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Overview of the SAIA°PLC, system family PCA

System PCA
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Overview of the registers of the PCA family
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Basic instructions of the SAIA°PLC, software level @

Instructions of software level @

Accumulators status

Step {or line) instruction Element or nule
address in numerical jump address indicator
code
STEP CODE OPERAND ACC =1
LED display N ! Ve
on SAIA PLC _._
programming V4 1 AN
input unit '
Numerical Mnemo- Instruction Description
code code
Logic Instructions o1 STH Start High } Start link with interrogation High
@2 STL Start Low of the element according to Low
- @3 ANH AND High } AND linkage of accu with High
24 ANL AND Low following elements interrogated on Low
a5 ORH OR High > OR linkage of accu with the { High
06 ORL OR Low following element interrogated on \Low
a7 XOR Exclusive OR Comparison of two elements
8 NEG Negate Accu Negate (invert) status of accu
@9 DYN Dynamic Control Dynamic acts so that result of linkage
affects accu for first cycle only
Switching Instructions 19 ouT Set Output with Set output or flag with the status of accu
Status of Accu
11 SEO Set Output Set (latch) output or flag (if accu = 1)
12 REO Reset Output Reset (unlatch) output or flag (if accu = 1)
13 ele]6] Complement Interrogate output or flag and set it to the
Qutput opposite state (if accu = 1)
Timing and Counting 14* STR” Set Timer Set timer to determined value and start it
Instructions running (if accu = 1)
15* SCR* Set Counter Set counter to determined value (if accu = 1)
17 INC Increment Counter Increment | content of the counter by 1
18 DEC Decrement Counter Decrement [ (ifaccu = 1)
Jump Instructions 20 JMP Unconditional Jump Unconditional jump to step address
21 JIO Jump if Accu is One \ . accu =1 \
22 Jiz Jump if Aceu is Zero/  JUMPif { 200y Z g s tostep address
23 JMS Jump to Subroutine Jump to subroutine (regardless of accu)
24 RET Return from Subrout.  Return from subroutine (regardiess of accu)
Wait Instructions 25 WIH Wait if High . s . ¢ High
26 WIL Wait if Low > Wait whilst interrogated element is 1 Low
Auxiliary Instructions (4]4] NOP No Operation No operation
19 SEA Set Accu Set accumulator status to 1
16 SEl Set Index Set index register to operand value
27 INI Increment Index Increment \ content of index register by 1
28 DE! Decrement Index Decrement / (until to the operand value)
29" PAS®" Program Assignment  Assignment of the parallel programme
30 DOP Display Operand Display content of operand (if accu = ©Q)
31 DTC Display Timer or Display timer or counter value (if accu = 1)

Counter

N

" Two hine instruction (second hine contains determined value)
© Two line instruction {second ine contains starting address of parallel programme)
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Additional instructions of software level 1H

Mnemo Num. Instruction Description
code code English
Transfer STR 14 Set Timer
instruc- SCR 15 Set Counter
tions
19 b Enter 5 x 4 bits BCD
20 Qutput 5 x 4 bits BCD
21 Qutput 8 bits binary
22 Qutput 12 bits binary
23 > 2nd line Qutput 16 bits binary
24 Enter 8 bits binary
25 Enter 12 bits binary
26 Enter 16 bits binary
31 P Transfer counter counter
or index register counter
Arithmetic SCR 15 Set Counter
instruc-
tions 27 Add
28 2nd line Subtract -
29 Multiply X
30 Divide :
Indexing SEI 16 Set Index Set index register to
instruc- preselected value
tions
INI 27 Increment-Index | Increment :} the index re-
DEI 28 Decrement-Index | Decrement gister by 1
Mnemo Num. Operand Description
code code
Special PAS 29 18 Modification of the number
instruc- of active parallel programs
tions (these
are 2-line PAS 29 30 ... 38 Check sum
instructions)
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As evident from the previous pages, the instruction set of the entire SAIA°PLC
family is completely upwards compatible on 4 levels.
Level (:), which includes 32 basic instructions, was reserved for the older
series PCA13 and PCA214.
The Towest level today is .
On this level, 20 additional comfortable instructions are made available for
series PCA@, PCA15 and PCA221.
This intelligence level is described in this manual.
It is possible to write simple operating programs with just 5 instructions.
In order to make full use of the entire level (:), however, timer and counter
functions, parallel programs and subroutines as well as arithmetic functions
can be performed.
The higher intelligence levels (:) and (:) of series PCAl4, PCA222 and PCA232
comprise all the basic functions, so that programs of level can still be
used, should the requirements grow.

-
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PARTD INTRODUCTION

D1 SGeneral

Programming
device
y
User uP with system | I =
program routine
MEMORY = cPU Process
RAM or
EPROM ROM or EPROM <o~ 0 S
AN ~~ / ~ v / \ v e
User memory Central processing [/0 interfaces
unit (CPU or
processor )

As has already been shown in the hardware introduction, the characteristics
of the CPU are determined by the system routine of the pP system. The overall
characteristic of the PLC is determined by the system routine. The user has
no means of access to the system routine. Individual adaptation to the
different process conditions takes place via the user program.

This user program is entered into the user memory in the problem-oriented
SATA°PLC Tlanguage. It is programmed by means of various available programming
devices.

The CPU (also known as the processor) is now capable of "reading" the user
program and performing the instructions contained in it, such as e.g. inter-
rogation of input states, their linking and transmission of the result to
outputs, thus controlling the process in the desired manner. .

According to the task in hand, the program can be prepared as required in
accordance with one of the following control descriptions:

- Ladder diagram (circuit diagram)

- Logic diagram (signal flow diagram)

- Flowchart (sequence diagram) :

- Function chart in accordance with DIN 44719 or GRAFCET (step control)

The different programming methods may be combined with one another.

SAIA'PLC Programmable controllers mm
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D 2 The program line

Each instruction in the user program comprises 1 program line (in certain cases
2 or 1¢ lines). In addition to the line number or step address (STEP), a line
also contains the instruction code (CODE) and the operand (OPERAND). The
instruction code states "WHAT" sort of instruction is to be performed, whilst
in the operand it is determined "WHERE" this instruction is to take effect.

Each program line comprises 16 bits, so that 1K = 1024 program lines can be
stored in a 16 K bit user memory (e.g. EPROM 2716).

Structure of the program or instruction line:

STEP CODE OPERAND
O[7s] (Al menocode [0EE
or
numerical
code
\ / \ / \ /
\4 A\ vV
Tine number or instruction code supplement to instruction
step address “WHAT" code "WHERE"
AV /
A4
instruction
\ /
\Y,

program line

line number. Decimal numbering from @...2047 (2K) or 4@95 (4K).

STEP The location of the instruction in the user memory
CODE

tionally understood.
OPERAND

entered.

Timer and counter instructions comprise 2 program lines. In the second line,
the corresponding timer or counter value appears in the operand.

-

Depending on the programming unit the instruction code can be entered
as a 3-character mnemocode or as a numerical code from @ to 31. The
mnemocode 1is an abbreviation of the English term for the corresponding
instruction. Therefore, it can be easily remembered and is interna-

Here, by means of jump instructions, the element address (input, out-
put, timer, counter or flag) or the target address (line number) is

is defined by the

SAIA’PLC Programmable controllers
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D 3 The operands

As has already been mentioned in the previous description, the operands are
the so-called element addresses or step addresses (1line number).

D 3.1 Element addresses

A1l addressable elements (inputs, outputs, timers, counters, non-retentive and
retentive flag memories) are numbered decimally from @...999.

- The inputs and outputs in the form of interface modules can be plugged into
the basic unit of the PLC. They are addressed either from the installation
location (PCA@ and PCAl) or by means of a DIL switch (PCA2).

The address range can be assigned as required, alternatively however, only
by means of an input or an output module. (An exception here is the PCA2.C3§
extension rack, by means of which it is possible to attain 256 I + 256 0 =
512 1 + 0).

It is only possible to interrogate the signal states of inputs.

Outputs can be set (switched on) and reset (switched off) and their signal
status interrogated (exceptions for certain modules).

- Timers and counters are programmable registers which are located in the
CPU module. They can be used alternately as timers or counters.

- Non-retentive and retentive flags are 1 bit storage cells which can be
treated like outputs, e.g. they can be set or reset, and interrogated as
to their signal state. Accordingly non-retentive and retentive flags are
suitable for the storage of any information.

On the hardware side, these are also located in the CPU module in the form

of a separate RAM memory. Because this RAM memory is provided with a back-up
battery, the 235 retentive flags retain their information - even in the event
of a power failure - for in excess of 1 month. Although the 477 non-retentive
flags are likewise provided with a battery back-up, they are reset to the "L"
signal state when the PLC is switched on. Therefore they act as zero voltage
resetting flags.

Insertion of hardware bridge NVOL in the CPU module enables all 712 flags to
become retentive, as well as all timers and counters.

D 3.2 Step addresses

The second type of operands are the step addresses or line numbers. These are
required in connection with jump instructions. In this combination it can be
determined to which point in the user program the jump is to be made. In order
to cover the entire user memory, all step addresses from @ to 2047 can be

used as operands.

Due to 2-Tine jump instructions provided for the more efficient CPUs (from
intelligence Tlevel {fS on, the step address range is increased to 8191 (8K).

— [
SAIA'PLC Programmable controlliers :m
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D 4 Further definitions

D 4.1 The linkage line

An example using the Tladder or logic diagram:

L I, 12, 17 032 032
et - S
049 § Q—
KL R b= & 7
057 1 057
=R =g
Program .
ouT 51 )
STH 1
ANH 2
ANH 7 > Linkage line
OUT 32
OUT 40
QUT 57

A linkage line is a section of a program and consists of several instruction
lines. It is a self-contained linkage of elements. It normally commences with
a start instruction (STH or STL). The linkage is considered successful when
the end result = 1, e.g. when, in our example outputs 032, 04¢ and 057 are
activated (switched on).

An example with a timer:

Program
STH 8
18 T 048 STR 256 1st linkage line
- 256 O g9 50
STH 256 2nd linkage line
ouT 48

As the adjacent program shows, the above function comprises 2 linkage lines. In
the first linkage line, input I8 is interrogated and on the basis of its signal
state, the timer is set (comparable with a time relay control circuit). In

the 2nd linkage line the timer signal state is transferred to output 048 (com-

parable with a time relay load circuit).

D 4.2 The accumulator = ACCU

This memory is also located in the CPU and consists of a single storage
position which can assume the logical status @ or 1.

SAIA'PLC Programmmable controliers
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In order to process a complete Tinkage as far as an action instruction, the
existing intermediate result of the linkage must be stored in the ACCU. At the
end of a Tinkage the end result is present in the ACCU (@ or 1). On the basis
of this result the corresponding element (e.g. an output) is either not
activated (ACCU = @) or activated (ACCU = 1).

By means of the result stored in the ACCU following instructions can also be
skipped (e.g. see jump instructions).

D 4.3 Normally-open/normally-closed contacts or high/low

A contact linkage as shown in the schematic diagram below is wired exactly in
accordance with the schematic diagram:

032

1 12 13
+24Y P o ot B / ov

/

IT this problem is solved with a PLC, then each contact is led to an input.
Linkage then takes place in the PLC processor and not by means of wiring.
The above linkage suitable for a PLC is shown in the figure below:

rz;.
?—_ . ' ' 32

1 -
2 i12 032
+24V > TL & o S/ oV

13
P e

L.

v

A PLC cannot determine whether normally-open or normally-closed contacts are
connected to its inputs. It does however determine whether a high signal (H)
or a low signal (L) is applied to the input. These signal levels are accurate-
ly defined in the hardware section for each input interface. For a 24V input
in source mode (normal case), it can be stated as a simplification that:

- where +24V is applied to the input ---------- > signal state "H" is produced
- where @V is applied to the input -~-==--==-x > signal state "L" is produced

+24V

normally-open contact .
. o, not actuated WK

normally-closed contact H
) - Nt actuated + wyn

normally-open contact

actuated + 4 g

PLC

__.—.%._—
=
<

N
Input interface
put interface

Out

~
=
-

normally-closed contact

actuated % 2 "o
7 .

L
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However the widely used method of representation using contact symbols can be
used for programming the PLC as long as the following rules are observed. The
following applies to source mode, e.g. with the contact at +24V:

- If a contact in its closed state assists a successful linkage, then the
contact concerned must be interrogated if high or Tinked (normal case).

- If a contact in its open state assists a successful linkage, then the
contact concerned must be interrogated if low or Tinked.

In addition to mechanical contacts these same considerations also apply to
proximity switches and light barriers.

For the sake of uniformity it is standard practice to employ only normally open
contacts. This is indeed correct for approximately 9¢% of the cases. With some

special applications, however, the use of normally closed contacts is unavoid-

able for safety reasons. As a simplification it can be stated:

- A procedure must always be started by means of "apply voltage", while it
is always stopped by switching off the supply.

In order to take these prior considerations into account, the interrogation and
linkage instructions are always in pairs:

STH STL
ANH ANL
ORH ORL
(WIH) (WIL)
(J10) (J12)

This means that the input signals can in each case be interrogated if "H" or
"L". Where the type of interrogation is in agreement with the actual signal
status at the input, this is then processed as a logical "1" in the ACCU.

Signal states do not just apply to inputs but to all addressable elements:

Inputs "H": +24V applied (standard, source mode)

"L¥: @V applied (standard, source mode)
Qutputs "H": output set = transistor on-state

“L": output not set = transistor blocked
Non-retentive/ "H': set
retentive flags "L": not set or reset
Timers "H": timer has been set and runs

“L": timer has not been set or has run down
Counters "H": counter has been set and register content >

"L": counter has been not set or register content = §

SAIA’PLC Programmable controliers
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D 5 Programming methods

A programmable control provides a high degree of flexibility concerning the
design and adaptation of the program. However as with traditional controls,
the PLC does not take the control designer's responsibility of producing

a clear description of the control task beforehand. According to type of
process and the preference of the designer, this description is produced in
the following manner.

Because the SAIA°PLC instructions set is so versatile, the most diverse control
descriptions are suitable for use as models for a PLC program.

D 5.1 Programming by ladder diagram

Mode1: Program (instruction list):

ADDR NC MNC OPRD
Ig"' Iq"' 05¢ 10 01 STH

o 5

1 18 11 03 ANH 6

7 & 7/ 12 05 ORH 7

12_» 13 03 A4 8

4 05 ORH 2

+ 15 10 oUT 50
16 01 STH 15

Characteristics:

--=--> Instructions required STH, STL, ANH, ANL, ORH, ORL, OUT.

- The linkage is shown by contact symbols. The outputs receive the results
of the prior AND/OR linkages.

- A1l program parts circulate in a cyclic fashion. This is termed a pure
circulating program because it contains no wait and no conditional jump
instructions.

Advantages:

- Simple program preparation with only 7 instructions for users of ladder
diagrams.

- Well suited to monitoring tasks.

- Different linkage lines can be strung together almost as desired.

Disadvantages:

- Less suitable for sequential processes (sequence controls), because all
parts which are inactive at a given time must be interlocked.
- Mor complex controls become extremely complicated in the ladder diagram form.
- Restricted instruction set.
- In the case of large programs a long reaction time.

-

e B
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4 ™
D 5.2 Programming by logic diagram
Model: Program (instruction list):
ADDR NC MNC OPRD
3406 30 01 STH 5
s 2 [ o LB AT
19 —o J—LF—L_ 33 09 DYN 340
S -—-{ ) 24 11 SEO €0 > RS
341 B 35 02 ST 12
g R— 4 RE 3 05 ORH 1
11 =1 37 09 DYN 341
——— JLU 38 12 REOQ [ W
350 035 39 01 STH 3
T TR @ % owm 2
13 dat 256”‘“&—@ 42 00 00 20 > Timer
[ ’ 43 02 STL 256
44 03 ANH 350
45 10 ouUT 35
46 20 I 30
Characteristics:
----- > Additional available instructions SEQ, REQO, C00, STR, SCR, NEG, DYN etc.
- The linkage is shown with function oriented logic symbols enabling the signal
flow to be followed up in a similar fashion to the ladder diagram.
- A11 program parts circulate in a cyclic fashion (pure circulating program).
Advantages:
- The outputs can be set accumulating or non-accumulating.
- Well suited for monitoring tasks and pure logic programs.
- Since a large part of the instructions set can be used, even more complex
problems are easily realizable.
- Different linkage lines can be strung together almost as desired.
Disadvantages:
- Less suitable for sequential processes (sequence controls), because all
parts which are inactive at a given time must be interlocked.
- In the case of large programs a long reaction time.
-
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D 5.3 Programming by flowchart

Model: Program in flow- Program in instruc-
chart form: tion Tist form:
[ e
/ \ 0 .
0 26 HIL - ACDR  NC  MNC  OPRD
wait \ — S0 26 WIL 1
instruction / =1 01 8STH 7
51 01 ISTH 71 52 2'1‘ IIO 57’
et 83 01 STH 4
branching — N1 =% 22 JIZ 57
5221 10 S7e— L 35 11 SED 3z
0 e 2 IMP 50
. ! 57 12 RED 2
branching 53 01 teTH “ =2 o0 JMP 50
fr—————— e
f—m\ O
. 54 22 +J1Z2  S7+—
actions 032 on 032 off N/
i1
| I [
55 11 !SEQ 32!
return JMP Jup po————r
f——\
56 20 +JMP 50+
\ /
+— ; —+
57 12 {REQ 324 e
F— e
1
[\
. . -JMP 50+ w———mr]
Characteristics: =l ;

------ > Special instructions WIH, WIL, JIO, JIZ

- Wait loops can be formed; these can be retained by the processor until the
conditions for continuation are fulfilled.

- Branchings with conditional jump instructions are possible.

- This programming method is suitable for sequential processes (seqﬁence
controls).

Advantages:

- Simple programming, in accordance with the functions in the sequential
process.

- This programming method is easily understood by the process engineers.

- Due to the wait loops, the program runs only as fast as the process itself.
This results in simple commissioning and rapid trouble-shooting.

- Very short reaction times. They are very often determined only by the
delay of the input interface.

Disadvantages:

- Monitoring functions must be incorporated in separate parallel programs.

N

Tl
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D 5.4 Combined programming by flowchart / logic or in accordance with Grafcet
The universal program language of the SAIA°PLC permits the preparation of a

practice related step program by comb
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D 5.5 Programming with parallel programs

Optimal conditions are attained with the use of parallel programs. Up to 16
parallel programs can be employed which are independent of one another and
which run asynchronously. This means that different sequential functions of a
machine (e.g. an automatic assembly machine) can be accomodated in different
programs in accordance with the sequence plan and run step by step with the
advance of the process.

Monitoring and continuously active functions are accomodated in a parallel
circulating program.

Program structure:

______ Program assignment

PAS 7 The parallel program (PP) numbers with the corresponding
—————— starting addresses are listed here

PP@ PP6 PpP7

JMP
JMP

JMP

NV N N
(A): PP@ (parallel program @) is a pure circulating program (without wait
lToops) with monitoring and continuously active functions.

: PP1 to (e.g.) PP6 are parallel sequence programs in the flowchart of
different asynchronously circulating sequential functions.

(:): PP7 is a brief, pure circulating program which contains a few functions
requiring extremely short reaction times.

Characteristics:

----- > Instruction PAS for program assignment.
See program structure for other characteristics.

= )
SAIA'PLC Programmable controllers ___—__——m
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Advantages:

- Sequential runs (with wait Toops) and continuously active functions (moni-
toring, pure logic etc.) can be separately programmed in the most suitable
way.

- Only that number of parallel programs are assigned as are required (max. 16).

- By means of appropriate software-interrupt facilities sequential programs can
be stopped or started from the beginning at any time (PAS 18 instruction).

Disadvantages:

- In order to maintain rapid reaction times for continuously active functions,
it is advantageous to process these in a separate short circulating program.

D 5.6 Programming with subroutines

————— > Instructions required JMS and RET.
Frequently repeated parts of programs may be entered as subroutines.

Subroutines can be used in all the previously described program techniques,
e.g. ladder diagram, logic diagram, flowchart or when using parallel programs.

Subroutines save memory capacity and programming time. Also, by using sub-
routines, programs are clearly subdivided into functional blocks (structured
programming).

As many subroutines as desired can be activated, each subroutine available in
up to three levels. It is only necessary to ensure that a jump is not made
simultaneously into the same subroutines from different PPs.

Main Subroutine Subroutine Subroutine
program Ist Tevel 2nd level 3rd Tevel

1

I

1

]

I

I

i

\
Subroutine 40P
with 1 level

/QQQ ~~~~~ /5@” """"
oIl M{_@Q_éms 00 g T g N

Subroutine 959
with 3 Tevels

\
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4 B
D 5.7 Address indexing (series processing)
————— > Instructions SEI, INI, DEI
Whenever several elements (inputs, outputs, flags or timers) have to be
processed in the same fashion (e.g. in monitoring circuits or with shift
registers), the result is normally long programs of low linkage depth.
If for instance, all 235 retentive flags are to be reset by pressing a
pushbutton, 236 program lines would be required. By using address in-
dexing the same task can be programmed with only 5 program lines.
Without indexing: With indexing:
STH 1 —= SEI 0
’_>REO 765 STH 1
REQ 766 REQ 1765
REQ 767 INI 234
REO 768 JI0
REQ 769 — JMP
REO 770
. The indexing loop will run through 1 + 234
. times, the element address (provided with
REO 997 100@) being increased by 1 each time.
REO 998
REO 999
— JMP
-

SAIA'PLC Programmable controllers Em
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Notes:

-
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N

NOP | No operation

NOP: No Operation ---> no operation

Instruction format:

Instruction code Operand
Mnemo Numerical
code code

NOP 09 , )

Although this instruction is processed by the processor, no functions are
initiated. Its purpose is to create spare places for additions to the program
and to fill gaps in the program.

Program lines which become superfluous after an alteration can be overwritten
(cleared) with NOP. Successive NOPs are obtained by the multiple actuation of
the "Enter" pushbutton on the programming unit.

SEA | Set ACCU =1

SEA: Set Accumulator = 1 ~--> ACCU is set to 1

Instruction format:

Instruction code Operand
Mnemo Numerical
code code

SEA 19 '}

The ACCU is set unconditionally to 1 with SEA. Therefore SEA is used before
instructions which are only performed when ACCU = 1, e.g. before DTC.

E Part F

Example 8

— [
SAIAPLC Programmable controliers Em

l




30E

E 6 Indexing

DEI| Element addresses - indexing (series processing)

in accordance with operand
INI: Increment Index ---> increase index register by 1 up to the upper

SEI: Set Index ---> set the index register to the initial value
NI:

final value in accordance with operand
DEI: Decrement Index ---> reduce index register by 1 down to the lower
final value in accordance with operand

It is frequently necessary for series of inputs, outputs, flags, timers or
counters must be treated in the same way (for example resetting of all re-
tentive flags in accordance with D 5.7). In cases 1ike this, long and time-
consuming programs can be drastically shortened with the help of address
indexing.

This is facilitated by the index register IR, which is a type of counter register
having a capacity from @ to 255*%. In three instructions enable the register
content to be set or altered to the desired Timiting value.

Example: IR
— 255
1 254
- 253
— i
] t
— I
—
INI 75 Increases the index register by 1 until
— A upper final value 75 is reached.
— T The ACCU is then @.
] +25
ééé [50] 19 SEI 5¢ Sets index register to initial value
— 10 = 5¢.
— - The ACCU is then 1.
—] x
- DEI 4¢ Reduces index register by 1 until the
2 49
lower final value 40 is reached.
— The ACCU is then @.
—
— 1
— 2

*) Each parallel program has its own index register, providing a total of 16.
These registers lose their contents in the event of a power failure.

The CPU of PCA232 has index registers with a capacity of 1K (@...1023)
(see example d) at the end of this chapter).

N

: — )
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A1l element operands which are shown in the description in Part E with (i) can
be indexed. The processor adds the existing reading of the index register to
the element address shown in the operand.

An example should clarify this:
17 A
049

By activation of 17, outputs 04§ to 055 and
additionally output 063 are to be activated.

-

The index register is set to initial value @.

Interrogation of input I7.

Indexing is initiated after output 04¢ by addi-
tion of the number 10@@. In the first loop run,
address 040 is not altered because the index
register is first of all @ (SEI @#). With the

following runs the register content is each time
increased by 1 by means of the instruction INI,
so that outputs 041, 42, 43 to 55 are set one
after the other.

T Qutput 063 is directly addressed (without 100@),
so the index register has no effect on this.

, INI effects the increase of the register by 1
INI li_J - per run up to the value 15. As long as the re-
gister is <15, the ACCU has the value 1 after
processing INI 15.

Indexing loop

1 Therefore the conditional jump is performed
JI0 until the Toop is executed @ to 15 times, e.g.
16 times, and all 16 outputs from 04¢ to 055
p have been processed.

_@ Part F
Examples: 15, 16, 17

-
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Second example:

19
060 Inputs 11§ to I are to activate outputs 060

to 05¢. The action is to take place in des-

Lg_/ cending order by means of DEI.
2 ()

SET 18 -~

The index register is set to the initial value

10 (16 - @ = 10 or 60 - 50).

Both inputs and outputs are to be indexed; this
Ag//’////’ taking place by the addition of 10@@. The Towest

STH 1099 addresses in the series are entered since ini-
ot 1oas tially the register content 1§ is added. There-

fore, firstly I1¢ is activated with 060, then I9
with 059 down to I with 05@.

DEI

DEI causes the register value to be reduced
Ez::]‘GF”fﬂffld by 1 for each run, until the given value § is
reached.

Indexing loop

: > ———— When register value @ = DEI @ the ACCU is Tlike-
e wise @, so the indexing loop is now vacated.

Instruction formats:

Instruction code Operand
Mnemo Numerical Description Range
code code
SEI 16 Initial value
(I9) of the in-
dex register 10 = §...255
INI 27 Upper final value 1) By applying INI, the next
for incrementing index register value after
indexation 1...255 »? 255 is @
¢ (...254, 255, @, 1...)
DEI 28 Lower final value 2) By applying DEI, the next
for decrementing index register value after
indexation §...254 2 ¢ is 255
(...1, 9, 255, 254).

Truth table:

Instruction Effect on ACCU
SEI Instruction sets ACCU = 1
INI If register value # operand ---> ACCU = 1
If register value = operand ---> ACCU = §
DEI If register value # operand ---> ACCU = 1
If register value = operand ---> ACCU = §

\
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4 I
Summary of indexing
Indexing scheme: a) Indexing with INI
- Register generally set to value
Index register @ with SEI.
set to initial SEI =
value 1§

- The lowest addresses (+100@) of
the elements to be indexed are

-1 used.
|
|
|
l

1

yes, 1ndexed

- The upper final value for INI is
obtained from the difference

I £ no |not indexed between highest and lowest address
| ' which are to be indexed.
= dd = address = operand
I = §m§§3 - 1089 + existing b) Indexing with DEI
index value
: | | - Register generally set to value
| ] X with SEI. —
= difference between highest
r“‘ - T ““‘"] and lowest addresses which are to
‘O Final value no, not reached ) be indexed.
l a reached?
g ! - The lowest addresses (+10@@) of
P8 yesireached | Index = Index =1| the eTements to be indexed are
I = | l used.
L Z ACCU = §
ACCU = 1 )
l l - Generally @ is used for the
L__ et | —__l lower final value for DEI.
JI0

Continuation
of program

Further programming facilities offered using indexing

This section only deals with indexing used for series processing. It is also
possible however for the index register to be used so that e.g. subroutines
act on other elements according to the status of the index register.

Example: Main program Subroutine
. KKAKKKKAKKK KKK X EKRAK MATN FROGRAM SUBRTUTINE
Closing I1 causes AOR NC M OPRD AOR Ne MG OPRD
045 to flash, =00 01 STH 1 710 02 SIL 256
closing I2 causes 701 22 JIz 74 —> 7 s =
702 16 SEI 0 712 00 0O
OS@ to f]aSh [703 23 IMS 710 => 713 13 COo 1045
704 01 STH 2 714 24 RET 0 —>
705 04 ANL 1
—— 706 22 Jiz 700 —>
707 16 SEI 5
708 23 JMs 710 =>
—— 709 20 I 700 —>

N

=
ll
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/
SEI, INI, DEI | Additional functions
SEI(16) 1iii Setting the index register
a) iii = @...255
The 1index register 1is set to value iii of the operand.
b) i1ii = 256...319* (for PCA232: 256...511)
The index register is loaded by the contents of the addressed
T/C = iii.
INI(27) iii Incrementing index register by 1
DEI(28) 1iii Decrementing index register by 1
a) iii = @...255
The index register is incremented or decremented as far as
the given numerical value iii of the operand.
b) iii = 256...319* (for PCA232: 256...511)
The given value is located in the register of the addressed
T/C = iii.
Please note: - A1l PLCs have 16 index registers, one for each parallel pro-
gram.
- The counting capacity of these registers is limited to 255.
If counter contents are to be transferred to the index re-
gister, it should not exceed 255. The maximum capacity of
the IR of PCA232 is 1023 (see example d).
General examples:
a) €267 = 102
Following instruction SEI(16) 267 the index register contents will be 102 as
well.
b) C256 = 44
Fo]}owing instruction INI(27) 256 the increment 1imit value will be 44 as
well.
c) C26¢ = 100, IR = 4
Following instruction SEI(16) 1256 the index register value will be 100
(double indexing).
d) If you need to load values higher than 255, you have to load a counter
first.
Example: SCR 280 The value 800 is
0o 800 loaded into the
SEI 280 index register
*) The operand range of counters depends on the hardware and firmware in use
(see overview on page III).
-
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E 7 PAS-instructions

[PAS Q]...IPAS 15| Assignment of parallel programs (PP)

PAS: Program Assignment ---> assignment of the parallel program

Instruction format (two-line instruction):

Instruction code Operand
Mnemo Numerical Description Range
code code
PAS 29 Program number,
consecutively
from @...15 1st Tine
-—- 1) Program start
address p...8199 2nd line

Where several programs run in parallel (maximum 16), then this information
must be passed to the CPU right at the program start point. This is done by
the assignment of the start addresses of all parallel programs which are to
be processed, with the two-1line instruction PAS.

The Tisting of the parallel programs in the assignment part must be continuous
(with no numbers left out) from program number 1 in ascending order. The
assignment part may usually only be run through once, immediately after
switching on the PLC.

PPs may also be "reassigned" with the instruction PAS @...15. It is
possible, for example, to reassign PP3 from start address 3@ to start
address 40 in any programm section.

Parallel program @ does not have to be assigned. It is activated directly after
assigning all parallel programs.

Chapter D 5.5 gives details of the PP design and structure. Processing of the
individual PP is performed using the "Time Sharing" method. The processor
changes from one PP to the next in accordance with precisely defined con-
ditions.

Conditions causing a PP change

The following instructions cause a PP change:

- WIH, WIL (if the wait condition is fulfilled)
- JMP, JI0, JIZ, JMS, RET
- and every second or third STH or STL instruction

PAS @...15 is always executed
irrespective of the ACCU status ;]Z::iggza Part F
and does not alter the ACCU status. Examples: 13, 18

N\

= 8
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PAS 18 | Limitation of the assigned parallel programs

A11 SAIA°PLC allow assignment of up to 16 parallel programs (PP) and running
them in parallel. Up to now it has been necessary to reassign a PP to a dummy
program loop if it was no longer required. However, no time could thus be saved
during the execution of the remaining PPs.

However, it is now possible to limit a maximum number of active PPs with the
PAS 18 instruction. After the PP assignment with PAS @...max. 15 a limited
number of PPs can be determined from a higher to a lower value in the user
program at any place and as many times as desired.

Instruction code Operand
Mnemo Numerical Description Range
code code
PAS 29 --- 18 Ist line
--- 040) Upper limit
of the PP PP1...15 2nd Tine

The PAS 18 instruction is always executed (irrespective of the ACCU status)
and does not alter the ACCU status.

Assignment of assigned PP
parallel programs PP @. 1. 2. 3. 4. 5. 6. 7. 8. 9. 1@. 11. 12. 13. 14. 15.
! (ISR)
|
PAS 1 | ™
2
3
g l > g;grf.ggathe assignment
6 |
g |
' /
i
i
PAS 18 l
b 3 - limitation to PP@...3
PAS 18
g9 8 . s limitation to PP§...8
PAS 18
gg 111> —limitation to PPg...11
x x x|

1) If a higher number than the PPs originally assigned is entered with PAS 18,
no malfunction is caused. The inactive PPs 9...11, however, will require
processing time in the system program.

N

‘ : = [
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N

PAS 30
PAS 31...38*| "Check sum" of the system and user program

The "Check sum" function serves to establish the sum to check of the memory
contents of the system program (PAS 3@) or user program (PAS 31...38). Thus,
it can be ensured that the contents of the memories have not been changed.

After execution of the instruction:
ACCU = 1 if the reference value complies with the sum to check,
ACCU = @ if the reference value does not comply with the sum to check.

i

The instructions PAS 3@...38 are always executed irrespective of the ACCU. If
a change in memory contents has occurred, the user can take the measures which
seem necessary to him: triggering an alarm, resetting the watchdog etc.

Check sum of the system program

Mnemo Numerical Operand

code code
PAS 29 Always 30 Ist line
-—- ) Always @ 2nd line

Check sum of the user program

Instruction code Operand
Mnemo Numerical Description Range
code code
PAS 29 Program
part
1.K...8.K* 31...38% I1st Tine
—— XX Reference value XXXX 2nd line

The appropriate reference value for the sum to check of the user program is
obtained by executing the respective PAS instruction in the operating mode
STEP. The PCA displays this reference value on the programming unit for a few
seconds. In the operating mode PROG, the corresponding reference value can then
be introduced in the 2nd line.

Attention: execution of these instructions takes quite a long time:
PAS 30 =~ 28.fms, PAS 31...38 = 8.3ms
(PCA232: PAS 3@ =~ 13.6ms, PAS 31...38 = 9.5ms)

Therefore, use "Check sum" only if the sequence to be controlled allows it,
e.g. when switching on the PLC, at the end of an operation cycle, etc.

*) The check-sum of the user program is determined individually for every "K"
program (see example on the following page).

e ]
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20 PAS 31
21 #9 825 1. K
~—22 J1Z 35
23 PAS 32
24 g7 1540 2. K
~—25 Jiz 35

30 €00 255
31 JMP 30

— 35 SEO 15
—— 36 JMP 35
program

-

"Check sum"

“"Check sum"

Main program with
WD-monitoring

Set alarm output
outside the main

It is recommended not to introduce this instruction into the user program
until it has been completely developed and tested. Each program alteration,
irrespective of whether the program was extended or reduced, causes alteration
of the check sum and requires modification of the reference value.

Example: A 2K-user program must be executed upon switching on.

Procedure:
- After program input and test,
select operating mode STEP
- Key in 23
-> the reference value for the
2nd K (PAS 32) appears for
approx. 2@s
- Input of the reference value in
operating mode PROG:
24 ref. value
- Same procedure for PAS 31

SAIA'PLC Programmable controlliers
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E 8 Display instructions
DOP| Display of an operand
DOP: Display Operand ---> display of the number in the operand
Instruction format:

Instruction code Operand

Mnemo Numerical Description Range

code code

DOP 30 Whatever num- B...2047
ber to be
displayed
DOP is an auxiliary instruction mainly used for commissioning and trouble-
shooting. A program can be written in such a way that when a particular pro-
cess situation or a fault occurs, an identification number is displayed. This
display is provided in "RUN" mode and is in the operand display of the pro-
gramming unit or an operand display.
The display is maintained for 1s. If it is required for the display to be
maintained for a longer period, the instruction DOP is to be processed at
least once per second (mainly in a circulating program).
DOP 1is only performed when a linkage was not successful (ACCU = @).
_7@’ Part F
Example 14
o
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DTC{ Display of a timer or counter reading

DTC: Display Timer or Counter ---> display of timer or counter value

Instruction format:

Instruction code Operand
Mnemo Numerical Description Range
code code
DTC 31 Timer or
counter
address 256 ... 319* (i)

(i) = indexable

DTC is likewise a valuable auxiliary instruction for commissioning and trouble-
shooting.

By means of DTC the timing of a timer or reading of a counter can be displayed
on the programming unit or the operand display of the PCA in RUN mode (maximum
display 9999).

The display is maintained for 1s. If it is required for the display to be
maintained for a longer period, the instruction DTC must be processed at least
once per second (mainly in a circulating program). DTC is only performed when
ACCU = 1.

*) Register structure see page III.

Part F @Y_
Examples: 8, 18

N
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PART F

Example

PROGRAMMING EXAMPLES

AND/OR linkage with ladder diagram
AND/OR linkage with logic diagram
EXOR linkages
Linkages with function chart
START/STOP circuit with self-holding
Pulse divider (stepping switch)
Off delay
Increment/decrement counter
Timer fleeting-on delay with external timing entry
in BCD code
Switch-on delay with flowchart
AND linkage with flowchart
Sequence control with and without subroutine
Operation with paraliel programs
Monitoring circuit with fault display on
programming unit
Indexing
Successive switching
Small monitoring circuit
Circulating program switch

Programming examples with analog modules

19
2Q
21
22

23

Output of analog voltage from 8 to 12 inputs
Example of ramp voltage

Output of BCD values via modules PCA1.W12 (8 bits)
or W32 (12 bits)

Reading an analog voltage into a counter register
and display of the binary value with DTC

On/off controller and floating controller

(with analog module PCA1.W1.. or W3..)

Practical example

24

242

A practical example using an automatic
drilling machine

Dimensioning the PLC

Functions

Number of I/O

Memory capacity
Displays

1
2
.3 Type of I/O
4
5

Programming

24.2.1 Program structure
24.2.2 Step control plan in accordance with DIN
24.2.3 Program preparation

Procedure for solving a control problem by the introduction of a PLC

SAIA'PLC Programmable controllers
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PARTF PROGRAMMING EXAMPLES
After defining the instruction set 1H in part E, the following collection of
examples shows their interrelation. These are mainly typical examples which
explain functions and use of the individual commands. The last example being
an overall program of a practical application.
I/0 adressing has been selected so that all examples can be reconstructed on a
PCAl1 or PCAZ with the aid of a PCA2.S1¢ input simulation unit. Accordingly, the
address range is as follows:
I = ¢...31
0 = 32...63
Example 1: AND/OR linkage with ladder diagram
1) Parallel branchings
I1 12 , I3 032
+
i;,;* éj,;*
Step Instruction Acting on
Description In mnemo element resp.
code or OPERAND
(numerical) | step
10 Start with interrogate STH (01) I1 1
11 AND-1inkage ANH (@3) I2 2
12 AND-Tinkage ANH (03) I3 3
13 OR-Tinkage ORH (@5) I4 4
14 AND-1inkage ANH (03) I5 5
15 Transfer result ouT (1@) 032 32
16 Return to start JMP (20) STEP 1¢ 10
\ /\ /\ /
V Vv
STEP WHAT WHERE
1121314 112 11234
STEP CODE OPERAND
-

— ]
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2) OR has priority over AND

For combinations of OR and AND functions it is necessary to refer to a special
feature explained by means of this example.

The following contact configuration must be programmed:
STH 1

12
N, 032
11
+28Y 5 } B | oV
B~ T 32

The circuit cannot be programmed in this way because in accordance with the
definition, the OR function of a parallel circuit corresponds to the following
linkage branch. Otherwise it would correspond to the following schematic
diagram:

11/ Ii/ 032
+24V gy

Iiy”'

There are two ways of programming the circuit:

- By the intermediate storage of the OR result

12:/ \ R 032 .
I
+24V < M - B—‘l pv

13/ /

40 01 STH 2 INTERROGATE I2 IF H
41 05 ORH 3 PARALLEL SWITCHING OF I3; INTERROGATE IF H
42 10 OUT 500 STORE INTERMEDIATE RESULT IN A FILAG

43 01 STH 500 nNEW LINKAGE LINE WITH INTERROGATION OF FLAG

44 03 ANH 1 AND - LINKAGE WITH I1; INTERROGATED IF H
45 10 ouT 32 ACCEPTANCE OF RESULT AT 032
46 20 JIMP 40—>

P
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- By re-drawing the circuit as a directly programmable parallel circuit with
continuous parallel branches.
12 1§ 12
032 _(‘i/—/__ 032
I
o H - L
e e B
The second Il contact is only for programming purposes. In reality Il only
exists once, in the program however, it is interrogated twice.
[
ADDR NC MNC OPRD — |
50 01 STH 1 START OF 1ST LINKAGE BRANCH
51 03 ANH 2
52 05 ORH 1 PARALLEL SWITCHING AND START OF 2ND LINKAGE BRANCH
53 03 ANH 3
54 10 OUT 32
55 20 JMP 50—>

SAIAPLC Programmable controliers
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e Y
Example 2: AND/OR-1linkage with logic diagram
1) AND function
Logic diagram: Ladder diagram:
11— I1 12_ 13 032
2 — & |— ox - B3 E-3/E--0)
13 —G
The logic diagram facilitates Representation of the following
clear representation of the functions in the ladder diagram is
logical linkages and signal problematic. For this reason use is
states. frequently made in practice of the
symbolic contacts. Here, the Tinkage
is performed (032 activated) when I1
and 12 = H and I3 = L.
I
ADDR NC MNC OPRD
60 01 STH 1 INTERROGATE Il IF H
61 03 ANH 2 AND — LINKAGE SUCCESSFIL. (ACCU = 1) WHEM I2 = H
62 04 ANL 3 AND - LINKAGE SUCCESSFUL (ACCU = 1) WHEN I3 = L
63 10 OUT 32
64 20 JIMP 60—>
When programming with a logic diagram the non-inverted elements are interro-
gated and Tlinked with STH, ANH, ORH, the inverted elements with STL, ANL, ORL.
2) AND/OR combined
1 —
:— &
[7 —o
6 ———0
5 — | & =1 032
19
ADDR NC MNC OPRD ]
70 01 STH 1
71 03 ANH 2
72 04 ANL 7
73 06 ORL. 6 NEW, PARALLEL LINKAGE BRANCH
74 03  ANH 5
75 05 ORH 9 NEW, PARALLEL LINKAGE BRANCH
76 10 OUT 32
77 20 JMP 70>
.
\

_— )
SAIA'PLC Programmable controllers Em

ll




5F

Example 3: EXOR-1inkages

1) Comparison for inequality of logical states

Two inputs must be compared. Where both have the same logical state the out-
put must be = L. If they are unequal, the output must be = H (activated).

11—
=1 L 032
12 —
ADDR NC MNC OPRD
80 01 STH 1 INTERROGATE 11
81 07 XOR 2 EXOR-LLINKAGE WITH I2
82 10 ouT 32
83 20 IMP 80 —>

2) Comparison for equality of logical states

As in example 1), however,

where inputs are equal ----> output = H (activated)
where inputs are unequal ----> output = L
I Q—
=1 o— (032
12 =—
ADDR NC MNC OPRD
85 01 STH 1
86 07 XOR 2 EXOR-LINKAGE
87 08 NEG 0O INVERSION OF ACCU CONTENT
88 10 OUT 32
89 20 JMP 85 —>

-
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Example 4: Linkages with function chart

14

16
I1

P &

s 042

&

ADDR NC MNC OPRD

90 01 STH 4  INTERROGATE I4
21 04  ANL 2 AND - LINKAGE, INTERROGATED IF L.
92 04 ANL 6 AND - LINKAGE, IF L
93 11 SEOC 42 IF LINKAGE SUCCESSFUL., SET OUTPUT 42
94 01 STH & NEW LINKAGE, INTERROGATED Ié
@5 03 ANH 1 AND ~ LINKAGE
26 12 REO 42 IF LLINKAGE SUCCESSFUL, RESET OUTPUT 42
97 20 JMP 90—

-

result in the output 42
interlock via I6.

N

If both linkages were successful then with each program run, the output would
be set at step address 93 and reset at address 96; such a procedure would

oscillating, however, this situation is prevented by an

SAIA'PLC Programmable controliers
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Example 5: Start/Stop circuit with self-holding

1) With ladder diagram

The following is a classic protective switching technique:

Start Stop Program:
11 10 050
L - }St t
ar
e STH 490
' ANH ? }> Stop
056 ouT 50

Where the hardware permits (not C3@ slide-in units or B9§ interfaces), output
05¢ can be directly included in the linkage. As the program illustrates,
opening contact I links if "H" because 05§ can only be activated if If is
closed.

This programming method also safeguards against a wire breakage. If there is
a break, for example in the lines from I, I1 or 05@, 050 is always switched
off.

2) With function chart

Start Program:
1 STH 1
o o O | ANH ] Start
& s 05 SEQ 50
Stop [ T T

E 10 R STL 0 Stop
1 REQ 50

As with example 4, the set instruction is in this case also effective only when
I§ = H. If both pushbuttons are pressed, the reset instruction has priority due
to the AND-linkage. In the form shown, this method also provides a safeguard
against a wire break.

SAIA'PLC Programmable controllers
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Example 6: Pulse divider (stepping switch)
500

_ oo o0 f1 F1F L
= oap | L

—

ADDR NC MNC OFRD

100 01 STH 3 INTERROGATE I 3

101 09 DYN 500 |[SIGNAL-EDGE TRIGGERING; STORAGE IN FLAG 500
102 13 Coo 40] INTERROGATION OF 040 & INVERSION OF ITS STATUS
103 20 JIMP 100

If the DYN instruction was omitted in this example, with switch I3 closed,
output 40 would be complemented on every program run; in this small loop,
approximately 300¢ times per second.

With DYN, output 40 would only be complemented on the first program run with
I3 closed. Every subsequent run would have no further effect until the signal
state of I3 has altered and another switching signal edge occurs (contact

closes).
'] <‘<t".>
Example 7: Off delay p -
H
| —
- t -
o
ADDR NC MNC OPRD
104 01 STH 7  INTERROGATE I7
105 14 STR 256 SET TIMER )} 2 - LINE
106 00 OO 75 TIME INPUT IN 1/10TH S ) INSTRUCTION

— ——— . — o o ol ot e s S . D VT D e e

107 01 STH 256  INTERROGATE TIMER
108 10 ouUT 52 TRANSFER TO 052
109 20 JMP 104 —>

When 17 is closed the timer is set and its logical state becomes H. Timing does
not commence until 17 is opened. (In practice timing starts immediately.
However with I7 closed the timer is set again in the next program run after a
few 10@us and timing commences from the start until the signal is removed from
17, i.e. switch 17 is opened.)

If 17 is closed again during the timing, the timer is reset and restarted.

.
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Example 8: Increment/decrement counter
(with display of counter reading on a programming unit
or display module)
l_ 5 4 3 4 3 g
0 ° DYN CTR l l
- e y 256
s 032 032 et | I
T " 256

I 4
ADDR NC MNC OPRD

110 01 STH 0 INTERROGATE 14

111 15 SCR 256 SET COUNTER ) 2 - LINE

112 00 0O 5 COUNTER READING ) INSTRUCTION

113 01 STH 1 INTERROGATE Il

114 09 DYN 500 SIGNAL-EDGE TRIGGERING: STORAGE IN FLAG 500

115 17 INC 256 +1

116 01 STH 2 INTERROGATE IZ

117 09 DYN 501 SIGNAL-EDGE TRIGGERING: STORAGE IN FLAG 501

118 18 DEC 256 -1

119 01 STH  2B6& INTERROGATE COUNTER (H WHILST COUNTER > )

120 10 ouUT 32 ACCEPTANCE OF COUNTER READING AT 032

121 19 SEA 0 SET ACCU = 1

122 31 DTC 256 DISPLAY OF COUNTER CONTENT IN OPERAND FIELD

123 20 JMP 110>

For DTC the ACCU must be = 1 otherwise the counter reading display will be
omitted.

Either SEA will be set before DTC (as in example) or the DTC instruction be
taken at the start of the circulation loop because ACCU is always 1 after
performance of the JMP instruction.

.
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Example 9: Timer fleeting on delay with external timing entry in BCD code

from BCD switch.

19 ————!
062
S
309 256
10 T
e TMR 062
JL

24

OO pesl o I
[a¥} (o] [aN] N MN™M
@

23222129 23722129
\_V_/\W__/

tens units

BCD table
Binary signals at 4 inputs (BCD switch)
—4//-- -—0/1- —<{/L—- -«1/L—— Decimal
128 129 130 I31 value

23 =8 |22 =4 12v =2 129 =1

L L L L @

L L L H 1

L L H L 2

L L H H 3

L H L L 4

L H L H 5

L H H L )

L H H H 7

H L L L 8

H L L H 9

130 01 STH 0  INTERROGATE I

131 09 DYN 300 SIGNAL-EDGE TRIGGERING; TIMER ONLY SET IN 15T CYCLE
132 14 STR 256 SET TIMER

133 17 17 31  EXTERNAL VALUE * 10 * 1/10THS S3; ADDRESS N AT 131
134 01 STH 256  INTERROGATE TIMER

135 10 ouT 62 TRANSFER TO 062

N

Time range 1...99s adjustable externally via two BCD switches. Inputs I24...

SAIA'PLC Programmable controllers Em
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Example 1@: Switch-on delay with flowchart
Flowchart: Ladder diagram:
15
B C
q\) ® © — ;2; — 037
I5 ————l t=12s
037
T26Q ——- -!— ——————————————— -_ I = Ipitiation criterion
The sequential time-switch program can be subdivided into different phases. A
particular initiation criterion is assigned to each phase. The fulfilment of
the appropriate conditions is awaited in a wait loop in order to perform the
subsequent function.
s )
Initiation
criterion
Sequence
i phase
STR 260 .
09 120 } Action @
7/
N\
Initiation
criterion } Phase
} Action ‘
/
N\
Initiation
criterion [ Phase
} Action @
7/
ADDR NC MNC OFRD
=140 26 WIL 5 INTITIATION CRITERION ) SEQUENCE PHASE
141 14 STR 260 ACTION ) A
142 00 0o 120
143 25 WIH 260 INITIATION CRITERION ) PHASE
144 11 SEO 37  ACTION ) B
145 25 WIH 5 INITIATION CRITERION ) PHASE
146 12 REO 37 ACTION ) ¢©
L147 20 JMP 140>
I

SAIA'PLC Programmable controlliers
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Example 11: AND-linkage with flowchart
Combination of linkage and flowchart (without wait loops)
Models in ladder and logic diagram:
14 16 1 00
I i1 — 032
. e : RSP i B LN et
256
— 034
/
Linkage < <TH 3
ANH 6
ANH 1
b
(
?
pure !
flow chart $ SEO 50 REO 50
\
ADDR NC MNC OPRD
—=150 01 STH 4 INTERROGATE I4
151 03 ANH &  AND-LINKAGE
152 03 ANH 1 AND-LINKAGE
153 22 J1z 156—> IF.Z. JUMP TO STEP ADDRESS 156
154 11 SEO 50 IF 1, SET QUTPUT 50
155 20 JMP 150—> RETLURN TO PROGRAM START
156 12 REO 50 RESET OUTPUT 50
L——157 200 JMP 150-> RETURN TO PROGRAM START
-
-

SAIA'PLC Programmable controllers
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Example 12: Sequence contro] with and without subroutine

n —
© 900 000
(i M
— —| 75 =83
034 i B
1s ‘ls 1s s 1s 1s

REO 3
© i e - {sTr 256
20 19 ) 19
) L
P

The flowchart illustrates the program sequence without subroutine. The parts
of the program in brackets are repeated 6 times and it is advantageous to write
these in the form of a subroutine.

-

SAIAPLC Programmable controllers

1=
Il




14F

Main program

RAERRRMAMARXRARKRRRNAR MAIN PROGRAM
ADDR NC MNC OPRD

160 26 WIL 1 WAIT, IF I1 OPEN

161 11 SEO 32

162 11 SEO 34

163 23 IMS 182=> JUMP TO SUBROUTINE 182
164 12 REO 32 .

165 11 SEO 33

166 23 JIMS 182=> JUMP TO SURROUTINE 182
167 12 REO 33

168 23 JIMS 182=> JUMP TO SUBROUTINE 182
169 11 SEO 32

170 11 SEO 33

171 12 REO 34

172 23 JIMS 182=> JUMP TO SURROUTINE 182
173 12 REO 32

174 11 SEO 34

175 23  IMS 182=> JUMP TO SUBROUTINE 182
176 12 REO 33

177 12 REO 34

178 23  IMS 182=> JUMP TO SUBROUTINE 182
179 20 JMP 160—>

Subroutine "182"

STR 256
79 19 Eommmmessmssmmmm==ax SUBROUTINE 182 (WAIT 18)
182 14 STR 256
183 0O (n]n] 10
184 25 WIH 256
185 24 RET O—>
.

N
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Example 13: Operation with parallel programs
The program for controlling a machine with 2 manipulators and an indexing table
is broken down into 4 parallel programs.
Parallel program ¢ Monitoring Starting step address 25
Parallel program 1 Manipulator 1 Starting step address 120
Parallel program 2 Manipulator 2 Starting step address 20¢
Parallel program 3 Indexing table Starting step address 270
Parallel program
PPY PP PP2
m— ma— >
5] [stH 7 i2g][sTH 15 o)l stH 21
a5 —|sE0 35 “JORH 29
I : S : |91z 2
/ et
XXXXKKKKKXKK KKK KK XX ASSTGNING THE PARALLEL PROGRAMS
ADDR NC MNC OPRD
0 29 PAS 1 ASSIGNMENT FP1
100 00 120
2 29 PAS 2 ASSIGNMENT PP2
3 00 00 200
4 29 PAS 3 ASSIGNMENT PP3
500 00 270
& 20 JMP 25—> PPZ IS DIRECTLY ACTIVATED
F bbbt bbb bbb bt bbb PARALLEL PROGRAM @ (MONITORING)
=25 01 STH 7
—- 105 20 JMP 25 >
ittt bt bbbt bt brbted PARALLEL PROGRAM 1 (MANIPULATOR 1)
=120 01 STH 15
191 20 JIMP 120>
++++++.+++++++++++++ PARALLEL. PROGRAM 2 (MANIPULATOR 2)
=200 01 STH 21
267 20 JMP 200>
bbbt bbb bt bbb+ 44 PARALLEL. PROGRAM 3 (INDEXING TARLE)
270 01 STH 3 '
283 20 JMP 270 >

SAIA'PLC Programmable controllers
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Example 14: Monitoring circuit with fault display on programming unit

Group DOP

111 — oz
222 | =1 (]

DOP

117 = AR
333 {118 ] > { M] & 049
| DOP

122 — 15_@_21
. {123 I

The inputs of groups 222, 333, 444 are monitored. Where a condition is not
satisfied the lamp at output 40 goes out. The faulty group is then displayed
on the programming unit.

303 30 DOF 222 DISPLAY WHEN LINKAGE NOT COMPLETED (ACCU = O)

307 30 DoOP 333 DISPLAY WHEN LINKAGE NOT COMPLETED

v — —— — - - Y S S s S S S W S

311 30 DoOP 446 DISPLAY WHEN LINKAGE NOT COMPLETED

e S ——— —— T o . o ottt s Vs

-
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Example 15: Indexing
Ist example with address indexing
Outputs 4¢...56 are switched on or off via input 15.
115
7. 049
¢ 041
l :
1 i
l i
L—— 056
Number of indexing steps = 56 - 4f = 16
ISEL p]
r
STH 15 |
ouT 1949 i
: l
Indexing
Toop < J[INI 16 | :
l
@ ]
9
JMP
/ /
ADDR NC MNC OPRD
350 16 SEI O- SET INDEX REGISTER TO INITIAL VALUE @
~=~351 01 STH 15 INTERROGATE INPUT 15
i 352 10 OUT 1040 SETTING OF INDEXED OUTPUT (40 + 1000 = 1040)
I 353 27 INI 16 INCREMENT INDEX REGISTER UP TO FINAL VALUE 16
‘—354 21 JIO  351—> REPEAT INDEXING UNTIL ALL OUTPUTS 04f..056 ARE
355 20 JIJMP 350> SWITCHED
- I

SAIA'PLC Programmable eontrollers
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Example 16: Successive switching
2nd example with address indexing.
When input @ is closed, outputs 35...60 are to switch on in succession at #.2s
intervals.
When input @ reopens, outputs 6@...35 are to switch off in succession at @.1s
intervals.
Wait whilst
contact @ is
open
g,1s
10 —d
035 — L
Indexi 036
ndexing
loop for 037 ~ _ —_—
staggered < @,2s >~ -
switching- = ~ -
on (§.2s) 060 f
N
Wait whilst
contact @ is ADDR NC MNC OPRD
closed N7 | | e SWITCHING-ON PHASE
360 26 WIL 0
361 16 SEI o
362 11 SEO 1035 35 + 1000 = 1035
4 363 14 STR 260
| 364 00 0O 2
| 365 25 WIH 260
Indexing I 366 27 INI 25 40~ 35 = 25
loop for L_367 21 JIO 362>
staggered ¢ <L oo S>—— | | | mememeeeemeeee———e e SWITCHING-OFF PHASE
switching- 368 25 WIH 0
off (f.1s) . -
369 16 SEI 25 &0 - 35 = 25
370 12 REO 1035 35 + 1000 = 1035
| 371 14 STR 260
§ | 372 00 0O 1
| 373 25 WIH 260
| 374 28 DEI W
L.375 21 JIO 370>
376 20 JIMP 360—>
-
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Example 17: Small monitoring circuit
3rd example of address indexing.
18 — 032
&
11 033
12 034 )
13 & 035
! | :
1 : : > Repeat 15 times
| ! I
130 — 062
&
131 — b 063
7/
Basic program STH )
ANH 1 The whole basic program is
ouT 32 indexed in this example.
ouT 33
[
ADDR NC MNC OFRD
380 16 SEI o
381 01 STH 1000
| 382 03 ANH 1001
| 383 10 OUT 1032
| 384 10 OUT 1033
| 385 27 INI 30 ) DOUBLE INCREMENTATION AS INDEX MUST BE
| 386 27 INI 30 ) INCREASED BY 2 STEPS (62 - 32 = 30)
L.387 21 Jio 381>
388 20 JMP 380>
-
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Example 18: Circulating program switch

- with variable speed
- with manual/automatic operation
- with step display

Task: With 1@ closed, program switch must run in accordance with diagram.
The step time is set on BCD switches 124...31 from #.1...9.9s. If
switch 14 1is closed, step by step operation can be performed via
pushbutton I7. Step numbers to be continuously displayed in the
operand display.

Solution: Sequence program contained in addresses 4@2...425. Periodic inter-
rogation for manual operation and waiting for step time are contained
in subroutine 43@. Step counting is by means of counter 28(. Small
parallel program 45¢ assigned in order to provide continuous display.

D.iagram: AP YT R KR KM KKK KK RMARR AR A%IMT w- .
400 29  PAS 1 PARALLEL PROGRAM 1
401 00 0D 430

KRR KMARRANKKRKRARRARR

MAIN PROGRAM PPO

=42 26 WIL [n] START PROGRAM RUN
032 403 15 SCR 280 o1pp COUNTER
404 00 OO 1
036 STEP 1
405 23 IMS  430=> JUP TO SUBROUTINE 430
——- STEP 2
049 406 11 SEO 32
407 11 SEO 40
047 408 23 JIMS  430=>
— STEP 3
STEP | 1 2|3 4|5 61718 409 12 REO 32
410 12 REO 40
411 11 SEO 36
412 23 JIMS  43D=
() STEP 4
- 413 11 SEO 40
414 23 JIMS  430=
STEP S
415 12 REO 40
416 25 JIMS  430=>
- STEP 5
417 11 SEO 32
418 23 JMS  430=>
. 256 K e
e 419 23 IMS  430=>
TMR StEP —— STEP 8
420 12 REO 32
421 12 REO 36
§&£R ggrﬂr‘l 422 11 SEO 47
T 423 23 JIMS  430=>

BCD preselector 3 2 1 g B 2 N i P

switch 272722 424 12 REO 47
N N~ l-425 20 JMP 402—> START
tens units
eemmms=mmssmensno==m= SUBROUTINE 4320
>430 02 STL 4  MAN / AUTO

—a431 22 JIZ 437 >

14 AUTO 436 24 RET a->
O/z‘ AN (STEP BY STEP) ierpra I
’ 438 25 WIH 7
i7 STEP BY STEP AND 439 17 INC 280
0 O START AFTER MAN 440 24 RET o—>

bbbt bbbt bbbt PP DISPLAY
450 31 DTC 280
451 20 JMP 450—>

-
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+ |-

or input

simulator PCA2.S@5
with integrated
power supply unit
20VAC/24VDC

-

E:::::]

PCA2.P95

4 I
Programming exampies with analog modules
Addressing of the inputs and outputs was determined in such a way that all
examples can be simulated making use of the same configuration of modules
and units.
In all examples, programs are listed for the 8-bit module PCA1.W12 as well as
for the 12-bit module PCAL1.W32, which may be displayed alternately.
The configuration is the following:
W12 W32
Input O15
simulator CP [”: 014 } 1'?"—- : }g--——-
3 B e
T B10 WI2Z18Y* %o '19
110 (resp. W32) I 21 —_—
19 022{—= Q16
18 023 O 14—
. 31 B Ber
15|05 30 26
|§ 83 BOO Fi2 =2 B
l
HE =y
3
10|80 28 H Ha4
N PCA141 B
onnecting [E: :E]
cable PCA1.K8¢ [TT] ]resp.'1551 ® ®

*) Module PCA1.W12 Z1¢ allows input voltages from @...1¢V (instead of @...5V).

SAIA'PLC Programmable econtrollers
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Example 19: Qutput of analog voltage from 8 to 12 inputs
The binary value formed from 8 or 12 inputs I@...I7 or I11 must be output via
analog output channel 022 or 017.
With module PCA1.W12 (8 bits or 7 bits)
MSB LsB 49 DTC 301 _ Display binary value
19 17 resp.11 SCR 301 }>Inputs I...7 to counter 301
© @ &6 0 ¢ © % O 6 0 8 0 0 ¢ O 24 7
/i /5 SCR  3@1|Y Analog output of content of
21 23| S counter 301 via output channel
SEQ 23| 022
ORH 22
REQ 23
PCA1. W12 or W32 —=— JMP 4@
16...23
0 $ With module PCAL.W32 (12 bits)
| 5 DTC 3¢1 _ Display binary value of C3¢1
Ozzﬂf‘?f‘l’é\,o” SCR  3¢1 \ Transfer from inputs
25 11 J to C3¢1
I{JMS  78@| --> SR "Qutput of
JMP 5¢° analog value"
1) Subroutines see manual "Hardware series PCAl" module PCA1.W32 or W2..
N
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Example 2@: Output of ramp voltage

A ramp voltage must be generated by incrementing a binary value of 8 or 12

With module PCA1.W12 (8 or 7 bits)

7

1500
1508 p>Increment

68 binary counter

61

301 LLoad binary
507 [fvalue to C301
301

23| | Analog output of
23| pC3@1 content to

22| | output channel 022
23

bits.
SEI
r"""COO
L STH
I JI0
DEI
'— -JI0
SCR
SCR
21
For W12, t is defined SEQ
by timer 256. ORH
For W32, t (for 4096 REQ
runs) depends on the STR

selected subroutine and
the number of assigned
parallel programs.

o

80  SEI
——=C00
! STH

| — JI0
! DEI
== JI0

SCR

JMP

NG

With module PCA1.W32 (12 bits)

25
l D[MS  700]

3>  Subroutines see manual "Hardware series PCA1" module PCAl.W3..

256
4 >Wait 0.04s

256

60

11

15090

1500 { Increment
88 binary counter
81

301 | Load binary

511 | value to C3¢1

-=> SR "Qutput of analog value"
80  (JMS 600 or 650 also possible)

or W2..

SAIA'PLC Programmable controllers
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Example 21: Enter BCD-value of module PCA1.F12 and output it as analog value
via modules PCA1.W12 (8 bits) or W32 (12 bits)

The 2-digit BCD-value of 024 (of F12) is to be entered and output every 2s as
analog voltage via channel 022 or 017 of the analog module. The corresponding
binary value must be indicated on the operand display.

10.0v 2 binary value of 128 (or 2048)
2 5.0V ¢ binary value of 256 (or 4096)

The outputs 05 and 012 should flash alternatingly according to the adjusted
BCD-value (times 1/1@s).

Program Flowchart
for PCA1.W12 (8 or 7 bits)

—=200 @1 STH 277
—201 21  JIO 227

2s
elapsed
?

204 14 SR 277
205 00 00 20
206 11 |SEO 24
207 15 |SCR 301

no

[ yes

208 16 16 31

209 12 |REOQ 24 get time; 237358

21¢ 15 SCR 302 secs. Rea -
1 f ch 1

21 31 31 3L iagie of chamel
301. Store value

214 15 SCR 301 ) for indicator.

215 29 29 128
216 15 SCR 301

Calculate bi
217 30 30 50 L, Caleu (Xlzgr))ary

(: 50)

220 15 |SCR 301
221 21 21 23
222 11 |SEO 23

223 (5 |ORH 22 Qutput value via

224 12 |REO 23| (E}Og channel
=227 31 DTC 301 -

236 g2 ST 278 Display binary

231 14 STR 278
232 31 31 302

233 13 C00 12 Indicator alter-
234 @2 STL 12 natingly at 012
235 19 OuT 5 and 05.
— 236 2§ JMP 200
JMP

*) For PCA1.W32 (12 bits)

214 15 SCR 301 BCD-value x 41

215 29 29 41 (10v = 100 = 4096 or 4100)

216 23 ——=> Subroutine see manual Hardware PCA1 ,
chapter Hardwaremodule PCA1.W32 or W2

-
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Example 22: Reading an analog voltage into a counter register and display
of the binary value with DTC

With module PCAl1.Wi1.. (8 bits)

g...10v
I17 —= 90 |0UT 17| ] Read analog value
SCR 30| pinto counter C30¢
* 24 23
DTC 308 Display binary value
PCA1.W1/W3.. - JMP 9¢
10 16...23 With module PCAL.W3.. (12 bits)

‘<£\"/1;' [i:lﬂﬂ JMS  5@@ |=>Read analog value

€309 into counter C30¢ *)
DTC 30@ Display binary value
N2 M 160
DTC 3¢9

*) For subroutines refer to manual "Hardware series PCA1" (module PCAl.W32}

¢
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Example 23: On/off controller and floating controller (with analog module
PCA1.Wl.. or W3..)
Problem 23a: On/off controller
A nominal value must be predetermined via the two-digit BCD switch of channel
024. The actual value is entered via channel 17 of the analog module. If the
actual value is below the selected nominal value, output 0f is activated, if it
is above the nominal value output 015 is act1vated The actual value is to be
displayed as BCD-value (@#@...99 2 @...9.9V) in the operand display.
Flowchart
Read in
nominal value
A
+
Read in binary 015
actual value und nominal value
calculate BCD- 0g
value. Display -
BCD-value. |
Actual
value < nom, no
VV
yes no
value > nom, ‘
Actual value =
nominal value
Qutput 00 Output 015 No action
B i
—————-—4< JMP 4>
N

=
Il
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Solution 23a:
for PCAL1.W1.. (8 bits)
— 40 11 SEOQ 24
401 15 SCR 310
492 16 16 31
4¢3 12 REQ 24
(406 10 OuT 17
4¢7 15 SCR 312
408 24 24 23
*< 411 15 SCR 312
412 29 29 50
413 15 SCR 312
414 30 30 128
415 31 DTC 312
418 15 SCR 310
419 28 28 312
—420 22 JliZ 43¢
421 f1 STH 310
— 422 21 JI0 435 ;
425 12 REQ 0
426 12 REO 15
<1 427 2 JMP 40
=430 12 REQ g
431 11 SEQ 15
2 432 20 JMP 400
—= 435 12 REO 15
436 11 SEOQ ]
—— 437 20  JMP 400
*) For module PCAl.W3..
406 15 SCR 310
497 29 29 41
411 23 [gms 500 | =>
412 15 SCR 312
413 31 31 300
414 31 DTC 312

N

Nominal value as BCD-value
to C31¢

Actual value as binary value to C312

Convert actual value into BCD:
(x50, :128) and display

Comparison of actual value
and nominal value
Actual value > nominal value

Actual value < nominal value

Actual value = nominal value: no action

Actual value > nominal value: output 015

Actual value < nominal value: output 0f

Convert BCD-value into binary value
BCD * 41 (10V © 100 = 4096 £ 410¢)

Transfer actual value as binary value to C3¢¢

Copy C300 to 312
Display C312

SAIA'PLC Programmable controllers
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Additional problem 23b: Floating controller with time hysteresis

The upper and the lower limiting value of a floating controller must be en-
tered via the 2-digit BCD-switch of 024 and 027. The actual value is entered
via channel 17 of the analog module. If it reaches the lower limiting value
output OF will be activated. If it reaches the upper Timiting value output 015
will be activated as soon as the period of ls programmed as a hysteresis has
elapsed. If the actual value does not exceed neither of both limiting values,
output 012 will be active. The actual value is to be displayed as BCD-value in
the operand display.

Flowchart

!

Read in lower
and upper value

Wait 1 sec
Read in binary
actual value and
calculate BCD- <i RET j>
value. Display
BCD-value.
015

upper limit (Go)
Act. no 012 |} nominal value

valge < Gu —— lower limit (Gu)
? (//,/’/' 0¢

yes Act. no

value 2 Go
?/ ‘
yes

Gu < act.val < Go

< JMS > < JMS > <: JMS ;>
Qutput @0 Qutput 015 Qutput 012

!

_—

———-(JMP>

-

Subroutine for time hyseresis:

SAIAPLC Programmable controllers —&is 8
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Solution 23b

For PCA1.Wl.. (8 bits)

308 11 SEC 24

3 15 SCR 310 Read lower limiting value as
3p2 16 16 31 BCD-value into C319

303 12 REQ 24

397 16 16 31 BCD-value into €311
3¢8 12 REO 27
319 19 out 17
311 15 SCR 312 Read actual value as binary
312 24 24 23 value into C312
**< 314 15 SCR 312
315 29 29 5¢

316 15 SCR 312
317 3¢ 3¢ 128
\ 318 31 DTC 312

321 15 SCR 319 }>

Convert actual value:
(x5@; :128) and display

3p5 11 SEQ 27
306 15 SCR 11 Read upper limiting value as

322 28 28 312
—— 323 22 Jiz 331
324 23 JMS 350 :} Time hysteresis

Actual value = limit value?

325 12 REO 15
326 12 REQ 12
327 111 SEO ¢ Output 0¢

-z 328 20 JWP 3
—= 331 15  SCR 312}

332 28 28 311 Actual value = maximum limit value
— 333 22 JIiz 340

334 23 JIMS 350 :’ Time hysteresis

335 12 REO ¢
336 12 REO 12
337 11 SEO 15

= 338 20 JMP 300 Output 015

== 340 23 JMS 350 Time hysteresis

341 12 REO ¢ :’
342 12 REOQ 15
343 11 SEQ 12 Output 012 (min. limit value < nominal value < max. limit value)

344 2¢ JMP 300

Subroutine "time hysteresis":

350 14 STR 284

351 g e 1¢
352 25 WIH 284 *
353 24 RET ¢

*) If the time hysteresis exceeds one second, the actual value will not be
displayed continuously because of the wait command.

**) Use the routine of the previous example also for module PCA1.W3.. The
addresses 4@6...414 must be adapted to the addresses 31¢...318.

.

=——i\J
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Example 24: A practical example using an automatic drilling machine

Task
Both the mechanism and step diagram for an automatic drilling machine are

specified. Part of the operating console is also specified. The extension,
however, is dependent on the facilities offered by the selected PLC.

General functional description (see drawing on next page)

Circular plates are automatically fed, eccentrically drilled and then ejected.

STEP 1: Plates are pushed out of the magazine into the drilling position with
piston A and then clamped.

STEP 2: Drill motor switched on and drill lowered.

STEP 3: Drill raised after approximately 4s to remove swarf from hole.
STEP 4: Drill lowered once more until drilling depth reached.

STEP 5: Drill raised.

STEP 6: Drill motor switched off and piston A withdrawn.

STEP 7: Ejector piston C forward.

STEP 8: Ejector piston C back.

Recommence from step 1.

Sensors

A11 piston end positions are signalled by sensors. Normally closed contacts are
used for switching-off functions for wire breakage safeguard reasons. We have
selected normally open contacts so that the functions can be more easily
simulated.

The minimum magazine contents is also monitored by a sensor. The drill must be

checked for breakage by a sensor at the start of each cycle, the machine being
stopped where necessary.

Operating console

In addition to the "Start" and "Stop Cycle" functions, there should also be the
facility of resetting the program back to its starting point ("Reset Program").
Also, to prevent unintentional resetting it is necessary for the pushbutton
"Stop" and "Reset" to be actuated twice.

Emergency stop is effected on the hardware side by a mushroom-type pushbutton
acting directly on the main contactor (regulation).

A facility should be available for preselection of the desired number of items
per order (100 to 1¢,P@@) with BCD switches. Input or alteration of the pre-
selected number of items should be by means of a pulse switch.

For setting-up and maintenance purposes, a facility should be provided for the
entire sequence to be run step by step.

fee————— a
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It is desirable to display the number of remaining items and to find out in
the event of a fault at which step the machine has stopped or which function
is awaited.

The various functions should be signalled with lamps in accordance with the
illustrations.

Drawing shows sequence step 2

-B— main contactor
@

_I_ i _}_ ®[0297] operation

o o o o Number of items
Start Stop Reset Q reached

Brilling cycle cycle prog. @[ 031 ] 1) Permanently on:
machine magazine empty

P

16..23 @ @ L : Step display
% _I. —— 4 : Number of items display
Drill 9 o

monitoring Preselect Reset
nr of items counter

@ L : Automatic operation
—”— H : Step by step

@ Step clearance

Eject l

o
== (O
Magazine ~ °o o
minimum i |
| Emergency stop on hardware
side via main contactor

iua

Operating console

Step diagram

. . Sequence steps
Action | Cylinder [Output [Signal 2 3 4 5 ] 7 B

Insert forward] 024 9
item A
back 025 I1

PN
Lower g lup 026 12 5SA A
drill down ~ 13 v
Eject forward| 027 | 14 N

5 C

item back _ 15

Drilling M on 028 -

machine of f _ -

motor

Driil check 17 [® ®

Magazine check 16 I® ®
98/99 98/99

*Alternatively drill for 5 sec. or reaching limit position I2.

.

2) Flashing: drill break

SAIAPLC Programmable controliers Em
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24.1 Dimensioning the PLC

24.1.1 Functions

In order to satisfy the imposed functions it is necessary to have sequence
controls, timing and counting functions in addition to logical Tinkages. Also
required are facilities for counter displays. A task of this scope poses no

problems for any SAIA°PLCs.
24.1.2 Number of I/0

Because of the small number of I/0 it
is possible to use a PCAl. The I/0

are listed on the sheet provided for
this purpose. It must be noted that the
1/0 distribution can be in a matrix of
8 or, if required, 4 1/0.

Omitted in this example is the output
for indicating magazine or drill moni-
toring. Solution: Since these displays
occur relatively rarely, we use the
same output and differentiate by means
of continuous or flashing lamp. In
this way we can find space on a
PCA151.

24.1.3 Type of 1/0

We select non-isolated 24VDC I/0
modules with transistor outputs, se-
lecting solenoid valves and lamps
accordingly.

24.1.4 Memory capacity

As this program is not complex, we can
calculate with a linkage depth of
approximately 5. If we calculate the
8 inputs of the BCD switch as only 1
input, we obtain:

24 1+0 x linkage depth 5 = 120

memory locations.

These are easily accomodated in the

1K memory.

We require an external interface with
relay for the 22¢VAC drill motor.
24VDC 1is advantageous on the input
side for the use of proximity switches
for the transmitters.

24.1.5 Displays

Using module PCA1.D11, the
necessary displays can be pro-
vided without the loss of I1/0.

Operating console Operating console

Operating console

System: Automatic drilling machine

Magazine_empty or drill
break (flashes)

3

Set item nr reached

38

Operate

29

Orill motor

28

Piston C forward

27

Lower drill

25

Piston A back

25

Piston A forward

24

PCAY.AID

Preselection of nr

23

21

22

1884s

22

21

20

28

19

21

18

of items via two BCD
194s

switches

22

17

23

16

PCAY.E1D

15

Step clearance

14

Auto/step by step

13

Display counter

12

Reset item counter

1

Reset Progr. (E9)

18

Stop cycle

Start cycle

PCAY.E1D

Drill monitoring

Magazine min.

Piston C back

il N ||w

Piston C forwards

Drill up

Drill down

Piston A back

Piston A forward

PCA1.E1D

saia’plc

PCA151

1/0 assignment sheet

SAIA'PLC Programmable controliers
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24,2 Programming

Experienced PLC engineers will find the narrative description together with the
illustrations adequate for preparing the program or the flowchart.

The following steps are recommended for beginners:

24.2.1 Program structure

This is a sequential operation which is well suited to programming by means of

a

flowchart. For continuously active functions such as start/stop, displays etc.

we select a circulating program as a parallel program.

The structure is as follows:

:} PP assignment

PP@
- N
Pure circulating
program for contin-
> uously active func-
tions.
JMP
/

PP1

<
=

JMp

RET

24.2.2 Step contro]l plan in accordance with DIN

Where this method has already been used, the narrative description and step
diagram can first be represented in this form. It will be noted that prior to
step 1, a few additional steps are necessary for checking different functions.
Only functions which have to be performed prior to each cycle run are the
subject of these preliminary steps. Continuously active functions are in the

circulating program PP{.

Flow chart for
sequential run

with wait loops.
Where necessary,
subroutine for
repetitive functions.

SAIA'PLC Programmable controliers
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NG

; |

97

operate 029 ?

pre-start

‘——rstep counter at 98

a8

magazine min. level 16 ?

magazine

if I6=L, lamp 031 on
step counter at 99

drill 0K 7, I7

99

drill break

moni toring

if 17=L, lamp 031 flashes
step counter at 1

limit switch {1

limit switch I3

Timit switch I5

operation 029

1

item nr counter 257 not run down ?

insert item

piston 0 forward: 025 off
024 on

piston 0 forwards ? 1§

1st drilling

drilling machine 028 on
Jower drill, 026 on
set timer, t268 to Ss

3
drilling

‘ L-_—_ drill down ? 12
T268 (5s) run down

machine back

raise driil, 026 off

drill up ? I3

4

2nd drilling -————‘l

lower drill, 026 on

—

5
drilling

drill down ? [2

machine back

raise drill, 026 off

dritl up ? I3

6
drilling

complete

drill motor off, (28 off
piston 0 back: Q24 off
025 on

piston 0 back ? I1

7

eject item

siston C forward, 027 on

r

8
starting

piston C forwards ? I4

position

piston C back, 027 off
step counter - |
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24.2.3 Program preparation

The preparation of the sequence program can now be carried out very simply on
the basis of the DIN plan. Because the step by step operation and the program
step functions occur in like manner in each sequence step they are included in
a subroutine. Here, however, it is important to note that dangerous functions
are to be previously reset before waiting for the step controller, i.e. first
all REQ, then JMS and then SEQ.

The circulating program, as already mentioned, includes the continuously ac-
tive functions. The final section with the program resetting is of significance
here. In order to bring the sequence program back to its start, all important

outputs are reset indexed and the PP1 is then assigned to its starting address
anew.

-

PROGRAM PRINT-OUT WITH COMMENT: THANKS TO PCA-ASSEMBLER

e o SRS MR M 0K K DR R R R Kk X e KR 3K PP ASSIG’\MENT

ADDR NC MNC OPRD

0O 00 NoOP a]
1 29 PAS 1
2 00 OO0 50
3 20 JMP 10>
FHtbt bbbt b b+ PARALLEL PROGRAM O (PPOI
—=10 01 STH a} START/STOP CYCLE
11 03 ANH 9
12 11 'SEO 29  "OPERATION" LAMP ON
13 02 STL 9
14 12 REO 29  "OPERATION" LAMP OFF
—————————————————— SET_ITEM COUNTER
17 01 STH 11

20 18 18 23
21 02 STL 257

22 10 OuT 30 "SET ITEM NUMBER REACHED" LAMP
—————————————————— DISPLAY PRESELECTION

25 D1 STH 12

26 31 DTC 257 ITEM NUMBER COUNTER DISPLAY
27 08 NEG u]

28 31 DTC 256  ITEM NUMBER COUNTER DISPLAY
—————————————————— RESET PROGRAM TO START (REASSIGNMENT)

31 01 STH i0
32 04 ANL 9} RESET 2
33 09 DYN 301
=—34 22 JIZ 10>
35 16 SEI u]
36 12 REO 1024 RESETTING OF THE OUTPUTS
[37 27 INI 7
38 21 JIo I6—>
39 29 PAS 11 REASSIGNMENT OF PPL
40 00 00 50/ & CONSEQUENT RESETTING
— 41 20 JIMP 10—>
.

.
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Program print-out in flowchart with PCA Assembler
/\
xx LST TTY %xx%x e + sequence step
ADD ;805 ;67 68 01 !STH 1!
KEXEEXX &9 03 'ANH ! limit switch 7
¥ START % Parallel praogram 1 (PP1) 70 03 !'ANH S!
FAXXERX 71 03 'ANH 29! operation lamp 7
PO + 72 0% 'ANH 257!
S0 15 '8CR 286! step counter at 27 P +
51 00 ! 00 97! '
o —— + e N 0
! 73 22 +J1Z 68+~
preliminary step \ 3 /
S2 26 operation on ? fmmm \
74 23 +JMS 110+ =2
, ! N /
7/ \ '
o e -+ preliminary step Fomme e +
54 02 'STL &' 7% 12 'REQ 25! piston A forward 7
S5 106 '0UT 31 magazine replenished 7 76 11 !SEO 24! clamp item
s e e e e -+ R e etk +
! !
/2 — AN P—m———+ sequence step
S6 21 +JIO 54+~ /mmm e \ 0
\—mm——— / 77 26 +WIL O+ piston A forwards
0 \ = /
PSS —— + !
57 17 'INC 256! [ommmm \
e e e e e e am " 78 23 +JIMS 110+ =
! \ = — /
/N '
Fo e + preliminary step Fmmm e +
58 02 'STL 7!<#y broken drill check 79 11 !SED 28! drill motor on
59 04 'ANL 260! 80 11 !SEQ 26! lower drill
[FO + 81 14 !STR 260! drilling period
1 82 00 ! 00 S0
o + e e e e +
&0 14 'STR 260! !
&1 00 ! GO 4! 7\
2 13 !C0O0 31! E7 = L —& A3l flashes o + sequence step
e e e + 83 02 !STL 26014
! 84 05 '0ORH 2! time expired ar
B + drill down ?
b
e N o
85 22 +JIZ 83+—
A e /
i1
e o e +
86 12 !REQ 26! raise drilling machine
] ° B bbbt +
[ \ o !
65 22 +J1Z 58+ [ \
\mm e / 87 23 +JMS 110+ =>
! N\ /
——————— + !
&6 15 !SCR 256! step counter at 1 Pt sequence step [:]
e + [ m——————— \N O —_—
88 26 +WIL 3+- drill up 7
\mmm /
!
[ — \
89 23 +JMS 110+ =
\ == /
4
e o +
fC¢ 11 !'SEQ 26! lower drilling machine
A ———————— +
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37F

-

(e
- \ o
21 26 +WIL 24~
\=———- /

!
Fomm e +
22 12 IREO 26!
e —————— +

!
e \
93 23 +IMS 110+
\=m————— /

!
Y G —
[ \o
94 26 +WIL 34—
\------ /

!
o —————— +
95 12 IREO 281!
e —————— e +

i
A— \
96 23 +JMS 110+
\=-mmmm /

!
fem———————— +
97 12 IREO 24!
98 11 !SEOQO 25!
Frm——————— +

!
R G il 4
Y ZR— \ o
99 26 +WIL 14—
\ = /

i
J=mmmmmm \
100 23 +JMS 110+
N\ /

!
o —————— +
101 11 {SEOC 27!
e +

!
1 {mmme e
_______ \ o
102 26 +WIL bt
\=m-==-- /

!
Fom e +
103 12 'REO 271
o ———— +

!
p— \
104 23 +IMS 110+
N /

H
to e +
105 18 (DEC 257!
o ————— +

i
y2— \
106 20 +JIMP 50+
\ommme e /

Sequence step

Drill down?

Raise drill

=

Secuetce step [:]

Drill we?

Drill motor off

Piston A back

Seauence step II

Piston A back?

Eject item

Sequence step

Piston C forward?

Piston C back

Item counter -1

ADD

=

iio

113

19
21

108

12

71

&9

23

:110, 1114
RAERRE AR
* START * Subroutine for step by step
RRAARRR
/
e o e +
01 ISTH 13! Step by step switch on?
B e —— +
H
[ e \o
22 +J1Z 1134=-——— if ro, jum
\m——— /
11
LR
[ ——————— \o
26 +WIL 144+~ if yes, await step release
\=m====/
!
e e o s e e e +
17 !INC 256 =w—!  Step counter +1
e e e s +
1
_______ \
24 +RET Q+
\==mmmm /

CROSS-REFERENCE OF SOME ELEMENTS AND
TP ADDRESSES FOR SUBROUTINE 110

STEP COUNTER
:0, :114, OPERAND :256
31 DTC 286
15 SCR 256
17 INC 256
17 INC 256
15 SCR 256
17 INC 286

STEP COUNTER
:0, :114, OPERAND :257

15 SCrR 257
02 ST 257
31 DTC 257

i8 DEC 257

SUBROUTINE 110

. OPERAND

23 IMS 110
23 IMS 110
23 Ms 110
23 IMs 110
23 Ms 110
223 MS 110
23 IMs 110
23 M8 110

OPERATION LAMP

:0. :114. OPERAND
11 SEO 29

12 REC 29

26 WIL 22

03  ANH 29

CRILLING MACHINE UPPER LIMIT SWITCH

10, :114, OPERAND
2 ANH 3

26 WIL 2

26 WIL 3

1110

29

:3

SAIA'PLC Programmable controllers
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Procedure for solving a control problem by the introduction of a PLC

(: START :>
:

Compile a specification for the overall process (where necessary with
sketches, description of sequences, subdivision into process blocks etc.)

Qutline design showing which operations are performed mechanically,
pneumatically, hydraulically or electrically.

PLC dimensioning

Determine number of I and 0 (giving consideration to multiplexing facilities)
- Define 1/0 types (DC/AC, voltage, current)

- Determine design capacity of PLC (PCAl <112 I + 0, PCA2 2 96 I + 0),
possible break down of the process between several PLCs, hierarchy)

- Determining the PLC modules (grids 8/16/32) giving consideration for a
10 - 20% reserve of I + 0

- Determine memory capacity in accordance with following rough guidelines

- simple control memory capacity = approx. 5 x no. of I/0
- average complexity memory capacity = approx. 1 x no. of I/0
- high complexity memory capacity = approx. 2@ x no. of I/0

- Check whether program can be operated with SAIA°PLC standard functions.
Type PCA14 or PCA23 to be implemented where there is a requirement for
universal arithmetic functions or comprehensive documentation facilities.

- Definitively determine memory type (Standard = EPROM).

Ordering the PLC

Precise stipulation of PLC equipment including accessories such as cables,
watchdog, external interfaces, display module, programming and simulation
accessories.

TASK SHARING
.

SAIA'PLC Programmable controllers
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TASK SHARING

AN

Hardware Program preparation
- Completion of detailed - Designation of the I/0
design - Defining the program structure and
- Construction of mechanical programming methods for correspon-
components ding part programs (program mo-
dules)
On delivery of the PLC: - Compiling the program on paper
- Installation of the PLC into (giving consideration for
system trouble-shooting using DOP,
- Wiring the I/0 DTC and watchdog).

- Checking the I/0 wiring with
LED and "MAN" operating mode

When programming location is

already available or PLC has been

delivered:

- Enter program
(enter NOP for reserve and
alterations)

- Test out program parts using
simulators

- Rectify any faults

- Prepare provisional
documentation

- Safeguard the program on EPROM

Commissioning

- If simulated program test and I/0 test were successful on "MAN" ---> switch
on (where applicable isolate dangerous control elements, do not actuate
start pushbutton immediately).

- Where step-by-step mode is provided (do not confuse with STEP mode),
operate process in this manner initially.

- Check out automatic mode (where applicable also check dangerous operating
circumstances such as wire breakage, simultaneous actuation of several
pushbuttons, power failure or process breakdown).

- Where necessary correction of the program on RAM.

- If OK copy program on to EPROM in two sets, 1 set for operation, 1 set as
a program safeguard.

- Update program documentation and add comments so that program can be under-
stood by third persons.

- Compile trouble-shooting guidelines for maintenance personnel.

¢

END

N

=
ll
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Overview of the instruction set
Instruction Chapter Page

ANH El 3E

ANL El 3E

C0o0 E2 11E

DEC E3 16E

DEI E6 30E, 34E
DoP E8 39E

DTC E8 40E

DYN El 7E

INC E3 16E

INI E6 30E, 34E
JI0 E4 24E, 26E
Jiz E4 24E, 26E
JMS E4 25E, 26E
JMP E4 23E, 26E
NEG El 6E

NOP E5 20E

ORH El 4E

ORL Fl 4E

ouT E2 OF

PAS @...15 E7 35E

PAS 18 E7 36E

PAS 30 E7 37E

PAS 31...38 E7 37E

REOQ E2 10E

RET E4 25E

SCR E3 14E, 19E
SEA E5 29E

SEI E6 30E, 34E
SEO E2 10E

STH El 2E

STL El 2E

STR E3 13E, 19E
WIH E4 27E

WIL E4 27E

XOR El 5E

\
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