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Ohm’s Law Verification Circuit Diagram

Ohm's Law Verification in a DC Circuit

Ammeter (A) V = I X R
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I = Current

R = Resistance
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Series Circuit Test Setup Diagram

Series Circuit Constructed and Tested
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Circuit Theorem Implementation and Verification

Implementation and Verification of Circuit Theorems

™ o
DC Power Supply Ammeter (A) Ohm's Law
2.0V |
— .
ﬁ Kirchhoff's Laws
Thevenin's Theorem
MV
R1 R3 o
Norton's Theorem
VI Voltage
scress R;
K
Superposition Theorem

e



.DC

(Self-check) — .

oY



(Answer Key) — .

?
, (V) (N
R (Resistance)
.DC ?
:DC

?

?

(R)l
?
?
(R)l
?
?

?
?

(V=1XR),

(V=1XR)

09



o s wbdh =

(Job Sheet) — .

(Ammeter) :
(Voltmeter) :

(Specification Sheet) — .

( )

(Electrical gloves):
(Safety goggles):

oY



&~

No ogswDhF

o0k wWNPRE

(Flame-resistant clothing):
(Safety boots):
(Helmet):

(Multimeter): ,
(Power Supply):
(Ammeter):
(Voltmeter):
(Wire stripper):
(Screwdriver):

(Wi res.):

(Fuse):

(Switch):

DC Power Supply

Combined Series-Parallel Circuit Created

Cizov

i across R3

Vi Voltage

Combined Series-Parallel Circuit Schematic

V)



(Information Sheet) — .

- (AC)
(Contents):
> RL
> RC
> (R) (®)
> RLC
> (Resonance)
()RL
RL (R) (L)
PLC . RL
RL Circuit Components and Setup Diagram
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RC Circuit Construction and Implementation guide

CONSTRUCTION AND IMPLEMENTATION OF RC CIRCUITS

Unit: IMPLEMENT BASIC ELECTRICAL CIRCUITS
Learning Outcome: Conduct and Implement AC Circuits

RC CIRCUIT OVERVIEW APPLLCATION IN PLC OPERATION

AC Power

= E)’\T\N\f—*l f— Noise -|llm._ | | Signal -
Resistor (R)  Capacitor (C Filtering 11" | | Conditioning (¥
AC Voltage

Resistor and Capacitor in Series IMPLEMENTATION RESULTS
Al S ~, Voltage Across Resistor

0 9nngct Resistor and Capacitor

@ Set Up the AC Power Source v 4o g o= —/—\
e Measure Voltage Response | y

22\, Phase Shift
L7/ Analysis =

Frequency
= Response Testing

Electrical Works for PLC Operation

RC
1. :
RC , (R) (®)
2. ;
o (R) (®)
3. .
o (Ammeter) :



o (Voltmeter) :

4,
o (V=1xR)
RC
1. :
o (R) (©) , ( )
o AC
o (Ammeter) (Voltmeter)
2. ;
o (R) (©)
3.
o ) \%)
o (\/ =] x R)
o RC )
4,
o RC
o : Low-pass filter High-pass filter RC
5.
PLC RC
1 'RC
PLC
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PLC

(R)

AC Voltage

'RC )

:RC

(R) (C)
©) AC

AC Circuit with Resistor and Capacitor

IMPLEMENT BASIC ELECTRICAL CIRCUITS

Conduct and implement AC circuits

Resistor (R) and Capacitor (C) Connected

R C
1

Resistor (R) Capacitor (C)

lr

Current (I)

Source

Voltage Across Resistor (Vc) Voltage Across Capacitor (Vc)

Vr Vc

Across Resistor Across Capacitor

(R) (©)

: PLC

AC

PLC

PLC
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o | (R) ©) ,
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o (Voltmeter) :

PLC :
1. : . PLC
PLC

PLC ,

()RLC

RLC (R), (L), (©
AC (Alternating Current)
PLC RLC
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Construction and Implementation of RLC Circuits

CTION AND IMPLEMENTATION OF RLC CIRCUITS

Unit: IMPLEMENT BASIC ELECTRICAL CIRCUITS
Learning Outcome: Conduct and Implement AC Circuits

RLC CIRCUIT OVERVIEW APPLICATION IN PLC OPERATION

AC Power
Motor Harmonic \E]
Control %ﬁ’ l Reduction I]ﬂ ]

Resistor (R) Inductor (L) Capacitor (C)

AC Voltage T )

§ Resistor, Inductor, and Capacitor in Series IMPLEMENTATION RESULTS
CONSTRUCTION STEPS Resonant Frequency

o Connect Resistor, Inductor, and Capacitor J\
: S ;
9 Set Up the AC Power Source EN M s 5 02 : ! b
5 b % VG |
50 ‘W@ J

9 Measure Frequency Response
Phase Shift Resonance .
Analysis \

@ Frequency )
Response Testing :

[ /\ Resonance Circuit J

I
1
I
I
|

S

Electrical Works for PLC Operation

RLC
1. :
o (R)
o (L): ,
o (C) )
2. ;
o (R). (L) (C)
o (R) (L) (®)
3. :
o (Ammeter) :
o (Voltmeter) : ,
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O

(V=1xR)

o

o RLC

(,Iead)
(R):

(L):

(C):

(R):
(L):

(©):
AC X AC
G ©
AC

RLC

(Ammeter)
(Voltmeter)
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o (V=1xR)
6.

o RLC

O y
PLC RLC
1. :RLC PLC
2. :RLC

, PLC
3. :PLC
4, :RLC
() (Resonance)
(Resonance Circuit):
(L)

(Resonant frequency)

(Series Resonance):

(Parallel Resonance):
(L) (®)

(Phase Shift)
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Design and implementation of resonance circuits

Design and Implementation of Resonance Circuits

(Including Series and Parallel Resonance)

Learning Outcome: Conduct and implement AC circuits
Unit: IMPLEMENT BASIC ELECTRICAL CIRCUITS

Components Used
AC Supply
(Variable Frequency) =m=' =m= === &
eSOtz o Kz Resistor (R) Inductor (L) Capacitor (C) Oscilloscope Ammeter
(for Measurement)

@ SERIES RESONANCE CIRCUIT
(R - L - Cin Series)

@ PARALLEL RESONANCE CIRCUIT
(R-L - Cin Parallel)

I R L & I
A 2R | L ‘l: c A}
AC Supply (op;i-gm., AC Supply I I -l-lc (Optional)
(Variable f) (Variable f)
Measure Vg, Vi, Ve, I Measure V, I, Ig, I, Ic

X, = Xc —> wL =1/wC

f - ;
"~ (2nVLC)
Series REFIENE Curve

At Resonance:
v Maximum Current (Imax)

v VL and V¢ are equal and 180° out of phase
+ Power Factor = 1 (Unity)

+ Impedance is Minimum = Z =R

Resonance Condition: N
B|_=BC—P wL =1/wC fr= (ZH‘IE)

(High Impedance)
(Minimum Current)

|

At Resonance:

v Minimum Source Current (Imin)
v Inductive & Capacitive Currents are Equal

+ Power Factor = 1 (Unity)
v Impedance is Maximum

Parallel Resonance Curve

AV

fr
Frequency (f)

Implementation Steps:
@ Connect R, L, C as per circuit type (Series / Parallel)
@ Use Function G (sweep frequency)

© Monitor Current & Voltage using Oscilloscope

© Identify Resonant Frequency (f;)

L © Compare Results with Theoretical Calculation

« Supply Voltage (V) :
« Circuit Current (I) '
« Voltage Across R, L, C .
« Frequency at Resonance (f;) !
« Power Factor L

Application in Electrical Works:
:AA: Tuning Filters

()  Radio & Communication Systems
Motor Starting & Power Factor Correction
PLC Signal Conditioning Circuits

o (L)

o AC

O

(Q Used in PLC Panels for Signal Filtering & Noise Reduction J

©)
(fo) ,

(L) (©)

(Ammeter)
o (Voltmeter)

8%
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RL
RL
RC
RC
RC

RLC
RLC
RLC

(Self-check) — .
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(Answer Key) — .

RL ?
'RL (R) (L)

RL ?
; RL

RL ?
'RL

RC ?
:RC (R) (C)

RC ?

RC

RC ?
'RC (1), (V)

RLC ?
‘RLC (R), (L) ©)

RLC ?
:RLC

@
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:RLC
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(Ammeter)

(Voltmeter)

AC
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Design and Implementation of Resonance Circuits
(Including Series and Parallel Resonance)

Unit: IMPLEMENT BASIC ELECTRICAL CIRCUITS

Resonance occurs in AC circuits

when inductive and capacitive
reactances are equal (X, = Xc).

At resonance, the circuit exhibits
maximum or minimum impedance
at a specific frequency.

1

Jr = onvic

\ J

Design Steps

@ Define Requirements
« Select resonant frequency (f)
«+ Choose circuit type: Series or Parallel
@ Select Components
« Calculate L and C using the resonance formula
« Consider practical values and power ratings
© Build the Circuit
« Assemble on a breadboard or panel
+ Use function generator for AC input
@ Test and Measure
« Sweep frequency around f,
+ Observe response (current & voltage)
© Verify Resonance
+ Confirm f, where X, = X¢
« Note the characteristic behavior

AC Ammeter / Voltmeter

Series or Parallel RLC Circuit on Breadboard

R L C

Series Resonance Circuit

At Resonance (f,):

o X=X

* Impedance is minimum: Z = R
 Current is maximum

Series Resonance Curve

Tmax

Current (1)

fr
L Frequency (f)

* Voltage across L and C are equal
and opposite (180° out of phase)

Implementation Notes:

* Use low-wattage resistor and standard L, C values

* Keep wiring short to reduce stray reactance

* Slowly sweep frequency to observe the peak
current

 Useful for tuning, filters, and frequency selection
circuits

Source Current (I)

2

Parallel Resonance Circuit

At Resonance (f;):

* X.=Xc

* Impedance is maximum (ideally infinite)
* Source current is minimum

* Large voltages appear across L and C

® Acts as an “acceptor” circuit

Parallel Resonance Curve

Implementation Notes:

* Use a resistor in parallel vi L and C

 Ensure component quality (Q factor affects
sharpness)

« Verify high voltage across L and C at resonance

* Used in oscillators, tank circuits, and signal

i
i
E
: Inin

1, generators
Frequency (f)

A Safety First: Always use appropriate protections, verify component ratings, and follow proper lab procedures when working with AC circuits.
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Single-Phase & Three-Phase Motors Guide

PLC

Single-Phase Induction Motor Three-Phase Induction Motor
AP P T 3 JAWI5T AP P 3 SRAT9T

-

\ ® THREE- -PHASE
MoTOR

ON/OFF Switch
220V AC N

Single-Phase & Three-Phase Induction Motors
SIS S, STRENST 3 BT

Testing & Verification Operational Check

—» Voltage @ICI0H ; W
i " RPM
=p Current FIEO !

! S Temperature

LD = Winding Test 313 (F‘%

Phase Check

(@]
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()

()

(L3)

(Identifying Single-phase Induction Motor):

(C - )

(starter)

(Identifying Three-phase Induction Motor):

1(L1), 2(L2), 3

(Connecting and Verifying the Motor):

(4



. PLC

. , PLC ,
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PLC

Correct Starting Methods for Induction Motors

Correct Starting Methods for Induction Motors

Single-Phase Induction Motors Three-Phase Induction Motors

Capacitor Start Direct On Line (DOL)

AC SUPPLY 0-0—0Q LTAL281°3
—e1 Start ':7 A
[O Capacitor °

MAIN CONTACTOR
Capacitor Start & Run

Star-Delta Start

|
I
|
I
[
I
I
1
I
I
|
|
AC SUPPLY : 1 213 o
—eo1 Start = STAR
Capacitor : . 4 o m «DELTA
Run Capacitor | LI ]
I
|
I
|
I
|
I
|
I
|
I
|
I
|

Resistance Start

AC SUPPLY D
1 Starting —
-

Shaded Pole

Auto Transformer Start

L1 L2 L3
AUTO
TRANSFORMER

Soft Starter
L1 L2 L3

AC SUPPLY SHADED POLE
—o1 MOTOR —

. - (Correct Starting Method for Single-
phase Induction Motor):

()

(&)



Induction Motor):

() -on-Line (DOL)
o -on-Line (DOL)
() - (Star-Delta)
()
()
PLC
()
, PLC

(Correct Starting Method for Three-phase

Yo
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) PLC

Motor Parameter Adjustment Process Breakdown

Induction Motor

Voltage & Frequency Tuning

—a— Adjusting the Voltage
-8—=- and Frequency Settings

e —— ———

o \loltage »
o Current »
By Fine-tuning the Motor Current

o Frequency »

Thermal Monitoring
J» Checking Motor Temperature

Set Voltag Set Frequency Adjust Current
. Performijmce Test
Running & Observing Motor Operatwn

Current Calibration

Checking Parameters

?
X (Voltage):
<> (Current):
<> (Power): :
<> (Speed): (RPM),
X (Temperature):
X (Voltage Drop):

SN
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D)

*,

D)

RPM (Revolutions Per Minute)

(VED)
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o (capacitive compensation)
.PLC
() - -
PLC ,

Single-phase and Three-phase Motor Operation

Single Phase and Three Phase Motors are Operated

Operate Single and Three Phase Induction Motor
IMPLEMENT BASIC ELECTRICAL CIRCUITS

Single Phase Motor Three-Phase Motor

Single-Phase Power Three-Phase Power

Fe - 'Live (L) L1 o0— —O

No— - 'Neutral (N% L2 o o f :

4 L4 o
ca 5 - Capacitor Start/Run L3 ®————1_Three-Phase Connection
.INDUCTION MOTOR: ~-INDUCTION MOTOR

® Runs on One Phase (L & N) e Runs on Three Phases (L1, L2, L3)
e Uses a Start/Run Capacitor e No Capacitors Needed

PLC Control

Start/Stop «—> LT ] || > Mot ol

Programmable Logic Controller

o Controls Both Single & Three Phase Motors
e Automates Motor Operation

(L0
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(Operating Single-phase Motor):

(Operating Three-phase Motor):
(Star-Delta)
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PLC

(RPM)
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PLC
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PLC

PLC
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Performance Testing for Induction Motors

Motor's Performance is Tested

Operate Single and Three Phase Induction Motor
IMPLEMENT BASIC ELECTRICAL CIRCUITS

Motor Performance Testing

Single Phase Motor
U

Current/Amps Power Speed/RPM

_? Test and Measure Motor Performance

Operation &

Monitoring Progranmable Logic Controller o Engyre Motors Operate Efficiently and Safely

*,

D)

L X4

*,

L)
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220V AC
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(Safety goggles):
(Flame-resistant clothing):
(Safety boots):
(Helmet):

(Multimeter): :
(Power Supply):
(Starter):

(Ammeter):
(Voltmeter):
(Thermometer):
(Speed Sensor):

(R):
(L):

R



No oA W

(C):

(Wires):
(Fuse):
(Switch):

Single Phase and Three Phase Motors are Operated

Operate Single and Three Phase Induction Motor
IMPLEMENT BASIC ELECTRICAL CIRCUITS

Single Phase Motor - Three-Phase Motor

Single-Phase Power Three-Phase Power

Fe - 'Live (L) L1 o o

NiC——— - 'Neutral (N),l?r¥ L2 o o f i

E L34 o—
ﬂ - Capacitor Start/Run L3e - Three-Phase Connection
~INDUCTION MOTOR ~-INDUCTION MOTOR

e Runs on One Phase (L & N) e Runs on Three Phases (L1, L2, L3)
e Uses a Start/Run Capacitor e No Capacitors Needed

PLC Control
Start/Stop ¢ >

 EIEEEEEE ¢——p Motor Control
Commands o | Ilillilll Signals
Programmable Logic Controller

e Controls Both Single & Three Phase Motors
e Automates Motor Operation

Single-phase and Three-phase Motor Operation

Q
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18.
19.
20.
21,
22,
23.
24.
25,
26.
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(Information Sheet) — .

(Contents):
>
>
>
>
» PLC/PLC
()
1. (Relay): - Relay (=)
2. (Contact): Contact (3f510)
Normally Open (NO) Normally Closed (NC)
o (NO): Open Contact Closed Contact
: =
o (NC): \gﬂ:— ™ ON
3. (Coil): Coil (=)
P
it —e— 3 & —e— ot



()

(Latch):

PLC

(Timer):

(Counter):

(Star-Delta):

Latch (=115)

Set _/_,—Output
® o—0

Relay Latched ON
Reset ._’/o_ |
Timer B2913)
Delay On ﬁ Delay Off
IN ouT
Counter (13519)

}Ul IV] IW]i fUl %Wﬂ
u2 V2 ouU2 w2

Star-Delta (*513-cstg!)

Star Connection

Delta Connection

wt ul
U2 Preset Reset u2 v

Value

Ul

w1

v



2.

(Switches):

(Relay):

(Magnetic Contactor):

(Timer):

(Counter):

Push Button  Toggle Switch Limit Switch

Switches

Relay (R)

Magnetic Contactor

Timer (3Rw3)

Delay On Timer Delay Off
4

(O]

IN ouT

Counter (s1@B19)

}Ul Iw IW]{ EUI %Wﬂ
u2 V2 ou2 w2

b



6. (LED - Light Emitting Diode):

LED (Light Emitting Diode)

7. (Motor):
Motor
8. (Sensors):
( . A
’ & oie)
Proximity Temperature Ultrasonic
Sensor Sensor Sensor
, Sensors
()
, PLC (Programmable Logic
Controller)



Relay Logic Circuit Operation Diagram

Operation of Relay Logic Circuits is Interpreted

Input Side

Output Side

[ Start
(NO Switch)

Pressed

* Closed

J

{MC » Relay Energized
« Contacts Closed

)

7

| Stop
(NC Switch)

* Open
Pressed :

N

Motor

’V
ma Logic Circuit ﬁ Motor Running

Timer « Timer On \ﬂ/

<~ *Indicator Light
- Light On

E

Input Conditions
Are Checked

P!

Logic Control
Executes

Output Actions
Are Activated

|

()

PLC

(NO Contact):

o

(NC Contact):

o

(Relay Coil):

o

bd



4, (Timer):

=

5. (Counter):

6. (Magnetic Contactor):
a. . -

=

7. (Motor):

PLC

, PLC

() PLC/IPLC

PLC (Programmable Logic Controller)

w3



. PLC

PLC

PLC

PLC

PLC
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(Self-check) — .

?
2
?
?
2
?
(NO) ?
(NC) ?
PLC ?
?
?
?
(Answer Key) — .
?
?
2
?
?
)
?
(NO) (NC) | Coil,



10.

11.

12.

b



(Task Sheet) — .

Electromagnet

Coil

Ul oVl ¢W1 u1 wi

uz V2 cu2 w2




_?v- 4
Proximity Temperature Ultrasonic
Sensor Sensor Sensor




AN NI

. Start

=

=

Stop

(Job Sheet) — .

Start

Coil

(Specification Sheet) — .

Coil

b



4, -
1. .
2 .
3. -
4. .
5. -
1. - /
2. .
3. (Start/Stop) -
4, -
5. .
/ / -

Input Side

-

(NO Switch)

Start ¢ Closed

Pressed

—

(NC Switch)

Stop » Open
Pressed

J

N

ma Logic Circuit
Timer « Timer On

Output Side

{I[Iit » Relay Energized
« Contacts Closed

N

‘V

Motor

@- Motor Running

~ &= - Indicator Light
- Light On

Input Conditions
Are Checked

gt

Logic Control
Executes

Output Actions
Are Activated

d

|

E

Diagram: Operation of Relay Logic Circuits

b



(Information Sheet) — .

(Contents):

YV VYV V VY

()

1. (Magnetic Contactor):

2. (Thermal Overload

Thermal Overload
Relay

do



3. (Air Break Switch):

4, (Lever Switch):
S. (Push Button Switch):
Push Button Switch
, (
L) ) 1
()
1.
@) ( 1 l )
e} ' 1 (NO)
(NC)

»d



(e}
(e} ’
o / (LOTO)
o PPE (Personal
Protective Equipment)
(@] 1
Mechanical Switching Operation Steps
Mechanical Switching Operation Procedures Are Followed
1. Review 2. Wear Proper 3. Inspect 4. Isolate Power 5. Operate 6. Verify
Work Instructions PPE Equipment Source the Switch Operation & Reset
L4 PPE i) ] H H
()
, , (Open)
(Closed)
o (NO)
(NC) :
R
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(NO)

(NC)
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Contact Status Test Procedure using Multimeter

THE CO C

TUS IS CHECKED US

ING MULTIMETER

Using a multimeter to verify whether a switch/relay contact is OPEN or CLOSED.

1. ISOLATE POWER & ENSURE SAFETY

« Switch OFF the power supply to the circuit.
« Follow LOTO (Lockout/Tagout) procedure.
« Ensure no voltage is present on the contact.

2. SET THE MULTIMETER

« Set the multimeter to Continuity (:0) or
Resistance (Q) mode.

« Connect the BLACK lead to COM port.

« Connect the RED lead to VQ port.

3. ACCESS THE CONTACT TERMINALS

-
N

« |dentify the two terminals of the contact
(e.9.,1&2).

« Place the multimeter probes on the respective
terminals.

4A. TEST FOR CLOSED CONTACT

CLOSED CONTACT
(Switch Pressed/Relay Energized)

 The multimeter shows LOW resistance (close to 00)
and/or beeps.
« This indicates the contact is CLOSED (conducting).

4B. TEST FOR OPEN CONTACT

OPEN CONTACT
(Switch Released/Relay De-energized)

« The multimeter shows OL (Over Limit) or HIGH
resistance.

« This indicates the contact is OPEN (not conducting).

-
5. RECORD & RESTORE

Contact: 1-2__
Status: CLOSED

Reading: 030

Power Restored

« Record the test result for PLC/relay troubleshooting.
« Remove the probes and restore the power supply.

N

Q SAFETY FIRST: Always de-energize the circuit before testing. Use proper PPE and follow safety procedures.

()

(Boolean logic operations),

XOR, XNOR

.AND
. :AND

(1)
. : AAND B

ABAANDB
00 0
01 0
10 0
11 1

(AND Operation):

(1)

- AND, OR, NAND, NOR,
PLC

8



.OR (OR Operation):
° :OR (1)

(1)
. :AORB

ABAORB
00
01
10
11

)

. NAND (NAND Operation):
. : NAND AND (1)
(1) . AND (1) (0)
. : ANAND B = NOT (A AND B)

A BANANDB
00
01
10
11

O Fr kB B

. NOR (NOR Operation):
. :NOR OR (1)
@ . )
. : ANOR B = NOT (A OR B)
o . , (1)
ABANORB
00 1
01 0
10 0
11 0

. XOR (XOR Operation):
. : XOR (Exclusive OR) (1)

(1) 0)
. :AXORB

¢



ABAXORB
00 0
01 1
10 1
11 0

. XNOR (XNOR Operation):
. : XNOR (Exclusive NOR) XOR

( (1)
. : AXNOR B = NOT (A XOR B)

©)
ABAXNORB
00
01
10
11

L O O B

PLC Boolean Logic-
PLC Boolean ,

()

PLC

0)

(0)
(1)

)



PLC

PLC

Operation of Switching Devices - Motor Control Guide

OPERATE SWITCHING DEVICES AS PER THE CONTROL SYSTEM DESIGN

(For Mechanical Switching Devices / Contactors Related to PLC Operation)

To control a motor using switching devices in sequence

circuits and relay logic as per the designated control
system design.

TOOLS & EQUIPMENT:

— |
CONTROL CIRCUIT ° \

O m

START

Magnetic
Contactor

+ Turn OFF the main power supply.
+ Apply LOTO (Lockout/Tagout).

MAIN
CIRCUIT

Always isolate main power before working.

Confirm voltage level before energizing.

Aca

Sypreat (con) START STOP Magnetic Electric Motor
o Push Button Push Button Contactor

e e

2. ENERGIZE THE CONTROL CIRCUIT

1. START MOTOR

) | Press START Button ([ Z

o | TG '
[NO contact closes]

K1 = Contactor Energized

3. OPERATE SWITCHING DEVICES
2. STOP MOTOR 3 s

Press STOP Button (PBC)
°
’ [NC contact opens]

O— MOTOR TURNS ON —

. I
3. STOP MOTOR N
N

Press STOP Button (PB2) i
[NC contact opens]

4. CHECK & OBSERVE 9

Verify the motor operates ‘ bbb

;SS’Q):: utge designated sequente q =)
STARTED NORMAL (8 g | AN
NO CONTACT CLOSED  f omm
MOTOR ON g DJJ

A SAFETY NOTES:
ﬁ Always isolate main power before working.

Confirm voitage level before energizing.

H Wear PPE (gloves satety glasses). @

9
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Mechanical Switch Inspection and Testing Guide

BEFORE OPERATION

L0 TESTING OPERATION

QJO)

_—u .« .s B
Visual Inspection

O% &

Visual Inspection Continuity Testing

SWITCH ACTIVATION > >

OPERATI

ON PERFORMED

* Mechanical Switches Inspection & Testing

AFTER OPERATION

Jo I

Visual Re-Inspection gm Performance Testing

SYSTEM CHECK OK

PPE (Personal Protective Equipment)

>



(Self-check) — .

1. ?
2. ?
3. ?
4, ?
5. )
6. (NO) ?
7. Boolean ?
8. AND ?
9. ?
10.PLC ?
11.
12.
(Answer Key) — .
1. ?
) ] ] ] /
2. 2
3. ?
4, ?
PPE

5. ?

( )
6 (NO) ?

-NO

Yoo



7. Boolean ?

. Boolean
, AND, OR, NOT
8. AND ?
: AND
9.
10.PLC
' PLC
11.
12.

30



(Job Sheet) — .

(Working Steps):
(Power Isolation):
o / (LOTO)

(Set the Multimeter):

o (Continuity mode) (Low
Resistance)
o (COM) (VQ)
(Identify the Contact):
o ( NO - , NC -
)
o ( 13-14,21-22)

(Connect the Test Leads):

(Operate the Switch):
o ( )

o (NO) : (- Continuity)
(Low Resistance) :
o (NC) : - :
(Analyze the Results):
o (Beep) (Low Resistance) :
(Closed)
o (OL) : (Open)

(Re-Test if Necessary):

/ (LOTO)
PPE : ( )

Sox



W=

(Specification Sheet) — .

(Multimeter):
0o (Continuity
mode) (Low Resistance)
(Test Leads):
O

/

(Fault Finding Tools):

O L] 1

o | ( NO NC )
(Switch):

O ] 1

d09



THE CONTACT STATUS IS CHECKED USING TIMETER
(For Mechanical Switching Devices / Relays / Contactors - Related to PLC Operation)
To verify whether the switch/contactor contacts are J
OPEN (NO continuity) or CLOSED (continuity) using Testleads  Testlead Dovice Unstar Tt
a multimeter. Digital Multimeter (Black) (e.g., Contactor / Switch)

1. ENSURE POWER IS ISOLATED

« Turn OFF the power supply.
« Apply LOTO (Lockout/Tagout).

« Select CONTINUITY (sb/ -») or
LOW OHM (Q) range.

3. IDENTIFY THE CONTACTS

@la__ NO Contact
13

NC Contact

« Select the contact pair to test
(example: NO: 13-14, NC: 21-22).

NECT TE

« Place Red probe on one terminal,
Black probe on the other terminal.

5. OPERATE THE SWITCH / COIL

WHEN RELEASED
(De-energized / Released)

WHEN OPERATED
(Energized / Pressed)

0 CONTINUITY /

CONTINUITY / LOW OHMS

NO Contact: CLOSED
NC Contact: OPEN

CONTACT TEST
RESULT

Device Name:

J
6. INTERPRET & RECORD

[ Contact Tested: NO 13-14 / NC 21-22
Status (Operated): CLOSED / OPEN
[ Status (Released): OPEN / CLOSED

NO Contact: OPEN
NC Contact: CLOSED

[ Date / Time:
(O Tested By:

J

& Multimeter Reading: 0.2/ OL

EXPECTED MULTIMETER INDICATIONS
1. CLOSED CONTACT (Continuity)

@) Beep ON
0 Low Resistance

3. OPEN CONTACT (No Continuity)

© Beep OFF

@ oL/ Infinite
Resistance

a Always isolate power before testing. ®

Do not apply external voltage
to contacts while testing.

=

Use proper PPE
(gloves, safety glasses).

Figure: Contact Status Test Procedure using Multimeter

yo8



(Information Sheet) — .

(Contents):
>
>
>
>
>
()
(Timer)
: On-Delay Timer
Off-Delay Timer PLC (Programmable Logic Controller)

1. On-Delay Timer:
On-Delay Timer

. : On-Delay Timer ( )

2. Off-Delay Timer:
Off-Delay Timer

. , Off-Delay Timer

. : , Off-Delay Timer ,

pol(g



On-Delay Timer and Off-Delay Timer

On-Delay Timer Off-Delay Timer
Signal ON Signal OFF Signal ON Signal OFF
) \ \{ ) \ \{
Input Signal | I Input Signal __| !
| ON_| | L e 0
Output Signal mi Delay Period m_ Output Signal - E
: : ‘Eelay PeriotL
<4— Time Delay (T) —» 4— Time Delay (T) —p
(Counter)
PLC ,
1. Up Counter ( ):
Up Counter
[ ]
d 1 1 1]
2. Down Counter ( ):

Down Counter

Up Counter Down Counter
1. Up Counter:

o

o ( : )

2. Down Counter:
o ,

(@]
oY



UP Counter and Down Counter

Input Count Output Input Count Output

(Count Up) (Count Down)
SN Down Counter

109810

Count 12 3...10 Count1098...0

1. (Timer)

. .

@)

@) 1
2. (Counter)

5 :

@)

@) ’
3.

@)
4, (Testing and Coordination):

@) 1
PLC
PLC

yo094



()

(Timer Configuration):

Off-Delay Timer,

(Counter Configuration):

Up Counter

(Trigger Configuration):

(Testing and Verification):

Up Counter

: On-Delay Timer

(Delay Time)

Down Counter

Down Counter

Sob



Configuring Timers and Counters in PLC

CONFIGURE TIMER AND COUNTER SETTINGS
ACCORDING 10 APPLICATION REQUIREMENT

Learning Outcome: Execute Timer and Counter Application (PLC Operation)
3 8 i S f————

Control Circuit:

® Preset: 200

- Mode:
7 Key Options:

o Define Preset Value (eg, 200)

¢ Set Count Direction: Up, Down
Choose Counter Mode: Up, Down, Up/Down

Control Circuit: .
e Preset: 002.5 sec U U U : \
7 Key Options: \
e Set Time Base: 0.1s, 0.01s, 1s, etc.

o Define Preset Time (e.g. 2.5 sec)
e Choose Timer Mode: ON Delay, OFF Delay, etc.

__ Example: Product Counting

Example: Conveyor Belt Delay Timer

PLC
PLC

()

' () Steps to Configure:
it @ i doni el Q'—_O”‘@*‘ ® @ Determine Control Requirements
Example: Conveyor Belt Delay Timer E E,es';gz,',” thrfet ;22.?35;2};‘;“3;7;; ffnf:,m 4o Example: Product Counting
— — — - + number or counts). = R e
« Set Time Base: 0.1s, 0.01s, 1s, etc. @ Select Timer/Counter Type » Define Preset Value (e.g, 200)
« Define Preset Time (e'g_ 2.5 sec) 1 Choose the appropriate timer or counter based « Set Count Direction: Up, Down
: on the requirement (e.g. ON Delay Timer,
« Choose Timer Mode: ON Delay, OFF Delay, | : Up Counter). » Choose Counter Mode: Up,Down, Up/Down
© Set Parameters
, PLC

(Timer Operation):

e} . ,
, On-Delay Timer Off-Delay Timer
o ; (Delay Time) :
o) 1
(Counter Operation):
o : Up Counter Down Counter

dod



PLC
PLC

o . ,
(Up Counter) (Down Counter)
(Trigger and Signal Configuration):
(e}
(Following Standard Operation Procedures):
o : :
(SOP) ,
5 :

PLC Timer and Counter Operations Flowchart

Execute Timer and Counter Operations
Following Standard Procedures

|| Standard p,
‘ Standard c::e‘:kr:ic:‘dures
procedures =S
Manual

)

1. Review 2.Set Up 3. Program , = | | 5. Monitor and
Application Timer/Counter the PLC SRC q Document
Requirements Parameters [ f wrn Results

TlMER/CiUNTER SETUP
[ Timer 0:00
‘ COUNTER 3 1000

Ensure consistent and accurate execution of timer and counter applications in PLC operations.

()

ddo



1. (Monitoring Timer Output):

2. (Monitoring Counter Output):
@)
@) 1
3. (Using Monitoring Tools):
o ' '
4, (Verifying Values):
@)
5. (Reporting and Documentation):
o |
PLC .
PLC '

999



Monitoring and Verification of PLC Timer and Counter Outputs

Timer and Counter Outputs Monitored and Verified

IZ /: Check Timer Output

TIMER OUTPUT ey S — @ Verify Counter Value
o ]
Elapsed Time: :BDD; é i o

COUNTER OUTPUT | Inspect Output Devices

Count Value: E'S

Elapsed Time: |{j.

S 4

-

Count Value: 25

9O
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Timer and Counter Performance Troubleshooting

|dentify Faults or Deviations in Timer and Counter Performance

( < ) (\
/ -
. 8 Incorrect Timer Value \‘1& Ny _//‘) * |Y=| Analyze PLC Program

¢ g Counter Miscount W . .% Check Sensor Inputs
. ? Signal Failure di;.... . p ::nspecttWiring &
onnections

” lnvestigéte &
Troubleshoot

998



ok wpnh =

© ®~N o

(Self-check) — .

?
?
?
?
?
?
?
?
?
?
(Answer Key) — .
?
?
2

(Delay Time), (On-Delay Off-Delay),

?
(Up Counter Down Counter)

20¢
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(Job Sheet)— .

, / (LOTO)
(Specification Sheet) — .
(Electrical Gloves):
(Safety Goggles):
(Safety Shoes):
559



4, (Fire Resistant Clothing):

(Multimeter):

1.
2. (PPT)
3.
4,
5. PLC:
1. :On-Delay Off-Delay
2. : Up Counter Down Counter
3. ;
4, (Switch): /
5. .
| -

Execute Timer and Counter Operations
Following Standard Procedures

Standard Procedures
Checklist

Manual

!

1. Review 2.Set Up 3. Program e e | ; 5. Monitor and
Application Timer/Counter the PLC (e s Document
Requirements Parameters [ e — Results

TIMER/COUNTER SETUP

[ TIMER 0:00
‘ COUNTER O 1000

Ensure consistent and accurate execution of timer and counter applications in PLC operations.

Figure: PLC Timer and Counter Operations Flowchart

b
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YV V V VYV

(Contents):

(Direct-On-Line),
PLC

(Latch Circuit):

(Direct-On-Line)

(Information Sheet) — .

(DOL Starter Circuit):

298



(Star-Delta) (Star-Delta Configuration):

o



PLC Relay Logic Circuit Overview

Interpret Circuit Diagrams for Latch, DOL, and Star-Delta Configurations

Start Latch Coil
€

Stop Q0.0
o

Latch circuit maintains output
N after the start button is released

Startp(10.0)  Stop (10.1)
Latch Coil (Q0.0)—»»(Q0.1)

e W10,

DOL Starter

Start
Stop ! |
Direct Online (DOL) Starter for
N direct start of the motor

Start (10.0)
Stop (10.1)

Motor Coil (Q0.0)

oL (CHlDp=
EXa-0

Star-Delta Starter

5o> qu _\KT
Start Q0.1
Stop | &

= —

Direct Online (DOL) Starter for
N direct start of the motor

Start (10.0) Y Timer (T.0)

Stop (10.1) -_‘; '3 :

CONSTRUCT LATCH, DOL AND STAR DELTA / RELAY LOGIC CONTROL

Latch DOL Starter
=
B ﬁﬁ

Latch —->

DOL Starter —>

il Star-Delta
Starter

=1

Star-Delta Starter <>

9D



INTERPRET CIRCUIT DIAGRAMS FOR
LATCH, DOL, AND STAR-DELTA CONFIGURATIONS

Learning Outcome: Construct Latch, DOL and Star Delta (PLC Operation)

1. LATCH CIRCUIT 2. DOL (DIRECT-ON-LINE) CIRCUIT

Control Circuit:

L srop START

. _.°®

K1 (NO)
(NO)

N
N

Working Principle:
Press START - K1 energizes and its

Press STOP - K1 de-energizes.

NO contact holds the circuit (self-hold).

Key Points:

 Used for ON/OFF with self-holding.

+ Simple and maintains output
without pressing START.

Control Circuit:

STOP START

L
|—, : |
KM1
KM { (NO)
N

Power Circuit:
1 1213

L KM1

Overload Relay

Motor

Working Principle:

Press START - KM1 closes -

Motor connects directly to the supply.
Overload relay protects the motor.

Key Points:
» Motor gets full voltage immediately.
« Simple but high starting current.

How to Interpret?

« |dentify power circuit (main supply, contactors, overload, motor).
« |dentify control circuit (push buttons, coils, contacts, timer).

3. STAR-DELTA CIRCUIT
Control Circuit:

L srop START

_.® Ly
b Py ot
M1 (n
KM* (NO)

T(NC)
T () s
T (NO)
ﬁ—rr——@oelta-

Power Circuit:

i

L1 L2 L3

| KM1
} Main Contactor

Working Principle:

Press START -» KM1 and KM2 (Star) ON.
After timer delay » KM2 OFF, KM3 (Delta) ON.
Motor first starts in star (low current),

then runs in delta (full voltage).

Key Points:
* Reduces starting current.
¢ Requires timer and interlocking.

Legend:

()

; : STOP STOP  START  START Coil Timer
« Follow the sequence of operation to understand the function. 0. bustnuton e+ . sk Button NO @ Overload Relay Timer
1
] 1

o (Relay):

o (Contact):

(NO) ,
9




o (Coil):

Latch Circuit Diagram with Control Wiring

Constructiom of Latch Circuit

Latch Circuit Wiring

1 I

¢ L1 i ‘
- : :

Control Devices : : Output Device
! Holding : R ——

E Start PB / Contact E
L T T 1 |
e | |

Start Push Button : StopPB 1 i CR1 : ‘
I 1

L % i |
I H 1

i Stop Push Relay Coil g::?tyac ¢ £ Indicator or Motor

' ! Button (NC) (CR1) |
Stop Push Button | '
I 1
| 12 |
I I

oRQ



PLC .
PLC ,

() (DoL)
- - (DoL)
DOL ,

DOL
1. (Contactor):

o DOL
2. / (Start/Stop Switch):

3. (Overload Relay):

4 (Motor):
o DOL

DOL

. (L1, L2)

oR8



Assembling DOL Starter Circuit Diagram

Assembling DOL Starter Circuit

Ensuring Proper Connections for Motor Start and Stop Functions

Incoming Power Supply

)

START Button

NO (Normally Open) Motor Connections

(T1, T2, T3)

L

STOP Button
NC (Normally Closed)

Contactor

Electric Motor

Ensure Secur Check
Wiring Overload Settings

PLC DOL .
PLC DOL PLC
() - (Star-Delta)
1. (Star Configuration):
@) ’
2. (Delta Configuration):
@)
3. (Contactor):

IR



(Overload Relay):

(Start/Stop Switch):

Star-Delta Starter Circuit Construction Diagram

Construction of Star-Delta Starter Circuits

Following EStabiished Wiring Procedures

Incoming Power Supply

l %
L R4
START Button L1 L2 L3
NO (Normally Oj
(Haprally Oper) Motor Connections
(T1, T2, T3)
. D0 00 Gy S ' jom

oo oo /— o "
STOP Button : 4B 8—-8=C
NC (Normally Closed) e = -

°c® 0)
To Timer Timer Delta
Contactor

Electric Motor

Ensure Proper i
Insulation o) B3 Timer Settings

MY



PLC - .
PLC - PLC

()
: (DOL)
PLC ,

2. (DOL)
o : DOL

529



Relay-Logic Circuit Testing Guide

(M TEST CIRCUITS FOR CORRECT OPERATION

Learning Outcome: Construct Latch, DOL and Star Delta (PLC Operation)

1) LATCH CIRCUIT TEST 2) DOL STARTER TEST 3) STAR-DELTA STARTER TEST
N Star - (Tlmer[-v Delta
STOP  START - t; MCB/Fuse  contactor MCB/Fuse Mam st  Dela
NC NO H
( ) ( ) L2 QC y\ ’ = ::; lr\tactor Contactor Contactor
m NO 13—oo Jai 13
(sea' - MOTOR
KM KY KD
Q TEST STEPS: Q TEST STEPS: @ TEST STEPS:
@ Power ON the control circuit. @ Power ON the control and @ Power ON the circuit.
@ Press START button. pONeRCTIE @ Press START button.
© Release START button. @ Press START button. ©) Observe changeover from Star
© Press STOP button. © Press STOP button. to Delta (after timer delay).
@) Press STOP button.
u EXPECTED: j Ej EXPECTED: % EXPECTED:
o CR1 energizgs and stays ON  Contactor (KM) pulls in, motor  Motor starts in STAR (KY ON, KD OFF).
after START is released. starts. o After timer, STAR opens then DELTA (KD ON).
* CR1 de-energizes when STOP is » Contactor (KM) releases, motor « Press STOP: all contactors OFF, motor stops.
pressed. ‘ stops. i
" A\ SAFETY CHECKS: TOOLS REQUIRED:
» Ensure correct wiring as per diagram. omiass
o Check tight connections and insulation. ? 5 ;
« Use proper protection (MCB/Fuse, OLR). —
. ; Test Push Indicator ;
L Keep hands clear of power terminals. Multimeter Buttons G Test Checklist

N
/
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(DOL)

(DOL)

(Job Sheet) — .
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(Specification Sheet) — .

, (DOL) -

(Electrical Gloves):
(Safety Goggles):
(Safety Shoes):
(Insulated Tools):

(Multimeter):
(PPT):
(Overload Relay Tester):
(Switch):
(Screwdriver):
(Overload Relay):

(Relay):
(Contactor):
(Start/Stop Switch):
(Motor): -
(Fuse):

MO



Test Circuits for Correct Operation
Learning Outcome: Construct Latch, DOL and Star Delta

Pre-Test Safety Checks

& Verify correct wiring as per diagram.
@ Ensure proper supply voltage.
@& Check fuse/MCB, overload relay setting.

@ Ensure all contacts are tight and insulated.

o A

Verify Overload

Check Supply Voltage ~ Check Protection Devices Relay Setting Inspect Wiring & Tightness
Circuit Functional Tests
Circuit (5 Test Procedure Expected Result
L_[S:l'gp stgT M )—— N | 1.Press START. 1. M energizes.
L'atclj 2. Release START. 2. M remains energized (self-hold).
Circuit M
NO 3. Press STOP. 3. M de-energizes.
STOP, “START 1. Press START. 1. Contactor KM energizes.
AL NC —1 NO }——( KM)—OLR—N
S?a?tLer C 0 2. Motor runs. 2. Motor runs at full speed.
3. Press STOP. 3. KM de-energizes, motor stops.
Motor Should Start/Stop
P T, Immediately
L LST0F [STARE i otR—s | T.PressSTART 1. KM &KY energize, KA off.
2. Motor starts in STAR. | 2. Reduced starting current. g
Star-Delta . S
Startor —==—( KY ) 3. After Timer T, changes| 3. KY off, KA on, motor runs in delta. 8
e
i toDELTA. 4. All contactors de-energize. 3
e () 4. Press STOP.

Additional Checks Record & Confirm

— || Log test results. All functions work as expected. @

+ Observe overload relay trip (simulate overload) = Motor should stop.

v Verify no abnormal noise/vibration.
v Ensure indicator lamps (if any) show correct status.

209



(Information Sheet) — .

(Contents):
>
>
>
>
()
(Forward) (Reverse)
: ( )
1. (Forward Operation):
1. (Forward Contactor):
( )
2. (Relay Contact):
2. (Reverse Operation):
o ( )
1. (Reverse Contactor):
2.
3. (Control Signal):
o /
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4, (Safety Features):
o (Overload Relay): :

Control Circuits for Motor Operation

Interpretation of Control Circuit for
Forward and Reverse Operation

Perform Automatic Forward Reverse Operation

. Reverse Control Circuit

Forward Control Circuit

¥

STOP STOP
(Normally Open) : (Normally Closed)
l & Rev _§ _REv
1

%

|
p——7AV—pRH —FR ‘%—Nz L

FR REV
Forward Reverse
Contactor Contactor
rr 14
T1 . T2: T4 12 T1' T2, T1T2;
N 7~ N
(=l (S=mwtind)
—— —
Forward Reverse Forward Reverse
PLC :
PLC (Programmable Logic Controller)
PLC , ,
PLC ,
1.
o ’ ’ ' / '
2.

20



()

o PLC

(forward)

(reverse)

(Using Timer):

(@)

(Forward Operation):

(Reverse Operation):

(Using Counter):

(Forward Operation First):

(Reverse Operation Next):

N0y



Automatic Motor Control Diagram with Timer and Counter

Execute Automatic Forward and Reverse Operation
Using Timer and Counter

Perform Automatic Forward Reverse Operation
START | | Programmed Run Time
(Normally Open) r \ ‘
L &)
T Timer 0,05 Forward Reverse Reverse

T
STOP
(Normally Closed) i

=N

L i »
Cycles Automatically
Restart

- >

T Timer

(ON-Delay) C Counter (35

3 | '
) f i

.
i Timer ﬁ
'

I
| |

Cycle Count NI

Counts the number of | S N S S Y
forward/reverse cycles | : H
' E Cycle Counter
o ' [ Forward
T Timer: Sets delay for switching :
m forward to reverse I Reverse

C Counter: Counts the number of
forward/reverse cycles

e

G Forward <¢——————p Reverse 5>

PLC

PLC (Programmable Logic Controller)

()

PLC :
PLC

(Forward) (Reverse)

(Switching Between Forward and Reverse):

009



Forward and Reverse Operation Testing Diagram

Testing Forward and Reverse Operation

Operation Status:

Forward Indicator
RUNNING FORWARD

Operation Status:

# Reverse Indicator
RUNNING REVERSE

Forward Operation Testing

Reverse Operation Testing

= Forward Motion

A

<= Reverse Motion

&/ Verify Motor Moving Forward

&/ Check Transition from Forward to Reverse

&/ Verify Motor Moving Reverse

&/ Check Transition from Reverse to Forward

Transition Analysis

Transition Analysis

[ NoNe©)

FORWARD TO REVERSE

N L/

T

FORWARD —— | «————— REVERSE

REVERSE TO FORWARD

N

REVERSE ————» | «——— FORWARD ———

Smooth Deceleration Clean Transition

Smooth Deceleration Clean Transition

Ensuring Smooth and Accurate Transition Between Forward and Reverse

L

H ¢

20



PLC :
PLC (Programmable Logic Controller)

PLC :

()

5. (Connection Issues):

4, (Corrective Actions):

o) ] ]

20®



Fault Identification and Reporting Process

[ /A\ FAULT DETECTED ]

| () MOTOR STOPPED

1 Error Code: EO5

PLC
PLC

DIAGNOSE ISSUE

Fault Diagnostics
[ Check Sensors
[z Inspéct Wiring '
lz Test kelays i
A Review PLC Program

REPORT PROBLEM

Issue with @

Motor Control
4 ‘ 7
i

Notify Supervisor

PLC

Identify and Report Faults During Operation for Corrective Actions

o Log the Fault
o Record Actions

PLC

d80
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(Job Sheet) —— .

PPE (Personal Protective Equipment)

(Specification Sheet) — .

(Electrical Gloves):
(Safety Goggles):

289



3. (Safety Shoes):

4, (Insulated Tools):
1. (Multimeter):
2. (PPT):
3. (Test Light):
4, (Start/Stop Switch):
5. (Overload Relay):
1. (Timery):
2. (Counter):
3. (Relay Contact):
4, (Motor):
5. (Fuse):
/ /-

Execute Automatic Forward and Reverse Operation
Using Timer and Counter

Perform Automatic Forward Reverse Operation

START | | Programmed Run Time
(Normally Open) r \ ‘

T Timer 50,05
T .

Forward

Reverse Reverse

STOP :
(Normally Closed) i

-

| I

1 | | &

| [ Cycles Automatically

: : Restart
F : >

T i
 vimer I I

I
| |

Cycle Count NI
5

T Timer

(ON-Delay) C Counter (35

1 I

2N | TR [

P e e =

C Counter

forward/reverse cycles H
i E Cycle Counter

1 ¢ [ Forward
. [ Reverse

T Timer: Sets delay for switching
forward to reverse

forward/reverse cycles

T 712 T1 T2

G Forward <¢=———p Reverse =35>

Figure: Executing Automatic Forward & Reverse Operation

C Counter: Counts the number of » = J)--@== Preset Reached ,

>88
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AN M SF OO~ 0B o

S
—

i
—

i
—

™
—

14.
15.

16.
17.
18.
19.

PLC
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(Information Sheet) — .

(Contents):

()

(Industrial Sensors):

(Types of Industrial Sensors)

819



(Temperature Sensors):

(Thermocouple):

Temperature Sensors

(RTD - Resistance
Temperature Detector):

(Thermistor):

(Pressure Sensors):

Pressure Sensors

(Light Sensors):

Light Sensors

o8V



(Voltage Sensors):

(Speed Sensors):

(Proximity Sensors):

(Flow Sensors):

Flow Sensors

28%



(Photo Sensors)

(IR)

(Photoelectric
Sensor):

(Limit Switch)

dyeo



()

(Based on Operating Principle):

(Capacitive
Sensor)

(Inductive Sensor)

(Optical Sensor)

(Piezoelectric Sensor)

(Based on Output Signal):
(Analog Sensor) ( )
(Digital Sensor) ( )

(Based on Measured Quantity)

Thermocouple, RTD

Strain Gauge, Piezoelectric

Turbine Flowmeter /
Ultrasonic, Capacitive

(Based on Application)

Mo



(Based on Power Source)

(Active Sensor) (  :RTD, Photodiode)
(Passive Sensor) (  :Thermocouple)
()
, ( PLC )
PLC

&R



Function & Role of Sensors in Industrial Applications

Pl

Industrial Sensors

‘ Detect physical / chemical changes

Signal Conversion

N = N |

Physical change == Electrical signal

‘ Receives sensor data,

Processes information

Actuators / Machines

Perform actions based on sensor input
Motors, Pumps, Valves, Alarms

industrial Applications

(K Automation Control
@ Quality Assurance_
(y 7Safety Systems
;@; Energy Efficiency

% Predictive Maintenance
ﬁ Environmental Monitoring

(What the Diagram Shows):
(Industrial Sensors) —

! )

(Signal Conversion) —
PLC/ (PLC/ Controller) —
/ (Actuators / Machines) —

C )

(Industrial Applications) — ,

MgV



()

PLC

, HVAC

(physical changes)

(use cases)
) (Temperature Sensors):

°€8



) (Pressure Sensors):

) / (Proximity & Position Sensors):
[ J
o /
[ J
) / (Speed & Motion Sensors):
° : RPM
[ J
[
) / (Flow Sensors):
L ' ’
[
) (Level Sensors):
. /
[

) (Light/Color Sensors):

Industrial Sensors

M(q(q



1.4 Applications of Industrial Sensors
are Explained

Proximisc sensor Temperature sensor Photoelectric sensor

Proximity Sensor Temperature Sensor Photoelectric Sensor
Detects object presence (Monitors heat levels) (Detects defective products)

2y
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(Answer Key)- .

1.

2. Thermocouple, RTD, Thermistor

3.

4.

5.

6. , , : ,

7. ,

8. : RTD, Photodiode; : Thermocouple
9. : ) )

10.
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11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
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(Steps of Work):

(Precautions):

(PPE):

(Job Sheet)-

(Specification Sheet) —
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Classifications of Industrial Sensors

Position Sensors

ARA

Encoder  limit switch Potentiometer VDT

soee |

Ultrensonic Capacitive Radar
level level sensor  level sensor

r
&
Float

switch sensor

Yo
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(Contents):

(Information Sheet) —
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, HVAC

:imetallic ,

MUY



(Linear Actuators):

()
. (Pneumatic Linear Actuator): compressed
. (Hydraulic Linear Actuator):
. (Electric Linear Actuator):

ML)



(Rotary Actuators):

(Pneumatic Rotary Actuator): compressed

(Hydraulic Rotary Actuator):

(Electric Rotary Actuator):

(Electric Actuators):

2L8



(Hydraulic Actuators):
()

(Pneumatic Actuators):

(Magnetic Actuators):

( )

(Thermal Actuators):

, Imetallic

(Capacitive Actuators):

M\Cleq



Adjustable Dielecticche:

(Electro'de\ 5 /

Fixed Bottom
Electrode

s * S (Hi;’llweg::aanion)

Metal A
(High
Electrosion)

Metal B
(Low Expansion)

: Bimetallic

(Bimetallic Actuators):

(Process Control)

PROCESS CONTROL

V)



(Mechanical
Movement)

MECHANICAL MOVEMENT
’ .;@‘;.-

Al

(Automation and
Productivity
Enhancement):

AUTOMATION &
PRODUCTIVITY ENHANCEMENT

(Safety and
Security)

UL



(Testing
and Diagnostics)

TESTING & DIAGNOSTICS

(Actuators in Robotic
Systems)

ACTUATORS IN
ROBOTIC SYSTEMS

(Process Control):

b



(Actuators in Robotic Systems):

(Automated Manufacturing):

(Actuators in Hydraulic Systems):

(Microprocessor-Controlled Systems):

(Gas or Liquid Level Control):

(Valve Control):

R



PROCESS CONTROL ACTUATORS IN AUTOMATED
— ___ ROBOTIC SYSTEMS ~ MANUFACTURING

ACTUATORS IN MICROPROCESSOR-
HYDRAULIC SYSTEMS CONTROLLED SYSTEMS

d9o0



OIS

cylinders

(Self-check)- .

(Answer Key)-

: Hydraulic

B
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(Steps of Work):

(Precautions):

PPE:

(Job Sheet)- .

(Specification Sheet)- .
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| -

ACTUATOR FUNCTIONAL DIAGRAM

Unregulated
Power Supply

(from batteries)

Control Signal

(from microcontroller) Power

Amplifier and Output
Modulation
Actuator
Motor Driver
59q9
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(Contents):

(Information Sheet) — .

(environmentally friendly)

)?
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(RTDl)

Requirements of the Application are Analyzed
to Determine Appropriate Sensor Types

MEASUREMENT NEEDS G5\ ENVIRONMENTAL CONDITIONS

« |dentify what needs to te to to

+ Evaluate operating ¢
« bt Temperature, humidity-
« dust, =exposure to chemicals

e

 Position, temperature, level,
* pressure, etc.

SPEED & ACCURACY
REQUIREMENTS

Y i + Determine required response
_ time and precision.

MATERIAL PROPERTIES

* Assess the properties of
« Metal, plastic, liquid,
 granular, etc.

: v , , (density)-

. (Surface Roughness), : ,

ae
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Relevant Material Properties and Surface
Characteristics are Identified

METAL PLASTIC LIQUID
« Conductive, reflective. « Non-conductive, - Poross. 51 L )
* Opague. « transust. f‘-/
N -

" MATERIAL & SURFACE |IB
CHARACTERISTICS E .=

SURFACE PR SURFACE COLOR %
TEXTURE ’ ‘ & REFLECTIVITY <
% = . ~

« dusty.

+ Smooth, rough ‘ ‘
CLARREMENT -
« Irreyular, Irreclhiar, « Darke, lighty. -
. dt_x‘sty, o O « Dark, light, shiny.

()

(Sensitivity)

599



( ) ( )
0] 10 , O 10
. : ultrasonic

-yHrosac Se”so,-
- i

(Accuracy)

. . iOSOC

(Environmental Suitability)

o4k



IP (Ingress Protection)

‘I Robust & WaterProof

[ IP67 J

?2(  ,t0.5°C)
20 )

°C

29



Sensor Specifications are Reviewed and
Matched with Application Needs

SENSING RANGE

» Detectable distance.
* Measurement range.

ACCURACY & RESOLUTION

* Measurement precision
= * Smallest detectable change.

SENSOR SPECIFICATION |8 /
REVIEW .

j |
| s

OPERATING CONDITIONS RESPONSE TIME

I —

g  Temperature, humidity ’ ‘ y ¢ « Speed of sensor reaction 3
« Vibration, exposure. ( oLk A . * Update frequency.

Yo



()

(Inductive Sensors)

(Capacitive Sensors)

b



(Ultrasonic Sensors)

(Photoelectric Sensors)

SR



o O O O

(@)

(Material Properties)

(Operational Conditions)

(High/Low Temperature)
(Pressure)
(Humidity)
(Chemical Environment)
(Vibration)
(Electromagnetic Interference)

(RTb) :

b9



=

« Metal detection
« Robust in harsh

Sensor Technologies are Selected Based
on Material Properties and Operational Conditions

CAPACITIVE

« Detects plastic, liquids.
« Sensitive to se=mz=ace.

INDUCTIVE

environments. -

"SENSOR TECHNOLOGY NI
SELECTION
ULTRASONIC

« Detects liquids, distance.
» Works in dusty, wet
wet conditions.

heat/ricold. - &

TEMPERATURE . . TEMPERATURE
* Measures temperatu!'e. - 13 |3 * Measures temperature.
« Suitable for X y = Suitable for extreme

— / heat/id.

b8



(compatibility) (reliability)

N (q



Installation and Operating Environment Constraints
are Evaluated to Ensure Sensor Compatlblllty and Reliability

MOUNTING & TEMPERATURE PROTECTION \\
INSTALLATION SPACE RANGE RATING (IP/IK) |

@ Available mounting type  * . Qopeta‘bﬂgmm/mx ol ) |

@ (flush / non-flush) | Q .}’ (IP6S, IP67, etc.)
QSpaoe&aecessfor heat cycl @ Dust, water, chemical
installation resistance

@ Alignment & orientation

EVALUATE
ENVIRONMENT ’

VIBRATION & ELECTROMAGNETIC

’h CONSTRAINTS _ T

@ Machine vibration level
@ Shock & mechanical
@ impact

@ Loose mounting risk

ws © RELIABILITY
PROCESS coumlou - — CHECKS
] - 9 o a2 ‘

SIGNAL
@ Supply voltage
(AC/DC)

@ Signal type
(Analog/Digital/IO-Link)

oY
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(Job Sheet)- .

(Steps of Work):

(Precautions):

(Specification Sheet)- .

PPE:

obyr



Sensor Technologies are Selected Based on

Material Properties and Operational Conditions

0 Identify material properties + Avoid incorrect sensor type \ 2,
(nspect the material to be measured) ) « Check compatiblity with environment # 5%
» Handle sensors carefully \

e Evaluate operational conditions « Ensure proper wiring Eenlabole  Sehiot triinns
ass temperature, moisture, vibration, etc.

Required Tools & Equipment
@ Select appropriate sensor type
(Choose induciny. acive, photoelectric, -
electrio, ultrosanic, etc.)

6 Test and calibrate sensor
(nstall, test,  calibrate the sensor).

Multimeter ~ Screwdrivers Drill Hard Hat Cable Tester l?
R

Required Materials-

e Document ard finalize installation
Settings and fimainz=z imsEaitation.

Sensors Cables Mountzting Brarhets

o>
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(Information Sheet) —

(Contents):

PLC

(Determining System Specifications):

(Selecting Sensors):

(wiring)

ypo



(Selecting Actuators):

(Sensor and Actuator Selection Process):

(Collection from Market):

09



()

Sensors and actuators are selected and
collected according to system specifications

Identify System ‘ Select Appropriate
Requirements Devices

Analyze what types and | ‘ﬁ @

specifications of sensors
1 O Collect and Prepare

and actuators are needed.

e Verify Compatibility

nntser— | actuators that match
' DOTAN e
| untuonorarrros
conan
compatibility.

i 0 Collect and Prepare
\

Gather selected devices and
necessary accessories m
for installation.

|
|

Ready for installation

3R



(Site Selection for Installation):

Actuators):

(Ensuring Safety Measures):

(Environmental Conditions Check):

(Inspection and Testing Preparation):

0590



(Proper Placement in the Installation Site):

Installation sites for sensors and actuators are prepared
and inspected to ensure compatibility and safety.

Check Mounting Locations

Co

() :

o8



(Following Manufacturer’s Guidelines):

(Preparing the Installation Site):

(Wiring and Electrical Connections):

(Signal Connection and Configuration):

(Programmable Logic Controller)

(Testing and Verification):

bY: Teq



(Ensuring Safety):

oY



Sensors and actuators are installed and
wired following manufacturer guidelines

Gather Tools &
Equipment

Collect necassary tocks
0 COmponents.

Proper Installation }
| Ensures safe and reliable operation

() PLC
(PLC)

PLC

PLC

o9



. (Reviewing Job Requirements and
Specifications):

: PLC :
. /
.PLC (Selecting PLC Software):
: PLC PLC
(Creating Logical Diagrams and Program):
: PLC
. (AND, OR, NOT)
« PLC (  ,Ladder Logic Structured Text)
(Defining Input and Output Parameters):

(Programming and Testing):

hY-14



(Debugging and Final Testing):

(Maintenance and Program Updates):
: PLC ,

PLC

bY. 13



()

PLC programming is carrfied out
as per job requirement.

Review Control
Requirements

Develop Control Logic

Create ladder logic

or other PLC program
—-  following control

requirements.

Run simulations and =t

test to find andic
—>| errors.

Write the program
and upload it or =
the PLC.

Create detailed
documentaion
PLCprogram.

Deploy the program
| and continuouslly
¢+~ —P  monitor system
performance.

Ensures reliable and efficient control

| Effective PLC Programming i
|

00



(Purpose of Functional Testing):

(Sensor Detection Testing):

(Actuator Response Testing):

(System Performance Evaluation):

(Fault Detection and Resolution):

0



(Recording and Documenting Test Results):

203



Functional testing is conducted to verify
correct sensor detection and actuator response.

Successful Functional Testing
Ensures accurate and reliable operation

(Fault Identification):

)

09



(Fault Diagnosis):

: PLC

( , )

(Fault Rectification):

(Maintenance and Preventive Measures):

(Documentation and Reporting):

08



(Subsequent Monitoring and Testing):

0¢



Faults or malfunctions are identified,
diagnosed, and recritified according to
troubleshooting procedures.

e Diagnose the Fault

o Identify the Problem
1 Use diagnostic tools
toest and pinpoint

Observe symptoms and -
gather information ant outo

| the issue. | the fault.
| |
— 2 ——— - —— % —————
@% Isolate the Issue , 0 Repair or Replace

Shut down, lock out
system to safely
inspect inspect.

Fix or replace the faulty
sensor, actuator, or
Py )
~—P»—  or wiring.

ppecifieinats
componens.
[} \ 4
\ - Test the Solution @ Document the Fix

Power up and test system
to ensure the issue is
resolved.

Log the issue and solurir
clution in maintenance
———  records.

Troubleshooting Success
Restores safe and reliable operation

0Y



(Self-check)- .

PLC
PLC
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(Answer Key)- .

014



8. PLC ?
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SRR NS

o

10.

11.
12.

13.
14.

(Job Sheet)- .

(Steps of Work):

(Cautions):

0d



(Specification Sheet)- .

PPE:
(Gloves)
(Safety Glasses)
(Safety Boots)
- (Head Protection)
(Fire Protection)

- (Multimeter)
(Oscilloscope)
(Plumbing Tools)
(Screwdrivers and Wrenches)
(Cables and Connectors)

(Sensors and Actuators)
(Cables and Connectors)
(Joints and Seals)
(Electrical Components)
(Grounding System)

Installing and Wiring Sensors & Actuators

p1

i

Follow Manufacturer id Valve
Guidelines

Electric Actuator

Required Tools & PPE

0/ 50

o



PLC
SICIP-LE-PLC-04-O
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PLC

: SICIP-LE-PLC-04-O

3. PLC

[EEY

PLC

PLC

©ooN oA WD

[ o Y =
w NN P o

14. PLC

PC-

PC-

PLC

: PLC PC-

PLC

PLC
PLC-
(User Manual)
PLC

PLC PC-

PLC

PLC

PC-

PLC

(PPE)

S



(Information Sheet) — .

(Contents):
> (PPE)
>
» PLC - PLC
() (PPE)
Occupational Health and Safety (OHS)
PPE 1 ] 1 1

OHS (Occupational Health and Safety)-

° . RMG,

W9



PLC installation wiring

PPE
(Safe Working Practices):
(risk)
(isolation)
(tools)
PPE:
(safety policy) :
PPE ( insulated PPE) PPE
/—\\ ’ ’
=
8



, PLC

()

PLC installation wiring

(Selection of tools and equipment):

. (installation, wiring, testing)
« PLC installation-

o Screwdriver (flat & star)

o Wire stripper & cutter

o Crimping tool

o Multimeter

o Insulation tape

o Drill machine ( )

0



PVC

, DIY

VY



()

DIN

=
=
=
=
&
=

PLC

PLC

, PLC,

019



IEC 60715

DIN
AC DC DC DC
PLC

PLC

VY



PLC- LCD ,
Ethernet/USB

PLC-

Ethernet, Profibus, RS232,
RS485, Modbus

e PLC HMI, SCADA PLC-

PLC

DIN , PLC

0V



PLC /
PLC
o ( /PC)
o (PLC configuration tools)
o (RS232, Ethernet)

o HMI (Human Machine Interface)

o )

o BOM (Bill of Materials)

230
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(Self-check)- .

(Safe working practices) ?
PPE ?

PLC ?

PLC ?
PLC ?

?
(Answer Key)- .

PPE , :
CPU, Power Supply, Input/Output Module, Communication Module

PLC
(quality), , ,
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: PLC Installation-

Materials
PLC
Materials
PPE

PPE

: PLC Installation-

(Flat & Phillips)

(Side cutter)

(Job Sheet)- .

Tools Equipment

(Specification Sheet) — .

Tools Equipment

233



« PLC

. / (1/0)

« DIN

PLC Installation - Required Tools & Equipment

Required Tools Required Equipment

- W

DIN Rail Power Supply

Screwdriver Set
= Drill Machine

Cutter & Stripper

‘ Relay & Contactor

Cutter & Stripper

Fuse & Circuit Breaker Cable & Cable Tray

Wiring Connection  Cable Tray Management

Crimping Tool

Label Printer

Power Supply  PLC Unit 1/0 Module
{ {1 |
B

A

I it "[l-] "'EU
Wiring Connection XN e

Figure: Required Tools & Equipment for PLC Installation
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(Information Sheet) — .

- PLC

(Contents):
> PLC
> PLC-
» PLC
>
> (User Manual)
>
> PLC
() PLC

PLC (Programmable Logic Controller

PLC
PLC :
e PLC CPU (Central Processing Unit):
PLC- -
o Power Supply:
PLC
e Input Module:

e Output Module:

¢ Communication Module:

PLC-
PLC-
. (Push Button)
. (Selector Switch)
. (Limit Switch)
. (Proximity Sensor)

238



(Relay)
(Contactor)
(Indicator Lamp)

: Auto/Manual,
Forward/Reverse

R



(Installation Steps):

PLC
. DIN Rail :
PLC DIN Rail

. PLC

CPU, Power Supply, Input/Output Module

PLC-

(Precautions):

PPE

(Safety Measures):

23



(Quality Assurance):

() PLC-

PLC
PLC (

Sensors( ).

. ( , )

. : Proximity Sensor, Temperature Sensor
Switches ( ):

. /

. : Push Button, Limit Switch

(Connection Type):

. ON/OFF PLC-

. : Push Button — PLC Input (10.0)
« PLC :

: PLC Output (Q0.0) — Relay — Motor

(Steps of Connection):

1. PLC-

2. (NPN/PNP)
3.

4. PLC-

5, PLC-

6.  (COM)

7.

PLC-

224



Connecting Sensors and Switches to a Particular Input and Output of PLC

Connecting Sensors and Switches to a PLC

emm——0) +24\ DC
© 0V
e '"PUt Devices  Eeem M Output Devices B,
0 +24V S S

Push Button ——— c!) D . : ==8=—= 54V DC Indicator
(N.0.) — w 1 R OO BN R e : | i Light

R/W ] X 10.1 |/10.2 ||10.2 ||10.3 .
Limit Switch ﬁ' —@- 24vDC el Solenoid
§ Q0.0 QO Q0.2 QO ov ¢ /h(ﬂ Valve

00000
S
o
=)
B

O——0/
NPN Proximity . *2D
e

Sensor - 20 oL il Gl QU 24V DC bC
= : ov
+24V Motor
Photoelectric —g—
Sensor +24V -0V
Buzzer

S =
Input Devices L+EM Output Devices
Z Properly Connecting Sensors and Switches to Input and Output PLC Terminals Z
— | o
(Precautions):
[ ]
L]
L]
[ ]
[ ]
(Safety Measures):
« PPE( )

(Testing & Verification):
« PLC

W



()PLC Programming Device-

PLC : PLC Programming Device ( -
/ )- PLC-
(Communication)

Programming Device ?
Programming Device ( PC Laptop), PLC-
: / : (Troubleshooting)

(Types of Cable Connection):
« USB Cable: PLC-
« Ethernet Cable (LAN):
e Serial Cable (RS-232/RS-485). PLC-

PLC -

PLC-
RJ45 PLC, HMI
RS232

235



PLC, :

: PLC
( TIA Portal, GX Works,
WPLSoft)
(RS, S ,
PLC- USB Ethernet

/
PLC-

, PLC-
ON/OFF

SLJo)



©No gk~ wbdE

()
PLC

(Steps of Connection):
PLC Programming Device- (USB/Ethernet/Serial)
(Work Instruction)
PLC- Communication Port-
Programming Device (PC/Laptop)-

PLC ( :TIAPortal, GX Works)
Communication (IP Address, COM Port)

(Online/Test Connection)

(Precautions):

IP Address Communication

(Safety Measures):

(Testing & Verification):

PLC “Online” PLC
Upload/Download
Communication Error

Connection Checking-

PLC

(Types of Checking):
(Visual Inspection):

/ -

9



No ok

(Electrical Testing):

(Functional Testing):

. (Switch, Sensor)
. (Relay, Motor, Lamp)
e PLC
(Steps of Checking):
PLC -

RO



Checking Connection according to Required Specification

Checking Connection as per Required Specification

« Check all connections based on wiring diagrams and specification requirements:  E==© +24v DC

=0 0V
« Verify Each Wire Connection

« Measure Correct Voltage

‘/ Ensure Secure Terminations

v Confirm Safety and Compliance

-8 B-gCA-EWOE a0 BT8R0 d B EEl]
O00O0000000 00000000000

I‘IOQOI 10.1|/10.1(|10.2|10.2 ||10.3 | 003 |||

Q0.0 Q0.1 Q0.2 Q0.3

L Indicaor
|, #24V DC

100 Q01 Q0.2 QO3

> ® @ @

Buzzer

Connections Checklist [

M correct Wiring Points
M Proper Voltage Leye)
I secure Terminations

g No Loose Connections
I Wire Color Coding
gsafetycom,,- o

(Precautions):

(Safety Measures):
« PPE( , , )

(Quality Assurance):

09



()
PLC

No o wbdh e

(User Manual)

(Protective Devices)

(MéB/MCCB):
(Fuse):
(Overload Relay):
(ELCB/RCCB):

(Surge Protector):

(Steps of Setting):

PLC (Voltage, Current)

08



Setting Protective Devices according to the User Manual

Setting Protective Devices as per User Manual

« Reference the manufacturer's user manual.

« Verify correct settings parameters.

« Set circuit breakers per guide.
« Adjust overload relays accurately.

& Ensure protective fuses are in place.

CO0 Q0.1 Q0.3

10.0 Q0.2 Q0.3

// =

:'l VI
| i

“‘c’ /

(Precautions):
(Safety Measures):
« PPE( , , )

(Testing & Verification):

« PLC

O



()

PLC , ,
PLC-
PLC ?
PLC
PLC

e Siemens PLC — TIA Portal

¢ Mitsubishi PLC — GX Works

PLC- :

e Allen-Bradley PLC — RSLogix/ Studio 5000

—_ ——

TIA Portal

WPLSoft

: Siemens PLC

Ladder Diagram, Function Block
Diagram,

: PLC, HMI, SCADA

: Mitsubishi PLC-
: Ladder Logic, Structured

Text,
PLC

: Delta PLC-

X Ladder
Logic

QOY



©No gk wbdE

PLC

: Universal Serial Bus,

PLC-

uSB

~WNodbus
: PLC, ,
g@loe -
) Modbus
(Steps of Installation):
PLC
(CD/Website)
(RAM, OS)

Setup (Run as Administrator)

(Next — Install — Finish)
(USB/Ethernet)

(Precautions):

RAM

(Safety & Security Measures):

399



. (Admin Rights)

(Testing & Verification):

e PLC-

. PLC-

e Online Mode- PLC
() PLC :
PLC ( : CPU, Input/Output Module, Communication
Module )

Hardware Configuration ?
Hardware Configuration PLC ,
(Addressing, Communication)

« PLCCPU

e Power Supply

e Input Module (Digital/Analog)

o Output Module (Digital/Analog)
« Communication Module

e Network Settings

PLC CPU

b



PLC

/ ( o)
( ,
)
e PLC
5 E E |
.
' . B (
mwm = )
PLC

: Ethernet, RS-232, Profibus

0B



© oo N OAE WD

IP Address: 192.168.1.10
Subnet Mask: 255.255.255.0

Gateway: 192.168.1.1

PLC-

PLC

Network Settings

(Steps of Configuration):

Project

PLC Model
Hardware Catalog
Rack Slot-

(Precautions):
PLC Model
Address
Slot
Communication Setting

PLC ( TIA Portal / GX Works)

(Drag & Drop)

Address (1/0 Address)
Communication Parameter (IP Address, Node Address)
Configuration Save Compile
PLC- Configuration Download

Configuration Download

(Safety Measures):

PLC- Configuration Download

(Testing & Verification):
PLC Online Mode-
Detect
Input/Output Address
Communication

Hardware Status

80



© oo N s wWwdh e

[ I S
B~ o NN - O

(Self-check)- .

Typical PLC components control devices ?
?
PLC- ?
Input Output ?
PLC programming device- ?
(work instruction) ?
(connection) ?
specification ?
Protective devices ?
. user manual ?
. PLC- software tool ?
?
.PLC hardware configuration ?
. Software tool hardware configure ?
(Answer Key)- .
PLC components (CPU, power supply, /0 modules) control devices

(motor, relay, actuator ) job requirement
PLC- inputterminal- actuator load output
terminal-
PLC ,

PLC programming device- :
/

connection

85



8. Specification short circuit, signal error system failure

9. Protective devices (MCB, fuse, overload relay)

10.

11. PLC programming, monitoring troubleshooting
software tool

12. PLC- communication configuration

13. PLC hardware configuration PLC-

14. software tool configuration PLC input-output
system

283



(Job Sheet)- .

:PLC

DIN Rail
PLC CPU, Power Supply 1/0 Module

PLC input
output ( /)

continuity check
PLC

main power

(Specification Sheet)- .

:PLC

PPE:

89



. ( )

. (Combination & Long nose)

11. PLC (CPU, Power Supply, I/0 Modules)
12. (Proximity, Limit Switch )

13.

14.

15. (cable)

16.

17.DIN Rail

18.

19.

PLC Components & Control Device Installation

20

Main Power Supply

HMI Touchscreen

AC220V [sMPs m |
—_e

| Power Supply Communication Cable
AC 220V — DC 24V
- CPU Module
EE] Push Button Switches Selector Switch ~ Proximity Sensor
- Input Module [

- Output Module

Input & Output Wiring

Limit Switch

Control Relay Contactor

Seaid,

Electric Motor Signal Lights

Figure: Installation of Typical PLC Components and Control Devices
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(Information Sheet) — .

- :PLC PC-
(Contents):
>
> PLC PC-
> PLC PC-
> PLC PC-
PLC PC-
R : (PLC, : ,
) , ,
. : PLC PC :
. : PLC- : ( RS-232, RS-485,
Ethernet) PC-
. : PLC PC-

« PLC PC-

R8¢



Checking Hardware Devices in accordance with User Manual

l Checking Hardware Devices According to User Manual .

Steps to Ensure Proper Connection Between PLC and PC

COM Port

comE It [77]
CANE Ad:
COIES It

SAOE 18 13

USER MANUAL

Manual Review

Safety Check Functionality Test

@ Hardware is kept in working condition through proper testing.

()PLC PC-
PLC PC- (Address/ID/IP)
(conflict)
— IP : /
. PLC : PLC- ( IP Address, Subnet Mask,
Gateway, Station Number)
« PC : PC- (IP Address, COM Port, Baud Rate
) PLC-
. : PLC PC
. :PLC PC-

8BY



« PLC PC-

Configuring Addresses of PLC and PC as per Job Requirement

l Configuring PLC and PC Addresses as per Job Requirement I

Setting PLC and PC Addresses for Proper Communication

=
Ty IP: 192.168.1.20 =
= COM Port: COM3 PING 0K
: = DATA OK

No Duplicate Addresses

Job Analysis PLC Address Setup PC Address Setup Conflict Avoidance Address Testing

@ Ensuring Correct Address Configuration through proper testing.

() PLC PC-
PLC PC-

(Communication Protocaols):

- PLC (Programmable Logic Controller) PC (Personal
Computer)
PLC PC
USB, Ethernet,

, - Profinet, Modbus,

384



PLC PC

Communication protocols-

1. Profinet:
Profinet (Process Field Net)

Profinet
, PLC

2. USB (Universal Serial Bus):

USB
PLC PC -
USB
3. Modbus:
Modbus -
Modbus RTU
, RTU TCPI/IP

PLC

uUSB

PLC
Modbus TCP/IP

8B



Modbus
PLC SCADA

Modbus, Profibus, Ethernet/IP, RS-232, RS-485

« PLC : PLC- Baud
Rate, Data Bits, Stop Bits, Parity
« PC : PC- ( PLC
)
. : PLC PC
. : PLC PC- PC
PLC-
« PLC PC-
. (automation)

8



Establishing PLC and PC Communication using Communication Protocols

l Using Communication Protocols to Establish PLC & PC Communication .

Setting Up Protocols for Reliable Data Exchange

Baud Rate 9600
Parity- Even

No Duplicate Addresses

Protocol Selection PLC Configuration PC Address Setup Test Communication

Troubleshooting

@ Ensuring Reliable Communication Between PLC and PC Systems

()PLC PC-
PLC PC-
(Verification) -

. : PLC PC-

. : PLC PC- PC PLC-

. : ( Modbus, Ethernet/IP,

Profibus ) -

REOo



Verification of Communication between PLC & PC

. Verifying Communication Between PLC & PC .

Setting Up Protocols for Reliable Data Exchange

— Baud Rate 0600 [ COMMUNIC“TION

i ISP: 1‘52136013.10 i :a : n ? SUCCESS

== Station 12: H rity: Even s N
TEST 1/0 (V4

Connection Test PLC Configuration PC Configuration Signal Verification Final Confirmation

@ Reliable Communication Ensures Optimal System Performance.

@



©No gk~ wbdE

O NO O~ wh e

PLC PC-
PLC PC-
PLC PC-
PLC PC-
IP

Modbus

Ethernet/IP

. Baud Rate, Data Bits, Parity

(Self-check)- .

(Answer Key)- .

COM Port

N



:PLC PC-

Ethernet/IP)
PLC-
)
PC
PLC PC-
:PLC PC-
PPE:
IPC (PLC
PLC

Screwdriver
Multimeter

(Job Sheet) - .

( Modbus, Profibus,

(Baud Rate, Data Bits, Stop Bits, Parity

(Specification Sheet) - .

(Ethernet/RS-232/RS-485)

S



o (Cat5/Cat6)

[ ]
[ ]
. /
| -
l Using Communication Protocols to Establish PLC & PC Communication l

Setting Up Protocols for Reliable Data Exchange

Baud Rate 9600
Data Bits- 8
Parity- Even

No Duplicate Addresses

Protocol Selection PLC Configuration PC Address Setup Test Communication Troubleshooting

@ Ensuring Reliable Communication Between PLC and PC Systems

Figure: Establishing PLC and PC Communication using Communication
Protocols
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PLC
SICIP-LE-PLC-05-0

e



:PLC

SICIP-LE-PLC-05-O

PLC ,
, PLC
, PLC

PLC
PLC

1. | (PPE)

4. PLC-

6. (control sequence)

10.

11. PLC

12. PLC

13.PLC

14. PLC- PLC- Run Mode-
15.

16.

GV



(Information Sheet)-

(Contents):

PLC

PLC,

(Safe Work Practices):

(Risk Assessment):

(insulated)

(PPE):

(PPE)
(PPE)
PLC
PPE
(Lockout/Tagout
PPE -

e



PPE:
(safety policy) :
PPE ( insulated PPE)
PPE

, PLC

PLC

g4



()

PLC , PLC

(Software Selection):

PLC -
« PLC :
o Siemens PLC — TIA Portal
o Mitsubishi PLC — GX Works
o Delta PLC — WPLSoft
— : Siemens PLC
- Ladder
Diagram, Function Block Diagram,
I : PLC, HMI, SCADA
TIA Portal
: Mitsubishi PLC-
: Ladder Logic, Structured Text,
PLC
: Delta PLC-
: Ladder Logic
WPLSoft
o Ladder Diagram
o Simulation Debugging
o Hardware Configuration
o Communication
. (Compatibility):

PLC

N(e)



(Hardware Selection):

« PLCCPU:

CPU
e Input Module:

Output Module:

Communication Module:
PLC -

Communication Cable Programming Cable:
PLC PC

|
"'v‘l

PLC

Output Module (Digital/Analog) : (

Vo



PLC

- Ethernet, RS-232, Profibus

(Programming Cable)

1. USB Connector

Programing Cable 2. RS-232 Connector (DB9
Connector)
3. USB-t0-RS-232 Converter
Module
. (Industry/Automation requirement)
a0 - :
- (Sub-
program), (Function), (Function Block) (Data Block)-
(planning)

SN



(Sub-program)
(Main Program)

; / :
(Function - FC)

(Function Block - FB)

: , , PID
(Data Block - DB)

Motor Contro Sub-

| program
Add_Function Function
Function
Ti Block
imer_Bloc Block
DB1 Data Block

/
/ Start, Stop, Motor
A, B — Result
Time Input —

Output

Internal Data

(structure)

RO



()

PLC

(control system)

?
PLC

(Ladder Logic Symbols):

(NO —Normally Open)

(NC — Normally Closed)

(Output Coil)

(NOT)
/

(Timer)

: ON Delay, OFF Delay
(Counter)

(Comparator)
(> < =)

PLC

QLY



. (AND, OR, NOT)

« PLC
. (NO =g O )
" Contact)

(NC )
2 Contact) 95
3. /
4,
5. ouT—@)—>}not
6.
7.

ON DELAY  OFF DELAY TON/ TOF

8.

+ ( Non-lnverting Input )

|

Vi (+) S507 Sant

Vour WS

Vin(-) fersa St s (1) fAw (0)

— (Inverting Input)

+ - x =¥ W 106

10. G + +
WQHH

18



(Self-check)-

1. (Safe Work Practices) ?
2. PLC PPE ?
3. PLC ?
4. PLC ?
5. (Table Chart) ?
6. (Sub-program) (Function) ?
7. (Function Block) ?
8. (Data Block) ?
9. (Ladder Logic Symbols) ?
10. Normally Open (NO) Normally Closed (NC) ?
11. PLC ?
12. ?
(Answer Key)- .
1.
2. PPE : b
3. , PLC :
4. . , - , PLC ,
5. ;
6. = ’
7. (reusable)
8.
9. PLC
10. NO , NC
11.
12. ,

S\l



o=

(Job Sheet)-
:PLC

(Steps of Work):
(Job Requirement)

( : | ' ' )
(AND, OR, NOT)

e NO (Normally Open) Contact
e NC (Normally Closed) Contact
e Output Coil

e Timer (ON Delay, OFF Delay)
e Counter
e Comparator
e Mathematical Function
PLC (  :TIAPortal, GX Works, WPLSoft)

(Draft)
/

(Cautions):

PLC

(Specification Sheet) — .
:PLC

(PPE):

QLY



« PLC

« PLCCPU

Programming Components Ladder Logic Structure

. Q? Rung — Horizontal Line
v ¥

‘ Rail — Vertical Power Lines
PLC Power Supply ~ Input Devices (Sensors, Switches)

Ladder Logic Symbols
Input Symbols Output Symbols Other Symbols
[
—| |- Normally Open Contact (| [~ —( )~ Output Coil —(_)— | —| | Normally Open —[ 11— Examine On
|
—| |+ Normally Closed Contact (~|/ | — ; —( L) Latched Output —(IL)— | —| |~ Normally Closed — [ 1/1 ] — - Exanine Off
—|-|- positive Transition —[t]- ; —(U)— Unlatched Output —(1U)— —@- Timer Symbol — [TT]— — Timer Block
—|.|— Negative Transition —| § | — ‘ — T} Output Timer —(T)— {Tj'— Counter Symbol —[ C]— — Counter Block
==n o E—

‘ —~(C ) Output Counter —(C)—

Ladder Diagram for PLC Programming

st e | (M) F Outl
Stop —] | ————""Timer On DelayJ—[T|].—

L9



(Information Sheet) — .

- PLC

(Contents):

()

PLC (Basic Ladder
Logic Symbols) ,

1. NO (Normally Open) Contact

2. NC (Normally Closed) Contact

3. Output Caoil

L4 ( 1 '
4. Timer (ON Delay, OFF Delay)

[ ]
5. Counter

6. Special Function Blocks
¢ Mathematical functions, Comparators

PLC /

~Pwbh e

S\l



IDENTIFICATION OF BASIC LADDER LOGIC SYMBOLS AND COMPONENTS
ACCORDING TO INSTRUCTION MANUAL

Ladder diagram is a graphical programming language used in PLCs.

It uses various symbols to represent inputs, outputs and internal operations.

BA ADDER LO BO 2. COMMON COMPONENTS IN LADDER DIAGRAM
Symbol Name Description Example Left Rail Right Rail
Al » m (Power Rail) (Return Rail)
ows current flow when
0.0
_I l__ "c‘:°"Ta"ty(zge" the condition is TRUE 10.0 10.0 10:3 9 I
T oy — ()
Normally Closed Allows current flow when
—| / l— Contact (NC) the condition is FALSE 10.1 T T T
(OFF). Normally Open  Normally Closed Output Coil
3 Contact Contact
Energizes (turns ON)
Output Coil 0.0 o, e e
( ) ERUiSeol ?:nouitsp%tu\jvgen the Q Power flows from Left Rail — through contacts — to the Output Coil —
9 2 to Right Rail, when conditions are TRUE.
( S ) Set Coil ge':s or latches an output Q0.1 (S)
# O R CO O BO
i Resets or unlatches an Symbol Name Description
( R ) Reset Coil output OFF. Q0.1 (R) T
* Junction Connects lines/rungs.
Rising Edge Allows current flow only
—| 1\ l— Contact on a rising (OFF to ON) P 10.0
transition. Branch Flreates a parallel path
e in the rung.
_| \l, '_ Falling Edge Allows c_urrent flow only
Contact frr;::i:?:g (ON to OFF) N'10:0 MOV M (Rstrtiati Moves data from source
e t oveiinstruction to destination.
. n-delay timer.
TON Timer (TON s T37
k ) Delays turning ON. . Marks the end of the
|1 End Instruction program
CTU Counter (CTU) Count up counter. Cco :
———— - — = e
_\Q'_ NOTE: Actual symbols may vary slightly depending on PLC brand (Siemens, Mitsubishi, Omron, Allen-Bradley, etc.).
¥ Always refer to the specific instruction manual of the PLC being used.

()

PLC-

NO (Normally Open)

(Output Coil),

NO

(Control Sequence)

, NC (Normally Closed)

Output Coil

Ud



STEPS TO CONSTRUCT A LADDER DIAGRAM

A ladder diagram is constructed by arranging input, output and function symbols in logical sequence (left to right, top to bottom)

CONSTRUCTION OF LADDER DIAGRAM

by Arranging Symbols Logically to Represent the Desired Control Sequence

so that the PLC performs the desired control action.

Understand 9 Identify Inputs Determine Select and Place e Check Logic
the Requirement and Outputs the Logic Symbols Flow
T
— —> — A » e
=

Read and understand List all input devices Decide the sequence Choose the appropriate

Verify the continuity

the control sequence (sensors, switches) of operation and the ladder symbols and of logic and ensure
or process and output devices logical conditions place them from the desired output
requirement. (lamps, motors, (AND, OR, NOT, left (power rail) to is achieved.
solenoids). sequences, etc.). right (return rail).

EXAMPLE CONTROL SEQUENCE

ANOTHER EXAMPLE - SEQUENTIAL CONTROL

Requirement: A motor (M1) starts when START push button is pressed Requirement: Symbol
and STOP push button is not pressed. Two lamps should turn ON in sequence. I
The motor keeps running until STOP is pressed. Lamp 1 (L1) turns ON when START is pressed.
1/0 List: Lamp 2 (L2) turns ON after 5 seconds delay when L1 is ON.
e 10.0 : START Push Button (NO) 1/0 List:
+ 101 : STOP Push Button (NC) | =
i * 10.0 : START Push Button (NO)
. 0.0 : Mot tactor (M1
Q lotor Contactor (M1) + Q0.0 : Lamp1(L1) __l/}_
LOGIC ANALYSIS « Q0.1 : Lamp 2 (L2)
Motor (M1) = ON when START = ON AND STOP = OFF « TO : On-Delay Timer (5 sec) |
Motor (M1) = OFF when STOP = ON LADDER DIAGRAM
LADDER DIAGRAM 10.0 Q0.0
- Right Rail L {
Left Rail (Return) I \
(Power) 10.0 101 Q0.0 S L
I ] /] ( a0 0
START STOP M1 =8 =
(NO) (NC) (Motor) T0

When START is pressed (10.0 = ON) and STOP is not pressed (0.1 = OFF),
output Q0.0 turns ON and the motor runs.

Press START — L1 turns ON immediately.
After 5 seconds (timer TO done) — L2 turns ON

Q‘ NOTE: Always follow the instruction manual of the PLC and verify I/O addresses used in the program.

Name

Normally Open
Contact (NO)

Normally Closed
Contact (NC)

Output Coil

On-Delay Timer

Timer Done
Contact

Junction

Branch

6 Test and

Validate

Test the program in
simulation or PLC
to ensure correct

operation.

SYMBOLS USED (REFERENCE)

Description

Allows current flow
when condition is TRUE.

Allows current flow
when condition is FALSE.

Energizes an output
device.

Timer that turns ON
after preset time.

Closes when timer
is done.

Electrical connection
of lines.

Creates a parallel
path.

()

PLC

( 10.0,10.1), PLC-

(Coil)

( Q0.0,Q0.1), PLC

90



. (10.0)

Output Coil

(Q0.0)

NO

INPUT AND OUTPUT DEVICES ARE MAPPED WITHIN THE LADDER DIAGRAM

INPUT DEVICES

These addresses are then used as symbols/operands in the ladder diagram.

In PLC programming, each physical input and output device is assigned (mapped) to a specific address.

1. PHYSICAL DEVICES 2. 1/0 MAPPING (ADDRESS ASSIGNMENT)

Device Description

START Push Button
(NO)

STOP Push Button
(NC)
LIMIT Switch
(NO)

OUTPUT DEVICES

Device Description

9 GREEN Lamp

2 RED Lamp
@ | voor )

N

INPUT MAPPING OUTPUT MAPPING
Device PLC Address Symbol Used Device PLC Address Symbol Used
START Push Button (NO) 10.0 START GREEN Lamp Q0.0 GREEN
STOP Push Button (NC) 10.1 STOP RED Lamp Q0.1 RED
LIMIT Switch (NO) 10.2 LIMIT Motor (M1) Q0.2 MOTOR

3. LADDER DIAGRAM USING MAPPED ADDRESSES

Left Rail Right Rail 4. LEGEND
(Power) (Return) 10.0
10.0 10.1 Q0.2 Input
| | | ¢ \ % I_ (Address 10.0)
Y l/} e Q0.0
START STOP MOTOR - Output
10.2 Q0.0 ( ) (Address Q0.0)
|| ¢ 1
10 A .
LMt GREEN Junction
10.1 Q0.1 T
| 3 Branch
l/\l N
STOP RED
| ADE EXAMPLE (Si

5. HOW IT WORKS (EXAMPLE)

* When START (10.0) is pressed and STOP (10.1) is not pressed, the MOTOR (QO.2) turns ON.
e When LIMIT (10.2) is activated, GREEN Lamp (Q0.0) turns ON.
* When STOP (10.1) is pressed, RED Lamp (Q0.1) turns ON.

NOTE:
Always refer to the PLC instruction manual
for valid I/O address ranges and wiring

before programming.

Inputs  :10.0 -10.7
Outputs : Q0.0 - Q0.7

(Addressing may vary by PLC brand)

[ '@ KEY POINT: Mapping correctly ensures the PLC program communicates with the actual field devices as intended.

()
PLC

« PLC

(

(Logical Consistency)

(NO, NC, Coil, Timer, Counter)

Siemens TIA Portal

Mitsubishi GX Works)

295



CONSISTENCY AND OBSERVING

After constructing the ladder diagram and mapping 1/0, always check the logic for consistency and observe the operation using simulation
to ensure the program works as intended before downloading to the PLC.

1. LOGICAL CONSISTENCY CHECKLIST LADDER DIAGRAM TO BE CHECKED (EXAMPLE) 1/0 MAPPING

M Correct /0 Addressing | Left Rail Right Rail | INPUTS
Verify that all input and output addresses (Power) (Return) = —
used in the program are correct. 10.0 10.1 Q0.0 Address Device Description
@ P Useict Synibols. || | ( 10.0 START Push Button (NO) Start d
roper Use of Symbols 190 I 3 3 ush Button art comman
Ensure contacts (NO/NC) and coils are used START sToP MOTOR o8 STOP Push Button (NC) Frem—
according to the required control logic. (NO) (NC)
z B - 10.2 LIMIT Switch (NO) Limit reached
M Logical Sequence Qo0
Check that the sequence of contacts and | L
branches represents the desired operation. LI OUTPUTS
[ N Floating Connections To Qo1 Address Device Description
Ensure there are no open branches or | L { Q0.0 MOTOR Contactor Motor ON
unconnected lines. = 1 Dl ; \
- imer Done] LAMP
[ Coil Conditions Q04 ol Lampon
Ensure output coils are driven by valid and 102
complete logic conditions. | 1 TON INTERNAL
Timer/Counter Settings LIIMI‘T T0 Address Device Description
Check timer/counter presets and ranges 5s
are appropriate. (NO) TO TON Timer (5 s) 5 second delay timer
M Comments and Documentation
Add comments to explain logic for

easy understanding and future reference. {

3. SIMULATION SETUP N 4. OBSERVING THROUGH SIMULATION (EXAMPLE) 5. VERIFY RESULTS
X

Simulation Controls

(1) Open the PLC software and Test Scenario: (1) Observe that the outputs (coils)
create a new simulation. » [ [ ] Pross.START (10.0), STOP (J0.1) not pressed. turn ON/OFF as expected.
After 5 seconds, LIMIT (10.2) becomes ON. @ veriy )
(2) Download/compile the program Run | Pause || Stop ( = \ T I ST —— Verify timer counts and timer
~in simulation mode. Thme 0.8 Time =28 ime >0 8 done (TO) status.
(After START pressed) (Timer Done) (LIMIT activated) |
Set monitor to observe contacts | [LForcing//Switches 00 101 Qoo 100 01 Qoo 100 01 Qoo @ Check all branches and seal-in

and coils. — OFFm ‘ |__,| },_.( )_ -> | }__M__( )__ - | H ( )“. paths operate correctly.

(4) Use the force or switch tools (@) If the behavior is not as expected,

= > | To Qo1 T0 Qo1 10.2 T Qo1 review the logic and correct it.
to change input conditions. 104 STOP OFF m | i
[ 0s/5s > 5s/5s r r
TIP: 10.2 LIMIT OFF m When the simulation operates ‘
"~ Simulation allows you to test the MOTOR (Q0.0) = ON MOTOR (Q0.0) = ON MOTOR (Q0.0) = ON as expected, the ladder diagram |
program safely without hardware. LAMP (Q0.1) = OFF LAMP (Q0.1) = ON LAMP (Q0.1) = ON is logically consistent. ‘

NOTE: Always use simulation to test all possible conditions (start/stop, limit, faults, power cycle, etc.) before downloading to the actual PLC.

()

. ; ( NO/NC )

RAR



MAKING MODIFICATIONS AND CORRECTIONS TO THE LADDER DIAGRAM BASED ON TE

After testing/simulation, if the program does not behave as expected, analyze the results, identify the cause,
make the necessary changes to the ladder diagram, and retest until the desired operation is achieved.

G RESU

«» 1. REVIEW RESULTS 2. IDENTIFY CAUSE 3. PLAN CORRECTION 4. MODIFY LADDER DIAGRAM 5. RETEST / SIMULATE 6. VERIFY AND REPEAT

8 =

g =

g - - = - -+ >

(=} 5

E 5 . : C tual beh: i i

E Review test/simulation ‘;;:‘p:;z:;:: bef\ai\i,;r Decide what change is Edit the ladder diagram Run the program again If the operation is correct,

o results and note > g needed (add, remove, in simulation or test document and download.
. and identify the cause and save the changes. 5

é the actual behavior move or replace symbols, mode. If not, repeat the process.

(logic, addressing,

or error. i
or symbol issue).

change address, etc.).

AFTER CORRECTION (UPDATED LADDER DIAGRAM) TEST RESULT & CORRECTION

BEFORE CORRECTION (TEST RESUL EXAMP
Observed Problem: Correction Made: | Commonlssues Found | Typical Corrections
When START (10.0) is pressed, MOTOR (Q0.0) turns ON Added a seal-in (latching) contact of Q0.0 in parallel with START = S o

Check input conditions, addressing,

CollngttmingiON and contact types (NO/NC).

but does not stay ON after START is released. to keep the coil energized after START is released.

Cause Identified: N |

| Missing seal-in (latching) path. The circuit does not hold Updated Ladder Diagram (Corrected) Coil not turning OFF Check STOP/RESET logic,
the contactor ON. R 4 i B latching patEor timers.
igi i I:0 1 00 Output working only whil
‘ Or:glnal Ladder Diagram (Incorrect) " } 2 IL/II ( in:u‘;l:s v’;rroerssleg only while Add seal-in (latching) contact.
10.0 101 Q0.0 START sTOP MOTOR !
I i { (NO) (NC) Verify logic sequence,
START STOP MOTOR Q0.0 Unexpected output ON remove extra branches,
(NO) (NC) check for always-true paths.

Verify preset value, timer/counter

Timer/Counter not working

| Test Result (Simulation) | address, and enable conditions.

}; Test Result (Simulation)

Action ~ Output Q0.0 (MOTOR) : |
Press START (10.0) OoN Aetion [ e 00 (MOTOR | [——r—— Checkil/O mapping /taddressing
2 ! Press START (10.0) ON \ 9 P | and symbol assignment.
Release START (10.0) | OFF X (Not as expected) Release START (10.0) ON « (As expected) |
| Press STOP (i0.1) OFF J Press STOP (10.1) = OFF |
CHANGE LOG (Example) BEST PRACTICES FINAL VERIFICATION
Change No. | Description of Change Reason Date | By +. Chianga one iteim ata i and Fatest, 0 After corrections and successful testing:
1 Added seal-in contact (Q0.0) Motor was not holding ON | 20-05-2024 | TechA * Keep logic simple and easy to follow. [ Program behaves as expected.
T . « Use comments to explain changes. [ All outputs operate correctly.
£ SANGSIRTOR coniack Yo NG WO M| 2T OF wasiviced NG Ju20-0%20eR | Tech o Verify 1/O mapping after any hardware change. [ No logic errors or warnings in software.
3 Corrected output address to Q0.0 | Wrong address used (Q0.1) | 20-05-2024 | TechA o Always test all operating conditions. [ Document changes and download to PLC.

NOTE: Always follow the PLC instruction manual and company standards.

Save all versions of the program before and after making changes. FLow: jlest Analyze Modity Retest Yeufy
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(Cautions):
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AutoCAD, PLC

Ladder Diagram is Constructed by Arranging Symbols Logically
to Represent the Desired Control Sequence

Inputs & Conditions

—{|-10.0)

—|/-10.1)

Start
Stop

Logic Operations

AND  —|—|}—
OR ——I—
Outputs

Motor (Q0.0)—(())
Indicator (Q0.1)- (())

Arrange
Symbols
Loglcally

>

L1

Start—||-0 Stop—lo 1
II

AND Logic
Condition A |0.2 ConditionB 10.3

(Q0 )

11 | | || Al
11 11 11 17

OR Logic
ConditionC 0.4

{Q0.0)—

1=l

{Q0.1)—

Desired Control Sequence

QY
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PLC
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GX Works
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O
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o PLC ( Siemens, Mitsubishi)
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o PLC (TIA Portal, GX Works )

o PLC CPU-
4, :
@)
. PLC-
. PLC ,
PLC-
()PLC :
PLC (Compile)
(Diagnosis) :
1. :
o PLC ( Siemens TIA Portal, Mitsubishi GX Works)
2. :
o Compile
3. :
o (Errors),
(Warnings), (Messages)
@) y 1
4,
@)
@)
. PLC-
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. Q0.1 Q0.0 ,

() PLC- PLC- Run Mode-
PLC : PLC (Transfer)
PLC- Run Mode-

o PLC- (USB, Ethernet Serial)

o PLC CPU
2. :
o PLC-
o “Download to PLC” “Transfer to PLC”
3. :
o PLC-
o
Run Mode-
e PLC- : STOP Mode, RUN Mode, Program Mode
. PLC- RUN Mode-

« RUN Mode- PLC

o RUN Mode- PLC
RUN Mode PLC

. / PLC-
PLC RUN Mode-

(Bangla + English) :
RUN Mode
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()
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(Optimization)

CPU

WD



PLC

W



©No gk wbdE

PLC
PLC-

. Run Mode-

(Self-check)- .

Run Mode-

(Answer Key)- .

(Control Sequence)

(Errors), (Warnings),

PLC

(Messages)

CPU-

b



(Job Sheet)- .

PLC- PLC- Run Mode-
(Steps of Work):
PLC- (USB/Ethernet/Serial)
PLC (TIA Portal / GX Works)

“Download to PLC” “Transfer to PLC”

PLC RUN Mode-

(Cautions)

RUN Mode-

(Specification Sheet)- .

PLC- PLC- Run Mode-
PPE:
/
/
PLC
(USB/Ethernet/Serial)
PLC (TIA Portal / GX Works)

PLC CPU-
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« PLC

R st T A i S

o Connect PC to PLC (USB/Ethernet/Serial) B Ca—r 1 : @ Do not transfer wrong program.
© Open PLC Software (TIA Portal / GX Works) | © Check connectionsbefore RUN Mode.
9 Open the Project File € Be careful of electrical hazards.

o Click “Download to PLC” Do not dasconnect cable dunng transfer.

6 Verify Program Transfer
@ Set PLC to RUN Mode

o Test Input & Output Devices Download ﬂ =
to PLC ; ) i) A —
~. Y 00000

System Running

D Required Materials S Y

Insulated Gloves Safety Goggles Insulated Boots

& &

| @ Protective Overall @ Protective Overall

@ Input Devices 1 ® Output Devnces

ﬁ Power Supply

® Laptop / PC @ PLC Unit @ Programming Cable

b
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(Information Sheet) —

- (HMI)
(Contents):

> (HMI)-

> HMI

> HMI ,

>

>

> .

() (HMI)-

Human Machine Interface (HMI)

(Operator) (Machine/PLC System)
HMI Panel

HMI Concept( )

HMI

. ON/OFF
HMI Functions ( )
HMI

1.Process Monitoring

2.Process Control
HMI /
3.Alarm Display
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4 Data Visualization

5. Communication with PLC
HMI PLC PLC

System Requirements

HMI
. HMI
« PLC communication protocol (Modbus, Ethernet,
RS485 )
. screen page
() HMI
HMI Communication Protocol (Establish)
(Configure)
,HMI Panel PLC, Controller Industrial Device

, Communication Protocol

Communication Protocol ?

Communication Protocol HMI PLC
- (Data Communication)
HMI PLC HMI PLC

HMI Communication Protocol -

1.1 Modbus
Modbus Industrial Communication Protocol PLC, HMI,
Sensor Automation Device -
Modbus
. communication system
« Master-Slave architecture
« PLC HMI data exchange
« Serial Ethernet network
1.1.1 RS232
RS232 Serial Communication Standard

« Point to Point communication
. 15

o



« PLC HMI configuration programming

Computer (&) PLC

Computer (&) HMI

1.1.2 RS485

RS485 Industrial Serial Communication Standard

Multi-device communication

. 1200

Noise resistant (industrial environment )
Modbus RTU communication

PLC (¢ HMI () VFD (®) Sensor

1.2 Profibus

Profibus Industrial Fieldbus Communication Protocol
automation system PLC, sensor actuator

« High speed communication
o Industrial automation network
o Siemens PLC system

PLC (#) Remote I/O (&) Sensor

1.3 TCP/IP /| Ethernet

TCP/IP Ethernet network communication protocol Industrial
Ethernet PLC, HMI computer

« High speed data transfer

« Network communication system
« Ethernetcable

« Large automation system

PLC (@) HMI (@) SCADA (@) Computer

SEN



1.4 Profinet
Profinet Industrial Ethernet Communication Protocol
automation system

. communication
« Real-time data transfer
« Siemens automation system

PLC (®) HMI (&) Drive [®) Remote 1/0

Configure Human Machine Interface (HMI) Panel Integration

Configure Human Machine Interface (HMI) Panel Integration
Different HMI Communication Protocols are Established and Configured

Modt;us j [ Profibus ]

RS232 RS485 o GEETES

SsaG AR Communication Protocol Setup er%gm’ﬁa

%MOdbus @Profibus QEthernet .gggggﬂ

() HMI :
HMI Screen : Soft Button
: HMI Panel Display
Screen Soft Button (Touch Button)

HMI Screen ?
HMI Screen HMI interface page
(data)

e Main Screen
« Control Screen

SN
/ -



e« Alarm Screen
« Data Monitoring Screen

HMI Screen
HMI software (  : DOPSoft, WinCC, FactoryTalk )

Screen
o Text Display
e Indicator Light
e« Numeric Display
e Graph/Trend
« Soft Button

Soft Button ?
Soft Button HMI Touch Button

Soft Button
« Motor Start/ Stop
« Conveyor ON/OFF
e Cylinder Extend / Retract
e Alarm Reset

Soft Button HMI PLC command signal
()
HMI
, HMI Line, Ellipse, Circle, Rectangle, Text Field, Graphic
View, Trend View : PLC

Basic Objects Elements ?
Basic Objects HMI
machine process visualization
(Line)

| (Ellipse) |

(Circle)
: ; LED
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(Rectangle)

(Text Field)

(Graphic View)

| (Trend V,iew),
: ( co )

Elements
. 1/O field ( / )

) ,
. Symbolic 1/0O field

1/0
"Manual", "Auto",

(Value) PLC-

. Graphic /O field

. Date/Time field

. Bar( )

. Switch( )
(Toggle)

. Button( )

"Reset"

"Stop"

Ionl

Ioffl

"Start”
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1/0 Field RPM

Bar

Switch (On/Off)

Button

Configure Human Machine Interface (HMI) = a X
EE Save ‘.] Undo @ Redo {} LA~ R4 ? Simulate
9 Buttons
@ Push Button HMI Design
Toggle Switch :
() Pilot Light
P Meters & Gauges
Pressure
Analog Gauge
é Level Control ALARM!
Q Digital Display
—— i — 100
% Sliders & Bars 2 20
@ Analog Gage lTemperature Trend
O Digital Display 2
9 Input Fields 2 i
- :
| &8
(Import) Human Machine
Interface (HMI) - (Integrate) , , ,
HMI

()

HMI (Human Machine Interface)

( : bl
data tags

, RPM

analogue
analogue
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1. Analogue Data Tag

o HMI tag configuration tag

o tag analogue

: temperature sensor — Temp_Tag, pressure sensor —
Pressure_Tag

2. Properties
Data Type: Real, Integer, Float
o Address/Channel: PLC controller

o

o Scaling: Raw signal (0-10V 4-20mA)
o Alarms/Thresholds: alert

3. Real-time Monitoring
o Analogue tag HMI
o Gauge, Trend, Bar, Numeric Display -

o historical trend

Confiquring Analogue Data Tags to Enable Real-time Monitoring

| tastaDe femewerc
Configure Analogue Data Tags

System Setup Analogue Data Tag Configuration Real-Time Monitoring -

Tag Name: \ Tank Level Enable Real-Time Monitoring

Alarms Configuration

1 Analogue Data Tags Data Source: ‘ PLC1 - Level Sensor Current Value:  5.23 m

Discrete Data Tags Engineering Unit: | Meters (m) ‘ Update Interval: = 1 Seconds |s

User Accounts Scale Range: . 0.00 i Trend Display

High Alarm Setpoint: Show Trend Graph

Low Alarm Setpoint: 7 Alert Notifications

Enable Alarm Alerts ‘ .
Warning High Limit:

Warning Low Limit:

WY
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HMI
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Figure: Configuring HMI Panel Integration
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(Verification)
Validation :

() HMI
(Identifying Control Parameters)
HMI ,

(Analog Parameters)

(Numeric)
(Trend)
. (Temperature):
. (Pressure):
. (Level):
. (Flow Rate):
(Discrete Parameters)
" "(ON/OFF)
. : (Running) (Stopped)?
. : (Open) (Close)?
. : ?

(Integration in Design)-
HMI-
(Set Point - SP)
( °C ),
Input Box
(Process Value - PV)

Display Box Gauge-

(Limits and Ranges)
(High) (Low)
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HMI

Input Control

Start/Stop, Reset

Push Buttons

Status Monitoring

Power On, Fault

Pilot Lights/ Icons

Measured Value

RPM, Voltage, Current

Digital Readouts / Bars

Historical Data

Trend Graphs

(Red)

50
1000

2nd week of this month
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()

(Designing & Configuring Elements)

HMI ;
(Control Elements)

« Buttons( ) ‘Start', 'Stop', 'Emergency Reset'
« Switches( ): ‘Auto/Manual’
o Input Fields ( ): ( )

(Monitoring Elements)

« Bar Graphs & Gauges ( ):

« Status Indicators ( ): (Running),
(Fault)

« Trend Displays: ( )

(Appropriate Design Standards)-
"Appropriate"
« Visual Feedback ( ) :

« Consistency ( ):
'Stop'

« Ergonomics ( ):

« Security & Access: -'Configuration’ 'Delete’

(Steps to Configure)-

. Tag Mapping ( ): HMI- PLC-
(Memory Bit) . Range Scaling: (
) . Event Triggering:
( - )
() HMI-
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(Integration Process)-
HMI ; (Detection),
(Alerting), (Logging)
(Types of Alarms)

« Discrete Alarms: (  :'Motor
Tripped’ 'Emergency Stop Pressed))
« Analog Alarms: ;
o High-High (HH): ( )
o High (H):
o Low/(L)/Low-Low (LL):
(Alarm Display Design)

« Alarm Banner:
« Alarm Summary Page: (Active)

« Color Coding:
o (Red):
o (Yellow):
o I (Blue/White):
(Configuration Steps)

« Trigger Tag: ( :Temperature_Value)
« Alarm Message: (  :"Boiler
Pressure High!")

« Acknowledgment (Ack):

« History/Logging:
(Notification System)

« System Messages: "Batch Cycle Completed” "User Logged

In"
« Audible Alerts: (Buzzer)
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(Contents):
PLC HMI
PLC HMI

PLC HMI
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()PLC HMI
PLC (Programmable Logic Controller) HMI
(Human-Machine Interface)-

PLC HMI-
(Physical Connection)
PLC HMI-

« Ethernet (RJ45): -
« Serial Communication: RS-232 RS-485

« USB: USB
(Communication Protocols)
PLC HMI

« Modbus (TCP/IP or RTU):

o Profinet/Profibus: Siemens PLC-
o EtherNet/IP: Rockwell Automation Allen-Bradley

(The Interfacing Steps)

(IP Configuration)
, PLC HMI
IP Address ;
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« PLCIP:192.168.0.1
« HMIIP:192.168.0.2
: (Driver Selection)
HMI (  :TIAPortal, EasyBuilder, FactoryTalk) PLC
Communication Driver

(Tag Mapping)

PLC- ( :%MO.0 Register 40001)
HMI- Tag-

. X PLC- , HMI-

(Process Visualization)

HMI

« Real-time Monitoring:
« Control: HMI PLC-
o Alarms:

« Data Logging:

()PLC  HMI
PLC  HMI- - -
PLC  HMI-

(Configuration)

« IP Address Subnet Mask: ,

PLC HMI
« Baud Rate Parity: (RS-232/485)
« Station Address: (Unique)

: (Tag Configuration)
HMI PLC- : Tags

« Read/Write Access: (Read Only)
(Read/Write)
- Data Types: - (  :Boolean, Integer,
Real/Float)

(Verification for Accuracy)

« Value Matching: PLC- ( Hz), HMI
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()

Bit Testing: HMI PLC- (High)
Scaling Verification: ( - °Q)
(Verification for Reliability)

Communication Cycle Time:

Error Handling: : HMI
"Communication Error" "Disconnected" ,
Noise Immunity: (EMI)

(Communication Settings)
PLC HMI-
(Protocol Selection):
(  :Profinet, Modbus TCP, Ethernet/IP)
(IP Addressing): PLC HMI-

o PLCIP:192.168.1.10
o HMIIP:192.168.1.11
o Subnet Mask: 255.255.255.0
(Baud Rate & Stop Bits): (RS-232/485)
: ( :9600 bps 19200 bps)

(Scan Time/Update Rate): -
( - )

(Inspection of Connections)
(Confirm)
(Cable Type): -
Cat6 Shielded Twisted Pair
(Physical Connectivity):
o (RJ45 DB9)
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(EMI Shielding):

(Continuity Test):
(Confirmation of Operation)
(Ping Test):

(LED Status Indication): PLC HMI-

LED( :Link/Actlight) (Blink)
. "Node Search"
(Verification Checklist)
Settings IP Address, Subnet Mask, Gateway
Wiring Tightness of connectors, Shielding
Network |Network Switch/Hub power
Safety Proper Grounding/Earthing
()PLC HMI
PLC HMI-
Troubleshooting Perform Process
Visualization (HMI)
(Identifying the Issues)
HMI "Comm. Error", "PLC No Response”,

"Disconnected"

« LED

: PLC HMI-

LNK/ACT) ,

LED (
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Error Code :HMI

(  :Error 0x01)

(Troubleshooting Procedures)
(Physical Layer Check)

PLC HMI
Ping Test: PLC HMI- IP Address- 'Ping'
IP Address IP (
192.168.0.x)
: HMI- (  :Modbus
Profinet) , PLC-
(Tag Verification)
: HMI- PLC
:PLC- 'Integer’ HMI- 'Real ,

(Resolving the Issues)

/ ; PLC

(Quick Checklist)

HMI

(Compatibility) :

IP Address
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(Station ID)

LED
()
PLC HMI-
(Monitor) (Delay) -
Perform Process Visualization (HMI)
(Interface Performance Monitoring)
PLC HMI-
. (Cycle Time): PLC HMI-
( ),
. (Update Rate): ( )
(Methods and Tools)
(Software Diagnostics)
HMI (  :Siemens TIA Portal Mitsubishi GT
Designer) - PLC-
"Healthy"
(Heartbeat Signal)
PLC- (Bit) -

HMI- HMI :

. (Network Traffic): :

. (Number of Tags): :
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LED Status

9




(Self-check) — .

:PLC HMI- ?
) ?
:HMI- 'Tag Configuration' ?
(Accuracy) ?
?
(RS-485) '‘Baud Rate' ?
'Shielded Cable' ?
; ?
- HMI "PLC No Response” ?
:'Ping’ ?
:'Heartbeat Signal' ?
- ?
(Answer Key) — .
:PLC HMI- ?
:PLC HMI- Modbus (TCP/IP
RTU) Profinet
?
PLC HMI
:HMI- 'Tag Configuration' ?
: PLC- ( :%MO0.0)
HMI-
; (Accuracy) ?
: PLC- HMI
: ?
IP Address Subnet Mask
; (RS-485) '‘Baud Rate' ?
: Baud Rate Baud Rate( :9600 bps)

OO



'Shielded Cable'
(EMI)

(RJ45 DB9)

:HMI "PLC No Response"
LED

:'Ping' ?
PLC HMI
Ping

:'Heartbeat Signal’ ?
PLC
‘Live'

(Delay)

HMI-

IP

OIS



2.

YV V V VY

(Job Sheet)— .

PLC HMI-
PLC HMI-
IP Address ; PLC HMI
( )
' HM PLC
( :Modbus TCP Profinet)
(Tag Creation): PLC- /
HMI-
; HMI PLC-
(Verification): HMI
(Precautions)
(24Vv DC)
)
(Duplicate IP)
(Specification Sheet) —
PLC HMI-
(Safety Shoes)

(Insulated Gloves)
(Anti-static Wrist Band)
(Work Uniform)

PLC: ( : Siemens S7-1200, Mitsubishi, Delta)

HMI Unit: (

. KTP700, DOP-107,

)

(

PLC-

1 %MO.0)

o0



Programming PC/Laptop:
Communication Cables: Ethernet (Cat6) Serial (RS-232/485)
Screw Driver Set:

YV V V VYV

Multimeter:
Network Switch: ( )
» RJ45
> (Cable Ties)
> (Ferrules)
> (24v DC)
/

| -
192.168.1.87 192.168.1.111
Modbus TCP/IP

Master Slave I

h Master

Modbus RTU (RS-485)

Slave ID: 0

Comm speed: 9,600 bps Node Address: 1

Comm speed: 9,600 bps

Parity: None

Parity: none

Data Bit: 8 bit
Stop Bit: 1 bit

Figure: Establishing an Interface & Communication between PLC and HMI

0D



(Information Sheet) —

- HMI-

(Contents):
> -
>
> - HMI , :
>

() -
Perform Process Visualization (HMI)-
(Process Flow) (Operational
Parameters)
(Process Flow Analysis)
HMI

« Logic Sequence: (  :Filling->

Capping -> Labeling)
« Dynamic Graphics: HMI-
« Layout Mapping: HMI

(Valves, Pumps, Tanks)

(Operational Parameters)
« Analog Values: (Temperature), (Pressure), (Level)
(Speed) HMI- (Trend)
« Digital Status: (ON) (OFF)
'ON' 'OFF
« Set Points (SP): HMI ( °C
)

« Process Variable (PV): ( °C

)

©33



HMI ,
(Alarms & Events)
( )y,  HMI

- (Real-time Trending)

: (Data Scaling)
PLC- ( :0-27648) (  :0-100°C)

HMI-
L. ? ( )
2. (Threshold) ?( )

2 ( )
Haman Machine Imertace —

coed mgn e

o
Deta Acquisition Secver ’ E
———

NOCest iy
O atow BCTROrN

«8l l L
PLC/Controlier
()
Visualize the Process
(Graphical Elements) (Indicators)
(Selection)
( , c)
. (Analog Gauges):
. (Bar Graphs): (Level)

OO



. (Numeric Display): (Exact Value)
, ( : . °C)
. (Status Indicators/Pilot Lights): o

(Configuration for Accuracy)

: PLC-
(Scaling)
PLC ' (Raw Data) -

( ) :

HMI-
(Color Coding)
( ISA)

. (Green):
. (Red): (Alarm)
. (Yellow): (Warning)

(Limit Settings)
'High Limit' '‘Low Limit'

(Representation)

. (Symbol Library): :
. (Animation):
(Moving lines)
. (Units): (  :Bar,PSI, °C, RPM)

(Checklist for Visualization)-

Gauge Range (0-Max) Units

Bar Graph Fill color Scaling

Numeric Decimal points ( )
Icon/Symbol Dynamic color change (On/Off)

08



()

PLC

- HMI , ,
Visualize the Process

(Real-time Data Display)

HMI (Real-time)
. (Charts): (Pie Chart)
(Bar Chart)
. (Gauges): :
. (Trend Graphs): (
)
(Interactive Components & Alarms)
HMI- :
(Interactive Components)
. (Push Buttons): (Start) (Stop)
. (Switches): (  :Manual Auto )
. (Numeric Input): (Setpoint) : ;
(Alarms)
® (Log),
(Control & Monitoring)
1. : ( )
2 : HMI (
)
(Key Points)
2
Gauges/Charts - :
Trend Graphs

O



Interactive _
r tpoin
Components Start/Stop  , Setpoint
High Pressure Alert, Emergenc
Alarms 9 gency

Stop Log

()

Visualize the Process
HMI (Testing) (Validation)

(Testing for Accuracy)

PLC- , HMI
. (vValue Matching): PLC- (
) HMI-
. (Scaling Verification): - mMA
. HMI ( - %)
. (Status Check): Lo HMI- ' ' 'ON'
b HMI- " ' 'OFF
(Testing for Responsiveness)
HMI
. (Command Latency): HMI 'START'
PLC-
. (Refresh Rate):
. (Touch Response):
(Validation Steps)

. (Alarm Validation): (Fault)

HMI (Beep)
. (Limit Testing): ( ) HMI-
. (User Navigation): (  :Home

Settings)

oY
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(Self-check) —

(Process Flow) ?
(Operational Parameters) ?
(Liquid Level) ?
(Color Coding) ?
(Trend Graph) ?
(Gauge) ?
: HMI- 'Interactive Component' ?
; ?
- HMI (Responsiveness) ?
- HMI (Validation) ?
(Answer Key) —
(Process Flow) ?
: ( :Filling, Capping) ,
HMI
(Operational Parameters) ?
: : (Temperature), (Pressure)
(Speed), HMI-
(Liquid Level) ?
(Bar Graph) :
(Color Coding) ?
(Normal) " "(Alarm)
(Trend Graph) ?
( ) ,
(Gauge) ?
( : . °C)
:HMI- 'Interactive Component' ?

. Start/Stop Setpoint

oW



- HMI (Responsiveness) ?
- HMI PLC- :
: HMI (Validation) ?
PLC- HMI- %

oW



(Job Sheet) — .

HMI (Process Visualization)

; (Process Flow) (

Temperature, Pressure)
HMI-
: PLC- HMI- IP Address

. PLC- HMI- ( :Gauge

Numeric Display)
/
HMI-
HMI-

Color Coding: ( = , = I )

User Friendly:
Touch Sensitivity: ,
Backup:
(Specification Sheet) —

HMI (Process Visualization)

(Safety Shoes)
- (Anti-static Wrist Band) -
- (Lint-free Cloth) -

HMI Touch Panel: (  : Siemens Comfort Panel, Delta DOP, Weintek)
PLC Unit:

VYo



>

Workstation/Laptop: HMI
GT Designer)

(

Communication Cable: Ethernet (Cat6) USB

Stylus Pen:

( )

(Icons, Symbols)

- TIA Portal, EBPro,

HMI SCREENT PROCESS VISUALIZATION CREATION AND CONFIGURATION

HMI
(Display Screen)

(Visualize the process in HMI)

FIELD DEVICES

(INPUT) PLC

(Controller)

Temperature
Sensor

PLC PROCESSING
+ Reads Input Signals
Stop Push « Executes Program Logic
* Sends Data to HMI
+ Sends Commands to Actuators

Button

P
@ Start Push
®

Button |
|

Input Signals

L | e i

Output Commands
from PLC

ACTUATORS

=3P Input Signal Flow

(
I
i
=P Output Command Flow }
<—>» Data Communication I
|
|
|

=== Operator Command Flow

COMMUNICATION LINK
(e.g., Modbus TCP/IP,

Ethernet)

Operator Commands
from HMI to PLC

PROCESS OVERVIEW

Tank Level

75% Motor Status Temperature

RUNNING

. T

Alarms Control

@ HIGH LEVEL STOP

65.4°C

HMI VISUALIZATION & CONTROL

Displays Process Information

Shows Real-time Values and Status

« Displays Alarms
« Provides Control Buttons

Sends Operator Commands to PLC

+ Real-time monitoring of the process

+ Easy operator control

+ Improved process visibility and control
+ Quick response to alarms and events

Figure: Creating and Configuring Process Visualization on HMI Screen

00



(PLC)

SICIP-LE-PLC-07-O

OO



(PLC)

SICIP-LE-PLC-07-O

(PLC)
, (PLC) ,

(Testing) (Running)

. (PLC)

. (Testing)
(Running)

(Components)

4, (Safety features)
5. PLC
6. PLC

PLC (Wiring)
8. PLC

=~

9. PLC (Valve sequencing)
10. (Pressure) ‘- '(Two-step)

11. ' - '(Three-step)

VOO



12.
13.
14.

15.
16.
17.

18.
19.

PLC

(Advanced pressure control)

(Test)

(Diagnose)

(Documented)

008



(Information Sheet) — .

(Contents):

(Components)

YV V VYV

()

Basic Hydraulic System Main Compenents of Hydraulic System

Resurvor Actustor
Q Low Pressure Choult

. High Preasure Cireult Contel Valve

—
Cormge esscr i z
Filer pcever
Olrectionsl Control Coolee SoPIFator

j Pressure Line __
Futurn Line Aml
T — £
Piston Fod e D"W:' q;":::‘l;:‘: adakcn Pt umgmczud 105di ectory.com
|| [|
| 1
el A
R 0PN SR
vi v2
SHP-SANS
300 bar ‘_Lso bar
(Pneumatic) (Hydraulic)

(Pneumatic System)
(Compressed Air)

VOC



()

(Hydraulic System)

(Components)

(Power Source / Generation Stage)

( )

P * (Air Compressor):
D * (Hydraulic Pump):
o (Reservoir):

(Preparation Stage)

(FRL Unit):
Filter ( ):
Regulator ( ):
o Lubricator ( ):

@)

O

(Control Stage)

Directional Control Valve (DCV):
3/2,4/2,5/2 )
Pressure Control Valve:

VoY



Flow Control Valve:

(Execution Stage)

. (Linear Actuator): (Cylinder) -
. (Rotary Actuator): (Motor)
(Transmission & Accessories)
. (Pipes & Hoses):
. (Fittings):
( )
FRL
(Valves)
ALITAIR

« Directional Control Valves:
« Pressure Relief VValves:

009



(Actuators)

Electric Actuator

V‘ '\) A‘:cmator
\@)

Ball screw

™~ Motor

IQSdirectory.com

( )

(Pumps)

Hydraulic Piston Pump

Valve plate

Shaft Swash plate Cylinder block
IQSdirectory.com

(Flow)

OOb



(Cylinders)

Hydraulic cylinders
Design

Branch pipe

Cylinder tube
Rod bearing band

Piston bearing band

Piston scal

Washer

(Filters)

VOB



(Accumulators)

Charging
Valve

Poppet
Spring

Hydraulic
Port

Gas []Fluid

HONGDA
ACCUMULATOR

()

: (Operating
Principles) ;
(Pneumatic Operating Principles)

. (Air Compressor):
. (Directional Control Valve):
. (Cylinder): :

(Extension)

(Retraction)

w80



(Hydraulic Operating Principles)
(Pascal's Law) ,

(Hydraulic Pump): :
(Flow) ,

Lift / Weight

Motor (@1.-Hold @2.- Extend @ 3.- Retract

Pressure
regulator

Directional
control valve

Double acting
cylinder

{—»Hydraulic fluid supply —>-Hydraulic pressure <€—Return quid]

Reservoir

BASIC HYDRAULIC SYSTEM
Shutterstock

(Incompressible),

Pascal’'s Law
Example
CHydravulic Car Lift)

Pressure

The Pressure at any peoint in a closed fluid system is equal in all directions

A force of 300N is applied to the manual compressor in a hydraulic car lift where
the cross-sectional area is 1.5m?>, the cross-sectional area in the car lifting area is 12m?=,
Find the force produced in the car lift area?
1st we find the pressure (p):
F 300

B AT s, e O PR
2nd from pascal’s law:
P
p=—A—1'
So

F.=pA., =200 X 12 = 2400N

08



()

(Accumulator):

(High Pressure) :

Safety Features

(Pressure Relief Valve - PRV)

Set pressure
adjusting screw

Bonnet

Spring Bonnet plug

Body

Seat disk

4

CONVENTIONAL SPRING LOADED
PRESSURE RELIEF VALVE

- (Lock-out/ Tag-out - LOTO)

(Lock)
- (Check Valve)
: ( )
(Emergency Stop - E-Stop)
PLC
(Pressure Gauge)
(Protective Guards)
(Burst Disc)
083



(Self-check) — .

o ?
(Actuator) ?
: Pascal's Law ?
(DCV) ?
FRL ?
(Relief VValve) 2
(Silencer) ?
(Leak) ?

(Answer Key) — .

9

(Compressed Air) ,

(Pressurized Liquid/Oil)
?

(Heavy Force) L

?
, , . . (FRL - Filter, Regulator, Lubricator)

(Actuator) ?

: (Pascal's Law) 2
(DCV) ?

089



: FRL ?

: FRL (Filter), (Regulator)
(Lubricator)

(Relief Valve) ?

(Silencer) ?

(Leak) ?

088



Control Valve,

(Job Sheet)— .

FRL (Filter, Regulator, Lubricator)

(Reservoir)
—Directional Control Valve (DCV), Flow
Pressure Relief Valve

( )

(Specification Sheet) — .

08¢



(DCV) I,
(Hose Pipes)
( )
( )
| -
Piping : Paot line Crossing Connected
ines lines
A
x - ! { .
Pump Reservoir Electric Cylindes
motor
'
v . A B
.
Hydraulc Filter Accurmulator Syslém
moLos reboef valve

Figure: Recognition, Classification and Lay-out Drawing of Different
Components of Pneumatic and Hydraulic Systems

w8Y



(Information Sheet) — .

- (PLC)
(Contents)
> PLC
» PLC
» PLC (Wiring)
> PLC
() PLC
PLC- ( )
: (Installation Site Inspection)
PLC (Pneumatic/Hydraulic) ,
. (Environmental Conditions): :
? PLC-
. (Space Availability): :
. (Power & Air Supply): PLC-
( 24V DC 220V AC)
. (Safety Awareness):
(Equipment Preparation)
) (PLC & Accessories)
« PLC ; (1/10)

. PLC -

0819



. (Actuators):
(Valves): PLC-

(Preparation Steps)
- : /

(Mounting): PLC- DIN Rail-
(Earthing &
Grounding):
(Final Checklist)

. (Labeling)

[ ]
. : (FRL Unit)
e PLC
()PLC
PLC
: (Hardware Installation)
PLC
Wi =
(4 ///‘ '\‘ ‘J' 3
j \“‘ H'. :@
| : (.Q
"’? y‘“\' A;":::"
« DIN Rail : (DIN Rail)
PLC : 1/0
. : PLC- (  :24VvV DC)
« 1O : , CPU- (Bus
connector)
. (Protection): (MCB)

O8Y



(Wiring and Connections)

* (24V DC) PLC-

) (Input Devices)

Push Buttons

g2k

Selector Switch PLC

Q’t‘i

Limit Switch PLC Inputs

P

Proximity Sensor

N~
“o ™ Photo Sensor

y , PLC- Input Terminal-
* (V+, V', Slgnal),

08



(

(Output Devices)

INDICATOR SOLENOID
LIGHTS &BUZZERS VALVES

CONTACTORS
CONTROLVALVES

B g
& ACTUATORS

PLC OUTPUT DEVICES

Canvarting Logic inta Real-World Action

PLC- Output Terminal

(Grounding & Communication)

(Earthing):

Ethernet, RS-232, USB

PC-

(Testing Checklist)

(Tightness):

(Labeling):

Wiring Diagram

: Siemens, Delta, Mitsubishi)

PLC-

(Ferrule)

PLC-

O¢o



()PLC (Wiring)
PLC / :

(Input Wiring)
PNP wiring NPN wiring

+ 24 \de e +24 Vde
H SENSsor

Jwire NPN
sensar

24V dc 'sinking'

24V dc 'sourcing'
PLC Input card

PLC Input card

0 Vde 0Vde
h Wiring Diagram
C0-11DRE-D
24VDC
B C =
= X1 O O .
= X2 ——0 o—9¢ — ——
PWR I X3 ———0 o—4# L
RUN [ T X4 o o ® —
ERR W i e —_
PORT1 T X5 E _ .
LNKACT | = X6 ——0 0o—¢ — ——
ETHER i X7 ———0 o0—e + -
NET — et ]
100MBIT -
PLC-
o PNP (+)
o NPN =)
. : PLC-
. : +24V ov
PLC- ( : X0, 10.0)

e



(Output Wiring)

C3 6-27VDC
- 1 L] 6 - 240VAC
- ,' L ,'
- L]
- (L]
6 JAOVAC
- || L ||
- (L]
PLC
. : PLC-
( OV Neutral)
. (Interpose Relay):
( ) , PLC PLC
. : - (Back EMF)
PLC- (DC-
)
(General Wiring Rules)
. (Common) : PLC- ‘Common'
, (OV)
. . ( - )
. (Ferrule)
(Tagging)
: (Safety and Shielding)
. : ( )
(EMI)
. , ( ) ( PLC- )
. : PLC-

R



B
3
() PLC
PLC /
.PLC (Software Installation)
( :Siemens- TIA Portal,
Delta- ISPSoft, Mitsubishi- GX Works)
. : (Windows 10/11)
(RAM)
. : PLC- ( :USB-
to-Serial Ethernetdrivers)
. ; (License
Key)
(Hardware Configuration)
: (Physical)
« PLC PLC (  :CPU12140)
« /O : PLC-
. Ethernet , PLC- IP
Address
(Programming)
( )
. (Tagging): ; 10.0
"Start_Button" Q0.0 "Solenoid Valve"

Ladder Logic (LD)

Vleg\l



'Start' 'Limit Switch'

(Download & Testing)

PLC-
(Compile): (Error)
:PC PLC-
'‘Online Mode'
/
(Force Check): (

o8



(Self-check) — .

- PLC- ?

:PLC ‘ '(Ferrule) ?

; ' - ?

:PLC '1/0 Mapping' 'Tagging' ?
:PLC " '"(Relay) ?

(Answer Key) — .

- PLC- ?
. PLC- (Solenoid
Valve)- ,
:PLC ‘ '(Ferrule) ?
' - ?
PLC- PLC
:PLC '1/0 Mapping' 'Tagging' ?
. 1/0 Mapping- PLC- (  :X0,Y0) (

Start Button, Cylinder Open)
(Troubleshooting)

' PLC ' '(Relay) ?
( ) ., PLC-

Oee



VV V V

(Job Sheet) — .

PLC (Pneumatic Hydraulic )

PLC
DIN Rail
PLC CPU 1/10
PLC-

PLC

(Ladder Logic)

PLC-
(OFF)
PLC- (+ S
(High Pressure)
(Specification Sheet) — .
PLC (Pneumatic Hydraulic )

oY



(Tools & Equipment):

i (Flat & Phillips)

PLC (Ethernet/USB)
(Materials):
PLC (CPU 1/0 )
DIN Rail
(SMPS)
( )
(Ferrules & Lugs)
(Limit/Proximity)
(Cable Tie)

- (Drawing/Lay-out):

: AC DC PLC-
1/0 : (Input) (Output)

oe9q



(Information Sheet) — 1.9

-9

(Contents):
» PLC (Valve sequencing)
> (Pressure) ‘- '(Two-step)
> ' - '(Three-step)

(¥) PLC (Valve sequencing)
(Compressed Air)

. (Cylinder): ( )
. (DcV):

(Solenoid Valve)
(Valve Sequencing)

A+ B+ A- B-:

1. A+ A

2. B+: B

3. A- A

4. B- B

. : (Limit Switch)
(Reed Sensor)

. : (Ladder Logic) ,

(Sleg s



®) (Pressure) ‘- '(Two-step)

(Pressure) ‘- '(Two-step)
(Pressure) -

(Two-step Control System) On-Off Control

.- ?

( )
(ON) (OFF) "o " (Bang-bang control)

(Step-by-Step Process)
Pressure Switch Pressure Sensor

(PLC)
. (Lower Limit):
(Set Point) : -
. (Upper Limit): ,
(Dead Band)
. , - PSI
. PSI

Sl



() ' - '(Three-step)

- (Three-step
Control System) - (On-Off)
?
( )
1. (Full Power/High):
2. (Partial/Low/Hold):
3. (Off):
? (Working Principle)
; : PSI
. (High Action): PSI ,
. (Partial/Throttling Action): PSI ( ) :
(Target)
. (Off Action): PSI :
(Overshoot)
. (Precision):
(PLC)
(Set-point)
. : (Pressure Transmitter)

VYo



(Self-check) — 2.9

24 5: A+B+A—B— FICHITa™ Ie0ce @i e
o 3 93 PR (FIF 4709 SleTe Q9 =3 ?
o ©: TP PIFIE™ 9 8 (¥ 7?2

P 8: (FIT AT (T31F T 22

2% ¢: Delta PLC (39 (T @ I3z 23 ?
o v: HMI (S (FI9 ©2F (AT T2

o q: (FIF (P A TI0 T0O AN?

(Answer Key) — 2.9

29 3: A+B+A—B— I @re § @RI ?
Teq:4fb @I« qSfs SBITIEe Fewite Seia=m @< 7o fifeem (A | B) asit e smes
pifeTe 27 2 A GO I3, S7E B, oR°R A [G1is 61, o[°R B [Gii3 3 |

o 3 93 PIFIEE (@9 406K SlFTe Q9 =7 ?
TeR: TR (TS 5124 ¢/2 Directional Control Valve (DCV) efefs Fifereits &y
T[IZ© T, TR s FifeTeR 13 W2 (FEAC/[FSAC) 5e0s A |

o ©: fFeita Pt o 8 (<17 =32

TeR:aTEee @t Start push button 3 HMI touch switch i Fiesicast o= =3 | 19
T & A+B+A-B— €i% <19 7@, 911 Stop press I | aaem afst 19 ¢Er el
612 7 (@: AFNG @@= 31 @G 925) |

2% 8: (FIF AT T JIRA A ?

TR ALTT® bb PR RTe &:

A Fferead s : A+ PR, A— PR

B fifereiza o= B+ ¢, B— o7

(92 vHIG 2955 M)

arlel gfslt Hifereitas e DCV @3 12t s siess it (A+ Coil, A— Coil, B+ Coil, B—
Coil)

2% ¢: Delta PLC &F Stea @ <7z T ?
Tea:DVP-SS2, DVP-ES2 3t DVP-SE ffdtem PLC @& MgReTs 3%e 7 FEt s 711
B25-SMCH5b AT G2 BRI/ Al IR R[4l 2 |

LY



g v: HMI (S (319 95 (MLt 292

@@:

Start/Stop <164

erers Hfeeiad sz (A+ A— B+ B)
e 7 =z =

Fault 3 Time-out indication
/BT (e 5w

¥ q: (F (B 4903 o Z0© AA?

W:

TR @2 1 (RSl (TFItTe 1 feICge)

etz fdifae s e 91 =T (I T HIEN-185)
DCV @rEeEe et

QI (A AP

VL



(Job Sheet) — a.©

A+ B+ A— B— ewifow wiket «f$e cremaize o Pesie™ swae (Delta PLC
e HM | fofes) |

== f@=el
o9 A A+ B+ A— B— fewifts S suge
EQ X0 Start Switch,X1-Resume Switch/Stop
S YO0: A Forward Solenoid, Y1: A Reverse Solenoid
RIS Y2: B Forward Solenoid, Y3: B Reverse Solenoid
HMI Function|Start/ Stop Control Button, Step Indication
QR AT ATCTER, PR, (@R S
JIITEF LI

q :
Start Condition:
HMI & Start 057 st P e =01 |
Step 1: A+ (Cylinder A extends)
YO sAfes — Cylinder A @it 2t
CTTFS 77 *[TS! <IT7t A
Step 2: B+ (Cylinder B extends)
Y2 sAfea — Cylinder B «afswx =ita
CTTFS 7~ <IT7t AI
Step 3: A— (Cylinder A retracts)
Y1 sif@w — Cylinder A ¢z 33
CTTFS *F 27! 4T T
Step 4: B- (Cylinder B retracts)
Y3 sf@n — Cylinder B ¢z aita
CTTFS *F 27! 4T M
A— (Cylinder A retracts + B— (Cylinder B retracts) o= 23
I (¥ 7@ 93 ¢S #7 P56 2@ (Loop mode)
cT=fe RevrR:
(FIF @R 1 (ofta 7! «ieet @ 1 (Interlock logic)
Emergency Stop @i Fesieast =it e
9 :
PLC 3={5/ME52(5 BIZ «AIZTHS:
o XO: Start Switch
o X1: Stop Switch

VLY
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« M10-Memory Bit
e YO: A+

e Y1:A-
e Y2:B+
e Y3:B-
o T250-T254 Retentive ON Delay Timer
{7 o:
PLC Ladder Program (WPLSoft)
pi] X1 M1
— | i i ( Moo
M10 T251
|| 14 _—
Mo K50
J IITMR T250 K50 |
T250 T252
| 14 v
‘J !TMR T251 K50 I
I I L
T251 KO
| lmn T252 K50 |
— ¥ it (v
_T|25|2 !TMH 72-53 Ks0 |
_T|25|3 !TMH T254 Ks0 |
_T|25|4 l RST T250 T254 |
47 8:
HMI &&= ®=iwis (DOPSoft)
T Eau (e
Start Button Start Switch MO
Stop Button Stop Switch M1
Indicator 1 A+ YO
Indicator 2 A- Y1
Indicator 3 B+ Y2
Indicator 4 B- Y3

L8



HrATSthdsloDNATS oMok Qi m

bl X1 M1
| | /1 | /1
— | 1/1 /1 (M0
Mi0 T251
— 1/l v
MO
| ITMF! T250 D100 |
T250 1252

} /1 (v

_‘ I ITMH T251 D101 |

251 1253
I 1/} C oo
251
} lTMH 1252 D102 |
1252 1253
| | /1

— | /1 v )
1252
} {TMH 1253 D103 |
7253
} TMR T254 D104
T254
I ZRST T250 T254

END

1234
» I

Preset Value

Count Value

NS I FE ACA:

o TS (SITBLS (FICAI FIAFH ARIST T 1 |

o (NI Bie] AP SR (B 2T WIS 1 |

e PLC (s @a wreaeees 3y RUN e (2td STOP (1te S |

(STGe



HMI (s & S F60a Sigreife SIies+5 wore 21td — «ft st Pt s A9

PP |

cefiaie Overload Trip @32 Emergency Stop s s@=ii3 713 |
Personal Protective Equipment (PPE) @3

FPIETOE 2T

TG 7

AT (IR A |

SRR TACHB 769 (o AIH! S |

ioea= #fiest Fire Extinguisher (CO: 51271) g% w14+ |

JEr ¥

o 4 ARG POWER OFF 30 SiR°[ Q@A Akwq i sfzaed e |

5 <t HMI &= ¢ PLC 3% 363 fam |
o/ Backup 63 913 SREiced & |

(Specification Sheet) —4.9

A+ B+ A— B RSwifos wigel «f$e crenaize orrte Fiewie™ segie (Delta PLC s

HMI fefes) |
It fRareret sars (PPE) :
o AN s
o TTHl > (el
eaiEaE gem (Tools):
o foTe (BB NI}
o ifbe gt i3
* G F GiZoN s 5
® BFF GiToM >
® J(FHLRF GIROR i

aEieAE g4 (Required Components):

[GERES Torga AAfrsret
d Delta PLC (DVP-14SS2/DVP-12SA2) NI
N Delta HMI (DOP-B07S411) NG

VLYY



AR Toa Al

© Pneumatic Cylinder A (Double N
Acting)

8 Pneumatic Cylinder B (Double N
Acting)

¢ 5/2 Double Solenoid Valve (For A) N

V) 5/2 Double Solenoid Valve (For B) N

v 24VDC SMPS N

F) Air Compressor Line (FRL Unit mn) N

So DVPSoft & DOPSoft Software v

CPU

1 24v DC

TYPE

L9



()

>
>
>

(Information Sheet) — .

(Contents):
PLC
(Advanced pressure control) v
PLC
(PLC) Valve Sequencing

? (What is Valve Sequencing?)

(Interlocking): :
(Outlet)

(Timing): (
- Timer'
(Sensor Feedback):

(Emergency Shutdown):
( )

(Operational Sequence Example)

‘Start' Inlet Valve (V1)
: Vi
Mixing Valve
Drain/Outlet Valve (V2)

(Inlet)

SN



(Programming)
Ladder Logic
:> |F (Sensor A is ON) AND (Timer 1 is Done) THEN (Open Valve 2)

() -
(PLC) Two-step Control System (
)
(ON)

(OFF ,
( )

« Pressure Sensor/Transmitter:

« PLC (Controller):

« Set Point (SP): ( PSI)

« Hysteresis (Dead-band): - :

(Operational Steps)

: PSI PSI PSI
PSI
1. (Step 1): PSI- :
(ON)
2. ,
3. (Step 2): PSI-
(OFF)
4, X PSI-
(Hysteresis)
PSI-

Dead-band ( PSI-

SICH)



(Oscillate)

( PID
)
() (Advanced pressure control) T
(Three-step control system)
?
( )
. (Full Speed/Open)
. (Reduced Speed/Partial Open)
. (Off/Closed)
(Operational Logic)
, PSI- - :
1. HighPower( ) ( PSI-
), (100%)
2. LowPower( ): ( PSI),
( %) 'Fine Control’
PSI- (Overshoot)
3. OffiStop( ): (  PSI) ,
(OFF)
(ONn-Off) - (Advanced)

(On/OFf) (High/Low/Off)
( ) ( )

vqo




Lower Set-point:
Intermediate Set-point:
Upper Set-point:

Set-point

(Mechanical Stress)

0ad



(Self-check) — .

(Valve Sequencing) ?
(Two-step) ?

' (Dead-band) ?
(PLC) ?
(Interlocking) 2
(Pressure Transmitter) ?
'(Low Power) ?

(Solenoid Valve) ?
?

(Answer Key) — .

(Valve Sequencing) ?
(Two-step) ?
'(ONn-Off)
- ?
'High', 'Low' 'Ofé :
(Overshoot)
' - '(Dead-band) ?
( )
(PLC) ?

(Interlocking) ?

)

SE Y



(Pressure Transmitter)

"o '(Low Power)

(Solenoid Valve) ?

(Oscillating)

SRS



(Job Sheet) — .

(PLC)

1. :
(  :Start — Cylinder Extend — Sensor Detect — Cylinder
Retract)
2. -
3. : ,
4, : (Ladder Logic)
o Output Q0.0
o Output Q0.1
5. .
6.
. : (24v DC 230V AC)
. : ‘Emergency Stop'
(Specification Sheet) — .
(PLC)
>
> /
>
>
1. LC (Programmable Logic Controller):( - Siemens S7-1200

Mitsubishi FX-Series)

0498



2. Programming Laptop/PC: (TIA Portal/GX Works)
3. Hydraulic Training Kit:
4. Solenoid Valve: 4/2 4/3
5. Sensors:
6. Hydraulic Cylinder:
7. Multimeter:
(Materials)
. (Wire)
. (Hose Pipes)
/ / -
- Power line —
Stop
? & (NC) ™ see
: = 0—0.LD——W—-6-L& S——— @-—1}'

] !

‘ : 1-CR
SolA [Z ¢ JM «}-———' I —0A~C—

1-CR SOLA
Qi in|
(a) Hydraulic circuit (b) Hard-wired relay ladder diagram

Fig. 15.25. Control of a hydraulic cylinder using a single limit switch

PLC Output Command ——>

Instrument
Air Supply

Solenoid
Valve

Air Filter

€——Open Feedback Regulator

€— Close Feedback

InstrumentationTools.com

Valve

e



(Information Sheet) — .

- (Testing)
(Running)
(Contents):
> (Test)
>
> : (Diagnose)
>
> (Documented)
() (Test)
presserised ar § bar
!

e a

CLOSED
DX]

W1 W2
300 Bar !ﬁ-ﬂ bar
(Pneumatic) (Hydraulic)

SHP-SANES

. (PLC)

Y



(Dry Run/Cold Test)
( )

. / (/0 Check): -
. | (DCV):

(Live Functional Test)

. : (Sequencing)

(Safety Check)
Leakage Test: ( ) ( )

Emergency Stop:

Relief Valve:

()
(PLC)

Testing Protocols

- (Pre-operational Protocol)

Visual Inspection:

Power Verification: ( )

Pressure Setting:
(Operational Steps)

1. : 'Run’

©49q



3.
4, :
(Types of Protocols)
(Functional Test)
(. )
(Load Test)
(Pressure)
(Safety Protocol)
Emergency Stop
: (Diagnose)
()
- (Pneumatic & Hydraulic)
Faults
(Identification of Faults)
. (HMI): - (HMI)
. : - 'SF' (System Fault) 'Bus Fault'
(Diagnosis)
« /O

(Resolution)

(Resolution)

09qb



(Resolution)

(Step-by-Step Resolution)
Emergency Stop

()
(PLC) System
Response (Monitoring)

(Monitoring)
( : )’ -
. (HMI)
. (Input Feedback):
: Output Q0.0 (Valve Open)
Input 10.0 (Limit Switch)

. (Time Response):

(Recording)

SR



()

(Data Logger): (SCADA)

(Event Log):
(Time-stamped)
(Error Log):

(Monitoring Example)

. : Extend Cylinder

(PLC)

: "Time: 10:00:05 AM, Command: Extend, Response: Success,
Pressure: 50 Bar.

Fault Resolution Actions

(Documenting Test Results)

( ,
, (

(Fault Resolution Actions)

(Fault Description):
(Root Cause): (
(Action Taken): (

)

(Sample Log Sheet)

(Documented)

Test Results

(Result)

(Fault)

(Resolution)

/

/

(Pass)

Obo



(Result)

(Fault)

(Resolution)

/

/

(Fail)

(Leakage)

/

/

(Q0.1)

(Pass)

Obd



(Self-check) — .

(Testing Protocol) ?

(Dry Run) ?
' ' (Fault) ?
' ‘(Monitoring) ?
(Fault Diagnosis) ?
(System Response) ?
?
(Emergency Stop) ?

(Documentation)

(Answer Key) — .

(Testing Protocol) ?

(Dry Run) ?
( )
' ' (Fault) ?
- - , (HMI)-
' '(Monitoring) ?
- (
)
(Fault Diagnosis) ?
(System Response) ?

Vb



(Emergency Stop) ?

(Safe Position) :

(Documentation) ?

Vb O



N =

(Job Sheet) — .

(Test)

(Visual Inspection): (

(Dry Run):
(LED)
(
(Running): - 'RUN'
(Release).

( )

(Specification Sheet) — .

(Test)

(Tools & Equipment):
PLC Trainer Kit: (Siemens, Mitsubishi )
Programming Laptop:

. Multimeter:

(Run)

(Run)

Ob-8



4,
S.

Pressure Gauge:
Air Compressor (Pneumatic) & Hydraulic Power Pack (Hydraulic)

6. Solenoid Valves & Cylinders: (5/2 4/3

/

TEST AND RUN PLC-CONTROLLED PNEUMATIC AND HYDRAULIC SYSTEMS

(Materials):

(PU)

(Layout Diagram):

DOUBLE ACTING
CYLINDER

PNEUMATIC SYSTEM

5/2DCV
(SOLENOID

OPERATED)

AIR SERVICE UNIT

)

( 1. CHECK

v
v
v

« Checkall connections
and components

TESTING AND RUN PROCEDURE

PLC CONTROL PANEL
© |
ONITOR |
PNEUMATIC HYDRAULIC
= g s crumoeRs
| EXTENDED EXTENDED
i
1 ®@ e ® O
it START  STOP RESET  ALARM
. i
e
b—— [ < T
i _—
it T v
INPUT DEVICES OUTPUT DEVICES
START STOP RESET umiT SOLENOID SOLENOID
PB PB PB SWITCHES (PNEUMATIC) (HYDRAULIC)

2. POWER ON

o

« Switch on power

supply

4. MONITOR

Q

+ Check HMI status
« Verify sensors

3. RUN SYSTEM

!

+ Press START
+ Observe cylinder

5. STOP & RESET

« Press STOP
« Reset system

MONITOR AND CHECK

+/ Cylinder extends and retracts smoothly
+ Solenoid valves operate correctly

+/ No air leakage (pneumatic system)

+ No oil leakage (hydraulic system)

+ All sensors and limit switches work

+/ No alarms on HMI

DOUBLE ACTING
HYDRAULIC
CYLINDER

HYDRAULIC SYSTEM

4/3DCV
(SOLENOID
(OPERATED)

HYDRAULIC
POWER UNIT

AIR PRESSURE
5.5 bar

OIL PRESSURE
70 bar

SYSTEM STATUS

« Verify air pressure. « PLC and HMI start operation and feedback = Check for alarms
and oil level System operates as per program
i +/ System ope per progi NORMAL
Ensure safety guards Wear PPE Keep hands away from @ Stop power before Follow lockout/tagout
A\ SAFETY FIRST whle g <o vt g

Ob ¢



(PLC) (VFD)

SICIP-LE-PLC-08-O

VY



(PLC) (VFD)

SICIP-LE-PLC-08-O

(PLC) (VFD)
, VFD : VFD

VFD

. (VFD)

e VFD

° VFD

e PLC VFD

S (VFD)

2. VFD (Key Components)

. PLC/PLC Operation VFD

8. VFD (Specifications)

¢. VFD (Installation Site)

v, VFD

q. VFD

b. VFD

5. VFD

0. VFD

.

5.

>O.

58. (Direction Control)

se¢. VFD

o,
sAa.
ob.

VFD (Safety Protocols)

(VFD)
PLC

R0

Ob-q



ss. VFD

0.VFD
. PLC
Q.
RV,

PLC

PLC

VFD
VFD

lodvg



(Information Sheet) — b.5

- (VFD)
(Contents):
> (VFD)
» VFD (Key Components)
» PLCI/PLC Operation VFD
» VFD (Specifications)
) (VFD)

(VFD) (AC)

(Speed Control)
(RPM) ,
(NS=120*F/P) (f)

(Soft Start & Stop)
(Direct-on-Line), (Inrush

Current)

(Energy Saving)

(Direction Reversal)

(Forward/Reverse)
(Protection)

« Overload ( ):
« Overvoltage/Undervoltage:
« Short Circuit:
« Phase Loss:
(Torque Control)

Ob®



®) VFD (Key Components):
- (Key Components of VFD)-
Rectifier Stage DC Bus Section Inverter Stage
(Diode Bridge) (Capacitor Bank,Xolmge Level Vgc) (Six IGBTs, Three-Phase Bridge)
DIODE BRIDGE = Ldo ) IGBT MODULE
i JE— _L: A
T D7 D12 :
(a(,: {gpfé) D1 D2 D6 c1 I Rdc _| ——| ——‘ Varlalzgu?}l;a};ency
Lo 2 "I: — —>u
L20 F | oveoov o . @
B3o— > . N[ w
:I: MOTOR
g s 0 O il
— T v —
A A
RECTIFIER STAGE Cu”eml l Voltage . 1 I el |
Temperature irer [z o3 [c8] l l
Speed Command +; =
Torque Command + MPU —>»{G3]
Sensor Feedback +—1 G5
—>LC6] CONTROL CIRCUT UNT_ <
(Microprocescsggtglec gﬁ\‘/leltsace':jback Loops) V 10X
(Rectifiers)
- (AC)-
(DC)-
. (Diode)
. -
(Inverters)
- (AC)
. IGBT (Insulated Gate Bipolar Transistor)
. (Frequency) :
(Control Units)
_ 1] n (DSP)
. ( )
. (PLC) ( , :
Odo



(%) PLC/PLC Operation VFD
(VFD)
(Common Applications)
(Pump Systems)

. : (Water Hammer),

(Fans and Blowers)

(Conveyor Belts)

(Compressors)
(Pressure)

(Lifts and Cranes)

. : (Torque)
(Textile and Paper Mills)
(Tension)

(Mixers and Grinders)

SE



® VFD (Specifications):

(VFD) (Specifications)

(Input Specifications)

(Input Voltage): ( :220V Single Phase
415V Three Phase)
(Input Frequency): (50Hz) (60H2)
(Phase): -

(Output Specifications)

(Output Voltage):
( )
(Output Frequency Range):
( :0.1Hz 400Hz )
(Rated Current):
(Amps)
(Control Method)

VIT Control:

Vector Control (Sensorless or Closed-loop):
(Torque)
(Communication Protocols)

Modbus RTU/TCP, Profibus, Profinet, EtherNet/IP:
(Protection Functions)

Overload:
Overvoltage/Undervoltage: -
Short Circuit:

(Environmental Rating)

IP Rating (Ingress Protection): P20 ( ) 1P65 (

)
( :-10°C
+50°C)

OB



(Self-check) — v.5

- ?
'(Soft Start) ?
?
(Rectifier)- ?
(Inverter) ?
(DC Bus)- ?
- 'Rated Current’ ?
- '‘Modbus' 'Profinet ?
(Answer Key) — b5
?
- (AC)
(Speed) (Torque)
. '(Soft Start) ?
(Inrush Current)
?
( ),
(Rectifier)- ?
(AC)- (DC)-
(Inverter) ?
IGBT (Insulated Gate Bipolar Transistor)
(DC Bus)- ?

OO



- 'Rated Current ?

- 'Modbus' 'Profinet ?
(PLC)- -

08



W$)

(Job Sheet) —b.3

(VFD)
(L 1, L 2, L _39) SV, V,
(D), (Al)
( )
(Earthing)

(Specification Sheet) — .

(VFD)

(Safety Shoes):
(Insulated Gloves).

(Safety Goggles):

(VFD) (0.75kwW )
- (Flat & Philips)
I ) )
(Nl 1te
/



) (Lugs) (Ferrules)

ow to Wire a VFD with a 3-Phase Motor ?- PNP & NPN Modes

L1

L2

L3
N
E

WFD Control Termianls LS
DI =5/S = Start & Stop
D12 = FWD = Forward
DI3 = REV = Reverse

Al = Analog Input for
Warying Speed &
Frequency
AO1 = Analog Output for
WFD Frequency or
Speed Status

WFD control can be used without using cptional
terminals & devices. VFD can also be used with 4V DC SMPS
the builtin switches & Display without control
wiring connections.

Connects to external
devices such as PLC,
Computer or HMI ta be

interfaced with VFD using
@ B——] 5485 or RI45 connector

Connects to

.| external Device
such as PLC tor

to check the VFD

Running Status External
= REWERSE

mects to provide b
analog input to run Switch

[the VFD with varying
frequency or speed
using PLC or ather
external devices.

External
FORWARD
Switch

External
START / STOP

Switch
3 - Phase Motor

VY



(Information Sheet) — v.Q

. VFD

(Contents)
» VFD (Installation Site)
> VFD
> VFD
> VFD
» VFD
» VFD

(®) VFD (Installation Site)
(PLC) (VFD) :
(Installation Site Inspection)
(Installation Site Inspection)

(Site)
(Environmental Conditions)
(Ambient Temperature): O degree to 50 degree te
(AC)
. (Humidity): ( % -

)

(Ventilation)

(Vibration & Mechanical Stress)

09



(EMI/RFI)

. (Mounting Surface)
. : (Non-
flammable)
. (Vertically)

(Earthing & Power Supply)

Q) VFD
(PLC) (VFD) :
(Manufacturer Guidelines)
(VFED Installation Guidelines)
(Mounting Orientation)
(Vertically)
. : - (Heatsink)

(Clearance Space)

. : ()
° .- ( )
. "Side-by-Side" ,

(Enclosure Selection)

(Secure Fastening)

OB



(Heat Management)
, (Air Intake)
(Exhaust Fan)
(EMC Compliance)
, (EMI) -

() VFD VFD

3PH 380V INPUT

11 |L2}1L3

3PH 380V MOTOR

(PLC) (VFD) : (Power Cable
Connection)

- : (Input Power)
(Output Motor Connection)

(Input Power Supply)

. : - L1, L2, L3( - )

. : (MCCB)

(LY



(Output Motor Connection)
U, Vv,w T1,T2,T3
(AC supply)
(Grounding/Earthing)
PE (Protective Earth) ($\frac{1}{=}9)
(Shielded Cables)

(EMI) Shielded Cable
(Shield)

(Gauge)
(Lugs)

(PLC signal)

800



Example image of the Huanyang HY0O1D511B

= o~

GGl ol el o o
3 i BELL LS

ra | o< | Rlsovioemm] o [ ] v - foe-

(PLC) (VED)

(Integrating VFD with PLC Control

System)

(Identifying Control Terminals)

Digital Inputs (DI): Start/Stop, Forward/Reverse Fault

Reset- ( :DIL1,DI.2 MO, M1)
Analog Inputs (Al): (Speed/Frequency)
0-10Vv DC 4-20mA
Digital/Relay Outputs: (  :Running, Fault, Ready)

803



- (Digital Integration)

« Start/Stop: - 'on' - MO

« Wiring Type: 'Sink'  'Source' (NPN/PNP)
(COM/GND)

- (Analog Integration)

. 0-10Vv -V_ GND
. 0-100% 0-10Vv :
(0-50Hz)
(Feedback Integration)

. - (Fault) ,

(Noise Mitigation)

« Twisted Pair/Shielded Cable:

« Separation: (Power cables) -
« Single Point Grounding: (
, )
(¢) VFD
(PLC) (VFD) (Motor
Parameter Setting) "Motor Commissioning"

"Parameterization” ,
, 'Fault'

(Setting Motor Parameters)
(Nameplate)

(Rated Power)
, kW ( ) HP( ) -

(Rated Voltage)
( :230V 400V)

80X



(Rated Current)
Full Load Amps (FLA)

‘Overload
(Frequency)
( 50Hz)
(Number of Poles)
( :2,46 )

(Efficiency)
( :85% 0.85)

(Rated RPM)
(  :1450 RPM) (Slip)

(Power Factor - PF)
( :0.80 0.85)

(Insulation Type)
( :ClassF ClassH)

1.
2 : - 'Menu' 'Program' ( :PO
Motor Group)
3. : (Save/Enter)
4. Auto-tuning: '‘Auto-tune’ ,
®)
(PLC) (VFD)

(Configuring Controlling Parameters)
(Source of Operation Command)
- Start Stop
 Keypad Mode: -
« Terminal Mode: -
o« Communication Mode: Modbus Profinet

809



(Source of Master Frequency)
(Frequency Reference),

Digital Potentiometer:

Analogue Input:
Multi-step Speed:

. (0-10V  4-20mA)

(Acceleration Time)

(Inrush current)

(Deceleration Time)

‘Overvoltage'

(Analogue Input Type)

Voltage (V):
Current (mA):

0 to 10V DC
4 to 20mA (

(Digital Input)

: MO Forward Run, M1

Reverse Run

External Fault ,
(Digital Output)

Relay Output:

(Fault)

M3

808



(Self-check) — .}

‘Vertical' ?
: - 'Rated Current' 'FLA' ?
:'Acceleration Time' ?
. 'Deceleration Time' ?
; - 'Shielded Cable' ?
:'Source of Operation Command' ?
: - (U, V, W) ?
(Analogue Input) ?
- 'Auto-tuning' ?
(Digital Output) - ?

(Answer Key) — b.R

'Vertical ?
(Heatsink)
'Rated Current’ 'FLA' ?
'‘Overload'
:'Acceleration Time' ?
( :0Hz 50H2z) :
- 'Deceleration Time' ?
; : '‘Overvoltage
Fault'
'Shielded Cable' ?
(EMI)

. 'Source of Operation Command' ?

(Terminal mode)

8o¢



(U, V, W)

(Analogue Input) ?
( :0-10V 4-20mA)

‘Auto-tuning’ ?

(Digital Output)
( .

80Y



(Job Sheet) — .3

(VFD)
(Vertically)
L1,L2 L3 uvVv,w
; Rated Power, Voltage, Current, RPM
Frequency
: (Start/Stop)

(Analogue/Digital)
: Acceleration Deceleration
- : 'Auto-tuning'

(Precautions):

( )
(Star/Delta)

(Specification Sheet) —.%

(VFD)

8094



( :Delta,LS Siemens)

(PLC  VFD )
. ( )

. ( )
. (MCCB)

. (Lugs),

/ /

8ob



(Information Sheet) — b.©

9! VFED
(Contents):
>
>
> (Direction Control)
> VFD
>
>

()

(PLC) (VFD) :
(Local/Keypad Control Mode)

(Local/Keypad Control Mode)

(Mode Selection)
"LOC/REM" (Local/Remote) "Hand/Auto"
« Local/Hand: - :

« Remote/Auto:

80%



(Setting Frequency)

« Digital Potentiometer: (Knob) (

OHz 50H2z)
« Up/Down Arrows: ($\uparrow \downarrows$)

. (Start and Stop)
« RUN/START : 'Run’ 'Start

(Acceleration time )
« STOP : 'Stop’
(Direction Control)
"FWD/REV" (Forward
Reverse)
()
Delta VFD Drive external speed control start and
(3 phase power supply] Stop ContrOI Wiri!‘lgm____
= — :
=] _3-pole MCB ] o { +_— o e e 1 i s
¥ f_ J=l==}- &b @ sn el
j [Q,J [
(PLC) (VFD)
(Terminal Control Mode) (Remote-control Mode)
(Terminal/Remote Control Mode)
- ( : ’
, )
(Setting the Mode)
- "Command Source"
. P00.01 1 (Terminal Control)
. '‘Run' ‘'Stop' ; -

850




(Digital Inputs for Start/Stop)

« Forward Run (DI1): DI 1
(Forward)

Reverse Run (DI12): DI_2

External Fault:

(Analog Input for Speed)

- Analog Output (AQ)

. 0-10V 4-20mA - Al (Analog Input)
. : 5V , ( )
(Operational Steps)

1. : 'Remote'’ 'Terminal
- (COM)
3. (Ladder Logic):
- 'Run’
4, : - 'Start'
5. : - (RPM)
() (Direction Control)

Figure,oz; VFD and Motor Connection for Forward and Reverse Rotation

Potentiometer

NPN MODE

Connected to 10V, AVI, and
ACM Terminals

94| Circuit Breaker
(MccB)

uowwo)

Connected toDCM Terminal

(variable Frequency Drive) T |

oFF FORWARD OFF

GN—‘ OoN
Connected to MI1 Terminal —‘

Connected to MI2 Terminal

REVERSE

**In NPN Mode you can use,
MI1, MI3, MI5 Terminals for Forward Rotation
and MI2, MI4, MI6 Terminals for Reverse Rotation**

85



(Forward and Reverse Control)

(Terminal Configuration)

M1 (Digital Input 1): Forward (FWD)
M2 (Digital Input 2): Reverse (REV)
COM (Common): -
(PLC Logic & Interlocking)
(Interlocking)

'Fault’
. : (Ladder Logic)-
. (Steps for Safe Operation)
. Stop Command: 'Stop'
. Deceleration: - Deceleration Time
. Wait Time: (Dwell Time)

. Reverse Command:

. (Safety Features)
« Limit Switches: :

« Emergency Stop: —

8o



() VFD

(Interpreting VFD Alarms & Faults)-

(Common Fault Codes)

« OC (Over Current):

« OV (Over Voltage):
(Deceleration)
« UV (Under Voltage):
o OL (Over Load):
« OH (Over Heat): - (
)
. (Difference between Alarm & Fault)
. (Alarm):
( )
. (Fault):
(Trip)

859



()
(PLC) (VFD)

(Appropriate Response) (Troubleshooting)

(Responding to VFD Alarms)

: (Initial Observation)
. ; ( :$E.OC1$ $FO001%)
. ; - (HMI)
(Trip)
(Following Troubleshooting Guidelines)

« Overcurrent (OC): , (

)
« Overvoltage (OV): '‘Deceleration
Time' '‘Braking Resistor'

« Overload (OL):
« Undervoltage (UV):

(Appropriate Responses)
. : (  :High Temperature),

. : (Process)

(Reset Procedure)
'Reset’
. (Root Cause)
. - - Fault Reset

()

(Monitoring & Adjusting Parameters)-

(Key Parameters to Monitor)

. (Output Frequency): ( :50H2z)

. (Output Current):
. (DC Bus Voltage):

/
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(Motor Temperature):
(Adjusting for Performance)

(Speed Adjustment):
(Knob)

(Torque Boost):

Boost'
/

(Vi)

- (Role of PLC & HMI)
(HMI)

(PID)
( )
(Operational Check-list)
(Noise) ?

‘Torque

8¢



(Self-check) — .9

‘Local Mode' 'Remote Mode'- ?
:'Interlocking'’ - ?
; - 'Fault ‘Alarm’- ?
:'OC' (Over Current) ?
; - (Speed) ?
. 'Deceleration Time' ?

- 'Monitoring Parameter’

- 'Monitoring Parameter'
:'Torque Boost' ?
- 'Reset

(Answer Key) —v.9

- 'Local Mode' 'Remote Mode'- ?
: 'Interlocking' - ?
- 'Fault '‘Alarm’- ?
'Alarm’ , 'Fault'
(Trip)
:'OC' (Over Current) ?
, 'OC'
- - (Speed) ?
- 0-10V 4-20mA
: 'Deceleration Time' ?

: 'OV’ (Over Voltage)
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- 'Monitoring Parameter' ?

: "Torque Boost' ?

- 'Reset ?
(Root Cause)
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Stop

'External’

(Reverse)

(Job Sheet) —b.©

) (VFD)

(Local Mode):

Loc/Rem 'Local’
'‘Keypad'
Run/Start
(Knob)
(Remote Mode):
'‘Command Source' Terminal'

- DI_(Forward) Dl 2

:0C  OV) ,

8o



(Specification Sheet) — .9

( ) (VFD)
(VFD) (PLC )
(PLC)

(Power & Control cables)
(Start/Stop/Reverse)

( )

8%



Braking resistor (self-configured)

1 pnase 220V input
3 phase 440V input
MCCB

(+) PB

R/L1/L
S/L2/N
T/L3 Main Circuit
(i
I
Digital input: . .
F,gq.,em‘;,?o-zomz Control circuit |
_ !
_gltalmput i O D“ __1
Digital input: | DO o Digital output
—-—-———e—u-———o DI2 ENew e 7
Digital input: = o D3 ! g GM)‘? 0-24V/0-40mA
Digitalinput: = o
A TR il \* J, Funotion analog output
D_lgltallnput:_,_,_:' o DIS DO 9 0-10V:
. ~ Resistance
; —— a0 | 1.00kQ 0mA20mA:
Analog input: ‘ A0 o 2000-5000
0-10V . —
0-20mA P
iy i ] - R
3k0+5kQ Y . -

COMMUNICATION
485 ° INTERFACE
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(Information Sheet) — .8

-8. PLC VFD
(Contents):
» VFD (Safety Protocols)
» VFD PLC
» VFD PLC
> PLC
> VFD
> VFD
&) VFD (Safety Protocols)
PLC- Variable Frequency Drive (VFD)
: (Electrical Safety)
VFD :
. / (LOTO):
LOTO
. :VFD
. (Grounding):
.PLC
PLC-
. (E-Stop): PLC-
VFD-
. (Interlocking):
(Reverse)
. ; (PLC) (VFD to Motor)
' "(EMI)
(Operational Protocols)
. ; VFD- :

VFD
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. :VFD

. :VFD

IP
. ( ) ,
® VFD PLC
PLC Variable Frequency Drive (VFD)
.VFD PLC-
VFD- PLC- ;
. (Analog Control): PLC- 0-10V
DC 4-20mA VFD-
. (Communication Protocols): RS-485
(Modbus), Ethernet/IP, PROFINET PLC
VFD- -
. : VFD- (L1,L2,L3) -
(U, V, W)
. : PLC- VFD- Forward/Reverse
Stop
. VFD
VFD-
(Nameplate) VFD- :
« Rated Voltage: (  :400V 415V)
« Rated Current (FLA):
« Rated Frequency: )
« Motor RPM: (  :1450 RPM)
« Motor Power (kKW/HP):
o Control Mode Selection: PLC
, "External” "Remote"
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« Frequency Command Source: Analog
Input ( ) Communication Slot (

)

« Acceleration & Deceleration Time;

( )

« Stop Mode: (Coast to Stop)
(Ramp to Stop),
.PLC
PLC- ;
« PLC (Output ON) VFED
« PLC
(*h VFD PLC
PLC- Variable Frequency Drive (VFD)
(Verity) ;
.PLC (Creating the Program)

VFD Ladder Logic

« Start/Stop Logic:

« Speed Control (Analog Scaling): PLC- ( 0-10V 4-
20mA) Scaling Function
PLC- ( 0-4000 (0-50Hz)
« Direction Control: - (Forward)
(Reverse) :
« Status Monitoring: VFD (  :Run, Fault,
Ready)
VFD-

Communication (Modbus/Profinet) :
($Control Word$  $Status Word$)

(Verification)
(Offline Simulation)
(  :TIAPortal, GXWorks, RSLogix)

Start ‘High’
/ (1/0 Checking)
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PLC- VFD- ‘Force’
:PLC VFD- ‘Forward’ ‘Run’

: (Parameter Matching)
VFD- "Control Source" "Speed Source"

'‘External/Fieldbus'
(Trial Run)

(Acceleration check)
(Fault Handling)

: VFD- :
PLC (Safe State)
®) PLC
PLC- Speed( ) Torque ( ) VFD-
RPM
N_s =120*f/P
( /\/_5: , f= , = }
« PLC- :PLC ( 4-20mA)
(Modbus/Ethernet) VFD-
. PLC Hz )
Hz
VFD V/T Control (Voltage to Frequency ratio)
o VIf ,
PLC VFD
« Constant Torque: \ii
« Torque Boost: (Start-up)
PLC- VFD-
.PLC
. Input: HMI- RPM
. Processing: PLC
. Output to VFD: PLC VED
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. Feedback: ,

PLC- PLC (Closed-loop control)
?
. : (Soft Start)
(®) VFD

PLC VFD- (Smooth)

. (Monitoring)
VFD PLC-

. (Output Frequency):
. (Motor Current):
. (DC Bus Voltage): VFD-
. (Heat Sink Temperature):
(Adjustment)
PLC VFD
. (Accel/Decel Time):
(Jerk) :
. (Slip Compensation):
. VIf
. (Carrier Frequency): (Noise)
. HMI : HMI -
: PLC
- (Auto-tuning): VFD- -

8¢



(®)
VFD

(Benefits)

VFD
Testing
,PLC VFD

(No-Load Test)
(Uncoupled )

(Direction)

:PLC ( Hz)

:PLC- 'Start VFD
(Deceleration time)

( - )

(Speed & Response)
:PLC- HMI RPM
(Tachometer) RPM
(Ramp Test):

(Deceleration)
(On-Load Test)

(Amps)
. VIf

: VFD-

‘Stop'

: VFD

(Acceleration)

8y



(Self-check) — .8

1. VFD ?

2. VFD LOTO ?

3. VFD- PLC- ?

4, VFD- ?
5. PLC 'Scaling' ?

6. 'Offline Simulation' ?
7. ?

8. VIf ?

9. VFD ?

10. VFD- 'Acceleration Time' ?
11. (On-load Test) ?

(Answer Key) — .8

: VFD ?
: VFD
. :VFD LOTO ?
:LOTO Lockout/Tagout
:VFD- PLC- ?
D (0-10V  4-20mA) : (  :Modbus,
Profinet Ethernet)
VFD- ?
, (FLA), (Hz) RPM
. :PLC 'Scaling' ?
: HMI (  :0-50Hz)PLC- (  :0-27648)
Scaling
'Offline Simulation’ ?
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/T ?
: VFD ?
: VFD- 'Acceleration Time' ?
(On-load Test) ?
(Load)

8



(Job Sheet) — .8

PLC, VFD
VFD-
V, W)

(Start/Stop, Speed Scaling)

VFED- 'Run’

VFD-

(Specification Sheet) — .

PLC- VFD
: PLC-
VFD- (U,
: VFD-
(Remote/Terminal)
PLC ;
PLC-
:PLC
. PLC-
:VFD
(Noise)
PLC- VFD

(Antistatic):

(Tools & Equipment):

PLC Trainer Kit

(S7-1200, FX-Series )

VFD Unit

(  :ABB,Delta Siemens)

8



3-Phase Induction Motor 0.5HP
Digital Multimeter
Screw Driver Set
Wire Stripper & Cutter
Laptop/PC PLC
(Materials):
. (Control & Power Cable)
. (Ferrules & Lugs)
. (Ethernet/RS-485)
/ / -

. PLC Output: (Start/Stop/Speed)

. VFD Input: PLC-
. Motor Connection: VFD U, Vv,w
. Power Circuit:
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