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WARNINGS, CAUTIONS, AND NOTES AS USED IN THIS PUBLICATION

WARNING

Waming notices are used in this publication to emphasize that hazardous voltages, currents, temperatures,
or other conditions that could cause personal injury exist in this equipment or may be associated with its
use.

in situations where inatieniion couid cause eitber personai injury or damage io equipment, a Warning
notice is used.

CAUTION

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

Notes merely call attention to information that is especially significant to understanding and operating the
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This document is based on information available at the time of i pﬁb}iﬁ'ﬁﬁﬂ. While efforts have been made to be accurate,
the information contained herein does not purport to cover all details or variations in hardware and software, nor to provide
for every possible contingency in connection with installation, operation, and maintenance. Features may be described herein
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holders of this document with respect to changes subsequently made.

GE Fanuc Automation 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. No warranties
of merchantability of fitness for purpose shall apply.

©Copyright 1987 GE Fanuc Automation North America, Inc.



iii Preface

GEK-90842

The purpose of this manual is to provide information for the user to install, program and implement the
family of Series One™ family of Programmable Controllers (PCs) into a control system. The Series
One family of PCs includes the Series One, Series One Model E, Series One Plus and Series One Plus
3.7K PCs, which are described in this manual. The Series One Junior PC is described in a separate
User’s Manual, GEK-90503.

The Series One PC provides the user with the capability of developing and programming a control
system using the familiar ladder diagram logic approach. The Series One Plus includes the same ladder
diagram function plus a group of data operation functions, which includes data moves, math functions,
conversion, and fault diagnosis.

Chapter 1, Introduction, is an introduction to the Series One and Series One Plus PCs, with emphasis
on features and capabilities. A summary of terms common to PCs is provided at the end of this chapter
as an aid to first-time PC users.

Chapter 2, Physical Equipment Configuration, provides a detailed description of the hardware
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Series One Plus PC system and how they are related to the overall system.

Chapter 3, Installation, provides the specifications and instructions required for installation of your

Progranunable Control system.

Chapter 4, PC Operation, describes the operation of the Series One and Series One Plus PCs,
including features and functions of the programmer used for entering new programs, editing existing
programs, monitoring the status of inputs or outputs, displaying timer or counter accumulated values,
and dtm'la\nng mmqte:r contents. The last part of this cha‘nte-r describes nne-rahnn of nennhera] devices
which may be used with both Programmable Controllers. Pcnpherals include an andio cassette tape
recorder for recording your program after it has been entered in order to have a permanent record of that
program, a PROM Writer Unit, which allows a non-volatile means of program storage within the PC,
and a Printer Interface Unit to allow documenting of your programs.

Chapter 5, Programming, provides the basic information required in order to develop, enter, and
implement your programs. A description of each function is provided, including examples of using each
function. Three sections are included: Programming, Basic Instructions, and Data Operation
Instructions.

Chapter 6, /O Specifications and Wiring, is a guide to the specifications of the input and output (I/O)
modules and their physical connections to field devices.

Chapter 7, Maintenance, is a guide to basic maintenance of your system, should it be needed.
Reliability of the Series One family of PCs is excellent and other than changing the Lithium back-up
battery, when required, there should be little maintenance required of your PC. This chapter includes
troubleshooting procedures and information on replacing components.
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and Series One Plus PCs. This chapter should be especially helpful to first-time users of a program-
mable controller.

Appendices A through D contain a summary of Related Documentation, a Glossary of Programmable
Controller Terms, a guide to the compatibility of the Series One family of Programmable Controllers,
and a Description of other GE Fanuc Automation North America, Inc. Programmable Controllers. A
comprehensive index is included as an aid to the location in the manual of particular items of interest.
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The advantages and features offered by the Series One and Series One Plus PCs include:

Small size - (64 I/O points in a 5-slot rack) 54 in? panel space, 5 1/2 in. maximum depth, 250 in® total volume

Large Memory Capacity - Up to 1724 words of CMOS or PROM

Timers/Counters - Up to 64 (4 digit, 9999 maximum preset)

Programming Language- Boolean Based Relay Ladder Data Operations
(Series One Plus Only)

Maximum 1/O - 112 (Series One) - 168 (Series One Plus)

Latching relays 28 total

16-bit Data Registers 64 (Series One Plus), 124 with TC references

Flexible 1/O - Any mix in groups of 4, & or 16

'anlggg,blg 1/O Modules

Po:table Programmer- Weight only 7 ozs.

Personal Password Security Series One Plus and Series One Model E

(Permits only Authorized Access To User’s Programs)

Internal and external indication of low battery

Reliable operation without fan from 0° to 60° C (convection cooling)
Retentive counters

Shift Registers (128) Built-in

anmmﬁ Standard - '[In to 64, each with un 1o 1000 steng

up to 1000 steps
Meets or exceeds NEMA ICS3-304 for noise rejection

Self Diagnostics

Internal Power for 24 V dc Inputs

Inexpensive

High Speed Counter
Remote 1/O - Saves installation and wiring cost

a40793

Figure 1-1. Series One/Series One Plus Programmable Controllers
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Table 1-1. Series One Family General Specifications

Operating Temperature
Storage Temperature
Humidity (non-condenmng)

AC Power K H
IC610CHS101/110/130 Rack

Voltage

Frequency
Maximum Load

Output Current,
Maximum Individual

DC Power Required
IC610CHS114/134 Rack
Voltage

Ripple
Output Current
Maximum Individual

Maximum, Total (All Voltages)
Typical Battery life * (loaded)
shelf life * (no load)
*Depends upon operating temperature
Memory Size and Type (16-bit words)

Typical Scan Time per K of Memory)
(Only memory programmed is scanned)
Overhead time must be added to the
logic solution for total real scan,

time overhead is typically 4 to 5 mSec.

Maximom /O

Internal Coils

Special Function Coils

Retentive Coils (Latches)
Timer/Counters

Shift Register Stages

Sequencers

Data Reglsters (Series One Plus and

Cosiac n Dlee QW\
D mlmao rawg

* 64 (16-bit), up to 124 with

0° to SOfC 532° to 140°F)

-10° to 70°C (14° to +158°F)
510 95%

115VR30 V ac  15%
47-63 Hz
30 VA (CHS101/110)
36.7 VA (CHS130)
1.4 A at 5V dc, (0.4 A, CHS101)
0.8 A at 9 V dc, CHS110
(1.7 A, CHS130), (0.6 A, CHS101)
0.5 A at 24 V dc, (02 A, CHS101)

20.5 - 30 V dc (100% of capacity used)
18 - 30 V dc (90% of capacity used)
10% of Input Voltage
14 Aat5Vdc
0.8 A at 9 V dc, CHS114
(1.7 A, CHS134)
0.4 A at 24 V dc, CHS114
(0.5 A, CHS134)
22 A, CHS114 (2.3 A, CHS134)
2-5 years
8-10 years

700 words (CMOS) or

1724 words (CMOS or EPROM)

3700 words (Series One Plus 3.7K
(CMO0S or EPROM)

20 mSec (0.5K)
Series One 40 mSec (1.0K)
65 msec (1.7K)
8 mSec (0.5K)
Series One Plus 12 mSec (1.0K)
and Model E 15 mSec (1.7K)
One Plus 3.7K 36 mSec (3.7K)
112 (Series One)
168 (Series One Plus)
144
4
28
64 (4-digit)
128
64 at 1000 steps each

unused T/C references
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Programmable Controller Concepts

When using a new product for the first time, there are always new concepts and terms to become
familiar with. Although PC’s are relatively easy to install, program, and apply, there are some simple
principles to follow. Figure 1-2 illustrates a general block diagram of a Programmable Controller.
Specific hardware components to illustrate this diagram will be described in Chapter 2.

pc-s1-83-0001
T 1
CENTRAL r | |
INPUT/
OUTPUT Pnogﬁﬁson | PROGRAMMER :
- S—

I |
[ [" == J"— |
. [}
! USER SUPPLIED !
| FIELD DEVICES |
] ]
J

Figure 1-2. Basic PC Block Diagram

Programming the Series One and Series One Plus PCs

The programming devices are used to enter the specific logic the user desires the PC to follow. This
logic, to be described in detail in Chapter 5 is what makes the user’s PC a unique unit, different from all
others unless the identical logic is entered into another unit. Recording and reloading logic from one PC
to another or to itself is also a standard feature with the programmers.

Hand-Held Programmer

The programmer can display any previously entered logic, allow the user to edit it (make changes, add
or delete portions of the logic), or display the current value of any internal timer or counter. It is a very
valuable and powerful piece of peripheral equipment, for entry of logic, control system checkout, and
troubleshooting. It can be permanently connected to the CPU or removed without disturbing the
operation of the CPU. If removed, one programmer can service several CPUs. The exact quantity of
CPUs is dependent upon the expected rate of usage but typically is between 5 and 20 CPUs.

Portable Programmer

The portable programmer uses a liquid crystal display (LCD) screen to allow ladder logic programming
for both the Series One and Series One Plus PCs. New programs can be created, previously entered
Tadder logic displayed and existing logic edited. An on-line monitor function is available when the
Portable Programmer is used with the Series One Plus. Programs can be transferred to the PCs or stored
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on cassette tape. The program can be printed using a standard parallel or Centronics compatible printer
through the printer port located on the rear of the Portable Programmer. For detailed information refer
to GEK-90846, which is the Portable Programmer User’s Manual.

Logicmaster 1 Family Application Software

Another nrmnp available for programming the Series One Family of PCs is the Workmaster industrial

L e SY Sl S 0L A1 e SRRl E =i Daas A2

computer wnh Loglcmastcr 1 Family application software. Thxs software allows you to write, edit,
display, and print programs in ladder diagram format. You can view up to 7 lines of your ladder
diagram program on one screen. Programs can be annotated by assigning names and nicknames to
program elements, assigning labels to coils and adding explanations of program rungs or segments.
Many programs can be stored on a single 3 inch diskette and each program can be assigned a unique
name. For detailed information on using the Workmaster industrial computer with Logicmaster 1
application software refer to GFK-0075, which is the Logicmaster 1 Family Programming and Docu-
mentation Software User’s Manual.

Series One Plus Program Protection

The Series One Plus and Series One Model E PCs allow the user to enter a unique password with the
hand-held programmer or the LCD Portable Programmer, which prevents unauthorized users or inadver-
tent program access. When a password is entered, ali programmer functions are disabled except the 1/O,
T/C accumulated value and register monitor functions. In order to have access to aIl programmer
functions when a password has been entered, a log on sequence must be entered.

Function of the Central Processing Unit

The next element of the PC is the Central Processor Unit (CPU). The CPU is the ‘‘brain’’ behind all
logical decision making. It reads in the status of the control system, makes decisions based upon the
logic it has been provided, and then provides decisions to the actuating portion of the control system.
The CPU also performs self checking of its internal operation to ensure reliable operation. If an error is
detected, it will shut itself down. The logic entered by the programmer is actually stored in the CPU
along with storage for the operation of timers and counters.

Memory Word Length

The memory provided for this storage function is normally measured in K words, where K is an
abbreviation for kilo or 1024. Typically, one word is required storage for each function such as a relay
contact, timer preset or timer storage. These words can be of various lengths such as 16 bits, 8 bits, or

even 4 h1rc wherein a hit ic the most elementarv meacsurement and can have onlv two ctatec fn'n or off)

¥ wAs ASVALALL & VAL AS WiV LIIUSE Wavaiavadiad ¥ AVASWATALAILL T WAL LABVE VLAY YTV Saas e asgs

The word length is much like a ruler used to measure wire, sheet steel, or fa.bnc It can be a yard long
(16 bits) or a foot (8 bits) or an inch (4 bits). Numerical values are for illustrative purposes only and do
not represent exact ratios. Thus when quoting memory in K words (1K, 2K, 4K, etc.) always check to
verify the word length. The Series One and Series One Plus PCs use the most common measurement,
16 bits per word.
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rack (IC610CHS111), 115 V ac Input module IC610MDL135), Relay Output module IC610MDL181),
and a 115 V ac Output module (IC610MDL185). Specifications and wiring information for the UL
listed modules can be found in chapter 6 of this manual.

When installine g a system requ g}

system re
products.

Communicating With Other Devices

An available Data Communications Unit (DCU) allows the Series One and Series One Plus to commu-
nicate with external devices. The Series One PC uses the IC610CCM100 DCU, while the Series One
Model E, Series One Plus and Series One Plus 3.7K PCs use the IC610CCM105 DCU. These devices
can be other programmable controllers, computers, or other smart devices. User programs and I/O
information in a Series One or Series One Plus PC can be uploaded and downloaded to or from any
master device that supports the Series Six CCM2 protocol as defined in the Series Six Data Communica-
tions Manual, GEK-25364. For detailed information on how to use a DCU in a Series One or Series
One Plus PC system, refer to the Series One Data Communications Manual, GEK-90477.

Remote I/O for Series One and Series One Plus

Another option available for a Series One or Series One Plus PC system is Remote I/O. By using
Remote 1/O, I/O modules can be located in a rack convenient to the input sensors or the output devices
being controlled by the PC at a distance of up to .6 miles (1 km) from the PC. This is accomplished by
installing a Link Local module in the CPU rack, a Link Remote module in the distant I/O rack and
connecting them through a single twisted-pair cable. For detailed information on using Remote I/O in a
Series One or Series One Plus PC system, refer to the Series One Remote I/O Manual, GEK-90507.

PC Terminology

To summarize the preceding discussion of Programmable Controller concepts, tabl

e
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QeINinosIn OI eIIniS GiSCUSSSh asiVvVe Uidl JUU buumu U lallillal wildl, lc«uu-uls WL e I

list of terms is provided in a glossary at the end of this manual.

Table 1-2. Common PC Terminology

TERM DEFINITION

PC Programmable Controller or Programmable Loglc Controller. An industrial control device using
_mmtp‘““fm CESSOT wmﬁﬁlégy to p:nunn mfn‘. decision _ma.n.n"“‘g with Il:li‘y ladder cn.lgrlmJ i based
programming.

Programmer |'A device for entry, examination and alteration of the PC’s memory including logic and storage areas.

Logic A fixed set of responses (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.

CPU Central Processor Unit - the physical unit in which the PC’s intelligence resides. Decision making is
performed here.

Memory A physical place to store information such as programs and/or data.
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Table 1-2. Common PC Terminology - Continued
TERM DEFINITION

K An abbreviation for kilo or exactly 1024 in the world of computers. Usually related to 1024 words of
memory.

Word A measurement of memory usually 16, 8, or 4 bits long.

CMOS A read/write memory that requires a battery to retain content upon loss of power.

PROM A read only memory that requires a special method of loading, but is inherently retentive upon power
loss.

1/0 Input/Output - that portion of the PC to which field devices are connected. Isolates the CPU from
electrical noise.

Noise Undesirable electrical disturbances to normal signals generally of high frequency content.

Inputs A signal, typically ON or OFF, that provides information to the PC,

Outputs A signal typically ON or OFF, that originates from the PC with user supplied power that controls
external devices based upon commands from the CPU.

Modules A replaceable electronic subassembly usually plugged in and secured in place but easily removable in
case of fault or system redesign.

Tiald T1a, A o i PLPERPNE T - Tall s (respmpan P . Tiee ritnkhac
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Devices relay contacts eic.) or performing PC tasks (Outputs: motor starters, solenoids, indicator lights, etc.).
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2-1 Physical Equipment Configuration
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Rack Description

The Series One and Series One Plus PCs are provided as a family of racks into which modules can be
inserted. Each rack contains a power supply to the nght and space for up to either 5 or 10 modules (see

ngl.'m: L-i) Racks are available in 6 VCISIOD.S, Sor J.U SIOI ma.r acccpl llD}ADU v ac ]IIPUI power, 5or

10-slot that accept 24 V dc, a UL listed 5-slot rack, IC610CHS111 which accepts only a 115 V ac power

source, and a low-cost 5-slot rack (IC610CHS101) that does not include an expansion part, 24 V dc

Il JSTalll aLh AUV Il 2 o 2200 2lALLAE Saaatial Tny &

temnnals for external use, or a RUN relay. Each supphcs internal power to the modules inserted into
the rack. Mounting is provided by the brackets each with two keyholes at the rear of the rack. All racks
are similar. The differences being the function of the rack as determined by the placement of modules
by the user, the number of modules which may be inserted into a rack, and the input power required.
Figure 2-2 illustrates typical modules for the Series One Family of PCs, iliustrating in hardware, the
block diagram concept of figure 1-1.
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microprocessor and required memory storage. There is a connector on the CPU to which the program-
mer is attached when mounted on the rack. As an option, between the CPU and programmer a 5 foot
(1.5m) cable can be installed for more flexible operation. The remaining slots can contain I/O modules
in any mix of inputs versus outputs or voltage levels desired by the user for his particular application.
All modules as well as the programmer are secured to the rack by two snap-locks which can be released
by squcczmg the module top and bottom toward the center (see Chapter 3 for additional installation

Ansdnzla
aciaus }
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a40019

Figure 2-2. Typical Hardware

Heat Dissipation

The rack is designed to dissipate internal heat through convection cooling only and does not require a
fan for forced air cooling. However, to ensure efficient operation, free air flow should not be inhibited at
the top and bottom of the unit. A minimum of 3 inches (75mm) is recommended at the top and 4 inches
(100mm) at the bottom with 6 inches (150mm) between racks. Both sides should be free of obstacles to
allow easy removal of the unit, approximately 3 inches (75 mm) from each side excluding the mounting
brackets is recommended. Furthermore, the unit should be mounted horizontally as shown in figure 2-3
and not inverted nor rotated 90°. If not oriented as shown, derating of the maximum ambient
temperature specification would need to be considered. Placements of other sources of large volumes of
heat near the units should also be avoided, especially directly below the rack. For reliable operation, the
air entering the bottom of the rack should not be at a higher temperature than 60°C (140°. Wiring to the
I/O modules and the power supplies should be placed so as to avoid blocking the air flow, yet provide a
suitable service loop to allow easy removal of modules with wiring attached. Wires should be tied to
maintain their order in the event they must be disconnected during module replacement.

Adding Racks

If more 1/O points are required than one rack can contain, additional racks can be installed similar to the
first unit previously discussed (IC610CHS101 cannot be used as an expansion rack). At the left of each
rack are two connectors used to connect to additional I/O. An 18 inch (460mm) cable is available to
connect the rack containing the CPU module to the first I/O expansion rack. The ends of this cable are
marked ‘‘CPU”’ and ‘“‘EXP’’ (Expander). The CPU end is plugged into the bottom connector at the first
rack and the EXP end similarly connected to the second rack using the top connector (see figure 2-5). If
a third rack is used, another cable links the second rack to the third rack, the CPU end is inserted into the
bottom connector on the second rack and the EXP end into the top connector on the last rack. Within
these added racks, I/O modules can be inserted in any order desired, up to five modules in a 5-slot rack
and up to 10 modules in a 10-slot rack. No additional CPU modules can be installed, nor are required.
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83-pc-35mm-4-1-31a

Figure 2-5. Expander Cable Installation

Programmer Tape Port

The hand-held programmer, when installed on the CPU module, provides an auxiliary tape port for
memory transfers to penphcral devices. Tape recordings of user programs can be made on virtually any
audio cassette recorder and once made can be used to initialize any CPU to that program. Thus
programs can be made once and transported to other CPUs without manually being re-entered. Of
course, once entered they can be edited if additional tailoring is required. In the unlikely event that a
CPU fails, a replacement can be installed and quickly reloaded to perform specifically the task its
predccessor was accomplishing, if a tape record was made. The tape recorder functions are discussed in
detail in Chapter 4, PC Operation.

Programmer Mount Assembly

A Programmer Mount Assembly (IC610PRG190) is available that can be used to mount and protect the
hand-held programmer on the outside of a panel or console. A hand-held programmer, when mounted
externally, can be used as an operator interface unit to change timer or counter presets, monitor timer or
counter current values, monitor 16 consecutive I/O points, monitor the entire contents of the user
program, and, with a Series One Plus PC, monitor register contents. The programmer mount assembly
includes a mounting bezel, a clear plastic cover, and a cable fastener. In addition to the mounting
assembly, a shielded, round CPU/Programmer cable (Catalog No. IC610CBL102), designed specifically
for mounting the hand-held programmer away from the CPU rack must be ordered separately for use
when installing the hand-held programmer in this manner.

The Programmer Mount Assembly bezel installs on the outside of a panel or console with only four
screws. The hand-held programmer snaps into the bezel using its two snap-locks. A clear plastic cover
then fits over the bezel and programmer, thereby protecting it from its industrial environment. The
Programmer Mount Assembly can also be used as a table top stand for the hand-held programmer by
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mounting four rubber feet, which are included with the assembly, on the reverse side of the bezel using
the panel mounting holes.

® HOW TO MOUNT THE CONNECTOR T

TAPPING SCREW I8

H CPUPROGRAMMER CABLE
GCEI0CBLIZA -ROUND CABLE %/mcmﬁ aawe
oR 1
OCEIOCELIG0A  FLAT CABLE : i .
: U CONNECTOR

\ < N—
SN

N~

® WHEN USED AS A BENCH-TYPE ® WHEN MOUNTED ON A PANEL

TAPPING SCREW WASHER M4

% CABLE MUST BE ORDERED SEPARATELY PANEL CUT

Figure 2-6. Programmer Mount Assembly

a40148

Table 2-1 lists the Series One/Series One Plus PC catalog numbers and nomenclature for the various
modules, cables, peripherals, and accessories. For detailed information on I/O module specifications
and wiring diagrams, see Chapter 6.

Table 2-1. Series One/Series One Plus Catalog Numbers

DESCRIPTION CATALOG NUMBER

CPU, Series One (700 words of CMOS Memory, standard) Version C is UL listed

IC610CPU101

CPU, Series One Model E (Enhanced Version of CPU101)
CPU, Series One Plus (700 words of CMOS Memory, std)
CPU, Series One Plus 3.7K (3700 words of CMOS Memory)
Expander Cable
grammer with Keylock
Programmer w/Keylock (Required for Series One Plus)
CPU to Programmer Cable, 5’ (1.5m)

IC610CPU104
IC610CPU105
IC610CPU106
IC610CBL101
IC610PRG100
IC610PRG105
IC610CBL100
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Table 2-1. Series One/Series One Plus Catalog Numbers - Continued

DESCRIPTION

CATALOG NUMBER

Rack, 115/230 V ac Power Source, 5-slot

Rack 115 V ac Power Source, 5-slot, UL listed
Rack w/24 V dc Power Source, 5-slot

Rack, 115/230 V ac Power Source, 10-slot
Filler Module

24 V dc Sink Input, 8 Circuits

24 V dc Input/Output, 4 Inputs/4 Outputs

24 V dc Sink Input/Relay Output, 4 Inputs/4 Outputs
Thumbwheel Interface

24 V dc Sink Input, 16 Circuits w/LEDs

1/O Interface Cabie 10" (3m)

24 V dc Sink Load Input, 16 Circuits

24 V ac/de Source Innnt. R Circuits
L - L v L

L S vy 2 Sailanl

24 V ac/dc Source Input, 16 Circuits

115 V ac Input, 8 Circuits

115 V ac Isolated Input, 4 Circuits

230 V ac Input, 8 Circuits

115 V ac Input, 6 Circuits (UL listed)

24 V dc Sink Output, 8 Circuits

24 V dc 2 Amp Sink Output, 4 Circuits
24 V dc 2 Amp Sink/Source Output, 4 Circuits
24 V dc Source Output, 8 Circuits

24 V dc Sink Output, 16 Circuits w/LEDs
24 V dc Sink Output, 16 Circuits

24 V dc Source Output, 16 Circuits
115/230 V ac Output, 8 Circuits

115/230 V ac Isolated Output, 4 Circuits
Relay Output, 8 Circuits

Relay Output, 5 Circuits (UL listed)
Relay Output, 16 Circuits

115 V ac Output, 6 Circuits (UL listed)
|High Speed Counter

1/O Interface Cable (High Speed Counter)
Fast Response I/O

I/O Simulator, 8 Inputs
Printer Interface Unit
[PROM Writer Unit

Arcpcacenrv Kit

Accessory Kit
Lithium Battery

PROM Memory (4 Chips), Series One, Series One Junior
CMOS Memory (4 Chips), Series One

PROM Memory (4 Chips), Series One Plus

JCMOS Memory (4 Chips), Series One Plus

Rack Mount Brackets

IDenorammar Monnt Accamhly
CICErammer Mount ASsemoly

Rack, 115/230 V ac Power Source, 5-slot (no expansion, 24 V dc Terminals, or Run Relay)

IC610CHS101
IC610CHS111
IC610CHS114
IC610CHS130
IC610CHS134
1C610MDL100
1C610MDLI101

PLER DAL S I Y S

IC610MDL103
IC610MDL104
IC610MDL105
IC610MDL106
IC610CBL105

IC610MDL107

ICEINOMT 111

ANV L VAV AR b A A L

IC610MDL112
IC610MDL125
IC610MDL126
1C610MDL127
1C610MDL135
IC610MDL151
IC610MDL153
IC610MDL154
IC610MDLI155
IC610MDL156
IC610MDL157
IC610MDL158
IC610MDL175
IC610MDL176
IC610MDL180
IC610MDL185
IC610MDL182

ICA10MDI_1R1

AP ANIYAL AL 204

IC610MDL110
IC610CBL107
IC610MDL115
IC610MDL124
IC610PER151
IC610PER154

ICRE1INACCION

FL P AT/ ALY

IC610ACC150
IC610ACC151
IC610ACC152
IC610ACC155
IC610ACC156
IC610CHS191

IM£1NDD o100
ALV DNJT L TV
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Table 2-1. Series One/Series One Plus Catalog Numbers - Continued
DESCRIPTION CATALOG NUMBER
Remote CPU/Programmer Cable IC610CBL102
Data Communications Unit ICA10CCM105
1/0 Link Local IC610CCM110
I/O Link Remote IC610CCM111

Hardware Requirements

The Series One and Series One Plus PCs are an excellent relay and timer/counter replacer or substitute
for other sequential type control devices, such as drum or stepping switch based systems. However, one
question always arises - how much hardware do I need to buy? The answer varies extensively based
upon different applications and their attendant complexities. Areas of concemn include amount of
memory, mix of inputs versus outputs, voltages of I/O, and physical size of the Series One or Series
One Plus PC system. The following steps are guides to estimate the requirements of the Series One or
Series One Plus PC system. With a little experience, estimating required components will become
second nature. If you require assistance, please contact your local GE Fanuc Automation distributor

who handles the Series One Family of PCs

NOTE

CPU Module IC610CPU101A is different from 101B and 101C in that 101 A has a 3 digit preset
for Timers and Counters, while the updated modules, 101B and 101C have a 4 digit preset. The
101 A method of monitoring the accumulated value of Timers and Counters is also different. With
the 101A module, each individual Timer or Counter must be accessed by using the sequence
SHF, 6XX, MON for each Timer/Counter to be monitored. With the 101B or the 101C CPU
module, the keys NXT or PRV will move the monitor display to the next or previous Timer or
Counter.

System Estimating

The Series One and Series One Plus PCs are provided with 700 words of CMOS memory as a standard
feature. Expansion to 1724 words is possible by adding a CMOS memory chip. If the unit is to be
PROM based, the program can be up to 1724 words. The Series One Plus 3.7K PC provides the user
with 3700 words of CMOS memory as a standard feature. For average complexity relay replacement,
700 words should be adequate for up to 64 I/O, and the 1724 should be adequate for up to 168 I/O. If
the logic is considered more complex than that used as examples in this manual, a representative sample
(10 to 15%) of the logic should be programmed. From the amount of memory (on paper) the sample

ramiirec the tatal meamarv ramiiremante ~ran he actimatad 1€ in danht nhtain tha antinnal memarv with
LU\.’H“UD AN BAWRRRL AAANE llvlJ lv‘iuuulll\rllh) wtldi L% W bl A ARk Ad i WMVHL L) WV HALL WA vyu\'&lm Al v‘llul: """"

your unit to ensure simple system design.

The key to many of the answers (cost, physical size, memory requirements, etc.) is the I/O structure. If
a design exists such as shown in figure 2-7, assume that all the relays and timers are enclosed within a
box; these are the elements to be replaced. This figure is for illustrative purposes only; no indication is
given that it performs any real functions. Passing through this box are wires from switches, auxiliary
contacts, overload relays, etc.; these are inputs to the control system. There are wires connecting to
loads or actuating devices such as solenoid valves, motor starters, indicator lights, etc.; these are outputs



< ey
89E 4 85
oR- ic] e
=} T 5 .
5B 2 H )
o m B Wv g
X 43 = \w [V}
" = = ¢ ©
m” W) o Wv E v
] - mw 2 < I _
2 : =) | m. - mm [
y @ B 2 & g P f 2
n « RN a9
E 5 8 o EREEER
' i C - , REET @
3 E v > , n 8 E E Q-
3 = o u o * @ . o ™
= > 9 o 0 : 29S8 4
D [’ o - K] £ m ,a B © = m_ 8 5 50
|8 & [ o g 5 W E P 398 5.8
[<] - ] ~ .. ] W i k = -._
- W.M .mu _ Vv — mm c_m m m, mP, "3 1m, — Uﬁ - -Mw : mu
s |4 E S0 28 g < 2 2 - 8Ea; 8T
£ J v 1 ” " = - - v ” m, = i - _1— W £ =]
B | ¢ mu g - g & = o s B _ Q B A%.__ = F 8 )
(5= - r [ n @ A R o Q) I
3 3 N | ¥ £ 3 , 8 g 8 3 B
S b u_ ~ o - . <] .M | d 0wk Ao g 2 m
r v m; L] T3] -V [ =t ___.-al |m V] A “. m .m_ n\w, nw ."“ - -
- s T - 8 8 [ o < EE:EY _
& G L -8 8 = % G 5 3583 e
: : “ oy BE : . ¢ & E5 8 SEEgy B "
. ~F 2 @ 3] =T I o o
mr r; ~ m — _r... 3 & . : _U_ .,..m.f ..“ m .mr Q2 .n.u L 45 m
g g 5 T Sy B 5 g 2 £ 4§ YL b
& : p © o ¢ B = CI ”, 98845 390 o
(4] m T < K o _.m , k= _U, W m".- 8% m ud 13 ._m
._m ¢ ) Mm z N" [ " o ] mﬁ = d _w 2 =i W o. am ..m w
—~ « L% K" ..M - ; ! § g - o R b - R
B v« BE Gt ". gg & v & 38 g5 AdaT 2
7 <} 3 .mf._ 2] L= " @ ! B 38 | .._n,“g ..c.. |
-y > g e hm.u.‘. 2 & =) o 8 % 8 - 3 o ¢ ) O L3 Mu ...m .
B 3 E pi E o P < 58 8 " 2 28 m_ e o fadus &
_ " = A v R 2 . 2 0 o | E 5 1 o ;
T 3 m 3 .Mw = m_.. ..“C S & = m Wu..w - ﬁ ‘m vl = ...._.., Bl 3 . :.m
m § " | ~ MW = ~— b Q B4 4 i a .m P n m 4 Q 2 &
8| T N &5 O mw - -~ R 4 i I > _m - B 8 g & g,
@ 'S O o u ] 3 ..nm b o, . SR
< T 20« o9 o <t o 3 } 2 Bo e r + BB
R ) T 2 i7 o - xS 9 2 = = !
> B = .nm - %°. w iy e B ¥ ) V | ] A4 ¢ O 43 .
5 d - Q) v . 3 L (1 o) M 1 .rd " .l. n A 2]
-ﬁw ] ‘m_ m et m, Mm " < ol nw m i nu Tu — | , -_ﬂ m ° ﬁ,- 9 mw “rw.. <]
— - 1 i s F <. ] \ | | @ ry 1
" g ) 3 e S . & G Mm B g : EH B Q 8
. £ G ~ 2w = @ s v - 2 |
b © I LA E.9 ? B g gas m & 8 5 4 $d8g R |
3 = m W b ~ e n“u — Q : -m ! 7 , =] 1] h =] w “v M ~
0 858 G Q — ‘ 2 b & S La.g L =
~— ) 3, 00 | < ) - | < | , - 3y o o5 o] -.M i
%] ..ﬁ.. -w .m.. > >y - Q T m mu f .M” m ,w. | 5 8o . 2 Q “l um
g~ i) 8 S & - o B - £ c P m (8] 2y 2] mu .nm R
= = - ¥4 3 A £_g 8 L q BEET 4q g
n Ba > g 3 g 2 & « CIeR: 4 Qb = 3
b4 . m nm [=] . L g g 3 m 4 Mw — sl ! b Q5 i & - ]
mm .Mm . D Q =8 b 2 6 -m 5 Q N =1i] g _mﬁ _ m S 8 o mr ..MW 5 8 m
9o Bl W ~ i Ll ” = .vx..__
L E m i m,_l.; 8 . 19 3 -2 £ _xmo" b 2
L = 0 3, - v b= o e - i Q = B sl 0 ‘g & & = ;- B
- ” " H - " [~
Q = o mm = [P ) £ 3 © Ty | ] k- o 23, b= =1 d |
4 ROlr-? ~ Lg vy | o " | ¥ ) o @) o o |
g ) S - f .-y
| 6o m g8 & @ o o~ " g g 8 8 0 ok gL 8-«
i85 ¥ 3 Y -4 1 5 8§ = R
ot b0 m I G o CR @ 56 &H .
) . - ;] 1 f_ " L] ] —_— b o om -~
7] .hm m “ T m" ‘0 “w ) mu. nnw @ | ml. i1
— — ~ | - ) .
v o =] & v .m, = .,mw uw ',lp.a. 4y m.. - O
m = | 8 <l <= =
S I ) K : ) &
Q « = = I . | O <
[#] k-] T m.u “ 1= .
o £ £ 3@ ) N
4§ 5 . ~
EE 8
’] ml —.U
nx.v <1 .M
o~

&

F



Physical Equipment Configuration 2-9
T —

GEK-90842

estimating system requirements, review the following standard features as discussed in later chapters to
define their impact on your control needs:

e Up to 64 Timers and Counters (4 digits each)

128 Stage Shift Register

Up to 64 Sequencers Each With Up to 1000 Steps

28 Latched Relays

Data Operations (Series One Plus and Series One 3.7K)

64 Sixteen Bit Data Registers (Series One Plus and Series One 3.7K)

- Up to 124 Data Registers are possible when unused T/C references are used as Data Registers.

a42153
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Figure 2-7. Example of Relay Control

Peripheral Devices Supporting Series One Family of PCs

Several peripheral units are available to support a Series One or Series One Plus Programmable
Controller. A basic description of these units is provided in the following paragraphs. For a more
detailed description of the use and operation of these units, refer to Chapter 4, Operation, in this manual.
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Data Communications Unit
The Data Communications Unit (DCU), IC610CCM100/105, provides the ability for external devices to

communicate with the Series One, Sencs One Model E, Scrlcs One Plus or Sencs One Plus 3.7K PC.
Series One Model E, Series One Plus and Series One Plus 3.7K PCs require the CCM105 DCU. These

Aavirae fiyn a hagt tn tha Ca e MNna ae MNina Dle DO and ~am ha Aatha oramemahla Anntealla
GeviCes Tunchicn as a nost 1o NS Seres Une Or Une rius r'v and can o otner l.uusxmluiuu.uu CoONnuoucrs,

computers, or other smart devices. User programs and I/O information in the Series One or One Plus
PC can be uploaded and downloaded to or from any master device that supports the Series Six CCM2
(Communications Control Module, Version 2) master/siave protocol as defined in GEK-25364, which is
the Series Six Data Communications Manual. The Series One or Series One Plus can only function as a

slave device during a communications session.

a40537

Figure 2-8. Data Communications Unit
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Printer Interface Unit

The Printer Interface Unit, IC610PER151, is a compact, easy to use device that attaches to the Series
One, One E, One Plus or One Plus 3.7K PC in the same manner as the programmer. This peripheral
interfaces to many readily available personal computer printers and provides a means of obtaining a
hard-copy printout of the user program in either boolean or ladder diagram format. Version B works
with Series One, One E and One Plus PCs. A higher revision will be available that will also work with
the Plus 3.7K PC.

ad0538

Figure 2-9. Printer Interface Unit
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Chapter
3-1 Installation

GEK-90842

The Series One and Series One Plus PC can be easily installed in any NEMA panel or similar metal
surface. Figure 3-1 provides details on the mounting of up to three racks except for input voltage
requirements to form a single PC system. Since a completed 5-slot rack weighs less than five pounds
(10-slot rack, less than 7 pounds), it can be easily installed by one technician. Table 3-1 provides
specifications to be met during installation.

Table 3-1. Series One Installation Specifications

Rack Size
S-slot 114 x 4.7 x 5.5 (290 x 120 x 140mm)
10-Siot 183" x 4.7** x 5.5 (465 x 120 x 140mm)
Completed Rack Weight 4.5 Ibs (2.0 Kg), 5-Slot
(less wiring) 6.5 Ibs (2.9 Kg), 10-slot
Ambieni Temperaiure 0° to 60°C (32° to 140°F)
Storage Temperature -10° to 70°C (14° to 158°F)
Humidity 5-95% (Non-Condensing)

AC Power Reauired:

=g ==.

ICGIOCHSIOL’IIWBO Rack

Voltage 115V230 V ac 15%

Frequency 47-63 Hz

Maximum Load 30 VA, CHS101/110 (70 VA, CHS130)

Output Current 1.4 A at 5 V dc (0.4 A CHS101)

Maximum Individual 0.8 A at 9 V dc, CHS110 (0.6 A, CHS101; 1.7 A, CHS130)

0.5 A at 24 V dc, (0.2 A, CHS101)
DC Power Required

IC160CHS114/134
Voltage 20.5 - 30 V dc (100% of capacity used)
18 - 30 V dc (90% of capacity used)
Ripple 10% of Input Voltage
Cutput Current i4 Aai5Vdc
Maximum Individual 0.8 A at 9 V dc, CHS114 (1.7 A, CHS134)
0.4 A at 24 V dc, CHS114 (0.5 A, CHS134)
Maximum, Total 22 A, CHS114 (2.9 A, CHS134)
(All voltages)
Run relay 250 V, 4 amp, Resistive Load
(Not Present on CHS101)
Vibration Meets JIS C 0911 IIB Class 3
Tested to MIL STD 810C Method 514.2
Shock Meets JIS C 0912

Ahante \T‘I:.‘\,(& 1C2_2NA
i et
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47 MIN
* DIMENSIONS IN PARENTHESES ARE IN MILLIMETERS, OTHERS W INCHES.

Figure 3-1. Rack Mounting Dimensions for Proper Heat Dissipation

Installation

Unpack each unit carefully and retain any instructions shipped with the units. Two spare fuses are
attached to the top of each rack; they should be removed and retained for future use. The racks can be
installed either with no modules or with modules installed. The following steps will assist in organizing
and simplifying the installation of a Series One or Series One Plus PC System.

Racks

1. Using the rack as a template, mark where mounting holes are to be drilled.

2. Drill the four mounting holes (1/4‘‘ (6mm) if using pass through bolts, or 3/16”° (Smm) if using
tapped holes).

3. Insert top 2 bolts (3/16** X 1-1/2” or 5Smm X 40mm), put unit in place, and loosely secure with
washers, lock washers and nuts.

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

NOTE
When inserting the 2 top bolts, attach the green jumper as shown in figure 3-2. This jumper wire
is packed with each rack and provides a method of grounding the rack when an earth ground
(such as the shield or hard wire in the power cord) is also connected to a mounting bolt.
5. The power supply ground connection is made to one of the mounting bolts (step 3 or 4 above). A
jumper wire is included with each rack to interconnect the mounting brackets. The ‘‘C’’ terminals

on the power supplies are interconnected when more than one rack is used. Otherwise, the “‘C”’
terminal is not connected to anything in a single rack system.

e jurnper wire included with 1/0 base

to an earth ground

Figure 3-2. Recommended Rack Grounding

6. Complete the installation of the bottom two bolts and tighten all mounting hardware. Power
supplies are shipped installed in each base.

7. If additional racks are to be used, repeat steps 14 above. If only one base unit is used, go to step
15.

NOTE

TEITL e AT s e B2 PP a— -

When drilling or tapping holes ensure that m
work area before installing base units.

PO I IS
ial cil

= et o fe o o A o a1 o

s do not enter unit already installed. Clear

8. Obtain flat ribbon cable used to interconnect racks. Locate end marked ‘“To CPU’’, remove dust
cover from bottom connector of first (CPU) rack, and insert cable connector (see figure 3-4) fully
into receptacle until locking tabs capture connector.

9. Fold cable as shown on figure 3-7. Remove dust cover from top connector of second rack and insert
opposite end of cable marked ‘“To Expander.”

10. Secure cable in place with wire wraps or cable ties.



34 Installation

11. If a third rack is used, repeat steps 8-10 with CPU end of cable in bottom connector on second rack

and Exnander end in ton connectar af third and lact racl
ang EXpanger eng 1n top connector of thirg ang last rack,

12. If a 10-slot rack (IC610CHS130 or IC610CHS134)) is to be included in a system, it can be mounted
on standard mounting rails in 19 inch cabinets and consolcs by attaching the rack mount brackets.

Twan adantar hracrlkate and hardws ware r|=gu 1irad far accarmh are inclndsd in thae hraclat masrlaca
4 Yy ﬂu‘li-’l\-'l UViSeDuiwio il AU VY Al av\.luuw vl MW&IIU&: (=2 A= ul\.-suuw Al W vigenDl PM&GEU,
IC610CHS191.

a40214
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DIMENSIONS IN INCHES,
MiLLIMETERS ARE

N PARENTHESIS

Figure 3-3. 10 Slot Rack, 19 Inch Mounting Dimensions

a40280

Figure 34. /O Expansion Cable Connection

~—

13. Unused rack connectors such as at the top of the CPU unit and the bottom of the last rack should
retain their dust covers.
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14. Inside each 5-slot rack at the rear of the leftmost module slot is a two position switch. On the CPU

150

unit, this switch must be positioned towards the left. On the first expander it must be towards the
right. If a third rack is used, the switch must be towards the left again. An exception to the
described switch settings is when a 5-slot rack is used as an expansion rack in a Series One Plus
system, where the CPU rack is a 10-slot rack. In this case, the switch must be positioned to the left.

PR P, J—

This switch is not included in the IC61

T T

HS101 rack, since it cannot be used as an expansion rack.

CAUTION

All switches must be set properly. The Series One or Series One Plus PC may not function
correctly if any switch is not in the correct position.

The 10-slot racks, IC610CHS130/134 have two bridge connectors on the back plane which must be
configured. Bridge connector SW1, located between slots 3 and 4, has 2 positions EXP and CPU.
The jumper must be positioned on the corresponding pins to specify whether the rack is a CPU rack
or an Expansion rack. Bridge connector SW2, located between slots 9 and 10, selects the address to
be assigned to slot 10 and the expansion rack slots. The selections are either 100 EXP or 700.
Figure 3-5 shows the location of SW1 and SW2.

a40794

SwZ SWI
700 100 EXP CPU
EXP

BRIDGE - CONNECTOR 1 . =
Bl ~
[212] ™ BRIDGE - CONNECTOR 2 HE |cs1oﬂcﬁnsnu

" ICEHOCHSI34

N lno N N 0 n F?' =T
y

1l I

Figure 3-5. /O Addressing Switches in Series One Plus 10 Slot Racks
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16. Example of SW1 and SW2 settings are shown below in figure 3-6.
a40795
muloom: SWi llCPU]
ARG S

0
107 1077 (06T |0S7 | 047 |037 |027]| 017 |00O7

SW2 1700 EXP) SW2 1100 EXPI
|

100 0T70 060 | 050 | 040 | 030 | 020 ?_IB 000 |SR-21] E-048
107|077 |D&7 |0S7 |047 |037 |027]| 017 |0O7

TS50 | 740 | 730 |T20 | TI0 E-DIB

T0 |70 £

75|?; 1 |1 |7 |
{
I

SET TO LEFT POSITION

SW2 1100 EXP) SW2 1100 EXP)
| |
070 [060 [0S0 |040 |030 |020| |00 | 000 |SR-21] E-048
v

i [ 70 1]
077 |070 |0OS7 |047 |037 027|017 [0O7
150 | 140 | 130 | 120 ‘I'rig 100
157 |47 137 | @7 [ ur | o7

e s e s e
Fi

TeQ| | TS0 (740 | 730 |720 |70 |TOO E-048
Q
TeT| | 75T | 747 | 737 (727 | I | 707
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ﬂ__-, F e—— TYPICAL TOTAL SPACE REQUIRED
L INCLUDING ALLOWANCE FOR HEAT FLOW
q L(;[‘" Ii PANEL DEPTH SHOULD
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/ 5 |
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o] AL —
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i
Figure 3-7. Typical Installation Dimensions
NOTE
Ground Connection should be made to mounting bracket, not to the terminal strip.
CPU
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a40281

Figure 3-8. CPU Module

Table 3-2. CPU Option Settings

SWITCH 1 - POWER UP FUNCTIONS SWITCH 2 - MEMORY TYPE
OFF Clear Coils OFF PROM
ON Retain Coils ON CMOS
NOTE

ON is Towards the Faceplate. Factory setting is: Clear Coils and Select CMOS memory. Retain
Coils affects 340-373 only. Counters and Shift Registers are always retentive.

Table 3-3. Memory Size

MEMORY SIZE CONNECT JUMPERS BETWEEN PINS

700 Words CMOS A BandD E
1724 Words CMOS B CandE F
1724 Words PROM A BandD E

Remove jumper E F before installing PROM. Battery will discharge in a very short time if
E F is not disconnected.

NOTE
Pin A is towards the faceplate. Factory setting is: 700 words CMOS, 1724 words PROM (same Setting)
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Power Connections

23.

AC or DC power connections are made to the terminal strip on the far right of each unit. See table
3-1 for power requirements. The minimum recommended wire size for power connections is AWG
No. 18 (Imm).

24. Strip 0.4 £ 0.1 inches (10 + 2mm) of insulation from each wire (hot, neutral, and ground or + and -)

or place a No. 6 insulated lug (ringed or forked) onto each wire.

25. Remove plastic cover over terminal strip and retain. Connect the hot wire to the top terminal. The

27.

29.

neutral is connected to either the next (second) terminal for 115 V ac operation or the third terminal
for 230 V ac operation as marked on the base unit. For 24 V dc racks, connect the + and - terminals
to the DC power source.

WARNING

Do not use the top screw for power connections; it secures the terminal block. Verify
connections before applying power.

. Connect an earth ground wire to the rack mounting bracket as shown in figure 3-2. (Typically this

ground wire is the green wire from the ac power source.)

WARNING

Ensure that all exposed wiring is either under the screw-down plate of the terminals or
insulated by shrink tubing or sleeves.

The terminals labeled +24 V dc and -24 V dc provide 24 V dc @ 100 mA for connection to an
external sensor (not on IC610CHS101).

. The two remaining terminals are used with the RUN indicator. Use of this standard feature on all

racks is optional. It can be used to drive an external indication of the functional state of this rack.
The Run relay is closed when the CPU is scanning (not on IC610CHS101).

If the Run indication is desired, it can be wired separately to an external indicator (light, bell,
whistle, etc.) or in series with other racks. Follow steps 24-25 above for guidance on connecting
these wires. Then replace the plastic cover.

/O Field Wiring

30.

31.

32.

33.

Recommended wire size for connection to the I/O modules is stranded AWG No. 12 (0.65-2mm)
wire. Two wires per terminal are possible with AWG No. 14 (0.65-1.6mm) wire.

Strip 0.3 £ 0.05 inches (8 + 1.5mm) from each wire to be connected to the I/O modules or install a
No. 6 insulated lug (ringed or forked). Bare wire connections are recommended for multiple wire
connections to one terminal. :

Carefully remove plastic covers over I/O terminal connections by lifting top or bottom leg and
sliding it to right or left.

Starting with the lower terminals, connect the field wires to all I/O terminals. Power connections
such as those to commons (C) should be made last. No connections are required to unused circuits;
however, screws on unused terminals should be tightened.
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34. For 16 point I/O modules that connect to I/O through a connector on the faceplate, secure the
connector on the I/O Interface cable to the connector on the module.

WARNING

Ensure that wires to the top set of terminals do not extend beyond the screw-down plate.
Any wire exposed before the terminal plate must be covered by shrink tubing or sleeves.

35. Wires should be laced together to leave a service loop adequate for removal of 1/O modules without
disconnecting wires. See figure 3-11. After testing of I/O wiring, replace plastic covers.

a40017

Figure 3-11. Typical Routing of /O Wiring

Programmer

36. The hand-held programmer (catalog no. IC610PRG100 or IC610PRG105) can be placed over the
CPU and power supply for permanent or temporary mounting. Its connector fits into the receptacle
on the CPU and it snap locks onto the power supply.

37. If an extender cable is used with the programmer, it should be installed next or when required. One
end of the cable has a push tab (see figure 3-12). This end is connected to the programmer (see
figure 3-13). The other end is connected to the 26-pin connector on the CPU. Both ends are keyed
for proper installation. The red edge of the ribbon cable is installed up at both ends.
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Figure 3-12. Pull Tab on Programmer Cable
NOTE

For proper noise immunity, it is recommended that the extender cable be used on a temporary
basis and not permanently installed with the programmer,

38. To install the programmer directly onto the CPU, align the programmer on the outside dimensions
of the power supply and gently push down to engage snap locks.

CAUTION

To ensure proper CPU operation, it is recommended that the programmer not be connected
nor disconnected with ac power applied.

83-pc-35mm-4-3-31a

i et
ﬁ

Figure 3-13. Installation of Programmer Cable
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39. The Programmer Mount Assembly (catalog no. IC610PRG190) can be used when installing the
hand-held programmer on the outside of a panel or console, or can be used as a table top stand for

the programmer. Figure 3-14 shows how to install the mounting assembly. The CPU/Programmer
cable must be ordered separately.

® HOW TO MOUNT THE CONNECTOR Y ad40148
TARPING SCREW 3Ix6
* CPUPROGRAMMER CABLE : -
BCHOCB 1024  MOUND CABLE COMNECTOR CLAMP
on
BCIOCELNO0A] - FLAT CABLE | ‘

% CABLE MUST BE ORDERED SEPARATELY MNEL CUT » UNIT = mm

Figure 3-14. Programmer Mount Assembly

Power Supply Limitations for Racks

If the power supply in either a CPU or expansion rack should become overloaded, unpredictable system
operation may occur. To ensure that this does not happen, the total current capabilities of the modules
placed in the rack must not exceed the current carrying capabilities of the rack power supply.

Units of Load

The power used by each module is expressed in (units of load), where 1 unit equals 10 mA. Calcula-
tions are based on the worst case condition with all inputs and outputs on. Table 3-4 list the units of
load supplied by each rack, and table 3-5 is a list of units of load used by each module. When
configuring a rack, note the units of load supplied, then add the total units of load used by the modules
you have selected. The total units of load for the modules must not exceed the total units of load
supplied by the rack. If they do, the system should be redesigned.
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Table 3-4, Units of Load Supplied by Rack
CATALOG POWER SUPPLIED IN UNITS OF LOAD
NUMBER RACK DESCRIPTION +5V 9V +24 V +24 V External

IC610CHS101 S-slot, 115/230 V ac 40 60 20 -
IC610CHS110 5-siot, 115/230 V ac 140 80 40* 10
IC610CHS111 S-slot, 115 V ac, UL 140 80 50 10
IC610CHS114 S-slot w/24 V dc P/S 140 80 40 -
IC610CHS130 10-slot, 115/230 V ac 140 170 50* 10
IC610CHS134 10-slot w/24 V dc P/S 140 170 50 .

*If an external sensor is connected to the 24 V + and - terminals on the power supply, the current used

by the sensor (up to the maximum of 100 mA), should be deducted from the available listed units of
load.

Table 3-5. Units of Load Used by Modules

S POWER USED IN UNITS OF LOAD
NUMBER MODULE DESCRIPTION +5V 9V +24V

1C610CPU101 CPU 25 - -
IC610CPU104 CPU25 - -

1C610CPU105 CPU 25 - -
1C610CPU106 CPU 25 - -
IC610PRG100 Programmer 6 5 .
1C610PRG105 Programmer 6 5 .
IC610MDL101 24 V dc Sink Input (8) - 1 10
IC610MDL103 24 V dc In/Out (4/4) " 2 7
IC610MDL104 | 24 V dc In/Relay Out (4/4) : 20 6
IC610MDL105 | Thumbwheel Interface - 1 9
IC610MDL106 | 24 V dc Sink In w/LEDs (16) . 3 24
IC610MDL107 | 24 V dc Sink Load In (16) " 3 23
IC610MDL110 | High Speed Counter - 7 :
1C610MDL111 24 V dc ac/dc Input (8) . 1 .
IC610MDL112 | 24 V ac/dc Source In (16) - 13 "
IC610MDL115 Fast Response /O (4/2) . 8 6
IC610MDL124 | YO Simulator (8) Inputs - 1 1
IC610MDL125 115 V ac Input (8) : 1 1
IC610MDL126 115 V ac Isolated Input (4) - 1 -
IC610MDL127 | 230 V ac Input (8) - 1 -
IC610MDL135 | UL, 115 V ac Input (6) . 1 -
IC610MDL151 24 V dc Sink Output (8) - 2 3
IC610MDL153 24 V dc 2A Sink Out (4) - 1 1
IC610MDL154 24 V dc Sink/Source Out (4) - 1 10
IC610MDL155 | 74 V dc Source Output (8) - 3 -
IC610MDL1”" | 4  dc Sink Out w/LEDs (16) - 4 0
IC610MDL157 | 24 V dc Sink Out w/LEDs (16) - 4 10
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Chapter 4

4-1 PC Operation

GEK-90842

Introduction to PC Operation

After completing the installation procedures described in the previous chapter, your Series One or Series
One Plus PC is ready for operation. This chapter describes the operation sequences for those PCs. A
description of the features and functions of the programmer are the basis for the information in this
chapter. The last portion of this chapter describes the operation of peripheral devices that can be used
with the Series One or Series One Plus. The information in this chapter will allow you to become
familiar with the programmer keys and the keystroke sequences required for the various programmer
operations.

Programmer

The hand-held programmer (figure 4-1), when connected to a PC by one of the three methods described
in the previous chapter, can be used for entering a new program, examining a previously entered
program, editing (changing) a previously entered program if required, monitoring the status of input or
output points, displaying the contents of registers, and displaying timer or counter accumulated values.
In addition, with the Series One Plus, a password can be entered with the programmer to protect the
contents of your program from unauthorized or inadvertent entry or changing. Its features and functions
are described in the following paragraphs. For detailed descriptions of the programming functions, refer
to programming, Chapter 5.

241927
—
ADDRESS/ R
DATA @\ ’@ LUGIC
DISPLAY i o+ o [ DIsPLAY
AND ouT MCS ADR
—— ADDRESS DATA — IJIR TER JCR Saf
ON OFF RUN  BATT :$n f‘ﬁ'l E nf‘u
STATUS A
pispLAY @ - L S S
3 | 5 Losic
OATA mmmﬂmm 25
OPERATION ®<— e O
KEYS \‘E E - ﬂ [%s] @\ﬁrsmglsou
READ ——] UNCTION
0 @ 7] (5] (] N e
MODE 0 MON wite ~
siten O 1) O gy () () o
L \
/ |
PERIPHERAL JACK (3 @ EDITING KEYS

Figure 4-1. Programmer Features
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Programmer Features

The programmer features shown in the illustration on the previous page are described in this section.

8 paghb 4alb LbabllUb

The descriptions of the features are keyed to the numbers (1 to 8) next to each feature in the illustration.

1. Mode Switch

This is a three-position keyswitch used for selecting the operating mode of the PC. This switch can
be repositioned at any time as necessary without disrupting AC power. The left position (RUN)
allows program execution with outputs enabled. The CPU scans its stored logic and allows
timer/counter and relay contacts to be displayed. However, in the Run mode, changes to the logic
are not allowed. In the center (PRG or Program) position, new programs can be entered and
previously entered logic can be altered; however, no solving of the logic is performed. The right
(LOAD) position connects the programmer to an external device such as a tape recorder through the
adjacent tape port. Logic is not solved while in the LOAD position.

WARNING

If a version A or B (IC610CPU101A OR IC610CPU101B) CPU IS installed, the Series One
programmable controller will always power up in the run (operating) mode unless a
programmer is connected and the programmer is in the program or load mode.

2. Address Data Display
This is a four digit display used to indicate either the address, in decimal format, of where the
display is in the user program stored in the PC’s memory or reference data used as a part of the
logic. To indicate that addresses are being displayed, periods appear near the botfom and to the
right of each digit (for example, 0.1.2.3.). The LED to the top right behind ADR will also be lit.
3. Status Display
These five LEDs are energized to indicate the following functions or status of the Series One:

ON/OFF When in the Run mode, this LED indicates the status of discrete references (1/O, internal coils, and shift
register stages). It is ON when a reference is energized and OFF when de-epergized.

RUN ON when in the RUN mode and CPU is solving logic.

BATT  ON when the voltage of the internal lithium battery, which is used for maintaining the program stored in
CMOS memory during no-power conditions, is at a low level and should be replaced within 10 days - see
Chapter 7. This LED is OFF when battery voltage is OK, or battery is disconnected.

PWR  ON when the intemal power supply is producing DC power. If OFF the rack power supply should be
checked - see Chapter 7.

CPU ON when internal error checking has detected a fault in internal hardware - see Chapter 7.

The above four LEDs (RUN, BATT, PWR and CPU) duplicate the operation of the indicators on
the CPU when the programmer is installed.

4. Logic Display
These sixteen LEDs are used to indicate the type of logic entered into memory. While being
programmed, they reflect the logic selected by the user prior to actual entry into CPU memory. For
definition of the first 12 LEDs functions, see key definitions under 5 below. The 4 LED’s to the
right have special functions as follows:

ADR  ON when display is indicating an address value. The address is displayed in decimal notation, beginning at
0000 and ending at the last address in the user program or a maximum of 1723 (maximum number of 16-bit
words in memory is 1724),
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SHF ON when operator has seiected the Shift key and is an indication that fumre key seiections will be based

upon the upper key labels. Shift function will remain in effect until either the Enter or Clear key is selected.

DATA  (Series One Plus only) On when monitoring the contents of a register and the Address/Data display contains
the data (4-digit BCD value) in that register. The contents of 2 consecutive registers will be displayed.

REG (Series One Plus only) On when monitoring the contents of a register and the address of the selected register
is displayed. The display can be alternated between REG and DATA by depressing MON.

These sixteen LEDs can also indicate the status of 16 consecutive I/O states when used with the
monitor function discussed later in this chapter. The numerals above the alphabetical characters are
used during this function.
5. Logic Keys

These twelve keys are used to select the required function and enter logic when in the Program
mode. The upper labels are used to enter numerical vailues when preceded by the Shift key.
Numerical values, when entered, are viewed in the Address Data display. The decimal point is used
only for the entry of timer preset values in tenths of a second. The Monitor function will be

discussed below as part of the Upper Case keys. The function of the lower or normal case labels on
these keys is described in the following key discussion.

AND Places logic such as two contacts or two groups of contacts in series (se¢ figure 4-2). Power flow must be
possible through both elements before it will be passed to the next element.

OR Places logic such as iwo coniacis or two groups of coniacis in paraliel (see figure 4-3). Power fiow can be
possible through either (or both) elements before it will be passed to the next element.

pc-s1-83-0029 pc-s1-83-0057
A B =
't +—i1
A B ) :Dl
----------------------- — —
b
— ¥ ~— i

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

..........

...........

g
o \
1——%—{- ‘ " }
EXAMPLES OF AND (A o B) EXAMPLES OF OR IC + D)
Figure 4-2. Series Logic (AND) Figure 4-3. Parallel Logic (OR)

STR Begins (Starts) a new group of logic and stores current logic results into a Last In, First Out (LIFO)
pushdown stack. '

NOT Inverts the state of the referenced status to creste a normally closed contact. NOT AND results in a normally

closed series contact. NOT OR results in a normally closed parallel contact.

ouT Specifies the end of a string of logic by entering a coil. With a valid reference, such as OUT 19, this coil will
reflect the output of the rung of relay logic by turning ON or OFF as dictated by the pov -~ flow. Outputs can
be paralleled by entering additional OUT functions at the end of a rung of lc. ..

EEEEEEEEES
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Specifies a timer function to end a rung of logic. The timer requires a unique 6XX reference for storage.
Two types can be programmed (seconds and tenths of seconds) depending upon the numerical preset (with or
without decimal point) entered after the 6XX reference. For example, 0.9 or 9.0 seconds can be programmed,
depending on the decimal point.

Specifies a counter fumction to end two lagic nings. The two logi quir 0 t
and reset. Count, being the top rung of conditional logic. When all pragrammed conditions permit power
flow, the counter will begin counting. The bottom rung is the reset rung and is programmed with the
conditional logic required for resetting the counter. The counter also regnires a unigue 6XX reference for

TEaeALIY —quiibs 4 Uagy ik L 10Ul

storage. Transition detecuon is a standard built-in function.

Specifies a Shift Register function to end three logic rungs (input, clock, and reset). The reference used with
SR (for example, SR 410) is the first stage of this shift register. The last stage must be entered immediately
after the SR and its reference. A shift register can contain a total of 128 steps or several shift registers can be
programmed, each with a different number of steps, as long as the total of 128 steps is not exceeded.

The MCS (Master Control Start) key specifies the beginning of a Master Control relay function. This
provides an efficient method of programming for controlling large quantities of coils if a specific permissive
condition is not satisfied.

The MCR (Master Conirol Reset) key specifies the end of a Master Conitrol relay function. A similar number

of MCRs must be entered to terminate, one at a time, the Master Control Start functions entered. One MCR
terminates only one previous MCS function.

Used with latches, shift registers, and coils. It specifies where latches are to be turned ON (set), shift register
stages set to the ON state, or coils to be tumed ON and not affected by intemnal reference 376 (disable all
outputs).

Performs functions similar to the SET key for latches, shift registers, and coils, except it specifies when these
references will be turned OFF (reset).

'D

rungs reguired by this function are count

Ll 1L =il LFY EELS IBER-LUN a1t AL

6. Editing Keys
These eight keys select the action required to modify either the stored logic within the CPU or the
logic address being displayed. Those keys that can modify previously entered logic (that is, Delete
and Insert) require a confirming key operation to ensure that the operation is to be executed. Thus, if
they are accidentally depressed, the error can be corrected by depressing the CLR (Clear) key
without actually affecting any entered logic. A description of each editing key is as follows:

DEL

INS

‘When logic is being displayed, this key (Delete) when included as the first keystroke of a two key sequence,
will cause that single function to be removed (deleted) from the CPU memory. To be effective, after
depressing Delete, the PRV (Previous) key must be depressed, which executes the delete operation.

This key (Insert) allows logic functions to be inserted between existing logic functions. The function or its
address that is after the location at which the new function is to be placed, is displayed. Then the new logic is
built followed by the Insert key (not the Enter key) and the confirming NXT (Next) key. The new logic that
is inserted by this key sequence will be placed in memory immediately before the displayed function or
address.

The ENT (Enter) key is used to complete the entry of logic when initially building the CPU program or to

—- Amas A anties seala wiaed fan s Fisnatiane ara antasad tunisalle at the and AfF tha avictine lnoie
GIJM au Gliuae a.l-l-ls.“; wuliu l.ul.l.l.'l.l.ul.l.. WEIU LULGUVLLY alb vinsivu lyyl.wu: Bl N ViR UL W LALDULEE, LWV EdR
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CLR

SHF

SCH

PRV

The CLR (Clear) key, when selected, clears the programmer of previously entered commands. If error codes
are displayed, this key will acknowledge the error and return the programmer to its normal (cleared) function.
When monitoring a program, depressing Clear will cause the display to indicate the memory address in lieu
of logic functions. When the key sequence CLR, SHF, 3, 4, 8, DEL, NXT is entered, the entire contents of
memory will be cleared.

NOTE

This key sequence should be used with caution, be sure that you want to clear the entire program.
Remember, if single functions or groups of functions are to be cleared, the DEL key, followed by
PRV should be selected for each function to be cleared.

This key (Shift) locks all other keys to their shifted (upper label) functions and causes the SHF LED to be lit
in the display area. The shift operation is ended by selecting the keys Clear or Enter. The SHF key must
precede a numerical key or a group of numerals before selecting the numerical keys. For example to enter an
open contact with input reference 12 as the first contact in a rung of logic, the key sequence would be STR,
SHF, 1, 2, ENT.

This key (Search) allows the entire program to be searched for specific logic functions. The logic function is
defined by the logic keys (without Emer) then Search is selected. The memory will be searched from the

~y it laratiAan 1intil] aithar o Ak e FArmAd Ar all m y 1o aanrnhad C Afacoita mreaocinne nf thic law
current 10Cation unti eitner a matco lD LUULIU Vi al aucauuu‘y id Dealiivl., JulAiadiYe ul-l.uwa VLD Ul uls By

will cause repeated searches with memory wrap-around. An unsuccessful search results in error code E99

haino Aienlavad
UClnE GiSpuaycd.

‘When displaying logic or monitoring I/O state, selecting the PRV (Previous)B key causes the previous logic
function or I/O status to be dispilayed. Additionai depressions of this key cause the dispiay to decrement untii
memory address zero is reached.

When displaying logic or monitoring I/O state, selecting the NXT (Next) key causes the next logic function
or I/O status to be displayed. Additional depressions of this key cause the display to increment until the end
of memory is reached.

7. Shifted Functions
The Shift key, when selected, causes most keys to change their function to those marked on the face
of the programmer directly above the corresponding keys. Normal unshifted functions are as placed
on the keys themselves. Most of the shifted functions are used when entering numerical values
(digits 0-9 plus the decimal point). When entering a program, the unshifted functions must be
selected first (AND, OR, NOT, OUT, TMR, etc.), then the SHF is selected to enter the numerical
portion of the program. The use of the other four shifted functions are as follows:

MON

When in the Run mode, this function allows the user to monitor the status of I/O references in two successive

grouns of 8  The gnarifiad I/Q refarance ic nsed to salact the first € referencae and the next omun in

EAVEES Vi U. A A "l"" Af w ANrddleiive A0 W LW Dwdwt AETE U Awiviviies S WS LSl BVl s

numerical sequence is also shown to provide a total of 16 real time statuses. The specified reference should

he tha firct reference in 2 oroum of 8 for -vnmnln enacifv 10 to monitor the 140 oroam 1080 17 If o raference

RSV Aviviviive i B BAVWY Ui Uy UL Wikl OPwwei) AV W AIVIGIVE W 4 W BAUW) & Al B Ewiidminos

other than the first one in a group is g:oc:ﬁed,momtmngofﬁ:elﬁm]ldeﬁmﬂttomeﬁrstmfcmncemthe
group. After the reference (for example 043) is entered and displayed (for example 040) as data, the status of
the 8 references in that group (for example 040-047) are displayed by the first 8 LED’s (AND, OR, STR, etc.)
in the logic display.

The next 8 references (e.g. 050) are also displayed and their status is indicated by the last 8 LED's (MCS,
MCR, SET, etc.). These 16 LED’s will be ON or OFF as the 1/O assigned to these references is energized or
de-energized. As the I/O changes, the state of the LEDs changes.
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Table 4-1, Error Code Definitions - Continued

Applicable Mode

Code| Run | Prog | Load Significance Cause Corrective Action

E6 | X Incomplete Master| More MCR references than MCS | Go to Program mode. Depress

Control in program. CLR. Programmer will display
first unmatched MCR. Correct
program by deleting MCR or ad-
ding MCS.

E7 | X Incomplete Counter or|All control lines not provided to|Go to Program mode. Depress

Shift Register. one or more Counters and/or Shift | CLR. Programmer will display

Registers. errant function. Add required re-
set, clock or clear lines.

E8 X Incorrect Operation. Operator attempted to write in-|Depress CLR.
struction on second word of a
2-word instruction.

E9 | X Incomplete Logic. Relay ladder line not connected to {Go to Program Mode. Depress
coil; relay contact(s) left incom-|CLR. Programmer will display
plete or hanging. first unfinished logic element.|

Add logic to tie this element into
stored !nglr- or delate nlmn-nt{n\
to remove incomplete logic.

Ell X Memory Full. Operator attempting to add logic | Depress CLR. Restructure pro-
to CPU n]rexdv at limit. gram so that ]gg;t_: limits will not

be exceeded.

E21 | X X Parity Failure. CPU has detected a fault in the | Go to Load Mode. Depress CLR.
parity structure of its internal|Reload memory from previously
memory. recorded tape or clear entire mem-

ory and reload manually. If]
BATT light not ON and fault can-
not be cieared, repiace CPU mod-
ule.

E25 X |Faulty Comparison. External device such as tape cas- |Depress CLR. Verify correct pro-
seiie has conieni thai does noijgram number or iape. If correct,
agree with CPU memory. either re-record tape or reload

CPU.

E28 X |[Weak Record Signal. |Playback Signal level, such as|Adjust volume level on tape re-
from tape recorder, is below ac-|corder or other peripheral device.
ramtahla Tassal TEF MAT ctands: Fre awtarndad namad
Cepauic IevVeL. il WiN Sigady 10T CAWGUSU poliva

of time, restart function to obtain
reliable operation.

E99 | X X Unsuccessful Search. |Search function has reviewed all | Depress CLR. To cause an addi-
memory and has not located re-|tional search, re-enter function
quired. and restart.

Operation Sequences

An “ndnrcrnrlrhng of the hacic P anaration emt

A RAW LSRR

i RAE GAAALAWE LT AL

enter ladder diagram programs. You should be famili

GOV 1 W Vel Guivii o

anrac ic naraceary in nrdar tn affantiv ve 1v and ciently
wAAWrD AD ll\-‘waom: Adl VANMwA MW O WwdlAWiwkld Y [=S¥iV Y AL AN, lu:
ar with the use of each key, alone and in sequence
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with other keys. Tt e programmer is an excellent tool for program entering, editing and monitoring.
Table 4-2 lists the va;io s operations, the keystrokes required to enter those operations, and the mode or
modes in which the operation can be performed. Each of the modes is indicated by a letter; R (RUN), P
(PROGRAM) or I (TOAT)
Nd AVl ATl BhTA Jy Wi ded A NS d Bkt §
Table 4-2, PC Operation Sequences
MODE
Operation Keysirokes or Operation Sequence K| PIL
Insert or Remove Key X X
Ciear ail user memory CLR SHF 3 4 § DEL NXT X
Display present address CLR X X
Display present function NXT X1 X
Next function NXT(After previous keystroke) X1 X
Previous function PRV X X
Go to address 0000 in program memory SHF NXT X1 X
Go to specific address SHF (address) NXT X1 X
Go to next address After previous entry NXT X1 X
Clear dispiayed function CLR X X
Search for a specific funciion (Function) SHF (Ref. No.) SCH NXT X1 X
Search for a specific reference number SHF (Ref. No.) SCH NXT X1 X
Insert function before the dispiayed (Function) SHF (Ref. No.) INS NXT X
function (or address)
Cancel insert CLRSHF INS X
Delete a function (address) DEL PRV X
Check program for errors. If no error CLR SCH X1 X
detected, the next availabie address is
dispiayed.
Turmn Timer/Counier ON TMR or CNT SHF 6XX SET X
Tum Timer/Counier OFF TMR or CNT SHF 6XX RST
Change preset vaiue of a Timer or Counter [ SHF (preset vaiue) ENT X
Monitor ON/OFF status of a group of 16 |SHF (Begioning Ref. No.) MON X
consecutive references (1/0, iniemai coils,
Shifi Regisier coiis
Monitor Timer or Counier accumuliaied SHF (T/C No.) MON To monitor the previous or nexi | X
vaiue T/C enier, PRV or NXT
-yt Fats S8 "ol o = B U P __ sy _ PPV LT AT T YT _ l\\ -
Monitor ON/OFF siaie of any coil or The ON OFF LED tums ON or OFF to indicate the state
contact of ihe dispiayed reference
TV = ol e ART Fon 2T L .2 orer orTre fM_Ff RTY_ A\ ™A€ N_Lf . __ ___ L y__ s -r
romwcc 1C CC WU (W1l DC OV Qaen o1 onr |\ L. 0.) 1 m:moccanoelnpm A
by user logic) Guipui,Shifi Regisier, Timer or Counier
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Monitor Data Register Contents (Series One Plus only) - This operation sequence allows an operator
to monitor the current contents of any data register. After installing the programmer, place the mode
switch in the RUN position and perform the following actions:

1. The programmer will display the address zero indicated by four zero digits in the display, with
decimal points to the right of each digit (0.0.0.0.), and the ADR LED lit.

2. Enter the reference for the data register to be monitored. Valid data register references are 400
through 577 and 600 through 673. For example, to monitor the contents of data register 452, enter
the key sequence R 4 5 2 MON.

3. The display will contain the address of the selected data register.

4. To display the contents of the selected data register, depress the MON key a second time. The
display will now contain the current contents (4-digit BCD value) of the selected register.

5. The NXT and PRV keys move the display to adjacent data registers.

Mhearman Namtante nf 2 Made Deoclcdam /Cplne Men Dleco Al Mhis ~eacndt e corroe e n
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operator to change the current contents of any data register. After installing the programmer, place the
mode switch in the RUN position and perform the following actions:
1. The programmer will display the address zero indicated by four zero digits in the display, with
decimal points to the right of each digit (0.0.0.0.), and the ADR LED lit.
2. Enter the reference for the data register to be monitored, following the steps in the previous
operation.
3. After depressing the MON key a second time and the current contents of the data register are
displayed, the contents may be changed if desired.
4. To change the current contents of the displayed data register, enter the sequence SHF XXXX
ENT, where XXXX is a 4-digit BCD value having a valid range from 0000 to 9999. The new value
entered will write over (replace) the value originally displayed.

Enter or Change a Password (Series One Model E and Series One Plus) - This operation sequence
allows an operator to enter a password or change a previously entered password. When a password is
entered, all programmer functions are disabled, except for the monitor functions. This prevents
unauthorized access to the program in a Series One Plus PC. After installing the programmer, place the
mode switch in the RUN or PRG position and perform the following actions:
1. To enter a new password or change a previously entered password, use the following key sequence:
CLR SHF 9876 DEL SHF XXXX ENT NXT

2. 9876 is a required sequence. Your password (XXXX) can be any numerical value from 0001

through 9999, The value 0000 is eguivalent to no password, all programmer functions are operable

when the password is 0000. If you do not have a requirement for password security, use 0000.

To have access to all programmer functions when a password is in effect, a LOG IN sequence must be
entered by the operator. After performing any necessary operations with the programmer, the operator
must then enter a LOG OUT sequence to prevent any unauthorized access to the program. The LOG IN
and LOG OUT sequences are shown below.

Access to Programmer Functions with Password in Effect(Series One Model E and Series One Plus)
After installing the programmer on a Series One Plus PC having a password in effect, place the mode
switch in the RUN or PRG position and perform the following actions:

1. To LOG IN, enter the key sequence:
CLR SHF 5678 DEL SHF XXXX ENT NXT

2. The numerical value, 5678 is a required entry. XXXX is the password that had been previously
selected by the operator.
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3. The operator can now monitor or change the program as required. When not using the programmer,
the operator should then LOG OUT to return the programmer to password security.
4. To LOG OUT, enter the following key sequence.

CLR SHF 1234 DEL NXT
5. Verify that the programmer functions have been disabled.

NOTE

If the user should for any reason forget the password entered into the PC, use of most program-
mer functions would not be possible. If this should happen, contact the GE Fanuc Automation
service center in Charlottesville, Virginia for assistance.

Forcing References - The operation sequences described in this paragraph allow you to force an Input,
Output, Shift Register, Timer, or Counter reference either on or off. Forcing the state of I/O references
provides a convenient method of testing the operation of field devices and debugging the logic in the
user program. If an input or output is forced on or off, it will remain in the forced state for 1 scan of the
CPU. The programmer must be in the RUN mode to force any reference. After installing the
programmer, place the mode switch in the RUN position. Use the following steps to force references.
1. The programmer will display address zero indicated by four digits in the display, with decimal
points to the right of each digit (0.0.0.0.), and the ADR LED lit.
2. Enter one of the following sequences to force a reference either on or off as required:
e To force a specific reference ON, enter the sequence: SET, SHF, XXX (Reference), ENT
e To force a specific reference OFF, enter the sequence: RST, SHF, XXX (Rcfcrence),
3. Repeat the above operation for other references to be forced.

WARNING

When forcing input points with the set or rst sequence, the actual state of the input may be
overridden. If the forced set or rst occurs in the user logic program before the input is
checked in the same i/o scan, the set or rst state will take precedence and could cause an
output to be turned on or off at the wrong time.

Operation With Peripheral Devices

Several peripheral devices are available for use with a Series One or Series One Plus PC. The
- Programmer is required for operation with the tape recorder, when recording user programs. The tape
recorder connects to the Programmer through the Programmer’s tape port. The tape port is located to
the right of the mode switch and is labeled TAPE. The rest of this chapter describes the operation of
these peripherals, which are listed below:

Audio Tape Recorder Various models
Printer Interface Unit Catalog Number IC610PER151
PROM Writer Unit Catalog Number IC610PER154

Tape Recorder Operation

Most audio tape recorders with auto-level control can be used with a Series One or Series One Plus PC.
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 model 3-5148 have been tested and found fully

comnatihle with ﬂ'ub Q.nn.e Omne familu of PCe. Thic recarder ic nackaoed with an interface module (not
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required for the Series One or Series One Plus PCs) and can be ordered as Catalog Number 3-5156. The
tape recorder allows three functions to be performed: (1) record a program onto tape, (2) load a CPU or
peripheral from tape, and (3) verify the content of a tape. The operation of each of these functions is
described below in a step-by-step manner. All logic memory is recorded on tape.

PPy . g POy I S | - g, o oo b Jme d

T, apes created on Series One, Series One Model E or Series One Plus PCs can be loaded into a "ﬁji Series
One, Series One Model E, Series One Plus or Series One Plus 3.7K PC Tapes created on the Series
One Plus 3.7K PC can only be loaded into another Series One Plus 3.7K PC.

A 2.5 foot (0.75 meter) andio cable (Catalog number IC610CBL151), which is gray with a red tracer, is
supplied with the programmer. This cable is used only with a tape recorder and connects it to the tape
port on the programmer.

Recording A Program

1. Install the Programmer and apply AC power to the PC.

2. Turn the mode switch on the Programmer to the LOAD position.

] Acmele: AFY mmccrne $m 4l snemn —mmmedae Verifv presence of the rrbn ammbm ot dnlh e n mmsnmdds e
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1ce
insert the cassette. If the write protect tab is not in place, data entered on the tape may be
inadvertently erased.

4. Adjust the tone control to its highest position.

5. Connect the Programmer (TAPE port) to the tape recorder (MIC input) with the 2.5 ft. (0.75 m)
audio cable (gray with red tracer).
6. Rewind tape to the beginning or to the desired record position if multiple programs are to be placed

on one tape. Programs require approximately 1.5 minutes (700 words), 4 minutes (1724 words) or 8
minutes (3.7K words), as applicable, of tape per program.

7. For identification of a program, if desired, enter a four digit number (0000-9999) on the Program-
mer. When tape is accessed later to load the CPU, this number can be used to identify the correct
program prior to altering CPU data. If a program number is not as expected, the operator can
terminate the load operation and get the correct tape without loss of existing program nor delay
incurred by loading a wrong program. However, this identification number is optional.

8. Begin the tape recorder operation by depressing the RECORD button (and PLAY if required by the
tape recorder).

9. Depress the WRITE key on thc Programmer. The record operation will now begin.
10. If after following all instructions, reliable operation cannot be obtained, try operating the recorder
with batteries.

11. When the record is complete, the Programmer will display End in the Address/Data display and the
ON/OFF LED will be off. Stop the recorder and note the counter position so that the amount of tape
used for that program can be determined.

12. Depress the CLR (Clear) key on the Programmer to end the record operation.

13. It is recommended that the tape be rewound to where the record began and that the Venfy operation
described below be performed to ensure data integrity.

Verifying A Program
1. Install the Programmer and apply AC power to the PC.
2. Turn the mode -h on the Programmer to the LOAD position.
3. Apply AC power to the tape recorder and insert the cassette containing the program to be verified.
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14. When the verify is complete without error. the Programmer will display End in the Address/Data
display.

15. Stop the recorder and depress the CLR (Clear) key on the Programmer to end the verify operation.
16. The verify operation will require approximately the same: time as the record operation.

Loading A Program

1. Install the Programmer and apply AC power to the PC.

2. Turn the mode switch on the Programmer to the LOAD position.

3. Apply AC power to the tape recorder and insert the cassette containing the required program.
4

. Adjust the volume control to the setting determined during the verify operation. Adjust the tone
control to its highest setting.

5. Connect the Programmer (TAPE port) to the tape recorder (EAR input) with the audio cable (gray
with red tracer).

6. Rewind the tape to the beginning of a previously recorded program. Tape can also be on the blank
area prior to the program, but not on another program. Enter the program identification number (if
previously recorded).

7. Select the READ key on the Programmer to establish the load operation.
8. Start the tape recorder by depressing the PLAY key. The load operation now begins.

If the CPU detects a program number different than the one entered in step 6, the programmer will
beep and the display will show PA

9. If the wrong program has been selected, the load operation can be aborted by stopping the recorder
and powering-down the CPU or remove the programmer from the CPU, then reattach and depress
the CLR key.

10. Any errors detected during the load operation are indicated by an error code being displayed on the
Programmer’s Address/Data display. Error code E21 indicates the tape has an internal parity error.
A steady E28 indicates the play level is wrong and the load should be stopped, volume adjusted, and
the operation restarted (step 6 above).

11. When the load is complete with no errors, the Programmer will display End in the Address/Data
display and the ON/OFF LED will be off. Stop the recorder and depress the CLR (Clear) key on the
Programmer to end the load operation.

12. The load operation will require approximately the same time as the record operation.

Printer Interface Unit

The Printer Interface Unit (catalog number IC610PER151) provides an interface between a Series One
or Series One Plus PC and a printer for the purpose of providing a convenient means of obtaining a
hard-copy printout of the program residing in the PC’s user memory. It can also be used with a Series
One Junior PC. The format of the printout is switch selectable and can be either Boolean (mnemonic) or
ladder diagram format. Many readily available, inexpensive printers can be used with the Printer
Interface Unit.

A 6’ (2m) Printer Interface cable and an external power supply cable are included with the Printer
Interface Unit. Printer Interface Unit Specifications are listed below in table 4-3
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Table 4-3. Printer Interface Unit Specifications
Operating Temperature 0°to 60° C (32” to 140° F)
Storage Temperature -10° to 70° C (14° to 158° F)
Humidity (non-condensing) 5to 95%
Required Operating Power +5V dc + 5%, 300 mA (minimum)
(Supplied either intemally from the CPU or from an
external power supply)
Dimensions 5.7“x4.7" x 1.5* (145 x 120 x 38mm)
Weight 11.68 o0z (330 g)
Printer Interface Centronics (Parallel)
Printing Capacity Ladder Diagram Listing
(maximum) 13 contacts and 1 coil per line
16 lines per page
Boolean Listing
200 steps per page (4 lines with 50
steps in each line).
700 steps maximum

Table 4-4 lists the requirements that a printer must meet for use with the Printer Interface Unit.

Table 4-4. Printer Requirements

e Must have a Centronics interface

e Able to generate ASCII character code 7CH (Hexadecimal) as a*’/*‘ (slash).
e Must respond to control codes: OE H (SO) - Expanded print ON

OF H (SI) - Compressed print ON

12 H (DC2)- Compressed print OFF

14 H (DC4) - Expanded print OFF

code to allow 132 or more characters per line, it can be used. This type of printer, when used with the Printer
Interface Unit, will print compressed characters. Choice of normal (132 column) or compressed (80 column)
print is switch selectable.
e The following printers have been tested for operation and can be used with the Printer Interface Unit.

General Electric Personal Computer Printer, model 3-8100

Epson model RP-100

Hewlett Packard Thinkjet, model HP 2225C

IBM Personal Computer Graphics Printer

Seiko model GP-500

e Must be capable of printing 132 columns; however, if an 80 column printer can respond to the SI (OF H) control

Hardware Description

The Printer Interface Unit is a compact unit that attaches to the Series One or Series One Plus PC.

Electrical and physical connections to the PC are made through a 26-pin connector located on the

back

of the Printer Interface Unit. The Printer Interface Unit is attached to the PC by placing its 26-pin
connector directly over the mating connector on the PC and gently pushing down on the unit until it is

securely in place.

Connection from the Printer Interface Unit to the selected printer is made through the Printer Interface
Cable, IC610CBL152 to a 24-pin connector on the £nt of tiie unit. Power to the unit can be supplied
directly through the rear panel connector from the CPU power supply or from an external power source
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capable of supplying +5V dc @ 300 mA. The power source, either internal (INT) or external (EXT) is
selected by a 2-position switch located on the rear panel. Connection to an external power source is
made through a 3-wire cable supplied with the Printer Interface Unit.

The sequence for operation of the Printer Interface Unit is initiated by depressing pushbutton switches
on the front panel. Two indicator lights on the front panel provide a visual status of the Printer Interface
Unit operation. There are also 2 indicators that provide operating status of the PC. Figure 4-5 is an
illustration of the Printer Interface Unit showing-the features mentioned above.
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Figure 4-5, Printer Interface Unit

Hardware Features

The Printer Interface Unit front panel has two LEDs located in the upper right comer used for visual
indication of system status. The purpose of the indicators is described below.

CPU The red CPU LED is an indication of the operating status of the CPU in the PC. This is identical to the CPU LED

on the PC,
ON CPU failure has been detected.
OFF  CPU operation is normal.
PWR  The green PWR LED is an indication of the status of dc power being supplied to the Printer Interface Unit.

ON If power is being supplied by the Series One or Series One Plus intemal power supply, tbis indicates that +5 V dc
is being properly produced by the supply. If the Printer Interface Unit is being powered from an extemal source,
the +5 V dc being supplied is within the specified tolerance.
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OFF 5V dc not being supplied or not in tolerance.

The 24-pin connector located on the lower right of the front panel, provides a connection from the
Printer Interface Unit to the selected printer through the Printer Interface cable, IC610CBL152.

Immediately to the left of the connector are 4 pushbuttons used to initiate operation of the Printer
Interface Unit to get a hard copy printout. There are also 2 LEDs used as status indicators during the
set-up procedure.

FORM  This pushbutton is used to select the fomat of the printout, either a ladder diagram or Boolean listing of the user
program. The pushbutton is an alternate function switch. Each time it is depressed, the selected printout format
will change.

As the pushbutton is depressed, the color of the LED will alternate between green and red. The LED, when green,
indicates a ladder diagram printout; when red, indicates a Boolean listing printout.

PROD  This pushbutton is also an alternate function switch. Each time it is depressed, either a Series One Junior PC or
the Series One/Series One Plus PC is altemately selected as the program listing source. The selection must agree
with the PC to which the Printer Interface Unit is attached.

As this pushbutton is depressed, the color of the LED will altemate between green and red. The LED, when red,
indicates selection of Series One Junior, when green, indicates selection of Series One/Series One Plus.

PRNT  When depressed, this pushbutton causes the printer to begin printing the user program in the selected formats.
STOP  When depressed, this pushbutton causes the printing operation to stop.

80/132 Column Selection Switch

On the right side-panel is a 2-position toggle switch used for selection of either 80 column printing
format (compressed print) or 132 column printing format (normal print). The 80 column compressed
print format is typically used with printers designed for use with personal computers. The selected
printer column format corresponding with the switch position is printed on the right edge of the front
panel, either 80 (towards the top of the unit) or 132 (towards the bottom of the unit). If desired, the 80
column compressed print format can be selected for use with a 132 column printer. The unused space to
the right, beyond the 80th column, could be used for adding comments.

External Power Supply Connector

A connector located on the lower right side of the unit provides the connections to an external power
supply. A mating 3-pin connector with attached wires which are 3 feet (Im) in length, is provided with
the Printer Interface Unit for connection to the external supply. The color code for the external power
supply cable and specifications for the power supply are as follows:

White +5V dc, + 5% (rated at 300 mA minimum)
Black Power supply logic ground
Green Common system ground

Power Supply Select Switch

This is a two-position switch located on the bottom of the unit, directly above the 26-pin connector.
This switch is used for selection of either internal or external dc power for the Printer Interface Unit.
The top switch position is labeled EXT (External) and the bottom position is labeled INT (Internal). If
the Printer Interface Unit is to be powered by an external +5 V dc power sroply,die Power Supply
Select switch must be set to EXT.
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Sequence of Operation

As a convenience to the user, instructions for using the Printer Interface Unit are printed on the front
panel of the unit. The sequence of operation is described below. If a Series One Plus program is to be
printed and a password is in effect, the password must be changed to 0000 before mounting the Printer
Interface Unit.

Power-up Sequence

The following power-up sequence should be followed after the Printer Interface Unit has been properly
configured.

1. Power to be supplied by the internal PC supply or an external power supply.
Place EXT/INT switch in the INT or EXT position as required.

Turn off power to the PC.

Mount Printer Interface Unit onto the PC.

Attach Printer Interface cable from connector on front panel of unit to printer.
Turn on power to the PC.

Turn on power to the external power supply, if used.

N wm s e

User Program Transfer From PC To Printer Interface Unit

Immediately after the power-up sequence has been completed, the user program stored in the PC’s user
memory will automatically begin transferring to a buffer memory in the Printer Interface Unit. This
program transfer will take about 1.5 minutes. When the program has been successfully transferred, the

FORM and PROD LED indicators will turn on green. If the program transfer is not successful, the LED

indicators will either flicker on and off red or neither LED will illuminate. If after 2 minutes, neither
LED turns on, repeat the power-up procedure from the beginning of the sequence.

Selection of Printout Format and Type of PC

Select the printout format, either ladder diagram or Boolean, and the PC model, either Series One Junior
or Series One/Series One Plus by depressing the FORM and PROD switches as shown in the following
table.

Table 4-5. Format and PC Selection

FORM PROD
PRINTOUT TYPE LED ON PC LED ON
Ladder Green series one/be Plus Gren
Ladder Green Series One Junior Red
Boolean Red series one/one_Plus Green
Boolean Red Series One Junior Red

Start Printer Operation

Depress PRNT pushbutton. The ladder diagram or Boolean program listing will begin to print and
continue printing until the complete program has been listed or has been stopped by the operator.

If at any time, the program listing is to be stopped, depress the STOP switch. When this is done during
a ladder diagram printout, the printout will stop. When the STOP switch is depressed during a Boolean
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listing printout, the Boolean listing printout will stop, the printer will formfeed, and the complete
OUTPUTS USED TABLE will be printed.

Printing Of Error Messages During Ladder Diagram Listing

If any errors in the printing process are detected by the Printer Interface Unit during printing of a ladder
diagram listing, an error message will be printed and the printing may stop, depending on the type of
error. Table 4-6 lists the error messages and their definitions.

Table 4-6. Ladder Diagram Listing Error Messages and Definitions

ERROR MESSAGE DEFINITION
ROW OVER One rung of logic exceeds 16 lines.
COLUMN OVER More than 13 circuit elements in line . .
STACK ERROR (SR) Clock or Reset line not proved in Shift Register logic.
STACK ERROR (CNT) Reset line not CErog;-ammedm Counter 10%0. ]
STACK OVER Pushdown stack using AND STR and OR STR functions exceeds 8 levels.
STACK OVER (MCS) Levels of MCS control exceed 8.
MC ERROR MCR functions exceed MCS functions.
PROGRAM ERROR Any error not listed in tbis table.
NOTE

When the ROW OVER or COLUMN OVER error messages are printed, the printout of the
ladder diagram will continue. \When any other error messages are printed, a PRINT STOP
message will be printed, paper will feed and printing will stop.

Printing Of Error Messages During Boolean Listing

If any errors in the printing process are detected by the Printer Interface Unit during printing of a
Boolean program listing, an error message will be printed and the printing may stop, depending on the
type of error. Table 4-7 is the Boolean listing error messages and their definitions.

Table 4-7. Boolean Listing Error Messages and Definitions

ERROR MESSAGE |
INSTRUCTION |  OPERAND DEFINITION
***ERROR *** | Not a valid instruction
??? Incorrect operand

Cross Reference Printout

When the ladder diagram or Boolean printout of the user program has been completed, the printer will
formfeed, then begin to print a cross reference printout of all outputs. The heading of this printout is,
OUTPUTS USED TABLE. The outputs referenced in the user program (real world outputs, internal
rela;tgs, shift registers and timers/counters) will have an annotation mark to the right of the reference
number.

The outputs used table will continue printing until all output references have been printed. This printout
cannot be stopped, as can the ladder diagram and Boolean listing printouts.
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Expanded Print Format

When a more complex ladder diagram, using MCS and MCR functions, is to be printed out, an
expanded print format is used. The starting point of each MCS function is denoted by a letter, the first is
A, then B, etc. The letter is carried through to the end of each page and the beginning of the next page,
providing a ready reference to the continuation of the ladder logic within the bounds of each MCS/MCR
control. As multiple MCS functions and the logic under their control are printed, each succeeding group
of logic is shifted to the right. When a group of logic under MCS/MCR control is ended by an MCR
function, (MCR) is printed in the last column to the right and the letter corresponding to that MCS/MCR
logic to its right.

Printout Annotation Explanation

Several items appearing on the printouts in figures 4-6 and 4-7 are explained for clarification. The ladder
diagram printout in figure 4-6 has a circled number (I-5) next to each annotation, which corresponds to
the number preceding the explanation of each annotation. The circled number 6 appears before an
annotation on the Boolean printout in figure 4-7. The circled numbers (1-6) are for discussion purposes
only and do not normally appear on a printout. -

1. The type of printout on each page appears on this line, either LADDER DIAGRAM PRINTOUT,
BOOLEAN PRINTOUT, or CROSS REFERENCE PRINTOUT.

2. This annotation, V X.X, is the version of the system operating software contained in PROM
memory in the Printer Interface Unit.

3. The model of PC selected by the user as the program listing source will be on this line. The
annotation will be either SERIES ONE JR/SR-10 for a Series One Junior PC or Series One, One
Plus/SR-20, SR-21 for a Series One or Series One Plus PC.

4. *The page number of the ladder diagram printout or Boolean printout will appear here as a 4-digit
decimal number, starting with PAGE 0001.

5. Refers to ladder diagram printout only. This 4-digit decimal number is the user program memory
address at the start of each rung of logic. The first element in the rung is stored at that address. In
the example in figure 4-6, the memory address of the start of the first rung is 0000. The first element
in that rung is a normally open contact referenced as 001 (reference number is printed directly
above the contact). The memory address at the start of the second rung is 0013, the first element in
this rung is a normally open contact referenced as 040.

6. Refers to Boolean printout only (figure 4-7). The # sign immediately following a numerical value in
the Boolean printout listing, indicates that the value is a reference assigned to an element at the end
of a rung.

7. A symbol preceding a numerical value in a Boolean printout, indicates that the value is a constant.
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Sample Printout

A sample of each of the previously described printouts is shown in the following group of figures. For
this group of printouts, a program was entered into a Series One Plus PC.

Printer Interface Unit /@
LADOER DIAGRAY PRINTOUT
USER PROGRAM LISTING V2. 2-—"@
SERIES ONE, ONE PLUS/SR-28, sa-u—@ @\ PAGE 9001

@5 T . B84 P65 Be6 097 831 B 13 e 168
0008 i—] F---1 [——] F---]1 L----- I 1---1 r-1 F---1 ¢c-1 f--1 |— ) [—o——e( }-!
LB B4l A BAS 185 E
3 i —] l—+——) [-----"------ (-
Coed ! : '
RS I : .‘
: 9 b6l | s866.0
0619 | =] (R -!
. ' 1681 663 | 18245
9027 | 11 R [ONT] -
: L oen :
i =11 [ RI;
7] ' 418
8827 | —-)/[ w--1__.- - —[SR 1~} 435
87
=1 [ | ¢l
- s
:‘—1[ [ RI-
' a6 o 1 a7
003 | —] [—+ —(@8TR }!
' ' 3
! N - (+)
| | Fe8 | 518
- @1 )!

Figure 4-6. Sample Ladder Diagram Printout
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Printer Interface hit

ROOLEAN PRINTOUI

USER PROGRAM LISTING V2. 2

SERIES ONE, ONE PLUS/SR-28, SR-21

88e8: STR )] e - nee: -
0901: MD w e - el -
e MD [_J] "2 - he: -
0883: AND ™ %3 - ne: -
8004: AD L] s - HM: -
9005: ND ] b - ne: -
9006: ND L ] 0h5: - 1e6: -
7 ND [ <] w7 - "ner. -
0008: MDD 01 5e: - #108: -
9989: AD [ ¥ 0%3: - 01e9: -
M18: A0 [ ¥ %8 - e -
011: ND [ <] 961: - 0111: -
W12 o 10 e - N2 -
#13: SIR ] %3: - 13 -
Md: R [ V] 064: - ni: -
015 ND W1 M 0065: - em: -
W16: S 9966: - nie: -
®17: SR q‘s*/@ 8967: - 0. -
0616: 0U1 b| 9068: - B116: -
9019: SR e 8869: - Mis: -
ge2e: ™R, 6812 "o - #128: -
9021: 068 8 ®n: - 8121: -
8822: SIR ™R )] nn: - 02 -
8823: STR oM "wn: - 8123: -
0024: (N [ ) Wi - nn: -
8825: T 085 we: - s: -
8826: X nE: - nx: -
827: STR W01 $72 w7 - n2: -
#828: STR %7 " - n»: -
029: STR ] w7 - "% -
W38 SR e "oe: - ne: -
0831: %5 el - "i: -
92032: SR 966 ne?: - ne: -
#33: DSIR (FS9) 0e3: - fnn: -
| :TH m o - nuu: -
ms: o+« o) 0e: - ne: -
883%: %1 906: - ne: -
037 bl B "l - nin -
3 5100 e - n®: -
ns: - 0003: - n®: -
0: - 0N - ue -
o - o, - n: -
2 - 0 - ne: -
043 - "% - na: -
0: - d: - nu: -
045: - s - nes: -
0946: - 9836: - 0e%: -
w7 - 8897 - 04 -
B@MB: - 9898: - 9148: -
9849: - 9839: - 2149 -

Figure 4-7. Sample Boolean Printout

9158:
#151:
8182:
#153:
n54:
0155:
#156:
#8157:
#158:
8159:
9168:
#161:

"e2: -

#163:
¥1b4:
#65:
0166:
#67:
#168:

#69: -

17%:
#n:

-

M7
174
o
nmm:
N7
8178:
879:
e18e:
8181
el
#183:
o164
8185:
#86:
987

GEK-90842
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PROM Writer Unit

The PROM Writer unit (catalog number IC610PER 154, version B replaces version A and can be used
with Series One Plus as well as Series One and Series One Junior) is a compact, easy to use device that
connects directly to and mounts on a Series One or Series One Plus PC. When mounted on a PC , the
PROM Writer unit is used to write the contents of user memory to a 2732A-2 PROM (Series One), or a
27256-25 for a Series One Plus, thereby providing a non-volatile means of user program storage. After
being written to, the appropriate PROM can be installed in any Series One or Series One Plus PC as
required. Programs stored in PROM memory will not be lost during no-power conditions.

An additional feature of PROM memory is that different programs can be stored on individual PROMS
for use as required by various applications. Another function of the PROM Writer unit is to transfer the
user memory contained in a PROM to the CMOS memory in a Series One or Series One Plus.

On a Series One or Series One Plus PC, the PROM Writer unit physically mounts on the right of the
front panel, in the same manner as the programmer. A connector on the lower left rear of the PROM
Writer unit attaches to the connector on the front panel of the Series One or Series One Plus PC. The
source of power for the PROM Writer unit is switch selectable and can be from the internal supply of
the PC or from an external source of 5 V dc. Figure 4-10 is an illustration of the PROM Writer showing
the location of its features, which are described in the text following the illustration.

c40506
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Figure 4-10. PROM Writer Unit Features
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Front Panel Features

The front panel has two LEDs in the upper right comer which are visual indicators of system status. The
purpose of the each indicator is described below.

PWR The green PWR LED monitors the status of dc power being supplied to the PROM Writer unit.

ON If power is being supplied by the CPU rack, this indicates that+5 V dc is being produced by the supply. If the
PROM Writer unit is being powered from an external source, the+5 V dc being supplied is within the specified
tolerance.

OFF 5V dc not being supplied or not in tolerance.

CPU The red CPU LED monitors the operating status of the CPU module. Identical to the CPU LED on the Series
One or Series One Plus CPU module.

ON CPU failure has been detected.

OFF CPU operation is normal.

The socket on the lower right of the panel is used to contain the PROM being written to. The socket is a
zero insertion force socket. To insert a PROM into the socket, push the locking handle up, insert the
PROM, then lock the PROM in place by moving the handle down to the horizontal position. The
PROM should be placed in the socket with the notch towards the end of the socket closest to the PWR
LED as indicated by the figure on the panel next to the socket. Even though the spacing of the slots in
the socket allows easy insertion of a PROM, care should be taken to ensure that leads on the PROM are
not damaged.

Immediately to the left of the socket are 4 pushbuttons and their associated LED indicators. These
pushbuttons are used to initiate operation of the PROM Writer unit and the LEDs are indicators for each
part of the operation.

BLANK  When depressed, initiates checking of the PROM inserted in the socket for verification that the PROM does not
have any information written into it. To initiate a blank check, the pushbutton is depressed. The light will turn

on, then off, indicating a successful blank check. If the light remains on, and the ERR light turns on, the PROM
needs to be erased.

The BLANK light will also turn on, then off during the normal operation of writing to a PROM as indicated by
the instructions printed on the lower left of the unit.

WRITE  When depressed, the WRITE pushbutton initiates the sequence of events that causes the user program in the
Series One or Series One Plus CMOS memory to be written to the PROM. When the WRITE pushbutton is
depressed, the BLANK light will turn on, then off. Next, the WRITE light tums on, program entry is executed,
then the WRITE light tumns off. A blank check and verify are performed automatically when the WRITE
pushbutton is depressed.

CMPR  During the sequence for writing to a PROM, this light will tum on while the contents of the PROM are being
compared to the contents of user memory in RAM. The CMPR light turns off when the compare is completed
and is good. If the compare is not good, the CMPR light will remain on and the ERR light will tum on. In
addition, the contents of a PROM inserted in the PROM Writer unit socket can be compared to the contents of
user memory, whenever the CMPR pushbutton is depressed.

ERR This light isa visual indication that the PROM writing operation has not been successful. If the light tums on
during any portion of the operation, an error has occurred. If this does happen, depress the ERR pushbutton and
repeat the procedure.

As a convenience to the user, the PROM Writer unit instructions for writing the contents of user
memory t0 a PROM are printed on the lower left of the unit.



PC Operation 4-31

GEK-90842

Sequence of Operation

The sequence of operation for writing the contents of user RAM memory to PROM memory is as
follows:

WRITE OPERATION SEQUENCE INDICATION
Depress WRITE pushbutton WRITE light turn on
Blank check performed WRITE light turns off
BLANK light tums on
Write to PROM BLANK light tums off
WRITE light turns on
Verify contents of PROM with contents of RAM memory WRITE light tums off
CMPR light turns on
Write sequence successful CMPR light tums off

The sequence of operation for transferring the contents of PROM memory to CMOS memory is as
follows (the CMOS memory should be cleared first):

PROM TO RAM OPERATION SEQUENCE INDICATION

Depress WRITE and CMPR pushbutton at the same time. Contents of WRITE light and CMPR light will
PROM will be transferred to RAM memory in the PC. turn on.

Contents of PROM and RAM memory are compared. WRITE light turns off.

Compare good. Sequence of operation complete. CMPR light tums off *

*If an error is detected during the compare operation, the CMPR light will remain on and the ERR light will turn on..
The error can be cleared by depressing the ERR pushbutton. When this is done, the ERR and CMPR rights will
tum off. If an error is indicated, repeat the operation.

External Power Supply Connector

A connector located on the right side of the PROM Writer unit provides the connections to an external
power supply. A mating 3-pin connector with attached wires 3 feet (Im) in length, is provided with the
PROM Writer unit for connection to the external supply. The color code for the external power supply
cable and specifications for the power supply are as follows:

White 45V dc.+ 5% (rated at 0.5 amps)
Black  Power supply logic ground
Green  common system ground

Power Supply Select Switch

This is a two-position switch located on the bottom of the PROM Writer unit, directly above the 26-pin
connector. The switch is used for selection of either internal or external dc power for the PROM Writer
unit. The top switch position is labeled EXT (External) and the bottom position is labeled INT
(Internal). When used with a Series One or Series One Plus PC mounted in a high-capacity rack, power
can be supplied internally and the Power Supply Select Switch is set to INT.

If erratic operatior: is observed when attempting a data transfer using the PROM Writer, it is recom-
mended tha an external source of 5V dc be used.
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Timer/Counter Setpoint Unit

The Timer/Counter Setpoint Unit AC609TCU100) provides an alternative method for entering a timer or
counter preset value in a Series One Plus program. This unit can also be used with a Series One Junior.
A Timer/Counter Setpoint Unit mounts on the Series One Plus rack that contains the CPU and plugs into
the same connector as does the hand-held programmer. The Timer/Counter Setpoint Unit can also be
connected remotely by using the 5 foot (1 .5m) remote programmer cable, IC610CBL102. With the unit
mounted on the PC, the hand-held programmer can then be mounted on top of the Timer/Counter
Setpoint Unit, thereby providing a convenient way to monitor the operation of timers or counters. The
physical size of the unit is the same as the Data Communications Unit, Printer Interface Unit and the
PROM Writer Unit.

a4l 673

CALTION

Wher mourtog o e g T

Figure 4-11. Timer/Counter Setpoint Unit

There are four 4-digit thumbwheel switches on the unit, which provides a convenient way to enter a
4-digit BCD value into each of 4 specific internal locations in the Series One Plus PC for use as
Timer/Counter preset values. These values are simultaneously entered into data registers (two 8-bit
registers for each BCD digit) for use as preset values or for other data operations. When the BCD preset
values have been entered into the PC, they are retained in the PCs memory as presets, even though
power is removed from the PC and the unit is removed.
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Timer/Counter Setpoint Unit Specifications
The following table contains general specifications for the Timer/Counter Setpoint Unit.

Table 4-8. Timer/Counter Setpoint Specifications

Number of Circuits 4(4 BCD digits per circuit)

Timer/Counter References 674, 675, 676, 677

Register References 564, 565 (T/C 674), 566, 567 (T/C 675)
570, 571 (T/C 676), 572, 573 (TIC 677)

Preset values Timer; 0.1 to 999.9 seconds

.01 to 99.99 seconds
(Series One Plus 3.7 only)
Counter: 1 to 9999 events

Ambient Temperature 0° to 50° (32 to 122°F)
Storage Temperature -20° to 85°C (-4° to 185°F)
Humidity (non-condensing) 5% to 95%
Internal Power Consumption 5V dc, 40 mA (maximum)
9 V dc, 5 mA (maximum)
Units of Load 4units @ 5 Vdc
1unit@ 9 V dc
Environment Considerations No corrosive gases

Remote Mounting of Timer/Counter Setpoint Unit

A Unit Mounting Bracket, IC610ACC190, is available which allows mounting of the Timer/Counter
Setpoint Unit on the outside of a panel or console. The Unit Mounting Bracket consists of a mounting
bracket, connector clamp and a cable clamp. The Timer/Counter Setpoint Unit mounts on the bracket,
secured by two captive screws on the unit. The unit connects to a Series One Plus PC through the round
5 foot (1 .5m) remote programmer cable, IC610CBL102.

References for the Timer/Counter Setpoint Unit

The Timer/Counter references for the memory locations into which the BCD values are entered in the
Series One Plus are 674, 675, 676 and 677. Each of the references refer directly to a memory location in
the CPU that accepts one 4-digit BCD value as it is entered with each 4-position thumbwheel switch.

Each thumbwheel position represents one BCD digit, with the least significant digit being the position to
the right.

Each of the register references refers to an 8-bit data register. Two consecutive registers are required for
each 4-digit BCD number.

Since all four BCD values are read into the PC each scan, discretion must be exercised when changing
any values when the PC is running, since undesired intermediate values could be read by the CPU and
used during one or several scans. It is recommended that the following CAUTION be followed.

CAUTION
When mounting Or removing the Timer/Counter Setpoint Unit, be sure that power is turned

off. If a switch position (val=) is e.cnged during operation, an incorrect value may
temporarily be read into the CrU.
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Example of Using Thumbwheel Inputs

The following example of a ladder diagram rung shows how the Timer/Counter Setpoint Unit is used to
enter a preset value into a Timer or counter, or to enter data into data registers.

10 T674 T674
| —a ~ 4
I N
SW2
20 |
*—| DeSTR 564}——4
DeOUT 500]—-.
SW3
30
o | ONT —o
601
C601
T Iy R500

STR 10
AND NOT TMR 674
TMR 674

STR 20
F50
R564
F60
R500

STR 30

STR NOT CNT 601
CNT 601

R500

GEK-90842

ad21 86

TIMER 674 USES
THUMBWHEEL DATA
FOR TS PRESET VALUE.

WHEN SWITCH 2 IS CLOSED,
THE THUMBWHEEL IS READ
IN AND STORED IN A SAVE
REGISTER, WHICH IS R500
IN THIS EXAMPLE.

THE VALUE IN THE SAVE
REGISTER (500) IS USED
AS THE PRESET VALUE FOR
COUNTER 601.
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SECTION 1
Introduction to Programming

General Information

The Series One™ and Series OneTm Plus are easy to use small PCs with many advanced features. One
of the advantages of these PCs is the ability to be programmed or tailored specifically to the needs of an
application. Furthermore, if requirements change, the PC can be reprogrammed to fit the new applica-
tion. This chapter provides the information a user needs to develop or modify the logic within the Series
One or Series One Plus. It will discuss the basics of CPU operation necessary to develop a proper logic
program, the theory behind each function, examples of how that function could be used, and
step-by-step entry of sample programs.

Planning a PC System

When planning 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.

On a sheet of paper, layout each rung of your ladder diagram and assign references to inputs and
outputs. The program can also be written in mnemonic form (Boolean), which is how it will be keyed
into the Series One or Series One Plus when using the hand-held programmer. As an option, programs
can be entered in ladder diagram Format using the Portable Programmer. This applies to both the Series
One and Series One Plus. You can also enter programs with the Workmaster® industrial computer
using Logicmaster™]1 application software. For information on using the Workmaster industrial com-
puter for programming, refer to the Logicmaster 1 Programming manual, GEK-96632 for Series One.
For Series One Model E, Series One Plus, and Series One Plus 3.7K, refer to GFK-0075 which is the
Logicmaster 1 Family Programming manual .

How to Use This Chapter

This chapter is divided into 3 sections. Section 1 is a description of the requirements for programming.
Included, are lists of all of the programming functions and a table of programming references assigned
to each slot for 8 point modules. The purpose and types of references are explained, including “real
world” use and internal use. A basic explanation of the scanning operation of the Series One and Series
One Plus PCs is given. The scanning process is the basis for operation of all PCs and the user should
have a good working knowledge of this operation.

The next 2 sections are devoted to programming. Section 2 describes and gives examples of the basic
ladder diagram functions. Section 3 provides the user with a descriptior~f the data operation functions
for use with a Series One Plus PC. The data operations greatly 2xtend mae number and complexity of
applications possible with the Series One family.
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Table 5.1 lists the basic ladder diagram functions for the Series One and Series One Plus. A more

detailed explanation of each instruction can be found later in this chapter. Execution times in Table 5.1
are for Series One Model E. Series One Pluc. and Plus 2.7K onlv. Execution times for Series One are
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listed in Table 5.2. Note that in the table, I/O = I/O points, IR = Internal Relay, SR = Shift Register.

Table 5-1. Series One Model E/One Plus Basic Ladder Diagram Instructions

Execution Time
(microseconds)
M For Series One Plus
emory
Instruction Definition Words | Inactive Active
STR START. Start rung with a N.O. Normally Open) contact. 1 6.6 6.6 I/0,IR,SR
50.9 [50.9 Sequencer
STR TMR START TIMER. Start rung with a N.O. contact referencing a | 1 103 [103
timer.
STR CNT START COUNTER. Start rung with N..O. contact 1 10.3 (103
refarencine a counter,
Adilialie =
STR NOT START NOT. Start rung with a N.C. (Normally Closed) 1 9.1 9.1 I/O,IR,SR
contact. 61.5 |61.5 Sequencer
STR NOT TMR |START NOT TIMER. Start rung with a N.C. timer contact. 1 12.8 [12.8
STR NOT CNT |START NOT COUNTER. Start rung with a N.C. counter 1 128 128
contact. ’
AND Add a N.O. contact in series with the previous contact. 1 5.3 5.3 IJO,IR,SR
6.2 |59.1 Sequencer
AND TMR AND TIMER. Add a N.O. timer contact in series with the 1 53 53
previous contact.
AND CNT AND COUNTER. Add a N.O. counter contact in series with 1 53 53
the previous contact.
AND NOT Add a N.C. contact in series with the previous contact. 1 8.4 8.4 I/OIR,SR
60.3 Sequencer
AND NOT TMR |AND NOT TIMER. Add a N.C. timer contact in series with 1 84 84
the previous contact.
AND NOT CNT |AND NOT COUNTER. Add a N.C. counter contact in series 1 8.4 8.4
) with the previous contact. -
OR Add a N.O. contact in paralle]l with the ple\nous contact. 1 6.6 | 6.6 I/0,IR,SR
6.2 |60.3 Sequencer
OR TMR OR TIMER. Add a N.O. timer contact in parallel with the 1 6.6 6.6
previous contact.
OR CNT OR COUNTER. Add a N.O. counter contact in parallel with 1 66 | 6.6
the previous contact.
OR NOT Add a N.C. contact in parallel with the previous contact. 1 9.1 9.1 I/O,IR,SR
6.2 |62.5 Sequencer
OR NOT TMR |OR NOT TIMER. Add a N.C. timer contact in parallel with 1 9.1 9.1
the previous.
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Table 5-1. Series One Model E/One Plus Basic Ladder Diagram Instructions - Continued

Execution Time

(1) data, (2) clock, (3) reset. can be programmed to shift
forward or backward.

(microseconds)
For Series One Plus
Memory
Instruction Definition Words [Inactive Active
OR NOT CNT  |OR NOT COUNTER. Add a N.C. counter contact in parallel | 91 9.1
with the previous contact.
AND STR AND STORE. Connects a logic group in series with the 1 38
logic group preceding it.
OR STR OR STORE. Connects a logic group in parallel with the 1 38
logic group preceding it.
MCS MASTER CONTROL START. Begin control of a block of | 50
logic with a master control relay.
MCR MASTER CONTROL RESET. Ends control of a block of 1 30
logic with a master control relay.
ouT Defines a coil for a rung of logic, either an external output or | 75
an internal Coil.
SET Defines a coil as being latched, the coil will remain on until 1 175
tumed off by RST.
SET OUT IF ON, the coil will remain ON even under control of the 1 10.0
Output Disabler Coil (376).
RST RESET. Causes a coil that had been latched (SET) to be 1 93
unlatched (Reset).
SET OUT RST | SET OUT RESET. Defines a coil as being a one-shot (ON 1 19.3
for one scan).(One Plus Only)
TMR TIMER. Programs a Timer operation. Times up from zero 2 27.1 700.0
to a preset value. Elapsed time stored in an accumulate I/0JR,SR
register. Preset time range is 0.1 seconds to 999.9 seconds. 458.8 Register
CNT COUNTER. Programs an up counter. Counts up from zero 2 27.1 706.8
to a preset value which can be 1 to 9999. The current count I/0JIR,SR
is stored in an accumulate register. Counters are retentive. 465.6 Register
Requires 2 rungs of logic; first rung enables the counter, the
second rung resets the counter.
SR SHIFT REGISTER. Programs a shift register which can be 2 531 |64.1
128 steps in length or a number of shift registers of varying +16.6 For each
lengths (128 bits total). Retentive. Requires 3 rings of logic; bit shifted

Note: I/O = I/O Points, IR = Internal Relay, SR = Shift Register

Table 5.2 is a list of execution times for the Series One functions. Execution times are given in

microseconds.
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Table 5-2. Series One Execution Times
Sequencer
Instruction [/O Point Int Relay | Shift Register Timer Counter Inactive Active
AND 33.9 32.7 37.5 36.0 84.0
AND NOT 36.5 35.1 39.9 40.8 88.8
OR 36.3 34.5 43.5 36 84.0
OR NOT 38.7 36.9 45.6 40.8 88.8
STR 40.8 39.6 48.0 89.4 89.4
STR NOT 42.0 432 50.4 97.2 97.2
SET 38.1 426
RST 38.1 42.6
Instruction Inactive Active
MCS 35.2 35.2
MCR 37.8 37.8
SET OUT 49.8 49.8
ouT 43.8 43.8
TMR 69.6 115.8
CNT 80.4 1035
SR 55.2 66.9 + 12.9/N (1)
ANDSTR 34.2 34.2
OR STR 37.8 37.8
(1) N= number of bits shifted.

Table 5.3 is a list and description of the data operations that can be programmed, with a Series One Plus,
in addition to the basic ladder diagram functions listed in Table 5.1. A more detailed explanation of
each instruction is provided later in this chapter.

Table 5-3. Series One Plus Data Operation Instructions

Execution Time
Memory (microseconds)
Instruction Definition Words | Inactive Active
DeSTR DATA STORE. Loads accumulator with a binary or BCD 2 63 |321.9 I/O,IR,SR
(FS0) value which can be a 4 digit constant or the contents of a 80.7 Register
specified 2 byte reference. 14.3 Constant
DeSTR1 DATA STORE 1. Loads the lower byte (least significant) of 2 63 |140.9 I/O,IR,SR
(F51) the accumulator with the contents of a specified 1 byte 63.8 Register
reference.
De STR2 DATA STORE 2. Loads the lower 4 bits of the accumulator 2 6.3 |1722 I/O,IR,SR
(F52) | with the upper 4 bits of a specified 1 byte reference. 95.0 Register
DeSTR3 DATA STORE 3. Loads the lower 4 bits of the accumulator 2 6.3 173.8 I/O,IR,SR
(F53) with the lower 4 bits of a specified 1 byte reference. | 96.6 Register




Programming 5.5
GEK-90842
Table 5-3. Series One Plus Data Operation Instructions - Continued
Execution Time
Memory (microseconds)
Instruction Definition Words |Inactive Active
DeSTRS DATA STORE 5. Loads accumulator with a binary or BCD 2 63  |325.0 16 Point
(F55) value from the 2 byte contents of a 16 circuit (high density) Input
Input Module. Module
DeOUT DATA OUT. The contents of the accumulator (2 bytes) are 2 63 |329.4 I/O,IR,SR
(F60) written {0 a specified 2 byte reference (Output, Internal Relay, 52.6 Register
Shift Register Coils, Data Register or T/C Accumulate
Register).
DeOUT1 DATA OUT 1. The contents of the lower byte of the 2 63 160.1 I/O.IR,SR
(F61) accumulator are written to a specified 1 byte reference (Output, 39.1 Register
Intemnal Relay, Shift Register or Data Register.
DeOUT2 DATA OUT 2. The contents of the lower 4 bits of the 2 6.3 116.0 I/O,IR,SR
(F62) accumulator are written to the upper 4 bits of a specified 1 39.8 Register
byte reference (Output, Intemal Relay, Shift Register or Data
Register).
DeQUT3 DATA OUT 3. The contents of the lower 4 bits of the 2 6.3 108.1 I/O, IR,
(F63) accumulator are written to the lower 4 bits of a specified 1 SR
byte reference (Output, Internal Relay, Shift Register or Data 55.0 Register
Register.
DeQUTS5 DATA OUT 5. The contents of the accumulator (2 bytes) are 2 63 |365.3 16 Point
(F65) written t0 a specified 2 byte reference. Must be a 16 circuit Output
(high density) Output module. Module
=< COMPARE. The contents of the accumulator are compared to 2 63 |354.0 I/O,IR,SR
(F70) the contents of a specified 2 byte reference (I, IR, SR, or DR) 112.8 Register
or a 4 digit BCD constant. Intemal coils turn on to reflect the 57.0 constant
result of the comparison.
Acc > DataOn 772
Ace = DataOn 777
Acc< Data011 774
+ ADDITION (BCD). The contents of the accumulator are 2 6.3 698.0 I/O,IR,SR
(F71) added to a 4 digit BCD constant or the contents of a specified 456.8 Register
2 byte reference which must be a valid BCD number (Input, 262.0 Constant
Internal Relay, Shift Register or Data Registers).
- SUBTRACTION (BCD). The contents of a specified 2 byte 2 63 |557.0 I/O,IR,SR
(F72) reference (Input, Internal Relays, Shift Register, or Data 3 15.8 Register
Registers) or a 4 digit BCD constant are subtracted from the 275.0 Constant
contents of the accumulator.
X MULTIPLICATION (BCD). The contents of tbe accumulator 2 6.3 |497 to 2851
(F73) are multiplied by the contents of a specified 2 byte reference (I/O,IR,SR)
(Input, Intemal Relays, Shift Register, or Data Registers) or a 4 290 to 2644
digit BCD constant. The lower 4 digits of the result remain in (Register)
tk accumulator, the upper 4 digits are stored in registers 576 223 to 2576

and 577 which is the auxiliary accumulator.

(Constant)
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Table 5-3. Series One Plus Data Operation Instructions - Continued
Execution Time
Memory (microseconds)
Instruction Definition Words [nactive Active
s DIVISION (BCD). The contents of the accumulator are 2 6.3 1218 to 2851
(F74) divided by the contents of a specified 2 byte reference (I, IR, (1/0, IR, SR)
SR, or DR) or a 4 digit BCD constant. The first 4 digits of the 742 to 2645
answer are stored in the accumulator and the remainder is (Register)
stored in the remainder is stored in the auxiliary accumulator 720 to 2577
(registers 576 and 577). (Constant
DeAND DATA AND (Logic product). The contents of the accumulator 2 63  |345.0 I/O,IR,SR
(F75) are logically AND-ed with each corresponding bit of a 103.7 Register
specified 2 byte reference (I, IR, SR, or DR) or a 4 digit BCD 55.6 Constant
constant. The result is stored in the accumulator.
DeOR DATA OR (Logic Sum). The contents of the accumulator are 2 6.3 345.0 I/O,IR,SR
(F76) logically OR-ed with each corresponding bit of a specified 2 103.7 Register
byte reference (I, IR, SR, or DR) or a 4 digit BCD constant. 55.6 Constant
The result is stored in the accumulator.
SHIFT RIGHT|FUNCTION 80, SHIFT RIGHT N BITS. Contents of the 2 63 216 +13.4N
(F80) accumulator are shifted to the right by the specified number of of bits shified
bits (I-15). Positions from which bits were shifted are filled
with zeros. )
SHIFT LEFT |FUNCTION 81, SHIFT LEFT N BITS. Contents of the 2 6.3 220 + 13.4/N
(F81) accumulator are shifted to theleft by the specified number of of bits shifted
bits (I-15). Positions from which bits were shifted are filled
with zeros.
DECODE FUNCTION 82, DECODE. Decodes the lower 4 bits of the 1 6.3 56.3
(F82) 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.
ENCODE FUNCTION 83, ENCODE. Encodes a bit in the accumulator 1 6.3 282.0
(F83) to a binary code representing the position number (0 - 15) and
places the binary code in the lower four bits of the
accumulator.
INV INVERT. The 16 bits of the accumulator are inverted; i.e., 1 1 6.3 30.3
(F84) to 0 and 0 to 1. Example:
1101 1001 0110 0111
inverted to
0010 0110 1001 1000
BIN BINARY. Converts a BCD value in the accumulator to a 1 6.3 4122
(F85) binary code.
BCD BINARY CODED DECIMAL. Converts a binary code in the 1 6.3 746.0
(F86) accumulator to a BCD value.
ENTERNAL FUNCTION 20, EXTERNAL FAULT DIAGNOSIS. Allows 1 63 |355.3 IfO,IR,SR
FAULT extemal &vices to be monitored for unwanted conditions. If a 114.0 Register
DIAGNOSIS | fault occurs a preassigned 4 digit BCD number is displayed on 722 Constant
(F20) the programmer. Multiple fault conditions can be monitored.
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Programming Fundamentals

This section provides a guide for entering and using each of the instructions. The instructions are
presented in groups that correspond to their functionality. Table 5.4 lists the instructions grouped in this
manner.

Table 5-4. Series One/One Plus Instruction Groups

BASIC INSTRUCTIONS

STR, STR TMR, STRCNT,STR NOT,

STR NOT TMR, STR NOT CNT

AND, AND TMR, AND CNT, AND NOT, AND NOT TMR,
ANDNOTCNT

OR,ORTMR, ORCNT, ORNOT,ORNOTTMR,
ORNOTCNT

ANDSTR, ORSTR

MCS, MCR,

OUT, SET, SET OUT, RST, SET OUT RST (ONE PLUS ONLY)
TMR, CNT, SR

DATA OPERATIONS

SERIES ONE PLUS ONLY

MOVE DeSTR (F50), DeSTR1 (F51), DeSTR2 (F52)
DeSTR3 (F53), DeSTRS (F55)
DeQUT (F60), DeQUT1 (F61), DeQUT2 (F62)
DeQUT3 (F63), DeQUTS (F65)

ARITHMETIC >=< (F70), + (F71), - (F72), x (F73), * (F74)
LOGICAL DeAND (F75), DeOR (F76), INV (F84)
CONVERT BIN (F85), BCD (F86), Shift Right (F80)

Shift Left, (F81) Decode (F82), Encode (F83)
SPECIAL External Fault Diagnosis (F20)

Significance of References

Whenever programs are entered into any PC, they must be accompanied by reference numbers. These
references help to tell the CPU which function is specified. For example, which pushbutton controls the
starting of which motor? Which timer are you referring to? Reference numbers are a vital part of
programming, and in the Series One and Series One Plus are octal based; that is, they start at 0 and go
up to 7, then jump to 10; at 77 the next value is 100. They look like traditional decimal numbers, except
the digits 8 and 9 do not exist. Table 5.5 summarizes the various reference values and their significance.
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Table 5-5. Summary of References

Octal Values References Decimal Quantity
000-157 1/0 points (Series One) 112 total
000-157 1/0 points (Series One Plus) 168 total
700-767 (Series One Plus only)
770-7717 Special Function Coils (Series One Plus only) 8
160-337 Internal Coils (Non-retentive) 112
340-373 Retentive Coils (Internal) 28 (1)
374-377 Special Functions 4 (1)
400-577 Shift Registers 128 (1)
600-677 (4) | Timers and/or 64 (2)

Counters (1X2)
400-577 Data Registers, 16-bit (Series One Plus only) | 64 (3),

124 Total if T/C references used as data registers

1. Retentive upon power failure.
2. Total maximum number of Timers and/or Counters.

3. Shift register and data register references are identical however, shift registers operate on bits, while data registers (located in a
different area of memory) operate on bytes.

4. T/C references 600-673 can be used as data registers, if they are not referenced as timers or counters.

Significance of Input/Output References

I/O modules can be placed in any mix desired; however, once installed the exact reference used in
programming is established by their physical placement. In other words, references are assigned to each
location by the operating system in the CPU, and therefore are fixed for each location. As shown in the
example in Figure 5.1, the modules are numbered from zero (adjacent to CPU) towards the left through
all racks until the last module is reached at the left of the last rack. The exact reference is obtained by
appending the circuit number (0-7), to the module number. Circuit numbers depend upon the terminal to
which the field device is wired as discussed in Chapter 6. Table 5.6 summarizes available I/O references
for 8 circuit modules for your convenience. This table can be reproduced locally to form a part of your
system documentation. Notice that whether reference 005 is an input or an output depends upon which
module is inserted into the I/O slot adjacent to the CPU. Refer to the Series One family compatibility
guide in Appendix C for additional valid I/O references per physical location of modules.
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pc-s1-83-0068

Figure 5-1. 1/0 References Per Physical Placement for 5 and 10-Slot Racks

NOTE

The addressing of slot 10 in a 10-slot rack is determined by configuration of the two bridge

connectors on the rack backplane.
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Table 5-6. Summary of 1/0 References for 8 Circuit Modules

Module No.  Circuit No. Reference In/Out Device Name Wire No.

000
001
002
003
004
005
006
007

010
011
0i2
013
014
015
016
017

020

01

02

03

05

055
056
057

061
062
06 063
065
066
067
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Table 5-6. Summary of /O References for 8 Circuit Modules - Continued

Module No.  Circuit No. Reference In/Out Device Name Wire No.

070
071
072
073
074

07

10

110
111
112
113
114
115
116
117

120
121

11

12 123

125

130

13

14

15
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Table 5-6. Summary of 1/O References for 8 Circuit Modules - Continued

Module No. Circuit No. Reference In/Out Device Name Wire No.

700
701
702
703
704
705
706
707

710
711
712
713
714
715
716
717

720
721
722
723
724
725
726
727

730
731
732
733
734
735
736
737

740
741
742
743
744
745
746
747

750
751
752
753
754
755
756
757

760
761
762
763
764
765
766
767

70

71

72

73

74

75

76
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Internal Coils

The internal coils are control relays that can be used to control logic in the Series One or Series One
Plus user program. However, their status cannot be provided directly to the I/O section. Retentive
relays are specialized internal coils that have their ON or OFF status retained during time periods that
the PC is not operating such as during loss of AC power. They use dual operations (set and reset) similar
to hard-wired latching relays. A switch (S1) on the CPU module must be set to the ON position in order
for the internal coils, 340 to 377, to be retentive upon loss of power. If the switch is not set properly,
these coils will function as non-retentive coils.

Use of the Special Function Coils

Internal coils 374 through 377 are special purpose coils, in that they always perform specific internal
functions and also provide useful internal system status. Coil 374 is a first scan reset or power-up
indicator. Coil 375 provides a convenient way to program a 0.1 second clock pulse. Coil 376 can be
used to inhibit all hardware outputs, that is, outputs that are connected to user devices (programmed with
an OUT XXX instruction). Finally, coil 377 is an indicator of the operating status of the back-up battery
for the CMOS memory devices. This coil could be used as a contact to turn on an output connected to a
light, bell, etc. as a visual warning of a low battery.

Shift Register References

A group of references (400 to 577) are used by the shift register. A total of 128 stages are possible and
they can be used as one large shift register or a group of smaller shift registers (for example, 3 @ 30
stages and 2 @ 19 stages) as long as the total number of stages does not exceed 128. Additional details
on all these functions will be provided later in this chapter.

Timer and Counter References

Another group of fixed references (600 to 677) are used with timers and counters. Any mix of timers or
counters totaling 64 can be used in a Series One or Series One Plus PC. Counters provide an additional
function, in that they can also control a sequencer with up to 1000 steps. Counters are retentive upon
power failure. References 600 to 673 can be used as 16-bit data registers if they are not used as T/C
references. T/C references 674-677 are reserved for Thumbwheel Interfaces or Timer/Counter Set Point
use only.

Data Registers

Data registers are available only with a Series One Plus PC. This is a group of sixty four 16-bit registers
which can be used for storage of numerical data. Data can be written to or read from the data registers
for use by the data operation instructions. Additionally data stored in the registers can be used as
Timer/Counter presets. The references to be assigned to these registers are 400 to 577. Note that these
references are identical to the shift register references. However, shift registers operate on individual
bits (400, 401, 402, etc.), while the data registers operate on bytes and are located in a totally different
area of memory. A byte in the Series One Plus PC is a group of 8 consecutive bits and each register is 2
bytes in length. By using available T/C references, the total number of data registers references can be
up to124.
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Flexibility in Using References

Although references are assigned to specific functions as shown in Table 5.5, there is some flexibility in
their use. 1/O references not used by the hardware 1/0 section (for example, no module inserted into
that slot or circuit not wired up) can be used as internal coils. However, if expansion is planned for the
future, sufficient references to support that expansion should be reserved and not used in the current
programming. Retentive coils can also be used as internal coils if their retentive function is not
required. However, typically the unique value of retentive relays does not justify their sacrifice for a few
internal coils. The shift register references can be used as a source for additional retentive or internal
coils if they are not used for shift registers or sequencers.

Operating Principles

Before discussing the details of programming and the use of references, some details on the internal
operation of the CPU can be useful. The majority of Series One and Series One Plus applications can be
solved and the programs developed without consideration of the internal structure of the CPU. How-
ever, some applications can be more efficiently solved if knowledge of the CPU operation is applied
while the program is being developed. The basic operation of virtually all PCs is referred to as a
scanning function. There are many hundreds of decisions to be performed in any program, and the CPU
cannot do all of them simultaneously. Similar to any electronic processor, it performs its operations one
at a time. However, the speed of performance internally, makes the external results appear to have all
operations accomplished at once.

Scanning

The term scan is @ method of describing how the CPU performs its assigned tasks (see Figure 5.2). It
begins at the first function, such as a relay contact, entered into the beginning of memory (address 0000).
It proceeds sequentially through all memory addresses performing all functions entered by the user (for
example, relay contacts, timers, latching relays, counters, sequencers, shift registers, etc.) until it reaches
either the end of memory (address 1723) or the end of the program as entered by the user.

During the scan the logic sets or resets coils, according to the instructions entered into the logic program
by the user. The status of these coils is immediately available to the next logic function. At the end of
the logic scan, the CPU gets input data from the input modules and provides new data to output
modules.

Next, the programmer, if connected, is serviced by making logic changes and/or updating its display.
After servicing the programmer, the CPU performs a check of its internal hardware and resets the
watchdog timer. The watchdog timer is a hardware timer set at 180 msec (milliseconds) to ensure that
memory Or internal circuit faults do not cause the CPU to enter an endless loop because of hardware
failure. If a scan is not completed at least once every 180 msec (typical maximum scan is 60 msec), the
hardware will shut the CPU down turning outputs OFF. Finally, any forced 1/0 will be entered. With
successful completion of the internal checks, the CPU goes back to the start of the scan and continues its
scanning sequence with the logic function entered at address 0000. This repetitive scanning operation is
performed from the time power is applied to the CPU until it is removed.

Total scan time includes user logic solution time plus overhead. The overhead time includes monitoring
functions, 1/0 updates and housekeeping tasks. The typical scan times listed in the specifications in
Chapter 1 assume that only basic instructions have been programmed (AND, OR, STR, NOT, etc.), they
do not include overhead. The overheud time is about the same (4 to 5 mSec) for Series One and Series
One Plus. This time must be added to the logic solution time to obtain the total real scan time.
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In order to achieve the maximum scan time, the monitor function should be disabled for both Series One
and Series One Plus programs, since the monitor function adds about 2 mSec of overhead time when it
is active. Also the overhead of a Series One Plus is increased slightly when communicating through the
DCM, since both the Series One Plus CPU and DCM have been designed to provide a much higher
throughput than the Series One CPU/DCM combination. Additionally, timer and counter instructions in
the Series One Plus are slower than in the Series One because of the ability to use registers for preset

values.

The scanning operation is very basic to PC operation and should not be overlooked. It provides a very
useful verification of the CPU’s reliability. For details on troubleshooting, refer to Chapter 7. The
scanning operation also provides a fixed and definable sequence of logic decisions. Functions are solved
in the order programmed. The results of one function (for example, coil, timer, shift register, etc.) are
immediately available internally to the next logic element. In larger complex logic programs, internal
races can be eliminated. The user does not need to be concerned with the time delay relays required to
pullin or activate nor their variations (for example, a 4 pole vs 8 pole relay).

pc-s1-83-0004

SOLVE
LADDER
DIAGRAM

SERVICE WC

SERVICE
PROGRAMMER

RESET WATCHDOG
TRAER

ADD FORCED Vb

Figure 5-2. CPU Scanning Sequence

Programmer Functions

The basic programming language of the Series One and Series One Plus PCs is a simple relay ladder
representation based upon standard Boolean functions (AND, OR, and NOT). Throughout the discus-
sion of programming, examples will be used to illustrate the function described. The illustration of the
Programmer (Figure 5.3) will be used as a reference for these examples and specific key sequences will
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be provided so that the user can follow and demonstrate the example. A short-hand notation will also be
provided that is recommended as a simple method to document your program. A complete discussion of
the programmer is provided in Chapter 4. A brief overview of important keys is presented below to aid
the user’s understanding of the examples.

The keyboard has both upper and lower case functions similar to a typewriter. The numerical keys for
most programming steps are accessed by first selecting the SHF (Shift) key to the upper right. Once
depressed, the SHF LED is lit (display center right) and then the appropriate numerical digit(s) can be
selected. The shift function is latched and will be released only by selection of the ENT (Enter) or CLR
(Clear) key. The SHF key does not have to be held down. The display window in the upper left reflects
either address or data information (not both) as the operation progresses. Typically, as keys are selected,
their respective LEDs will light to display the function selected. Other important keys are as follows:

KEY FUNCTION

AND | AND referenced status with previously entered logic (Series)
OR [ OR referenced status with previously entered logic (Parallel)
STR | START new rung of a ladder diagram
NOT | NOT or invert (i.e. make normally closed) contact referenced
OUT | OUTput logic status to a coil, either output or intemal
TMR | TIMER is selected as desired function
CNT | COUNTER is selected as desired function
SET | SET latching relay or shift register status
MCS | Master Control Start - begin control of master control relay
MCR | Master Control Reset - end control of master control relay
SR Shift Register - establish range of shift register
RST | RESET latching relay or shift register status
F FUNCTION - specifies a data operation (Series One Plus)
R REGISTER - specifies a data register or group entry (Series One Plus)

a41 939

—— ADDRESS DATA —
OMOFF  RUN  BATT

e g
WRITE

O mEm=m

T

Figure 5-3. Programmer for Series One and Series One Plus
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Basic Ladder Diagram Format

Figure 5.4 illustrates a typical ladder diagram. Between two vertical power rails to the extreme left and
right, contacts are placed in horizontal strings or lines. Adjacent lines can be connected between
contacts by a vertical line to allow logic to be solved in parallel. The horizontal strings (series) of
contacts are equivalent to ANDs. For example line 1 can be described as: A and B and C must occur
before coil X is energized; any one reference can prevent the coil from energizing. Similarly vertical
contacts are in parallel and programmed as ORs. Thus, line 2 is described as: D or E or F will energize
coil Y. Any one reference can by itself energize coil Y.

In the Series One and Series One Plus PCs, there is no internal limit on how many contacts can be
placed in series, nor how many in parallel. However, as a practical limit for simple programming and
system documentation, it is recommended that a horizontal string be limited to nine contacts and one
coil; and a vertical array to seven parallel lines.

a42342
CONTACTS
[ a B c | X
11 11 11 N
11 1 11 A Y,
Y
_IDI g
LN § \J .
E / X
RIGHT
— badind) POWER
. RAIL
i.—l }_
LEFT
POWER RAIL

Figure 5-4. Typical Ladder Diagram

Concept of Power Flow

One key feature of PCs is power flow. This is a conceptual flow of power used to visualize the operation
of coils, timers, counters etc. Referring again to Figure 5.4, the left hand power rail can be envisioned as
“hot” (connected to 115 V ac or +24 V dc) and the right as its associated “neutral” (connected to 115
V ac or -24 V dc). The coils (e.g. X and Y) will be energized if there is a path for power 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 always flows from the left towards the right and will pass through normally open contacts if their
references are energized (ON) or normally closed with de-energized (OFF) references. Power flow is
also 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 One or Series One Plus PC, it is 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.
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Unlimited References

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. Now 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 relay 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 closed contacts that operate without any time delay from pole 1 (closest to the coil) to pole
1000 (furthest away from coil).
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SECTION 2
Basic Instructions

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, that is, a conditional contact or the end of a
rung, which could be an output or an internal relay.

How to Begin Programming

The easiest way to begin feeling comfortable with programming a Series One or Series One Plus PC, is
to enter one rung of logic with contacts in series that control a single coil. Physically connect input
devices (pushbutton switches, limit switches, etc) and an output device (such as a lamp) to the
corresponding terminals on an input and output module in the PC, turn the inputs on and off, and observe
the result on the output device.

Entering a Rung With Series Contacts

In the following program sequence, a rung of ladder logic is shown, then the keystroke sequence
required for entering the logic. Notice that when entering a numerical sequence, the SHF key must be
depressed before the number or number sequence. In the example, each keystroke is separated by a
comma. Numbers with more than 1 digit are grouped together for ease of interpretation.

Turn the mode keyswitch to the PROG (programming) position in order to enter the logic.

Enter two normally open contacts (1 and 2) in series controlling the state of an output coil (17). Both
contacts must be closed to tum on the output.

‘ ] 2 17 |
When input devices wired to inputs 1 and 2 are closed, output 17 will tum on. The operating state of the

inputs and outputs, either ON or OFF, can be monitored by observing the LEDs on the Programmer’s
logic display that correspond to the input or output.

a40347

Entering the Clear all Memory Sequence

After observing the operation of the series rung, the rung can be deleted by entering the clear all
memory sequence, or the rung can remain in memory, with the next rung starting at the next memory
address. The next memory address, assuming that the above rung was entered at address 0000, is 0003.

If you wish to clear tie contents of memory and start the next rung at address 0000, enter the following
key sequence. '

CLR, SHF, 348, DEL, NXT
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When the clear all memory sequence has been successfully entered, the rung of logic that had been
entered will be cleared from memory. (Remember, whenever the clear all memory sequence is entered,
the entire contents of memory will be cleared).

NOTE
Be sure that you want to clear the complete contents of memory when using this sequence, there
IS NO recovery.

Entering a Rung with Parallel Contacts

Continue the simple program entry by entering a normally open contact (4) in parallel with a second
normally open contact (20) that references the output coil (20). In series with these, add a normally
closed contact (5), then the output coil.

a40347

If an input device, such as a limit switch is wired to input 4, and the limit switch is closed, the output
would turn on. The normally open contact referencing the output would close and become a seal
contact, which would maintain the output in the on state, even if the limit switch wired to input 4 were
then opened. The output could be turned off, in this example, by momentarily closing a switch
connected to the closed contact, reference 5. Since this is a normally closed contact, it would open when
the switch is depressed, and the output would turn off. This logic is commonly used as a motor starter.

Entering a Simple Timer Rung

Next, enter two rungs of logic, the first ending with a timer, having a preset value of 30 seconds.The
second rung has an output controlled by the state of the timer coil. When input 11 is closed, the timer
begins timing up from O towards the preset value of 30 seconds. When the accumulated value of the
preset reaches 30, the timer coil will turn on, contact T60S will close, and output 25 will turn on.

a40347
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Basic Relay Logic (Motor Starter)

With this background on the basics of programming a Series One and Series One Plus PC, Figure 5.5
provides a simple example to illustrate relay ladder programming. The references used were selected for
illustrative purposes and can be adjusted as necessary to meet your application needs. This is a simple
motor starter and seal circuit. An input module is assumed to be installed next to the CPU (005 = start
pushbutton input, and 006 = stop pushbutton). Adjacent to the input module is assumed to be an output
module (010 = output to motor starter). The program does not care whether these input and output
modules are 115 V ac or 24 V dc. The programmer keys to be depressed to enter this logic are also
shown in the figure. The start key begins a new rung of logic; this example and most that follow assume
an empty memory so the example begins at address 0000.

pc-s1-83-0006
START STOP
005 006 010 STR 005
L OR 110
AND NOT 006
010 ouT 010
|
[ 1 0C WORDS PER ELEMENT |
i!i( ON LED'S DISPLAY E( ON LED’'S DISPLAY
sTR STR SHF lano] AND
[s% STR AND. NOT
Ls | STR. SHF 5 =3 AND. NOT. SHF
(&) ADR 0001 ] AND. NOT, SHF 6
=] OR (&) ADR 0003
OR SHF (o] out
| OR. SHF 1 EI™ OUT. SHF
=3 OR, SHF 1 ., OUT, SHF 1
ADR 0002 0, OUT, SHF 10
] ADR 0004

Figure 5-5. Sample Relay Logic (Motor Starter)

Motor Starter Logic Description

The first reference is entered (STR, SHF, 5, ENT) and a normally open contact is established since the
NOT key was not depressed. Referring to Figure 5.5, the next function moving from the left (contact
005) to the right along the top line of the logic rung, is a parallel contact referenced as 010. Parallel
logic is represented by the OR function, which is selected followed by the desired reference (10) and the
Enter key to load the memory. Again moving to the right of the top line, the next contact is in series with
the logic completed so far. Thus the ANTI key is selected (for series logic). Since this contact is
normally closed, the NOT key is also selected followed by the reference 6 and the Enter key.

The final element of this logic is the coil or output of the rung. Selecting the Output key does not ensure
a “real world” output will be generated; it also must refer to an I/O reference and have an output
module inserted in the proper slot. To establish the rung output coil, the output key is selected followed
by the Shift key, the reference (10) and the Enter key. Outputs can be paralleled by entering additional
OUT functions immediately after the initial one.
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Normally Closed Input

After completing the logic of Figure 5.5, several features of programming should be noticed. First, all
elements of the program are entered directly into CMOS memory as the Enter (ENT) key is depressed.
Thus, if power should be interrupted while a program is being entered or altered, it will be totally saved
except possibly for the one element being worked on. Second, there is feedback on the programmer for
all entries.  Something happens (LED ON, display changes, error codes appear, etc) for each key
selected. Third, the logic is set up for inputs that are wired normally open. If an input is wired normally
closed, an adjustment must be made to the symbol (NO or NC) used for that input. Referring to Figure
5.6, inputs sense voltage at their field terminals. They can not detect if a voltage is from a normally
open limit switch that is depressed or from a normally closed pushbutton that is not depressed. Cover up
the two field devices wired to inputs 002 or 003. If you were the input module, and both applied voltage
to the field terminals, could you tell which was wired normally closed and which normally open?
Because of this, the programmer or system designer must compensate.

pc-s1-83-0007
RETLRN
INPUT MODULE
woT Oo—
< | 0002
o 003
___
HOT NC & UGHT
NUMBER 1
o | '305 [ E— Lmz
002

Figure 5-6. Example of Normally Closed Inputs

In a previous discussion, it was stated that inputs are like relays with many poles and you are selecting
which type of pole is to be used when you program. In the lower half of Figure 5.6, coil 002 is shown in
the de-energized position; however it is wired to a normally closed pushbutton. When you want power
to flow if the pushbutton is NOT depressed, which contact type do you choose, NO or NC? The answer
is normally open since coil 002 is always energized except when the pushbutton is depressed. There-
fore, in programming with the Series One or Series One Plus PCs, a normally open contact is
appropriate. If the stop button of Figure 5.6 were wired normally closed, its internal logic should be
normally open to compensate] However, this concept does not normally cause problems for the
programmer. Since PCs are reprogrammable, if an error is made and discovered when the system is
exercised, it is easy to correct
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Push-Down Stack

Two very useful functions are programmed using a 2-key sequence, the AND STR and the 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 can 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. Figure 5.7 illustrates the use of

these functions.

a40545

@ | IO
e Ll et
COMNNECTS LOGIC IN SERES
L e S 01

“rf beeed by
CONNECTS LOGIC IN PARALLEL

Figure 5-7. AND STR and OR STR Connections

The following pages contain a more detailed description of a pushdown stack and programming with
the AND STR/or STR instructions.



5-24 Programming

GEK-90842

Detailed Example of AND STR, OR STR

The push-down stack can be used for several groups of contacts, either in series or in parallel, and can
be reused many times in the user’s logic. As mentioned previously, the stack has eight levels or storage
locations where an ON/OFF (1/0) condition is stored.

PUSH-DOWN STACK
ON (1) Location 1
ON (1) Location 2
OFF (0) Location 3
ON (1) Location 4
OFF (0) Location 5§
OFF (0) Location 6
ON (1) Location 7
OFF (0) Location 8

Figure 5-8. Push-Down Stack Storage Locations

Description of Operation

There are four basic rules that govern the operation of the push-down stack and they are explained in the
following examples.

Rule Number 1: A STR X instruction pushes the contents of each position in the stack down one
location. The contents of location number 1 are pushed down to location number 2, the contents of
location number 2 are pushed down to location number 3, and so forth. The logical status of reference X
is then moved into location number 1 of the stack.

Rule Number 2: The AND Y/OR Y instruction logically ANDs/ORs the status of reference Y
(ON/OFF) with the ON/OFF status of location number 1 in the stack and writes the result back into
location 1.

AND (SERIES) OR (PARALLEL)
BEFORE AFTER BEFORE AFTER
LOCATION LOCATION LOCATION LOCATION
b 4 NUMBER 1 NUMBER 1 4 NUMEEFR 1 NUMBER 1
...... + BT L LT T e ——
OFF OFF OFF OFF OFF OFF
ON OFF OFF ON OFF ON
OFF ON OFF OFF ON ON
ON ON ON ON ON ON

Figure 5-9. Push-Down Stack Logical Operations
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Rule Number 3: The AND STR or OR STR instructions logically AND or OR location number 1 in
the stack with location number 2 and writes the result into location number 1. In other words, these
instructions put one group of contacts in series or parallel with another group of contacts. This
instruction also moves the contents of positions 3 through 8 up one location.

Rule Number 4: An OUT Y instruction sets Y to reflect the status of location number 1 in the stack. If
the status of location number 1 is ON (1), output Y will be turned off. If the status of location number 1
is OFF (0), output Y will be turned off.

pc-s1-83-0055

1 3 ] 20 INSTRUCTION REF_NO.
._j ,f_‘_l I.._1 STRNOT 1
OR 2
r’l r‘l gn :
LN 1 AND STR ‘4
AND NOT 5
out 20
LOCATION
NUMBER BITIALLY STRNOT 1 oR_ 2 STR 3
1 ANY 1‘ *1, 1 :
\ H —i \ =
2 ANY ANY ANY "
\ \ i
3 ANY ANY ANY ANY
4 ANY \ ANY ANY \ ANY
: . . \ .
L] [ ] L .
. L] L L]
OR 4 AND STR ANDNOT_§ ouT_20
3 N ) R 20
1 E] - " i - . -._'-*
E: / - : fxt T ::r"‘! STATUS C
D OF
"*,'J ANY o ANY ANY
— /
—_— ANY / ANY ANY ANY
— ANY ANY ANY ANY
. / L] . .
L . . [ ]
- L] [ ] L]

Figure 540. AND STR/OR STR Example Number 1
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pe-s1-83-0056
111 . :2},..._!:! M Nss‘l"ﬂlle"' !
I_( p— | STR 2
4 L] Ao 2
STR 4
ANO NOT 6
ORSTR
AND STR
ouT 20
LOCATION
NUMBER WNMALLY STRNOT 1 STR 2 AND 3
. ANY — e S
2 ANY s ANY \ '}“{‘ " /
3 ANY ANY \ ANY ANY
4 ANY k ANY E ANY 4= ANY
: : : .
STR 4 M—’- _QFL?_ AND 5TR OouUT 20 2
" a [ [ v e A el
\ —+4F - — / E. . I / T_;[ L"‘ Le o] f5Tatus O
OF
I =4 / # / o b
\ # P~ / ANY / i I B
\ ey | ] ANY / ANY ANY |y ANY
. . / . 4 . e B
: . o . | .

Figure 5-11. AND STR/OR STR Example Number 2

Use of Retentive Coils as Latches

All coils referenced so far have not been retentive upon power failure. Thus if a non-retentive coil is ON
when power is removed from the CPU, it will be OFF upon reapplication of power (if Switch 1 on the
CPU module is ON). There are 28 special coil references (340-373) that are retained upon power
failure. Thus if they were ON prior to loss of power, they will be ON when power is restored; they will
be OFF while power is OFF since no scanning is being performed. In addition to these 28 references,
latches can be built using shift register references (400-577) that are not being used to perform shift
register functions. Either retentive coils (340-373) or shift registers (400-577) can be used to control
contacts, both normally open and normally closed wherever required. This special retentive function is
derived from their use as coils to complete or store the results of relay logic rungs.

Programming a Latched Relay

Latches require two separate functions or inputs similar to hard-wired relays, a SET (turn ON) and a
RESET (turn OFF). These functions are commonly referred to as latch and unlatch. If both are active,
the last one in the scan will be controlling the state of the coil. To turn on a latch, the function SET
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followed by the retentive coil reference (for example, 340-373 or 400-577) is used instead of OUT, plus
the coil number at the end of a logic rung. Once power fiows to that coil, it will be energized (turned
ON) and remain ON even if power flow to it should be interrupted.

Ta t1ivm o 191‘#1'\ nff f(Aa_anaroiza) ganarata valaw lacis chanld ha l-nc'lf andina im 0 DOT Macat) Hreatine
AW BuWlil @ ddlwll Ull b Tl il S LA ﬂ\-l.lmmt« ivia JUEI\J SLIVUIL U VAL Gllwls di a 1w 1 \INGOLL) LUVl

and the [same] coil number. In many applications, it is useful to allow the system to clear (turn OFF)
coils when power fails so that an orderly restart is possible when power is restored, whether that is 2
seconds or several hours, or several days later. Other applications require the control system to
remember the status of key items such as part position, operations completed, elevators up or down, etc.
The Series One and Series One Plus are provided with both standard and retentive coils to allow the user
to tailor the program to fit their requirements.

Figure 5.12 illustrates the programming of retentive (latched) relays. Coil 340 is used only as an
example. The logic to either set or reset a retentive coil can be of any convenient size similar to
standard coil logic. When power flows through the top rung to the SET coil 340 function, it will be
energized and remain ON even if power flow is removed. Anytime the power flows through the lower
ming (raocardlace nf noih\ hnﬂ Qﬁn 1“111 'l\n h-u-narT NeE c.nn- tha cat ~nil 2AN ic men ad haf~ tha
I.UJIE \AUEG-ILI-IUDD Vi palilj, v 7T LULILIIGAL Wl Ly JUIWG Wi D%l WL Ty 12! PJ-UELNIII&IW WI.UJ-C l.-llC
reset, it is placed in earlier memory locations and the reset function will have overriding control if they
are both energized.

pc-s1-83-0011

STR 271
271 132 037 175 340 S a
F— F—3f—— ——()—¢se1  or 135
OR 377
135 267 STRNOT 037
L | 1 AND 175
' “ ND X
377 SET 340
—{ ——— STR 067
STh 0%
067 306 036 340 15
Al 7
— —— et —erEsET On° iy
ANDNOT 036
015 307 RESET 340

] [T 14 WORDS PER ELEMENT |

Figure 5-12. Example of Latching Logic
(=4 r -l [ -]

Master Control Relay Functional Description

To control large quantities of coils on a supervisory basis, a Master Control relay function is provided.
This function allows an efficient method of programxmng to turn off large quantmes of coils in case some
major permissive is not satisfied. One approach would be to incorporate a permissive contact in each
rung controlling one of the coils. This may require many contacts and inefficient use of memory.
Another method is to bracket those rungs over which master control is desired; this is similar to
quotation marks around a direct statement (one at each end to define exactly where the statement starts

and where it ends).

The permissive logic is first built starting to the left of the ladder diagram adjacent to the ‘‘hot’’ power
rail. Then an MCS (Master Control Start) function is entered, followed by the logic it is to control, and
ending with an MCK (Master Control Reset) function. The MCS and MCR are like quotations around

the logic to be controlled. When nower flows to the MCS. the locic encloged will pnerate normallv, If
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there is no power flow to MCS, the coils will be forced to the OFF state regardless of the internal logic
conditions, timers will be reset to zero, and counters will stop (frozen) but not reset. The amount of logic
controlled by the Master Control relay function is limited only by the memory provided.

003 005 [MCS] 007 021 052 STR 003
AND 005
— — e e ~MCS
STR 007
043 OR 043
— AND 021
ouT 052
T 1
152 156 010 271 | SPANOF ENRD 12%
— ——— —3+4——)—¢ CONTROL| ANDNOT 010
ouT 271
152 027 265 STR 152
p | |1 ) AND 027
— | ul out 265
017 o012 [mcal a0z 043 -chﬁR 017
e = s
o— —— e F (e AND 012
' 1 ] OR 315
315 AND NOT 303
ouT 043
¢ —
[ 118 WORDS PERELEMENT |

Figure 5-13. Example of Master Control Relay Logic

Programming a Master Control Relay Function

Figure 5.13 illustrates the use of one pair of MCS/MCR functions. In many cases it is convenient to
view the MCS function as defining a sub-left power rail whose connection to the main power rail is
dependent upon some relay logic. The conditional logic (1003 - 1125 in this example) is built first using
the normal relay logic. The MCS function is entered without any reference to create the beginning point
of the control. Logic is built using normal functions within the control area. Note the duplication of
contact 152, which cost only one memory word, there is no need to count or limit the quantity of relay
contacts used in PCs. To end the master control, the MCR function is entered returning control to the
next power rail to the left and conventional logic can now be built. Unless both references 003 !and?
005 are energized (ON) in this example, coils 052, 271, and 265 will be OFF. When these contacts are

passing power, coils 052, 271, and 265 will respond to their normal logic.

Multiple Master Control Relay Functions

Multiple master ¢ 1 functions are possible in any logic program. They can be embedded within the
scope of the first MCS and the last MCR as necessary, as illustrated in Figure 5.14. The first group of
coils under the Master Control of references 010 [or] 011 is 204-213 which includes two smaller groups
(207-210 and 212-213). Group 207 and 210 are under the Master Control of 010 or 011 and 015, while
group 212 and 213 are controlled by 010 or 011 and 022. Note the requirement for two successive
MCRs to end both the group 212-213 and the larger group 204-213. To operate correctly there must be
an equal number of MCS and MCR functions in your program.

~—
L

o
jiey

.
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pc-61-83-0013
STR 01c
) o [vcs] 04 oR o1
*——1 { a4 — mCS
' ouT 204
on 012 205 STR 012
1 ] L our 205
— i =T {)_" STR 013
va pes ~0a AND NOT 014
013 o 208 Soe
— }-—-Jrf———-——o—< STR 01§
MCS
o015 [Mcs] o1e 207 STRNOT o1e
+— I—q‘—}’F—_‘—O—q' STR 012
P aso oyt 210
oiz £30 L— MCR
— i—f it STR 023
1 AND NOT Q2
- gw 2"
023 [mcr] o2 an TR 022
MCS
f S +F | [ 5w 024
ouT 212
022 [MCS] o024 212 STRNGT 025
1 I > ] L { )__4 AND NOT 026
1 T b i ouT 213
| o5 o2 213 en
L_;.ap_;/f—, STR 03¢
Macal - AND o
LMCR) oR 033
03 o 032 mn AND HOT 032
lH l—[ 5—»—-—1}-—-—-5*_.__.—( }_4 ouT FE Xl
033
‘

Figure 5-14. Multiple Master Control Relay Logic

Disabling of Outputs

In addition to Master Control functions, all outputs can be affected by an internal special function coil
referenced as 376. When this coil is energized by user logic, all outputs in the hardware I/O structure
will be tumed OFF. Internal coils and statuses will still operate, but only internally. The only exception
is to coils that are programmed as SET OUT functions rather than the OUT function. These will still be

able to provide t.helr normal output status (ON or OFF) to the I/O section.

Figure 5.15 illustrates the use of coil 376. In this example, when either reference 003 or 056 (inputs,
outputs, or internal depending upon hardware I/O configuration) is energized, coil 376 will also be
energized. This will cause all coils programmed with the OUT function, such as 010, to be turned OFF

at their output module, a]t'hnuo'h they will function nm-ma]]v mn:-ma]]v However, coils driven by the

SET OUT funcuon such as 011 wx]l not be affected by the staIus of coﬂ 376. Tablc 5.7 summarizes the
effect of coil 376 on the OUT and SET OUT functions.

NOTE

It is not recommended that the Output Disabler coil (376) be used with retentive coils (latches).

Table 5-7. Effect of Coil 376 (Output Disabler)

Coil 376 OFF Coil 376 ON
Internal Status Out Set Out Out Set Out
OFF OFF OFF OFF OFF
ON ON ON OFF ON
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seconds or .01 seconds as applicable. The timer starts at 0000.0 and records time, towards the preset
value. When the preset value is reached, an event will happen according to what has been programmed.
Also, when the timer reaches the preset value, the timer will continue timing up, until reset by an
interruption of power flow through its conditional contacts, or until it reaches its maximum value of
999.9 or 99.99, as applicable at which time it will stop. If power flow to a timer is interrupted or if the
CPU should stop operating, the timer will be reset to zero. The basic clock driving all timers derives its
accuracy from a crystal within the CPU, it does not depend upon the AC power line frequency.

pc-s1-83-0015

ANY
RELAY LOGIC l——-@%—« PRESET
r | ~—

Figure 5-16. Sample of Timer Logic

A timer can be programmed to be self resetting, by programming a closed contact referencing the timer
coil. If programmed in this manner, when the preset value is reached, the timer coil will turn on, the
closed contact referencing the coil will open and the timer will reset to 000.0 and start timing up again.

Figure 5.17 illustrates the programming of various types of timers. The relay logic is built in the normal
manner up to the coil selection. The timer (TMR) function is selected along with a timer/counter
reference (600-677). Each timer or counter must have its own unique coil to operate properly. After the
timer is identified, the preset is entered.

In this example, coil 41 will be OFF until 15 seconds after timer 601 is energized. It will remain ON
until either the power flow to 601 is interrupted or the CPU goes through a power up operation. Coil 42
is inverted from 41 in that it stays ON until 15 seconds after power flows continuously to the timer 601,
when it goes OFF. Timer 602 delays 5.5 seconds after reference 27 is energized before it tums its coil
ON, also energizing coil 43.

Specifying Timer Preset Values

The Timer preset value can be either a fixed value entered after the T/C reference, the BCD value
entered with the Timer/Counter Setpoint unit for the spccia] Timer/Counter references (674-677), or the

wrnlas tha ramiotars that aea asnsimmad ¢4 tha smanial Thien 1mtar rafacans s Thaca wamictare nrva SRA

vaiuc Lll uic IGELDI-ULB I..I.I.ﬂ.l. alc ﬂbl‘.ﬂ.sllw w uiv BIJU\.‘AG-I .IHI]UI.I\.—U‘I'.N.I.WJ ICICICNICES. 1S5S IVELOWID alv JUT

and 565 for T/C reference 674; 566 and 567 for T/C reference 675; 570 and 571 for T/C reference 676;
and 572 and 573 for T/C reference 677.

The preset value information is also valid for Counters.
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P T

OCEK-YUs4.L
a40016
025 032  Te01
L N _ ™ et 1
15 STR 025
OR 026
026 AND NOT 032
o— | na 801
T601 041 STRT .-
STRTMR 601
*—it O ® out 041
Te01 o STRNOTTR 601
e ~
I ) ® STR 027
l T602 ™ sc2
027 - — 55
i } O—ess STRTMR 602
T602 03 ouTt 043
—| O 9 | 1.17 WORDS PER ELEMENT|
KEY _ LED'S _ DISPLAY _ KEY  LED'S DISPLAY KEY LED'S  DISPLAY
STR STR STR, SHF 2
g STR, SHF ﬁ: STR, TMR + STR, SHF 27
STR, SHF 2 STR. TMR, SHF ADR 0.0.1.0
STR, SHF 25 [T ] STR TMR, SHF 6 ™R
ADR 0.0.0.1 STR, TMR, SHF 60 TMR, SHF
oR T STR, TMR, SHF 601 S ) TMR, SHF 6
# OR, SHF ADR 0.0.0.6 TMR, SHF 60
OR, SHF 2 ouT TMR, SHF 602
OR, SHF 26 OUT, SHF ADR 0.0.1.1
ADR 0.0.0.2 OUT, SHF 4 SHF
AND T- ] OUT, SHF 41 SHF 5
AND, NOT ADR 0.0.0.7 - SHF 5.
AND, NOT, SHF STR SHF 55
AND, NOT,SHF 3 STR, NOT ADR 0.0.1.2
AND, NOT, SHF 32 STR, NOT, TMR STR
ADR 0.0.0.3 STR, NOT, TMR, SHF STR. TMR
™R STR,NOT, TMR,SHE 6 STR, TMR, SHF
TMR, SHF STR, NOT, TMR, SHF 60 STR.TMR,SHF 6
TMR, SHF 6 STR, NOT, TMR, SHF 601 STR, TMR, SHF 60
0] ™R, SHF 60 ADR 0.0.0.8 STR, TMR, SHF 602
TMR, SHF 601 ouT ADR 0.0.1.3
ADR 0.0.0.4 OUT, SHF ouT
SHF OUT, SHF 4 OUT, SHF
SHF 1 OUT, SHF 2 OUT, SHF 4
'&'I" SHF 15 ADR 0.0.0.9 E OUT, SHF a3
ADR 0.0.0.5 STR ADR 0.0.1.4
STR, SHF

Figure 5-17. Example of Timer Logic

Programming Counters

Counters (Figure 5.18) operate similar to timers except that they require two rungs of relay logic to
control their operation. The upper rung controls when the counter is incremented. When this rung goes
from no power-flow to power-fiow (OFF to ON), the counter is incremented by one. To cause another
count to be recorded, power-flow must be interrupted and another OFF to ON transition must occur. All
counters count up, starting at zero, towards a preset value. The ability to detect transitions and record
counts is built into the counter function and requires no further programming by the user. The lower
rung of logic (second STR function) controls the reset of the counter function. Whenever this rung

supplies power flow to the counter, the counter will be reset to zero. If both rungs supply power flow, no
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counts are recorded and the counter is forced to zero. All counters are retentive upon loss of CPU
power.

ANY
RELAY LOGIC COUNT

PRESET

ITMAZCOO

ANY RESET
RELAY LOGIC

—y

Figure 5-18. Example of Counter Logic

Figure 5.19 illustrates the operation of counters. Again, the relay logic driving the counters is built as
separate rungs using normal relay programming techniques. Counter 603 will count (increment)
whenever references 015 and 016 are both ON or reference 017 is ON. If one parallel path is energized
while the other is also ON, no additional count is recorded. When the count reaches 35 (its preset), coil
603 is energized, also energizing coil 46. Counting will continue beyond the preset value, and will

L o=t Vi, 220

continue counting until the counter is reset. Whenever reference 013 is energized, regardless of the

e
count or top rung status or coil state, counter 603 will be reset to zero and held at that value until
reference 013 is de-energized.
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pc-s1-83-0018

015 018
4 1 | 1 a5 STR 015
I LI} CNT AND 016
w & o
1
— ONT 803
013 's:r- 035
I RCNT 803
S ouT 046
c603 046
+— | O
[ 1.14 WORDS PER ELEMENT |
KEY ONLED'S DISPLAY KEY  ONLED'S DISPLAY KEY  ON LED'S DISPLAY
s st s
STR, SHF [s/] STR.SHF cnT]  STR.CNT
[ stRsHr 1 STR. SHF 1 swi]  STR CNT.SHF
5] sTRsHr 15 [3] STRSHF 13 [6] STRCNT.SHF 6
(ev] ADR ooc1 [Ew] ADR 0004 [0 ] STRCNT.SHF 60
(%]  AND &) o7 [T STRCNT.SHE 603
[s#F]  AND.SHF [57F] CNT.SHF ADR 0007
[ AwnD.sHr 1 [EJ coNTsw 6 ouT
[¢] anoswe 16 [0] CNT.SHF 60 [S%] OUT SHF
ENT ADR ooo2 [[3] CNT.sHF 603 [4] OUT.SHF 4
OR ADR 0005 [6] OUT.SHF a6
OR. SHF SHF [Ev] ADR 0008
530  orsw 1 [3] sw 3
7] orsH 17 [5] sHF s
(7] ADA 0003 [Ew1) ADR 0006
ovs | oe 1 OM : i ON : :
— T on ' y X T
1 1 ] ] ] ]
L o — : i
017 : OFF 1| W ] oFfF ! ON '
1 L} L"_J 1] m
013 OFF | i : ! OFF !
+ ; J
COUNT: +1 N N +1 b= zErRO =
______ F 4n ™ _____ . N _a
r € o-1Y. LXampi 1 Lounters

Extending the Timer and Counter Range
Timers and counters can be connected in series or cascaded to extend their range beyond four digits.

Figure 5.20 illustrates several techniques to extend preset ranges by utilizing multiple timer/counter
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functions. Timer 611 will record time as soon as references 206 and 225 are energized. After 800
seconds it energizes its coil and stops recording time. However, timer 612 starts as soon as 611 reaches
it preset and continues for another 950 seconds. This is a total of 1750 seconds from the time T611
started. Whenever reference 206 or 225 is de-energized, timer 611 is reset to zero, de-energizing coil
£11 and al ragatting fimmar &1 738 oo

A
11, anG aisC IESCIONE Umer Oi< (il niecessary).

pc-s1-83-0019
206 225 T611 l
L Fa\ STR 206
f &), 800  AnD 225
TE11 TE12 TMR 611
L ) € 950  STRTMR 1t
! ~ TMR 812
| 7613 7613 —-- gsg
i & I d e~ STRNOT R 1
—F U —% 10 TMR 613
1.0
T51l3 STR TMR 613
S 750 STR 306
! g:ﬂl * CNT 614
750
308 STR 052
— | STRCNT 615
CNT 615
2 STRONT  ous
| 615
I e A I R
615
cleils s 200
g 11
c615
A [} P
1 L CNT 2
307 816
] |
T 1 |

Figure 5-20. Example of Extended Counters

Another pair of functions are timer 613 and counter 614. Timer 613 is a self resetting timer with a
preset of one second (10 tenths). It produces outputs each everv second from the time the
CPU starts until it is mrmed OFF. Counter 614 counts the up
reset by reference 106. Since counters are retentive, using timer 613 to produce a one second clock that
is counted by 614, results in a retentive timer. A similar result occurs if the top rung of counter 614
were referenced to internal coil 375 in lieu of 613. The third example in Figure 5.20 is counters 615 and
616. Counter 615 counts reference 52, up to 500, and then resets itself. Counter 616 records how many
of these groups of 500 counts occur. Since counter 616 has a preset of 900, its coil will be energized
only after 450,000 transitions of reference 52. At anytime, counter 615 has a representation of the small
number of counts (0-499 or least significant portion) and counter 616 the larger values representing
multiples of 500 (500-450,XXX) or most significant portion. Application techniques shown in Chapter
8 illustrate how a low order preset of 1000 can be obtained to produce a more conventional double
precision counter.

Ve J UeAAG LAVLEL MV LU W
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se pulses up to 750 of them (750 seconds) until
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OUTPUTS USED TABLE

Printer Interface Unit
SERIES OME, ONE PLUS/SR-28, SR-21

CROSS REFEREMCE PRINTOUT

SHIFT REBISTER

PC Operation

GEK-90842

gEEEgeEs
TLLEIIT
TYEETIT
§5995445
"FITETIL

- e e e M -

SES5688%

08: ¢

i12: 2
413: 3
14: 3
415: 3
416:
17: s

18- 2
M1: 2

FEEEE T L

EESHERES
LERREEE R
Baddadds
223334453

LEEREL R

528:
51

522

823:
524:
525:
526
827

518
511
512
513
514-
515:
516
517

LEEEEEE

I a

TTTETTT]
EEEEEEEE
TITEITT
daddddde
FEEEETT
FETEEED
5555686

SEsaiges

Printout

Sample Outputs Used Table

Figure 4-8
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Printer Intorfce Unit
EFBBLX Meen
OUTPUT REGISTERS USED TABLE vz2. 2

SERIES DNE PLUB/SR-21 PAGE 0088
OUTPUT

080: ool - < [ 1 8e5: 986: 087 M- i 2

na: B4 #s: 878: - #72: 873 - 875 -
INTERNAL RELAY

#1b6: ;¥ 8 28 821: 822: 823: 824: 25: 26: 027

2] [ <) 5V, 833 Bd: 535 6 87
SHIFT REBISTER

9 1: 2: 43 " TE B 6 7

858- [ 5] w2 53: [ 11 55 56 w7
DATA REBISTER

- 418 428: 438: 448: 458: 468: o

m: 411: 421: £1: a1 451: 461: n:

L 8 412: 422: 432: 442: 452: 62: 2:

o 43: 423: 433: #43: 453: 463: 473:

M- 414: 24 434: 44 454 464: A

45 415: 425: 435: 445: 455: 465: 475:

46 416 426: 436: A46: 456: 466 475:

L 18 a7 427- 437 M7: 457: #7- 477:

500: 519: 3 578- $38: 549: 559- 560: 57

So1: §l1: s 521: 531: 541: 551: 561: 1Y; H

5Q: §12: 822: 532: S42: 552: 562: S72:

588 §13: 523: 533: 543: 553: 563: 573:

: 514: 524: 534 B4 : 554: S64: 57

585: §15: 525: 535: 545: 566: §65: 575:

06: 5 526: 536: 546: SB6: 566: 576:

- o7 5827 537: 587 7: §67: s

[

Figure 4-9. Sample Outputs Used Table Printout (continued)
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pc-s1-83-0022
030 1600 T800
I || L& O _— STR 030
s ! 5 ANDNOT TMR 600
T80 €801 ™R 600
— ——F 8 STRTMR 600
! COUNT AND NOT CNT 801
031 &0 gm 031
NT 801
— | [
STR 801
601 033 1
*+— e e oR eo;
1 ’
out 033
80 STR 601
L 2
6 OR 034
601 601 034 AND NOT 601
e 5
L i O—— o 034
2 5 STR 801
034 . 4
0—] OR 601
5
601 035 orR 50;
— ¢ a®, OR eo;
4 -
601 ouT 035
+— o)
5
601 or 80
& — OR 601
7 P 7
601 EIUT 036
TR 601
*— - 5
8 oR 601
801 235 --- 6
. | e ouTt 037
3 ~ STR 601
601 OR 040
—| AND NOT 601
4 R
801 out 040
o—
7
601 037
——— |—o e
5
801
r
6
801 801 o;g
*— 4 \
1
040
¢—

Figure 5-23. Typical Sequencer Logic

Shift Register Functional Description

Another powerful feature of all Series One and Series One Plus PCs is the ability to simulate the
operation of shift registers. There are many physical devices that operate similar to shift registers such
as an anchor chain, a conveyor belt, an indexing machine, a line of customers at a refund desk, etc.
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shift registers, ring counters, First In First Out or Last In First Out stacks. Each shift register reference
can control any number of relay contacts, both normally open and normally closed.

Shift Register Operation

Tn 1"“@11‘21‘? the oneration of serial chift recictere 'F'lm\m 8§ 78 Aefinec a thearetical nrohlem using a

—— s s fan i il b PRLAfia Sadaal AwE LD LWL S,y i ofsdes) WUWIAILD 8 IV HWGL MRVVEWLLL WOl 15 =3

sequential assembly machine. The machine has space for a maximum of 12 parts at any one time. these
parts may be cups or other storage locations physically on the machine. The operations are performed
while the machine is stationary and then all storage locations (cups) are indexed rapidly one position
towards the right. There are three separate operations such as part assembly, welding, clamping, nuts
tightened, painting and label placement, etc. Since it would be a waste of material and machine time to
operate on locations without a part in place, there is a sensor on the first location to detect when a part is
present. To the right is a tcsting position to determine good parts and bad parts for later separation.

Each nosition n'F the machine ig ascioned a2 number for later reference to the chift recicter Natice that

el praeaatsll AiAlnaaaii SBOSIpiivid @ LiUllIULd AU A4l Ldbdbdldivie BV WUV SlllL dvpioivi. ASVHL

positions 3, 5, 7, 10, and 12 are only holding locations to store parts in progress and are related to the
mechanical layout of the machine.

pc-s1-83-0024
OPER OFER OFER TEST DIVERTER
L J J LJ L J
GOOD PARTS _

|IT2F 3I‘FJ5J;]?]8F—[9]10T:1I12]————
p;!n-r |REJECTS‘

PRESENT

Figure 5-25. Example of Shift Register

Figure 5.26 illustrates the logic, including shift register, used to solve this problem. The following I/O
references are assigned for use in this logic and can be changed as necessary to fit your application.

Part Present (Input) 045
Test OK (Input) 046
Reset/AN (Input) 047
Operation 1 (Output) 130
Operation 2 (Output) 131
Operation 3 (Output) 132
Test (Output) 133
Diverter (Output) 134

Shift Permissive (Internal) 214

The timing of each operation allows the machine to index one position each 3 seconds. Thus timer 631
produces an output every 3 seconds as long as the internal permissive is satisfied. This coil (214) is

developed elsewhere and indicates all operations have been complcted and hardware is out of the way,
a]]owmg movement withont darnamng the machmerv The shift register itself has three pnm'lle'l rungs

each of which can be any combination of series and parallel contacts. The first is the input sxgnal
Whenever this is supplying power flow the first stage of the shift register will turn ON and remains ON
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even if the input changes. The middle rung is the clock signal controlling the shifting of all stages.
When this signal goes from OFF (no power flow) to ON (power flow), all stages will shift one position.

This shifting is completed before other logic is solved. The bottom rung is the reset signal. Whenever
this signal is supplying power flow, (all) stages of the shift register will be tumed OFF (cleared).

ha ha Aafinad Tha saf
The references used by this shift register and thus the number of stages, must be defined. The reference

for the shift register 1tsclf is the location of the first stage and immediately following that is the reference
for the last stage of that shift register. In our example, input 045 indicates a part present and loads the
first stage (431) of the shift register.

Timer 631 (3 seconds) and coil 214 (permissive to shift) are both required before the shift occurs.
Finally, input 047 is used to clear all shift register stages perhaps at the start of machine operation or

3 T trr Th - 1 3 T T T AAA fental 19
otherwise under operator control. The shift register is built using references 431 through 444 (total 12

stages). The remaining relay logic merely connects the individual stages of the shift register to their
output to exercise proper control. The only exception is the next to the last rung. This rung receives the
test signal and resets stage 440 if the test is passed. Thus when the later stage (443) receives the data, it
will not activate coil 134 to operate the diverter. Therefore, good parts are passed and the diverter

operates onlv for bad parts, not for emmtv locations or

et T2 RS, SAUL AV WAL AV

a42154
| 63 * 1= PART PRESENT
*0* = NO PART OR GOCD PART
STRNOTTMR 621
214 631 ORNOT 214
[ y 3.0 T™MR &1
--- 3.0
045 NPUT s 045
STRTMR 631
0—’ }-——_———_ 431 AND 214
61 216 o o7
] — 2] o - ‘s
s 432
047 l aur 130
RESET sTR 434
+— J “4 ar 131
OPER sTR 436
Y g o 132
| {F—< 440
— I
A aur 133
434 131 TR 046
RST 340
tA———O—ve =
436 by out 134
e
TEST
440 133
L O—e
! —\
RESET
046 340
| "
r 9, 4
443 134

Figure 5-26. Example of Shift Register Logic
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Normally many parts will be processed through this machine, continuously moving from input at

ng_glugn 11to output from nnmrmn 12. However. for the purpose of illustration. a single part wﬂl be

il LR RN L) 8} AWV, A2 mApSe Allmallal AR, & 22208 wwaili %%

examined as it moves down the machine. The part is placed in position 1, energizing mput 045 and
sctting shift register stage 431. After three seconds timer 631 cncrgizes clock:ing the shift register
causing the ON state for this part to move into stage 432. Then timer 631 will reset itself and stage 431
is cleared. When stage 432 is energized so is output 130 causing operation one to be performed on this
part. An additional three seconds pass and another clock cycle causes the ON to move to stage 433.
Stage 432 will be loaded from 431 which is OFF as long as additional parts are not processed. The
above discussion assumes no delays are experienced with the permissive.

The above operation repeats itself as the part goes through 434 (operation 2), 435 (rest), 436 (operation
3), 437 (rest), and 440 (test) at three second intervals. While at the test position, output 133 is energized
and the test OK input (046) is expected. If the part passes the test, input 046 will reset stage 440 making
the remainder of the shift register act as if no part was present and allowing the part to pass straight on
through. However, if the test is not passed, the ON stage moves to 441, 442, and 443 at three second
intervals. At stage 443, it energizes output 134 causing the diverter to push off the defective part into the

raiant hin
ICjelt oin.

Other logic can be added to improve the capabilities of this program. For example, a timer could
measure the delay from the manual cycle (631 energized) and receipt of the permissive (214). It would
also alarm if this delay was excessive such as 5 or 8 seconds beyond the normal 3 seconds. Counters
could also be installed to record both good and bad parts produced. This data can be readout and reset

via the procrammer whenever desired. such as each shift dau wesl- ate

VAR Wiv pAVEesliidiied Anddn ¥ wd MWL Wy SUAWAd Diddity ALYy VY wrdig Wb

Forcing I/O References

An invaluable tool in the verification of user logic and field wiring is the ability to force I/O references.
The operation of the I/O forcing operation is dependent on the I/O reference being forced. Inputs
connected to external devices can be forced on or off for one solution of user logic. All other I/O
references can be forced on or off indefinitely, but are overridden by user logic.

The most frequent user of the I/O forcing function is for verification of field wiring of outputs. Since
user logic overrides the I/O forcing function it is recommended that this operation be performed with
user program memory cleared. The key sequences for forcing I/O references are as follows:

PRy - ¥ 'Y ——m e FWVRT o aL o T A 8§ wd Fa ' o\ Y. ==t AT

¢ To force a speilic UU ICICI'CHCC Ul‘ enier the scquence. DJ'.‘-I. onr XXX \UU} IEICICDL-G), LiN 1.

e To force a specific I/O reference OFF, enter the sequence: RST, SHF, XXX (I/O reference), ENT.

WARNING

When forcing input points with the set or RST sequence, be aware that the physical state of
the input may be overridden. If the forced set or RST occurs in the user logic program
before the input is checked in the same I/O scan, the set or RST state will take precedence

and would cause an output to be turned on or off at the wrong time.
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SECTION 3

Data Operation Instructions for the Series One Plus
Programmable Controller

Data Operations

The Series One Plus PC has, in addition to the basic ladder diagram functions, a group of instructions
that include data moves, math functions, logical operations, conversion, and external fault diagnosis.
These instructions provide the PC with the capability of performing various data operations. This group
of instructions operate on multiple bits rather than one bit at a time. These instructions are not available
with a Series One PC. For programs requiring many data operations, it is recommended that the Series
One Plus 3.7K PC be used.

All of these instructions require that the data to be operated on be loaded (stored) into a 16-bit register

called the accumulator. The data (numerical value) is processed in the CPU as BCD (Binary Coded
| M.

g
&

Decimal). Each BCD value is represented by 4 corresponding bits in the accumulator. A BCD value
can be any of the digits 0 through 9. When the specified 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. Additionally, data can be stored in registers
(sixty-four 16-bit registers) and those registers referenced when programming the data operations. Each
register can contain a 4-digit BCD number. Figure 5.27 is a block diagram showing how the data
operations are performed.

Registers and the accumulator may also contain binary data, however arithmetic functions cannot be
performed until the binary values are converted to BCD.

a40848
DATA IN,
erron | ]
GROUP FEFEFENCE
CONTENTS OF ACCUMULATOR
COMPUTED WITH A CONSTANT
OR CONTENTS OF A GROUP
REFEENCE
l DATA OUT,
PPy ——— TO EXTERNAL
HESULTS ST N el s pewns e, ———
A BE B ATAD ] Wirvisun
—_ INTERNAL
STORAGE

Figure 5-27. Data Operation Block Diagram

The contents of the accumulator do not change until new data is loaded into it with a D STR instruction
or a computation takes place and the result is stored in the accumulator.
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Using References for Data Operations

When entering an instruction for a data operation, the instruction is first specified, then the data. The
data can be a constant value or a groupreference that contains the data to be used.

Entering a Constant Value
a40849

INSTRUCTION Enq sHe | | x xJ xl X ENT|

Where XXXX is a 4-digit BCD number

When a constant (4-digit BCD number) is entered as the data value, the bits of the BCD numbers will be
stored in the corresponding position in the accumulator, i.e., the least significant digit in the lower 4 bits
of the accumulator, and the most significant digit in the upper 4 bits of the accumulator.

a40850

4-DIGIT BCD NUMBER
DIGIT DIGIT DIGIT DIGIT —I

4 | 3 | 2 ] 1 |
8lal2[1]8[af2]1[8]al2]1]8]a]2]1]
] 1 ]

|
1
|

NUMBER | 8 3 9 2 |

| |
1fofof1]ofo[1]0]

-t =

| i
AccumuLator [1Jofofofofof1]1

l
|

Entering a Group Reference

INSTRUCTION ENT R X X X ENT

The I/O points, internal coils, and shift registers are treated as 8-bit registers when programming data
operations. The references are then referred to as group references. By selecting the R key before a
value, that value is operated on as an 8-bit or 16-bit register. For example, R 1 5 actually references 8
consecutive 1/O points, 150 to 157. This is a convenient way of reading in data to the accumulator from
input modules, or writing data from the accumulator to output modules for use as required by the user
program. Certain instructions operate on 16 bits, in those cases the data will be read from or written to
16 consecutive references (one 16 circuit module or 2 adjacent 8 circuit modules). The group reference
number for the references mentioned above can be either 1 or 2 digits.
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Data Register References

Data registers are referenced as 3-digit octal values with a valid range from 400 to 577. Although each
individual register actually refers to one 8-bit byte, most registers are operated on as 16-bit words (2
consecutive registers). For example, if the key sequence R 4 0 2 is entered, the data operation uses data
registers 402 and 403. If a 4-digit BCD value (for example 1234) were entered into the register, register
402 would contain the 2 least significant digits (34) and 403 the 2 most significant digits (12). A useful
feature of the registers is that they can contain a value to be used as the preset for timers or counters.
Unused T/C references 600-673 can be used as data registers. Each T/C reference operates on a 16-bit

register.

Timer/Counter References

The timer/counter references are also 3-digit octal values. Each of the timer/counter references
represent a 16-bit register. Valid range for the timer/counter references is 600 to 677. These registers
contain the accumulated value of a timer or counter. It is important to note that the timer/counter
accumulated value is not the same as the accumulator read to or written from when programming any of
the data operations.

Example of Specifying a Group Reference

An example of specifying a group reference and how it relates to the accumulator is shown below.
Example: Reference specified is 41.

a40851
42 41
[7 o7 0]
I ; Contents of 41 and 42
(16 bits) are loaded into
[Te 16 BIT ACCUMULATOR 1] the accumulator
NOTE

Discrete bit 410 will be stored in the first position of the accumulator; discrete bit 427 will be
stored in the last position (16) of the accumulator.

Programming the Data Operation Instructions

When a program is entered to perform any of the data operations, the first instruction must have at least
one conditional contact entered immediately before it. To enter any of the data instructions, the F key
must first be selected, then the Function number (F50, F63, F82, etc.) of the instruction. These numbers
are assigned internally, by the CPU’s operating system, to each of the data operation instructions and are
listed in Table 5.8. After the F X X number has been entered, the program address will advance 1 step
and the second word (data entry) should now be entered. The data entry is selected by entering SHF X
X X X, for a constant value, or R X X X for a group reference.
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NOTE
When loading 1/O References or other data, be sure that it is in BCD Format. If not it
converied before using the data for arithmetic functions.
a40852
REF + 1 REF
17 nl=2 N n |
I Y E ol
1 1
| [
I ae a = 1 A AR AT
I. k=] ' o _ Ul ALLUmMULA ITun

Vaiid Group References
OO0 - 014 ifO Points
070-078 1/0 Pointe
016 - 036 internal Coils
MNAMR _ NEES Chils Damistas ™aile
W T WY = L 109 nwm“n WD
400 - 576 Data Ragisters (B-bit)
800 -8677 T/C Accumuisted Vaiue Registers
{18-bit)
0000 - 9999 Constant (4-digit BCD)
Tl 21T A1 CONDITIONAL
lrllallul MOIAT AT
| SIS By SN S I A
__GROUP d___di I PP | i
}—RE ,R,Ncg_l Y1 LSt XXX —%
e e e~ e
lell 11 11 I
[ I I I I S I A |
4 DiGIT CONSTANT . - — — .
eed —J DSTR XXXX &
T [ L .| !
—BCD VALUE—
| |
-~ e - r— r——-
nddl |

un
~J
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DeSTR1 (F51)

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.

a40853
REF
Lz o]
[ 15 8|7 0| ACCUMULATOR
Valid Group References
000 - 015 1/0 Points
070-076 1/0 Points
016 - 037 Internal Coils
040 - 057 Shift Register Coils
400 - 577 Data Registers (8-bit)
FI0I0] ¢ —{osmixx}—9
GROUP
I‘ REFERENCE “|

L.

DeSTR2 (F52)

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

a40854
REF
|7 43 o]
[ 15 4|3 0| ACCUMULATOR

Valid Group References
000 - 016 1/0 Points
070-076 1/O Points
016 - 037 internal Coils
040 - 057 Shift Register Coils
400 - 577 Dat» Registers (8-bit)

FEE - —Losmxad—

r REFEHENCE-l

00
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DeSTR3 (F53)

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.

a40855
REF
K] ala ol
7 412 i 0
[ e 4]3 0] ACCUMULATOR
Valid Group References

000 -015 11O Points
070-076 1/0 Points
016 - 037 Internal Coils
040 - 057 Shift Register Coils
400 - 577 Data Registers (B-bit)

(6]

+---.{ l.—-[n-sma xxxH

GROUP
rREFERENCE_]

1 rir
L JLJed

DeSTRS (F55)

This is a 2 word instruction which, when executed loads the accumulator with a BCD value from the 2
byte contents of a 16 circuit Input moduie.

a40856
REF + 100 REF
[7 ol7 ol 18 pPOINT INPUT MODULILE
| 15 8|7 0] ACCUMULATOR
Valid Group Reference
000 - 005 16 Point Input Module

OuP
rassenencsj

D00

[ A osms x1—¢



l.ll'l
B4
<
o)
-
®
3
g
E
|
|

DeOUT (F60)

DeQUT (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).

a40857
[ 15 8|7 0| ACCUMULATOR
L7 07 0|
REF +1 REF
Valid Group References

000 -014 1/0 Points

070-075 if0 Points

016 - 036 Internal Coils

040 - 056 Shift Register Coils

400.-578 Dats Registers {8-bit)

600 - 677 T/C Accumulated Value Registers

{16-bit)

[IlJle] ¢ L oour xx}—4

GROUP
rREFERENCE B

OO0

DeOUT1 (F61)

DeOUT1 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 reference.

a40858
[18 8|7 0| ACCUMULATOR
|7 0| REFERENCE

Valid Group References
000- 015 1/0 Points
070-076 /O Points
016 - 037 Internal Coils
040 - 057 Shift Register Coils
400 - 577 Data Registers (8-bit}
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DeOUTS (F65)

DeQUTS is a 2 word instruction, which when executed will write the contents of the accumulator to a 2
byte reference which must be a 16 circuit Output module.

A

aquooil

[1s 8|7 0| ACCUMULATOR

1 !

| 7 o] 0| 16POINT OUTPUT MODULE
REF + 100 REF

Valid Group Reference
000 - 005 16 Point Output Module

FEIGE] ¢4 oo x1—

[ I Wl I Sl | I | | T
GROUP
I‘REFERENCEj

I

CMPR (F70)

The contents of a specified 2 group reference or a 4 digit BCD 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 accumulator value is greater than (>), equal to (=) or less than (<) the
value specified by the reference or constant.

a40862
Valid Group References
000 -014 /0 Points
070-075 I/O Points
016 - 036 Internal Coils
040 - 056 Shift Register Coils
500 - 576 Data Registers (B-bit)
600 - 677 T/C Accumulated Value Registers
(18-bit) FLAGS
0000 - 9999 Constant (4-digit BCD) > = <
772 773 774

[FIEIE] A —Lewn ox}—4

P -Ta Tl =]
aRuur

i"nEFERENCE']

00

] L own o0} —4

I-—BCD VALUE—I
HININN
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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.

a40867

S| EEDEEE
1»——42F———[. 1268 }—e [ [+] [2] [&]
3 _ R ERRERNLED
¢— —{+ 3346 }—¢ Al anles R s an
|>——44}———{:+ 73 }—e [ B 5] 1]
5 ] 3 B &
" —{ooute }—o &0 0O
S S— o o s
[ I
I [ I Y N O 52
str] [se] [=] [ev
O OO OO E
wer) [5)

When I1 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 I4 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.
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Subtraction (-), BCD 4 Digit (F72)

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 (775) turns ON, the absolute value is
subtracted from 10000 and the resultin

th g value is written to the accumulator. If the answer after
subtracton is zero,

Adnbd Wi Gl

he

"

e ag (776) turns ON,

‘-f
N

{

=]

a40868
Valid Group References
000 - 014 110 Points
070 - 0758 1/0 Points
016 - 036 Internal Coils
040 - 056 Shift Register Coils
400 - 576 Data Registers (B-bit)
600 - 677 TIC Ac Value Reg ]
(16-bit)
0000 - 9999 Constant (4-digit BCD)

FLAGS
CARRY ZERO

775 776

FEHE 4L 3

GROUP
[ REFERENCE ‘l

=00

4-DIGIT CONSTANT

$— - e }—4

]—BCDVALU‘E—l
B0
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e Subtraction sequence

a40869
ACCUMULATOR
[15 {4 DIGIT BCD NUMBER) 0] M CONTENTS
REFERENCE +1 - REFERENCE
7 07 O! 2 GROUP REFERENCE
4 3 2 1 OR
8laJ2[1]efaJ2]1[@[a[2]1[8]a]2] 1] 4DIGITCONSTANT
" 3 3 3 4 DIGIT BCD .

ANSWER STORED IN
8l4f2]1]8af2 1[8]a]2]1]8]a]2] 1] AccUMULATOR
BORROW /| 2ZERO ® IF ANSWER IS 0000, ZERO FLAG IS ON
CARRY | FLAG ® IF ANSWER IS NEGATIVE, BORROW FLAG WILL BE ON

775 776
5
|5TR' lsnr[ I 5 | ENT
| } { ostra
Lel sl (o] =) (2] O &)
- 3333 IF3|7]|2|

0 D EE 3 &
] I 2] =)
OO EE

. !
DOUT15_;

® Subtraction programming example

e Dara is entered into the accumulator from Inputs 0040 - 0057.

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

¢ The answer is stored in the accumulator and is written to outputs 0150 - 0167.
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Multiplication (X), BCD 4 Digit (F73)

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 576 and 577, which are the auxiliary
accumulator. If the answer is zero, the Zero flag (776) will turn ON.

a40870
Valid Group References
000 - 014 I/0 Points
070- 078 I/O Points
016 - 036 Internal Coils
040 - 056 Shift Register Coils FLAG
400 - 576 Data Registers (8-bit) ZERO
600 - 677 T/C Accumulated Value Registers 776
(16-bit)

0000 - 8999 Constant (4-digit BCD) GROUP REFERENCE

CIEGE] ¢ {x  xx}—¢

GROUP
r REFERENCE ‘I
CONSTANT
VAI'.UE
4 DIGIT CONSTANT
b —Lx o0}
[— BCD VALUE _I
e Multiplication sequence 240871

[is {4 DIGIT BCO NUMBER) 0] ACCUMULATOR

CONTENTS
REFERENCE +1 X REFERENCE
7 oj7 O I%— 2 GROUP REFERENCE
4 3 2 1 OR
B[4]2][1|68]alz2] 1]8lal2]1]8]a]2]1 4 DIGIT CONSTANT
=
8 7 6 5 4 3 2 1
glajz[1]sfaf2]1[8[a]2] 1[8]a]2] 1[8]a]2] [8]a]2][8]a]2T1|8lal2]"
REGISTER 577 REGISTER 576 ACCUMULATOR WILL CONTAIN
AUXILIARY ACCUMULATOR LOWER 4 DIGITS
DIGlTS5-8J
ZERO FLAG
776

 The lower 4 digits (1, 2, 3, 4) of the answer will be stored in the accumulator. The upper 4 digits (5, 6, 7, 8) will be stored
in the auxiliary accumulator (Data Registers 576 and 577).
e If the answer is N0000000, the Zero flag (776) is ON.
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e Multiplication programming example
Multiplying 4 digits by 4 digits with an answer containing 8 digits.

2

—

~

A A Aigit BT valina ic antasad
&S WEIL Oulrs Yaiue 15 COWISa 0o

Py ﬂ?ﬁ

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

¢ Assume that the answer is an 8 digit BCD number. The lower 4 digits are stored in the accumulator and transferred to
Omputs 0140-0157. The upper 4 digits are stored in the auxiliary accumulator (Data Registers 576, 577) and transferred to

Minctemeetn N1EN N1
VUpUL viou-Jvlsg.

Division ¢, BCD 4 Digit (F74)

La g PR
10N€ contents o

BCD constant.

of the accumulator are divided by the contents of a specified 2 group reference or a 4 digit
The 4 digits of the quotient are stored in the accumulator and the 4 digits of the

ad0872
{{osms }—<¢ [E7] ) [ [
l—fx 1375 ——@ CO 0@ &
EapEaRERR ]
D-OUTw::I
[se) [ 2] [ =] [v])
DSTR576 SR S —
—{bomie}—¢ [ [ [
L] Ls]) [o] [&1]
r] s o] C] =]
3 ] ] =)
Lrl) L) Le] [&7]
accumulator from Inputs $050-0067.

remainder are stored in the auxiliary accumulator (Data Registers 576, 577). If either the dividend or
divisor are zero, the Zero flag (776) will turn ON. If the divisor is zero, the Overflow flag (777) will also

turn ON.
Valid Group References
000 - 014 /0 Points
87C-075 WS Points
016 - 036 Internal Coils
040 - 058 Shift Register Coils
400 - 576 Data Registers (B-bit)
600 - 877 T/C Accumulated Value Ragisters
0000 - 9999 Constant (4-digit BCDI
OEE L
GROUP
[TREFERENCE ™|
4 DIGIT CONSTANT VALUE

a40873

FLAGS

OVERFLOW
777

ZERO
778

o
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e Division sequence
a40874
15 (4 DIGIT BCD NUMBER) 0
ACCUMULATOR
Lof1]ofolol 1T ToloT ol 1] 1]of1fof1] CONTENTS
REFERENCE +1 M REFERENCE
7 07 O ~=—2 GROUP REFERENCE
4 3 2 1 OR
oJoJoJoJoJo[1Jolc[1]oJolol ][]0 4 DIGIT CONSTANT
QUOTIENT = REMAINDER
4 3 2 1 1 2 3 4
ofofofoJoJoofofoJofo ] ToTe o]  ToTolol o] [0l ololo]o]1]o] 1] o]0
REGISTER 577 REGISTER 576
ACCUMULATOR AUXILIARY ACCUMULATOR
FLAGS
ZERO OVERFLOW
776 777

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 577, 576) as shown.

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 Outputs.

a40875

1»—-—-]7}—-—1r—-[ n-srns}-—# (] (o]
o— - 5 }—e e
OO EEDOCEOR
—{oour 11 }—9e Moo & DD O E
¢——{osm s7}—9 [ &=
—{oour 13}—e¢ [F] [E] ] &g
| N B I N I 73
0 GE1Eg

* A 4 digit number is entered into the accumulator from Inputs 0030 - 0047.
¢ That number is divided by a number specified by Inputs 0050 - 0067.
o The 4 digits of the quotient are stored in the accumulator and are also written to Outputs 0110 - 0127.

* The 4 digits of the remainder are stored in the auxiliary accumulator (Data Registers 577, 576) and are written to Outputs
0130 - 0147.
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h 2" A BTF. FT% 4o FEIV A A MTWRL SWTVN
DeAND (DATA AND) (F73)
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 flac (776) will turmm ON
Zero flag (776) will turn ON,
240876
Valid Group Rafarances
000 -014 1/0 Points
070-075 110 Points
016 - 036 Internal Coils
040 - 0586 Shift Register Coiis
400 - 578 Data Registers (8-bit)
800 - 677 T/C Accumulsted Vailue Registers FLAG
{186-bit} ZERO
0000 - 9999 Constant (4-diait BCD) prp—"
LMK - A LONETA Le -_--.-- j=4 =150 Fro
/e 1 11 I = 1
I F11 71151 ®-——-—4 ——— D-AND XXX }—@
[ I S S 1 i L - 1
GROUP
r..EFEF!E..CE—{
lell 11 11 |
[ AN 11 ] 1 |
4 DIGIT CONSTANT
1 11 r | I
@& ——-4 —— DANDXXXX ——@
1 11 | - 1
i"‘*‘*'QQ‘Q\!A__E.—-—'i
] ]
o
ISHA | i1 1 11 ]
e - —_— e e
DeAND deguence
1 ad40877
f18]14[13]12]11]10] 9] 8]71615]41312]1]0] ACCUMULATOR
j11j10/ 9} B17) 661413121110 ) " CONTENTS
Ma AN
, U 2 GROUP
: REFERENCE +1 i REFERENCE i REFERENCE
2 3 2 i ,oR
Flelglalalalalalalelelalal alaln - Lrail
7lelslalalalsfolr?lels]alalal]o CONSTANT
LOGIC PRODUCT
Y
r_o_.T e =0 T T T _ T _ =, 1 _ T _ T T _. 1T _.T T .1
—{15apsnzZpipo| 9| |7|E|5]4|3]2]1]0]
FLAG ON
¥ ALL
2EROS
776
e Truib tabie for DeAND operation.
A = Accumulator contents
T = MNrntoante nf rafarencrse Ar ranctant
A = N ATLAVCRALD Wi AwilwiwiivAe Vi WAJLILDWVGLAL

»
o
X
m
o
Q

e

- D0
- Q=0
- 000
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e Programming example, De AND

a40878

2 [sr] [swe] [2 ] [EnT]
D-STR
) OO M ] g
D-AND 2222 [—F-' m m ["Em
D-OUT 6 Eseh) [2 ) 2] [2] [2] [7]
LF] [e] [o] [ent] [R] [&] [ent

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

e The resulting answer stored in the accumulator would be 0220

e 0220 is written to Outputs 0060 - 0077

e Accumulator and reference contents for above operation are shown below

15 0
(olofojt1]Jofof1JoJoJoJ1]+Jo] 1o 0]

7 0o 7 0
{ofo]1]ofofof1fofoJof1]ofoo]1]0]

15 0
(ofofofofofof1]oJofof1JoJofoo]0]
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DeOR (DATA OR) (F76)

The contents of the accumulator are logically bit OR-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 (776) will turn ON.

a40879
Valid Group References
000-014 1/0 Points
070-075 1/0 Points
016 - 036 Internal Coils
040 - 056 Shift Register Coils
400 - 576 Data Registers (8-bit) FLAG
800 - 677 T/C Accumulated Value Registers ZERO
(16-bit) 776
0000 - 9999 Constant (4-digit BCD)
L] ¢ F—{oon xx}—¢
GROUP
I_REFERENCE_l
4 DIGIT CONSTANT
+-—-| I——I DOR XXXX |—+
r——aco VALUE—I
DeOR Sequence
a40880
[s[1a3[r2[ri]ro] sTe] 765432 1]0] ASGUMULATOR
D*OR
' . 2 GROUP
j REFERENCE + 1 ' REFERENCE 7 EFERENCE
4 3 2 1 OR
4DIGIT
7]16|s[a]3]2]1Jof7]6][s]e]3]2]1]0 CONSTANT
LOGIC SUM

]

—sf1afizfiafifioTe e[ 7Te s e 321 0]

FLAG ON

&= F ALL

ZEROS
776

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

RESULT
]

- =00 |>
-0-=0|0

1
1
1
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¢ Programming example, DeOR

a40881

9 [STR] ([sHF] [ 8 ] [ENT]
DSTR 12

LF]) 5] [o] [enT)
DOR 14

Lr] ] [2] [enT]
D-:OUT 16

Le] [2] [e] [en]

] [ & [

] e ] [evg

LBJ L] [ 8] (ENT]

* Assume data entered into the accumulator from Inputs 0120 - 0137 = 3210
e Is logically OR-ed with data from Inputs 0140 - 0157 = 7531

e The resulting answer stored in the accumulator will be 7731

e 7731 is written to Outputs 0160 - 0177

e Accumulator and reference contents for above operation are shown below

15 0
(ofof1[1]ofof1[ofofJofo[1]o]ofo]0]

7 017 0
fofifr1]rfofrJofr[oJof1]1]oJofo]1]

LT e e e TeTs 4]
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¢ 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.

+6

CI 0] ] & =

a40884
. Cd &9 [ B
o— | osmal— O DO E A
FUN 814 CO OO 4 OO
N80 s D OO EFE @M
CIJ 000 M ] g B
—a
0}—o

D-OUT 10

Date entered into accumulator from Inputs 0020 - 0037.

¢ Ls [ 3T e T 2]

e Shifted left, 4 bits.

° L3 [ 6 ] 2 ] o]

e Shifted right, 4 bits.

. Lo | 3] e [ 2]

e The fourth digit (5) has been deleted.

L

e The remaining value is added to the contents of Inputs 0060 - 0077. The result is stored in the

accumulator and written to Outputs 0100 - 0117.



un
~J

Decode (F82)

The lower 4 bits (least significant) of the accumulator are decoded to a decimal number from 0 to 15. A
‘17" 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.

a40885
Flle]] 2] ¢--- '—{FUN&Z’H
e FUN 82 Decode sequence
LOWER 4 BITS OF
: ACCUMULATOR CONTAIN
[olofofofoJofofofoJofofoJ1JoJo] o] Yacooiam
FUN 82 Y wwic1s DECODED TO
i A DECIMAL NUMBER.
15(14(13[12]{11f10f[ 9[8[ 7|65 3|2[1]0 :“VMLLaePLACEDm
(%] = A AR AT e e
0 1 ) THE ALLUmMULATUN FUSI-
0lojololojo 0101010J0J0 TION CORRESPONDING TO
+ THAT DECIMAL NUMBER
ALL OTHER POSITIONS WILL
CONTAIN ZEROS.
o If the BCD digit to be decoded is an 8, A “‘1”’ will be placed in the accumulator at that position as shown.
¢ Programming example, FUN 82
a40886
1 STR| [sWr] [ 1 | [ENT]|
DSTR3 2
[F] [5] [[3] [enT) LR L2 [N
FUNBZJ_’ ] ] 2] [
D-DUT#]—O [F] [e] [} (1] [(R] [ [Ev1)
| {40} "°°: r) o) [+ [o] [0
' i B O ED
1
= ! | = | | i | |
4 i i i i i i
57 117 [ | ! ! !
T___'I_ |s*rn||sa;][sl
|
! m O OO OO E
¢ A BCD digit (for example: 6) is loaded into the accumulator (lower 4 bits) from the lower 4 bits of the reference, Inputs
20, 21, 22, and 23. The bit pattern loaded in the accumulator would be 0 1 1 0.

¢ The BCD digit is decoded to a decimal number between 0 - 15 (in this example 6).
e That number is stored in the corresponding bit position in the accumulator,

e Outputs 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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Encode (F83)

A Dit 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.

a40887
AlnjE e L i LY
* FUN 83 Encode sequence (example)
T ] I [CToToTe]  rannne
ojojoJoJoJoJoJoJoJo]1JoJoJoJo]o POSITION IN THi
Lelofol lofofo] L ACCUMULATOR
POSITION 5
FUN B3 IS ENCODED
5 TO A 4-BIT CODE
(0]oJoJoJoJoJoJoJoJoJoJoJo[1]o]1] Tﬁ;"{’oﬂgﬁ%ﬁ?s
/8 4 2 118 4 2 1.8 4 2 118 4 2 11 OF THEACCUMULATOR
¢ The upper 12 bits of the accumulator will contain zeros after the FUN 83 has been executed.
INYV (F84)
The 16 bits stored in the accumulator are logically inverted; i.e., 1 to 0 and 0 to 1.
a40888

FEE ¢A w1

¢ Invert sequence

15 0

16 BITS STORED IN
Lrfofofofol T 1JoTo[ Ao O0 T T1T1] Accumusren
15 NV 0 ARE
(ol [ [ [ ToJo[ 1 [1]o]0[1]1]0]0]0] LOGICALLY INVERTED

¢ Programming example, INV

| 3 R [ 3] [N
oS 3 DO E G E

INV

s LF]) L& ] [[4] [enT]

wo OO MM )
-

boUT 7 N N O O O 5
[ 0 O O =5 O O I

e Data entered into the accumulator from Inputs 0030 - 0047 is inverted.
. 'Iheinvm::ddataisaddedtodatafmmlnpmsmso-0067.Themswerisstoredinﬂ:eacmmulntor,theninvertedagain.
e Data is written to Outputs 0070 - 0107
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BCD (Binary to BCD) (F86)

A binary code stored in the accumulator is converted to a 4 digit BCD value. If the resulting BCD value
is >9999, the overflow flag (777) will tumn on. The flag coil can be used to turn on an output device as an

indication of the overflow.

e BCD conversion sequence

OEE A L w1

Programming

BINARY CODE

[efof1JoJoT " JoToJoJo [ [ Jo[1[1]1] STOREDINTHE
BN ACCUMULATOR
1 s
ot
BLu
_FLAG _ s 2 3 ; CONVERTED TO A
OVERFLOW 4 DIGIT BCD
535 1JoJoJ1]oJo JoJo[ [ 1000l NUMBER
e Programming example, BCD
1 [sTr] [swe] [1] [en7])
—e—{ bsTr3 o ——
I - Z | LF1 isiio]f e [rj[3] [en]
e 5 14
8co LFJ L) L) [ewt) [r] 5] [en]
F ENT
pout 7] LrJ) [e]) [&] [&7]
777 130 [(Fl [e]1 ) ) ["] [7] [ew)
’ I: {) |s'rn|[sm||'l|l':’|7|lm|
four) [swr} [ ] [3] [o] [=])
e Data is stored in the accumulator from Inputs 0030 - 0047.

¢ Data from Inputs 0050 - 0067 is added to the value in the accumulator.
¢ The resulting answer is stored in the accumulator, where it is converted to a 4 digit BCD number.
e The BCD number is written to Outputs 0070 - 0107.
e If an overflow occurs, the overflow Flag 777 will tum on Output 130.
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vices connecied io IZ and i4 are made ai the same time the data display wiil dispiay 2Z222.

&

e

&

= 1

-

J

|,

L

& wa

L 5

L |

e 3
iI






