LR - LATCH READ
Modified for PC-1200

PC-1100-x0ly: NOT SUPPORTED  PC-1100-x05y: SUPPORTED -
PC-1100-x02y: SUPPORTED PC-1200-x02y: SUPPORTED \)
PG-1100-x03y: SUPPORTED PC-1200-x04y: SUPPORTED

DESCRIPTION

The Latch Read (LR) function is used to determine if there are any discrete or
register output module circuits not functioning. When the function is enabled,
the latches on specified output register or discrete modules are read and
compared to their corresponding OR or 0G values in the PC. The results of the
comparison may then be used to determine if there are any improper operating
output circuits.

With the enable input conducting, the function reads the output latches on the
module(s) whose reference numbers are associated with the source table. The
function determined status of the output latches is then exclusively OR’ed (on
a bit-per-bit basis) with the programmable controller’s 1/0 image table and the
results are placed in the destination table. Any non-zero bits in the
destination table signify particular output circuits which are not
functioning. For example, as shown in Figure 2, the PC determined states for
outputs 1 through 32 do not correspond with each circuits module latch status
as determined by the LR function. The destination register allow the user to
easily identify that outputs 18 and 19 are not functioning properly. This
function can also be used as a "Module Missing" detector. LR function

symbology is shown in Figure 1. ’”:)
Reference Number
Type
ENABL LR XXXX
| |- TABLE LENGTH? ()
8X7 SOURCE END?
Contact
Area DEST END+
LT OP CODE = 64
~ Uses 5 Words of Ladder Memory ~
1 Constant Value
2 Register Label (OR/0G XXXX)
s pestination End (HR/OR/0G YYYY)
Figure 1. Latch Read Concept )
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Note

This function tests only to the logic
side of the module’s optocouplers. A
faulted optocoupler or output driver
will not be detected by the Latch Read.

BIT #
060002

060001

BIT #
060002

0G0o001

SOURCE TABLE

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2

ojo|1|1]1|1|1]1]O0}jJOfOfO|0O]O]]1

ojojojof|1frj1fryofjoiirjy1i1}|1]1

Status of CR 1 through CR 32 as determined by the PC

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2

ofof1}1{1|131|{1|0|JO]JO}O}O}1]|O

ofojojof1}1j1fj1tojo0f1}|1}1}1]1

1

DESTINATION TABLE

Status of CR 1 through CR 32 as monitored by the Latch Read function

BIT # 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
HR0025
(CR17-32) jo(Oof0|JO}fO]JO]JOjOfO|O]jOfO|O]|1]1}0
HR0024
(CR1-16) olojojofjojojojJ]OofOfOf[OjO]JO]|]O}OY}O
The destination table shows that CR 18 and CR 19 are not
functioning properly.
Figure 2. LR Function Operation
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OP CODE )
D

Op Code 64 defines the Literal (LT) as an LR function. Whether or not the
Literal function should be used depends upon the capability of your program
loader. It is recommended that the mnemonic function be used whenever possible.
Refer to the Introduction in this Section and the LT function description.

SPECIFICATIONS
OPERAND 1 - TABLE LENGTH

Table Length is a constant value which defines the number of OR's or OG's whose
associated output latches are to be read.

OPERAND 2 - SOURCE END

Source Table End which is subject to the limits in Table 1 defines the type and
number of the last register in the Latch Read Table. In the PC-1200, if the
source end register or group does not correspond to real-world I/0 (i.e.,
0G0064), the LR coil will turn on to signal there is a problem and operation
will not occur.

TABLE 1. TABLE LENGTH AND SOURCE END LIMITS

Type | PC-1100 PC-1200-1020/1040 | PC-1200-1041/1041/1042 | PG-1250 )
OR <8 < 32 < 64 < 128 -
0G <8 < 32 < 64 < 128

1 For the PC-1100, the maximum number of holding registers depends on
memory size, as described in Section 4.

OPERAND 3 - DESTINATION END

Destination Table End defines the type and reference number (subject to the
limits in Table 2) of the last register of the table containing the results of
the LR function.

Note

The highest holding register address
which can be referenced is dependent
upon the memory size and the user
program.
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TABLE 2. DESTINATION END LIMITS
Type | PC-1100 PC-1200-1020/1040 | PC-1200-1041/1041/1042 PC-1250
HR < 1792 ! < 1792 < 1792 < 1792
OR < 8 < 32 < 64 < 128
oG <8 < 32 < 64 < 128
1 For the PC-1100, the maximum number of holding registers depends on
memory size, as described in Section 4.

CcolL

In the PC-1100, the coil follows input contacts. In the PC-1200, the coil is
energized if any output bits are detected to be in error.

LR TRUTH TABLE

See Table 3.
TABLE 3. LR TRUTH TABLE
Enable Result
0 The destination registers remain unchanged.
1 The output latches on the modules associated with the Source
Table are read and then XOR'’ed with the data in the Source
Table and the result is placed in the Destination Table each
scan.
APPLICATIONS

The LR function is useful in critical applications where an improperly

functioning output circuit could be hazardous.

Using the program shown in

Figure 3, outputs 1 through 64 are checked each scan for improperly operating
circuits.

will energize.

If a malfunctioning circuit is present, the Search Matrix (SM) coil
The status of the Search Matrix coil may then be used to

initiate an alarm or a controller shutdown sequence.

1/89
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CRO127 CRO127 CRO127
|| |/1 ()
CRO127 LR0OO78 LATCH READ (LR) MONITORS
[/1 () THE MODULE LATCHES FOR
TABLE LENGTH OUTPUTS 1-64.
CV0004
SOURCE END
060004
DEST.END
HR0020
CRO127 LR0079
1/1 () SEARCH MATRIX (SM)
MATRIX SIZE LOCATES AN OUTPUT CIRCUIT
Cvo0001 WHICH IS FUNCTIONING
PROPERLY.
MATRIX END
HR0020
CRO127 )
1/] BIT REG. )
HR0021 -
CRO127 LR0080
1/ () CONTINUOUS GROUP SELECT
OPERAND 1 FOR SM FUNCTION.
CV0079
Figure 3. LR Application
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LS - LOCK SCAN

PC-1100-x01y: SUPPORTED PC-1100-x05y: SUPPORTED
PC-1100-x02y: SUPPORTED PC-1200-x02y: SUPPORTED
PC-1100-x03y: SUPPORTED PC-1200-x04y: SUPPORTED

DESCRIPTION

The Lock Scan (LS) function was developed for use in applications where
critical timing is important. With a lock scan circuit enabled, the function
determines the actual scan time of the just-completed ladder scan time and I/0
update (value in milliseconds) and stores it in a user-specified register. The
function then compares the actual scan time of the just-completed scan to a
user-entered desired scan time (in milliseconds). If the actual scan time is
less than the desired scan time, the processor will wait the difference before
beginning the next scan. If the actual scan time is greater than the desired
scan time, the coil will energize and normal processing of the ladder diagram
will continue. With the enable circuit not conducting, the coil is
de-energized (function not performed) and the actual scan duration register is
not altered.

n the event that more than one LS coil is programmed in a ladder diagram, scan
calculation will be based on the last LS coil in the program. The actual scan
duration time will be written into all LS coils used.

Figure 1 illustrates the concepts and symbols related to the Lock Scan
function.

Reference Number

Represents Muitiple Type

Contacts

ENABLE CIRCUIT _ LS XXXX
| | DESIRED SCANt ()

8x7 ACTUAL SCANZ2

Contact

Area
~ LT OP CODE = 26 ~

Uses 4 Words of Ladder Memory

! Register Label (HR/IR/OR/IG/0G XXXX
or Constant Value

2 Register Label (HR/OR/0G YYYY)

Figure 1. Lock Scan Function (LS) Concept
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OP CODE

Op Code 26 defines the Literal (LT) as being a Lock Scan (LS) function. Whether
or not the Literal function should be used depends upon the capability of your
program loader. It is recommended that the mnemonic function be used whenever

possible. Refer to the Introduction in this Section and the LT function
description.

SPECIFICATIONS
OPERAND 1 - DESIRED SCAN

Processor scan time (in milliseconds) specified by the user. May be a Constant
Value (CV) or may be specified in a:

® Holding Register (HR)
° Input Register (IR)

® Qutput Register (OR)
° Input Group (IG)

®  Output Group (0G)

OPERAND 2 - ACTUAL SCAN

The actual duration (in milliseconds) of the just-completed ladder scan and I/0
update. May be placed in a specified:

® Holding Register (HR)
® OQutput Register (OR)

® Output Group (0G)

COIL

When the enable input is off, the coil is de-energized, and the function is not
performed. When the enable input is conducting, the coil remains de-energized,
unless the desired scan time is less than the actual scan duration. (See Table
1.)
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TABLE 1. TRUTH TABLE

Enable Input Coil
0 Coil de-energized and function is not performed.
1 Function is performed and coil remains de-energized.

If the desired scan time is less than the actual scan
duration, the coil is energized, and normal processor
scanning will continue.

APPLICATIONS

The Lock Scan (LS) function can be used, along with the Move (MV) function, to
determine the "worst case" instantaneous scan time of a process. Consider the
program shown in Figure 2. If appropriate, manually set the desired scan time
to any value greater than that which has been "self-calculated" to suit the
application. After running through several typical machine cycles, the desired
scan time will be set to the worst case scan time.

Often the worst case instantaneous scan time can be reduced by careful
evaluation of the program. By staggering the calculation of many special
functions so that they are calculated over several scans rather than during a
single scan, the worst case instantaneous scan time can be considerably
improved.

Operand 2 (Actual Scan Time) always gives the instantaneous scan time. To
calculate the average scan time, the program shown in Figure 3 may be used.

Figure 4 shows the Lock Scan used in a critical timing application. Assume
that CR0010 is to energize every 150 msec. Using a counter and a Lock Scan
function with a desired scan time of 50 msec, every third scan (150 msec)
CR0010 will energize.

11/88 5-171 NLAM-B206




LS

~

ALWAYS CONDUCTING LS0101
I\ ()
DESIRED SCAN

'HRO011
ACTUAL SCAN
HR0012
LS0101 MV0100
|| SOURCE ()
HR0012
DESTINATION
HROO11

Figure 2. Determining Worst Case Instantaneous Scan Time
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) ~ CRO102 INOOO1 CRO102 -
o I\I || () OSCILLATOR
INOOO1 LS0103
I ()
DESIRED SCAN
HROO013
ACTUAL
HRO014
CRO102 uco104
[ PRESET () COUNTS 100 SCANS
CV0050
INO0O1 ACTUAL
| 1 HROO15
IN0OO1 AD0105
| | OPERAND 1 () —
HROO014
OPERAND 2 HRO016 WILL BE A
HROO17 NUMBER THAT 00.00 <
DESTINATION — N < 99.99 MILLI-
HROO17 SECONDS PER SCAN.
IN0O0O1 INOOGO1 AD0105
[ [—I\I OPERAND 1 () —
Aj) HROO14
OPERAND 2
HROO017
DESTINATION
HROO17
uco1o04 DV01061
P OPERAND 1 () THE AVERAGE SCAN TIME IS
HROO16 x CALCULATED IN HROO18.
OPERAND 2
cvolo0
DESTINATION
HRO018
INO0O1 ucoi1o7
I\ PRESET () RESETS HROO017 PRIOR TO
HROO17 TEST.
INO0O1
|| ACTUAL
HROO17
! Divide is not available in Basic PC-1100 (PC-1100-x01ly)

Figure 3. Average Time
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IN00O4 LS0007
I\ ()
DESIRED SCAN
0050
ACTUAL SCAN
HR0O001
INO0O5 ucooos
I\I PRESET () WHERE PRESET = 3
HR0002
INO0O6 ACTUAL
——|\ | —— HRO0003
INOOOQ7 CG0009?
I\ () CONTINUOUS GROUP SELECT
OPERAND 1
Cvo008 :
ucooo08 MV0O010 EVERY 3RD SCAN THE ACTUAL
| | SOURCE () VALUE IN THE UP COUNTER
HRO004 IS SET EQUAL TO ZERO .
DESTINATION (HRO004 = 0). ;)
HR0003 ~
ucooos CROO11
| | ()
1 The continuous group select function is not available in the Basic
PC-1100 (PC-1100-x01y)
Figure 4. Critical Timing Application
3\
)
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LT - LITERAL

PC-1100-x01y: SUPPORTED PC-1100-x05y: SUPPORTED

PC-1100-x02y: SUPPORTED PC-1200-x02y: SUPPORTED

PC-1100-x03y: SUPPORTED PC-1200-x04y: SUPPORTED
DESCRIPTION

The Literal (LT) special function is a generic template. By assigning a unique
number code (Op Code), the LT will operate as a specific special function. The
LT template displays four generic Operands. These operands assume the
characteristics of the special function specified by the Op Code. Figure 1
shows the Literal special function display. '

Literals provide a method of entering new special functions into programmable
controllers from older program loaders. As a generic version of the mnemonic
special functions, the Literal special functions were created to prevent
program loader obsolenscence, Special functions which are supported by newer

Reference Number
Type (mnemonic)
OP CODE XX
ENABLE LT XXXX
| | OPERAND 1 () The Coil is energized/
XXXXXX de-energized as appro-
priate for the defined
| | OPERAND 2 special function.
XXXXXX
OP CODE defines the
| | OPERAND 3 function being
XXXXXX programmed.
| OPERAND 4
XXXXXX
Input Circuits Operands
Up to four input Four operands are
circuits are available to define
available to the special function.
control the A1l four operands are
special function. not used for all functions;
A1l four input however, at least one
circuits are not operand must be used.
used for all
functions; however,
at least one input
circuit must be used.

Figure 5-1. Literal (LT) Function
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programmable controllers can be added using program loaders which do not
support with mnemonic functions. This is especially true with the older program
loaders, such as the CRT Program Loaders (NLPL-780) and the Mini Loaders
(NLPL-789). .

The Advanced Program Loader also supports Literals in anticipation of future
special function releases. However, it is recommended that the mnemonic special
function be used when available. The mnemonic system checks for proper operand
entries, register types and number of inputs.

Caution should be used when assigning values to Literal special function
operands. Values and registers entered into LT operands must conform to the
specific special function being activated. Failure to do this could cause
program or system misapplication.

Caution

Avoid using the LT special function when the
mnemonic special function is available.
Misapplication of LT could resuit in program
or system misapplication.

Table 1 lists those special functions that can be represented by LT. Note that
this may not be a complete list. Newly released special functions may be
available through LT. Check with your Westinghouse representative.

As new special functions are released, they will be programmed originally as
LT. Westinghouse will provide documentation on the proper implementation of the
new special function.

Caution

Do not attempt to program LT without the
direction of proper documentation. Program or
system malfunctions could occur.

Some special functions can only be programmed using the mnemonic method. All
program loaders support these mnemonic special functions. Table 2 lists these
functions.

TABLE 1. SPECIAL FUNCTIONS SUPPORTED BY LT

Special Function Mnemonic OP CODE
AND Matrix AM 90
ASCII Receive AR 48
Ascending Sort AS 58
ASCII Transmit AT 91
Bit Operate BO 61
Block Transfer BT 60
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TABLE 1. SPECIAL FUNCTIONS SUPPORTED BY LT (Cont'd)

Special Function Mnemonic OP CODE
Continuous Group Select CG 15
Complement Matrix cM 57
Configure Port CP 27
FIFO Stack FI/FO 81/85
FILO Stack FI/10 81/86
Indirect Move IM 95
Loop Control LC 94
Latch Read LR 64
Lock Scan LS 26
Move Byte MB 63
N Bit Shift Registers NR/NL 50/51
OR Matrix OM 89
Open Table/Close Table OT/CT 92/93
Port Transmit PT 97
Restore Program Counter RP 13
Reset Watchdog Timer RW 14
Search Matrix SM 56
Save Program Counter SP 12
Square Root sSQ 19
Table Lookup TL 82
Table Lookup Ordered TO 83
Table-to-Register Move TR 84
Unit Address UA 28
Update Select Us 25
XOR Matrix XM 88

TABLE 2. MNEMONIC SPECIAL FUNCTIONS

Special Function Mnemonic
Add AD
Bit Clear _ BC
Binary to BCD BD
Bit Follow BF
Bit Set BS
Control Relay CR
BCD to Binary DB
Down Counters DC
Divide DV
Equal To EQ
Greater Than or Equal To GE
Multiply MP
Master Control Relay MR
Move MV
Subtract SB
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TABLE 2. MNEMONIC SPECIAL FUNCTIONS (Cont'd)

Special Function Mnemonic
Skip SK
Timer (Seconds) TS
Timer (Tenths of second) TT
Up Counters uc
1/0 Update Immediate Ul

SPECIFICATIONS

OP CODE

The number of the selected special function is entered into this field. The
number in this field assigns a specific function to LT. Refer to Table 1.

INPUT CIRCUITS

Up to four input circuits are available to control the selected special
function. All four are not necessary, however, at least one is required. Refer
to the appropriate mnemonic special function description to determine the
number of inputs that are required for the selected special function.

OPERAND 1, OPERAND 2, OPERAND 3, OPERAND 4

The number and purpose of the operands is determined by the specific special
function being programmed. All four operands are not used for all special
functions, however, at least one must be used. These operands take on the
characteristics of the specific operands assigned to the specified special
function. When completing these entries, refer to the specific special function
description for proper values and limits.

COIL

The LT coil reference number is limited by the range supported by the
particular programmable controller being used. The status of the coil is
determined by the specific special function being implemented. Refer to the
appropriate mnemonic special function description to determine the status of
the LT coil.

In older program loaders, the coil will be labeled with "LT" and the
appropriate reference number. In newer and upgraded program loaders, the coil
will appear as LT until the special function is entered into the ladder
program. Once entered, the program loader replaces "LT" with the appropriate
special function mnemonic.
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MB - MOVE BYTE

PG-1100-x0ly: SUPPORTED PC-1100-x05y: SUPPORTED

PC-1100-x02y: SUPPORTED PC-1200-x02y: SUPPORTED

PC-1100-x03y: SUPPORTED PC-1200-x04y: SUPPORTED
DESCRIPTION

The Move Byte (MB) function transfers data from the upper, lower, or both upper
and lower bytes of the source register (HR, IR, OR, IG, OG) to the upper,
lower, or both upper and lower bytes of the destination register (HR, OR, 0G).
The transfer code register (Xfer Code) determines which byte(s) of the source
register will be moved. It also determines the location the byte(s) will
occupy in the destination register.

When an enable circuit is conducting, as in Figure 1, depending on the transfer
code selected, one of the following data moves will take place.

Lower byte of a source register is transferred to the lower byte of a
destination register.

Lower byte of a source register is transferred to the upper byte of a
destination register.

Upper byte of a source register is transferred to the lower byte of a
destination register.

Upper byte of a source register is transferred to upper byte of a

destination register.
Upper and lower bytes of a source register are transferred to the upper
and lower bytes of a destination register, respectively.

Reference Number

=

ENABLE MB 0016
| | SOURCE? ()

8X7 DESTINATION2

Contact

Area XFER CODEs3

LT OP CODE = 63

Uses 5 Words of Ladder Memory
1 Register Label (HR/IR/OR/IG/0G XXXX)
2 Register Label (HR/OR/0G YYYY)
3 Register Label (HR/IR/OR/1G/0G ZZ1Z7)

1/89

Figure 1. Move Byte Concept
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e Upper and lower bytes of a source register are transferred to the lower
and upper bytes of a destination register, respectively.

e Upper byte and lower byte of a single register exchange positions (that
is, source location equals destination location).

When an enable circuit is not conducting, no data transfer is made, and the
coil is de-energized. The coil is energized only when the enable circuit is
energized and an invalid transfer code is used.

If the coil is forced, only its contacts (and output circuit, if any) are
affected; the Move Byte function continues to operate according to the Move

Byte circuit.

Figure 1 illustrates the concepts and symbols related to the Move Byte
function.

OP CODE

Op Code 63 defines the Literal (LT) as being a Move Byte (MB) function. Whether
or not the Literal function should be used depends upon the capability of your
program loader. It is recommended that the mnemonic function be used whenever

possible. Refer to the Introduction in this Section and the LT function
description.

SPECIFICATIONS

OPERAND 1 - ENABLE

Allows data to be copied from a source register to a destination register
during each processor scan according to the Xfer Code.

OPERAND 2 - SOURCE

The location from which data is to be moved. (Data remains intact at this
location.) This value may be held in a specified:

® Holding Register (HR)
o Input Register (IR)

] Output Register (OR)
L Input Group (IG)

] Output Group (0G)
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j OPERAND 3 - DESTINATION

’ The location to which data is to be moved. This location may be a specified:
® Holding Register (HR)

®  Output Register (OR)

®  Qutput Group (0G)

N

“contains another.

TABLE 1. TRANSFER CODE

Source Register Destination Register
Upper Byte Lower Byte Xfer Code Upper Byte Lower Byte

H L 0 Not Altered Not Altered

H L 1 Not Altered L

H L 2 Not Altered H

H L 3 L H

H L 4 L Not Altered

H L 5 H Not Altered

H L 6 H L

H L 7-65535% Not Altered Not Altered
*7 thru 65535 are invalid Xfer Codes

COIL

Coil is energized when the enable circuit is conducting and an invalid Xfer
Code is used (i.e., 7 thru 65,535).

APPLICATIONS

The A/D Modules use one 16-bit input register to store the data from 2 input
channels on the Module. (The lower byte contains one channel; the upper byte
See Figure 2.) The Move Byte function can be used to
transfer the 8-bit values from an input register containing data from two A/D
channels to a single register with data from only one channel. The 8-bit
values from the A/D Module may then be processed by the user ladder diagram.
For example, a 4-channel A/D Module is set so that the two input registers used
to store the A/D Module is set so that the two input registers used to store
the A/D conversions are IR0003 and IR0004. The program shown in Figure 3 would
move the data from each channel to a single holding register for processing.
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INPUT REGISTERS:
IR0O001 IR0O002 IR0003 IR0004 IR0O005 IR0O006 IRO007 IR0O008
LOWER 2 | CHANNEL | CHANNEL | Jimy i
BYTE 1 3 e
UPPER HANNEL | CHANNEL
BYTE 2 4
Figure 2. Values Location Before MB Operation
CR0O100 CRO100 CRO100
|1 I\I ()
CRO100 MB0O77 TRANSFERS CHANNEL 1 TO
AV —( ) LOWER BYTE OF HR0O10.
SOURCE
IR0003
DESTINATION
HROO10
XFER CODE
0001
CRO100 MB0O76
I\I () TRANSFERS CHANNEL 2 TO
SOURCE LOWER BYTE OF HROO11l.
IR0003
DESTINATION
HROO11
XFER CODE
0002
CRO100 MB0O75
/1 () TRANSFERS CHANNEL 3 TO
SOURCE LOWER BYTE OF HROO12.
IR0004
DESTINATION
HRO012
XFER CODE
0001
Figure 3. Move Byte Function Example
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MB

CRO100

SOURCE

I\l

IR0004

DESTINATION
HROO013

XFER CODE
0002

MB0074

()

TRANSFERS CHANNEL 4 TO LOWER
BYTE OF HROO13.

11/88

Figure 3. Move Byte Function Example (Cont'd)
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MP - MULTIPLY
Modified for PC-1200

PC-1100-x01y: NOT SUPPORTED  PC-1100-x05y: SUPPORTED

PC-1100-x02y: SUPPORTED PC-1200-x02y: SUPPORTED

PC-1100-x03y: SUPPORTED PC-1200-x04y: SUPPORTED
DESCRIPTION

The Multiply (MP) function multiplies two, four-digit decimal numbers (up to
9999). This multiplication results in a number of up to eight decimal digits
(up to 99,980,001). MP function symbology is showh in Figure 1.

Operand 1 and Operand 2 are multiplied when the enable circuit changes from
non-conducting to conducting. Operand 1 comes from an input, output, or
holding register. Operand 2 comes from one of these registers or is programmed
as a constant. The result is placed in a destination, which is composed of a
consecutive pair of output or holding registers.

Although the limits on the operands and the result are decimal, multiplication
is performed using equivalent binary numbers, since the register values for the
operands and the result are in binary form. The Binary to Decimal (BD)
function is used to convert binary numbers to Binary-Coded-Decimal (BCD); the
Decimal to Binary (BD) function is used to convert BCD to binary form. Unlike
the Add (AD) or Subtract (SB) functions, results exceeding 9999 are not
evaluated as standard binary numbers, since the result is split between two
registers.

Reference Number

Represents Multiple ' Type

Contacts __J__ :

OPERAND '1
ENABLE CIRCUIT | HROO31t MP 0019
b : ()

OPERAND 2 -

8X7 - 14292

Contact

Area DESTINATION
HR00153

Operates on Transition (t)
Uses 4 Words of Ladder Memory
1 Register Label (HR/IR/OR XXXX)
2 Register Label (HR/IR/OR YYYY) OR Constant Value (nnnn)
3 Desginates the Tower reference number of the two
registers defined (HR/OR ZZ1%)

Figure 1. Multiply (MP)
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The destination register pair is referenced by a single label, which
automatically designates the register to which it refers, and the register of
the same type having the next highest reference number. For example, 127 x 496
= 62,992, If Holding Register 25 is designated as the destination register,
then 0006 is placed in HR0025, and 2992 is placed in HR0026. :

In the PC-1100, the MP coil energizes when the enable circuit conducts, and
de-energizes when the circuit does not conduct. Forcing an MP coil affects
only the associated contacts and output circuits (if any); the MP function
continues to operate under the enable circuit control.

In the PC-1200, the MP coil energizes only when the result of the multiply is
greater than 655,359,999. An overflow will cause an invalid result. Forcing an
MP coil affects only the associated contacts and output circuits (if any); the
MP function continues to operate under the enable circuit control.
SPECIFICATIONS

OPERAND 1

This value is held in a specified Holding Register (HR), Input Register (IR),
or Output Register (OR).

OPERAND 2

This value is a constant (0001 through 9999) or a value held in a specified
Holding Register (HR), Input Register (IR), or Output Register (OR).

DATA SUMMARY

The operand range is for a PC-1100 is 0000 through 9999. The range for a
PC-1200 is 0000 through 65535. Operand 1 x Operand 2 = Destination register
pair contents.

DESTINATION

The destination is a consecutive pair of register locations; the first location
contains the four most-significant digits of the result; the second location
contains the four least-significant digits of the result. The destination is a
specified pair of Holding Registers (HR), or Output Registers (OR).

Note

Both operands must be in binary form.
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MP TRUTH TABLE

See Table 1.

TABLE 1.

MP TRUTH TABLE

Enable Circuit

Result

0

None - The MP coil is de-energized.

t

Multiplies - The result is placed in the destination
register pair.

The coil is energized. In the PC-1200,

if the result is greater than 655,359,999 the coil

energizes (error detected), otherwise the coil remains
off.

In the PC-1100, the coil is energized. In the PC-1200,
the coil is unchanged.

t = Transitioﬁ OFF to ON.

APPLICATIONS

The MP function is particularly useful when scaling factor inputs.

Refer to

the application example for the Divide (DV) special function. This example uses
the MP function as well.

Figure 2 shows a program using the MP function to square a number.

CRO127 CRO127 ’
I\ () FAST CLOCK
(HR0005)2
CRO127 MP0001
| | OPERAND 1 () HRO005| X [HR0O005 HRO006 | [HR0O007
HR0005
OPERAND 2
HR0005
DESTINATION
HR0006
Figure 2. Number Squaring
NLAM-B206 5-186
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Figure 3 shows a "times 10" application of this MP function. This configuration
uses the second destinataion register as an operand. In this case, each time
INOOOLl is closed, HROOOl is multiplied by 10, and the result is placed in
HRO010 and HROO11l. Table 2 illustrates the operation for eahc INOOOl closure.

INOOO1 MP0002
Rk OPERAND 1 ()
HROO11

OPERAND 2
0010

DESTINATION
HR0010

Figure 3. Times 10 Application Example

TABLE 2. TIMES 10 APPLICATIONS EXAMPLE FOR IN0O001 CLOSURE

Contents of HR0010 Contents of MROO11l
Initial condition 0000 1234
First operation of IN00O1 0001 2340
Second closure of IN0O0O1 0002 3400
Third transition of INOGO1 0003 4000
Fourth time INOOOl is closed 0004 0000
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MR - MASTER CONTROL RELAY
Modified for PC-1200

PC-1100-x0ly: SUPPORTED PC-1100-x05y: SUPPORTED

PC-1100-x02y: SUPPORTED PC-1200-x02y: SUPPORTED

PC-1100-x03y: SUPPORTED PC-1200-x04y: SUPPORTED
DESCRIPTION

The Master Control Relay (MR) function is a powerful programming tool. This
function provides an "internal OFF" operation, disabling all or part of the
programmed reference ladder diagram. MR function symbology is shown in Figure
1.

The MR function allows a prescribed condition or set of conditions to disable
all or part of the programmed circuits into the processor. When the MR enable
circuit conducts, all coils under MR control operate normally.

PC-1100 OPERATION

In the PC-1100, when the MR enable circuit does not conduct, the coil functions
as follows:

e Control relay coils de-energize unless forced ON. (When the coils are
forced ON, the associated outputs turn ON.)

e Special functions stop operating and their coils de-energize unless
forced ON. (When the coils are forced ON, the associated outputs turn

ON.)
Reference Number
Represents Multiple Constant value for Type
Contacts number of coils following
~ MR coil that enable circuit ~
controls | MR 0017
ENABLE CIRCUIT > 0007
bl ()
8x7
Contact
Area
Uses 2 Words of Ladder Memory

Figure 1. Master Control Relay (MR)
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e Register data is frozen, unless the register is also affected by a coil
that is not MR controlled.

PC-1200 OPERATION

In the PC-1200, the specified number of coils and special functions operate as
if the left ladder rail is de-energized for the range of the MR function.

° Special functions in the MR range act as if their inputs lines are
de-engergized. This means times and counters are reset, shift registers
clear their register tables, TR and FI pointers are cleared, BF coils
clear their programmed bits, etc. Power flow displayed on the program
loader does not recognize the left rail is de-energized.

GENERAL

This function, like the Skip (SK) function, only depends on the condition of
jts contact circuits. Forcing the MR function forces only the MR coil, thus
forcing its contacts and output circuits. Forcing the coils that control the
contacts in the MR contact circuit forces the MR function.

The number of coils controlled by MR, or range, is specified by a preset
constant (1 through 256). This constant indicates the number of coils that
follow, and are controlled by, the MR function. The controlled coils are those
programmed immediately after the MR coil. If the preset value is 20, the next
20 coils programmed are controlled by the MR contact circuit.

SPECIFICATIONS
ENABLE CIRCUIT

When the enable circuit conducts, normal processing is allowed. In the
PC-1100, when the enable circuit does not conduct, the specified number of
coils following the MR coil are de-energized. In the PC-1200, when the enable
circuit does not conduct, power flow to the specified number of coils following
the MR coil is removed. All special functions in this range are executed by the
PC-1200 as if there were no power flow at any input.

COIL

When the coil energizes, normal processing is allowed. When the coil
de-energizes, the specified number of coils following the MR coil are
de-energized. Forcing the coil forces the associated contacts, not the
functions.

CAUTION

The MR function does NOT replace an external,
hard-wired Master Control Relay. An external
relay must be provided to shut down power in
an emergency. See Section 3 "Installation

and Start-Up" for details.
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NUMBER OF COILS

The number of coils specifies the number of coils to be disabled following the
MR coil (1 through 256). If the end of the program is reached before the end
of the range, functional control is terminated.

APPLICATIONS

A momentary power failure causes the processor to reset all CR coils and
re-start the program. However, in some cases, this restart is undesirable.
Figure 2 shows an MR function application which prevents automatic restart.

All coils, including MROOO1, are turned OFF when a power failure occurs. Since
MRO0OO1 is sealed in by its own contacts, it does not re-energize (permit the
coils following it to operate) until INOOOl, a manual pushbutton, is pressed
after power is restored.

Manually Activated Number of First Coil in
~ Pushbutton Coils in l_- the Program ~
Program MROOO1
INO0O1 L 0256
| | ()
MROO0O1
|1

Figure 2. Manual Reset Circuit
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MV - MOVE

PC-1100-x0ly: SUPPORTED PC-1100-x05y: SUPPORTED

PC-1100-x02y: SUPPORTED PC-1200-x02y: SUPPORTED

PC-1100-x03y: SUPPORTED PC-1200-x04y: SUPPORTED
DESCRIPTION

The Move (MV) function transfers data from the source to the destination. MV

function symbology is shown in Figure 1.

When the MV circuit conducts, the source data transfers to a prescribed
destination on each processor scan, and the coil energizes. When the circuit
doe not conduct, the destination register holds in its last state, and the coil
de-energizes. If the coil is forced, only its contacts and any output circuit
are affected; the MV function continues to operate according to the MV circuit.

Reference Number

Represents Multiple Type
Contacts
SOURCE
MOVE CIRCUIT IR00011 MV 0072
|| ()
8x7
Contact
Area DESTINATION
HR00382

Uses 4 Words of Ladder Memory
1 Register Label (HR/IR/OR/1G/0G)
2 Register Label (HR/OR/0G

Figure 1. Move (MV)
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SPECIFICATIONS s

N’

MV CIRCUIT

When the MV circuit conducts, data is copied from the source to the destination
during each processor scan.

SOURCE '

The source is the location from which data is copied. (Data remains intact at
this location.) This value is held in a specified register or group:

] Holding Register (HR)
® Input Register (IR)

] Output Register (OR)
° Input Group (IG)

L] Output Group (OG)

DESTINATION

N4

The destination is the location to which data moves. This location is a
specified register or group: ‘ ' —

® Holding Register (HR)
®  Output Register (OR)

] Output Group (0G)

COIL

The coil energizes when the MV circuit conducts, and de-energizes when the
circuit does not conduct.

APPLICATIONS

The Divide (DV) function illustrates the usefulness of the MV function in
conserving register space. Rather than using two output registers for the DV
result and the remainder when only the result is desired, a pair of holding
registers is used as the destination. The result is moved only to the output
register as shown in Figure 2.
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CRO127 CRO127
I\l ( )— FAST CLOCK
CRO127 DVO126® |(HRO001, HR0002) (CV) (HRO0O3,HR0004)
| | OPERAND 1 ( )—|NUMBER TO SCALE + 0002 = XXXX RRRR
HR0001 INPUT
RESULT
OPERAND 2
HR0002 REMAINDER
DESTINATION
HR0003
CRO127 MV0125
|| SOURCE ( )-— MOVE RESULT TO OR0001 FOR OUTPUT
HR0003 TO ANALOG MODULE
DESTINATION
OR0001

The divide function is not available in the Basic PC-1100

(PC-1100-x01y)

11/88

Figure 2.

MV Application
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NR/NL - N BIT SERIAL SHIFT

REGISTERS :
PC-1100-x0ly: SUPPORTED PC-1100-x05y: SUPPORTED
PC-1100-x02y: SUPPORTED PC-1200-x02y: SUPPORTED
PC-1100-x03y: SUPPORTED PC-1200-x04y: SUPPORTED

DESCRIPTION

The N Bit Serial Shift Register-Right (NR) and the N Bit Serial Shift
Register-Left (NL) functions consist of 1 through 128, 16-bit registers (16
through 2048) bits) that can shift N (0 through 16) bits right (NR) or left
(NL) at a time. NR/NL function symbology is shown in Figure 1.

The NR/NL functions are controlled by the shift, serial IN, and reset

circuits. 1If the reset circuit does not conduct, the contents of the table are
set to zero, and the function is inactive. If the reset circuit conducts, the
contents of the register shift right or left when the shift circuit changes
from non-conducting to conducting. If the serial IN circuit does not conduct,
zeroes are shifted into the register, and when conducting, ones are shifted
into the register.

Reference Number

Type ———]

OP CODE 50/51 NL XXXX
ENABLE or NR XXXX
| ()
TABLE LENGTH!
SERIAL IN
| |
TABLE END2
RESET -

[
N BIT FIELDS

~ LT OP CODE = 50/51 ~
Operates on Transition (t)
Uses 5 Words of Ladder Memory
1 Constant Value (1 - 128)
2 Register Label (HR/OR XXXX)
3 Register Label (HR/IR/OR YYYY) or
Constant Value

Figure 1. N Bit Serial Shift Register - Right (NR) or Left (NL)
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Figure 2 is an example of the N Bit Serial Shift operation. With a shift
register that is two holding registers long, the following conditions occur
when four (N) bits shift to the left:

° Reset = Closed

® Serial IN = Open

® Shift = Closed

Right shifts work in a reverse manner.

OP CODE

Bits shift from Bit 32 towards Bit 1.

Op Code 50 or 51 defines the Literal (LT) as the NR/NL function. Op Code 50 is
the NR function; Op Code 51 is the NL function.

SPECIFICATIONS

TABLE LENGTH

The table length defines the number of registers making up the N Bit Shift
The range is 1 through 128 registers and is subject to the limits
listed in Table 1.

Register.

TABLE END

Note

The highest number of holding registers
available is dependent on memory size.

The table end defines the type and number of the last register in the NR/NL

function. The table end is subject to the limits listed in Table 1.
TABLE 1. TABLE LENGTH/TABLE END LIMITS

Type | PC-1100 PC-1200-1020/1040 | PC-1200-1041/1041/1042 PC-1250
HR <1792 1 < 1792 < 1792 < 1792
OR < 8 < 32 < 64 < 128
0G <8 < 32 < 64 < 128

1 For the PC-1100, the maximum number of holding registers depends on
memory size, as described in Section 4.

1/89

5-195

NLAM-B206



NR/NL

N BIT FIELD “j

The N Bit Field defines the number of bits (0 through 16) to be shifted. This
number can be a constant or a value held in a specified register:

e Holding Register (HR)

® Input Register (IR)

] Output Register (OR)

) Constant Value (1 - 16)
COlL

The coil action is shown in the NR/NL Truth Table.

BIT # 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
HROOO1 | o0|O0O|jO|O|O]JO}jO|jO|O]JO|O]jO]OfO]O]O

32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
HROOO2 |1 |1{1]1j1f1j1fj1jo0jO0|OfoOof1 1]|1]]1 )

SHIFT = TRANSITION AND CLOSED I
BIT # 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
HR0001 ofojojojojojojofojofoOojlOofO]OfO}0O

BITS SHIFTED IN
32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17J

HR0002_|——~1111000011110000

BITS < | [ 1
SHIFTED UPPER FOUR BITS
ouT FROM HR0001
1111

Figure 2. NR/NL Operatibn
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‘ \) NR/NL TRUTH TABLE

See Table 2.
TABLE 2. NR/NL TRUTH TABLE
Shift Serial IN Reset Result
Don’t Care | Don't Care 0 The coil de-energizes. The table is
cleared to zero.
0 0 1 The coil and table states are
dependent on previous operations.
t 0 1 The number of bits specified by the N
Bit Field are shifted into the table
in a "zero" condition. If the
specified number of bits is zero or
greater than 16, no shift occurs and
the coil energizes.
1 0 1 The table contents do not change.
The coil energizes if the N Bit Field
is zero or greater than 16.

o t 1 1 The number of bits specified by the N
) Bit Field are shifted into the table
— in a "one" condition. If the specified

number of bits is zero or greater than
16, no shift occurs and the coil
energizes.
1 1 1 The coil and table states are
dependent on previous operations.
APPLICATIONS

The NR/NL functions are used to implement a conveyor system capable of sorting
and diverting selected products at predetermined stations. Figure 3 depicts
this operation.

The product code is entered into the system as two Binary-Coded-Decimal (BGD)
digits (eight binary bits). A pulse is generated with each increment of
conveyor motion. Figure 4 is the ladder diagram for monitoring the conveyor.
All the stations are not implemented in this example; they can be implemented
with additional programming.
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6 g 1211 10 9 8 7 6 5 G—— 1

4———— PRODUCT

—o —o
DIVERTERS
PRODUCT CODE PRODUCT CODE
NO. 28 DIVERTED NO. 12 DIVERTED
AT STATION 11 AT STATION 6

—_

NLAM-B206

Figure 3. Sorting and Diverting Operation
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~  CONVEYOR ~ NLOG78 IS AN N BIT SERIAL SHIFT LEFT
MOTION OF 8 PLACES (EIGHT BINARY BITS) FOR
PULSE NLO078 | EACH CYCLE OF THE CONVEYOR MOTION
—| |— () PULSE CIRCUIT. HR0001 TO HR0008
CONTAIN THE 16 CONVEYOR STATIONS,
TABLE LENGTH TWO PER REGISTER.
0008
CR0O126 BITS 9 BITS 1
| TABLE END THROUGH 16 | THROUGH 8
HRO008
HRO0O1 | STATION 2 | STATION 1
N BIT FIELD HR0002 | STATION 4 | STATION 3
0008 HRO003 | STATION 6 | STATION 5
HRO004 | STATION 8 | STATION 7
- CRO126 is a dummy. ~ | HROOOS | STATION 10 | STATION 9
The serial input is HRO006 | STATION 12 | STATION 11
always open. HRO007 | STATION 14 | STATION 13
HR0008 | STATION 16 | STATION 15

Reset is always closed.

1

~ CONVEYOR ~ MV0079 DUPLICATES THE CONTENTS OF
MOTION HR0003.
PULSE MV0079 BITS 9 | BITS 1
|| SOURCE () THROUGH 16 = THROUGH 8
HR0003 {
HRO003 | STATION 6 = STATION 5
DESTINATION {
HROO11 IN .
. ~ HROO11 | STATION 6 l STATION 5
ALLOWS THE MANUPULATION OF
INFORMATION WITHOUT INTERFERENCE
T0 THE CONVEYOR SYSTEM OPERATION.
~ CONVEYOR ~ AMO0SO IS AN AND MATRIX FUNCTION
MOT ION USED TO MASK STATION 5 OUT OF A
PULSE AMOO8O | COMPARISON FOR THE VALUE OF STATION
|| MATRIX SIZE |—( )— 6.1
0001
MATRIX 1 END BIT 16 BIT 1
HROO11
MATRIX 2 END HR0010 = 1111111100000000,
HR0010 HROOI1 = XXXXXXXXXXXXXXXX,
DESTINATION END HRO012 = XXXXXXXX00000000,
HR0012 i
~ Station 6

The AND matrix function is not available on the Basic PC-1100
(PC-1100-x01y)

11/88

Figure 4a. NR/NL Application

5-199 NLAM-B206




NR/NL

OPERAND 1
CRO126 HROO12 EQO001
I ()
OPERAND 2
4608
CONVEYOR
MOTION SOURCE
PULSE HRO006 MV0O081
|| ()
DESTINATION
HRO013
CONVEYOR
MOTION
PULSE MATRIX SIZE AM0082
I\l 0001 ()
MATRIX 1 END
HR0OO013
MATRIX 2 END
HRO009
DEST. END
HROO14
OPERAND 1
CRO126 HRO012 £Q0001
| ()
OPERAND 2
0040

THE CONTENTS OF HR0012, WHICH HAS
DATA ONLY IN BITS 9 THROUGH 16, IS
COMPARED TO A CONSTANT OF 4608.
4608 IS THE EQUIVALENT OF BCD 1200.

0001 0010 0000 0000
STATION 6 ’

IF THE BCD PRODUCT CODE NO. 12 IS
PRESENT, EQ0001 WILL ACTIVATE,
CAUSING A DIVERTER TO REMOVE THE
PRODUCT FROM THE LINE AT STATION 6

Mvo081 DUPLICATES THE CONTENTS OF

HR0006 .
BITS 9 BITS 1
THROUGH 16 _THROUGH 8

HRO006 |_STATION 12| STATION 11
IN
HROO13 |_STATION 12| STATION 11

ALLOWS THE MANIPULATION OF
INFORMATION WITHOUT INTERFERENCE
TO THE CONVEYOR SYSTEM OPERATION.

AM0082 IS AN AND MATRIX FUNCTION!
USED TO MASK STATION 12 OUT OF A
COMPARISON FOR THE VALUE OF
STATION 11.

BIT 16 BIT 1
HR0009 0000 0000 1111 11;]
HROO13 |STATION 12| [STATION 11
HRO014 0000 0000 STATION 11

THE CONTENTS OF HRO014, WHICH NOW
HAS DATA ONLY IN BITS 1 THRU 8, IS
COMPARED TO A CONSTANT OF 40. 40
IS THE EQUIVALENT OF BCD 28.

0010 1000
STATION 11

0000 0000

IF THE BCD PRODUCT CODE NO. 28 IS
PRESENT, EQO003 WILL ACTIVATE,
CAUSING A DIVERTER TO REMOVE THE
PRODUCT FROM THE LINE AT ST. 14

NLAM-B206

Figure 4b. NR/NL Application (Cont'd)
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OM - OR MATRIX

PC-1100-x0ly: NOT SUPPORTED  PC-1100-x05y: SUPPORTED

PG-1100-x02y: SUPPORTED PC-1200-x02y: SUPPORTED

PC-1100-x03y: SUPPORTED PC-1200-x04y: SUPPORTED
DESCRIPTION

The OR Matrix (OM) function logically OR's the contents of a pair of matrices
on a bit-per-bit basis; then, it places the result in a destination matrix
location. A matrix is defined as a table of up to 128 16-bit registers operated
on a bit-by-bit basis. OM function symboloby is shown in Figure 1.

The OM operation occurs when the enable circuit changes from non-conducting to
conducting. The contents of the original matrix are unaffected, as shown in

Table 1.

OP CODE

Op Code 89 defines the Literal (LT) as an OM function. Whether or not the
Literal function should be used depends upon the capability of your program
loader. It is recommended that the mnemonic function be used whenever possible.
Refer to the Introduction in this Section and the LT function description.

Reference Number

Type
ENABLE MATRIX SIZE? oM XXXX
| | ()
MATRIX 1 END2
8 X7 .
Contact MATRIX 2 END3
Area

DEST END+

~ LT OP CODE = 89 ~
Operates on Transition (t)

Uses 6 Words of Ladder Memory

Constant Value (1 - 128)

Register Label (HR/IR/OR/IG/0G XXXX)

Register Label (HR/IR/OR/IG/0G YYYY)

Register Label (HR/OR/0G ZZZZ)

- W N -

Figure 1. OR Matrix (OM)
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TABLE 1. OM TRUTH TABLE SAMPLE

RN
N

Matrix 1 Matrix 2 Destination
Bit N Bit N Matrix Bit N

0 0 0

0 1 1

1 0 1

1 1 1

Note
N is the same respective bit in all three matrices.

SPECIFICATIONS

- MATRIX SIZE

The matrix size is a constant value that defines the number of registers
included in the matrix. The range is from 1 through 128 and is subject to the
limitations cited under Matrices 1 and 2.

Matrix 1 End and Matrix 2 End define the type and number of the last register

in Matrix 1 and Matrix 2 that will be OR’ed. See Table 2. /*)
TABLE 2. OM END REGISTERS o
Type | PC-1100 PC-1200-1020/1040 | PC-1200-1041/1041/1042 PC-1250
HR <1792 ! < 1792 < 1792 < 1792
IR <8 < 32 < 64 < 128
CR <8 < 32 < 64 < 128
IG <4 <4 < 8 < 16
0G < 8 < 32 < 64 | =128
1 For the PC-1100, the maximum number of holding registers depends on
memory size, as described in Section 4.

DESTINATION END

The destination end defines tye type and number of the last register in the
matrix that contains the results of the OM function. The type and number
limitations are shown in Table 3.
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TABLE 3. OM END REGISTERS

Type | PC-1100 PC-1200-1020/1040 | PC-1200-1041/1041/1042 PC-1250
HR <1792 1 < 1792 < 1792 < 1792
OR <38 < 32 < 64 < 128
0G <38 < 32 < 64 < 128
1 For the PC-1100, the maximum number of holding registers depends on

memory size, as described in Section 4.

col

The coil energizes when the enable circuit is conducting and the result of the
OM operation is not zero. At all other times, the coil is de-energized.

OM TRUTH TABLE

See Table 4.
Note
The highest Holding Register reference
number acceptable is dependent on memory
and user program size.
TABLE 4. OM TRUTH TABLE
Enable ' Result

0 The coil is de-energized. Matrix 1, Matrix 2, and the destina-
tion are unchanged.

t Matrix 1 and Matrix 2 are "OR"ed and the result is placed in
the destination matrix. Matrix 1 and Matrix 2 are unaffected
by the operation. Coil energized if destination is not zero.

1 The coil remains in state caused by the transition.

1/89 5-203 NLAM-B206




oM

APPLICATIONS )

TheEOM function is most helpful in the assembly of data for display. If, for
example, a situation occurs that results in two-digit displays, valuable output
register assignments can be conserved as shown in Figure 2. '

In Figure 2, the lower-eight bits of HR0002 and the upper-eight bits of HR0001
must be zeroes.

HRO001 HR0002
ofojojojo{ojoio ojojo{ojojojojo
L ) L 1
2 BCD DIGITS 2 BCD DIGITS

HRO0O1 OR HR0002
RESULTS IN
OR0001

HR0002 DATA HRO001 DATA

FOUR DIGIT DISPLAY

Figure 2. Output Register Assignments
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v"’"‘) Figure 3 shows the ladder diagram for the OM function. When INOOOl makes the
J transition from open to closed, the contents of HRO0OO1l are OR’ed with the
contents of HR0002 and then placed in OR0001. If the result is not zero,
OMO0O1 is energized as long as INOOOl is closed.

HR0O0O01 MATRIX SIZE OM0001
| | 0001 ()
MATRIX 1 END
8 X7 HR0O0O01
Contact
Area MATRIX 2 END
HR0002
DESTINATION
OR0O001

Figure 3. OM Ladder Diagram Example

/3 Figure 4 shows a pair of matrices OR'’ed together.
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MATRIX 1 END

MATRIX 1 (BITS)
9| 8| 7| 6

16]|15(14]13{12{11(10 2] 1
HR0001 :
11 0oj of 1] of 1 of o] 1} 1] 1f{ 1| O} Of 1] 1
32131{30(29|28|27]26|25|24|23]22|21|20]|19|18|17
HR0002
1] 0/ 1/ 0|l 1/ 0 1}0f1]0f1/0f 1010
48147|46(45|44]43]42|41]40|39]38{37(36|35(34|33
HRO003
o o{ o]l o] o] of o] of of o} 0| 0O} O] O Of O
MATRIX 2 END MATRIX 2 (BITS)
16{15[14]13|12|11|10| 9| 8| 7| 6| 5| 4| 3| 2| 1
HRO004
of 1} 1|/ oj o} 0} 0} O] O O] 1f O] 1y 1{ O] O
32|31|30]29|28|27|26|25|24|23|22|21|20(|19]|18]17
HRO005
ol 110/ 1/ 0] 1]0] 140y 1|0 1|01 0|1
48|47|46|45]|44143|42141]40]39|38]37|36(35|34|33
HRO006
1{ 1y 1} 1} 1{ 1} 1| 1} of Of 0| O O] Of Of O
DESTINATION END MATRIX 3 (BITS)
16151413 |12|11|10| 9| 8] 7| 6] 5] 4| 3| 2 1
HRO001
I 1) 1 1} of 1y 0f Of 1y 1} 1 1} 1] 1} 1f 1
32|31/30|29|28|27|26|25|24|23|22]|21|20|19|18|17
HR0002
TpoIp 1p 1f 1) 1f 1 1 rp o orpo1p 11191
48{47|46|45|44|43|42]41]40(39/38|37|36{35|34|33
HRO003
1{ 1 1f 1{ 1| 1} 1| 1| 0f of O| O] O] O] O] O

Figure 4. A Pair of Matrices OR’ed
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OT/CT - OPEN TABLE/
CLOSE TABLE

PC-1100-x0ly: NOT SUPPORTED  PC-1100-x05y: SUPPORTED

PC-1100-x02y: SUPPORTED PGC-1200-x02y: SUPPORTED

PC-1100-x03y: SUPPORTED PG-1200-x04y: SUPPORTED
DESCRIPTION

The Open Table (OT) and Close Table (CT) functions are used to insert or delete
data from a table of registers. OT/CT function symbology is shown in Figure 1.

When a table is opened, data in the pointed location and all data in registers
with higher numbers are moved up one position in the table. The new
information in the source is inserted into the table and the data in the last
table location is lost, as shown in Figure 2.

Note

If the table is expanded before OT is
executed, data will be preserved.

When a table is closed, data in the pointed location is placed in the
destination, and all data in registers with higher reference numbers are moved
down one location. The last register in the table is duplicated when the data
is moved, as shown in Figure 3.

OP CODE

Op Codes 92 and 93 define the Literal (LT) as the OT or CT function. Op Code
92 is for the OT function; Op Code 93 is for the CT function. Whether or not
the Literal function should be used depends upon the capability of your program
loader. It is recommended that the mnemonic function be used whenever possible.
Refer to the Introduction in this Section and the LT function description.

Reference Number
- Type — | ~
ENABLE TABLE LENGTH! 0T XXXX

|| ()
TABLE ENDZ

8 X7 POINTERS®
Contact
Area SOURCE+

~ LT OP CODE = 92 ~
Operates on Transition (t)

Uses 6 Words of Ladder Memory

Constant Value (2 - 256)

Register Label (HR XXXX)

Register Label (HR/IR/OR/IG/0G YYYY)

Register Label (HR/IR/OR/1G/0G ZZ1Z)

_ W N

Figure 1a. Open Table (OT)
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OC/CT

ENABLE

-

Reference Number

8 X7
Contact
Area

TABLE LENGTH!

TABLE END?
POINTERS
DESTINATION¢

Type l ~
1T XXXX

LT OP CODE = 93
Cperates on Transition (t)
Uses 6 Words of Ladder Memory

W N -

Constant Value (2 - 256)
Register Label (HR XXXX)
Register Label (HR/IR/OR/IG/0G YYYY)
Register Label (HR/IR/OR/1G/0G Z1ZZ)

()

Figure 1b. Closed Table (CT)

BEFORE OPEN OPERATION

AFTER OPEN OPERATION

HR0004 = 50 HR0004 = 50

HRO005 = 40 HRO005 = 40
POINTER|—> | HR0006 = 30 POINTER|——> | HRO006 = 200 [<—

HRO007 = 20 HRO007 = 30

HR0O008 = 10 HRO008 = 20

HRO009 = 90 HRO0O09 = 10

HRO010 = 80 HR0O010 = 90
SOURCE = 200 SOURCE = 200

NLAM-B206

Figure 2. OT Operation
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i j) BEFORE OPEN OPERATION AFTER OPEN OPERATION

HROO011 = 800 HROO11 = "800
HROO12 = 900 HROO12 = 900

POINTER| --> | HRO013 = 1000 POINTER| --> | HROO013 = 1100 |—
HROO14 = 1100 HRO014 = 1200
HROO015 = 1200 HROO15 = 1300
HRO016 = 1300 , HROO16 = 1400
HROO17 = 1400 HROO17 = 1400

DESTINATION = 0 DESTINATION = 1000 |<

Figure 3. CT Operation

SPECIFICATIONS

OPERAND 1 - TABLE LENGTH

The table length is a constant value from 2 through 256 that determines the
length of the table being opened or closed.

OPERAND 2 - TABLE END

The table end defines the holding register number of the last register in the
table.

OPERAND 3 - POINTER

The pointer contains the location to be opened or closed. This location is a
specified register or group:

R
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¢ Holding Register (HR)

® Input Register (IR)

] Output Register (OR)

e Input Group (IG)

®  Output Group (0G)

OPERAND 4 - SOURCE/DESTINATION

The source contains the data to be inserted in the table. The destination
contains the data removed from the table. The source and destination are
specified registers or groups:

® Holding Register (HR)

L Input Register (IR)

® Output Register (OR)

] Input Group (IG)

[ ] Output Group (0G)

OT/CT TRUTH TABLE

See Table 1.
TABLE 1. OT/CT TRUTH TABLE (Cont'd)
Enable Result

0 No data transfers and the coil de-energizes.

t OT: As long as the pointer is valid (< table length - 1), data
in the table starting at the pointed location is shifted up
one location, and data in the source register is placed in the
open location. Data in the last register in the table is lost.
The coil is turned ON.
CT: As long as the pointer is valid (< table length - 1), data
is moved from the pointed location to the destination. Table
locations above the pointed location are moved down one place in
the table. Data in the last register in the table moves down
and also remains in the last location. The coil is turned on.

1 No data transfers. If the pointer is legal, the coil is turned
ON.

5-210 ‘ 11/88
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APPLICATIONS

The OT and CT functions are used in any situation where tabular data is subject
to change. The Drum Controller (DR) and Table-to-Register Move (TR) functions
are functions to which the OT and CT functions can be applied, as shown in
Figure 4. With the OT function, steps can be added to the DR function. With
the CT function, steps can be deleted from the DR function. Together, a step
may be removed, and a new step may be inserted at the old location. The table
must be the same in all three functions.

IN00O1 TABLE LENGTH 0T0001
. 0020 ()
TABLE END
HR0020
POINTER
IR0001
SOURCE
IR0002

IN0002 TABLE LENGTH CT0002
I 0020 ()
TABLE END
HR0020
POINTER
TR0003
DESTINATION
HR0O100

NUMBER OF
STEP STEPS DR0003
| | 0020 ()
START REG.
IN0003 HRO0O1

| STEP POINT.
HR0021
IN0004 DESTINATION
| | 060002

Figure 4. OT/CT Application
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PT - PORT TRANSMIT
Modified for PC-1200

PC-1100-x0ly: NOT SUPPORTED  PC-1100-x05y: NOT SUPPORTED —
PC-1100-x02y: SUPPORTED PC-1200-x02y: SUPPORTED )
PC-1100-x03y: SUPPORTED PC-1200-x04y: SUPPORTED

DESCRIPTION

Port Transmit is one of three special functions used in networking. Refer to
Section 3 for an overview of networking and to the CP (Configure Port) and UA
(Unit Address) special function descriptions in this section for additional
information.

Port Transmit (PT) designates the master PC on a Multi-Point network. The
Master PC can read registers from and write registers to any Slave PC connected
to the network. The user controls the communications through the ladder
program in the Master by manipulating the PT function. Refer to Figure 1.

In the PC-1100 and PC-1200, four operands specify the number of registers to
transfer, the location of the registers at the source and destination PCs, and
the slave address. By programming the address register, this operand defines
the location of one or several "indirect operands" relating to communication
status, slave status, response time out and more. Refer to Tables 3a and 3b.
These indirect operands aid in tailoring the network and in troubleshooting.

Reference Number

i we— |

COMMUNICATE PT XXXX
| | TABLE LENGTH? ()

READ/WRITE
| SOURCE END2

TEST '
|| DEST ENDs

ENABLE
| | STATUS/ADDR*

8 x7

Contact

~ Area LT OP CODE = 97 ~

Operates on Transition (t)

Uses 6 Words of Ladder Memory

Register Label (HR/IR/OR/IG/0G WWWW or Constant Value
Register Label (HR/IR/OR/IG/0G XXXX)

Register Label (HR/IR/OR/IG/0G YYYY)

Register Label (HR ZZ11)

W N e

Figure 1. Port Transmit (PT) ' )
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PT initiates a communication session on a false-to-true transition of the
COMMUNICATE input. Data transfer is independent of the processor scan. PT coil
energizes during the communication session, which may last several scans. The
coil is de-energized when data transfer is complete, or upon error detection.

To establish communications on the link, the Master transmits a six byte "set
PC address" command. Each Slave on the link compares the address with it’s own
unique address that is programmed using the Unit Address (UA) special

function. Only the Slave whose address matches will respond to the Master and
data transfer is initiated. All communications on the network are error
checked using the Westinghouse six byte protocol. Refer to the "Programmable
Controller Communications Manual" (NLAM-B58) for more information.

An error on the link will be detected by the Master PC and an error bit will be
set in the upper byte of the status register to identify the error. When an
error is detected, data is not transferred.

OP CODE

Op Code 97 defines the Literal (LT) special function as a PT function. Whether
or not the Literal function should be used depends upon the capability of your
program loader. It is recommended that the mnemonic function be used whenever
possible. Refer to the Introduction in this Section and the LT function
description.

SPECIFICATIONS
OPERAND 1 - TABLE LENGTH

The table length establishes the number of holding registers to be transmitted
or received upon execution of the PT function. It can be defined by a constant
value or allowed to vary by changing the data contained within a designated

register. The table length register is subject to the limits given in Table 1.

Note
The highest holding register reference
number acceptable depends on both the

memory and user program size.

TABLE 1. TABLE LENGTH

Type | PC-1100 PC-1200-1020/1040 | PC-1200-1041/1041/1042 PC-1250

cv < 64 < 64 < 64 < 64

HR <1792 ! < 1792 < 1792 < 1792

IR <8 < 32 < 64 < 128

OR <8 < 32 < 64 < 128

I1G < 4 < 4 < 8 - < 16

0G < 8 < 32 < 64 < 128
1 For the PC-1100, the maximum number of holding registers depends on

memory size, as described in Section 4.
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OPERAND 2 - SOURCE END

The source end pointer is a register in which the reference number of the last
holding register in the source table is found. This reference number must be at
least as large as the table length and can be as large as EOP (end of program)

minus 1. :
®¢ Read The holding registers within the Slave PC read by the Master PC.
® Write The holding resisters within the Master PC which are written to

The source end pointer is subject to the limits given in Table 2.

the Slave PC.

Note

A reference number of zero will generate
a user software fault in bit 7.

Change the source table end reference
number only when transmission is
complete, as indicated by the coil
de-energizing.

TABLE 2. SOURCE END POINTER

Type | PC-1100 PC-1200-1020/1040 | PC-1200-1041/1041/1042 PC-1250
HR <1792 ! < 1792 < 1792 < 1792
IR <8 =< 32 < 64 < 128
OR <8 < 32 < 64 < 128
1G <4 <4 <8 < 16
0G <8 < 32 < 64 < 128
! For the PC-1100, the maximum number of holding registers depends on

memory size, as described in Section 4.

OPERAND 3 - DEST END

The destination end pointer is a register in which the reference number of the
last holding register in the destination table is found. This reference number
is subject to the same limitations as the source end pointer. Refer to Table 2.

® Read The holding registers within the Master PC which stores data
from the source table within the Slave PC.
® Write The holding registers within the Slave PC which stores data from

NLAM-B206

the source table within the Master PC.
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OPERAND 4 - STATUS/ADDR

The Status/Address register, specified by Operand 4, selects the communications
address of the Slave PC on the multipoint network with which the Master PC will
establish communications. '

The program loader displays this fourth operand as a pair - "Status/Address",
however for clarity, the fourth operand defines the Slave Address register and
marks the end of a consecutive pair of Holding Registers in the PC-1100 and the
end of a consecutive table of four Holding Registers in the PC-1200. These
extra registers are "indirect operands" used for extra network control and
monitoring communications.

The high byte in Operand 4 has two meanings:

PC-1100: If the slave addressed responds with a fault status, the slave’s
Fault Register High Byte will be displayed in the high byte of
Operand 4.
PC-1200: The high byte indicates a retry number the master will reference
in case of communication errors. Valid range is 0 - 255.
TABLE 3a. INDIRECT OPERANDS FOR PC-1100
Holding
Operand Register High Byte Low Byte
Indirect |HR XXXX - 1} Status Error code/Fault Low Byte
Operand 1 Fault information
available only in ADV
units V3.6 or greater.
Operand 4 |HR XXXX Slave Fault - Fault Slave Address
information available
only in ADV units V3.6
or greater,
TABLE 3b. INDIRECT OPERANDS FOR PC-1200
Holding
Operand Register High Byte Low Byte
Indirect HR XXXX-3 Slave response time-out (1 - 32767 mSec.)
Operand 3
Indirect HR XXXX-2 Slave Fault, high byte Slave Fault, low byte
Operand 2
Indirect HR XXXX-1 Status Error code
Operand 1
Operand 4 | HR XXXX Retry count Slave Address

11/88
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INDIRECT OPERAND 1 - STATUS (PC-1100 and PC-1200)

The upper byte of the Status Register indicates the communication status. Bits
9 through 16 act as flags indicating what stage the communication session is
in, Mode status of Slave, and error state if a data link or programming’
misapplication occurs. See Figure 2.

If the error bit 9 is set then the lower byte will contain an error code which
can be compared to Tables 4 and 5 for troubleshooting. No data will be
transferred.

If bit 10 is set then the slave is not in Run or Run Program Protect Mode and
is either in stop or in fault. Information will be transferred! Stop or
Fault mode may have information which is of interest to the user and the
program must distinguish whether to discard information read or set an alarm.

1f the slave responds in fault both the PC-1100 and PC-1200 will provide to the
Master PC’s program the fault register contents (PC-1100 Master ADV models V3.6
or greater; all PG-1200s). The PC-1100 splits the register with low byte
placed in the low byte of the status register and high byte in the high byte of
the address register. The PC-1200 places the fault register into Indirect
Operand 2.

The PT function stage of execution is evident by the bit in the status register
at a logic value of 1. The bits are defined in Figure 2.

15114|13{12|11{10| 9| 8| 7| 6] 5| 4| 3| 2| 1

16
Busy ——J
Data Transfer I
Opening Session

Read/Write

Testing

Test History Bit

Spare!

Communication Error

PT Fault
See Tables 3 and 4.

1 ADVI > V5.0 = mode bit, ADVII > V3.6 = mode bit, PC-1200 all

Figure 2. PT Status Register
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“\) TABLE 4. STATUS REGISTER ERROR CODES FOR MASTER PC
/ Exrror

Code Description

O1H Attempted to write into the write protected RAM area.

02H Invalid data transfer detected.

O3H Checksum error detected.

O4H Command overrun.

06H Uart overrun.

08H Uart framing error detected.

09H Uart parity error detected.

OBH Invalid port transmit status detected.

OCH Master time-out, transmitter buffer is not empty at the Master PC.

TABLE 5. STATUS REGISTER ERROR CODES FOR SLAVE PC

i) Error
- Code Description
81H Attempted to write to the Slave PC ladder while in run mode. *
82H Invalid data transfer command detected. *
83H Checksum error detected. *
84H Command overrun. *
85H Command aborted. *
86H Uart overrun detected. *
87H Invalid address in Slave PC. *
88H Uart framing error detected. *
89H Uart parity error detected. *
* = This error is associated with a two byte error code response from
the Slave PC.
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TABLE 5. STATUS REGISTER ERROR CODES FOR SLAVE PC (Cont'd)

Error
Code Description

8AH Slave time-out (no response from the Slave PC).

8FH Response received from the Slave PC upon initiating TEST.

COH The transmit time-out parameter exceeds 32,767 milliseconds. The
user has specified, in CP, a transmit delay which when added to
the time necessary to transmit the data at the selected baud rate
exceeds 32,767 milliseconds

ClH The receiver time-out parameter specified by the user, exceeds
32,767 milliseconds (See Indirect Operand 1, Operand 4)

C2H PT function programmed incorrectly.

INDIRECT OPERAND 2 - SLAVE FAULT REGISTER (PC-1200 MASTER ONLY)

If the Slave addressed is in fault, the Slave’s fault register will be displayed
in Indirect Operand 2 until the next communication session.

INDIRECT OPERAND 3 - SLAVE RESPONSE TIME-OUT (PC-1200 MASTER ONLY)

The Response time-out is programmable to allow for variable time-outs depending

on system needs. This register specifies the maximum time, in milliseconds that
the Master will wait following the transmission of its request for the slave to

reply.

The normal valid range for this parameter is 1 to 32,767 milliseconds. A value
of 0 will default to the PC-1100 standard of 0.5 seconds.

Note

Any transmit delay programmed in the
slave must be allowed for in the slave
response time-out delay.

PC-1100s V3.6 or greater allow for
programming this slave response time-out
delay via the CP special function.

The CP special function provides for the
programming of a complementary transmit
delay useful in certain modem type
communications. See the CP description
in this Section.

NLAM-B206 5-218 11/88



TN

PT

CONTROL LINE DEFINITIONS
COMMUNICATE LINE

This line starts a communication session when a low to high transition is
sensed. A circuit analogous to a fast clock coil can be programmed to keep the
function cycling as fast as possible. A normally-closed contact is programmed
in series with the communicate line, referenced to the functions own coil. See
the example in Figure 3.

PT 0100 PT Block PT 0100
INI ()

D ]

Figure 3. Cycling the PT Function
READ/WRITE LINE

A high state on this line indicates a Read transaction. Read is defined from
the perspective of the Master where data originates from the Slave source and
is transferred (read to) the Master destination registers.

A low state on this line indicates a Write transaction. Write is again defined
from the perspective of the Master where data originates from the Master source
registers and is transferred (written) to the Slave destination registers.

Note

Depending on the status of the
Read/Write line the Source and
Destination operands will switch
reference between Master and Slave.

TEST LINE
This line is toggled with the Communicate line low and Enable High to test the
status of the slaves on the network. It is meant as a troubleshooting guide to
indicate improper set up of slaves on the network. The following events occur
when test is invoked.

e The Master generates a synchronization pulse.

® The busy and testing bits are set to a logic one (high) in the status

register.
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® The coil energizes to indicate that testing is in progress.

® A special six byte "Set PC Address" command set to address = 0 is sent
over the network with no response expected.

As a result of the test, if a response is received from any Slave, an error
code is written to the low byte of the status register and the coil is
de-energized to indicate that the test is complete. To clear the error, check
all Slaves for proper UA programming and DIP switch settings.

If a response is not received within 2 seconds, the busy and testing bits are
reset to zero, and the coil is de-energized, indicating that the test is
complete.

ENABLE LINE

The Enable line must be high for the function to operate. Pulling Enable low
in the middle of a communication session aborts the transaction.

PT TRUTH TABLE

See Table 6.
TABLE 6. PT TRUTH TABLE
Comm | Rd/Wr | Test | Enable Results

X X X 0 The coil de-energizes. Any communication
stops and the status register is cleared.

0 0 0 1 The coil status and communication sequence
do not change.

t1 0 0 1 The coil energizes. Data is moved from the
Master PC to the Slave PC associated with
the communications address stored in the
Operand 4.

t! 1 0 1 The coil energizes. Data is moved from the
Slave PC associated with the communications
address stored in Operand 4 to the Master
PC.

0 X t1 1 The coil energizes. The multipoint network
is synchronized. Network test is initiated.

11 X 1! 1 The coil energizes. The multipoint network
is synchronized. Network test is initiated.

1! X 1 1 The coil de-energizes. No new communication
sequence can be initiated until TEST input
line de-energizes.

! = Transition from Off to On.

X = Don't Care
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APPLICATION EXAMPLE
OVERVIEW

The example in Figure 4 shows the core of a Master communication program. The
key to its operation is the fast-clocking of the COMMUNICATE circuit with the
PT coil. This method allows for one scan down time between each communication
session which may take several scans.

The Table-to-Register-Move (TR) special functions step together during the down
scan, resetting all the operands for the next session. When the end of the
tables are reached, they wrap around for a continuous update through all
slaves. The TR special functions create a matrix as depicted in Table 7. Each
row represents one set of operands and Rd/Wr control for one communication
session.

SEQUENCE OF OPERATION

Consider the PT function in Figure 4. It resides in the Master PC of the
network. Upon a low to high transition of the COMMUNICATE circuit, with the
TEST circuit low and the ENABLE circuit high, the following events occur in
order.

Opening Session (Set PC Address)
1. The Status register is cleared of any error or fault codes.

2. The "Busy" and "Opening Session" bits in the status register are
set to logic level of "1".

3. The Master PC generates a synchronization pulse on the RS-232 DTR
line and through the RS-485 synchronization transceivers to cause
all slaves to be ready for pending address information.

4. The status of the "RD/WR" input is latched.

5. The coil is energized to reflect that communication is in
progress.

6. A six byte Set PC Address command is transmitted over the
network. Each Slave compares its unique communication address
with this command. '

a. If the address matches, Port B of the Slave PC is enabled for
multipoint communications and a Set PC Address response is
returned to the Master PC. In this example, Holding Register
17 may indicate a slave address of 1 to 5.
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b. If the wrong response, corrupted response or no response is '/‘j”
received within the slave response time-out limit, then the Master P
PC may retry based on the retry limit. If the Retrys and response
limits expire the PT function indicates a communication error in
the status register.

7. Once the correct Set PC Address Response is received then the Master PC
will continue to the Data Transfer section. '

Data Transfer (Block Read or Write)
1. The Opening Session bit in the status register is reset to zero.
2. The Data Transfer bit in the status register is set to a logic level 1.
3. A Six Byte Block Read or Write command is issued over the network in
accordance with the latched state of the Rd/Wr circuit and the values
within the Table Length, Source End, and Destination End operands.

a. Block Read: If the response and data are not received within the
time out period (default is 0.5 sec) an error is logged in the
status register and the opening session is re-initiated. This
sequence will repeat according to the retry limit until expired and

the status register will reflect the last failure mode.

If the response and data are received without error, the source -

table in the Slave PC is moved to the destination table in the )
Master PC. The Busy and Data Transfer bits are reset to zero, and s
the coil is de-energized to indicate that communications is

complete.

b. Block Write: If the response is not received within the time out
period an error is logged in the status register and the opening
session is re-initiated. This sequence will repeat according to
the retry limit until expired and the status register will reflect
the last failure mode.

If the response is received without error, the source table in the
Master PC is moved to the destination table in the Slave PC. The
Busy and Data Transfer bits are reset to zero, and the coil is
de-energized to indicate that communications is complete.
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First CR 256
Scan Inter
ON Lock
CRO256 CRO255
crRO255
1 |
First CR 256 First
Scan Inter Scan
on tock Oon
CRO256 CRO255 CRO256
—I\] Y| € r—
CR 254 Two
Inter Scan
tock Del ay
CRO253 CRO254
— 1 | ¢
Comm CR 254
Active Inter
Ltock
PT0009 CRO253
—I | €]
Dummy Dummy Dummy
Coil Coil Coil
CRO250 CR0O250 CRO250
—1 | AV ¢ )
Manual First Two
Comm. Comm. Scan Scan Comm.
Control Active on Del ay Active
IN00O1 PT0009 CRO256 CRO254 TABLE LENGTH PT0009
1 AV Ay AY! HR0O010 ¢ )—
Manual PT
Rd/Wr Rd/MT
Control Control
B8P0001
IN00O2 KRO246 SOURCE END
[ | 1 HROO11
Manual
Test
Control
IN0OO3 DEST END
F—1 | HROO12
Manuat
Enable
Controtl
INODO4 STATUS/ADDR
1 | HR0017

Coil 255 acts to lock"
coil 256 into first scan
only status.

Coil 256 is energized for
the first scan only. This
sllows resetting/initial-
izing of select functions

Allows PT function to re-
main off for two scans
after completing a com-
munication session. Re-
quired for proper op-
eration of TR function.
Not required in PC1100
v2.7/V3.3 or greater or
any PC1200.

Coil 253 acts to inter-
lock with coil 254 to

insure a8 two scan delay
of PT function restart.

Coil 250 is used as a
dummy coil which is
always off,

PYT coil will be on when
function is in a com-
munication session with
one Slave from start to
finish. Toggling COM-
MUNICATE line action

but not the opeand values

11/88

Figure 4a. PT Example
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)

Comm. Rd/ur Table 1 holds 10
Active Control Read/uWrite states, one
IN0OO1Y TABLE LENGTH TRO069 for each unique
Y] 0010 ——( »—1 communication session.
First
Scan
on
CRO256 TABLE END
(AY] HRO200
Stop
Circle
Comm.
1N0007 POINTER
—\ | HRO254
DESTINATIONR
HRO246
PT
Comm. Table .
Active Length Table 2 contains the data
PT0009 TABLE LENGTH TRO0D6S table tength to be
I\ 0010 ——( )>—] transfered via PT for 10
unique communication
First sessions.
Scan
on
CRO256 TABLE END
Ing HRO210
Stop
Circle
Comm.
INOOO7 POINTER
F—1\| HRO24 1
DESTINATION
HROO10
PT
Comm. Source Table 3 contains the dats
Active End table source end for 10
PT0009 TABLE LENGYH| TRO066 unique PYT sessions. Note:
Nl 0010 ——¢( )—1 source is where the data
originates:
First Read = Slave
Scan Write + Master.
on
CRO256 TABLE END
R} HRO220
Stop
Circle
Comm.
ING0O7 POINTER
|\ | HRO242
DESTINATION
HROO11
Figure 4b. PT Example
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PY
Comm. Dest Tabte 4 defines the data
Active End table destination end for
P10009 TABLE LENGTH TRO067 10 unique PT sessions.
N 0010 L——( y—{ Note: destination is where
data is going:
First Read = Master
Scan Write = Slave
on
CRO256 TABLE END
i HRO230
Stop
Circle
Comm.
180007 POINTER
—|\ | - HRO243
DESTINATION
KR0012
PY Table 5 defines the
Comm. Dest address for 10 unique
Active End PT sessions. In the
PT0009 TABLE LENGTH| TRO0068 PC-1200, the upper byte
AY] 0010 ——( )—{ also defines the retry
number
First
Scan
on
CRO256 TABLE END
I HR0240
Stop
Circle
Comm.
INOOO7 POINTER
—1\| HRO244
DESTINATION
KRGO 17
)

Figure 4c. PT Example
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Table-to-Register
Table 1 STEP
Y 1
PT9 | 2
—I|\|< 3 RD/WR
n
Table 2
Y 1
PT9 | 2 Table
—I|\|— 3 Length PORT
: ' Comm. TRANSMIT
n Y
tl PT9 PT9
—|\|— TABLE LENGTH ()
Table 3 4
Y 1 ———> RD/WR
PT9 | 2 Source —] |—{ SOURCE END
—|I\[< 3 End 4
n TEST
—| |- DEST END
A
Table 4
ENABLE
Y 1 —| | STATUS/ <
PT9 | 2 DEST ADDR
—I\|— 3 END 4
n
Bit 9 of Status
Table 5 Holding Register: —
Error Detection
Y 1
PT9 | 2 Retry/
—I\|— 3 Addr
n
Figure 5. PT Example Block Diagram
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In Table 7, each row represents one communication session. The retry variable
is used only in the PC-1200. It is easiest to set this value with a hexadecimal
number since the register is split in half byte entries. The retry rate for the
PC-1100 is factory set at 3 retries and cannot be changed by the user.

TABLE 7. TR MATRIX FOR EXAMPLE

TR Rd/ | Table Source Dest Retry Addr
Pointer | Wr Length | End End High Byte | Low Byte
00000 1 00020 00220 00420 02 H 0L H
00001 0 00020 00320 00320 02 H 01 H
00002 1 00010 00210 00430 01 H 02 H
00003 0 00010 00330 00310 01 H 02 H
00004 1 00040 00240 00470 0L H 03 H
00005 0 00040 00370 00340 01 H 03 H
00006 1 00020 00220 00490 00 H 04 H
00007 0 00010 00380 00310 00 H 04 H
00008 1 00010 00210 00500 03 H 05 H
00009 0 00020 00440 00320 30 H 05 H

MULTIPOINT NETWORK THROUGHPUT TIME
The multipoint network throughput time is measured from the moment the Port
Transmit (PT) function initiates communications until the coil de-energizes.
Four variables effect the time to transmit data:

® Baud rate

® Master PLC scan time

® Slave PLC scan time

® Length of data block to transfer

The maximum throughput time and typical throughput time can be calculated by
using the following equations.
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THROUGHPUT TIME EQUATIONS

Maximum = 3 ("Master” scan time) + 2 ("Slave" scan time) + 3W + X + 2.3 mS
Typical = 1.5 ("Master" scan time) + ("Slave" scan time) + 3W + X + 2.3 m$S
where:

w = {# bits/byte) (6) . (.0012)(N) seconds
(baud rate)

N = —{(# bits/byte) (6)
(baud rate) (scan time)

X - (# bits/byte) (# bytes/data block) (.0012) (M) seconds
(baud rate)

M = (# bits/byte) (# bytes/data block) (round to the next highest
(baud rate) (scan time) integer)

(round to the next highest integer)

Calculation Notes
The # bits/byte transmitted is 12 (1 start bit, 8 data bits, 1 odd parity bit,
and 2 stop bits) unless formatted otherwise by the Configure Port (CP)

function.

The # bytes/data block transmitted is two times the PT table length plus the
seven overhead bytes required by the Block Read and Block Write commands.

N and M represent correction factors for CPU overhead to handle the
communications task. Choose the longest scan time between the "Master PC" and
the "Slave PC" to calculate N and M.

SAMPLE THROUGHPUT CALCULATIONS

Assume 12 bits/byte, table length of 10 holding registers, "Master PC" scan
time of 50 msec, and "Slave PC" scan time of 25 msec.

1200 Baud Example
N = 1.2 rounded up to 2.0
M = 5.4 rounded up to 6.0
W = .0624 seconds
X = .2772 seconds

Typical = 1.5(.050) + (.025) + 3(.0624) + .2772 + .0023
= 0.5667 seconds

3(.050) + 2(.025) + 3(.0624) + .2772 + .0023
0.6667 seconds

Maximum
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32.5 Kbaud Example
N = .04 assume 0.0
M = .20 assume 0.0
W = .0022 seconds
X = .0099 seconds

1.5(.050) + (.025) + 3(.0022) + .0099 + .0023
0.1188 seconds

Typical

Maximum = 3(.050) + 2(.025) + 3(.0022) + .0099 + .0023
= (0.2188 seconds

To determine the throughput for a network made up of several slaves, perform
the calculations above for each slave. Total all of the calculations. Add the
time for one "master" scan for each slave.

1200 badd example for 10 slaves

Typical throughput for each slave is 0.5667 seconds from above. Assuming
each slave is communicated to in turn, network throughput is:

Network Throughput = 10(.5667) + 10(.050) = 6.167 seconds
SYSTEM CHARACTERISTICS AND APPLICATION NOTES

1. A Slave addressed by the Master will continue to communicate if the Slave
is in the stop program or fault mode. Communications with the UART
circuitry are not disabled, but these conditions may affect the associated
I/0. The application program can be designed to detect when the slave unit
is not running.

2. When the Master detects a communications error during a session, it sets an
error code in the status register of the PT function and no data is
transferred. Cycling the COMMUNICATE input to the PT function will cause
the next communication session to be attempted. The Link Test line may be
used to assist in troubleshooting. The communicate line must be
de-energized when doing a link test.

3. When a Slave is powered up or has a keyswitch transition from program to
run, the PLC initializes the UART of the communications circuitry which may
interfere with communications on the link. This interference may be
detected as an error by the Master. This is a temporary event, however in
general it is recommended that before a Slave is powered up or put into the
run mode, communications should be halted by disabling the enable line of
the PT function within the Master.

4. Each end of the RS-485 link must be terminated. (As explained in the
NL-1075 Communications Adapter I.L 15753).
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exists. Whether the Master detects the fault depends on the location of
the Slave that it is communicating to, and it's relation to the open point
of the cable. If the Slave is located after the open, a communications
error will result. If continuity exists, communications may continue to
that Slave depending on the transmission line effects of the
non-terminiated cable.

5. The Master will detect an error if a break or disconnection in the link /”Tj”

6. The APL or CRT loader may be used on the A port of any PC to monitor or
change register data while communicating on the B port in either
Single-Point or Multi-Point mode.

7. The characteristics of the RS-485 E.I.A. Standard restricts communications
to 31 Slaves. Modem communications has the advantage, however, of allowing
up to the maximum number of slaves the Unit Address function will support
(255). Modem communication requires the use of an Asynchronous, multipoint
type modem. The AT&T 202T or compatible modem is recommended. Executive
software version 2.3 or higher supports modem communications by allowing a
constant value of 3 to be assigned in the first operand of the Configure
Port Function. This sets the B Port up for modems. (See function
description for details).

8. The PC-1100 is shipped with the termination switches on the Communications
Expansion Board in the ON or terminated position. They should remain in
this position if the processor is to be used in the Single-Point mode. In
Multi-Point mode using RS-485, the switches should be to the OFF position
for all processors except the ones on each end of the network cable. In >:)
Multi-Point mode using RS-232 (modems), the switches should be set to ON. _

9., To use a computer as a master on the link, the "set PC Address" command (a
6 byte protocol) must be sent and correctly received before data transfer
can occur. After the master computer receives an error free response from
the slave, communications can be established. One of the advantages of
having a computer act as the master is that all the commands in the
Communications Manual are valid after the PC Address has been set. Refer
to the Communications Manual for further information. The "Set PC Address"
command has the following format:

From Master PC ' From Slave PC (no errors)
0A 0A
Slave PC Address (UA) Slave PC Address (UA)
00 Keyswitch Mode Data (program/run)
00 Fault Register LOW
00 Fault Register HI
Checksum Checksum
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PROGRAMMING TIPS

1.

A normally-closed contact (referenced to the PT coil) on the communicate
input line to the PT function, will reset the line to low when
communication is established (the coil is energized during data transfer).
After data transfer is completed, the coil de-energizes making the line
high initiating communications again. This gives the user the ability in
certain situations, to create a program that will transmit or receive data
at the rate that data transfer is completed. (Reference the PT description
for more information on how the function works.)

The Status Register within the Port Transmit function is primarily used for
debugging of the system. Bit 9 (Communications Error Bit) will be set
whenever any of the error bits in the lower byte are set. Using a Bit Pick
function on bit 9 of the status register will allow flexibility in
detecting a communication fault.

Move functions with contacts referenced to the Read/Write enable logic will
set up the register table pointers in the Port Transmit function. Two Move
functions could be used to set the pointers for receiving data and two Move
functions for sending data.

The Address Register in the Port Transmit Function selects the slave that
the Master will establish communications with. A Table to Register
function can be used to select each slave. Each time a new unit address is
moved into the address register, the communicate line of the PT function
would have to be toggled from non-conducting to conducting to establish the
"set PC address" command with the slave that it is addressed to. A
Table-to-Register function can be easily sequenced to select the
communication addresses.

If the pointers or address register in the Port Transmit function are
changed during a communication session (while the PT coil is energized),
data may be transferred from/to incorrect addresses (data tearing). The
logic for setting up pointers or the slave address must be done after the

PT coil is de-energized.

Remember that the pointers and the address registers are indirect. This
means that the "actual" pointer or value is held inside the operand
register. In addition the Source and Destination mark the "End" of a table
not the start. Before the processor can be put in the run mode the operand
registers must contain a valid pointer or value. In a PC-1100, nonsensical
operand contents will cause the processor to fault with bit 7 if placed in
run, The PC-1200 traps the event by halting the communication session and
indicating a programming failure failure in the status register.

Only one PT function is allowed in the Master program.

Only one Master may exist in a network.
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RP - RESTORE PROGRAM COUNTE
Modified for PC-1200

R

PC-1100-x01y: NOT SUPPORTED
PC-1100-x02y: SUPPORTED
PC-1100-x03y: SUPPORTED

PC-1100-x05y: SUPPORTED
PC-1200-x02y: SUPPORTED
PC-1200-x04y: SUPPORTED

DESCRIPTION

The Restore Program Counter (RP) function is one of three Loop Back functions.

the Loop Back functions are:
] Save Program Counter (SP)
] Restore Program Counter (RP)

] Reset Watchdog Timer (RW)

Loop Back functions are used in the development of programs that are capable of
RP function symbology is shown in

repeating segments of the ladder diagram.
Figure 1.

OP CODE

-

Op Code 13 defines the Literal (LT) as the RP function. Whether or not the
Literal function should be used depends upon the capability of your program
loader. It is recommended that the mnemonic function be used whenever possible.
Refer to the Introduction in this Section and the LT function description.

Reference Number
Type

ENABLE OPERAND 1!
|

8 X7
Contact
Area

RP XXXX

()

LT OP CODE = 13

1 Register Label (HR XXXX)

~ Uses 3 Words of Ladder Memory

Figure 1. Restore Program Counter (RP)
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- SPECIFICATIONS

OPERAND 1

In the PC-1100, Operand 1 defines the holding register location from which the
program counter will be taken. This is available from a previously selected SP
function. The value in this location must point to the ladder memory and the
first contact of a ladder function. If either or both of these conditions are
not met, a "user software fault" occurs.

In the PC-1200, Operand 1 defines the holding register location from which the
program counter will be taken. This is available from a previously selected SP
function. The value in this location must point to the start of the network
immediately following an SP function. If this condition is not met, and
"Invalid Ladder Pointer" fault occurs.

RP TRUTH TABLE

See Table 1.
TABLE 1. RP TRUTH TABLE
Enable Result
0 The coil is de-energized. Ladder execution is unaffected.
1 The coil is energized. Ladder execution starts at the
program location stored in the specified registers. If
the program location is invalid, the processor is placed
into an "Invalid Ladder Program Pointer" fault.
APPLICATIONS

Applications for the SP and RP functions are described in this section. The Loop
Back functions are especially useful in cases where a ladder segment requires
several iterations during a single processor scan to complete an operation. Such
an instance occurs when using a Newton approximation to perform a square root
function The formula used for this calculation is:

SN = xZ + N
2X

This formula is used in an iterative manner. An initial guess or trial number
"X" is inserted into the equation; N is the number from which the square root
is to be extracted. Next, the equation is solved and the result is inserted as
a new trial number X. Then, the equation is solved again. Each time the
equation is solved, the result approaches the square root of N. In most cases,
15 iterations should be sufficient to provide an adequate result. (See Figure
2.)
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The square root program is shown in Figure 3.
RW description.

See also the applications in the

MAKE FIRST
GUESS = 200

.__..l

SQUARE X

ADD N

o

DIVIDE BY
2X

GO BACK AND
CALCULATE AGAIN

RESULTS IN HRO0001

NLAM-B206

Figure 2. Square Root Flowchart
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HRO100 = 200
INOOO1 UC0024 | SOURCE MV0256 FIRST GUESS
AY Y HRO100 ()
INOOO1 --> PERFORM SQUARE
DESTINATION ROOT ON NUMBER IN HR0006
HRO0O1 HR0006 < 9999
INOOO1 UC0024 | OPERAND 1 SP0255
A\l I\ HRO101 ()
HROOO1 = X  |HROOO1
IN00O1 OPERAND 1 MP0O017
|| HRO001 ()
X |HR00O1
OPERAND 2
HRO001
HRO003 HRO004
DESTINATION
HR0003
IN00O1 OPERAND 1 AD0018
| HRO004 ()
OPERAND 2 HROO03| |HROOO4| X2
HRO006 ,
DESTINATION +|HRo005|  |HROOOB| N
HR0008
HRO007
IN00O1 OPERAND 1 AD0O19
|| HRO003 ()
+| CARRY
OPERAND 2
HRO005
HRO007| |HROCO8| XZ+N
DESTINATION
HRO007 N<9999

Figure 3a. Square Root Application
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INOOO1

IN0OOO1

OPERAND 1
HRO0O7

OPERAND 2
0001

DESTINATION
HRO007

AD0020

INOOO1

OPERAND 1

" HRO001

OPERAND 2
0002

DESTINATION
HR0009

()

MP0O21

IN00O1 UC0024

OPERAND 1
HRO0O07

OPERAND 2
HROO10

DESTINATION
HRO001

()

DV0022

HRO001

HR0009

HROO10{=2X

I\

OPERAND 1
060002

()

€G0254

HRO001

HROO10

HRO007

HR0008

()

CONTINUOUS GROUP SELECT
CRO017 THROUGH CR0032

NLAM-B206

Figure 3b. Square Root Application
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ITERATION COUNTER

11/88

INOOO1 PRESET ucoo24
AV 0015 ()
ACTUAL
HRO102
IN0OO1 UC0024 OPERAND 1 RP0253 RESTORE PROGRAM COUNTER
|| I\ HRO101 ()
Figure 3c. Square Root Application
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RW - RESET WATCHDOG TIMER
Modified for PC-1200

PC-1100-x0ly: NOT SUPPORTED  PC-1100-x05y: SUPPORTED

PC-1100-x02y: SUPPORTED PC-1200-x02y: SUPPORTED

PC-1100-x03y: SUPPORTED PC-1200-x04y: SUPPORTED
DESCRIPTION

The Reset Watchdog Timer (RW) function is one of three Loop Back functions.
The Loop Back functions are:

] Save Program Counter (SP)
® Restore Program Counter (RP)
] Reset Watchdog Timer (RW)

Loop Back functions are used in the development of programs that are capable of
repeating segments of the ladder diagram. The RW function resets the Watchdog
Timer and can allow scan times greater than the limit (default limit is 100
msec).

Note

In the PC-1100, use of the RW function
will interfere will proper operation of
the Timer functions (TS/TT). 1In the
PC-1200, the Timers will operate
properly as long as they are executed at
least once every 16 seconds.

RW function symbology is shown in Figure 1.

Reference Number
Type

TRIGGER OPERAND 11 W XXXX
|| ()

RESET
| |

LT OP CODE = 14
Uses 3 Words of Ladder Memory
~ ! Register Label (HR XXXX) ‘ ~

Figure 1. Reset Watchdog Timer (RW)
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OP CODE
Op Code 14 defines the Literal (LT) as the RW function. Whether or not the
Literal function should be used depends upon the capability of your program

loader. It is recommended that the mnemonic function be used whenever possible.
Refer to the Introduction in this Section and the LT function description.

SPECIFICATIONS
OPERAND 1
Operand 1 is a holding register that accumulates the number of milliseconds

that the RW function is active. For the PC-1100, a time base is approximated
from this value using counters in place of timers.

RW TRUTH TABLE

See Table 1.
TABLE 1. RW TRUTH TABLE
Trigger Reset Result

0 0 Operand 1 is zeroed. The coil de-energizes. There is
no effect on the Watchdog Timer.

0 1 Operand 1 depends on previous operations. The coil
de-energizes. There is no effect on the Watchdog
Timer.

1 0 Operand 1 is zeroed. The coil de-energizes. The
Watchdog Timer is reset.

1 1 The Watchdog Timer is added to Operand 1. The

(PC-1100) Watchdog Timer is reset. The coil energizes if

Operand 1 is > 100. When the coil energizes, 100
msec have elapsed since the Watchdog Timer has been
updated. Timers in program will be inaccurate.

1 1 The Watchdog Timer is reset. The time (in milli-

(PC-1200) seconds that the function is active) is accumulated

in Operand 1. When Operand 1 = 100, the coil is
energized. Note: Operand 1 will roll over at 65,536.
This will not affect the coil.
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APPLICATIONS ' A)

In the PC-1100, an internal timer called the Watchdog Timer keeps track of the
scan time and is designed to declare a fault condition when 100 msec have
elapsed. The PC-1200 uses a hardware time to keep track of the scan time. This
action is necessary to insure correct programmable controller operation. The
SP, RP, and RW functions make it possible to put the program into a loop
lasting longer than the desired 100 msec limit; the RW function can be used to
prevent a scan overtime fault. .

In the PC-1100, function timers are rendered inoperative when the trigger input
to the function is closed. In the PC-1200, if a program loop executes for more
than 16.383 seconds, other timers may become inaccurate.

Figure 2 illustrates the use of the RW function. In this system, a product is
loaded from a large hopper into fiber drums. Each drum is filled with
approximately 100 1b. of the product. When the fiber drum is in place, INOOO1
closes and the fill loop is activated, providing that the emergency OFF switch
is not activated and that the operation is not running overtime. If a fiber
drum is not in place, the fill loop is disabled.

When the start PB is activated (IN3) the loop first updates the input from the

scale IR0001. The loop then updates the input/output group to ensure that

priority actions take place concerning IN0002, UC0002. The actual weight is

compared to the desired weight (GE0019); when it is correct, the fill process

stops. (See Figure 3.) -

If the process takes 15 seconds or more, or if the emergency OFF switch is
activated, the loop is stopped.

In Figure 3, the RW function is used to develop a timer within a loop.
In the PC-1100, timers may be effectively used only if they are not timing
concurrently with the RW function. For example, in Figure 3, if heat sealable

bags were used, additional timing for the sealing process would have been used
following the fill loop.
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HOPPER
ELECTRICALLY
ACTUATED GATE
[ ] (CR0O001)
DRUM REQUIRES
10 SECONDS FIBER
TO FILL TO ————>| DRUM
WEIGHT
MICROSWITCH
I (INOOO1)
SCALE
——>{HR0001
Figure 2. RW System Example
CRO127 CRO127 CRO127
I\ I ()
INCOO1 OPERAND 1 SP0126 SAVE PROGRAM COUNTER
| | HRO101 ()
REG/GROUP LOOP STARTS HERE. TIME
CRO001 IR0001 U10125 TO EXECUTE IS APPROX.
|1 () 3.0 MS.
UPDATE IR0001 ON AN
IMMEDIATE BASIS.

Figure 3a. RW Application
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CRO127 OPERAND 1 GEOO019 IS IR0001 > 0100 LBS.?
I\ IR0001 ()
OPERAND 2
CvV0100
LT0123 PRESET uco002 COUNTS 0.1 SEC INTERVALS
| | V0150 () DURING FILL AFTER APPROX.
| 15 SECONDS AND SOUNDS
IN0001 ACTUAL ALARM.
| | HRO102

INO0O3 INOOOI INO002 GEOO19 UC0002 CRO127 OPERATES A GATE ON THE

— | | | \I I\I I\l () HOPPER WHERE:
IN00O3 = START FILL PB
CROO11 INOOO1 = DRUM IN POSITION
] IN0002 = EMERGENCY STOP
GE0019 = FULL
REG/GROUP UC0002 = OVERTIME
LT0122 160001 ~ UI0124
I () UPDATE 1G0001/0G0001
PAIR ON IMMEDIATE BASIS.
CR0001 OPERAND 1 RWO123 RESET WATCHDOG TIMER.
|| HR0103 ()
LT0123
I
CR0001 OPERAND 1 RP0122 RESTORE PROGRAM COUNTER.
|| HR0101 ()

Figure 3b. RW Application
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SK - SKIP
Maodified for PC-1290

PC-1100-x01y: SUPPORTED PC-1100-x05y: SUPPORTED

PC-1100-x02y: SUPPORTED PC-1200-x02y: SUPPORTED

PC-1100-x03y: SUPPORTED PC-1200-x04y: SUPPORTED
DESCRIPTION

The Skip (SK) function is a powerful programming tool. When the SK function is
executed, the processing of the entire ladder diagram or a portion thereof is
skipped (bypassed). The skipped functions remain frozen in the state existing
prior to the execution of SK. SK function symbology is shown in Figure 1.

SK allows a prescribed condition or set of conditions to determine when, and
if, all or part of the circuits programmed into the processor are skipped. The
SK coil energizes when the SK contact circuit is conducting and all coils under
SK control are skipped: they are left in the state they were in prior to
energizing the SK coil. When the circuit is not conducting, all coils under SK
control operate normally. '

The SK function depends upon the condition of its contact circuit. Forcing the
SK coil forces only its contact and output circuits. Forcing the SK function
requires the forcing of the coils or inputs that control the contacts in the SK
contact circuit.

The coils controlled by the SK function are specified by a preset constant (1
through 256). This value indicates the number of coils following the SK coil.
The controlled coils are those programmed immediately after the SK coil. If
the preset value is 5, the next five coils programmed are controlled by the SK
contact circuit. Special functions in the range of SK are not executed when SK
is in effect.

Reference Number

Represents Type
~ Multiple Contacts i__l ~
Contacts K 0047
SKIP CIRCUIT 0014
|| ()
8 X7 0014 represents a constant
Contact value for number of coils
Area following SK coil that
' skip circuit controls.

~ Uses 2 Words of Ladder Memory ~

Figure 1. Skip (SK)
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SPECIFICATIONS
SK CIRCUIT

When the SK circuit conducts, the specified number of coils following the coil
are skipped. When the SK circuit is not conducting, normal processing is
allowed.

NUMBER OF COILS

The number of coils specifies the number of coils to be skipped following the
SK function (1 through 256). 1If the end of the program is before the number of
coils specified, the range is terminated by the end of the program.

In the PC-1100, the portion of the program that is skipped is scanned by the
processor but ignored. In the PC-1200, once the end of the skip is determined
(and if no on-line changes are being made), the processor jumps over the
skipped program section, reducing scan time.

Note that since timers in the PC-1200 accumulate elapsed time (up to

approximately 16 seconds before rolling over to zero) and update the user's
register when executed, they can continue to accumulate time even if skipped.

COIL

The coil energizes when the SK circuit conducts, and de-energizes when the
circuit does not conduct.

APPLICATIONS
The SK function can be used when a series of outputs must be updated at
predefined intervals (i.e., every 10 seconds). Figure 2 is an example of a

program that controls this update by using the SK function.

In the PC-1200, the average scan time of a ladder can be greatly reduced by
using the SK function to periodically skip non-critical sections of the ladder.
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IN00O1 PRESET TT0127
|1 0100 ()
TT0127 ACTUAL
A\ HRO001
SK0126
110127 (nnnn)
INI ()
INI ()
I\ ()
INI ()

WHEN INO0OO1 IS CLOSED,
TT0127 TIMES FOR 10
SECONDS, IS ENERGIZED FOR
ONE SCAN, THEN RESETS TO
BEGIN TIMING AGAIN.

COILS TO BE SKIPPED ARE
BYPASSED EXCEPT FOR ONE
SCAN EVERY 10 SECONDS
WHEN TT0127 ENERGIZES.

(nnnn) COILS TO BE
SKIPPED

11/88

Figure 2. SK Application
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SM - SEARCH MATRIX

PC-1100-x0ly: NOT SUPPORTED  PC-1100-x05y: SUPPORTED -

PC-1100-x02y: SUPPORTED PC-1200-x02y: SUPPORTED \>

PC-1100-x03y: SUPPORTED PC-1200-x04y: SUPPORTED -
DESCRIPTION

The Search Matrix (SM) function is used to search bits that are 1l's in a matrix
and to report the bit position where the 1 is located. A matrix is defined as

a table of registers handled on a bit-by-bit basis. Each time the SM function

is operated, a bit register is used to hold the bit number of the bit that is a
1. SM function symbology is shown in Figure 1.

A pointer (bit register) holds the bit number of the bit found by the last
search. On each open-to-closed transition of the step input (with the reset
input conducting), the matrix is searched from the position following the
pointer to the next set bit in the matrix. When a set bit is found, the coil
is turned on, and the position of the located set bit is stored in the bit
register. If no set bit is located between the pointer position and the end of
the matrix, then the bit register is set to zero and the coil is turned off.

Reference Number /)
~ Type _ I ~ -

STEP I ——_lM XXXX

| | MATRIX SIZE: ()
RESET

| | MATRIX END2

8 X7

Contact BIT REG3

Area

LT OP CODE = 56

Operates on Transition (t)

~ Uses 5 Words of Ladder Memory ~
Constant Value (1-128)

2 Register Label (HR/IR/OR/IG/0G XXXX)

3 Register Label (HR/OR/0G YYYY)

Figure 1. Search Matrix (SM)
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For example, consider the matrix shown in Figure 2. A series of operations
would yield the following values:

(Bit Register Value)

Operation No, Bit Number
1 0005
2 0007
3 0017
4 0022
5 0027
6 0028
7 0031
8 0032
9 . 0033

10 0036
11 ' 0039
12 0000
13 0005
14 0007
° ®

° °

In this example, the end of the matrix is encountered at operation number 12.
At this point, the bit register value is set to zero and the coil is turned
off.

MATRIX
16115(14]13{12[11]10] 9] 8] 7| 6| 5| 4| 3| 2| 1
HR00O1 ol o[ 0] 0] 07 0] 0] 0] 0] T[ 0 1| 0] 0] 0] 0
32(31(30129(28]27|26|25|2423]22|21]20]19]18]17
HR0002 T 1T ofof 1] 1[0l o of of I| o] o 0] 0
HRO003 48|47|46|45|44|43|42|41|40|39|38]37|36]35]34(33
ol 6l o[ 0l 0] 6] 6] o[ of 1] o[ 0 1] of o I

Figure 2. Matrix to be Searched

The matrix being examined is not affected by the SM function.

The SM function uses two input circuits, reset and step. When reset is open
(non-conducting), the function is not operative and the bit register is set to
zero. When reset is closed (conducting), the function operates on the
transition of the step circuit from open (non-conducting) to closed
(conducting). The coil energizes when:

1. Reset is closed (conducting).

2. The bit register is pointing to a non-zero bit.
3. The step input is closed (conducting).
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OP CODE
Op Code 56 defines the Literal (LT) function as an SM function. Whether or not
the Literal function should be used depends upon the capability of your program

loader. It is recommended that the mnemonic function be used whenever possible.
Refer to the Introduction in this Section and the LT function description.

SPECIFICATIONS

OPERAND 1 - MATRIX SIZE

The matrix size is a constant value that defines the number of registers
included in the matrix. The range is 1 through 128 and is limited as defined
by the matrix end.

OPERAND 2 - MATRIX END

The matrix end defines the type and reference number of the last register in
the matrix, as shown in Table 1.

Note
The highest Holding Register reference

number acceptable is dependent upon the
memory and user program size.

TABLE 1. SM END REGISTER

Type | PC-1100 PC-1200-1020/1040 | PC-1200-1041/1041/1042 PC-1250
HR <1792 ! < 1792 < 1792 < 1792
IR <8 < 32 < 64 =< 128
OR <8 < 32 : < 64 =< 128
IG <4 <4 <8 < 16
0G <8 < 32 ‘ < 64 < 128
! For the PC-1100, the maximum number of holding registers depends on
memory size, as described in Section 4.
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OPERAND 3 - BIT REGISTER
When reset is conducting, the bit register points to the non-zero bits in the
matrix. It advances one-at-a-time whenever the step circuit changes from OFF
to ON. When reset is non-conducting, the bit register is zeroed. This
register may be a specified:

¢ Holding Register (HR)

® Output Register (OR)

L Output Group (OG)

COIL

The coil is energized when the reset and step inputs are conducting and the bit
register is pointing to a non-zero bit.

SM TRUTH TABLE

See Table 2.
TABLE 2. SM TRUTH TABLE
Step Reset Result

X 0 The coil is de-energized; the bit register equals zero.

0 1 The coil is de-energized; the bit register depends on
previous operations,

t 1 The bit register advances to the next non-zero bit and the
coil is turned on. (The bit register is set to zero and
the coil is turned off no set bit is found before the end
of the matrix).

1 1 The coil and register are left in the state caused by the
transition of step.

X = Don't care

APPLICATIONS

The SM function is used as an internal monitoring program. As shown in Figure
3, if the actual state is equal to the desired state, no action is taken. If
the actual state does not equal the desired state, the SM function points to
the offending bit.
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HR00O01 —_— XOR ¢~ (060001
HR0002 ) 060002
DESTINATION MATRIX
HR0003 0G0003
HROO17 '
HR0004 0G0004
HROO18
DESIRED STATE HROO19 ACTUAL STATE
MATRIX MATRIX
BITS 1 THROUGH 64 HR0020 CR0001 THROUGH CRO064
IF ACTUAL EQUALS DESIRED, DO NOTHING
IF ACTUAL DOES NOT EQUAL DESIRED, POINT TO BIT WITH THE SM FUNCTION

Figure 3. SM Function Equal-State Case

The ladder diagram for the SM function is shown in Figure 4. A non-zero result
from the searched function enables IN0002 and causes the bit register to hold
the number of each successive non-zero bit. IN0003 resets the function.

~ ~ XOR MATRIX
IN00O1 MATRIX SIZE KM0001 WHEN INO0O1 IS CHANGED
| | 0016 () FROM OPEN TO CLOSED,

MATRIX 1 IS XOR’ED WITH

MATRIX 1 END MATRIX 2, AND THE RESULTS

HROO16 PLACED IN THE DESTINATION
MATRIX. IF THE MATRICES

MATRIX 2 END ARE NOT EQUAL, THE COIL

060016 ENERGIZES.

DEST END

HR0032

- SEARCH MATRIX
LT0001 1INO002 | MATRIX SIZE SM0002 A NON-ZERO RESULT IN THE

|1 | | 0016 () XOR FUNCTION ENABLES
IN0O0O2 TO CAUSE THE BIT
IN0OOO3 MATRIX END REGISTER TO HOLD THE
I\] HR0032 NUMBER OF EACH SUCCESSIVE
NON-ZERO BIT.
BIT REG
HRO033

Figure 4. SM Application
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SP - SAVE PROGRAM

COUNTER
PC-1100-x0ly: NOT SUPPORTED PC-1100-x05y: SUPPORTED
PC-1100-x02y: SUPPORTED PC-1200-x02y: SUPPORTED
PC-1100-x03y: SUPPORTED PC-1200-x04y: SUPPORTED

DESCRIPTION

The Save Program Counter (SP) function is one of three Loop Back functions.
The Loop Back functions are:

] Save Program Counter (SP)
] Restore Program Counter (RP)
L] Reset Watchdog Timer (RW)

Loop Back functions are used in the development of programs that are capable of
repeating segments of the ladder diagram.

SP function symbology is shown in Figure 1.

OP CODE

Op Code 12 defines the Literal (LT) as the SP function. Whether or not the
Literal function should be used depends upon the capability of your program
loader. It is recommended that the mnemonic function be used whenever possible.
Refer to the Introduction in this Section and the LT function description.

SPECIFICATIONS
OPERAND 1

Operand 1 defines the holding register location to be used for storage of the
program counter.

Reference Number
~ Type — I ~
ENABLE OPERAND 11 LT XXXX
|| ()
8 X7
Contact
Area

LT OP CODE = 12
~ Uses 3 Words of Ladder Memory ~
1 Register Label (HR XXXX)

Figure 1. Save Program Counter (SP)
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SP TRUTH TABLE

See Table 1.
TABLE 1. SP TRUTH TABLE
Enable Result
0 The coil is de-energized. The ladder diagram execution {is
unaffected
1 The coil is energized. The contents of the program counter
are duplicated in the register specified by Operand 1. When
the program counter is restored, ladder execution begins
with the first rung following the SP coil.
APPLICATIONS

See the "Applications" section of the RP function.
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SQ-SQUARE ROOT
Modified for PC-1?00

PC-1100-x01ly; NOT SUPPORTED PG-1100-x05y: SUPPORTED

PC-1100-x02y: SUPPORTED PC-1200-x02y: SUPPORTED
PC-1100-x03y: SUPPORTED PC-1200-x04y: SUPPORTED

DESCRIPTION

In the PC-1100, the Square Root (SQ) function allows the extraction of an
eight-digit decimal number, up to 99,999,999. In the PC-1200, the Square Root
(5Q) function allows the extraction of a nine-digit decimal number, up to
655,415,535, SQ function symbology is shown in Figure 1.

The number from which the root is taken is the source register. This register
consists of a pair of registers: the first register contains the most
significant digits; the second register contains the least significant digits.
The four-digit result is placed in the destination register, a single
location. The source register label denotes the first register of the pair.
If the source register is HR0001, the pair is HRO001/HR0002. In the example
shown in Figure 2, the source register is HROOOl and the destination register
is HR0003.

The calculation is made when the calculate circuit changes from non-conducting
to conducting. Although the source and destination are defined as decimal
numbers, the actual square root is calculated in binary numbers because the
root must be stored as a binary number. If the number is originally in
Binary-Coded-Decimal (BCD) form, it is converted to binary by using the Decimal
to Binary (DB) function. Likewise, if the result is desired in BCD form, the
Binary to Decimal (BD) function is used.

In the PC-1200, if the number in the least significant register (that is, the
second register in the source pair) is greater than 9999, the high order digit
(number of 10,000's in the value) is in effect added to the high order register
before the square root is extracted. For example, if HROO001 = 00010 and HRO002
= 10000, then HR0O003 = the square root of 110,000. Any fractional part of the
result is truncated.

Reference Number
Type

CALCULATE SOURCE? SQ XXXX

|| ()
DESTINATIONZ

LT OP CODE = 19

Operates on Transition (t)
~ Uses 3 Words of Ladder Memory ~
1 Register Label (HR/IR/OR XXXX)

2 Register Label (HR/OR YYYY)

Figure 1. Square Root (SQ)
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HR0003
DESTINATION
23 4

/0549 9025
HROO0] ——— ———————— HR0002
MOST LEAST
SIGNIFICANT SIGNIFICANT
DIGITS DIGITS

Figure 2. Source Register

The SQ coil energizes when the calculate circuit is conducting and de-energizes
when the calculate circuit is non-conducting.

OP CODE

Op Code 19 defines the Literal (LT) as the SQ function. Whether or not the
Literal function should be used depends upon the capability of your program
loader. It is recommended that the mnemonic function be used whenever possible.
Refer to the Introduction in this Section and the LT function description.

SPECIFICATIONS

OPERAND 1 - SOURCE

The source designates the first register of a pair of registers that holds the
number (0 through 99,999,999) from which the square root is taken. The first

register in the pair holds the most-significant digits; the second register
holds the least-significant digits. This pair is a set of specified registers:

L Holding Registers (HR)
] Input Registers (IR)
e Output Registers (OR)

OPERAND 2 - DESTINATION

The destination designates the location of the results from the SQ function
calculation. This result is held in a specified register:

L Holding Register (HR)
] Output Register (OR)
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SQ TRUTH TABLE

See Table 1.
TABLE 1. SQ TRUTH TABLE
Calculate Result

0 The coil is de-energized. No calculations take place.

t The coil follows the calculate circuit. The square root is
extracted from the source pair and the results are placed in
the destination.

1 The coil is energized. No further calculations take place.

APPLICATIONS

The analog outputs of a kilowatt/kilovolt-ampere (kw/kVAR) reactive transducer are
converted to digital data by analog input modules. Square roots are required to
calculate kVA to further derive the Power Factor (PF) from these inputs. Figure 3
depicts the calculations of kVA and PF. Figure 4 is the ladder diagram using the
SQ function.

eﬁé&

P‘V&? .

KVAR
\%
N\ (KILOVOLT-

AMPERES

— »! REACTIVE)

(KILOWATTS)

KVA= \/ KVARZ + Kw2

KW

PF = COS © = ya
POWER
ACTOR

Figure 3. SQ Calculation
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NLAM-B206

5-256

CRO127 CRO127
I\ () FAST CLOCK
CRO127 OPERAND 1 MP0126 MULTIPLY
] 1R0001 () (IR0001 X IR0001) (HRO0O1/
HRO0G2)
OPERAND 2 KVAR X KVAR = KVAR
IR0001
DESTINATION
HRO001
CRO127 OPERAND 1 MP0125 MULTIPLY
|| 1R0002 () (IR0002 X IR0002) (HRO003/
HR0g04)
OPERAND 2 KW X KW = KW
1R0002
DESTINATION
HRO003
KVARZ  |HR0001| [HR0002
CRO127 OPERAND 1 ADO124
|| HRO002 ()
+ KW |HR0003||HR0004
OPERAND 2
HRO004
HR0005 | |HR0006
DESTINATION
HRO006
IF HRO002 + HR0004 IS
GREATER THAN 9999, 1, THE
: OVERFLOW, IS ADDED TO
CRO127 OPERAND 1 AD0123 HRO005, THE MOST-SIGNIF-
] HRO0O1 () CANT DIGITS OF KVAR® +
KWS .
OPERAND 2
HRO003
DESTINATION
HRO00S
Figure 4a. SQ Application

11/88

\.....//



SQ

TAKES THE SQUARE ROOT
CRO127 SOURCE $Q0121
|| HR0005 () J/ HR000§, HROQO6
(KVAR® + KW<)
DESTINATION
HR0007 AND PLACES THE RESULT IN
HR0007.
CRO127 SOURCE BD0120 | CONVERTS BINARY RESULT
|| HR0007 () (HR0O007) TO BCD FOR DISPLAY
: (HR0O002) . KVA DISPLAYED.
DESTINATION
OR0001 |
CRO127 OPERAND 1 MPO119 POWER KW_
| | IR0001 () FACTOR = COS © = KVA
OPERAND 2 KW X 1000 SCALE FACTORS
1000 KW FOR AN
INTEGER RESULT
DESTINATION
HR0008 IR0002
X | 1000
CRO127 OPERAND 1 DV0118
P HR0008 ()
HR0008 | [HR0009
OPERAND 2
HR0007
HR0010
DESTINATION
HR0010
HR0007| |HR0008/HR0009
~ - KVA KW X 1000
REMAINDER | HROO11

Figure 4b. SQ Application
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CRO127 SOURCE BDO117
I HRO010 ()
DESTINATION
0R0002 DISPLAY RESULTS AS THREE
DIGITS WITH AN ARTIFICIAL

~ ~ DECIMAL POINT.

(o O
X X . X% POMER
FACTOR

Figure 4c. SQ Application
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TL/TO-TABLE LOOKUP/TABLE
LOOKUP ORDERED
Modified for PC-1200

PC-1100-x0ly: NOT SUPPORTED  PC-1100-x05y: SUPPORTED

PC-1100-x02y: SUPPORTED PC-1200-x02y: SUPPORTED

PC-1100-x03y: SUPPORTED PC-1200-x04y: SUPPORTED
DESCRIPTION

The Table Lookup (TL) and Table Lookup Ordered (TO) functions are used to
search a table of registers and locate the position of the register whose
contents are greater than or equal to the source register contents. The TL
function is used to find the registers whose contents are equal to the source
destination, and the TO function is used to find the registers whose contents
are greater than or equal to the source destination. TL/TO function symbology
is shown in Figure 1. '

OP CODE

Op Code 82 defines the Literal (LT) as TL. Op Code 83 defines the Literal (LT)
as TO. Whether or not the Literal function should be used depends upon the
capability of your program loader. It is recommended that the mnemonic function
be used whenever possible. Refer to the Introduction in this Section and the LT
function description.

Reference Number

Type —
~ TL XXXX  ~
' or
STEP TABLE LENGTH! TO XXXX
|1 | ()
TABLE END2 '
RESET
|| POINTERS
SOURCE*

LT OP CODE = 82/83
Operates on Transition (1)
~ ' Uses 6 Words of Ladder Memory ~
1 Constant Value (1-256)

2 Register Label (HR/IR/OR/IG/0G XXXX)

3 Register Label (HR/OR YYYY)

4+ Register Label (HR/IR/OR/IG/0G ZZZZ)

Figure 1. Table Lookup (TL)/Table Lookup Ordered (TO)
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SPECIFICATIONS

OPERAND 1 - TABLE LENGTH

The table length is a constant value in the range of 1 through 256 that
determines the length of the table being examined.

OPERAND 2 - TABLE END

The table end defines the number of the last holding register. This may be a
specified:

® Holding Register (HR)

® Input Register (IR)

Output Register (OR)
® Input Group (IG)

Output Group (OG)

OPERAND 3 - POINTER

The pointer contains the current table location being examined. This may be a
specified:

® Holding Register (HR)
® Output Register (OR)

® Output Group (OG)

OPERAND 4 - SOURCE

The source is the location of the data to which the table will be compared.
This may be a specified:

® Holding Register (HR)
® Input Register (IR)
® Output Register (OR)

® Input Group (IG)

Output Group (OG)
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TL/TO

TL/TO TRUTH TABLE

See Table 1.

APPLICATIONS

The TO function can be used to find an angle between 0° through 89° when given
the sine. A table is constructed that assumes a decimal point to the left and

contains the

sines of the angles from 0° through 89° in as many as 256

increments. Table 2 illustrates this concept using 90 increments.
TABLE 1. TL/TO TRUTH TABLE
Step|Reset Result
X 0 The pointer is zeroed and the coil is de-energized.
0 1 The pointer remains in the previous position. The coil is
de-energized.
t 1 The search starts from the current pointer location plus one for
the next location in the table that satisfies the function.
IL Function
Table = Source Register
TO Function
Table = Source Register
The new position is in the pointer location and the coil is
energized. If no register is found satisfying the function,
the pointer is set to zero, and the coil is de-energized.
1 1 The pointer remains in the same state as at the time of
transition. The coil is energized.
X = Don't care

TABLE 2. SINE VALUES AND CORRESPONDING ANGLES

Angle’ Sine

0000
0175
0349
0523

0698
®

°
9994
9998

WO e & WwWwNHFEO

O W0
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If the sine value is placed in the source register and the instruction is
executed, the pointer value is the approximate angle given by the sine. See
Figure 2.

As shown in Figure 2, T00125 i{s a TO function. For IN00Ol, the sine entered in
IR0001 is converted to binary and input as the source for the TO function. The
pointer value is the angle corresponding to the sine in IR0001.

If 0872 is placed in IR0001, and INOOOl is closed, the pointer goes to 5 to
indicate that IR0001 is the sine of an angle of 5°. This is an approximation.
A value of IR0001 between 872 and 1044 indicates an angle of 5°. A value equal
to or greater than 1045 indicates an angle greater than 5°. A value less than
or equal to 0871 indicates an angle less than 5°.

IN00O1 SOURCE DB0126
| IR0001 ()

DESTINATION
HR0091

INOOO1 TABLE LENGTH T00125
| | 0090 ()

IN00O1 TABLE END
| | HR0090

POINTER
HR0092

SOURCE
HR0091

Figure 2. TO Application
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TR - TABLE-TO-REGISTER
MOVE

Modified for PC-1200

PC-1100-x0ly: SUPPORTED PC-1100-x05y: SUPPORTED

PC-1100-x02y: SUPPORTED PC-1200-x02y: SUPPORTED

PC-1100-x03y: SUPPORTED PC-1200-x04y: SUPPORTED
DESCRIPTION

The Table-to-Register Move (TR) function performs a drum sequencer task by
allowing a table of registers to be transferred to a destination location, one
register at a time. The table may contain from 1 to 256 registers. Figure 1
illustrates the concepts and symbols related to the TR function.

The TR function consists of three input circuits (step, reset, enable), a table
of registers defined by table length and table end, a pointer location, and a
destination location. With each low-to-high transition of the step circuit
(assuming the reset and enable circuits are conducting), the pointer is
incremented and the next register from the table will be transferred to the
destination register. In the PC-1200, the pointer can be stepped without the
enable line conducting. The register to be transferred is determined by the
value contained in the pointer location. (See Figure 2.) With each transition
on the step circuit, the pointer value increases by one, thereby allowing
subsequent registers in the table to be transferred to the destination
location. When the pointer value plus one equals the specified table length,
the next non-conducting-to-conducting change in the step circuit will reset the
pointer value to 0. Also, if the reset circuit is not conducting, the pointer

value is zeroed.

Reference Number

Type

STEP TR XXXX

| | TABLE LENGTH? ~( )
RESET TABLE END?2

| |

POINTERS

ENABLE

| | DESTINATION+

LT OP CODE = 84

Operates on Transition (t)
~ Uses 6 Words of Ladder Memory ~
Constant Value (1-256)

Register Label (HR/IR/OR/0G XXXX)

Register Label (HR/OR YYYY)

Register Label (HR/OR/0G Z1117)

LS I S I

Figure 1. Table-to-Register Move Concept
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STEP DATA
NUMBER BIT NUMBERS REGISTERS

HR0004
HR0O005
HR0006
HR0007
HR0008
HR0009
HR0O010
HROO11
HRO012
HROO13
HROO14

=Y

O == O O O O] Of +=4f O O O L
|

O|OIOI OO = OO O O O
b

- OO OO OO OO O W
[

OO0 O OO OjO|OjOlO| N
st

= et O O O O O O O O O =t
[

4 1 4 O O] O O O == O O| ©

O O O O O O] O O O Oy O] O
.-J.-.-ooo.—-ol-—qolou:
oo—-oo-—-—-oloooco
O Of tet] O =41 bt btf O O O O
O O O O O O] O O O O [+,
O] O O O O O] O] O O] O O LN
O O O O O O Of O 1] t=af OF b=
= O O O+t (O O 4= t=t] pt] bt (D
O O OO taacty tant] ] o] ] ] o] pt| N
[« T=Fa [ P e L L o e T
|

L———VALUES SET ACCORDING TO USER NEEDS——

DESTINATION REGISTER DATA TRANSFERRED WHEN
(USED TO DRIVE OUTPUT DEVICE) ENABLE CIRCUIT IS CONDUCTING

o7 O[T T 0] 07 07 0] 0] I T[T 0] 0] 0] 0l I T]<~ 060003
CRO048 CR0033 (OUTPUTS

33-48)
! INCREMENTED BY STEP CIRCUIT.
Figure 2. Eleven-Register TR Move

The enable circuit must be conducting for the function to move data from the
table to the destination. If the enable circuit is not conducting, the
destination will stay in the state it was in when the enable circuit changed
from conducting to non-conducting.

The coil energizes only when the pointer value equals table length minus 1.
Forcing a TR coil affects only the contacts associated with the coil; the TR
function continues to operate normally.

OP CODE

Op Code 84 defines the Literal (LT) as being a Table-to-Register Move (TR).
Whether or not the Literal function should be used depends upon the capability
of your program loader. It is recommended that the mnemonic function be used

whenever possible. Refer to the Introduction in this Section and the LT
function description.

SPECIFICATIONS
OPERAND 1 - TABLE LENGTH

Defines the number of registers in the table to be transferred. Range is from
1 to 256 and is limited-as indicated under table end.

NLAM-B206 5-264 11/88



/
p——

TR

OPERAND 2 - TABLE END

Defines the type and number of the last register in the table to be transferred
in accordance with Table 1.

TABLE 1. LAST REGISTER TYPE, NUMBER

Type | PC-1100 PC-1200-1020/1040 | PC-1200-1041/1041/1042 PC-1250
HR < 1792 ! < 1792 < 1792 < 1792
IR <8 < 32 < 64 < 128
OR < 8 < 32 < 64 < 128
0G <8 < 32 ' < 64 < 128
1 For the PC-1100, the maximum number of holding registers depends on

memory size, as described in Section 4.

OPERAND 3 - POINTER

Register holding the number of the current register in the table that is being
transferred to the destination. This may be a:

® Holding Register

. Output Register

OPERAND 4 - DESTINATION

The register into which information pointed by the pointer is placed. This may
be a:

® Holding Register
®  Output Register

o Output Group
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TR TRUTH TABLE

See Table 2.
TABLE 2. TR TRUTH TABLE
Step Reset |Enable Coil Action/Besults
0,1 ] 0 Pointer is set to zero and held as long as reset is
or t false. No data is moved.
1 1 0 In PC-1100, pointer frozen at current value. No data
moved. In PC-1200, no data moved, pointer increments.
Oor1l 0 1 Pointer set to zero. Contents of table start moved

to destination

Pointer incremented, data is transfered. If pointer
t 1 1 is = (Table Length minus 1), the coil is

energized, If pointer is = table length, pointer is
zeroed, and the data transferred.

Oorl 1 1 Data transferred. Note: data is continuously moved
both prior to and after the step function

t 1 t PC-1100: Pointer does not increment, data moved.
PC-1200: Pointer increments, data moved.

Note that the PC-1200 uses an independent counter (the step and reset inputs
control the count in the pointer), and move is controlled by the enable input.

APPLICATIONS
In a simple application, the Table-to-Register Move function drives up to 16
discrete outputs through as many as 256 steps. Consider the program below in

Figure 3.

A TR function does not have to use the step circuit to increment the pointer.
Other functions may be used to alter the pointer value as shown in Figure 4.
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THIS TR WILL STEP EVERY

TT0002 TABLE LENGTH TROOO1
Il 0256 () 10 SECONDS AND WILL SET
THE STATE OF CROO17
CRO127 TABLE END THROUGH CR0032 "IN ACCORD-
|| HR0256 ANCE WITH THE CONTENTS OF
HRO0O01 THROUGH HR00256.
POINTER
OR0001
DESTINATION
0G0002
CRO127 PRESET 170002 NOTE:
| | 0100 () DO NOT PUT COIL NUMBERS
OF COILS USED IN THE
ACTUAL PROGRAM INTO THE GROUP
HR0257 UNDER CONTROL OF THE TR.
Figure 3. Example 256-Step Move
IN00O1 PRESET ucoool1 SET HRO251 = 10
| | HR0251 () INOOO1 --> COUNT UP
IN0002 INO002 --> RESET
I\ ACTUAL INO0O3 --> DOWN CHECK
HR0250
INOOO3 PRESET DC0002
| | 9999 ()
IN0002
I\l ACTUAL
HR0250
CRO127 TABLE LENGTH TRO003 THE TR IS NOW CONTROLLED
| | 0010 () BY THE SHARED REGISTER
COUNTER (I.E., THE COUNT
CRO127 TABLE END HELD IN HR0250 WILL BE
I\ HR0010 THE STEP ON WHICH THE TR
RESIDES). IT CAN MOVE
POINTER EITHER UP OR DOWN,
HR0250 DEPENDING ON THE COUNT.
DESTINATION
060002

11/88

Figure 4. TR Application
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In some situations ir may be required to have a TR function to automatically
operate at different intervals between steps.
two TR functions, as shown in Figure 5.

This can be accomplished using

TS0001 TABLE LENGTH TR0002 WHEN TR0002’S POINTER
|| 0010 () EQUALS ZERO, OR0001 WILL
BE SET TO 10 SECONDS.
CRO127 TABLE END WHEN 10 SECONDS HAVE
I\ HR0210 ELAPSED, TS0001 WILL
ENERGIZE.
POINTER
HR0199 HR0201 = 10
HR0202 = 5
DESTINATION HR0203 = 20
OR0001 HR0O204 = 30
HR0205 = 10
HR0206 = 2
CRO127 PRESET 150001 HR0207 = 12
I\ OR0001 () HR0208 = 15
150001 HR0209 = 3
I\ ACTUAL HRO210 = 9
HR0200
TS0001 TABLE LENGTH TR0O0O3 TRO0O03 WILL CONTROL OUT-
| | 0010 () PUTS CRO017 THROUGH
CR0032 AS SPECIFIED IN
CRO127 TABLE END HRO001 THROUGH HR0O10,
A\ HROG10 WITH THE INTERVAL BETWEEN
STEPS AS SPECIFIED BY
POINTER THE STEPS OF TRO0O02.
HROO011
DESTINATION
0G0002
Figure 5. Application Using Two TR Functions
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TS/TT - TIMERS
Modified for PC-1200

PC-1100-x01y: SUPPORTED PC-1100-x05y: SUPPORTED

PC-1100-x02y: SUPPORTED PC-1200-x02y: SUPPORTED

PG-1100-x03y: SUPPORTED PC-1200-x04y: SUPPORTED
DESCRIPTION

Timers are programmed to operate like any of the common types of
electro-mechanical timers (pneumatic ON-and-OFF delay, motor driven timers,
etc.). The timer is used, either independently or in conjunction with other
functions, to develop complex timing chains. These timing chains have duty
cycles structured to meet most machine cycle applications. Timer function
symbology is shown in Figure 1.

The timing circuit and the enable circuit control the timers, which run only
when the enable and timing circuits are conducting. If the timing circuit
stops conducting, the timer retains the accumulated value as long as the enable
circuit is conducting. When the enable circuit is not conducting, the timer is
reset and held at 0000. Accumulated time is stored in the actual register (an
assigned holding or output register). The associated coil is energized and its
contacts are operated when the actual value equals a preset value, which is
programmed as a constant along with the timer or comes from a specified
register (holding, input, or output register) simultaneously with the enable

circuit conducting.

Represents Reference Number
Multiple Type (TS or TT)
~ Contacts ’ ~
TIMING CIRCUIT | PRESET! TS 0031
| | ' ()
ACTUAL?
ENABLE CIRCUIT ’
P
8 X7
Contact Area
~ Uses 3 Words of Ladder Memory ~
1 Constant Value (1 THROUGH 9999) or
Register Label (HR/IR/OR XXXX)
2 Register Label (HR/OR YYYY)

Figure 1. Timers (TS/TT)
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In the PC-1100, the processor maintains a 1.0 second and a 0.1 second time base //ﬁ)'
for all timers. All TS or TT functions are updated on the same scan, and the
RW special function clears the time base.

In the PC-1200, each timer maintains its own high-resolution time base capable
of accumulating up to approximately 16 seconds. The timers maintain accuracy
within this 16-second time period when the SK function, RW function, or SP/RP
functions are used.

ON DELAY CIRCUIT

An example of an ON Delay timer circuit is shown in Figure 2. The same input

device (INOOOl) controls both the timing and the enable circuits. The preset

value is a constant value of 5 seconds, and the actual value is accumulated in
HROOO1. At Time O, INOOO1l is closed, both enabling the timer and starting the
timing circuits. If left in this condition, TS0014 energizes after 5 seconds,
as shown at Time 5.

Since this is an ON Delay, removal of the input causes the timer to immediately
reset, turning OFF TS0014. If the input is again closed, as at Time 10, timing
resumes. At Time 13, timing is interrupted. The ON delay is reset and a full
delay results when next activated at Time 15.

OFF DELAY CIRCUIT

Figure 3 is an example of an OFF Delay timer circuit. 1In this circuit, IN0O0O2 \>
controls the timer. IN0002 is a normally-open (NO) switch. Its contacts in e
the timer control circuits are programmed to be normally-closed (NC). An

additional ladder rung (CRO010) is required to implement the OFF Delay.

Assuming that CR0010 is initially OFF and that INO0O2 is not activated for some

time, the TS0015 coil is energized, holding CRO010 OFF with the now open

TSO0015NGC contacts. At Time O, IN00O2 is closed, resulting in the timer being

reset, TS0015 being de-energized, and CRO010 being energized. The CR0010 coil

is energized through the INO0OO2 contacts and the NC contacts of TS0015. At

Time 5, INOOO2 turns OFF, causing the timer to activate. The CR0010 coil

remains energized via the CR0010 and TS0015 contacts until the timer times

out. At Time 10 (timer time-out) the TS0015 coil energizes, opening its NC

contacts and turning CR0O010 OFF. CRO010 is de-energized after the OFF delay.

The remainder of the timing diagrams shows that the OFF delay is not cumulative

(i.e., delay time must start over if the device 1is turned ON again before the
OFF Delay elapses).
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TS/TT

TS0014

IN00O1
._.| l___ PRESET )
0005 »

ING0O?

ACTUAL
1 HRO0001

V]
ON l l ?
IN00O1 \ ’ \ /
OFF !
ON
TS0014 ) ’ \
OFF ‘___ _____ ——- ————e

N T T I O
HROOO1— gm0 1 2345500001 2300123456556

N

Figure 2. ON Delay Timer Circuit

SPECIFICATIONS

PRESET

The desired time value for the timer is the number of seconds (TS) or the
number of tenths of seconds (TT). For example, if a TT timer is used, a preset
of 0050 is equal to 5.0 seconds or 50 tenths of a second. This preset value
may be a constant (0001 through 9999) or it may be a value held in a Holding
Register (HR), Input Register (IR), or Output Register (OR). The range for
using a register for preset is 1 through 65535.

ACTUAL

The current value of the timer is in seconds or tenths of seconds. This actual
value is held in a Holding Register (HR) or Output Register (OR).
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ON
IN00O2
OFF

ON
TS0015
OFF

OoN
CRO0010
OFF
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T TS0015
INC0O2
,_\_1\4\______ PRESET | b
0005
IN0002
) ACTUAL
HR0002
CR0O010
INCOO2 150015
N .
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|
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COIL

The coil is energized when actual value equals a preset value, with the enable

circuit conducting.

NLAM-B206

Figure 3. OFF Delay Timer Circuit
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TS/TT TRUTH TABLE

See Table 1.
TABLE 1. TS/TT TRUTH TABLE
Timing Enable
Circuit Circuit Result
X 0 Actual is held to 0000.
0 1 Actual remains at current value.
1 1 Actual accumulates until actual equals preset.
X = Don’'t care

APPLICATIONS

Figure 4 shoys a timer circuit action under different conditions. The example
in this figure is equivalent to a Motor Driven timer. At Time O, the enable
input (INO0O4) and the timing input (INOOO3) are closed. At Time 7, the enable
input (INOOO4) is opened, disabling the timer and setting the content of HR0006
to 0000. At Time 8, the enable circuit is closed and timing is started again.
The timing process continues, and at Time 18, the actual value equals the
preset value and the output coil (TT0012) is energized. The count of 10 is
held in HR0O006. At Time 20, both the timing (INOOO3) and the enable (IN00O4)
circuits are opened, causing the TT0012 coil to de-energize and the actual
value in HR0OO06 to reset to 0000. At Time 21, both the timing and the enable
circuits are closed, causing the timer to accumulate time again. After two
time periods (Time 23), the timing circuit (INOOO3) is opened, causing the
timer to stop but not to reset. HR0O006 holds the last actual value until
either the timing circuit is closed to resume timing or until the enable
circuit is opened to reset the timer to 0000. At Time 25, the timing circuit
closes and timing is resumed.
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CIRCUIT
IN00O4
ACTUAL
>—" l————- HR0006
ENABLE
CIRCUIT
10

15

TT0012

1

N

ﬂ\

v

e e mm e — —— e ————————

T T T T Y I O A
— 012345600123456

|
7

B

PL
910100

o —
- ——
N —
N —
N

w —
& —

|
8

NLAM-B206

Figure 4. Motor-driven Timer
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UA - UNIT ADDRESS
Modified for PC-1290

PC-1100-x0ly: NOT SUPPORTED PC-1100-x05y: NOT SUPPORTED

PC-1100-x02y: SUPPORTED PC-1200-x02y: SUPPORTED
PC-1100-x03y: SUPPORTED PC-1200-x04y: SUPPORTED
DESCRIPTION

The Unit Address (UA) function defines the communications address of the PC in

which it resides. It identifies this PC as a "Slave PC" and differentiates it

from others when configured on a multi-point network. This address is compared
to all "Set PC Address" commands initiated by the "Master PC". If the address

matches, Port B is enabled for multi-point communications. !

Upon power-up and prior to solving the ladder logic, the executive memory is
updated with the communications address. If more than one UA function is
programmed, that which appears latest in the scan will be acknowledged. When
the enable circuit transitions from off to on, the communications address is
redefined according to Operand 1. UA function symbology is shown in Figure 1.

Reference Number

Type
ENABLE UA XXXX
| ] UNIT ADDRESS! ()
8 X7 DUMMY
Contact OPERAND?
Area

LT OP CODE = 28
Operates on Transition (t)
Uses 4 Words of Ladder Memory
1 Constant Value (0001-0255)
2 Constant Value (0001-9999)

Figure 1. Unit Address (UA)

1 See Paragraph 3-20 for an overview of PC-1100/1200 networking, and see the
Instruction Leaflet for the Communications Adapter Module (IL-15753). For
additional information on the related special functions (PT and CP) refer to
their individual function descriptions in this section.

The controllers must be configured for multi-point communications as

described in Paragraph 3-20. Configuration switch settings for the PC-1100
and PC-1200 are described in Paragraphs 3-17.
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OP CODE j '
Op Code 28 defines the Literal (LT) as the UA function. Whether or not the
Literal function should be used depends upon the capability of your program
loader. It is recommended that the mnemonic function be used whenever possible.
Refer to the Introduction in this Section and the LT function description.
SPECIFICATIONS
OPERAND 1 - UNIT ADDRESS
The Unit Address is a constant value in the range of 1-255.
Note
If Operand 1 defines an invalid

communications address then the PC
generates a user software fault.

OPERAND 2 - DUMMY OPERAND
The Dummy Operand serves only to complete the UA function. It is defined by a ,xi)

constant value. (For clarity, set the dummy operand equal to the unit
address.)

UA TRUTH TABLE

See Table 1.
TABLE 1. UA TRUTH TABLE
Enable Result

0 The coil de-energizes. The communications address does not
change.

t The coil energizes. The communications address is defined
by Operand 1.

1 The coil status and communications address do not change.

When the controller is powered-up (or the keyswitch setting is changed from
STOP/PROGRAM to RUN), it searches through the program for the UA function and
sets the unit address. If more than one UA function is found, the last UA in
the program is used as the default address.

In the PC-1200, the enable circuit must be energized to set the address. When

the controller is powered-up, if no energized UA is found, the address will

default to the invalid address "0". 1If a valid address is not set before the

PT function is activated, the Slave controller will go into fault (bit 5 of the

fault register). o

N
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APPLICATIONS

Consider the system configuration shown in Figure 2. The "Master PC" initiates
the request to read or write register data of a "Slave PC" has its own unique
address as established by the UA function This arbitrary address assignment
identifies the Slave PCs with addresses 1 through 5. Any unique address from 1
through 255 could have been selected. Slave #4 is programmed with the UA
function shown in Figure 3.

The "Master PC" can be configured in any position in the network. Note that
the controllers which physically terminate the network require different switch
settings (for the Port B communications switches). Also, for the PC-1200, the
mode switch must be OPEN in the "Master PC" only. Refer to Paragraphs 3-17 and
3-20 for additional information on the configuration switch settings.

Slave No. 1 Slave No. 2 Slave No. 3 Master PC Slave No. 4 Slave No. 5
2 2 2 2 2 g
5 S o =] =) o
- L ot - - -— -
4 2 - | | )
2 2 -4 z -4 2

RS-485
Figure 2. Multi-Point Network
INO023 OPERAND 1 UAD0S6
| | Cvooo4 ()
OPERAND 2
Cvoool

Figure 3. Unit Address
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UC/DC-COUNTERS

PG-1100-x01y: SUPPORTED PC-1100-x05y: SUPPORTED

PC-1100-x02y: SUPPORTED PC-1200-x02y: SUPPORTED

PC-1100-x03y: SUPPORTED PC-1200-x04y: SUPPORTED
DESCRIPTION

A counter is similar to a timer, except that it does not operate on an internal

clock and is dependent on external or program sources for counting circuit
control. Up Counter (UC)/Down Counter (DC) function symbology is shown in

Figure 1.

UP COUNTER (UC)

UP Counters (UCs) begin at 0000 and count to a maximum of 65535.

coil is energized upon reaching a preset value.

Two contact circuits control UCs: the counting circuit and the enable

circuit. Counting is allowed when the enable circuit is conducting.

counter’s accumulated value is reset and held at 0000 when the enable circuit

is not conducting. During the change of the counting circuit from
non-conducting to conducting, the UC increases the accumulated count by one and

retains this count as long as the enable circuit is conducting.

The counter

The accumulated count is stored in the actual register (an assigned holding or
output register). The coil is energized and its contacts are operated when the

actual value equals or exceeds a preset value, which is programmed or comes

from a register, simultaneously with the enable circuit conducting.
counter can continue past the preset value until 65535 is reached, and remains

at that count until the enable circuit stops conducting.

Represents Reference Number
Multiple ) Type
~ Contacts

COUNTING CIRCUIT| PRESET!

ucool19

I
ENABLE CIRCUIT | ACTUAL?

I
8 x7

Contact Area

Operates on Transition (t)

Uses 3 Words of Ladder Memory
! Constant Value (1-9999)

or Register Label (HR/IR/OR XXXX)
2 Register Label (HR/OR YYYY)

()

Figure 1. UP Counter (UC)/Down Counter (DC)
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DOWN COUNTER (DC)

Down Counters (DCs) begin at a maximum (9999 if preset is a constant, 65535 if
preset is a register), and decrement to 0000. The counter coil energizes upon
reaching 0000. '

The counting and the enable circuits control DC similarly to UC. Only two
changes occur in the counting method. The accumulated value is reset and held
at the preset value instead of 0000, and the count is decreased, not Increased,
by one when the counting circuit changes from non-conducting to conducting.

The actual value is held at the preset value if enable is non-conducting. The
count decreases on transition of the count input when the enable circuit is
conducting.

Again, the count is stored in the actual register. Counting begins at the
preset value, constant or variable. The coil is energized and its contacts are
operated when the count reaches 0000. The count remains at 0000 until the
enable circuit stops conducting.

SPECIFICATIONS

PRESET

UC is preset at the value at which the coil energizes.

DC is preset at the value at which down counting begins.

This value may be a constant (0001 through 9999) or it may be held in a Holding
Register (HR), Input Register (IR), or Output Register (OR). The value is 1
through 65535 if it is held in a register.

ACTUAL

The current value is held in:

e Holding Register (HR)

® Output Register (OR)

COIL

In the up count, the coil is energized when the actual value is greater than or
equal to preset value, with the enable circuit conducting. In the down count,
the coil is energized when the actual value is equal to zero, with the enable
circuit conducting.

UC/DC TRUTH TABLE

See Table 1.
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TABLE 1. UC/DC TRUTH TABLE

Count Enable UC Result DC Result
X 0 Actual is held a.. zero. Actual is held at preset.
0 1 Actual is held at current Actual is held at current
value. value.
t 1 Counter increments. Counter decrements.
1 1 Actual is held at current Actual is held at current
value. value.
Note Note
X = Don't care When actual equals preset, When actual equals zero,
the counter continues past the counter stops.
preset.

APPLICATIONS

An Up/Down counter can be used to maintain a count of the product within a zone
of a conveyor, by programming UC and DC functions which share the same actual
register. An example of this type of application is shown in Figure 2.

\ /
l
PRODUCT / ) PRODUCT
? 7 \
IN00O ING003
CLOSES WHEN CLOSES WHEN
PRODUCT ENTERS  PRODUCT LEAVES
LINE LINE

CONTROL PANEL INDICATIONS AND CONTROLS

N _ 7

@ LINE EMPTY (DC0026)
Ve N
N _ 7

(:) LINE FULL (DC0027)
/s AN

_o/o___ START/RESET (IN0002)

NLAM-B206

Figure 2. Shared Counter Application
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In the shared register counter application (see Fig. 3), UC determines the
actual value of DC. The DC function appears first in the program. If IN0002
is closed, both counters are active. When INO0OOl is closed, HR0O002 increments
by one and continues to increment every time INOOOl is opened and closed. If
INOOO3 is opened and closed, the contents of HR0002 are decremented by one and
continue to decrement until 0000 is reached.

Note that if IN0O0O2 is opened, HRO002 will be set to 9999 by the DC function,
then immediately reset to zero when the UC function is executed. The entire
program will see HR0002 as zero when IN0002 is off.

IN0003 PRESET DC0026
| 9999 ()
ACTUAL
IN0002 HR0002
|
IN00O1 PRESET ucoo27
| ] HRO0O1 = 10 ()
ACTUAL
IN0002 HR0002
|

Figure 3. Shared Register Counter
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Ul - I/O UPDATE

IMMEDIATE

Modified for PC-1200 j
PC-1100-x01ly: SUPPORTED PC-1100-x05y: SUPPORTED
PC-1100-x02y: SUPPORTED PGC-1200-x02y: SUPPORTED
PC-1100-x03y: SUPPORTED PGC-1200-x04y: SUPPORTED

DESCRIPTION

The I/0 Update Immediate (UI) function updates the status of registers or
groups when the UI function is executed in the logic scan, in addition to
normal I/0 update at the end of the logic scan. Energizing a Ul enable input
updates the status of the specified input register or group and its
corresponding output register or group. De-energizing a UI enable input stops
the update routine. UI function symbology is shown in Figure 1.

Note

The UI function cannot be programmed
using the NLPL-789, NLPL-780 or
NLPL-780P program loaders with software
versions prior to 3.0.

SPECIFICATIONS

OPERATING DATA g )

The designation specifies the 1/0 pair for updating. This can be a pair of
single registers or a group. One of the following may be used:

° IR: Input Register/Output Register

L IG: TInput Group/Output Group

Reference Number
Represents Type
~ Multiple ~
Contacts
ENABLE CIRCUIT | REG/GROUP UI XXXX
|| PAIR? ()
8 X7
Contact
Area
Uses 3 Words of Ladder Memory
2 Register Label (IR/IG XXXX)

Figure 1. 1/0 Update Immediate (Ul)
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In the PC-1250, the Low and High I/0 busses are updated simultaneously. With
this function, the referenced group or register is updated simultaneously on
both buses. For example, if group label IGO00l is referenced, the
following will be updated: IG0001, 0G000l, IGO009, and 0GO009. Table 1 shows
the Low and High bus groups and registers. :

TABLE 1. UPDATE IMMEDIATE FUNCTION WITH DUAL 1/0 BUS (PC-1250 ONLY)

Reference Number Updates on Low Bus Updates on High Bus
IG0001 or IG0009 IG0001, 0G0001 IG0009, 0G0009
IG0002 or IGOO10 1G0002, 0G0002 IG0010, 0GO010

° o .

[ [ ] ®

° ° .
1G0008 or IGOO1l6 IG0008, 0G0008 IG0016, 0GOO01l6
IR0001 or IR0065 TRO001, OROO0O1 IR0065, ORO065
IR0002 or IR0066 IR0002, OR0O002 IR0O066, ORO066

. o .

[ ] ® [ J

® ® [
IR0064 or IR0128 IR0064, OROO64 IR0128, OR0128

ENABLE CIRCUIT

When conducting, the enable circuit energizes the UI function, and the
specified pair of I/0 registers or groups are updated. When not conducting,
the enable circuit de-energizes the UI function and no immediate updating
occurs during the logic scan.

COIL

When the coil is energized, the specified pair of I/0 registers or groups is
updated immediately. When the coil is de-energized, no updating occurs.

APPLICATIONS

The UI function can be used to periodically monitor the status of critical
inputs. For example, if the user wants output GE0037 (CR0O037) to activate
immediately when IR0006 is greater than or equal to 1024, the program shown in
Figure 2 can be repeatedly programmed at appropriate intervals throughout the
ladder program. In this example, UI0126 is always ON when GE0037 is
executed. If GE0037 is not turned ON, UI0126 is turned OFF for remainder of
the scan. '
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CRG127 CRO127 CRO127 DUMMY COIL
| | I\ ()
CR0O127 | REG/GROUP UI0126 EACH TIME THIS LINE IS
I\I PAIR () ENCOUNTERED IN THE PROGRAM,
IR0006 IR0006 AND OR0006 ARE CHECKED
(UPDATED) . -
CRO126 | OPERAND 1 GE0037 UI0126 ENABLES THE GE FUNCTION.
| | IR00006 () EACH TIME IR0006 IS EQUAL TO OR
GREATER THAN THE CONSTANT 1024,
OPERAND 2 GE0037 (CR0O037) ENERGIZES.
1024
IF GE0037 (CR0O037) ENERGIZES,
GE0037 REG/GROUP UI0126 THE UPDATE IMMEDIATE FUNCTION IS
\] PAIR () ACTIVE AND INPUT/OUTPUT GROUP 3
160003 (IN0033 THROUGH IN0048 AND CR0033
THROUGH CRO048) IS UPDATED,
- ~ INCLUDING CR0037.
Figure 2. Ul Operations

Figure 3 shows a method of counting faster than two times the scan rate. Input
IN0020 is the count input.

IN0020 PRESET uco120 THIS CIRCUIT IS PLACED NEAR THE
| | HR0O001 () BEGINNING OF THE PROGRAM.
CRO101 | ACTUAL |
N HR0002
CRO127 REG/GROUP UI0126 THESE TWO CIRCUITS ARE PLACED
N PAIR () "IN THE PROGRAM SEVERAL TIMES
160002 . AT SELECTED INTERVALS, AND NEAR
THE END OF THE PROGRAM.
INO020 PRESET ucoi120 "CRO127 IS ALWAYS CONDUCTING.
|| HR00O1 ()
CRO101 ACTUAL
I\] HR0002
Figure 3. Ul Application
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US-UPDATE SELECT
Modified for PC-1200

PC-1100-x01y: NOT SUPPORTED PC-1100-x05y: SUPPORTED

PC-1100-x02y: SUPPORTED PC-1200-x02y: SUPPORTED
PC-1100-x03y: SUPPORTED PC-1200-x04y: SUPPORTED
DESCRIPTION

The Update Select (US) function allows the user to specify the number of
quarters of I/0 that are updated at the end of a processor scan. The I/0
update cycle time is effectively decreased by eliminating the time spent
updating unused 1/0 quarters. US function symbology is shown in Figure 1.

OP CODE

Op Code 25 defines the Literal (LT) as the US function. Whether or not the
Literal function should be used depends upon the capability of your program
loader. It is recommended that the mnemonic function be used whenever possible.
Refer to the Introduction in this Section and the LT function description.

SPECIFICATIONS

OPERAND 1 - /O QUARTERS

A constant value determines the number of I/0 quarters to be updated when the
function is enabled. This value selects the number of quarters (of 1/0 groups

and registers) to be updated at the end of the ladder scan.

If more than one US function is active in a ladder, the last active US will
determine the amount of 1/0 quarters that will be updated.

Reference Number :

-~ Type ~
ENABLE —j_ I/0 QUARTERS? US XXXX
[ ()
8 X7 DUMMY
Contact OPERAND?2
Area
LT OP CODE = 25

~ Uses 4 Words of Ladder Memory ~
1 Constant Value (0001-0004)
2 Constant Value (0001-9999)

Figure 1. Update Select (US)

1/89 5-285 NLAM-B206




us

The I/0 quarters value selects the number of quarters as follows:

1 = First Quarter

2 = First Half (Two Quarters)
3 = First Three Quarters

4 = All

The I/0 reference numbers corresponding to the I/0 quarters values are shown in

Table 2.
TABLE 2. I/0 QUARTERS

Controller Number of I/0 Quarters IG and 0OG IR and OR

1 1 1-2
PC-1100 2 1-2 1-4

3 1-3 1-6

4 1-4 1-8
PC-1200- 1 1 1-8
1020/40 2 1-2 1-16

3 1-3 1-48

4 1-4 1-64
PC-1200- 1 1-2 1-16
1041/42/43 2 1-4 1-32

3 1-6 1-48

4 1-8 1-64
PC-1250 ! 1 1-2 and 9-10 1-16 and 65-80

2 1-4 and 9-12 1-32 and 65-96

3 1-6 and 9-14 1-48 and 65-112

4 1-16 1-128

! In the PC-1250, the corresponding quarters of the Low and High buses will

be updated. If all quarters are not selected, then gaps will occur, due
to the offset between the buses. For example, if Operand 1 = 1, then the
following will be updated: IG/0G 1-2 and 9-10, IR/OR 1-16 and 65-80. The
reference numbers between these ranges (in this example, IG/0G 3-8 and
IR/OR 17-64) will not be updated.

OPERAND 2 - DUMMY OPERAND

The dummy operand is a constant value of 1 to complete the special function.

US TRUTH TABLE

See Table 3.
TABLE 3. US TRUTH TABLE
Enable | Result
0 The coil is de-energized and all I/0 is updated.

NLAM-B206 : 5-286

1 The coil is energized and the specified I/0 quarters are updated.
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APPLICATIONS

US

If the user has a program whose inputs and outputs are in Group 1 only
(Discrete Inputs 1 through 16, Discrete Outputs 1 through 16, Input Registers 1
through 2, Output Registers 1 through 2), the US function allows only the first

quarter to be updated, increasing the processor scan rate.
in Figure 2 shows this operation.

quarter of the I/0O to update.

The program segment
US always enables, allowing only the first

CRO127 CRO127 CRO127
I I\ ()
CRO127 1/0 QUARTERS US0001
I\l 0001 - ()
DUMMY
OPERAND
0001

Figure 2. US Program

The US function can also be used to provide varying update frequency for

different portions of the I/0.
others, update frequency can be
Figure 3 shown this operation.

arranged accordingly.

If some portions of I/0 are not as critical as
The ladder diagram in
The self-resetting timer, TTO001l, energizes for

one scan every 10 seconds. The first half of the I/0 is updated every scan.
All of the 1I/0 updates every 10 seconds.

CRO127 CRO127 CRO127
| 1 Y ()
CRO127 PRESET TT0001
I\ 0100 ()

1710001 ACTUAL
[\l HR0001
170001 1/0 QUARTERS Us0002
I\ 0002 ()
DUMMY
OPERAND
0001
Figure 3. US for I/O at Differing Rates
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XM-XOR MATRIX

PC-1100-x01ly: NOT SUPPORTED
PC-1100-x02y: SUPPORTED
PC-1100-x03y: SUPPORTED

PC-1100-x05y: SUPPORTED
PC-1200-x02y: SUPPORTED
PC-1200-x04y: SUPPORTED

DESCRIPTION

The XOR Matrix (XM) function exclusively OR's the contents of a pair of

matrices on a bit-per-bit basis; then, it places the result in a destination

A matrix is defined as a table of registers handled on a
XM function symbology is shown in Figure 1.

matrix location.
bit-by-bit basis.

The XM operation occurs when the enable circuit changes from non-conducting to

conducting.

Table 1.

OP CODE

Op Code 88 defines the Literal (LT) as XM. Whether or not the Literal function

should be used depends upon the capability of your program loader. It is

The original pair of matrices is unaffected by the operation.

See

recommended that the mnemonic function be used whenever possible. Refer to the
Introduction in this Section and the LT function description.

SPECIFICATIONS

CoiL

The coil energizes when the enable circuit is conducting and the result of the
operation is non-zero.

Reference Number

ENABLE I MATRIX SIZE!

I

8 X7 MATRIX2 END3
Contact
Area DEST END+

MATRIX1 END2

Type —

XM XXXX

()

LT OP CODE = 88
Operates on Transition

(1)

Uses 6 Words of Ladder Memory

Constant Value (1-128)

- N -

Register Label (HR/IR/OR/IG/0G XXXX)
Register Label (HR/IR/OR/IG/0G YYYY)
Register Label (HR/OR/0G Z177)

Figure 1. XOR Matrix (XM)
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TABLE 1. XM TRUTH TABLE SAMPLE

Matrix 1 Matrix 2 Destination
Bit N Bit N Matrix Bit N
0 0 0
0 1 1
1 0 1
1 1 0

OPERAND 1 - MATRIX SIZE
The matrix size is a constant value that defines the number of registers

included in the matrix. The range is 1 through 128, which is subject to the
limitations listed in Table 2.

TABLE 2. XM END REGISTERS

Type | PC-1100 PC-1200-1020/1040 | PC-1200-1041/1041/1042 PC-1250
HR <1792 1! =< 1792 < 1792 =< 1792
IR <8 | < 32 < 64 < 128
OR <8 < 32 < 64 =< 128
IG <4 <4 < 8 ‘ < 16
,OG <8 < 32 < 64 < 128

1 For the PC-1100, the maximum number of holding registers depends on
memory size, as described in Section 4. ’

OPERANDS 2/3 - MATRIX 1/MATRIX 2 END
Matrix 1/Matrix 2 end defines the type and number of the last register in

Matrix 1 and Matrix 2 that will be exclusively OR’ed. The type and number are
limited as indicated in Table 2.

OPERAND 4 - DESTINATION END
The destination end defines the type and number of the last register in the

matrix containing the results of the XM function. The type and number
limitations are shown in Table 3.
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TABLE 3. XM DESTINATION END REGISTER

Type | PC-1100 PC-1200-1020/1040 | PC-1200-1041/1041/1042 PC-1250
HR < 1792 ! < 1792 < 1792 < 1792
OR <8 < 32 < 64 < 128
0G <8 < 32 < 64 < 128
1 For the PC-1100, the maximum number of holding registers depends on

memory size, as described in Section 4.

XM TRUTH TABLE

See Table 4.
TABLE 4. XM TRUTH TABLE
Enable Result

0 The coil is de-energized. Matrix 1, Matrix 2, and the
destination remain unchanged.

t XOR's Matrix 1 with Matrix 2, placing the results in the
destination The coil energizes if the result is non-zero,
and de-energizes if the result is zero.

1 The coil, as indicated above, results in the destination
matrix.

APPLICATIONS

The XM function is used to make desired state versus actual state comparisons.
If the actual state is equal to the desired state, the coil is de-energized
when the enable circuit is conducting. If the actual state does not equal the
desired state, the coil is energized with the enable circuit conducting. See
Figure 2.

The ladder diagram for the XM function is shown in Figure 3. When INOOO1
changes from open to closed, the XM function occurs. If INOOOl remains closed,
the coil gives the following indications:

Energized Matrix 1 # Matrix 2
De-energized = Matrix 1 = Matrix 2

Figure 4 shows an example of a pair of matrices that are exclusively OR'ed.
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HROOO1| —— XOR <« |ogooo1

HR0002 060002

HR0003 | 1 060003

HR0004 DESTINATION MATRIX 060004
HROO17

DESIRED STATE l ACTUAL STATE
MATRIX HR0018 MATRIX
BITS 1 THROUGH 64 CRO001 THROUGH CRO064

HR0019
HR0020

USING THE XOR COIL:

1. IF THE ACTUAL STATE EQUALS THE DESIRED STATE, THE COIL IS
DE-ENERGIZED (WITH THE ENABLE CIRCUIT CONDUCTING).

2. IF THE ACTUAL STATE DOES NOT EQUAL THE DESIRED STAT, THE COIL
IS ENERGIZED (WITH THE ENABLE CIRCUIT CONDUCTING).

Figure 2. Desired State vs. Actual State Comparison

IN00O1 MATRIX SIZE XM0001
| | 0004 ()

MATRIX 1 END
HR0004

MATRIX 2 END
0G0004

DESTINATION
END
HR0020
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Figure 3. XM Application
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MATRIX 1 END MATRIX 1
16115114(13[12(11[10] 9] 8] 7| 6| 5] 4| 3] 2| 1
HROOO1 o o[ T[ O[ T{ o[ o] I[ 1] I[ I1[ 0] 0] I[1
32131130129128127|26| 25|24 | 23|22 21|20{19]18[17
HR0002 or Tt ol THor 11 of 1] 0] 1{ 0 1] 0] 1] 0
HRO003 48147146 145(44(43|42(41|40|39]38(37]36]35|34(33
T TH T I Tr I 1 11 0l 0f 0] 0] 0] 0] 0] O
MATRIX 2 END MTRIXZ
16115(14{13(12(11[10] 9| 8] 7| 6
HR0004 oT i 1H ol oror ol o[ 6 0] 1] 0] 1] 1] 0] 0
32131(30129|28|27|26|25]24|23]22|21]20{19[18]17
HR0005 o1 or 11 of 11 of 11 of 1f o] 1] 0] 1] 0] 1
4847146(45(44143142]41]40{39|38]37]36]35]34133
HR0006 T I 1T 1T 1 1 1] 11 0] 0] 0] 0] 0] 0] 0] 0
DESTINATION END MATRIX 3
16115114113112(11110( 9| 8| 7| 6| 5| 4] 3| 2| 1
HR00O1 T IrIrIrol 1T ol of Tf 11 1] 1] 11 1 1[1
32131130129128127|26|25|24|23(22|21|20{19]18]17
HR0002 T I I I I I 1 1] 1] 1) 1] 1] 1] 1] 1
48147146(45(44(43|42]41(40(39]3837]36]35/34|33
HR0003 ot or ol ol ol ol of o of o[ 0] 0] 0] 0] 0] 0
Figure 4. A Pair of Exclusively OR'ed Matrices
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BATTERY STATUS COIL
Modified for PC-1200

PC-1100-x01ly: SUPPORTED PC-1100-x05y: SUPPORTED

PC-1100-x02y: SUPPORTED PC-1200-x02y: SUPPORTED

PC-1100-x03y: SUPPORTED PC-1200-x04y: SUPPORTED
DESCRIPTION

Battery Status Coil is a dedicated-function logic coil which is de-energized as
long as the battery back-up system for the RAM memory is operating normally.
The coil is energized when the battery backup system is de-activated or is
capable of supporting the RAM for less than one week.

The dedicated coil is CR0O128 in the PC-1100.

The dedicated coil is CR1024 in the PC-1200.

Note that it is possible to program the Battery Status Coil as a logic coil or
reference number for a special function. However, the Battery Status Coil is
reset at the end of each ladder scan (to reflect the status of the battery).

For this reason, such use of this reference number (0128 in the PC-1100 or 1024
in the PC-1200) is not recommended.
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