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Introduction

The development of Programmable Logic Controllers (PLCs)
was driven primarily by the requirements of automobile
manufacturers who constantly changed their production line
control systems to accommodate their new car models.

In the past, this required extensive rewiring of banks of relays - a
very expensive procedure.

With the emergence of solid-state electronic logic devices,
several auto companies challenged control manufacturers to
develop a means of changing control logic without the need to
totally rewire the system.

The Programmable Logic Controller (PLC) evolved from this
requirement. (PLC™ is a registered trademark of the
Allen-Bradley Co. but is now widely used as a generic term for
programmable controllers.)

Features:

Use computers to replace relays logic
Easy to compile and modify the control program
Reduce wiring cost, maintenance effort, easy to check/debug.

May contain advance functions (e.g. mathematic functions,
communications, etc.)

Modular construction, expandable, reconfigurable, and mass
produce-able.

The unit is EMI/EMC proof.

Page 2



2.

4.02 — Programmable Logic Controllers (last updated: Feb 2009)

PLC Hardware

Programmable controllers have a modular construction. They
require a power supply, control processor unit (CPU),
input/output rack (1/0), and assorted input and output modules.

Systems range in size from a compact "shoe-box" design with
limited memory and 1/O points, as shown in figure below, to
systems that can handle thousands of 1/O, and multiple,
inter-connected CPUs.

A separate programming device is required, which is usually an
industrial computer terminal, a personal computer, or a dedicated
programmer.
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Small logic controller, SLC 500, showing variety of modules (Courtesy

Allen-Bradley Co., Milwaukee WI)
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Power Supply — usually work with a 24V dc or 220V ac

CPU — the brain of the PLC, contains display and status keys/lights.
The program is stored in flash RAM or EPROM.

I/0 rack — usually expandable. Connection to the inputs & outputs
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Figure F5iR1CRY A EA T e AE WS, -1 PLC-5 with 128 1/0 (Courtesy

Allen-Bradley Co., Milwaukee WI)

In the figure above, user can choose different types of 1/O cards.

Programming Device — can be “a front panel LCD”, “handheld
programming device” or “PC based off line programming”.
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3. Programming

For small PLCs, the most essential instruction set is the bit
manipulation instruction set. The instruction set is a straight
derivation from the ladder logic. See example below:

Bit | | lnstruct]

XIC X0 OTE
off poton off
- ()
on on off
] ()
on noton on
— —3F { )
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Instruction

LD
ouT
AN
OR
LDI
ANI
ORI
ANB
ORB
TMR
END

Description

Load contact

Qutput

Logical AND operation
Logical OR operation

Load inverse

Logical AND NOT operation
Logical OR NOT operation
Logically AND two subcircuits
Logically OR two subcircuits
Delay on timer (0.1s resolution)
End ladder
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Example on the Ladder Logic Programming:

Ladder Circuit:

. M1
H ()
e
-
2 —()
M2
Programming:
LD I1
OR Ml
ANI M2
OuT Ml
LD Ml
TMR 1 20
1D Ml
ANI TMR 1
OuUT Q1
LDI 1I1
AN M2
END
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4. Application Example: ZEN series from OMRON

Standard LCD-type, Economy-type. and Communications-type
CPU Units

* Simple button-operated programming.

» Highly visible, backlit LCD.

* Adjustable automatic cutout time for the backlight.
» Six-language display.

* Digplay function for user-specified messages (4 lines x 12
characters), time, or timer, counter, or analog-converted value
displays.

» Button switches allowing operation buttons to be used as input
contacts.

» Built-in weekly and calendar timers to allow simple seasonal,
daily, or time-based operation.

* Bemote monitoring via RS-485 communications
(Communications-type CPU Units).

Common Features

» Both 100 to 240-VAC and 12 to 24-VDC power supply models
available.

* Built-in analog comparator for temperature control and other
analog applications (provided on CPU Units with DC power
supply inputs, two analog inputs 0 to 10 V).

* [nput filter settings to prevent noise-related malfunctions for both
CPU Units and Expansion IO Units.

* Program and settings data backed up on built-in EEPROM.
* Programming using ladder diagrams.
» Password function to protect programs.

* Connect up to 3 Expansion /O Units for a maximum of 24 inputs
and 20 outputs.

Standard LCD-type. Economy-type. and Communications-type
CPU Units

Models with 10 IO Points

Left Side Front Right Side

Power suppl
termina|gpp y Input terminals

o

TmT] [ @
o
LCD i| Operation
buttans a
' __ 1 |o
%929 89 990 [

& L ™ [ Output terminals L Expansion Unit
Battery Unit connector | ZEN Bupport Softwars connactor connector cover,
{Remove the seal to (aleo used for Memary Cassette. ) [See note.)
connect the Battery Unit.) Remavs this cover to

connact Expansion Unit.
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Wiring and connection

B CPU Units with 10 I/O Points

.g&;;gg hu||1||2||a||4||5||x0|x1|x2|x3||x4|x5|x5|XT||xa|x9|Xa|xd
MTINT TN TNT TNT TH WTTIN TTNT TH TN TTN T TN [NTTN T TMNT ™
u|1|2|3|4|5 u|1|2|3 |:||1|2|3 |:||1|2|3

et ) ot || Foune || roonita:
oUT[oUT[ouT[ou CUTISUTISUTICUT) [ouTlouTtlouTiouT] [out|ouT{ouTtiouT
I S A A R
gduéfgstgb't [co[at]az |c3|ﬁfee frovi [va[va] [va[vs[ve[ v [va]ve]va |‘1-"b|
Connection to 1/0 Analogue Inputs
Analog signal
— ﬂ%ydﬂ;ge 0.0t010.0V
Fower F_|_| ]
SUpply CFse saasstn
Cfse Sedsedd | 0|
e Eﬂﬂucm;-:.—':
e @ [T M
[ r
[— Iil |_:|
Cutput
25 99 89 @9C 29 29 E ELIS!
i%] (DC power supply type)
3 Analog input 1: |4
Analog input 2: 15
Operation
* Example 1 * Example 2

{(When comparison shows analog

(When comparison shows analog
input 1 =5.2V)

input 1 is < analog input 2)

Setting Converted value
1|:|5 o e e 1':”:'
e IO
Analeg input 1
5z W '_-_':.'-r.'f_____'_'}:___.:'____F"..-..r_‘_'_' _
i Analog input 2
00.0 0.5V 00.0
0.0 00w i
Input voltage !
Analog Analog

comparator bit comparator bit

The analog comparator bit turns
ON when the analog input voltage
reaches is 5.2 V or higher.

The analog comparator bit turns ON
whan the analog input 2 voltage is
higher than the analog input 1 voltage.
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Application Example:

Lighting Pattern Control
Application

The ZEN can help conserve energy if the lighting patterns required for offices and similar
environments are set to the ZEN.
Use the switch operation to switch between lighting patterns.

Operation Switch Lighting group
1 2 3 4
(Q0) | (@1) | (@2) | (03)
All lights ON SW1(10) ON ON ON ON
Pattern 1 SW 2 () ON OFF |ON OFF
Paittern 2 SW 3 (12) ON ON OFF |OFF
All lights OFF SW 4 (13) OFF |OFF |OFF |OFF

System Configuration

Alllights ON - SW1 (O 10 MCH MCz
Pattern 1 sw2|0 H = |—| = |—|
Pattern 2 swa 0 I2 | |
All lights OFF swa (O I3 - Lighting group 1 {Q0) - - Lighting group 2(21) -
N Fa N Fa
I [ ] 11
S — oD S| S0 oo
Mote: = e[y ZEM-
1 K ddy || m“
Switches use il ||'l'|| 10CLAR-A Lighting group 3 {22) Lighting group 4 (23)
momentary Tiuum -V2 - -~ — —
narmally open - b D 1] L] L]
contacts. ﬁ?}]{-’ﬁ = < = =
i 1 i 11 Lo b1 L 71
e e e e
9% 90 9 000
el ,Luioz [re)
(_J) Wb Cl) MC3 MC4
MC1 MG2 MC3 MC4 a— E—1 —
Program Example
10 (Al lights GNy ;¢ 12 (Pattern 2)
DD_ ( : E;! ) : S0 (Group 1 ON UE_ ( — ]i SQ0 Group 1 ON
01 P i g0 |Group 20N |09 A 50y [Group 2 ON
0z : : : | i gnp|Group 3 ON 10 : : : L B0z |Group 3 OFF
T | iggs|croupson |11 || RQalGroup 4 OFF
o411 (Pattern 1 12|13 (Al lights OFF
L ( —t }i i SO0 |Group 1 ON L ( i Q RO0|Group 1 OFF
05, i i i i iliRQtlerowpzorF (13 i i i i i |.iRQilaroup2OFF
o6 : : : : N $Q2|Group 3 ON 4 : : : ! P RQ2|Group 3 GFF
or _iRO3|croup4orr |18 1 1 | ROalGroup 4 OFF
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Escalator with Automatic Operation Function
(Weekly Timer, OFF Delay Timer)

Application

The ZEN can be simply used to conserve energy for an escalator with an automatic
operation function. The escalator can be set to operate continuously from 7:00 to 10:00
and 17:00 to 22:00 weekdays and then operate at other times and on weekends only
when people approach the escalator.

System Configuration

RST
05 200 VAC

DC power supply m—: Sensor to detect approaching person

I1 ]| Cperation switch
Ed| Stop switch

Use two weekly timers for the 7:00 to
10:00 and 17:00 to 22:00 weekday
ZEN- opearation.

10C1DR-D-Va For the rest of the time, use an OFF
delay timer to operate the escalator for

| | 1IrIE_
3 minutes when pedestrians are
My (]S detected.

A Qo
IMJ:I Escalator drive motor

Contactor =
ar inverter |EEmne i

LS

Program Example

00 11 Dﬁnerﬁtes 0
12 st shio
oS
0T RMo
@0 0
02 H H:l. [Q0 | Escalator operates
@ i
03 ?[“ i
0
Uai_n
10 Person detectad i
05 E 110 | Off delay timer starts
0B Operates 3 minutes after person passes by the sensor.

Parameter Settings

Weekly timer @0 Weekly timer @1 OFF delay timer TO
(Mon to Fri: 7:00 to 10:00) (Mon to Fri: 17:00 to 22:00)
@1 M MO-FR A @1 M HO-FR A B H:5 A
OM 17:@@ OH 17:@@ RES ©3.80
OFF22: 8@ OFF22:88
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Water Supply Tank Control
Application

Basic water supply control is possible with the 61F Switch (without float) alone, however
relay logic is required for inverter control of high-speed operation (when empty) and low-
speed operation (when half-full).

System Configuration
R ST (200 VAC)

00
Lt
Io 1 |
12
L ’l
Fi o1 o] 81
[y Lawd Lawd
P || ] B1F-GP-N E1F-GP-N B1F-GP-N
{For kower limit) {Far half-full) {Far upper limit)
[ | | I
[ Gkl ZEN- | —— r——J
[ 10CT AR-A |
L) =] I—
w51 Uppsr limit
Inverter Qm”£ il — Stop
p— =T ] Low speed
— Watsr storags tank Half-full ] Intsrmediate
1] cam — Lower- limit -1';_"'_3F'99d
fflm Pump drive Pump *—High speed
k\ ’) maotor ]
Program Example
12 Stop (upperlimit) |
00— — i[O [Imverter forwardistop
| 1oeower imity 1 {rtermedidte)
01 E : — :H : : [@1  [Invertsr mulistep speed cormmand 1 {intarmediate speed)
| [1ofowsr imiy | 1 (ntermadigte)
oz | HEs e L[z | Inverter mutistep speed command 2 (high speed)

Example: 3G3FV Inverter Speed

Frequancy
Motor spsed refarance 3

Fraquency {high spead)

referance 2

{intermediats

spead)
Frequancy
referance 1
{low speed)

Faoreard/
stop (51)

Multistep spesd
command 1 {5E5)

Multistep sgeed
command 2 {S8)
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Greenhouse Air Circulation Control (1/3) (Bit Logic
and Timer)

Application
The ZEN can be used to control circulation intermittently at set times. This circulates the
carbon dioxide and warm air around plants in a greenhouse.

In this example, two circulation fans are operated at set intervals. The starting current is
kept to a minimum and, as a result, the circulation fans are set to start operating at
different times.

System Configuration

RST (200 WVAC)
Q00
SWH (10} (Operate)
U [——F= swa (1)istop)
UF". ~:LEEEE
ZEN- =
Bl 10CTAR-A-v2 SW1(10)
|.*.||| [
SW2 (1) ———————
R Circulation fan 1 {Q0) — - ' =
e —+[Tih— — [ h— —H T (l—
_’”"'31(9(5“'32 Circulation fan 2 (Q1), — —
T ittt ,
"”1'31 (Q0) | Girculation fan 1 starts operation when the operation I

I switch is pressad. Circulation fan 2 starts operation 30
I seconds later. The fans operate in a repeated cycle of 60 1
| minutes OM, 90 minutes OFF, I

%égmcz (@)
|m>a%

Circulationfan
2

B

chulatmnfan

Program Example

Parameter Settings

Offset start timer

sefting TO

T@ % 5 A Ti # H:W A T2 % HiM A
TRA TRG TRG

RES 36,08 RES  @i.@@ RES  @1.38

Set to 30 seconds.

Operation timer setting T1

- _I|D Dperates SMo

01} Stops; RMo

0z _I'".';ID -E.J [Q0 |Fan 1 starts

03 : : L TTo | Startup time offset timer
04 I:D 4+ [Q1 |Fan 2 starts

05 _IT,? ] ] ITT1 Operation timer

06 L TII1 TT2 | Stop timer difference count
o7y

Operation timer setting T2

Set to 1 hour.

Setto 1 hour 30 seconds.



