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Syllabus:

Chap. 2 — Introduction to PLCs [2 weeks]

Chap. 3 — PLC Programming languages [2 weeks]
Standard languages (IEC-61131-3):
Ladder Diagram, Instruction List, and Structured Text.
Software development resources.

Chap. 4 - GRAFCET (Sequential Function Chart) |1 week]
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Chap. 3 - PLC Programming languages

PLC Programming languages*

IEC 1131-3 changed to IEC 61131-3

Ladder Diagram

~ N 7~ N /N
N~ U

Instruction List

LD %M]12
AND  %II1.0
ANDN  %lIlI.1
OR %M10
ST %Q2.0

* International Electrotechnical Commission (IEC)

Structured Text

If %I1.0 THEN
%Q2.1 := TRUE

ELSE

%Q2.2 := FALSE

END IF

Sequential Function Chart

]

1]

H—— m

2

Direita

@—7— 0

3

Carrega

G—— 7>

4

Esquerda

@—7— a

(GRAFCET)
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Ladder diagram

Relay ladder logic, 1.e. electromagnetic
relay control, was the basis to create a
standard programming language.

A Program is a series of instructions
that directs the PLC to execute actions.

Simplest programs are based in physical
addresses naming contacts and coils or,
in general, the so-called operands.
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Input instructions
Contacts

Output instructions
Coils
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0- See: Unity Pro SW > Languages
Ref > Programming Language >
Ladder Diagram (LD)

Ladder diagram

Unity Pro dev. environment

@ Unity Pro M : TSTO_28FK* - [X Bus]
[ Eile Edit View Services Tools Build PLC Debug Windo

of (o
ETEY

LS |[Eie|oo|veamTEs cpsaEaB w bl
BE|& -
1- Double _
click here to R
edit / see the e——— =T T3t Types
............. D Derived FB Types
hardware - 7, Variables & FB instances
PO | | || (e D Motion
configuration L I o i
3- Programs ./” S i
in Ladder ﬁf: S
(and other DE ------------ (3 SR Sections 2- Double click here to see
Efin vy 1 Events .
languages) || 9@ Animation Tables available operands (example
are added E;ﬁ::ﬁf@_ ki shown in the next slide)
here. '@ XBus [Sxmytsi2:[] BB Data Edtor| [ 0.0 TS .J talmy 1 L.

Ready HMI R/W mode [z Il | [reeeiizzona | | 4
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Chap. 3 - PLC Programming languages

Ladder diagram  Types of operands in Schneider DMY 28FK:

#00.3.25

— CPU abjects Address | Name | Type | Comment | «
1 %1030 EEOOL
Systerm: [T s [ wsw Select al 5 TR S
femory: |_ EA | |_ :-{MWI_ }{MDr >MF 3 3;“]:3:2 EEQOL
[T mkw [ xkD [ xkF Unzelect all 4 #1033 EBOOL
] 034 EBOOL
B %035 EEOOL
7 %036 EEOOL
0 Objects a2 037 EEOOL
o I ) 9 %038 EEOOL
et I~ wcH 0 [Zn3g EBOOL
Canfiguration: [T oskw [ mkD [ =kF Salact 3l I 11 #0310 EEOOL
Systern B i 12 | Z0.317 EEOOL
13 0312 EEOOL
Status: L unseteetsl ||| TS EEAOL
Parameter: [ emtw [ =nn[ =nar 15 =0 3214 EEQOL
Command: whdw [ wnaD [ wmaF 1k #10.3.15 EEOOL
Implicits: [ 20 I =tw [ =0 [z [T :IERR 1; XES;E Egggt

=003,

I @ | e [ men [ woF R EGTERE EROOL
— Update - 20 2003119 EEOOL
o v addrezses 21 003,20 EEOOL
Update grid with [T names, types and comments 55 700321 EEOAL
HesaEs el Bl EEOOL
Filteran usage 24 003,23 EBOOL
25 200324 EEOOL
26 EEOOL
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Chap. 3 - PLC Programming languages

Ladder diagram Types of operands:

Bits Description Examples Write
access
Immediate O or 1 (False or True) 0 _
values
Inputs/outputs | These bits are the "logic images” of the electrical states of the inputs/ | %I123.5 No
outputs. %0512 Yes
They are stored in the data memory and updated each time the task in
which they are configured is polled.
Note: The unused input/output bits may not be used as internal bits.
Internal The internal bits are used to store the intermediary states during %6200 Yes
execution of the program.
System The system bits % S0 to %5127 monitor the correct operation of the PLC | %310 Accordin
and the running of the application program. gtoi
Function The function block bits correspond to the outputs of the function blocks | %TME.Q No
blocks or OFB instance.
These outputs may be either directly connected or used as an object.
Word extracts | Withthe PL7 software it is possible to extract one of the 16 bits of aword | %MW10:X5 Accordin
object. g to the
type of
words
Grafcet steps | The Grafcet status bits of the steps, macro-steps and macro-step steps | %X21 Yes
and macro- are used to recognize the Grafcet status of step i, of macro-step jor of | %X5.9 Yes

steps

step i of the macro-step |.
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Chap. 3 - PLC Programming languages

Ladder diagram

Basic Instructions

Load

Normally open contact: contact is active (result is 1)

when the control bit 1s 1.

Normally closed contact: contact is active (result is 1)

when the control bit is O.

Contact in the rising edge: contact is active during a scan cycle

where the control bit has a rising edge.

Contact in the falling edge: contact is active during a scan cycle

where the control bit has a falling edge.

‘ %I1.0

A

0/foﬁ.o ‘ 1.0 W

‘ | P

Q2.0

k]‘

v

v
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Chap. 3 - PLC Programming languages

Ladder diagram

Basic Instructions

Load operands
Permitted The following table gives a list of the operands used for these instructions.
operands
Ladder Instruction list | Structured | Operands
text
LD = %l,%Q, %M, %S, %EBLK, %+ Xk, %Xi, (True and False in instruction list
T or structured text)
LDN =NOT %l,%Q, %M, %S, %BLK, %+ Xk, % Xi, (True and False in instruction list
/ or structured text)
LDR =RE %ol,%Q, % M
— P-_
LDF =FE %l,%Q, %M
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Ladder diagram

Basic Instructions

Store —( )— The result of the logic function activates the coil.

—(/)— The inverse result of the logic function activates the coil.

4(8% The result of the logic function energizes the relay
(sets the latch).

4(R>7 The result of the logic function de-energizes the relay
(resets the latch)..

A

%I1.0 %0%.0 ‘ 1.0 /WM

N
‘|N|ij‘ t

v

Q2.0

v
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Chap. 3 - PLC Programming languages

Ladder diagram

Basic Instructions

Store operands

Permitted The following table gives a list of the operands used for these instructions
operands
Language |Instruction list Structured | Operands
data text
:: : ST = %l1,%Q,%M,%S, % XK
i/] STN =NOT %l, %0, %M, %S, %Xk
S SET %l % Q, %M, %S, %+ XK, % Xi
S Only in the preliminary processing.
R RESET %1, %Q,%M,%S, %+ XK, %Xi

Only in the preliminary processing.
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Chap. 3 - PLC Programming languages

Ladder diagram

Allen Bradley notation
Relays with latch and unlatch

L1 ON

—< — L

| OFF

* - : {U}

A d
Contact shown with relay in the
unlatched position
Fig. 6-50

Schematic of electromagnetic latching relay

L2

Instruction Symbol Mnemonic
Output latch —{L)y OTL
Qutput unlatch ~U)- OTU
XXX =
Latch cc Same
address
JK ;

U)—
Unlatch coil

(a) Latch and unlatch coils have the same address

ON 0:013
—1 L { Latch
10
!
Ff 0:013
—~ L) 1 Unlatch
10
0:013 1
~ | Output
10
\

(b) Control logic

OQUTPUT LATCH and OUTPUT UNLATCH instructions
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Chap. 3 - PLC Programming languages

Ladder diagram

Relay-type instructions

Example:

aoan 0500

_{

ooo ns00

4{

¢

¢

@

@

)

COMTALCT
o ills
g |RELAY
l COIL I:l-J
u] ol
OC S TCH
—
[ -—
S S
—_ —_
9
o
—
LAl
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Chap. 3 - PLC Programming languages

Ladder diagram

Basic Instructions

AND

AND of the operand with the result of the previous
logical operation.

AND of the inverted operand with the result of the
previous logical operation.

AND of the rising edge with the result of the previous

P
logical operation.
N AND of the falling edge with the result of the previous
logical operation.
e g | W
‘ | N| | P| S) ‘ t
Q2.0 ‘
>
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Ladder diagram

Basic Instructions

OR

OR of the operand with the result of the previous
logical operation.

OR of the inverted operand with the result of the previous
/ logical operation.

OR of the rising edge with the result of the previous
P logical operation.

OR of the falling edge with the result of the previous
N logical operation.
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Chap. 3 - PLC Programming languages

Ladder diagram

Basic Instructions

XOR

%I1.1 %M1 %Q2.3
H -4 {
%M1 %I1.1

H F—

%M2 %I1.2 %Q2.2

e p
— | { H
%l11.2 %M2

A —

%Q2.3 == %I1.1 XOR %M1;
%Q2.2 := NOT(%M2 XOR %]I1.2);
%Q2.2 := %M2 XOR NOT(%I1.2);

Instruction | Structured text | Description Timing diagram
list
XOR XOR OR Exclusive between the operand and the previous XOR
instruction’s Boolean result
%Q2.3
XORN XOR (NOT...) OR Exclusive between the operand inverse and the XORN
previous instruction’s Boolean result —I_
T%M2
T%l1.2
T%aQ22
XORR XOR (RE..) OR Exclusive between the operand’s rising edge and XORR
the previous instruction's Boolean result |—|
15113
T%l1.4
T%az.4
XORF XOR (FE..)) OR Exclusive between the operand'’s falling edge and XORF

the previous instruction’s Boolean result.
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Ladder diagram
Ladder assembling
Input Output
Instructions Instructions
| | || ()
N S
| || || >

()
| )

The outputs that have a TRUE logical value, evaluated
from the left to right and from the top to the bottom,
are energized .

[Schneider, Micro PLCs]
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Ladder diagram
Motor
‘ START STOP starter coil
Example: i’——?——{) M O—e O,,,I"*""* —\ M\*—l
Latch / Sealing, A ‘
FeedbaCk Seal-in contact
(a) Hard-wired circuit
L1 Inputs Ladder logic program Output L2
STOP
o— Aalo Motor ‘ .
T Start PB Stop PB starter | (M) .
START — | — | { >  Motor
‘ starter
[ 0 O colil

M
| |

| {
| N

Fig. 6-48
(b) Programmed circuit

Seal-in circuit.

The normally closed push button STOP drives the normally open contact Stop PB
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Ladder diagram
Example:
Latch / Sealing,
Stop PB  START oL Relay coll M Output
FeedbaCk modu'e Rung 1 —> | | | | | 7%Ut\-’a|0m_‘,\- _module
STOP | ‘ ' A}
M
START ) ‘ |
M G
_ Rung 2 —» —\{ { ) —-.,
— A ; (/) (
| M R
L Rung 3 —» | | — S— - ) N
= 4T | contact : .

equivalent

The normally closed push button STOP drives the normally open contact Stop PB
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Ladder diagram
Example:
Latch / Sealing, N
FeedbaCk odule Bung 1—= | \ i . I ‘ ] ﬂ;ll\:ﬂl&rg{ N | _module
STOP | ] | N« S
M
— e L — | 1) M O—
START ‘ M G
Rung 2 — ——\¢ 1 —
= { g |;} | -
Y R
OL Rung 3 —» ——| F— — — __.f i
— L Relay |[:1 L R O—
[f “ ‘ contact ‘ _‘

equivalent

STOP button normally open implies inverting that input in the ladder diagram.
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IST/DEEC / API Chap. 3 - PLC Programming languages
Ladder diagram Relay Schematic
C Stops D Starts A M
Example: ! Q-AWT ST
Latch / Sealing, ¢ J
Feedback —
M
Ladder logic program
Example 4-9 & = : .
A motor control circuit with two ‘ | I ' B .
stop buttons: N }_
*  When the start button is L {
depressed, the motor runs. Gate logic M

* By sealing, it continues to
run when the start button is
released.

* The stop buttons stop the
motor when they are
depressed.
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Ladder diagram
General case of Inputs and Outputs in parallel, with derivations
A B D A C
1 F ] /[ _ \_: 1 i': N ]
1 L 1/ L L Y ] O \ J
TC_ _ B_ ‘ ‘ D E
= - =0z L —
[ Fg.5-23)
Parallel input branching. Parallel output branching with conditions.
Y S [ . (s ¢ —]
e 7 ] J - % . ‘—|
. oy ] i ] B
E £ ) L1 T 1 £
d, T E - 1
_.{: _ —-i [ I
Parallel output branching. Nested input and output branches.

Note: it is important to study the constraints and potentialities of the

development tools.
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Ladder diagram

Imbricated (nested) contacts and alternative solution

A B C Y
‘ D \Abranchwnhm
L | abranch }
| |
t S |
‘| | £ A B C Y
‘ , o
_Fig.5-25 ~
Nested contact program.
| | I T—contact
i D , C instruction
‘ C
repeated
E

Program required to eliminate nested contact.
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Ladder diagram

Contacts in the vertical and alternative solution

pal D Y
A D y —— e
| p
| % B c 0D |
| ’ % F | |
e : BEER |
| | B E |
B E
A c E |
|

Boolean equation: Y = (AD) + (BCD) + (BE) + (ACE)

Program with vertical contact

Reprogrammed to eliminate vertical contact.
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Ladder diagram

Contacts in the vertical and alternative solution

Another example:

A B C % A B @ Y

| | [ — ) 11— .
1 l] i S F D E ’

__ﬁ__,_ 45___ _': .E. ] ¥ i A

F | |
= | B in —
{ I ‘ F D B C

Boolean equation: Y = (AB AD F FDB | | |
q (ABC) + (ADE) + (FE) + (FDBC) 1 —
Original circuit. Reprogrammed circuit.

Solves the problem of disallowed right to
left scanning (FDBC in fig5.30).
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Ladder diagram  Temporized Relays or Timers

Solid-state timing relay Pneumatic timing relay  Plug-in timing relay
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Ladder diagram  Temporized Relays or Timers (pneumatic)

Operating coil (@

hl Normally open terminals (—l I—)

Instantaneous contacts

——Normally closed terminals (—,H’—)

Time control contacts

(o]
—— Normally open terminals (OT )
—— Normally closed terminals ( I )

sRREh
—ledad iy
Rz

The instantaneous contacts change state as soon as the timer coil is powered.
The delayed contacts change state at the end of the time delay. Page 27

e
ﬂ—lgﬂ
annnna | -

Pneumatic timing relay

Time adjustment
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Ladder diagram  Temporized Relays or Timers

Off-delay, provides time delay when the
relay coil is de-energized.

On-delay, provides time delay
when the relay coil is energized.

On-delay symbols Off-delay symbols

o I
"‘1\ o @\
Normally open, timed

closed contact (NOTC).

Contact is open when
relay coil is de-energized.

When relay is energized,
there is a time delay in
closing.

T v &

Normally closed, timed
open contact (NCTO).

Contact is closed when
relay colil is de-energized.

When relay is energized,
there is a time delay in
opening.

T <

Normally open, timed
open contact (NOTO).

Contact is normally
open when relay coil
is de-energized.

When relay coil is
energized, contact
closes instantly.

When relay coll is
de-energized, there is
a time delay before the
contact opens.

T« p

Normally closed, timed
closed contact (NCTC).

Contact is normally
closed when relay coil
is de-energized.

When relay coil is
energized, contact
opens instantly.

When relay coil is
de-energized, there is
a time delay before the
contact closes.

Tables: Relay symbols used for timed contacts.
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Chap. 3 - PLC Programming languages

Ladder diagram  Temporized Relays or Timers

Timer [ s1 I
0—0/0——.—4 )

On-delay

(TON) _ﬁ\o__oﬂ

Sequence of operation:
S1 open, TD de-energized, TD1 open, L1 off.

S1 closes, TD energizes, timing period starts,
TD1 is still open, L1 is still off.

After 10 s, TD1 closes, L1 is switched on.

S1 is opened, TD de-energizes, TD1 opens instantly,

L1 is switched off.

(a)

10s

e I |

Input __J | —\_
Output e I—I

(b)

On-delay timer circuit (NOTC contact). (a) Operation.

(b) Timing diagram.

Sequence of operation:
S1 open, TD de-energized, TD1 closed, L1 on.

S1 closes, TD energizes, timing period starts,
TD1 is still closed, L1 is still on.

After 10 s, TD1 opens, L1 is switched off.

S1 is opened, TD de-energizes, TD1 closes instantly,
L1 is switched on.

(a)

10s
[—|
Input _, ‘ |—
O
Qutput B
Off
(b)

Fig. 7-4&

On-delay timer circuit (NCTO contact).
(a) Operation. (b) Timing diagram.
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Chap. 3 - PLC Programming languages

Ladder diagram  Temporized Relays or Timers

Timer £

Off-delay t— ~———®—
(TOF) | ™ Jih
)—(TO—O—‘

Sequence of operation:
S1 open, TD de-energized, TD1 open, L1 off.

S1 closes, TD energizes, TD1 closes instantly,
L1 is switched on.

S1 is opened, TD de-energizes, timing period starts,

TD1 is still closed, L1 is still on.
After 10 s, TD1 opens, L1 is switched off.

(a)

—

On ‘
Output ﬂ[ l—

(b)

Input

Off-delay timer circuit (NOTO contact). (@) Operation.
(b) Timing diagram.

L1 L2
S1

t—o o0 ()

TD1 N

Sequence of operation:
S1 open, TD de-energized, TD1 closed, L1 on.

S1 closes, TD energizes, TD1 opens instantly,
L1 is switched off.

S1 is opened, TD de-energizes, timing period starts,
TD1 is still open, L1 is still off.

After 10 s, TD1 closes, L1 is switched on.

(@)
' 10s
Input O_,—\—___
n
Output—| o [—
(b)

Off-delay timer circuit (NCTC contact). (a) Operation.
(b) Timing diagram.
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IST/DEEC / API Chap. 3 - PLC Programming languages
Ladder diagram Characteristics:
Temporized Relays Identifier: %TMi  0..63 in the TSX37
Input: IN to activate
or Timers (PLC)
Mode: TON Timer On delay
TOF Timer Off delay
. TP Monostable
% TMi
| IN Q — Time basis: TB Imn (def.), 1s,
100ms, 10ms
1%/[]30 ?E: TON Programmed value: %TMi.P 0..9999 (def.)
period=TB*TMi.P
TM.P: 9999 Actual value: %TM1.V 0.. TMi.P
MODIF: Y (can be read or tested)
Modifiable: Y/N can be modified from

the console
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Ladder diagram

TON mode
Temporized Relays o

IN ‘
o  i— [
or Timers (PLC) KT | | ‘
| g | ' |
Q [ [ | |
t 1 t T
| | | | I | | |
%TMILP | 1 - - - | I l [ I
0 : | | 1 (5) | I
%TMi VT -
%TMi.V- ; ' | ' ;
MODE: TON Phase Desc-rlptn:_m | _ |
TB: 1mn 1 The timer is started with a rising edge on the IN input
2 The current value % TMiV of the timer increases from 0 to % TMi_P by one unit
at each pulse of the time base TB
TM.P: 9999 Th %TE’I' Q output bit to 1 when th nt value h hed %TMi.P
e 1.2 ou it moves to en the current value has reac I
MODIF: Y - oFp _ . -
The % TMi.Q) output bit stays at 1 while the IN input isat 1.
When the IN input is at 0, the timer is stopped even if it is still running: %TMi.Y
takes the value 0.

App. example: start ringing the alarm if N sec after door open there is no disarm of the alarm.
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Ladder diagram
TOF mode
Temporized Relays |
N (3) ,
—_— |
: @2 g ' |
or Timers (PLC) — i |
Q | I
— | . ! , T
I ! | [ Lo : | | |
P _1_____ — l l |
. o ! i e : |
7 TMi oM.V ; : /]( : ' !
—1 IN Q I
Phase Description
1 The current value %TMi.V takes 0, on a rising edge of the IN input (even if the
MODE: TOF timer is running)
TB: Imn 2 The %TMi.Q output bit moves to 1.
TM.P: 9999 The timer is started with a falling edge on the IN input.
M ODIF v The current value %TMi.P increases to %TMi.P by one unit at each pulse of the
: time base TB.
5 The %TMi.Q output bit returns to 0 when the current value has reached % TMi.P

App. example: turn off stairways lights after N sec the lights’ button has been released.
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Ladder diagram TP mode

Works as a monostable or as a pulse generator

I empori zed Rel ays (with pre-programmed period)
(1)
or Timers (PLC) N e
') : '(6) ' |
| ' I
Q ! |
—_— i — T
! @ ! | ! L
0/6TM|P [ D | (5) | | |
. |
%TMi M / i |
% TMi.V—— ; .
—1 IN Q —
Phase Description
1 The timer is started with a rising edge on the IN input
1%4];)?50 TP 2 The %TMi.Q output bit moves to 1.
: msec
3 The current value %TM..V of the timer increases from 0 to %TMi.P by one unit
TMP: 5 at each pulse of the time base TB
MODIF v The %TMi.Q output bit returns to 0 when the current value has reached % TMi.P.
’ When the IN input and the %TMi.Q output are at 0, %TMi.V takes the value 0.
This monostable cannot be reactivated.

App. example: positive input edge give a controlled (fixed) duration pulse to start a motor.
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Ladder diagram

Timers in PL7 vs Unity (Schneider)

%TMi —
TO
IN Q
TB: Imn | | IN a ( }
TM.P: 9999
MODIF: Y =i PT ETH
Input EN and output ENO
are facultative
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Chap. 3 - PLC Programming languages

Ladder diagram

Timers in the Allen-Bradley PLC-5

Two alternative representations

Type of timer

Timer address

XXX
| (ron)
T PR: YYY
Contact determines TB: 0.1 s
rung continuity AC: 000
Timer preset value / Time
base
of timer

Time accumulated
or current value

Control line

Reset line

ng- 1-8

Preset time
Time base
Accumulated time

Output line

Block-formatted timer instruction.

x %
Nt
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Ladder diagram

Timers implementation in the Allen-Bradley PLC-5:

Goes ON and OFF at
selected time base rate

of 1.0 or 0.1 second.
Accumulated value
l in BCD form

—
s ~

17 16 15 14 13 12 11 10 07 06 05 04 03 02 01 00

i Most : Middle | Least
lf significant : digit : significant
I dlgl[ [ | dlgif
I | |
Enabled bit. Timed Bit.
This bit is set to 1 This bitissetto1or0
when timer rung when the timer has
conditions are true. timed out; that is, AC = PR.
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Chap. 3 - PLC Programming languages

Ladder diagram

Timers operation in the Allen-Bradley PLC-5

' Input Timer
1L .
i el
J True
False
EN  Rung condition- N
TT  Timed period | ’_
On delay
Timed duration
N True
False On

DN Timed output bit— -

Off T
Preset value = accumulated value

—TON
TIMER ON DELAY
Timer T4:0 ——EN)——
Time base 1.0 _—_(DN)
Preset 15
Accumulated 0

On-delay timer instruction.

EN = Enable Bit  TT = Timer-Timing Bit DN = Done Bit
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Ladder diagram

Example of timer on-delay

L1 Ladder Logic Program L2
—TON
Input A Input A — TON Output B
TIMER ON DELAY p—— { o - TIMER ON DELAY a !
Timer T4:0 {EN} 1t Tiner T4:0 EN)>—— (e —1
ime base 1.0
Time base 1.0 —(DN) Preset 10 DU &
Preset 15 Accumulated 0 DN) ( : ) ®
Accumulated 0 T40 Giifoui B
11 & Output D
] L
: - ' 1 lTr
On-delay timer instruction. T4:0 Output D
Timer element —] {DN <

15 14 13 12 1110 98 7 6 5 4 3 2 1 0 Word

EN TT DN | Internal use 0
Preset value PRE 1
Accumulated value ACC 2

Addressable bits Addressable words

PRE = Preset value
ACC = Accumulated value

EN = Bit 15 enable
TT = Bit 14 timer timing
DN = Bit 13 done

(¢) Timers are 3-word elements. Word 0 is the control word,
word 1 stores the preset value, and word 2 stores the
accumulated value (Allen-Bradley PLC-5 and SLC-500
format).

Fig. 7-11 (continued)

On-delay timer.

On-delay timer.

Timer accumulated 0

(a) Ladder diagram

Oon

Input condition A O m
On

Timer-enable bit  off I__‘—

On
Timer-timing bit  off _.,lel—
On 5
off I

Timer-done bit

value

(b) Timing diagram
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Ladder diagram

Example of a timer on-delay that sets an output after a count-down

L1 Start L2

Stop
——QJ_Q—?—O o 1TD ;

g
—r—

Ladder logic program

1TD-2
(5s) Inputs Internal Output
S'Op Start re]ay
(a) Relay ladder schematic diagram L1 Stop | | | ‘ / >7 L2
A | 5 5 C
Start = M ——ug
———0 O— Internal —‘ ~—r

relay —» \

PR:5
TB:1s | Outputline

i T( |

(b) Ladder logic

On-delay timer with instantaneous output programming.
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Ladder diagram

Example of timer on-delay

L1 Start-up

_| P

Reset
PB2

ala

L2

—o0 O

CR1-1

CR1-2

{CR1}——e
1TD

Horn

(4

s

1TD-1
(10 s)

| I CR1-3

(a) Relay ladder schematic diagram

Ladder logic program

Inputs (v Output
PB1 PB2 I
" - [ | rea§ L2
+—QJ_O._____. [ ‘ { / I
Horn :
l i Internal I J :
—alo— «— relay '
Timer
e &
= TON
N/
PR: 10
Internal TB: 1s
Timer relay Horn
|
N2 | O
4 n % o

Starting-up warning signal circuit.

(b) Ladder logic
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Ladder diagram

Example of timer on-delay

Coll is energized if the switch remains closed for 12 seconds

Ladder logic program

i Output
L1 P SW —TON
TIMER ON DELAY
e\ L2
SW 1 Timer T4:0 \EN/
® _-fj":.— Time base 1.0 SOL
Preset 12 f—(DN
Accumulated 0 ) LT o
T4:0 SOL
1 T VA
- - L
DN

Solenoid valve timed closed.
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Ladder diagram

Example of timer on-delay

« If PB2 is activated, powers on the oil pumping motor.

* When the pressure augments, PS1 detects the increase and
activates the main motor.

* 15 seconds later the main

drive motor starts.

L1

Ladder logic program

1
I 1TD-1

Stop Start Lube oil bE
PB1 pgz Pump motor oL
¥
: Main drive
PS1 o motor oL

(Lube oil
pressure switch)

oL

Feed
(15 8) motor

(a) Relay ladder schematic diagram

Outputs
PB1 PB2 M1 L2
=] () N
LT 1] b o 5
[ M {m1) LA
| ‘ Sk o
i o
PS1 M2 _,ME«' ';,-'770
1 B i - /
| I\ { \ oL
|| O N %
—~ M3 ——1 .
— TON
| TIMER ON DELAY i {(EN)—
Timer T4:0 [
Time base 1.0 | i N
Preset 15 | (DN
Accumulated 0
T4:0 M3
| | N
= {
| | =g

Automatic sequential control system.

(b) Ladder logic

Page 43



Chap. 3 - PLC Programming languages

IST/DEEC / API

Ladder diagram

Example of timer programmed as off-delay

Ladder logic program
Output
L2

Input
L1 001 Q01
| | (TOF
S1_ ' ] PR: 15 A
o O 001 | TB: 1s I 009\

' 901

PL—e

009
e 3
AS 4

(a) Programmed circuit

e True
Input condition
S1 o

Off delay

Timed period
timed duration

True
False

Timed r
output 009 |
Preset value = accumulated value 4’

(b) Timing diagram

Fig. 7-16
Off-delay programmed timer.
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Ladder diagram

Example of timer programmed as off-delay

Ladder logic program

—TOF ——M8MMM— 3
SwW 3 E — TIMER OFF DELAY EN)ﬂ
> — I Timer T4:1 [
Time base 1.0 g ) t
Preset 5 i
| L Accumulated OJ ‘ l
—TOF ————— -
L { TIMER OFF DELAY L—‘(EN),*—
| Timer T4:2
Time base 1.0 ™
Preset 10 DN) ' ‘
Accumulated 0
| —ToOF —Mm
= TIMER OFF DELAY EN)—
Timer T4:3 ‘
Time base 1.0 (7 N
| Preset 15 ¥
[ Accumula!_e_d ii
T4:1 M |
3 F = — rd }
DN
Ta:2 M2 |
| E - C D
DN
Ta:3 M3 ‘
] . - C 1
DN

Off-delay timer instructions programmed
to switch motors off at 5-s intervals.

Ol
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Ladder diagram

Example of timer programmed as off-delay

L1 P Internal
Input LS1 relay Outputs
: £ o 12
o> 7D . L N/
5s —O0 O Inrt;;r;’al Timer Ml ' 1
% <TO>: i
TD1-1 oL PR: 5 i |/
"_O'Ié @ /1 Timer TB:1s Mo {M2 —/1 °
/ / 5 \ b /
TD1-2 ' oL NV N
) o @ /] Timer M2 ) i |
g (
// TD1-3 e Internal A i — *
A { relay G N
/TN ( A
\ / &
TD1-4 Internal A
{ R F—+ \
A N\ - ( \F
—
(a) Relay schematic diagram (b) Ladder logic

" Fig. 718,

. . ) L Programming a pneumatic off-delay timer circuit.
Programming a pneumatic off-delay timer circuit.
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Ladder diagram

Example of timers programmed as off-delay and on-delay

PS1 PS2 PS3
Tank | DLO S G | Tank

N o —i—f\ Pump “". — |

(a) Process

Ladder logic program

Stop Start T4:5 PS1 Pump

Inputs | DN Output .
Pump -z

Stop 3 =

< Q1 O Pump PUMP DELAY

r TON — | g - | 1 1|

Start — B — = {  TIMER ON DELAY HCEN)— v 1
Timer T4:6
T ) Time base 1.0

| PS1 | Preset 5|
L2 —Q . Accumulated (o]

ON)

T4:6 PS> TOF Pump time ‘
PSs2 I — | —] /' T l TIMER OFF DELAY HEN)

- —Q 1 DN Timer T4:5
| Time base 1.0

1 /[ | Preset 14
! S o ‘ PS3 | Accumulated (0]

DN

(b) Ladder logic
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Ladder diagram

Timers

Animated demonstration:

T000
00005 |

Coo05
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Ladder diagram

Retentive Timers

Input switch 113-06

Enable bit 052-17

Preset value — — = = = = =

AC value retained when rung

When reset switch is closed,
timed bit is reset. Accumulated
value is reset and held at zero
until reset switch is opened.

1 4_1_ Enable

condition goes false

Accumulated value

On
Timed bit 052-15 Off
On
Output lamp 011-04 Off
On
Reset switch 113-07 Off

\w

S SRR N USSR SRR —— Y

o

12345678 9101112

Time in seconds

(b) Timing chart

bit is
reset
when
input
switch is
opened.

/’// /

?f

oA ;'.-’

,rrlz}-’f,

Electromechanical retentive timer.

Input:

AE.;PB1
—0 O0—
Time

S

Ladder logic program

11306%

_|Pe2

—0 O0—
Reset

11307—

113 052
[l s %
|| i)
06 PR: 009
TB:1s
052 010
[l 7 5
| N, A
15 04
(Timed bit)
P
113 052
[l P
[ Ll
07

(a) Programmed logic

Cam-operated

contact
Switch-off region
Switch-on region

| Motor-driven
cam

Motor accumulated
motion (rotation)
defines the on/off
timing.

Same
address
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Ladder diagram

Example of retentive timers

L1 Inputs

Pressure switch
—0C O
’ \/ Reset
lﬁ"o O 1002 }

| Key switch
S1

Retentive on-delay alarm program.

001 }—

Ladder logic program

001
| |

901
o

| N\
PR: 60
TB:1s

901 009
(

A
\

o
o
N

901

G —

L2
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1Ratdrni i #naans

Animated demonstration:
(search this function on Schneider PLCs or discuss implementation)

0002
T000
0001 00005
00005
T00O 0500
'
e

17000 = retentive timer

0002 = push button (counted while ON)

—
ooot| o002

[
i

0001 = reset push button

0500 = lamp output

o

1

o
S

i .'-F.-F _\-\-H-HH.'.

.I :Hll ..l--_.'-
0500

Lﬁ" i

3

T
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Ladder diagram

Example:

* SW ON to start operation

» Before motor starts,
lubrificate 10 s with oil.

* SW OFF to stop.

(lubrificate 15 s more).
* After 3 hours of pump
operation, stop motor and

signal with pilot light.

* Reset available after

servicing.

Outputs
L1 Inputs Sw T4:2 —TON — L2
‘ L3 ¢ 1/6 ?IMER ON DELAY ‘ —(EN
imer T4:0 Pum oL
‘ DN Time base 1.0 L f v
SW Preset 100N | [y Ao
1 off Accumulated 10 —
— o o0—— Motor oL
on —TOF ~\ |
‘ TIMER OFF DELAY HEN- \M )¢
- Timer T4:1 o ‘
g i Time base 1.0 (D) y
©30 Preset 15 25
Accumulated 0 PL}—e
T4:1 PUMP 7 »
— F ¢
DN
T4:0 Motor
e ¢
DN
Reset T4:2
a3 E {RES)
Pump —RTO |
r RETENTIVE TIMER ON \
1 F Timer T4:2 [LEN)
Time base 1.0
Preset 10800 {DN)
Accumulated 86
T4:2 PL
—3 E ¢
DN

Bearing lubrication program.
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Ladder diagram

Cascaded Timers

L1
5
®
L1 Stop Start oL L2
PB1 PB2
) |
o
TD1
| | heye)
oL
TD1-1
(20 s)
—(m)————
TD2-1 i
R e Ca
(20 )

(a) Relay schematic diagram

Inputs
PB1 | | oo 002 7\ 009
o { 001 H | | % 1
P (4
o——1 002
L 009
009 /£ 901
TON
PR:20 \. ./
TB: 1s
901 /7 Y\ 010
L
901 £ 902
TON
PR:20 \. ./
TB: 1s
902 /Y o011
X

Sequential time-delayed motor-starting circuit.

(b) Ladder logic

Start 3 motors

Outputs
oL L2
,\\\ —~ | y,
009 > M1 }—{1—e
/’ ‘\'—",‘ /_/‘ ‘
v
i oL
\ N rd
010 > M2 )}— T
\\‘ / N 7
' oL

\’\ 01 1) MB&:ﬁ_. e
T il

T=0, t=20, t=40sec
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Ladder diagram

Cascaded Timers (bistable system)

I
L1 nputs

l TS1 )
Q &
&

PS1

T4:6

Ladder logic program

— TON
TIMER ON DELAY

1/E

DN

T4:5

— E

Timer

Time base
Preset
Accumulated

T4:5
1.0

—(EN)—

Outputs

—(DN)

—TON

DN

TSH

d FE

TIMER ON DELAY
Timer

Time base

Preset
Accumulated

_|
-
oO=0®

__(E N)-*
—(DN)

T4:5

o I

J L

PS1

(W]
anl

T

DN
T4:5

—d E

T

LSt

[}
m

4 K

DN
T4:5

=3 'E

Annunciator flasher program.

DN

ESN % AN

Ne o N
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Ladder diagram

Timers for very long time intervals

L1 Input
1
st R 00 QON
@ o~ O { 001 |- PR: 999
. TB: 15
001 | | 901 on
| ’ PR: 201\
TB: 1s
902 /
\

Cascading of timers for longer time delays.

Output

L2
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Ladder diagram

Example of a semaphore

Qutputs

Traffic lights

AT
/ \

Red —

Control of traffic lights in one direction.

T4:2 — TON
5 e TIMER ON DELAY
J/EL)N Timer T4:0 —(END
Time base 1.0
Preset 30 (DN)
Accumulated 0
T4.0 — TON
4 TIMER ON DELAY )
ISN Timer T4:1 EN
Time base 1.0
Preset 25 —DN)
Accumulated 0
T4:1 — TON
1 TIMER ON DELAY )
" ISN Timer T4:2 —(EN
Time base 1.0
Preset 5 [-DN)
Accumulated 0
T4:0 T4:0 Red
: 1/ (
EN DN
T4:1 T4:1 Green
3 E 1/E ()
EN DN
T4:2 T4:2 Amber
1 E 1/{ { Y
1 [ 1/ € \ /
EN DN

\ o
7T
| &
{ Amber }
\ /
\¥//

i

L2

Red
Green
Amber

30 s on
25 s on
5son
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Example of a semaphore in both directions

Red 30 son
Green 25 s on
Amber 5so0n
Red = north/south Green = north/south Amber = north/south
Green = east/west Amber = east/west Red = east/west
< 25s rt—— 55 —>« 25s >4—— 5§ —>
(b) Timing chart

Control of traffic lights in two directions.
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Example of a semaphore
in both directions

Fig. 7-28

Outputs

North/south L1
traffic lights

. J

{ Red } e

Vol

Amber }——+——

N

<
/7 . |
D

~

Gree

3

.

\1,,-

East/west
traffic lights

TN
Red * -
7_7-/

R
TN

{ Amber }—+—e

L :

Control of traffic lights in two directions.

T4:2 — TON
1 /C TIMER ON DELAY
J/I:L)N Timer T4:0 CEN—
Time base 1.0
Preset 30 DN
Accumulated o
T4:0 — TON
1 r TIMER ON DELAY
& E)N Timer T4:1 CEND>—
Time base p
Preset 25 (DN
Accumulated 0o
T4:1 — TON
= TIMER ON DELAY
o I:L)N Timer T4:2 _CENH
Time base 1.0
Preset 5 —HDN)
Accumulated (o]
T4:0 — TON
1 TIMER ON DELAY
& I;N Timer T4:3 —(END
Time base 1.0
Preset 25 DN
Accumulated o]
T4:0 T4:0 Red
3 E 1/E C >
EN DN North/south
T4:1 T4:1 Green
ba | E 3 /F )
P = a1 C ~
EN DN North/south
T4:2 T4:2 Amber
= I - 1/ E L
EN DN North/south
T4:3 T4:3 Green
———— E—/FE C
EN DN East/west
T4:3 T4:0 Amber
1 E 3/ E C >
DN DN East/west
T4:0 Red
3 E C 2
DN East/west

(a) Ladder logic

N !
( Green } e
N S :
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Ladder diagram

Counters

Some applications...

42 Series
ltem Reflector

counting

Y —. Y
| 000000 \ l 000000 Slow down «— ——{|[Too000
. : Stop «— +
MAX jr count MAX jr count MAX |r count

Counter applications. (Courtesy of Dynapar Corporation, Gurnee, lllinois.)
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i Type of
Ladder diagram Type o /Coumer o
Implementation of Counters | g \ ;X<
—Y

in the PLC-5 of Allen-Bradley: B

T PR: YYY ‘
| AC: 000
Increments l

counter by 1
y Accumulated

for each Preset counter ouiter vikia
. Py u
Internal structure representation false-to-true | value
transition
Up-counter enable bit
Setto 1
when AC = PR
Accumulated value Overflow/underflow bit set to 1
in BCD form - when CTU overflows 999
\l ~ ' - - or CTD underflows 000.

17 16 15 14 13 12 11 10 07 06 05 04 03 02 01 00

] l | | J { ‘ _ J j Down-counter enable bit
A :
| Most ‘ Middle | Least
significant X digit - significant
! digit | [ digit

(b) Allen-Bradley PLC-2 timer accumulated value word
(bit addressing is in octal) Page 60
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Ladder diagram

Implementation of Counters
in the PLC-5 of Allen-Bradley:

Two alternative representations:

XXX ——
| [ L
| T Y | | Countline Preset value Output line
PR: YYY | Same | |
Count AC: 000 address Type of
rung _( )
counter
XXX < I I
| | (e ' Reset line Accumulated
CTR
11 T NG value
T Reset
Resets

counter
when
closed

rung

Coil-formatted counter and reset

instructions

Block-formatted counter

nstruction
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Ladder diagram

L1 Inputs

Rung 1

PB1 (Count)

Up-counters v sl e
Rung 2
PB2 (Reset)
e—0 Oo— L1/
Rung 3
Tue 12 3 4 5 6 7 Rung 4
Rung 1 : —|
t
(eaumt) False | :
== T
i 17 .
Rung2 | | red is ON
1 —_—
b L
L ] i
1 |
Rung3 [ green is ON I
., |
| | T
| 1 1 1 |
L L '
-+- I I
Rung4 | : : | -|
(reset) =i : i :
1 I I I 1
| I I I 1
1 I | I 1
1 I I I 1
Lo L '
Preset : [ 6 7, | ! ———
value (7) ~ I | 5 i
o 3 4 I I
| I I 1
Accumulated | o2 : :
value ! 1 'l_l i i

Ladder logic program

1:1/0
rCTU
I !
PB1 {Cl:ounf) (C:;SLE-.T; Up COUNTEgsﬂ 4@@7
Preset 7 (DI‘\D
Accumulated 0
C5:1/DN 0-2/0

I 7\

JL \/
Counter done bit Red PL
Counter done bit Green PL

Ii; ; 1 C5:1

{r
1L \RES —
PB2 (Reset)
Usage of an

Qutputs

Red PL
0:2/0

0:2/1
Green PL

incremental up-counter

and the corresponding
temporal diagram:

PB1 increments counting
PB2 resets the counting
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Ladder diagram

Parts conveyor line

—— S
Example:
[ ]
Counting parts Proximity switch
P
L1 Inputs PROX-SW —— e
PROX-SW ] E COUNT-UP COUNTER {cu)
2 Counter C5:1 (
— s - Preset 10 DN)
Accumulated 0
Reset PB —CcTU
; T COUNT-UP COUNTER {cu)
- Counter c5:2
‘ Preset 32767 CL)
Accumulated 0 Cloas o
1 [ N
J LC \ 1’
DN
C5:1
Packages —(RESF
783r —CTU
1 ¢ COUNT-UP COUNTER (cu)
1 Counter C5:3 (
Preset 300 DN)
Accumulated 0
R?]set [l_:’B fCS:Z\
1 C (RES)
/C)s:i?;L
(RES)
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Ladder diagram ﬁL

roximity
switch

Example Case[—> == —

O
o O

Count reset

Conveyor motor

button
Start/stop station
Inputs ' 001 002 ) Sog Qutput (a) Process flow diagram
U S - } : —4; T () L2
: . ‘ % oL
$—0 L O——{ o011~ 1y I —< 009 >—M—f-
Start f ‘ ‘
i | 901 009
I o B 901
R —(CTU)——
Proximity Internal PR: 50
S'.'v‘GCl‘rr o relay 901
| 003 —+- | | _ (CTR)
T i [ i L 1. Start conveyor motor
eset . .
o e 2. Passing cases increment counter
1 O—1% | internal 3. After 50 cases, stop motor
901 relay
| | £
11 [ N/

(b) Program
Fig. 8-13

Conveyor motor program.
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Inputs Ladder logic program Output
Ladder diagram L o L2
(4P
J_ . ; Light
Up/down-counters o ol uc Light| | =8
P2 Count _( )_
[__down PR: 003
L !
&—0 O—PB2 AC: 000
PB3
J_ ” Reset
&—0O O-PB3
| i i
on L 218 4 5 6 , ,
Count up I I
off JU le L . . _
on | 1 2 3 14 | Usage of an incremental
Countdown | H‘IM i up-down-counter
| 6 5 | | :
Countor o 5 4 30, | and the corr.espondmg
accumulated 1 | | temporal diagram:
value 0 Preset value = 3 II— 0
I
|
|
I
|
|

Sl PB1 increments counting
of | | PB2 decrements the counting
On | I
Roset | I | PB3 resets the counter
| :
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Ladder diagram
Up/down-counters
Ll fopute Ladder logic program
. | Eiior Output
Example. | switch Enter N
O O— switch 001 { /, i
.. : e | ( N
Finite parking garage Exit i P\gT:JS>O {otFul
switch Exit AC: 000 Light
N~ switch
901
1 ~m)
1 PR: 150
$—=o © AC: 000
Reset Q01
|| iy
| | N/
Light
Reset -
] e

Parking garage counter.
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Ladder diagram

Cascaded Counters

Inputs
. PB1
Example: L1 Count 8
: button 1]
! PB1
G o0—
; PB1

. PB2 |
—O o—
' Reset

button 901

Fig. 8-21

Counting beyond the maximum count.

901

902

PB2

PB2

. L2
S— o L) 901 | Output

PR: 8000

— } ®
N

/ \
e 902 '
-\CTU/’ | Light
PR: 8000

nghf

\ 901

CTR)

, _ ~ 902
CTR) -
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Ladder diagram

Cascaded Counters

Example:

24 hours clock

Note “auto-reset” of counters
after “count-done”.

Rung 1

Rung 2

Rung 3

Rung 4

Rung 5

Rung 6

A 24-h clock program.

(o]
o
—

m??/ﬂ\
-‘j§\0/

— 7
7}

©O
o
N

902

—{
S \S/

©
o
w

901

7oN 3/0\

e
» 3
N
R\
((e]
"

902

-
¢
o
n

903

o /3 3\
2/

\2/ \Z
©
o
@

7o
_‘

> Count

> Reset
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Ladder diagram

Cascaded Counters

Example:

Memory time of event
Internal relay OFF stops clock

L1

*— -

[ 2

Inputs

Pressure
switch
AT

b I o

I

O 0O

Reset
button

Pressure Reset Internal Outputs
swnch button relay
| 7 N ] l_2
‘ IJ N Set
Internal o h N g
relay |mernal SET ”ﬁxl’_:’—‘
i I [ relay / A / \
| N/
¥ /
Internal /M !
relay TRIP oA
/7 AN
,T N ( } - Trip
Internal
relay
901
PR: 600
901 TB:0.1s
| 7{ \CTU) 902
PR: 60
902
[ / 903
—) e
: PR: 24
901 [
901
} (RTRF—
902 '

903
| |

Program for monitoring the time of an event.

902 |
%(CTR)ﬁ

1903 |
—{CTRI—
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Ladder diagram
Incremental Encoder

counter measures rotation angle or
rotation speed (if divided by time)

Incremental disk

Electronics board

Photodetector:

¢y  Code disk

=, | Cutter

My control

Bearing housing assembly

encoder
Programmable ﬂ [—| m W
Output waveform
Pulses controller
za EZZi Ezzi Ezzi EZ Code track on disk
Fig. 8-26
Cutting objecls to a specified size. Incremental encoder. (Courtesy of BEI Motion Systems Company.)
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Ladder diagram

Incremental Encoder

Example:
counter as a “length sensor”

Sprocket

\J\JL_? Magnetic

sensor
/“‘<F

Photoelectric
sensor

C )

Conveyor Reflector

(a) Process

—(cu)
NS
5:1 VY

’ 0 \DN)
0

C5:1

Inputs Magnetic Photo 10 counts per foot
sensor sensor
T -
| 1 [ P il
Magnetic 1 1/T COUNT-UP COUNTER
sensor Counter Cc
e Preset
@ Accumulated
Photo
sensor Eiesef
T

Reset

Counter used for length measurement.

(b) Program

(ReS)

N
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Ladder diagram

Example with counters and timers (cont.):

Complete stack

Specs:

Metal plates
e Starts M1 conveyor

upon pushing button . . M1 i
onveyor
* After 15 plates stops M1

and starts conveyor M2 .

N

Sensor

Light
* M2 operates for 5 seconds and source
then stops.

M2

Conveyor
* Restart sequence. y

(a) Process
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Ladder diagram

Example with counters and timers (cont.):

Specs:

e Starts M1 conveyor
upon pushing button .

* After 15 plates stops M1
and starts conveyor M2 .

* M2 operates for 5 seconds and
then stops.

* Restart sequence.

Automatic stacking program.

Inputs M2 run time
L1 Me —RTO———————————
& 4 F RETENTIVE TIMER ON {(EN)
op Timer T4:1
———DN
* —-QJ_;— Time base 1.0 )
[ Preset 5
| Start Accumulated 0
30 o Stop Start M2 M1
Photo 1 C 1 C W4 i ( —
sensor J L J L J/L
A
2 s | M1 M2
<S> 1 1/F
A 1 C 1/ C
T4:1
1 L
L
DN Number of plates
Sensor o ) P S TS S
{ F COUNT-UP COUNTER  ———{(CU)}——
Counter C5:1
——i{DN
Preset 15 D)
Accumulated 0
C5:1 M2
(
1 E ¢
DN
T4:1 c5:1
F:
] E (RES)—
DN
Stop
1 /L
J/L
T4:1 T4:1
It
] E (RES)—
DN
Stop
1 /E
_I/L
Fig. 8-28 (b) Program

Outputs

AN
{M1}

- (m2)

L2

-

2 d
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Ladder diagram

Example with counters and timers (cont.):

SpCCS. L Inputs Start SW — 1 min timer
1 L L (En)
_— i meErR ON DELAY » {EN
« Starts M1 conveyor N o B0 )
upon pushing button . $—0 0 Preset 60
Start Accumulated 0
switch
* After 15 plates stops M1 — Tota
parts
and starts conveyor M2 . s%an srw _T4:1r S%ens?r &
—<o0> | N |
NP { -/ [ countupcounter  —cu)
DN Counter C5:1 —{DN\
* M2 operates for 5 seconds and Preset of V7
then StOpS. Accumulated 0
Start SW C5:1
1/ i
 Restart sequence. 1/t (REs—

Product flow rate program.
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Ladder diagram

Example with counters and timers (cont.):

To use a timer to command a counter, to implement large periods of time.

L1
S1
-
Timer
Fig. 8-31

Timer
input

T4:0

DN

Timer
input

N —TON—
— — 1 TIMER ON DELAY
bN Timer T4:0 |
Time base 1.0
Preset 10000
Accumulated 0
—CTU— —
=—— = 1 COUNT-UP COUNTER
| Counter C5:0 |
| Preset 100
Accumulated 0

Timer driving a counter to produce an extremely long time-delay period.

_EN. .

—{ DN

nghl
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Ladder diagram

Counters

Example:

.".."..'".Fi
L

I
Al iy

COag e

s
¥ }_‘
5

, &
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Ladder diagram

Counters in PL7

%C1

— R
—1S

E

CP: 9999 D
MODIF: Y

—lcu
—ICD F

Characteristics:
Identifier: %Ci 0..31 in the TSX37
Value progr.: %Ci.P 0...9999 (def))
Value Actual: %Ci.V  0...Ci.P (only to be read)
Modifiable: Y/N can be modified from
the console
Inputs: R Reset Ci.V=0
S Preset C1.V=Ci1.P
CU Count Up
CD Count Down
Outputs: E Overrun %Ci.E=1 %C1.V=0->9999
D Done %Ci.D=1 %Ci.V=Ci.P
F Full %C1.F=1 %C1.V=9999->0
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Ladder diagram CTUD_hstance
CTOD
. . EH ENO [—
Counters in Unity Pro UpTrizger —
| cu Qi {2
CTU Instance Dt-wan-lriaEer DonDisplay
o | | o uo -
Pocet
EN ENO — ] P
Trigger [hy Load
— o q {ﬂa? | | LD
Fecet
— —r PresetWabie — D'V CV |— Comtiahoe
PrecetWabie — DV CVW F— CourtVabie

CU"0" to "1" => CV is incremented by 1
CU "0" to "1" => CV is incremented by 1 CD "0" to "1" => CV is decremented by 1

CV=PV=Q:=1 CV=PV=QU:=1
Cv<0 =QD:=1

R=1 => CV:=0
R=1=>CV:=0 LD=1=>CV:=PV

R has precedence over LD

NOTE: counters are saturated such that no overflow occurs
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Ladder diagram

. . Note:
Numerical Processing

%M memory
%K constant
%S system

Algebraic / Arithmetic and
Logic Functions

%Q2.2
Compare block 2 %MWS50>10 ()
%I11.0
Operate block > %MW 10:=%KWO0:=%KW0+10
%I11.2
f‘ INC%MW100
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Ladder diagram

Numerical Processing

Arithmetic Functions

+ addition of two operands SQRT |square root of an operand

- subtraction of two operands INC incrementation of an operand
* multiplication of two operands DEC decrementation of an operand
/ division of two operands ABS absolute value of an operand

REM | remainder from the division of 2 operands

Operands

Type

Operand 1 (Op1)

Operand 2 (Op2)

Indexable words

Yo MW

DMWY KW % X0 T

MNon-indexahle

%QW, %SW,%NW, %BLK

Imm.Val., % W, % QW % SW % NW,

double words

words %BBLK. Num.expr.

Indexable double %MD %MD, %KD

words

Mon-indexable "D, %S5D Imm.Val.,%ID, %00, %S0, Numeric

expr.
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Ladder diagram

Numerical Processing

Example:

Arithmetic functions

% MO
—I Ii % MWO0:=%MW10+100

%lI3.2
— %MWO0:=SQRT(%MW10)

%l3.3
P INC %MW100

%MO

%518

Y%MWO: =" MW1+%MW2

%518

% MW10:=%MWO

Y% MW10:=32767

%518

(R}—

Use of a system variable:

%S18 — flag de overflow

Page 81



IST/DEEC / API

Chap. 3 - PLC Programming languages

Ladder diagram

Numerical Processing

Logic Functions

AND AND (bit by bit) between two operands

OR logical OR (bit by bit) between two operands
XOR exclusive OR (bit by bit) between two operands
NOT logical complement (bit by bit) of an operand

Comparison instructions are used to compare two operands.
¢ > tests whether operand 1 is greater than operand 2,
>=: tests whether operand 1 is greater than or equal to operand 2,

<=: tests whether operand 1 is less than or equal to operand 2,

*
¢ <:tests whether operand 1 is less than operand 2,
®
*

=: tests whether operand 1 is different from operand 2.

Operands

Type

Operands 1 and 2 (Op1 and Op2)

Indexable words

oMW %KW, % Xi. T

MNon-indexable words

Imm.val., %W %QW, % SW, %NW SBLK, Numeric Expr.

Indexable double words

%MD, %KD

Non-indexable double words

Imm.val.,%I1D,%QD, %SD Numeric expr.
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Ladder diagram

Numerical Processing

Example:

Logic functions

%Q2.3

%MW10>100

!
LY

%MO

—— %Mw20<%KwW35 —( }—

_|

%Q2.2

Yl1.2

_|

%Q2.4
{

Y%MW30>=%MW40

T
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Ladder diagram

Numerical Processing

Priorities on the execution of the operations

Rank Instruction

1 Instruction to an operand
2 "/ REM

3 + -

4 < > <= >=

5 = <>

G AND

7 XOR

8 OR
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Ladder diagram

Structures for Control of Flux

JUMP instructions:

Conditional and unconditional

Jump instructions are used to go to a programming line with an %Li label address:
& JMP: unconditional program jump

& JMPC: program jump if the instruction’s Boolean result from the previous test is
setat 1
& JMPCN: program jump if the instruction’s Boolean result from the previous testis

set at 0. %Li is the label of the line to which the jump has been made (address i
from 1 to 999 with maximum 256 labels)
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Ladder diagram

Structures for Control of Flux

Example:

Use of jump instructions

Attention to:

* INFINITE LOOPS ...

* It is not a good style of
programming!...

* Does not improove the legibility
of the proposed solution.

Ladder
*%M38

%L10

2 2 e

%Q2.5
{

LY

1\
\\

%MS

%I1.0 %I11.2

( -

%Q2.1
{

| |

S
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Ladder diagram

+--[2, Variables & FB instances
-1 Motion

&0 Communication

-3, Program

=&, Tasks
&, MAST
—---€3, Sections
@, maint
—-&, SR Sections
(3, SR10
B, SR12
(0 Events

Call SR10
|

I
I
I
I
|
Call SR10

SR10

Structures for Control of Flux main2
%M8 SR10
| (C
Subroutines l .
SR10
Call and Return .
Project Browser /oM8
T8 Structural view I <RETURN
-3 Project
+--1 Configuration
- Derived Data Types
-1 Derived FB Types
Subroutine Module Subroutine Module

SR12

I

Page 87



IST/DEEC / API Chap. 3 - PLC Programming languages

Ladder diagram

Structures for Control of Flux

%M10
} -:HALTA—{

Stops all processes!

Halt

Events masking
%MO0
| MASKEVT() |-

%M8
| UNMASKEVT() |-
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Ladder diagram

There are other advanced instructions (see manual)

* Monostable

* Registers of 256 words (LIFO ou FIFO)
* DRUMs

* Comparators

 Shift-registers

* Functions to manipulate floats

* Functions to convert bases and types
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Ladder diagram
Numerical Tables
Type Format Maximum Size Write
address access
Internal words Simple length YaMWi:L i+L<==Nmax (1) Yes
Double length SaMWDIL i+L==Nmax-1 (1) | Yes
Floating point SaMFi:L i+L==Nmax-1 (1) | Yes
Constant words Single length YeKWi:L i+L<=Nmax (1) No
Double length Y%KWDI:L i+L<==Nmax-1 (1) | No
Floating point Y%KFiL i+L==Nmax-1 (1) | No
System word Single length %SW50:4 (2) - Yes
%MO0
_| |_ %MWO0:10:=%MW20:10+100|—
%I13.2
—| I— %MWS50:5:=%KD0:5+%MDO0:5|—
%I13.3

i

YoMWO0:10:=%KWO0:10*% MW 20—
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Ladder diagram Schneider Micro PLC, system information: system bits

Bit

Function

Description

Initial
state

%S0

Cold start

Normally on 0, this bit is set on 1 by:

loss of data on power restart (battery fault),

the user program,

the terminal,

cartridge uploading,

pressing on the RESET button.

This bit goes to 1 during the first complete cycle. Itis reset
to 0 before the following cycle.

{Operation)

0

%S1

Warm restart

MNormally on 0, this bit is set on 1 by:

® power restart with data save,

#® the user program,

# the terminal.

Itis resetto 0 by the system at the end of the first complete
cycle and before output is updated.

{Operation)

0

%S4

Time hase
10ms

An internal timer regulates the change in status of this bit.

It is asynchronous in relation to the PLC cycle.
Graph :

|E-ms| E-ms|

%S5

Time base 100
ms

Idem %S4

%56

Time hase 1s

Idem %S4

%ST

Time hase 1
m

Idem %S4

See manual
for the remaining
100 bits generated...
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Ladder diagram Schneider Micro PLC, System information: system words

Words

Function

Description

Management

%SWO0

Master task
scanning period

The user program or the terminal modify the duration of the
master task defined in configuration. The duration is
expressed in ms (1.255 ms) %SW0=0 in cyclic operation.
On a cold restart: it takes on the value defined by the
configuration.

User

%SW1

Fast task scanning
period

The user program or the terminal modify the duration of the
fast task as defined in configuration.

The duration is expressed inms (1.255 ms)

On a cold restart: it takes on the value defined by the
configuration.

User

%SW8

Acquisition of task
input monitoring

Normally on 0, this bit can be set on 1 or O by the program or

the terminal.

It inhibits the input acquisition phase of each task.

& %SW8:X0 =1 assigned to MAST task: outputs linked to
this task are no longer guided.

& %SWa: X1 =1 assigned to FAST task: outputs linked to this
task are no longer guided.

User

%SW9

Monitoring of task
output update

Normally on 0, this bit can be set on 1 or 0 by the program or

the terminal.

Inhibits the output updating phase of each task.

& %SW9:X0 =1 assigned to MAST task: outputs linked to
this task are no longer guided.

& %SW9:X1 =1 assigned to FAST task: outputs linked to this
task are no longer guided.

User

%SW10

First cycle after cold
start

If the bit for the current task is on 0, this indicates that the first
cycle is being carried out after a cold start.

& %SW10:X0: is assigned to the MAST Master task

& %SW10:X1: is assigned to the FAST fast task

%SW11

Watchdog duration

Reads the duration of the watchdog as set in configuration. It
is expressed in ms (10...500 ms).

See manual

for the remaining
140 words generated...
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Schneider Premium
System information:
system bits, system words

= Operating Modes

& = =
Hide Locate Back Forward Print

Contents Index Search

1 Welcome to the Unity Pro On-line Help

P How to Use the On-line Help
+@ Addendum
=@ General Safety Instructions
@ Compatibility Rules
=@ Cyber Security
=@ Unity Pro Software

@ Languages Reference

i @ Operating Modes

=@ Unity Pro System Bits and Words

B Safety Information
@ About the Book
B System Bits Introduction

B Description of System Bits %S0 to %S7
B Description of System Bits %S9 to %S13
E Description of System Bits %S15 to %S21
B Description of System Bits %S30 to %S59
El Description of System Bits %S62 to %S79
B Description of System Bits %S80 to %S97

B Description of System Bits %S100 tg %S124

# @ System Words

£ Operating Modes

e = =
Hide Locate Back Forward Print

Contents Index Search

{1 Welcome to the Unity Pro On-line Help
B How to Use the On-line Help
#%® Addendum
=@ General Safety Instructions
¥ Compatibility Rules
¢ Cyber Security
=@ Unity Pro Software
#  Languages Reference
i @ Operating Modes
=3 Unity Pro System Bits and Words
1 Safety Information
= @3 About the Book
o System Bits
=& System Words
B Description of System Words %SWO0 to %SW11
& Description of System Words %SW12 to %SW29
B Description of System Words %SW30 to %SW47
B Description of System Words %SW48 to %SWE9

[

B Description of System Words %SW70 to %SW99

B Description of System Words %SW100 to %SW116

B Description of System Words %SW124 to %SW127
Premium/Atrium-specific System Words

B Description of Premium/Atrium-specific System Words %SW128 to
B Description of Premium/Atrium-specific System Words %SW144 to
B Description of Premium/Atrium-specific System Words %SW147 to
& Description of Premium/Atrium-specific System Word %SW153

z

B Description of Hot Standby Quantum System Words %SW60 to %SW69
& Description of Hot Standby Premium System Words %SW60 to %SW65

%SW143
%SW146
%SW152

B Description of Premium/Atrium-specific System Word %SW154

& Description of Premium/Atrium-specific System Words %SW155 to

%SW167

H & Quantum-specific System Words
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%S0
COLDSTART

Function Cold start

Initial State 1 (1 cycle)

Platforms M340: Yes
M580: Yes

Normally on 0, this bit is set on 1 by:

Quantum: Yes Premium: Yes
Momentum Unity: Yes | Atrium: Yes

e power restoral with loss of data (battery fault found)
e the user program

o the terminal

e a change of cartridge (PCMCIA on Premium and Quantum)
This bit is set to 1 during the first complete restored cycle of the PLC either in RUN orin STOP

mode. It is reset to
To detect the first:
In Safe mode, this

%S0 is not always
needed, %S21 she

For details on ope
e Premium, Qua

o or Modicon M3
o or BME P58 xx

%S1
WARMSTART

Function Warm restart

Initial State 0

Platforms M340: Yes Quantum: Yes'” Premium: Yes
MSSO: YeS Momentum Unity: YeS Atrium: YeS

(1) except for safety PLCs

Normally at O, this bit is setto 1 by:

e power is restored with data save,
e the user program,
e the terminal,

It is reset to O by the system at the end of the first complete cycle and before the outputs are
updated.

This bit is not available on Quantum Safety PLCs.

%S1 is not always set in the first scan of the PLC. If a signal set for every start of the PLC is
needed, %S21 should be used instead.
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%SWO0 Function
MASTPERIOD Initial State
Platforms

Master task scanning period

0
M340: Yes Quantum: Yes'” Premium: Yes
M3580: Yes Momentum Unlty: Yes Atrium: Yes

(1) except for safety PLCs

This word is used to modify the period of the master task via the user program or via the

The period is expressed in ms (1...255 ms)

%SWO0=0 in cyclic operation.

On a cold restart: it takes the value defined by the configuration.

Not the
cyclic
period
terminal.
%SW1 Function
FASTPERIOD Initial State
Platforms

FAST task scanning period

0
M340: Yes Quantum: Yes'” Premium: Yes
M580: Yes Momentum Unity: No Atrium: Yes

(1) except for safety PLCs

This word is used to modify the period of the FAST task via the user program or via the

terminal.

The period is expressed in milliseconds (1...255 ms).

On a cold restart, it takes the value defined by the configuration.

NOTE: This word is not available on Quantum safety PLCs.
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Ladder diagram  Software Organization

Project Browser

T= Structural View

£l &3 Program A program can be built from:
fox T Tasks, that are executed cyclically or periodically.

| =5 Section
? gg;‘i:“"g Tasks MAST / FAST / AUX are built from:
[+ &Wash?ng Sections

545 SR Sections Subroutines

? :2; Event processing, that is carried out before all other tasks.

= £ FAST
Sections Event processing is built from:

| SR Sections . . .
£ AUXO Sections for processing time controlled events

[ Sections Sections for processing hardware controlled events
SR Sections
-} i Events
[=- ] Timer event
© k) Timer0
£ Timert
-1+ /O Events

b1 Evto . .
B Evtt Unity - Project Browser
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Ladder diagram  Software Organization

MAST — Master Task Program ey =
General |Cﬂmment|
* Composed by sections teme Configuraton
p . y . . . IHT j " Periodic Period: ﬁ ﬁ {ms)
* Execution Cyclic or Periodic ¢ e Wetch Dog: P50 | ims)
Sas (LD)
ok | Camcel | e | Hep |
Ovenl (GRAFCET)
PRL (LD) Cyclical execution consists of stringing cycles together
one after the other with no waiting time between the
Chart cycles.
POST (IL) - : o :
In Periodic mode, you determine a specific time (period)
SRO . . .
' in which the master task must be executed. If it is executed
Drying (LD) under this time, a waiting time is generated before the next
cycle. If it is executed over this time, a control system
Cleaning (IL) indicates the overrun. If the overrun is too high, the PLC is
stopped.
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Ladder diagram  Software Organization

Properties of FAST |

General | Comment |

MName: Corfiguration

FAST — Fast Task Program = o] Eea Pegod: B | ime)

 Cyclic Watch Dog: IH}D j {ms)

Priority greater than MAST

QK I Cancel Apply Help

* Executed Periodically (1-255ms)
* Verified by a Watchdog, impacts on %S11
* %S31 Enables or disables a FAST

* %S33 gives the execution time for FAST
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Ladder diagram  Software Organization

Event Processes — Processes that can react to external changes
(16 in the Micro 3722 EV0 to EV15)

Priority greater than MAST and FAST!

Event Generators

* Inputs 0 to 3 in module 1, given transitions
* Counters

* Upon telegrams reception

* %S38 Enables or disables event processes

(also with MASKEVT() or UNMASKEVT())
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Ladder diagram  Development tools

Each PLC has limitations in terms of connections

Example:

«— Maximum 10 contacts ——>»

7 Hipt bt e et b —(O—
HFHFE P P {_

A H s
sotamest A FHHH HH FHHH A oo™ ™

A H HH A H A

A HH H FH H E

— — HEHEHE S P

Typical PLC matrix limitation diagram. The exact limitations are dependent on the particular
type of PLC used. Programming more than the allowable series elements, parallel branches,
or outputs will result in an error message being displayed.
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Ladder diagram  Development tools

It 1s important to learn the potentialities and ...

the limitations of the developing tools,
1.e. STUDYING the manuals is a MUST.

®HPL7 PRO - <Untitled> - [LD: MAST - SectionGR7 - Pil] -3l x|
[ Fie Edt Utities View Took PLC Debug Dptions Window ? =131 x|

22| |2 o8] &| (6] g Slm| L] 2(B[(m 2l

%I1.0 %121 %10 %M32
| I I
— | | | 1l
4on21
H
k10 %32 %22 %021

(] el | [ Bl [l | [ e[l o] | [ | [ e v | [
#M22 OFFLINE | ESE [GR7OK  [MODIF. | [awR 4
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Ladder diagram

Development tools

Last but not least, learn how to develop and debug programs
(and how to do some fine tuning).

1

2

—E i TSX DMZ 64DTK [OUTPUTS . POSITION 02] B |4
| Debugging [+] [ Outputs [+]
Designation: 32E 24VCC+32S 0.1A CONN
[ |  Reactivation | [ Global unforcing IE' DIAG...
Channe Symbol State Error Fallback Function annel 4 commands
0 ERR STOP ALARM .
1 0 ERR - Forcing
% Eé EEE F4 | Forceto O
4 (0 HH
5 0 ERR F5 | Forceto1
6 0 ERR
Fi 0 ERR
F6 Unforce

g 0 ERR OF

0 ERR _Writ
10 0 ERR e
11 0 ERR Sot
12 0 ERR F :
13 0 ERH
14 0 ERR F8 Reset
15 0 ERR
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Ladder diagram  Development tools

Last but not least, learn how to develop and debug programs
(and how to do some fine tuning).

Debug Window Help

Ly

L mEDB -

& Unity Pro M : LD_TST* set EFEEIFIFIIZIII'It

TR ew ot o SEE . - ¥ Clear Breskpoint CisshiftHE1d
[heae||® @ oo OENEE [BEOB W : J: <@ ok 0 [E e
= & Clear Ereskpont Cirf+5hiffHE1L — Sl-ﬂ:l'-l” EFEEHEICII'Tt CE-I‘J:-.I.E = ¥
[N[1tn et |O0®®F oo i | L® [EER S < . oW o H
e
g Structural view 1 [ET @ =0 Ciri4F5
; - i — .
i : S A ENE [,=:5tep GOver Fil
b Show Current Step Alt+ri2 = ] =
e - =5tep Into e
GE.IZE.II Stack I—I—| Ii 2o b 1- 2 3
S - C= Step Out Shift+F12
83 set Watchpoint Al 1L 3 Show Current 5tep AlEE1D _
BB Clear Wiatchpoint AlbA5hiRAELL " . " . 5 T
ﬁ Shaw Watchpoint Shift+E11 R
i = 5 = my " - . = | |
thnd'.ronize Animation Table Eah I"a" I"I"_:'-—I—' ¥ )
Derived ' :
Device O TESk 51312
10 Derivi
Elementz -
2 o 883 set Watchpoint Alt4F11 b
.......... s 2 !
iy ey W& Clear Watchppint Altashift4F11
R ok $i9 show Watchgoint Shift4F1d
o
g
%= Synchronize Animation Table

%[ t0:(ASTI [T XBus |00 TSXP..]




