be acceptable, one near the middle and one near maximum
volume. The setting near maximum volume should not be used. The CPU
will indicate that it is acceptable; however, an unacceptable amount
of clipping distortion may occur in this area with some recorders.

10. Find the correct position for the mid-range of the acceptable volume
control during the beginning or "header" portion of the tape. Some
experimenting may be necessary. The duration of time for the header
is about 7 seconds. It is important to choose the lower of the two
ranges for the volume control setting if they both exist (see 9
above). TFor the recommended General Electric recorder this is at
about 80%7 of full maximum. Mark the proper setting with paint or
other method.

11. During the verify {(or load) operation, F.F.F.F. may appear in the
display. This is most likely an indication that the tape was started
after the beginning of a program. If this happens stop the tape,
rewind it and restart the operation.

Ref. PC-S51-83-0065 7-3
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12. If an error code is displayed during a verify (or load) operation,
the CLR key should be pushed two times in order to start over again.
The first time CLR is pushed, the program address that did not match
is displayed. The second CLR will allow the operation to be
restarted.

13, If after following all instructions, reliable operation cannot be
obtained, try operating the recorder with batteries.

1l4. When the verify is complete without error, the Programmer will
display CIiP-. End.

15. Stop the recorder and turn the mode switch to RUN 1 and re-enter the
RUN mode.

16, The verify operation will require approximately the same time as the
record (maximum of 9 minutes depending upon memory length used).

LOAD A PROGRAM

1. Place Programmer in the LOAD mode.

2. Apply AC power to the tape recorder and insert cassette.

3. Adjust volume control to the setting determined during the verify
operation. Adjust tone control to its highest setting.

4. Connect Programmer (TAPE port) to the tape recorder (EAR input) with
audio cable {gray with red tracer).

5. Rewind tape to beginning of previously recorded program. Tape can
also be on blank area prior to program, but not on another program.
Enter the program identification number (if previously recorded).

6. Push CLR, SHF, and READ on the Programmer to establish CPU load

operation. Display will read C-P.

74
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7. Begin tape recorder by depressing the PLAY button, then push NXT on
the programmer. The load operation now commences. The display reads
C-P. When the beginning of the program is reached the display will
change to C-P-. If the bar after the P 1is off or flickering, the
volume control should be adjusted until the flickering stops. Return
to step 5 and proceed with the operation. The display will also
eventually contain the program identification number. If the CPU
detects a program number different than the one entered in step 5,
the display will beep and show PA'S'S,

8. 1If the incorrect program has been selected, the load operation can be
aborted by stopping the recorder or depressing the CLR (Clear) key on
the Programmer.

9. Error code E21 indicates the tape has an internal parity error. E28
indicates the play level 1is wrong and the load should be stopped,
volume adjusted, and the operation restarted (step 5 above).

10. When the load is complete without error, the Programmer will beep and
display C-P-. End in the Address/Data display. Stop the recorder
and depress the CLR (Clear) button on the Programmer to end the load
operation.

11. The load operation will require approximately the same time as the
record (maximum of about 9 minutes depending upon memory length used).

GERERAL BB ELETTRIC ] CONNECTOR

PRINTER

OPERATOR
PUSHBUTTONS

- SYSTEM PROM

Figure 7.1
LOGIC PRINTER

Ref. 83-PC-35MM-2-4-40 7-5
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LOGIC PRINTER OPERATION

In addition to the tape loader, the TAPE port on the Programmer can also
support a Printer (Figure 7.1). This Printer is used to document the logic
stored within a Series Three utilizing the same language or symbols as used to
enter the program. Figure 7.2 is a sample printout; logic is documented from
the beginning of memory (lower address) towards the higher addresses exactly
as the CPU scans. The paper is heat sensitive and does not require ink or
carbon paper. The printer has a buffer that is loaded from the Series Three
and generates the print output from that buffer. An entire program can be
printed out or just the logic contained in a 1K portion as controlled by the
operator. On the lower right of the printer top are eight LED's and five
pushbuttons. The function of each is as follows:

LED 1 - On to indicate printer will document first 1024 words of logic
space (addresses 0000-1023).

LED 2 - On to indicate printer will document second 1024 words of logic
space (addresses 1024-2047).

LED 3 - On to indicate printer will document third 1024 words of logic
space (addresses 2048-3071).

LED 4 - On to indicate printer will document last 1024 words of logic
space (addresses 3072-4095).

POWER - On when power switch is in the ON position and power supply 1is

providing proper DC voltages for internal operations.

MEM SEL- Pushbutton used to change selected memory for printing. Each
time it is depressed, LED's 1-4 will shift one position (1, 2,
3, 4, none, 1, 2, etc). When all LED's 1-4 are off, all of
memory will be documented.

READ - Pushbutton used to read CPU data into the Printer's buffer. 1Its
associated LED will be ON when this operation is selected and
other lower LED's will be extinguished.

PRNT - Pushbutton wused to begin print operation based upon data
previously loaded into its buffer space. Its associated LED
will be ON, and other adjacent LED's will be OFF, when this
operation is selected.
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CLR MEM- Pushbutton used to clear buffer memory within printer. Its
associated LED will be ON when this operation is selected and
other higher LED's will be extinguished.

RST — Pushbutton used to reset any printer operation. Functions such
as reading CPU data, printing logic, and clearing memory will be
terminated if this pushbutton is depressed.

To operate the Printer with the Series Three, install the Series Three Printer
PROM (IC630ACC30l1A) with Printer power switch in the OFF position or AC power

cord disconnected.

PROM must be installed with GE logo in the up position.

Failure to correctly orient PROM may cause it to be damaged
when power 1is applied.

This Printer can also be used to document Series One programs with Printer
PROM IC610ACC101A (see Series One Manual, GEK-25375). Both PROM's are
provided with the Printer. To document a Series Three program, perform the
following actions:

1. Apply AC power to the Printer.

2, Put Printer power switch in the ON position., Verify that the POWER
LED is On.

3. Depress CLR MEM pushbutton twice to clear memory. The first time the
pushbutton is depressed the LED will turn ON and a tone will sound,
the second time the LED will turn OFF.

4. Connect Programmer (TAPE port) to Printer (external terminal - on

side) with audio cable that is totally gray {mo red trace, Catalog
Number IC630CBL1504).

5. Put Programmer in the LOAD mode.

6. Depress the READ pushbutton, the LED will flash ON and OFF.

7. At the Series Three Programmer, push the CLR, SHF, WRITE, NXT keys to
cause a write to the printer to begin. The READ LED will turn ON,

verifying that the printer is in READ mode. The Programmer displays
P-C. indicating that data is being read.
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10,

11,

The loading of the Printer buffer is complete when the Printer READ
LED goes off and two quick tones sound and the Programmer displays
P-C. End and generates a single tone. The time required to transfer
the logic depends upon the amount of memory used. If a transmission
error occurs, a constant beeping tone will sound.

At the Series Three, depress the CLR key to clear the display. The
CPU can be disconnected from the audio cable and returned to mnormal
operation if desired.

Select the memory to be documented by successive depressions of the
MEM SEL pushbutton while observing LEDs 1-4., All LEDs off indicate
that the total 4K of memory will be documented. Additional printouts
can be obtained from this memory area or others without refreshing
data from the CPU.

To begin the printing, depress the PRNT pushbutton, the PRNT LED will
turn ON. The printer will begin to document the logic at the rate of
one line per word or function. When Printing is complete a tone will
sound and the PRNT LED will turn OFF.
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$% SERIES THREE XX —a— MODEL

% FROGRAM LIST X%

HDORESS 0800-1023 —--— MEMORY SELECTED

ADDRESS FOR PRINTOUT
DECIMAL BASED ADR  INST ap
STARTS AT 0000 11015, 5TR 0020 REFERENCE
_)my GND N THR 0005
'NSTNRAJR‘;ET'ON-———" ig02 THR #0005
0003 KO500
K (CONSTANT VALUE)

Bag4 5TR THR 0005
00035 STR CNHT soar
Gl6 CHT 3007
nogy Kotz
BG03 STR CNT 0007
90069 OUT 20000
COILNUMBER— | @010 5TR D019
OR B11 AND ngie

END OF RUNG 3012 FUN 20 -] FUNCTION NUMBER
3013 K0200
G144 STR u025
0015 AND gA26
0016 FUN 20
anivy K300
018 STR 4001

1819 b~ GTR 0 - DATA OPERATION
0620 B574
0021 0. OuT 0
1022 306

PC-53-83-0033
Figure 7.2

SAMPLE PRINTOUT

Ref. PC-83-83-0033 7-9
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PROM WRITER OPERATION

The third peripheral available for use with the Tape port is the PROM writer
(Figure 7.3). This device copies logic from the CPU's CMOS memory and writes

it into a PROM for subsequent installation into any Series Three CPU. To
operate with the Series Three, PROM Writer System PROM IC630ACC302A must be

installed with Writer power switch in the OFF position or AC power cord
disconnected.

GENERAL (5 ELECTRIC PROM WRITER
CONNECTOR
QPERATOR
PUSHBUTTONS
ON/OFF
SWITCH

SYSTEM PROM SOCKET
PROM

Figure 7.3
PROM WRITER

Ref. 83-PC-35MM-2-5-2 7-10
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This Writer can also be used to transfer Series One programs with PROM Writer
PROM IGC63DACC102A (see Series One Manual GEK-25375). Both PROM's are provided
with the PROM Writer. PROM memory can be written once by this Writer and not
altered thereafter; their content is not lost when power is removed for long
time periods (up to 8-10 years). To reuse a PROM it must be erased by long
exposure (10-15 minutes) to an intense ultraviolet light in a special PROM
eraser. Normal ambient ultraviolet light (e.g. sunlight) has virtually no
effect on its content. There are many commercially available PROM erasers
handling single PROM's or many PROM's at a time.

The nine pushbuttons to the lower right have the following functions:

READ - Causes the Writer to receive data into its buffer memory from.
the Series Three.

WR - Causes the Writer to write data from its buffer memory to the
Series Three,

RAM ~ Refers to the Writer's internal memory.
RAM=#+PROM - Specifies loading the PROM from Writer's internal memory.

PROM—=RAM - Specifies loading the Writer's internal memory from the PROM.

PROM 1/2 - Selects PROM 1 (lower 8 bits) or PROM 2 (upper 8 bits).

CHK - Specifies a checking or verifying operation as contrasted to
actual transfer of data.

BLK? ~ Specifies testing for blank or erased PROM's.

RST - Resets Writer's operation and obtains type of system PROM

installed,

There are many functions possible with this Writer. The following steps
should be used as appropriate for the functions desired.

1. Verify the following conditions before each function:
a. Apply AC power to the CPU base unit

b. Plug Writer's AC power cord into a source of power.
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e.

Install the Series Three system PROM onto Writer with GE logo at
top of PROM.

Place Writer's power switch to ON. Depress RST to reset the
Writer. The display should read 53 if the Series Three System
PROM is properly installed.

Place Programmer in the LOAD mode

To load the Writer's memory from the Series Three CPU:

a.

Q.

Connect audio cable (solid gray) from the Programmer's TAPE port
to the Writer's External Terminal 1 on its right side. Depress
the RAM/RST buttons simultaneocusly to clear the Writer's RAM
memory. The display will read CLR, a tone will sound, then when
End is displayed memory has been cleared.

Depress the Writer's READ pushbutton. The display should read E-A.

On the Programmer push CLR, SHF, WRITE, NXT. The Writer's display
will show P-C.

At the completion of the transfer, the Writer will display End and
beep twice. The Programmer will also display End. If a

transmission error occurs, a constant beeping tone will sound.

Select the CLR key on the Programmer to clear its operation.

Verify Writer memory against Series Three memory.

a.

b.

Connect the audio cable (solid gray) from the Programmer's TAPE
PORT to the Writer's External Terminal 1 on its right side.

Depress the Writer's RAM and CHK pushbuttons at the same time.
Display will read E C P.

On the Programmer push the CLR, SHF, WRITE and NXT keys. The
Programmer display will be P-C. If the verify proves both
memories are identical, the Writer's display will show End and
beep twice, the Programmer will also display End. The Verify will
take about 4 minutes. To indicate an error, it will display
(ExtU).
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Loading PROM from Writer's memory

da

Place type 2732A-2 or equivalent PROM into blue-green socket.
Insert with locking handle up and then lock in place by moving
handle 90° to horizontal position. PROM should have notch at
top to ensure pin 1l is at top left.

Depress RST pushbutton to reset the Writer. The display should be
S 3 if the Series Three system PROM is properly installed.

Depress the RAM—=-PROM pushbutton to initiate the loading of the
PROM. The display will read A-Pl1 for PROM 1 or A-P2 for PROM 2.
The Writer will check that the PROM is erased, load it, and then
verify the load automatically. The display will show Ers while
checking if the PROM is erased or blank. The display ErrE
indicates the PROM is not properly erased. The display !Z1 1T |
then End indicates satisfactory completion of the 1load which
should take about 4 minutes.

Remove first PROM from socket, insert second PROM, Depress the
1/2 pushbutton to select PROM2, then repeat step c.

Verify Writer memory against PROM

a.

Place type 2732A-2 or equivalent PROM into blue-green socket.
Insert with locking handle up and then lock in place by moving
handle 90° to horizontal position. PROM should have notch at
top to ensure pin 1 is at top left.

Depress RST pushbutton to reset the Writer. The display should be
S 3 if the Series Three system PROM is properly installed.

Depress the CHK pushbutton to initiate the checking of the PROM,
The display will be 27151 orlZ1H=3'. 1f differences are found,
the c¢hecking halts at that location and Errc 1is displayed.
Depressing the CHK pushbutton will display the first memory
address with a miscompare, successive depressions of CHK will
allow successive addresses with miscompares to be displayed. At
the end of the check, the display will show End.

Remove PROM 1, insert second PROM, depress PROM 1/2 pushbutton and
repeat step c.
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7‘

Transfer from PROM to Writer's memory to Series Three CPU memory

a.

b.

Connect the audio cable (solid gray) from the Programmer's TAPE
port to the Writer's External Terminal 2 on its right side.

Place type 27324-2 or equivalent PROM inte blue-green socket.
Insert with locking handle up and then lock in place by moving
handle 90° to horizontal position. PROM should have notch at
top to ensure pin 1 is at top left.

Depress RST pushbutton to reset the Writer. The display should
be '==!if the Series Three system PROM is properly installed.

Depress the PROM— RAM pushbutton to initiate the loading of the
Writer's memory. The Writer display will be P1-A, then IZ17i7]
while the transfer is taking place and End when the loading is
complete.

On the Programmer, select the CLR, SHF, READ and NXT keys. The
display will be C-P.

On the Writer, depress the WR pushbutton. The Writer will display
A-E and the Programmer display will now be C-P. After a short
delay 0.0.0.0. will appear under the Data display. When the
transfer is complete, the Programmer will display C-P-. End and
the Writer will display End, To terminate 1its operation, select
the Programmer's CLR key.

Remove PROM, insert second PROM, depress PROM 1/2 pushbutton and
repeat steps d to f.

To verify the accuracy of the transfer, select CLR, SHF, CHECK,
NXT at the Programmer (display will be IZI"1|15,) and depress the WR
pushbutton on the Writer. The Writer will display A-E and the
Programmer will display [ZI7117-. After a short delay 0.0.0.0. will
appear under the Data display. When the verify is complete, the
Programmer will display [Z17I15-. End. and the Writer will beep and
display End.

To verify that a PROM is blank, insert it and depress the BLK?
pushbutton., The Writer display of End indicates a blank PROM: display
of ExrE indicates the PROM is not fully erased.
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To clear the Writer's memory, depress the RAM and RST pushbuttons at
the same time. A successful clearing results in the Writer's display
of End; if for some reason (hardware failure) the clear 1is mnot
successful, the display will be ErrM. The display will show CLE while
erasing and End when complete.

Inserting PROMLl and PROM2 in CPU.

a. Turn off AC power tc the CPU.

b. Remove cover on back of CPU.

¢. Insert PROM1 in slot on right.

d. Insert PROM2 in slot on left.

e. To select PROM memory, move ROM/RAM switch to S (left position).

f. Replace cover on back of CPU.

g. Apply power to CPU.
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CHAPTER 8
MAINTENANCE

The Series Three PC is designed to provide trouble-free operating during its
life. However, occasionally problems do occur and it is important to be able
to quickly identify the source of the problem and correct it, Many times
these problems originate outside of the Series Three. The advantage the
Series Three design provides is indicators and built—in aids to troubleshoot
not only the PC but also the overall control system. The main diagnestic tool
is the CPU/Programmer. The programmer provides great insight to the status of
the overall control system.

All major faults can be corrected by replacing modules, WNo special tools are
required other than a screwdriver and voltmeter, The recommended screwdriver
is a U.S. #2 Phillips. There is no requirement for an oscilloscope, highly
accurate voltage measurements (digital to voltmeters), or specialized test
programs.

Table 8.1 is a parts list for the Series Three. A spare parts kit is
recommended so that a system can be returned to service with a minimum amount
of down time in the event a problem should occur. If a failure should occur,
some basic questions should be asked and appropriate corrective action taken
to negative answers.

1. Is the POWER light on (located on power supply)? If not, measure the
voltage at the AC terminals on the power supply (115 Vac or 230 Vac,
+ 15%). 1f AC power is not present, locate the source of the problem
external to the Series Three. If the AC power is adequate, but the
POWER light is off, the power supply should be replaced.

2. Is the RUN light on? If not, ensure that the CPU cable is connected
securely at the power supply. If it 1s, be sure that the mode switch
is not in the PROG, LOAD, or PROM position. If those checks are all
good, replace the CPU/Programmer.

3. Is the back-up battery 0.K? If error code E22 is displayed on the
programmer display, 1t 1s a warning that the battery voltage has
dropped below 2.7 Vde and will not retain memory 1f power is
removed. The battery should be replaced. After replacing the
battery, verify the program or test the Series Three operation. If a
fault 1is discovered, reload the program from a tape recorded after
initial system programming.
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Table 8.1
SERIES THREE PARTS LIST

Catalog Number Item Name

IC630CPU301A CPU/Programmer Unit

IC630PWR300A Power Supply Unit, 115/230 Vac
IC630CHS304A Base Unit, 4 Modules

IC630CHS306A Base Unit, 6 Modules

LC630CHS308A Base Unit, 8 Modules

ICA30MDL301A 24VDC Input Module (16 Inputs)
IC630MDL303A 5-12 VDC Input Module (32 Inputs)
IC630MDL304A 24 VDC In/Out (16 Inputs/16 Outputs)
1CA30MDL324A 1/0 Simulator Module

1C630MDL325A 115VAC Input Module (16 Inputs)
I1C630MDL326A Isolated 115VAC Input Module (8 Inputs)
IC630MDL351A 24VDC Qutput Module, 2 Amp (8 Outputs)
1C630MDL352A 24VDC Qutput Module, 1 Amp (16 Qutputs)
IC630MDL354A 5-12 VDC Output Module (32 Qutputs)
IC630MDL375A 115VAC Output Module {16 Outputs)
IC630MDL376A Isolated 115VAC Output Module (8 Qutputs)
IC630MDL380A Relay Output Module (16 Outputs)
IC630MDL150A Lithium Battery

IC630CBL304A 1/0 Expander Cable

Additional
installed by the user.

be modified or

adjusted to your

troubleshcoting procedures depend upon knowledge of the logic
The following steps are general in nature and should

applicationm. The  Dbest
Place the mode switch

specific

troubleshooting tools are common sense and experience.
in the RUN mode, then follow these steps:

1. If the Series Three has stopped with some outputs energized or
basically in mid-steam, locate the signal (input, timer, coil, etc.)
that should cause the next operation to occur. The programmer will
display ON/OFF condition of that signal (monitor display area,
position 0).

2. If signal is an input, compare programmer state with LED on input
module. If they are different, replace input module. If multiple
modules in expander base are faulty, verify I/0 cable and its
connection before replacing modu .e.
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If input state and LED on Input module agree, compare LED status and
input device (pushbutton, 1limit switch, etc.). If they are
different, measure voltage at Input module (refer to Chapter & for
typical I/0 wiring). If voltage 1indicates a faulty I/0 device
replace it, or field wiring, or power source; otherwise; replace
input module.

If the signal is a coil wired to a field device, compare its status
to LED on output module. 1If they are different, verify source of
field power to ensure that excitation voltage is available. If field
power 1is mnot present, examine power source and its wiring.
Otherwise, with field power available and wrong status at output
module, replace output module.

If the signal is a coil and either there is no output wodule or
output is same as coil state, examine. logic driving output with
programmer and hard copy of program. Proceding from right towards
left, locate first contact that is not passing power that is
otherwise available to it from immediate left. Troubleshocot that
signal per steps 2 and 3 above if it is an input, or 4 and 5 if it is
a coil. Ensure that Master Control Relays are not impacting
operation of the logic.

If the signal is a timer that has stopped at a non zero value below
999.9 replace CPU module.

If the signal 1is the control over a counter, examine logic
controlling reset first and then the count signal. Follow steps 2-5
above.

The following procedures provide details on steps to be followed to replace
various modules.

REPLACING POWER SUPPLY

Turn off AC power and remove CPU/Programmer (Refer to Figure 3.2).
Disconnect wiring from power supply terminal board.

Remove the power supply by loosening the two captive screw fasteners.

Install new power supply. -

Reconnect wiring to terminal board.
Verify power wiring and connect AC power. Carefully check operation
of entire system.

8-3
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REPLACING CPU/PROGRAMMER

1. Remove AC power, then remove CPU/Programmer by loostening the captive
screw fastener at bottom of unit.

2. Disconnect cable from mating connector on power supply.

3. Connect cable on new CPU/Programmer.

4, Install CPU/Programmer and tighten captive screw fastener.

5. Connect AC power and verify operation of system.

REPLACING 1I/O0 MODULES

1. Shut OFF power from both base unit and I/0 system.

2. Remove plastic cover over terminals on I/0 module. Only connector on
faulty module needs to be removed. Loosten two screws holding
socket—-type terminal in place and remove terminal.

3. If the module is a high-density wmedule with comnnectors, disconnect
the two connectors from the faceplate.

4. Loosen two screws holding I/0 module in place.

5. Pull medule straight out.

6. Insert new I/D module. Place terminal over edge connector and firmly
push down. Tighten screws on connector. Reconnect the I/0 Interface
cable connectors on high-density modules.

7. Replace plastic cover.

8. Reapply power to CPU then 1/0 system.

8-4
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Do not discard the Lithium battery

in fire. Do not attempt to recharge
the battery. Do not short the
battery. The battery may burst or

burn or release hazardous materials.

OO

WARNING

i

Rear compartment screws.

I
I

Battery compartment cover.

Battery comnector. O‘ @
ROM/RAM Switch. \®

M = RAM (Factory setting)
S = ROM (EPROM) ]

Figure 8.1
BATTERY LOCATION  *sveoes

REPLACE BATTERY (REFER TO FIGURE 8.1)

1.

2.

Remove CPU from base unit.
Remove plastic cover to compartment containing battery in rear of CPU.

Unplug battery. There is sufficient capacitance in the system to
retain CMOS memory even without battery for 20 minutes.

Connect new battery.
Replace cover.
Reinstall CPU module.

Verify that Error code E22 has been cleared.

Ref. PC-83-83-0031 8-5
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INSTALLING MEMORY (REFER TO FIGURE 8.2)

1. Turn off AC power and remove the CPU/Programmer from the base unit.
Remove 4 screws from rear cover plate as shown in Figure 8.1,

2. Locate spare memory sockets on printed circuit board, they will be
marked PROM 1 and PROM 2. Refer to Figure 8.2.

I

PROM
2732 A-2

[PROM 261/

ROM&--> RAM
BATTERY
ROM/RAM o = o CONNECTION

SWITCH

PC-53-83-0032

*Shown in ROM position. -

Figure 8.2
IC SOCKET LOCATION

Ref. PC-53-83-0032 8-6
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3. Obtain memory ICs, (2732A-2 PROM). Refer to Chapter 7 for
instructions on loading programs in PROM memory. A Series Three PC
requires two PROMs, one for the lower 8 bits of memory and one for
the upper 8 bits of memory.

4, Orient each IC so that notch at one end matches notch in memory
socket.

5. Insert ICs into socket carefully and evenly so as not to bend any
leads. Visually inspect to ensure that all leads are in place and
then push down to firmly seat each IC.

6. Replace the cover plate.

7. Reinstall CPU module. Verify proper system operation.

8. When PROMs are installed and are to be the memory source, the ROM/RAM
switch next to the battery connector must be pushed to the left (ROM).

FUSE LIST

Table 8.2 lists the fuses used in Series Three I/0 modules.

Table 8.2
SERIES THREE FUSE LIST

MODULE CATALOG FUSE SLOW/FAST | CURRENT | REMOVABILITY | QUANTITY
NAME NUMBER TYPE BLOW RATING

Power Supply [IC630PWR300A - 8 — -= - -
(AC Input) Midget Slow 1A . 1
( 5 Vde Out) Midget Slow 5A ° 1
(12 vde Out) Midget Slow 34 . 1
24 Vdc In/Out |[IC630MDL304A | Micro Fast 5A o 4
24 Vde Qut IC630MDL351A | Micro Fast 54 ) 4
24 Vde OQut IC630MDL352A | Micro Fast 5A o 4
115 Vac Out IC630OMDL375A | Midget Fast 8A ) 2
Isolated 115 |IC630MDL376A |Midget Fast 3A . 3
Vac Out -

Relay Output |[IC630MDL380A |Midget Slow 104 ] 2

®
o]

= Mounted in fuse clips

Soldered connection




Series Three GEK-25376

ACCESSORY KIT

To support the Series Three an accessory kit is available (IC630ACC320A).
This kit includes commonly needed components that may get damaged or lost in
the normal course of operation. Rather than attempting to order small parts
such as fuses, audio cables, screws, etc., this kit can be ordered and
provides sufficient material to support 3-5 CPUs depending upon their I/0
count. Included in the kit are the following items.

COMPONENT QUANTITY

Key
Dust Cover for Connectors
1/0 Terminal Cover (16 1/0)
1/0 Terminal Cover (32 1/0)
Terminal (16 1/0)
Terminal (32 1/0)
Cable, CPU to Tape Recorder
Cable, CPU to Peripheral
Fuses (Slow Blow, 1 amp,
3 amp, 5 amp, 10 amp)
Fuses (Fast Blow, 3 amp, 8 amp)
Screws (M4 x 50)
(M3 x 6, pan—head)
(M3 x 6, counter sunk head)
{M3 x 6, binding head)
Washer (M3)

e N W W

€d.
ea'

ot ik o n

8-8




GEK-25376A

APPENDIX




Series Three GEK-25376

APPENDIX A

ADVANCED FEATURE

DISPLAYING 16 BIT DATA

An additional feature of the Series Three is the capability of displaying 2
consecutive groups of data (16 bits) in hexadecimal format. When a group

reference is made in a program, that group plus the next higher group 1is
actually entered into the program. A group is one byte (8 bits).

Group reference programmed 503
Entered in programmed 504 and 503
Reference + 1 Reference
504 503 ~%—Group
7 07 O-w—DBits
L ~ J
16 bits

These 1& bits can be displayed while in the RUN, RUN 1 or TEST modes of
operation. The sequence for accessing the reference group to be displayed is
as follows. The display will contain the group reference entered under the
Address area of the programmer display. The Data display area will show the

contents of the referenced group plus the next higher group in a 4 digit
hexadecimal format.

CLR CLR ! M 5 0 3 NXT
| J

~
Group (Byte) Number
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For this example, assume that the contents of the referenced groups 1s as
follows. The example refers to Data Registers. References can be any valid
Eroups.

504 503 ~4——References
OJ1J1Ti i JrfiJr i JoJ1JoJoTl1]0 71 |-e——Bits
7 F A 5 Hexadecimal
Number

The display area of the CPU/Programmer would contain the following after the
required key sequence has been pushed.

r———ADDRESS DATA

503 7FA5

As a review, the following table lists the hexadecimal conversion from the
data contained in the referenced groups. Each hexadecimal character 1is
converted from &4 bits.

& BIT DATA HEXADECIMAL
0 0 0] 0 Q
0 0 0 1 1
0 0 1 0 2
0 O 1 1 3
0 1 0 0 4
Q 1 O 1 5
O 1 1 0 6
g 1 1 1 7
1 0 0 0 8
1 0 0 1 9
1 0 1 0 A
1 0 1 1 B
1 1 O 0 , C
1 1 0 1 D
1 1 1 0 E
i 1 1 1 F
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B3

B4

B5

APPENDIX B
SAMPLE PROGRAMMING AIDS

Ladder Logic Form
Program Mnemonics Form
I/0 Record Form

Monitor Display Assignments

GEK-25376
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MNEMONICS

RUNG INSTRUCTION COMMENTS
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MONITOR DISPLAY ASSIGNMENTS

MONITOR
DISPLAY
POSITION

CONTACT OR COIL
REFERENCE

TYPE NUMBER

COMMENTS

00

01

02

03

04

05

06

07

08

09

10

11

12

13

14

15
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APPENDIX C
GLOSSARY OF TERMS

Address - A series of numbers from 0 to 4095 in the Series Three, assigned
to specific program memory locations and used to access those locations.

AND (Logical) - A mathematical operation between bits whereby all bits must
be a 1 in order for the result to be a l.

BCD (Binary Coded Decimal) - A 4-bit system in which individual decimal
digits (0 through 9) are represented by 4-bit binary numerals; e.g., the
number 43 is represented by 0100(4) 0011(3) in the BCD notation.

CMOS - A read/write memory that requires a battery to retain content upon
loss of power.

CPU (Central Processing Unit) - The central device or controller that
interprets user instructions, makes decisions and executes the instructions
based on the decisions.

Counter - A circuit internal to a PC which when controclled by a user
programmed function controls other devices according to a preset number of
on/off transitions.

Field Devices - User supplied devices typically providing informaticn to the
PC (Inputs: pushbutton, limitswitches, relay contacts, etc.) or performing PC
tasks (OQutputs: motor starters, solenoids, indicator lights, etc.).

Group - A series of eight consecutive I/O points, internal coils, etc.

Inputs - A signal, typically ON or OFF, that provides information to the PC.

Instruction - A word, usually an acronym, or group of words and numerals
that are part of a program entered into program memory.

1/0 - Input/Output - that portion of the PC to which field devices are
connected. Isolates the CPU from electrical noise.

I/0 Scan - A method by which the CPU monitors all inputs and controls all
outputs within a prescribed time.
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K - An abbreviation for kilo or exactly 1024 in the world of electronics.
Usually related to 1024 words of memory.

Ladder Diagram — A representation of control logic relay systems. The user
programmed logic is expressed in relay equivalent symbology.

Latch - A PC operation that causes an output to stay on and remain on even
if power or the input 1s removed. Referred to as a retentive function.

Logic - A fixed set of respouses (outputs) to various external conditions
(inputs). All possible situations for both synchronous and non-synchronous

activity must be specified by the user. Also referred to as the program.

Memory - A physical place to store information such as programs and/or data.

Microsecond {(us) - One millionth of a second. 1 x 107® or 0.000001
second.
Modules - A replaceable electronic subassembly usually plugged in and

secured in place but easily removable in case of fault or system redesign.

Noise - Undesirable electrical disturbances to normal signals generally of
high frequency content.

Non-Retentive Output — An output that will not remain in its last state when
power is removed.

Optical Isolation - Use of a solid state device to isolate the user imput
and output devices from internal circuitry of an I/O module.

OR (Logical) - A wmathmetical operation between bits whereby if any bit is a
1, the result will be a 1.

Outputs - A signal typically ON or OFF, originates from the PC with user
supplied power that controls external devices based upon commands from the CPU.

PC - See Programmable Controller.

Peripheral Equipment - External units that can communicate with a PC; e.g.,
cassette tape recorder, printer or PROM writer.

Preset - A numerical value specified in an instruction which establishes a
limit for a counter or timer. A c¢oil will energize when this value is reached.
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Program - A sequence of instructions entered into a Programmable Controller
to be executed by the CPU for the purpose of controlling a machine or process.,

Programmable Controller - A solid-state industrial control system which
receives inputs from user supplied control devices such as switches and
sensors, implements them in a precise pattern determined by ladder diagram
based programs stored in the user memory, and provides outputs for control of
user supplied devices such as relays and motor starters.

Programmer - A device for entry, examination and alteration of the PC's
memory including logic and storage areas.

PROM - A read only memory that requires a special method of loading, but is
retentive upon power loss.

RAM - An acronym for Random Access Memory. A solid-state memory that allows
individual bits to be stored and accessed. This type of memory is volatile;
i.e., stored data is lost under no power conditions, therefore a battery
backup is required.

Read - To have data entered into a PC from a peripheral unit.

Reference - A number used in a program that tells the CPU where data is
coming from or where to transfer the data.

Retentive Qutput - An output that will remain in its last state, even though
power has been removed.

Rung - A sequence or grouping of PC instructions that control one output.
One or more rungs form a ladder diagram.

Scan - The technique of examining or solving all logic steps specified by
the program in a sequential order from the first step to the last.

Thumbwheel Switch - A rotating numeric switch which can be wused for
inputting numeric data to a PC.

Unlatch - A PC function that causes an output previously turned on by a
latch instruction to turn off no matter how briefly the function is enabled,

Word — A measurement of memory, in the Series Three 16 bits,

Write - To output or transfer data from the PC to a peripheral unit.

c-3
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APPENDIX D
OTHER PROGRAMMABLE CONTROLLERS

SERIES ONE

The Series One programmable controller is a low-cost compact PC designed to
replace 4-100 relays and any combination of up to 64 timers, counters and
sequencers. Its small mounting area of 54 square inches (348 sq. cm) allows
32 1/0 in the same space as four 4 pole relays. It is expandable from 8 to
112 1/0 points in groups of 4 or 8 circuits. Either CMOS RAM with battery
back—up or EPROM memory can be selected and is available with 700 words
(CMOS), expandable to 1724 words {CMOS or EPROM).

Modular plug-in construction allows any module to be easily changed without
disturbing any other part of the PC. A hand-held programmer can be mounted on

the CPU or can be easily removed and carried to the PC as needed. The
programmer allows monitoring logic, timer and counter values and I/0 points.

I/0 MODULES

The following I/0 modules are available for the Series One.

Table D.1
SERIES ONE I/0 MODULES
MODULE NAME I/0 POINTS

24 Vdc Input 8
24 Vdc Input 16
115 Vac Input 8
Isolated AC Input 4
24 Vdec Output 8
24 Vdc¢ Cutput 16
24 Vdc Input/Output 414
24 Vdc Input/Relay Output bi4
115/230 Vac Output 8
115/230 Vac Isolated Output 4
Relay Output 8
Thunnbwheel Interface

1/0 Simulator
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SERIES SIX

The Series 8%ix i1s a family of programmable controllers consisting of three
models, 60, 600 and 6000. The capacity for memory and Input/Qutput increases
as the model number increases. Each model also has internal register storage
in varying sizes. The family concept allows the use of common features
between models. The common features are; the same programming language
featuring a basic and an extended set, the same reference numbers, the same
CRT programming device, the same 1/0 structure including wmodules, racks,
cables, etc., most of the CPU modules, transportable programs £from one
model/size to another (upward or downward c¢ompatibility) and the same
options. Memory and I1/0 capacity are listed in Table D,2

Table D.2
CPU CAPACITIES

LOGIC 1/0 CAPACITY REGISTER
MODEL | MEMORY | INPUTS OUTPUTS STORAGE

60 2K 256 256 256
60 4K 1000 1000 1024
600 8K 1000 1000 1024
6000 32K 2000 2000 1024

PROGRAMMING

Programs are entered with the Program Development Terminal. Programming logic
is basically a relay ladder diagram language consisting of relay ladder logic
(N.0. and N.C. contacts, counters, timers, one-shots and latches). Additional
features in the Basic group include Arithmetic (Add, Subtract, Compare), data
moves, binary and BCD conversion, a Master Control Relay function and
communication requests. The extended Mnemonic group includes the following

groups.

. Data Moves (Left 8, Right 8, Block)
Signed Arithmetic (Double Precision Add and Subtract, Extended Add

.
and Subtract, Multiply, Divide and Greater Than)

. Table Moves (Table-To-Destination, Source-To-Table and Move Table)

* List (Add-To-Top, Remove-From-Bottom, Remove-From-Top and Sort)

. Matrix (AND, OR, Exclusive OR, Invert and Compare)

* Bit Matrix (Bit Set, Bit Clear, Shift Right, Shift Left)

. Control (Do Subroutine, Return, Suspend 1/0, Do 1/0 and Status)
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I/0 MODULES

1/0 modules available for use with the Series Six PCs include the following:

115/230 Vac/dc, Inputs and Outputs

.

. 115/230 Vac Isolated Inputs and Outputs

e 12 Vac/dc Inputs

'y 24-48 Vac/dc Inputs

. 12, 24, 48 Vdc Sink and Source Qutputs

. High Density Inputs (32 Inputs)

. High Density Outputs (32 Outputs)

. Reed Relay QOutputs

] Analog Inputs and Outputs

° Thermocouple Inputs

. Interrupt Inputs

] Axis Positioning

. 1/0 Receiver and Transmitter for operation up to 2000 feet (600
meters).

. Remote 1/0 Driver and Receiver for cable operation to 10,000 feet (3

Km) or unlimited distance over a modem link.

. Communications Control (provides a serial interface between a Series
8ix CPU and an intelligent device). Allows a Series Six to access
the GEnet data highway.

OPTIONAL EQUIPMENT

Optional equipment for use with a Series Six PC includes a Data Processor Unit
(DPU), a Redundant Processor Unit (RPU) and an Operator Interface Unit (OIU).

The DPU provides the PC with access to large quantities of data storage (64K
words) and message storage (64K words). Communications to external ASCII
serial devices is provided by a Dual Serial Port module.

The RPU acts as a switch to transfer control from one Series Six CPU or I/0
chain to a standby in the event that a failure occurs in the first. This
provides a method of minimizing downtime in the event of a failure in the PC
system.

The OIU is a hand-held micro-terminal that allows an operator to monitor or
modify the register contents of a Series Six CPU. The OIU communicates with a
CPU through the Communications Control module (version 2).






