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Notice:

OMRON products are manufaciured for use according 1o proper procedures by a qualified operater
and only for the purposes described in this manual.

The following conventions are used to indicate and classily precautions in this manual. Always heed
the information provided with them. Failurs 1o heed precautions can result in injury 1o people or dam-
age o property.

/NDANGER  Indicates an imminently hazardous situation which, if not avoided, will result in death or
sarious injury.

&WARN%NG indicates a potentially hazardous situation which, if not avoided, couid result in death or
serious injury.

&Caut&on Indicates a potentially hazardous situation which, # not avoided, may resull in minor or
moderate injury, or property damage.

OMRBON Product References

Al OMRON products are capitalized in this manual. The word *Unit” is also capitalized when it refers
to an OMRON product, regardiess of whether or not it appears in the proper name of the product.

The abbreviation "PC” means Programmable Controller and is not used as an abbreviation for any-
thing slse.

Visual Aids

The foliowing headings appear in the left column of the manual 10 help you locate different types of
information.

MNote Indicates information of particular interast for efficient and conveniant operation
of the product.

1,2 3... 1. indicates lists of one sor or ancther, such as procedures, checklists, eic.



PRECAUTIONS

This section provides general precavtions for using the Programmable Conireller (PC) and related devices.

The information contained in this section is important for the safe and reliable application of the Programmable Con-
troller. You must read this section and understand the information contained before attempting fo set up or operate a
PO system.
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I Intended Audience

1 intended Audisnce

This manual is intended for the following personnel, who must alse have knowi-
adge of electrical systems (an elactrical engineer or the ecuivalant).

¢ Personne! in charge of installing FA systems.
» Personnel in charge of designing FA systems.
= Personnel in charge of managing FA systems and faciiities.

2 General Precautions

/I WARNING

The user must operate the product according 1o the performance specifications
described in the C500 Programmable Controlfer installation Guide (W132).
Before using the produci under conditions which are not described inthe manual
or applying the product to nuclear controt systems, taitroad systems, aviation
sysiems, vehicles, combustion systems, medical equipment, amusement ma-
chines, safely equipment, and other sysiems, machines, and equipment that
may have a serious influence on lives and property it used improperly, consult
your OCMRON reprasentative.

Make sure that the ratings and parormance characteristics of the product are
sufficient for the systems, machines, and equipment, and be sure to provide the
systems, machines, and eguipment with double safety mechanisms.

This manual providss information for programming and operaling the Unit, Be
sure to read this manual before attempting to use the Unit and keep this manual
close at hand for referance during operation.

11 is exiremnely important that & PC and all PC Units be used for the spesifiad
purpose and under the specifled conditions, especially in applications thai can
directly or indirectly affect human fife. You must consull with your OMRON
representative before applying 8 PC System o the above-mentioned
applications.

3 Safety Precautions

[\ WARNING
/N WARNING
/N\WARNING

/N WARNING

Do notattempt to take any Unit apart while the power is being suppiied. Doing so
may result in electric shock.

Do not touch any of the terminals while the power is being supplied. Doing so
may result in electric shock.

Do not attempt to disassemble, repair, or modify any Units. Any attempitodo so
may result in malfunction, fire, or electric shock.

The CPU Unit refreshes /O even when the program is stopped {i.e,, even in
FRGGRAM mode). Confirm safety thoroughly in advance before changing the
slatus of any part of memory allocated io VO Units, Special /O Units, or CPU Bus
Units. Any changes 1o the data allocated to any Unit may result in unexpecied
operation ¢f the loads connacted to the Unit. Any of the foliowing operation may
rasult in changes ic memery stafus.

= Transferring ¥O memory data 1o the CPU Unit from a Programming Device.

» Changing present values in memory from a Programming Device.

» Force-setting/-resetiing bits from a Programming Device.

s Transferring VYO memory from & host computar or from anothar PC on a net-
work,

i



4 Operating Environment Precautions

4

5

& Caution
& Caution

Caution

Execute online edit only after confirming that no adverse effects will be caused
by extending the cycle time. Otherwise, the input signals may not be readable.

Execute online edit only after confirming that no adverse effects will be caused.
Otherwise, the sysiem may malfunction.

Tighten the screws on the terminal block of the AC Power Supply Unit to the
forque specified in the operation manual. Theiocose screws may result inbuming
or maifunction. o

Operating Environment Precautions

Caution

Caution

Caution

Do not operate the control system in the following places:

» | ocations subject to direct sunlight.

» Locations subject o temperatures or humidily outside the range specified in
the specifications.

+ Locations subject to condensation as the result of severe changas intempera-
iure.

» Locations subjec! to corrosive or flammable gases.

» Locations subject to dust {espacially iron dust) or salis.

» | ocations subject to exposure {0 water, oil, or chemicals.

s Locations subject to shock or vibration.

Take appropriate and sufficient couniermeasures when instailing systems in the
following locations:

= Locations sublect io static electricity or other forms of noise.
s Locations subject to strong eleciromagneatic fields.

o Locations subject 1o possible exposure o radicactivity.

e L pcations close {0 power supplies.

The operating environment of the PC System can have a large effect onthe lon-
gevify and rafiability of the svstem. Improper operating environmenis can feadto
rmaifunction, failure, and other unforeseeable problems with the PC System. Be
sure that the operatling environment is within the specified conditions at installa-
tion and remains within the specified conditions during the life of the system.

Application Precautions

/I\ WARNING

Observe the following precautions when using the PC System.

Always heed these precautions. Faikure to ahide by the foliowing precautions
could iead o serious or possibly fatal injury.

» Always ground the system to 100 2 or less when installing the Units to protect
against alectric shock.

« Always turn OFF the power supply to the PC before attempting any of the fol-
lowing. Not turming OFF the power supply may result in malunction or slectric
shock.

» Mounting or dismounting /O Units, CPU Units, or Memory Units.
» Assembling the Units.

» Setling DIP switchas or rotary swiiches.

« Connecting or wiring the cables.,

= Connecling or disconnecting the conneclors.



5 Application Precautions

&Cau’iion

Fajlure to abide by the following precautions could lead to faulty operation of the
PC or the sysism, or couid damage the PC or PC Units. Always heed these pre-
cautions.

= Fail-safe measures must be taken by the customer io ensure safety in the
event of incorrect, missing, or abnormal signats caused by broken signallines,
momentary power interruptions, or oiher causes.

= interiock circuits, imit circuis, and similar safety measures in extemal circuits
{i.e., not in the Programmabie Coniroller) must be providsd by the customer

s Always use the power supply voltage specified in the operation manuals. An
incorrect voltage may result in malfunction or burning.

» Take appropriate measures 10 ensure that the specified power with tha rated
voliage and frequency is supplied. Be particularly careful in places where the
power supply is unstable. Anincerrect power supply may resultin maifunction.

» Install external breakers and take other safety measures against short-circuit-
ing in external wiring. Insufficient safely measures against shorl-circuiting may
result in burning.

s Do not apply voltages to the Input Unils in excess of the rated input voliage.
Excess voliages may resuil in burning.

= Do not apply vollages or connect loads to the Oulput Units in excess of the
maximum swilching capacity. Excess voltage or foads may rasult in buming.

= Disconnect the functional ground terminal when performing withstand voliage
tesis. Not disconnecting the functional ground terminal may resull in burning.

= Instalithe Unit properly as specified inthe operation manual. Improper installa-
tion of the Unit may result in malfunction.

e Be sure that all the mounting screws, terminal screws, and cable connector
screws are tightened io the torque specified in the relevant manuals. Incorract
tightening torque may result in maliunction.

s Leave the label aftached {0 the Unit when wiring. Removing the {abel may ra-
suit in matfunction.

» Remove the fabel after the compietion of wiring to ensure proper heat dissipa-
tion. Leaving the fabel affached may resuit in malfunction.

s Use crimp terminals for wiring. Do not connect bare stranded wires directly to
terminals. Connection of bare siranded wires may result in burning.

e Double-check ai the wiring before turning on the power supply. ingorrect wir-
ing may result in burning.

» Mount the Unit only afier checking the terminal biock compietely.

s Be sure that the terminal blocks, Memory Units, expansion cables, and other
items with locking devices are properly locked inte place. Improper locking
rnay resuit in malfunction.

= Check the user program for proper execution before actually running it on the
Unit. Not checking the program may resull in an unexpected operaiion.

s Confirmthat no adverse effect will ocour in the system before attempting any of
the following. Not doing so may result in an unexpected operation.

e Changing the operating mode of the PC.
+ Force-setiing/orce-resetting any bit in memory.
= Changing the presant value of any word or any set value in memory.

» Do not pull on the cables or bend the cables beyond their natural limit. Doing
githar of these may break the cables.

s Do not place objects on top of the cables. Doing so may break the cables.



5 Application Precautions

» When replacing paris, be sure to confirm ihat the rating of 2 new partis corract.
Mot doing 8o may result in malfunction or burning.

» Before touching the Unit, be sure to first touch a grounded metallic object in
order to discharge any static bujii-up. Not doing so may result in malfunction or
damage.
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1=1 _
Relay Circuits:
The Roots of PC Logic

Relay Terminology vs. PO
Terminology

SECTION 1

introduction {o Programming

This chapter introduces the major sieps involved in programming. i you are
confident with relay ladder diagrams, you may skip over 1-3 Basic Program-
ming Instructions and 1-4 Prograrmming Techniques.

if you're an old hand at relay-pased cordrol systems, you't find a lot that's
famifiar in the way the Programmable Controller (PC) works. This is becauss
the circuits and internal logic of the PC take the place of the relays, timers,
counters, and other formerly discrete devices, The actual operation of the
machinery takes place as ¥ those discrele devices were siill In place, but with
& great deal more flexibility and reliability.

Even though there aren't any actual discrete devices within the PC, the
symbols and other control concents used o describe their operation are still
used. These are the basis of the relay ladder diagram programming method.
This chapter has been writlen on the assumption that you are familiar with
relay ladder diggrams. |

The terminclogy used throughout this manual is slightly different from relay
terminology, but the concepls are the same. In fact the data areas are evan
named with relay terminology. Refer to Section 3 for details on the name and
purpose of each area.

The following shows the relationship between the relay terminclogy you may
be used o and the PC terminology used for Omron PCs.

Relay ‘ PC
contact input
coil output
relay | bt

in other words, the inputs and oulpuis referred {0 in regard o programming
are the biis referred to in regard to data areas. This is the same 33 a relay coll
being an output, and the same relay's contacts being inputs {switches) for
other devices. {Note that where the word "point” occurs, i refers 1o an aciual
point on a Unit attached iothe PC.) .



1-2
Basic Programming
Steps

1-2-1
Assessing the
Control Task

input/Output
Requirements

Seguence, Timing,
and Relationship
Assessment

To create a PC control program, follow fhese basic steps:

1. Determine what the controlled sysiem must do and in what order.

2. Assign input and output devices {o PC /O bits. That is, designate the
external devices that will send signals t¢ and receive signals from the PC.

3. Using relay ladder symbols, draw 2 diagram to represent the segquence of
reguired operations and their inter-relationships.

4. if a Programming Console is used, code the ladder symbols-into a lisi of

mnemonic instructions so that the program can be input 16 the CPUL

Transier these writien instructions 1o the CPU vig the Programming Con-

sole, the GPC, FiT, or from a hosi computer using LES. {Reler to Appsendix

A for a brief explanation of these {erms.}

Check for program errors.

Correct the errors by changing the program.

Execuie the program and test it for execution errors.

Correct the execution errors by changing the program.

SJ!

@0 m

The remainder of Section 1 will focus on Steps 1ihrough 4 .

Assessing the control task is, of course, a highly important part of selfingup a
PC controlied system. The PC's flexibility aliows a wide latitude In what
operations can be controfied, and in how they can be controlled.

To apply the PC io a controi 1ask, Tirst determine the system requirements.

The first thing that must be assessed is the number of input and ouiput points
that your system will require. This is done by identifying each device that is o
send an input signal to the PC or which is 1o receive an output signal from the
PC. Each input or cutput point must then be assigned an /O bit.

Keep in mind that the number of ¥O bils available depends onihs PC sysiem
contiguration. {See 3-2 VO and intermnal Relay Area for more detalls )

Next, delerming the sequence in which conirol operations are 10 occur, and
the relalive timing of the operations. identlly the physical refationships be-
tween the controlled devices as well as the kinds of responses thal should
ogcur between them,



input/Cuptul
“Assignments

‘Assigning Non-1/0 IR Bits

Assigning Numbers to
Timers and Counters

SECTION 1-2

For instance, a phologleciric switch might be functionally tied {o a motor by
way of a courer within the PC. When the PC receives an input from a swilch,
it staris the motor. The PC stops the motor when the counter has received five
input signals from the phologlectric switch.

Each of the related tasks must be similarly determined, from the beginnng of
the conirolied operation to the end.

Having made this assessment, you will be ready to go 1o step 2 of
programming--assigning the inpuloutput devices 1o VO bits.

Ths PC uses the concept of VO channels. An /0 channel consisis of 18 bits.

The four-digit number used 1o identify an /O bi, also known as the address of
the bil, can be broken down into two paris. The leftmost two digits identify the
channeal, and the rightmost two digits identify the bit within the channel, Sas
the discussion on addressing conventions in 3-1 VO Assignments and Data
Areas.

Bits that are pnot used 1o directly send or receive signals to or from external
devices function like the internal relays used in a relay conirol panel. They are
used as data process areas in coniroliing other bits, timers, and counters.
Assign these “internal relays” or work bits when you assign /O biis during
Step 2.

identify timers and counters with a number that ranges from 060 to 127.
When assigning timer and counier numbers, be careful not to use the same
timer/counter number for another fimer/counter. For exampie, thers cannct be
a Timer 001 and a Counter 001.

When you'rs finished assigning the VO bits, work bits, and timers/counters,
proceed 10 the next slep - drawing the ladder diagram.



1-2-2
Drawing the Ladder Diagram

1-2-3

Converting the Ladder
Diagram inie Mnemonic
Code

Basic Programming Sleps o —

Once you have determined which devices are 1o be controlied, how they relate
1o each other, and the sequence (or iming) at which the conirolied tasks must
iake place, write a ladder dlagram.

in the ladder diagram, use the four-digit addresses that you assigned to the ¥/
O bits and work bits, as well as the three-digit numbers you gave fo the timers
and counters. You'l also use relay symbols such as the following.

;

1t
! 1

Relay jadder term: normally open contact
PCterm: {normally open} inpui

i 1
| X

Relay ladder term: normally closed contact
PC term: {normally closed) input

O

Relay ladder term: codl
PC term: output

When you have finished writing your ladder diagram, the next step is to
encode the diagram into a language that the PC can understand.

if you are using a Graphic Programming Console, LSS, or FIT (See Appendix
A}, you can directly program the PC in ladder diagram logic. However, it you
are using the Programming Console, you must convert the ladder diagram into
mnemonic code. Mnemonic code consists of addresses, instructions, and
data.

“Addresses” in this contaxt refer to program addresses - locations inthe PC's
program memory where instructions and data are stored. instructions teli the
PC what 1o do using the operand daia that follows each instruction. Each in-
struction is a step in the program, and address numbers provide a way 10
reference steps.

When programming, the addresses will automatically be displayed and do not.
have 1o be set unless for some reason a different location is desired for the
program.



For example, let’s consider a mini-program that ANDs two inpuis.

Here's the ladder diagram for this.

Address  Instruction| Data

; 2005 000 oo | LD 0005
T3 i @ 0 .

0001 AND | 0008

000z | OUT 6208

0003 END (01) —

First, indicate the beginning of the program with LD. In our ladder diagram, the
bus bar represents LD. Thus, this instruction is always used whean the logic
line starts from the bus bar.

Because the first input in the AND circuit must be stored as the data for LD,
we write this down in the “data” column on our sheet, In our example, this data
is 0005,

The next element of the ladder diagram is AND. The data for AND is the
number assigned o the second inpui, inihis case 0006. On our sheet we
write this next to AND.

Next, we need OUT to output the result of the AND'd inputs in our circuit. We
write this instruction and designate the output 1o which we want this signat
sent. We've chosen this to be 0205 and have writien that as the next entry on
the sheet. Any /O bit used with OUT musi correspond 1o an ¥0 Unit mounted
io the PC.

Finally, wa program END to tell the PC that the program is over.



1-3 .
Basic Programming
instructions

{LD, CUT, AND, OR, NOT,
and END)

Lo and OUT

AND
OoR

NOT

END

Except for END, each of these indispensabie instructions has a corresponding
key on the Programming Console. To enter LD, GUT, AND, OR, or NOT,
simply press the appropriate kay. END is programmed by pressing the FUN,
G, and 1 keys.

LD staris each logic fine or biock. When a logic line stars with an NG {nor-
mally open) input, use LD. Use DUT for oulputs.

This is used io serially connect two or more inputs.

Thig is used io connect two or more INPUIs in paraliel.

This invers its inpul; offen used to form an NC [normally closed) input or
output. NOT can be used with LD, OUT, AND, or OR.

{NOT is also used when programming differentiated instructions. Refer to
Section 4-1-1.)

This indicates the end of the program. if you forget 1o include &ND, the pro-
gram will not execute and the error message “ NO END INST” will be dis-
played on the LCD of the Programming Console.

AND LD connects two blocks in series. In other words, AND LD logicaily ANDs
two blocks. There is no limit 1o the number of blocks that can be connected
together in series with AND LDs,

,,,,,,,,,,,,,,,,,,,,,,,,, Address | instruction | Daia
o0 e ;
i i 0500 0000 LD 0000
iy L ige | 0001 | OR 0001
""""""""""" ’ 0002 LD 0002
0003 ORNOT 0003
0004 AND LD —




Key Sequente

The second LD is for the first input in the second block. The AND LD connecis
these two blocks in seiies. There are two ways 10 connect blocks in serfes.

EJ?G{O D?%_B 0;061&4 i
i P 4 i 4300
Coding Method #1 Coding Method #2
Address | Instruction Data Address | instruction Data
0000 LD 0000 0000 D 0000
0001 | ORNOT 0001 | 0007 | ORNOT 0001
o002 | LDNOT 0002 0002 | LD NOT 0002
0003 OR 0003 0003 OR 0003
0004 | ANDLD — 0004 LD 5004
0005 | LD 0004 0005 | OR 0005
0006 OR 0005
0007 AND LD — 0011 AND LD —
0012 AND LD —
0014 | OUT | 0500
0014 ouT 0500

Using the first coding method, the number of AND LDs is unlimited. When
AND LDs are used as in method 2, though, the iotal number of the LD and LD
NOTs before the AND LDs must be eight or less. Therelore, if nine or more
are required, use the first coding method.



ORLD

Key Seguence

OR LD connects two blocks in parafiel. In other words, OR LD logically ORs
two blocks. There is ng limit 1o the number of blocks that can be connected

togsther in parallel with OR LDs,

...................... Address | Instruction| Data
: H }‘; - -—@ QGO0 LD 0000
: o?oieue‘cis 0001 AND NOT 0001
11 1

.................. Ed 0002 LD 0002
0003 AND 0003

0004 OR LD e

0005 OUT 0201

The second LD is for the first input in the second block. The OR LD connecls
these two blocks in parallel. As in the case of AND LD, there are two ways for
this to be done.

0CC0 0o
{—3f 0501
00C2 o003
iy iy
Fl A1
5004 L0005
[ ii
11 i1
Coding Method #1 Coding Method #2
Address i instruction Data Address | Instruction E Data
0000 LD 0000 0000 LD . 0000
0001 AND NOT 0001 0001 ANDNOT | 0001
002 | LDNOT 0002 ooc2 | LDNOT | 0002
0003 | ANDNOT | 0003 0003 | ANDNOT | 0003
0004 ORLD — 0004 LD 0004
0005 D 0004 0005 AND 0005
0008 AND 0005 : ,
6007 ORLD — 0613 | ORLD _
0014 ORLD —
oci2 | oUT | 0501 !
0019 | OUT 0501



SECTION 1-3

Baslc Progra

Again, the same restriction applies as in the case of AND LD. Using the first
coding method, the number of OR LDs is unlimited, but when OR LDs are
used as in method 2, the total number of the LD and LD NQOTs before the CR
LDs must be eight or less. Therefore, ¥ nine or more are required, use the first
coding method.
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Programming Techniques

~SECTION 1-4

The number of inputs in series or paraliel is unlimited. Therefore, use as many
inputs as required to configure a clear circuif. Note that any inpuis on bridging
lines cannot be programmed and therefore must be eliminated.

The bridge circult (1) shown below, for example, should be replaced with the
second circult {2).

apo o @ M
i -L it
oto2

0000 Q001 .
— O

Since the number of imes /0 bits, work bits, and timers/counters can be used
as inputs is not limited, use them as many times as required 1o simplify your
program. Often, complicated programs are the result of attempis 1o reduce the
number of times a bit is used as an inputl.

Signals always fiow from the feff bus bar 1o the righl, and the program is
always scanned from the top to the botiom.

Alogic line cannot start with an output. Use a normally ON SR bit if it is neces-
sary o have an output always ON.

T
ar \ o000




SECTION 14

Each logic fine starting from the left bus bar must end with an OUT, a timer/
counter, or an insitruction, The ling cannot end with an inpui. Unlike the actual
circult diagram, ihe right bus bar need not be written into the ladder diagram.

o0 Byl

i S %20
DC‘XN 02011

H H {
CCoO 0005

i [ Tid

1t <;;>

ASRIZ5)
LR20

Since the fimers/counters must be assigned numbers from a range of 000 1
127, a convenient way 1o make this assignment is 1o begin at one end of the
range for fimers and the other end for counters, This helps o prevent use of
the same number for both a limer and a counter.

Timers/counters cannod directly produce an external culput signal but musi be
orogrammed {0 an output with OUT.

The same bit number canngt be assigned as an ocuiput more than once.
However, an output bit can be later used as an input as many iimes as de-
sired.

The program is executed from the first program address 1o the first END. This
feature can be used for test runs; givide the program into several biocks by
inserting ENDs, then execute the program on a block-by-block basis. When
the first block has been checked for correct execution, delele the first END.
Continue this process until the program has been completely testad.

/ 000G

f—_’
0001 ‘ ;’ END

END

jr END

END

i1



Program QOrganization
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0?0600?1 0%020003 o004 0005 y
el i Hi_
10;)0 10101 0008

{H p—

0500

i L.

1

To organize the code for the circuft shown above
{1) Divide the circuit into smail blocks ([a] to If]).

/—( N
oo oot \\
-~ f CR— )
] 5 ~
1000 100t 2002 DO03
—F1 - ®
_......,....{1_ P__/ 0008
= —
05
_o e

{2) Program each block from iop 1o bottom, then from left to

right.
{2Joooo 0001 (231000 100 k3
T
LD 0000 LD 1000
AND 0001 AND 1001
L—"—} S %
Care ~ T
0500 o {sicooe 0005
OR 0500 LD 0OBd EY
4 AND 0055
‘ @
o o o ooos
ANG 002
AND.NOT 0603 . OR 3005 4
3 AN E j




Prog g Technlgy

Mnemonic Code

1-4-

3?rggr§mming Examples

(1) Paraliel-Series Circuit

i

Address | Instruction | Data
2000 D 8000
0001 AND 0001
5002 Lo 1600
0003 AND 1001
oo04 ORLD —
0005 OR 0500
0008 AND 0002
0007 AND NOT 0003
0008 LD 0004
0008 AND 0005
2019 OR o008
0811 AND LD —
0012 ouT D500

To program a parailel-series circuil, simply program the paralie! circuit biocks
first, and then the series circult blocks. In the following example, first program
block &, then block b.

o000 0001

Lou2 0603

a
Blodk

Address Instruction ‘ Data
0000 LD 0000
0001 | AND 0001
0002 CR 0200
0003 AND o002
0004 AND NOT 0003
0005 ouT 0200

13



Crogramming Techniques — SEC

Series-Paraliel Circuit

14

To program a series-paraliet circult, divide the circull into the series circult
blocks and paralle! circuit blocks. Program each block and then combine the
blocks into one circuit. In the following example, divide the circul! into blocks a
and b, and program each block. Then combine blocks a and b with AND LD.

500 G001 5002 0003 Address | Insiruction | Data
i 3 ir il il o
i J HeH @ 0000 ) 0000
0?(131
il 0001 AND NOT 0001
0‘5’?“ 0002 LD 0002
{ a ! b } 0003 AND 0003
! ik { Block 1
0004 OR 0201
0005 OR D004
0008 AND LD —
0007 ouT . o201

The parailel circuit block of the series-paralle! circult shown below ¢can also be -
divided into two branches. In this case, program block &, and then blocks bt
and b2 in this order. Then ¢combine blocks b1 and b2 with OR LD. Finally,
combine block a and block b with AND LD.

ppt— Address | Instruction | Data

s o"‘}” 0‘5"2;__3? @ 0000 | LD NOT 0000
opes 0202 8001 AND 0G0

o 0002 | LD 0002

a if‘“‘““a?fck_‘* z 0003 | AND NOT 0003
Biock S ‘ 0004 | LDNOT 0004
0005 | AND 0202

0006 | ORLD —

0007 | ANDLD —

o000 | OUT | o202




Connecting Paralle! To program two or more paraliel circuit blocks in series, first divide the entire
'ﬂi}muits in Series circudt into the parallel circult blocks. Then subdivide each paraile! circuit biock
- into the individual blocks. Program each of the parallel circult blocks, and then
combing them in series.

In the following example, program block a1, and then biock a2, Then combing
both blocks with OR LD. in the same manner, program blocks bt and b2, and
combine them. Finatly, combine the two paralle! circuil blocks with AND LD.

p—pl i | Address | Instruction Data
u ___1"0‘;“ i,f?" 2?0* 00025 @ 0000 LD c0G0
ooz oo o G007 ocot  ANDNOT | 0007
i = cocz | LDNOT | 0002
e t-ou B A ORI 0003 | AND 0603
Biock i i 0004 | ORLD —
0005 | LD 5004
0006 AND 0005
0007 | LD 0006
0008 | AND 0007
0008 | ORLD —
0010 | ANDLD —
0011 | oUT 0203
e e e !
A HEH P 1
v = i R A Mt

A series of blocks are programmed in the same way. That is,
a>be=lasb)>c>{arb=g)->d~

15
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Compiicated Circuits-A

16

rogramming Technigues

000 2001 Address | instruction | Dala
¥ T @)
0006 LD 2600
o0z o003
i 0001 LD o0t
°§:‘]?“ G??i 0002 LD 0002
cene ooo7 0003 AND 2003
i
if 13 o004 OR LD .
0005 AND LD —
0005 | LD 0004
0007 AND 0005
0008 ORLD e
0008 | LD 0005
0010 | AND 0007
0011 ORLD —
0012 ouT 0204
The circuit below
0000 0521
H
0002 0003

| S

can be thought ¢f as:

| w2

l {1t

or as:
%oe o 0000
i — —
¥ 8] ]

S ¢ G

A complicaled circuit can often be simplified by rewriting.




Complicated Circuits-B

A
el 001 0011)2
] f
i
rais L, o
0003 0004 oCO5
%.____,__..
p—g el | 0008 0007
Bigck

()

The circuit above can be rewritien as;

Address | instruction | Data
000 | LD 30060
0001 LD NOT 0001
0002 | ARD 0002
0003 LD 0063
0004 | ANDNOT | 0004
0005 | LD 0005
0008 | LD 0006
0007 | ANDNOT | 0007
0008 | ORLD —
0003 | AND LD —
o016 | ORLD —
0011 | ANDLD —
stz | ouT 0205

0002

©

17



Compilicated Circuiis-C

Problem Circuits o be
Avoided

18

Programming Tschniques

e.40 ]
HE S 1r
iy E ]
el
1]
i
0002 TH001
HR 0000
th

T

(DE)E

Address | Instruction Data
0000 | LD ! cooo
o001 | OR : 0001
0002 | OR ! ooo2
0003 | OR HR | 0000
0004 | AND NOT ! 0003
0005 | OUT HR 0000
0006 | TIM - 001
1 ¥ 10100
0007 | AND TiM | oot
0008 | ouT 02086

Note: A bit in the Hoiding Relay {HR) area relains iis staius when a power
failure occurs,

),

(=)

The circui on the left requires one more program step {an OR LD} than the
circult on the right. By rewriting this code, scan time is saved and program

memory space is used more gfficiently.

:
)
g

g

&)

’

The circuit on the left requires an exira Temporary Relay Area (TR) bl and
ong more program step (LD) than the circuit on the right. Again, by rewriting
this code, scan time is saved and program memory space is used more effi-

clently.



Qutput 0210 in the clreult on the left cannot be twrned ON because of the
order in which the PC exacutas the instructions. By rewriting this code, output
2190 can be turned ON.

QOCG o003 . 2001 0002 OC3

i }i § 1 Lr 1

H z gl ;
3 @

In a circuit with a branch like the one on the left where another input is in-
cluded, either a TR bit must be used or the circuilt must be rewritten as shown
on the right.

[
am

e

i
“‘ -t v

The circuit on the left cannot be programmed. In order to make the signals
flow in the directions indicated by the dotted tines, rewrite the circult as shown
on the right.

18



Battery-free Operation

SECTION 1-5

1-5 Battery-free Operation

Operation without a batiery is possible by placing the user programand /0 table
data on PROM. Note the following precautions before attempting battery-free

operation.

Data will be handled as described beiow when operating without a battery orwith

a discharged batliery.

» HR area, T/C area {present values}, and DM area value wili not be preserved

during power inferrupticns.
s SR area data will not be stable during power interruptions.

To prevent probiems that can occurin the above data, write the following instruc-
fions into the peginning of the user program 1o clear the toad-off control (SR
8015) and the data retention flag (SR 6012).

Fist sean flag
8143

§ g ANDWIS)

5FFF

&8¢

]

Use the foliowing procedure o write the PROM.

Address | instruction Operands
00CO D £115
0001 ANDW {34}

#EFFF
80
&0

7,2 3.. 1. Write the user program to a RAM Memory Unit.

2. Register the VO table using the procedure on page 28.

3. Transfer the /O table using the procedure on page 33. You can spacify dur-
ing the transfer procedure not to detect low battery voitage as an error.

4. Transfer the contents of the RAM 1o PROM using a PROM writer.

20




2-1

“The Programming

SECTION 2

Using the Programming Console

: Consoie

This section focuses on how to use the Programming Console 1o prepare the
system for programming, 10 enter program data, and to moniior system
operations and program execution. I you are not using a Programming
Console, you can skip this section,

Note: Any of the Programming Console operations described in this section
can be canceiled at any time by pressing 1he CLR key. In some cases,
the CLR key may need o be pressed 2 or 3 fimes.

The Programming Console is the most commonly used programming device
for the C500 PC. it is a compact device that is available either as a hand-held
model or for direct mounting 1o the PC.

Ladder logic program instructions cannot be directly input through the Pro-
gramming Console. There are, however, other programming devices availabie

as listed in Appendix A.

Refer to each programming device Operation Manual for delalls about its
operations.

21



White Numeric Keys

Red CLR Key

Yellow Operation Keys

Gray Instruction Keys

22

The keyboard of the Programming Console is functionally divided by Key color -
into the following four areas:

These len Keys are used to input numeric program: data such as program
addresses, inpui/output bit numbers and values, and timer/counter numbers
and values.

The numeric keys are also used in combination with the function Key {FUN) for
entering instructions with funciion codes.

This key clears the display and cancels current Programming Console

opearations. it is alse used when you key in the password at the beginning of
programming operations.

These yellow keys are used for wriling and correcling programs. Detalled
explanations of thelr tunctions are given later in this section.

Except for the SHIFT key on the upper right, these gray keys are the ones
you'l use 1o insert instructions into your program. The SHIFT key is similar io
the shift key of a typewriter, and is used o obtain the second function of those
keys thal have two functions.

The remaining gray Keys have mnemeonic names. The functions of these keys
are described below.

Used to select and enter instructions with function codes. To enter an instruc-
tion with function code, press the FUN key and then the appropriatg numerical
value. instructions and their function codes are listed in Appendix C.

Enters a shiff register instruction.

inverts the instruction before it. Often used to form a normally closed input or
output.

Enters a iogical AND instruction.

Enters a logical OR instruction.



The Programming CORSOle e ————— on 2-1

2-1-2
The Mode Swiich

Eniers counter instructions. After ONT, enter the counter and daia.

Enters load insiructions.

Enters output instructions.

Enters timer instructions. After TilM, enter the timer data.

Used to specify a TH bit.

Used fo specify the LR area.

Used to specify the MR area.

Used 1o specify the DM area.

Lised 1o speciy a channel.

Used to search for a bit.

To select one of three operating mades — RUN, MONITOR, or PROGRAM —
use the mode switch.

in RUN mode, programs are exacuted. When the PC is switched into this
mode, it begins controlling egquipment according ic the program instructions

written in its Drogram memory.

Note: Do not leave the Programming Console connected to the PC by an
extension cable when in BUN mode.

23



The Program!

Mode Changes

2-1-3

The Display Message Switch

24

MONITOR mode allows you 10 visually monitor in-progress program execu-
tion. For instance, ¥ you want fo check that a particular input bit is in the
correc! state at the right time, you can move 1o the program address {or slep}
that references that inpui bit. in MONITOR mode, V0 processing is handiedin
the same way as in BUN mode.

in PROGRAM mode, the PC does not execute programs. PROGRAM mode is
for creating and changing programs, clearing program memory, and register-
ing the YO {able.

The foliowing situations cause the PC mode 1o change:

{1} Petipherals not connectad
When power is applied io the PC without a peripherai device connectzd, the
PC is automatically set 1o RUN mode.

{2} Peripherals connected

i the Programming Console is connected fo the PC when power is applied,
the PC is set 1o 1he mode indicated by the Programming Consocle’s mode
selector. To be on the safe side, make sure that the PG is in PROGRAM
mode when first applying power, in case there is an unknown program in
program memaory.

If a device such as a Peripheral Interface Unit, P-ROM Writer, or a Printer
Interface Unit is attached io the PC when the power is turned on, the PC is
automatically set to PROGRAM mode.

Note: it the PC power supply is already turned on when any peripheral device
is attached io the PC, the PC stays in the same mode it was in before
the peripheral device was attached. The mode can be changed, though,
if the Programming Consoie is attached, with the MODE selector on the
front panel of the Programming Console. If it is necessary o have the
PC in PROGRAM mode, {ior the P-ROM Writer, Printer Interface Unit,
elc.}, be sure 1o select this mode beiore connecling the peripheral
device, or alternatively, apply power 10 the PC after the peripheral
device is connected.

On the rear of the Programming Console case, on the righthand side of the
external connector, there is a small switch for selecling either Japanese ¢r
English language messages for display on the console. it is factory sei to OFF
which causes English language messages 1o be displayed.



?;?éz}aratian for The foliowing sequence of operations will be performed before beginning
w;m actual program input and execution.

Set mode selector to PROGRAM mode.
Enter password.

Clear program memory.

Register the VO table.

Perform checks untll all errors are eliminated.

Each of these operations is describad in detail in the fellowing subssctions.
Except for password entry, all of the other operations are regularly used
Programming Console operations. All operations should be done in PRC-
GRAM mode uniess otherwise noted. '

2-2-1

Entering the Password To gain access to the PC’s programming functions, you must first enter the
- password. The password prevents unauthorized access o the program.

The PC prompts you for a password when power is first applied to the PC or
after the Programming Consoie has been connected o the PC. To gain
access to the system when the “Password!” message appears on the console,
press the LR and MONTR kevys.

indicates the mode set by the mode selector switch.

Note: The Programming Console displays the curreni mede in angle brackets
{<>). Be sure that the PC is in PROGRAM mode before you enter the
password. Then, after you enter the password, you can change the
mode to RUN or MONITOR with the mods selector.

25



2-2-2
Glear Memory

Key Sequence

initial Clear All

26

Preparation for Programming

Using the clear operation i is possible fo clear all or part of the IR, HR, DM
and TC areas. Uniess otherwise spscified, the ciear operation wilt clear all
memory areas above provided that the Memory Unit altached o the PCis a
RAM Unit or an EEP-ROM Unit and the write-enable switch is ON. If the write-
enable switch is OFF, or the Memory Unit is a ROM Unif, program memory is
not cleared.

Before beginning to program or when installing a new program, clear all
areas.

Al
Clear

F Y

[ Address —|  Cartial
Clear

- Retained if
pressed

— All clear

i, wa




Preparation for Pro

Example:

‘Leaving the TC area
‘uncleared and retaining
‘memory Up to address 0122

SIAMIMING e —— ) O 222

it is possible io retain the data in specified areas when clearing memory. To
retain the data in any of HR, TC, or DM press the appropriate key after
entering REC/RESET.

it is aiso possible to retain a portion of the program memory from the begin-
ning to a specified address. After pressing the RECG/RESET key, specify the
iast address 1o be retained.

For example, to leave the program data from 0000 to 0122 untouched, but to
ciear the addresses from 0125 {6 the end of program memory, Key inthe
address 0123 after pressing the REC/RESET key.

Note:1. A warning will sound when the memory clear operalion is begun.
2. i a mistake is made during inpul, repeat the operation from CLR.

- . -
i [0 B
Fad F Sl
il i

- ™ o

H i fn =

P Bl

Pt

L ™. -,
I
S T
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Preparation for ProgramMmINg  ————

2-2-3

Begistering the VD Tabl

The /O Table Registration cperation writes the types of VO Unils controlled by
the PC and the rack locations of the ¥0 Units into the VO table memory area
of the CPU . ¥ also clears alt 1/0 bils. The VO table must be registered befors
programming operations are begun. A new VO table must also be registered
whenever YO Units are changed because the previous Y0 table remains in
memaory.

/0 Tabte Registration can be performed only in PROGRAM mods.

The /O verification error message, “VO VER ERR,” will appear when starting
programming operations or after VO Uniis have been changed. This erroris
cleared by registering a new /O iable.

initial Y0 Table Registration

initial clear all

L Register /0 table

A

28




_Key Sequence

‘Meaning of Displays

The /O Tabis Verification operation is used 10 check the VO table registered
in memory to see ¥ it matches the actual sequence of VO Units mounied. The
first inconsistency discovered will be displayed as shown below. Every subse-
guent prassing of the VER key dispiays the next incongisiency.

Optical Transmitling ¥O Unit no. Error

{No errors)

{An error occurred)

Actua! VO arrangement.
Registered VO table.
17O slot no.

Rack ro.

Duplication

This is 2 Remote VO Unit that has
not been registerad.

29



2-2-5

Reading the VO Tabie

Exampile of 0 Unit
Mounting

Key Segquence

30

spargtion for Programmming o e ————————

Rack 0 i:
E

The /O Table Read operation is used to access ihe VO {able that is currently
registered in the CPU memory.

Unit No.
oi 2A3‘§5.5? )

i

LUIEYITIN,

CPU Rack

Rack 1

B>y
e
Brabiinaaiisl

|__ Expansion
/O Racks

Rack 2 [T




Preparation for Programming

Weaning of Displays

+¥C Unit Designations for No. of Points I input Unit | Output Unit
Displays 18

Tawsr | O

32 TT#%

:
ilP'F‘P"'
I-.v.‘.;

g

[}
(1]
*

()
L
)
)
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Preparation for Programming

40 Units, Special YO Units, =  ~
Y0 Link Units o
5
f YO channel ne.
E [ VO Unit type: | {inpuf
[ or O_{output}.
; Unit no, |
Rack nio. '
JRemote 0 Master Unit SAGET DT Do

* Master no. (0-3)

-Remote /O Slave Unils T oAmTm] Do
S Rt 1o L [AC M- i W
DI AP T S 2o
’ /0 channal no.
| VO Unit type: | {input) or
O {output).

10 slot no.

Remote /O Slave Unft no. {0-1).

Remote /O Master Unit no. {0-3).

indicates a Remote /O Unit,

«Dptical Transmitting O
Units, /O Link Units, and
Remote Terminals

| YO Unit type: | {input)
or O {ouiput).
E

Remote /O Master no. {C-3).

Channe! (H,1).
1O Chanrnel no, (C-31).

32



2-2-6
Transterring the VO Table

“Key Sequence

Preparation o7 Programming

The /O Tabie Transfer operation transiers a copy of the /O 1able 1o RAM
program memory 1o aliow the user program and VO table 1o be written o-
geiher into EP-ROM.

Note: When power is applied 1o a PC which has a copy of an VO 1able stored
in its program memory, the /0 table of the CPU will be overwritien.
Changes made in the VO table do not aliect the copy of the YO table in
program memory; O Table Transfer must be repeated to change the
CODy in prograrn Mmemory.

The YO Table Transfer operation will not work in the following cases:
1. When the memory unit is not RAM.
2. i there is iess than 0.2 KB remaining i program memory.
3. if the P-ROM Writer back-panel DIP switch is not set for the C500 (all
four ping OFFY

This cperation can be done only in PROGRAM mode.

soaaar-
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reparation for Pregramming o ——_— 22

z

Example

The following indicaies the VO table cannot be iransierred.

H

T
e
I
fae

The VO Table Transfer operation can be performed by inputlling 9712 instead
of §713. Hf it is, the diagnostic check for the battery will not be carried out and

the contentis of the HR, TC, and DM areas will not be preserved.
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2-3
Programming

QOperations

Key Sequence

Example

The Programming Conscle operations described in this section can be
canceiled by pressing the CLR key.

To write, insert, read, or delete program instructions, you must first specify the
address at which 1o read or make changes.

Leading Us of the address expression nged not be keyed in. That is, when
specitying an address such as 0053 you need 1o enter 53 only.

After specifying the address, press the down-arrow Key once {o display the
contents of the address.

— el T

To read out program data from the program memory, specify the address from
which {c read, then press the down-arrow key.

The down-arrow key must be pressed once 1o display the conients of a
specified address. Then after the specified address contents are displayed,
the up and down-arrow Keys serve as decremental and incremental data-read
keys, respectively. That is, the up-arrow key will display the contents of
{current address - 1) and the down-arrow key, the contenis of {current address
+1).
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Drogramming Operations

Key Sequence

Example

36

Address
currently
displayed

Reading a segment of program code such as ths following would result in
Programming Console displays tha show the program address, instruction,
and data for each step that is read.

Address

Instruction

Data

0000

LD

L 0000

oco1

AND

i oot

0002

TiM

000

L 0123

LD

! 0100

CLR
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Progra

2.3-3
§ﬁ rpciion rch

_Klayj._Sequence

SECTION 23

To search for specific instructions in program memory, first either set a
specific address {see 2-3-1 Seiting a Program Address) or read through the
program {see 2-3-2 Program Read) io ihe address from which the instruction
is to be searched for. Then, specify the particular instruction vou wish 1o
search for and press the SRCH key.

This operation can be performed in RUN, PROGRAM or MCONITOR mode.
While the second LD is being searched for in the example below, the mes-
sage

BIEEZRCHG
LD SOEg
is displayed.

li the SRCH key is pressed continugusly, ali the addresses having the speci-
fied instruction are successively displayed untif either END or the last program
memory address is encountered.

To search for the set value of a timer or a3 counter, first search for TiM or CNT

and then use the down-amrow key 10 access the sef vaiue. Note that pressing
any key other than SRCH terminales the search operation.

(To search for the set value of
a multiword instruction}

—- [ Instruction ] —3e
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Example

38

ming Operations

Bi

T

[ 2:%

e N, 2

Address ‘

instruction

Data

800G

LD

i ooo0

o001

oUT

i 0200

6002

Lb

: 5000

00C3

oot

| i o123

{ 8000 |

END(01)




Pregramm

2-3-4

Bi reh The bit search operation is very simiiar io the monitor operations described in
2-4 Monitor Operations. To monitor or search, the bit is first spacified and then
ihe operation {efither monitor or search). To specify an iR, SR, HR, or LR bi
{see Section 3 /O Assignments and Data Areas) or timer/counier within the
program, use the SHIFT and CONT/# keys. Then to search, press SRCH.

2-3

Key Sequence ]

A&» [ Number ] L

Example

38



2-3-5

instruction mggﬁ:_';

Key Sequengce

Example

40

o LG TION 2

in the preceding example, the COMNT/# key is used in combination with the
SHIFT key 1o specify an IR b, Then, using the SRCH key, the rest of the
program is searched for instructions that use iR bit 0005, When the PC is in
the process of searching for another instruction thal uses IR bit 0005, the
display appears as: '

This operation is used to change a pa_'bgram by inserting an instruction.
instructions cannot be inserfed info a program during RUN or MONITOR
mode. '

Locate

ottt tnsnon) —>- (00—

anter:

,—E%Mm 0103 G. : @
Ay mis :.
=
END
Belore Insertion After Insertion
Address | Instruction | Data Address ; instruction \ Data
0000 | LD . 0100 ' 0000 LD | 0100
0061 AND 0161 0001 5 AND 101
0002 | LD | o201 0002 | LD | 0201
0003 AND NOT 0162 0003 AND NOT 0102
0004 | ORLD — 0004 | ORLD | —
005 AND 0103 000s : AND 0103
0008 AND NOT 0164 0008 AND 0405
0007 ouT 0z01 |- 0007 : ANDRNOT 0104
0008 END(CT) P 0008 | out 0201
0009 | END{0Y) —




Find the addrass befors
which you want o insert.

Insert the instruction.
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Key Ssquence

Exampie

42

This operation is used to change a program by deleting an instruction.
instructions cannot be deleted from a program when in RUN or Monitor mode.

Instruction
currently ———- e
displayed

o10c o1 D103 0105 0104 .

A=)
G201 002 '

END

Before Deletion After Deletion

Address | instruction | Daia : '] Address | Instruction | Data
0006 | LD o100 | 1 o000 | LD 0100
0001 | AND 0101 0001 | AND 0101
0002 | LD 0201 | o002 | D 0201
0003 | ANDNOT | 0102 | 0003 | ANDNOT | 0102
0004 | ORLD — ' 0004 | ORLD —
0005 | AND 0103 0005 | AND 0103
0006 | AND 0105 0006 | AND 0105
0067 | ANDNOT | o104 0007 | OUT 0201
0008 | OUT 0201 0008 | END(0O1) —
0008 | END(01) —




cramming Operations

SEnG
i
S ] e . .
=~ = | Find the instruction which
you want 1o delete.
Broi
(
|
R R '
;
2eod Th oA !
L S R

Make sure that this is the
instruction 1o be delsted.

When you delete an instruction, you must first read it belore deleting it. The
actual deletion is accomplished by pressing the up-arrow key.

The program addresses following the deleled instruction are automatically
decrementied. So, after a delstion, the next address will be displayed and can
be easily deleted. in this way, a number of instructions can be quickly daieted
by repeatedly prassing the up-arrow key.

Be careful not to inadveriently delete instructions.
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2-3-7

Key Seguence

44

Programming Operalions e ———————

This opsration does a syntax check on a program. When a program has been
changed in any way, it should first be checked for programming errors before
execution. A program can be checked only in PROGRAM mode.

To check up to END

Yo abort

Note: Refer to 6-5 Program Errors for the error displays and their meanings.



Programming Opsrations

:_Exampie

A
Pl T B - ae T TeLE
B E L L

Haits program check.

Py S U o S INCR A
BiooHmul

£

I
i

Keep checking until END.

AT I i

1 en

B T
T T I
LI b

SECTION 2-3

display #1

display #2

Prassing the CLR key during a pregram check cancels the check {display #1).

Use the SRCH key to display the addresses of offending instructions and the
data they contain. To successively check the program up 1o END, hold down

the SRCH key {(display #2).
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2-3-8

Sean Time Read

Programming ODerations o c———————

Example

46

To display the current scan time, enter CLR then MONTR. See Section §
Scan Time and ¥O Response Time for details.

Note that the time displayed by this operation is an average scan time. The
differences in displayed values depend on when the MONTR key is pressed.

This operation is available only when the PC is in RUN or MONITOR mode.
Also, the scan time will not be displayed i the program is stopped.




2-3-8
Error Message Read

Key Sequence

When an error occurs during program exscution, it can be displayed for
identification by pressing CLR, FUN, and then MONTR. If an error message is
displayed, press the MONTR key 1o clear the error. Sometimes a beeper will
sound and the error cannot De cleared. | this happens, iake the appropriate
corrective action {see Section 6§ Error Messages and Troubleshooling) to
eliminate the error.

When several errors occur, the respeclive error massages can be displaysd
by pressing the MONTR key. The sequence in which error messages are
displayed depends on the priority levels of the errors. The following highest
priorily errors cause the CPU 1o halt,

MEMORY ERR

NO END INST

YO BUS ERR

170 SET ERR {Rack number)
7O UNIT ERR

8YS FAIL FALS (Number)

The next group of errors do not stop the CPU.

SYS FAIL FAL (Number)

DPL ERR

REMOTE /O ERR (Remote VO Unit no.)
/O VER ERR

SCAN TIME OVER

47
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onitor Operations

2-4-1

General Siatus Monitoring

48

The monitor operation allows you to monitor bits, channels, or timers/counters
and i supplements the funchions provided by the Program Read, Instruction
Search, and Bit Search operations described in previcus subsections. In all
cases, monitoring invoives specifying the bit, channel or imer/counter fo be
monitored and then pressing the MONTR key.

The monitor operation described in this section may be performed in RUN,
MONITOR, or PROGRAM mode and can be cancelled by pressing the CLR
key,

To monitor he stalus of an IR, SR, MR, or LR bit or channe!, or 8 DM channel,
specily the desired data, then prass the MONTR key. Likewiss, 1o monitor the
set vaiue of a timer or a counter, specify the desired timer/counter then press
the MONTR key.

Using this operation you ¢an simuitaneocusly monitor the status of up o six
vaiues {any of channels, fimers/counters, or biis). Of these 6 values, 3 are
displaved at any one time. The 3 values selected {or display may be ¢hanged
at will and information is lost only if a 7th value is selecied for monitoring, in
which case the first value selected is fost and the Tih is read. This monitering
process ¢an be continued for a5 long as dasired.

The monitor value displayed in the lefimost corner can be force-set or, if it is
channel dala or a present value, can be changed.

Bit monitor displays indicate the ON/OFF status of the bit in question. Channel
moniter digplays show the binary {see 2-4-3), or hexadecimal contents of the

~ specitied channel. Timer/counter monitor displays show the BCD present

value and a “i:” in the lower left-hand corner when the present value (PV} has
become 0. o -

By pressing the up-arrow and down-arrow kevs, the display bit number or
channel number is automatically incremented or decremented.



:Key Segquence

e | Number ] i-—%
F \

{Monitor clear)

48



Examples

Program Head then Monitor

|
indicates a time-out.

Monitor Clear

Bit Monitor

Channei Monitor

50



Multiple Monitoring

Key Sequence

&—b{ Number ] g .

Si ng'fedfem
- moniter clear

All monitor
cigar

51



Examble

52

As shown in the next example, the first bit's status gets shifted 1o the right
wihen gther bits are monitored.  more than three bits are monilored, the bit
montitored first gets shifted off the display but is still stored in the intermnal

register.

Clears the right side of the
previous display.

Clears all three monitors.




Mo

2-4-2
‘Displaying a Single
‘Channel in Binary

You can specify that the contents of a monilored channel be displayed in
binary by pressing the SHIFT and MONTR keys after the channel number has
been input. Channels can be successively monitored by using the up-arrow
and down-arrow kays 1o increment and decrement the display channel num-
ber. To clear the binary display press the CLR key.

‘Key Sequence

v

> | Channel | Ji

F §

Binary monitor
clear

All monitor
__c%ear

53



Example

54



Dala Modliication Operations , SECTION 2-5

Data Modification These operations are used to change channel data, 10 assign new sef values

0 erations and present values {o timers and counters, and {o set/reset bits. Except for ihe
Hex <-» ASCil change operation, data modification operations can be dong
only in PROGRAM and MONITOR modes.

2-5-1

Force Set/Reset This operation force sets and resels IR, SR, HR, and LR bils. ltcan also be used

to force sel/reset timers and counters.

& Caution  Always confirm safety before force-setting orreseiting bits even when working in
PROGRAM mode. The CPU Unit will refresh /O even in PROGRAM mode.
the status of a bit allocated 1o an Cutput Unit, Spacial /O Unit, or CPU Bus Unitis
changed, ithe load connected o the Unit may operate unexpectadiy.

Key Sequence

Bit or Timer/Counter
currently displayed.

Programming Example

Address | Instruction Data

5100 Tind ' H
i @ 0000 | LD ! 0100
e 0001 | TM 000
# {0123
TIMOOG 0002 HRY TiM; 000

5 000

0003 ouT oo00

55
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Exampie

Addresses will be counted down and consecutive bifs set/reset as long as the
PLAY/SET or REC/RESET key is held down. Channels 61 through 63 cannot

- be resel. Altempis to do so will activale a besper.

L——Ccmn’tim_:;



2-5-2

PY Change |

& Caution

Key Sequence

Exampile

SECTION?2

This operation changes the BCD present vaiue of timers and counters. It also
can be used to assign a new 4-digit decimal or hexadecimal value to an 18, HR,
LR, or DM channel.

Always confirm safety baefore changing the present vaiue even when working in
PROGRAM mode. The CPU Unit will refresh 1/O even in PROGRAM mode. i
the status of a bit allocated to an Output Unit, Special VO Unit, or CPU Bus Unitis
changed, the foad connecied to the Unit may operale unaxpectediy.

Channel or Timer/Counter 3 2 | Dat —
cutrently di isp fayed. : (Daa]

{This example is in MONITOR mods.}

IGRSROES
GEE0
TIH ROH
TEGH
B2z J
! Timing
FRES UAL? |
Taen Bilz 7777
1 Timing Changs PV

° a A Fi N D I B R i
i 2” 0!!@ ; Tone QIR0 CUGG i

Timing
TEEG
R
1
! Timing
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2-5-3

PV Change 2

N &Caut%en

Key Seguence

58

Channel currently —-“-b

displayed in binary.

This operation assigns a new 16-digit binary value to an iR, HR, LR, or DM chan-
nel.

Always confirm safety before changing the present value sven whan working in
PROGRAM mode. The CPU Unit will refresh /O even in PROGRAM mode. If
the status of a bit allocated to an Cutput Unit, Special /O Unit, or CPU Bus Unitis
changad, the toad conneacted 1o the Unit may operate unexpectediy.




R R PR o LG TION 2-5

Example

~~ IR bit 0115 1R bt 0100

The blinking square which ¢an be shifted 1o the left with the up-arrow kay and
10 the right with the down-arrow key, indicates the position of the bit that can
be changed. Afler positioning o the desired bit, 0 ora 1 can then be
entered as the new bl value. After a bit value has been changed, the biinking
square will appear at the next position to the right of the changed bit.
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Timer nter

SV Change 1

Key Sequence

Example

80

This operation changes the set vaiue of a timer or counter while the program
is being executed. This operation must be done in either MONITOR or PRO-

GRAM mode.

Timer/Couner
currently displayed.

s B

i Ei A

s




Casseite Tape
COperations

PC programs {from user program memory-UM) or DM data may be backsd-up
on a standard commercially available cassette tape recordsr. Any kind of mag-
netic tape of adequate length will suffice. (Note: To save an 8-Kword program,
ihe tape must be 15 minutes long.) Always aliow about 5 secends of blank
tape leader before the taped data begins. Siore only one program on a single
side of a tape; there is no way 1o ideniify separate programs stored on the
same side of the tape.

Use patch cords io connect the cassette recorder carphone (or LINE-QOUT)
jack to the Programming Conscle EAR iack and the cassstie recorder micro-
phone {or LINE-IN) lack to the Programming Console MIC jack. Setthe
cassette recorder volume and tone conirols to maximum levels.

Note: For all operations, saving, loading, and verifying:
The PC must be in the PROGRAM mode,
While the operation is in progress, the cursor biinks and the
block count is incremented on the display.
Operation may be halted at any time by pressing the CLR key.

61



Saving a Program This operation copies program data from UM onto the cassetie tape.

The procedure is as follows:

Press the key.

Select g fils number for the data that is 1o be saved.
Start cassette tape recording.

After about 5 seconds, press the

Program saving continues until END is reached. At that time the program size
in Kwords is displayed.

Koy Sequence

Start recording with
the tape recorder.

Wait for about 5 seconds.

{Cancel with the CLR key.)
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28868Le

SECTION 2-6

‘Example

5 c -
1 2

Start recording with the 1ape recorder.

{et it run for about 5 seconds.

Blinking

Stop racording with the CLHR key.

S B oRY T

I Tl Y

_ — Final address

63



Restoring Program Data This operation restores program data trom a cassette tape and writes # 1o
user program memeory {UM). o

The procedure is as fqiiéw&é:

Pressihe key.

Specify the number of the file {o be restored.
Starnt playing the cassetie iape.

Within 5 seconds, press the keys to resiore

data.

Program restoration continues until END is reached, at which time the pro-

grarm size in Kwords is displayed.
To resiore program data recorded on two sides of a tape or ontwo or more
tapes, begin restoring from the lowest address.

Key Sequence

; B [ Fiie 0. | *‘ Start tape recorder
1 ) playing.

Wait for about 5 seconds.

Cance] with the CLR key.)
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Cagsstie Tape Operations SECIIONZ:®

Exampie

. Btart the 1ape recorder playing

Within 5 seconds...

Blinking

(When it comes to END)

i oA ET o

Stop restoring with the CLR key.

TE L o BT T T ot

“— Final address
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Verifying Program Daila This operation verifies that the contents of user program memory (UM} and
the cassetie tape program data match. '

The procedure is as feifows:

Press the

Specify the number of the file to be veritied.
Start playing the cassefie tape

Within 5 seconds, press the =3 kKey o verify data.

Program verification continues until END is _reache_d, at which time the pro-

gram size in Kwords is displayed. :
To verify program data recorded on two sides of a tape or on two or more

tapes, begin verfying from the lowest address.

Key Sequence

. _L» [ File no. | YB Start tape recorder
playing.

Wait for about 5 seconds.

{Cance! with the CLR key.}
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SECTION

Cassetie Tape Operations

Example

oo

Start the tape recorder playing

Within 5 seconds...

Blinking

Verification in progress)
)

£ T

-
i

{When it comes o END)

i AT

fication with the CLR key

e T [ e

Stop vert

L Final address
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SECTION 3

/0 Assignments and Daia Areas

9.1

Overview This section expiains how /O bits are used 1o identify individual /O terminals
and discussas the functions of the various types of data areas in the PC.

¥ Channeis The PC operates by monitoring input signals from such sources as push-but-
tons, sensors, and limit switches. Then, according to the program in its mem-
ory, the PC reacis {o the inpuis by outputting signals io external loads such as
reiays, motor controls, indicator lights, and alarms.

/O channels are used 1o identify the mput/oulput bils that correspond io the
external terminal points through which the PC inleracts with physical davices.
Each channel consists of 16 bits, The /O bils are assigned addresses ag fol-
WS,

:'Adc%ress%ng Conventions Channel numbers are two-digit expressions and bit numbers are also two-
digits. Thus four digits are used to address a particular /0 bit. zxamples of VO
channel/bif addresses are shown below,

WO Channet# + Bit# (0-13) —> VO address
Channel 16,bit3: | 16 | 03 | —> | 1603
Channel 3, bit 15: 03 15 ' —> | 0315

Like I/O channel addresses, dala area locations are also referenced by spsci-
fying a channel number and a bit numbper,

When the data is read as a four-digt decimal or hexadecimal number, each
digit represents a set of four bits in the channel (18 bits in all). Therelore, the
rightmost digit of the decimal or hexadscimal number represenis the rightmost
four bits {3 to 0) of the channel.

Cne channel
Digits ¢ 2 i 2 i : - u j
) 1514 13 12 31 70 8 & 7 6 5 4 3 2 1 0O
AR EEEEEENEENERENEE

1, for example, ihe ON/OFF status of the rigntmost four bits is 0101 in binary,
the corresponding digit would be 5 in decimal or hexadecimal. in the case
where the ON/OFF status is 1111 in binary, the hexadecimal number would
be F {decimal 15).
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Types of Data Areas

70

/O channel bits are part of the Y0 and internal Relay (IR) Area . Bits that are
not used for actual input or output operations constituie the remaining part of
IR and are referred 10 as “work” bits, These work bits do not control exiernal
devices directly, rather they are used as data processing areas o control
other bifs, timers and counters.

Timers and counters are found in the Timer/Counter {TC) area. The Spediai
Relay {SR) area is used for sysiem clocks, fiags, and status information.
There is aiso a Link Relay {LR) area for inter-PC communication in systems
that empioy PC Link Units.

The function of the Holding Relay (HR) area is 1o store data and to retain the
data values when the power to the PC is turned off. Data Memory (DM} is also
used for internal data storage and manipulation and its values are aiso
retained when power is off, but, unlike the HR area, it is only accessible in
channel units. TR bits are used for temporary storage.

The programs that control the PC and alf of is input and outpul operations are
stored in the User Program Memiory {UM). The capacity of the program
memory depends on the type of RAM or ROM mounted to the CPUL

The foliowing table shiows the bits allocated within the PC.

Area ﬁ Bit Address Range

¥o | 000010 3115

Work Bits | 3200 to 8002

SR 6003 to 8307

TR | TROWTR7Y T
HR | HR 0000 to HR 3115

LR PR 000010 LR 3115

TG 5 000G to 127 {channeis)

DM D# 000 to DM 511 {channals} o

Note: IR bits not used for /O and also bits which are not used in other areas
can be used as work bits.



/0 end Interna

3-2
UG and Internal Retl
Area-IR

J/O Channels

o ECTION 3:2

The /O and Internal Reiay Area (IR} is used {or both 1/0 and internai data
storage and manipulation. The channels available for VO arg as indicaled in
{he iable below,

Note that the actual number of IR channels that can be used as VO channels
ts determined by the model of the CPU and the hardware configuration of the

PC system.
Channe! Number
00Ch | 01Ch | 02Ch | 03Ch | 04Ch | 05Ch | ~ | 25Ch | 27Ch | 28Ch | 23Ch! 30Ch | 31Ch
60 | oo | oo | o0 00 | o0 00 20 | 60 L o6 . 00 | 00
o1 01 o o1 01 o1 o1 01 o1 ot ool oo
pz | 02 | 02 02 g2 | o2 02 02 o2 | o2 | o2 | 02
03 [ 03 | 03 ! 03 03 | 03 03 03 03 | 02 i 03 | 03
04 | 04 | o4 04 04 | 4 04 o4 04 | 04 i 04 | 04
05 | 05 | 05 05 | 05 | 05 5 05 65 | U5 1 05 | 05
08 | 08 | 08 08 o6 | 08 06 08 e | 08 | 08 | 08
97 | 07 | 07 o7 | 07 | o7 ~ 07 07 o7 | o7 | o7 1 07
o8 | 08 | 08 | 08 08 | 8 08 08 08 | 08 | 08 | 08
08 | 08 | 08 09 . 05 | 09 ot 09 0 . 09 | 08 | 09
10 G 10 100 10 10 10 10 10 10 10 | 10
13 11 13 11 11 11 31 11 11 11 i1 3
12 12 | 12 12 12 12 12 12 12 12 | 12 | 12
13 13 13 13 13 13 13 13 13 1w 13 ] 13
14 141 14 14 14 1 14 14 14 14 140 14 14
15 15§ 15 15 1 15 | 15 i5 15 15 15 ¢ 18 | 15
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Work-bit Channeis

Work Bits
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/o and Internal Relay Area - IR

jnput Blt Usage

Quiput Bit Usage

SECTION 3

Input bits can direcily input external signals to the PC. In programiming, they
can be used in any order ang as ofien ag necessary. They cannot be used in
output instructions.

input Uinit
Ch 000

o0

Lagder dlagram

060t
it
i

—

Duiput bits are used to output program execution resulis. In programming they

Output Unit
choz
00
Inle
coM e
/"\}5
BV &
i\./

Load

can be used in any order and as often as necessary.

Ladder diagram

(=]
g

o
ot
a
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70 Unit Mounting Location

{10 Channel Assignmenis

74

.

When mounting O Units o the PC Racks, any type of /O Unit can pe
mounted in any order. O channel numbers will be assigned serially according
io the mounding order of the /O Unifs, The mounting order of the 70 Units
must then be registered using the YO Table Register operation {see 2-2-3
Registering the /O Table). The regisiered /O iable can then be checked with
the /O Table Read or /O Table Verify operations. Note that vacant siots are
not automatically registerad. {Space may be reserved using a Dummy VO Unit
{ses below}).

The /O channel numbers are automatically assigned in sequence fo the /O
Units mounted fo the Racks. The top lefimost position is the starting point (i.e.
0000; ehanne!l 04, bit 00) and bit numbers are assigned top 1o bottom, left to
right. '

Starting position for 1/C bit

assignments
]
7 i ] ] ] i
ARANAR AR AR EN; cPy
:j :: “ E E :_\1 :; Rack
Al i
I 1
r f
\‘“U i .-% i :j H H :'j’ -‘j
S0 I A R A N E R A R L Expansion 10
:; .':J :': -4 :': -'; —‘:J REC{K
i i i




Im

R

Siot Reservation

ternal Bolay ATea IR o ——

i an VO Unt is later mounted to an unreserved vacani slot, the ¥O Uni
locations will disagree with the regisiered table and will cause an YO verifica-
tion emvor 1o occur, i an unplanned 1O Unit is required, change the pro-
grammed channet numbers for the VO Uniis 10 the right of the added /O Unit
and register the iabie again.

Likewise, ¥ a mountad ¥0O Unit is replaced with an ¥O Unit with a different
number of points, the channel numbers assigned to the 1O Units already
mounied 1o the right of the new /O Unit will need ic be reassigned. The same
is also true when a mounted /0 Unit is removed from the Rack, resultingin a
vacancy.

The channel numbers will nol be changed, however, i an /O Unll is repiaced
with another Unit having the same number of points.

Space can be reserved for future addition of an YO Unit{s) with a Dummy VO
Linit.
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3-3

Special Relay Area - SR

76

The SR area is used for monitoring system operation, generating clock pulses,

and signailing errors. The SR area addresses range from 8003 o 8307,

The following table Hsts the functions of SR area flags and bits. Unless other-
wise stated, flags are OFF untii the specified condition arises, then they are
turned ON by the system. Restar bits are usually OFF, put when the user

turns one ON then OFF again, it will restart the particuiar link.

Bi Funetlon

8003 SYSNET error flag

E004 SYSNET run Hlag

6008 CPU-mounting Host Link srror flag

B00% GPU-mounting Host Link restarn bi

8C10 PC Link level 1 restart bit

8011 Power failurs flag

6012 ! Data retention flag

8013 T Rack-mounting Host Link restart bit

5014 [ PC Link fevel 0 restan bit

8015 ! Load-off control {Shuts off output loads when ON)

5100 10 6107 i FAL No. output area: an B-bit FAL c:qde is output here by
¢ FAL, FALS, or the sysiem when a {ailure ocecurs.

8108 Battery alarm flag

5108 Scan time error flag

8110 /O verification error flag

111 Rack-mounting Host Link Unit error flag

5112 Remaote VO error flag

8113 | Normally ON flag

58114 i Normally OFF flag

8195 1 First scan flag (ON for 1 scan only)

§200 o 6207 PC Link level , Units D to 7 Run flags

6208 to 6215 PC Link leve! 0, Units O1o 7 Error flags

8300 0.1-second clock pulse

5301 0.2-second clock pulse

5302 1.0-second clock pulse

5303 Error {ER) flag

8304 I Carry (CY) flag

8305 E Greater than (GR) flag

6306 | Equals (EQ) fiag

6307 | Lessthan (LE) flag




3-3-1
Daia Retention Flag

3-3-2

E;_oad 07 Control

EAL Number Ar

O 33

Note: Channel 58, which is normally part of the work-bil area, may be used for
PC Link Unit flags if many PC Link Units are required. The bit usage in
1his case is as below.

Bit ' Function

5800 1o 5807 PC Link ievel 1, Units 8 1o 15 Bun flags

5808 1o 5815 P Link level 0, Units 8 1o 15 Error flags

When the data reiention flag, bit 8012, is ON, the current operating status of
/G bits, work bits, and link Dits is retained. This flag is effective, though, only
when the PC is operating in MONITOR or RUN mode.

Having the data retention fiag OFF clears the status data when RUN mode
starts. This Hlag is normally OFF but # can be tumed ON with OUT.
When the load-off flag, bif 5015, is ON, alf cutput to the Ouiput Uniis is

inhibited and the OUT INHB indicator on the front panei of the CPU lights.

When the load-off flag is OFF, Ouiput Units are refreshed normally. The load-
off flag is normally OFF but i can be turned ON with QUT.

When a power failure occurs, the load-off flag retains the status # had before
the power failure.

Bit numbers 6100 1o 6107.

FAL or FALS execution outpuis a 2-digit BCD FAL code (for error diagnosis)
o this 8-bit area. The sysiem also outputs a FAL number 10 this area when an

alarm output oceurs, such as one caused by battery failure.

This area can be reset by executing FAL 00 (See 4-10-1 FAL((8)) or through
a Failure Read Programming Console operation.
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Battery Alarm Fiag

3-3-5
SQQ?’? Time Error F?Qg

3-3-6

/O Verification Error Flag

3-3-7
First Scan Flag

3-3-8

instruction Execution Error
Flag ER

78

When the batiery alarm flag, bit 6108, is ON # indicates that the supply
vopltage of the CPU backup battery has dropped. The warning indicator lamp
on the front panel of the CPU s i

When the scan lime exceeds 100 ms, {he scan ime error flag, bil 8108, tums
ON and the waming indicator lamp on the front panel of the CPU lighis.

Uniess the scan time exceads the maximum limit {(See 4-10-2 Set Waichdog
Timer), system execution continues but timing may become inaccurate.

The VO verification error flag, bit 8110, turns ON when the number of I/0 Units
mounted on the CPU Back and Expansion /O Rack disagrees with the VO
fable registered.

The first scan fiag, bit 8115, turns ON when program execution staris and
wrns OFF after one scan.

Atiempting to execute an instruction with incorrect data turns the ER flag, bi
8303, ON. Common causes of an ingiruction errorare non-BCD operand data
when BCD data is required, or an indirectly addressed DM channel that is
non-existent. When the ER flag is ON, the current instruction is not executed.



3-3-9

Arithmetic Operation Flags

Carry Flag, OY The CY Hlag, bit 8304, twwrns ON when there is a carry in the resuli of an
arithmetic operation, or when a rotate or shift instruction moves a “1” info CY.
This flag is set and cleared by STC and CLC, respectively. if necessary use
CLC before any instruction using CY. {See 4-8-3 3l and Clear Carry)

Equal Flag. EQ The EQG flag, bit 8308, fums ON when the result of CMP {compare} shows 1wo
operands to be equal, or when the resuit of an arithmetic operation is zero.

Greater Than Flag, GR The GR fiag, bit 8305, turns ON when the result of CMP (compare) shows the
second of two 4-digit operands 1o be greater than the first.

Less Than Fiag, LE The LE flag, bit 6307, turns ON when the result of CMP {compare) shows the
sacond of two 4-digit operands to be less than the first.
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3-3-10

Clock Pulses

80

Pulsewidth | 0.1s | 02s | 1.0s

Fiag | 8300 | 8301 | s302

Genaratas 0.1-5 Skick pulse
m Vv\-‘-

L 0,08 spdar 0.05 5wt

'f-n-—ucﬂ s»..__—--u_f
Bit 5300

Goharates 0.2-8 chock pulse

:;4-0.‘1 s—b.f:c-uoj 5--6-;

fe 0.2 5 s
Sir 850"

Gongrates 1.0~ clock pukse

;-—-0.55#0.5 s«o—«

E-a-—-—-—-l.ﬂs au-—--b;
Bit 8302

Each clock bit is ON for the first half of the ralted pulse time, then OFF for the
latter haif. In other words, each clock pulse generator flag has a duty factor of
Tio 1.

Note: Since the 0.1 second and 4.2 second clock puises have ON times of 50
and 100 ms, respectively, # the scan fime is too long, the CPU will not
be able 10 accuralely read the pulse.
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3.3-11

Special VO Flags Use of the following SR flags and bils depends on the particular configuration
of your PC system. These flags and bits are used when componants such &s
PC Link Units, Remote ¥0 Units, SYSNET Link Units, or Host Link Uniis are
contained within the PG system. For additional information, consuit the
System Manual for the particular Units involved.

Arece - SE

SECTION 3-3

The inllowing bits can be employed as work bits when the special type of Unit
associated with them is not connecled {o the system.

PO Link VO Error Flags when PC Link Units are used in the system, channeils 58 and 82 may be used
1o monitor the operating status of up to 18 PC Link Units.

Channe! | PC Link Units |
58 | Nos. 0810 15

52  Nos, 0010 07

For each channel, bits 00 to 07 are ON when the Uniis are in RUN mode and
bits 08 10 15 are ON when an error occurs in the corresponding Unit

For example if the contents of Ch 58 are D2FF as below, then it means that
Units 8 1o 15 {link feve] 1) are in RUN mode, and Unit 8 {link ievel 1} has an

ef7or.
Chss
0000 | 0010 | 1111 [ 1111
o |2 [ F | F
*PC Link Restart Flags Link Level = Restart Flag
#0 - 5014
#1 5010

Turn these flags ON then OFF 1o restart the PC Link System.

*Remote I/0 Error Flag Indicates an error in 2 Remote /O Unit. (Bit 6112)
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SYSNET Error and Bun
Flags

-Host Link Error Flags

sHost Link Restari Flags

82

Fiag | Bit
Error Flag ’ 8003

Run Flag E 5004

These flags indicate the state of the SYSNET system.

A Host Link error flag turns ON | an error occurs in a Host Link Unit onthe
PC. The PC has two Host Link Unit error flags. One to indicate an errorina
Rack-mounting Host Link Unit (Bit 6111), and the other to indicate an error in
a CPU-mounting Host Link Unit (Bit 6008).

Turn a Host Link restart flag ON, and then OFF again to restari 2 Host Link
Urit that has an error. The PC has two types of Host Link restart flags. One
restaris a Rack-mounting Host Link Unit (Bit 8013}, and the other restans a
CPU-mounting Host Link Unit {Bit 6009).



Holding Relay Area - HR

The HR area ig used to store and manipulate various kinds of data. its ad-
dresses rangs from 0000 10 3115. HR area channels retain their dala whan
the system operaling mode changes and also during power failure.

To access bits in this area, prefix the address number with “HR” (e.g., HR
0101 for bit 01 in MR channel 01) by pressing the HR key on the Programming
Console.

See 4-2-5 Latching Relay for an exampie of how 10 use MR channals as
“latching relays” that hold their dala when a power failure occurs.

Channel No/Bit No.

HR ChoogHR Cho1|HR Cho2|HR ChO3|HR ChO4!HR Cho5 | HR Chos [HR ChoT HR Ch2SiHR Ch30 |HR Chi3t
o0 oo oc i8] a0 o0 00 00 o0 o0 o0
o} 01 0t ot 01 o1 01 01 Gt 01 01
o2 0z o2 Gz 02 02 02 02 a2 02 02
Q3 03 03 03 03 ] 03 03 03 03 03
0d 04 o4 04 04 04 04 04 04 04 04
05 08 03 05 05 05 05 05 05 05 05
08 08 08 08 08 06 08 08 e 08 08
o7 c7 07 o7 o7 07 a7 ¢7 o7 o7 07
08 08 08 8 08 o8 08 C8 o8 08 08
08 02 03 [4;¢] 09 6] 09 09 08 08 09
10 10 iC 10 10 10 10 10 10 10 10
1 11 11 11 11 11 11 1 11 1 11
12 12 12 iz H 12 i2 i2 12 12 12
i3 13 13 i3 13 13 13 13 13 13 13
14 14 14 14 14 14 i4 14 14 14 14
15 15 15 15 15 15 15 15 15 15 15

Noie HR, T/C, and DM area data is backed up during power interruptions via the bat-
tery in the CPU. if this battery is missing or the voltage is fow, HR, 7/C, and DM

area data may be lost during power interrupiions.
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3-5

Temporary Belay Area - TH

84

The TR area consisis of eight bits and is used for storing daia at program
pranching points. This is useful for programs that have many culput branching
points but where iL and ILC {pranch instructions) cannct be used. See 4-2-3
Temporary Helay.

To access bits in ihis area, prefix the address number with “TH”
{i.e., TR 0010 TR 07) by pressing the TR key on the Programming Console.

A TH number within 2 given section {i.e. a single branch from the lefi-hand
bus bar of a ladder diagram) of the program must not be duplicated. Howsever,
the same TR nurnber can be used again in different program sections. Unlike
the IR and SR areas, TR bits can only be used in conjunction with LD and
QUT.



A o D 520
3-6

Link Relay Area - LR The LR area ranges from 0000 to 3115, in a system employing PC Link Units,
part of the LR area is devoted to system data communications. (Refer io the
PC Link Systems manual for detaills.) The part of the LR area that is not
required by the PC Link Units can be used for internal data siorage and
manipuiation, in the same manner as the IR area.

LR area data is NOT reiained when the power iails, when the program mods
changes, or when it is resel by an IL-ILC bypass {see Interlock under 4-2-2).

To access bits in this area, prefix the address number with “LR”
{g.g., LR 0101 for bit 01 in LR channe! 01) by pressing the LR key on the
Programming Console.

Channel No./Bit No.

LR Ch0O LR ChO1 LR ChOZ|LR ChO3|LR ChO4 |LR ChOS LA CAO6 LRCHO7,  ~  |LRChze LR Cha0 LR Ch31
00 oo | oo | oo 00 60 | 00 %0 oo | oo ! o0
o1 o1 o 01 01 01 ot o1 a1 o1 01
02 02 02 o2 02 02 02 02 02 02 02
T EEE 03 03 | 08 03 0z | 03 03 03
04§ o4 | 04 o4 04 . 04 | 04 04 | o4 | 04 | 04
05 08 05 05 05 05 05 05 05 08 05
06 08 08 08 06 06 06 08 08 06 08
07 o7 07 07 07 07 07 07 07 07 07
08 08 08 08 08 08 1 08 | 0B | o~ 08 08 08
o6 | o8 | 09 09 ¢ 08 | 09 09 08 i og 08 | 0%
10 10 10 10 10 10 10 10 10 10 10
11 14 11 11 11 11 11 11 11 11
12 12 12 12 12 12 | 12 12 12 | 12 12
13 13 13 13 3 1 13 13 13 13 1@ | 13
W 14 14 14 14 14 14 14 14 14 14
15 15 15 15 15 15 15 15 15 15 15
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3.7

Timer/Counter Area -

Ic

3-8

Daia Memory Area -

DM

indirect Addressing

88

Note

The TC area, which ranges from 000 o 127, is a single data area in which
fimer and counter data is stored for use by TIM, TIMH {(FUN 15}, CNT, and
CNTR {FUN 12). This arga is accessibie in channei units only, which serve as
ihe siorage area for the set-value {8V} and the present-vaiue {PV} of the
timer/counter {TIM/ONT). TIM/CNT numbers are three digits. To specify a
timer or a counter, prefix the three-digit TC number with "TiM™ or CNT” (e.0.,
TiM 001 or CNT 126 or, for TIMH and CNTR, prefix the number with the
appropriaie FUN code.

Once a given TC number has been specified, that same number cannot be
used again for any other timer or counter. For exampie, if TIM 010 has been
speciiied in a program, a subsequent use of CNT 010 will generate an error.

The limer/counter area refains the SV of both timers and counters during
power failure, but the PV of the timers is not relained. The PV of the counters
is relained.

The DM area is used for internal data storage and manipulation, and is
accessible only in 16-Dif channel units. The DM area retains data during
power faliure. DM area channels are numbered (0G0 through 511,

This area cannol be used by instruclions with bit-size operands, such as LD,
CUT, AND, and OR.

Normally, when data is specified for an instruction, the instruction operation is.
periormed directly on that data. For example, suppose a Compare with iR 05
as the firsi operand, and DM 010 as the second operand, is in the program. -
When this instruction is exacuted the data in iR 05 is compared with that in
DM 010.

It is possible, however o use indirect addresses as operands ior ihe instruc-
tions. So, if "DM 100 is specified as the daia for a programming instruction,
the conients of DM 100 specifies another DM channel at which the actual
cperand data is 1o be found.

if, for example, the content of DM 180 is G324, then DM 100 is DM 324 and
the dala that the program instruction actually uses is the content of DM 324,

HR, T/C, and DM area dala is backed up during power interruptions via the bat-
tery in the CPU. if this batiery is missing or the voltage is low, HR, T/C, and DM
area data may be lost during power interruptions.



Program Memory - UM

3-9

Program Memory - UM Program instructions are siored in program memory. The amount of program
memory avaliable depends on the type of Memory Unit attached to the PC.
Memory Uniis come in different types - RAM and ROM memory packs - and
for each type there are different sizes. {Refer to the Hardware Manual for
details.)

To store instructions in program memory, input the instructions through the
Prograrmming Console, or downioad programming data from a GPG, FIT,
floppy disk, casseile tape, or host computer.
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SECTION 4

Programming Instructions

gvﬁrview The C500 PC has a large selection of programming instructions that allows for
easy programming of complicated control processes. The programming in-
structions described in this section are divided into categories by operation.
Each instruction’s explanation includes the ladder diagram symbol and the
mnemonic code for the instruction. Examples of how 1o use instructions are
aiso provided.

instruction Data and Flags For each instruction the Data Areas and Flags subsections iis! the data areas
that can be specified and the error flags that are appiicabie. Refer to Section 2
7O Assignments and Data Areas for the size of each data area in the PC and
the address of each fiag. The following abbreviations are ussd:

Data Areas IR: YO and internal Relay Arsa
SR Special Relay Area
HR: Holding Helay Area
LR: Link Relay Area
T Timer/Counter Area
DM Data Memory Area
DM indirectly Addressed Data Memory Area
#: Constants (see note below)

Note: The value that can be specified for a given constant depends on the
particular instruction that uses #. When the consiant is 1o spacily a daia
area channel, it must correspond to a channel address within the data
area. In cases where the consiant is the data io be conlained within a
channgl, it may be hexadecimal or decimal, as required by the instruc-

tion.
ER: Error flag
Flags CY: Carry fiag
EQ: Equals flag
GR: Greater than flag
LE: Less than flag

ER is the flag most often used for monioring an instruction’s execution. When
an ER flag goes ON, it indicates that an error occured in attempting 1o
execuie the current instruction. The Flags subsection for each instruction lists
possibie reasons for the ER flag being ON.

Uniess otherwise noted, an instruction is not executed whan the ER flag
is ON.
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4-2

Basic Insiructions

4-2-1

LD, OUT, AND, OR,
NOT. and END

8¢

These six basic instructions are indispensable in almost any program. Al have
a corresponding key on the Programming Consoie, which you press 1o enter
the instruction, except for END which is programmed by pressing the FUN, G,
and 1 keys. Refer to 1-3 Basic Programming instructions for details about how
to use and enter these instruclions.

instruction ]

Operation

LD

| Staris each logic ine or block.

ouT indicates an cutput bit.

AND Performs a logical AND operation on two inputs.

CR Performs a logical OR operation an two inputs.

NOT Invents whatever is before it; often used to form an NC (normally
. closed) input. NOT can be used with LD, OUT, AND, or OR.

END{OT) indicates the end of the program.




SECTION 4-2

Interiock - 1L{02) and {L{interlock) is always used in conjunction with ILC {interiock clear). Hthe 1L
ILO03) condition is OFF {i.e, the bit just before the i branch is OFF), the saction of
program between IL and ILC is net executed, f the IL condition is OFF the
states of oulpuls in the secticn of program between L and 1L.C is as below:
OFF Output bits
Heset Timers
Unchanged Counters, shif registers, laiches
Keay Sequence Toinput ik, enter
)
0 2
| I
To input ILC, enter
_Exampie ?immi: ’___;WT’ 1L(02) ‘?‘? ‘7‘;’?2 @ Address | instruction | Data
__Ladder ?:agram and s 0000 D 5000
Mnemonic Code i1 0505
i 0001 IL(02) —
G004 H
}]” @ o002 LD 0ot
003 AND 0002
0004 ouT 0504
0005 LD 0003
Co06 ouT 0505
oco7 LD NOT 0005
0008 OUT 0508
oo0% iLC{03) e

17 0000 (IL condition) is ON, the program between iL and ILC is executed
normally.

g1



HI IS | N ol ' »
DOOG 0@01
T

()

P onr
010
#0015

}.__._._
00?.1—_‘—

Lo

When the first il condition * is OFF, gutputs 0500, 0501, and 0502 are ali
OFF, and the counter CNT 010 retains its present count value.

When the first IL condition * is ON and th_é; second iL condition ™ goes OFF,
the state of output 0500 matches that of bit {000, outpuis 0591 and 0502 turn
QOFF, and the counter retains #s present value.

When both 1L condrtacms are ON atthe same fime, the program executes as if
they were not there.,

As shown above, more than one iL can be used with a single ILC. Although
this causes an IL-ILC error message to occur when the program check is
performed, execution proceeds normally. However, all of the ILs before the
iLC are cleared. IL/ILC nesting {e.g.,IL-1L-ILC-ILC) is not aliowed. '
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4-2-3

Temporary Relay - TR

Key Sequence

Example Circuit:
Ladder Diagram and
_Mnemonic Code

A TR bit can be used as a temporary work bi for branching to more than one
output bit. TR is used when a ladder diagram cannot be programmed with IL

oriLC.

TR bits can be used several times, but they cannot be duplicated within the

same block,

TR can only bg input via the TR key as LD or OUT data. Since the Program-
ming Console is the only device which allows TR key Input, you can program

TR only when using the Programming Console.

It is not possible to monitor TR with either the Programming Conscig or other

devices.

To output to a TR bit,enter

To input from a TH bit, enter

IN]

S

Address | Instruction Data

0000 | LD L 0000
0001 | OUT TR 0
0002 | AND 0001
0003 | OUT TR 1
0004 | AND 0002
0005 | OUT | 0500
0006 | LD TR 1
0007 | AND 0003
0008 | OUT 0501
oo08 | LD R 0
0010 | AND 0604
0011 | OUT 0502
0012 | LD s o
0013 | ANDNOT 0005
0014 | OUT 0503
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Sasle Instructions

How to use TR Bits Eight TR bits are provided: TR 0 fo TR 7. These can be used an uniimited
- nurmnber of times in a program, provided they are noi duplicated within the
same block.

The next example shows a case whera TR is needed and another case whara
TH is not needed.

8

L]

b
ronagns

e &

Lz
[+

Case 1 THis noi needed here bacause output $201 and ANDOOOT can be
connected with output 0200 through Point A,

Case 2. Here, because the data at the branch point and that at output 0202
is not necessarity the same, TR is needed.

Comparison of TH and Use of IL/ILC in place of TR resulis in a smaller program because ILILS does
é&_,._/i?.c ' : not require the extra addresses needed by LD TR.
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4-2-4 -
ngg and ngg End-
JMP(04)/JME(D5)

Key Sequence

Exampie Circuit:
{ adder Diagram and
Mnemonic Code

SECTION 4-2

JMP and JME, are used 1o branch program control to the first instruction afler
JME when the JMP condition {i.e., the stale of the JMP input) is OFF.

N, the jump nurnber, serves o distinguish JMP/JUME pairs when there are
multiple lumps in & program. A jump number can be any two digit numbar
between 00 and 85,

JMP 00, however, 13 a special case. When the instructions between JMP {0
and JME 00 are skipped, they are still processed but not executed. Thus,
processing time-is required. On the other hand, instructions detween JMP and
JME with jump numbers other than “00” require ne processing time at all and
are gntirely skipped over,

JMP 00-JME 00 can be programmed any number of fimes but non-zero ump
numbers must be used only once in the program.

Toinput JMP, enter

To input JME, enter

o600 0001 [JtPrco] oo Address | Instruction | Data
= F—(=0)

cooo LD 0000

— -- 0001 AND L0001

000 0002 | JMP[D4) 00
T oso .

6oo3 LD 0002

§JME{05)GO } 0004 | OUT 0500

coos LD 0003

§0os ouT . 1000

0007 D 0004

0008 ouT - 0501

0009 f JME{05) | 00
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JMP-JMP-JME

Multiple JMPs

JMP vs interiock

86

in the preceding program, 0000 and 0001 serve as the JMP condition. When
this condition is ON, the program between JMP and JME is executed nor-
maily. However, if the JMP condition is OF F {in this case, if either or boih 0000
and 0001 are OFF), the program between JMP and JME is not executsd, but
the states of all bits {and timers) are refained.

More than one JMP 00 can be used with the same JME 00. This causes a
JMP-IME error message o be generated when the program check is per-
formed, but the program éxecutes normally.

k3
ocor o002
.——~.{ ; 4 0500
o000 , .
NP
i ]
! e 0501
Logs .
0006
— %
s Nt
7 10
o R °
| R
JME

When the first JMP condition ~ is OFF, outpuis 0500, 0501, and 0502, and the
counter all retain their siates.

When the first JMP condition * is ON and the second JMP condition ™ is OFF, .
the ON/OFF state of output 0500 depends on the siates of 0001 and 0002,
and ouiputs 0501 and 0502 and the counter retain their states.

When both JMP conditions are ON at the same ime, the program execuies as
# neither JMP were there,

Since the states of /O bits, timers, etc., are retained when JMP/UME branch-
ing occurs, JMP/IME is used fo controi devices that require a sustained cutput
{e.g., pneumatics and hydraulics).

On the other hand, ILALC branching is used to conirol devices that do not
require a sustained output, such as electronic instrumentation.



4-2-5

Laiching Relay - KEEP{11

Key Sequence

Example Circuil:
Ladder diagram and
Mnemonic Code

Data Areas

SECTION 4.2

KEEP is used as a laich. It maintains an ON or OFF state untii one of s wo

inputs seis or resais .

Bits that may be used as latches are ihosge from ihe IR, HR, and LR daia
areas. if g HR bit is used as a laich, the latched data is refained even during a

power faiiure,

When programiming a laich, first joad the set input, and then the reset input,

before entering the FUN code.

To input KEEP, entaer

{s £ :
Yo 1IN

A1 HRGOCO

3 2f af of

"
-

:

vk

iR, HR, LR

Setinptt s /e
Bit number
Resetinput g

Address | Enstrucﬁcn}g Data
0000 LD 0600
0001 LD 0001
0002 KEEP{11) | 0500
0003 | LD 0062
0004 AND NOT 0003
0005 | LD 5004
0008 t OR 0005

When the Set input is ON, the latch is maintained in an ON state uniil a resst
signaliurns it OFF, Reset has a higher priority and takes precedence when

both inputs are ON.

Set input

Reset input

KEEP output

g7



To program a sefi-laiching circuit with KEEP, change the circult below as

shown.

114 SF

H p o Bsco
G500

11

i
ooz 5 fuger
iR {500
003 R
i

1%

if the seff-fatching circuit above is used within an 1L/1LC block and the 1L
condition turns OFF, the KEEP state will be retained whereas with the upper-
most circuit, cutput 0500 will go OFF.

tnput Unit

B

Note: Exercise caution when using a KEEP reset ling that is taken from a bit
directly connecied to external instrumentation. In particuiar, a sudden
drop in AC power that is insufficient to cause the PC’s DC power {0 go
off will reset the latch.

Apptication Exampile 0‘33?2 s /i

| 909;3 | Abnormal
i condition input

DOC4

E:
Reset input

00(%5
it

H%%Dm
i 850

Warning indicator
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4-2-6

Differenti
and BIFB14)

ion - BIFUY

Key Ssgquence

Example Circuil:
i.adder Diagram and
inemonic Code

DIFU and DIFD tum an oulput ON for a single scan. These instructions are
used when single-scan execution of a particular instruction is desired.

DIFU twims Hs output ON when t detects an OFF->0N transition in #s input

signal.

DIFD turns s oulpul ON when it detects an ON-=OFF fransiiion in s input

signal.
To input DIFU, enter
1 3
Toinput DIFD, enter
' B £
1 4
A S .
8000 ; ;
%% m Address ¢ Instruction D-aia
P ] R e 0000
2500
; MOV 0001 DIFU(13) 2500
WEEF
Ve 0002 DIFD{14) 2501
2501
% ; Prv— 0003 LD 2500
0000 i
St 0004 MOV(21) — -
DMZ00 f
# | FFFF
DM { 100
0005 | LD i 2501
0006 | BSET(7T1) | — —
¥ o000
DM | 10
D 200

inthe preceding example, an OFF->0ON transition in input 0000 turns 1R 2500

ON and executes MOV for one scan.

An ON->CFF transition in input 0000 turns 1R 2507 ON for one scan and
executes BSET for one scan.

g9



Timing

Data Areas

100

Input S000 oo00

Leading-edge differentiation output 2500

Trailing-edge differantiation output 2501

il i -
1 scan 1 scan

Note: A maximum of 128 pairs of DiFUs and DIFDs can be used in 2 given
program. i 128 is exceedad, the error message “DiF OVER” is dis-
played on the LCD of the Programming Console and the 129th DIFU or
DIFD, and any following, are freated as NOPs {no operation instruc-
fions).

iB, HR, LR




%i‘i?s and Counters TiM is a decrementing ON-delay timer insiruction which requires a timer
number and a set value {8Y) as daia. When the specified SV has slapsed, the
Himer outpu turns ON.
CNT is a decrementing counter instruction and CNTH is a reversibie counter
instruction. Both require a counter number, SV, inpuf signals, and a reset
input. :
The timer/counter number refers 1o an actual address inthe TG area. The
numbers must not be dupiicated. Refer 1o 3-7 Timer/Counier Area, for the
range of timer/counter numbers avallabig.
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Timer - TIM | TIM measures in units of ©.1 second, and the set value (SV} can range from 0
10 989.8 seconds,, with an accuracy of £0.1 seconds.

Key Sequeance To set a timer, enter

then tha set value.
To assign a constant SV, enter

To externally set the timer valus
{e.g., for a variable timer), enter

Example Circuit: Address ‘, Instruction ‘ Data
iagr n 1 ] T
Ladder Diagram and 0000 | LD | | 0006
Mnemonic Code [ 3 : .
0001 TiM ; i 000
o Y Setvalue at r | # : 0150
" X/ 155
g | ooc2 | LD TiM 000
i @ o003 OUT ; {0200
lelzg - External trmer [ - S S
| MY setting via Ch oood | LD ‘ i 0001
05 ’ i :
MO @ coos | TiM . oot
i . | .05
0006 | ANDNOT | TM § 001
0007 | OUT t 0201 4
Timing Action of TIM 000
Timer Input 0050

Onl-timer qutptt o200

e
15.08
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and Count

Timing Action of TiM 001

Data Areas

Fiags

SECTION 4-3

During RUN or MONITOR modes, a timer can be set according io the con-
tents of 3 channel. in the second example above, Ch 05 is connected o an
exiernal device which sets the timer value, thus providing a variable timer.

Note: Timers inside an iL/ILC loop are reset when the L condition goes OFF.
A power faifure will also reset timers.

As a countermeasure against having a timer reset when there is a power
faiture, use a counter and an internal clock for a timer, as shown below.
This kind of timer preserves the present value of the timer.

0000 6302
}———-ﬁ-——-——————— CP  ant .
ooz oge 15 s tmer
#0015

1
i a

6302 | (SR area) 1.0 s clock puise

The externally set time value must be a BCD value, from © 1o 8888, or an error
will oceur. Although program execution will continue if a non-BCD value is
used, fiming accuracy cannot be expectad.

IR, HR, LR, #

ER ! The conients of the SV channe! are not BCD.
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High-Speed Timer - TIMM{15) The high-spead limer works the same as TiM except that TIMH measures in
C units of 0.01 second and #s set value {SV) can range from 0.00 10 85.9%

seconds with an accuracy of £0.01 seconds.

Note: Timers inside an IVILT ioop are reset when the 1L condition goes OFF.
A power fallure will also reset timers.

Key Sequence To =et a high-speed timer, enter

H:! 17
1 1 5 I[N

then the set valua.
To assign a constant 3V, enter

To exfemé!fy set the high-speed timer
value (2.g., for a variable timer},

Exampie Circuit: Address i Instruction j Daia
Ladder Diagram and 0000 LD J L 0000
Mnemonic Code i
0001 | TIMH(15) ;002
oo Assign a ‘
it ) isssv A3 %0
TiMooz 0002 LD TIM | 002
f {=2) Sl
, 0003 ouT | i 0202
o001 External imer E
f i) setingvia 1 poo4 LD o1 oot
Ch 08 l :
, W F . 0005 TIMH(18) j i o3
| © 06
i 0 H
0008 | ANDNOT |TM | 003
o007 | ouT {0203
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TIMH 002 Operation

Timer input 0000

ON-timer ouiput 0200

:1.Scs:
Data Areas ; iR, HR, LR .

Flags ER z The contents of the 8Y channel are not BCOD,

inclirectly addressed DM channel is non-existent.
(DM data is not BCD, or {he DM area boundary has been

| exceeded.)
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Counter - CNT CNT is a preset decrementing counter. That is, it decraments is present count
value {PV) when the count input signal goes from OFF to ON.

You must provide a count input, a resetf input, SV, and a counter number fo
use ONT. The counter number refers {0 an aclual addrass in the 7C area.
Since this area is also shared by timers, the numbers must not be duplicated.
Referie 3-7 TimernCounter Area - TC f{or the range of timer/counter numbers
availabie.

The counter sef value can range from 0000 to 99%9. It must be a BCD value.

CNT retains its PV within an IL/LC toop when the IL condition is OFF.

Key Sequence To set a counter, enter

then the set value,
To assign a constant 3V, enter

To externally set the counter value
{e.g., for 2 variable counter), enter
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Example Circuil: Address | Instruction F Data
Ladder Diagram and 6600 Lo £000
Mnemonic Code :
emo 0001 AND | : 0001
0002 LD o002
ooot Count nput . : ::
f H P oyy] Assigned 0003 ONT P 004
oa02 sl inpl ool SYis 180 :
; | R #piso] COUNIS. # 1 0150
LCHNTCO4
: @ 0004 LD CNT 004
0003 Court inpit 5005 ouT ; i0205
} OF  cyrl Countyvalue 5 :
. Reset input o0s| extemally set 0008 LD {0003
ot | a 83| via Ch03. :
* 0007 LD {0004
o005 H
prom] s o008 | OR i 0005
0006 ! i ;
— G206 0008 CNT i005
!
0010 | LDNOT | ! oocs
001t | OUT -1 oo
CNT 004 Operation Counter input
Reset input
ON-counter output 0208 b

As a decrementing counter, CNT 804 produces an ON ouiput when the PV
becomes 0000. Once ON, the clock output stays ON until the reset signal
turns ON. When the rese! signal goes from OFF 1o ON, the PV is returned 1o
the SV. While the reset signal is ON, count input signals are not accepted.

CNT 005 Operation A counter can be externally set by specilying a channel through which the
counter value in the program will be input from an external device. Inthe
second example in the ladder diagram above, the contents of Ch 03 deter-
mine the set value of the counter in RUN and MONITOR mode. Thus, an
externally connected device conirols the variable setling of CNT 065 through

Ch 63,
‘Data Areas i IR, HR, LR, # ‘}
Flags ER —— The conlents of the 3V channel are not BCD.
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4-3-4

Reversible Counter - The CNTR is a reversible, up-down circular counter. i increases or decreases
NTR(12 the prasent valug {PV) by one whenever the increment or decrement input

signal, respectively, goes from OFF {0 ON. When both the increment and dec-
rement input signals are ON af the same time, no counting is done.

Besides the increment and decrement input signals, you must also provide a
reset input, SV, and a counter number, as with ONT. The counter number
refers (o an actual address in the TC area. Since this area is also sharsd by
timers, the numbers must not be duplicaled. Refer 1o 3-7 Timer/Counter Area -

TC for the range of timer/counter numbers avaiiable.

When the reset signal is ON, the PV becomes 0000 and input signals are not
accepted. When decremented from 0000, the present value (PV) is sef o SV,

The counter set value can range from 0000 o 99389, It must be a BCD value.

CNTR retfains its PV within an IL/LC loop when the IL condition is OFF.

Key Sequence

then enter the set value.
To.assign a constant SV, enter

To externally set the counter valus
(e.g.. for a variable counter), enter
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Exampie Circuit: | Address | Instruction Data
Ladder Diagram and 0600 D ! noo0
Mnemonic Code
0001 id 0001
33 Incremsnting input
i ACP o002 LD o0a2
8001 ecrementing i CNTR{tZ)
] STeA X sop 261 8V = 5000 counts o002 | CNTR(12) 008
DE’?E Resat input R * ]
i # 1 5000
CNTODS
I @ 0004 | LD ONT | 005
) H incremanting input s 2005 OUT o207
ooos 1 oatRug!  Countwalus
¥ Decremanting input f " eﬁer;c_\.aliy et vig G008 i D 2003
0005 Rpaset input %) Chos. ‘E
,____{ 1 a8 0007 D 0004
GNTOO7 5
i @ 0008 | LD 0005
5005 CNTR({12} 007
P05
0o1c | LDNOT CNT | 007
0011 ouT 0208

Counter Operation

Data Areas

Flags

Incremental inpui

Degremental input

Counter output

iR, HR, LR, #

ER { Externally set SV is nol BCD.
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Timeran mier

Application Examnles

Extendad Timers

Exiended timers can be formed by connecting TiMs in series. The following
example shows two TiMs connested in series 1o form a 30-minute fimar.

0‘}3? ™Y soos Address [ instruction | Data
T&aﬁm ;gg o 0000 J LD 0000
Thaoo2 o001 TIM i 00t
1h @ E & | 9000
o002 | LD LM oot
0003 | TIM | : o2
‘ % § 9000
0004 | LD LT ooz
0005 [ ouT | P 0200

Tins can also be used in combination with ONT to form an extendsd timer. in -
ihe next example, TIM D01 generates a pulse every five seconds and CNT
002 counis the pulses. The iotal timing interval is found by:

AT = {Timer 3V + Scan Tima) x Numbear of Counts.

So, this is an exampie of a 500-second timer.

110

00CO  TIMOOT ONTOO2
”‘“"—‘i 50 Address | instruction |  Daia
TIkOo1 N 7 ;
Counter iaput r— - 0000 | LD : 0000
Gaot Resat input ooz 1 100 smes
i A #0000 ooe AND NOT TiM P oot
TiWoo2 i :
iy 4 @ 0002 | ANDNOT | ONT | o002
5003 | TIM P00
z :
| # © 0050
0004 | LD M | 001
0005 | LD ! £ 000t
0006 | ONT L o2
‘ L% o100
0007 | LD | CNT i oo2
| H
0008 | CQUT ;0201




Timers and COUMIErS  c———

- Cumuiative Counters

Another way to make an extended timer is by using one of the internal clock
pulses {see 3-3 Special Relay Area) and a counter. in the foliowing axampie,
the PC’s internal 1-second clock pulse is combined with CNT {o form g 700-

second timer. if the system reset flag (SR 6115), which turns ON forong

scan when the PC staris operaling, is ORd {i.e., connected in parailel) to the
reset input of the counter, the counting operation starts from the sel value
when power is applied 1o the PC.

0000
§i

5‘?%2 1 s oleck

i

it

ONT
00t
a #0700

700 times

Address | instruction Data
o000 | LD © 0000
0001 | AND 8302
0002 1D NOT 0001
0002 | CNT 001
# 1 o700
0004 | LD ONT! 001
0005 | OUT P o202

An extended counter that counts higher than 9,998 can be made by program-
ming counters in series. The following is an example of a 20,000-count

counter.
B v
i CF ont
ir m?oozz
y ¢ R
CNTOO1
1L
i
CNTOO2
CNTO01
{} [
ocoz 002
ir g #0200
e
CNTO02
1} [t

100 times

200 times

Address | insiruction Data
5000 ) : 0000
0001 AND 0003
0002 LD NOT i 0002
0003 | OR CONT ! 00
0004 | OR CNT | o2
0005 CNT 061
# 10100
0006 | LD ONT | o0t
06007 LD NOT i poo2
0008 ONT 002
$ 1 D200
0008 1D CNT i o002
0016 | OUT © 0203
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ON/OFF Delay Circuit 0‘33‘;:’ @ 50 Address | Instruction Data
. . . [ 31 -
0500 0000 - 0000 LD 0000
3 {320 -
%2, 0001 TIM iooot
Thige) S fkes :
H 0500 : - 0050
31 T
ks ooo2 | LD i 0500
0003 | ANDNOT © 0000
0000 0004 TIM 002
0500 # 0030
6005 LD TIM | o0
0008 ) ™ | ooz
| KEEP(11) 0500

Cne Shot Timer

112

The one shot timer shown below outpuis a pulse for 1.5 seconds (the value of
TiM 001's SV) after its input turns ON. (The duraiion of the ON input signal

must be greater than the scan time.)

1000 TIMOO! Address | Instruction Data
) N 1000 ; .
0000 LD 1000
ii
1 0001 AND NOT TiM 001
t?ole Tind i
11 co1 j 158 0002 i OR C000
L‘;’m T’“?‘“ @ 0003 ouT 1000
0004 LD 1000
0005 | TIM 001
# 0015
so0s 0006 LD 3 1000
: - 0007 AND NOT TIM {001
1.5s .55 L $
: 0008 | OUT 0204




Flicker Cirouit

.",,,.g
g

=l
FE o

i.0s 15s

SECTION

Address | instruction |  Data T
0000 | LD | | 0000
0001 | ANDNOT | TIM | o002
o002 | TIM E oo
? | % } oooto
0003 | LD CTM 003
0004 | TIM | oo
# i o015
2005 | LB ™ P oom
0008 | OUT | : azos
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Data Shifting The instructions described in this chapter ali shift data, but in differing
- amounts and directions. Each of the shift instructions is programmed with a

function code.

To input these instructions through ihe Programming Console, you must press
the FUN key foliowed by the appropriate function code. Data for the operands.
also has o e enterad where required. Refer io ihe key seguences for each
instruction. :
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i@ Shitting

4-4-1

hift Register - SFTii SFT shifis the data by 1 bit in the specified channels. Both a beginning
channel {B} and an end channel {E) must be specified as data.
E must be lgss than or equal 1o B, and B and £ must be in the same data

ared.
Ladder Symbol and Data inpw —TI® To isfi-shift data, enter
SETEI0Y
Key Setquehoe Shitpuseinpll  ——ige g
£
Reset signal input ——i g

B : Beginning channel
E : End channel

Example Circuii: 7 Oﬁc’ — Address | Instruction Data
Ladder Diagram and 2001 SFT(0)
Mnemonic ?:cde 1 ¥ A = - i
ooce  %0es R e 0001 LD | © 0001
1% Ed)
HA1005 O 0002 LD i 0002
i 0100 -
0003 AND NOT ¢ 0003
0004 SFT(10) HR P10
HR P10
0005 | LD HR | 1005
0008 ouT {0100

Inthe above exampie, HR 10 acis as a 16-bit shift register. An ON shift pulse
signal shifts the data in HR 10 one bit 1o the left. This moves HR 1000 to 1014
into MR 1001 o 1015 and the bit content of MR 1615 is lost. Output 0100 turns
ON when the bit content of HR 1005 is 1.

MR 1015 | RR 1014 HR 160t | HR 1000
30 1/0 10 /0

lostdatn wd Lod L it i Dxemputo
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Timing ' A reset input sets ali bits to 0. The data are shifted at the leading edge of the
clock input. 1 the HR area is used, data is retained during power failure. The
conrient of bit 15 of channei E is lost each time the dala is shified.

Data inpt

" Shiltsignal
Contants of HWR 1000

Shifting Mora Than 16 Bits The next example shows a 48-bit shift register which uses & 1-second clock
at a Time i - pulse as the shift puise signal. The contenis of input 0005 are shifted across
.- channeis 28 1o 30.

11 Data inpit

6;1!}2 1.8 s cloaky " SFT{I

010?5 Rasatinptt { g

i

FCH 29CH 28CH

O O T O T
Lost data g i e e AL Contants of G005
Data Areas L iR, HR, LR
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Ladder Symbol and Kay
Seguence

Control Channel Data

‘Control Channel Operation

SFTR shifis data in & specified channel or series of channsls o either the left
or tight. A beginning and end channel, B and E, must be specified, evenior
shifling data within a single channel. B musi be lessthanorequalic £, and B
and £ must be in the same data area. Also, a contro! channel which containg
the reset input, shift pulse input, and data input must be provided.

SETR(84) For SFTR, enter
: .
B
E

C: Control channel
B: Beginning channel
E: End channsl

15141312 - [eo;
< T

Direction control

1 (ON):  Shifi to the left
0 {OFF): Shift to the right

Data input {IN}

Shift pulse input (8P}

Reset input (Rt}

When the reset input is applied to SFTR, (i.e. when bit 15 of the contrgd
channel is turned ON), all the bits of the conirol channei and the carry flag are
cleared to 0, disabling SFTR from accepting any input.
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Dale SHIING o ——————— e e s

When the data is being shifted to the left {from bit 00 toward bit 15}, {bit 12 of
the conirol channgl is ONJ, the content of bit 13 of the control channet {data
input) is ransterred 1o bit 00 of channe! B on the leading edge of the shiit
puize (b 14 of the conirof channel}. As a result, all the data inchannel B s
shifted toward bit 15. At the sams fime, bit 1515 transierred to the carry flag.

When the daiz is being shiffed o the right {from it 15 fo bit 00}, (bil 12 of the
control channel is OFF), the dala input is transierred 1o bit 15 of channel E. As
a result, aff the data is shifted 1 bil toward bit 00, At the same time, the content.
of bit 00 of channel B is shifted 1o the carry flag.

Example Cirguit: 0000 ‘ Address | Instruction Daia
Ladder Diagram and o @!Dm o500 | 5 : e
Mnemonic Code iy @ () v our p—
i { ot so0] 0602 LD | o001
e @ . 0003 | OUT 3513
co0s 0064 | LD . o002
i @m 0005 | DIFU(13) L 5000
g SFTAGY) 0008 | LD ; 5000
- jm 0007 | OUT i | 3514
DM 010 0008 LD ! i 0003
coog | OUT | . 3515
0010 | LD | 0004
0011 | SFTR(84) -
oM { oto
DM | 010
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et ot

Data Areas IR, HR, LR, DM, "DM

Fiags ER : The B and £ channels are in different areas, or B> E.

Indirectly addressed DM channel is non-existent,

{DM data is not BCD, or the DM area boundary has bean
exceeded)

Hecelves the data of bit 00 or bit 15, depending on the direciion
of the shift.

oy

118



4-4-3

Arithmelic Shifi Leff - ASL shifts a single channel of data one bit to the left, with carry {CY).

ASL3H)

tadder Symbol and — ] ASL{2E) | For ASL, enter

Key Seqguence __Ch——‘{ = o £
L. 2 i 5

Ch: Channel whose data
is to be shiftad.

Example Circuit: ! Gﬁf’ ASLi25) { Address . Instruction ’ Data
Ladder Diagram and D 010 8000 D ! 5000
Mnemonic Code Z j
0001 ASL(25) | : -
DM 1 ote
Example Cy  Buis Bit 00
p Contents of Ch Before Shift [l_[/z{ojopbi1icioic§1jo_izjclobj_1} 8
-

Gy B 15 E B 00

Comtents of Ch After Shift E ]oioﬁiﬂﬁloloio[1§oi_tj_o§o§11110}

Data Areas | IR, HR, LR, DM, DM |

Flags ER ——1 Indirectly addressed DM channel is non-existent.
! {DM data is not BCD, or the DM area boundary has besgn
! exceeded.)
CY———- Receives the data of bit 15.
EQ———]‘ ON when the contents of the data channel are 0000; otherwise
i OFF.
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Arithmetic Shift Right -
ASR{28)

Ladder Symbol

Exampie

SECTION 4-4

ASR shifts a single channel of data one bit to the right, with carry (CY). Zero is
always shifted into bit 15. in ail other respects if is the same as ASL.

——d  ASR(2B)
Ch

Ch: Channel to be shifted

When a zero or 2 one is shifted into bit 15, all bits ars shifted o the right and
bit 00 is shifted into CY.

B8it 15 Bit 20
Contents of Chbsforashit g |1l ijclofriolifsjofaftjrlofoin {oi\;}
S®
git 15 81 oo

Contents of Ch after shift (e T:Jelolio[:T1ioJofs{s]olo]r]
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Ladder Symbol and
Key Sequence

Examlipe Circuit:
Ladder Diagram and
Mnemonic Code

Example

Dala Areas

Flags

122

ROL rotates a single channel of data one bit 1o the igft, with carry {CY). ROL
shifis CY info bit 00 of the specified channel, and bit 15 into CY. '
Use STC{41) or CLC{41) 1o force-set or force-reset the contents of CY before

doing a rotate operation.

[

—— ROL{27)

Ch

Ch: Channel to be rotated

For BOL, enter

Channel data movameant is as below:

BIT 00

v B8
i
é 1

cY Bit 15

Contents of Ch Before Rotate ]1{0]1]1§0 311!1 1!0 oio 1[15011!
) §

oY BRiS @ Br 0o

Contents of Ch After Rotate T T ol o oo s e [o 7 1]

| IR, HR, LR, DM, *DM

ER— Indirectly addressed DM channel is non-existent.

i {BM data is nct BCD, or the DM area boundary has been
! exceeded.)

CY———— Receives the daia of bit 15,
EQ-———1 ON when conients of the datg channel are 0000; ptherwise, OFF.

ROLET, Address ? Instruction Data
DM 010 000 | LD 0000
0001 | ROLET) S
DM i o010

Bit 00




SECTiON -4

Fotate Right - ROR{(28) ROR rotates a single channel of data one bit 1o the right, including carry (CY).
ROR shifts CY into bit 15 of the specified channel, and bif 00 into CY.
Use STC{41) or CLC{41) to force-set or force-reset the contents of CY belore

doing a rotate operation.

Ladder Symbol —— ROR(28)
Ch

Ch: Channel ¢ be rotated

Channel data movernent is as Delow:

cY Bt 15 Br GO
s}

Example Contents of Ch Before Rotate §°}!§01131IGM*§*11101030%2?

[ 4 Bit 15 @ Bit 60

Contents of Ch After Rowte 10%110{110{111§0{011[1{1[9[0!0{12

These are identical to ROL except that CY recelves the data of bit 00 instead

. Data Areas and Fiags
' of the data of bit 15.
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One Digit Shiff Left - SLD{74)

Ladder Symboi and Key
Sequence

Example Circuil:
Ladder Diagram and
Mnemonic Code

Exampie

124

SLD left shifts data between the beginning and end channsils by one dight {four
bits). When channels of data are shifted with SLD, zero is writlen into the first
digit of the beginning channel, and the jefimost digit of the end channel is lost.

— [ sipgay |

N
LE
B: Beginning channel
E: End channal

For SLD, enter

B and E must be in the same data area, and E must be greatsr than or equal

w0 B.
mzlo— SLD{74) Address & instruction Data
DM 010 0000 | LD 5000
DR 011 ?
0001 SLD{74) —_
| DM 010
l oM 011
£ 2 B and £ before SLD
8 FLCTS D}?ie}w
¥

B and E after 5LD



Data SRIING o —— SECTION 4-4
One Digh Shift Right - SRD shifis data between the beginning and end channels by one digit {four
SRD{75} hits) to the right. Zerp is writien into the leftmost digit of the beginning channel

and the rightmost digit of the end channel is lost.

Ladder Symbaol ' SRD{75)
B

E

B: Beginning channsl
E: End channel

B and E must be in the same data area, and E must be greatsr than or equal
toB.

Example 8 B and £ before SRD

8 and E after SRD

Data Areas IR, HR LR, DM, DM

:

:Flags ER ' The B and E channels are in different areas, orB > E.
! indirectly addressed DM channel is non-existent.
é

L (DM data is not BCD, or the DM area boundary has been

! gxceeded.)

Note: if a power failure occurs during a shift operation across moere than 50
channels, the shift operation may not be completed.
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4-4-65

Word Shift - WSFET{1

Ladder Symbal and Key
Seguence

Exampile Circuit:
Ladder Diagram and
Mnemonic Code

Example

Data Areas

Flags

126

WEFT latt shifts data between the beginning and end channels in channel
units. Zerog are writien inte the beginning channel and the contents of the end

channel arg lost.
! WSFTUS} H For WSF-E-, anter
| B 1
]
E
B: Beginning channel
E: End channgl
o?og,c wWsFT(18) Address f Instruction | Data
DM 010 [ :
0000 | LD 1 8000
DM 012 [
000t | WSFT(18) | —
| DM 010
| DM 011
E B+t a
Flolcialajsjslaitjolals
105t datg -
L r*MOO
£ B4t 3
s{afsizlrioizlsiolo]nlo

IR, HR, LR, DM, "DM

ER —— The B and £ channels are in different areas, or B > E,

| indirectly addressed DM channel is non-existent.

f {DM daia is not BCD, or the DM area boundary has been
| exceeded.)




4-5

Daia Movement

Section 4-5

This section describes he instructions used for moving data beiween data
areas. Data movement is essential for utilizing alf of the internal data areas of
the PC. Communication in inked systems also requires data movement.

Fach instruction is programmed with a function code. To input these instruc-
tions hrough the Programming Console, press the FUN key followed Dy the
appropriate function code. Data for the operands also has 1o be entered where
required. Refer to the key sequences for each instruction.
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4-5-1
Move - MOV{21)
Move Not - MVN(22)

{ adder Symbois and
Key Sstuences

Exampie Circult:
Ladder Diagram and
Mnemonic Code

128

MOV transfers source data {either the data in a specified channel or a four-
digit hexadecimal constant) o a destination channel.
MVN invers the source data and then transfers i {o the destination channel.

———t MOV{21} M‘v’, enter
fo B
S
D 5 4 -
S: Bource data i8]

D Destination channs!

———1 MVN(22) :
3 For MV'N, enter

<@

S: Spurce data
D: Destination channel

Jusay H
1 ovan Address | instruction | Data

o] 0000 LD {0000

HROS i
0001 MOV(21) | Po—
MYN{22) | 01

HR 05 7 H
LR 20 | HR 08
oooz | MwNRz) |0 —
! [ HR [ 05

R 2

in the example circult above, when input 0000 turns ON, MGV transfers the
contents of channe! 01 to HR §5, and MVN inveris the contents of HR 05 and
transfers them into LR 20.



ComantsofCnot [5]ofsiolsloltiofj1lolt]of1foii]ol

3 ¥ 3

Data Areas Source Dastination
iR, SR, HR, LR, TC, DM, "DM # iR, HR, LR, DM, "DM

Timears and couniers cannot be designated as destinations of MOV(21) of
MVN(22). However you can change a timer's PV or a counier's PV by pro-
gram control with BSET{71).

Flags ER—M——M% Indirectly addrassed DM channel is non-existent,
! {DM data is not BCD, or the DM area boundary has been
| exceeded.)
EQ ! ON when source and destination channel contents are 00090;
[otherwise OFF.
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ﬂca 4

Block Qei - BSET(TY BSET copies a channei of data or a constant number ic several consecutive
channels.

Both a beginning channet {B) and an end channel {E} must be specified as
data. B must be lessthan orequal to £, and B and E must be inthe same
data area.

BSET can be used to change timer/counter data. (This cannot be done with
MOV{21) or MVN{22} .

Ladder Symboi and BSET(71) i For BSET, emer
Key Sequence A Yo
B { Z T
i £ then the source and destination
cha_nnei nurmbers.

S: Scurce data
B: Beginning channs!
F: End channel

Example Cirgull: 00?;0 BIETITN Address ! Instruction Data
: 31234 : :
Ladder Diagram and —— 0000 LD ! 0000
Mnemonic Code : T
oM 211 o001t BSET{71) / -
i b# i 1234
| DM | 000
| DM | 2n
Example i P F Z 5 2 B Daa 12 3 4
B+1 Daa 12 3 4

£ Dala i 2 3 4_J

Data Areas ) BandE
IR, SR, HR, LR, TC, DM, "DM, # | IR, HR, LR, DM, "DM

Flags ER ——— The B and E channels are in different areas, or B> E£.
| indirectly addressed DM channel is non-existent.
i {DM data is not BCD, or the DM area boundary has been

i exceeded.)
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4-5-3

Block Trangfer - XFER{T XFER moves the contents of several consecutive source channels to con-

secutive destination channeis.

Ladder Symbol and XFER(70) For XFER, enter
Koy Sequence N i - ;
8
5 then the number of channels and ths

seUree beginning and destination
beginning channe! numbers.

N: Number of channels to move
3: Source beginning channe!
D: Destination beginning channsi

N, the number of channeis 1o be iransferred, must be a 4-digit BCD number.
Both the source and destination channels may be in the same data area, bui
their respective block areas must nol overlap.

s e 0000 _ 5
Example Circuit: | it XFER(7O) Address | Instruction | Data
r Diagram and #0003 ’
Ladde D-xag a — 8000 5 1D i 00O
Mnemonic Code
D3 010 0001 | XFER(70) P —
£ 1 0003
: i ood
L DM 010
Example These 3 are the channels 1o be iransfered.
e T 5]
] T2 3 4 e o T2 3 4
5+1 0 & 0 0~ D1 g 0 ¢ 0
Ss2 £ F F Fl=i Ds2 FFoFoE
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Data Areas - N SandD
¥ { 1R, LR, HR, TC, DM, *DM
Flag ER—%— The specified number of channels o transfer is not BCD, or when
added {o the beginning channel number, the specified arsa is
exceeded.

indirectly addressed DM channel is non-existent.
(DM data is not BCD, or the DM area boundary has begn
exceeded.)
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4-5-4

Data Exchandgs -
XOHGITI

{ adder Symbol and
Key Seguence

Exampie Circuil:
Ladder Diagram and
Mnemonic Code

Example

Daia Areas

Flag

XCHG exchanges the data of two different channels. i you wani (o exchanga
the data between 2 blocks whose size is greater than 1 channel, use another
data area as an intermediale bufier and transgier dalg {0 that area with
XFER(7D;}.

h

| XcHaEs) |

% Eq
g2

b

For XCHG, enter

? 3 |

then the exchange channel numbers.

E1: Exchange channel 1
EZ2: Exchange channal 2

XOHG(73) Address | Instruction |  Data
1 ] :

Rl

000C | LD {0000

0001 | XCHG(T3) | -
T o

DM {010

[=1oms | crotcomems [5 1571 [iTo]c]olofolalololo]olole]
DMmoConzsms {‘-ioi_’i9111‘71‘@1“1011_{0%’10!‘E

Cthomenzs 31iof1!o§1f_of1iﬁi1{eisio?@o{zE
Dmawr:onzsms [T T-Telelclololefs]olo]o]o] o]

| IR, HR, LR, TC, DM, "DM ]

ER~———- indirectly addressed DM channel is non-gxistent.
(DM data is not BCD, or the DM area boundary has been
| exceeded.) -
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4-5-5

Single Chanpei Distribution -

DIST.

t adder Symbol and
Key Sequence

Exampie Circuit:
Ladder Diagram and
fAnemaonic Code

Data Areas

134

i Distribution -

DIST moves one channel of data {0 a destination channal whose address is
given by a destination base channel + an offset. Thal is, the ofiset is added io -
the destination base channs! 1o detarming the aclual destination channel.

The offset data must be a 4-digit BCD value. Also, the final destination ad-
dress must be in the same data area as the destination ba_se channel.

For DIST, enter

— DIST{8} _—
i A 13
DRs
o than the source and destination base

channel numbers and the offset.

8. Source data
DBs: Destination base channel
{Of: Offset data

[s]

; D?? DISTis0) Address? instruction Dgta
- 0000 | LD i o000
5 0001 | DISTi80) -
| I
| DM | 000
R

in the example above, # the conteni of channel 35 is 5 then the destination
channel is DM 005.

S ] DB

IR, SR, HR, LR, TC, DM, "DM # [ IR, HR, LR, TC, DM, *DM
of

IR, HR, LR, TC, DM, *DM _#




Fiags

Section

ER I The specified offset data is not BCD, or when added to the
2 destination base channel, the specified area is excesded.
indirectly addressed DM channel i3 non-existent.
| (DM data is not BCD, or the DM area boundary has been
{ excesded.)

E ——— ON when source channel contents are 0000; otherwise OFF.
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4-5-6

Datg Collection- o COLL extracis data from the source channel and writes # o a destination
COLL(8Y) channel. The address of the actual source channel is determined by adding

the offset {o the source channel.

The offset data must be a 4-digit BCD value. Also, thea final source channsl
must be in the same data areg as the source base channel

oL
Ladder Symbol and COLL(EY) of COLL, enter

E B ;. R -
Key Sequence 3Be i 4 i ik

of
then the source base and destination

_Q_,_] channeal numbers and the ofisel.

SBs: Source base channel
Of: Offset data
D: Destination channel

=

Example Circuit: COLLEY) Address | Instruction Data
Di 000

Ladder Djagram and 0000 L5 08000

Mnemonic Code e : _
o1 0001 COLL(81) P =

Lo

DM . o0
ECH

in the example above, if the content of channel 35 is 5 then the source
channel is DM 005.

Data Areas SRz Of
IR, 3R, HR, LR, TC, DM, *DM iR, HR, LR, TC, DM, DM, #
D
iR, HR, LR, TC, DM, "DM
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Fiags

ER— 1 The specified offset data is not BCD, or when added 1o the
i source beginning channei, the speciiied area is exceedsd.
\[ indirectly addressed DM channel is non-existent.
s {DM data is not BCD, or the DM area boundary has besn
| exceeded)

EQ ——— ON whan source channe! contents are 0000,
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Ladder Symboi and
Key Saguence

Controf Data

Example Circuit;
Ladder Diagram and
&nemonic Code

Exampie

138

MOVR transfers the specified bit to another specified bit. The specifications for
the source and destination bits are made in & control channel {or input as a

constant) in BCD.

——1 MOVB(82)

s
c
D

3: Source data
C: Control data
D: Destination channel

Bt 15 Bit 00

EEER

For MOVR, emter

._ -
2 %

then the source data and control dala
and destination channel number,

Ny
-—“_:—-0 Sowrca b specification {BCD - U0 15)

e« Destinglion b2t specification {(8CD- 010 15)

! MOVB(82) Address | instruction ‘ Daia
o D 000 i i
- 0000 | LD ; {0000 -
15 0001 | MOVB(82) .
oM | oool
: a5
15|
{ Comoioma | [olojo]tfofof: io jololojojojolije]

\ —, e,

1 2 G 2

I Scustea channal or dai_a_g

AuaDanRoNnnonunn

i
l

i Destination channs! }

EEEDEENENERENENE




Diata Areas

Fiag

S c

IR, SR, HR, LR, DM, "DM # ' IR, HR, LR, TC, DM, "ObM, #
D

iR, BR, LR, TC, DM, "DM

Neter 8 and C can be constants within the range D000 to FFFF.

ER-———— Conirol data is not BCD, or is specifying a non-existent bit {i.e.,
 bit specification must be 00 o 15).
| indirectly addressed DM channel is non-existent.
| (DM data is not BCD, or the DM area boundary has been
| exceeded.)
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4-5-8
Move Digit - MOVD(83)

Ladder Symbol and
Koy Sequence

Control Data

Example Clrcuit:
L adder Diagram and
Mnemonic Code

146

MOVD moves the hexadecimal contents of the specified 4-bit source digitto .
the specified destination digt. Up to four digits can be transferred at one time
with this instruction.

— . MOVD{23)

3

C

D

8: Sopurce data

G Control data {0,1,2,3)
D: Destination channel

Bit 15 8it 0o

0000

[TT1T]
.

_ For MOVD, enter

(o A —
on-

then the source data and control data

and destingtion channal number.

Specifies which scurce gigh(0 1o 3) to move first
Mumber of digits 1o ba moved (0 10 3)

011 digit {d bits)
122 digits {8 bits)
213 digits {12 bits}
34 digits [46 bits)

bt N0} LS EG

Fe———m——=  Spacifies the first destination gdigit (0 1o 3}

Note: Hf four digits are to be moved, and the first destination digit is "2, the
datg are transierred o destination digiis 2, 3, 0, and then 1.
— MOVD{S3) Address | Instruction Data

M 000 T L
= 0000 LD 0006

DM 003 0oot | MOVD(33) | P
: oM i oo
Poss
DM | 003}




@ﬁ@ M@m@m 4

Exampie Byl B 00
C:Ch3s
ki W W 1@
o 2 0 1

o Start with souros dight # 1 {15, the second source digh
S TanSter one dight
= Quiput 1o destination digit 2 2 {l.e., the third digit}

S DM 000
e ig 18 b3
5 g g A
b PN o VS rd

dighd  digh?  digh1  dignd

1 1& b3 1%

Y & ™ AW A e -

dgts  dgi2  dghl  dgib

Examples of Multiple

Digit Transter

3 i3] 5 D 5 B s o

[ Q ¢ 0 Q o} 0

1 1 i 1 1 + 1 1

2 Q 2 2 2 2 2 2 2

3 3 3 3 3 3 3 3
Data Areas S c

IR, SR, HR, LR, 7C, DM, ‘DM # . iR, HR, LR, TC, DM, "DM, #
D
IR, HR, LR, TC, DM, "DM

Flag ER—— Control data is specifying a digit other than 0, 1, 2, or 3.

indirectly addressed DM channel is non-existent.
! {DM data is not BCD, or the DM area boundary has been

| exceeded.)
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4-6

Data Comparison This section describes the instructions used for comparing data. Direct
Instructions comparisons for gquality are possible as well as range checks. '

Each data comparison insiruction is programmed with a funciion code. To
input these instructions through the Programming Console, press the FUN
key foilowed by the appropriate funclion code.
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4-6-1

: Compare - CMP(20} CMP compares two sels of 4-digit hexadecimal data and oulpuis the
results to the GR, BEQ, and LE fiags in the SR area. {Referto 3-3-8

Ladder Symbel and —— cuppay | For CMP, enter

:Key Sequence | o
} 2

C1: Compare data 7
C2: Compare daia 2

Exampie Circuit:
‘Ladder Diagram and
‘Mnemonic Code

TR Address  Instrusiion | Deta i

2000 ¢ ' i -
I C”"‘”E‘;io po00 | LD | i 0000
o o001 | OUT TR : 0
aa 0002 CMP(20} -

%iL @ Graater than g
| {010

£ ; ! :
_._{ Fava D HR P 09

LE ’ :
m_;}_._....__@ lsstan | 0003 | AND ; 5305
ooos | OUT | i 0200
0005 LD TR o
0008 | AND : 6308
o007 | OUT ; 0201

‘ T :
ocos | LD L TR 0
0008 AND | i 8307
0010} OUT | © o202

Data Areas | 1R, SR, HR LR, TC.OM, DM # |
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Data Comparison MSWUCUONS e—— L N 428

Flags ER — Indirectly addrassed DM channel is non-existent.
ll {DM data is not BCD, or the DM area boundary has been
! excesgded)
EQ ~—— See iable below.
LE — See table below.

GR i See table below.

| c1=C2 | C1<C2
ON OFF
OFF ON
QOFF OFF

Ci-C2
EQ  OFF
LE | OFF
GR | OFF

Note: Instructions immediately preceding a compare may affect the EQ,
LE, and GR flags.
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Data Compart

4-6-2

son (nstructions “SECTION 4-6

“Table Compare- TCMP compares a 4-digit value with values in a table of 18 channels. #f
TCMP{8S} the compare vailue equals a value in the table, TCMP sets the correspond-

ing bit in the resulf channel.

TOMP, ent
‘Ladder Symbol and Key ——— TCMP(8s) For TOMP, enter -
B
= | then the compare datz and
' compare lable beginning

CD: Compare data channel and result channel.
TB: First channel of the compare table e
R: Resul channe! [CD] &

REIR

i, for example, the contents of channe! 7B equals CD, bit G0 of the result
channel is set to 1. If not, bit 00 will be cleared o 0.

‘Example CBwo OB+ 15 Resul

co [alB[cID——] cB ABCD 7 ] Bit 00
—| CB+1 0101 0
| "CB+2 0473 0
—={ (B+3 0201 0
el GBad DF10 Q
—| CB+5 0444 0
! CB+6 5475 D
[ B+7 03071. 0
—1 CB+8 ABCD 1
—=| B9 ECO1 0
—|  CB+10 1234 0
p—l CB+11 2043 o
—|  CB+12 0600 0
—1 CB+13 AF30 o
—| CB+14 4321 o
! CB+15 1010 o _IBit15
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Comparison INSIUCHONS e ——— e o tal

Example Circuit: { 080 ToMP 85) Address | Instruction Data
Ladder Qzagram and p 0000 D T om0
Mnemonic Code | oM o0 : :
3 0001 TCMP(8S) e
| ' i o
| DM i 000!
% : 35

~ inthe example above, when input 06000 turns ON, the contents of channei 01
are compared with each of the channeis from DM 000 fo DM 015, Where the

© two seis of daia are equal, TCMP seis the corresponding bit of channel 35.
When the data does not maich a channel in the table, a "0” is wrilien io the
corresponding bit in channel 35.

Data Areas cD TR and R
IR, 8R, HR, LR, TC, DM, DM, # iR, HR, LR, TC, DM, DM

Flags ~ER ———t The compare table {i.e., TB through TB + 15) exceeds the
T [ data area.
| indirectly addressed DM channel is non-existent.
g {DM data is not BCD, or the DM area boundary has been
exceeded.}
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4-7

SECTION D7

‘Data Conversion The conversion instructions convert channel data that is in one format into
insiruclions another format and ouiput the converied data to specified output channei{s).

Each data conversion instruction is programmed with a function code. To input
thess instructions through the Programming Console, press the FUN key
followed by the aporepriate function code.
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4-7-1

BCD io Binary - BIN{23)

Exampie

Ladder Symbol and Key
Sequence

Example Circuit:
Ladder Diagram and
Mnemonic Code

Data Areas

148

BIN converts four-digit, decimal data in one channel into 16-bit binary data,
and outpuis the converted dala 1o a result channel.

Source chanmnel

Resull channal

BIERE

e | ol 7|

~
[

XKitP X1t X XiP Xis Xige Kig Xig
BIN(23) For BiN, enter |
" (o o -}‘:.
S 2 13 |
B : A
then the source and destination
S+ Souree channel channe!l numbers.
R: Rasult channa] o
; -
O?? P Address | instruction Dafa
10 Q000 LD 0000
HR 20
0001 BIN{23) —
10
HR | 20

in the exampie above, when inpuf 0000 furns ON, the BCD contents of
channel 10 are converied inte binary format and are then cutput io HR 20.

S

R

iR, SR, HR, LR, TC, DM, "DM

iR, HR, LR, DM, DM




Flags ER i The contents of the source channe! are not BCD.
| Indirectly addressed DM channet is non-existent.
f {DM datz is not BCD, or the DM area boundary has been
i excesded.)
EQ ——— ON when the contenis of the result channel are 0009.
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4-7-2
Binary io BCD - BCD(24}

Example

Ladder Symbol and Key
Sequence

Example Cirgult:
Ladder Diagram and
Mnemaonic Code

150

D SOy B O I S S O e —————

The BCD (binary-to-BCD conversion} instruction converts 16-bit binary data in ...
one channel into four-digit, decimal data, and outputs the converned data 1o
another channsi.

Sourca channat Rasul channe!
BEREEE BIERERE
PRI S I 213 bl Eaive x10* 0 Eabe

BCD(24) For BD, enter

8
R

then the source and destinaﬁdn
S: Source channel channel numbers.
R: Result channel

oxe Address | Instruction |  Data
1§ sohRs) ‘ ; i
10 0000 LD i 0000
(R20 0001 BCD(24) —1
R
iR 20}

in the example above, when input 0000 turns ON, the binary contents of
channet 10 are converted into BCD format and are then output fo LR 20.



Data Converslon Inetruetons e ——

Dala Arcas 3 | =
' IR, SR, HR, LR, TC, DM, *DM § IR, HR, LR, DM, "DM

Flags ER ' Result channel overflow {i.e, contents of R > 2899}
% indirectly addressed DM channel is pon-existent.

| (DM data is not BCD, or the DM area boundary has been

iexceede§}

ED I ON when the contents of the result channe! are 0000,

Note: When the contents of the sourcs channel exceed "270F", the converied
result exceeds "9989”, and the instruction is not executed. When the in-
struction is not executed, R remains unchanged.
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4-7-3

4-1p-16 Decoder -
MLPY{T

Ladder Symbol and Key
Sequence

Digit Designator

Example Circuit:
Ladder Diagram and
Mremonic Code

152

MLPX converts up to four, 4-bit hexadecimal values in the source channel inio
decimal numbers from 0 10 15 and then in the destination channel{s) tums ON
the bil{s} that corresponds fo the convertad values. If more than one source
digit is specified, then a single bit will be st to 1 in each of the corresponding
destination channels.

. MLPX{78) For MLPX, enter
Bi
RB then the source channel, digit designator

and result chanpel.

S:  Source channel
Dii  Digit designator
RB: Hesult beginning channel

p .
Spacifies the first digh io be convanad (010 3)
Nurnber of digls 10 be convartad {010 3)

07 1digh (4 bits}
1: 2 digits (8 bits}
2:3dighs (12 bits)
314 dighs {15 bits)
et NOT US 8

D?Of_ e Address | instruction | Data
L 0000 LD & i 0000
HR 10 f
W 010 0001 ; MLPX{78} -
“ LR 1 00
R 10,
DM | 0107




o ECTION 4-7

Decoding Muitiple Digits When decoding muliple digits, the first digit 1o be converied, as specified
by Di, will be the first digh in the final cutput. For example, if the number of
gigits specified is “37, and the first digit is "2", the data are ransierred from
digits 2, 3, 0, and then 1.

0. 0010 D11 0030
SCh S Ch
] ABE Ch [ RB Ch
1 A8+ Ch 1 BB+t Ch
2 2 RB+2 Ch
3 3 AB+3 Ch
Di : 0031 Di: 0023
SCh 3Ch
o A8 Ch b} A3 Ch
3 RB+t Cn 1 AB+1Ch
2 AB+2 Ch 2 R3+2Ch
3 RB+3Ch 3
Data Areas S ; Di

IR, SR, HR, LR, TC, DM, "DM, IR, HR, LR, TC, DM, "DM, #

BB
IR, HR, LR, DM, "DM,

Mote: Be sure that (BB + 1), the specilied destinalion pius the number of
digits you are decoding, does not exceed the data area.

Flags _ ER | Incorrect digit designator, or RB+1 to RB+3 exceed the data
| area.
Indirectly addressed DM channel is non-existent.
| (DM data is not BCD, or the DM area boundary has been

| exceeded 3
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4-7-4

16-t6-4 Encoder- DMPX determines the position of the highest ON bit in the specilied source
DMPXITT) channel, encodes it into single-digit binary data, then Wransiers the result to the

spacified digit in the destination channel. Up o four digits {from four consacu-
tive source channels may be encoded and the digils writlen 10 the resull

channel.
L adder Symbol and Kay DMPX(77) For DMPX, enter
Sequence B e
2
Di then the source, destination and

digit designator data.
S8: Scurce beginning channel v ,_ g,
R: Result channel i

Di: Digit designator.

Digit Designator [IE
[ ———
Specifies the lirst digh 1o be converted (010 3)
MNumber of digits 1o be convened. (0 to 3)

0: 1 digit (4 bits}
1. 2 digits (B bits)
2: 3 digits {12 bits}
3: 4 dights {16 bits}
e Not ysed

Exampie Circuit: wo}o S Address | instruction | Data
Ladder Diagram and [ !
] g A 0000 LD P 0000
Mnemonic Code DM 010 : : _
e 0001 DMPX(77) —|
H ¥ G‘?
DM i 010
HR i 10
Designator indicates that digi #1 in the 53 channel
destination channel is the first to
f’i A! Oi 1 be converied. In this sxarrple, DIS[A??
e = the highest bit sat to 1 is bit 09,
Not used therefore digit #1 in the
gastination channel is encoded 7 channal
1o 8. Mote that the other digits of
the rasull channel, are not i [ ] 1
changed.

-— Encods ona digh only

154



Encoding Mulliple Digits

Qaia Areas

Fiags

o CTION -7

when encoding multiple digits, the first channel to be converted, as specified
by Di, will be the first digit in the final oulput. For exampig, if the number of
digits specified is *3", and the first digit is 72", the data are iransferred to digits
2,3, 0, andthen 1.

Di: 0011 0030
REh R Ch
58 ©on o S8 Cn o
S3+1 50 \, t SB+1Ch 1
\\ z SBs+2 Ch 2
3 SB+3Ch 3
Di; 0013 Di. o032
ATh & Ch
58 o o 8 Ch o
53+1Ch $8+1Ch 1
2 S8+2 Ch 2
52+3Ch 3
s [ R

]
IR, S8R, HR, LR, TC, DM, *DM, | IR, HR, LR, 7C, DM, DM,

Di

IR, HR, LR, DM, "DM, #

Note: Be sure that SB + n, the specified source channel plus the number
of values to be encoded, doss not exceed the dalg area.

ER

Incorract digit designator data, or SB+1 10 SB+3 cross overa
data area boundary.
Indirectly addressaed DM channel is non-existent.
(DM data is not BCD, or the DM area boundary has been
gxceeded.)
_ Contents of the source input channels {SB, SB+1, SB+2, and
| SB+3) are §000.
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4-7-5

7-Segment Decoder - SDECGC converts 4 bits of 18-bit dala info B-bit data for 7-segment dispiay.
SDEC{(Y8) ' '
Ladder Symbo! and Key i SDEC(78} | For SDEC, enter
Sequence s ¥
7
i i i ) ;
&B then the source, destination and

digit designator data.
3: Source channet ' 3
Di: Digit designator [S]
DB: Destination beginning channe!

[0il |

Digit Designator { 3 } } ]
z -L—" Spucifies the first digh 1o be convertad (T 3

Mumber of digits 16 De covaned. (D10 3
0: 1 digit 14 b}
1: 2 digits {8 bits)
2: 3 digits (12 bits}
3: 4 dighs {16 bits}
e Dgpstination designation
“rLower 3 bits
=" pigher 8 bits

b s NOE S0

Example Circuit: m?i SDEC(7E) Address ' instruction Data
;}adder B;sagagx and [ omon 000 5 o F o000
nemonic Code R oS z g —
' o ' w20 000t | SDEC(78) | N
i

lom i ool

|
|
! : B
| MR L 05
| ——
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Data Conversion INSWUCHONS __ cemm— SECTION 4

Example

Extatnally wired display
S 00 ~ Broof, |
1 F30 12
D ) < B T-—m o
—jui] 1 Bagin dacoding with the first 0 —
__El_ digit of the s0uTCa Channel, Fi0 ...L_b ¢
o ik B4 1 =g
£
_f_)_ - B 3 _1__-—-«» &
_9...:10' et 07 GiaCodd 008 digit Zie B ._1..'—@ !
9 0 13
4] y Fi1 J _i}_
) i io
i x307] peeesn 01 Transier the decoded valus 10 2 ot —
o] tha lowar 8 bits of the destination 21
] channg. ]
o ZFi1
[ e
i
- - L]
et 21} p==—-a= This digit & not used. 3 L
2211
ar 15 P il I Bir 151
Encoding Multiple Digits When encoding multiple digits, the output area available is three channels
fong, ending al channe! DB+2. The encoded data is written sequentially
into the channels beginning with the upper or lower half of DB depending
on the dasignated information.
Di: 0011
S DB
Sigh & 0 position
digt 1 {lower order)
dight 2 1 pesition
digit 3 {Nigher order)
Data Areas s | Di
IR, SR, HR, LR, TC, DM, ‘DM, | IR, HR, LR, TC, DM, DM, #
DB
iR, HR, LR, DM, *DM
Note: Be sure that (DB + n), the speacified destination channg! plus the
number of digits you are decoding, dogs not cross a data area
boundary.
Flags ER  Incorrect digit designator, or DB+1 to DB+3 exceed the data
{ area.

; indirectly addressed DM channel is non-existent.
- (DM data is not BCD, or the DM area boundary has been
| exceeded.)
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4-8

BCD Calculation

instructions

158

The BCD calculation instructions - INC, DEC, ADD, SUB, MUL, DIV, FDIV,
and BOQT - all perform arithmetic operations on BCD data.

For INC and DEC the input and oulput channelis are the same. That is, the
contents of their input channels are overwritten with the instruction results.

STC and CLC, instructions which set and clear the carry flag, are included in
this group because most of the BCD operations make use of the carry flag in
their resulfs. Binary arithmetic and shift operations also use the carry flag.

Note: The addition and subtraction instructions use Y in the calculation as
well as in the result. Be sure fo clear CY i it is not required in the
calculation.

Each BCD calculation instruction is programmed with a function code. To
input these instructions through the Programming Consocle, you must press
the FUN key followed by the appropriate function code.



4-8-1
Cncrement - INC{38)

Joul

cu

Ladder Symbol and
Key Sequence

Example Circuil:
Ladder Diagram and
Knemonic Code

INC Operation

Dala Areas

Flags

INC increments 4-digit BCD data by one, without carry {CY).

—— INC(38) |
]

Ch !
R

Gh: Data channe!

]

ING{38)

oM og

For INC, enter

Address : instruction |  Data

0000 | LD 6000

oot | iNo@Es P —
DM | 010

When input 0000 furns ON, 1 is added 10 the conteris of DM 040, The incre-
mented result is then output to DM 010. Uniil inpul 0600 goes OFF, the
contents of DM 010 wili be incremented on every scan.

IR, HR, LR, DM, "DM

ER-——— The data to be incremented is not BCD.
| indirectly addressed DM channet is non-existent.

i

¢

| exceeded.)

' {DM daia is not BCD, or the DM area boundary has been

EQ— ON when the incremented resuilt is 0.
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4-8-2
Degrement - DEC{39)

Ladder Symboi and
Key Sequence =

Example Cirpuiti:
Ladder Diagram and
Mnemonic Code

DEC Operation

Data Areas

Fiags

160

DEC decrements 4-digit BCD data by 1, without carry. DEC works the same
way as INC except that § decrements the value instead of incrementing it

DEC(39)
. Ch

Ch: Data channel

DEC (3%

DAt 010

For DE

C, enter

2y

Address E instruction Data

000 | LD ! 0000 |

0001 DEC(39) —
DM 010

When input 00090 wmns ON, 1 is sublracted from the contents of DM 010, The -
decremented result is then oulput to DM 010, Unill input 0000 goes OFF, the
contenis of DM 010 will be decremented on every scan.

1R, HR, LR, DM, "DM

ER—— The data to be decremented is not BCD.

! Indirectly addressed DM channe! is non-existent.

. {DM data is not BCD, or the DM area boundary has been

i exceeded

>

EQ —1 ON when the decremented resuli is 0.



Set Carry - STC{40) STC{40) sets the carry flag, CY {i.e., assigns a “1"to CY).
iear Carry - GLO{47 CLC{41) clears the carry flag, CY {i.e, assigns 2 "U" o CY).

. Ladde?r Symbols a_nti 3TCH40) | For 8TC, enter
Key Sequence - ’ (=
— clc@n

O 5

The carry flag is affected by the following insiructions:

. \ Meaning of Carry Flag Vailue
Instruction FuN
k 1 2
E ;f
! There was an overfiow in |
ADD 30 | the result of an addition | No overflew occurred.
! operation. i
c @
i Subtraction result < 0 ' Subiracti a0
suBs 31 | {Outputas 10's ; sudlraction resuii >
| complement} !
n— ;
ASL 25 | Before shiiting, tit 15 | Before shifting, bit 15
ROL Loy , was ON. ( was OFF,
ASR 28 | Betore shifting, bit 00 \ Before shifting, bit &0
i was ON. ; was OFF.
ROR 28 i |
P i
A | Bit 00 was OFF.
|
SFTR 84
: . B f
| iéjﬂs‘iﬁ'& | Bit 15 was OFF.
( ]
STC |40 | STC execution [
CLC o4 N— ‘ CLG execution
END T — | END execution.

Nete:  CY 15 included in the calculations for addition, subtraction and shif in-
structions. f CY is not required, you shouid execuie CLC before any
addition, subtraction, or shift operation. Simply connect CLC {o the
same input as the instruction i precedes.
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4-8-4
BCD Add - ADD(30)

Ladder Symbol and
Key Seguence

Example Circuit:
Ladder Diagram and
fMnemonic Code

162

ADD ioials two 4-digit BCD values and outputs the resuli io the speciiied

channel .
———t ADD{30) r , enter
T Au
Ad -
R then the two operands and the
- output channsal,
Au: Augend -
Ad: Addend™

R: Hesuli channel

0000 -
it - cLoa) { Address | Instruciion Daia
0000 LD : pooo
ADD{S0} 3
p” 0001 CLC{41) -
i 0002 ADD(30) —_
HE OT

28

IR

HR |07

in the example above, when input 0000 turms ON, the BCD data of channel 28
{i.e, 2800 - 2815) and the constant value 1117 are added with carry, and the
4-digit result is output to HR 07. Add will set the carry flag it there is an over-

flow in the resuiting sum.

153+ 1117 = 1,270

CY:Q . . {CY clzarsd)

Pacirzs J{of1]s]3]
+ [agwr | 117

{acumor | [ilz]7i0

CY: 0. . .(The resulting surm did ngt avarilow 4 digihs)




Data Areas Au and Ad R

IR, SR, HR, LR, TC, DM, "DM, # iR, HR, LR, DM, "DM

Flags ER“«——} One or both of the channels 1o be added are not BCD.
Hndirectly addressed DM channe! is non-existent,
[ {DM data is not BCD, or the DM area boundary has been
| exceeded.)
CY——— Indicates a carry in the result.

EG ——— ON when the resulting sum is 0.
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4-8-5
BCD Subiraci - SUB(31)

Ladder Symboi and
Key Seguence

3UB input Data and
Qutput Result

Example Circuit:
Ladder Diagram and
Mnemonic Code

164

Instrustions

_.?imo}_ i T } Address | Instruction Data
0000 | LD i 0000 |
SUBEN : 5
- 6001 | CLC{41) P
LR 20 0002 | SUB(31) P
HA 05 : _

SUB subtracts one 4-digit BCD value from another, with carry, and oulpuis the
result 1o the specified result channel.

- suB@n) or SB, enter
2 Lo E
Su '
R then the two values to be added and

the oulput channel

Mi: Minuend
Su: Subtrahend
R: Result channsi

Data SUB Result .oy EQ
Mi>Su A= Mi-Su c 0
Mi=Su R=0 0 1
Mi<Su 8 = Mi + {10000-Su) 1 . 0

01

R 20
HR | 05

In the example above, when input 0000 turns ON, the 4-digit BCD datainLR
20 {i.e., LR 2000 1o LR 2015) is subtracted from the 4-digit BCD data in
channel 01, with carry, and the 4-digit result is output 1o MR 05,

8,106 -5,811 =285
FIEmlonon
— | SwtR20 | |5[8j1lt}

[ Rommos | [o]zisls]




Data Areas Miand Su R
R, SR, HR, LR, TC, DM, DM # IR, HR, LR, DM, DM, #
Flags ER———M—-‘[ The contents of the Mi and/or the Su chémeis are not BCD.

Uindirectly addressed DM channei is non-existent.
E {OWM data is noi BUD, or the DM area boundary has been
| exceeded.)
CY——— ON when the result is negative {i.e., Mi < Suj.
EQ—ONwhentheresult s 0

Note: Be sure ¢ clear the carry flag with CLC If # is not reguired before
executing SUB, and check the siate of CY afier doing a subiraction
with SUB. if CY is turned ON as a resulf of SUB, the negative data is
oulput as its 10's complement. To convert the output resuli o s
absolute value, subtract the valug in the result channel from the
constant §.
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BCD Muitiply - MUL(32} MUL multiplies two 4-digit BCD values together and outpuls the Tesult to the.
specified channels. Two channels are required for the output resuft.

Ladder Symboi and — MUL{B2) FL, enter -
Koy Sequence . s c S
Mr .

=] then the operands and the output
— beginning channe! no.

Md: Multiplicand

Mr Multiplier
R: Resul beginning channel number

X o]

l R 1 channel j_a ghannel —a

Exampie Circuit: mfﬂ MUL(2) Address | Imstruction | Daia
Ladder Diagram and 37 ; :
i . DM 005 0000 | LD i DOCO
Mnemonic Code i :
HR 07 0001 | MUL(32) P—
L a7
P DM i 005}
[ HR ¢ o7

in the example above, when input §000 tums ON, the 8CD data in channg! a7
is muitiplied with the BCD data in DM 005, and the 8-digit resull is output to
- HR 07 and HR 08. ' :
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Exampile 3,356 % 25 = 83,800

wid: A 067
23 ]sis

Mr DM 008

X clojz]s

et A0S | 7 HR O
ciofofsfaialonio

‘Data Areas Md and Mr R

IR, 8R,HR, LR, TG, DM, "DM , # | 1R, HR, LR, DM, "D#

Flags ER + The contents of the Md and/or the Mr channels are not 8CD.
' | Indirectly addressed DM channel is non-existent.
{DM data is not BCD, or the DM area boundary has been
exceeded.)
=Q i ON when the result is 0.
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BCD Divids - DIV, DIV divides a 4-digit BCD number by another and outpuls the result fo the
specified charmel. Two channels, one for the quotient and one for the remain-

der, are required for the result.

Ladder Symbol and — DIV(E3) For DIV, enter
Key Segquencs 04 -
Dr
) then the operands and the output
beginning channel.
Dd: Dividend ' "

Dr: Divisor
R: Result channet

+
]

Remaindsr Quotient

Example Circuit: G000 DIV{33) Address | Instruction | Data
Ladder Diagram and 20 0000 iD i 0000

Mnemonic Code LR 0O ; -
DM 250 0001 Div(33) —

IR | 00
DM | 250,

Example 3,452 +3=1,150 Remainder: 2

Dd:Ch 20

3lajsie

R: DM 250
1 i 1 i 5 iﬂ {quotiont)

A1 M 251

Cﬂ 1] i o’ li fremainder)
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Section 4.8

Data Arsas Dd and Dr &

IR, SR, HR LR, TC, DM, DM, # IR, HR, LR, DM, DM

Flags ER f‘;’he contents of the Dd and/or the Dr channels are not BCD.
| Indirectly addressed DM channel is non-existent.
| (DM data is not BCD, or the DM area boundary has been
Eexceeded.}
EGQ i ON when the result is 0.
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4-8-8

Floating Point Divide - FDIV divides a floaling point value by another and outputs a floating point
FDIVITO resuft. The dividend, divisor and resulting quotient each require two chan-

nels (8 digils).

To represend the floating point values, the rightmost seven digits are used
for the mantissa and the lefimost digit is used for the exponent.

Ladder Symbol and — | FDIV{79) For FDIV, enter _—
m ‘ .
Key Sequence ne :
a then the operands and the oulput

beginning channel no.

Dd: Dividend beginning channsl no. |
Dr; Divisor beginning channei no.
R: Result beginning channel no.

| oeich | { peon |

""E"‘“' [ Dr+1 Ch } l BrCh !
{ R+1Ch 11 M Ch _i
Quetient
Exponent Dight B no.
15 14 13 12
[ 1]

{i— oxpenant (O 0 7}

axponant sign 00 +
1

The valid range for both the input and resul data is 0.0900001 x 107 io
0.99985399 x 107. The resulting quotient is truncated to 7 digits.
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_Examp!e Circuit:
‘Ladder Diagram and
‘Kinemonic Code

Example

Data Areas

Fiags

0000
i} £DM(79)
OM 100
HR 20
LR

Address | Insfruction | Dala

0000 | LD | ¢ o000

0ooY 1 FDWVITS) ; —
DM E 100
©HR 20
tR i 30

0.567 x 102+ 0.1234567 x 103 = 0.4582703 x 108

De+1 : D 101

Bd ; DM 100

SBOE

OiO;UgO

e+t i HR 23

DriHA 20

— SREE

4is5{s |7

RetiLR3 |

RILR 2

T T2 1505

ezponentia?;igﬁ: A (1010) 10°
5-(1011) 10°
2:(0010) 16?

$.56870000 x 107%

0,1234567 x 10°%

0.4892703 x 10°

Ddand Dr

R

iR, SR, HR, LR, TC, DM, "DM

IR, HR, LR, DM, "DM

ER———1 The divisor, Dr,is 0.
i Contents of DG, Dd +1, Dr, or Dr + 1 channels are not BCD.

i Indirectly addressed DM channel is non-existent.

' (DM data is not BCD, or the DM area boundary has been
| exceeded.)
EQ 1 ON when the resulting quotient {channels R and R+1}is 0.
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Sguare Root - BOOT(72) ROOT computes the square root of an 8-digit BCD value and outputs the
' truncated 4-digit integer resull to the specified channel.

Ladder Symboi and ROOT(72) For ROOT, enter
Key Sequeance Sq
R

then the input beginning channel number

Sq: Sowrce data beginning channel no.  and the output channet number.
R: Result channe! ; :

Example Cirguit: | "ﬁ’o ROOT(72) Address | Instruction Daia
Ladder D iagram and DM 500 0000 | LD { pooo
Mnemonic Code o :
0001 ROOT(72) | P~
DM | 000
Eoot

Example ~/ 83,250,561 = 7,953 {approximately}

\/ AHRAnaGn
2

719?5}3

7953.0221...
Decimal part is truncated

Data Areas Sq R

IR, HR, LR, DM, DM

iR, SR, HR, LR, TC, DM, "DM

Flags ER l‘ indirectly addressed DM channel is non-existent.
! (DM data is not BCD, or the DM area boundary has been
! exceeded)
| The source data is not BCD.
EQ ———1 ON when the result is 0.
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e}

Logle Instruct

Logic Instructions The iogic instructions - COM, ANDW, CRW, XORW, and XNRW - pericrm
logical operations on channe! data.

D e ————————————————

Each ogic instruction is programmed with a funclhion code. To input these
instructions through the Programming Console, press the FUN key {followed by
the appropriate function code.
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4-9-1

mplemeant - M2

Ladder Symbol and
Key Sequence

Example Circuit:
Ladder Diagram and
Mnemonic Code

Example

Data Areas

Flags

174

COM inverts single channe! data. That is, COM clears all ON bits and sets all
OFF bits in the channetl specified. '

For COM, enter

30

Ch * Channe! whose contents then the channel whose contents
are 1o be invened. are 1o be inverted.

e COM(29)
Ch

Q000 -
COMES) Address | Instruction Data

A 00 0600 LD i 0000
oot | COM(29) -

o LTI IR

ch: ;50§1lxioiel131[01011}110}011{1]0]

Ch
IR, HR, LR, DM, “DM,

ER ———1 indirectly addressed DM channel is non-existent.
! (DM datais not BCD, orthe DM area boundary has been excesded.)
EQ ———— ON when alfl bits ¢f the resul are 0.



4-9-2

Logical AND - ANDW{34)

L adder Symbol and

Hey Sequence

Example Circuit:
Ladder Diagram and
Mnemonic Code

Logie INSIUCHONS e ce————

ANDW logically AND’s two 16-bit data values and oulputs the result {o the
specified channal.

——— ANDW{34) For AND, enter

f1

2

] then the two operands and the
cutput channel,

1 input 1
2: fnput 2 [}
H: Rasult channel no.

ANDW sets the corresponding bit in the output echannel only when the corre-
spongding dits in bolh inputs are 1.

e

jory
"y

WL

qE ANDW(54) Address | instruction | Daia
10 i

LR 11 ! :
DM otz 000t | ANDW(34) | —

[ iy
J—

000¢ | LD {0000

I
‘ : 10
R

o iom i oz
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G D O c——————————————————

Example

ek Eﬁoio%w}r: .]a{alfiﬂcﬁhb{o{og?}

15 o0

2o foltjolidolrfelsiofslafr]elsqolt]

oc

non Tl e oo [ oo e e o 1]

Data Areas i1 and 12 A

IR, SR, HR, LR, TC, DM, "DM, # iR, HR, LR, DM, "DM

Flags ER , indirectly addressed DM channel is non-exisient.
{ {DM data is not BCD, orthe DM areaboundary has been exceedsad.)
EG  ON when all bits of the result are 0.
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4-9-3
Logical OR - DRW(35)

{ adder Symbol and
Key Sequence

Exampie Circuil:
Ladder Diagram and
#nemonic Code

g I O O e

ORW logically OR’s two 16-bit values and ouiputs the result (o the specified
channel.

———  ORW{35) For ORW, snter .
2 : '
R then the Iwo operands and

the output channsl,

1 lnput 1
{2:input 2
R: Result channel

A Dt in the ouiput channe! will be 1 i one or both of the corresponding bits In
the inpui data are 1.

nolonr i
t 1 —>1 1
3 ] 0 | —> 1
o | 1 ~—+>E, 1
0 0 —~—>! 0
4'0‘70%0 p— Address | instruction Data

i o000 | 1D | { 0000

m’;ﬁcz; o001 | oRW(s) | P

| | Lo

| w1

| DM 012
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Example

Data Areas

Flags

178

Hon

i2Cn:

Hand 2

R

1R, SR, HAL LR, TC, DM, "DM, #

7, HR, LR, DM, "DM

'

ER ——— Indirectly addressed DM channel is non-existent.
1 (DM dataisnot BCD, orthe DM area boundary has been exceeded.)
EQ  ON when all bits of the result are 0.




A e

Exclusive DR - XORW exclusively OR’s iwo 16-bit ddata values and oulputs the result o the
XOBW{3G) specified channel.
Ladder Sy’mbei and ——— XORW(38) For XORW, enter
Key Sequence g i 18
2 g

= then the two operands and the
output channel

H:input
i2: input 2 I
R Result channsl e

[Ri

A bit in the output channel will be 1 only when the corresponding bits in the
input channels differ,

oo R
1Lt =] 0
0 R A
1o = 1
o o |—>0
Example Circuit: % G TS Address Instruction = Data
Ladder Diagram and ) o 0000 D 5000
Mnemonic Code LR 11 ! : :
o 0001 | XORW(36) | P—
| T
LR 1
DM | o2
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_SECTION 43

Logle NS TGOS ———

Example

o UGUL fofolsfrieiofs]s lon

120n: ﬁ!ﬁiﬂﬂoiﬂn [EBE i*iﬂ@ﬂ_h_?ﬂ?i

15 0c

rone [l Telol ] Tolol i elol ] 1a15]

Data Areas 1 and 12 | R

IR, SR, HR, LR, TC,DM, DM, # | IR, HR, LR, DM, "DM

lnd;rect y addressed DM channel is non-exisient.
{DM datalsnot BCD, orthe DM area boundary hasbeenexceeded, } -
EQ ———1 ONwhen ali bits of the result are 0.

Filags ER
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4-9-5
Excilusive NOR - XNRBW(37)

Ladder Symbo! and
Key Sequence

Example Circuit: g

Logle Instrustions

XNRW exciusively NCR’s two
specified channel.

——i XNRWI{37}
ki
2
R

i1: input 1

2:Input 2

R: Result channa!

A bit in the output channel will
input channels are the same.

oG ON 32

18-bit data values and outputs the result to the

For XNRW, enier

o] i
207

then the twe operands and the
output channsl,

be 1 only when the corresponding bits in the

Ladder Diagram and
Mnemonic Code

1 iz R
! 1 |—> 1
G 1= 0
' 0 —> 0
0 0 > 1
ogﬁc XNRW(ST) Address t Instruction Daz-a
2 0000 LD L 000
LR 11
oM 012 0001 XNRW{37) _
{10
LR T
DM © 012
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g s O e e ON 4G

15 o0

Example It oh: ggo[ﬂ 1L‘-lGIﬂlil‘iciol’i‘iC’jﬁ}’i

cor T e e e ]

15 o

Rom Tofoltlsfofelsftiofol 1l sjotels]]

Data Arsas 1 andi2 é R
IR, SR, HR, LR, TC, DM, "DM, # | IR, HR, LR, DM, 'DM

Flags _ ER ~——— Indirectly addressed DM channel is non-existent.
| (DM datais not BCD, or the DM area boundary has been exceedsd.)
EQ ~—— ON when aii bits of the result are 0.
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Special Instructions This section details the operation of the four special purpose instructions: FAL,
' FALS, WDT, and iORF,
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4-10-1

Hura Alarm - FALIDB)

Seyere Fallure Alamm -
FALSI{OT)

{adder Symbols and
Key Sequence

FAL Output Areas

Resetling FAL Output

Resetting FALS output

184

Section 4-10.

FAL and FALS are diagnostic instructions which ouiput an 8-bit BCD error
code 1o the FAL output area. The error codes, FAL numbers 00 1o 98, are
arbitrarily assigned. FAL 00 sets the FAL area 1o 00 and is used ior Clearing
other FAL codes. Note that there are alsg FAL and FALS calls made by the
systemn. The error codes output by these calis are ail greater than 89,

FAL{06) N1 For FAL, enter
S ) :
) 0 5 8 [NTT 8
N1: FAL No. | ;
For FALS, enter
——-} FALS(OT) N21 r
NZ2: FAL No.
§107 8100
C T T T T T ]
x 10 x10°

FAL fights the warning indicator famp on the front panel of the CPU butprogram
execution continues. FALS, however, lights the error indicator lamp and stops
the CPU, suspending program execution.
FAL numbers are recorded in memory as they occur. The contents of the three
FAL numbers in memory are as foilows:
1st FAL number:  First FAL number o be generated.
2na FAL number:  Smaliest FAL number of all FAL numbers that have
been generated larger than the first FAL number.
3rd FAL number:  Smallest FAL number of all FAL numbers that have
been generated smaller than the first FAL number.

A rmaximurmn of three FAL arror codes can be retained. Toresetthe FAL areaexe
cute FAL Q0. Each fime FAL 00 is executed another FAL error retained in
memory is output to the FAL arsa,

Note that other alarms and failure indications, such as batlery error and VO er-
TOTS, are also output 1o the FAL area.

To reset the FALS output, remove the cause of the FALS error and then perform
ErrorMessage Read {See 2-3-3) through the Programming Console.



Section 4-10

f::?:izng::am c?? @ Address | Instruction Dai‘a
: :
Mnemonic Code iy oo ] oo | tD . 0000
0001 FAL{DS) o1
i [ Facsonos | 0002 | LD NOT | 0000
| o008 | FALS) B
0004 | LD © 0002
0005 | FALS(07) L o

Inthe above example, whan inpul 0000 tums ON because of some arror
condition, a FAL 01 code is oulput to the FAL area and the warning famp on
the front panei of the CPU lights. When input 0000 wrns OFF, FAL 00 is
executed and the FAL area is cleared.

Data Arcas " NG

0010 B8 0110 8%

185



4-10-2
Set Watchdog Timer -
WDT(94)

Warning

Ladder Symbol and
Kay Sequence

Example Circuif:
Ladder Diagram and
Mnemonic Code

186

WDT changes the value of the watchdog timer {automatically set by the
system o 130 ms). When the scan fime exceeds the value of the walohdog
fimer, the system generates a FALS 8F and the CPU siops.

The value of the watchdog timer can be increased or decreased in uniis of
100ms. The number of 100-ms unils is specified by T. T must be inthe
range < T <83,

T f Set Value of Watchdog Timer

00 g 130 ms

01 | 13010230 ms

02 23010 330 ms

03 33010 430 ms

T | 130+ 100({T-1}10 130 + 100T

if the scan time exceeds 8,500 ms, a FALS oF wili be generated and the
system will halt.

WDT(54) T For WDT, enter

0000 :
%—-H— [ woTes0z ] Address | Instruction | Data

0000 LD 0000
0z

0001 | WDT(34) |

Inthe above example, when input 0000 turns ON, WDT sets the vaiue of the
watchdog timer 1o {he range 238 to 330 ms.



1ORF refreshes the specified VG channels. Channels are refreshed as whole
units.

/0 channels are normally refreshed once every scan {an £ND refresh), but
with 1ORF a selected group of channeis can be refreshed g any fime during
scan.

Ladder Symbol and el HORF(S7) For IORF, enter

Koy Sequence B

and then the beginning and end
B: Beginning channe! channal numbpers.
E: End channel

E

B and E must be channels in the /O section of the IR area, and
E must be greater than B.

;Exampie Circuit: | I} I0AF (37 Address | Instruction | Dala
Ladder Diagram and 1o 0600 D 0000
iMnemonic Code i
00D IORF(87) —_
10
14
Time Required to T one = 120 ps ({fixed) + 45 us x (no. of channels refreshed.)

Execute IORF
IORF is available only for refrashing /O Units that are directly connected o

the CPU or io Expansion /O Racks. 1ORF cannot be used o refresh Remote
/O Slave Units or Optical Transmitting YO Units.

Data Arsas BandE
IR 00 to 1R 31
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4-11

intelligent V
instructions

4-11-1
intelligent YO Write-
WRIT(87)

Ladder Symbol and
Key Sequence

Example Circuit;
Ladder Diagram and
Mnemonic Code

Exampie

188

The inteligent VO instructions are used for input/output operations with -
Inteiligent O Unils, such as an ASCH Unit.

WRIT transfers channei data through a dedicated /O channe! and sequentiatly
writes the data to the memory area of an Intelligent /O Unit

WRIT@ET) For WRIT, entar
N

g
D

N: Number of channals to transfer
S: Source beginning channet
D Destination 11D channsl

?‘? WRITET i Address | instruction , Data
o 0000 LD 0000
[a. 1R
o 0001 WRIT(87) Po—
o1
oM i oto
P04

When input 0000 turns ON, the contents of channels DM 010 through 014 are
transterred to channel 04 which is assigned o an Intelligent /O Unit.

s sfti2]s i o i oiti2g2
Sr3 ES L &‘?f % ijsiely
52 ajsiAiBi - ysiaiais
S+3 clplEiF] - ciplelr
Sed 514§8i2¢8 daiaisie

PC Mwmory imtetignd #G Lind




Application Example Producis are carriad along a conveyor to a scale where they are weighed. When
100 products are weighad, the weight daia is transferred 0 the Intefligent /O
Unit.
AC Marmaory
DM 001
$ :;, g . > ASCH Gnit ;> To prints, sic.
B 100

Note if the intelfigent O Unit is busy when WRIT (87} is executed, execution will not
be carriad out until the next scan when the Unitis not busy. Use a self-holding bit
to ensure ihat the execution condition for WRIT (87) remains ON until & is
executed.
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- adder Diagram and

] Address | Instruction Data
Mnemonic Code 0000 -
{— CNT 01D 0GG0 Lo 1 {0000
cNTo10 oot | LD CNTH ot
- o002 CNT i 01D
11 I DiEGH H
— = Di.uilsyseooi ¢ o100
E po— 0003 | LD {0000
DM 200 0004 | DIFU(13) | 3200
sy 0005 | LD | © 3200
o2 0006 | INC(38) |
=Dt GO0 H
® ' DM : 000§
CNTQ10 301 ;
i3 3200 0007 | MOV(21} P -
___..i}_i FUN{ET) ! . 002 5
#0100 SM 0o
DM 001
= 0008 | LD CNTi 010 |
oo | 0008 | OR | i a0
—H @ 0010 | ANDNOT | | 3201
" @ 0011 ouT TR 0
o0iz | OUT . 3200
N 0013 | WRITEEn) [ i —
ROCCO :
DM 000 # 1 o100
; i
o e | DM | 001
5303 . :
_._.} {003
0014 | AND | s30s
0015 | oUT | sz
0016 : OUT P o100
0017 | BSET(TH) P~

# | 0000
OM {00

( oM [ 100§
0018 ! LD TR: o
0018 | AND i 8303
0020 | ouT | L o101
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: Qﬂta Arpas N g

IR HR, LR, TC, DM, "DM # IR, HR, LR, 7C, DM, "DM

o
iR {170 channei only)

Flags ER -~ Destination is not an Inteliigent /O Unit channel.
| indirectly addressed DM channel is non-existent,
[ {DM dataisnot BGD, orthe DM area boundary has beenexceeded.)
 The specified dala range exceeds a data area boundary.

EG | OFF while WRIT is in progress; ON when WRIT complstes.

Note: I an intelligent YO Unit is busy and unable {o receive dala, the wrlling
will take place during the next scan. To make sure that WRIT execu-
tion hias compleied, check the EQ fiag.
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4-11-2

inelilgent ¥ - READ reads data from the memory area of an intelligent /O Unit and trans-
EAD fers i through a dedicated /O channel o the destination channels.
Ladder Symbo! and READ(88) or READ, enier
Key Ssquence N .
8
D

M: Number of channels to transfer
5: Source ¥0O channel
D: Desiination beginning channel

Example Circuit: ; m?f_ READ{B8) Address insiruction N Data
Ladder Diagram and - o ; -
oo00 LD ;o DDOO
Mnemonic Code 02 : —t
DM 010 0001 READ(88) —
i Foovd
{ 03¢
DM P oo

When input 0000 turns ON, the contents of the memory area of the intelligent
YO Unit are segquentially read o I/0 channe! 03 and then transferred to
channeis DM 010 through 014, '

Example T [elelo]s]
s IEREE [0 Jerfoiilzls
5+1 415|817 @ gb 4lsisiz
842 g8i{gjalB sisfals
53 GIDJEIF CIDIEGF
544 3lalsiz} Salalsie
PC Marmory inteligent VO Unit

if the data cannot be sent or the intelligent VO Unit is busy, the reading will
takg place during the next scan.

To make sure that READ execution has complsted, check the EQ flag.

Note If the read data is nct ready or the Inteliigent /O Unitis busy whan READ {88)is
executed, execution will not be carried out until at least the next scan. Use a seli-
holding bit to ensure that the execution condition for READ (88) rernains ON unii
i is exacuted. :
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Data Argas

Flags

N s
IR, HR, LR, TC, DM, *DM,# | iR (/O channel oniy)

D
iR, HR, LR, TG, DM, "OM

ER : Spurce is not an intelligent VO Unit channel.

% indirectly addressed DM channsl is non-exigtent.
[ (DM datais not BCD, orthe DM area boundary has been exceeded.)
[ The spacified data range exceeds a dala area boundary.

EQ——— CFF while READ is in progress; ON when READ complgies.
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4-12
SYSNET Instructions The SYSNET instructions are used for communicating with devices linked to-
the PC through SYSNET.
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Send - SEND{S0) A SEND sends data io a device linked through SYSNET.

Ladder Symbol and

1 SEND{80) Dr SEND, enter
Key Sequence . ;
D
° s

5: Scurce beginning channal
{on the sending PC)

D: Destination beginning channal
{on node number N)

C: Control data (3 channels)

Control Data

Channe! Bits 1510 8 g Bits 710 0

o Number of channels {0 1o 1000)
{4-digit hexadecimal)
Gt Destination NSB/NSU Network number 0 10 2558
on {2-digit hexadecimal)

c Dastination Board Number Dostination Node No. 010 127

+2 ! L :

| {¢,1,2 i {2-digh hexadecimal)

NSB: Netwark Serwvice Board
NSU: Network Service Unit

NSB, NSU and the board number are all normally set {o 0. Refer o the
SYSNET Link System manual for details.

SEND iakes the specified number of channels of data, staring with the source
beginning channel 8, sends them to node N, and writes the data to the

destination channels beginning at channe] D.

When the node number is set 1o 0, data is sent 1o all linked PC and personal

computer nodes.
Example 2 g
G o} o a 5 3 i
S+ o o] 2 o 841 Det
el o ) 5 A 842 @ Ds2
5+3 D+3
S+d Dwd
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Example Circuit:
Ladder Diagram and
Mnemonic Code

Data Areas

Flags

186

o}?? SENDS0) Address 5 instruction | Data
- 0000 | 1D i 0000
LR22 ; .
DK 010 001 SEND{E0) .
oo
LR P
oM 010

When input 0009 s ON, data from channels 01 to 05 is sent and written to
channels LR 20 through 24 of Node No. 10.

The data sent is that which is present when SEND is exscutsd,

Use the SYSNET Error and Run Flags {see Section 3-3-11) {o check whether
or not the send operation finished.

S ! Dandc
IR, SR, HR, LR, TC, DM, "DM | IR, HR, LR, TC, DM, *DM

ER—— The specified node number > 127.
indirecily addressed DM ¢hannel is non-existent.
(DM dataisnot BCD, orthe DM area boundary has beenexceeded.}
iThe data sent overflows the data area boundaries.
iThere is no SYSNET Link Unit.



SYSNET
4-12-2

Instry

; ve - RECY RECV recsives data from a device linked through SYSNET.
Laddser Symboi and | RECV(38) For BECV, enter
Key Sequence S

D

G

3 Source beginning channsl
{on node number N)

D: Destination beginning channai
{on the receiving PC}

£ Control daia {3 channeis)

The specified number of channels of data sent from node N, beginning with
ihe source channel S, are writien 1o the requesting PC's destination channels
beginning a1 D.

Control Daia Channel | Bits 15 10 8 Bits 7to 0
c Number of channels {J to 1000}
{4-digit hexadecimal)
Gt Destingtion NSB/ANSU Network number 0 10 255
o | {2-digit hexadecimal)
Ca2 Destination Board Number Dastination Node No. 010 127
{0,1,2) {2-digit hexadecimal}

NSB: Network Service Board
NSU: Network Service Unit

N8B, NSU and the board number are all normaily set to 0. Referio the
SYSNET Link System Manual for details.

Example 5 0
C o 0 G 5 5 D
Cet 0 0 o 0 S+t Dst
Ce2 o I o A Se2 r:b e
543 Ds2
S+ [
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Example Circuil:
Ladder Diagram and
Mnemonic Code

Data Areas

Flags

198

{ oooo -
— ECV{9a)
o
i LR 26

Address | Instruction |  Data
0000 Lo | : 0000 !
DM 010 ooot RECV(58) —
ot
LR 20
DM | 010

Whan input 0000 furns ON, channels LR 20 to 24 on the requesting PC
receive the data from channels 01 1o 05 which arg assigned to node number

10.

Use the SYSNET Error and Run Fiags (see Seclion 3-3-11) to check whether
or riot the receive operation finished.

1 s

DandC

] IR, SR, HR, LR, TC, DM, "DM

IR, HR, LR, 7C, DM, "DM

ER”——"‘T; The specified node number > 127.
: Indirectly addressed DM channel is non-existent.
(DM data is not BCD, orthe DM area boundary has beenexceeded.)
| The data sent overflows the data area boundaries.
‘; There is no SYSNET Link Unil.




Section 4- 2

Timing

SYSNET send and receive operations are based on command/response
processing. That is, the transmission does not complete until the reguesting
node acknowledges a response from the target node. Note that the SYSNET
Run Flag is not set {fo 1) until the first END after the transmission is com-
pleted. Refer 1o the SYSNET Link Unit manual for detfalls about command/
response operations.

A SYSNET send or receive instruction IS executed only once, however mul-
tiple send/receive instructions are permitted. To coordinate the error-free
axecution of SYSNET send and receive instructions, use the SR dedicated
input conirol flags as described in the following table.

SH Flag Functions
RUN Flag 0 during SEND/RECY execution {including command
(SR 8004) response procassing ).
0 foliowing normal completion of SEND/RECY {i.2, after
| reception of response signai)
ERROR Flag 1 after an unsuccessful SEND/RECV attempt. Error status
(SR 8003) is maintainsd until the next SEND/RECV ocours.
Error types:
Timeout Error {command/response time > 1 sec)
SEND/RECV Data Error
Successiul

sand/recsive
S%XecUToN

j——

Serdirecaive o
ST - il - -
& & & A& A
instruction received Transmission instruction Trans- Instruction

H compialss raceived mission rgcaived

i nornally H arrer ; H

i z H H i H

N & 5 A . i i, N
1scan
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SYSNET Instructions

SYSNET Programming To guarantee successiul SEND/RECY operaiions, your program must have
Example: exclusive control of the SYSNET RUN and ERROR Fiags.
?ﬁuﬁipge SENB!HECV Syacution Condition S004 - SYSNETY SEND/RECY RUN Flag

8003 - SYSKET SENDVRECY ERROA Flag

¥

o000 8004 0800 s A

H i iy 4 KEEP
3 @
0100

It I
i

2800
il MOVizT)

#OCOA
D 000

MOV
#0O0C0
DM ot

MOVEY
#0003
D 02

XFER(70} Transmission data genaration
#0010 Transior 10 channsis of gala staning
at Sh 00 to the area starting 21 DM 010

o0
DM 010

FUNSO SYSNET SENG
oM 010

DM a0
OM 000

11 1 ¥
. - e
¥ | !.___}{ 0200 § Transmission ermor indication

] L 1z
;———1 XFER{7C) Data Receivs Processing
! i 43 if no eerors oCCUIred in the data reception.
#0016 | trapster 16 channsls stading at LR channel
LB ip | 10i0mearsastaning at D 30,

DM 030
_.._Eioo}j_._isw 8 fKEEP

} 1 0800

1 0|1(!}1 B
1]

3800
; } MOV(21)

#0010
DM 003

Exscution Condition

MOVE1)
#0100
DM D04

MOV(R1}
#017E
oM 005

FliNas SYSNET RECV
HE 10

LR10
DM 003
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YSL\@E‘T ﬁm@ﬁ{f@@

SYSNET SEND Conirols
Transter 10 channels of datz, starting from DM 010 of
the requesting PC, to Node No. 3 starting at DM 020.

D 000
DM 001

DM 002

SYSN

2 o] A
o 0 5
o b3} 3

Murmrber of channeis of data 1o ransier

1 Dogtinalion = NSB

Destination Nods Nurmber = 3

ET RECV Controls

Starting at LR 10 of the requesting PC, 18 channels of data
from Node No. 128, starting from HR 10, will be received,

Dk 003
oM 004
DM 005

c 3 1 s
[¢] 3 g o
[ 1 7 =

Nurnibwer of channeis of data 1o transfer
Destination = NSU

Destination Board Mumber = 1
Destination Node Number = 3
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5-1

Bell

nTim
il

n

SECTION 5

Scan Time and /O Besponse Time

One of the most impertani factors when designing a PC-based control system
is timing. How long does #t take the PC fo execute all the instructions in the
program? How long does it take the PC to produce a control output in re-
sponse 1o an input signal? For accurate sysiem operations, these values must
be known.

Although the scan time of the PC can be autornatically calculated and moni-
iorad by the Programming Console, #t is imporiant 1o understand the concept
of iming when designing and programming a control system.

The purpose of this section is {0 explain what scan time and /O response time

are, and to show how 1o calculate these quantities. instruction execution fimes
are listed in 5-3.

When the PC executes the program in its memory, a series of operations are
periormed inside the PC. These internal operations can be broadly classified
into four categories:

1. Overseeing processes, such as watchdog timer resetiing and diagnostic
operations

2. Data input and ouiput

3. Instruction execution

4, Peripheral device command servicing
Scan time is the total time required for the PC {o periorm ali of the above
operations. The duration of the scan time differs depending on the configura-
iion of the system, the number of VO poinis, the programming instructions

used, and whather or not peripheral devices are connected.

The average, maximurn, and minimum scan times can be displayed onthe
Programming Console display {referto 2-3-8}.
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Scan Time SECTION 5-1.

internal Operations {_ Power application )

Clears IR ares and
resels aill imers

i

Checks YO Unit
connections

d System Rellabllity

powWer-up

inltialization on

NO Check OK?

YES T

Resels waichdog
Gmer

execition

Diagnostic program

k.

Sets error flag and
fights indicalor

Data input and ouiput

Dala
inpul/
outpit

T

ERAOR or ALARM?

Remotle VO
avaiiable?

ERROR

Romaote O data
inpuliowput

Remote VO data input
and oulput

[

Resels walchdog timer
and program addrass
cotnter]

——

Exacules program

End of program?

YES
’

Fesels watchdog
timer

[

Link services

|

Execute commands
from host compuler

i

Executes commands
from peripheral
devices

i ki

22
~Secan time of PC

Frogram execution

senvice

Host Link| PG Link

sorvice

Peripheral
sernvice

' The program address counter is used by the PC to contral execution of the program. it must be reset io
zete so that the program will be sxecuted from the beginning.
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Scan Tims end System Rellablilty

SECTION 51

Within the PC, the waichdog timer measures the scan time and compares ft io
the set value of the walchdog timer. if the scan time exceeds the set value of
the watchdog timar, a FALS 9F error is generated and the CPLU stops. (Refer
10 4-10-2 Sst Waichdog Timer.)

Even if ihe scan time does not exceed the set value of the walchdog timer, a
large scan fime can adversely affect the accuracy of sysiem operations as
shown in the following table.

Scan Thne {Mms) Possible Adverse Affecis
> 10 High-speed timer TIMH malfunction
> 20 0.02-second clock pulse maffunciion
> 100 0.1-second clock pulse maliunction
> 200 0.2-second clock puise malfunction
= 8500 | FALS OF generated and the system halts

i
[

The flowchan opposite Hlustrates the sequence of internal operations for the
PC and the following table lists the lims required for each internal operation.

Progess

Execution Time

Ovarsesing processes

» Reszets watchdog timer

» Chacks IO bus

» Chacks scan time

= Checks program memory

1.4 ms {fixed)

1O Unit refreshing

(2)

» Reads input data and updates
iR input bits

» Yirites 1R output data 1o Oulput
Units

10 0.84 ms
20 us / channel {15 points)

Remote /O processing

(3}

« Reads Remote Input Unit data
to IR area

= Writes data from IR area o
Remote Output Units

0io4.64 ms
1 ms / CPU-rack-mounted Master +
20 ps / channel on the Slave Rack({s).

Instruction sxecution

&

Execuies user program
instructions

Total of instruction execution times.
Differs depending on size of program and
instructions used. {see 5-3 Instruction
Execution Times),

PG Link servicing

(%)

Transiers the data of the LR area

to the PC Link Units.

1.2 ms {0 ms when nc PC Link Units are
used).

Host Link servicing

—
C;

Processes host computer
commands

1o ms
M+ {2) + (3) + (4) + {5)] x 0.05 ms.
{C s if no Host Link Unit is mounted)

Peripheral device servicing

{7}

Processes peripheral device
commands {e.g. from Program-
ming Console/GPC)

1icoms
H1)+ () + (3} + (4) + {5)] x 0.05 ms.
{0 ms # no peripharal device is connected)

The scan time can be obiained by adding (1) through {7} in this {able.
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5-2

Calculating Scan Time  The system configuration must be taken into consideration when caiculating
o the total scan fime. This means 1aking info account such things as the number
of VO Units, the programming instructions used, and whether or not peripherat
devices are empiloyed. This subsection shows scan time caloulation ex-
amples, To simpiily the examples, the instructions used in the programs have
been assumed 1o be all either LD or OUT. The average execution time for the
ingtructions is then 4 us and there is one instruction per program address. |

5-2-1
When Only VO Units Are
Used

Conditions 0 Units: . Eight 18-point Units + eight 32-point Units
Program: - 8,000 addresses

CPU Rack

32-point VO Units
16-point ¥O Units

Expansion /0 Rack

N

- 32-poini ¥O Units
18-point #0 Units
32-point YO Units
18-point O Units
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Calcuiation Example

glculating Sean Time

Process Caiculation Frocess Time
{1) Oversesing processss 1.4 ms
{2) YO refresh {(18plexB+32pisx 8+ 18] x 20 s 0.48 ms
{3} Exacution 4 13 X 6,000 addresses 24 ms
{4} Paripheral device service {1.4ms + 0.48 + 24 ms) x 0.05 13 ms
Scan time 1)+ 2+ {4 + {7 - Approx. 27.2 ms
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5-2-2

When V0 Unils, Remote
nits, Host Link Uni nd
PC Link Units Ar

Conditions O Units: Four 18-point Units + oneg 32-point Unit
Remote ¥C Master: One :
Host Link Unit: One
PC Link Unit: Cne
Program: 8000 addresses

Remote VO Slave:  Mounted with four 16-point O Units and
tour 32-point /O Units

CPU Rack Personal
compuier

Host Link Unit

PC Link Unit

! . Remote /O Master Unit
‘f 32-point O Units

| 16-point ¥O Units

Slave Rack

[ — 32-point VO Units
e 18-point YO Unils
[ 32-point ¥O Units
18-point /0 Units
Remote /O Slave Unit
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Calculation Example

SECTION 5-2

Process Calsulation Process Time

{1} Overseeing procosses ' 1.4 ms

{2} YO refresh 18pisx 4+ 32ptsx 1)+ 18I x 20 us 012 ms
i3) Remaote VO rafresh | 1ms+ [(16ptsx 4 +32x4)+ 18] x 20 ps 1.24ms

{4) Exscution 4 usx 8,000 addresses 24 ms

) | PG link service | 12

{8} Host fink link service (1.4 ms+ 0.12 ms + 1.22 ms + 24 ms} 133 ms

x 0.05

{7} Peripheral device service i {(14dms+ 012+ 1.24ms + 24 ms) x 0.05 1.33ms
Scan time (1) + (2)+ {3} + (4) + (B) + {8) + {7} . 308ms
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Instruction Exeeution Times

Instruciion This sub-section lists the execution times for all instructions that are avaliable
Execuytion Times for the C500 PC. The conditions which may affect the execution time of a

given instruction are described briefly where relevant.

Also shown are non-execution iimes for ali of the instructions. Non-axacution
fime is the time required for the PC io process an instruction when it 18 not
execuied. Some non-exacution times vary according o the reason the instruc-
{ion was not executed. If a shift instruction, for example, is within an IL-1LC
block or a JMP-JME block and is not execuied, s non-execution time will
differ from when iis reset is ON and i doesn’t exscute.

Execution times ars expressed in units of us except where noted.

FUN | Instruction | No.of Execution | Conditions | Non-execution
No. | words | time {us) | time {us)
— | D 4 4 ! :‘
— | LDNOT 4 4
— | AND 3 3
— | ANDNOT 3 3
— OR 3 3
— | ORNOT 3 3
— AND LD 5 35 §
T PRLD 5 35 j
— ouT G 8
— joutNoT | 8 |
| ! R JMP |
—_ M s 83 | With a constant or *DM 113 106 55
— | ONT | 8 78 With a constant or *DM 1110 28 29
00 NOP | 3 2 l —
ot | END | 3 83 3 — :
I ‘ R noame |
02 | L |2 22 47 14 14
03 ILe 4 17 14
04 | JMP |4 22 L1714 14
05 | JME L2 17 |14
% | FAL | 5 126 |14 19 19
07 | FALS | B 103 14 19 19
10 | SFT 8 104 Whan shifting 1 Ch by 1 Gh 397 17 17
["When shifting 1 Ch by 61 Chs 35 g
11 KEEP 6 8 ‘ —
12 | CNTR | 8 | 82 With 2 constant 100 18 29
| With DM 160 19 29
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FUN | Instruction MNo. of Exscution Conditions Non-execution
No. words fime {18} time {us}
R L Jwp
13 DIFU 8 43 43 39 34
14 DIFD 8 43 43 3% 43
15 TiH 8 83 With a constant 113 108 55
3,898 With Ch data
16 WSFT 8 157 When shifting 1 Chby 1 Ch 21
3,898 When shifting *DM by 510 Chs
20 CMP 8 85 When comparing a constant to a Ch 21
188 When comparing two DM Chs
21 MOV 8 88 When transferring a constant io a Ch 21
200 When transferring "DM to DM
22 MVN 2 1 When transferring a consiant io a Ch 21
203 When transferring "DM to *DM
23 BIN 8 148 When transferring a Chto a Gh 21
259 When transterring "DM 1o "DM
24 BCD 8 168 When transferringa Chio a Ch 21
278 When transferring *DM 1o "DM
25 ASL 7 83 When shifting a Ch 22
142 When shifting "DM
28 ASR 7 86 When shifting a Ch 22
142 When shifting "D
27 ROL 7 80 When rotating a Ch 22
147 When rotating *DM
28 ROR 7 g8 When rotating a Oh 22
145 When rotating *DM
29 COM 7 81 When inverting 2 Ch 22
138 When inverting "DM
30 ADD 10 148 Constant + Ch—>Ch 21
317 *Dit + "DM— "DM
31 SUB 10 155 Constant + Ch —3Ch 21
323 DM - *DM —->*DM
32 MUL 10 459 Constant x Ch— Ch 21
830 DM x*DM-—> Ch
33 DIV 10 884 Ch + constant—> Ch 23
8934 DM+ "DM—>"DM
34 ANDW 10 102 Constant AND Ch——>Ch 23
270 *DM AND "DH—>*DM
35 ORW 10 102 Constant OR Ch—>Ch 21
270 ‘DM OR "DM—>*DM
36 XORW i0 102 Constant XOR Ch — Ch 21
270 *DM XOR *DM— DM
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Instruction Execufion Times

FUN | Instruction | No.oi | Execution Conditions Non-exectition.
No. words time {us} time {us)
37 | XNRW 10 102 Constant XNR Ch—3 Ch 21
270 *DM XNR *DM-—> DM
38 NG 7 102 When incrementing a Ch 22
158 When incrementing "DM '
39 DEC 7 102 When decrementing a Ch 22
158 When decrementing *DM
40 STC 4 25 12
41 CLC 4 25 24
70 XFER 10 278 When transferring 1 Ch 21
4,070 When transferring 511 Chs by "DM :
71 BSET : 10 183 When setting constantto Ch 1 21
2,133 When setting "DMtoc 511 DM Chs
72 rOOT 10 333 When outpuiting Ch datato a Ch 21
1,088 When oulputting 99999999 in "DM o "DM
73 XCHG 10 142 Ch ¢« Ch 213
258 *DM <— *BM
74 SLD 10 180 When shifting 1 Ch 21
1,645 When shifting 1,000 DM Chs by "BM
75 SRD 10 178 When shifting 1 Ch 21
1,645 When shifting 50 DM Chs by "DM
76 MLPX 10 137 When decoding Ch data o a Ch 23
284 When deceding *DM data to "BM
77 DMPX 10 : 151 When enceding Chdatatoa Ch 21
300 When encoding "DM data to "DM :
78 SDEC 10 133 When decoding Ch datato a Ch 21
280 When decoding "DM to "DM
87 WRIT g 0.36ms When writing 1 Ch 21
3.84 ms When writing 255 "DM Chs
a8 READ g 0.38 ms When reading 1 Ch 21
3.85'ms When reading 255 "M Chs
80 SEND 4 D25 ms When sending *DM data 21
0.41 ms When sending data other than "DM
88 RECV 4 0.25ms When receiving data to an area other 21
than "DM ?
0.41 ms When receiving data to "DM
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O Responss IMme @
/0 Response Time Response time is the time it 1akes for the PC 1o output a control signal after it
. has received an input signal. How long it takes {o respond depends on factors
such as the system configuration and when the CPU receives the input signal
relative 10 the start of 3 scan. The response time for & single PC is discussed

in this section. For response times for configurations involving the sysiems
below, refer 10 the appropriate systems manual as indicated.

SECTION 5-4

P{ 1o Rempie VO (SYSBUS) system: Remote /O Systems manual

PC Link system: PC Link Systerns manual
Host Link system {SYSWAY): Host Link Systams manual
‘Response Time for a Single ! ot Ouytput
PO {— 4
$finimum YO Response The PC responds most quickly when it receives an input signal just priorto the
Time input refresh phase of the scan. To find the responsa time for this case, add

the input ON-delay and output ON-delay o the scan time of the PC.

Scan time Data inputioutplt
Y

instruction
axecution

Instruction
axacution

Instruction
axecution

Input

Cutput

Output ON-dslay

/O response time = input ON-delay + Scan time + Output ON-delay
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-Maximum /0O Response  The PC takes longest fo respond when # receives the inpui signal just afier
Time S the input refrash phase of the scan. In this case the CPU does not recognize
' the input signal until the beginning of the next scan. Therefore, the maximum
response time is the sum of the input ON-delay, the output ON-delay, and two

stan times.
" Maximum ii’@ Response Sean irme . Data inputioutput
i instruction instruction instruction
Yﬁme axecotion H i axecution i I : axacution E
f_—“‘“— CPU raads tha input sighal
Inpt N P
_Inpun ONdslay
Output ] i P EE

HE I i1 Outpur ON-dolay

VO response fime = Input ON-delay + {Scan time x 2) + Output ON-delay

Output ON-defay | 15 ms

Scaniime 20 ms

Minimum VO response time = 1.5 ms+ 20 ms + 15 ms = 385 ms
Maximum ¥Q response time =15ms + (20 ms x 2) + 15 ms =565 ms
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6-1

Programmed Alarms

and Error Messages

SECTION 6

Error Messages and Troubleshootiing

The C500 PC has self-diagnostic functions o identify many lypes of abnor-
mal sysiem conditions. These functions minimize downiime and enable
quick, smooth error correction.

The srror light on the front panel of the Programming Console indicates hard-
ware errors such as SPU, #0 Unit and Remote YO Unit maliunctions. The
warning light indicates such things as scan time overun, batiery error or user-
deiined errors.

in addition, the Programming Console acts as a monitor by displaying explicit
error messages and FAL numbers.

This section lists all the error messages displayed on the LD of the Pro-
gramming Console.

Use the diagnostic instructions, FAL{06) and FALS{07), to alert the system
when ceriain arbitrarily defined error conditions arise, Note that it is entirely
up 1o the user to decide the conditions under which a FAL or FALS is exe-
cuted. Refer to 4-10-1 Fallure Alarm for details about how 1o use these
diagnostic instructions in your program.

When “FAL n" is execuied, the value of the FAL number “n” is stored as & 2-
digit BCD code in the SR area (See 3-3-3 FAL Number Cutput Area). FAL
also lights up the warning indicator on the front pane! of the CPU.

i Abnormal condition input
J FALIDS) 01~89 1 System operation coniinues

il
l i 1

When FALS{07) is executed, the error indicator on the front panel of the CPU
lights up and system operations are halted.

Abnotral condition input

} i} {  FALSE701-s8 | System operation halts
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To resume system operations, determine the cause of the error, make correc-

tions, then clear the error. Note that fo clear an FALS error, the system must
be in PROGRAM mode.

FAL numbers 01 to 99 are arbirarily assigned failure codes. FAL 00 is re-

served for clearing other FAL codes present in the sysiem (see 4-10-1 Fail-
ure Alarm). : :

Error release input

1 § {_Fues |
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5-2
Feading and Clearing
Errors and Messages

Section 8-2

To display an emor or a message on the Programming Console, press the
CLR, FUN, and MONTR keys.

Then {o display multiple errors or messages, press the MONTR key again.
{Note that if the system is in PROGRAM mode, pressing the MONTR key
clears the error message.} Continue pressing the MONTR Kkey, taking note of
the errors or messages, until all have been cleared and the message “ERR
CHK OK” is displayed. Then proceed 1o correct gach of the errors.

it is not possible 1o clear an error or a message while in BUN or MONITOR
mode; the PC must be in PROGRAM mode.

The beeper will sound i the system cannot clear an error or a message for
some reason. if this situation arises, display and clear the emor or the mes-

sage again.

The asterisks in the error messages on the following page indicate numerals
in the actual display.
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Reading and Clearing Errors and Messages Section 6-2

System
operation
halts {(Highest
priority errors)

IS0 UNIT QUEE
EVE FRIL FAlSwsw

o

ZVES FOIL FObL +e

EMTE 170 ERRE 4 - Rermate UO Unit No.
Non-abortive
170 UER Com error (2nd
- R R highest priority}
sCon TIWME QUER
TL When al

errors have
been cleared
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6-3
System Errors

Error CPU Unit LED States

iossage

State Hem s Power | Mid-run ! Error [Werning | Load Of
4 Waiting for .

2 | startinput X @ o - __
o g

= f i

e | :

g | CRU OMBITA

= ! Waiting for .

=] g p‘ & _— — —

Remote /O Units

Power interruption | No indication ] & & ] &

CPU error or no indication| O & jo — -—

Memory error o - ‘ o ® o — —

-
& LITT DTy T RIST
§ | NoEND Loomil i o ® > — -
instruction
170 BUZ ERE o

O Bus error ' ! n o ® o I B

-
(3|
o

IA70 UHIT
10 table overilow - o ® © O — -

o}

1
11
i
-
RS
N
EN

nvalid Yotable | 17 5 o ® o | — —

TaET R T SO W [ QL TR
System error =ie PRILF L L o ® jo] - —

T, means that the LED is &, @ that the LED is not lit.
«—rn means that the LED being it or not makes no difference.
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Sﬁen 8

i;!;f;:.;n SH Area iii;ire Main cause of Error Corraction
. When the start input of CPU Power Shori-circuit the start input terminal of the CPU
Unit is OFF. Power Unit.
. Remote O Unit power off, Check the power unit supply and the Terminator
CFF Terminator not set setting.
When power has been cut off Yor at Chack voltage source and power lines. Try to
OFF — jeast 10 ms power-up again.
] »in PROGRAM mode, re~-power-up the system
OFF - Watchdog timer 130 ms or more. -Check the user program again.
e . «Do a program check and fix the error.
Memory Unf i u.aocrrecﬂy i *Make sure that the Memory Unit is mounted
OFF _ Fi mounted of missing. correctly.
a?ﬂ?g;:?; ﬂﬁ;uﬁé?;m oceurred +Check that the battery is inserted properly.
«Clear error afer fixing.
OFF — Fg | ENDisnotwrittenatthe end ofthe | yyrite END in the final address of the program.
program.
Adfallure is in the bus linge between Chdeck th;g t%m;er;f pgitntstwith Ua;{; ole R_ead,
OFF | — | {Note) | the CPU rack and the Expansion /0 | 2NG Use V) 1able Regisier o maich ine regis-
Racks tered table to the actual table.
) *Clear error after fixing.
*Check /O 1able with /O Table Read.
OFF _ E1 #O limitations exceedad, *Reassign /O channels and then generate the
new table with /0 Table Register,
When 1O Units have been replaced | .ohack YO table with 1O Table Verify.
OFF — = and the .riglstered gO table do”es ot | .Reassign ¥O channels and then generate the
agree with the /O Units actually new table with 1/O Table Register.
mounted 1o the PC.
_ +The scan time may be o0 long. Check the
OFF _ |011089 FALS has been executed by the prograrm.
oF system. -Also possible when FUNO7T is executed with 120
10 130 ms scan time.

Note: 0-3 indicates the rack number,
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mocclion &3

mode setfings

Error | ftam Ervor display OPU Unit LED‘Siaies
Bials Power | Midwun | Error |Warning|Load OF
[l 3 0 g oo H T e
System error WL FRIL FHL#s o jo ] jo —_
!
Skl T T HER
Scan tme overrun ||~ CHM TIME OUVER jo o ] jo] —
| ! ] Foplt i ]
VO tabls 170 UER EEFR o o Q - _
verification sror '
: A
3 bt ] - .‘.‘ E F:: ;: —— Hemdlg ) i
= Rsmote VO eror RHTE 140 o 2 jo) jo) @ o —
g
S i L
Battery srror ERTT LUY jo ) jo) ® o) —
Host Link error — jo jo) ® — —
PC Link error — ol o -] — —
& Load cut-off error - fay foy ® — e
Contradictory MOz SETTIMHE DRE ] _ _ . .

* AR VO Uni oulputs cut off

T. maans that the LED is I, @ that the LED is not iit.
=—=» means that the LED being Iit or not makes no differenca.
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Mid-run Faliure _
sutput SR Arsa Cods ¥aln cause of Error Correction
CN 0%t 9a) FAL has besen exscutad by the Chack the program.
program.
8108 Watchdog timer limit has bean e | ;
Fg Program scan time is 100 long. See Saction &,
ON | on axceeded {100 - 130 ms). e 9
Check the VO Unit connsctions with O Table
5110 E7 Tha ragistered VO tabls does not Verily, and set the VO Units properly. Then
O ON agree with the actual O Uniis. use VO Table Register o maich the ragistered
tabile 1o the actual table.
i Aiailure has cocurred in the trans- e
N g81142 Note) mission fine betwasn a Master and Chack the transmission line batwesn the Master
ON v s and Stave,
ave.
ON 8108 7 Battery is bad or is not installed Check battery connections, or replace battery.
ON properiy.
on [seefels An error between the Host Link Refer 1o the Host Link Systems opsration manual.
#1 below Units.
O ig; reor accurred in the PC Link Fefer io the PC Link Sysitems operation manual.
oN 8015 When the load off flag is ON
ON {SR 8015)
The programming Console switch is Set the programming Consote swilch for the host
. _ — not set for the host link when a Host link and then input the password.
Link Unit (3G2AS-LK101-{P)EVY/
LK201-EV1 is set 10 the host fink
mods.

Note 0-3 indicates the Remote Master Unit number.

Rei. #1. For Rack—mounting Units, 6110 ON
For CPU-mounting Units, 6008 ON
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6-4
Program Input

Errors
Error Message Correciion
Y = Engle A EP-ROM Unit is mounted for the program memory. Replace it wih a
T ' RAM or EEP-ROM Unit, and then write the data. The mounted RAM Unil is

write protectad. Turn the write-enable on.

eaxmpR P EORE QUEREE | The program cannol be writien because the instruction in the last address
is not NOP or END. Check the program and clear all addresses after END.

—.!....;.f-:-—-ﬂ? f= ﬁsi?::.f

" The specified address exceeds the progam memory area boundary.

Correct the program.

The V0O table cannot be registered. Check the number of Remotie VO Units
connectad, duplicated use of Optical Transmitting YO Units, the absence
of a Terminator for a Remote VO system, or too many /0 Units. Check all
the /O Units.

rwwasSETHOTS ERE What should be a decimal constant has been entered as a hexadecimal
- A number or, a constant exceeding the predstermined range has bean
entered. This generates a FALS 00. Correct the constant.
ks ] S0 . EEREFE An atiempt has been made to enter O data which exceeds the predeter- |

mined range. Check the range and correct the data.

6-5
Program Errors

Error Message

Correction

The program has been destroyed. Write the program into memery again.

1]
1

4
fornsd

The number of logical starts {LDs) does not maich up with the number
of logicat operations {OR LDs and AND LDs). Correct the program.

gkt The variable operand data specified is incorrect, Check the operand data
1ange for each instruction.

ok DO T DIFL More than ane instruction is trying 1o use the same output number. Check |
all cutput number assignments.

Aok ok o [ J There is no END at the end of the program. Write an END as the final
program instruction,

sesasl O0H ERR

The instruction currently dispiayed is in the wrong area.
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?m

Error Message

Correction

# o DIFUDIFD's

ksl —1L0 ERE ) .
iL and 1LC are not used in pairs, Correct the program.

sk JFF-JIHE EREE .
JMP 00 and SME 00 are not used in pairs. Correct the program.

fagwk IME UMDEFD The corresponding JME for a given JMP does not sxist. Correct the
program.

A 1{3’=‘§? PRI E D . . . .

-3 =L e The corresponding JMP for a given JME does not exist. Correct the

program.

sk PR L The number of the currently displayed instruction has already been pro-
grarnmed. Correct the program.

chmkw SEH-RET CRE Incorrect usage of the displayed instruction (SBN or RET). incorrect SBN

A R T LR usage is taused by more than one SBN having the same subroutine
number. Correct the program.

ks ER HRMDEFD , )

- e The subroutine called by SBS does not exist, Correct the program,
- A defined subroutine is not called by the main program. When this mes-
T e T sage is displayed becayse of interrupt routineg definition, there

is no problem. In ali other cases, corract the program.

sk D T EFOIE B e

More than 128 DIFU/DIFD's are programmed. Correct the program.

Cause

Correction

The cassette file number and the
file number specified by the user do
not agres.

Make sure the file number is entered
correctly, then try the tape operation
again.

The casseite tape has an error.

Er g, e 3 + +
awmsmk WERE ERE 'é'he c?;‘:gz ?h the ctasizﬁ; zize Check the contents of the cassatie
0 no & conen tape and that of program memory.
pIogIam memory.
3. e R et g R
b 2y G G s [ juli

Replace the tape with ancther.
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B6-6
Trougbleshoolin

CPU

Symplom

Possibie Cause

Correction

Powsr Supply does not turn on.

Voltage selector terminal sefting
SITON.

Connect the voliage selector terminal
correctly. S

Fuse is biown. >

Replace Fuse.

Fuse blows repeatediy.

Voltage selector terminal sefting
enor,

Connect the voliage selector terminal i
correctly. S

Circult board is short-circuited, or
purnt,

Replace CPU rack Power Supply -
Unit, or Backplans. '

Run indicator does not light.

Start input is OFE,

Turn the start input ON.

Programming srror.

Correct the program.

Power line is defective.

Replace CPU Power Supply Unit.

“Run Output” does not turn on.

Power circult is defective.

Replace CPU Power Supply Unit. |/

do not pperate.

YOs following a particular /O number

VO bus is defective.

Replace Backplane.

are in units of 8,

Abnormal /0s of Expansion ¥O Rack

{Cabte wiring is broken.}

IO Connecting Cable is defsctive,

Replace the /O Connecting Cable.

170 bus is defective.

Repiace Backplane.

One /0 turns ON erroneously.

/O bus is defective.

Heplace Backplane.

operate,

All #Cs of a particular YO Unit do not

YO Bus is defective.

Replace Backplane.

input Unit

Sympiom

( Possible Cause

i
|

Correction

All inpuis do not turn ONL
{Cperation indicators do not light.)

? External input voitage is not supplied. | Supply power.

| External input voltage is low.

Raise supply voltage.

Terminal screws are oose,

Tighten terminal screws.

Faulty contact of terminai bloek
connector.

Replace terminal block connecior,

All inputs de not turn ON.
{Operation indicators are fit.}

input circult is defective.

3

Replace defective input Unit.

All Inputs do not turn OFF.

input circutt is defective.

Replace defective Input Unit.

One input bit does not turn ONL

Input device is defective,

Replace input device.

Input wiring is broken,

Check and replace input wiring.

Terminal screws are loose.

Tighten terminal screws.

Faufty contact of terminal block
connector.

Replace terminal block connecior. - §

input ON-time is {oo short.

Adiust external Input device.

Input circult is defective,

Replace defective input Unit.

input number is incorrectly
programmed as OUT.

Correct the program.

One input bit doaes not turn OFF,

Input circuit is defective.

Replace defective Unit.

input number is incorrectly
programmed as OUT.

Correct the program.

Inputs turn ON and OFF irreguiarly.

External input voltage is low.

Raise exiernal voltage,

Malfunction due o noise.

Countermeasures against noise.
install surge suppressor.

Install insulating transformer,
Wire with shielded cable,

Terminal screws are loose.

Tighten terminal screws,
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Section 6-

input Unit {cont.)

Sympiom

Possible Cause

Correciion

Inputs turn ON and OFF breguiarly.

Faufty contact of terminal block
connector,

Replace tarminal block connecior,

Abnormal input numbers are in unils
of 8 bits.

Commen terminal screws are loose.

Tighten common terminal screws.

Faulty contact of ierminal block
connector,

Repilace terminal block connecior.

Data bus is faulty.

| Replace defective Unit,

P iz defective.

1 Raplace CPU.

Input operation indicator does not
light.

LED indicator is defective.

Replace defective Unit,

Output Unit

Symptom

Possibie Cause

f Correciion

Al Cutputs do not turn ON.

Power for Ioad 18 not supplied.

| Supply power.

Raise suppiy voliage.

Tarminal screws are jpose.

Tighten terminal screws.

Fauly comact of terminal block
connector.

Replace terminal block connector.

Fuse is blown.

Replace fuse.

Faulty contact of YO bus
connecior.

| Replace defeciive Unil,

Qutput circuit is defective.

Replace defective Unit,

Ajt Owiputs do not wrn OFF,

Outpul circutt is delective.

Replace defective Unit.

One output does not turn ONL
{Operation indicaior does not fight.)

Qutput ON-time s too short.

Correct the program.

OUT numbers are programmed in
duplicate.

Correct the program.

Output circutt is defective.

| Replace defective Unit,

One Output does not turn OFF.
{Operating indicator is Iit.)

Qutput device is defective.

| Replace output device,

Qutput wiring is broken.

Check output wiring.

Terminal scraws are logse.

Tighten terminal screws,

Fauly contact of terminal block
connactor.

Replace terminal block connscior.

Qutput relay is defective.

| Replace defeciive relay.

Qutput circult is defective.

Replace defective Unil,

One outpul does not turn OFF.
{Operation indicator does not light.)

Cutput relay is defective.

Replace defective relay,

Leakage current, or residual
valtage.

Replace external load or add
| dummy resistor.

One output does not turn OFF.
(Operation indicator is .)

The CUT number has heen
programmed in dupiicate.

Correct the program.

| Output circuit is defective.

| Replace defsctive Unit.
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Cutput Unif {cont.)

on6-6

Sympiom

Possible Cause

Correction

Outputs turn ON and OFF Irreqularnly.

Supply voitage for exiernal load is
low.

Haise external supply voltage.

OUT numbers are programmed in
duplicale.

Correct the program.

Malfunction due 1o noiss.

Countermeasures against noise.
Insiall surge suppressor.

install insuiating transformer.
Wire with shielded cable.

Terminal screws ars loose,

Tighten terminal screws.

Faulty contact of tsrminal block
connector.

. Replace terminal biock connector.

Abnormal oulput points are units of 8.

Commom terminal screws are
foose,

Tighten common ierminal screws,

Faulty contact of terminal block
connector.

Replace terminal block connecior.

Fuse is blown.

Replace fuse.

Data bus is faufty.

CPU is defactive.

Replace CPU.

Outout operation indicator does not

light.

L ED indicator is defective.

Replace defective Unit,
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CPUs and Assotiated Unils

APPENDIX A
Standard Models

Name Remarks WModel
510 o 3 Link sfots 3G2A5-BCOET
_ , 5 Link siots C500-BC082
CPU Backpiane 3 Link siots 3G2A5-BCO5
5 /0 stots 5 Link slots | C500-BC052
CPU | 3G2C3-CPU11-EV1
4.4K bytes 3G2A5-MR431
RAM Unit
6.6K byles 3G2A5-MREB31
_ 5.6K words 3G2A5-MPB31
ROM Unit 32K words max. 3G2C5-MP341
- 27128 128 bits ROM—|
EP-ROM chip 2784, 64 bits ROM-H

CPU Backplane Power
Supply

100 to 12G/200 to 240
VAC (selectable)

Output 7TABVDC

3G2A5-PS221-E

Qutput: 12 A5VDC

3G2A5-P3223-k

24 VAC

Cutput: 7 A5 VDC

3G2AB-PS211-E

| Qutput: 7 A5 VDO

C500~-PS213-E

O Control Unit

3G2ZAS-HI0Y
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Expansion VO Backpiane

230

Mame Hemarks Model
Backplare | 8siols 3G2AS-BI08Y
5 slois 3GE2A5-BIOST
100 1o 120/200 {o 240 VAC {selectable) 3GZAS-P5222-E
Power Supply

24 VDO

3G2AE-PS212E

70 interface Unit

| 3GZAS-1I002

O Connscting Cable

Horizontal type

13 em

| 3GPAS-CN11Y

50 cm

3G2A5-CN511

im

3G2AS-CNT21

! Vertical type

30 cm

| 3G2A5-CN312

50com

| 3G2AS-CN312

30cm

3G2ZA5-CNB12

im

| 3G2A5-CN122

{Zm

| 3G2AS-CN222




V0 Units

Name Remarks #ode!
18 mA 510 12VDC 16 pis 3G2AS-ID112
10 mA 1210 24 VDO 18 pts 3G2A5-1D213
| ON response | 32pts 3G2A5-1D215
i time: 15 ms max.
10 mA 1210 24 VDT i
be | ON response 32 pis 3G2A5-1D218
' time: 1.5 ms max,
10mA 121024 VDC 32 pis CBO0-1D218CN
7 mA 12 VDG, static i 84 pis C500-1D114
Input 10 mA 24 VDG, dynamic 84 pis 3G2AS- D212
Unit 7 mA 24 VDC, static | Bdpts | 3GRAS-ID219
10 mA 100 1o 120 VAC 18 pis 3G2A5-1A12Y
AC 10 mA 200 1o 240 VAC 16 pis 3G2A5-1AP22
10 mA 100 10 120 VAC | 320ts | 3G2A5-A122
10 mA 200 10 240 VAC 32 pts C500-1A223
AC/DC 10 mA 1210 24 VAC/DC | 18 pis 3G2AS-IM211
10 mA 12 io 24 VAC/DC : 32 pls 3G2ZA5-1M212
T7L 3.5 mABVDC 32 pts C500-1D501CN
2 A 250 VAL/24 YDC i 16 pis 3E2AS-0C221
Contact 2 A 250 VAC/24 VDG (sep. commons) 16 pts 3G2A5-0C223
2 A 250 VAC24 VDO 32 pis 3G2AS-0CE24
1A 1210 24 VDC 18 pis C500-0D217
1A 121048 VDC 16 pis 3G2A5-0D411
50 mA 24 VDC (sep. commens) 16 pis 3G2A5-0D215
0.3A121024VDC 32 nis Cs500-0D218
Output | Transistor | 0.3 A 121048 VDC 32pts | 3G2A5-0D412
Unit 0.3 A 12 10 24 VDC, PNP output 32015 | 3G2A5-0D212
0.3 A 12 to 48 VDG connect 10 VO | 32pts C500-OD4150N
0.1 A 24 VDC, dynaric 84 pis 3G2A5-0D211
0.1 A 24 VDG, staiic 84 pis 3GEAS-0D213
| 1 A 132 VAC max. 18 pis IGRAS-0A121
| Triac 1 A 250 VAC max. 16p1s | 3GRAS-0OA222
1 A 250 VAC max. ;| 24 pis 3G2A5-0A223
1 A 250 VAC max. 32 pts C500-0A225
TTL 35 mASVDO 32 pits C500-0D5010N
gg;tftﬁaﬂs‘w 121024 VDO lgf;u;%?: | 19 csoo-mpziteN

Dummy /0 Unit

No. of I/O poinis can be sat

3G2A5-DUMOT
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St

Speclal VYO Unlis

Mams Femarks Modei
41020 mA+Tt048 Y 2pts 3G2A5-AD001
Glo+i0V 2pts BE2A5-AD002
AD Conversioninput | g4 L5y 2 pts 3G2A5-AD003
-igto +10 WV 2pis 3G2A5-ADOD4
S48V 2 pis 3G2A5-AD00S
4020 mA+1i0+5 Y 4 pis 3G2A5-ADO0S
Dto+i0V 4 pts 3G2AS-ADOO7
4020 mAstiosb Y 2 pis 3E2A5-DADOY
Oio+10V 2pis 3G2A5-DACO2
D/A Conversien Cutput | Olo45 Y Zpis 3G2A5-DADC3
-0t +io W 2pis 3G2AS-DACO4
Si0+5V 2pis 3G2A5-DAR0S
High-Speed Counter & BCD digits, 50K cps 1pt 3GE2A5-CTo0
§ BCD digits, 50K cps 1 pt C500-CT012
PID 3G2AS-PIDO1-E

Position Conirol

1-axis, for stepping/sarvo motor

3GE2AS-NCY03-E

1-axis, for stepping motor only

3G2AS-NC111-EVY

2-axis, for servomoter

C500-NC221-E

Stepping Motor Driver

Phase current: 05102 A

3G2A5-SMD21

Phase current: 06104 A

3G2A5-3MD41

Encoder Adapter

3G2A5-AEQ0Y

Teaching Box

3G2A5-TUCOT-E

C500-TUGD2-E

ASCH Unit

Adapter Box 3G2A5-IF101-E
Power Supply 3GZ2A5-PEIQ3-E
RAM 3G2A5-ASC0Y

RAM + EEP-ROM

IG2A5-ASC02
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tandard Mod

Link Units and Remeole VO Uniis

APPENDIX A

Mame Remarks Model
APF 3G2AS-LK101-PEVH
PCF 3C2A5-1K101-EV
Back RS-232C/RS422 3G2A5-LK201-EV1
Hoet mounting | APF C500-LK103-P
Link PCF C500-LK103
RS-2320/RS-422 {500-LK203
APF 3G2AB-LKI1D1-PEVY
CPUL- PCF 3G2AB-LK101-EVY
mounting | ps.pa0¢ 3G2AB-LK201-EV1
R5-422 3G2AB-LK202-EVT
PC Link Links upto 8 PCs C500-LK0038-V1
SYSNET Link General-purpose {500-3NT31-V2
Ontical Remote APF 3G2A5-RM001-PEVY
VO Master PCF 3G2AS-RMOC1-EV
APF w/t optical connector 3G2A5-RT001-PEVT
Optical Remote w/2 optical connsctors 3G2ZAS-RT0OC2-PEVY
17O Stave PCF w/1 optical connector 3G2A5-RT06T-EV1
w/2 optical connectors 3G2A5-RT002-EVY
Optical APF 3G2A5-LKO16-PE
VO Link PCF 3G2A5-LKO10-E
Wired Remaie /O Master C500-RM20t
Wired Hemote VO Slave C500-RT201
AC input Specify 100 VAC or 200 VAG. GTYC-IAtE
VG Block BC Input Specify 12 VDC or 24 VDC. G7TC-ID18
Output Specify 12 VDC or 24 VDC. G7TC-0C18
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Link Unils and Remote V0 Units
{continued}

Name Remarks Modei
‘ No-vcdﬁage ! oo | APF | 3GS5A2-ID0C1-PE
; contact, Dis
DC input 100 VAC | PCF | 3G5A24D001-E
1210 24 . APF | 30G5A2-IM211-PE
ACADC input VAC/DC & pis :
ney 100 VAG PCF | 3G5A2-M211-E
100 VAC APF | 3G5A2JA121-PE
100 VAC 8 pts
Optical Gt PCF | 3CG5AZ-JA121-E
Transmittin npy
Vo 4 500 VAC APF 3G5A2-1AZ21-PE
| 100 VAC Spts PCF | 3G5A2-A221-E
2 A 250 VAC APF | 3GBA2-0C221-PE
Contact output 24 VDG 8 pts _
1007200 VAC PCF 3G5A2-0C221-E
Triac output | 100/200 VAC - APF 3G5A2-0A222-PE
100200 VAC | B P PCF | 3G5A2-0A222-E
) 03A1210 APF 3GSAZ-0D411-PE
Transisior 483 VDO 8 pts
| output 1607200 VAC | PCF | 3G5A2.0D411-E
{Optical Fiber Cabies
éff P!as;ichOpticai Fiber This cable can be used (in lengths of up 1o 20 m) with Units having the suffix
able { r “P” in their model numbers. it cannot be used with Units without the suffix
“P". The connector (3G2A8-PFR02) must be assembled by the user. When
connecting Units of differing types (i.e. model numbers with and without the
suffix “-P") always use plastic-clad optical fiber cable (PCF).
Namea Remarks | Model
Cable only {optical connectors not provided) Order in units of
Plastic optical fiber cable 5 m for cable less than 100 m. Else order in units of 200 mor | 3G5A2-PFOC2
500 m. ;
Optical connecior A 2 pes (brown) Tor plastic optical fiber 10 m long max. . 3G5A2-C0001
Opticai connecior B i 2 pes (black) for plastic optical fiber 8 1o 20 m leng 3G5A2-CO002
Plastic optical fiber cable 1 m, with optical connector A provided at both ends 3GSAZ-PF101
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Piactic-Ciad Optical Fiber
Cable {PCF}

This cable can be used {in iengths of up fo 200 m) with Units having the suffix
P in thelr model numbers. it can also be used with Units withouf the suffix

“P"in lengths of up to 800 m.

2 m, wiconnector

Ambient temperature;

Name Remarks Mode!
0.1 m, wiconnecior 3GSA2-OF001
1 m, wiconnecior . BG5AZ-CF1GY

3G35AZ-CF201

{for indoors or cutdoers)

50110800 m
{Order in uniis of 1 m)

Ambient temperature;
0° 10 55°C {Must not be
subjecied 1o direct sunlight)

3 m, w/connector 10818 70°C 3G5A2-0F301
Optical fiper cable {for indoors} | 8 m, wiconnacior 3G5A2-0OF501
E 10 m, wiconnesior 3G5AZ-OF111
| 20 m, wiconnector 3G5A2-0F211
30 m, w/connecior 3GEAZ-OF3HY
40 m, w/connactor 3GSAZ-0OF411
50 m, w/connector 3GSA2-0F511
110500 m Ambient iemperature:

Optical Hoer cable {Ordsrinuniisoi im) -1 10 70°C :

3GSAZ-OFD02

Note: The optical fiber cable is not easily connected. Cut the cable a litlie
longer than required.

— fength L (m)———é

+Crystail Optical Fiber Cable

Crystal optical finer cabile is not available from Omron. Order it directly from
the manufaciurer.
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SYSBUS

Mame

Remarks

Modsl

_ Link Adapter

RS-422, 3 pes

3GZAB-ALDOT

Optical {APF/PCF) 3 pes

3G2A3-ALO02-PE |

Ogptical (PCF) 3 pes

3G2AS-ALOOZ-E i

Optical {APF/FCF), RS-422, B8-232C, 1 pc each

AG2A9-ALOGA-PE |

Optical {PCF), RS-422, RS-232C, 1 pc each

3G2A9-ALOO4-E

Cpiical {APF/PCF), Optical {AGF), 1 pe each

AG2AS-ALJ05-PE

Optical (PCF), Optical {AGF), 1 pc sach

3G2A3-ALO0S-E - |

Optical (APF/PCF} 1 pe, Optical {AGF} 2 pes

3G2AS-ALODSPE |

Optical {(PCF) 1 pc, Optical {AGF) 2 pes

3G2AS-ALO0S-E ¢}

Repeater

APF/PCF

3GSA2-RPTO1-PE

PCE

3G5A2-RPTO1-E |
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andard Models

Peripheral Devices

APPENDIX

Mame Remarks Model
Programming Console Vertical 3G2AS-PRODZ3-E
2m 3G2A2-CN221
5m CH00-CN523
) For co?nectinﬁ Pr?_g:rarrgni!ng‘ ! i0m C500-CN131
2 Sl ST O [20n | canoonest
Conscie.) 30 m C500-CN331
40 m C500-0n431
i 50m C500-CNB31Y
Programming Console Adapter For extending Programming Console. 3G2A5-APODT-E
Programming Console Base Connecting cable is separate. 3G2A5-BPO01
Handheld Programming console C200H-PRO27-E
i Programming Console Adapter Required for Handheld Programming Co00-AP00e
Console 2m C200H-CN222
Connecting Cable 4m C200H-CN422

P-ROM Writer

3G2AS-PAWOS-LV

Printer interface Unit

Memory pack is separate.

3G2AS-PRTOI-E

Printer Connecting Cable

2m, for connecting printer/ploter

SCY-CNaot

Memaory Pack
{for primer interface)

3G2AB-MP102-EV1

Floppy Disk interface unit

3G2CE-FDI03

Peripheral interface unit

Connecling cable is separate,

Cz200H-1P006

T

CPU and System Disk Set

FIT10-8BET11-E

Graphic Programming Console

116 VAC

3G2C5-GPCO3-E

GPC Memory Pack

wicomments

C500-MP303-EV

CRT Interface Unit

For connecting GPC io CRT

3G2A5-GDI0T-E

Cassette recorder connectling
cable

im

SCYPOR-PLGOH
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Optional Products

Name Remarks Model
Batery 3G2A5-BATOR
| For 38-pin block, special type | 3G2A5-COVIY
VO terminal block cover | For 38-pin block, standard type | 3G2AS-COVi2
: For 16-pin block, standard type 3G2A5-COV13
For 170 connacior protection 3G2A5-COVOY

3G2A5-COVO2
3G2A5-COVE3
3G2A5-5P001

3G2A5-SP002

Connsgtor cover For Link connector protection

For IOCHOIF connector protection

Space Unit For VO Control Unit space

For ¥O Unit space

Commercialiy Available

Products
Mame Remarks Model
Data recorder 100 VAC | PC-DR311 NEC
100 VAC MR-33DR Sanyo
SX-807T Epson
RX-8011
Printer Interface board #8143 FX-80
or #8145 Is necessary. VX-80K
WX-130K
WXA731-1-01
FPS301R-1-01 Graphiec
X-Y plotter Paper exchangeable i MP1000-1-01
| MP2000-51
Floppy disk drive S-inch, double-sided, PCoa31-4W
double-density, double-
track (2DD) NEC
3.5-inch, double-sided, PCE831-UW1
double-density, double- PCS831-UW2
| track {2DD) PCY831-VW2
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Programming Devices

-Graphic Programiming
Console (GPC)

«FIT

-L58

388

APPENDIX A

The GPC aliows you to perform all the funciions of the Programiming Console
as weil as many addilicnal ones. PC programs can be writlen in iadder
diagram as weil as mnemonic form. As the program is written it is displayed
on the liquid crystal display making modifications quick and easy. Syntax
checks may be performed on the programs before they are downioaded to the
PC. Many other functions are available depending on the Memory Pack used
with the GPC.

FIT is an Omron computer with specially designed (FiT) soflware which will
aliow you to perform ali of the functions that are available on the GPC. More-
over many of the functions that normally require the use of special peripheral
units may be performed without them. With FIT, programs can be written {in
tadder or mnemonic form), debugged, saved to floppy disks, or printed out.

1S5 is software that is designed for use with the IBM/AT (and sorne other
computers) which will allow you to perform all the functions available on the
FIT.

The most current versions of the L3S are the CS00-SF711-EV3 (2D 57 disks)
and the O500-SF312-EV3 (2HD 3.5" disks).

The most advanced Support Software offered by OMRON is the SYSMACG Sup-
port Software (855: C300-ZL3AT-E, 2HD 3.5” disks). The S88 runs on an IBM
PC/AT or compatible and supports both C-series PCs and CVM1 PC.
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APPENDIX B

Programming Console Operations

; HMods
Operation Run | Mon. | Prog. Key Sequence
Bata Al Clear NO NO YES

YO Table Register NO NG YES

YO Table Verify YES | YES YES

1O Table Read YES |YES | VES

YO Table Transter NO NO YES

Error Message Read {YES | VES YES

Setting Address VES |YES | VES
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wappendix B

Operation

Mode

Run

Mon.

Prog.

Key Seguence

Program Read

|

YES -

YES

YES |

Search

YES

YES

VES

Instruction Insert

NO

NO

YES

instruction Delete

NO

NO

YES

Program Check

INO

NO

YES

Scan Time Read

YES

[YES

NO
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Programming Consele Opsralions Appendix B

. Mode
Operation Fun | Mon. | Prog. Key Sequence
General Monitor YES YES YES
Channe! Monitor YES IYES YES
{Binary}

Al moniter
chosx

Forced Sei/Reset NO YES YES

PV Change 1 NO YES | YES

PY Change 2 NO YES YES
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Operation } Bun E?;if Prog.i Key Sequence
8V Change 1 NO  |YES |NO
i E
L
Cassette Taps Write LNO %N{) ! YES
|

|

AP i

T

WL e Sebttnds.

(Carel wi: 0 GLA Koy}

Cassstte Tape Read

NO

YES

¥ | St lpe teeovder ‘ <
¥ el i Q.
e Eril i

A EE BT Aot § sactrkis,

(Gancm v 1o CLR roy.)

Casseite Tape Verily

NO

NO

YES

laying.

B E B

Wit i abeut 5 sedends.

[Cancst wih e SLF k)
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APPENDIX C

Programming instructions

instruction Symibel #Mnemonic Operand
Load — | D B |
B:
‘, 1R
Load Not p— | LDNOT IERE:
; ' HR
LR
And —_— | AND '8 || TC
And Net —f— | AND NOT IEN
T 1
o - = N
Or Not P | ORNOT I
And Load | ANDLD =
Or Load I ORLD J —_ E
- | ; 2
Out | out ENaE:
HR
\ TR
OutNot | —@ | OUTNOT B | LR
7 N: 8V:
TIM N
Timer TG iR
— sV SR
HR
LR
cP [CNT ONT N #
Counter R N
sV — L sy
A SR HR LR T DM "

0000 to 6002 8003 10 6307 | COCO 1o 3115 | 00000 3115 | 00010 127 000 to 511 | 0000 to 9989 or
i 0000 10 FFFF
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Code r Symbol Mnemonic Function Operand
00 | NOP{00) — ];
o1 |—— END(O1) | | | END() — | | Endsthe program —
Causes program steps o be
ignored and oulputs cleared
02 iL{oz) —! [ iLioz2) - g and timers reset depending on|
the result immediately before |
; this instruction.
- :
03— wcws) | | | Loy — | ClarslL
—— UMP04) | | | JMP(4) - 3
. . Causes ali the program
_ JMP(05) i ‘ JME(05) — steps between this instruc- N:
' tion and JME 1o be ignored, | 001095
04705 or executed, according 1o
‘ | the result immediately
SMP{04) E ! JIMP(O4) N 1 | before this instruction.
—— aMPs) | | | JME(s) N
T | indicates an error that N:
'_—’{ FAL{0S) T l FAL(08) N i | does not stop the CPU. 1011098
08 "
——} FAL{05) 7 | FAL(0B) 00 } Ciears FAL area. _
y ; Indicates an error that stops | N:
o7 | FALS(O7) | | | FALS(OY) (N | mecru 011099
! i Shifts data in bit units. B/E:
| SFT(10) 8 R
10 B __isFT(10) 5 0 15 0 uR
R_| E 2] B w| LR
B:
St @ ‘ Causes data bit fo become iR
| KEEP(11) 8 | latching. HR
11 : LR
N: SV
I \ TC iR
. pi | SNIR CNTR(12) N UP-DOWN {reversible) HR
1z o gv _ sy counter operation. : ;R
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Programming Instrustions

APPENDIX C

Code Symbol Mnamonic Functon Operands
. Causes the following B:
DIFUGI® ; : instruction to operate for R
13 ¢ DIFU(13) B one scan time at the leading | 0
P adge of the input signal. LR
- Causes the following B:
14 DIFD{14) 1 DIFDGH) B j instructian to operate for fﬂ
B : one scan time at the trailing i
adge of the input signal, LR
N: | sV:
i High-speed, ON-delay timer T iR
15 1 @ TIMA(1S) t N . operaticn. SR
—_— - sy Setvalue: 0,01 10 588.99 5 MR
B/E:
——— WSFT(18) WSFT(15) | — R
16 B — Shifts data in Ch units. 23
E — DM
*DM
C1C2:
Compares one channel's i
_ data, or a 4-digit constant, 3R
CMP(0) CMP(9) against ancther channel's HR
20 1 — ct data, LR
TC
ez — Cz Note: C1 and C2 cannot DM
both be constants. "D
#
MOV(21) MOVi21 — s: B
Transiers channel data,cra | 1p ¥
21 s — g diai R . ]
A?- igit constant, 1o a speci- 3SR HR
D — tied channel. HR iR
LR DM
TG "DM
MVN(22) MVN(22) - Inverts channel data, ora 4- | DM
22 g — s digit constant, and transfers oM
# 1o a specified channel. #
D — | D
IR SR HR TC D #
0000 to 8002 8003 10 6307 | 000010 3115 | OCOO W0 3115 000 1o 127 00012511 | 000010 3989 or

0000 1o FFFF
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Programming InSWUSHONS e —— D ENDIX C

Code Symbol Mnemonic Function Operands

Converis BCD data inte g- a:
binary data. 1= R
I — n SR HR
—em— BIN{23) BIN(23) — (BCD) {BIN) ::i;i LR
D
| — R x10" xis' | DM
DM
Xip? x182 !

X108 X162

Converts binary data into g- R
BCD data. =] ji=]

§ — R SR HR

et BCDH24) BCD(24) - {BiN) {BCD} HR LR
o

24 g — s X186 X10 | 1o oM

x18! x10 DM

X162 xigp | DM

x18° x10°

R — R

. Ch:
Shifts Ch data left. IR
—  ASL(25} ASL{25) — . o0 HE
25 iR
Ch - cn cyb—{ ch k—o0 | DM
‘DM

Ch:
; Shifts Ch data right. IR

— 4§ ASR(28) ASR{28} [ HR
28 Ch — Ch 15 00 LR

DM
g -+ Ch — CY DM

Ch:

‘ Rotates Ch left, with carry.
—— ROL(27} ROL(27) - HR

15 00 LR
27 Ch — i Ch DM

r Ch — CY j DM
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Cods | Symbo} | Mnemonic Function Operand
| ch:
5 " iR
ROR{28) ROR(28) - ! 9 HR
28 ; 0— Ch cY IR
*DM
Che
Inverts Ch day R
COM(29) COM(29) — || e e HR
. » LR
28 ch |- Gh J Ch - Ch -y
*DM
:
) Au/Ad: R:
Performs BCD addition of = [i=]
i one channel’s data, or a 4- SR HR
ADD(30) ADD(30) - digit constant, and another HR LR
Au — Au channel's data. LR DM
30 *BM
Ad — Ad _Dr%
N _ R *DM
‘ Au+Ad+iCY i —=RiCY] ¥
. Mi/Su: R:
Performs BCD subtractionof | IR
] SUB(3T) SUB(3T) —_— one channel's data, or a 4- SR HEe
) - i digit constant, and another HR [ LR
Mi - Mi channel's data. iR DM
31 Su _ Su TC *DM
R L= R ?gfn
| Mi-Sv-]CY = R|CY "
_ . Performs BCD multiplication i\gd/Mr: ;
MUL(32) MUL(32) - | of one channels data, or a 4- SR R
digit constant, and another He (R
Md - Md channel’s data.
32 LR DM
Mr — LM TC *DM
R — [ R J oM
: M3xMr—| B+t R “BM
#
iR SR HR LR TC DM i
00000 5002 | 80031 6307 | 0000103115 | 0000t 3115 | 0001 127 | 000to 511 | 0000 to 9999 or
| D000 to FFFE
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Programming Instructions _— LAPPENDIX C
Code ! Symbol Mnemonic Function Operands
o Dd/Dr: | R:
Perorms BCD division of one | R
—  DIV(33) DIVI33) — channel's data, or a 4-digit 3R ¥ts)
| constant, and another L uR iR
23 Dd - Dd channel's data. 1R O
Dr — Dr TG *DM
DM
A _ R R+ 1 R DM
#
. HAz2: R
Parforms a logical AND iR R
bt ANDW{34) ANDWI{34) s operation beiween two an HR
. channel's data. r LR
- i LR | DM
34 2 — 2 TC | DM
A2
R . R i 2= R ?{;\EM
#
1142: | B:
: R =
Performs 2 logical OR
ORW(3S) ORW(3S) — vperation between two ii Eg
i1 — i channel's data.
35 LR DM
2 — 12 TC DM
DM
R - R HVi2—~R DM
#
i112: 1 B
iR R
——— XORW(38) XORW{38) — SR HR
» — » Pen‘ormsa} logical exclusive | yn LR
a8 OR operation between two 18 DM
i2 — i2 channel's data. TC DM
R — R DM
*DM
#
E naz: | R
—— XNRW(37 XNRW(37 R R
&7 ©7) _ Periorms a logical exclusive | SH HR
11 —_ 1 OR NOT cperation between | MR | LR
37 two channel’s data. LR DM
R — R DM
: DM
#
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Programming Instructions _APPENDIX
Code | Symbol Mnemonic Function Operands
Incraments a Ch:
28 ING(38) INC(38) _ channel's data by 1. i—?ﬂ
Ch _— Ch LR
DM
DM
Ch:
T iR
——  DEC(38) DEC{(39) _ Decrements a channel’s HR
39 ch _ ch databy 1. )
DM
DM
Sets the carry flag {Ch) o “1".
40 ~—‘ STC(40) | STC{40} | — —
1= Ch
Resets the carnry flag {Ch)
10 0", _
41 | —— clo@n | | cLoat) -
0= Ch
Moves the contents of
saverai consacutive source §R % %
channels 1o several HR SR (HR
XFER(TO) XFER(70) —_— consscutive destination IR uR LR
N — N channels, TC B |TC
DM i TC |DM
70 8 - S S = D *DM!DM |*DM
; o No.of {4 *
B — : D S+1 D+ Words oM
S+n D+n
IR i 2R HR TC DM #
80060 1o 8002 8003 108307 | CO00 103115 | 000D 103195 | 00010 127 000 1o 511 | 0000 1o 9958 or
! 0000 to FFFF
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Progremming

—APPENDIX G

Funetion

BSET(71)

BSET(71)

8 s

- S
B — B
& e E

channels.

Sets the sams data to the
specified consecutive

3: Number of channels

13

R
SR
HR
LR
TC
DM
*OM

] Gperaﬂdsi'

BiE: L
S
HR 1

TC U

DM
DM |

72

ROOT(72)

ROOT(72)

Sq

roct.

Computes 8-digit BCD square

Sq

Sq

Bg:

HR
LR
TC
DM
‘oM

LR

O

73

XCHG(73)

XCHG(73)

E1

Ed

E2

| E2

thannels,

Exchanges data betwesn

Ev/E2:
R

HR

LR

DM
*DM

74

SLD{74)

SLD(74)

B

E

| Shitte Ch data left in digit
units (4 bits}.

By e~

B/E:
IR
HR

DM
“DM
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Programming Instructions APPENDIX C
Code Symbot Mnemonic Function Operands
Shifts Ch data right in digit
units {4 bits). B/E:
—— SRD(75) SRD(75) - ;'jR
_ B+ 1 o TC
: E E N D
“DM
o0~ E >
gf;t;dgf 12:322 n(d,—b'a‘t) data s: DY/RB:
——— MLPX(78) MLPX(78) — it pestion. IR i
SR HR
75 S — S — HR LR
Di — Di sjafef1 o o-Fim ITC
. RB L RB - : ' DM DM
i D i DM
Encodes the position of the S8 R/Di:
highest bit that is ON im0 1- | IR R
dig (4-bit) data, SR HR
SB — SB tR TC
77 15 o TG DM
R — A - DM | DM
Di — 8 *DM
3
R 34z 110§ 0~F
Decodes 1-digit (4 bits) of Ch | S: Di/DB:
[ data into data for 7-segment | 582 IR
- g _ display. HR
SDECITS) SDEC(78) HR LR
; g _ s LR TC
78 : . T DM
DB — = oM
Bi
iR SR : HR | LR e [ bM #
D000 1o 68002 8003 to 8307 0000 to 3115 0000 10 3115 | OO0t 127 Q0010511 ¢+ 0000 10 9998 or

D000 to FFFF
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Programming Instructions
Ce'de | Symbo! Mnemoniz ' Funetion i Operamnds
!
Performs floating point
division between two 7-dight | %d/ Or: ;
FDIV(79) I FOV(79) — BCD cata. bR | HR
Dd — Dd LR LA
79 _ T | TC
o . or Dd +1}| B oM | DM
| R — R + | Drst{i Dr ‘DM l DM
]
R+t R
| a |
i | Transfers 16-bit dataioa i 5. J%DB_S.!O‘?:
' i | channel with address given | jr IR :
memm——  DIST{80) DIST(80) — by base plus offsel. SR bR
HA LR
80 s i - S R TG
D8s = DBs ! Base(DBs) g% Pgi,]
Of = of — oM |
- Offset (Of) |
bl
a ; (S} = (DBs + OF) |
| i
| i |
Extracts 16-bit data from a
channel with address given SBs: | OU/D:
i by base plus ofiset and iR PR
—— GOLL oL — Loy P :
&) coLLEn ; | transfers the data to the 'SR I HR
SBs — SBs |  specified channel. ' HR } LR
81 LR ITC
o - o ¢ | DM
D — D Base (DBs) ¢ DM | DM
E + DM :
| It o - -
| |
! (SBs + Of) = (D}
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Code Symboi Mnemonie Function Operands
Transiers a specified bit in Ch s g D
S to g specified bit position in 1?% iFi >iF§
— | MOVB(82) MOVB(82) — ChD. SR HR | HR
HR (LR LR
3 —
82 s RITC I7C
c _ c S TC DM DM
Dt | *DM  *DM
o = o DM #
) #
Transfers Ch data to the i5: G D
specified posftion in digit{4 (IR | 1R IR
bit} units. SR | HR [HR
— MOVD(83 MOVD(E3 —
oVD(Es) (89) HR | LR LR
s e g 15 o iR | TC |TC
8 c - c 3 IR (TG DM JOM
B i DM "DM I"DM
D — D S B
o #
D ........
Shifis the specified data one
bit to the left or right, with .
carry. %BE'
—— SFTR{84} SFTR{84) —
15 D2 o 15 D1 HR
c e C E 2 .. | LR
84 R — 8 DM
E — E #
iIN15 D2 0 15 D1
e /7 B
Compares 16-bit data with 2
table consisting of 18- ¢D: cB: R:
channei data. - ’SRR ;-IHQ ;-TR
e TOMP(85) TCMP{85) —_ o -] ¢B p HR LR jip
cD —_ CD CB+1 1 _‘}—_g g‘% TC
3 ")
5 cB - cB L= DM | *Dm | DM
N DM *DM
R - | R CBa13 | {1 §
CB+14 | 1 G
T CB+13 | [ 1
1: agreement
0 disagreement
iR SR HR f LR TC T #
0000 t0 6002 | 800310 6307 | D000 to 3115 | 0000 to 3115 | 00010 127 | D00t 511 | 0000 to 9999 or
: i : 0000 o FFFF

255



oG g I e O s e DENDIX C

Code s Symbol ; Mnemonic Function | Operands
I Writes N Chs of data to an CNS: D
‘f inteliigent ¥O Unitthreugh D. | 1R | 15
87 | — WRITEn | | | WRITE?) T SR | channel
i 1 : HR  fopy |
N L N ' LR
_ < g ) e
> > DM
D _— | s} 8 S+ oM
S5+n
|
: \
‘I ! N S
! \ Reads N Chs of Datafrom an | i 7
e ‘ inteffigent 7O Unitthrough S. | 4R | ehannel
READ(E8) | | | READ(88) — LR | only
! N g TG
- N - DM | p.
28 b S * -
, s — E M
D — D nli D+t " HR
! H iI : LR
§ ! . : ] | TC
Den DM
DM
Transfers data of C channels
from Ch S to Ch D of nede 5
no. N and those that follow. | 5 l D/C:
— 1 sEND(0) SEND(90 e R IR
(99) | Source NodeNo] | SR | HR
! g —_ 5 : HR r LR
% | I LR TC
v = D s 5 Tc | oM
c — DM DM
J [ ! C } S+ D+1 | *DM i
S+n-1 Dun-1 [
{ ! |
: ' Refreshes the watchdog N:
o4 . WOT(04) 1 | WDT(92) N ] :;:.zgthe specified number of 01699
' |
| | |
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Programming lnstrucliens APPENDIX
Code Symbol Mnemonic | Function Operands
IORFET) IORF(S7) _ Refreshes the specified VO | g
97 B — ; B channeis. 00 to 31
E — =
Transfers data of C channels
omCh Sofnode no. Nto
Ch D and those that iollow. S: D/C:
i R
—1 RECV(S8) RECV{98) — Node NoJ Source 3R HR
HR LR
s - 8 iR TC
%8 D _ 5 s D TC | DM
DM DM
O e o S+ D+ *DM
is -1 Din-1
=] SR HR LR TC DM #
0000 to 8002 6003 10 86307 | 0000 10 3115 | 0000 10 3115 o000 127 ¢ 000 1o 511 0000 to 9999 or
! 0000 1o FFFF
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Mainienance

Inspeciion Hems

Power Supply

APPENDIX D
inspection

Reguiar inspections and appropriate maintenance of the control devices are
essential to ensure the full e of your PC, and the trouble-free operation of
your controlled system. Salely measures to protect the systerm and o mini-
mize system downtime in the event of a failure must aiso be taken.

if any of the following items are found {0 be ouiside the criteria shown inthe
tables, the necessary correciions should be made so that the criteria are met.

Supply voltage fluctuation

Power supply rated at 100 10120VAC: 8510
132VAC

Power supply rated at 200 1o 240VAC: 170 10
264VAC

Power supply rated at 24 VDC: 20.4 10 26.4VDC
{measured at power terminal block using voltmeter)

10 supply voltage fluctuation hMust conform 1o /O specHications

Battery

10.2 10 13.2VEC

Battery iffe

5 years (at 25°C)

Environmental Conditions

Ambient temperature in control pane! 0°C 10 55°C

35 1o 85% RH without condensation.

Humidity i Must be relatively dust-free
Mounting

All Racks and /O Units firmly secured? i Mounting screws must not be locse.

Expansicen O cables securely inserted in Cables must not be loose.

conneciors?

Terminals for external wiring firmly secured? Screws must not be loose.

Any breakage in external wiring? Mus? be free from visible abrormality.

When a Possibly-Defective
Unit is Found -

Semiconductor elements are emploved as main componenis of the PC.
Because they are subject 1o deterioration under severe environmental
conditions, these components should be inspecied periodically: The standard
inspection cycle is 6 months to 1 year.

Check first for a poor contact. Remove the Unit, and wipe the connector ping
with & clean colton cloth moistened with industrial alcohol. Make certain that
there is no cloth debris remaining on the connector, and remount the Unit.

258



Insp

if the Unit iself is
Defective - '

Mainienance Tools
and Testers

Troubleshooting Tools
and Testers

260

Tum ihe power off before replacing the Unit, and confirm the operation of the
new Unit. e
When returning a defective Unit o Omvon, enclose a writlen description of the
problem. -

Screwdrivers {phillipg and standard)
VOM or digital voltmeter
indusirial alcohol and cotton cloth

Cscilioscope
Pen-recording oscilloscope
Thermometer

Hygrometer

Note:  To ensure continuous operation in the event of failure, it is recom-
mended 1o keep at least one spare VO Unit on hand.



A

o=

ADD 182, 249

ANDW 175, 250

arithmetic operation flag {see SR area)
ASL 120, 248

ASRH 121, 248

B

backup {see cassetie tape, operations)
basic instructions 80
AND 8, 245
differentiators 88
END 8, 246
interiock 91
jurnp and jump end 85
latching relay 87
iDs
NOTS
OR 6, 245
QUT g, 248
battery alarmilag (see SR area)
BCD 150, 248
BIN 148, 248
bits 1
address of 3
work bits 3
BSET 130, 252

c

cables
crystal optical fiber 235
plastic-clad optical finer 235
calculation instructions
add {ADD) 182
clear carry (CLC) 161
decrement (DEC) 160
divide {DIV} 168
floating point divide {(FDIVY 170
incremertd (INC) 158
mutticly (MUL) 166
sei carry (8TC) 161
square rool (ROQOT 172
subtract {SUB) 164
carry flag (see SR arga)

index

instructions 161
cassetie fape storage
21707 Messages 225
operations 61
CLC 181, 251
clock pulse flags (see SR area)
ClLR key 22
CMP 143, 247
flags affected 78
CNT 106, 245
CNTR 108, 248
coil {see relay circuits, coil)
COLL 136, 254
COM 174, 248
comparison instructions
channel compare (CMP) 143
table compare (TCMP) 145
contact {see relay circuits, contact)
convearsion instructions
16-10-4 encoder (DMPX) 154
4-10-18 decoder (MLPX) 152
7-segment decoder {SDEC) 1586
BCD io binary (BiN) 148
binary to BCD {BCD} 150
gounter instructions
application examples 111
counter (CNT) 106
reversible counier (CNTR) 108

D

data areas
general 69
types and usage 70
data memosy (DM area) 86
data medification
BCD data 57
binary data 58
force sel/reset 55
operation 55
timers/counters 57
data retention flag {see SR arsa)
DEC 160, 251
defective Unit, replacement 2580
delay circuit 112
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DiFU, DIFD 88, 247
DIST 134, 254

DIV 188, 250

DM area 86

DMPX 154, 253
Dummy 0 Unit 74

E

—

gnvironmental conditions 258
equal flag (see SR area)
error flag {see SR area)
error light 215
error messagas 215
errors
casselle lape 225
program 224
program inpui 224
reading and clearing messages 217
system 220
execution time {see instructions, execution time)

F

failure codes, system 221, 223
FAL 184, 215, 246

FAL output area (see SH area)
FALS 184, 215, 2458

FDIV 170, 254

first scan flag (see SR area)
FiT {Omron host computer) 239
Hlicker circuit {example} 113
FUN key 22

G-H

Graphic Programming Console (GPC) 232
greater than fiag {see SR area}

Host Link error flags (see SR area)

Host Link restart flags {see 3R area}

HR area 83

10 bits
addresses 89
avaitable hits 71

262

general 68
input bit usage 73
ouiput bit usage 73
/0 response fime 213
general 203
1/C scan time error flag (see SR area)
VO iable
reading 30
registration 28
iransferring 33
verifying 29
/O Units
mounting location of 74
slot reservation for 75
I/Q verify error flag {see SR area)
iLandILC 91, 248
INC 158, 251
indirect addressing 86
inpu¥output requirements
assigning bits 3
inspection of compeonents 258
instructions
BCD calculation {see calcuiation instructions)
counter (see counter instructions)
daia areas for 89
data comparison (see comparison instructions)
data conversion {see conversion instructions)' _
data movement (see movement instructions)
data shifting {see shifling instructions)
execution time for 210
flags for 89
general information on 89
intelligent YO (see intelligent /O instructions)
logic (see logic instructions) '
special {see special instructions)
SYSNET {see SYSNET instructions)
timer {see timer instructions)
inteliigent 1O instructions
read (READ) 192
write (WRIT) 182
{ORF 187, 257
iRarea 71

J-L

JMP and JME 95, 246



KEEP 87, 246
key sequences (see Programming Console, key
sequences)
xeyboard {Programiming Console) 22
ladder diagrams
converting 1o mmemonic code 4
symbols for 4
LD 245
LD NOT 245
less than flag {see SR area)
oad off control (see SR area)
logic instructions
complement (COM) 174
logical AND {ANDW) 175
logical OR (CRW) 177
logical XNCR {(XNRW) 181
logical XOR (XORW) 173
LR area 85
LSS (Ladder Support Sofiware) 239

M

aamg—

maintenance
guidelines 259
semiconductor elements 259
jools and testers 280
meamory, clearing 28
message display
language selection 24
MLPX 152, 253
mode
monitor 24
program 24
run 23
mode, satling 23
monitoring
of a single channel in bipary 53
of general status 48
of timers/counters 48
operation overview 48
MOV 128, 247
MOVB 138, 2585
MOVD 140, 285
movernent instruciions
bit move (MOVB) 138

block set (BSET) 130

biock fransfer (XFER) 131

data collection (COLL} 135

data exchange {XCHGE) 133

digit move (MOVD) 140

move {MOV) 128

move inveried (MVN) 128

single channel distribution {(DIST) 134
UL 1686, 248
MVN 128, 247

N-O

network service board, settings 187

network service unit 197

NOP 248

one shot timer {circuit exampie) 112

optical fiber cables (see cables, optical fiber)
ORW 177,250

output inhibitor indicator 78

ouiput points 2

P

password eniry 25
P Link system
error flags (see SR area, special /O flags)
restart flags (see SR area, special /O flags}
PC terminology 1
point 1
power interruption, daia areas saved 70
power supply, iolerances 259
program addresses 4
program data
restoring from tape 64
saving 1o tape 62
verifying stored data 66
program memory
area 87
programming 35
assessing the coniroltask 2
assigning bits 3
checking program syntax 44
deleting instructions 42
drawing the ladder diagram 4
exampies 13
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input/output requiremenis 2
inserting instructions 40
preparation for 25
reading error messages 47
reading program dala 35
reading scan time 46
searching for bits 39
searching for instructions 37
setling addresses 4, 35
simplifying complicated circulis 18
technigues 10
Prograrming Conscle 21
key sequences
Cassette Tape Read 244
Cassetle Tape Verify 244
Cassetie Tape Wrile 244
Channel Monitor {Binary) 243
Data All Clear 241
Error Message Read 241
Forced Set/Reset 243
General Monitor 243
10 Table Read 241
YO Table Register 241
11O Table Transfer 241
VO Table Verify 241
instruction Delete 242
Instruction insen 242
Program Check 242
Program Read 242
PV Change 1 243
PV Change 2 243
Scan Time Read 242
Search 242
Setling Address 241
SV Change 1 244

R

READ 182, 256
RECV 187, 257
relay cireuits 1
0l 1
contact 1
terminoiogy

Remote /O error flags (see SR area}' |
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Remote /O Master Unils

#G Table Read display 32
Remote /O Slave Units

10 Table Read display 32
ROL 122, 248
AROOT 172, 252
ROR 123, 249

S

scan time
afiecting system rejiability 203
calculation 205
with YO Units only 208
with IO Units, Remote VO Units, PC Link
Linits, and Host Link Units, and PC Link Unils
208 '
generai 203
SDEC 158, 253
SEND 195, 256
SFT 115, 246
SFTR 117,255
shifting instructions
channel left shift (WSFT) 128
digit left shift (SLD) 124
digit right shift (SRD) 125
ieft rotate (ROL) 122
left shift {ASL) 120
register shift (SFT) 115
reversible register shift (SFTR; 117
right rotate (ROR) 123
right shift (ASR) 121
SLD 124, 252
special /0 flags {see SR area)
special instructions
alarm (fatal) (FALS) 184
atarm {non-datal) (FAL) 184 -
VG refresh (1ORF) 187
walchdog timer (WDT) 188
SHarea
arithmetic operation flag 73
battery alarm flag 78
carry flag 79
ciock puise flags 80
data retention flag V7



equal flag 79
FAL output area 78
first scanflag 78
flag table 76
greaterthan flag 78
YO verily error flag 78
instruction execution enmer flag 79
less than fiag 79
joad off flag 78
scan time errorflag 78
special /0 #lags 81
Host Link error flags 82
Host Link restart Hags 82
PC Link restart flags 81
PC Link system error fiags 81
Remote /O error flags 81
SYSNET grror and run fiags 82
SRD 125, 253
standard mode! numbers
cables 234
CPU and associated Uniis 229
Dummy /G Unit 231
Expansion /O Backplane 230
1O Units 231
Link Units and Remote /O Units 233
non-Omyon products 238
optional products 238
peripheral devices 237
SYSBUS componenis 236
-STC 161, 251
SUB 164, 248
SYSNET error and run fiags (see SR area)
SYSNET instructions
operation of 188
programming example 200
receive (RECV}: 187
send (SEND) 185
system failure codes 221, 223
system flags (see SR area, flagiable)

T

TC area 86
TCMP 145, 255
temporary relay, TH 93

TiM 102, 245
timer instructions
application examples 110
high-speed timer {TIMH) 104
timer {TIM) 102
Himers/counters
apphication examples 110
assigning numbers 3
instructions 101
monitoring 48
PV modification 57
SV modification 80
TC area 86
TIMH 104, 247
TH area 84
troubleshooting 215
CPU 226
input Units 228
Ouiput Units 227
toois and testers 280

W-2

warning light 215
watchdog timer
operation 205
setling 186
WDT 188, 256
work bits 70
WRIT 188, 256
WSFT 128, 247
XCHG 133, 252
XFER 131, 251
XNRW 181, 250
XORW 173, 250
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Revision History

A manual revision code appears as a suffix to the catalog number on the front cover of the manual.

Cat. No. Wi31-E1-2

L Revision code

The following table outtines the changes made to the manual during sach revision. Page numbers refer (o the
pravicus version.

Revision code Date Revised content
1 July 1983 Criginal production
2 March 1999 PLP section added o the beginning of the manual.

Page 20: Descriptions on battery-free operation added.
Pages 55, 57, 58: Caution added.

Page 83: Note added to the {able.

Page 86: Note added to the end of the page.

Page 184: Dascriptions on FAL numbers added.

Page 188: Top half of the contents from page 189 moved fo this page and a
note added.

Page 188: Top half of the contents moved 1o page 188,

Page 192: Note added.

Page 220: Error display for power interruption and CPU error changed.
Pages 222, 223; Contradiciory mode settings added to the tables.
Page 229: CPU Backpiane Power Supply added to the table.

Page 238: "Link Adaptor” changed to “Link Adapter”

Page 237: Model number of the Peripheral Interface Unit corrected and soms
GPC models deleted.

Page 238: Information on LSS and SSS added.
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