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Manual Work

Brain

Human Lags:

« CannoiiWork 24 Hours

« Cannot work with 100% Accuracy &
precision

* Efficiency decreases as energy
decreases

Motion




Avutomatic Work

Conftrollers

Machine

5’ Lags:
Y

« Regular
Troubleshooting &
Maintenance




What is Confirollerse

Controller is a part of Automatic Control System, which process the
signal from sensors & send it to the actuaftors

Sensors Controller Actuator
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Understanding PLC

3. Protective earth terminal

2. Functional earth terminal
(AC power supplies only)

5. Input terminals

1. Power supply input terminals

]
CIFREED
8 [Slelele.

— &. Input indicators

10. Analog controls OMRON A o
- mous g —— 7. PC status indicators

- EUN R CORM

11. Peripheral port
Bm. .. .——1 9. Outputindicators

6. Output terminals



Understanding PLC

MicroLogix 1500 PLC Specifications

PLC Part Number 1764-24BWA 1764-24AWA 1764-28BXB
PLC Operating Power | 85 V/265 VAC 85 V/265 VAC 20.4V 30 VDC

Inputs 12 16
Input Type VDC sink/source 120 VAC 24-VDC sink/source

Outputs : 12 12

Relay 6 Relay
6 FET
Transistor




How to Select a PLC?

Step 1:

Selecting the Inputs

- Number of Inputs

- Input Types — NPN or PNP

- Nature of Inputs— Digital or
Analog

- Voltage rating of the
Inputs

Step 2: Step 3:

Selecting the Outputs Length of Program — Big or Small
- Number of O S Nature of Program — Ladder
- Nature U — Digitall Logic, SFC, Instruction List, FDB

or A
olto ating he Inputs




IEC 61131-3: PLC programming tools

Programming Languages
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Ladder Logic

1024 0134
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IEC 1131

S DR
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if (level <= level

then Instruction List
out_valve:=fals
m_vivi=({vivZ23 + dbhl8)/2:

else
alarm_level :=true;

end_if;

start_cmd: LD b1101
ADD 10

mul_ope: MUL{ i_bcmd
:?UB bol00
ST bemd
IJMPNC  mul_op




PLC Ladder Logic
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Common Industrial Hardware
Representing the Binary Concept

BINARY I/O DEVICES

Two-State Device ON OFF
Alarm bell Ringing Silent
Clutch Engaged Disengaged
Limit switch Contacts closed Contacts open
Motor Running Stopped
Pilot light On Off

Pressure swi

Contacts closed

Contacts open

Part Present

No part

Closed

Open

Contacts closed

Contacts open

Closed

Open
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Basics of Machine Language

Bits — Nibble - Byte -Word

o Unlike English, computers have only two
characters available — 1 or 0.

o Each 1 or O is called a binary digit or bit.
o Binary is base or radix 2

0010110 06>

02110110100 <3 n

10011@1101
001 FOFIQ ﬁﬂ“ 110
jzmonmoo 1001101101@} (’

100110110@
):A

0101101 Z00T ‘




Inputs & Outputs
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Digital Inputs & Outputs

Typical Digital Input/ Output Signals

| svme dede I B
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. 120 VAC e e ) =
« 240 VAC Indicator Lights ~ “ 91" t Relays Motor Starters

Discrete Quputs

—— Expansion Module
3

Discrete Inputs

» t
Fddd @ "

Selector | . . . w05 ;
Pushbuttons Switch Limit Switches Proximity Switches




PLC INPUTS & OUTPUTS

Analog Inpufts

o Typical onclo?
signals come from
temperature,
pressure, position,
and motor speed.

o Analog input
modules convert
analog signals to
digital words.

o Analog input
signals are current
or voltage.

Typical Analog input signals

‘ 0 to 10 volts DC

-10 to +10 volts DC

Oto Sor1tobvolts DC
4 to 20 milliamps

0 to 20 milliamps
-20 to +20 milliamps



PLC INPUTS & OUTPUTS

Connections from Field Devices

Channel 1

Channel 2

+ Channel 3

2 Wire Channel 4

transmitter Power Module comman

supply Channel 5

Channel 6

+ Channel 7

Channel 8

Fower - Module common _|

supply Channel 9
Channel 10
Charnel 11

Source ground Channel 12
Module common
Channel 13
Charnel 14
Channel 15
Channel 16
Module commaon

2-\ire
transmitter

1

Module commaon

1771-WG
Field wiring arm



PLC INPUTS & OUTPUTS

>
D
W

Ditferential Analog Input Connect

z

Charnel 1+ T
Channel 1- 1 ﬂ_
-+ Channel 2+ 2 =y
2""“{‘3 Channel 2— 3 I'Q |
transmitter Pawer _ COmImon 2
supply | Channel 3+ EH
. Channel 3— - T
Channel 4+ .
- o
2 mm Channel 4— 8 I'.h .I
transmitter 9 LGy
Povwwer — Commaon 10 [T
supply L& Channel 5+ 1 O
Channel 5- 12 -
rr o Channel 6+ 13 H
Source ground Channel 6 14 [TRY]
COrmrman 15
Channel 7+ 16 [TRY
Channel 7— 17 [T
Channel 8+ 18 [A]
Channel 8- -

hModule common
hModule common

1771-WG
Field wiring arm



PLC INPUTS & OUTPUTS

Analog Outputs

o Typical analog signals are required
by Servo Valves, VED's, Servo Motors,
Meters

o Analog Output modules convert
Digital bits to analog signal.

o Analog Output signals are current or
voltage.

ANALOG INPUT/
ANALOG SIGNALS OUTPUT MODULE ANALOG OUTPUTS

Typical Analog Output signals
O to 10 volts DC

-10 to +10 volts DC
Oto5or1tobvolts DC

4 to 20 milliamps

0 to 20 milliamps

-20 to +20 milliamps

\
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PLC Enclosure

& System

Components

NEMA - 12

National Electric Manufacturer
Association, USA




PLC Enclosure
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Indoor applications of automation. Some examples
are

Packaging

Material handling

Non-corrosive process control.
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NEMA enclosures are available in sizes from small wall
mounts to multi-door freestanding models.




Enclosure Layourt

Input Signal Wireway

Terminal Block (AC Inputs)

stem Signal Wireway (Inputs)

Output Signal Wireway

Terminal Block
AC Cufputs

ey |1 UL WV TING Crstput Wiring s e [V Wi Paower Wiring
2 EVA 40 An'qal_
Isolation Discormiect
Transfomer
PLC Auxiliary § Auxiliary
Fower Fower Fower
Supply Supply 8 E SCR Supply
: E
o
i
£l =
CPU E 110 Rack
{AC Inputs) 2 E. (DC 1HO)

£l




Placement of PLC Components
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To allow
mMaximum cooling

(1111 g TITTITU ST

All Controller components
should be mounted in a vertical
(upright) positions




Duck & Wire Layout

Keep AC signals separate from DC Signals
AC Power Lines

DC Signals -
I/0 lines, such as TTL and analog

AC Signals - m}ﬁ,g—’*

Incoming Line Wires

Minimizes the possibility
of electrical noise pickup.

Conduit
Cover

Cable Tray

™ |
Plastic Conduit
1

- = i




Power
Requirement &
Saftety Circuitry




POWER REQUIREMENTS

Typical Power Requirement
220 VAC

L1 .

L2

. ‘UUUUJT

Y Y
L1 Fuse o
iuwer Supply
E P

!

Common to /O
field devices



Door Switch

SAFETY CIRCUITRY

L1

L2

>
L2
) _\.LA.AJJT
Y'Y Y
Start PLC
Stop PLC System Emergency Emergency

System 1L Stop PB1 Stop PB2 CR1
Qlo O

—QlO O O Qlo
‘ CR1-1 ‘

o

Automation Studio




Master or Safety Control

Relays

L1

L3

L1 F”-SE | 12

Start PLC
Stop PLC System Emergency Emergency
System e Stop PB1 Stop PB2 CR1
$—lo—4—0 0——=lo alo O—s
CR1-1
Il
11
——CR1-2
Enable Disabi
Input Power ISable
CR1-2 p_|_ Input Pawer MCR1
—|}——<—o0 0 Qlo O—o § =
MCR1-1
|
Enable )
Output Power Disable
CR1-3 Qufput Power
”

Automation Studio




PLC FAULT CONTACT
PROTECTION

L1

L3

Main Disconnect

L1 Fuse 1 ( ? L2
T c

Enable

Inputs Emergency Disable FLC Fault
_pl_ Stop Inputs Contact MCR1
—O alo Qlo | | O—s

MCR1

—

Shable Disable
utputs
| Outputs

—0O O ] Qlo

Automation Studio




PLC
Maintenance

HEAT, DUST & NOISE

REGULATION




PLC MAINTENANCE

HEAT & DUST REGULATION

Temperature Withstand Range

0~ 60°C

v B



PLC MAINTENANCE

NOISE REGULATION

All bonding connections must be made to bare metal

Not acceptable

Acceptable

Collar, clamp, etc.

Bonding bar g
connected copper con uctOﬁ

to the chassis PVC insulation—|

Poorly connected shielding = reduced effectiveness | L

= L Al. Mylar shielded
Correct
Collar, clamp, etc. PVC jacket

Tin plated brass wire braid shielded

Bonding wire

Cable gland = circumferential contact to
equipotential metal panel

Equipotential metal panel

Shielded Twisted-Pair Wire

Shield connected _—""

to ground at only
one point

To Control
Ground

les for better communication



PLC MAINTENANCE

NOISE GENERATING DEVICES

MOTOR STARTERS SOLENOIDS

RELAYS AND CONTACTORS VARIABLE FREQUENCY DRIVES




PLC TROUBLESHOOTING 2

NOISE FROM GROUNDING

Chassis

Ground LnEp Current

Noise voltage

Sdd s s s ddd

between the
two grounds




PLC

/O Installation,

Wiring & Precautions




I/O INSTALLATION, WIRING, AND
PRECAUTIONS

/O MODULE INSTALLATION

Placement and installation of the I/O modules is simply a
matter of inserting the correct modules in their proper
locations. This procedure involves verifying the type of
module (220 VAC/ 24 VDC output, 220 VDC/ 24 VDC
input, etc.) and the slot address as defined by the 1/O
address assignment document. Each terminal in the
module is then wired to the field devices that have
been assigned to that termination address. The user
should remove power to the modules (or rack) before
installing and wiring any module.11
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I/O INSTALLATION, WIRING, AND
PRECAUTIONS

WIRE SIZE CONSIDERATION

Cable
Diameter

\
\
\
\ ‘
.
\
.
\v

12 Gauge
e 0 Gauge

- BGauge

el Galge




I/O INSTALLATION, WIRING, AND
PRECAUTIONS

WIRE SIZE CONSIDERATION

Table 4.7 - Current ratings and volt drops for sheathed multi-core p.v.c.-insulated

Cross sectional area | In conduit in thermal insulation | In conduit in thermal insulation

() (&) (&)

2 core dord core

10.0

13.0

17.5

23.0

29.0

39.0

52.0




I/O INSTALLATION, WIRING, AND
PRECAUTIONS

WIRE LABELLING

RN




I/O INSTALLATION, WIRING, AND
PRECAUTIONS

WIRE BUNDLING




PLC

START-UP & CHECKING

PROCEDURES




Model numbers
Plaocement

Power Supply
Inspection

Verify Field Wiring
&
|/O comm. cables

PLC START-UP AND
CHECKING PROCEDURES




STATIC INPUT/ OUTPUT WIRING
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PREVENTIVE

MAINTENANCE




PLC

PREVENTIVE MAINTENANCE

Regular Filter Cleaning

Regular Dusting
Dust restricts heat dissipation
Avoid Conductive Dust

I/O Module Check for any
Loose connections

Avoid Noise generating
Equipment close to PLC

Avoid documentation to create
HOT SPOT

Install vibration Detector in
area of high vibration



PLC

PREVENTIVE MAINTENANCE

Inspection items Details Criteria Remarks
Power supply Determine whether the voltage fluctuation | Within the voltage variation Tester
at the power supply terminals is within range (see note)
specifications.
Environmental Is the ambient temperature inside the 0to55°C Thermometer
conditions panel appropriate?
Is the ambient humidity inside the panel 10% to 85% RH with no Hygrometer
appropriate? condensation
Has dirt or dust collected? None Visual inspection

I/O power supply

Is the voltage fluctuation measured at the
I/O terminals within the standard range?

Each I/0 terminal must
conform to the specifications

Tester

Installation status

Are all units securely installed?

Nothing is loose

Phillips screwdriver

Are all connection cables and connectors
inserted completely and locked?

Nothing is loose

Visual inspection

Are any of the external wiring screws
loose?

Nothing is loose

Phillips screwdriver

Are any of the external wiring cables
frayed?

No external abnormalities

Visual inspection

Product service life

Contact output relay

Electrical:
Resistance load:
300,000 operations
Inductive load:
100,000 operations

Mechanical:
10,000,000 operations

5 years*




Is Indicator Lite

L Is Indicator Lite

ERR/ALR Indicator Flashing®?

Program cannot be written

|

PLC

TROBLESHOOTING
AREAS




FOWER

ED IS TURNED OFF

Indicator Lit¢e

NO

Is power supply —> Supply the power

operafing?
YES
NO Does the power
LED turned on?

s the voltage within See the power supply within
the rated power? 180 ~ 240 VAC

YES
NO Does the power
LED turned on?
Is the fuse S

blown? > Replace the Fuse

YES
NO Does the power ol

LED turned on?2

Vv

Is the power
Supply cable Connected? Connect the power supply properly

YES
D furned on?2
Over current Eliminate excess current &
Device acftivatede switch power ON/OFF
E YES

s the powe
furned on?

v
COMPLETE

Write the steps &
Confact customer care




RUN INDICATOR NOT LIT | N dic O Tor N O-I- Li-l-

Is the ERR/ALM

Indicator Lit2
Is PC mode

Displayed on Programming
Device?

Determine the cause of the
error with the Programming
device

Is PC mode displayed Turn the power supply
On Programming device? OFF & then ON again

Is a fatal error Identify the error, eliminate
Displayed? its cause, & clear the error.

Switeh to RUN or
MONITOR mode

Is the RUN

1 FATAL ERROR
CHECK

pd




Program cannot be written

PROGRAM CANNOT BE WRITTEN TO PLC

Is the mode setting Switch to the remote STOP
Switch set to the remote mode & execute the
stop? program mode

After reading error code by

s ERR LED Blinking? using peripheral device,
correct the content

COMPLETE
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Environment

Is the ambient
temperature below 55
degree?¢

Is the ambient
temperature above
0 degree?

Is the ambient humidity

ENVIRONMENT CONDITION CHECK

Consider using a FAN or
COLLER

Consider using a HEATER

between 10% ~ 85%

Consider using an air
conditioner

Is noise being confrolled?

Is the installafion
environment ok?

Install surge protectors or other
noise reducing equipment at
noise sources

Consider constructing an
instrument panel or cabinet




ERR/ALM Indicator flashing ERR/ALM INDICATOR FLASHING

\
Determine the cause of
the error with a
programming device

IS a non fatal error |dentify the error, eliminates its
Indicated? cause & clear the error

Is the ERR/ALM FLASHING
Indicator flashing?

Replace the
CPU Unit

NON- FATAL ERROR
CHECK



0002 0003
MALFUNCTIONING OF SOL 1
| | | oon SOLT /O CHECK
01003

Is the IR 01003 output
Indicator operating?

YES ) |
Check the voltage at IR Wire correctly Correct the short circuit or Monitor the ON/OFF
01003 terminals limit the connected load status of IR 01003
to the specified range with the
N Programming
Device

Is the Output wiring

Operation ok?
correcte

Operation ok?
YES

Is the external power
supply Shorted or
overload?

YES

Next slide

Disconnect the external
wires & check the
conductivity of each wire

Operation ok?

Check output
device SOL 1.

Replace the CPU Unit,

Expansion Unit, or Expansion
I/O Unit with the problem




0002 0003

| | |

EERIEeRIECUIE | /O CHECK
01003

Are the IR 0002 & IR 0003
Input indicators operating
Normallye

Check the voltage at the
IR 0002 & IR 0003 terminals

Check the voltage at the
IR 0002 & IR 0003 terminals

From previous slide

YES

Operation ok?

Operation ok?
YES Are the terminals

Is the wiring correcte screws loose?

lno

Wire Correctly

Check operation by using
a dummy input signal to
turn the input ON & OFF

Tighten the
terminal screws

Operation ok?

Replace the CPU Unit,
Expansion Unit, or Checkinput —

Expansion I/O Unit devices LST & LS2 Return to Start Replace the CPU Unit,
with the'problem

Expansion Unit, or Expansion
I/O Unit with the problem









