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Section 1

Introduction and System Overview

1-1. Unpacking Procedures

Numa-Logic programmable controllers and associ-
ated hardware are extensively tested and carefully
packaged prior to shipment. Upon delivery, inspect this
equipment for visible damage, and take an inventory
to verify that both the quantities and types of com-
ponents ordered have been delivered. The equipment
should also be tested to insure that it is operational.

MOTE: File any claim for damages with the carrier, or
its agent. Also, notify your Westinghouse represent-
ative so that corrective action can be taken at the
earliest possible time.

1-2. Basic Control Systems

Control systems basically consist of three sections, as
shown in Figure 1-1. :

* an input section, which gathers the information
required to keep track of the real-world operations
being controlled;

= a logic section, which proceéses the information
acquired by the input section, and which deter-
mines which output function should be activated;
and

= an output section, which provides control by acti-
vating the appropriate devices within the real-world
operations being controlled.

INPUT S LOGIC bl QUTPUT

Figure 1-1. Three Sactions of Any Control System

The three basic sections of a relay control system are
symbolicaily shown in Figure 1-2. In relay control
applications, the input section consists of input devices,
such as pushbuttons, limit switches and photocells.
The logic section is composed of control relays wired
together to produce the desired real-world operations.
The output section contains output devices, such as
motor starters, solenoids and indicator lights.

iNPUT - LOGIC QUTPUT
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Figure 1-2. Relay-type Control System

Figure 1-3 shows these three sections as they are rep-
resented for a programmable control system. The pri-
mary difference between the two types of systems is
that the control relay logic is replaced by a solid-state
processor and memory configuration. Through pro-
gramming, the processor and memory digitally proc-
ess all the dats for system operation. The processer’s
memory is programmed to duplicate the required
operating instructions of the control relay circuits.
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Figure 1-3. Three Sections of a
Programmable Controller

The input section contains the same input devices that
are found in the relay control system. However, the
process input signals produced by these input devices
are converted into low-level DC jogic voltages suitable
for solid-state controller operations. The output sec-
tion in a programmable control system converts the




low-level logic signals from the processor into the
voltage levels required to operate output devices. The
output devices are the same as those utilized in relay
control systems.

An advantage of this type of control is the ease with
which the system's control logic can be modified into
a variety of operating configurations by means of a
program loader.

1-3. System Overview

The Numa-logic PC-100 and PC-110 programmable
controllers offer outstanding control capabilities for

applications requiring from 20 to 112 inputs and out-
puts. To provide maximum flexibility in a minimum
amount of space, the power supply, CPU, memory, and
primary input and output circuitry are all combined
into a single, compact package.

Along with its built-in power supply and logic capa-
bilities, the PC-100 provides twelve input circuits and
eight output circuits. The PC-100 can also support an
/O Expander that supplies an additional six input cir-
cuits and four output circuits for a maximum total of
30 I/O in & PC-100 system, The PC-100's processor has
a program capacity of 320 words and also provides
64 data registers. '

® @

® @

@ NLB-100 Battery Cartridge and NLEP-191 EPROM
Cartridge Interface

@ 24 VPC or 120220 VAC, 50/60 Hz

@ Mode Selectar Switch

@ 24 VDC Dry Contact or 120 VAC input Circuits

® PCE-101 1/0 Expander Cable Interface

®

@

24 VDC or 120/220 VAC 50/60 Hz
@ Relay, Triac, or DC Source Qutput Circuits
NLLA-185 Loader Adapter Cahle Interface
@ External Run Contact

Figure 1-4. PC-100 Programmable Controller System
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- The PC-110, like the PC-100, includes an integral power
supply and processor and provides 24 input circuits
and 16 output circuits. The PC-110 can support up to
three /O Expanders, each supplying an additional 16

input circuits and 8 output circuits for a maximum
system total of 112 1/O. The PC-110's processor has a
program capacity of 1024 words and also provides 64
data registers.

OO ®6e6 @

® ©

@ NLB-100 Battery Cartridge and NLEP-197 EPROM
Chip Interface

@ 24 VDC or 120/220 VAC, 50/60 Hz

@ External Run Contact

@ External Battery Contact

® NLPL-180 Interface

® 24 VDC Dry Contact or 120 VAC Input Circuits
@ PCE-111 Cable Interface

Relay, Triac, or DC Source Output Circuits
Mode Selector Switch

Figure 1-5. PC-110 Programmable Controller System




®

The field-oriented construction of the PC-100 and
PC-110 allow programming, wiring, and maintenance
to take place easily from the front panel.

The PC-100 and PC-110 offer two means of back-up
for their CMOS RAM. A capacitor, standard in both
processors, will support memory for approximately
two weeks. An optional lithium battery will provide
back-up for up to three years.

For applications where the program will not be changed
or where the processor will be idle for a long peried,
EPRCM is available.

The NLPL-180 Program Loader is used to program both
the PC-100 and the PC-110. Both systems share the
same instruction set and data base, facilitating system
expansion. The NLPL-180 is connected to the PC-100
via a loader adapter and cable for programming and
monitoring. When interfacing to the PC-110, the loader
can be snapped directly to the front panel of the proc-
essor or can be connected via a loader adapter and
cable.

® Audio Cassette Tape Recorder Interface
@ Program Instruction Display

@ Code Kaeys

@ Cohtrol Keys

® Qutput Controlier Switch

® Numeric Keys
@ NLLA-185 Loader Adapter

Figure 1-6. NLPL-180 Program Loader -



TABLE 1-1. PC-100 AND ASSOCIATED HARDWARE

The foliowing table outlines and briefly describes all of the available hardware options that can be incorporated
into a PC-100 programmable controfler system. For an iHustration of how these hardware items are configured
into a system, refer to Figure 1-7.

o Power Input® Output
ltem Points Supply Type Type Remarks
PC-100 12/8 120 VAC 24avDhe Relay 320 program steps
220 VAC 120 VAC DC Source 64 data registers
24 VDC Triac
PCE-101 6/4 120 VAC 24 VDC Relay Includes integral cable,
/O Expander 220 VAC 120 VAC DC Source 100 mm {3.94 in.)
24 VDC Triac
NLPL-180 Program Loader Also compatible with
PC-110
NLLA-185 Loader Adapter Required to interface
NLPL-180 and NLEP-190 to
PC-100; Includes NLC-185
Loader Adapter Cable
Ni.C-185 |Loader Adapter Cable Interfaces NLLA-185 to
PC-100, 800 mm (31.50
in.}
NLB-100 Lithium Battery Cartridge Provides memory back-up
during power loss
NLEP-195 EPROM Cartridge Provides non-volatile
storage of program
instructions
NLEP-190 EPROM Writer : Used in conjunction with
PC-100 to store program
contents on EPROM
Cartridge; Compatible
with PC-110
NLEP-193 Socket for EPROM Cartridge Required to program
: EPROM Cartridge using
EPROM Writer
®Voitage for 24 VDC input circuits is supplied by the processor's internal power supply.
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TABLE 1-2. PC-100 }/O

Figure 1-7. PC-100 System Configuration

Total Number of System [/O 20 30
I/O Distribution, Inputs/Outputs 12/8 18/12
Number of PC-100s (12 Inputs/8 Outputs) 1 1
Number of PCE-101 /O Expanders {6 Inputs/4 Outputs) 0 1
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TABLE 1-3. PC-110 AND ASSOCIATED HARDWARE

The following table outlines and briefly describes all of the available hardware options that can be incorporated
into a PC-110 programmable controller system. For an illustration of how these hardware items are configured
into a system, refer to Figure 1-8,

o Power Input® Output
ftem Points Supply Type Type Remarks
PC-110 24/16 120 VAC 24 VbC Relay 1024 program steps
220 VAC 120 VAC BC Source 64 data registers
24VDC Triac
PCE-111 16/8 from 24 Ve Relay Up to 3 PCE-111 units can
I/O Expander PC-110 120 VAC DC Source be connected to a PC-110;
Triac Includes NLC-050 1/O
Expander Cable
NLC-050 I/O Expander Cable for PCE-111 ‘ 50 mm {1.97 in.}
NLC-400 1/O Expander Cable for PCE-111 400 mm {156.75 in.}
NLPL-180 Program Loader Snaps direct!\) to front
panel of PC-110 or can be
used with NLLA-185 and
NLC-186; Also compatible
with PC-100
NLLA-185 Loader Adapter Allows hand-heid use of
NLPL-180
NLC-186 Loader Adapter Cable Interfaces NELA-185 to
PC-110, 800 mm {31.80 in.)
NLB-110 Lithium Battery Unit Provides memory back-up
during power loss
NLEP-191 EPROM Chip Provides non-volatile
storage of program
instructions
NLEP-190 EPROM Writer Used in conjunction with
PC-110 to store program
contents on EPROM chip.
Also compatible with
PC-100
®Voltage for 24 VOC input circuits is supplied by the processor's internal power supply.
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Figure 1-8. PC-110 System Configuration

TABLE 1-4. PC-110 /O

Total Number of System |/O 40 64 88 112
/O Distribution, Inputs/Qutputs 24/16 40/24 56/32 72{40
Number of PC-110s (24 inputs/16 Outputs) 1 - 1 1

Number of PCE-111 I/Q Expanders
{Each With 16 Inputs/8 Outputs) 0 1 2
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Section 2

Speciﬁcat’mns

TABLE 2-1. LOADER SPECIFICATIONS

Program Loader EPROM Writer Program Loader
item NLPL-180 MNLEP-190 Adapter NLLA-185®
Functions e Programming and = Storing program onto * Required for interfacing
monitoring EPROM cartridge and NLPL-180 and NLEP-190
e Program storage by EPROM chip to PC-100
means of audio cassette —Write e Optional means of inter-
recorder -Verify facing NLPL-180 and
—Read NLEP-180 to PC-110
—EPROM Blank Check
External 200 (7.87) W x 90 (3.54) H 200 (7.87) W x 90 (3.54) H 202 (7.95) W x 91 {3.58} H
Dimensions, x 44 (1.73} D x 285 (1.12) D x 38 (1.50) D
rm {in.}
Weight, kg (tb.} 360 (0.79) 240 (0.53) 550 (1.20)

TABLE 2-2. GENERAL SPECIFICATIONS FOR PC-100 AND PC-110

Power Supply (ratings apply for 120 VAC and 220 VAC supplies)

Tolerance —15%, + 10%
Frequency 47 to 63 Hz
Dropout Tolerance 10 ms min.
Power Consumption
PC-100 25 VA max.
PCE-101 10 VA max.
PC-110 70 VA max.
PCE-111 10 VA max. {each unit)

Operating Environment 0° to B0°C, 0 to 95% humidity, non-condensing

Storage Environment®@ —-20° to 85° C, 0 to 95% humidity, non-condensing

1500 VAC, 1 min. between external terminal block and PC mount-
ing plate

Dielectric Strength

Noise Immunity 1000 V, 1 psec

500 VDC, 10 MO between external terminal block and PC mount-
ing plate

Insulation Resistance

O8torage temperature above 70° C will cause an approximate 20% decrease in the memory back-up period of the capacitor (normally
1,000 hours).

Storage temperature above 50° C will markedly reduce the life of the iithium battery. If the storage temperature of the programmable
controtler unit wili exceed b0° C, store the lithium battery separately.




TABLE 2-3. PC-100 SYSTEM SPECIFICATIONS

CcPU

Qperational/Control
Functions

Logical operation: AND, OR, NOT

Functional operation: Timer {0.1 to 12.7 sec.)
Counter {1 to 127 counts)
Shift Register (8 bits)
Step Controller {8 steps)
Master Control Relay

/O control: Read, Write :

Others: Clear, NOP (No operation)

Scan Time 5 msf0.2 K words, 8 msf320 words; speeds between these values are
proportional to the program length
Capacity 320 words
£ > Capacitor back-up: at 25° C, approx. one month
© ‘g at 50° C, approx. one week
§§ Type CMOS RAM
& Lithium battery (optional): approx. three years

EPROM (opt'ional}

Total Capacity

512 points {64 registers: IO buffer memory, internal data memory,

= including retentive memory)
G 3
g £
5 .
= Retentive Memory 128 points {16 of 64 registers when the battery is installed) including 1
point reserved for battery error output
% @ PC-100 Input: 12 points
L £ Output: 8 points
25 put-ep Total /O points: 30
§Q PCE-1011/O Input: 6 points
2~ | Expander Quiput: 4 points

I/O Signal Indication

Input: green LEDs; Qutput: red LEDs

Self-diagnosis

Processor fault, parity error, watchdog timer, and battery status

Control Qutput

’ Run confirmation contact (RUN)

Applicable Program Tools

Program Loader NLPL-180

Loader Adapter NLLA-185

{includes NLC-185 Loader Adapter Cabla)
EPROM Writer NLEP-190

Weight, kg (Ih.)

1.20 (2.60}

10
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TABLE 2-4, PCE-101 /O EXPANDER

Number of Input Points

6

Number of Quiput Points

4

I/O Signal Indication

Input: green LED
Qutput: red LED

Weight, kg {ib.}

0.5 {1.1}

Length of /O Expander C

able, mm (in.}

100 (3.94) {permanently connected to I/O Expander)

11 (.43}
:L

L-XX-T-1.] L3101 24
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Figure 2-1. External Dimensions for PC-100 in mm (in.}
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Figure 2-2. External Dimensions for PCE-101 I/O Expander in mm {in.)
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TABLE 2-5. PC-100 AND PCE-101 /O

TABLE 2-8. PC-100/PCE-101 DC SOURCE OUTPUT

GENERAL SPECIFICATIONS CIRCUIT RATINGS
Isofation Rating Parameter Min. Max. Units
Optical Device 2500 VAC for 1 minute Output Voltage 19 | 60 vDC
Relay 1500 VAC for 1 minute Output Current® - -15 A
O Circuit 1500 VAC for 1 minute QOutput Current per 8
Qutputs — 3 A
Leakage Current o 0.1 mA
Voltage Drop - 1.8 A
TABLE 26%2&;"3%%5&21 INPUT Propagation Delay - 0.1 ms
ONegatlve current indicates current leaving the PC
24 VDC Input Requirements for External Power Supply
Min. Max. Units
Voltage 19 60 v
Parameter Min. Max. Units Current® 0.3 - A
@Total qurrent to turn on the transistor; lead current not included
Off State Volitage 0 5 v
Off State Current 0 2 mA
On State Voltage® 19 a7 Vv TABLE 2-9. PC-100/PCE-101 TRIAC
On State Current 5 - mA OUTPUT _C%RCUIT RATINGS
Propagation Delay® - 4 ms
Parameter Min. Max. Units
@TFhe maximum voltage indicated is supplied by the built-in power
supply. Cutput Voltage 80 220 VAC
®Detay due to filter circuit RMS
Cutput Current 0.01 156 A
OCutput Current per 8
TABLE 2-7. PC-10¢/PCE-101 RELAY OUTPUT Outputs - 3 A
CIRCUIT RATINGS Inrush Current - 50 | Alcycle
Leakage Current
Parameter Min. Max. Units at 120 VAC 60 Hz - 0.55 mA
at 220 VAC 50 Hz - 0.9 mA
AC Voltage® 5 220 | VAC Frequency 47 63 Hz
RMS Voltage Drop — 1.2 Vv
DC Voltage® 5 30 vDC Propagation Delay® - 11 ms
Qutput Current 0.003 2 A -
Output Current per 8 ®Not zero crossing
outputs — 5 A
Leakage Current®
at 120 VAC 60 Hz e 0.55 mA
at 220 VAC 50 Hz - 0.9 mA
Electrical Life® 3,000,000 — Electrical
cycles
Inrush Current — 20 Aleycle
Propagation Delay
On® — 15 ms
Propagation Delay
offt® - 5 ms
@Minimum voltage indicated is needed for contact reliability
@Eiectrical life when refay contact is subjected to energizing and
de-energizing 14 VA coentactor coil
@The time from the instant when |ogic signat turns on (off) to
the instant when the relay contact closes {opens)

o



TABLE 2-10. PC-110 SYSTEN SPECIFICATIONS

CPU

Operational/Control
Functions

Logical operation: AND, OR, NOT

Functional operation: Timer (0.1 to 12.7 sec.}
Counter {1 to 127 counts}
Shift Register (8 bits)

Step Controlier (8 steps)

/O control: Read, Write ‘

Others: Clear, NOP (No‘operation)

Scan Time 5 msf0.2 K words, 8 ms/1K words; speeds between these values are
proportional to the program length
Capacity 1024 words
£ > Capacitor back-up: at 25° C, approx. 1.5 months
8 o at 45° C, approx. 2 weeks
g’é Type CMOS RAM
o Lithium battery (optional): approx. three years

EPROM {optional)

Total Capacity

512 points {64 registers: /O buffer memory, internal data memory,

possible}

> . . .
@ O including retentive memory)
® E
~2
Retentive Memory 128 points (16 of 64 registers when the battery is installed)
PC-100 Input: 24 points
T » Qutput: 16 points
g.‘é P P Total /O points: 112
&
€4 | pCE-1111/0 Input: 16 points
= Q Expander (up to 3 Output: 8 points

i/O Signal Indication

input: green LEDs; Output: red LEDs

Self-diagnosis

Processor fault, parity error, watchdog timer, and battery status

Control Output

Run confirmation contact (RUN), battery abnormal contact (BATT)

Applicable Program Tools

Program Loader NLPL-180
l.oader Adapter NLLA-185
EPROM Writer NLEP-120

Weight, kg {Ib.)

2.80 (6.20)
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TABLE 2-11. PCE-111 |/O EXPANDER

Number of Input Points 16

Number of Output Points 8

i/O Signal Indication input: green LED
Qutput: red LED

Weight, kg (Ib.) 0.85 (1.9) ,

Length of O Expander Cable, mm {in.) NLC-050 |/O Expander Cable: 50 {1.97}
{included with PCE-111)
NLC-400 I/O Expander Cable: 400 (15.75)
{optionai}

b
Clearance w1
for No. 8
Machine Screw

ﬁ‘ _J| |

slolsislsielales

170 (6.69}
182 (717}

]

Ly, |

! y

!< 120 (4.72) ;‘-! 4 121 {4.76)
130 {5.12) » 15 (.06}

L 4

14.5 (B7)

P

Figure 2-3. Externaf Dimensions for PC-110 in mm (in.}

Clearance for
No. 8 Machine Screw

Earce] o bl b b St ;
© sleiolsieisio0ie x ! i
.....
moooon
RNl § ) g
noooma * §E 5 §
mDmm--E ¢ ol &
CO Do . S 2 g
100 0 e ng
Fu N N ] ‘
pn H o
[
L I'I‘I‘S‘I‘I‘
LRI
) ® 0i0i00 e ol I
< 250 {9.84) :! 4 121 (4.76} ——————p;
260 {16.24) L] 157 {6.18)
36 {1.42) 14,5 {57}

/»-.\_.

Figure 2-4. External Dimensions for PCE-111 in mm {in.)
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TABLE 2-12. PC-110 AND PCE-111

GENERAL SPECIFICATIONS
Iselation Rating
Optical Device 2500 VAC for 1 minute
Relay - 1500 VAC for 1 minute
O Circuit 1500 VAC for 1 minute

TABLE 2-13. PC-110/PCE-111 24 VDC
INPUT CIRCUIT RATINGS

TABLE 2-15. PC-116/PCE-111 DC SOURCE
OUTPUT CIRCUIT RATINGS

Parameter M. Max. Units
Output Voltage 19 60 vDC
Qutput Current® - -2 A
Output Current per 8

Outputs - 5 A
Leakage Current - 0.1 2372
Voltage Drop - 1.5 \
Propagation Delay - 0.1 . ms

Parameter Min. Miax. Units
Qff State Voltage 0 5 Vv
Off State Current 0 2 mA
On State Voltage® 19 27 Vv
On State Current 7.5 - mA
Propagation Delay® o 2 ms

@Negative gurrent indicates current leaving the PC

Reguirements for External Power Supply

Min. Max. Units
Vaoltaye 9 60 v
Current® 0.6 - A

®Total current to turn on the transistor; load current not inciuded \

@®The maximum voltage indicated is supptied by the buiit-in power
supply

TABLE 2-16. PC-110/PCE-111 TRIAC

@Dbelay due to filter circuit

TABLE 2-14. PC-110/PCE-111 RELAY

OUTPUT CIRCUIT RATINGS
Parameter Miin. Max. Units
AC Voltage@ 5 220 VAC
RMS
DC Voltage® 5 30 vDC
Cutput Current 0.003 2 A
Output Current per 8
Outputs - 5 A
Leakage Current®
at 120 VAC 60 Hz - 0.55 mA
at 220 VAC 50 Hz — 0.9 mA
Electrical Life@ 3,000,000 - Electrical
cycles
Inrush Current - 20 AfCycle
Propagation Delay
On® - 15 ms
Propagation Delay
Off® - 5 ms

CUTPUT CIRCUIT RATINGS
Parameter Min. Max. Units
Output Voltage 80 220 VAC
RMS

Qutput Current 0.01 2 A
Output Current per 8

Qutputs : - 5 A
Inrush Current - 50 Alcycle
Leakage Current

at 120 VAC 60 Hz - 0.56 mA

at 220 VAC 50 Hz - 0.9 mA
Frequency 47 63 Hz
Voltage Drop - 1.2 A
Propagation Delay® e 11 ms
@Not zero crossing

®Minimum voitage indicated is needed for contact reliabitity

®Electrical jife when relay contact is subjected to energizing and
de-energizing 14 VA centactar coil

@The time from the instant when logic signal turns on (off} o
the instant when the refay contact closes {opens)




Section 3
Address Allocation

3-1. General Description

The PC-100 and PC-110 each contain two areas of
memory locations that are available for programming
by the user: program memory and data memory (see
Tables 3-1 and 3-3).

Program memory is the area which stores the logic
instructions that are programmed by the user and that
will, in turn, direct the operation of the controller. These
instructions, or steps, are stored in successive pro-
gram memory address locations, with the beginning
address {usually Step 0) designated by the user. The
PC-100 can store 320 program instructions, beginning
at Step 0 and extending to Step 319. The PC-110 can
store 1024 program instructions, beginning at Step 0
and extending to Step 1023. See Chapter 4 for detailed
information about the instruction set.

Bata memaory, in both the PC-100 and the PC-110, is
an area of 64 registers which store the status of inputs,

outputs, internal contacts and coils, and speciat func-
tions. These 64 data registers, referenced as Registers
0 to 63, can each be further divided into eight bits,
referenced as bits 0 to 7. {Refer to Tables 3-2 and 3-4
for detailed analysis of the PC-100 and PC-110 mem-
ories.) A complete bit address includes both the address
of the register in which the bit is contained and the
position of the bit within the register. For example, 5.7
is the address of the last bit (bit 7) in Register 5.

The status of a contact or a coil requires one bit, while
the status of a timing register, counting register, Shift
Register, or Step Controller function occupies a com-
plete eight-bit register. Bit and register data addresses
can be assigned to contacts, coils, and special func-
tions in any manner desired (with the exception of
input contacts and output coils, which have dedicated
bit addresses, as shown in Tables 3-1, 3-2, 3-3, and 3~
4.) The assignment of O addresses is detailed in sec-
tion 3-2. ‘

TABLE 3-1. PC-100 USER MEMORY ORGANIZATION

Step controllers

(128 points)

Type Allocation Address Remarks
Program Program instruction 320 steps - Step numbers Capacitor back-up
Memory 010 319 Additional back-up by
lithium battery is
optional.
Inputs 12 points 0.0t 0.7,
{PC-100) 1.0t0 1.3
{IN 1to 12}

Outputs 8 points 201027

(PC-100) (CR 1710 24) Unused /O addresses can
Data Memory | Inputs 6 points 3.0t0 3.5 be used as additional

(PCE-101 1/O (IN 25 to 30) internal data addresses.

Expander)

Outputs 4 points 4010 4.3

{(PCE-101 1/O {CR 33 to 36)

Expander)

internal contacts 43 registers 5.0 t0 47.7 Volatile—data

and coils (344 points} is {ost when

Timers ' power is removed.

Counters

Shift registers 16 registers 48.0 to 63.7

Non-volatile—data is
retained when power is
removed.

One point is reserved
for battery error
output.
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3-2. Memory Organization

The two major areas of memory locations available
to the user in the PC-100 are program memory and
data memory. A further analysis of the data memory
of the PC-100 is shown in Table 3-2.

The table below provides a detailed analysis of the.

PC-100's data memory area. Note that the area is
divided into 64 registers, each containing eight bits.

Input and output circuits have dedicated bit addresses
occupying the first five registers. The remaining 59
registers, referenced as Registers 5 to 63, constitute
the internal data area. Bit and register addresses from
this area can be assigned to internal contacts, coils,
and special functions in any manner desired. Note also
that the last 16 data memory registers {48 to 63) are
non-volatile, that is, their contents are retained during
the absence of power (within the limits of the internal
capacitor or battery back-up system).

TABLE 3-2. PC-100 DATA MEMORY CRGANIZATION

Bit Address
0 1 2 3 4 5 G 7
Register ¢ 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 Inputs ] PC-100
Address 0] 11| 2] 13] 14| 15] 18| 17| [00t007,1.0t013
2 2.0 2.1 2.2 2.3 2.4 2.5 2.0 2.7 :I Outputs 2.0 to 2.2’_
3 30| 31| 32| 33 34| 35| 36 37| |inputs3.0t035 " F}CE-101
O
4] 404 41| 42| 43| 44| 45| 46| 47 | JOutputs 4010 23] Expander®
5 5.0 5.1 b2 5.3 5.4 b.b 5.6 b7
6 6.0 6.1 6.2 6.3 6.4 6.5 6.6 8.7
7 7.0 7.1 7.2 7.3 7.4 1.5 7.6 7.7
8 8.0 8.1 8.2 8.3 8.4 8.b 8.6 8.7
g 9.0 9.1 9.2 9.3 9.4 2.5 2.6 9.7
101100101 | 10.2 1103 ] 104 | 105 | 10.6 | 10.7
Mo 1tz n3| 114|118 | 116117 Volatile
1211201121 3122 1123|124 11256 | 126 | 12.7 internal
131 13.0 1131 ] 13.2 1133 | 134 | 1351} 138 | 13.7 Data
141 14.0 | 141 | 142 {143 | 144 | 145 | 146 | 14.7 Area
/JV -
ot pry
473470 | 471 | 472 1 473 | 474 | 475 | 47.6 | 47.7 ]
431 48.0 | 481 | 48.2 | 483 | 484 | 485 | 48.6 | 48.7 7]
- 7% | Non-volatile®
63]| 630 | 63.1 | 63.2 | 63.3 | 634 [ 635 | 636 | 63.7 |_| a
® Unused I/Q addresses can be used as additional addresses for internal contacts and coils.
@ Non-volatite data area should be used for registers and internal contacts and coils whose contents sre to be retained during power
loss.
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The two major areas of memory locations availabie
to the user in the PC-110 are program memory and

TABLE 3-3. PC-110 USER MEMORY ORGANIZATION

data memeory. A further analysis of the data memory
area of the PC-110 is shown in Table 3-4.

I/O Expander 3}

Type Allocation Address Remarks
Program Program instruction 1024 steps Step numbers Capacitor back-up
Memory 0 to 1023 Additional back-up by
lithium battery is
optional.
Inputs 24 points 0.0to 0.7
{PC-110) {IN 1to 24)
Outputs 16 points 3.0tc 4.7
(PC-110) (CR 25 to 40)
Inputs 16 points 5.0 to 6.7
(PCE-111 {IN 41 to 56)
O Expander 1)
Outputs 8 points 70t07.7
{PCE-111 {CR 57 to 64}
[/O Expander 1)
Unused /O addresses can
) {PCE-111 (IN 65 to 80) internal data addresses.
/O Expander 2)
Outputs 8 points 10.0 to 10.7
{(PCE-111 : (CR 81 to 88}
I/Q Expander 2}
Inputs 16 points 11.0 to 12.7
(PCE-I‘!‘I (IN 89 to 104}
/O Expander 3}
Outputs 8 points 13.0 to 13.7
{PCE-111 (CR 105 t0 112)

Internal Data
including:

Internal contacts
and coils
Timers
Counters

Shift registers
Step controllers

34 registers 14.0 to 47.7 Volatile—data is lost
{272 points} when power is removed.
16 registers 48.0 to 63.7 Non-volatile—data is

{128 points)

retained when power is
removed.

18
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The table below provides a detailed analysis of the
PC-110's data rmemory area. Note that the area is
divided into 64 registers, each containing eight bits.
Input and output circuits have dedicated bit addresses
occupying the first 14 registers. The remaining 50 reg-
isters, referenced as Registers 14 to 63, constitute the
internal data area. Bit and register addresses from this

area can be assigned to internal contacts, coils, and
special functions in any manner desired. Note also
that the last 16 data memory registers {48 to 63) are
non-volatile, that is, their contents are retained even
during the absence of power {within the limits of the
internal capacitor or battery back-up system),

TABLE 3-4. PC-110 DATA MEMORY ORGANIZATION

Bit Address
Register 0 ! 2 3 4 S 6 ! —_ -
Address © 0.0 0.1 0.2 0.3 0.4 0.5 0.6 6.7 Inputs PC-110
1 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 00to 2.7
2 2.0 2.1 2.2 23 2.4 25 2.6 27 ]
3| 30 31| 32) 33! 34| 35| 36| 37| |0utputs
41 4.0 4.1 4.2 4.3 4.4 4.5 4.6 4.7 3.0t0 47 |
5| 50| 51 52| 63| 54] 55| 56| 57| |inputs N
6 6.0 6.1 6.2 6.3 6.4 6.5 6.6 6.7 _{b-0to 87
7 7.0 1 7.1 7.2 7.3 7.4 7.5 7.6 7.7 ] Outputs 7.0 t0 7.7 PCE-111
8] 80| 81| 82| 83| 84| 85 86| 87| linputs e}
9 8.0 9.1 9.2 9.3 9.4 9.5 9.6 9.7 _ 8.0109.7 Expanders®
10| 10.0 { 10.1 | 10.2 | 10.3 | 104 | 10.5 | 10.6 | 10.7 :l Outputs 10.0 to 10.7
MP110 |11 | 112 1131114 | 118 | 11.6 | 1.7 ulnputs
121120121 1122 | 123 | 124 | 1256 | 126 | 12.7 10w 127
13 13.0 ] 13.1 | 13.2 1 13.3 | 134 | 135 | 13.6 | 13.7 ]Outputs 13.0 to 13.7__
14| 14.0 | 141 | 142 ] 143 {144 | 145 | 146 | 147 | 7
T “F | Volatile
Internal
471 47.0 | 471 | 47.2 | 473 1 47.4 | 47.5 | 47.6 | 47.7 n Data
48] 48.0 | 48.1 | 48.2 | 48.3 | 48.4 | 485 | 486 | 487 |7 Area
T~ T Non-volatile®
63| 63.0 | 631 [ 63.2 | 63.3 | 634 [ 635 [ 636 | 63.7 | _
® Unused /O addresses can be used as additional addresses for internal contacts and coils.
@ :‘i(;:.-volatile data area should be used for registers and internal contacts and coils whose contents are to be retained during power
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3-3. Assignment of I/O Addresses

The /O addresses of the PC-100 and the PCE-101 [/O
Expander are fixed (see Figure 3-1 below). They are

also listed in the preceding section and are indicated
on the actual units,

Inputs
0.0 to 0.7[1.0 to 1.3

PC-100

2.01t027
Outputs

Inputs
3.0t0 35

PCE-101
I/O Exp.

4.0t0 43

Qutputs

Figure 3-1. PC-100 I/Q Address Assignments

The /O addresses of the PC-110 are fixed and are listed
in the preceding section and on the actual units. How-
ever, because up to three identical PCE-111 /O Expan-
ders can be connected to a single PC-110, the §O

address assignment of each {0 Expander is deter-
mined by its position in the chain (as shown below in
Figure 3-2}.

inputs Inputs Inputs inputs
00to]{10t0} 2010 5010 6.0 to 8.0 to 9.0t0 11.0 to 12.0 to
0.7 1.7 2.7 5.7 6.7 8.7 9.7 11.7 12.7
PC-110 PCE-111 PCE-111 PCE-111
- YO Ex. 1 JOEx. 2 /O Ex.3
3.0to 4.0 to 7.01t0 16.0 to 13.0 to
3.7 4.7 7.7 10.7 13.7
Outputs QOutputs Outputs Outputs

Figure 3-2. PC-110 1/O Address Assignments

NOTE: Follow these precautions upon connecting |/0 Expanders.

{1} Remove power before connecting and disconnecting /G Expanders, Connection or disconnection of /0
Expanders during Power ON causes an error, and the operation of PC stops.

{2) Connect /O Expander cables firmly and securely. If a cable becomes {oose while the power is ON, an error

will occur and the PC will stop.

20
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Section 4

Instruction Set

TABLE 4-1. LIST OF INSTRUCTION WORDS

Instruction Ladder Figure
Word Symbol Reference Comments
: input contact, s Start of logic
RD Hl—m—- internal contact ¢ Intermediate memory of computation
resuit
Input contact, ¢ Start-of logic
aD NOT $——m internal contact * Intermediate memory of computation
resuit
Input contact, ¢ Logical product
AND ii internal contact
Input contact, = Logical product
AND NOT ﬁ internal contact
Input contact, e Logical sum
OR é—“——j— internal contact
Input contact, ¢ Logical sum
OR NOT irternal contact
= Logical product of computation result of
AND MEM up to previous instruction and the
contents of intermediate memory®
» Logical sum of computation result of up to
OB MEM previous instruction and the contents of
intermediate memory®
Cutput colil, e Coil
WR internal coil
WR TMR m—— Timer e Timer operation
e Counter s Counter operation
WR CTR R
DS = Preset value of Timer or Counter
WR SR . E Shift Register « Shift register operation
WR SC — Step Controller e Step controller operation
CLR * Clearing of data in registers
WR MCR » Master Control Relay
e Release of Master Control Relay
WR NOT MCR
Mintermediate storage stack (MEM] is for one step.

21




®

4-1. Temporary Storage Registers Step 2. RD or RD NOT ARG

The PC-100 and PC-110 require register locations to Contact Status

temporarily store the result of a program operation.

The following three types of temporary storage reg- + After an AND MEM or OR MEM instruction, the com-

isters are provided. putation result of the contents of ARG and MEM is

stored in ARG.

ARG (Arithmetic Register) Computation of ARG

The ARG is an internal register not directly accessible ARG and MEM ?

from the program lpader. It performs the foHowmg

functions: MCR (Master Control Relay Register)

* After a RD or RD NOT instruction, the status (ON or The E}{ECR register, when in the OFF state, disables a
OFF) of the contact referenced by the RD or RD NOT specified number of subsequent program steps.
instruction is stored in ARG. » The WR MCR instruction causes the contents of ARG

: to be stored in MCR.
RD or RD NOT ARG
Contact Status > )

* After an AND, AND NOT, OR, or OR NOT instruction, * In executing a program, each instruction is ANDed

the specified computation result is stored in ARG. with the contents of MCR, and the computation result

is stored in ARG.

Instruction «m---—:)‘_>

MCR

l Computation Result | — ! ARG |

MEM (Memory Register)

The MEM is a register used to store the results of a
previous step. lts contents can be accessed by the user.
it performs the following functions.

s After a RD or RD NOT instruction, the contents of

stored in MCR, allowing return to normal operation.

ARG are first transferred to MEM, and the status of l Logic 1 | - I MCR I

the contact referenced by the RD or RD NOT instruc- . , ) . .

tion is then stored in ARG. The following section, "Description of Instructions,”
includes examples that illustrate the use of the ARG,

Step 1. [ ARG | -~y [MEM]| MEM, and MCR registers.

e The WR NOT MCR instruction causes a logic 1to be

4-2. Description of instructions

This section describes the functional operation of each of the instruction words available on the PC-100 and
PC-110. Procedures for key entry of these instructions are found in Section 5-7.

NOTE: The programming examples used throughout this manual use reference numbers from the /O addresses
assigned to the PC-100 (inputs 0.0 to 0.7 and 1.0 to 1.3; cutputs 2.0 to 2.7). This allows the reader to observe
the operation of the programmed examples from the eight LED output indicators {labeled 2.0 to 2.7} located on
the lower left of the PC-100.

If attempting to program and observe the operation of these examples using a PC-110 instead, output addresses
from the PC-110 {3.0 to 3.7 and 4.0 to 4.7} should be substituted for the PC-100 output addresses used in the
examples so that LED’s 3.0 to 3.7 and 4.0 to 4.7 will be active.

RD and WR
(Read and Write}

The RD instruction indicates a normally open contact at the start of a line of ladder logic.

The WR instruction indicates an output coil or an internal coil.

: Contents
Sequence Coding of Storage Registers
0.0 Step fnstruction ARG MEM
+"| : @"‘* 0.0
g RD 0.0 e —
0.0
1 WR 2.0 H fr -

22
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e Movement of Storage Register Contents

RD stores the status of a specified contact {ON or OFF signal} in ARG and transfers the previous contents of ARG
to MEM.

0.0 —3 [ ARG | —3 |MEM]

WR transfers the contents of ARG to a specified coil.

ARG | 5 20

BD NOT and WR
{Read Not and Write)

The RD NOT instruction indicates a normally closed contact at the start of a line of ladder logic.

Contents
Sequence Coding of Storage Registers

% 0.0 Step Instruction ARG MEM
- “' 2.0 )—%
F i 0.0

o [RDNOT 00 b

1 WR 2.0 +%D'L -

* Movement of Storage Register Contents

RD NOT inverts the status of a specified contact and stores it in ARG, and transfers the previous contents of ARG
to MEM.

0.1 (lnversion) —» —

AND
The AND instruction connects a normally open contact in series with the previous logic instruction(s).
Contents
Sequence Coding of Storage Registers
H.g {2 : {;0\ % Step Instruction ARG MEM
¥ R E \J 0.0
0 RD 0.0 +——| — -
0.0 0.1
1 AND 0.1 }{ - -
0.0 2.1
2 WR 2.0 {»! i b -
« Movement of Storage Register Contents * Number of Contacts
AND ANDs the status of a specified contact with The number of program steps available in the proc-
the contents of ARG and stores the result in essor's memory is the only limitation on the number
ARG. of contacts that can be connected in series by means
of the AND instruction.
Instruction
0.1"3_,,’___ ARG +—EI}.0 0.1 0.2
RD 0.0
AND —I F AND 0.1
AND 0.2
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AND NOT

The AND NOT instruction connects a normally closed contact in series with the previous logic instruction{s).

TN

Contents
Sequence Coding of Storage Registers
0.0 0.1
+_|= Lk (o) + Step Instruction ARG MEM
Al u 0.0 .
] RD 0.0 — -
0.0 041
1 AND NOT 0.1 +! pond e -
.0 0.1
2 | WR 2.0 +! it -
» Moverment of Storage Register Contents + Number of Contacts
AND NOT inverts the status of specified contact, The number of program steps available in the proc-
ANDs it with the contents of ARG, and essor's memory is the only limitation on the number
stores the result in ARG. of contacts that can be connected in series by means
of the AND NOT instruction.
Instruction

0.1 {Inversion} -E__ ARG l ¢.0 0.1 0.2 J:. D "
‘ AND .—l

AND NOT 6.1

AND NOT 0.2

.-/-’_‘-\‘\

OR
The OR instruction connects a normally open contact in parallel with the previous logic instruction(s).
Contents
Sequence Coding of Storage Registers
0'? 20 Step Instruction ARG MEM
! ) 0.0
0.1
0 RD 0.0 (— -
— H-
0.0
1 OR 0.1 r_—iim I -
0.9
2 | WR 2.0 tj E]' -
» Movement of Storage Register Contents * Numnber of Contacts
OR ORs the status of a specified contact with the The number of program steps available in the proc-
contents of ARG and stores the result in ARG. essor's memory is the only limitation on the number

of contacts that can be arranged in parallel by means
of the OR instruction.

0.0
i ) S ETS _] F—(o)—t instruction

or 0.1 : RD 0.0
s OR 0.1

OR 0.2

v WR 2.0
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OR NOT

The OR NOT instruction connects a normally closed contact in parallel with the previous logic instruction{s).

Sequence

[=]

2.0

© S
[g——

e Movement of Storage Register Contents
OR NOT

the result in ARG.

Coding
Step Instruction
0 RD 0.6
1 OR NOT 0.1
2 WR 2.0

inverts the status of a specified contact,
ORs it with the contents of ARG, and stores

¢ Number of Contacts

Contents
of Storage Registers

ARG MEV

2.0 -

P —_

e

6.0
i %tm I e

The number of program steps available in the proc-
essor's memory is the only limitation on the number
of contacts that can be arranged in parailel by means

of the OR NOT instruction.

. 0.0 -
0.1 {inversion) ARG A VO S——— Instruction
RD 0.0
OR NOT 0.1
OR NOT 0.2
T WR 2.0
AND MEM
The AND MEM instruction connects two blocks of parallel contacts in series,
NOTE: Each block must begin with an RD instruction.
Contents

Sequence

S SR
D)
i 5
—_—io =

N, - g
\\/( \\\ 4
v

Block 1 Biock 2

RD 0.2 begins Block 2.
AND MEM connects Block 1 and Block 2
in series.

Coding
Step Instruction
0 RD 0.0
1 OR 01
2 RD 0.2
3 OR 0.3
4 AND MEM
5 WR 2.0
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* Movement of Storage Register Contents

AND MEM  ANDs the contents of ARG with those
of MEM, and stores the result in ARG,

:D—.IARG -—l MEM |

¢« Number of Blocks

The number of program steps available in the proc-
essor's memory is the only limitation on the number -
of blocks that can be connected by the AND MEM
instruction.

The RD, OR, AND MEM sequence of instructions can
be used contlnually as many times as needed.

-AND
0.0 0.2 0.4 F Instruction
(1) The compu_tation result of_BIock 1{RD 0.0 and OR 0.1 0.3 0.5 RD 0.0
0.1 instructions) is stored in ARG. :-_-E ::E Zj f_ OR 01
(2) RD 0.2 of Block 2 causes the computation resuit RD 0.2
of Block 1 to be transferred to MEM. The com- .
putation result of Block 2 {RD 0.2 and OR 0.3 OR 0.3
instructions) is stored in ARG. AND MEM
{3} When the AND MEM instruction is executed, the RD 0.4
computation result of the series connection of MEM -
{Block 1) and ARG (Biock 2) is stored in ARG. OR 0.5
AND MEM
OR MEM
The OR MEM instruction connects two blocks of series contacts in ;Sarallei.
NOTE: Each block must begin with an RD instructicn.
) Contents
Sequence Coding of Storage Registers
e Block 1~ Step ingtruction ARG MEM
0.0 X oe
| — @ 0 RD 0.0 }——l —
T i 0.6 01
0.2 0.3 1 AND 0.1 l‘l — F“-\
el L 9.2}.“ 99 01
N - RD 2 *—l .
- ™~ Block 2 -~ 2 0
22 03 090 o1
3 | anp oz | |fiE |Hi-
RD 0.2 begins Block 2. oo, 1‘//
OR MEM connects Block 1 and Block 2 in parafiel. 4 OR MEM | EM?&
' pooy 7
0.2 03
5 WR 2.0 L’ H:I




e Movement of Storage Register Contents

OR MEM ORs the contents of ARG with those of
MEM, and stores the result into ARG

=

{1} The computation result of Block 1 (RD 0.0 and
AND 0.1 instructions} is stored in ARG.

ARG

OR

{2} RD 0.2 of Block 2 causes the computation result
of Block 1 to be transferred to MEM. The com-
putation result of Block 2 (RD 0.2 and AND 0.3) is

stored in ARG.

When the OR MEM instruction is executed, the
computation result of the paraliel connection of
MEM {Block 1} and ARG (Block 2) is stored in ARG,

—X

e Number of blocks

The number of program steps available in the proc-
essor memory is the only limitation on the number of
blocks that can be connected by the OR MEM
instruction.

The RD, AND, OR MEM seguence of instructions can
be used continuaily as many times as needed.

0.0 0.1 Instruction
11 1} RD 0.0
&2 93 AND 0.1
Er i
2_? 0.5 RD 0.2
1r il AND 0.3
OR MEM
RD 0.4
AND 0.5
OR MEM
WR 2.0

WR MCR and WR NOT MCR
{Master Contro! Relay)

The MCR instruction allows a prescribed condition to disable a specified number of subsequent program steps.
When the contact referenced by MCR is energized {logic 1), the instructions that follow the WR MCR instruction
operate normally. However, if the state of the contact referenced by MCR is 0, the instructions that foliow and
that are between WR MCR and WR NOT MCR will be affected as follows:

e putput coils and internal coils turn OFF;
= Timer and Counters are RESET;

» Shift Registers and Step Controliers remain UNCHANGED.

Contents
Sequence Coding of Storage Registers
Step Instruction ARG MEM MCR
0.0
0.0 0‘§ %? (7o) 0 |RD 0.0 {—-}}—- 1 {oNy
,_fi'? X 1 | WR MCR H'?m
2.3 AR |t S
: (=) '
TWA NOT MCR N DY H
: ) 2 |RD 01| oom }-—H—— Haror - 1
In this example, WR MCR/WR NOT MCR is used VTS H-U
when the circuit has more than one output 3 AND 0.2 o (orpy 22 —
branch. 0.1 0.0
(=13 i
4 WR 2.0 0 (OFF) az\}"‘”"‘" €ARG)\
0.?” A o.’u ) = 0
5 RD 0.3 0 OFF) o toF 02 \
0.3 9.1
alid
6 WR 23 1 |owom 0 10FF~2 \
v, WR NOT MCR '% O (OFF} 1 (ON)
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* Movement of Storage Register Contents
{1} The WR MCR instruction stores the status of ARG in MCR.

(2) Subsequent instructions are ANDed with the contents of MCR. If the status of MCR is at a logic 0 {OFF), the
instructions between WR MCR and WR NOT MCR are processed as described above.

(3) The WR NOT MCR instruction sets the status of MCR at a logic 1. After this, the MCR has no effect on the
processing of subseguent instructions, that is, the status of contacts, coils, and registers are now determined

solely by normal operating conditions.
ARG T MEM

MCR = WR NOT MCR {Logic 1}

Logic
instructions

TMR

{Timer in Tenths of Seconds)

The TMR instruction provides a count-down timer that can energize an output when lts current value reaches 0.

The TMR uses two input circuits for operation: an enable circuit and a timing circuit. Both must be energized in
order for the timer to begin timing. Anytime the enable circuit is de-energized, the current value is reset to the
preset value. If the timing circuit is de-energized while the enable circuit is energized, the current value is held
constant. Then, when the timing circuit is re-energized, the timing register resumes s count-down.

Preset: The timer preset is programmed as a constant value using the DS {Data Set) instruction. The preset can
be any value between 0 and 127, inclusive. The timer reference pulse is 0.1 sec. Therefore, the range of the timer
is 0.0 to 12.7 seconds.

Timing Register: The timing register is programmed using the WR TMR instruction with a valid register address
{0 to 63). The current value of the timer resides in the first seven bits (0 to 6} of the timing register. {This is why
the range of the timer is 0 to 127 [27-1], or 0 to 12.7 seconds.) The eighth bit {bit 7) of the timing register is used
to indicate the status of the timer. When the current value reaches 0 (bits 0 to 6 OFF), bit 7 is turned ON.

For example, the address of the status bit of timing register 40 is 40.7. This bit can be used to energize an output
coil when the timer times out, as shown in the example below.

Example %:
Simple TMR Circuit

Sequence Coding
Step Instruction
Ehable Cireut < oo 0 | RD 0.0 | Enable Circuit
Timing Circuit TMR 40 1 RD 0.0 Timing Circuit
40.7 ~ 2 bs 50 Preset Value
@ 3 WR TMR 40 | Timing Register
407 fﬁ\ P! RD 207 {Contains Current Value}
./ 5 | WR 20
6 RD NOT 40.7
Timer Input 0.0
7 WR 2.1

I 8.0 Sec. |
Qutput 4.0 ':‘(N
[]

1 1

NOTE: The contacts for the enable and timing circuits can be different.
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Example 2:
Memory Protection Against Power Failure

The contents of the timing register can be preserved during power loss by choosing a register from the non-
volatile memory area (Registers 48 to 63) as the timing register.

Codin
9.0 Enable Circuit : M Processor Powe W "
k - b 50 Step Instruction mw ' '
00 Timing Ciroui 0 |RD 0.0 M S S U
e T =5 AT
48.7 ) " 3 See. 2 Sec. E : i
b @ 2 DS 50 [ tvrae IR P
3 | WRTMR 48 i
4 | RD w7 — \\\\\\

CTR

{Counter}

The CTR instruction provides a count-down counter that can energize an output when its current value reaches
0.

The CTR uses two input circuits for operation: an enable ¢ircuit and a counting circuit. The enable circuit must
be energized in order for the counter to recognize a signal on the counting circuit. Anytime the enable circuit is
de-energized, the current value is reset to the preset value. When the enable circuit is energized, the current value
in the counting register is decremented by one each time the counting circuit changes from non-conducting to
conducting. .

Preset: The counter preset is programmed as a constant value using the DS (Data Set) instruction. The preset
can be any value between 0 to 127, inclusive.

Counting Register: The counting register is programmed using the WR CTR instruction with a valid register
address {0 to 63), The current value of the counter resides in the first seven bits (0 to 6) of the counting register.
{This is why the range of the counter is 0 to 127 [27-1]. The eighth bit (bit 7} of the counting register is used to
indicate the status of the counter. When the current value reaches 0 (bits 0 to 6 all OFF), bit 7 is turned ON.

For example, the address of the status bit of counting register 40 is 40.7. This bit can be used to energize an
cutput coil when the counter counts down to 0, as shown in the exampie below.

Example 1:
Simple CTR Circuit

Sequence Coding
Enable Circuit ' Step instruction
DS 8 0 gD 0.0 | Enable Circuit
ing Ciroui CT
Counting Circuit R40 ] D 0.1 | Counting Circuit
N 2 DS 8 | Preset Value
2.0 _ '
\_/ 3 | WRCTR 40 | Counting Register
4 RD 207 | (Contains Current Value}
5 WR 20

Count Signal a1 m ,,,,, m

123 7189

Output 2.0 m__

5
I
t
]
]
]
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Example 2:
Memory Protection Against Power Failure

The contents of the counting register can be preserved during power loss by choosing a register from the non-
volatile memory area (Registers 48 to 63) as the counting register.

Sequence Coding
- Processor Power
. O‘? . Enabla Circuit g Step Instruciion
01 Counting Cirout | CTR 40 0 |70 09
; ‘ f)untmg .lrcwt : » 2D o
T ” 2 | DS 7
‘ ' 3 | WRCTR 60
4 RD 60.7
5 WR 2.0 . R
SR
(Shift Register)

The Shift Register instruction provides a means of serially shifting register data one bit at a time. On command
from the program, the status of each bit in the register under SR control is shifted one place to the right.

Two contact circuits control the SR function: the serial data circuit and the shift circuit. Each time the shift circuit
changes from non-conducting to conducting, the bits in the register are all shifted one position to the right. The
status of the eniry position bit {bit 0} is determined by the state of the serial data circuit at the time the SR
receives an input to the shift circuit. When the serial data circuit is conducting, a logic 1 is shifted in; when not
conducting, a fogic 0 is shifted in. When a shift occurs, the data in the last bit (bit 7) is shifted out of the register
and lost.

Example 1:
Basic SR Circuit
Sequence Coding
0‘? - Serial Data Circuit Step Instruction
k 0 RD - 0.0
81 ghift Circuit $R2 1 RD 0.1
)
2 WR SR 2
Shift Register Operation
0 1 2 3 4 5 6 7
SR 2
Serial Data f“""’" ;‘*"’w — JG‘JHM
fnput ./ 20 21 2'..2 2‘.’3 24 25 26 27 . Lost

PARALLEL OUTPUT

Example 2:
Chaining SRs

Shift registers can be chained to operate synchronously as a single, long register. This is achieved by assigning
a common shift circuit to each 8R in the chain. The status of bit 7 of the left SR in the chain feeds the serial daga
cireuit of the adjacent SR {second SR in the chain}. Likewise, the status of bit 7 of the second SR in the chain
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determines the status of the serial data circuit of the third SR in the chain. Chaining continues in this format until

the number of bits in the chain is sufficient to accommodate the application. The status of bit 7 of the right SR
{last SR in the chain) is shifted out and lost. ‘

Sequence Coding
0.0 Serial Data Circuit o Step Instruction
; ; shift £ 0 RD 2.7
. o =
i} — e 1 | RD 0.1
27 S 2 | WRSR
i} sra | |2 RS 4
01 £ 3 | RD 0.0
ik 4 | RD 0.1
5 WR SR 2
NOTE: In programming this example, first program
SR 4, then SR 2, 1o insure proper shifting of bit data
within the chain.
Chaining Operation
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
SR 2 SR4
Serial i ¥ gwéwé“—*’&qi ]~ mw@q@ i N ‘
Data /A 5 l '! l Lost
input 20 21 22 23 24 25 286 27 40 41 42 43 44 45 46 4.7

sC
{Step Controller}

The Step Controller instruction provides special priority processing of the contents of a register. The Step Con-
troller consists of a block of up to 8 bits of the user-specified SC register.

Typlecal SC Circuit

Sequence Coding

?.c!: g % Step Instruction

o 0 | RD 0.0

{ b 55 1 WR 2.0

?i’"’"‘ §‘§ 2 RD 0.1

10 3 WR 2.1

i} CLR 4 | RD 0.2
5 WR 2.2
6 RD 1.0
7 CLR 2

Step Controller Characteristics
¢ Only one ouiput can be on at any one time.

¢ Outputs are latched, that is, an output will remain on even after the input which originally initiated it has turned
off. The output remains on until the SC recognizes a new output instruction or a CLR (clear) instruction.

* The circuit is a LIFO (Last In, First Out) type. If two of more inputs are present at the same time, priority is given
to the output occurring later in the SC block,

e The CLR instruction clears the contents of the specified SC register.
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SC Operation

The table below outlines the operation of the simple SC circuit illustrated, and the relationship between its inputs

and outputs.

Input
00701]02]03] 0.7 |Output Remarks
0.0
sC N
s 1 o Input - n;r;e
0.1 .
SC i
— 5¢ ‘ T T T T T 2 :[— Latching
0.2 Single }
{ g% Input el B 2B B S 21 |
03 = - | @ | - 22
—— —
0.7 3 v | @] -] -] - 24 Last output
11 CLR . I __in the SC
b 2 oo - 2.2 block has
More Than -t @ ®] 2.3 priority
One !nput . — . ® — 23
® - | @®] |- 2.2 | e
® | — | ] ] - 2.0 |—
Clear ® || ~]|-—-]®]|none CLR has
— averall
| =] -] -] ®| none priority
e | -} e | e | e | none |-
Sequential Operation Circuit
Sequence Coding Coding
Step Instruction Step Instruction
0.0 401402 40.3 = —l 0 RD 0.0 9 AND 401
o1 40.0 w0 1 AND NOT ~ 40.1 10 | WRSC 40.2
P &5 2 | ANDNOT 402 THED 0.3
it i T 3 | ANDNOT 403 12 | AND 40.2
40.2
03 N 4 | WRSC 40.0 13 | WRSC 40.3
b w03 [ 5 | RD 0.1 14 | RD 0.7
0.7 40.3
CLR .
| | - —T 6 AND 40.0 18 AND 40.3
7 WR SC 40.1 16 CLR 40
8 RD 0.2

This circuit limits the output to a pre-defined sequence. In this example, the outputs are energized in ascending
numerical order; that is, in order for an output to energize, the output immediately preceding it must first be on.
This circuit is useful in situations where interlocking or safety requirements must first be met in a prescribed
sequence in order for final operation to take place.

NOTE: in this example, the SC instruction is operating on an internal register (40), rather than on an output
register (2), as shown in previous examples. This is meant to illustrate that the special functions (TMR, CTR, SR,
and SC) can operate on any of the 64 data registers and are not restricted only to output registers.
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Section 5

Procedures for Operation

5-1. Program Loader

The NLPL-180 Program Loader programs and moni-
tors both the PC-100 and the PC-110. When used with
the PC-100, the foader must first be snapped to the
NLLA-185 Loader Adapter. The NLLA-185 acts as an
interface to the PC-100 and is connected via the
NLC-185 Loader Adapter Cable. When used with the
PC-110, the NLPL-180 can be snapped directly to the
front panel of the processor or can be connected via

the NLLA-185 Loader Adapter and the NLC-186 Loader
Adapter Cable for hand-held operation.

The display includes step number, register number,
control display, instruction indication, monitor display
and other functions.

The program loader has an interface to a cassette tape
recorder to provide a means of program storage and
retrieval.

Figure 5-1. NLPL-180 Program Loader
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TABLE 5-1. KEY FUNCTIONS

Classification Description Function
C Clears display, clears memory (when used with
INS key)}
CE Clears num-ber
CALL : Retrieves and displays program step, register

address, and bit address

ENT Enters preceding keystrokes into memory
+ increments program step, register address, and bit
STEP address by one
Controt Keys - Decraments program step, register address, and bit
- | STEP address by one
+ J Searches for specific instructions or bit addresses

“SRCH ., in the direction of ascending program steps

Ce : Searches for specific instructions or bit addresses in

SRCH - N o the direction of descending program steps
ENS ' _ . Clears mémory, inserts program instruction
DéL__ - IR C Deletes program instruction
REG .; - 3 ' Denotes register and bit data
'oﬂi, OFF o Forces coils ON/OFF (when used with OC switch)
REC, PLAY, VER Records, ioads, and verifies program
| éode Keys RD, AND, OR, WR, NOT, MEM, | Program instruction words

TMR, CTR, DS, MCR, CLR

Numeric Keys Oto @ Select program step, register address, bit address,
and timer and counter values

Qctal Point . Distinguishes register and bit addresses from each
other

Figure 5-2. Program Loader Keys
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TABLE 5-2. KEY ENTRY PROCEDURES ~PROGRAMMING

Processor
Operation Mode Switch Key Sequence
Clearing Program PRG (1) C
Mermory Area M Hold C and press INS
(2) INS 1 (5
(]
_ NOTE: OC switch must be in upper position.
Clearing Data PRG {1} C
Memory Area | Hold C and press INS
{2} INS J L
D .
NOTE: OC switch must be in lower position.
galiing PRG (hh C
rogram Step or |
RUN {2) Step number
{3} CALL
]
Incrementing PRG +
Program Step or STEP
RUN |
Decrementing PRG -
Program Step or STEP
RUN [
Entering PRG (1) Code Key
Program Instruction (2) Register or bit address
{3) ENT
L]
Inserting PRG {1} Call program step
Program Instruction {2} Code Key
{One Step) 53; Reg:ster or bit address
4
Iﬁ
Inserting PRG (1} Call program step
Program Instructions (2} Delete instruction word
(n Steps) {3) Enter the number of instructions to be inserted
{4) INS
(1
NOTE: n instructions are inserted and the succeedmg
instructions are incremented by n steps.
Deleting PRG {1} Call step to be deleted
Program Instruction {2} DEL
{One Step) (]
Deleting PRG (1) Call program step

Program Instruction
{r Steps)

(2) Delete instruction word
E3; Enter the number of instructions to be deleted
4) DE

L]
NOTE: n instructions are deleted and the succeeding
instructions are incremented by n steps.

TABLE 5-3. SEARCHING FOR INSTRUCTIONS

Processor
Operation Mode Switch Key Sequence

Searching for PRG {1} Instruction word
a Specific or ' + -
Instruction RUN SRCH or SRCH

[ 1
Searching for PRG (1) Register or bit address
a Specific or {2y + -
Register or RUN SRCH or SRCH
Bit Address ] L]
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TABLE 5-4. MONITORING BIT AND REGISTER DATA

Processor
Operation Mode Switch " Key Sequence
Monitoring PRG {3 C
Bit Data or ]
{or Individual RUN {2} REG
I/O Signals) ]
(3) Bit address
{(4) CALL
]
Monitoring PRG (1) €
Data Registers or 3
{or /O Signals RUN {2} REG
in Groups of Fight} -
: {3} Register address
{4) CALL
[.J
Monitoring Current PRG {h C
Value of TMR ar ]
and CTR RUN (2} REJG
{3) TME or CIR
O] L]
{4) Register address
{5) CALL
LJ
TABLE 5-5. FORCING ON/OFF BIT AND REGISTER DATA
Processor
Operation Mode Switch Key Sequence
Forcing PRG (1) C
ON or OFF or i
RUN {2) REG
L .
{3} Register or bit address
§ {4) CALL .
LS [:]
{5 %!]\E or Q{%F _
NOTE: OC switch must be in upper position
TABLE 5-6. TAPE FUNCTIONS
Processor :
Operation Mode Switch Key Sequence
Recording Program PRG (1) C
in Processor Memory or !
onto Cassette Tape RUN
{2} REC
[]
{3) ENT
L]
Verifying Program PRG {1y C
Recorded on Cassette ar |
Tape RUN {2} VER
L]
{3) ENT
[]
Loading Program PRG (1} C
from Cassette Tape ]
into Processor Memory {2) Pl{i%Y
{3} ENT

P

T



(Program Flowchart)

Set processor
mode switch to
PRG.

Clear program memory
and data memory.

R

Enter program.

-

Check program.

NO / Is correct program

\ entered?

YES

Modify program.

Set processor mode switch to

RUN and check operation of

program.
Is program modification YES
required?
NO Set processor mode
End switch to PRG.

Figure 5-3. Procedures for Entering and Modifying a Program.
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TABLE 5-7. CLEARING PROGRAM MEMORY

Results
STEP Instruction | REGISTER
Operation Flow ‘Key Sequence Display Display Display Remarks
Set mode PRGP/} |RUN « Must be in PRG mode.
switch to PRG.
| oc
Check OC Q | ower + Must be in lower
switch. Elposition position.
Press C key C
and hold. M
INS INS s Press the INS key while
Press INS key. ] K% holding the C key.
#
TABLE 5-8. CLEARING DATA MEMORY
Results
STEP Instruction | REGISTER
Operation Flow Key Sequence Display Pisplay Bisplay Remarks
Set mode PRGP ] |RUN » Must be in PRG mode.
»sWitCh to PRG. OC
1 e U * Must be in upper
Check OC L pgszfc}iron position.
switch. EI
1
Press C key = C
and hold. ]
INS INS * Press the INS key while
Press INS key. [ :.: holding the C key.

5.2, Correcting a Keystroke Error

¢ Instruction word key
Press the key of an instruction word whose LED
indicator is on to remove the instruction word.
Once the incorrect instruction word has been
removed, press the key of the correct instruction
word.

* Number key
Press CE key and then enter a correct number.

5-3. Programming Examples

This section illustrates several programming exam-
ples and the specific key sequences for entry of the
examples. For a description of the functional opera-
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tion of the instruction words shown in these exam-
ples, refer to section 4-3.

To observe the operation of these examples, after
programming:

{1} set the processor mode switch to RUN;
{2} energize the appropriate input circuits; and
{3) observe the output LED indicators on the PC.

NOTE: The programming examples used throughout
this manual use reference numbers from the I/O
addresses assigned to the PC-100 (inputs 0.0 to 0.7
and 1.0 to 1.3; outputs 2.0 to 2.7). This altows the
reader to observe the operation of the programmed
examples from the eight LED indicators on the lower
left of the PC-100.
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TABLE 5-9. PROGRAM ENTRY

Results
. STEP Instruction | REGISTER
Operation Flow Key Sequence Display Display Displ_ay Remarks
Set mode PRG- RUN » Must be in PRG mode.
switch to PRG. %.
. C e Calis step 0
Clear display.
play 1 NOTE: In entering a
program from step n,
call step n, pressing
c n CALL,
and follow the
procedures below,
Select beginning 0 Iy
step number ] if
{for example, 0).
I
Display selected CALL Iy CALL Izl
step. [J L el Lt
Enter instruction RD o RD s« When the key for an
7 ]
word (for O i o’ L instruction word is
exampte, RD). N pressed, the LED
indicator corresponding
to the instruction word
ifluminates.
Enter instruction 0 i RD il The register display area
reference number [ ¥ \Q/ Lq indicates the address
(for example, 0.0} N selected.
@ RD
i1 7
[ N I
L4 /@\ B &
0 o RD s The displayed instruction
M Lg \9-' E . E is written into the
AN program memaory.
Enter complete ENT i File At the same time, the
instruction | § N, step is incremented by
into memory. one to allow entry of
l subsequent instructions.

NOTE: Enter this program from step 0, after clearing the memory.

if attempting fo program and observe the operation
of these examples using a PC-110 instead, output
addresses from the PC-110 (3.0 to 3.7 and 4.0 to 4.7}

should be substituted for the PC-100 output addresses
used in the examples so that LEDs 3.0 to 3.7 and 4.0
to 4.7 will be active.
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Contact/Coil Step Instruction Key Sequence
€ Q CALL
0:'? i O T |
i 20 0 | RD 0018 & v & 8
WR 0B Ed o sy
» Operation check
{1} Set the PRG/RUN selector switch to RUN mode.
{2} Set switch 0.0 to on.
{3) Qutput 2.0 is on when the LED comes on.
Normally-closed Contact Step Instruction Key Sequence
[ ) CALL
(;-f’ [ JR o R
H ®—* 0 | RDNOT R ER=-E-==N-=
1 | WR 22 (BB & & A& O
Series Contacts Step Instruction Key Sequence
[ 0 calL
0.2 0.3 f;’ LA —
T— 0 |RD 2|8 & & &4 8
' 1 | AND 03 |18 & & & &
2 | WR 25 (8 & o o B
Parallel Contacts
G5 Step Instruction Key Sequence
l-——-l ' E C 0 CALE
e O i O
0 RD 0518 & o B B
0% ] OR 8 . & ENT
.___”__. 1 OR 06|l oo o
2 | oR 07 |8 & a H B
0.7 3 WR 2118 A 5 48 Y
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Series and Parallel "
Step Instruction Key Sequence
10 9 [ 1 0 GALL
EF $%4 2.0 > é"ﬁ :\l:—;'}r ‘:13 = o ENT
-4 ] ' 10 RD NOT 1010 o oo oo
. 11 | OR M bt o & 5
{ 12 | AND NOT 128 4hH e &Y
13 | WR 208 &5 0 588
Step Instruction Key Sequence
1.0 1.1 I3 2 T CALL
L4 A
1] LA [..E} L o =]
27 | RD iR e o &Y
1.2 28 | AND BRCEERER=N=
11 29 | OR 128 5 5 &5 Y
30 | WR 21 |8 A n & W
AND MEWM Step Instruction Key Sequence
e ]
0.1 0.3 0.5
b1 I 1 @_@ 101 | RD 0118 & o d &
102 | OR 02i{&B & e A S
02 04 05 103 | RD 03 |8 & & & 8
T il il { 104 | OR R R
105 | AND MEM 'S "B & B
106 | RD 05 {8 & = & W
107 | OR 061D & oo N
109 | AND MEM IS B B W
110 | WR 2218 &4 m A B
NOTE: Pressing the CE key in steps 105 and 109 clears the
REGISTER display.
OR MIEM Step Instruction Key Sequence
[ 1 7 5 CALL
| T S S Eﬁl
0.1 0.2 RD 1] . k] ENT
> 32 @b_“ 175 RD 81l o o o o
il 17 176 | AND 2 S e AN
0 od 177 | RD 0318 & & & ’i&*
|} 1} 178 | AND 04 | & & &4 W
179 | oR MEM | & "B &
180 | WR 25 B E s &
NOTE: Pressing the CE key in step 179 clears the REGISTER
display.
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Timer

Step Instruction Key Sequence
| e N
h DS100 G | RD XY
00 Pvs 1 | RD 00|18 & o & B
5 {1 2 | DS 1008 & & &Y
3 | WRTMR B S S Y
l 3=°£7 @_‘ 4 |rD 30.7 %"; [::3 S oo A
5 | WR 2w B 4 o d Y
50.7 6 RD NOT 7 {8 &8 4 Y
! H< ®—T 7| wr 218 &5 5 48
Counter -
Step Instruction Key Sequence
30 S a S
i} —¢ | o |RD 08 & o &8
5y 1 | RD K EEEEEE
| 1;? 40 2 | DS B EEEE
3 | WRCTR il Bl A &Y
40.7 4 | RD 078 & & &6 &5
¢ i| @—" 5 | WR 25 [ & m &5 Y

NOTE: Enter the WR TMR instruction in the order of DS
{setting value} and timing register address.

Master Control Relay Step Instruction Key Sequence
{(WR MCR/WR NOT MCR) C e CALL
£33 1@
0.0 0 | RD 008 & & & H
+— 1 | WR MCR |5 & & &
2 | RD il d m & Y
3 | WR 208 & o & Y
4 | RD 0218 A o A B
5 | wr MCR | ™ &
6 | RD 0318 & m & Y
7 | wR 20 (8 & & & W
8 | RD 0.4 S ooy
9 | AND Rl o S
08 ” 10 | WR 2218 & e &Y
1 () 11 | WR 23184 0588
12 |WRNOT MCR | B ®H &
13 | BD 068 & o & B
14 | WR 24 |88 &4 5 &

NOTE: Pressing the CE key in steps 1, 5 and 12 clears the

REGISTER display.
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Shift Register Basic Circuit Step Instruction Key Sequence
Serial : C 0 CALL
?? Data Circuit E": L o
i ¥ ] . [
91 Shift Circuit SR2 0 RD 0.0 l;i: Er:'ﬁ L] IZ13 ;i
1l i RD L0200 T i O o O e O |
2 | wrsr 2| 85 A Y
Shift Register Ring Counter Step instruction Key Sequence
00 20 21 22 23 24 25 28 S8
e A ]
to.q SR2 0 RD 00|80 & o & B
¥
1 |ANDNOT 201® W & 5 & &
o -
NOTE: Each time IN 0.0 changes from off 2 |ANDNOT 21 1B B & & & B
1o on, a logic 1 is shifted one place to the 3 AND NOT 22 {# w2 o A W
right in register 2. Upon reaching the final : T
bit {2.7} in the register, the next transition 4 AND NOT 231D o B o [ e B
from off to on causes the status of bit 2.7 5 AND NOT 2.4 (R0 NTo 2 4 EW
to be shifted into the first bit (2.0) of the T3 ——
register. 6 AND NOT SO i O i O T o O v B
7 |ANDNOT 26 B & 5 & 8
8 | RD 0|85 & e & Y
9 | WRSR 2|88 48
Shift Register Chaining Step Instruction Key Sequence
2.0 c 0 CALL
1} = o O e S |
?; SR2 |5 o |rD 2718 45 a4 Y
™ g i | RD 08 & o &Y
2.7 —{ | 2 2 | WRSR a8 a8y
l pasnnaaar g
0 L == R 3 | RD 0.0 |18 & = 5 Y
' — " ° 4 | RD R B B e = B a1
5 | WRSR 2B 8 A4 Y
NOTE: in programming this example, first program SR 4,
then SR 2, 1o insure proper shifting of bit data within the
chain.
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Step Controlier

Basic Circuit (Last In, First Out) Step I.nstmeﬁo" = :(ev::quence
0.0 E’j S
i} sc 0 [rD 0018 & o & B
01 — 1 | WRsC . 2018 8 &4 ==
i 2.1 2 | RD AR =N=-===
1 s¢ 3 | WRSC AN
10 o 4 |RD 028 &S by
i 2 5 | WRSC 228 8 & & & &
6 | RD T
7 | cLR 218 &4 B
g:;‘i)c%?:l:t:;ngr Sequential Operation Step Instruction - i:eycifquence
o R S S
0.0 ' 40.140.2 40.3 s 0 8D oo [B & o & =
o1 200 ik i [ANDNOT a01 [ & & 5 & ;%“;_
P 2 | ANDNOT 402 |® % & & 5 &4 8
a2 4 v 3 [ANDNOT 203 |2 ® & & & & ™
1—ir 402 4 [wRsc 400 [® 8 & & o & W
01_4'2:'"““% 4%% > i O A[F:?:S t:j t;j = %:DT ENT
it LA 6 | AND 40.0 5o o ==
7 | wRsC w8 8 855 e sy
8 | RD PN ‘
g | AND 201 [ 4 S s &8
10 | WR SC w0285 5 d5d e &Y
11 | RD 38 & e &Y
12 | AND 02 |12 5 8 0a 8
13 | WR SC 038 8 44505 Y
14 | RD 07|18 & & b ™
15 | AND 403 | A& o g &
16 | CLR 0 |8 L L

NOTE: In this example, the SC instruction is operating on
an internal register {40), rather than on an output register
{2), as shown in previous examples. To cbserve the status
of the bit addresses within an internal register, refer to Sec-
tion 6-2.

PN
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5-4. Program Search

This section shows exampies of the Search function when the program shown below has been written into

memory.
i 0.8 0.1
1k ¥l 2.0 . .
i¢ 13 : Coding Coding
0.2 2.0 3.0
"._____.{ : : : : : @__4 Step Instruction Step Instruction
0 | RD 0.0 98 | OR 23
0.0 1 | AND 0.1 99 | AND NOT 0.4
Il 20 2 | WR 2.0 100 | WR 2.5
I 2 () 71 [ FD oz 3
72 | OR 0.0 114 | RD NOT 0.0
25‘,3 73 | AND 2.0 115 | WR 2.6
i l 0.0 ol 74 | AND 3.0 H
E < @—-{ 75 | WR 2.3 148 | RD 0.0
0.0 10 ~ 96 | RD 0.0 149 | AND 1.0
3 i ' 97 | AND NOT 2.0 150 | WR 2.7

TABLE 5-10. SEARCHING FOR A SPECIFIC INSTRUCTION

The table below shows an example of how the display appears when the steps where RD 0.0 is written are

searched.
Results
STEP Instruction j REGISTER
Operation Flow Key Sequence Display Display Display Remarks
C
L]
Call the step 0 I
where RD 0.0 M Li
s written. CALL 7 RD 7 * The instruction word and
I L \Q/ Lis bit address contained in
B N step 0 are displayed.
Retrieve + e RD e The found instruction is
and display SRCH gb ‘&~ g, g displayed.
instruction. | N
+ RD
| [N I8y
SRCH i ™ L8o Lt
] N
+ Mriieq  BD » This shows that all
SRCH \0/ ;:?, E‘:} instances of RD 0.0 have
M N been found in the
direction of the search. @
Cc foo RD » By means of C key, step
3 f L’i H "' E ‘ ﬁ 148, which was retrieved
N ' earlier, is displayed.
+ —
@ SRCH Searches in the directian of ascending program steps while SRECH
]
= searches in the direction of descending program steps, However, if no designated instruction is found in the direction
specified, the STEP display shows J=f J™F T 577 or LIAL VLY LY
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TABLE 5-11. SEARCHING FOR A SPECIFIC REGISTER OR BIT ADDRESS

The table below shows an example of how the display appears when searching for the steps where 0.0 is used
as a reference number, _

Results
STEP Instruction | REGISTER
Operation Flow Key Sequence Display Display Display Remarks
_ C
1
Call the step 0 Iy
where RD 0.0 i 1 ‘
is written. - ; ;
CALL RD * The instruction word and
R .| E ‘o’ '7, H bit address contained in
- ' SN step 0 are displayed.
Delete RD ¢ When the key for an
instruction word, A Il "7 ‘ I instruction word
displayed is pressed, the
waord is deleted.
Retrieve and + OR * The found bit address
"1 [ display instruction. SRCH ?E \ol 5, ﬂ and its corresponding
o AN instruction word are
__..._J ) displayed.

CR » To continue search,
1 75 ﬁ' g delete the displayed
instruction word and
press
+
SRCH
RD =
,-E« o oo
Py i 7
SRCH - N
Ol - Lad ,Q\ Li. LJ
RD o
o 1 57
£1 L J Ld
+ RD NOT
I
SRCH [ I W BN AN
] fi71 /‘\/.\ LeoLt
NOT
RD
ffLf o’ Iy
[ (1) & | Lo
NOT
N | T 75t
- (61 LiLd
+ Iatulni ¢ This shows that all
SRCH n [}, H instructions referencing
[ . the specified bit address
C RD NOT {0.0) have been found in
] f l’ "7’ \./\ef "1, /' the direction of the
_ NN search.®
®- o+ ) ) -
SgH Searches in the direction of ascending program steps while SRCH

searches in the direction of descending program steps. However, If no designated instruction is found in the direction

specified, the STEP d|sptay shows "1 nrﬂi "7 or L.’ LJ L.J u
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5-5. Program Modification Coding
The table below shqws the a1 0.2 ~ Step Instruction
procedure for changing the H ;g’ 2.0 0 RD 0.1
instruction word from OR to \_/ .
AND in step 1 of the pro- 1 OR 20
gram example. Contact 2 AND NOT 0.2
Modification 3 WR 50
instruction Word Modification
TABLE 5-12. MODIFYING AN INSTRUCTION WORD
Results
STEP instruction | REGISTER
Qperation Flow Kev Sequence Display Display Display Remarks
YT PRGZ] JRUN » Must be in PRG mode.
switch to PRG. c
0
] {
Gl imatoio CALL i‘ OR - 7 @ Thedi?structio?n tlo b%
ot ified is di .
to be rodHied. . { 8, =, | meciiedis cisplaye
I OR e The instruction word to be
Remove the ™M { j 7 maodified is removed by
instruction word { L0y pressing its key.
to be modified. :
. AND AND ws e | © The new instruction word is
_ Enter the new I { N s ot FT! displayed and entered into
instructfon word, { /®\ L. o« Ld program memory, causing
ENT AND NOT &e;ggl‘.ﬁ%udent instruction to
= | el | 7T T '
LGN B S B = Py

TABLE 5-13. MODIFYING A CONTACT, COlL, OR REGISTER REFERENCE ADDRESS.
The table below shows the procedure for changing the contact reference address in step 2 of the program example

above from 0.2 1o 1.2

Resuits
STEP Instruction | REGISTER
Operation Flow Key Seguence Display Display Display Remarks
: PRGEZ RUN o Must be in PRG mode.
Set mode switch %- ust be in mode
to PRG. c
1 ]
Call instruction 2 |
to be madified. i =
C%L - AND NOT T oThedi?stc;uctidon tEo be:j
=t § el NS - modified is displayed.
| jel o] L. vy
ey | A s Tl i€ .
Cloar REGISTER % = \N? I:JOI he address is deleted
display. I ,@\ ,®\
1 1 AND NOT
Enter new T\, \O/ f
] -
address, f /®\ /@,\ §
¢« The new address is
If:i = QNE NDE { displayed and entered into
A . {4 program memory, causing
NN the sug_sect:guent instruction
2 AND NOT| . to be displayed.
| Ny N [ |
ENT - ’&‘WR’@\ ek
- | ] 3
= Lol |~
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5-6. Program Insertion

The table below shows the procedure for inserting the normally closed contact 1.4 in series.

0.1 0.2 1.4
(b —()—
4
2.0 Contact to
i1 be Inserted

TABLE 5-14. INSERTION OF ONE INSTRUCTION

Results
STEP Instruction | REGISTER
Operation Flow Key Sequence Display Display Display Remarks
Set mode PRGE |RUN * Must be in PRG mode.
switch to PRG.
C
O
Call 3 - * The step where the
program step. ] 7 instruction is to be
- inserted is displayed.
CALL WR
h a1
. J| el | Ed
Enter instruction AND AND ™~
to be inserted. ' _"_';i ':.: E, g
NOT AND NOT
d J, \./ \./ E ‘ E » The instruction to be
TN AN inserted is displayed
and entered into
[._1] :77 QN/D !SOI 'l program memory.
-~ /A
. - AND NOT { The step addresses of
| - N’ a” the program instructions
- /‘\ /.\ e that follow the inserted
step are all increased by
é o {NE,) EOI {4 one, and the instruction
 } ) O { {«1 at the last step address
4 in program memory is
1 :j Ny N [ '7
/.\ /.\ )
INS
AW
/.\ o
Verify + Y WR - 7l This verifies that WR 2.0
insertion. STEP “1 \‘/ o ld is transferred to step 4.
[ N
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The table below shows a procedure for inserting 0.1
eight contacts (1.0 through 1.7) in series,

0.2 ‘li}--fli’—ss_“ll?

™

2.0

Contacts to be Inserted

TABLE 5-15. INSERTION OF SUCCESSIVE INSTRUCTIONS (N STEPS).

Results
STEP instruction | REGISTER
Operation Flow Key Sequence Display Display Display Remarks
Set mode PRGRUN * Must be in PRG mode
switch to PRG.
C
1
Call 3 :-? = The step where the first
program step. ] - WR instruction is to be
CALL | % —d FT| inserted is displayed.
] el P Py R |
Delete WR =5 = The displayed instruction
instruction word, M I T ¥ | word is deleted.
Enter the number B =~ e The humber of
of instructions [ “7 o1 instructions to be
to be inserted, - inserted is entered and
displayed.
INS INS
[ o’
AND - | AND 715
Enter additional 1| ¥ \0/ i
instructions. - N
1 AND
o {
1 - o
| )¢ {
D
1 =4 N2
P /0\ |
0 v} AN? § J77| i® The instructions to be
] ) ‘e foLi inserted are displayed
SN and entered into
ENT Y e memory,
] ] LI
: The step addresses of all
e subsequent instructions
AND {5 AND i are increased by n (8, in
. i Ly ‘e~ I this case), where n
7N ranges from 1 to 320 for
1 ¢ 1| AND { gf(!}eé:?wg arl;gfrorn 1to
] i L \°/ § o7 the -110.
N
AND
: { 7 f
] ’
L ;Q\ i
7 - AND
{ { it
U | e (o f
/N
ENT (1 WR i
d (1 o | DL
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5-7. Program Deletion

The table below shows the procedure for deleting the normally closed contact 0.2.

é.1 0.2
L LE.
it A 20
2.0
TABLE 5-16. PROGRAM DELETION
Resuits
STEP Instruction | REGISTER
Operation Flow Key Sequence Display Display Display Remarks
PRGIZ] |RUN s Must be in PRG mode.
Set mode %-
switch to PRG.
I C
Call th 0l
all the step
10 be deleted. [ E
CALL AND NOT The instruction to be deleted
oA NS ‘. ‘IHSTUCIOn Q
] E ,.\ ,O\ E' E is displayed.
Delete DEL WR + As a resuit of deletion, the
instruction. (1 j No s :.7 I7 step addresses of the
L ,.\ Lo L program instructions that
foliow the deleted instruction
are all decreased by one and
the instruction of the step
immediately following the
deleted instruction step is
displayed,

TABLE 5-17. DELETION BY NOP (NO OPERATION)

Resuits
STEP Instruction | REGISTER
Operation Flow Key Sequence Display Display Display Remarks
Set mode PRG %- RUN » Must be in PRG mode.
switch to PRG.
I C
Call the step to be (|
replaced by the
NOP instruction. 2
] T
L 0
CALL AND NOT ¢ The instruction to be
1 1 \./ \./ N replaced by the NOP
L% 8 LWL instruction is displayed.
AND NOT
st Retmove g . _:7 \0/ 7 j
i .
trienon wer NOT L SN Lok s The instruction word is
Cl i Fi ™7 removed.
P C L
refereiif?a\fmber [} ,:j » The address is removad,
1
0 e The NOP instruction is
NOP E!Exg:fécﬁon O E ﬂ entered and the subseguent
: - ENT WR instruction is displayed.
[ i N 7
J-n’ /.\ L [ ] L’

NOTE: Removing an instruction and repiacing it with a NOP (no operation) instruction effectively deletes the
unwanted inistruction, but retains its space (step number} in program memory. This is done by caliing the desired
step and then separately removing its instruction word and its reference number. The NOP instruction is then
entered.
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The table below shows the procedure for deleting eight contacts {1.0 through 1.7}.

0.1 1('J_.I!HS_}? @

B i ey
Contacts to be Deleted

TABLE 5-18. DELETION OF SUCCESSIVE INSTRUCTIONS (N STEPS)

Results
STEP Instruction | REGISTER
Operation Flow Key Seguence Display Display Display Remarks
Set mode PRGY | |RUN * Must be in PRG mode.
switch to PRG.
C
- L1
Call the first step 2 ~
to be deleted, M g
CALL - AND i il The step containing the
[ g \O/ { L0 first instruction fo be
AN deleted is displayed.
Delete AND - ¢ r1l° The displayed instruction
instruction word. 7 g i obd word is deleted. :
Enter the number 8 7 gl The number of
of instructions | g 7 instructions to be deleted
to be deleted. is entered and displayed.
Delete DEL =5 WR = 57l° The eight instructions
instructions. M [y \ef g contained in steps 2
AN - through 9 are deleted,
and the addresses of all
subsequent instructions
are decreased by 8. Note
that n ranges from 1 to
320 for the PC-100 and
from 1 to 1024 for the PC-
110.
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Section 6

Monitor Function

6-1. Monitoring Inputs, Outputs, Internal Contacts, and Internal Coils

The status of inputs, outputs, internal contacts, and internal coils can be monitored individually {bit data} or
simultaneously in groups of eight {register data).

Bit Data—for monitoring the status of contacts or coils individually (see Figure 6-1).

C REG 0 . 0 CALL o
0.0

e e o T s I {0.0 is on if the MON lamp comes on)

¢ T L 2 - 3 CALL (19.3 is energized if the MON lamp comes on)

C O 0O oo d

C REG 3 5 CALL

5 . . . .
. d if
T R e N s e A o L (35.5 is energized if the MON {famp comes on)

Register Data—for monitoring the status of eight contacts or coils simultaneously. In the program example in
Figure 6-1, the numbers used to reference the eight contacts in the top rung {35.0 to 35.7) are the eight bit
addresses contained in register 35. By calling register 35, rather than the eight bits individually, the status of all
sight contacts can be observed simultaneously (see Figure 6-2). .

Step Instruction Step Instruction

0 RD 35.0 6 | AND 35.6

1 AND NOT  35.1 7 AND NOT  35.7

2 | AND 35.2 8 CR MEM

3 AND NOT 363 9 1 WR 19.3

4 | RD 354 10 RD 0.0

& | ANDNOT 355 11 AND 19.3
12 | WR 27

Figure 6-1. Procedures for Monitoring a Program

52

T
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A lit LED indicates that the corresponding contact or coil is energized,

Figure 6-2. Monitoring Register Data
6-2. Monitoring Shift Registers and Step Controllers

The contents of any register, including registers used in programming the SR (Shift Register) and SC (Step
Controller) functions, can be monitored as shown in the program example of Figure 6-3.

0.0 To monitor the conients of SR 25;
1L
6.4 SR 25 C REG 2 5 CALL
{1 1 d
Display on the loader:
1.0 - -
'K
v 400 STEP REGISTER
T
" sC e e e . .':.b
1 40.1 | T . | S |
01 2 3 4 5 6 7
e sC
§ 3
1y 40.2
1.3 sc
312
11 40,3
1.4 sc To monitor the contents of SC 40:
I 1
L 40.4 C REG 4 0 CALL
. e e v I
R 5C
& | 40.5 _ Display on the loader:
1.6
C
i | Py STEP REGISTER
v7 SC o ° o ° L{E
1 L.i 1 I bl i 1
v 407 —— 45 6 7

Figure 6-3. Monitoring Shift Registers and Step Controllers.
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6-3. Monitoring the Current Value of the Timer and Counter.

The examples below show how to display the current
value of the Timer and Counter, illustrated in Figure

6-4, in decimal and in binary,

TN

E“""““""“" DS 100

0.1 TMR 40

o] (CTR)

407

P
——

()
\&

Figure 6-4. Timer (Counter) Circuit

DPecimal Display (Numeric)

C TMR(CTR) REG 4 0 CALL
Lo by Display on the loader

STEP REGISTER
g} L
| 1L

44 L

MON
o

In this exampie, register 40, which contains the current
value of the timer, has timed down to 5.9 seconds
from its preset value of 10.0 seconds.

The MON lamp comes on when the register times
down to Q.

Pl

Figure 6-5. Monitoring in Decimal.

Binary Display (LEDs Indicate Bit Status)

C REG 4 0 CALL
O o1 3

Display on the loader

STEP REGISTER

LiFT

. s . . . 1L
SO OO OO

o 1 2 3 4 5 6 7

This example shows that 2* + 2% + 23 + 24 + 28 =
59. This means that the timer will time outto 0 in 5.9

seconds.

Figure 6-6. Monitoring in Binary.
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6-4. Forced ON/OFF

Using the Output Controller {OC) switch, it is possible to force {that is, set) output coils, internal coils, and internal
contacts {including non-volatile area} ON or OFF from the program loader without any external signal.

Remember the following points when using the Qutput Controller capability:
(1) Input contacts cannot be forced.
(2) AH forces are removed when the position of the PRG/RUN mode switch is changed.

(3) Execution of the user program has priority, in that a force command will not override the status of a contact
or coil that has already been determined by fogic occurring earlier in the scan of the program.

Follow the procedures in Table 6-1 to force coil 2.0
and its associated contact in the program shown below,

0.0 0.
i
i

—©

%- Ceil to be Forced
Contact to be Forced

Figure 8-7. Forced ON/OFF,
TABLE 6-1. FORCED ON/OFF

Restults
STEP Instruction | REGISTER
Operation Flow Key Sequence Display Display Display Remarks
Set mode PRG| PZIRUN = Must be in RUN mode.
switch to RUN.
9%
Set OC switch & e QC switch must be in
A e
to upper =] Ypper upper position,
position, . position
1
Call bit C
added. M REG
REE:]G :@\
2 REG =
| /9\ L.
: RES | =
m /®\ ﬁ L}
0 REG
N |
[:] /9\ L g n!m’
CALL F\LE(/S - e The bit address to be
M @ gy X | forced flashes on the
d REGISTER display.
Foroe bit on MON A T7| o The bit address is forced
’ - L | res I
address ON/OFF, | | J& Cold | on
OFF - e The bit address is forced
O clLi| oFR
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The key entries listed in Table 6-1 cannot be used to force output coil 2.0 above because, in
this case, the status of output coil 2.0 is controlied solely by the status of input contact 0.0,
Output 2.0 cannot be forced to disagree with input 0.0,

Figure 6-8. Forced ON/OFF Disallowed.

6-5. Manipulation of Timer and Counter

The contents of timing and counting registers can be changed to manipulate the current value and status bit of
the timer/counter.

Recalt that the timer/counter is a down-count type whose current value is decremented by one every 100 ms {for
the timer} or upon an OFF/ON transition of the counting circuit {for the counter). The current value resides in bits
0 to 6 of the register. Under normal operation, when the current value reaches 0 (bits 0 to 6 all OFF), the status
bit (bit 7} turns ON.

Timing/Counting Register

0.0
1} DS 50 0 1 2 3 4 8 6 7
0.1
] TMR 30
30.7 L I
T (o )—— |
Current Value Status bit

Figure 6-9. Manipulation of Timer and Counter.

Using the procedures described in Section 7-3, individual bits of the timing/counting register can be manipuiated
and the operations described in Sections 8-8 through 6-8 carried out.

6-6. Forcing ON the Status Bit

Forcing the status bit ON will cause the timer/counter to appear to have timed/counted out and wili hold its
current value constant.

Example: C REG 3 0 . 7 CALL OC ON.
o N s Y N o Y o A O E] O

To read the remaining time/count, display the current value, by pressing:

C TMR REG 3 0 CALL
[ N N I I O

NOTE: A status bit in the OFF state can only be forced ON while the processor is in the RUN mode and the
timer/counter enable circuit is conducting. i the status bit is forced ON while the processor is in the PRG made,
the forced ON condition will not be maintained when the processor is switched to RUN. Likewise, if the status
bit is forced ON while the timer/counter is not enabled, the forced ON condition will not be maintained when
the timer/counter is re-enabled.
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6-7. Removing the Forced Condition ON the Status Bit.

After the operation described in Section 6-6, the timer/counter can be allowed to resume timing/counting by
removing the force ON the status bit. The timer/counter will resume where it left off, if the processor is in the
RUN mode and the enable circuit is energized.

Example: C REG 3 0 . 7 CALL QC OFF
o O s s s [ O

To monitor the current value of the timing/counting register, press:

C TMRREG 3 0 CALL
N0V N I S ) N B

NOTE: The status bit cannot be forced OFF after the timer/counter has timed/counted out normally and has set
the stateus bit on. To reset the timer/counter, the enable circuit must be de-energized.

6-8. Altering the Current Value.

After the operation described in Section 6-6, the current value of the timer/counter can be changed to an arbitrary
value between 0 and 127. This is accomplished by individually foreing bits 0 through 6 to agree with the binary
representation of the desired new current value,

For example, the binary representation of the decimal value 28 is
11101, = (1% 24 + {1 % 29} + (1 x 2 + (0x 21 + {1 x 29

i + 8 + 4 + 0 4+ 1
29

To change the current value of the timing/counting register to decimal value 29, bits 0, 2, 3, and 4 must be set to
1 and bits 1, 5, and 6 must be reset to 0.

C REG 3 0 . 0 CALL OC ON fsets bitto 1)
Y Y e s T O O o (. SO
+

o

STEP QFF {sets bit 1to 0)

[ T |

+ {sets bit2t0 1)
STEP ON

O o

+ (sets bit3to 1)
STEP ON

O 0O

+ {sets hit 4 to 1}
STEP ON

OO O

+ {sets bit 5 to 0)
STEP OFF

o O .

+ {sets bit 6 10 0}
STEP OFF

(.

To confirm that the current value is now, indeed, 29, display the timingfcounting register in decimal, using the
procedure explained in Section 6-3.

C TMRREG 3 0 CALL
O O o ol

Removing the force on the status bit will allow the timer/counter to restart from the newly assigned current value,

NOTE:

{1} In any case, opening the enable circuit causes the timer/counter to reset, that is, the current value is cleared
and the status bit is set.

{2) All forces to the timer/counter are required to be performed while the processor is in the RUN mode and
while the timer/counter enable circuit is conducting. A force attempted under any other conditions will not
be held when the required conditions are established.
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TABLE 6-2. ERROR DISPLAY ON PROGRAM LOADER

T

STEP REGISTER Cause and Explanation Correction
g i * ey entry error Display the instruction by
!: ' ’-- J pressing the C key. Then correct it.
(Flashing) * Incorrect instruction entered
s Program entry not allowed Same as above, Whiie in cassette
— {attempt to program in RUN operation, pressing the C key
| I | mode; RAM change when the clears the error from the display.
Lrri EPROM is installed)
{Flashing) * PRG/RUN switch changed during
cassette operation
* RAM chip error Contact Westinghouse
representative at 800-245-6326
Error address I | * The STEP display shows an - {in Pennsylvania, 412-963-1330).
Lrr o invalid absolute address in
hexadecimal format.
* instruction parity error After selecting PRG mode, correct
— — the program at the step
Error step | g v + The STEP dispiay shows the containing the invalid
Lrr a number of a step having an instruction.@
invalid instruction,
s Instruction format error Same as above.®
g L e The STEP display shows the
Error step Err number of a step having an
. invalid instruction.
» Status of output circuitry is Turn off the power. Check the |/O
invalid. Expander and Cabie, and turn on
* PCE-111 /0 Expander Cable was | the power again.® If the error
- - - — disconnected during RUN mode. | persists, contact Westinghouse
g Lo - L ¢ Programming not possibie due representative at 800-245-6326
R L | o noise. {in Pennsylvania, 412-963-13230).
+ Internal circuitry error.
* The STEP dispiay shows an
invalid code.
* PCE-111{/C Expander Cable was | Turn off the power. Check the |/O
il | connected during RUN mode, Expander and Cable, and turn on
L f * PCE-101 /O Expander Cable was | the power again.®
— connected or disconnected
| g | I during RUN mode.
LL Lrr L * /O Expander Cable error.
g | * Communication not possible.
;: ‘?@ * The STEP display shows the
- number of {/0 Expander in fault.
» Display only if the battery is Check the battery.®
— faulty at the time power is
L - ] turned on.
L { + In other cases, the BATT lamp
ithuminates.
QDisplay iHuminates when the loader is connected. Dispiay is possible even i the loader is connected after an error has oceurrad,
@After an error has occurred, all inputs and outputs go off and the RUN contact opens. To reset the display, turn the power OFF, remave
the cause of the error, and then turn the power ON again.
@The display can be reset only in PRG mode.
@in the PC-110 system, £1, £2, and E3 represent the unit number of the 0 Expander.
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Semimﬁ 7

Tape Function

The NLPL-180 Program Loader has the ability to inter-
face with an audio cassette recorder for recording and
loading the contents of the processor’s program
memaory.

7-1. Recording and Loading Guidelines

{1} If possible, use a tape recorder without sophisti-
cated functions, such as bias for metal-oxide tape,
Dolby* noise reduction, etc.

{2) Use the same recorder for recording, verifying, and
loading. If a different recorder is used, verification
and loading may not be possible.

{3} Do not use a recorder that has worn tape heads
because this can reduce recording quality.

{(4) Clean the tape heads regularly.

{(5) If the unit has tone control, select the highest set-
ting for maximum treble response.

*Registered trademark Dolby Labs.
**Registered trademark Tandy Corporation.

(6) Use a new audio cassette tape of good quality
with normal bias. Do not use high bias {Cr0,) and
metal tapes, or tapes longer than 30 minutes per
side.

{7) To prevent recording errors and extend the life of
the tape, do not record beyond the middie of either
side of the tape.

{8) Use an AC adapter to insure uniform tape speed.
if an AC power adapter is not available, install fresh
batteries.

{9} Consult the manufacturer’s instructions for proper
operation and maintenance of the recorder.

7-2. Connecting the Recorder

Select the appropriate recorder jack for the desired
operation, as shown in Figure 7-1. Use a cable with a
subminiature phone jack on both ends (Radio Shack**
#44-2420 or equivalent).

Tape Recorder

Mic

Earphone

Fecor, ding

Loading/Veri

NLPL-180

ER-X-F=3R5]
| coccan
bl Soomae
2 o aase wmamnwm
ptose © 000]| m o rmm

T&pe ocooooa

[Z3-3-R-2-% -1

Figure 7-1. Connecting the Recorder.

Start Recerding Direction
‘ 1 Block 3 Repeated ——wmi-
-— 20 seC.—=
PC-100 User .
Index Program No Operation Tape
Step: 0..... 319 320.... i s 2047
< 1 Block > Repeated »~——
~— 20 sec.—
PC-110 User .
Index Program No Operation Tape
Step: 11 1 1023 1024......... ... 2047

Figure 7-2. Recording Format




7-3. Recording

This operation is used to record the contents of proc-
essor memory onto cassette tape. The volume setting
on the recorder is not important for the recording
operation. After recording, verify that the information

recorded on the cassette tape agrees with the con-
tents of processor memory by performing the proce-
dure described in Section 7-3.

TABLE 7-1. RECORDING

Results
STEP REGISTER
Operation Flow Key Sequence Display Display Remarks
Connect TAPE ‘ * Mode switch can be in
terminal on the PRGE__]RUN PRG or RUN position.
program loader OR
to MIC terminal PRG[_PARUN
on the tape
recorder.
i
Place cassette
into tape
recorder.
Select recording C » Press C, REC, and ENT
mode on tape 0 on NLPL-180 within 5
recorder. seconds after selecting
recording mode on the
tape recorder.
: REC = = ¢ The REGISTER display
Recording. ] K r f‘_';f_ shows the number of the
program step currently
ENT P p 1 being recorded. The STEP
1 display shows the
, { ULJ,LJU number of recording
' { iterations.
1 ]
$
% H + NOP (No Operation)
H ' instructions are recorded
i1 { =357 457 after the last program
i L8 7T {1} step (319 or 1023)
through step 2047,
. C = The recording stoﬁs after
Stop recording. 1 K E EE""' ’7 the C Key is pressed.

7-4. Recording Format

The PC-100 and the PC-110 record in the format shown
in Figure 7-2. Only the contents of memory iocations
containing program instructions are recorded; the
contents of data registers are not recorded. During the
recording operation, the step number of the program
instruction that is currently being recorded is shown
on the REGISTER display. After all program instruc-
tions have been recorded {Steps 0 to 319 for the
PC-100; Steps 0 to 1023 for the PC-110}, the REGISTER
display continues to be incremented until its value
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reaches 2047. (During this time, NOP [no operation]
instructions are recorded.) Upon reaching 2047, the
recording process is complete: one full block has been
recorded. At this time, the recording process will begin
again and the digit "1 that was present on the STEP
display will be replaced by a "2, indicating that the
second recording iteration has begun. The iteration
process will continue to record the identical block of
data until the C key is pressed, stopping the recording.

T
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7-b. Verification

This operation is used to verify that the information
recorded on the cassette tape agrees with the con-
tents of the processor memory. Always verify after
recording or loading, using the procedure outlined in
Table 7-2 below. If an inconsistency is found, correct

it by repeating the recording or lpading procedure.
Verify again to see that the recorded information agrees
with the contents of program memaory.

Before attempting these procedures, see Section 7-6,
“Selecting the Correct Volume for Verification.”

TABLE 7-2. VERIFICATION
Results
4 STEP REGISTER
Operation Flow Key Sequence Display Display Remarks
Connect TAPE E2 i ¢ Mode switch can be in
terminal on the PRI IRUN PRG or RUN position.
program loader OR
to EAR terminal
on the tape %
recorder. PRG -/A RUN
|
Place cassette
into tape
recorder.
I
Select play c = Playback begins.
mode on tape 1
recorder.
] ™
l VER I * See Section 7-4,
Turn up ( - i “Selecting the Correct
recorder ENT Volume.”
volume
FILTT Ly _f
No - Li=i 1o
Stop C
recorder. 7
i
Rewind tape
recorder.
] -~
Select play = Playback begins.
mode on tape
recorder, C
‘ V[:E:JR ¥
- b « | @ Verification begins.
EEN:IT f—' £ Verification is automatic
Hving. - 7 for up to 10 blocks
Verifying ] “5 "’"gi( }‘i’d stored on cassette tape.
The STEP display shows
| - f —ﬂ ﬁ}‘?g !‘? the number of the biock
o S being verified.
Stop C o T | 0t ile Verification stops after
verification. [ it gy g fw ] the C key is pressed.

7-8. Selecting the Correct Volume for
Verification

The range of volume for which the verification and
loading operations will function properly is narrow.

Foliow the suggestions below to arrive at the optimal
volume level

{1) Start at the lowest volume selting on the recorder.

{2} Begin verification, as shown in Section 7-b.

81




®

(3} Allow 20 seconds for the tape header to pass. Dur-
ing this time, the REGISTER display will flash “Hd”
and the STEP display wili show -0-f},

If the “Hd" message continues to flash on the REG-
ISTER display and the STEP display continues to
show -0-8 after 30 seconds, the volume is too low.
{Invalid data is being read by the PC.)

{4

Slowly raise the volume setting until the flashing
“Hd"” message disappears and is replaced by a
program step number. This indicates that the cor-
rect volume setting has been located and that valid
data can be read by the PC.

(5)

(6) Once the correct volume setting has been located,
rewind the tape and begin the verification proce-

dure at the correct volume lavel,

7-7. Loading

This operation is used to load a program, which has
been prerecorded on cassette tape, into the processor
memaory.

NOTE: The volume range on the recorder at which
the loading operation will function properly is narrow.
Before attempting to load, locate the optimal volume
setting on the recorder. {If a cassette tape of the pro-
gram memory currently in the processor is available,
locate the correct volume setting by following the
procedure in Section 7-4.) After loading, verify that
the information loaded into the processor’s program
memory agrees with the information on the cassette
tape by performing the verification procedure
described in Section 7-3. If the foading operation was
not successful at the chosen volume level, adjust the
volume and reattempt the operation. Repeat this
sequence until a suitable volume level is found.

TABLE 7-3. LOADING

Results
STEP REGISTER
Cperation Flow Key Sequence Display Display Remarks
Set mode PRGE] |RUN * Must be in PRG mode.
switch to PRG.
Connect TAPE
terminal on
program loader
to EAR terminal
on tape recorder.
Place cassette
into tape
recorder,
Select play s Playback begins.
mode on tape
recorder.
C * The REGISTER display
Loading. 1 - . . | shows the number of the
PLAY L f«-’ L J I step currently being
| loaded. The STEP display
ENT Lf _{[ shows the number of
L] L FILY | biocks that have been
loaded.
{ FIrireri ‘
Lf { LILILY 1
C ( = il “End” is displayed when
Stop loading. [ L { T loading is complete.®
®1f a loading error ocours while the processor is checking for errors, it stops loading its biock and stands by untif the next block is automatically
transferred, The processor stops automatically when it has completed the foading operation, The PC-100 reads program instructions from
step 0 to 319 and NOP {No Operation) instructions fror 320 to 2047. The PC-110 reads program instructions from stap 0 to 1023 and NOP
instructions from step 1024 to 2047.

62



Section 8

Installation and Wiring

8-1 installation Guidelines

Follow the guidelines listed below when installing the
PC-100 and PC-110.

{1} Install the programmable controller in a drip-proof,
dustproof enclosure appropriate for the operating
environment.

{2) Install the programmable controller so that its
mounting surface is placed in a vertical position.

{3} Do not install the programmabie controller in a
location subject to intense vibration.

{4) For proper ventilation, follow the clearance guide-
lines shown in Figure 8-1.

(5) Install a fan if the interior temperature of the
enclosure exceeds b0°C (122°F).

{6} Do not install a heating element under the pro-
grammable controller.

{7} Do not install any high voltage equipment in the
sarme enclosure as the programmable controller.

l PC
2538 mm
_ 5(%% A {1.60 in.) |“"
T PC
25.38 mm
{1.00 in.}

O Expander

NOTE:

{1) Do not install a heating element
under the PC.

(2} Do not install high voltage
eguipment in the same enclosure
as the PC.

{3) Instail a fan i the interior
temperature of the enclosure
exceeds 50°C (122°F).

Figure 8-1. Installation Guidelines

8-2 External Connection

{1} Separate the programmable controller's YO field
wiring from any high-voltage cable or power cable,
and do not run it in parallel with the power cable,

{2} Isolate the I/O Expander cable from other cables.

{3) Use No. 16 AWG wire for connection at AC power
terminals. .
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NOTE

For both the PC-100 and the PC-110, the power nec-
essary for the operation of the 24 VDC input circuits
is provided by the programmable controliers’ internal
power supply. Voltage from an external source should
not be applied to the 24 VDC input circuit terminals.
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Section 9
Start-up and Maintenance

9-1. Start-up Procedures

{1)Confirm that installation is in adcordance with the
guidelines outlined in Section 8. Check that the
enclosure is properly installed; the grounding con-
ductor is correctly connected; and other protective
devices, such as a surge suppressor for output con-
trol, are provided.

(2)When using I/O Expanders, confirm that each /O
Expander Cable is correctly and securely connected
to the programmable controlier (or another Ex-
pander, for the PC-110 only).

{3} Confirm that the field wiring to the /O terminals is
securely connected.

{4}Before applying power, set the processor mode
switch to PRG. Then apply power and check the
foliowing:

{a)}the processor RUN contact is open and the RUN
LED is off.
{b)the BATT, CPU, and MEM LEDs are on.@

{5)Set the processor mode switch to RUN and check.

the following:

{a)the processor RUN contact is closed and the RUN
LED is on.

{b)the BATT and MEM LEDs remain on, and the
CPU LED flashes.

{c}the /O modules and their indicators operate as
programmed. If the PC does not perform
sequential operations as desired, check and
modify the program.

{6) Turn OFF the control power before connecting or
disconnecting an /O Expander or EFROM.

®if the back-up capacitor is discharged, it may take several minutes
pefore it recharges and the BATT LED turns on.

9-2, Capacitor and Battery Memory Back-up
Systems

In the event of a power loss, the contents of RAM of.

the PC-100 and PC-110 are supported by an internal
capacitor (standard} or by an gptional lithium battery.
Procedures for instailing and replacing the batteries
are outlined below.

9-3. PC-100 Memory Back-up
When a Battery Is NOT Used

When neither the Battery Cartridge nor the EPROM
Cartridge is instalied, the processor defaulis to back-
up by its internal capacitor. No action is necessary.

When a Battery Is Used

Slide the NLB-100 Battery Cartridge, with its window
directed inward, in the slot at the left end of the pro-
cessor, as shown in Figure 9-1,
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ﬂ@ﬂﬂﬂﬁﬁhﬁﬁ@ﬁﬁhﬁﬁdﬁ@%
sosmeesTEIET T f 1
NLB-100—"]

Sattey | FEAEEEE PR

Cartridge ol

Figure 9-1. PC-100 Battery Cartridge Installation.

9-4, PC-110 Memory Back-Up

When a Battery Is NOT Used

To verify that the internal capacitor is activated, remove
the cover of the EPROM socket and check that the short-

circuit cable is in place, as shown, in Figure 9-2. The
capacitor will not funetion uniess this connection is in

place.
E

EPROM
Socket —___|

Short-circuit

(|

able

Figure 9-2. Short-circuit Cable Installation.

When a Battery Is Used

Remove the cover of the EPROM socket, and then the
short-circuit cable, as shown in Figure 9-2. Next, con-
nect the battéry cable to the lower connector, as shown.
Finally, snap the battery cover to the processor.

&
PC-110
jolalsieloieleiein Bl
EPROM ‘
Socket — *_ =
Eal
O O
! *3 8 &
NLB-110
4FINS % Battery
E': oo eoee ol
o1 FRAFRFERE

Figure 9-3. PC-110 Battery Instailation.

NOTE: Replace the battery periodicaily, at least once
every three years. For a description of conditions indi-
cating hattery failure, refer to Section 8-5.
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9-5. Battery Failure

When a battery erfror occurs immediately after the
power is turned ON, the display on the program loader
shows “£RRT;" the BATT OK indicator turns off; and
internal coil 63.0 turns on.@ The RUN contact is open
even in the run mode, and the RUN indicator remains
off.

When a battery error occurs under any other condition
than described above, nothing is displayed on the
toader, the BATT OK indicator turns off, and internal
coil 3.0 turns on.@ When the processor is in the run
mode, the run contact remains closed and the RUN
indicator remains on.

To correct a battery error, set the processor mode switch
to PRG and turn OFF the power. Replace the battery
with a new one, as described in Section 9-2.

TABLE 9-1. CORRECTION OF BATTERY FAILURE

When a battery error occurs immediately after the
power is turned ON, the display on the program loader
shows “"ERRT;” the BATT indicator turns off; and the
BATT contact closes.® The RUN contact is open even
in the run mode, and the RUN indicator remains off.

When a battery error occurs under any other condition
than described above, nothing is displayed on the
lcader; the BATT indicator turns off; and the BATT
contact closes.® When the processor is in the run
mode, the RUN contact remains closed and the RUN
indicator remains on.

To correct a battery error, set the processor mode switch
to PRG and turn OFF the power. Replace the battery
with & new one, as described in Section 9-2.

TABLE 92-2, COBRECTION OF BATTERY FAILURE

iN PC-100, N PC-110,
BATT OK internal Colt BATT BATT
LED Indicator 63.0 LED indicator Contact
During Normal On Open During Normal On Open
State State
During Faulty Off Closed During Faulty Off Closed
Battery State Battery State

®@Internal coil 63.0 can be used to turn on an output, which can, in
turn, activate an external alarm announcing the battery fault.

@The BATT contact can be used to activate an external alarm
announcing the battery fault.

9-6. Troubteshooting I/O

Follow the guidelines below to troubleshoot input and

output circuits.

{1} Connect the NLPL-180 Program Loader to the PC.

{2} Call the contact or coil in question
{see Section 5-3).

{3} Observe the MON indicator on the Program Loader
under the conditions specified in Tables 9-3
and 9-4.

TABLE 8-3. TROUBLESHOOQTING INPUT CIRCUITRY

External
nput Input input MON .
Signal Terminal | Indicator | Indicator Cause -Correction
Voitage S Nt
On applied /@\ /@\ Normal
Voltage _— : * Contact Westinghouse
On applied O O Input circult defective representative.
0 No O O External input device or wiring » Check exiernal input
n voltage defective device and wiring.
No NS NS - . ¢ Contact Westinghouse
Off voltage z@\ /@.\ input circuit defective representative.
Voltage N\ s N s Extem.al s.nput device or wiring » Check external input
Off aoplied & @\ defective; leakage current from device and wiring
PP 7N / external in_put device; elc. )




TABLE 9-4. TROUBLESHOOTING OUTPUT CIRCUITRY

9-7. EPROM Operation

After programming a sequence in RAM, it is possible
to then store the program in EPROM using the EPROM
Writer NLEP-190. Once the EPROM is installed in the
programmable controller, it controls subsequent proc-
essor operations. When an EPROM is not used, the
processor operations are controlled from RAM.

The PC-100 utilizes EPROM Cartridge NLEP-185 while
the PC-110 utilizes EPROM NLEP-191 (Intel® 2716 or
equivalent}. Both can be programmed from the NLEP-
190 EPROM Writer. When programming the NLEP-195
EPROM Cartridge, the EPROM Interface Socket NLEP-
193 must be used as an interface to the NLEP-190. See
the instructions included with the NLEP-190 for pro-
gramming the EPROM.

Once the EPROM is programmed, follow the proce-
dures below for instaiiation in the PC.

Before installing the programmed NLEP-195 EPROM
Cartridge, turn OFF the processor’s power. Then insert
the NLEP-195 into the slot {alternately used for the
Battery Cartridge} at the left end of the processor, with
its window directed inward, as shown in Figure 9-4.

SRR O
/| EET %

trravane ¥ ]

QE3assssnnsnesee s TosE

NLEP-195/

EPROM
Cartridge

Figure 9-4. PC-100 EPROM Cartridge Instailation.

®Intel is a registered trademark of the intel Corporation.

Signal to
External
Qutput Qutput Gutput MON
Device Terminal | Indicator | Indicator Cause Correction
. N/ N
On Conductive /.\ /O\ Normal
Qutput circuit defective; .
Non- N Nos h ' * Contact Westinghouse
Off conductive /.\ /O\ triac output may cause external representative.
failure.
External wiring defective when .
. NS Ay
Off Conductive ®, o relay contacts are used for output. | * Check wiring and
N N . " external output device.
External output device defective. )
. L : = Contact Westinghouse
On Conductive @) O Output circuit defective representative.
External wiring defective, external
output device defective, or L.
On e oni\(ij?;rc]::cive O O external interference due to high * g:t(ee?:z:l”g:tg S,{ng evice
impedance of external output P :
device.

Before installing the programmed NLEP-191 EPROM,
turn OFF the processor's power. Unlock the EPROM
locking lever, mount the NLEP-191, and again lock the
lever, as shown in Figure 9-5.
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EPROM Locking Lever [8 Wj

oonocionn
EPROM Socket \

PC-110

ra

N ‘
i@

NLEP-191
EPROM

Figure 9-5. PC-110 EPROM Instalfation.

9-8. EPROM Application Notes

{1) When the power is restored, the program in the
EPROM is transferred to RAM for subsequent pro-
cessor operations.

{2} i a blank EPROM is installed, operation is per-
formed by the original contents of RAM.

(3} Turn OFF the power before removing the EPROM.

(4) When the EPROM is removed, the contents of RAM
remain intact.

{5} The RAM program cannot be modified with the
EPROM installed.
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- Appendix

SAMPLE PROGRAM SHEET Page of
Instruction Ref. Instruction Ref.
Step No. Word(s} No. Remarks -~ | Step No. Word({s) No. Hemarks .
G0 50
a1 51
02 52
03 53
04 54
06 55
06 56
07 57
08 58
09 59
10 60
11 81
i2 62
13 63
14 64
15 66
18 66
\¥ 67
18 68
19 69
20 70
Z21 71
22 72
23 73
24 74
25 75
26 76
27 77
28 78
29 79
30 80
31 81
az 82
33 83
34 84
35 85
38 86
37 87
38 88
39 89
40 Q0
41 91
42 92
43 93
44 94
45 95
46 96
47 97
43 98
49 99
Program Name Format Prepared by | Checked by [Approved by
Customer Delivery to Drawing No.
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SAMPLE DATA MEMORY ALLOCATION SHEET

EXTERNAL
{INTERNAL page of

Address Contents Page Remarks | Address Contents Page Remarks

0.0 5.0

0.1 5.1

0.2 5.2

0.3 5.3

0.4 5.4

0.5 5.5

0.6 5.6

0.7 5.7

1.0 6.0

1.1 6.1

1.2 6.2

1.3 6.3

1.4 6.4

1.5 6.5

1.6 6.6

1.7 6.7

2.0 7.0

2.1 7.1

2.2 7.2

2.3 7.3

24 7.4

2.5 7.5

2.6 7.6

27 7.7

3.0 8.0

3.1 8.1

3.2 8.2

3.3 8.3

3.4 8.4

3.5 8.5

36 8.6

37 8.7

4.0 8.0

4.1 9.1

4.2 9.2

4.3 9.3

4.4 9.4

4.5 9.5

4.6 9.6

4.7 9.7
Program Name Farmat Prepared by | Checked by [Approved hy
Customer Delivery to Drawing No.
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Tear along perforation. Fold the top half down and staple.

PC-100/110 Systems Manual Customer Comments (

Did you find any corrections that need to be made to this manual?

Were any parts of the manual unclear? Do any require further detail or description?
{Please describe.}

What are your special application needs?

As part of a constant effort to serve your needs, Westinghouse is interested in any
information you can supply about your application or use of the PC-100/110. if you
would like to share this information, please check one of the boxes below.

[} Please call me to discuss my application or use of the PC-100/110. (

[] Please send me an Application Information form to complete and return,

Name Title
{Please print or type}

Company Phone

Street and Number
City _ State Zip
Just fill in above and drop this card in the mail, No postage needed.

information Request

Q-Piaase send me upd'ated application materials when available.
[[] Please send me information on
[] Please have a Sales Engineer call.

[} Please check if you would like information about PC-100/110 training classes.

Name Title

{Please print or type}
Company Phone

Street and Number
City State Zip

S

@) avms-logic
1821 Avis Drive, Madison Heights, Michigan 48071



