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1.0

1.1

INTRODUCTION

The products described in this manual are manufastured andfor
distributed by Rellance Electric Industrial Company.

This manual describes the Shark XL. If Series Programmable
Gontrolier. This manual tells you how to install, operate, and maintain
your Shark XL !f system.

For information on the Shark IO system when it Is used as remote
O on an AutoMax Remote IfO network, refer to the Shark IfO System
manual {J2-3018)

Manual Contents

¢ Chapter 1 - Introduction
Summarizes the manual's contents and related
publications,

e Chapter 2 - Shark XL il System Overview
Describas the componeants that make up a
Shark XL Il system.

# Chapter 3 - Instaltation
Describes how 1o install a rack, modulss, and
assoclated wiring.

& Chapter 4 - Generai Programming

Explalns ladder logic, I/O processing, and /O
addressing. Also describas bit, word, and byte
processing.

¢ Chapter 5 - Operating Procedures

Explains how to create, search, edif, and delate a
program. Also explains how to force and monitor
0.

e Chapter 8 - instruction Set and Commands
Lists the Shark XL iI's instructions/fcommands and
provides programming examples,

& Chapler 7 - Diagnoslics and Troubleshooting

Summarizes the Shark XL II's error codes and
messages.

e Appendix A- Specifications
Provides spacilications on the Shark XL Il system
and modules.

& Appendix B - instruction Set/Command Summary
Summarizes the Shark XL it instructions and
commands.

e Appendix C - Execution Times
Lists the instrustionfcommand execution imes.

& AppendixD - Command Cross-Relerance

Provides a cross-reference betwean the Shark XLl
commands and the function (FUN} numbers,
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1.2

Retated Publications

You must ba famlllar with all the Instruction manuals that describa
your system configuration. They may Include, but are not limited to,
the following:

* J-3800

J-3801

J-3803
J-3804
J-3805

e J-3807

& Your IBM-compatible personal computer and DOS opsrating
system manuals.

IEEE 518 Guide for the Installation of Elactrical Equipment to
Minimize Electricat Noise Inputs to the Controllers,

Shark Universal Programmer Instruction Manual

Shark X Serles Programmable Controlier Instruclion
Manual

Shark Standard Programmaer Instruction Manual
ReSource Shark Programming Executive

Shark Remote Master Module and Remote Target
Module Instruction Manua!

Shark Natwork Module Instruction Manua!



2.0

2.1

SHARK XL Il SYSTEM
OVERVIEW

This chapter identilies and suramarizes the components that make
up a Shark XL It programmabte controlier system.

System

The Shark XL il is a rack-based programmable conirolfer. Rack sizas
range from a three-slot unit to a seven-siot unit. The number of slots
In a rack Iindicates the number of modules that can be plugged into
the rack (exclusive of the power supply}. For exampls, a three-slot
rack can hold a processor module, two [fO modules, and a powsr
supply module. Expansion racks can be added so that a single
procassar module can contral up to ten ¥O modules (slols). Using
remote I/O communication, a Shark XL Il processor ¢an controk up to
17 slots.

Each rack must contain a power supply module {either 115/230 VAC
or 24 VDC). The power supply module must be located in the
isft-most sfot In the rack. Al main racks must contain a processor
module in the slot immediately to the right of the power supply.
Expansion and remote racks do not require a processor moduls. The
slot normally occupfed by the pracessor module can ba used to hold
an additional /O module.

The Shark XL Il system offers a number of modulas that can
accomodate a wide range of IfO applications:

* 115/230 VAC Inputs
24 VDC Inputs
116/230 VAC Outpuls
§.27 VDC Qutputs
Ralay Outputs

Isolated High/t.ow Power Relay Outpuls
TTL Inputs/Outputs

4-20 mA Analog Inpuls

0-10 VDG Analog Inputs

4-20 mA Analog Outputs

0-10 VDC Analog Outputs

High Speed Counter

Ramots IfO Communication

® & ¢ & 5 & & ¢ P e

Network Communication
The Shark XL Il can be programmed using either a;:

& Standard Pragrammer
¢ Universal Programmer
¢ [BM-compatible psrsonal compuler with the SPX software.
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The programmaers connect to the processor through a 18-pin ribbon
cable. Univarsal programmers have an 85-232 port that allows a
printer to be attached for making program printouts. Epson printars
are racommended.

The Shark XL Il processor has an on-hoard serlal port for connecting
an [BM-compatibfe personat computer when using the SPX
programming software,

Application programs can be storad aither on ftoppy disks through
the Shark Programming Execulive (SPX) software (run on an
IBM-compatible personal computer), on casselte taps, orina
memory pack. Tape racorder terminals are found on both
programmers.

Racks

Five racks are available:

MN 45C910 Three-slot Rack
M/N 45C911 Four-slot Rack
M/N 45C912 Flva-slot Rack
M/N 45C913 Six-siot Rack
M/N 45C914 Seven-slot Rack

s M/N45C918 Nine-slot Rack

Figure 2.1 Hlustrates a typlcal rack, The number of slots that a rack
has indicates the number of usable siots in addition to the slot
occupied by the power supply module. For example, a three-slot rack
has a slot for the powser supply module and three additional slots for
the precesser and /O modules. Rack mounting dimenslons are
given in chapter 3.
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Flgure 2.1 - Typical Rack
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21.2

Power Supply Modules

Three power supply modules are available:
e M/N45C920 115/230 VAG

e M/N 45C921 24 VDC

* M/N45C822 115/230 VAC

Each rack requlras a powar supply madule, As shown In figure 2.2,
ferminals are provided for connecting the Incoming power wires.
M{Ns 45C920 and 45C922 also have 24 VDC terminals for powering
oulput clrcuitry. Power supply spacifications are listed in Appendix A.

1 | } i ] [
SHARK SHARK SHARK
Xt SERIES AL SERIES XL SERIES
450820 450921 450922
AALIANOE, RELIANCE RAALIANGCEH
ELEOTRIO ELEDTAIC ELELTRIC

:@j +24VDG
:@I:i CGulpi

:@D +24 VDG
:@] Qulput
L ©)

- oo Eon 6L - com
g EiS\MC Mgﬁ t24 VDo g EiS VAC
[ jeno [ [®] jono S
— ] L] —_|

1]
i3

—
lox=

Am=_ [O0}-+——— Green Jumper

. ACGinput
Power Jumpar

Fuse

Side View

Figure 2.2 - Powar Supply Modules
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Processor Module

The processor madule and EEPROM/EPROM memarlas are sold
saparately:

¢ MIN 45C901 Processor Medule without Mamory
¢ M/N 45C975 EEPROM Memaory, 926 (1K) Words
M/N 45C977 EEPROM Memory, 3097 {4K) Words

* M/N 45C978 EPROM Memory, 3997 (4K) Words

As shown in figure 2.3, tha module’s faceplate has three LEDs, a
sixtean-pin connactor for a hand-held programmer, an RS-232 port
for connecting an IBM-compalible personat computer, and a
communicalion port seleclor switch.

When the PWR LED is lit, incoming power is applied to the power
supply module and the powar supply is providing power to the
backplane. When the RUN LED Is lit, the processor Is exscuting the
application program. When the ERR LED s Iit, a system error has
been dstected.

The PGM position of the communication selector switch selscls the
hand-held programmaer (through the sixtean-pin connector) as the
processor's programming device. The COM1 position enables the
RS-232 port using the samea protocol as the hand-hand
programmers, The COM2 position enables the RS-232 port using the
enhanced mode 2 protocal. This protocol provides better response
with the connected devices. Sslect the COM2 position when using
the Shark Programming Executive {SPX). Refer to the Shark
Programming Executive Instruction Manual, J-3804, for additicnal
information. The posltion of tha communication selector switch Is
read upon power-up. Whenevar you change the sefting of the
selector switch, you must cycle power to avoid an error condition,
General processor specifications and RS-232 pinouts are given in
Appendix A, An Instruction set/command summary fs given in
Appendix B,

In addition to the XL |l processor, a standard processor {Shark XL) is
also avallable. Refer to the Shark XL Series Programmable Controller
Instruction Manual (J-3802) for more information. Moduls
specifications ara in Appendix A.
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Figure 2.3 - Processor Module

21.4 Digital Input Modules
Six digital input modules are available:

M/N 45C240
MiN 45Ca41
M/N 45Ca42

MIN 45C944
M/N 45C945
M/N 45C046

8-Channel 115/230 VAC Input
16-Channel 115/230 VAG Input

18-Channel 115/230 VAC Input with Removable
Terminal Block

8-Channe! 24 VDC input
16-Channel 24 VDG Input

16-Channel 24 VDG Input with Removable
Torminal Block

As shown In figure 2.4, the input modules have LED status indicators
{0-7) or (0-15) and terminals for connscting the external input
devices. The C terminal Is the cammon. On tha 16-channe! modules,
tarminals ¢ to 7 use common C1 while terminals 8 to 156 use common
C2, Terminals C1 and C2 are internally connected. When a status
LED is lit, it Indicates that the input device connactad to the
carresponding terminal Is on. Module specifications are given in
Appendix A.
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2:8

Dlgital Quiput Modules
Eiavan digital output modules are avallable:

s ® & & @

[ ]
[ ]
L ]
*

MIN 450959

MIN 45C080
MIN 45C861
M/N 450962
M/N 45C963
M/N 450984

M/N 45C085

M/ 45C866
M/N 45C967
M/N 45C968
M/N 45C969

16-Channel Ralay Quiput with Removable
Terminal Block

8-Channel 116/230 VAC Culput
16-Channet 115/230 VAC Oulput
8-Channal 6-27 VDG Ouiput
16-Channel 5-27 VDG Output

18-Channel 24 VDC Output with Removable
Terminal Block

18-Channa! §15/230 VAG Output with
Remaovabla Terminat Block

8-Channel Relay Output

18-Channat Ralay Qutput

8-Channat Isolated High Power Relay Output
8-Channel Isotated Low Power Relay Output

As shown in figure 2.5, the output modulss have LED status
indlcators (0-7) or (0-15) and terminals for connecling the external
output devices. The C terminal is the common, On the 16-channel
modutes, terminals 0 to 7 uss common C1 while terminals 8 to 15 use
common C2. Terminals C1 and C2 are not internally connactad.
Tarminals 0, to 7, are paired with terminals 0y, to 7, on the 8-Channel
Isolated Relay Qutput modulas. Whan a status LED s fit, it indicates
that the output device connectad to tha corresponding terminal has
been instructed o turn on. Modula speclilcations are given in
Appandix A.
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2.1.6

Input/Output Modules
Two Input/oulput modules are available:
o M/N45C957 16-Channsl TTL Inpul/Output

e M/N 46C9568 8-Channe! 24 VDC Input/Qutput

As shown in figure 2.6, the TTL /O madula uses the odd-numbered
terminals for the input dsvices and the even-numbered terminals for
the external output devices.

Terminal 1 Is the common and terminal 3 Is the positive terminal for
the input devices. Terminals 21 and 23 have no connactlon. The
odd-numbered terminals between 5 and 39 ars for the actual input
devices,

Terminal 2 is the common and terminai 4 is the positive terminat for
lhe cutput devices that connact to the even-numbered terminals from
610 20. Terminal 22 is the common and terminal 24 Is the positive
terminal for the ocutput davices that connaect to the even-numberad
terminals from 26 to 40.

Also as shown in figure 2,6, the 24 VDG /O module uses terminals ©
to 7 for tha input devices wilh terminal Cl as the common. Terminals 8
to 15 are for the output devices with termlnal G2 as the common.

45C957 1] 4 8 12

16 VOC TTLINPUT '? ‘-53 [193 Ig
15 VDG TTL OUTPUT el =T = =]
RELIANDCE 2 6 10 14
ELEOCTRICE] P T v T s R
11 15

2_“,001:!‘?,("’]9.[53
40 a9 TRANSISTOR
OUTPUT
0 8
LI
2 40
3
11
4
i2
]
13
8
14
7
15
2 i [d]]
c2

L] L]

Figure 2,6 - Input/Qutput Modules
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21.7

Anafog Input Modules

Two analog input modules are available:
e M/N 45C290 8-Channsa! 4-20 mA inpul
o M/N45C092 8-Channet 0-10 VDG Input

As shown In figure 2.7, the input modutes have terminals {Q-7) for
connecting the analog Input devices. The C tarminal is the common.

Modute spacificatlons are glven in Appandix A,

4509390 45C992
4-20 mA AN 0-10V AN
ECEOTHIS ELEBRER

® )
0 &) 0 ®|
' ¢ ' ®
2 ® e | |®
o ® 3 ®
; ® 4 ®
® ® 5 ®
¢ ® s ®
’ ® 7 &
° O] ° | 1®

® &

Flgure 2.7 - Analog Input Modutes
218 Analog Output Modules
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Four analog cutput modules are avallable:

¢ M/N 45C993 2-Channe! 4-20 mA Qutput
* M/N45C994 2-Channel 0-10 VDG Output
o M/N 45C995 4-Channel 4-20 mA Output
o M/N 45C997 4-Channel 0-10 VDC Qutput

As shown [n figure 2.8, the output modulas have terminals for
connecting the analog output devices. The C terminals are for the

commauons. Module specifications are given in Appsndix A.
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21.9

Counter Module

The 10kHz counter madule has four software presets and four
transistor outpuls:

o M/N45C982 Counter Module

As shown in figure 2.9, the module has connections for pulsetach
inputs. Both quadralure and single-ended wiring conliguralions can
be used. Moduls specificalicns are given in Appandix A.
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Figure 2.9 - Counter Module



2.1.10 Network Module

Network modules allow up to eight Shark XL or XL Il systems to
communicate togsthar:

& M/N 450987 WNetwork Module

Ona moduls is required for each Shark XL or XL It system to be
connected to the network, As shown in figure 2,10, the module has
two rotary switches, a status LED, and terminals for the network
communication wires. The rotary swilches define the module’s nods
number and the tolal number of nades on the system. When the
AUN LED is lit, it indicales that the module is transmitting data on the
network, Modtie spacifications are given in Appendix A. For
addilionat information refer 1o the Neatwork Module Instruction Manual
{4-3807).

ﬁIGODE
|18
RUN| -
() MAX
@ NODES
—

450987
NETWORK

SHIELD

TERM r
o )
QuT

B

SHIELD

PPOIDEPRDRE

Figure 2.10 - Nelwork Module
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211-1 1

Remote Master Module

The remote master module along with remote target modules (see
saction 2.1.12) allow IfO to be In remote racks without processors:

¢ M/N 450988 Rsmote Master Module

Ona ramote master module par remote IfG network s required. As
shown in figure 2.11, the module has a status LED and terminals for
the remote I/O communication wires. When the RUN LED is lit, it
indicates thal the module is configured and operating correctly.
Module specilications are given in Appendix A. For additional
information refer to the Remote Master Module and Remote Target
Maduls instruction Manuat (J-3805).
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Figure 2.11 - Remote Master Module



2,1.12

Remote Target Module

Remote target modules along with a ramote master module (ses
section 2.1.11) allow /O to be in remote racks without processors:

¢ M/N45C989 Remols Target

One module Is required for each ramote rack that is to be connected
to the remote IfO network. As shown in figure 2.12, the moduls has
iwo rotary switches, two status LEDs, and terminals for the remote IfQ
communication wires. The rotary swilches define the slot address of
tha first remote module In the rack and the total number of siots
addressed by the targst moduls in the rack. Whan the PWR LED Is iit,
it indicates that powar is applied to the rack's backplane. Whan the
RUN LED Is lit, it Indicates that the module is configured and
operaling correclly. Module spacifications are given In Appendix A.
For additional information refer to tha Remote Master Module and
Remote Target Module Instruction Manual (J-3805).
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Figure 2,12 - Remote Target Module
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21.13

AutoMax Remote I/O Shark Interface Module

The AutoMax Hemote I/O Shark Interface module allows Shark /0 to
communicate on an AutoMax remote I/O network:

¢ M/N 57C554 Autobax Remote /O Shark Interface Module

The Shark Interface moduie functions as an O scannerina
remotely-located XLit rack which is connscled to an AutoMax remole

/O network. When & Shark rack containing 1/0 modules is to be used

as a drop on an AuteMax remote /O network, the Sharl Interface i
module replaces the Processor module in the rack. For additionai ‘
information refer to the Remote ifO Communications manuat

(J-3606-1),

]

57C554
AUTOMAX
REMOTE /O
INTERFACE

CPU OK

O

COM OK

O

DROP NMUMBER

©

NETWORK

O
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Figure 2.13 - AutoMax Remote I/O Shark Interface Module



21.14

Standard Programmer

This programmer allows application programs to be entered into
memory. It also allows programs to be stored on casselle tape by
connecling a cassette tape recorder to the MIC and EAR terminals:

¢ M/N45C950 Standard Programimer

The programmer attaches to the processor's faceplate connactor
through a five-inch long sixteen-plnribbon cable. Sea figure 2.14. An
expansion cable (M/N 45C939) s avallabla. The expansion cable Is
five faet long. A mounting brackel for the programmer (M/N 45C936)
is also avallable. Installation instructlons are glven In chapter 3. For
marg informallen refer to the Standard Programmer Instruction
Manual {J-3803).
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Figure 2.14 - Standard Programmar
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21,18

Unlversal Programmer

This programmaer has an EPROM burner and allows appllcation
programs to be entared Into processor memory, stored on cassetle
taps, and printed out on a printer attachad to the RS-232 connector:

¢ M/N 45C851 Universal Programmer

The programmer attaches to the processor's faceplate connector
through a five-inch long sixteen-pin ribben cable. See figure 2.16. An
expansion cable (M/N 45C938} Is available. The expansion cable Is (
five fast long. A mounting bracket for the programmer (M/N 45C936)

is also avallable. Installation Instructions are given in chaptar 3. For

more information refer to the Universal Programmer Instruction

Manual (J-3600).

Cable

Lo A NV

* Programming
Cassette Tape Command Numerlc Operauon
:;?ﬁ: Recorder Torminals Keys Keys Keys

RS-232C Connector Memory Pack Connector  LCD Display

/

OO et et
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2.1.16

ReSource Shark IBM Programming Software

The Shark XL Il can be programmed using an IBM-compalible
personal computer and the following software:

e M/N45C152 ReSource Shark iBM Programming and
Documentation Execulive

o M/N 45C153 ReSource Shark IBM Programming and
Documentation Executive Upgrade

The personat computer connects to the processor through the
on-board RS-232 port.
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3.0 INSTALLATION

This chapter describes how to install a Shark XL Il rack and modules
along with the required power, Emergency-Stop, and I/O wiring. Also
Included are rack and module replacement proceduras.

DANGER
ONLY QUALIFIED ELECTRICAL PERSONNEL FAMILIAR WITH THE
CONSTRUCTION AND OFERATION OF THIS EQUIPMENT AND THE HAZARDS
INVOLVED SHOULD INSTALL, ADJUSYT, OPERATE, OR SERVICE THIS
EQUIPMENT, READ AND UNDERSTAND THIS MANUAL INITS ENTIRETY BEFORE
PROCEEDING. FAILURE TO OBSERVE THIS PRECAUTION COULD RESULT IN
SEVERE BODILY INJURY OR LOSS OF LIFE,

DANGER
THE USER IS RESPONSIBLE FOR CONFORMING TO THE NATIONAL ELEGTRIC
CODE AND ALL OTHER APPLICABLE LOCAL CODES. WIRING, GROUNDING,
DISCONNECTS, AND OVERCURRENT PROTECTION ARE PARTICULARLY
IMPORTANT. FAILURE TO OBSERVE THIS PRECAUTION COULD RESULT IN
SEVERE BODILY INJURY OR LOSS OF LIFE.

3.1 Initial Installation

The following sections describe how to install a rack, modulas, and
their assoclated wiring. Table 3.1 lists some genaral installation
guidelines that you should follow as you dasign your Shark
installation.

Table 3.1 - Installalion Guidelines

* Do not mount the rack In direct sunlight.

* Kaep the rack's operating temperature betwean 32 and 1319F (0 and 55°C), it
the operating temperature fails below 320F (0°C), Install a heater, If the tam-
perature exceeds 131¢ (§5°C), install a fan to coof the unit,

* Maintaln the rack’s relative humidity at 30 to 90% (non-condensing).

¢ Tha rack should be located away from: combustible gases, dust, and metal
parlicles.

¢ Isolate the rack from excessive vibratton and shock.

® Allow at least 2 inches (5.0 cm) above and below the rack for ventilation, Allow
at lsasl 2 inches (5.0 cm) to elther side of the rack for ventilation. If you mount
an expansion rack next to the maln rack, feave at least 2 Inches (5.0 cm) of
clearance bstween them,

¢ Do not place a heat source under the rack.

* Allow at least 8 inches (20.3 cm) between the rack and any high voltage (over
3000V} lines,

¢ Do not place I/0 wires and power lines in the same conduit or wire tray.

¢ /G lines should not exceed 95 fest (28 maters}. if the lines exceed 95 feel,
soparate the Input wires from the output wires.

¢ Do not excesd the power supply's current capacity. See Appendix A for
module current consumption ratings.
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3.2

Rack Installation and Mounting

Use the following procedurs to install a Shark XL |l rack:

Step 1.

Step 2.

Atiach the rack to a flat mounting surface after referting to
the guidelines In Table 3.1. Figures 3.1 to 3.3 show the
mounting dimensions. An optiona! DIN {German
Enginsering Standard) mounting adapter {M/N 45C837) Is
available. Rack walghts without modules range from 1
pound, 3 ounces {0.532 kg) for a 3-slot rack to 2 pounds,
10 ounces (1.176 kg) for a 7-sfot rack. The racks are
designed to be mounted using #8 or M4 panhead screws.

Note that if the rack Is to be used as an expansion rack it
must be mounted within 23" Inches of the main rack
because the expansien cable is 23" (0.8 m) long. See
figure 3.4. Connect the cable from the right side of the
main rack to the left side of the expansion rack.

If your installation requlres that the Shark programmer be
mounted next to the rack, use a programmer mounting
bracket (M/N 45C396). See figures 3.5 to 3.7 for
programmer mounting dimensions. The mounting bracket
is designed to be mounted using #8 or M4 panhead or
roundhead screws. The programmaers slide down Into the
bracket which securely holds them to the mounting
surface.
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Figure 3.2 - Rack Mounting Holes
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Flgure 3.4 - Expansion Rack Mounting
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Step 3.  Install the modules in the rack. Remove the modules from
x thelr shipping contalners and insert them [nto the correct
- . slols’in the rack. Press the modules into the siols unti! the
“locking tabs on the top and bottom of the modules latch
into the rack.

Before Installing the processor module, you must installits
mamory, Follow the procadure In section 3.4 to install the
processor's memory.

WARNING

DO NOT INSTALL OR REMOVE THE PROCESSOR MODULE WITH POWER
APPLIED AS UNCONTROLLED MACHINE OPERATION MAY RESULY. FAILURE
TO OBSERVE THIS PRECAUTION COULD RESULT IN BODILY INJURY OR
DAMAGE TO EQUIPMENT.

You must also set the processor module’s Command
Mode switches as shown In Figure 2.3. Switch 1, the
Transmission Spasd Contral switch, sefs the baud rate of
the R5-232-C port;

& 3witch 1: ON position = 9600 baud (Factory Setting)
Switch 1: OFF position = 4800 baud

Swilch 2, the Operation Control Command swilch, sets the
processor's power-up mode of aparation, When the switch

is sot to ON, the processor will retaln its last mode of

operation before power was removad, If the processor Is

in the run mode whan power Is removed, it will return to

the run mode when power is restored. When the switch s

set to OFF, lhe processor will not refaln its last made of :
operation when power is removad. When power is {
restored, the processor will go into the program mode:

& Switch 2: ON position = AutoRun Enable {Factory
Setting)
Switch 2: OFF position = AuteRun Disable

Note that the power supply module must be placed in the
left-most glot in the rack. Three power supplles are
avallable, 115/230 VAC or 24 VDC. Before placing an A-C
power supply module in the rack the input power jumper
must be sel for the proper voltage. The A-C power supply
modules are se! al the factory for 115 VAG operation. If
your Installation uses 230 VAC, you will nead to charge
the jumper setting. The jumper Is located in the center of
the module as shown in figure 2.2, Move the jumper as
shown In figure 3.8 for 230 VAC operatlon. Then install the
power supply medule as described above.
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o -
Jumper Setting for
230 VAC Operation
O
l ' Jumpar Setting for
l i 115 VAC Operation
O

Step 4.
Step 5.
Step 6.
Step 7.

Step 8.

Figure 3.8 - Input Power Jumper

Connect the power wiring as described In seclions 3.3
and 3.3.1,

Connect the E-Stop wiring as described in sections 3.3
and 3.3.2.

Connecl the input wiring as described in sections 3.3 and
333

Connact the output wiring as described in sections 3.3
and 3.3.4.

Verify the proper opsratlon of the system by using the
handheld pragrammer or SPX software to monitor input
signals and force cutput signals.




3.3 Wiring

WARNING
THE USER MUST PROVIDE AN EXTERNAL, HARDWIRED EMERGENCY STOP
CIRCUIT THAT WILL DISABLE THE SYSTEM [N CASE OF IMPROPER
QPERATION, UNCONTROLLED MACHINE OPERATION MAY RESULT IF THIS IS
NOT DONE. FAILURE TO OBSERVE THIS PRECAUTION COULD RESULT IN
BODILY INJURY.

Tha following sections provide information on power,
Emergency-Stap, input, and output wiring.

The installation of wiring must conform to all applicable codes. To
reduce the possibility of electrical noise interfering with controller
opesration, exercise care when installing wiring from the rack to the
external davices. For more specific information, refer to IEEE
Standard 518 (Gulde for the Installalion of Electrical Equipment to
Minimize Eleclrical Nolse Inputs to Controllers).

Route cables to protect them from abrasion, vibration, moving parts,
and personnel trafiic. Be sure the cables do not touch surfaces such
as concrete which could damage the outer jacket,

Protect cables from: oll, grease, acids, caustics, and other hazardous
chemicals that could damage the cuter Jacket or corrode metal
connectors,

Isolate cables fram electrical interference by routing them with cables
of like voltages and power levels. This routing helps to reduce
elaclrical noise.

There are four maln wiring groups:
® LowLevel

Shark remote I/O and network signals, analog signals less than 50
VDG, slgnat commons, very low valtage signals from devices such
as thermocouples and RTDs, operational amplifier signals, powsr
amplifier signals, digital tachometer and encoder signals, and
phone circults.

e Madium Level

Analog signals greater than 50 VDC with lass than 28 VAC ripple,
switching circuit signals greater than 24 VDC and less than

28 VDG, refays greater than 24 VDG, analog tachometar and pitot
signals,

¢ High Lavs!

Switching signals greater than 28 VOC, analag slgnals greater
than 50 VDC with more than 28 VAC ripple, regulating signals of
less than 20 Amps {motor foops), fused 250 VDC control bus
signals, A-C feeder signals of less than 20 Amps, A-C control
signals of less than 20 Amps (pushbutions, Indicator lights, and
{imit switches}, convenience outiets, and panel lighting.

¢ Power Level
A-C and D-C signals greater than 20 Amps.

310



Table 3.2 can help you In determining the required spacing
between the IO wiring and the other cables In the instatlation.

Table 3.2 - /O Cable Separation

Separation In Inches
Trayto Tray  Conduit to Condull to
Tray Conduit
Low Levsl Signals: o 0 0
Medium Level Signals: 1 1 1
High Level Signals: 6 4 3
Power Leve! Signals: 26 18 12

3.3.1 Power Wiring

DANGER
THE USER IS RESPONSIBLE FOR CONFORMING TC THE NATIONAL ELECTRIC
CODE AND ALL OTHER APPLICABLE LOCAL CODES. WIRING, GROUNDING,
DISCONNECTS, AND OVERCURRENT PROTECTION ARE OF PARTICULAR
IMPORTANCE. FAILURE TO OBSERVE THIS PRECAUTION COULD RESULT IN
SEVERE BODILY INJURY OR LOSS OF LIFE.

The input power terminals are L1 and L2 on tha powsr supply
madule. Befare you connect Incoming power, be sure the power
supply's Input power jumper is set correctly. See figure 3.8, A typical
wirlng exampla I3 shown in figure 3.9,

CAUTION
REMOVE ALL WIRING (INPUT POWER AND 5O) CONNECTED TO THE
PROGRAMMABLE CONTROLLER BEFORE YOU RUN A HIGH POTENTIAL TEST,
ALSC REMOVE THE GREEN JUMPER ON THE POWER SUPPLY. FAILURE TO
OBSERVE THIS PRECAUTION COULD RESULT IN DAMAGE TO OR
PESTRUCTION OF THE EQUIPMENT.
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Flgure 3.9 - Typical Input Power Wiring




33.2 Emergency-Stop Wiring

WARNING
YOUMUST PROVIDE AN EXTERNAL, HARDWIRED EMERGENCY STOP CIRCUIT
THAT WILL DISABLE THE SYSTEM IN CASE OF IMPROPER OPERATION.
UNCONTROLLED MACHINE OPERATION MAY RESULT IF THIS IS NOT DONE,
FAILURE TO OBSERVE THIS PRECAUTION COULD RESULT IN BODILY iNJURY,

You must provide a hardwirad emargency stop circuit oulside of the
Shark XL I programmable conlroller circuitry that will disable the
syslem in case of improper operation. Sea figure 3.10. The hardwired
circuit should Include both an emergency stop relay (ESR) and
watchdog fimer contacts.

The ESR provides a way of removing power from all of the outputs at
one time. This clrcultry includes all hardwired logic to the salety
clreults, permissives, and emergency stop pushbultons. The ESR is
energized only when all of the permissives (in serles) are valid,
Gontacts from the ESR are used to power all of the O circuits.
When the ESR is de-energlzad, all power to the I/O is removad,

Walchdog timers provids a test that the programmabla controller is
functioning properly and that it is correctly controlling its /0. Timers
T1 and T2 are external self-reseiting timers. Loglc In the Shark XL Il
taggles the two timars. For example, whan timer T1 is timing, timer T2
Is reset, and vice varsa. Tha presat time of the limers should be at
least 20% greater than the Shark XL I's /0 update tima. For
exarnple, if imers T1 and T2 are cycling once per sacond, thelr
preset times should be 1.2 seconds. if the Shark XL I's processor
fatled and stopped updating the system's IO, one of the limers
wauld time aut and open the ESR, which would cause the system fo
shut down.

When the systam shuts down it:
* turns alf outputs off
¢ lurns the processor's RUN LED off.
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Figure 3.10 - Emergency Stop Wiring
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3.3.3 Input Wiring

DANGER
HIGH VOLTAGE IS PRESENT ON THE INPUT TERMINALS. A PLASTIC COVER IS
PROVIDED TO PROTECT AGAINST ACCIDENTAL ELECTRICAL SHOCK FROM
THE INPUT TERMINALS. RE-INSTALL THE PLASTIC COVER AFTER THE WIRE
CONNECTIONS HAVE BEEN MADE. FAILURE TO OBSERVE THIS PRECAUTION
COULD RESULT IN SEVERE BODILY INJURY OR LOSS OF LIFE.

DANGER
EXTERNAL POWER WIRINQ MAY REMAIN ENERGIZED WHEN THE MAIN A-C
POWER 1S DISCONNECTED, IDENTIFY ALL SUCH EXTERNAL WIRING AND
LOCK OUT OR TAG IT. FAILURE TO OBSERVE THIS PRECAUTION COULD
RESULT IN SEVERE BODILY INJURY OR LOSS OF LIFE,

DANGER
BEFORE CONNECTING THE INPUT WIRES TO THE MODULES, BE SURE POWER
TO THE FIELD WIRING IS TUANED OFF FAILURE TO OBSERVE THIS
PRECAUTION COULD RESULT IN SEVERE BODILY INJURY OR LOSS OF LIFE.

Use the following procedure o inatalt the wiring between the input
modules and fisld devices:

Step 1. Plan your Input wiring conneclions. Note that Input wires
cannot be larger than 12 AWG or smaller than 22 AWG.

Step 2.  Loossn the terminal screws on the input module to which
the tlald wiring wiil be connecled. See figures 3.11, 3.12,
3.13, 3.23, and 3.24 for input wiring examples.

Step 3. For each input wire that is to be connected, bend the wire
to form a neat wire bundie,

Step 4.  Cut the wire. The wire should ba 5/16 of an Inch (0.7 cm)
longer than is needed,

Step 5.  Strip 5/16 of an inch of insulation fram the end of the wire.
Step 8.  Insert the wire under the terminal's pressure plate.
Slep7.  Tighten the screw securely.
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Figure 3.11 - 24 VDG Input Module Wiring (M/N 45C9244, 450845, and 45C946)
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C1 and G2 are internally connected.

Figure 3.12 - 115/230 VAC Input Module Witing (M/N 45C940, 45G941, and 45C842)
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Flgure 3.13 - Analeg Input Module Wiring (M/N 45C990 and 450992)
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3.3.4  Output Wiring

DANGER
HIGH VOLTAGE IS PRESENT ON THE QUTPUT TERMINALS. A PLASTIC COVER
IS PROVIDED TOPROTECT AGAINST ACCIDENTAL ELECTRICAL SHOCK FROM
THE OUTPUT TEAMINALS. RE-INSTALL THE PLASTIC COVER AFTER THE WIRE
CONNECTIONS HAVE BEEN MADE. FAILURE TO OBSERVE THIS PRECAUTION
COULD RESULT IN SEVERE BODILY INJURY OR LOSS OF LIFE.

DANGER
EXTERNAL POWER WIRING MAY REMAIN ENERGIZED WHEN THE MAIN A-C
POWER IS DISCONNECTED. IDENTIFY ALL SUCH EXTERNAL WIRING AND
LOCK OUT OR TAG IT. FAILURE TO OBSERVE THIS PRECAUTION COULD
RESULT IN SEVERE BODILY INJURY OR LOSS OF LIFE.

DANGER
BEFORE CONNECTING THE WIRING BETWEEN THE OUTPUT MODULES AND
THE FIELD DEVICES, BE SURE POWER TO THE FIELD WIRING IS TURNED OFF.
FAILURE TO OBSEAVE THIS PRECAUTION COULD RESULT IN SEVERE BODILY
INJURY OR LOSS OF LIFE.

Use the following procedure to install the wiring between the output
modulas and the fleld devices:

Step 1.  Plan your ouiput wiring connsctions. Note that output
wires cannot be larger than 12 AWG or smaller than 22
AWG. A surge suppressor Is required In parallel with all
Inductiva loads.

Step 2.  Loosen the terminal screws on the cutput module to which
the field wiring wilt be connected. See figures 3.14 to 3.24
tor output wiring examples,

Step 3.  For each output wire that is to be connected, bend the
wire to form a neat wire bundle.

Step 4.  Cut the wire. The wire should be 5/16 of an [nch (0.7 cm)
longer than is needed.

Step 5. Shiip 5/16 of an inch of insulation from the end of the wire.
Step 6. Insert the wire under the terminal's pressure plate.
Step 7.  Tighten the screw securely,
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Figure 3.16 - Analog Output Modufe Wiring (M/N 45C997 and 45C994)
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Flgure 3.17 - Analog Quiput Modufe Wiring (M/N 45C985 and 45C993)
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Flgure 3.18 - Relay Quiput Module Wirlng (M/N 45C966, 45C957, and 45C959)
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Flgure 3.19 - isolated Relay Qutput Madule Wiring (M/N 45C968 and 45C969)
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3.4 Processor Memory Instaliation

Use the following progedurs to install a processor's EPROM or
EEPROM mamory;

Step 1. The EPROM/EEPROM memory connacts to the processor
through a sHide-in connector. Ses figure 2.3. Install the
EPROM/EEPROM memory module by placing it on the
processor madule and atigning it with the siide-In
connector. Carefully push the memory module into the
connector until the nylon standoffs have secured the
module to lhe processor.

CAUTION

THIS MODULE CONTAINS STATIC-SENSITIVE COMPONENTS. CARELESS
HANDLING CAN CAUSE SEVERE DAMAGE,

DO NOT TOUCH THE CONNECTORS ON THE BACK OF THE MODULE. WHEN
NOTIN USE, THE MODULE SHOULD BE STORED IN AN ANTI-STATIC BAG. THE
PLASTIC COVER SHOULD NOT BE REMOVED. FAILURE TO OBSERVE THIS
PRECAUTION COLULD RESULT IN DAMAGE TG OR DESTRUCTION OF THE
EQUIPMENT.

Step 2. insert the processor moduls into the correct slot in the
rack. Press the module Into the slot until the locking tabs
on the top and bottom of the module fatch into the rack.

Step 3.  Continue with the Installation procedure in section 3.2,

3.5 Processor Memory Replacement
Use the following procedure o replace a procassor's EPROM or
EEPROM memory:
Step 1. Stop the application program from executing.

Step 2. Remove maln input power from the rack. Remove power
from ha fleld and 1O wiring

DANGER
EXTERNAL POWER WIRING MAY REMAIN ENERGIZED WHEN THE MAIN A-C
POWER IS DISCONNECTED. IDENTIFY ALL SUCH EXTERNAL WIRING AND
LOCK OUT OR TAG IT, FAILURE TO OBSERVE THIS PRECAUTION COULD
RESULT IN SEVERE BODILY INJURY OR LOSS OF LIFE.

Step 3.  Removs the procassor from the rack. Press the tabs at the
tap and bottom of the modula and carsfully pull it out of
the rack's backplane.
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CAUTION

THIS MODULE CONTAINS STATIC-SENSITIVE COMPONENTS. CARELESS
HANDLING CAN CAUSE SEVERE DAMAGE,

DO NOT TOUCH THE CONNECTORS ON THE BACK OF THE MODULE, WHEN
NOT IN USE, THE MODULE SHOULD BE STORED iN AN ANTI-STATIC PAG. THE
PLASTIC COVER SHOULD NOT BE REMOVED. FAILURE TO OBSERVE THIS
PRECAUTION COULD RESULT IN DAMAGE TO OR DESTRUCTION OF THE
EQUIPMENT.

Step4.  The EPROM/EEPROM memory is conneclad to the
processor through a slide-in connector. Ses figure 2.3,
Remove the EPROM/EEPROM mamory.

Step 5.  Install the raplacement EPROM/EEPROM memory module
by placing it on the processor module and allgning it with
the slide-in connector. Carefully push the memary module
into the connactor until the nylon standoffs have secured
the maduls to the processor.

Step 6. Insert the processor module Into the corract siot in the
rack. Press the madule into the slot uniif the locking tabs
on the top and bottorn of the module latch into the rack.

Step 7.  Restore main input power to the rack. Restore power to
IfO and field wiring.

3.6 Rack Replacement

Use the following procedure to replace a Shark XL !l rack:
Step 1. Slop the application program from executing.

Step 2.  Remove maln input power from the rack. Remove powaer
from fisld and 1/O wiring.

PANGER
EXTERNAL POWER WIRING MAY REMAIN ENERGIZED WHEN THE MAIN A-C
POWER IS DISCONNECTED. IDENTIFY ALt SUCH EXTERNAL WIRING AND
LOCK OUT OR TAG IT. FAILURE TO OBSERVE THIS PRECAUTION COULD
RESULT IN SEVERE BODILY INJURY OR LOSS OF LIFE,

Step 3.  Disconnect the input power wires from the powar supply.

Step 4.  Disconnect the I/O wiring from the Input and output
modules. Be sure to mark the wires so that they can be
easily re-installed latar,

Ifthe module has a removable terminal strip (M/N 45C042,
46C048, 45C959, 45C964, and 45C965), you do not have
to ramove the wires attached to the terminal strlp. Just
ramove the two scraws that hold the terminal strip to the
madule’s faceplate. Saa figure 3.25.

Step 6.  Remove the modules from the rack. Press the tabs at the
top and bottom of the modules and carefully pull them out
of the rack’s backplane.
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EQUIPMENT.

THIS MODULE CONTAINS STATIC-SENSITIVE COMPONENTS. CARELESS
HANDLING CAN CAUSE SEVERE DAMAGE,

DO NOT TOUCH THE CONNECTORS ON THE BACK OF THE MODULE. WHEN
NOT {N USE, THE MODULE SHOULD BE STORED IN AN ANTI-STATIC BAG, THE
PLASTIC COVER SHOULD NOT BE REMOVED. FAILURE TO OBSERVE THIS
PRECAUTION COULD RESULT IN DAMAGE TO OR DESTRUCTION OF THE

CAUTION

—

Step 6.
Step 7.
Step 8.

Step 9

Remove the rack from its cabinet or enclosure.
Install the reptacement rack.

Follow steps 1 to 5 in reverse order to re-install the
modules and re-connsct the input powsr and /O wiring.

Restore main input power to the rack. Restore power to
the /O and field wiring.

#
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Figure 3.25 - Terminal Strlp Mounting Screws on Modules with Removable
Terminal Strips

3-28



3.7 Module Replacement

Use the following procedure to replace a module:
Step 1. Stop the application program lram exacuting.

Step 2.  Ramove maln Input power from lhe rack. Remove power
from the fisid and I/O wiring.

DANGER
EXTERNAL POWER WIRING MAY REMAIN ENERGIZED WHEN THE MAIN A-C
POWER IS DISCONNECTED. IDENTIFY ALL SUCH EXTERNAL WIRING AND
LOCK OUT OR TAG IT. FAILURE TO OBSERVE THIS PRECAUTION COULD
RESULT IN SEVERE BODILY INJURY OR LOSS OF LIFE,

Step 3.  Disconnect the Input power, /O, or communication wires
from the maodule to be replacad. Be sure to mark the wires
so that they can be easlly re-Installed later.

{fthe module has a removable terminal strip (M/N 45C942,
450946, 45C059, 45C064, and 4503966}, you do not hava
to remove the wires attached to the terminal strip. Just
remove the two screws that hold tha terminal strip to the
module's faceplate. See figure 3.25.

Step 4.  Remove the modufe from the rack. Prass the tabs at the
top and bottom of the module and carefully pull it out of
the rack's backplane.

CAUTION

THIS MODULE CONTAINS STATIC-SENSITIVE COMPONENTS. CARELESS
HANDLING CAN CAUSE SEVERE DAMAGE.

DO NOT TOUCH THE CONNECTORS ON THE BACK OF THE MODULE. WHEN
NOT IN USE, THE MODULE SHOULD BE STORED |N AN ANTI-STATIC BAG, THE
PLASTIC COVER SHOULD NOT BE REMOVED. FAILURE TO OBSERVE THIS
PRECAUTION COULD RESULT IN DAMAGE TO OR DESTRUCTION OF THE
EQUIPMENT.

Step 8.  Place the module in the anti-static shipping bag that it
came in. Place the module in its shipping container,

Step 6.  Take the new moduls out of its anti-static bag.

Step 7.  Insert the module into the correct sfol In the rack. Press
the medule into the slot untll the locking tabs on the top
and bottom of the module latch into the rack,

Step 8. Rs-connsct the Input power, /O, or communication wires.

If the module has a removable terminat strip, simply
re-attach the terminal strip to the module's faceplate with
the two screws shown In figure 3.25.

Step 9.  Restore maln input power to the rack. Restore power to
110 and fisld wiring.
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4.0 GENERAL PROGRAMMING

This chapter explains ladder lagle, YO processing, IfO addrassing,
and bit/word processing.

DANGER
ONLY QUALIFIED ELECTRICAL PERSONNEL FAMILIAR WITH THE
CONSTRUCTION AND OPERATION OF THIS EQUIPMENT AND THE HAZARDS
INVOLVED SHOULD INSTALL, ADJUST, OPERATE, OR SERVICE THIS
EQUIPMENT. READ AND UNDERSTAND THIS MANUAL IN ITS ENTIRETY
BEFORE PROCEEDING. FAILURE TO QBSERVE THIS PRECAUTION COULD
RESULT IN SEVERE BODILY INJURY OR LOSS OF LIFE.

4.1 Ladder Logic

A laddsr dlagram program is a series of sequences {also called
rungs) that contain one or more Inputs (sither intarnal or external) In
a sarles or paraliel configuration that controls one or more outputs
(sither internal or external}.

Each elemant of a saguence is an instruction to the processor to
controf a part of the electro-machanical circult. A sequence (or rung)
consists of an output coll and its controlling Input logic. A sequence
may have up to 21 elements in series including the output coil and
up to six elements in parallel. Ses figure 4.1.

Externat inpuls may he devices such as: selector switches, proximity
switches, pushbuttons, limit switches, or photo-elaciric swilches.
Inputs may be used within the program as many times as memory
paimits. The program usas the terminal number addrasses to which
thesea inpuls are connacted.

Extarnal outpuls provide power to aperate external devices such as
indicator lights, solenolds, or electre-magnetic contactors. The
program uses the terminal number addresses to which these cutpuls
are connaected. Outputs can also be referenced to contacts within the
program. These internat oulpuls ssrve as auxiliary relays and provide
special functions. Qutputs may be used within the program as many
timas as memary permils.
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Figure 4.1 - Ladder Loglc Sequence and Programmable Controller Laddar
Diagram

4141 Ladder Diagram Symbols

Typlcal ladder diagram symbols are shown balow:

A normally-open contact ([ 1-) represents an input to the sequence’s
logic. When its status Is G, it will remaln open and not allow current to
pass through it, Whaen lts status Is 1, the contact will close and allow
current to pass through it

A normally-closed contact (-{/}-) also represents an input to the
segeuence's logic. When its status is 0, the contact will remain closed
and alfow current to pass through it. When ls status is 1, tha contact
will open and not allow current to pass through it.

An output coil {-( )) is conlrolled by the Input logic. if continuity exists
along the palh of the input circult, the output coil will energize,

4.1.2 Ladder Dlagram Farmat

Ladder diagram programs should conform to the following format
rules:

* When using the IBM-compatible Shark Programming Execulive
(SPX) software, the maximum sequence or rung size Is limited to
21 elements across (sorially) including the oulput coil. The
sequence can have up to six paralisl input rows. Ses example 1 of
figure 4.2, The rung elaments can be normally-open/ normally-
cfosed contacts or horizental lines. Note that the handheld
programmars do nol fimit a rung to 21 elements across and six
down.

¢ There is no limit fo the number of times a conlact, output, or
countar can be used in the program other than the size limitation
of memory. Sea sxample 2 in figure 4.2.

e Output colls must be precedsd by an ORG address. See example
3 of figure 4.2,




¢ Qulput coils must be ptacad on the right-hand side of the rung.
Do not program a contact to the right of an output coll, See

example 4 of figure 4.2,

¢ Parallsl branches are entersd below the line containing the output

coll. Ses figure 4.3.

Example 1
21 Maximum
¢—i F—o{ ] s [ }ore——m( }—+9
—{ }H—
Example 2
0 i 220
—{ +— 1} (
0 2 221
$—{ — (
4] 3 222
¢ F— 1 (
Example 3
200
( )—a
Not This
990 200
‘ — ( r—e
This
Example 4
— 1 { F ( )—IL/+—+
Not This
— ] { 1 {7} ( )—e
This

Figure 4.2 - Format Examptas




0
— "t j—( g SR
2 3
— — ]——{ }
4 1 200
— - RS —
This Not This

Figure 4.3 - Parallel Branch Example

+ Pawser must flow fram left to right. Clrcuits which allow power to

fiow from right o left cannol be programmed.

Seas figure 4.4.

7 200

5 6
4 3
f

t 2
—

o

4.4

Flgure 4.4 - Power Flow Example

The sxample In figure 4.4 Is not allowad bacause current could flow
right ta left through contact 4 when contacts 1 and 2 are closed and
contact 3 Is open. This differs fram electra-mechanical relay

Installations where power could flow In eilher directlon through

contact 4,
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Order of Evaluation

The order of the ladder diagram program affects the way the
program is exaculed. A typlcal scan of a program Is as follows, Sae
figure 4.5,

External Input

.

Bsginning of Scan

—_— Read
00 Inputs E—
I -
gic Bufle Extarnal
uier Cuiput
End of = A
Program I
Wiite to
Outputs

V

Go 1o Beginning
of Scan

Figure 4.5 - Typical Program Scan

Data from tha input modules is first read and then stored in the IO
butfer. The sequences of the program are then exacuted in order as
they are stored In mermory. As each sequence is executed, the
appropriate data is read in from the [fQ buffar, the logic Is executed,
and the oulput data (result) is written into the /O buffer. When all of
the sequences have besn executad, the data in the IO buffer Is sent
to the oulput modulas. Data is again read in from the input modules
and stored in the IfO bufler as the entire process repeats itself, Each
of these cycles Is referred to as a logic scan.,

Note thal tha arder of sequance exacution will affact the speed of
program rasponse, See figure 4.6.

Example 1 Example 2
A 200 202 203
— —{)— —{ —{ —
200 201 201 202
— — —{
201 202 200 201
= — —
202 203 A 200
— 1 — — —

Figure 4.6 - Sequence Execution Examples 1 and 2
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In example 1, of figura 4.8, i [nput A goss high, output 203 wili go
high during the same scan because each sequence reads the data
from the buffer that the previous sequence Just placed there.

In example 2, if A goes high, output 203 will go high four scans later
because coll data Is not read from the buffar until the next complete
scan.

The order of sequence execution will also affect the program’s logical
rasults. See flgure 4.7,

Example 3 Example 4
A 201 200 A 201
— /s bF~( ) — )
A 201 A 201 200
— ) — s/ )

Figurae 4.7 - Sequence Exacution Examples 3 and 4

In exampla 3, when input A goses high, output 200 will go high for ona
scan and then go low agaln. This Is an example of a one-shot
appllcation. Quiput 200 Is on for one scan anly. In example 4, when
input A goes high, output 200 will not go high.






4.8

Table 4.1 - Digitat I/O Addresses (Continued}

External /O (169 Points)
Slot 7 Addresses | Slot 8 Addresses | Slot 8 Addresses
input  OQuiput Input  Output Input  Quiput
Module Module | Module Modulfe | Module Module
120 320 140 340 160 360
121 321 141 341 164 361
122 322 142 342 162 362
123 323 143 343 163 363
124 324 144 344 164 364
126 az26 145 345 165 365
126 326 146 346 166 366
127 327 147 347 167 367
128 328 148 348 168 J68
129 329 149 349 169 369
130 330 150 350 170 370
131 33 151 351 171 31
132 332 b2 352 172 ara
133 333 153 353 173 373
134 334 154 354 174 374
135 335 55 366 175 375
Slot 10 Addresses
{nput  Output
Module Module
180 380
181 381
182 32
183 383
184 384
185 385
186 386
187 387
188 ass
189 389
190 390
1H 3
192 392
193 393
194 394
195 395




Tabie 4.1 - Digltal I/O Addresses (Continued)

Internal Non-Ratentlve Outputs (256 Polnts)

400 446 492 638 584
401 447 493 539 5856
402 448 494 540 6588
403 449 495 641 687
404 450 4496 542 588
405 451 497 543 589
406 452 498 544 590
407 453 499 545 591
400 454 500 646 §92
409 485 501 6547 593
410 456 502 548 - 594
411 457 502 549 596
412 458 504 550 597
413 459 505 561 600
414 460 508 562 601
415 461 507 553 602
416 462 508 554 603
417 463 508 556 604
416 464 510 556 605
419 465 541 557 606
420 466 512 558 607
421 467 513 659 608
422 468 514 560 609
423 469 515 561 610
424 470 516 562 611
425 471 517 563 612
424 472 516 564 613
427 473 519 666 614
428 474 520 566 615
429 475 521 567 616
430 476 522 568 617
431 477 523 569 618
432 478 524 570 619
433 479 5256 671 620
434 480 526 572 621
435 481 527 573 622
436 482 528 574 623
437 483 529 576 624
438 484 530 576 625
439 485 53 577 626
440 486 632 578 627
441 487 533 578 628
442 488 6534 580 629
443 489 536 581 630
444 490 636 582 631
445 491 537 583 632

633
634
635
636
637
638
639
640
641
642
643
644
B45
6416
847
648
G49
650
651
652
653
654
655
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Table 4.1 - Digital /O Addrasses {Continusd)

Internal Retentive Outputs (256 Paints)

700
701
702
703
704
705
706
707
708
709
710
71
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
7
732
793
734
736
736
737
736
739
740
4
742
743
744
745

746 792 838 884
747 793 839 885
748 794 B40 a86
749 795 a41 887
750 796 842 866
751 797 843 889
762 798 844 890
753 799 846 801
754 800 846 892
755 801 847 893
756 802 848 894
757 803 849 896
758 804 850 897
759 805 8514 900
760 806 862 a0
761 807 863 g02
762 806 654 903
763 809 885 904
764 810 856 905
765 811 657 906
766 gi2 868 907
767 813 859 908
768 814 860 g08
769 815 661 910
770 8t6 862 911
771 817 863 g12
772 ate 864 913
773 819 865 914
774 820 866 915
776 821 867 NG
776 822 a68 H7
777 823 869 918
778 824 870 91g
779 825 871 920
780 826 872 921
781 827 873 922
782 828 674 923
783 6829 875 924
784 830 876 925
785 831 877 926
786 832 B78 927
787 833 879 928
788 834 880 920
789 835 aet 930
790 836 882 a3

701 837 883 932

933
934
935
936
937
938
939
840
an
942
943
944
945
946
947
948
849
950
95t
952
953
954
955




Table 4.1 - Digltal /O Addresses (Continuad)

Internal Speclal Function Qutputs {32 Polints)

960
961
962
963
964

965
966
967
968
969

97¢
a7t
g72
973
974

975
976
977
978
979

880
98t
982
983
984

985
986
987
a8a
989

990
891

411




Tabie 4.1 - Digital IfO Addresses (Continued)

Coll Contacts

Timers and Counters (96 Polnts)

Current Values

Praset Valuas

T/Co

TICA

T/C 2

TIC3

TIC 4

TICH

TIC6

T/IC7

TICS

TIC 9

TIC 10
TIC 1"
TIC 12
T/C 13
TIC 14
TIC 15
TIC 16
TIC AT
TIC 18
TIC19
TIC 20
TIC 21
TIC 22
TIC 23
TIC 24
T/C 25
TIC 26
TIC 27
T/C 28
TIC 29
7/C 30
T/C 31
T/IC 32
TIC A
T/G 34
T/C 35
T/C 36
TG 37
T/IC 38
T/IC 39
TIC 40
TIC 41
TIC 42
T/C 43
TIC 44
TIC 45
T/C 46
TIC 47

T/C 48
T/C 49
T/C 50
TIC 81
TIC 62
T/C 563
TIC 64
TIC 65
TIC 66
TIC 57
T/C 58
T/C 69
TIG 80
TIC 61
T/C 62
TIC 63
TIC 64
TIC 65
TIC 66
TIC 67
T/C €68
T/C 69
TIG 70
TiCH
TIC 72
TICT3
TIC 74
TIC75
TIC76
TIC77
T/IC78
T/IC79
T/C 80
T/C 81
T/C 82
T/C 83
T/C 84
T/C 85
TiC8s
T/C 87
TIC 88
TIC 89
TIC 90
TIC 91
T/C 92
TIC 93
T/IC 94
T/G 95

T/C 100
T/C 101
TIC 102
T/C 103
T/C 104
T/C 105
T/C 106
TIC 107
TIC 108
T/C 109
T/C 110
TIC 114
TIC 112
T/IC 113
T/C 114
T/C 116
TIC 118
T/C Y17
T/IC 118
T/C 118
TIC 120
TG 121
TIC 122
T/C 123
T/C 124
T/C 125
T/C 126
TIC 127
T/C 128
T/C 129
T/IC 130
T/C 131
T/C 132
T/C 133
T/C 134
T/C 135
T/C 136
T/C 137
T/C 138
T/C 139
T/C 140
T/C 141
TIC 142
T/C 143
TIC 144
TIC 145
T/C 148
TIC 147

T/C 148
T/C 149
T/C 150
T/C 151
T/C 162
T/C 153
T/C 154
T/IC 155
T/C 158
T/G 157
TIC 158
TIC 159
TIC 160
T/C 181
TIC 162
T/C 163
TIG 164
T/G 165
TIC 166
TIC 167
T/C 168
T/C 169
T/C 170
T/C 1T
TIC 172
T/IG 173
TIC 174
T/G 175
TIC 176
TIC177
TIG 178
TIC 179
T/C 180
T/C 181
T/C 182
T/C 183
T/C 184
T/C 185
T/C 186
T/C 187
T/C 188
T/C 189
T/C 190
T/C 191
TIC 192
T/C 193
T/IC 194
T/C 195

T/C 200
T/C 201
T/C 202
T/C 203
TIC 204
T/IC 205
T/C 206
T/C 207
T/C 208
T/C 209
TIC 210
TG 2N
T/C 212
T/IC 213
TIC 214
T/C 215
T/C 216
T/C 217
T/C 218
T/C 218
T/C 220
TICG 221
TIC 222
T/C 223
TiC 224
T/C 228
TIC 226
T/C 227
T/C 228
TIGC 228
T/C 230
TIC 231
TIC 232
TIC 233
T/C 234
T/C 235
T/C 236
T/C 237
T/C 238
T/C 239
T/C 240
T/C 241
T/C 242
T/C 243
TIC 244
TIC 245
T/C 248
TIC 247

T/C 248
TIC 249
T/C 250
T/C 251
TIC 252
T/C 253
T/C 254
T/C 265
T/C 256
T/C 257
T/C 258
T/C 269
TIC 260
T/C 261
T/C 262
T/C 263
T/C 264
TIC 265
TIC 266
T/G 267
T/C 268
T/C 269
TIC 270
T/C 271
TIC 272
T/C 273
T/IC 274
T/C 275
T/C 276
TIG 277
T/C 278
TIC 279
TIiC 280
T/C 281
TIC 282
TIC 283
TIC 284
T/C 265
TIC 286
T/C 287
T/C 288
1/G 289
T/C 290
T/C 291
T/C 292
T/C 283
T/C 294
T/C 205
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4.2.2

4.2.3

4,2.3.1

A total of 160 local extarnal /O are avallable. These may be a
combination of inputs and/or outputs. If the Remote 1O modules
(M/N 45C988 and 45C089) are used, an addilional 112 extarnal
HO are available. They may also be a combination of Inpuls andfor
autpuls,

External Inputs

External Input addrasses can range from 0 fo 195, depending upon
which slot the input module is plugged into. A maximum of 160 local
oxternal input points are avallable,

External Outputs

External output addressaes can range from 200 to 395, depending
upon which slot the output module Is plugged m!o A maximum of
160 local external outpuls are available.

I an output module is not used in the assigned siot, the addresses
can be used as internal outputs, For example, If slot 1 holds an input
module instead of an oulput module, addressas 200 to 219 can be
usad as internat outputs.

Internal Outputs

There are thrae types of internal outputs: non-retentive, retentive, and
special function,

Non-retentive Internal outpuls are reset to zero when incoming power
is removed. A lotal of 256 non-retentive cutputs are avaljable with
addresses ranging from 400 (o 655,

Retentive internal oulpuls retain their current status whan Incoming
power is removed, A total of 256 retentive outputs are avallable with
addresses ranging from 700 to 955. Internal outpuls 940 to 955 are
reserved for use with the real time clock and are describad below,

Internal outputs 960 to 991 are raserved for spacial functions and are
described below,

Real-Time Clock {Addresses 940 - 953)

Addresses 940 through 853 allow access to the real-time clock. This
clock is programmable for the year, month, day, day of the week,
hour, minute, and second. See ligure 4.8. Accuracy Is +/~ 30
seconds per manth, Clock valuas are malntalnad regardiess of the
state of the processor or power supply.
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Address contents for March 5, 1991 {09:07:38)

Address Contents

940 (years) [ o] of 9] 1]
942 (month & day) o] 3] o] 5]
944 (day of the week) 0| o] o] 3]
946 (hour & minute) [ o] o] o] 7]
948 (seconds) [of o] 3] 6|

Flgure 4.8 - Real-Time Clock Addresses

The fower two digits of address 940 contain the last two diglts of the
year. The upper two digils of address 940 always equal 00H,

The upper two digits of address 942 contain the month {01H - 12H)
while the lowsr two digits contain the day (01H - 31H}.

Tha lower two digits of address 944 contain the day of the wesk:
Sunday {01H}, Monday (02H), Tuesday {03H}, Wednesday (04H),
Thursday {05H), Friday {06H), Saturday (07H). The upper two digits
of address 944 always equal 00H.

The upper two digits of address 946 contain the hour (00H - 24H)
while the lower two diglts contain the number of minutes {00H - BOH).

The lower two digits of address 848 contain the number of seconds
{00H - 59H). The upper two diglts of address 948 always ecual 0GH.

Addresses 940 thraugh 948 either contaln the current clock values or
thay function as normal Internal outputs depending upon the state of
address 860. When address 850 equals zero, the real-tims clock’s
internat raglisters constantly update the status of registers 940 to 948,
When address 850 equals ons, the real-time clock’s internatl registers
continue to operate but do not updale registers 940 1o 948.

Whaen the state of address 851 changes from zero to one, the
contents of addresses 340 to 948 are translerred to the real-time
clock’s internal registers. Address 950 is then reset to zero.

Address 952 provides a +/— 30 second timing adjustment. When the
stata of address 952 changes from zero to ons, the number of
saconds Is set to 0, if the current number of seconds Is from 0 1o 29,
The number of saconds is set to 59, if the current number of seconds
is from 30 to 59. The time adjustment Is first made in the clock's
internal raglsters and then Is reflected In the values displayed in
addrasses 940 through 948 if addrass 950 is equal to zero.

~fddress 953 Is equal lo one when a low voltage condition is
dstected.

Addresses 960, 951, and 952 are resst whenever power s cycled,
Refer to seclion 5.11 {or instructions an setting the real-lime clock.




4.2.3.2

Address 960

Whan address localion 966 Is equal to one, all outputs are
automatically resst to zero. Use this address to ganerate lagic that
dstacts a malfunclion and stops program execution, Ses figure 4.9,
The programmer idenlifies the addraess wilh: 960 E. # a malfunction
aceurs, correct the problem and cycle power.

Fault Inputs
TN
0 1

— |— 960

4233

Figure 4.9 — Example of Address 960 Programming

Address 961

When address focatfon 961 is equal to ons, the retentive data
registers {retentive outputs, counters, and shift registers) are reset to
zero. Note that retentive data will not be reset if address 961 is set to
one after 1he first program scan, Use this address in conjunction with
address 967, which twrns on for one scan when program execution
begins. As shown in figure 4.10, counters 50 and 51 are reset to zero
once ihe program begins executing.

&—| |—| |————{FUNDS %

I
;

2
| |——-! CBD |—&
3 200[0]
*—i| —@
4
| |———— C51 | —#
300{0]
ﬁ}—*[ | ]

Figure 4.10 - Exampls of Address 961 Programming
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4234 Address 962

Address localion 962 is lurnsd off and on each time one program
scan is complatad (every ather scan). See figure 4.11.

t t t 1 t

|t el e |t e | o]
Yo | Jon{ ol | el

t = One scan

Figure 4.11 - Example of Address 962 Timing

4,235 Address 963

Addrass location 963 provides a 100 millisecond clock signal as
shown in figure 4.12.

50msec
-

0.1sec

ot

Flgure 4,12 - Example of Address 963 Timing

4236 Address 964

Address location 964 provides a 1 second clock signal as shown in
figure 4.13.

0.5s0C

1s8c
B

Figure 4.13 - Example of Address 864 Timing /



4.23.7 Address 986
Address focalion 965 provides a 10 second clock signal as shown in

figure 4.14.
bsec

|

10s8c

Figure 4.14 - Example of Address 965 Timing

4,2.3.8 Address 966

Address location 966 provides a 1 minute cfock signal as shown in
figure 4.15,

A0sec

Tmin

Figure 4.15 - Example of Address 966 Timing

4,23.9 Address 967

Address location 967 is turned on for one scan when tha program
begins executing. See figure 4.18, Use this address in conjuction with
address 961 to resel relentive colls, timers, and counters.

STA
(start signal}

967

— ———— 1 gcan time

Figure 4.16 - Example of Address 967 Timing

417




4.2.3.10  Address 968
Address focation 968 is turned on and off once every 1,000 program
scans as shown in figure 4,17,
—l 54 _i
3
i_l - 999 X1 _ _
< - (
- 1000 X t -
t = 1 scan time
Figure 4.17 - Example of Address 968 Timing
42,311 Address 969
Address localion 989 provides a 10 millisscond clock signal as
shown In figure 4.18.
5ms
10 ms
Figure 4.18 - Example of Addrass 969 Timing
4.2.3.12  Address 970
{tthe processor's ERR LED is on, a syélem etror has acouired.
Addrass location 970 contains a system error code from 0 to 65535,
Sae Table 7.4 for a lsting of the system error codss.
43,213  Address 971
This address is reserved for use by the processor.
4,2,3.14  Address 972
I the processor's ERR LED Is on, a system error has occurred.
Address tocation 972 contains the number of the instruclion that was
active whan the error occured.
42,315 Addresses 973.979 (
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These addressas are resarved for use by the processor.



4.2.3.16

4.23.17

4.23.18

4.2.3.19

4.2.3.20

4.2.3.21

4.2,3.22

Address 980

Whan a syntax arror occurs, this address location contalns an error
code from 0 to 85535, See Table 7.1 for a listing of the error codas.

Address 981
This address Is reservad for use by the processor.

Address 982
This address location contains the latest scan time in increments of
10 mitlissconds.

Addreas 983
This address fs reserved for use by the processor.

Address 984

This addrass location contalns the maximum scan time in Incremants
of 10 milliseconds.

Addresses 985-088
These addresses are not usad,

Address 989

This address location provides system atiribute Information in bits 8,
6, and 7. Ses figure 4.19,

Bit5= 0 = Processor cannot go into run (programming error).

1 = Processor can go into run.

Bit6 = 0 = Sarial port baud rate is 9600 bps.

1 = Serlal port baud rate Is 4800 bps.

Bit7 = 0 = Mot defined.

1 = Bhark XL il processor.

4.2.3.23

4,2.3.24

Figure 4.19 - Address 989 Systam Attribute Information

Address 980
This address location Is always squal to one.

Address 931

This address location is equal to one whenevar the pracessoris in
the run mode.
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4.2.4

4.2.5

4-20

Timers

On-delay timer addresses range from T/G 0 to T/C 95 for & maxirum
of 96 iimers. The timers are self-resetting and are non-retentive.
Whan a timer's current value counts up to the preset valus, the
limer's conlacts are energized. Note that timers and counters share
the same address range.

Adding 100 to the timer's address (T/C 100 to T/C 195) will give lhe
address of the timar's current value. Adding 200 to the timer's
address (T/C 200 to T/C 295) will give the address of the timer's
preset valua, Current and preset timer values are stored as 16-bit
BCD words.

Counters

Two types of counters are available.

Standard counters ara up-counters with a reset input, These counter
addressas range from T/C 0 to T/C 95, for & maximum of 96
counters. When a counter's current value reachas the preset value,
the counter's contacts are energized. Note that counters and timars
share the same address range.

Adding 100 to the countar’s address (T/C 100 to T/C 195) wilt give
the address of the counter's current valus. Adding 200 to the
countet's address (T/C 200 to T/G 295) will give the address of the
counter's preset value. Current and preset counter valuas are stored
as 16-bit words.

The up/down counter (FUN40) uses an Internal coif and counts either
up or down in four-digit binary-coded-decimal {BCD).



4.3 Non-Digital 1/0 Addresses
The processor uses the following addressas when oparating with
non-digital devices. A summary of these addresses are shown in
Table 4.2, The processor uses the hexadecimal (base sixtean)
numbering system when addrassing analog madule, counter
module, network module, or remota O module data.
Table 4.2 - Non-Digital I/O Addresses
Addresses
Analog Input Module Analog Output Module
Counter Module Status Counter Module Control
Signat Network Module Input Network Module Oulput
Type Remote Module [nput Remote Module Qutput
Ch. 0 (] 200
Ch. 1 2 202
Ch.2 4 204
Slot 1 Ch.a 6 206
Ch. 4 8 208
Ch.5 10 210
Ch.6 12 212
Ch.7 14 214
Ch. 0 20 220
Ch. 1 22 222
Ch. 2 24 224
Slot 2 Ch. 3 26 226
Ch. 4 28 228
Ch.5 30 230
Ch. 6 32 232
Ch. 7 34 _ 234
Ch.C 40 - 240
Ch. 1 42 242
Ch. 2 44 244
Slot 3 Ch.3 46 246
Ch. 4 48 248
Ch. 5 50 250
Ch. 6 52 262
Ch.7 54 254
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Tabie 4.2 - Non-Digltal IO Addresses (Conlinued)

Addresses
Analog Input Modufe Analog Output Module
Counter Module Status Counter Module Control
Signal Netwaork Module Input Network Module Output
Type Remote Module Input Remote Module Output
Ch. 0 60 260
Ch. 1 62 262
Ch. 2 64 264
Slot 4 Ch.3 66 266
Ch. 4 68 268
Ch.5 70 270
Ch. 6 72 272
Ch.7 74 274
Ch. 0 80 280
Ch.1 82 282
Ch.2 B4 264
Slot 5 Ch.3 88 286
Ch. 4 88 266
Ch. B 20 280
Ch, 6 92 202
Ch.7 94 294
Ch.Q 160 300
Ch, 1 102 302
Ch. 2 104 304
Slot 6 Ch. 3 106 306
Ch. 4 108 308
Ch.5 110 310
Ch.6 112 312
Ch.7 114 314
Ch.0 120 320
Ch. i 122 322
Ch. 2 124 324
Siot 7 Ch.3 i26 328
Ch. 4 128 328
Ch.5 130 330
Ch. & 132 332
Ch.7 134 334

422




Table 4.2 - Non-Digilat IO Addresses {Continued)

Addresses
Analog Input Module Analeg Output Module
Countar Medule Status Counter Module Control
Signatl Network Madule Input Network Modufe Quiput
Type Ramote Module tnput Remote Module Output
Ch.0 140 340
Ch.1 142 342
Ch. 2 144 344
Slot 8 Ch. 3 146 346
Ch. 4 148 348
Ch.5 150 350
Ch.6 152 352
Ch. 7 154 364
Ch.0 160 360
Ch. { 162 362
Ch.2 164 a64
Slot 9 Ch. 3 166 366
Ch.4 168 368
Ch.s 170 370
Ch.6 172 372
ch.7 174 374
Ch.0 180 380
Ch. 1 182 agz2
Ch.2 184 384
Slot 10 Ch. 3 186 386
Ch.4 188 388
Ch.5 180 390
Ch.8 192 392
Ch.7 194 394
4.,3.1 Non-Digital Inputs
Non-digitat Input addresses can range from 0 to 194, depanding
upon which slot the input module Is plugged into.
4.3.2 Non-Digital Qutputs

Non-digital output addresses can range from 200 to 394, depending
upan which slot the output module Is plugged into.
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4.4 I/O Data Handling

IfO data Is stored and accessed In different forms depending upon

the command or functlon being used. See Table 4.3.

All addresses have an 8-bit (byte) memory location. External input
and culput data Is stored in 8-bit bytes. Internal cutput, timar,
cotinter, coll, and contact data Is stored In 1-bit data areas. Timer and
counter preset and current values are stored in 16-bit words (two

8-bit bytes). Ses figure 4.20.

Four different commands are used to access the /O data stored in

memory:

& bit pracessing commands

& word processing commands
o comimands that process bit data as word data

& byte procassing commands

Bit processing commands only access bit 7 (MSB) of external input
and output data, internal output coil data, and timer/counter coil data.

Sae figure 4.21.

Word processing commands accass 16 bits (two consecutive 8-bit
bytes} of analog module data, counter moduls daia, network module
data, and remote I/0 module data. Word processing commands can
also access constant value data, internal ouiput data, timer/counter
presel and current value data, See figure 4.22.

Commands that process bit data as word data use bit 7 (MSB) of 16
consgculive 8-bit bytes. See figure 4.23. Use this type of command
when BCD data is being loaded in {from an external input or when 16
hits of data in the arithmetic register are being wiliten to an external

output.

Byte processing commands access elght bits of data and ¢an be
used with eight bit analog signals. Byte procassing commands can
also access eight bits of constant value data, internal output data,
and timsrfcounter presst and current value data. Seg figure 4.24,

Table 4.3 - I/O Data Processing Commands

Extarnal & Inlatnat Outpuls Timer! Counter
o T o Special
i i function Curiant Constanl
Word Word Coilf urian
Command data dala intornaf and Presel | Valua
o) | dela | y) | dala | gyt | COmACt ] T a0
Bit Processing Command ® L ] [ L ]
Word Processing Command * L ] L] [ ]
Command that Processas
B Data as Word Data hd e
Byle Processing Command 'y et ot ot

* Word processing commands are anly used with externat 3O that are connecied to anafog ripdules, counter
madules, remals IfO madules, and netwark medules.

** Byte processing commands ase only used with external {0 that have 8 bils of data resolutlen.
+ Byte processing commands only access 8 bita of Internat aulput data, limerfcaunter vatuas, and constant

values,

424
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External/internal /O Internal Speclal Function

Addresses OCutpul Addresses
%60 lbrf - |- -1-|-}|-1-
0 | b7| b8] bS| b4 b3| b2| b1 bo oot [l - V- -1 -~ -1-
1 | b7| bs} bs| b4| b3) b2| b1] bo ooz forl <1 -4 -1 <1-1-1-
2 | b7} bef bs| n4| b3} b2| bi| bo 963 {orl ~ 1 ~T-01-4-1-~1-
3 | b7} b8 bs] b4} b3l b2| B bo
4 | b7| b8| bs] b4} ba| b2} b1] bo l
6 { bz] 16| b5| bd| 63| b2 bt} ba
6 | v7| ve] 5] be] vaf v} bif bo oot [or[ - [-1-1-]-T-1-
7 | b7| bo{ bs| b4{ b3 ba| B1| bo , ,
Bit processing commands will
8 | b7] béy b5) b4 b3] b2| bif bo only access bit 7{MSB} from
9 | b7{ be| b5} b4| b3[ b2| bi] bO addresges 960 to 991, Bils 0
10 | b7] b6| b5{ bal bal b2| b1 bo to 6 should not be used.
11 | by b6} bs| ba| 13| b2] w1 bo Timer/Counter
12 | b7{ bs| b5| ba| b3} b2| bt| bO Preset Value Addresses
13 | b7| u8| b5} ba| B3] b2] b} bO ¥ic200 [o1s|bt4|brafiz |11|wid bef ba
t4 | b7| be] bs} be| bal b2| vi| bO b7| b} bs| b4| b3} ba] b1 bo
16 | b7} be] bs| b4] 3] b2] bi] bo T/G201 [b15]614[b13fa12 {b11]b1d bo| be
Bit processing commands will b7 b6] b5] bs] vaf ve] btf v
only access bit 7 from }
addresses 0 to 15, Word
pfOCGSSing commands will T/C285 |biB|btd bfa!bm biibid b9| b8
access two (8-bit) bytes b7| ve] us] va] va| ve| o1 bo
(16 bits total), Byte )
processing commands wil Ward processing commands will
access one (8-bit) byta, access two (8-bit) bytes (16 bits)

for each timer/counter. Byte
processing commands will only
access the lower 8 bils (b0-b7) of
each timer/counter valtie,

T{mar'lcounsier
Timer/Counter Current Value Addresses
Coll/Contact TG00 | b1 b14] b1xb12] b11|bigf b9| b8
Addresses
, b7| ne] vs] b4 b3 bl v1| bo
weo fwr| f-f-]-1-}-]- To10t |o1g bta] brdbre| p11]eto] bo| b
b7} b6] b5| 4| bA| b2| bt} bo
wor (o[- +
l T1c195 | b1s]u14 b1gfb12] b1 {bro] be] ve
v7| ba| bs| b4| baf ba] o] bo
wess [ T T T-T- T | o] ) ’
Word processing commands will
- access two (8-bif) bylos (16 bits)
Bit processing commands will for each timar/counter. Byle
access bit 7(MSB) from timer/ processing commands will only
counter addresses 0 to 95, Blls access the lowar 8 bits (b0-b7) of
0 to 6 should not be used. each limer/counter vatue.

Figure 4.20 - [/O Data Starage in Memory

4-25




1o A(Ej_)dress [ v7] ve} bs| 4] b3] v2] b1] vo]

L Onlybit 7 (MSB) Is accessed.
Bits 0 to 6 are not used.

Figure 4.21 - Bit Processing

| o ARITHMETIC
—|[—{Funt0 400 400401 ————" pegisTen

FUN21 600 ARITHMETIG
REQISTER — ™ 500,601

100 o ARITHMETIC
A

e A 7 ™ Funito REGISTER
[o] 1] sJeTof 1T ol 1fo[ o] i tF1fo] of 1] —= [0+ t]olof tfol to[ofof+]1] o] o] 1]
b1s b8 b7 bo bib b

500 &0
Id A\ N A ™

FUNZ1

[o]iTt[el o tl of el ol of 1Ti{ol o 1] =
bis b8 by ho

Figure 4,22 - Word Processing
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Address ¢

1
2
3

14
15

/][9]
Address
220

222
223

234
235

— | ~ Arithmetle
—{1—{Funzo 0 0715 e B ot
Arithmetic
FUN22 220 Rogistar — 200235
b7 hE b5 b4 b2 bt b
1fF-1-1 - wl oaf -
tl-F~] - -1 =f =
[ R N N I
il-1-1-~ -1 -] -
Arithmalic
Raglsier
]l 13 I 2 I I e Y Y R Y RO
oj-|-| - -1 -1 - bis b0
FUN22
b7 bf b5 b4 b2 bi bo
1 -_— -— - -_ - -
il-1-1- N
al-1-1- PR S
! - - - — - -
0 - - -_ - - -
ol-}1-1]- R B

Figure 4.23 - Processing Bits as Words
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FUN71 500 N » 500
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500
e A N
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5.0 OPERATING PROCEDURES

This chapter tells you how to operate your programmable controlier
using the handhald programmers, The chapter covers how to create,
enter, and edit a program. It explains how to monitor and force
oulputs, It also telis you how to save and load programs from
cassette tape.

Refer to 1he Rellance Shark Programming Executive Manual (J-3804)
if you are using the SPX software in place of the handheld
programimers.

WARNING
ONLY QUALIFIED PERSONNEL MAY INSTALL, ADJUST, OPERATE, AND
MAINTAIN THIS EQUIPMENT. READ AND UNDERSTAND THIS INSTRUCTION
MANUAL IN ITS ENTIRETY BEFORE ANY WORK IS PERFORMED. FAILURE TO
OBSERVE THIS PRECAUTION COULD RESULT IN BODILY INJURY.

5.1 Operating Guidelines

Use the following guidelines as you prepare your progrant;
1, Clear memory before you begin a new program.
2. Wrlte and than key-in the program.
3. Check tha program.
* Bo sura each rung has besn entered correctly.
Search for the address it a pragramming error has been made.
Edit the rung as necessary.
6. Check the program's syntax.
® Conect an error if present.

7. Execute the program in test mode using a handheld
programme,

¢ Use the test mode and oulput forcing to verify oparation.

WARNING '
EXECUTING A PROGRAM IN TEST MODE COULD RESULT iN UNEXPECTED
MACHINE MOTION. STATION A PERSON AT THE MACHINE NEXT TO THE
E-STOP BUTTON TO TERMINATE UNEXPECTED RESULTS. FAILURE TO
OBSERVE THIS PRECAUTION COULD RESULT IN BODILY INJURY.

8. Run the program.

* Run the program once ali wiring and programming have been
corrected,

Table 5.1 provides a summary of the operating guldelines for the
handheld programmaers only. A delalled listing of the operating
guldeiines listed above Is found afier the table.
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Table 5.1 - Summary of Operating Procedures
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Tabla 6.1 - Summary of Operating Procedures (Continued)
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Tabte 8.1 - Summary of Operating Procedures (Continuad)
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Table 6.1 - Summary of Operaling Procedures (Continuad)
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5.2 Clearing Memory
Be sure to ¢lear memory before you begln entering a new program.
Use the pracedure in figure 5.1 10 clear memory. This procedure
deletes the program currently stored there. It takes four seconds to
clear the standard 926-word mamory, it takes 19 seconds to clear the
3097-word memory.
A clear memory operation wilf also do the following: )
o clears imers/countears {
® rasets shift registers
¢ resels relentive contacts
Operation Mode Switch Seiting Processor Status
Clear Memory PRCG Stop
Type of Display
Key Stroke Remarks
Command | Numaerical Dispfay |Mode display
* PROG
;
® DATA
Memory
DEL _ deleted
Figure 5.1 - Clearing Memory
When using a Standard Programmaer, normally the programmer's
display shows the contents of a memory location, Use the procedure
In figure 5.2 to toggle betwaen the display of data and the current
memaory location.
Type of Display
Remarks
KeyStroke | Gommand | Numerical Display | Mode display
_ : g’:.lc.’f Data Display
+ PROG Step No.
STEP 0 * STEP Display
" * PROG
. ® DATA Pata Display

5.6

Figure 5.2 - Displaying Data or a Memory Location



5.3

Entering a Program Using the
Handheld Programmers

When enteting a program with the handheld programmars, you must
begin each program with the ssquancae shown in figure 5.3. You
naed to assign the two contacls to sither external Inputs or internat
autputs or both. If you have only gne external input, you can
program the other as internal output 990, which is always energized.
Obviously, you should not program both contacts as internal cutput
980 as the processor will stay in the run mode continuousiy.

Note that the processor cannot go Into the run mode unless the start
sequence {FUN 90} Is programmed as the first sequence in the
program,.

Whan both inputs are energized, FUN98 becomes energized, and
the processor goes into run if the handheld programmer is not
altached. Il the handhsld programmer Is attached, the mode selector
switch must he In the RUN position for the processor to go into run.

To take the processor ot of the run mods, de-snargize the Inputs.
Note that it the hand-held programmaer Is attached, moving the moda
selactor switch out of the RUN posltion will not take the processor out
of the run mode by ilself. The inputs to FUNS8 must be de-ansrgized
to stop the processor.

] 990
f—{ ——— FUN98
Input 1 Input 2

Figure 5.3 - Required Start Sequence

Figure 5.4 shows how to enter a new pragram step by step.

When you press the [ENT] key, the data displayed is stored in
memory. The programmaer's display then shows the contents of the
next memory lacation.

The display’s contents in figure 5.4 are the values present before you
press the [ENT] key.

Refer to the Standard Programmer Instruction Manual {J-3803) or the
Universal Programmer Instruction Manua! (J-3800) for additional
Infarmation.
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Opoeration Mode Switch Setting Processar Status
Crealing a new
progrem PROG Stop
Sequence
[ H_%,.ﬂ |
220
Type of Display
Key-in Procedure Command | Numerical Display |Modoe display
i
ORG ENTI ® ORG 7
AND E IZ' ENT & AND 9490
FUN I 9 ENT|] & FUN o8 ¢ PROG
I o enr]| ®ORG | O * DATA
e Jle] foo]l eon 220
¢ AND
E Bl e NoT |7
2”2 ol ENT|| @ OUT 220

Figure 5.4 - Entering a New Program

A more complex example Is shawn In figure 5.5.
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-

{1 1|
111

12

| F—(z20)—

Key-In Procedure

Ordoer of Programming {See Figure 5.6)

ORG 0 ENT
AND i ENT
STR 2 ENT
AND 3 ENT
OR STR ENT
STR 4 ENT
AND 6§  ENT
STR 6 ENT
AND 7 ENT
OR STR ENT
AND STR ENT
STR 10 ENT
AND 11 ENT
OR  STR ENT
AND 12 ENT
QUT 220 ENT

i N w ' y
A
_/
ﬂ C
B
_/
e
Q t J
—_—
D
_/
_\ F
E
_/
—— S
A
Y
H
—

Figure 5.5 - Programming Example
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Figure 5.6 - Orcer of Programming for the Example in Figure 5.5




5.

3.1 Adding Rungs

Use the procedure In figure 5.7 to add additional rungs to the end of
your program. When you preas the {CLR] [./STEP} keys, the
pragrammer displays the first available unused memory location.

Qperation Mode Switch Setting Pracessor Status
Add a new PROG Stop
sequence
Sample
Sequence 0 1
o—f ]—1 ]
220
220 2
I I}
9.5 s6¢ New saquences
TOO
[ |
Type of Display
¥ Command | Numaerlcal | Mode
Key-in Procedure Display Display
-
G
|ZI !ENT * AND 2 * PROG
f !
e ) el ] ]| 398 [ 005 |eomm
¢ ORG
el ] ]| 250 | ©
G

 Figure 6.7 - Entering Additional Rungs
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5.3.2 Deleting an Element or Rung
To delete a rung's elements use the procedure In figure 5.8,
When you press the [DEL} key, the current memory location Is
cleared and all following steps are moved to compress rmemory. The
programmer then displays the next memory location. The
pregramimer will sequentially clear memory locations each time you
pross the [DEL] key.
Opeoration Made Switch Setting Processor Stalus
Delstion of an PROG Stop
Element
Example Sequence
Before Delation Aftar Delation

220

b

I

T

To be dalatad

>

4

-

—

1

220

Key-In Procedure

Type of Display

Command | Numerical Display | Mode Display
E’ 8AC & AND 003 ® DATA
DEL * QUT 220 * PROG

56-12

Flgure 5.8 - Deleting an Element
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5.3.3 Editing a Program

Use the procadure In figure 6.9 to changae an elemant within a rung,
With the element displayed, press the [DGLR] key to clear the
elemant. Enter the new element and press the [ENT} key, This enters
tha change into memary.

Operation Mode Swilch Setting Processor Status
Changing an
Elemant PROG Stop
Example Sequence

Before the Change

5?__[2 @ E> _150
I‘H: 11.4 sec

After ‘l‘ha Change

1.4 sec

Type of Display

Kay-in Procedure Command | Numerical | Mode
Y Display Display

E] «AND | 002

o DATA
[l 08 |

$OUT | 0009.5 |ePROG

DCLR

[our [ %]Le flstell + ][+ J[stbl L« Jlew]| 247 | 0174

Figure 5.9 - Changing an Elemant

Use the pracedure in figure 5.10 to add an element to an existing
rung. Display the element after the address where you want to insert
the new element. See figure 6.11, Prass the [DCLR] key to clear the
efement. Typa in the efemant to be Inserted. Press the {INS] key. The
addresses automatically Increment by one to make space avallable
for tha new element.

Once you have inserled the element, press the [CLR] {SRC) keys to
chack the program.
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Oparation Mode Switch Ssiting Procassor Status
Inserting an PROG Stop
Etemant

Example Sequence
Bafore Insertion

220

s n @ [>.

220

—— 4+ +— —

Aftar Insartion

-}y ()

Key-In Procedure

Type of Display

Command | Numerical Display | Mode Display

oo lur]l 2] 2][ e ][sne] | eour {220

oot * DATA

(] oAND |3 * PRoG
s souT | 220

Figure 5.10 - inserting an Elemsent
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000 000 - I (1]t.4]
[1ith] 001 _ o
o 002 002 :t'?l Insering a
2 2 P saquence
100
% 10t et~ 151 slap
of inserled
2 % 2 sequence
924 (1924} 4 R
925 (1925} 826 (1826)
The number in parenthesls
Indicates the number of slaps
when he 2k step memory is
used
000 [Nit.1]
001 E:> 001
Slep 61 8 2
Etement
insarted 050 tnserted 050
—_— 051 -——___ﬁ_:‘_: 051
052 052
e T 053
¢
100 bt 191
=] =]
Before Insertion After Insartion
Etemant insertion
I .+ S 000
o0 E> 001
g:?gtescil 050 Elomant | os0 |
—_— - 051 dalotad 051
052 "]
100 > [1]):]

Belore deletion

Element deletion

After delelion

Figure 5.11 - Eifect on Memory of Inserting and Deleting Elements




The processor can have a memory capacity of 926 (1K) words or
1926 {2K) words. The processer asslgns each element a daclmal
number starting from 000.

Arithmetic instructions except for thae BCD, BNR, SFR, and JMP are
2-word Instructions. All other Instructions use 1-word of memory.
Note that the 925th step (or 19251h step) Is ressrved for the END
instruction. You cannot program a 2-word instruction In the 924th (or
1924th) step.

You will not be able 1o Insert an element when memory is full. The
display will show the overllow symbot in figure 5.12.

[pof s ][] om0 [o] [ ]

0 |

4 Memory overflow
dlsplay

Figure 6.12 - Memory Overflow Display

Use the procedure In figure 5.13 to insert a rung Into a program.
Display the Input element (Input 006 In figure 5.13) of the 1ung that
fmmedlately fallaws the location you want to Insert the rung at. Press
the [BCLR) key to clear the Input alemant from tha handheld
programmar's display. Type in the Input elemant of the new rung
{Input 003 In the figura). Prass the [INS] key. Press the [DCLR) key to
clear the programmer’s display. Type in the oulpul of the new rung
{oulput 223 in the figure). Pross the [INS] key. The addresses In
memory automatically incremant to make space avallable for the new

fung.
Oparation Mode Swilch Setting Processor Status
Insetting a Rung PROG Stop
Example Sequence 000 990
—|
001
ll._...‘_.l
— o08

Key-In Procedure

Typs of Dlsplay

Command | Numerisal Display | Mode Display

DCLA
% E} NS ¢ ORG 3 e DATA
DGLA * PROG
our El I__z_l E} NS ¢ OUT 293

5-16

Figure 5.13 - Inserting a Rung
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5.4  Displaying a Program

Usa the procedure in figure 5.14 to display a program stored in

memory.
Operation Mada Switch Setiing Pracessor Stalus
. Displaying a .';2&9 Running or
Program AUN Stopped
Sample Sequence 0
e
220
$—| |-—
220
+— |
TOO
—| | 221
Type of Display
Key-In Procedure Command | Numerical Display Mode Display
ctn || STEP * ORG 7
step ® AND 290
sTEe ¢ FUN a8
sTER ® ORG 000
STEP e OR 220 ® DATA
S | oor
STER * QOUT 220 e PROG
step * ORG 220 o TEST
STEe ® AND 002 * AUN
sTER « QUT
+ ¢ T/C 0.9.5
STEP * ORG
l + e T/C 0
step * OUT 221

Flgure 6.14 - Displaying a Program
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You can display a program heglinning at a specific address or ¥O
number, Refer to figure 5.18.

Displaying a Program Key-in Procedure

From step number 000. [ [c1A | STEP ) -y STEP L or |STEP
Fom o st sop ol n |1 ] -»[ o [
ﬁ;ﬁ,gfpmmed step cLh Step number s}ép - SVE" or | STEP
Contact mumber an|  [Bmtees]  [sng] —pf5TEP] o [sTER
From a specified coll ciR{ |our| | Ouputnumber [ [src{ —+|STEP | o |STEP
romasposted o] [ | o] +[7F] o [0

Figure 5.15 - Displaying a Program from a Specific Memory Location

5.5 Searching a Program

You can search a program for a spacific /O address, an internal coil
address, a timer, a counter, or an Instruction. Just anter the
instruction number or address and press the [SRC] key. Refer to
figure 6,16, The number Is displayed on the programmar, Each lime
you press the [SRC] key, the processor searches the program for the
next occurrence of the instruction. When the processor locates the
instruction or address, the contents are displayed on the
programmer's display.

If the processor doses not find the instruction or address, the display
shows the instruction underlined with the next avaitable unused
memory locatlon,
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from the memory location currently displayed. Press the [SRC] key to

continue searching,
Note: You cannot search for an address above step 926 unless your

Use the [STEP+] and {STEP-] keys to advance through and back up
system has a 2K memory.




5.6 Executing a Program In Test Mode

Tast modse aflows you to run your program undsr controlled
condiligns. The test moda enablas you to force outputs and changs
timer/counter prasets. Refer to figure 5.17. The test mode can only be
accessed through the handheld pragrammers. # cannot be accessed
through the programming executive software,

(Cannot be monitored in memoty.)

Operatlon Mode Switch Setiings Processor Status
Tost Mode TEST
Start/Stop Procedure Running
Mode selector switch ?/g“
- &
¥ — RUN:
TESTL~ 4 | F AUN LED
RUN £~ lehi% Pj,?» RUN ON:
starts
FUN98 RUN LED opsration
| —— Input
Medute
Handheld
Programmer Internal CPU Loglc

Figura 5,17 - Test Mode Oparation

WARNING

EXECUTING A PROGRAM IN TEST MODE COULD RESULT IN UNEXPECTED
MACHINE MOTION, STATION A PERSON AT THE MACHINE NEXT TO THE
E-STOP BUTTON TO TEAMINATE UNEXPECTED RESULTS. FAILURE TO
OBSERVE THIS PRECAUTION COULD RESULT IN BODILY INJURY.

Program execulion is conlrolied by FUN98. FUNS8 Is enabled when
fts inputs are aclive.

It the programmer Is attached to the processor, set the mode setector
switch to RUN or TEST. You cannot begin executing a pregram in

PROG.

if the programmar is not attachad to the processor, you cannot
changs the processor's moda of operation. If the processor is
running and you ramove tha programmer, and then set the mode
sselgctor switch to PROG, the pracassor will continue to run.

The RUN LED is {it when the pracessor is running. To stop the
processor, deactivate FUNS8's Inpuls, You can attach or remove the
pragrammaer from the processar with power applisd,
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DO NOT PROGRAM BOTH INPUTS TO FUNY8 AS ADDRESS 990 AND THEN
APPLY POWER AS THE PROCESSORWILL GO INTO THE RUN MODE WHEN YOU
REMOVE THE PROGRAMMER. FAILURE TO OBSERVE THIS PRECAUTION

WARNING

COULD RESULT iN BODILY INJURY.

If you program both inputs to FUN98 as address 996 and then apply
powaer, the processor will go Into the run mode when the handheld
programemer is ramoved. When yau ra-Install the programmer, the
procassor will not respond to the mode sefector switch setting. For
the processor and programmer modes to colncide, you must cancel
the run mode by de-activating FUN98 inputs or by cycling powar.

5.6.1 Checking Continuity

Use the procedure in figure 5.18 (o check contact continuity. if a
contact s conduciing, a decimal point is displayad.

Operation Mode Switch Sefling

Processor Status

Check Continulty TEST

Running

Example Ssquence

|0| |1|: . | Contacts 1 and 220 are Conducting
Contact 0 is Not Conducting

220

—f —

Type of Display
Key-in Procedure Numerlcal | Mode Remarks
Command Display display
Indicales that
G | o |20 | |
STEP ® AND indicates that
- enor [ %97+ | apara | Becomaal
sTEP *OR 220 . * HUN
STEP Igdlcales lh.}ﬂ
1 tact L
- *ORG | 000 oo™

Figura 5.18 - Checking Continuity
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5.6.2

Forcing Bit Data

You can test extarnal inputs and outputs, Internal cutputs, timsrs, and
counters through forcing In the test mode. Refer to figure 5.17. You
nasad to monitor the device and press either the {SET] or [CLR} keys.
Pressing the |SET) key anargizes ihe internal output, timer, or
counter. Pressing the {CLA} key clears the energlzed conditton.

You can force a imer only when its enabling input ks on. You can
force a counter only when iis reset input is off. A force command is .
exsecuted after the processor runs one program scan. See {
figure 5.19.

In figure 5,19, if you try to force the oulput with contacts 220 and 4
de-energized, the timer will be furned off, The oculpul wil not be
energized.

FORCING OUTPUTS CAN RESULT IN UNEXPECTED MACHINE MOTION, ALL
PERSONNEL MUST BE CLEAR OF THE MACHINE. FAILURE TO OBSERVE THIS
PRECAUTION COULD RESULT IN BODILY INJURY.

WARNING

Oparation Maode Switch Setting Processor Stalus
Force External Inputs and
Culpuls, Internat Colls, Timars, TEST Running
or Counters Either On (Sst) or
Off {Resel)
Example Sequence 0 1
P q $-| E—«-qn
220 {
220 4
()
120 sec
Tco
Type of Display
Key-in Procedure Command Numaerical Mode Remarks

Disptay display

lw]low][5e] o] [ 29T | 0.0108 oo
G e T/C - limer T00

Farcod sek
-l 0.120,0. | *OATA | qqer 100 oN
e« T/C ® AUN Output 221 ON

CLR

Clear forced
culput

5-22

Figure 5.19 - Forcing Oulputs



5.6.3 Forcing Word Data

Word values can be forced In both decimal (§ digils) and
hexadscimal (4 digits) notatlon, Refer to figures 5.20 and 5.21.
Forcing hexadecimal word values into addresses 940 to 948 enable
you to set the real tims clock. Refer to saction 5.11 for addifional

Information,

You can test external inputs and outputs, Internal outpusts, tmer
values, and counter values through forcing in the test mode. You
need to monitor the device and press either the [SET] or [CLA} keys.
Pressing the [SET] key enargizes the Internal output, timer, or
counter, Pressing the [CLR] key clears the energized condition.

You can force a limer's current or praset value only. You can force a
counter's current or preset value only. A force command Is executed
after the processor runs one program scan.

FORCING OUTPUTS CAN RESULT IN UNEXPECTED MACHINE MOTION, ALL
PERSONNEL MUST BE CLEAR OF THE MACHINE. FAILURE TO OBSERVE THIS

WARANING

PRECAUTION COULD RESULT IN BODILY INJURY,

Operation Mode Switch Selting Processor Stalus
PROG
Forcing a Dectmai TEST Running
Word Value AUN Stopped
Type of Display
Key-in Procaedura Numerical Mode Remarks
. Command D|sp|ay Dlsplay
: Bit monilor
II”II « QUT 700 ® DATA | address 700
Mﬁllov
700
sour | ooooo | | e
L]
Enter 5-digl
nBaRnn o FUN 12345 | eTEST | decimalvaie
¢ OUT ¢ HUN
F%rce oué%m
ose
e OUT 12345 Wwhoss addrass

Figure 6.20 - Forcing a Decimal Word Value
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Qperallon

Modsa Swilch Setting

Processor Status

PROG ;
Forcing a Hexadacimal TEST ‘Running
Word Value AUN Stopped
Type of Display
Key-in Procedure Numarlcal | Mode Remarks
Command Dfsp|ay D]splay
Bit monlar
IZJE * OUT 800 & DATA | address 800
g!o%nitor addrass
sour | 00000
g![;oonilor addiass
asa
*0uT 0000H PROG hexadecimat word
.
Enter 4-digh
II“EEI ® FUN 0123 o TEST hgxea:iecin%al
¢ QUT & RUN valug
Force putput
SET « QUT 0123H ;«:i;gsﬂ%gddmss

Figure 5.21 - Forcing a Hexadecimal Word Valug
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5.6.4 Changing Timer/Counter Preset Values
You can search for a spaclfic imer or counter and change its preset
value when the mode selector switch is in the TEST position. You
reptace the preset valus by entering the new value and pressing the
[ENT] key. Retar to figure 5.22.

Operation Mode Swilch Settings Processor Stalus
Change a Timer/ PROG Stapped
GCounter Preset
Value TEST Running

Example Sequence

4 .
| - TOO
11.4Tsec

120 sec

Kay-In Procedure

Type of Display

Numerical | Mode Remarks
Digplay display

Command

: 1 * QUT Search for timer
fofoor[ 7] <] 0 00114 | pun |8

E
ninn $0UT o720 | *TEST | mimeivaie

Figure 6.22 - Changing Timar/Counter Values

When you change a timer/counter preset value, during timer/counter
operalion, the new value becomas active Immediately.

NOTE: You cannot change a timer/countar praset vaiua when the
programmer is [n the Run moda. Set the mode selector switch to
TEST before you change a preset value. Changlng modas raquires
the processor to first go to stop and may requirs cycling powsr to the
Processor.
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5.7 Monitoring 1/0
Use the procedures In figure 5.23 to monilor spaclfic O points and
word data,
Operation Mode Swilch Setlings Processor Status
Monitoring Input TEST Running
Qulput Addresses RUN
Deavice or Type of Display
data to be Key-in Procedure Com- Numerical | Mode Remarks
Monitored mand | Display Display
intérnal
s [o0] [P .
romr 109] | oo 001 ot on
oulpul
STEP Extornal
o 002
* DATA Internal
External or * OUT 201 . output 201,
Inlamal( " ON
oulput (co Extenal
e OUT | 292 * PROG)
® TEST
Times 10.ON
e o 3 2 N T L
conlac o T/C 9 Timer 9. QFF
o OUT Counler 60,
Toor, 2997 | 60.005 Comaret,
currenl » OUT Counler 61,
e | 81010 Qi ot
Mondter Internal
o [l e[ Jho S
Monitoring . m 400
(exlerﬂlal! Vg!;a of 4001
n
internal) MON 00255 gec;;s;:
Valug of
OOFFH address 400 in
hexadecimat
Manitor Intama)
400 output 400

5-26

Figure 5.23 - Monttoring O and Word Data

The programmer displays the external HO address and indicates the
stalus as a decimal point. A decimal point Indicates that a contact Is
on. No decimal point Indicates that a contact is off,

Whan you monitor a timer or countar, the two {sft-most digits
represent the address of the device. The next threa digils are the

device's currant value.

The IfQ addresses and limer/counter numbers Increment or
dacrement by one each time you press tha [MON)] key and elther the
[STEP 4] key or the [STEP-] key.




5.8

External and internal word data can be monitored in sithar dacimal or
hexadscimal notation. As shown In figure 5.23, you monitor a word
value by pressing the [CLR] key, entering the desired address, and
then prassing the [MON] key. Pressing the [MON] key again,
displays the contants of the address In decimat notation, Pressing
[MON] a third ima disptays the contents In hexadecimal.

Saving and Loading Programs on Tape

Use the procedures in figure 5.24 1o save or load a program on
cassalte taps.

Procadures are given for saving programs from the processor
(EEPROM) to the casselle recorder, foading programs from the
cassette recorder to the processor (EEPROM), and verifying the
program fransfer from eilhar operation,
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Figure 5.24 - Saving and Loading Programs

5-28



‘DBpULM JO PRYOTELDS JOU SI eyl ades B 109198 ade)
“WNWIXELW O} SUUN[OA AU 155 Bumag awnjopn

“WNLLIXRUW 0} SU0} aU} 185 Bumsg auol

18p10031 adie] SPOSSED [BINBUOLL B 35() JapJooay anassen) Jo adAL
uondugsag Japiooay ade] apassen

"ade; uo wesboud & Buipeor Jo Bunes Jaye e1ep s Auaa 0} Ins 3g,

:o_ﬂ.m._muo
ayesses
[ o= o ][} A g
Yiva e
oveEwcy | I 80
"Anpi pue
Jous alg D0UHdL » co_qﬂu%ﬂ.” F=£0
Ie30 01 PUBLIWGC) ¢
Aoy €10 woeokers | F290
au d oo feidsip |z
mosshey (I -0 043
Aejdsiq puBll
SPOI Agydsiq Eouswny won Jawnuesboliq laplooal adeg
SyrewaY Aeydsiq jo adAg AINPaSoId U-Agy uogaung

Figure 5.24 - Saving and Loading Programs (Continued)
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5.9

5-30

Be sure to rewlnd the cassette hefore racording, loading, or verllying
a program,.

You should re-start the loading or saving procedure if you:
# |osa power
¢ remove the tape
e press the {CLR] key.

When you are loading or verifying a program, the letter H is

displayed for approximately 30 saconds. If the fetter remains
displayed for mora than 30 seconds the tape Is blank.

Transferring Programs in Memory

Use the progedurss in tigure 5.25 to tranafer programs batween the
processor and external EEPROM/EPROM memories (M/N 45C975,
45C977, 45C978). The programmable memories attach to the PROM
burning port on the M/N 45C951 handheld programmer,
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Figure 5.25 - Processor/Programmer Memory Pack Program Transfer
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5.10 Initializing the Second Half
of 2K/4K EEPROM Memory

When transferring a programmed EEPROM (M/N 45C977) from an
XL processor (M/N 45C300) to an XL Il procassor (M/N 45C801)}, you
must follow tha procedure [n figure 5.26 to Initlalize the second half
of mamory (from 2K to 4K bytes).

Qperation Mods Switch Setting Processor Status
initiallzing the Second Slopped
Half of 2K/4K EEPROM PROG
Memory
Key Type of Display
Stroke

Command MNumerical Display Mode Display
E E * PROG
fims ] » OUT 990 # DATA
o AND 990

Figure 5.26 - Initializing the Second Half of EEPROM Memory
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5.11 Setting the Real-Time Clock

To set the real-lime clock, follow the procedure in figure 5.27. For
additional programming information on the realime clock, refer to
saclion 4.2.3.1.

Operation Mode Switch Settings Processor Status
Selting the Reat
Time Clock Tost Running
Sample Sequence
0
i @
950
1 I—- .
—1 Futist op | |
FUNO. 0O
FUN2I g48
1
+— | 851 -9
Key-In Procedure Display Description
E"Z} |MON 950 Bit monilor address 850.
a50. Sal address 950 equat Lo cne.

(len]owr] o Lo ] ]

Manltor addrass 840 In
ON i MON ,MON OOBQH hexadecimal,

£

Bot address 940 o
° ] E E@ 00S0H Ihe approprdale year
{in hexadecimal},

Monilor address 842 in
ST;FP ST;,EP 092 7H hexadecimal,

] Sat addross 942 to tha
0 I 7 ” 2 I 8 SET I 0728H appropriate month and day
(in hexadecimal).

STEP E Manilor addrass 944 in
+ I$T+ i 0004H hexadecimal,

Sot addrass 644 (o the
0 7 || SET Q007H appropilate day of the weok
{in hexadacimat),

Monitor address 946 in
ISE.EP SE_EP 1518H hoxedecimal.

Set addiess 946 to the
1945H appropriate hour and minute
{in hexadecimal).

Flgure 5.27 - Selting the Real-Time Clock

5-33



Key-In Procedure Display Dascription
Monitor address 848 in
|ST+EP 0023H hexadecimal,
Sel addrass 848 tothe
3 0036H approprate number of
seconds {in hexadecimal).
5 1 MON 951 Bit monitor address 951*.
SET 9571 Bit address 851 equalto 1.

* Be sure addrass 951 is equat to zero. if It is equal to one, press@ and go to the
next step.

5-34
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6.0

6.1

6.2

INSTRUCTION
SET/COMMAND SUMMARY

introduction

This chapter explains the instructions and commands you use to
program your Shark XL il programmable controller. Appendix B
conlains a summary of the Instructions and commands. Appendix C
lists the executton timas of the Instructions and commands.
Appendix D contains a command and function (FUN) number
cross-referance.

Instruction/Command Qverview

The Instructions and commands In this chaptar are divided into three
main categorles according to thelr function:

e Conventlonal ladder Instructions perform the relay replacement,
timing, counting, sequencing, and logic control opsrations that
are commonly provided by most programmable controllars.

® Program control commands provide a means of execuling
sactions of the program when certain conditions are met, These
commands Include the program start/fend functlons, master
contro! relays, ona-shot inputs, and program jump operations.

¢ Advanced data manipulation commands provide the flexibility
raguired In more complex control applications. They Include
four-function math commands, data compare commands, data
transfer commands, data conversion commands, and shift register
commands.

Thres common terms are used throughout this chapter: arithmetic
register (AR), extension register (ER), and carry bit (C).

Thae arithmetic register (AR) Is a working register which serves as a
temperary buffer for data while the CPU is processing instructions.
The contents of the arlthmetle reglster are raset to zero at the
beginning of each program scan,

The extension register (ER) Is 16-bit raglster which stores the upper
waord resuiting from a multiplication operation or the remainder
resulling from a divislon operation.

The carry bit {C} is a one-bit reglster which serves as a control bit for
the compare Instructions and an error bit for the mathematical
tnstruclions, The status of the carry bit is reset to zero at the
beginning of each program scan.
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6.3.1

3 Conventional Ladder Instructions

Uss tha following instructions for refay replacement and logle controt
opearations. These instructions will also allow you to pragram fimer,

counter, and sequsncer logic.

ORG, ORG NOT, AND, AND NOT, OR, OR NOT,
OUT, and OUT NOT Instructions

¢ Uise an ORG instruction to begin a rung with a normally open
contact, Use an ORG NOT Instruction to begin a rung with a

normally closed contact. Each new rung must begin with either an

ORG or an ORG NOT Instruction. Refer to figure 6.1.

¢ Use an AND instruction for a normally open contact in seriss. Use
an AND NOT Instruction for a normally closad contact In serles.

Refer to figure 6.1.

& Use an OR instruction for a normally open contact in paraltel, Use
an OR NOT insiruction for a normally closed contact in parallel,

Reler to figure 6.1.

® Use lhe OUT instruction for externat and internal outputs, timers,

and counters. Use OUT NOT Instruction to disabls QUT
instructions, You ¢an use multipte QUT Instriclions in parallel,
Refer to figure 6.1. You can enter a contact after an OUT
Instructlon as shown In figure 6.2,

i

i:

I

()
o)
1041
413 414_?‘2 @
i

5

Coding Remarks
CORG 4
our 220 | yso ORG for the slart of
ORG NOT 1 a cireull,
ouy 221
CRa 2
AND 3
our g Use AND for Ihe conlacis
ORG 4 conneclad in setles,
AND NOT [
our 223
ORG ]
OR 7
our 224 Usa OR for the conlacls
cennecled in paralle).
ORG 400
QRNOT 401
ouT 402
ORG 403
QUT 404
auT 405
Multipfa output
oRG 410 uikpla outpy
AND 44
our 408
AND 412
our 407
ORG 413 When 413 and 414 are
AND 414 activaled, oulput 420 s
OUT NOT 420 QE-ENERGIZED

Figure 6.1 - Sample ORG, ORG NOT, AND, AND NOT, OR, OR NOT, OUT,
and OUT NOT Instructions




ORG, ORG NOT, AND, AND NOT, OR, OR NOT, OUT, OUT NOT

Instructions (Continued)

210 24
Sy — @
212 @

Correct

2i0 211 212

¢! 1 -9}

Incorract

Figure 8.2 - Programming a Contact after an Quiput Instruction
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6.3.2

STR, STR NOT, AND STR, and OR STR Instructions

¢ A circult in which you connect two or more contacts in parallet is a

parallel clrcuit block. For the first example, use the STR NOT
instruction to begin a branch and the AND STR instruction to end
a branch whan you connect parallel circult blocks In serles. Refer
to figure 6.3.

A circuit in which you connact two or more contacts In serfesis a
serial clrcuit block. Use the STR or STR NOT Instructions to bagin
a branch and the QR STR Instruclion to end a branch when you
connect serlal circuit biocks in parailel. Refer to figure 6.3, second
axample.

There s no Himit to the number of clrcuit blocks you can connect
together with AND STR or OR STR instructions.

You are limited to seven STR or STR NOT Instructions when you
connect clreult biocks together.

The numbsr of STR/STR NOT instructions must equal the number
of AND STR/OR STR Instructions. i there is not an equal number,
a syntax error will resull, This requirement does not apply to
counter, shift reglster, or upfdown counter circuils.

&

{1

'_{4| |5|_' ( ) 1 AND 5 -
STR 6 i
’__IB' |71: AND NOT 7 -l

Y ﬁ; " Coding Remarks
ORG 0 - Programming for
| a & block.
L ¥ ORNOT 1 A
—+ I _
"a” block | "b” block STRNOT 2 L f};g%rlgmkmlnu for
PP OR a |4 o
AND STR a- b "a"blockand “b"
black ara lormed by
QuT 220 AND STAR.
“a" block
————»
ORG 4 I Programming for
a  “a” bfock.

p  Programming for
“b" black.

CRSTA a+b “a"block and “b”
‘ “b" block ) block are formed by
out a2t ORSTA.

8-

Figure 6.3 - Example of STR, STR NOT, AND STR, and OR STR Instructions

4




6.3.3 T (Timer) Instruction

# You enter a timer by pressing the out key [QUT], pressing the
timerfcounter key {T/C], keying in the timer number (1 or 2 digits),
pressing the dacimal point key [.], and than entering the preset
value (3 or 4 digits). See figure 6.4,

ouT TIC 2 0 . 0 . 5 5
- o [ .| - ]
e ol
Timer No. Timer value to be set:
T0 - TS5 0.01 - 9,99 sec
OR
ouT T/C 1 i . 3 0 0
L. _— | - -
Timer No. Timer value to be set:
Ti0-T95 0.1-89.8secor 1 - 899 sec
OR
out TG 2 . 1 2 3 . 4
\ J | - -
Timer No. Timer value to be sat:
TO-T9 0.1 - 899.9 sec.
Figure 6.4 - Entering Timer Values

e Timers can bs numbared from TQ to T85. Note that timers and
countars shara the same address range. You cannot use the same
number for both a counter and a timer.

& Timers are of the on-delay type. Whan the timer input signal is
energlzed, the timer begins counting from O up to the preset
value. When the preset value is reachsd, the output is energized.
When the inputl de-anergizes, the timer stops counting and the
elapsed value returns to 0. See flgure 6.5.

» Timer accuracy:

Timer error = +/— 0.005 x preset value + 0.1 seconds 4 1 scan

e Thae timer's elapsed value Is retentive. Reset the value by using

internal output 967 when you first power-up the processor.
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T (Timer} Instruction (Continued)

Cading Remarks

ORG 0
AND NOT 967
our TG 10.10.4
our TG 11120
our G 22604
ORG TG 10
out 220
ORG e 11
QuTt 221

To 0 10ssed I ORG e o2

{20sec
" _ﬁ' L‘ ourt 202
250.4s00 l I
T2 &P —

Figure 6.5 - Examplo of the T (Timer) Instruction
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6.3.4 C {Counter) Instruction

* You enter a counter by pressing the out key [OUT], pressing the

fimer/counter kay [T/C], keying in the counter number (1 or 2
digits), pressing the declmat point key [.], and then entering the
preset value (3 or 4 digits), See ligure 6.6,

Counters C0 to GO can count to 9999. Counters G10 to C95 can
count to 999.

ouT TIC 1 1 . 3 2 4]
L - > | . -
' v
Counter No. Counter range;
C10-Ca95 OR 1 -099
ouTr T/IC 2 . 1 & 6 0
\-llnu-ﬂnvgnnnnunui - — o o’
Cotinter No. Counter range
Co-C9 1 -98999
Figure 6.6 - Entering Counter Valuas
* Counters can be numberad fram CO to G95. Note that counters
and timers share the same address rangs, You cannot use the
same number tor both a countar and a fimer,
¢ Counlters are of the up-counter type. The countar counts tha rising
edge of the input signal, When the preset value is reached, the
output Is enargized. When the raset input slgnal Is energized, the
counter is reset to 0, See figure 6.7,
& Counter vaiues are retentive. Reset tha counter by using internal
output 967.
1 Coumt

Input
) S ey 4
Coding Remarks

Rosat

_|2| input
|

o087

cn

A
ORG TC Y

Pr[osel

valua

320 {imes ORG 1 Gaunt input
STR 2 Resol [nput
OR 067 Counter 11 with
our TIC 11320 aprose! of 320

ourt 253
One lime 320 times
et OC DI IS
Inpu 2 —
Countar C11 | |-

Figure 8.7 - Example of the C (Counter} Instruction



C (Counter) Instruction (Continued)

# Figure 6.8 shows an Interruptible timer using a counter instruction,
An interruptible imer will retain its elapsed or current valus whan ft
Is started and stopped by program executlon.

1 Sec. Clock
1 964 )

b f
___l 2‘_

C1
Proset Value
120

Flgure 6.8 - Interruplible Timer Using a Counter Instruction

6.4 Program Control Commands

These commands allow you to execute sections of the program when
certain condilions are mel. Thess commands include the program
start/fend functions, master control relays, ona-shol inputs, and
program Jump operations.
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6.4.2

Edge Detectlon Commands

FUNOO = Leading Edge Detection Command = DIF
FUNO1 = Tralling Edge Detaction Command = DFN

You can use FUNOO and an internal output to detect the leading
adge of an Input signal and output a pulse for one scan. Refer to
figure 6.11.

You can also use FUNOQ to changs a imer's preset value through
an extarnal thumbwhas! switch. See figure 6.12.

FUNOO functions as a "one-shot” instruction and is usefu! for
baginning the exacutlon of Load Instructions (FUNO,, FUN10,
FUN20, FUNS0, and FUNS0}, Compare instructions (FUN7?.,
FUNS., FUNS,, FUN17, FUN18, FUN19, FUN57, FUN58, and
FUNS9), and similar Instructions.

You can use FUNO1 and an Internal output to detact the iralting
edge of an input slgnal {a status change from high (on) to low
{ofh} and output a pulse for ons scan. Refer to figure 6.13.

Any number of FUNGO and FUNO1 commands may be
programmed sublect to the avallability of internal outputs.

_ﬁ__.v
Use FUNGO to dotact the
Inpul 0 I l I l ORG 0 leading edge of an Input,

IMesnal
Quiput —ﬂ

FUNOG 400

Coding Remarks

FUNG0 400

I

4
'—’l |‘— 1 scan lime

6-10

Figure 6.11 - Example of FUNOOD
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Edge Detection Commands {Continued)

4-Digit BCD Thumbwhes! Switch
Connected to External Inputs 40-55

(4 2] sf4]

’ AR
40 Edge Word Word
Inputd  petaction  Load | 11 2] al 4! ou
—55— > — ([ —
Load Timer 0 FUNOD  FUN20 FUN21
Proset Value One Shot Load Bit Output
Data from Data to
&5 40-55 TiC 200
Cading Romarks
ORG 1] One shot lo lcad Umer ¢
presetinto AR
FUNO0O 400
ORG 400 Lead external Inpids 40-55
Into the AR
FUN20 40
Load new presel
FUN2t TIC 200 valua for timer 0

from tha AR

Figure 8.12 - Changing a Timer's Praset Value Using an External BCD
Thumbwhee! Switch

401

_ﬁ FUNO1
Coding Remarks
oRG 0 Use FUNO1 to delsct the
tnput o m traiking edge of an lapul and

to turn on an nternat aulput

internal I I I | FuNos i for one scan.
Quitpwt

A0§
‘"PI I‘— 1scan

Figure 6.13 - Example of FUNO1
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6.4.3

if, Set, Reset, and If with Reset Commands

* & & & »

FUND2 = if Command = IF
FUNBS = Set Command = SET
FUNS9 = Reset Command = RES

FUNGO3 = It Command with a Reset Input = IFR

Use FUNO2 when the onfolf stalus is being referenced to an
output, f FUNO2 is used in conjunction with an QUY instruction,

and the rung's input signal Is true, the cutput will stay on until

another input to FUNO2 turns It off. See figure 6.14. A latch clrcuit
can be programmed using FUNO2 and a retentive intarnal output.

e FUNS8 funglions the same as a FUNO2 command with an OUT
Instruction. FUNS8 functions the same as an FUN02 command

with an QUT NOT instruction, See figure 6.15. FUNSS and FUNS9

use (ass mamory than the equlvalent FUN02 command and

OUT/OUT NOT instructions, If an output is programmad through a
FUNBB command and a FUN89 command, a syntax error {double

coll error) will result.

« Usa FUNO03 when the on/foff status Is being reterenced to an input.

See figures 6.16, 6.17, and 6.18.

FUNO2Z

FUN0Z

Coding

Reamarks

ORG
FUNG2
ouT

ORG
FUND2
QUTNOT

220

220

—

Inputo

1

Input 1

Quiput 220 —,—L‘—

Figure 6.14 - Example of FUN02

FUNas 220

FUNBS 220

Coding

Remarks

QRG
FUNBS

ORG
FUN89

]
220

220

6-12
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If, Set, Resst, and if with Reset Commands (Continued)

40

400

— - —— Funos o4

402

— ] 2209

401

400

e @

_T7 FUNO2 —.—4 }
—{H J
'7

] }—“— FUNO3 @ :

0

Coding Romarks
ORG 967
STR 402
AND 2
ORSTR
STR 401
FUNDQ
our 400
[s}{c] 400
AND 0
STR 402
FUNO3
QuT 401
our 220
ORG 401
AND 1
STR 404
FUND3
aur 402
our 221

A. Ifinput 0 is on, internal output 401 and external output 220 are

ensrgized.

B. External output 220 will remain on aven If Input 0 turns off.

C. Ifinput 1 is on, external output 220 Is turned off.
D. If input 1 is on whsn internal cutput 401 1s on, internal oulput 402

will not turn on.

Figure 6.16 - Example of FUNO3 Programmed for Serles Operation
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If, Set, Reset, and I with Reset Commands (Continued)

INPUT 0

INPUT 1

402 —@

Block Diagram

Figure 6.16 - Example of FUNO3 Programmed for Series Operation (Continued)




If, Sat, Reset, and Il with Reset Commands {Continued)

B

967

3 403

—1

_|7I,,_:im

401

o—i|

FUNO3I

BEa

410

11—

0 400

-

492

4 —

FUND3

;

401

11—

1 ——

FUNO3

®

.._4,:0!_?,"2}”*__
-

FUNGS

410,

412
1
I

4 400
$— FUND3
411
4 ——o
6 410
— I FUNO3

411

1
46?

FUND3

nla

Coding Romarks
ORG a67
5TR 3
AND 403
STR 7
AND 412
OR 5TR
STR 401
STR 410
FLING3
QuT 400
ORA Q
AND 400
STh 402
FUNO3
our 401
[a}31c} 1
AND 401
STR 403
FUNO3
our 402
ORG 2
AND 402
STR 400
FUNO3
our 403
ORG 4
AND 460
STR 411
FUNo3
our 410
ORG 5
AND 410
STR 412
FLINOG
ouY 41
ona ]
AND 4114
STR 400
FUNO3
our 412

A, If internal oulput 400 is on and then input GO0 tums on, the “A"
group of rungs is enabled for executlon, if internal output 400 is on
and then Input 4 turns on, the "B" group of rungs is enabled for

exaculion,

B. The “A’ group of rungs, (rungs containing internal outputs 401,
402, and 403), Is evaluated in sequence. When input 3 turns on,
program contro! returns to the rung containing internal output 400,

C. The "B” group of rungs, (rungs containing Internal outputs 410,
411, and 412}, Is evaluated in sequence. When input 7 {urns on,
program control returns to the rung contalning internal output 400,

Figure 6.17 - Example of FUNG3 Programined for Parallel Operation
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H, Ssl, Reset, and If with Reset Commands (Continuad)

400 |
A \L 5 { -

INPUT 0 INPUT 4 {

I

401 410 (
INPUT 4 INPUT 5

402 411 (

INPUT 2 INPUT 6 ( 1

403 412 (

INPUT 3 INPUT 7 (

Block Diagram

Figure 6,17 - Example of FUN03 Programmed for Parallel Cperation (Continued) (



If, Set, Reset, and it with Reset Commands (Continued)

947
"_l FUND3 @ ! Coding Remarks
o A
*+— AND 408
401 ORSTA
| e o
our 400
0 400 ORG
¢ b ronos |—Gop—e | SR 08
4027 404 »’{_\Eﬁm 404
*—i I———I — out 408
| 1 4m Qona !
—  F— runos r sTh 4%
403 oor 402
tH——
A Ao S0z
2 e STR 406
) FUNG3 —.—m
—H= @ | B
¢ }———
1 A0 in
1 4ot EA 405
8| b~ —— runoa ur 404
405
|p4| ’———ﬂ_ Eﬁg 304
STR 408
P S, Ao oo 408
o— | ——1 runea \
0—4106]— %‘g 403
- e,
4 403 405 s
¢— i H - rume 108 % b
400
-

A. IFinternal output 400 Is en and then input 000 Is on, intarna! output
401 turns on,

B. When Input 801 turns on, internat oulputs 402 and 404 turn on
simultaneously. The "A" and "B* groups of rungs begin executing
togethar.

C. In the "A" group of rungs, internal output 403 turns on when input
002 is on.

D. In the “B" group of rungs, Internal output 405 turns on when input
003 is on.

E. if internal ouiputs 403 and 405 are on and input 004 Is on, internal
output 406 turns on.

F. When Input 005 Is on, program contral is taken from the "A’ and
“B" groups of rungs simultanacusly and returned to the rung
conlaining Internal output 400.

Fligure 6.18 - Exampfe of FUNO03 Programmad for Serles and Parailel
Operatlon {(Continued)




if, Set, Reset, and If with Reset Commands (Continuad)

b

400
|
INPUT 0
401
INPUT 1
[ i
402 104
INPUT 2 INPUT 3
403 405
l
INPUT 4
408
INPUT 5

Block Dlagram

Figure 6.18 - Example of FUNO3 Programmad for Serles and Parallat
Operation (Continusd)




6.4.4 Master Control Set and Master Control Reset
Commands

& FUND4 = Master Control Set Command = MCS
® FUNOS = Master Conlrol Reset Command = MCR

& These commands cantrol the bus line. Use them together or a
syntax error will result. Refer to figure 6.19.

iy & A control contact must precead the FUNO4 command.

. e Whan the FUNO04 command {s enabled, the status of the outputs
between FUNO4 and FUNOS is detsrmined by the program’s logic.

& Whan the FUN0O4 command Is disabled, the loglc [s scanned and
the oulputs betwesnh FUNG4 and FUNO5 are turned off.

¢ Enter an ORG or ORG NOT cormmand after the FUNQO4 command
or a syntax arror wilt result.

_-1 0 Coding fAemarks
—|21—|3|:|—)(f—.-<4 @ ORG 0
_4|00 FUN 04 MCS -
SHﬁl . ORG 2
-1 AND a
10 1t 12 . OR 400
_l |_| @ ' AND NOT 4
N our 400
: ORG 5
AND ]
our 40t
FUM 05 MCR Pa—
ORG 1
FUN 04 MCS
ORG 10
AND "
AND NOT 12
our 410
ORG 13
AND NOT 14
OUF 41t
_FUNGS FUN % mer
MCR ORG 20
our 6500

Figure 6.19 - Example of FUNO4 and FUNO5 Commands
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Master Control Set and Master Control Rese! Commands
{Continusd)

& You can program up to three nosting levels of the FUNG4 and
FUNO05 commands. Ses figure 6.20,

FUNO4
FUNO4

FUNO4
Error —»  FUND4

A A

Masting 4

Nesting 3
FUNOS Nesting 2
FUNDS

Nesting 1
FUNOS
FUNODS

+—
)
- |

Figure 6.20 - Nesting Lovels
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6.4.5 Jump, Jump End, Addressed Jump,
and Addressed Jump End Commands
FUNO0G = Jump Command = JMP
FUNO? = Jump End Command = JMP END
FUNO8 = Addressed Jump Command = AJMP
FUN09 = Addressed Jump End Command = AdJMP END

These commands allow the processor to skip over spacific
program sequences. Refer to figure 6.21,

* FUNO0B and FUNO7 do not require addresses. You must use them
tagsther. if you do not, a syntax error wllt result. You cannot nest
logic with these commands.

# FUNOB and FUNDS do requira addresses. Addresses may range
from 0 10 9. You can pregram multiple jumps from FUNOB to a
single FUNOD. Nssting is allowed.

& Jump commands are not allowad betwesn FUNO4 and FUNOS.

& Whan a program sequence is skipped, output status does not
change and timer/counter current values are retained. When the
normal program resumes, the timers and counters hagin
operating again,

¢ The functional comblnation of FUN0B and FUNO7 or FUNOB and
FUNOS may be used to reduse processing scan tima.

e ® & & &

WARNING
INADVERTENT MACHINE OPERATION MAY RESULT WHEN A JUMP COMMAND
IS ACTIVE. RECOGNIZE THAT THE PORTION OF THE PROGRAM BETWEEN
FUNOB AND FUNO7 OR BETWEEN FUNGOB AND FUNO0S, 1S NOT EVALUATED AND
THE OUTPUTS IN THAT PORTION OF THE PROGRAM REMAIN IN THEIR
PREVIOUS STATES. FAILURE TO OBSERVE THIS PRECAUTION COULD RESULT
IN BODILY INJURY,
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Jump, Jump End, Addressed Jump, and Addressed Jump End

Commands {Continued)

Coding

Remarks

ORG
FUNGE
ORG

OR
ANDNOT

> Sema0o=TT

our

ORG
a AND

our
FUNO7
ORG

FUN !
[—-—- ! =
oa | O our

1 ORa
| . ? ¢ | runce

. . ORG
FUN !
L e— MR our
N ona
200 FUNOS
¢ }’—@_" o oRG
a v QutT
FUN !
L ] —9
1 Tt ORG
L FUNOB
FUN : |+ FUNOY
L2 I 0
X ORG
4 our
!
| (:) € FUNGD
T ORG
FUN '
POR I I | our
i

300

200

220

221

222

223

JMP

Slatus belore
JMP rotalned,

JMPEND  —

JMPO

—> P retned,
JMPO
> Sl

V13 R ——
JMPOEND ———

Slatus bofote
P P retained,
JMP { END

1

Figure 6.21 - Example of FUNOG, FUNO7, FUNOS, and FUNDS Commands
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6.4.6 Branch and Return Commands

¢ FUN28 = Branch Command
¢ FUN29 = Return Command

e The FUN28 and FUN28 commands allow the pregramming of
muliiple outputs. FUN28 enabies mulliple outputs to share
contacts up to the branch polnt, FUN29 brings the program’s
lagic back to the branch point if additional outputs are to follow.

Ses figure 6.22,

o ’ Coding Aamarks
"—I l—"—‘{ }—.—‘ 4 ORG o
FUN 28 BRANCH
AND 1
) r @ our 400
P |—.—‘ FUN 20 RETURN
AND 2
our 404
b FUN 28 AETURN
out 402

Figure 6.22 - Example of FUN28 and FUN29

¢ Nots that you cannol use master control commands (FUN04 and
FUNOS) betwean the branch and return commands.

# Note that the SPX software daas not recognize the FUN28 and

FUN29 commands,

® FUN28 cannot be used more than once in a rung. I additionat
branching Is required, use the master control commands {(FUN04
and FUNO35), See figure 6.23.
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Branch and Relurn Commands (Continuad)

Muitiple branches are not aflowed.

.

t—f (oo
()
(o
e

g

. g

FUN 04

0

I FUNO4

0“__[ f 400

1-_H 401

&
A

@

FUN©5
5
¢ | d02 b

—

403

FUN 05

@

Figure 6.23 - Use FUNO4 and FUNOS5 to Program Multipte Branches
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Branch and Return Caommands (Continued)
& FUN29 can be used any number of times with a single FUN28

command. See figure 6.24.

1

i
a Coding

Romatks

i e O N E

3 4 AND
our

|| I——.*—< FUN 29
AND

5 AND

! I | . $ our
1 @ FUN 28

AND

(i} our
___] FUN 20
AND

our

Figure 6.24 -Multiple Return Commands can be Programmed With

a Single Branch Command
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6.4.7

Latch Command
FUN45 = Latch Command = LATCH

FUN45 must be programmed with an Internal output, Refer to

figure 6.25.

Internal outputs latch with the leading edge of the Input when the

reset input is off.

This command will function as a retentive oulpul if the chosen

internal output Is retentive (700-955),

When the resst Input’s status changes from off to on, the lalch

resets.

Sot

0 input
"

Resel

FUN45 410

“—I‘I Input

410 —l I

Coding Romarks
Li}s]e the Str lnsln.llclion
whean programaning
ORe 0 FUN 45,
STR 1
FUN45 410

F

Setinput 0 _4 41 4 -
Resotinpul 1 -————‘_-_]

[

Flgure 6.25 - Example of FUN45

6.4.8 No Operation Command
¢ FUN41 = No Operation Command = NOP
¢ This command pravents the rung from being executed.
#® FUN4 must be programmaed as an output. See figurs 6.28.
s 90 Coding Remarks
— {1 Funge onG o
AND 950
i FUNSB
{ TMR 00 CORG 1
! 100 T/G00.10.0
FUN41 Mo Operalion
FUN41
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6.4.9

I/0 Update Commands

® FUN91 = Update Specified External Inputs Command = REF X
* FUN92 = Update Specilisd External Qutpuls Commands =

REFY

® Upon exacutlon, FUNS updates the state of ihe specified exiernal
Input during the normal scan cycle. See figure 6.27, Input signals
of shorter duralton than tha program scan time may be detected
by the uniform placement of FUN91 throughout the program.

FUNS1 does not require a start condition, See figure 6.28,

& Upon exacution, FUN92 updates the state of the specified external
output durlng the normal scan cycle, Ses figure 6.27. FUNS2
requires a start condition. See figure 6.28. This command is useful
when an output update is required prior to the end of the program

IO UPDATE DURING A NORMAL SCAN WITH FUNS1 AND FUNS2

scan cycle,
e 1 SCAN | 1 SCAN ——>|
FEEAY oot [F & e
Vﬁmﬁ: PROGRAM PROGRAM
Eaedl  EXECUTION EESH  EXECUTION P dpraes
ﬁgﬂikﬁ g b S R
‘IE ALL INPUTS A aoutrurs
ARE UPDATED ARE UPDATED
NORMAL SCAN
fes—— 18CAN 1 SCAN ——=|
' ol LY ﬁ;’f bl
[ f 9 / )
G =87 G
speciFic A ‘|§ SPE
EXTERNAL EXTERNAL
INPUTS QUTPUTS
ARE UPDATED ARE UPDATED
(FUN91) (FUNg2)

Figure 6.27 - Updaling I/O with FUNS1 and FUNS2 Active
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/O Update Commands (Contlnuad)

¢ g0 Coding Remarks {
s ——| H f— FUNg8B GRG o
AND 990
] FUNOS {
[ ]
® FUNg1 10 Updata the cursnt
FUNSIL i1 state of extarnal Inpuls
FUNS1 12 10, i1, 12. ( T
®————— 1 FUNBI 1D
FUN9T 1% ona 10
FUN9Y {2 OR 11
0 iz AND NOT 12
4] @ out 400 €
]
ORG 5
AND NOT 657 ¢
it * og& T;g 15.030 '
! o TIC15
- b our 220
® .
CRG TIG15 {
[ 967 FUND2 220 When T15 [s on, updale
..__’ F the status of oxtarnal
output 220,
80 SEG. ‘
Ti6 .
(0
{
Ti5
ﬁ—1 }r— FUNg2 220 f
| ]
. /
* { (

Figure 6.28 - Example of FUNS1 and FUNg2
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6.4.10

Interrupt Commands

* FUN93 = Interrupt Command = INT
& FUN94 = Relurn from Interrupt Command = RTI
s The Interrupt commands allow the execullon of an interrupt

program at a fixed interval of 10 milllsaconds.

Only one Interrupt program Is permitted and must be placed at
the and of the main program. FUN93 marks the beginning of the
interrupt program. FUN94 marks the end of the interrupt program
and returns processor execution to the maln program.

When FUNG3 is used, processor execution begins with the main
program. At 10 mlllisecond intervals, execution of tha main
program will be suspendead and the interrupt program will be
executed. When FUND4 is encountared, the maln program wiil
resume exaculing al the same polnt it was at prior to the interrupt.
Sea figure 6.29,

When FUNS3 and FUNS94 are active, FUNDB (jump} and FUNOD?
{jump end) may not be used,

CARE MUST BE EXERCISED WHEN USING THE INTERRUPT COMMAND.
MACHINE OPERATION MAY BE OUT OF SYNCHRONIZATION WiTH THE REST
OF THE PROGRAM WHEN AN INTERRUPT PROGRAM IS EXECUTED.
UNCONTROLLED MACHINE OPERATION MAY RESULT IF THIS IS NOT DONE.
FAILURE TO OBSERVE THIS FRECAUTION COULD RESULT IN BODILY INJURY.

WARNING

MAIN
P PROGRAM — <
/ \\ 10 msac 10 msec
INTERRUPT
L S B e g
f " . >
| // MAIN ¥ ¥ P
PROGRAM ZI L_—__I |:l P
10 msac
\ INTERRUPT “ | Wtis  senn-—V Azl Ao
b\ PROGRAM P - L
INTERRUPT ] v v_|
N PROGRAM (W] 1
{4

Figure .29 - interrupt Command QOperation
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6.4.11

Subroutine Commands

FUN42 = Call Subroutine Command = CALL
FUN43 = Subrouline Command = SB
FUN44 = Relurn from Subroutine Command = RTS

These commands allow up to 64 subroutine programs in
conjunclion with the main program. Subrouline programs follow
the main program in memory. Sea figure 6.30. f

FUN42 Is used to initiate the execution of a spacilied subroutine
program from the main program. FUN42 requires a start contact,
Wien the start contact is true, execution control is transferrad from
that point In the main program to the speciflad subroutine
program {0 to 63},

FUN43 Identifies the start point of the subroutine program. Each

subrouting must ba terminated with a FUN44 command. FUN44

returns processor execution to the stap in the maln program that
follows the FUN42 command. Ses figure 6.31,

FUNO4, FUNO5, FUNOB, FUNO7, FUNOB, and FUNG9 may not be
used within the subroutine commands,

MAIN
PROGRAM
AREA

SUBRCUTINE
PROGRAM
AREA

L}

>

&

I I |
_1me_{ }——b
A H——O—1
{1

FUN43 0 <—— Blart of Subroutine 0.

SUBROUTINE PROGRAM & ’

<—— End of Subsouline 0. Ralurn lo tha stap
fodowing FUN42 0 In the main
prograr.

FUN43 1

SUBROUTINE PROGRAM 1

FUN44

FUN43 63 <c—— Start of Subroutine 63,

}SUBHOUTINE PROGAAM 63

FLpa4 <—— End of Subrouting 63. Raturn to the step
{ollowing FUN42 63 In the maln program.

Figure 6.30 - Organization of Maln and Subroutine Program Areas
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Subroutine Commands (Continuad)

A

o — . i e w ——— i e s o

/

] FUN44 b

f SUBROUTINE PROGRAM 1 ]

MAIN PROGRAM AREA
0 950 Coding Ramarks
l'~| [—I I—— FUNg8 oRa 0
AND 240
. FUNS
b [
® .
10 ona .
R 10 When contact 10 i3 on,
“__I l -FUH"2 H FUN42 0 call subrouling program
ORG 12 0, (Exit the main
\ ORNOT 200 | program and execute
2 1 | AND NOT 13 subioutine 0.)
P @ S our 201
200 I ’
P i | ORG 400
L ] FUN42 1
. |
400 J
| Funez 1 f
. I
° |
. |
SUBRQUTINE PROGRAM AREA |
I Coding Remarks
1 - l } FUN43 0 | when Funszass
Z |+ oxaculod In gm nt'n.ainm
- SUBROUTINE ¢ | | Prosram, subrouting 0 ts
| SUBROUTINE PROGRAM 0 I catiod and execuled.
When exacullon of
= — — :Hm; " fubroutl{l?a%ro r%‘n‘;do
—
¢ FUN44 p rsal(t:r?r'}:;p,.a 55507
axaculion conlre! o the
| SUBROUTINE 1 I slep fallowing the call
command for subrautine 0.
[ ] FUN43 § b FUN44

Figure 6.31 - Example of FUN42, FUN43, and FUN44
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6.5 Advanced Data Manipulation Commands

Advanced data manipulatlon commands provide the required loglc
for more complex controt applications. They Include fourfunction
math commands, data compare commands, data transfer
commands, data converslon commands, and shift reglster
commands.

6.5.1

Constant Value Load Commands

¢ FUNO. = Constant Value Word Load Command = LOAD G
¢ FUNS5(Q = Constant Value Byte Load Command = LOAD CB

¢ FUNO. loads a BCGD constant value word into the arithmetic
reglistar, Refer to figure 6.32. The decimal point indicates a

constant value,

+ FUNS0 loads a BCD constant value byte into the lowar half of the
arllhmstlc ragister (AR ). The upper half of the arithmetic register
{ARy) retalns the previous value, See figure 6.33.

¢ The arlthmetic reglster Is used by the processor as a temporary
storage area for data manipulation,

Coding

Remarks

200

___| ‘ FUNOD. 1234

FUN22 400

ORG 200
FUN Q. 1234
FUN 22 400

"1234" -+ AR
AR — 400~ 415

Figure 6.32 - Example of FUNO.

200 FUNS50

FUNT1

63
400

Coding Remarks

ORG 200 | Load constant value

FUNS50 63 | byte 63 Into the low-
or half of AR (AR}

FUN71 400 | Ouiput constant
value byte 63 to
nternal output
byte 400,
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Constant Value Load Commands (Continuad}

¢ in figure 6.34 a 4-digit BCD value Is loaded into the arithmelic
register using the FUNO, command. When the FUN22 command Is
executad, the value [n the arithmstic register is sent to internal

output bils 400 to 415,
lCons!anl Value Word I 1 l 2 | g | 4 ]
(BCD)
MsB FUNO. 1234 1SR
AR {0!0|0|4a0|0|1|0|0|0|111|o[1|o|o|

@ FUN22 400
400

416
monaoupa 00 f e tfofof oJolofs[r]ofi]o]o]

Figure 6.34 - Constant Value Word Load

* infigure 6.35, a 2.digit BCD value is loadad into the lower half of
the arithmeatic register using the FUNS0 command. Whan the
FUN71 command Is executad, the value in the lower half of the
arithmetic register Is sent to internal output byte 400,

Consla?éggi)ue Byle | ¢ ’ 3 |

FUN50 63
MSEB

w [ T T T T T T T e lele oo 1]

AR

AI‘I?H
{ne change} Q FUNTI 400
s 158

!ntemat{)ulpulﬂy&eio':ltlololol1|(1

Figure 6.35 - Constant Value Byle Load
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Constant Value Addition Commands (Continued)

200

Coding Remarks .
ORG 200 ?ln%r&r téonsiﬁnl 735
s agdad lothe
FUNSH 735 contents of the AR,

A, i the resultis < 9999, the carry bit = 0 and the result s placed in
the AR,

B. It the resultis > 9939, the carry bit = 1 and the binary value of the
lower four digits of the result is placed in the AR.

Figure 6.37 - Example of FUNG1

o Note that the arithmetlc register and the carry bit are cleared at the
heginning of a scan and are updated during the scan.

¢ [fthe addition operation {FUN1. or FUN51) is to be performed only
ance when an input is enabled, instead of every scan, use FUNQOD
(Edge Detection command) betore the addltion rung.
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6.5.3 Constant Value Subtraction Commands

® FUN2. = Constant Valua BCD Subtraction Command = SUB C

& FUNB2 = Constant Value Binary Subtraction Command =
SUB BNRC

¢ FUN2. subtracts two BCD numbers. The specifisd BCD constant
valus ls sublracted from the contents of the arlthmetic register.
The BCD resultis then stored In the arithmetic register. Ses .
figure 6.38. [

¢ |l the sublraction result Is hegative, the carry bit is turned on and
the previous value remalns unchanged.

¢ i non-BCD data is sublracted by FUN2., the arithmetic register's
data and the status of the carry bit will be indetarminate.

¢ FUNS2 sublracts two binary numbers. The spasified binary
constant (0 to 998) is subtracted from the contents of the
arlthmetic register. The binary resull s then stored in the arithmetic
register. Sea figure 6.39.

¢ |fthe binary subtraclion result {s a negative number, ihe carry blt is
turned on and the result is lvadad Into the arithmetic ragister in
two's complement notation.

200 Cading Ramarks

— FUN2, 1250 ORG 200 Constant vatue 1250

is sublracied from
FUNZ. 1250 the conlents of the
AR,

A. ifthe resultis > 0, the carry bit = 0 and the result of 1250 subiracted
from the contents of the AR is placed in the AR.

B. If the result is negative, the carry bit = 1 and the contents of the AR are
not changed.

Flgure 6.38 - Example of FUN2.
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Constant Value Subtraction Commands (Continued)

200 Ceding

Remarks

— FUN52 735 oRG

FUN52

200
735

Binary constan! 735
is sublractad from
Ihe contents of Ihe

A. Ifthe resull Is > 8, the carry bit = 0 and the resull Is placed in the AR,
B. It the result is negative, the carry bit = 1 and the result Is placed In the

AR expressed in two's compliment notation.

Flgure 8.39 - Example of FUN52

* Note that tha arithmelic register and the carry bil are cleared at the
beginning of a scan and are updated during the scan.

¢ liths subtraction operation (FUN2. or FUN52) Is to be performed
anly once when an input Is enablad, instead of every scan, use
FUNOO (Edge Dataction command) befors the subtraction rung,
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6.5.4

-

Constant Value Multiplication Commands

FUN3. = Constant Value Multiplication Command = MUL C

FUNB3 = Constant Value Binary Muitiplication Command =
MUL BNRC

FUN3. muitiplies two BCD numbsers. The specified BCD constant
value is multiplied with the contents of the arithmstic register. The
BCD resuitIs then stored in the arithmeltlc reglster. See figure 6.40.

if the result Is greater than 9999, the carry bit is turned on and the
previous value remains unchanged.

If non-BCD data Is muitipiied by FUN3., the arithmelic register’s
data and the status of the carry bit will be Indeterminate.

FUNB3 multipliss two binary numbers. The specified binary
constant {0 to 829} Is multiplied with the contents of the arithmelic
register. The binary product Is then storad In the arithmetic
reglster. See figure 6.41.

if the binary product is > 9999 (exceeds four digits}, the carry bit
Is turned on, the lower four digits of the product are placed in the
arilhmatic ragister, and the remaining digits are placed in the
oxtension register.

200

=

Cading Ramarks

FUNS. 1250 ORG 200 Conslant value 1250

Is muttiptied wilh tha
FUN3. 1250 cantents of the AR.

A, lf the resultis < 9999, the carry bit = 0 and the BCD product of
1250 multiplied with the contents of the AR is placed in the AR.

B. Ifthe result is > 9999, the carry bit = 1 and ihe contents of the AR
are not changed,
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Constant Value Multiplication Commands (Continuad)

Coding Remarks

FUN53 735 ORG 200 Binary constanl 735

FUN53 735 contents of the AR,

Is multiplled with the

A. Iftha resultis < 9999, 1he carry bit = 0 and the product Is placed
Inthe AR.

B. if the result is > 9999 (exceeds 4 digits), the carry bit = 1, the
towar four digits of the product are placed in the AR, and the re-
maining diglts are placed In the ER.

Figure 6.41 - Example of FUN53

¢ Note that the arithmetic reglistar and the carry bit are cleared at the

beglnning of a scan and are updated during the scan.

o Ifthe muitiplication opsaratlon (FUN3. or FUNS3) isto be
performead only once when an inpul Is enabled, Instead of every
scan, use FUNOD {Edge Detection command) before the
multiplication rung.
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6.5.5

Constant Value Divislon Commands

FUN4. = Constant Value BCD Divislon Command = DIV G
FUNS4 = Constant Value Binary Division Command = DIV BNRC

FUN4, divides two BCD numbars. The contents of the arithmetic
ragistar are divided by the specified BCD constant value. The
BCD result is then stored in the arithmetic reglster. See ligure 6.42.

If the arithmetic ragister's contents are divided by 0, the carry bitis
set to one and the previous value remains unchangad, The
remainder Is always ignored.

if non-BCD data s divided by FUN4., the arithmetic register's data
and the status of the carry bit will be Indeterminate.

FUNG4 divides the contants of the arithmetic reglster by a
spacilied binary constant value (1 to 099). The binary quotlent is
placed In the arlthmetic register and the binary remainder is
storad In the extenslon register. Ses figure 6.43,

if the contents of the arithmetic register are divided by zero, the
carry bitls turned on and the previous values in the arithmetic and
extension reglstars remain unchangad.

200
_| FUN4, 1250 ORG 200 Contents of lhe

Coding Romarks

AR are dividod by
constant vatue
1250,

FUN4. 1250

A. If the specified BCD constant value = 1 or < 9999, the carry
bit = 0, the quotient Is stored In the AR, and the remalnder Is dls-
regarded.,

B. Ifthe spacified BCD constant valua Is zgro, the carry bit = 1 and
the contents of the AR are not changed.
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Constant Value Divisfon Commands {Continuad)

200

FUNS4 Y35

Coding Rematks
ORG 200 Gontenis of lheb
AR are divided by
FLNG4 735 binary constant
vatue 735,

A. If the specified binary constant Is = 1 or < 999, and the cairy
bit = 0, the binary quotient Is placed in 1hé AR and the binary
remainder Is stored In the ER.

B. If tha specified binary constant value = 0, and the carry bit = 1,
the previous values in the AR and the ER remain unchanged.

Figure 6.43 - Examptle of FUN54'

beglnning of a scan and are updated during the scan.

* Note that the arithmelic register and the carry bit are cleared at the

® Ifihe division cparation (FUN4. or FUNS4) Is to be psriormad only

once when an input is enabled, instead of every scan, use FUNOD
{Edge Datection command) before the divislon rung.
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6.5.6

o The carry bil Is not affacled by FUNS.
® FUNS5S5 loglcatly ANDs together the spaclfied binary constant value

Constant Value AND Commands

¢ FUNS. = Constant Value BCD Waord AND Command = WAND G
¢ FUNS55 = Conslant Value Binary Byte AND Command = BAND!
+« FUNB. logically ANDs together the specified BCD constant value

and the contents of the arithinetic register according to the truth
table in figure 6.44. The result is then stored in the arithmetic
register. See figure 6.45.

(0 to 255) and the contents of the lower eight bits (ARy) of the
arithmetic register acceording to the truth table In figure 8.44, The
result is stored in the lower sight bits of the arithmaetic reglster. The
contents of the upper eight bils (ARy) remain unchanged. See
figure 6.46.

¢ The carry bltis not affected by FUNS5.

AR bit Constant bit AND'ed Result
0 0 = 0
o 1 = 0
1 0 = G
1 1 = 1

Figura 6.44 - AND Truth Table

Exampie; FUNB.1250

Result: The BCD contents of the AR (5761) are ANDed with BCD
constant value 1250. The result (1240 BCD) is stored in the AR,

AR = 6761 (BCD)

FUNS, = 1250 (BCD Constant)

§ 7 6 1
0101t 01 11 01101 0001
1 2 5 0
0001 001t0 0101 0000
1 2 4 0
0001 0010 01001 0000

Result in AR = 1240 (BCD)
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Constant Value AND Commands (Continued)

Example: FUNS5

136

Result; The blnary contents of the AR (95) are ANDsd with binary constant
vatue 136. The result in binary (8} Is stored in the Jower eight bils of

the (AR
!

95

01011 1111

< ARy ——><—— ARy ——>

136

10001 1000

8

00001 1000

<—— ARy —— >€—— AR ——>

{unchanged)

AR_ = 95 (Binary)

FUNSS5 = 136 {Binary)

Result in AR = 8 (Binary)

Flgure 6.46 - Example of FUNES
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8.5.7

Constant Value OR Commands

e FUNB. = Constant Valus BCD Word OR Command = WOR C
¢ FUNSG6 = Constant Value Binary Byte OR Command = BOR |
e FUNS. logically ORs together the speciiied BCD constant value

and the contents of the arithmetic register according o the truth
table In figure 6.47. The result Is then stored In the arlihmetic
register, Seo figure 6.48.

¢ The carry bit Is not affected by FUNS.
& FUNGES logically ORs together the spscified binary constant value

(0 to 255} and the contents of the fowsr eight bits (ARy) of the
arithmetic register according to the truth table In figure 6.47, The
result Is stored in the lower eight bits of the arithmetic register. The
contents of the upper eight bits (AR} of the arithmetic register
remaln unchanged. See figure 6.49,

® The carry bit is not affected by FUNSS.

AR hit Constant hit QR’ed Result
G 0 = 0
a i = 1
1 0 = 1
1 1 = 1

Figure 6.47 - OR Truth Table

Example: FUNB.1250

Result: The BCD contents of the AR (5761) are ORed with BCD
constant value 1250. The result (6771 BCD) Is stored in the AR.

AR = 5761 (BCD)

FUNG. = 1250 (BCD Constant)

) 7 6

0101 0111 G110 [ 0001
1 2 & 0

000t 0010 0101 0000
& 7 7

ctot

1
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Constant Value OR Commands (Continued)

Example: FUN56 136

Resull: The binary contents of the ARy_ (95) are ORed with binary constant
136, The resultin binary {223) Is stored In the lower elght bits of the

(AR,

f

95

I

01011 1111

<« — ARy —><— AR —>

136

1000/ 1000

223

!

1101 ] 1117

<— ARy ———>€—— AR —>

AR, = 95 (Binary)

FUNSE = 136 (Binary)

Result in ARy = 223 (Binary)

Figure 6.49 - Example of FUNS6

6-45




6.5.8 Constant Value Compare Commands

¢ FUN7. = Constant Valus Word Compare (>) Command =
CMP=>C -

& FUNB. = Constant Value Word Compars (=) Commang =
CMP=C

¢ FUNO. = Constant Value Word Compare (<) Command ==
CMP<C

¢ FUNB7 = Constant Value Byte Compare {>) Command =
BCPHI

* FUN58 = Constant Value Byte Compare (=) Command =
BCPE!

¢ FUN5% = Conslant Value Byte Compare (<) Command = BCGPLI

8 FUN7., FUNS,, and FUN9. compare the contents of the arithmetic
raglister with the spscitied BCD constant value word (0-9888).
Refer to figure 6.50.

o FUNG7, FUNGS, and FUNSS compare the contents of the lower
eight blis (AR, ) of the arithmatic register with the specified binary
constant value byle (¢ lo 255). Refer to figure 6.51.

& When the result of the comparison Ig trus, the carry bit is
equal to 1.

o When the result of the comparison Is fafse, the carry bit is
aqual te 0.

¢ Usa FUN23 (Out Carry Bit command) to have the result of the
comparison control an Internal or external output.

0
'_l l . b Codlng Remarks
500 sec. ORG 0
1 OUT T/C10 500
FUN1G  T/G110
"—I }-— FUN7. 4200 |—9 |ona §
FUN23 221 Load eurrant value of
Fun s, 3332 Timer 10 Inta the AR
FUN2) 35 FUN 10 TIC 110
FuNSy  aas0 FUN 7. 4200 | WAR>4200,G =1
FUN 23, 221 i1C = 1, turn221 on
. AR =3333,Cu i
400 FUNB 3333
r—{ FUN 23, 222 IFC = 1, turn 222 on
FUNS. 4250 AR< 4260,C =1
FUN 23 400 G = 1, lurn 400 on
OoRa 400 When 400 [s on, ltansfer
contents of AR to external
FUN 22 200 oulpuls 200 lo 2156

Figure 6.50 - Example of FUN7., FUNB., and FUNS.
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Constant Value Compare Commands (Continued)

990 FUNGO 20 Coding Remarks
4 l— —
’_{ Eg“g; -}53 ORG 990 Load 8-bit analog Input
FUNES 124 FUNBO 20 value from slot 2., channel
FUN23 701 inlo the ARg.
FUNS9 124
FUN23 702 EtUN57 125 | UAR > 125,C =1
FUN23 700 When G = 1, lurn 700 on,
700 ;ggf)ﬁ 13111 HAR = 124,C = §
23 7 When G = 1, lurn 701 on,
|| ——{fuNss 5 L& | Funso 124 | AR, <124,C =1
FUN23 702 When G = 1, lum 702 on.
[A FUN " CRG 700 Wheln 700 ﬁa %n, éﬂvlde 139
b_| {___ l— & FUNG4 5 conlents of AR by 5 an
FUNT1 240 store the quotient In ARy,
702 i FUN71 240 Quipul the value from ARy to
54 10 8:bit analog autput channal 0,
o e B S dola 2P
ORG 701 When 701 Is on, divide the
FUNS4 & conlems ol AR by 8 and store
the quabient In AR,
FUN71 240 Gulput the value from AR_to
8-} analog oulput channel
0, sl0t 3,
ORG 702 When 702 Is on, divide tha
FUN54 10 contents of ARy by 10 and
store the quotient In ARL.
FUNT71 240 Culput the valus frorm AR
Lo 8-bil analog outpul chaone!
0,5l0t 3,

Figure 6.61 - Example of FUN5S7, FUNSS, and FUN5S9

¢ |n figure 6.52, when the input Is an, the current value of timer 30 is
ioaded Into the arithmetic reglster and compared with a constant
word valua for a greater than or aqual to condition.

Current Valile
of T10 AR

(4] o[ a[5] —°—[a[ o 5[5
QE@ BCD Constant

FUN7.
AR > Constant

Falseo

C=0
Oulput 222 Is off

C=1
Cutput 220 is on

Figure 6,52 - Constant Value Word Comparison ()
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Constant Value Compare Commands (Continuead)

* You can oulput the results of the compare operation In bit format.
Note that the status of the carry bit is also oulput. See figure 6.53.

AR
FUN23 C=1
nmma Output 221 is on

I FUNS.
C=0

(3] 3] a] 3] Output 221 15 off
AR 215 200
FUN22
[ 4] o] 3] 5] c=1 [4] 0] a]s]
I FUNS,
215 200
14] 2] 50] C=0 [ofofofo]

Figure 8.53 - Constant Value Word Comparisons {=, <)

® Figure 6.54 shows the slatus of the compare commands’ carry bit.

AR > constant AR= constant AR < constant
FUN7. = C=1 C=1 C=0
FUNB. = C=0 C=1 C=0
FUN9. = C=0 C=10 C=1

AR, > constant ARy = constant AR, < conslant
FUN57 = C=1 C=1 C=0
FUNS8 = C=0 C=1 C=0
FUN59 = C=0 C=0 C=1

Figure 6.54 - Carry Bit Status of the Compare Commands

o Infigure 6.55, when the input is on, the analog Input value (binary}
Is loaded into ARy, and compared with a constant binary valus for
a greater than or equal to condition.
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Gonstant Value Compare Commands {Continuad)

|
62 (Binary} ] 2 (Binary)

FUNGO
Lo 1 rfefo tfefo] ——=[ T 1L [ T 11 o[+ +e]o]1]s]o]
Analog Input Fﬁ(uncﬁ?r’\'g o0 ! AFlL IF

126

Bina
|o|1[1|||1|1[o|1| F-U A

FUNS7
AR > Binasy
gnslant

C=0
700 = oft

CG=1
760 = on

Figure 6.55 - Constant Vaiue Byte Comparison (>)

® In ligure 6.58, 1ho valus in AR| Is compared with a binary constant
{124}, for an equal to condition (FUN58) and then for a less than
condition (FUNS9). The rest of these comparisons controf the
status of the carry bit and the respective outpul,

= 92 (Binary)

{ I | | | | | i IOIililOIO[ililDl

E ARy

AR ;

l FUNS8 (=}

124 (Binary)

EIIIIIHIEEI ﬂii 0t (umedon

701 iumed off

|
|

I
i 92 {Binary}

I HEREER IulfI'iOIOIvliioll
| |

ARy ARy

l FUNS9 (<)

124 (Binany)

nﬂnn 1 FUT3 I<:: ?O;[Lrnedon
>
?ﬂ?&rnad off

|
=

Flgure 6.56 - Constant Value Byte Comparisons (=, <}
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6.5.9  Word Load (Two Bytes) Command

FUN10 = Word Load {2 bytes) Command = WLOAD

This command loads two conseculive bytes of data into the
arithmaetic register. The carry bll does not change. See figure 6.57.

This command can aiso be usad to load the current or preset
valus of a timer or counter Into the arithmetic reglster.

891 Coding Ramarks
FUN 10 400

ORG 99¢1 internal output bytes
00 and 401 are Toaded
FUN 10 400 into tha AR,

b16

Internal Oulput 400 ﬂllnnnﬂn FUN 10 400
Internal Gutput 401 nnnnnnﬂ

Figure 6.57 - FUN10 Word Load of Two Internal Output Bytes Into the AR

Iﬂllllﬂ%i%lﬂ!#lil

e This command can also load analog input values, counter module
current values, remols /O data, and network data inlo the
arithmetlc ragister. See figure 6.58.

681 Coding Remarks a
[ | FUN 10 B2 {
ORG 991 Internal retay 15 always on
when In the un mode.
FUN 10 2
Load currant value
reglster, from the counter

madfufe In slat 5, Into the
AR

bi5 b8
\clglgg‘%sgisler % nnnnnﬂn FUN 16 82 olo | | oo 1 g
e R L DR ONCCROOCOORRD

o [ o o] 1] ] o]

Figure 6.58 - FUN10 Word Load of the Counter Module's Current
Value Ragister into the AR
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6.5.10 Word Load (Sixteen Bits) c?nmand

® FUN20 = Word Load (Sixtaen Blis} Cp'mmand = WLOAD B

i
# This command simultaneously loads 16 conseculive bits into the
arithmetic register as a single word. The carry bit does not
change. See figure 6.69,

Data to be Loaded Example Result

External input FUNZ20 40 External Inputs 40 to 55 are
or (bit to word loaded into the AR.

internat output operation)

or

timer/counter contacts

Flgure 6.59 - Example of FUN20

Figure 6.60 shows an example of loading a value from external
thumbwhael switches into the arilhmetic reglster.

[¢] Coding Remarks
FUNOO 400
ORG 4] One-shot to load new
thumbwhaee! data.
400 FUN GO 400
Load external Inpuls 40
KNS | DO [
FUN 20 40 ata) into the AR.
4-Digit BCD Thumbwhee!
Connected to External Inputs 40 o 55
40 0
| 0
|1
4]
1
1 AR
0| FUN20 40 l |
2| L Io|001oo|ooomo1oo
[—1 bittewerd
| O | leadofAR
1
| 0 |
[i]
na
|0 |
&
55 0

Figure 6.60 - Loading Data from Thumbwhseel Swilches
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6.5.11

Byte Load ?mnmand

® FUNB0Q = Byte Load Command = BLOAD

& This command loads one byte {8 bits) of data into the lower byte
{AR,) of the arithmetlc register, The carry bit and the upper byte
(ARy) of the arithmetic register do not change.

* This command may ba used to load external byte data, such as

tha binary value of an 8-bit analog input signal, & can also be ussd

to load internal output byts data, such as the lower 8-bits of
timer/counter praset/current values or intarnal outpul bytes such
as 400, 401, otc, See figures 6.61 and 6.62.

99t

internal Qulput
Byte 400

Coding

Romarks

FUNBO 400

0QRG
FUNG0

400

Load Internal output byte
400 Into the ARy

S]] e IIIHIIII"HHI"III

ARy
(unchanged)
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Figure 6.81 - FUNBO Load of an Internal Output Byte into AR



Byte Load Command (Conlinuad)

i
891 Coding Romarks
l—— FUNBD 21 CRG 591
FUNS? 125
FuNz3 300 FUNGO 21 Load Ihe 8-bil anatog In-
ul binary value from sliot
, channel 0 into the AR,.
FUNSY 125 ARy > 125, G = 1 else C
e,
FUN23 360 When C = 1, lurn external
outpul 380 on. When € =
0, lern external oulput 380
oft.

FUNGO 20
o s fofo T fo} ——=>{ T [T TT T T Telllo]o[3[1[o]
3;‘%:’?2?;09 ! (uncha#ged) E ARL !
125

ol L[+ of 1] oo

FUNsT
AR > Bina
Ctnslan

C=0
380 = off

Figure 6.62 - FUNGO Load of an 8-Bit Analog Input Value into the ARy
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6.5.12

Addition Commands

FUN1t = BCD Addltion Command = ADD
FUNG1 = Blnary Addition Command = ADD BNR

EUN11 adds 2 BCD numbears,. The BCD valuaes In the spacified
addresses are added to the contents of tha arithmetic ragister. The
result Is thon stored in the arithmetic reglster as a BCD value. Ses
figure 6.63.

it the resulls are greater than 9999, the carry bitis turned on and (
the previous value remalns unchanged.

If non-BCD data is added togsther by FUN1{1, the arithmalic
register's data and the status of the carry blt will ba indeterminate.

FUNB1 adds 2 binary numbers. The specifiad binary word Is
added to the contents of the arilhmetic register. The result is
stored in the arithmetic register as a binary value. See figure 6.64,

if ihe binary addition result is greater than 9989, the carry bit is
turned on and Ihe binary vaiue of the lower four digils of the result
are loaded inte the arithmetic register.

Data to he Added Example Result

or

External input word FUNt1 400 The BCD value formed by Internat

Internal output bytes to the conlents of the AR. The result is

Timer or counter FUN11 T/C110 Current value of T/C10 is added
currant or preset values 1o the contents of the AR. The result Is

{word operatlon)  oulput bytes 400 and 401 Is added
stored in the AR.

-

stored In the AR.

Figure 6.63 - Example of FUN11

Data to be Added Example Result

or

Extsrnal input word FUNB1 400 The binary value formed by internal

Internal output bytes ihe contents of the AR. The result is

Timer or counter FUNBt T/C110 Current value of T/C10 is added to the
current or preset values contents of the AR, The binary resuit

outpul bytes 400 and 401 is added to

stored In the AR.

is stored in the AR.
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Flgure 6.64 - Example of FUNG1

e Note lhat the arithmetic reglster and the carry bit are clearad at the

baginning of a scan and are updated during the scan.

& [fthe addition operation (FUN11) Is to ba performed only once

when an input Is enabled, instead of every scan, use FUNOO i
{Edge Detection command} before the additlon rung. '



6.5.13 Subtraction Commands

¢ FUN12 = BCD Subtraction Command = SUB
* FUN62 = Binary Subtraction Command = SUB BNR

* FUN12 subtracts 2 BCD numbers. The BCD values in the
spacified addresses are subtracted from the contents of the
arithmatic register. The result is then stored in the arlthmetic
register as a BCD value, Seas figure 6.65.

¢ i the resulls are negative, the carry bit is turned on and the
previous value remains unchanged.

¢ |l non-BCD data Is sublracted by FUNT2, the arithmelic register's
data and the status of the carry bit will be indelerminate.

* FUNS62 subtracis two binary numbers. The specified binary word
Is subtracted from tha contents of the arithmetic register. The
result is stored in the arithmelic register ag a binary value, See
figure 6.66.

# |fths binary subtraction result is a negative number, the carry bit is
turned on and the result is loaded into the arithmetlc reglster in
two's complement notation.

Data to be Subtracted Example Resutt

External input word FUN12 400 The BCD value formad by internal

or {word operalion} output bytes 400 and 401 Is

Internal output bytes sublracled from the contents of the
AR. The rasultis stored in the AR,

Timer or counter FUN12T/C110  Current value of T/G10 Is sublracted

current or presel values from the contents of the AR, The

resuit is stored in the AR.

Figure 6.65 - Example of FUN{2

Dala to be Subtracted Example Result

External input word FUN82 400 The binary value formed by internal

or oulput bytes 400 and 401 Is

intarnal oulput bytes subtracted from the contents of the
AR. The result [s stored In the AR,

Timer or counter FUNB2 T/G110  Current value of T/C10 Is subtractad

current or preset values from the contents of the AR. Tha

binary result is stored in the AR.

Figure 6.66 - Example of FUNG2

¢ Nota thal the arlthmetic reglster and the carry bit are cleared atthe
beginning of a scan and are updated durlng the scan.

o [fthe subtraction operation (FUN12) Is to be performad only once
when an Input Is enabled, Instead of every scan, use FUNOD
{Edge Detecllon command) before the sublraction rung.
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6.5.14 Multipticatlon Commands

L 3

FUN13 = BCD Multiplication Command = MUL
FUN&3 = Binary Mulliplication Command = MUL BNR

FUN13 muitiplles 2 BCD numbers, The BCD values In the
spachiad addrasses are multiplied with the contents of the
arithmelic register. The result is then stored in the arilhmelic

register as a BCD value, See figure 6.67. AT,

it the results are greater than 9999, the carry bit s lurned on and
the pravious value remains unchangsd.

It non-BCD data s multiplfed by FUN13, the arithmelic reglster’s
data and the status of the carry bil will be indeterminate.

FUNG3 muitiplies two binary numbers. The spacified binary word
is multiplied with the contents of the arithmetic register. The binary
preduct is then stored In the arithmelic register. See figure 6.68.

It the binary product is greater than 9999 (exceeds 4 digits}, the
carry bit {s turnad on, the lower 4 digits of the product are In the
arithmetic register, and the upper 4 digits of the product are
placed in the extenslon reglster.

Data to be Mulliplled  Example Result
External Input word FUN13 400 The BCD value formed by Internal
or (word operation} oulpul bytes 400 and 401 is
Internat output bytes multiplied by the contents of the
AR. The result Is stored in the AR.
Timer or counter FUN13 T/C11¢  Current value of T/C10 is multiplied {
current or preset values by the contents of the AR. The

result Is stored in the AR.

Figure 6.67 - Example of FUN13

Data to be Multiplled  Example Result

Extarnal Input word FUNGB3 400 The binary value formed by internal

or output bytes 400 and 401 is

Internal output bytes muitiplied by the contents of the
AR. The binary product is stored In
the AR.

Timer or counter FUNS3 T/C110  Current valug of T/C10 is multiplied

cuirent or preset values by the contents of the AR. The

binary product is stored In the AR,
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Figure 6.68 - Example of FUNG3

Note that the arithmelic reglster and the cany bit are cleared atthe |

beginning of a scan and are updated during the scan.

if the multiplication operatfon (FUN13) is to be performed only
once when an Input Is enabled, Instead of every scan, use FUNOO
(Edge Detection command) before the mulliplication rung.



6.5.16

Divislon Commands

FUN14 = BCD Diviston Commang = DIV
FUNG4 = Binary Division Commmand = DIV BNR

FUN14 divides 2 BCD numbers. The contents of the arithmslic
ragister are divided by the BCD valua in the spacifted addresses.
The resutts are then stored in the arithmetic ragister as a BCD
value. See figure 6.69.

If the arithmetic register's contenis are divided by 0, the carry bit Is
turned on and the previous value remains unchanged, The
remainder is always Ignored.

if non-BCD data is divided by FUN14, the arithmetic register's data
and the status of the carry bit will be indeterminate.

FUNG4 divides the contents of the arithmetic register by a
specitisd binary word value. The binary quotient is placed In the
arithmeslic register. The blnary remalnder is storad in the extension
ragister. See flgure 6.70.

If ihe contents of the arithimetic reglster are divided by zero, the
carry bitis turned on and the previous values in the arithmetic and
extension reglsters remain unchanged.

Spacified Data Type Example Result

Extarnal Input word FUN14 400 Contents of the AR are dividad by the

or (word operailon) BCD value formed by internal output
Internal output byles bytes 400 and 401. The resultis
stored in the AR,
Timer or counter FUN14T/C110  Contents of the AR are divided by
current or preset values Ihe current value of T/C10. The
result is stored in the AR,
Figure 6.69 - Example of FUN14
Spacilied Data Type Example Result
External input word FUNG4 400 Contents of the AR are divided by ihe
or binary valus formed by internal
Internal oulput bytes output bytes 400 and 401, The binary
quotient Is placed In the AR, The
binary remainder Is placed in the ER,
Timsr or countar FUNB4 T/G110  Contaents of the AR are divided by
current or presset values the current value of the T/C10, The

binary quotient Is placed In the AR.
The binary remainder is placed in
the ER.

Figure 6,70 - Examplé of FUNG4

¢ Note that the arithmetic register and the carry bit are clearsd at the

beglnning of a scan and are updated during the scan.

# It the division operation {FUN14) s {o be performed anly once

when an input Is enabled, Instead of avery scan, use FUNOO
(Edge Delection commandy} before the division rung.
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6.6.16 Word AND Command
® FUNt8 = Word AND Command = WAND

o This command loglcally ANDs tagethar the value In the specifisd
addresses and the contents of the arithmetic ragister, The result Ia
stared In the arithmaetlc raglister. Sse figures 6.71 and 6.72,

Data to he ANDed Example Result
Extarnal input word FUN15 400 Internal output bytes 400 and 401
or (word oparation)  are ANDad with the contents of the
{nternal oulput bytes AR, The rasult Is stored in the AR.
Tirner or counter FUN15 T/C110 Currant value of T/C10 s ANDead with
current or preset values the contents of the AR. The result is
storad In the AR.
8 I F l 4 i D
1 olc!o U RIREE 0110|o 1 |Io|1 = AR
2 I 5 I 1 I 6
ofof1jole] tfof1|ojofjof1]|o|1]1]e = FUN16 T/C110
(Current Value of T/G10)
0 I 5 I 0 : 4
ojojojojo| 1joft]|ojo|ejo|oc]|1jo]o = Results Stored In AR
Figure 6.71 - Example of FUN1S
AR bit Data bit ANDed Result
0 0 = ¢
0 1 = 0
1 0 = o
1 1 = 1

Figure 6.72 - Word AND Truth Table
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6.5.17 Word OR Command

¢ FUN16 = Word OR Command = WOR

* This command logically ORs togelher the value In the specified
addrasses and the conlents of the arithmetic register. The result Is
stored in the arithmetic ragister. Ses figures 6.73 and 6.74.

Data to be ORed Example Resuit
External input word FUN18 400 Internal output bytes 400 and 401
or (word operation)  are ORed with the contants of the
Internal cutput bytes AR. The result is stored In the AR.
Timer or counter FUN18 T/G110 Current value of T/C10 Is ORed with
current or presst values 1he contents of the AR. The result Is
stored In the AR,
8 F I 4 ! D
t{ejojoft)af1]r]oftiofo|i1] t]o]t = AR
2 | s | I 6
ool tjeraf tjortjolorefijeliftfe] = FUNiG T/CH10
{Current Value of T/C10}
A l F l 5 { F
oy el vbaceofl1fe]ryaf 1|+ = Results Stored in AR

Figure 6.73 - Example of FUN16

AR blt Data blt ORed Result
¢ 0 = 0
0 1 = 1
1 0 = i
1 1 = 1

Figure 6.74 - Word OR Truth Table
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8.5.18 Word Exclusive OR Command

« FUNBS = Word Exclusive OR Command = EXOR

e This command performs a loglcal exclusive OR operation (XOR)
between the value In the specitied addresses and the contents of
the arithmetic register. The result is stored in the arithmetic
register. See figures 6.75 and 6.76.

Data to be XORad Example Result

Externaf input word FUNBS 400 Internal output bytes 400 and 401

or are XORed wilh the contents of the
Intarnal output bytes AR. The resulls are stored in tha AR.
Timer or counter FUNG6 T/CH10 Current value of T/C10 is XORed with
current or preset values the contants of the AR. The resuit is

stored in the AR,

Figure 8,75 - Example of FUNG6

AR bit Data bit XORed Result
0 0 = 0
0 1 = 1
1 0 = 1
1 1 = 0

Flgure 6,76 - Word Exclusive OR Truth Table
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6.5.18 Word Compare Commands
¢ FUN#7 = Word Compare (>) Command = CMP>
¢ FUN18 = Word Compare {=) Command = CMP=
& FUN19 = Word Compare (<) Command = CMP <
* These commands compare the conlents of the arithmetlc register
with an externat Input word, intarnal oulput bytes, or a
o timarfcounter value. See figure 6.77.
L
¢ Whan the resuit of tha comparisan Is trus, the carey bit Is equal to
one.
¢ When the result of the comparison Is false, the carry bitis equal to
zaro,
¢ Use FUN23 (Out Carry Bit command) to have the result of the
comparison control an internal or external autput,
991 Coding Remarks
f— rutto 2
FUN 21 400 ORa 994 Intarnat relay atways on
FUN 10 4 when in run mode.
FUN2: 25
FUN 10 2 Load analog Input value
FUNIS 400
FUN 23 221 lih(as!:!g." channal 1) Into
FUN 21 400 Mave conlenss of the AR
lo bytes 400 and 401.
FUN 10 4 Load analog Input value 2
{slol t, channel 2} Info tho
AR,
( FUN 17 400 Compare tho value of AR
with 1he conlents of byles
400 and 401. Compare
analog vaiue 2 with
analog value 1, 1 the AR
(anatog value 2) is > by-
tes 400 and 404 {analog
value 1), \he canry bit = 1.
FUN23 220 Ifthe carry bit = 1, lurn
ouput 220 on,
FUN 19 400 Compare 1he valuo of AR
(analog vatua 2) with the
contenls of bytes 400 and
401 {analog value 1), If AR
< bylos 400 and 401, the
carry bit = 1,
FUN23 221 li the carry bit = 1, tum
oulpul 221 on.

Figure 6.77 - Exampla of the Word Compare Commands
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Word Compare Commands (Continuad)
® Flgure 6.78 shows the status of the compara commands' carry bit.

AR > Speciflad AR = Specified AR < Speclfied

Data Data Data
FUN17 = C= C=1 C=0
FUN18 = C=0 C=1 C=0
FUN19 = C=0 C=0 C=1

Figure 6.78 - Garry Bit Status of the Word Compare Commands
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6.5.20 Word Out (Two Bytes) Command

* FUN21 = Word Out (2 Bytes) Command = WQUT

* This command transfers data from the arlthmslic register to two
conseculive bytes of an external or internal cutput, This command
¢an also transfer data from the arithmelic register to a
timarfcountar's current or presst value, Sea figure 6.79.

® The carry bit does not change.

¢ Note that when data Is transterred to a timer/counter’s preset
valus, the programmed preset valus s restorad with a system
restart,

e This command can be used to:
- wiite data to an analog outpul (> 8 bits of resolution)

- selthe contral and preset reglsters of the High Speed
Counter module {M/N 45C982).

transtor external oulput data through the Remota 1O
modules.

- transfer data among processors through the Network
modules.

- slore values following a math aperation,

Data to he Transferred  Example Result
External output word  FUN21 400 AR's contents are transferred {o
or (word operatlon)  Internal output bytes 400 and 401,
( Internal oulput bytes
‘ Timer or counter FUN21 T/C210 AR's contents are transferred o the
cutrent or preset valugs preset of T10 or C10.

Figure 6.79 - Example of FUN21
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Word Out (Two Bytes) Command (Continued)
Figure 6,80 shows an example of how to change a limar preset value

from external thumbwheal switches.

Remarks

[} Coding
FUNOO 400
ORG
400
FUN 00
|»— FUN20 400 u

FUN2T  T/C210 ona
FUN20
FUN 21

0
400
400

40
TIC210

One-sho to foad new
presetvalue lor /G 10.

Load extarnal Inputs 40
10 55 (T/C 10 presel value)
nto tha AR.

Transfer the value In the
AR {new T/G 10 praselj lo
the T/C 10 praset memory
Tocation.

4.Blgit BCO Thumbwhes!
Conaeclad lo Exleznal Inputs 4010 55
{Presat Valua for Timay 10)

bit to wor
lpad of AR

TIG 218

AR
FUN20 40
s [ o el o el efel oo o] ol
d

FUN 21 T/G 210
transfer AR
value {o T/C 10's
prosat valus,

n ECEDERACCEENCEED
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Figure 8.80 - Changing a Timer Preset Value from Extemal Thumbwhasl
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6.5.21  Word Out (Sixteen Bits) Command

® FUN22 = Word Out (Sixtesn Bits) Command = WOUT B

¢ This command transfors data from the arithmetic register to the
sixtean conssculive blts of an external or internal oulput, See
figurs 6.81,

¢ The carry blt does not change.
¢ This command can be used to:
- store values in a binary format.

- transter dala to a 7-segment display via digital outpuls,
Figure 6.82 shows how to display a timer's current valua on a

7-sagment display.
Data to be Transferred Example Result
External output word FUN22 400  AR's contents are transferred -
or {bittoword  lointernal oulputs 400 to 415.
internal autput bytes operation)

Figure 6.81 - Example of FUN22

6-65



Word Out (Sixteen Bits) Command (Continuad)

e —T A

FUN22

T/C110,
280

TIC 110 {Cwirent Value of Timer 10)

Lelefelriel el [efelef 1]l 1elo]

FUN 10 7/C 110

Load current value of T/G 10

IMo the AR,

DEEDECNOCERRCNER

280

[e]olel-[efel~|e[o]of-|-[o[-]o[-] <

295

FUN22 280

Transter current valua of
T/G 10 [rom tha AR lo
external culpuls 280 to 295,

Coding Remarks

ORG 1] Internal conlacl is always
on when inthe run mode,

FUN 10 TIC 110 | Load current value of T/C
10 into the AR,

FUN22 280 Transfer curran! valug of
T/G 10 from (he AR o ox-
ternal output 280-295

— p[z[3[]
7-Segment Displa:

Shows the Current Value

of TIC 10,
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Figure 6.82 - Displaying a Timer's Current Valus on an External 7-Sagment
Display




6.5.22

Byte Out Command
FUN71 = Byte Out Command = BOUT

& This command transfers data from tha lower byte of tha arilhmetic
register (AR ) to the specified external or internal byte. This
command can also transfer data from the ARy to the lower byte of
a timer/counter's current or preset valua, See figures 6.83 and

6.04.
The carry bit does not change.
Note that when data Is transferred to a timerfcounter's preset

value, Ihe programmed preset value will be restored if a system
restart oceurs,

This command can ba ussd to:

change the value of an analog oulput (resolution < 8 bils)

set tha lower byte of a preset register in the High Speed
Gounter module {M/N 45C982).

store values following a math operation.

Data to be Transferred

Example Result

Extornal output byte
or
internat output byte

Lower byte of limer or

counter current or
presot values

FUN71 244 Contents of AR, are transtarrad to

8-bit analog output channet 0, slot 3,

FUN71 T/C 210 Contents of AR are transferred to the

{ower byte of ihe T/C10 preset,

Figure 6.83 - Example of FUN71

91 Coding Remarks
L |———— FUNBO 2 L@
>_1 FUN57 125 ORG a91 8-bil anafog Inpul -+ ARy.
FUN23 700 FUNGO 21 AR, > 126,C =1
FUNST 125 olsa =0,
FUN23 700 WhenC = £, 700 is on.
700 When C = 0, 700 Is off,
1 FONDY ’ { ORG NOT 700
FUNT1 24
FUNS54 10 When ARy < 125, divide
’ ARy_by binary constanl 10
700 and stose the binary
quoliant in AR,
¢ — runse 5 |9
FUNTH 241 FUNTH 24 Qulpul binary quationt from)
ARy lo 9-bit analog outpyt
channgl 0, stot 3,
ORG 700 When AR > 125, divide
FUNS4 3 ARy by binary canstanl 5
and sloza the binary
quolient in AR|.
FUN7% 241 Cuipul binary quotlant from)
ARy to §-bil analog oliput
channel 0, stot 3.

Figure 6.84 - Moving Data through a Byte Qut Command fo

an 8-8it Analog Oulput Module
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6.5.23 Carry Bit Commands

FUN23 = Qutput Carry Bit Command = QUG
FUNB3 = Clsar Carry Bit Command = CLC
FUNB4 = Set Carry Bit Command = SEC

FUN23 culputs the status (one or zero) of the carry bit to either an
extarnal (200 1o 395) or internal (400 to 955) output.

FUNB3 sets the carry hit to zero.
o FUNB4 sets the carry bit to ona.

e The carry bil Is automatically reset to zero at the baginning of
each scan.

6.5.24 Binary Coded Decimal and Binary Commands

& FUN24 = 8inary Coded Dacimal == BIN-BGD
e FUN25 = Binary = BCD-BIN

& FUN24 converts the data in the arithmetic register from binary
dala to BCD data. Refer to figures 6.85 and 6.86.

¢ FUN25 converts the data in the arithmelic register from BCD data

fo binary data,
Cading Ramarks
931 ORG 99§ intarnal contact Is atways
‘7 FUN 10 2 onwhen In the run mods.
FUN 24 R
FUM . 100 FUN 10 2 Laad analog Input data {
FUN 25 {slol 1, channel 1) into AR,
N21 30
Fu - FUN 24 Converl the canlents of

the AR (analog input data)
from binary lo BGD.

FUN . 100 Add BCD constant “100”
to the value In the AR.
Siore the result In the AR,

FUN 25 Convert the BCD value In
the AR to & binary valug.

FUN24 a00 Teanslor the binary value
from the AR to iho analog
oulput {stot 8, channel 0).
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Figure 6.85 - Example of FUN24 and FUN25 with Analog Inputs and Outpuls



Binary Coded Decimal and Binary Commands (Centinued)

" Analog Input 0 AR o AR, o
I°1°l°l°1°l°i°l°l°|1!'IOIOIO{'IGIT IOIOIOIOIOEOIDIOIGI*I'I°!°I°I'M-~I> [ofo]dole[efefsfefe]do{[fofe
Binary FUN 10 2 Binary FUN 24 BCD
Load AR C?gvé?gé\ﬂ

FUN1. 100 bl T Y T AH
1.
ol ofofo] 1} 1} olo
s LTI — Gl
BCD FU Binary
Convert AR
to Binary
FUN21 300
Analog Oulput e Bt
{ofoidole|fole] ] {de[1[efefo
Binary

Figure 6.86 -Converting Analog Input and Output Data Using FUN24 and
FUN25

¢ 1 BCD data that Is converted from binary data is larger than 5998,
the carry bit Is equal to one and the pravious valus remains
unchanged. See figure 6.87.

AR or Inpul Data Resuits

BIN BCD 0 - 9989 >9098
FUN24 = C=0 C=0 C=1
FUN25 = C=1 C=0

Figure 6,87 - Carry Bit Status of FUN24 and FUN25
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6.5.25

Shift Reglster Command

* FUN47 = Shift Register Command = SFR
e A ghift reglster is a group of storage localions that are

synchronized by a shift pulss signal,

e You use Internal colls when programming the shift register

command. You need to specify the command's shift dala, shift
pulse, and reset Input in that erder. Refer to figure 6.88.

e The sixtaan bits starling from the internal oulput address form the

shift register (bits 400 to 416 in figure 6.88}.

& The status (onfolf) of the shift data ts stared in the first bit position

of the shift register when the shift pulse changes from off to on
(internal output 400 in figure 6.88). As data is shifted Into the
register, each bit Is shifted to the next higher position.

& When ths reset input is energized, the shilt register Is reset to all

Ze7108s.

e For a retentive shift reglster, you must use Internal outputs 700 to

940,

« The shift register's most significant bit is the overflow bit. Using the

overflow bit, you can program cascaded shift funclions as shown
in figuse 6,89. When programming cascaded shift reglsters, you
must program the upper sixtesit blts first and the lower sixlesn
bits second.

& This command is uselu! when tracking the status of a component

through a serles of positions or stations.

1

| puise STR
when programming
2
I Resal
FUN4Y 400

Shift
data

&hift

FUN47 400 ORG 0

{ Usa the §tr Insiruclion

S5TR 2 FUN 47.

Order

taput liming

Reglster status

Data
puise

Shikt
dala 400 401 402 403 404 405 406 407 408 409 410 411 412 413 414 415

[ 1L Lo Lo oTolo oo ololololololo]
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Figure 6.88 - Example of FUN47

Coding Ramartks (



Shik

Reglster Command {Continuad)

HF—
]
—f—

~{—
~—
L

Coding Romarks
FUN 47 520 ORG B15 Program lhe quef 16
bllg (520-535} fitst,
B ’ 5TA 1
o | SR e
it fram the lowor 16-
FUN47 520 &Hif reglsler.
ORG o
Program the fower 16
STR 1 blis (500-516) second.
FUN 47 500 STR 2
& FUN47 590
* Inorder Lo capiura the high bil (515), FUN 47 520
must be pragrammed before FUN 47 600 In memory.

Figure 6.89 - Cascaded Shift Reglster Example
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6.5.26 Left Shift Reglster and Right Shift Reglster
Commands
* FUN28 = Left Shift Register Command = SFR L
o FUN27 = Right Shift Regtster Command = SFR R
o FUN26 shifts the contents of the arlthmetic registar one bit to the
left. The least significant bit (b0) is ioaded with a zero and the
overflow bit ssets the carry bl to ona. Reler to figure 6.90.
¢ FUN27 shiftas the contents of the arlthmetic reglster one bit to the
right. The mest significant bit (b15) Is loaded with a zero and the
overflow bit sets the carry bit to one. Refer to figure 6.91.
5 14 18 12 11 1 9 6 7 6 5 o Bl
Lelofol e fs [ufofafofs]s I Lo Ialflol

folefols]ifofo
Gany bit 4 13 12 11 0 ® 8 7 & 6 4 8 2 1 0 Bt
Figure 8.90 - Example of FUN26
gt 15 13 1 10 o
L+ lo]o Ifl'liielilol-lilo olol1|of ("
T \\ 3
Ioll|1[1|o[1|o|1|1|0|0]0l1
ail 16 13 12 11 10 Q Cairy
Bil

872

Flgure 6.91 - Example of FUN27



6.5.27 Rotate Shift Reglster Commands

¢ FUN76 = Rotate Shift Register Left Command = ROL
¢ FUN?7 = Rotate Shift Reglster Right Command = ROR

¢ FUN76 shifts the cantents of the arithmetic register one bit to the
ioft. As the shift accurs, the status of the carry bit Is shifted into the
least signlficant bit (LSB} of the arllhmetic register and the stalus
of the mast significant bit (MSB}) Is shifted to the carry bit. See
figure 6.92.

* FUN77 shifts the contents of the arithmatic reglster ane bit to the
right. As the shift occurs, the status of the carry bitIs shifted Into
the most significant bit (MSB) of the arithmatic register and the
slalus of the least sianificant bit (L.SB) Is shifted to the carry bit.

See figure 6.93.
4 13 1211 10 B 8 7
MSB[_iIiIIIololll1|0I0[1||[o[1|t'0|0|mﬁ
Carry Bit
______________ {bafore
ROL)
i|t|ofo|1||lo]| 0} en
(ﬁm{cﬁ)")mﬂ's 14 13 1211 10 9 8 7 8 4 3 2 1 0 B
Figure 6.92 - Example of FUN76
6 14 13 12 ¢t 10 9 8 7 & 5 4
MSBio!ololuhIolalnlclililrlaloliﬂlea
(ofora ROR) (ator Oy

1]o]ofofs{1folo]ofotJt]1fo[o]+]sn
15 14 13 12 11 10 8 8 7 6 6 4 a 2 1 0 B

M5B

Figure 6.93 - Example of FUN77
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6.5.28

6-74

Up/Down Counter Command

FUN40 = Up/down counter = UDC

To pragram a counter sequence, you must enter the up/down
Input {on = count up, off = count down), the counter Input, and
tha raset input, in that order. See figure 6.94.

This command is programmed In combination with an external
output, The spacified Internal output is the first of sixteen bits that
comprisa the current valua register of the up/down countar,

To make the current vaiue register retentive upon power loss, you
must specify a retentiva internal output {700 to 940) with the
FUN40 command.

In the count-up made, the counter counts the leading adge of the
counler input and incremants the count register. The count
register bagins at 0000 and counts up to 9999. When the count
register reaches 9999, it rolls over to 0000.

In the count-down mods, the counter counts the feading edge of
the counter input and dscrements the count register. The count
register begins at 0000 and counts down from 9999 to 0001,
When the count register reaches its maximum or minimum vatue
{0001 or 8599}, it rolls over to 0C00.

Whan the reset input Is energized, the count register resels to
0000.



Up/Down Counter Command {Continued)

I
0 U[lJ Idown Codlng Remarks

0—-| FUN4D 400 ORG 0
1 Cinuntlar
4 II npu | ¢ STR 1 Usa the St instruction
whan progiamming

2 Ragat 8T 2 FUN40,

0—-I I—'"& FUN40 400

MEB LS8
!415'414'413!412'41!I410|409|4DBI407]406]405!404'403'402'401 |400
i 4ih digit ! 8rd dlgit 1 2nd dlgh Il 181 dight |
Up-caunter Down-counter
»l »
'I L
Upfdown
tnput I

1011 1213 14161413 1211 10

comems | || LLLL LI LU LT L]
nasellnpul—L rﬁ

78

102 i | [ ] [
w0 I [

404 | |

Figure 8.94 - Example of FUIN40
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6.5.28 Invert Arithmetic Reglster Command

¢ FUN8S = invert arlthmetlc register command = WNOT

¢ This command performs a loglical NOT operation on the contents
of the arithmetic register and stores the result In the arithmatic
registar. See figure 6.95.

o The carry bit Is not affected by this command.

AR [ fo]o i Aot ool 1] tJo]o]1]0]}

FUN85

AR [of i ]ofo]otfo]s]rlo]als]s]o]]
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Flgure 6.95 - Exampla of FUINB5



6.5.30 7-Segment Converslon Command

& FUN74 = 7-Segment Converslon Command = SEG

s FUN74 convaris the lower 4 bits (ARy |} of the arithmetic register
into a 7-segmant disptay code. The 7-segment display code is
then stored in the lower 8-bits {AR;) of the arithmaetic registar. Sae

figure 6.98.
e ¢ The upper 8 bits {ARy) of the arithmatic regisler remain
o unchangad.
4
AR [o] of o] 1] o] of 1fo] o] of 1f1]o] [ 1[0 rL
PR W Al
FUNT4 L'_" e! s IC
1
s | 6 | | Td
A o[ el of ol A[e[o] T 1Is] |
E (uncﬁ}:r'l*ged) ! AL ! _]I
e —————
[ FUN74
] Input Data
| 4 Bils Qutput Data
I (AR gl fleldic|bla leptey
) } 0 ojof1{1{t|1]1f1] O
{ | 1 ojo|lolefof 1] 1]o0 !
} 2 of1|oj1{t|of [t} &
! 3 ol t|joJo|1|+]1{1] 3J
L a  fo|1]4folof 1| 1{o] M
5 o] 1{tjoj1|1|[o|1] §
6 ol 1| 1|1|t]1]o]t] FK
7 o|lof1|o|of 1] 1[+] 7T
8 ol 1[+]11171[1[1] H
9 of 1] tjelt| 1|11 H
A ol /1|10l 4} 1|t] R
B ol 1| 1[+]1{+]0j0} b
c oloj1[1|1]0]o]1| [
D ofloftjol1|1]1]e| H
( E ol t|1|1{1lof0l1|{ E
F o|1|1{t]oto] o]t =

Figure 8.96 - Example of FUN74
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6.5.31 ASCII Conversion Command

¢ FUN75 = ASCIl Converslon Command = ASC

e FUN75 converts the iowsr 4 bits (ARy () of the arithmelic reglster
into ASCII code. The ASClI code Is then stered In the lower B-blis
(AR} of the arithmetic reglister. Ses figure 6.97.

e The upper & bits (ARy) of the arithmetic register remain
unchanged,

! | & 1
AR o] ofo[1] o] of 1]olo] of sl 1]0] 1] t}o]
le— ARy —— I‘—Aﬁt—’l

FUNT5

a | 4
AR [o] ofo]1]o] of 1]e] of of 1] 1] o] 5] of0]
|

I[-- ARy ! AR |
{unchanged)

L]

Input Data FUNY5
4 Bits
{ARL) Quiput Data

=
I

|

|

}

E 0 30
|

|

|

L.

a1
32 (
33
34
35
36
a7
a8
g
40
41
42
43
44
45

=

nimlolololrlele|vw|oialele|n =
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6.5.32 Arithmetlc Register Encode and Decode
Commands

® FUN7Y8 = Arlthmetlc register encode command = ENCOD
¢ FUN79 = Arithimetlc register decods command = DECOD

¢ FUN78 encodes the upper-most bit position (0 to 15) that Is set to
ona. The number of the bit position is stored in the lower 4 bits
{ARL¢) of the arithmallc register. The remainder of the bits in the
arithmelic ragister are set to zero. Sae figure 6.98,

* |fall bits in the arithmetic register are equal to zero, the arithmatic
fegister contents ramain unchanged and the carry bit is set to
one,

¢ FUNY9 sels to one the bit position corresponding to the value in
the arithmetic register {bits 0 to 15). Ali other bits are sel to zero.
See figure 6.99.

¢ |fthe value in the arithmetic reglster is greater than 15, alt blis In
the arlthmelic register are set to zero and the carry bit is set to
one.

bis b10* ho

43 [ ofo]ofo] 1] o o] t] of o[ o[o] 1] of o]

FUN78 J{

|10
Lelofo]o]of o[ o]o[o] o o[ o] 1] of 1[c]

-

* Bit 10 is the upper-most bit In the AR that contains a "1,

A

D

Figure 6.98 - Exampla of FUN78

i {
I 10

@ [o]efoo o]l afo] o] o] e[ o]

FUN79

Ar|of ofofo]o] ] o[o[o] of o[ o o] of of o]
bis b10 bo

Figure 6,99 - Example of FUN79

6-79




8.5.33 Arithmetic Register Mask Commands

® FUN72 = Magk the arithmetic ragister from the most signiticant
bit (MSB) = MASKL

FUN?73 = Mask the arithmelic register from the least significant
bit (LSB) = MASK R

FUN72 and FUN73 mask the arithmetic register's data by the
specified numher of bits {1 to 18).

FUN73 begins the mask from the LSB of the arithmetlc ragister.

The example In figure 6.100 shows a 16-point input module with a
2.digit thumbwhee! swilch wired to inputs 0 through 7 and
normally-open switches wired to inputs 8 through 15. When using
FUNZ2D to input the thumbwhee! switch setting, alf 16 bits of
information from the input module are loaded Into the arithmetic
register, FUN72 masks the status of the normally-opan switches
{inputs 8 to 15), which leavas the status of the thumbwhes!
switches (Inputs 0 to 7) in the arithmetic registar,

Coding Remarks

20
'_l !_ - | FUNOD 400 I ¥ | ora 20 “Onae-shat” opotatlon to
- FUNGO 400 load the new Timar 0

prasat value.

400
HI— FUN20 0 —¢ | oRaG 400 Load external Inpuls

Egﬁg T?CZGO FUN20 0 0-15 Into fhe AR.

FUN72 8 Mask the AR 8-bils
starling frora the MSB.

FUN21 TIC200 |  Load the new Timer 0 (
piesel value from tha

LT |

'T Switch | Trumbines!
- 2 FUNao Dala Dala
13InpulModula WLOADE I | l 1o |°| l | t°|°| ] I ‘ |°| I"‘“
u&ésa) \l/ fm‘gﬁ Lf’ (LSB}
Mask 8 Bils | Thumbwheel
from MSB Data
I°|°| [e[o] o] ofofof of #]]o] 1] ofs IM
(MSB} \L wgatn TIC200 1LSB)

Timar 0 Presol Yalug = 34
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Figure 6.100 - Example of FUN72 and FUN73 {

FUN72 begins the mask from the MSB of the arlthmetls reglster. ot



6.5.34 Arlthmetic Register Exchange Commands

* FUNBO = Exchange arithmelic register's upper byte (ARy) and
lower byte (AR} = SWAP

¢ FUNB1 = Exchange the nibbles of the arithmetic reglster's lower
byle (AR) = BSWAP

e FUNB2 = Exchange arithmelic ragister data and extension
register data = XCG

* FUNBO exchanges the arithmelic register's upper byte {bils 8 to
15) with tha lower byte (blts 0 to 7)., Sae figure 6.101.

¢ FUNB81 exchanges the upper nibble (bits 4 to 7) with the lower
nibble (hits 0 to 3) of the arithmetlc register's lower byte, Ses
figure 6.102,

¢ FUNB2 exchanges arithmatic raglster data with extension register
data. This command can be used to set the extension register or
10 access the value In the exisnsion register through the arithmetic
register. See figure 6,103,

k15 b8 b7
A I [1]t]o[e l°|0|1I0|0I1I tfo I1|'|*|
~
\ FUN8Oo
_/\_/ AL
'd Y D
o (ool [+ Jo[ [+ [\ ol o] o[ o]
bis bé b7 b0
Figure 8.101 - Example of FUNS0
b16 b7 b4 b3
ALl ol Jofof o sfo 1 1] o] lelolol !
N v —
%FUNM
an {1]1frfo]o I1|1!0|°|ole[ l1l1|0|ff
b1s b7 b4 b3 b0

Figure 8.102 - Example of FUNB1
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Arlthmstlo Register Exchange Commands {Continuad)

& [o[ ofo] o] ”

/\/ FUN82
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Flgure 6.103 - Example of FUNB2




6.5.36 Extract and Distribute Commands

# FUN48 = Load data into the arithmatic register from the YO
address specliied by the extenslon register =
EXTRACT

¢ FUN49 = Quiput data from the arithmetic registaer lo the /O
address specillad by the extension register =
DISTRIB

® FUN48 loads word data into the arlthmetic ragister from the O
address spacified by tho extension registar. Ses figure 6.104,

¢ FUN49 oulpuls word data from the arithmetic reglister to the I/O
addrass specifiad by the extenslon register. See figure 6.105.

# The exlension register contalns BCD data. The most significant
diglt In the extansion reglster determines the type of address
specified when using FUN48 and FUN49, Whan the most
significant diglt is aqual to zero, the specified address is an /O
address. Whan the most significant digit Is equal to one, the
spacitiad address Is a timar/fcounter address.

¢ |fithe FUN48 or FUN49 Is executed with an undefined I/O
specification in the extension reglstar, the carry bit will be set to

one.
0 Coding Remarks
I———— FUND. 7 ORG 0 Load conslant 700 into
FUNB2 FUNO. 700
TN Ihe AR.

FUN82 Exchange AR and ER
data (ER now = 700)

FUNag Load word data from 1O

addresses 700 and 701.
FUNO. 700 {Load Constant)
T[T
FUNB2 (Exchange AR and ER dala)
ar} olo|of o {of7]of o] en
FUNIE S aadiasess 100 and ary ™
&
tlof1[1|o0f4]¢]s}700

sfslof ] i]o] [ i« J J1]o]o] o] o]t} € ——

1]1|1{o]o]o] +}t}70l

Figure 6.104 - Example of FUN48
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Extract and Distrlbute Commands (Continued)

[e[=lele]elool |- o]elo [~]o}e]-]

Coding Remarks
:gﬁgz 1200 ORG o Load conslant 1200 into
FUN20 @ FUNO. iz00 | AR
FUN4g Exchango AR and ER
FUg2 data (ER now = 1200}
FUN2D 1] Load external inpuls
0¢-15 Into AR
Qutpul AR word data lo
FUR4e fimar 0 prasel (address
spacified in ER

FUNG. 1200 {Load Constant)

w[ T[]

FUN82 (Exchange AR and ER dala)

anfofolof of

\
[ 1]2] o] o] &n

1

FUN20 0 (Load external Inpuls 0-15 into AR)

4 8 8
AR (o] tlo]ofo] of o] 1] o] ofa] [ o] of1]

FUN49

T/G 200 E'I

[Quiput AR word data to limer 0
prasel, Presel addraess specified in ERY)
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Flgure 6,105 - Example of FUN49




6.6

Analog Data

¢ The Shark XL Analog Input modules provide the Interface for 0 to
10VDC input signals (M/N 456C892) and 4 to 20mA Input signals
(M/N 45C890).

# Thess input modules convert the analog signals into digltal binary
data with elght bits of resolution. FUNG0 {(BLOAD} is used to toad
the converted binary data into the arithmstic ragister. To perform
binary operations on this data, use the appropriate binary
instructions. To pertorm BCD operations on this data, you must
first use FUN24 to convert the data from binary into BCD format.
See figure 6,106,

¢ The Shark XL Analog Output modulas provide the interface for 0
to 10VDC output signals (M/N 45C294 or 45C297) or 4 to 20mA
output signals (M/N 45CG3893 or 45C9985).

¢ These cutput modules convert digital binary data with eight bils of
resolution Into anatog signals. The data being sent to the anafog
output address must he In binary format, I the data is in BCD
format, use FUN25 to convert the data to binary format prior to the
transfar of data to the analog output module, Use FUN7{ (BOUT)
to transfer gight bit digital binary data {rom the arithmelic register
to the analog output channel.

e These anafog modutes have sight bits of resolution. This providas
for a digital range of 0 to 255 when using analog slgnals with

these devices.
Analog Binary BCD
VDO 004g FUN 24 0000
Binary to BCD
Y J —= |
FUN 25
5VDC 806 BCD to Binary 0128
| Vo
tovoc FFig 0255

Figure 6.1086 - Analog Signa! Conversion for BCD Operations
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Analog Data {Continusd)

e Flguras 6.107, 6.108, and 6.109 show typlcal analog examples.
‘The analog input module is in slot one, while the analog oulput
module is in siot two.

I N WU SRS N S W |

=3

|}

SHARK —
18] (I
B [Bl]
& [
(] ||
1o el [
[&1] @ [
[&1] || [
[T} 11| iliea
1] Bl [
(& 1ol | lien
I Bl el

-

/ Analog Qutput madule (M/N 45C997)
Analog input module (M/N 45C922)

Figure 6.107 - Analog I/O Example

The equation to bs programmed is: Y = X *A+ B

where:
X = 8-blt analog Input from channel 0 of the module in stot 3
Y = 8-blt analog oulput to channel & of the module In slot 4
A = 5 BCD (constant value)
B = 25 BCD {constant value)

FUNBD 41

0 FUN24

*_w._“ FUN3. &
FUN1. 325
FUN25
FUN71 261

ORG 0
FUNB0 41:  Analog input from the lower byte of  cepe AR (8-bit BNR)
channel O (8-bit BNR)

FUN24: BNR to BCD conversion of AR data  ——g AR (16-bit BCD)

FUNS. & AR x 5 (constant} —-p AR (16-bit BCD)

FUN1. 25: AR + 25 {constant} — AR (16-bit BCD)

FUN25; BCD to BNR conversion of AR data  ——p» AR (8-bit BNR)

FUN71 261: AR (8-bit BNR) - Analog output to the
lower byte of ch 0
(slot 4)

Figure 6.108 - Sample Analog I/O Programming with BCD Operations
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Analog Data (Continued)

ORG 991:

FUNGO 41:

FUNS1 5:
FUNS3 25;

FUN71 261:

The equation to be programmedis: ¥ = X*C + D

whera:
X = 8-blt analog Input from channel 0 of the moadule In slot 3
Y = 8-bit analog output to channal 0 of the module in slot 4
A = 5 (binary constant vaiue)
B = 25 (blnary constant value)

991 FUNBO 41
}__ FUN51T 5
FUN53 25
FUN71 261

Internal contact Is always on In the run mocde
Analog input from the lower byteof —p AR (8-bit BNR)
channel 0 (8-bit binary}

AR x 5 (binary constant) — AR (8-bit BNR)

AR + 28 (binary constant} ——p AR (8-blt BNR}

AR (8-bit binary} —— Analog cutput to the
lower bylte of ch 0
{slot 4)

Figure 6.109 - Sample Analog IO Programming for Binary Operations
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6.7

6-80

Counter Module 1/O

‘The Counter module (M/N 45C982) s an inputfoutput module for use
with pulsetach ancoders.

This module uses status registers and controt registers, See figures
6,110 and 6.111. Counter module addressing Is tha same as for
analog modules. Refer to Table 4.2 for Counter module stot starting
addresses.

In figure 6.112, the status registers are assigned input addresses 20

10 35 hecause the Counter module Is In sfot 2. The control reglsters
are asslgned output addresses 220 and 235,



Counter Module /O (Continusd)

External
Input
Addressos Pz

Birg Bil G

Bit4

Bit3

Bit 2

Bit1

Bil o

0 Ovesflow
Flag

Input A
Status

Flag

1 Underfiow -~ -

npuni B
Slatus

Current Counte

r BCD Value (UDC) High Byte

Current Countel

r BCD Value (UDGC) High Byte

MCE

CPE

Slalug

1-Phasef
2-Phase

Counter 0
= Flag

Counlor 0
> Flag

2
3
4
5
6 faputm
7
B
9

Counter 1
102 Flag

Countar 1
L > Flag

Counler 2
12772 Flag

Counter 2
13 > Flag

Counlar 3
141+2 Flag

Counter &
15 > Flag

Status Registers

Overllow Flag: When the current counter value goes from 9999 1o 0, this
flag turns on,

Underllow Flag: When the current counter value goes from 0 to 9999, this

Current Counter Value: BCD value ranglng from 0-8993,

flag turns on.

Input A, B, m Status: Indicales the current status of the Inputs coming from
the pulse encoder,

1-Phase/2-Phase: Indicates whether the pulse encoder Is wired for cne or
two-phase operation,

Figure 6.110 - Counter Meduls Status Registers
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Counter Madule IO (Continued})

Countars 0-4 = Flags: When the current counter value equals thelr respective
prasent values, theas flags will turn on,

Counters 0-4 > Flags: When the current controllar value Is greater than
their respoctive present values, thase flags turm on.

MCE: Marker Enable Complete = “1" when Marker Enable (ME) = 1"
CPE: Presel Dala lo Counter Current Value is complete when CPE = “{"
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Counter Module /O {Conlinuad)

Extarngl
Quipul
Addresses  Bit7

Bitg

Bits

Bit 4

Bita

Big2

Bit1

ailo

Gverflow
Cloar

o

Glaar “3"1 Clear *2*[ Cloas “1~} Cloar "0”

= Flag

= Flag

= Flag

= Flag

Al
Cloar

Counter
Enablo

Markar
Enable

Undorlow
Clear

Countar
Presel

Counter Preset Value High Byte

Counter Presst Valus Low Byte

Quiput O
Control

Quipw 3{0utpul 2

Enable

Enably

Qulput 1
Enabla

Culpul 0
Enable

Qutpul §
Cynlol

Quiputd
Dala

Qulpul 2
Data

Qutput {
Data

Qutput
Dala

Gutput 2
Control

QuiputJ
Canirol

Counter 0 Preset Value High Byte

L @ N @ s W =

Counter 0 Presst Value Low Byte

—
(=]

Caounter 1 Preset Value High Byte

—
—

Cotinter 1 Presst Value Low Byte

—
n

Counter 2 Preset Valus High Byte

—
w

Counter 2 Preset Value Low Byte

pury
-y

Counter 3 Pressl Valua High Byte

15| Counter 3 Preset Value Low Byte

Overfiow Clear Flag: 0 = Do not clear the flag
1 = Clear the flag

Underltow Clear Flag: 0 = Do not clear the flag
1 = Clear the flag

Clear “6" to Glear "3" = Flag: 0 = Do not clear the “=" {lag for the output (0-3}
1 = Clear the "=" flag for the output (0-3)

AliClear: 0 = no function

1 = resets counter current value to "0000” and all flags to “0”

Counter Enable: 0 = CPU read/write of counter disabled
1 = CPU read/write of counter enablad

Marker Enable: 0 = Marier terminal input invalid
1 = Marker termina! Input valid

Gounter Preset: ¢ = no function
t = The counter praset valus is written to the counter current

value register

Figure 6.111 - Counter Madule Contro! Reglsters
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Countar Module 1O (Conlinuad)

Note 1:  Set the following when initlatizing the counter module:
Counter Enable = 1 (continuous)
Marker Enabla = 1 {continuous}
All Clear = 1 (pulse)

Note 2:  Counter Presst control bit should be set to 1" for one
scan when it is necessary to restore counter current valus

Counter Presst Value: Use those ragisters to reset counter current value.

Oulput 0-3 Control: 0 = send the contents of the output “>" flag to the
counter module external output (0-3)

1 = send the contents of the output “=" flag to the
counter module external output (C-3)

Quiput 0-3 Enable; 0 = OQutput 0-3 Controi Bits control data to counter
module external outpuls (0-3)
1 = enablas forcing of counter modula externai oulputs
{0-3)

Qutput 0-3 Data:  When output 0-3 Enable = 1, the data "0" or "1” is sent to
the external output

When output 0-3 Enabte = 0, the Quiput Control bits
determine the data sent to the external cutputs,

Counter 0-3 Preset Value: Registers to define up to 4 preset values. Counter
Module will compare current value to each of
these preset values and control the respective
counter “>=" and "=" flags.
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Counter Module IO (Continued)

i 2 3 4
ps. |cru | 1o g o [ o
Cc
9
8
2
Extarnal
Input
Addresses Bit7 Bit6 Bits Bit4 Bita Bit2 Bit1 Bit ¢
Overiow - - - ~ - " Input A
20 Flag Slatus
21 Underflow - — - ~ - - Input 8
Flag Status
22| Current Counter BCD Value (UDC) High Byte
23| Gurrent Counter BGD Value (UDC) High Byte
24 MGE - - - - - - -
25| ¢PE - - - - - - -
Inputm - ~ - - - - -
26 S’tJalus
1-Phase/ _ - - - - — _
27 2-Phasa
Counter 0 - - - - - - -
28 | "= Fiag
Counter 0 - - - - _ — -
28| *SFiag
GCouriler 1 - - - - - - -
30| "2 Frag
Counter t _ - - - - - -
31 > Flag
Gounler 2 - - - - - - -
321" Flag
Counler 2 - - - - -~ - -
33 > Flag
Counter 3 - - - ~ - - -
347 Flag
Counter 3 - - - - - - -
36 > Flag

Status Registers

Figure 6.112 — Counter Module O Addrassing
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Counter Module IfO {(Continusd)

Extarnal
Culput
Addresses

220
221
222
223
224
225
226
227
228
229
230
231
202
233
234
235

Bit7 Bue Bt Bit4 Bty Bit2 e Bit ¢
Oveflow | Clear *3°| Clear “2”} Cloas “17| Clear “0” All Counter | Marker
Claar =Flag | =Flag | =Flag | =Flag | Clear | Enable | Enable
Undasfiow Counter
Cloar Prosel
Counter Preset Value High Byte
Counter Preset Value Low Byte
- - - Qutpul 3 | Qutpul 2| Outpul 1] Quiput 0
%ﬂﬁ%? Enapbio Engbla Enapbla Engb!a
Qutput 1 - - - Quipul 3| Oulput 2 1 Output £| Quiput 0
Gom:ol Data Dapl(:l D’;ta Dgla
Quiput 2 - - - - - - -
Control
Quipul 3 - - - - - - -
Conlrol

Counter 0 Preset Value High Byte

Counter 0 Presst Value Low Byie

Counter 1 Preset Valus High Byte

Counter 1 Preset Value Low Byte

Counter 2 Preset Value High Byte

Counter 2 Preset Value Low Byte

Counter 3 Preset Value High Byte

Counter 3 Preset Value Low Byte

Control Registers
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7.0 DIAGNOSTICS AND
TROUBLESHOOTING

This chapter explains how to check the program’'s syntax, This
chapler also explalns how to locate a problem with the
programmable controller by observing the modutes’ LEDs and tha
error messages on the handheld programmer. If the problem cannot
be found by using the troubleshooting instructions balow, the
hardware is not user-serviceable.

DANGER
ONLY QUALIFIED ELECTRICAL PERSONNEL FAMILIAR WITH THE
CONSTRUCTION AND OPERATION OF THIS EQUIPMENT AND THE HAZARDS
INVOLVED SHOULD INSTALL, ADJUSY, OPERATE, OR SERVICE THIS
EQUIPMENT. READ AND UNDERSTAND THIS MANUAL IN ITS ENTIRETY
BEFORE PROCEEDING. FAILURE TO OBSERVE THIS PRECAUTION COULD
AESULT IN SEVERE BODILY INJURY OR LOSS OF LIFE.

7.1 Checking Program Syntax

Use tha procadure In figure 7.1 to chack the programy's syntax,
Check the pragram through FUN83 (end of program). If no arrors are
found, the first available {unused} memory localion will be displayed.

Operation Mode Switch Setting Processor Status
Checking PROG
Program TEST Stop
Syntax RUN
Kevd Typoe of Display
ay-in Remarks
Procedure Command ggr&ggcal glgg;;y
Displays the
:ﬂ?,rf’lés‘ﬂg TEST 15t avallable
. {unprogrammed)
program 300 memory location)
¢ PROG | |Indicates that an
There is an 115 E o TEST | }error has been
arror e RUN found in memory
location 1185,

Figure 7.1 - Checking Program Syntax

Table 7.1 shows the syntax error codes that appear on the handheld
programmaers. The step number displayed is the one whare the error
was detected. When a syntax error Is detected, monitor address 880
in cfecimal for the proper errar code. Note that these error codes will
not be clearad by cycling system power. They are cleared when the
syntax error has been correctad.




Table 7.1 - Syntax Error Codes

Syntax Standard | Unlversal
Error Program- | Program-
Codein | mer Error | maer Error
Declmal Display Display Cause of Error Corractive Action

0 Blank Blank No error Mormal opseration

i E E General syniax Locate and correct
programming arror. the error, {

2 E E Structure of the main | Program the
or interrupt interrupt
processing routine Is | commands
incorrect, correctly,

3 E E INT command is Program the
programmsad command correcily.
Incorrectly.

4 E E JMP and JMP END Program the
commands are commands
programmed corracliy.
incorrectly.

5 E E AJMP and AJMP END | Program the
commands are commands
programmadt corractly.
tncorractly.

6 L UE STH command Is Program the
programmad command carreclly.
incorrectly. ‘

7 — of STR command Is Programthe |
pragrammed command cotrectly.
incorrectly.

8 bl oE Master conlrol Program the
command is command corractiy.
programmed
incorrectly.

9 i oFE Master coniral Program the
command is command correctiy.
programmed
incorractly.

10 E E IF or iFR command |s | Locate and coirect
dupticated. the error.

11 E E IfO number or Locate and correct

constant value is out
of range.

the eiror.




Table 7.1 - Syntax Error Codes {Conlinued)

Syntax Standard | Universal
Error Program- | Program-
Code In mer mer
Declmat Error Error Cause of Error | Corracllve Action
Display Dlsplay

12 E E Two outputs are  { Remove one
programmed in | output,
one rung.

13 E dE Qceurrence of Notification only.
dual ¢coil Corrective action Is
operation Is not required.
allowsd.

14 £ E CALL and SB Verlfy that the
commands do CALL# and SB#
not match, correspond.

i5 E E JMP and INT Correct the error.
commands are
programmed {n
the same rung.

20 F [ Undelined Cloar memory and
operation code. | reprogram the unit.

30 E E Checksum error, | Clear memory and

reprogram the unit,

73



7.2

LED Status and Troubleshooting

Table 7.2 explains tha LED Indicators which can help you locate &
malfunction.

TURN OFF POWER TO THE CONTROLLER AND FIELD WIRING BEFORE
SERVICING THE EQUIPMENT. INADVERTENT MACHINE OPERATION MAY |
RESULT IF THE POWER IS NOT TURNED OFF. FAILURE TO OBSERVE THIS |{

WARNING

PRECAUTION COULD RESULT IN BODILY INJURY.

Table 7.2 - LED Troubleshooting

LED item to
ndicator be Tested Cause of Problem Corrective Actlon
Processor Check Low A-C voltage, a Correct the input
madule’s incoming malfunctioning powsr | power problem.
POWER LED | power supply or Processor Replace the defective
is Off module, or a defactive | rack or module.
rack
Processor Pragrammaer's | Switch is in the wrong | Place switch in the
module's Mode Selector | position RUN position
RUNLEDIs | Swilch
off
Programming | FUNSS start circuitls | Check the FUN9S
Error not energlzed, is start circult
missing,
or is programmed :
incorracily (
Cycle power Watchdog error due | Add a noiss filter or
and reload to electrical nolse suppressor to the A-C
program. Test Input!ine
syntax with the
gtart Input
disabled,
Checksum error Check the program
for an error
Processor module Replace the Processor
fallure module
input Voltage is Monltor the input. The | Normal operatlon
module’s pressnt on input address in
LED is On the input's memory eguals one.
terminals

Monitor the input. The
input address in
memory equals zero.

Replace Input module

Voltage is not
prasent on
the input's
terminais

Check external input
wires. Input module
{allure.

Correct the input
wiring problem and
rapiace the Input
module
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Table 7.2 - LED Treublsshooting (Continued)

LED tam to
Indlcator be Tested Cause of Problem Corrective Action
Input Voltage is not | Monitor the input. The | Normal operation
module's present on input address in
LED is Off the Input's mamaory equals zero.
terminals
Monitor the Input. The | Replace Processor
input address in module or the Input
memory equals one. | module
Voltage is Input module fallure Replace the Input
present on module
the input's
terminals
Cutput Processor Check the vollage on | Repface the Oulput
module’s instructs the | the module’s cutput | module
LED Is Off output to be | terminais. Voltage Is
off present,
Check voltage on the | Normat operation
moadule's output
terminals. Voltage Is
not prasent.
Processor Check the voltage on | Replace the Output
instructs the | the moduie's output module,
oulput to be | terminals. Voltage Is
on present,
Check voltage on the | Check and replace
module’s output Qutput madule's
terminals. Voltageis | fuses. Replace the
not present. Output module,
Outpul Processor Check the voltage on | Normal operation
module's instructs the | the module’s output
LED s On outputto he | terminals. Voltage is
on present,
Check voltage on the | Check and replace
module's output Output module’s
terminals. Voltage Is | fuses. Replace the
not present. Output module.
Processor Check the vollage on | Replace the Output
instructs the | the module’s output module.
output to be | terminals, Voltage is
off present.

Check veltage on the
module's output
terminals. Voltage Is
not present.

Raplace the Qutput
module




7.3 Error Codes
The handheld programmar will display an error code when a
programming arror Is detected, Tabla 7.3 lists the error codes,
Table 7.3 - Error Codes
Ervor Code: 4E
Type of Error: Undefined Command Error
Whsn Detacted:  When the processor is running
Description: An undsfined operation command has baen detected.
i Internal output 972 Is on,
Corrective
Action: Cycle powsr, i this does not clear the error, replace the
procaessor.
If this errar accurs {requently, electrical nolse may he
affecting the system. To correct this, connect a noise lilter to
the Incoming powaer line and ground the GND terminal.
Error Code:
Type of Error: Watchdog Timer Error
When Detected:  When tha precessar is running,
Descriplion: The system’s scantime has heen excesded and a walchdog
timer error has besn detected. The RUN LED on the
Procassor module is off.
Corrective
Actlon: Cycle power. It this does not ¢lear the error, replace the
Processor.
If this error occurs frequently, electrcal nolse may be
afiecting the system. To corract this, connect a noise filter to
the incoming power line and ground the GND terminal.
Error Code: 51E
Error Type: Checksum Error
When Detected:  When the processor Is first put into run,
Description: A checksum error has been detected during the user
memory test,
Corrective
Actlon: Check the program for syntax or other programming errors
and correct them.
Error Code: AG2E
Error Type: Memory Error
When Detected:  Whenloadingaprograminto the processorfromthe cassette
racorder.
Dsscription: Datacannotbewritten {loaded) Intothe processor's EPROM/
EEPROM memory from the cassette recorder.
Corrective
Action: Cycla power and try to relead the data. If the processor's
memory still will not accepl the data, replace the
EPROM/EEPROM mamory.
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Table 7.3 - Error Codes (Continued)

Error Code: C62E

Error Type: EPROM/EEPROM Write Error

When Detected:  Dining a casselte varification.

Description: Datacannotbewrltten {loadad) intothe pracessor's EPROM/
EEPROM memory from ihe casselte recorder.

Corraclive

Action: Cycle powar and try to re-load the data. if the processor's
memory still will not accept the data, replace the
EPROM/EEPROM memory.

Error Code: C7-E

Error Type: EPRAOM/EEPROM and Cassetle Verilication Error.

When Detected:  During a cassetts verification.

Description: The contents of processor memory and the casselte taps do
not match,

Corrective

Action: Ra-save the program onlo tape or re-foad the program from
lape and try the verification again.

Error Code: C8-E

Error Type; Format Error

When Detected:

During a cassstte verification.

Description: Tha contents of the cassette tape are not in the proper data
tormat,

Corractive

Action: Replaca the casselte taps with a tape that is known to be
good. Chack the setting of the cassette recorder's playback
conlrol,

Error Code: G--H

Error Type: Time-out Error

When Detected:  During a cassette varification,

Description: Thecassette tape cannct beread. Theletter "H" is displayad
for 30 seconds until the tape Is rewound.

Carreclive

Action: Replace the cassette fape with a tape that Is known to bs
good. Chack the cables cannecling the cassette recorder
and ths handhsld programmer. Be sure the cables aretightly
connected. Check the setting of the casssite recorder's
playback control.

Error Code: Slep number E

Error Type: Syntax Error

When Detected:  When the processor is first put into run or when the program
syntax is checked.

Description: Tha ORG, MCS, MCR, JMR, or JMP END instruclions have
been pregrammed improperly or have been placed in the
wrong part of the program.

Correclive

Action: Correct the program,




Table 7.3 - Error Codes (Continued)

Error Code: Stap numbar *

Error Type: Memary Stack Error

When Detected:  When the processor is first putinto run or when the program
syntax is chacked,

Dascription: The STR/STA NOT instructions have baenused more than 8
times, the MCS Instruction has baen used more than 4times,
the JMPinstruction has been used more than twice, the num-
ber of MCS instructions does not match the number of MCR
Instructions, the number of AND STR/OR STR instructions
does notmatch the number of STR/STRNOT instructions, or
the STR/STR NOT Instructions have been used loo many
times with FUNO3, FUN40, FUN45,

Corractive

Action: Delete the excess STRISTR NOT Instructions, delete or add
MCS/MCR Instructions, delete excess AND STR/OR STR
instructions oradd STR/STRNOTinstructions, delete excess
STR/STAR NOT Instructions when used with FUNG3, FUN40,
FUN4S5,

Error Code: Step number u

Error Type: Memory Stack Error

When Detected:  Whenthe processor is first putinto run or when the program
syntax Is chacked.

Desgcripilon: Thanumberof MCR instructions does not match the numbsr
of MCS Instructions, the number of AND STR/OR STR
instructions does not maich the number of STR/STR NOT
instrucilons, a STR or QUT instruction is missing.

Caorrectlve

Action: Eitheradd aMCRinstructionor deleteaMCSinstruction, add
an AND STR/OR STR or STR/STR NOT Instruction, oradd an
OUT Instruction.

Error Code: Step number F

Error Type: Framing Error

When Detected:  Whanthe processor Is first put into run or when the program
syntax is chacked.

Descriptiom Syniax error.

Correclive

Aclion: Correct the programming ervor. [f the problem remalns,
replace the processor module.

Error Code: ~

Error Type: Kaysiroke Error

When Detected:  When keying-in the program.

Description: Memory s full, a non-program area of memory was
accessed, orthe {STEP +] key was pressad after 926 steps
or rungs.

Corraclive

Action: Press the [CLR] key to clear the error and re-anter the data.




Table 7.3 - Error Codes (Continued)

Errar Code: u
Error Type: Keaystroke Error
When Delected:  When keying-in the program.
Description: The [STEP -] key was pressed immadiately after system
‘ powar was turned on or program exacution began,
Corrective
Action: Press the [CLR] Key to claar the error and re-enter the data.
Error Code: E
Error Type: Keystroke Error
When Detected:  When keying-In the program.
Dascription: Error when keying-in the program.
Correclive
Actlon: Prasstha [DCLR] or [CLA] keystoclearthe error and re-enter
the data.
7.4 System Error Codes

The ERR LED on the processor moduls whl go on when a system

arror is detected. Cycle power and monitor address 970 In decimal to

troubleshoot the problem. Address 970 will contain an error code in
decimal. This code will identify the type of error. Sea Table 7.4.

{t applicable, address 972 will contain the number of the element

where the arrar occurred. To clear a system error, clear memory and

reload the program.

Table 7.4 - System Error Codes

System Error
Code in Decimal

Cause of Error

10
11
12
13
14
20
21
30
a1
32
40

Trap interrupt

Stack polnter error

Eror in logic programming
tnterrupt error

[nterrupt error

Memory error

ROM checksum error
Undefined instruction

PCS stack pointer error
User program checksum error
Bufier overtiow




7.5 Output Module Fuse Replacement

Use the following procedure to replace a fuse on an output module:

Step 1.

Step 2.

Be sure the system s In a safe state and stop the
application program from executing.

Remaove maln Input power from the rack, Remove power
from the flald wiring.

DANGER

EXTERNAL POWER WIRING MAY REMAIN ENERGIZED WHEN THE MAIN A-C
POWER IS DISCONNECTED, IDENTIFY ALL SUCH EXTERNAL WIRING AND
LOCK OUT OR TAG IT. FAILURE TO OBSERVE THIS PRECAUTION COULD
RESULT IN SEVERE BODILY INJURY OR LOSS OF LIFE.

Step 3.

Step 4.

Step 5.

Step 6.

Step 7.
Step 8.

7-10

Disconnact the external output wires that are attached to
the module. Be sure to mark the wires so that they can be
easily re-installed later.

i the module has a ramovable terminal strip (M/N
45C959, 45C964, and 45C985}, you do not have to
remove the wires attached to the tarminal strip. Just
remove the two screws that hold the terminal strip to the
module's faceplate. Ses figure 3.25.

Remove the module from the rack. Press the tabs at the
top and bottom of the madule and carefully pull it out of
the rack's backplane.

Carefully remove the blown fuse and replace it with a new
one. Fuse spacifications are givan in Appendix A.

Insert the module Into the correct stot In the rack. Press
the module into tha slot until the locking tabs on the top
and bottom of the module latch Into the rack.

Re-connect the externa! output wires or the terminal strip.

Restore maln Input power to the rack, Restore power to
the tiald wiring.



7.6 Power Supply Module Fuse Replacement

Use the following procedure to replace a fuse on a Power Supply
moduls:

Step 1. Be sure the system Is In a safe slate and stop the
application program from execuling.

Step 2.  Remove main Input power from the rack. Remove power
from the field wiring.

DANGER
EXTERNAL POWER WIRING MAY REMAIN ENEAGIZED WHEN THE MAIN A.C
POWER IS DISCONNECTED. IDENTIFY ALL SUCH EXTERNAL WIRING AND
LOCK OUT OR TAG IT. FAILURE TO OBSERVE THIS PRECAUTION COULD
RESULY IN SEVERE BODILY INJURY OR LOSS OF LIFE.

Step 3.  Disconnect the input power wires from the L1, L2, and
GND terminals.

Step 4.  Remove the module from the rack. Press the tabs at the
top and bottom of the module and carefully pull it out of
the rack’s backplane.

Step 6.  Carelully remove 1he blown fuse and reptace it with a new
one. Fuse spacifications are gliven in Appendix A,

Step 6.  Insert the moduls Into the correct slot In the rack. Press
the modute Into the slot until the locking tabs on the top
and bottom of the modulse latch into the rack.

Step 7.  Re-connsct the Input power wires to tha L1, L2, and GND
terminals.

Step 8.  Restore main input power to the rack. Restora power to
the fleld wiring.
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7.7 Processor Memory Replacement

Use the fcllowing procedure to replace a processor's EPROM or
EEPROM mamory:

Slep 1.  Be sure the system Is In a safe state and stop the
application program from execuling.

Step 2. Remove maln Input power from the rack. Remove power
from the field wirlng.

DANGER
EXTERNAL POWER WIRING MAY REMAIN ENERQIZED WHEN THE MAIN A-C
POWER!SDISCONNECTED. IDENTIFY ALLSUCH EXTERNAL WIRING AND LOCK
QUT OR TAG IT. FAILURE TO OBSERVE THIS PRECAUTION COULD RESULT IN
SEVERE BODILY INJURY OR LOSS OF LIFE,

Step 3.  Remove the processor from the rack. Press the tabs at the
top and bottom of the module and carefully pulf it out of
the rack's backplane.

CAUTION

THIS MODULE CONTAINS STATIC-SENSITIVE COMPONENTS. CARELESS
HANDLING CAN CAUSE SEVERE DAMAGE,

DO NOT TOUCH THE CONNECTORS ON THE BACK OF THE MODULE. WHEN
NOT IN USE, THE MODULE SHOULD BE STORED IN AN ANTI-STATIC BAG, THE
PLASTIC COVER SHOULD NOT BE REMOVED. FAILURE TO OBSERVE THIS
PRECAUTION COULD RESULT IN DAMAGE TO OR DESTRUCTION OF THE
EQUIPMENT,

Step4.  Tho EPROM/EEPROM memory connects to the processor
thraugh a slide-In connactor. See figure 2.3. Remove the
EPROM/EEPROM memory module {rom the pracessor by
carefully sliding it out away from the connector. Lilt the
memory module away from processor once the nylon
standoffs have clearad the notches cut into the
processor's printed circuit board.

Step 5. Install the reptacemant EPROM/EEPROM memory madule
by placing it on the processor module and aligning it with
the slids-in connector, Caretully push the mamory module
Into the connector until the nylon standotfs have secured
the module to the processor.

Step 6.  Insert the processor module Into the corract slot in the
rack, Press the module into the stot until the locking tabs
on the top and bottorn of the module fatch into the rack.

Step 7.  Restore main input power to the rack. Restora power to
the fleld wiring.
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Appendix A

System Model Numbers

Shark XL. It CPU Module

*

MiIN 45C901

* Memaory is not Included with the module

Memory
® M/N 450975 926-word EEPROM
e M/N 450977 3,997-word EEPROM
* M/N45C078 3,997-word EPROM

Power Supply Module
® M/N45C020 115/230 VAC

M/N 450921

24 VDG

* M/N45C922 115/230 VAC

Racks

*« & @

M/N 45C910
M/N 45Ca11
M/N 45C912
M/N 46C913
M/N 45C914

3-Slot Rack
4-Slot Rack
§-§lot Rack
6-Slot Rack
7-Slot Rack

Digltal input Modules

L ]

*

M/N 45C240
M/N 45Ca41
PM/N 45C942

M/N 46C944
M/N 46C945
M/N 45C946

8-Channel 116/230 VAC Input
16-Channel 115/230 VAC Input

16-Channel 115/230 VAC Input with Removable Terminal
Block

8-Channat 24 VOO Input
16-Channsl 24 VDG Input
16.Channel 24 YDC Input with Removable Terminal Block
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Appendix A

System Model Numbers

(Continued)

Digital Output Moduies

.
]
»
]
]

MIN 46C959
M/iN 45C960
M/N 45C961
MfN 450962
M/N 45C963
M/N 45C984
M/N 45C965

M/N 46C966
M/N 45C967
M/N 45C968
M/N 45C969

16-Channe! Relay Output with Ramovabla Terminal Block
8-Channel 115/230 VAC Output

16-Channel 115/230 VAC Cutput

8-Channel 5-27 VDG Quiput

18-Channet 5-27 VO Qutput

16-Channel 24 VDG Output with Removable Tarminal Block

16-Channel 115/230 VAC Qutput with Removable Terminal
Block

§-Channel Relay Output

16-Channel Relay Oulput

8-Channsl Isolated High Power Refay Output
8-Channes! Isolated Low Powsr Relay Qutput

Input/Output Modules
o M/N 45C857 16-Channel TTL Input/i6-Channet TTL Output
¢ M/N 45C8568 8-Channst 24 VDC Input/8-Channel 24 VDG Output

Analog Input Modules
¢ M/N45C990 8-Channel 4-20 mA thput
e M/N45C992 8-Channel 0-10 VOC Input

Analog Output Modules

M/N 45C993
M/N 45C884
M/N 45C995
M/N 45C997

2.Channe! 4-20 mA Output
2.Channet ¢-10 VDC Oultpul
4.Channel 4-20 mA Output
4-Channel 0-10 VOC Outpuit

Counter Module

/N 45C982

Network Module

]

MIN 45Ca87



Appendix A

System Model Numbers
(Continued)

Remote Master Module
& M/N 450988

Remote Target Module
¢ M/N 45C989

Expansion Rack Cable
® M/N 45C938

Blank Faceptate for Unused Module Slots
® M/N 45C099

Standard Programmer
® M/N 450850
Cassette recorder interface

Unlversal Programmer
® M/N 45C051

Cassstte recorder interface
PROM programming capabllity
AS-232 interface

ReSource Shark IBM-Programming and Documentation

Executive (SPX)
* M/N45C152 Software, key, and instruction manual

* M/N45C163 Upgrade (Software and instruction manual)

Shark XL H SPX Programming Cables
& M/N 45C973 9-Pln Programming Cable
¢ M/N 45C874 25-Pin Programming Cable
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Appendix A
Shark XL Il CPU Module Specifications

Model Number
o M/N 45C901 Shark XL 1l CPU Module

Ambient Condltions
¢ Storage Temperature: 4°{o 158°F
-20° to 70°C
e Operating Temperalure: 32° to 131°F
0° to 55°C

o Humidity: 30 to 90% (non-condensing)

Dimenslons
¢ Helght: 6 inches (15 cm)
» Depth: 4.6 inches (11.7 cm)
¢ Width: 1.4 Inches (3.5 cm)
¢ Woeight: 7 ouncaes (0.2 kiloagrams)

Programming Languages

* Boolean and standard tadder logic with use of the IBM-compatible software ==

Pragram Execution Speed
e 1.5 micro-seconds (average} per standard Instruction

Memary Capacity
¢ EEPROM (826 and 3897 words)
¢ EPROM (3997 words)

Standard Instructions
& ORG, STR, AND, OR, AND 8TR, OR 8TR, NOT, QUT

Arithmetic Instructions

« Word load, word out, addition, subtraction, multiplication, divislon, word
AND, word OR, comparlson (equal to or greater than, equat to, fess than),
out carry, BCD converslon, BNR conversion, set, reset, binary addition,
binary subtraction, binary mullipiication, binary division, binary comparison,
exclusive OR, clear carry, set carry, ASCIl converslon, seven-segment -
conversion, bit mask -



Appendix A

Shark XL i CPU Module Specifications
(Continued)

Application Instructions

& Shift register, master cantral, IF command, up/down countars, jump,
addressed jump, latch, return, start, end, clockwise and counter-clockwlse
bit shifting, deflne subroutine, call subrouline, return from subroutine,
immadiate )/O update

Real-Time Clock

* Processor accessible

Number of External /O
e 160

Number of Internal Qutputs
® 256 Non-retentive
® 256 Retentive

Number of Special Function internal Cutputs
s 32

Number of Timer/Counters
® 98

Timer Preset Values

* 0.1 to 899.9 seconds (10 points maximum),
0.1 {0 99.9 seconds, or 1 to 999 seconds

Counter Preset Values
* 109,989 times (10 points maximum), 1 to 989 times

Numbher of Remote Digital I/O
* 128

Maximum Remote 1/O Distance
* 1000 Fest {300 Metars)

Number of Shark Network Nodes
¢ 1 Master Node
e 7 Stave Nodes

AB
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Appendix A
Shark XL CPU Module Specifications

Model Number
* M/N 45C900 Shark XL CPU Madiule

Ambilent Conditlons

¢ Storage Temperature: 49 to 168°F
—-20° to 70°C

* Operating Temperature: 32% to 131°F
09 to 65°C

¢ Humidity: 30 to 90% (non-condensing)

Dimenslons
* Hsight: 6 inches (15 cm})
¢ Deplh: 4.6 inches {11.7 cm)
¢ Width! 1.4 inches (3.5 cm)
* Waelght: 7 ounces (0.2 kilograms)

Programming Languages
¢ Boolean and standard ladder logic with use of the IBM-compaltible software

Program Execution Speed
& 5 micro-seconds (average) per standard Instruction

Memory Capacity
¢ EEPROM (926 and 1926 words)
¢ EPROM (1926 words)

Standard Instructions
* ORG, STR, AND, OR, AND STR, OR STR, NOT, QUT

Arithmetic instructions

* Word load, word oul, additlon, subtraction, multiplicatlon, division, word
AND, word OR, comparison {aqual to or greater than, equal o, less than),
out carry, BCD conversion, binary converslon

Application Instructions

@ Bit shift ragister, master control, IF command, up/down counters, Jump,
addressed jump, {atch, return, start, end.
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Appendix A

Shark XL CPU Module Specifications
(Continued)

Number of External /O
* 160

Number of Internal Qutputs
* 256 Non-retentive
& 256 Retentive

Number of Special Function Internal Qutputs
. 32

Number of Timer/Counters
e 96

Timer Preset Values

¢ 0.110999.9 seconds (10 points maximum),
0.1 10 99.9 seconds, or 1 to 989 saconds

Counter Preset Values
* 110 9,999 times {10 polnts maximum), 1 to 999 times

Number of Remote Digital I/O
e 128

Maximum Remote 1/0 Distance
o 1000 Fast (300 Meters)

Number of Shark Network Nodes
¢ 1 Master Nods
¢ 7 Slave Nodss

Maximum Shark Network Distance
+ 1000 Fest (300 Meters)

Agency Approvals
o UL Listed

AB



Appendix A

A-C Power Supply Module Specifications -

Model Number
* M/N 45C920 116/230 VAC Power Supply Module
& M/N 450922 115/230 VAC Powar Supply Module

Amblent Conditions

e Storage Temperature: —4° to 1568°F
—200to 709C

¢ Opsrating Temparature {at the module): 320 to 131°F
0° to 55°C

& Humidity: 30 to 90% non-condensing

Dimensions
¢ Hsight: 8inches (15 cm)
& Depth: 4.6inches (11.7 cm)
* Widlh: 1.4 Inches (3.5 cm)
® Waight: 7 ounces (0.2 kilograms)

Input Voltage
¢ 116 VAC or 230 VAC (Jumper selectable)

Input Frequency
® 47-63Hz

Input Current
® G600 mA or loss

Fuse Type
M/N46C920
o Buss™ 2 Amp, 250 V, GMA, or Equlvalent
M/N45Co22
* Wickmannwerke GmbH, M/N K19374, 2 amp, 250V, or Equivalent
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Appendix A

A-C Power Supply Module Specifications
(Continued)

Output

e The total power consumption of the modulas in the rack must not excesd
the maximum load current of the powar supply module, Check the power
raquiremants of each IfO module to be sure that the total current
consumplicn does not exceed the maximum load current of channels 1, 2,
and 3 as shown bsfow,

M/N 45C920

¢ Channel 1: 5 VDC at 1000 mA (Maximum load cuirent)
o Channel 2: 24 VDG at 300 mA (MaxImum ioad current}
¢ Channel 3: 24 VDG at 450 mA (Maximum foad current)
M/N 45C5822

e Channet 1: 5 VOC at 1700 mA (Maximum load current)
* Channsl 2: 24 VYDC at 500 mA {Maximum load current}
¢ Channel 3: 24 VDC at 260 mA (Maximum load current}

Operating Environment

* Operation n areas containing corrosive gases, saline alr, or iron powder Is
prohibited.

Power Interruption Time Perlod
¢ 20 milll-saconds

A-C Power Nolse Immunity
e Simulated nolse 1500V peak to peak, 1 micro-second widih

Insulation Reslstance
& 20M ohms or more between an external terminal and frame ground (QND)
terminaf as measured with a 600 VDC Megger
Dlelectric Strength
¢ 1500 VAC for ong minute batwaen the powsr/output terminals and the
frame ground (GND) terminat
Vibration Resistance

¢ Vibrallon with a frequency of 16.7 Hz and an amplilude of three millimsters
appfled for two hours In X, Y, and Z directions
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A-C Power Supply Module Specifications
(Continued)

Agency Approvals
¢ UL Listed

o

R

L1 ’l\
| Y
116/230VAC
2 | 2p '
O\t §
GND t
' Input Powsr Jumper
I__ (Refar to saction 3.2)
Circuit Diagram
O aav
Qec
L1
(2 O
./ 115/230VAC
L2
O anp

External Wiring
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Appendix A
D-C Power Supply Module Specifications

Model Number
¢ M/N 45C921 24 VDC Power Supply Module

Amblent Conditions

¢ Storage Tempsrature: —49° to 168°F
—209to 70°C

& Operating Temperature (at the modufe): 322 to 1319F
0° to §5°C

& Humidity: 30 to 90% non-condensing

Dimenslons
¢ Helght: 8 Inches (15 cm)
& Depth: 4.6 Inches (11.7 cm)
¢ Width: 1.4 inches (3.6 cm)
* Weight: 7 ounces (0.2 kilograms)

input Voltage
® 19.2.30VDC

input Current

® 1.6 Amps or less

Fuse Type
® Buss™ 3 Amp, 250 V, GMA, or Equivalant

Output
& Channel 1: 6 VDC at 1000 mA {Maximum load current)
¢ Channel 2: 24 VDC at 300 mA (Maxtmum load cuirent)
¢ Channel 3: 24 VDC at 1000 mA (Maximum load current)

® Tha total power consumplion of the modules In the rack must not exceed
the maximum load current of the power supply modute. Chack the power
requirements of each IfO module to be sure that the total current
consumption does not exceed the maximum load current of channels 1, 2,
and 3 as shown above.

Operating Environment

¢ QOperation In areas contalning corrosive gases, saline alr, or iron powder s
prohibited.
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Appendix A

D-C Power Supply Module Specifications
(Continued)

Powaer Interruption Time Period

¢ 20 mllli-seconds

D-C Power Nolse Immunity
* 500V peak o peak, 1 micro-sacond width

Insulatlon Reslistance

* 20M ohms or more between an external tsrminal and frame ground (GND)
terminal as measured with a 500 VDG Magger

Diefectric Strength

* 1500 VAG for one minute batwesn the power/output terminals and the
frama ground (GND) terminal

Vikration Resistance

¢ Vibration with a frequency of 16.7 Hz and an amplitude of thrae millimsters
appllad for two hours In X, ¥, and Z directions

Agency Approvals
¢ UL Listed

T

[
Q 1
+ | 24vDe
" I 1
Q-—u\ i
3A
GND ¢ '

L]

Clrcuit Diagram
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Appendix A
D-C Power Supply Module Specifications

A-14

(Continued) (
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| + 24V
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External Wiring
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Appendix A
24 VDC Input Module Specifications

Model Numbers
¢ M/N45C044 8-Channe!l 24 VDC Input Module
¢ M/N 45C945 16-Channsl 24 VDC Input Module

* M/N45C946 16-Channst 24 VDC Input Module with Removable
Terminal Block

Ambient Conditions
¢ Storage Temperalure: —49 to 1689F
-20°t0 70°C
¢ Operating Temperature {at the module): 320 to 131°F

0% to 66°C
& Humidity: 30 to 90% non-condensing

Dimensions
* Height: 6 Inches (15 cm)
& Depth: 4.6 inches (11.7 cm)
¢ Widlh: 1.4 inches (3.5 cm)
* Waight: 7 ounces (0.2 kilograms)

Nominal Voltage
¢ 24VDC

Input Voltage
s 21,826 VDG

Input Current
® 9 mA Sourcing

Operational States
® On Voitage: 19 VDC or more
» Off Voltage: 7 VDC or less

Input Delay Time
¢ Onto Off: 4 mllliseconds or lass
o Off to On: 4 millisaconds or less

A-15




Appendix A

24 VDC Input Module Specifications
(Continued)

Common Qutput Cannection
¢ 8input points per common terminal

Polarity

¢ Common terminal (-)

Isolation Method

¢ Opto-isolator

Average Module Current Consumption
& Channel 1: 0.5 mA + (humber of ON Inputs x 0.5 mA)
¢ Channe! 2: 0 mA
¢ Channe!3: 0 mA

Agency Approvals
e Ul Listed

Circuit Diagram
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Appendix A
115 VAC Input Module Specifications

Model Numbers
o M/N45C940 8-Channel 116 VAC Input Module
e M/N45C941 16-Channet 115 VAC Input Module

o M/N 45C242 16-Channel 115 VAC Input Module with Removable
Terminal Block

Amblent Conditlons

¢ Storage Temperature; —~4° to 158%F
-20%to 70°C

¢ Operating Temperature (at the module): 32° to 131°F
0° to 55°C

# Humidity: 30 to 90% non-condensing

Dimenslons
# Hsight: 8 Inches (15 cm)
* Dapth! 4.6 inches (11.7 cm)
& Width: 1.4 inches (3.5 cm)
* Weight: 7 ounces (0.2 kilograms)

Nominal Voltage
s 115/230 VAC

input Voltage
& 85.264 VAC

input Current
* 7 mA (100 VAC)

Operational States
® On Voltage: 85 VAC or greater
s Off Voltage: 30 VAC or less

Input Delay Time
¢ Onto OHf; 16 milliseconds or legs
* Off o On: 16 milliseconds or less




Appendix A

115 VAC Input Module Specifications
{(Continued)

Commeon Qutput Connection
& §input points per common terminal

Isolation Method
e« Opto-isofator

Average Module Current Consumption
¢ Channef 1: { mA
e Channel 2: 0 mA
e Channsl 3: 0mA

Agency Approvals
e UL listed

6.-) 86-264 VAC

CcoM

O -

Circuit Diagram
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Appendix A
Analog Current Input Module Specifications

Model Number
& M/N 465C390 8-Channel 4-20 mA Analog Input Module

Ambient Conditions
¢ Slorage Temperalure: —4° to 158°F
~20° t0 70°C
¢ Operaling Temperature (at the module): 32° to 1310F

0° to 55°C
® Humidity: 30 to 80% non-condensing

Dimenslons
® Height: 6 inches (16 cm)
¢ Depth: 4.6inches (11.7 cm)
& Width: 1.4 Inchas (3.5 cm)
* Welght: 7 ounces (0.2 kilograms)

Current Range
® 4-20mA

Input iImpedance
e 220 ohms

Resolution
¢ Bbhits

Conversion Time
® 1| millisecond

Overall Accuracy
® +/-1% + 1bit

Isolatlon Method
e Notisolated from D-C inputs

Isolation Between Inputs
e Not provided
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Analog Current Input Module Specifications

Appendix A

(Continued)

Average Module Current Consumption
® Channsl 1: 25 mA
¢ Channel 2: 0 mA
& Channal 3: 60 mA

Agency Approvals
& UL Listed
I -
|N\|( i g AID 1
P I
com 1 ‘!, I

A-20
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Appendix A
Analog Voltage Input Module Specifications

Mode! Number
& M/N 45C992 B-Channel 0-10 VDC Analog Input Module

Ambient Conditions

¢ Storage Tomperature: —4° to 158°F
-20% to 70°C

& Operating Temperalure {al the module); 320 o {31°F
0° ta 55°C

& Humidity: 30 to 90% non-condensing

Dimensions

Height: 6 Inches {15 cm)

Depth: 4.6 inches (11.7 cm)
Width: 1.4 inches (3.5 ¢m)
Welght: 7 ounces (0.2 kilograms)

Voltage Range
* 0-10VDC

Input iImpedance
& 100K ohms

Resolution
& 8hbils

Converslon Time
# 1 millisacond

Overall Accuracy
® +/-1% -+ 1bit

Isolation Method
¢ Not [solated from D-C Inputs

Isolation Between Inputs
& Not provided
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Appendix A

Analog Voltage Input Module Specifications
(Continued)

Average Module Current Consumption
e Channel 1: 25 mA
¢ Channel2: 0 mA
¢ Channel 3: 60 mA

Agency Approvals

e UL Listed

co

-
4
.|

"L

P q—mm—u—'
<}

A/D

]
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Circuit Diagram



Appendix A
Analog Current Output Module Specifications

Mode! Numbers
¢ MIN 45C893 2-Channsal 4-20 mA Analog Output Module
* M/N 45C995 4-Channal 4-20 mA Analog Output Module

Ambient Conditions

& Storage Temperature: —4° to 158°F
-20° {0 70°C

¢ Operating Temperalure (at the madule): 320 to 1319F
0° to 55°C

& Humidity: 30 to 80% nan-condensing

Dimenslons
¢ Haight: 6 Inches (15 cm)
¢ Depth: 4.6inchas (11.7 cm)
¢ Width: 1.4 inches (3.5 cm)
& Walght: 7 cunces (0.2 kilograms)

Current Range
* 4-20mA

Load Impedance
® 0-500 chms

Resolution
¢ Bhils

Conversion Time
¢ 1 millisecond

Overall Accuracy
* +/1%

Isolation Method
& Notlisolated from D-C Inputs
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Analog Current Output Module Specifications

Appendix A

(Continued)

Isolation Between Outputs
¢ Nol provided

Average Module Current Consumption
¢ Channel 1: 50 mA
e Channel 2: 0 mA

& Channsi 3: 140 mA (M/N 45C093)
250 mA (M/N 45C005)

Agency Approvals

e UL Listed

ouT
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Appendix A
Analog Voltage Output Module Specifications

Model Numbers
& M/N 45C994 2-Channel 0-10 VBC Analog Output Module
e M/N45C997 4-Channel 0-10 VDC Analog Quiput Module

Amblient Conditions

* Storage Temperalure: —4¢ to 158°F
—20° to 70°C

¢ Oporating Temparature (at the module); 32° to 131°F
09 to 55°C

& Humidity: 30 to 90% non-condensing

Dimensions

Height: 6 inches {15 ecm)

® Despth: 4.6 inches (11,7 cm)

* Width: 1.4 Inches (3.5 cm}

¢ Weight: 7 ounces (0.2 Kliograms)

Voltage Range
* 0-10VDC

Load impedance

¢ 10K ohms or more

Resolution
& fbits

Converslon Time
¢ 1 milisecond

Overall Accuracy
* +/-1%

Isolation Method
¢ Notlisolated from D-C Inputs
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Appendix A

Analog Voitage Output Module Specifications
(Continued)

isofation Between Qutputs
¢ Not provided

Average Module Current Consumption

& Channel 1: 30 mA {M/N 45C994)
60 mA (M/N 45C997)

¢ Channsi 2: 0 mA

& Channel 3: 70 mA (M/N 45C094)
140 mA (M/N 45C997)

Agency Approvals
e UL Listed

T S
]
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Clreult Dlagram
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Appendix A
Relay Output Module Specifications

Note that a surge suppressor is requlred with all inductive lcads.

Mode! Numbers
¢ M/N 45C966 8-Channel Relay Qutput Module
& M/N 45C987 16-Channe! Relay Qutput Module

¢ M/N 45C959 16-Channel Relay Quiput Module with Removable
Terminal Block

Ambient Conditions

+ Storage Tompsrature; —4%to 158°F
—20%t0 70°C

¢ Operating Temperature {at the module): 320 to 1319F
02 to 65°C

* Humidity: 30 to 90% non-condensing

Dimenslons
® Height: 6 inches (15 cm)
e Dapih: 4.6 Inches (11.7 cm)
& Widlh: 1.4 inches (3.6 cm)
« Weight: 7 ouncas (0.2 kilograms)

Nominal Voltage
® 115/230 VAC, 24 VDC

Qutput Voltage
e 21-27VDC, 85-264 VAC

Maximum Load Current
e 1 clrouit: 2 Amps
& 8clreults: 4 Amps

Maximum inrush Current
& 6 Amps for 100 miflisaconds

Maximum Output Delay Time
+ Onto OH: 4 milliseconds
o Offto On: 5 milliseconds
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Appendix A

Relay Output Module Specifications
(Continued)

Common Quiput Connection
® 8 output points per common terminal
o 1 fuse per common

Isolation Method
& Relay

Fuse Type
* S0C, 8 Amp, 260 V, MQ4

Average Module Current Consumption
& Channel 1: 0.2 mA 4+ (number of ON outpuls % 0.2 mA)
e Channel 2: number of ON cutputs x 10 mA
& Channe! 3: 0 mA

Agency Approvals
o UL Listed

11
1

85-264 VAC
21-27 VDG

coM

8 A*

* One fuse per common

Cirgult Dlagram
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Appendix A
Isolated Relay Output Module Specifications

Note that a surge suppressor is requlred with all inductive loads.

Mode! Number

¢ M/N 45C968 High Power |solated Retay Quiput Module
* M/N 45C969 Low Power Isolated Relay Output Module

Amblent Conditions
* Storage Tomperature: —40° to 168°F
—20%to 70°C
¢ Operating Temperature {at the module}: 329 to 131°F
0° to 55°C

* Humidity: 30 to 90% non-condensing

Dimenslons
& Halght: 6 Inches (15 ¢n)
# Daepth: 4.6 Inches {11.7 cm)
e Width: 1.4 Inchas {3.5 cm)
& Woelght: 7 ounces (0.2 kifograms)

Nominal Voitage
* 115/230 VAC, 24 VDC

Output Voltage
¢ B5.264 VAC
& 5-27VDG

Minimum Load Current
* M/N 45C068: 10 mA
& M/N 45C869: 0.1 mA

Maximum Load Current
* M/N 45C868; 2 Amps
¢ M/N 45C969: 100 mA

Maximum Inrush Current
* M/N 45C368: 6 Amps for 100 milllseconds
- o M/N 45C969: 1 Amp for 100 milliseconds
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Appendix A

Isolated Relay Output Module Specifications
(Continued)

Maximum OCutput Delay Time
& On to Off: 4 milliseconds
o Off to On: 5 milliseconds

Number of Oulputs
'

Common Qutput Connectlons
¢ 1 output per common terminal

isolation Method
» Relay

Average Module Current Consumption
e Channet 1: 0.2 mA 4+ (number of ON outputs x 0.2 mA)
e Channel 2: number of ON outputs x 10 mA
e Channet 3: 0 mA

Agency Approvals
o UL Listed

Clrcult Diagram
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Appendix A
115/230 VAC Output Module Specifications

Note that a surge suppressor is required with all inductive loads,

Model Numbers
* M/N 45C960 8-Channel 115/230 VAC Quiput Module
& M/N 45C861 16-Channs! 115/230 VAC Output Module

* M/N45C965 16-Channel 115/230 VAGC Cutput Module with Removable
Terminal Block

Amblent Conditlons
e Slorage Tamperature: —4° to 158°%F
—-20°to 70°C
¢ Operating Temperature: (at the module); 320 to 1319F

0° to 55°C
& Humidity: 30 to 90% nan-condensing

Dimensions
* Haight: 6 inches (15 cm)
* Depth: 4.6 inches (11.7 cm)
& Width: 1.4 inches (3.5 ¢cm)
& Welight: 7 cunces (0.2 kilograms)

Nominal Voltage
s 115/230 VAC

Output Voltage
& 85-264 VAC

Maximum Load Current
& 1 clreuit: 1 Amp
& 4 clrouits! 2 Amps

Maximum Leakage Current
& 1 mA (100 VAC)

Maximum Inrush Current
e 20 Amps {1 Cycle)
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Appendix A
§-27 VDC Output Module Specifications

Note that a surge suppressor is required with all inductive loads.

Mode] Numbers
¢ MIN45C962 8-Channel 5-27 VOG Output Module
& M/N45C063 16-Channel 5-27 VBC Qutput Module

® M/N 45C864 16-CGhannel 5-27 VDC Output Module with Removable
Terminat Block

Amblent Conditions
¢ Storage Temperature: —49° to 158°F
—20°%to 70°C
& Operating Temperature (at the module): 32° to 1319F

a° to 55°C
¢ Humidity: 30 to 80% non-condensing

Dimensions
® Height: 6 inches (16 ¢m)
¢ Depth: 4.6inches (11.7 cm)
» Width: 1.4 inches (3.5 cm)
& Welght: 7 ounces {0.2 kilograms)

Nominal Voltage
® 24VDC

Output Voltage
® 5.27VDC

Maximum Load Current from Sourclng Supply

e 1 clrcult: 0.5 Amp
® 4 clreults: 1.25 Amps
# Bcircults: 2.6 Amps

Maximum Leakage Current
* 0.1mA

Maximum Inrush Current
® 3 Amps
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Appendix A

5-27 VDC Output Module Specifications
(Continued)

Maximum OQutput Delay Time

¢ Onto Of: 1 milllsecond
¢ Offto On: 1 millisecond

Common Output Connection
* 8 output points per common terminal
& 1 fuse par common

Fuse Type
e S0C, 8 Amp, 250 V, MQ4

Polarity
& Common terminal

Isolation Method
* Oplo-isolator

Average Modute Current Consumption
e Channel 1: 0.2 mA + (number of ON outpuls X 0.2 mA)
¢ Channsl 2: {number of ON outputs) x 6.5 mA
& Channel 3: 0 mA

Agency Approvals
e UL Listed
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Appendix A

16-Channel TTL Input/Output Module
Specifications

Note that a surge suppressor I8 required with all Induclive foads.

Model Number
& MIN 450957 16-Channsl TTL Input/Output

Amblent Conditions

e Storage Temperature: -4 to 158°F
—20%to 70°C

e Operating Temperature (at the modulg): 32° to 131°F
09 to 55°C

¢ Humldity: 30 to 80% non-condensing

Dimensions
e Height: 6 inches (15 cm)
e Dopth: 4.6 Inches (11.7 cm)
o Width: 1.4 inches (3.5 cm)
* Waight: 7 ounces (0.2 kilograms)

Numbetr of Inputs
* 16

Number of Outputs
® 18

Nominatl I/O Voitage
¢ 445VDC

Input Current Sinking
& 6maatsVvDC

Input Voitage
& On: 1.5VDC or less
» Off: 3.5 VDC or more

Maximum Load Current Sinking
& 20 mA per outpul
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Appendix A

16-Channel TTL Input/Output Module
Specifications (Continued)

Maximum lLeakage Current
& 50UA

Input Common Connection
* 16 Input polnts per cemmon terminal

Maximum Input and Output Delay Time
¢ Onto Off: 1 millisecond
¢ Offto On: 1 millisecond

Output Common Connection
¢ 8 outpul points per comman terminal

Polarity

® Common terminal

Isolation Method
¢ Opto-Isolator

Average Module Current Consumption
& Channel t: (number of ON outputls x 5 mA) + 30 mA
¢ Channe! 2: 0 mA
& Channe! 3: 0 mA

External Wiring Connector
® AWG 22 to 26: Hirese Denkl Connector HIF3-22265C
* AWG 24 to 28: Hirose Danki Connectar HIF3-24205C
* On-board sockel: Hirose Denkl HIF3C-40D-2.54C

Agency Approvals
e UL Listed
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Forty-Pin Connector Pinout

A8

e & & =8 . & & & @ * & & & »

Appendix A

16-Channel TTL Input/Output Module
Specifications (Continued)

Pin 1 = Input Common 0
Pin 3 = Input Positive

Pin5 = Input 0
Pin7 = Input 1
Pin9 = Input 2
Pin 11 = Input 3

Pin 13 = Input 4
Pin 15 = Input 5
Pin17 = Input 6
Pin 19 = Input 7

Pin 21 = No Connsclion
Pin 23 = No Connection
Pin 25 = Input 8

Pin 27 = Input 9

Pin 28 = {nput 10

Pln 31 = Input 11
Pin 33 = Input 12
Pin 36 = Input 13
Pin 37 = Input 14
Pin 39 = Input 15

Pin 2 = Qutput Common 1

Pin 4 = Qutput Posltive for0to 7
Pin 6 = Quiput 0

Pin 8 = Output 1

Pin 10 = Oulput 2

Pin 12 = Output 3
Pin 14 = Quiput 4
Pin 16 = Quiput 6
Pin 18 = Quiput &
Pin 20 = Qutput 7

Pin 22 = Ouiput Common 2

Pin 24 = Oulput Positive for 8 to 15
Pln 26 = Qutput 8

Pin 28 = Qutput 9

Pin 30 = Output 10

Pin 32 = Quiput 11
Pin 34 = Quiput 12
Pin 36 = Output 13
Pin 38 = Quiput 14
Pin 40 = Cutput 16






Appendix A

8-Channel 24 VDC Input/Output Module
Specifications

Note thal a surge suppressor is required with all induclive loads.

Mode! Number
* M/N 45C959 8-Channel 24 VDG Input/Qutput

Amblent Conditlons

¢ Storage Temperature: —4°to 158°F
—20°%to 70°C

e Operating Temperature (at the module): 329 1o 131°F
0° to 65°C

o Humidity: 30 to 90% non-condensing

Dimenslons
® Height: 6 inches (16 cm)
e Depth: 4.8 inches {11.7 cm}
s Width: 1.4 Inches (3.5 cm)
& Waight: 7 ounces (0.2 kilograms)

Number of Inputs
e 8

Number of Outputs
.8

Nominal Voltage
® 24VDC

Voltage Range
® Input: 21.610 26 VDC
¢ Quipul; 5to 27 VDC

Input Current Sinking
* 9mA

input Resistance
¢ On: 300 ohms or tess
e OIf: 200k chms or more
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Appendix A

8-Channel 24 VDC Input/Output Module
Specifications (Continued)

Maximum Input Delay Time

* Onto Off: 4 milliseconds
o Off to O 4 milllseconds

Maximum Load Current Sourcing
e 1 Circuit: 0.5A
e 4 Circults: 1.26 A
& 8 Circulls: 25A

Maximum Leakage Current
e 0.1mA

Maximum Inrush Current

& 3 A for 20 milllseconds

Maximum Output Detay Time
¢ Qnto Off: 1 millisecond
e Off to On: 1 millisecond

Commaon Conneaction
& 8 input points par common terminal
& § oulput points par common terminat

Polarity
¢ Common terminal

Isolatlon Method
o Ople-fsolator

Average Module Current Consumptlon (Input Side)

¢ Channel 1: 10 mA + (number of ON Inputs x 9 mA) +
(number of ON outpuls x 8 mA)

e Channel 2: 0 mA
¢ Channe! 3: (number of ON inputs x 8@ mA)
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Appendix A

8-Channel 24 VDC Input/Output Module
Specifications (Continued) (

Average Module Current Consumption (Output Side)

¢ Channel 1: 10 mA + {number of ON Inputs x 9 mA} +
(number of ON cutputs x 8 mA)

¢ Channel2: O0mA {
» Channe{3: O0mA

Agency Approvals
e UL Listed {
Inputs Cutputs (
N r —-! our I— ) N /l"_!
] ] ( )y ! {
-{ I I 24 YOG
{
1 1 i
oM EVDC i _i coM 7A —_i L
e o ——————_——_——— - { {

Circuit Diagram !
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Appendix A
Counter Module Specifications

Model Number
& M/N 45C982 Counter Module

Amblent Conditions

& Slorage Temperature: —49 to 1689F
—20°to 70°C

¢ Operating Temperature {at the module): 329 to 131°F
0% to 65°C

¢ Humidity: 30 to 90% nbn-condensing

Dimenstons
& Hsight: 6 Inchas (15 cm)
¢ Deopth: 4.6 inches (11.7 cm)
& Width: 1.4 inches (3.5 cm)
* Waight: 7 ounces (0.2 kifograms)

Input Pulse Freguency
& 10K Hz maximum

input Puise Voltage
* On¢-2VDC
 Olf: 612 VDC

Input Puilse and Marker Pulse Width

® 20 microseconds minimum

Input Impedance
® Approximately 10k ohms

Input and Output Isolation Method
& Opto-lsolator

Input Signals
* A, B, and Marker

Input and Output Polarity
¢ Common tarminal
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Appendix A

Counter Module Specifications
(Continued)

Two-phase Input Pulses
s Count Up {add): B Input lags the A input by 90°
¢ Count Down {subtract}: B Input leads the A Input by 90°

Counter Range
* 0.9999

Power Avallable for External inputs
¢ 12VDG (+/-10%), 50 mA maximum current

Output Signal Voltage
s 10-30VDC

Number of Qutputs
e OUT1, OUT2, OUT3, OUT4

Type of Qutputs
¢ Open-collector transistor

QOutput Load Current

* (.5 Amp per output, non-fused
e 1.25 Amps total for 4 cutputs
* 1 mA minimum

Output Leakage Current
¢ 0.1 mA maximum

Output Delay Time
& Onto Cff: 1 millisecond maximum
& Off to On: { milllsecond maximum

Output On-time Voltage Drop
¢ 1VDC, 0.6 Amp maximum

Power Source for OQutputs
¢ 10-30 VDC, 650 mA of current is requlred
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Appendix A
Counter Module Specifications (Continued)

Dislectric Strength

& 500 VDC for 1 minute belwsan the external terminals and the ground
terminal

Average Module Current Consumption
¢ Channef 1: 200 mA
¢ Channst 2: OmA

¢ Channel 3: 160 mA when supplying 50 mA to an external input device
110 mA whan not supplying an external input device

Agency Approvals
& UL Listed
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Appendix A
Remote 1/0 Module Specifications

(Continued)
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Appendix A
Remote /O Module Specifications

(Continued)
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(Continued)

Appendix A
Network Module Specifications
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Appendix B
Instruction Set/Command Summary
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Appendix B
Instruction Set/Command Summary

(Continued)
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Appendix B
Instruction Set/Command Summary

(Continued)
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Appendix B
Instruction Set/Command Summary

(Continued)
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Instruction Set/Command Summary
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Instruction Set/Command Summary
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Appendix C

Execution Times

Exacution time Is In micro-seconds. (i1s)

ORG = 1.5

FUN14 = 1451 FUNGE = 18
ORGNOT =16 FUN15 = 18 FUN?7t = 13.5
AND = 1.6 FUN16 = 18 FUN72 = 27
AND NOT = 1.5 FUN17 = 19 FUN73 = 27
OR =156 FUN18 = 19 FUN74 = 11
ORNOT = 1.5 FUN19 = 19 FUN75 = 11
S§TR=156 FUN20 = 187 FUN76 = 17
STRNOT = 1.6 FUN21 = 14.5 FUN?7 = 17
AND STR = 1.6 FUN22 = 247.5 FUN78 = 107.5
ORSTR = 1.5 FUN23 = 8.5 FUN79 = 19
OuUT = 1.5 FUN24 = 279 FUNB0O = 8
OUTNOT = 1.5 FUN26 = 97,5 FUNB1 =9
QUTT (0.15) = 86.5 FUN26 = 18.5 FUN82 = 11
QUTT (10 mg)= 94.5 FUN27 = 185 FUNB3 =6
OUTNOTT =156 FUN28 = 1.6 FUNBY = 6
OUTC = 86 FUN29 = 1.5 FUN85 = 9
FUNO. = 8.6 FUN40 = 427.5 FUNB8 = 1.6
FUNT1, = 19.5 FUN4t =18 FUNB9 = 1.5
FUN2, = 457 FUN42 = 61 FUN9t = 215
FUN3. = 523.5 FUN43 = —— FUN92 = 15
FUN4. = 1445 FUN44 = 4156 FUN93 = -~
FUNS. = 11.6 FUN45 = 23 FUN94 = 68
FUNG. = 11.6 FUN47 = 1625 FUN98 = 1.6
FUN?7. = 13 FUN48 = 1163.5 FUN99 = 2300
FUNS. = 13 FUN49 = 1150
FUN9, = 13 FUNS0 = 7.5
FUNQD = 13 FUNS51 = 15
FUNO1 = 13 FUN52 = 15
FUN02 = 1.5 FUNS3 = 106.5
FUNO3 = 1.5 FUNS54 = 1028
FUNQ4 = 16 FUNG5 = 9
FUNO5 = 13.5 FUNSE = 9
FUNOG6 = 1.5 FUNS7 = 12
FUNO7 = 1.5 FUNS8 = 12
FUNDB = 13 FUNGS9 = 12
FUN09 = 3 FUNG0 = 13.5
FUN10 = 14.5 FUNS1 = 19.5
FUN11 = 26 FUN62 = 19.5
FUN12 = 463 FUNG3 = 1125
FUN13 = 6529.5 FUNGS = 1034

G
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FUNO. =
FUNT1. =
FUN2, =
FUN3. =
FUN4, =
FUNS, =
FUNSG. =
FUN?, =
FUNSB. =
FUN9, =
FUNOD =
FUNOY =
FUNOQ2 =
FUNO3 =
FUNC4 =
FUNO5 =
FUNOB =
FUNO7 =
FUNODB =
FUNO9 =
FUN1Q =
FUN1t =
FUN12 =
FUN13 =
FUN14 =
FUN15S =
FUN16 =
FUN17 =
FUN18 =
FUN19 =
FUN20 =
FUN21 =
FUN22 =
FUN23 =
FUN24 =
FUN25 =
FUN26 =

Appendix D

Command Cross-reference

Constant Value Word Load Command = Page 6-32
Constant Value BCD Addition Command = Page 6-34
Constant Value BCD Subtraction Command = Page 6-36
Constant Valus BCD Multiplication Command = Page 6-38
Constant Value BCD Divislon Command = Page 6-40
Constant Value BCD Word AND Command = Page 6-42
Constant Value BCD Word CR Command = Page 6-44
Constant Vaiue Worgd Compare () Command = Page 6-46
Constant Value Word Compare (=} Command = Page 6-46
Constant Value Word Compare (<} Command = Page 6-46
Leading Edge Detaction Command = Page 6-10

Trailing Edge Detection Command = Pago §-10

if and If Reset Commands = Page 6-12

It and If Reset Commands = Page 6-12

Master Gontrol Set Command = Page 6-19

Master Conirel Reset Command = Page 6-19

Jump Command = Page 6-21

Jump End Command = Page 6-21

Addressad Jump Gommand = Page 6-21

Addressed Jump End Command = Page 6-21

Word Load (Two Bytes) = Page 6-50

BCD Addition Command = Page 6-54

BCD Subtractton Command = Page 6-56

BCD Multiplication Command = Page 6-56

BCD Diviston Command = Page 8-57

Word AND Command = Page 6-58

Word OR Command = Page 6-59

Word Compare (>) Command = Page 6-61

Word Compare (=) Command = Page 6-61

Word Compara {<) Command = Page 6-61

Word Load (Sixteen Bits} Command = Page 6-51

Word Out {Two Bytes) Gommand = Page 6-63

Word Qut (Sixtesn Bits) Command = Page 6-65

Qutput Carry Bit Command = Page 6-68

Binary Coded Decimal Command = Page 6-68

Binary Gommand = Page 6-68

Left Shift Reglster Command = Page 6-72

D1



D-2

FUN27 =
FUN28 =
FUN29 =
FUN40
FUN41
FUN42
FUN43 =
FUN44 =
FUN45 =
FUN47 =
FUN48 =
FUN49 =
FUNEQ =
FUNG1 =
FUNB2 =
FUN53 =
FUN54 =
FUNG5 =
FUNES =
FUNS?7 =
FUNSS =
FUNG9 =
FUNG0 =
FUNB1 =
FUNG2 =
FUNB3 =
FUNG4 =
FUNGG =
FUN71 =
FUN72 =

FUN73 =

FUN74 =
FUN76 =
FUN76 =
FUN?7 =

Appendix D

Command Cross-reference
(Continued)

Right Shift Register Command = Page 6-72

Branch Command = Page 6-23

Return Command = Page 6-23

Up/Down Counter Command = Page 8-74

No Operation Command = Page 6-268

Call Subroutine Command = Page 6-30

Subrouting Command = Page 6-30

Raturn from Subroutine Command = Page 6-30

Latch Command = Page 6-26

Shift Reglster Command = Page 6-70

Load Data into the Arithmetic Register = Page 6-83
Output Data from the Arithmetlc Reglster = Page 6-83
Constant Value Byte Load Command = Page 6-32
Constant Value Binary Addition Command = Pagse 6-34
Constant Value Binary Subtraction Command = Page 6-36
Constant Value Binary MuitipHcation Command = Page 6-38
Constant Value Binary Division Command = Page 6-40
Constant Value Binary Byte AND Command = Page 6-42
Constant Value Binary Byte OR Command = Page 6-44
Constant Value Byte (>} Compare Command = Page 6-46
Constant Value Byte {=) Compare Command Page 6-46
Constant Value Byte (<} Compare Command Page 6-16
Byte Load Command = Page 6-52

Binary Additlon Command = Page 6-54

Binary Subtraction Command = Page 6-565

Binary Multiplication Command = Page 6-56

Binary Division Command = Page 6-57

Word Exclusive OR Command= Page 6-60

Byte Out Command = Page 6-67

Mask the Arithmatic Register from the Most Significant Bit =
Page 6-80

Mask the Arithmetic Register from the Least Significant Bit =
Page 6-80

7-Segment Conversion Command = Page 6-77
ASCIlI Converston Command = Page 6-78

Rotate Shift Register Left Command = Page 6-73
Ratate Shift Register Right Command = Page 6-73



g FUN78 =
FUN79 =
( FUNBO

I8

FUNBH1

[

FUNB2 =

FUNB3 =

FUNB4 =

{ FUNB5 =
FUNEB =

s FUN89 =
FUNO1 =

FUNS2 =

FUN93 =

" ~.  FUN84 =
(o ( 1 FUNSB =
FUNY9 =

Appendix D

Command Cross-reference
(Continued)

Arithmetic Register Encode Command = Pagoe 6-79
Arlihmetic Register Decode Command = Pags 6-79

Exchange Arlthmetic Reglster's Upper Byte and Lowar Byls =
Page 6-81

Exchange the Nibbles of the Arithmetic Register's Lower Byte =
Page 6-81

Exchange Arithmetic Ragister Data and Extansion Register Data =
Page 6-81

Clear Carry Bit Command = Page 6-66

Set Carry Bit Command = Page 6-68

Invert Arlthmetic Register Command = Page 6-76

Set Command = Page 6-12

Raset Command = Page 6-12

Updats Specified External Inputs Command = Page 6-27
Update Specifisd External Outputs Command = Page 6-27
Interrupt Command = Page 6-29

Return from Interrupt Command = Page 6-29

Start Command = Page 6-9

End Command = Page 6-9
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