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FOREWORD

The National Instructional Media Institute (NIMI), Chennai, an autonomous body under the Directorate
General of Training (DGT), Ministry of Skill Development & Entrepreneurship has been developing, producing
and disseminating Instructional Media Packages (IMPs) for various trades under the Craftsman Training
Scheme, Apprenticeship Training Scheme, Center of Excellence (CoE) Scheme and Modular Employable
skills (MES) under Skill Development Initiative (SDI) Scheme. These IMPs are extensively used in the
Government and Private Industrial Training Institutes and other Vocational Training Institutes to impart both
Theory and Practical training and develop work- skills for the trainees and trainers.

Providing the current industry relevant skill training to students requires regularly updated syllabus and
trainers who are trained in the latest syllabus. Mentor Councils were constituted in January 2014 to revamp
courses to be run in 25 sectors. The Mentor Councils have representatives from thought leaders among
various stakeholders viz. one of the top ten industries in the sector, innovative entrepreneur who have proved
to be game-changers, academic/ professional institutions, champion ITls for each of the sectors and experts
in delivering education and training through modern methods like through use of IT, distance education etc..

11 sectors were identified as priority sectors and internal core groups were created to tap the expertise of
officers in the various institutions of Directorate General of Training (DGT). Areview of curriculum, admission
criteria, course duration etc. was done and a revised curriculum was recommended.

The Institute has now come up with instructional material to suit the revised curriculum under Semester
pattern for Wireman Trade Theory 3rd Semester in Power Generation, Transmission, Distribution,
Wiring and Electrical Equipments Sector to enhance employability of ITI trainees across the country
and also to meet the industry requirement.

| have no doubt that the trainers and trainees of ITls, other vocational training institutes and industries will
derive maximum benefits from this book and that NIMI's effort will go a long way in improving the quality of
vocational training in the country by publishing the instructional materials for various courses and also
assist in enhancing the employment opportunities of the trainees and other beneficiaries.

The Director and the staff of NIMI and members of Media Development Committee deserve appreciation for
their contribution in bringing out this publication.

RAJESH AGRAWAL, I.A.S.,
Directorate General of Training/Joint Secretary,
Ministry of Skill Development & Entrepreneurship,
Government of India.

New Delhi - 110 001
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PREFACE

This National Instructional Media Institute (NIMI) an autonomous body under the Directorate General of
Training (DGT), Ministry of Skill Development & Entrepreneurship, Government of India was set up
at Chennai in 1986 with technical assistance from the Govt. of the Federal Republic of Germany. The
prime objective of this institute is to develop and disseminate uniform instructional materials for various
trades as per the prescribed syllabi under the Craftsmen and Apprenticeship Training Schemes
approved by NCVT.

The instructional materials are developed and produced in the form of Instructional Media Packages
(IMPs). An IMP consists of Trade Practical book,Related Trade Theory book, Test and Assignment
book, Workshop calculation & Science,Engineering Drawing, Instructor guide, Wall Charts and
Transparencies.

Hon'ble Prime Minister of India during his speech on 15" August 2014 mentioned about developing
Skill India and made the following announcement

"Skilling is building a better India. If we have to move India toward development then Skill Development
should be our mission."

Providing the current industry relevant skill training to students requires regularly updated syllabus
and trainers who are trained in the latest syllabus. Mentor Councils were constituted in January 2014
to revamp courses to be run in 25 sectors. The ultimate approach of NIMI is to prepare the validated
IMPs based on the exercises to be done during the course of study. As the skill development is
progressive the theoretical content on a particular topic is limited to the requirement in every stage.
Hence, the reader will find a topic spread over a number of units. The test and assignment will enable
the instructor to give assignments and evaluate the performance of a trainee. If a trainee possesses
the same it helps the trainee to do assignment on his own and also to evaluate himself. The wall
charts (NIMI Wall Chart are displayed in Premier Institutes like IIT-Madras etc.) and transparencies are
unique, as they not only help the instructor to effectively present a topic but also helps the trainees to
grasp the technical topic quickly. The instructor guide enables the instructor to plan his schedule of
instruction, plan the raw material requirement ,

To fulfill the Prime Minister Vision of making Digital India NIMI has also taken the steps to diversify the
Instructional Material in the form of E- Book (Digitalized Content - www.nimilearningonline.in),
E-Learning and Videos for the IMP’s developed. Thus the availability of a complete Instructional
Media Package in an institute helps the trainer and management to impart an effective training. Hence,
it is strongly recommended that the Training Institutes/Establishments should provide at least one
IMP per unit. This will be small, one time investment but the benefits will be long lasting along with
strengthening library facilities.

The Wireman 3@ Semester - Trade Practical under Power Generation Transmission Distribution
Wiring and Electrical Equipments Sector is one of the book developed by the core group members
of the Mentor Councils (MCs). This 3" Semester book includes Module 1 - Electronic Devices,
Module 2 - Domestic Appliances, Module 3 - DC Machines and Module 4 - AC Machines.

The Wireman 3 Semester - Trade Practical is the outcome of the collective efforts of Team India
Members of Mentor Council which includes academic/professional institutions (IITs etc.), experts from
relevant industries, field institutes of DGT, champion ITIs for each of the sectors, and also Media
Development Committee (MDC) members and staff of NIMI.

NIMI wishes that the above material will fulfil to satisfy the long needs of the Trainees and Instructor
and helps the trainees for their employability in vocational training for all Engineering and Non-Engineering
disciplines.

NIMI would like to take this opportunity to convey sincere thanks to all the Mentor Council Core Group

members and Media Development Committee (MDC) members.

A. MAHENDIRAN
Chennai - 600 032 Director, NIMI.
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INTRODUCTION

This manual of trade practical is intended to be used in the workshop. It consists of a series of practical exercises
to be completed by the trainees during the Third semester course of the Wireman trade, supplemented and
supported by instructions/information to assist the trainees in performing the exercise. These exercises are
designed to ensure that all the skills in the prescribed syllabus are covered including the allied trade skills. The
syllabus for the 3" Semseter Power Sector is divided into four modules. The distribution of time for the various
modules are given below.

Module 1 - Electronic Devices 11 Exercises 050 Hrs.
Module 2 - Domestic Appliances 12 Exercises 050 Hrs.
Module 3 - DC Machines 16 Exercises 175 Hrs.
Module 4 - AC Machines 25 Exercises 250 Hrs.

Total 64 Exercises 525 Hrs.

A careful study of the syllabus and the content matter in the modules reveal that these modules are interlinked with
each other. Furtherto this, the number of workstations available in the electrical section are limited by the machinery
and equipment. Because of these constraints, it is necessary to interpolate exercises in various modules to form
aproper teaching and learning sequence. The sequence of instruction suggested for various modulesis givenin
schedule of instruction which is incorporated in the Instructor's Guide. There are 25 practical hours in a week of
5 working days and thus, 100 hours of practical in a month.

Contents of Trade Practical
The procedure for carrying out exercises during the 3" semester and the specific objectives to be achieved at the
end of each exercise is arranged in the sequence indicated below.

Objectives
The skill objectives to be achieved at the end of each exercise are listed in the beginning of each exercise.

Requirements
Thetools/instruments, equipments/machines and materials required to performthe exercise is givenin the first page
of each exercise.

Exercise drawing and Procedure

The skilltraining inthe shop floor is planned through a series of practical exercises/experiments to support the theory
information so as to make the trainees to achieve practical skills in the wireman trade with the relevant cognitive
skills. A minimum number of projects have been included to make the training more effective and at the same time
to improve the attitude of group work among the trainees. Pictorial, schematic, wiring and circuit diagrams have
beenincludedinthe exercises wherever necessaryto assistthe trainees to broadentheir views. The symbols used
in the diagrams are in accordance with the Bureau of Indian Standards specifications.

More number of illustrations are available to make this manual, to the extent possible, less language oriented.

The procedure to be followed for completing the exercises are also given. To enhance the interaction between the
trainee and instructor as well as between trainees various forms of intermediate test questions are included in the
exerciseswhereverrequired.

Skill Information

Only the skill areas which are repetitive in nature are given as separate skillinformation sheets. Onthe other hand
the skills which are to be developed in specific areas are included in the exercise itself. Titles of skill information
sheets are given in italics in the content, with the page numbers indicated against each.

This manual ontrade practical forms a part of the Written Instructional Material (WIM). WIM also includes manuals
ontrade theory and assignment/test. The answersto the assignment/testare to be written onthe response sheets

only.
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Power Generation Transmission, Distribution, Wiring & Electrical Equipment

Wireman - Electronic Devices

Exercise 3.1.01

Determine the V/I characteristics of semiconductor diode

Objectives: At the end of this exercise you shall be able to

« identify the terminals of a diode and test the diode for its condition
» plot the forward characteristics, determine the forward resistance of the diode and the barrier potential
« plot the reverse characteristic of the diode and determine the minority carrier current.

Requirements

Tools and Instruments Materials
* Multimeter 20kQ/V -1 No. » Semiconductor diode IN 4001 or
or preferably Electronic Multimeter IN 4007 -1 No.
* Voltmeter MC 0-1 V -1 No. *  SPT switch 6A 240 V -1 No.
* Milliammeter MC 0-25 mA -1 No. » Bread board 150 x 150 mm -1 No.
* Voltmeter MC 0-30 V -1 No. + Suitable connecting wires for
*  Micro ammeter MC 0-100 Micro A -1 No. bread board - as reqd.
» Patch cords with clips - 2 sets
Equipment/Machines * 100Q 1/4 W resistor -1 No.
+ 10 Q 1/4 W resistor -1 No.
+ DC regulated power supply (RPS) .
0-30V. 1A -1 No. Lamp 6 V, 500 mA -1 No.
PROCEDURE
TASK 1: Identify the terminal leads of agiven diode
Fig 1

1 Set the multimeter in ohms range (Q x 1). Check the
zero-setting of multimeter, if necessary correctit. Mark
the polarity of the multimeter. If the polarity is not
known, connectits leads to a M.C. voltmeter (0-3V), to
find out the polarity of multimeter output voltage.

2 Observe the deflection of the voltmeter, if it indicates
the voltage, mark the terminal of the multimeter
corresponding to the voltmeter polarity.

3 If the voltmeter kicks back then mark the terminal of
the multimeter opposite to voltmeter polarity.

In digital multimeter the marked polarity and

polarity of output voltage are the same

4 Connect the +ve marked terminal of the multimeter to
one terminal of the diode and other to the -ve and
observe the reading.

a) If the meter reads low resistance then the lead of
the diode connected to +ve marked terminal of the
meter is the ANODE and the otheris cathode. As
shown in Fig 1a.

b) If the meter does not deflect as in Fig 1b then the
lead ofthe diode connected to +ve marked terminal
of the multimeter is the cathode and the other is
anode.

EL2806H1

If the meter reads low resistance for both
polarities the diode is short.

If the meter reads high resistance for both
polarities the diode is open.




TASK 2 : Determine the forward V/I characteristic of the diode

1

Draw the circuit for the said task and get approved by 3 Construct the circuit in the bread board as per your
your instructor. circuit (or as per Fig 2).
Collect the components/instruments and check their 4 Setinitially RPS = 0 and switch ON the power supply.

condition. Record the specification of diode. Close the switch S and increase the RPS voltage in

steps of 0.1 V as per the Table.1

TABLE 1
A Volt 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 2.0
V, Volt
ImA 0
6 Record the corresponding values of current (l.) and 7 Observethe value of voltage across the diode at which
voltage (V) in the Table.1. the current starts increasing.
While increasing the forward voltage (V) the 8 Switch off the supply
forward current (I.) of the diode should not 9 Plot the graph with V. on X axis and I on Y- axis.

exceed the rated forward current of diode.
10 Determine the forward resistance.

Fig 2 \V/
s 0-25 mA R: = I_F ohms
+ -
0 ~o—— mA F
11 From the graph determine the knee point voltage
T + + A (Barrier potential) at which large quantity of current
O_;V C\D s700 N7 01V GD v starts flowing. Enter the value below.
"o oy - y (Barrier potential) Knee point voltage __ volts.
100 Q § If the knee pointvoltageis around 0.3V or 0.7V
— g thediodeis germanium or silicon respectively.

TASK 3: Determine the reverse V/I characteristic of a diode.

1 Draw the circuit for the said task and get approved by 3 Switch on the power supply and close the switch S.
yourinstructor. 4 Graduallyincrease the RPS voltage and note down the
2 Constructthe circuitin a bread board as per the circuit corresponding current (Iz) and voltage (V) in Table 2.
(Fig 3). (Reverse the Diode terminals with respect to
previous task) If the reverse voltage becomes equal to
the PIV of the diode thenthe diode starts
_ conducting. If the reverse voltage becomes
Fig 3 s o more than the PIV, the diode will get damaged.
o\c @
N 5 Switch off the power supply.
y
vy . . K 6 Plot the graph on the same graph sheet (Task 2) with
0-30V <v> 0-30V 0-30V GD A Vg on x-axis and I on Y-axis.
1A (o=
- - A 7 Fromthe graph determine the minority carrier current.
100 § 8 Repeat the experiment for different types of diodes.
TABLE 2
V, Volts 0 5 10 15 20 30
V. Volts
I_in Micro camps

2 PGTDW&EE : Wireman - Exercise 3.1.01



Power Generation Transmission,Distribution, Wiring & Electrical Equipment
Wireman - Electronic Devices

Exercise 3.1.02

Identify and test the given zener diode

Objectives: At the end of this exercise you shall be able to

identify the polarity of a zener diode by visual inspection and test it for its condition

select a proper zener diode as per circuit diagram

determine the forward and reverse bias characteristic of the zener diode and draw the graph
determine the zener breakdown voltage from the graph.

e connect the zener diode as per circuit diagram

Requirements

Tools and Instruments

« Voltmeter MC 0-1V -1 No.
« Voltmeter MC 0-30V -1 No.
«  Ammeter MC 0-100 mA -1 No.
¢ Multimeter -1 No.
Equipment/Machines

* Regulated power supply (input -1 No.

240 V AC, output 0-30 DC, 1 amp)

Materials

* Zener diode 10 volts 1W -1 No.

» Zener diode (Assorted) -5 Nos.

¢ Resistor 3k, 1W, -1 No.

* Resin core solder -asreqd.
* Hook-up wire, single strand - asreqd.
* Resistor 5 ohm 5W -1 No.

» P.C. board, general purpose -1 No.

+ Diode data manual -1 No.

* 6V, 500 mA Lamp -1 No.

PROCEDURE

TASK 1:- Determine the polarity of Zener diode and check its condition

1 Take one of the given zener diodes.
component code number in Table 1.

2 Checkandrecordtheterminals ofthe zenerinasimilar

way as you test a rectifier diode.

Record the

If you still don’t know the terminals (+ve or -ve)
of multimeter, check it using a voltmeter and
make a mark on your meter.

3 Fromthe polarity marking on the body of the zenerand
fromthe testcarried out at step 2, identify and mark the

cathode terminal of the zener.

4 Referdiode datamanualand record the specifications

of the zener diode under test in Table 1.

5 Repeat steps 1 to 4 for atleast five different types of

zener diodes in the given lot.

6 Get your work checked by your instructor.

TABLE 1
. Zener Condition Specification
No code of the Nominal % toler- | Max power | Zener Zener Type of
" | number Zener zener ance P nax current | resistance | package
voltage V,
1
2
3
4
5

PGTDW&EE : Wireman - Exercise 3.1.01




TASK 2:- Determine the forward characteristic of zener diode

1 Draw the circuit for the said task and get approved by
your instructor.

Fig 1
50
S, oW i)-100Mf\
° &,
a> R
w =
- S D +
33N | . tov o-1ov
Zg =" -~ VAN O
S%L::J -
(ol -
I
g
FORWARD BIAS %

2 Collect the instrument and components and check
their condition.

Connectthe circuit as per the diagram for forward bias
(Fig 1) on a lug board.

Connect the DC regulators power supply to supply
mains and switch ON by keeping it in OV.

Increase the RPS voltage gradually from 0.1 Vto 1in
steps of 0.1 V.

Careshould betakensuchthatthezenercurren
(1) should be more than the forward current.

Record the readings of voltmeter and ammeter for
every step in the Table 2.

7 Switch off the DC power supply.

TABLE 2

Output Voltage of RPS (Vs) 0.1 0.2

0.3

04| 05 06| 0.7 0.8 0.9 1

Voltage Across Zener (V)

Current I (mA)

TASK 3:- Reverse characteristics

1 Design and draw the circuit for the said task and get
approved by your instructor.

Fig 2

a
[

J
o
+

S C\D 0-25V

10Q Z

iy

-

DC REGULATED
L

POWER SUPPLY

WM2C09H2

REVERSE BIAS

Connect the circuit for reverse bias (Fig 2).
Switch on the DC power supply.

Increase voltage from 1V in steps of 1 volt until the full
current of the zener is reached. Record the ammeter
reading in Table 3.

Wattage of zener diode
Max. zener current =

Voltage of zener diode

Draw the curves between the voltage and current in
the graph for forward and reverse-bias as shown in
Fig 3.

Mark the reverse breakdown voltage (Zener voltage)
on the reverse characteristic curve.

The reverse break down voltage is

R, =20

o

7 Calculate the zener resistance for each value of
current.

TABLE 3

Vs (Volt) Vvolt) Lima) R, oHms)

1

2

3

4

5

6

7

8

9

10
Fig 3

FORWARD
— I CURRENT

o

REVERSE
VOLTAGE

FORWARD
VOLTAGE

REVERSE
CURRENT

WM2C09H3
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment
Wireman - Electronic Devices Exercise 3.1.03

Construct and test a zener regulated power supply

Objectives: At the end of this exercise you shall be able to

» check the condition of the zener using an ohmmeter

« identify the terminals of zener diodes

« calculate the value of a series resistor to be used with a zener for a given load condition
« wire and test the zener regulator power supply.

Requirements

Tools/Equipments/Instruments * Resistor 172W, 100Q -1 No.

. . * Resisted, 2.2K, 1K, 470Q, - 1 each.
» Trainees tool kit -1 No. . Patch cords - as reqd
* Regulator Power supply, 0-30V,1A -1 No. - Wire sleeve, yellow -10 Cms.
* DC milliammeter,0 - 50mA -1 No. ’ '
 DC Voltmeter0-30V -2 No.

NOTE: The value of zener diode and the resistor
Materials/Components will have to be calculated before collecting them

. 12V, 400mw, Zener diode, -1 No. by the trianee for Task 1.
* 1Z12 or equivalent

PROCEDURE
TASK 1:- Construct a zener regulated power supply

1 Draw the circuit for the said task and get approved by 4 Increase the input voltage gradually from 5 to 25V in
your instructor. The required output specification of steps of 5V.

the zener regulator are given below.
g < 5 Record the output voltage and current and record itin

— Regulated output voltage : 12V DC 0.5V table 1.

— Load current : Depends on zener current
The current should not be more than the zener

2 Check the condition of the components used in the current (1)
circuit.

3 Connecttheseriesresistor, load resistanceandzener ~ 6 Repeatstepsbyreplacing the value of load resistance
diode to the power supply wired on the tag board as and check the output voltage.

per diagram (Fig 1). i
Use a suitable value and wattage rheostat to

load the output of power supply to 100mA.

Fig 1
TABLE 1
Vin (volts) 5 | 10| 15 20 | 25
Vz (volts)
psU { Current (mA)

out

NOTE: DO NOT EXCEED THE UPPER LIMIT OF 25V

|
WM2C10H1




Power Generation Transmission,Distribution, Wiring & Electrical Equipment
Wireman - Electronic Devices Exercise 3.1.04

Identify and check transistors

Objectives: At the end of this exercise you shall be able to
« identify a transistor from its type-number the following information referring to a data book;
(a) Silicon or Germanium
(b) PNP or NPN
(c) Package type
(d) Base, Emitter, Collector pins.
 test the condition of a given transistor using ohmmeter.

Requirements
Tools/Equipments/Instruments Materials/Components
+ Trainees kit -1 No. » Assorted type of transistors - 10 Nos
* International Transistors Data Book -1 No. » Sleeve wires of Red, Yellow, Blue
*  Ohmmeter 0-200Q or Multimeter -1 No. and Black colours 1mm dia - as reqd.
* Voltmeter MC 0 - 15V -1 No.

PROCEDURE

TASK 1: Identifying transistor type and leads, referring to data manual

1 Take any one transistor from the given éssorted lot,

enter its label number and transistor type in Table 1. Fig1

2 Refer to transistor data manual, find and record the
following details of the transistor in Table 1

— Whether silicon or germanium

— Whether NPN or PNP

— Type of packaging or case outline (Example: TO5,
TO7 etc.)

3 From the type of package recorded, refer to the tran- B
sistordata manual and draw the pin diagram indicting
base, emitter and collector for the transistor in Table 1. Insome power transistors, the metal body itself

will be the collector. In such cases mark ‘C’ on

the metal body using a pencil. All transistors
will not have shield pin.

3 to 5bmm

EL2816H1

4 Putsleeves as shown in Fig 1, to the identified pins of
the transistor using the colour scheme given below:

Base Blue colour sleeve ) ,

Emitter Red colour sleeve 5 Repeat steps 1 to 4 for atleast five transistors of
Collector Yellow colour sleeve different types in the given lot and get your work
Shield Black colour sleeve checked by your instructor.

TASK 2: Identify whether the given transistor is a PNP or NPN.

Referring adatabook with respectto transistor Ohmmeters in very low or very high ohms
number gives theinformation whether transis- range can produce excessive current/voltage
toris PNP or NPN. In the absence of data book and may damage low power transistors while
this test will be useful. testing.

1 Ascertain the +ve and -ve polarity of the ohmmeter 2 Readtheresistance value of PN junctions of transistor
leads by voltmeter test as shown in Fig 2 and Fig 3 and record it in table 1.



Alow reading shows the transistor is PNP and
the high reading shows the transistor is NPN
providedthecondition of thetransistoris good.
Refer Fig 2 and 3.

Fig 2

8

D)
&

BOTH READINGS
ARE HIGH

BOTH READINGS
ARE LOW

RESULTS OF THESE OHMMETER TESTS
PROVE THAT TRANSISTOR IS THE PNP TYPE

EL2816H2

3 Fromthe Recorded value, identify itis transistor.

4 Repeat the steps for atleast 5 transistors of different
types and recorded it in table 1.

Fig 3

/A

BOTH READINGS ARE HIGH BOTH READINGS ARE LOW

RESULTS OF THESE OHMMETER TESTS PROVE
THAT TRANSISTOR IS THE NPN TYPE

EL2816H3

TABLE 1

Semi-
Conductor/

Type

Sl.
No.

Lable
No.

Transistor
type No.

Type of
package

Pin

Diagram

Junction resistance
in one direction |Reverse direction

BE | BC | CE BE | BC | CE

Yes/No

Turn on
Remarks

TASK 3 : Testing transistor for its condition

1

Take atransistorwhose pins are identified and sleeved
at Task 1. Depending on whether the chosen transis-
toris NPN or PNP, clip/hold the +ve or -ve of the meter
prod to the base of the transistor as shown in Fig 4a
and 4b.

Clip the other meter prod to the emitter. Check if the
base-emitter junction diode of transistor shows low
resistance (few tens of ohms) or very high resistance
(few tens of kiloohms). Record your observation in
Table 1.

Reverse the polarity of the prod connected across the
base-emitter and check if the base-emitter junction
diode of transistor shows low resistance or very high
resistance. Record your observation in Table 1.

From the recorded observations in steps 3 and 4, and
referring to the table given below, conclude and record,
the condition of the base-emitter junction diode of the
transistor as GOOD, open or shorted in Table 1.

If the resistance of the junction measured in
both directions is high, in addition to the con-
dition of the junction given in table, an other
possibility is, your identified base pin may be
wrong. You may be measuring resistance
across emitter-collector. In case of doubt,
rechecktheidentified pins of thetransistorand
repeat steps 2,3 and 4.
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Fig 4
NPN TRANSISTOR

(a)

B

+Ve
OF INTERNAL
BATTERY

PNP TRANSISTOR

(b)

- Ve

OF INTERNAL
BATTERY
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5 Repeat steps 2,3,4, and 5 and check the condition of
the base-collector junction diode of the transistor.

6 Measure the resistance across the emitter-collector
and record the observation as V-HIGH (> 1MQ) or
LOW (<5009).



Inagoodtransistor theresistance between the
emitter and collector will be very high. A low
resistanceindicatesthat thetransistorisleaky.

Clip the meter across the emitter-collector with correct
polarity as shown in Fig 5a. Touch the base-collector
with moist finger as shown in Fig 5b and check if the
resistance shown by the meter decreases indicating
that the transistor is turning ON. Record your obser-
vation as YES or NO in Table 1.

From the observations recorded at steps 5,6 and 7,
give your conclusion on the overall condition of the
transistor under test. Refer Table 2.

Repeat steps 1 to 8 for atleast five more transistors of
different types.

10 Get your work checked by your instructor.

Fig 5

OHM METER

AT,
B 1

ZL OHMS é

a) NPN TRANSISTOR

OHM METER

b) PNP TRANSISTOR

EL2816H5

TABLE 2

Resistance of P - N

Resistance of P - N

Condition of P-N

junction with meter junction with meter Junction
prods in one direction in reversed direction
Low Very High Good
Low Low Shorted
Very High Very High Open (see Note above)
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment
Wireman - Electronic Devices Exercise 3.1.05

Determine the input/output characteristics of a transistor

Objectives: At the end of this exercise you shall be able to

« identify the specification of the given transistor from the data book

« form the transistor circuit as per the given circuit diagram

« plot the characteristics (input & output) of the given transistor in CE mode
« determine the input resistance, and beta (from the graph).

Requirements
Tools and Instruments Materials
* Voltmeter MC 0-15V - 1No. « Transistor BC 140 -1 No.
* Voltmeter MC 0-5 V -1 No. * Rheostat 1 K ohm -1 No.
*  Ammeter MC 0-50 pA -1 No. * Rheostat 3 K ohm -1 No.
*  Ammeter MC 0-100 pA (multimeter) -1 No. * 1.5-volt dry cells -2 Nos.
Equipments/Machines * Connecting leads- - as reqd.
» DC regulated power supply (0-30V),1A- 1 No. Tag board general purpose -one
PROCEDURE
TASK 1 : Input characteristics (V. — I, characteristics)
1 Refer to the data book and write the following
specifications. Fig 2
TransistortypeNo Ll _—y Vee=5Y
NPN/PNP \ / /VCE=1OV
VCEO(MaX) .............. volt 50 —|
VBEO,., volt 20 —|
r. .. .
c(Max) mA 30 —
I.Max)y mA I
Beta(hFE) W 0
Por mw 10— Alg
T AVge
2 Test the transistor for its condition 0 \ \
3 Set up the experimental circuit as shown in Fig 1. e e 0'7\/0'8 " 2
BE — ™ &
Fig 1
9 o 0-100mA = 7 Switch OFF the power to the circuit. Plot graph for
REGULATED) given graph I_ vs V,_from the readings of Table 1.
POWER
33%571? 8 The typical input characteristics is shown in Fig 2

EL2817H1

| .
9 Compute the Beta,P= l—c Ve is constant
B

4 Adjustand set V, to zero volt. Change the V_ from 10 Compute the value of input resistance (r) applying the
0 volt to 0.9 volt, as shown in Table 1 and record I. vV
. formula r. = _BE Q
5 AdjustandsetV . to 5 volt and change the V_from 0 T
volt to 0.9 volt as shown in Table 1 and recordI,. B

6 Repeat the above step for other V__ settings and
record I in Table 1.




TABLE 1

V. =0V

CE

Vg =5V

V. =10V

in volt

V.. in volt BE

I inmA \/

I inmA

\Y

ge IN VoIt

I . inmA

BE
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

TASK 2: Output characteristics (V_.—I . characteristics)

1

With the same experimental circuit.
SetV_ and V. at ‘0 volt

Connect the meters in proper polarities as
indicated in the circuit.

Adjustand set I to 10 mA. Vary V__ from2Vto 10in
steps of 2V and record the Ic in Table. 2

BREAKDOWN
|

|
Ig=100 pA
|
|

3 Repeat the above step for other values of I as in .
Table 2. 0 " ; Ll E‘s f; 1‘0 | Vee %
4 Switch off the power to the circuit plot graph in the -
graph sheetfor I_-V_ fromthe readings of Table 2.
The O/P characteristics will be as shown in Fig 3.
5 Write the conclusion
TABLE 2
I, =5mA I =10mA I, =15mA
Ve involt I_inmA V. involt I_inmA Ve involt I_inmA
2
4
6
8
10

10
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment
Wireman - Electronic Devices

Exercise 3.1.06

Construct a voltage regulator

Objectives: At the end of this exercise you shall be able to

e construct a given simple series regulator circuit
e construct and test a +12 Volts regulator using IC 7812 three pin regulator
* measure the output voltage and current
* measure the ripple at input and output of the regulator and find ripple factor RR.

Requirements

Tools/Equipments/Instruments

+ Trainees tool kit -1 No.
* Unregulated DC power supply,18V DC - 1 No.

+ CRO, 20 MHz -1No
Materials/Components

» Three pin voltage regulator -1 No.
+ Tag board -1 No.
« Transistor SL100 or equivalent -1 No.
« Zenerdiode, 12V, 1/4W -1 No.

Resistors, carbon, 1/4W

180 Q -1 No.
1K Q -1 No.
220 Q -1 No.
330 Q, 820 Q -1 No.
Capacitor, 10uF, 25V, 220 nf, disc -1 No.
LED, Red colour -1 No.
Hook up wires (Red and Black) each - 1 Metre.
MA 7812 or equivalent -1 No.
Heat sink for 7812 -1 No.
10uF, 25V, electrolytic capacitor -1 No.
Resin core solder -20 cms.

PROCEDURE

TASK 1: Construct and test the given simple series regulator circuit

1

Refer data book and record the required details of the
given transistor in Table 1.

Test to confirm the condition of the given components.

Solder the components on the given Tag board as per
the schematic diagram and layout shown in Fig 1 and
2 respectively. Get the wired circuit checked by your
instructor.

Connect an unregulated dc voltage of 17V to the input
terminals (2 & 3) of the wired series regulator board.

The required unregulated DC of 17 V can be
obtained from the bridge rectifier with filter
capacitor wired on PCB-1

Get the interconnections made checked by your in-
structor.

Switch on the AC mains supply to the unregulated DC
supply.

Measure and record the input voltage and output
voltage of the series regulator.

Fig 1
SL100 OR EQUV +
E
RED
LED
® | |
a A\ 8
E > 9
g 3 10 u F/25V c o
307 c= R lg 8
2%z Vg
g - Rat| | 3
D -~ 8
z o
l I
DS
s

Measure and record the following voltage levels.

a) Voltage across zener, V,
b) V. of the transistor Q,
c) Vg of the transistor Q,.

Using a CRO, measure and record the peak - peak
ripple voltage at the input and output of the regulator.

11




Fig 2

1 5 9 22 28 34 ‘;1\ 47 51 55
1 %@ﬁ4 RED
B[15 SL 100 \LED
Qq 29 48
G R 23
gl | 00 ©3 0%
16 RsLl ke 52 Tz
o 42 R
+ o 10 32 5}
2 .:_( 2 17 o8 6 ©43 % 9
30 6 18O | ®19 @3 S-L RL|:|% i
s E2 7 ) B 5 Qau P 53 Yoy 3
z 20 = 3
_® 3 i
39 45 4
26 -
Vz
z Z S 12v l
@ /
4 8 1 21 27 33 40 46 50 54 58 9
TAG BOARD CODE NO: 111-01-TB E
=
10 Switch off mains supply. Replace the 2202 load resis- Do notuseR_of value lower than 180, this will

tor R_ by a 180Q resistor.

load the regulator beyond its designed load

With R =180Q, the load current will increase
from the earlier 55mA to 66mA. This results in
atotalload of 10.3mA through LED, plus, 66mA

current which will damage the pass transistor.

11 With increased load current, repeat steps 7, 8 and 9.

through R (10.3mA + 66mA = 76.3mA). By 12 Get the work checked by your instructor.

doing this, you are still in safe loading the
regulator because the regulator was designed

for aload of >100mA.

Table 1:

Specification of the transistor used

Pin layout

VCE Max

I Max

Max. device dissipation | b Application

dc

12
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment
Wireman - Electronic Devices

Exercise 3.1.07

Construct and test power supply using voltage regulator IC

Objective: At the end of this exercise you shall be able to

e construct and test a +12 volts regulator using a 7812 three-pin regulator.

Requirements

Tools/Equipments/Instruments

* Trainees tool kit -1 No.
* Rheostat 100Q2, 1.5 A -1 No.
« DC ammeter, 0-1A -1 No.

Materials/Components

Component list for Tag board power supply

* Tag board Code No.111-05-TB -1 No.

Three-pin voltage regulator

MA7812 or equivalent -1 No.
Heat sink for 7812 -1 No.
Capacitor 270 pf, disc -1 No.
Red LED -1 No.
Resistor 82002, 1/4 W and 1KQ, 1/4W -1 each.
Hook up wires (red and black colour) - 1 Mtr.
Resin cored solder -10 cms
Wire sleeve (R,Y,G) each -2cm

PROCEDURE

TASK 1: To construct and test a +12 V fixed voltage regulator

1

From the type code marked on the given 3 pin regula-
tor IC, identify and record the IC’s specifications.

Identify the terminals of 7812 and put sleeves to the
terminals using colour coding scheme given below;

Input - Yellow/Orange sleeve.
Common - Green/Black sleeve.
Output - Red sleeve.

Get the work done in steps 1 and 2 checked by your
instructor.

Fix the aluminium heat sink for 7812 on the tag board.

Construct the voltage regulator circuit referring to the
schematic and layout diagram shown in Fig 1 & Fig 2.

Fig 1

+

UNREGULATED
DC VOLTAGE
16V-20V

C1—

N

7812
COM

ouT

270nF

+

C2/‘

L_10pF
25V
Rq

RED
LED

w

820Q

REGULATED +

DC VOLTAGE
12v

Fig2 ___________
r n
19 23 26
+
1 1 )
RED
20
16 LED | o
L|DJ|-|-| \\: N
= I S5E£0
53dFEdA 1 Q1 <
Eo3oR L " 17 £ E5‘é
=W>o w =) g 280
£ S| 7O @ < Rl [ P83
=) N @ 8
21
1
8 13 8 22
2@ 25 = -
- 27
430
z
CODE NO: 111-05-TB &
s

The unregulated DC voltage to the regulator
should notbemorethan 24 volts; otherwisethe
IC may get damaged.

+12V FIXED OUTPUT VOLTAGE REGULATOR CIRCUIT
SPEC: OUTPUT DC:12V, RATED MAX LOAD 800mA

MI1716H3

Get the neatness and correctness of your wiring
checked by your instructor.

Apply 16 to 20 volts unregulated dc voltage to the input
of the wired 12V regulator. Record the unregulated
input voltage and no-load output voltage of the regula-
tor.

Using loading rheostat, load the regulator in steps of
200 mA upto 800mA and at each step measure and
record,

— Regulated dc output voltage

Loading is limited to 80% of its rated maximum
of 1A. This is because the heat sink used with
7812 may not be very effective in taking away
the heat.

10 Get the work checked by your instructor.

13



Power Generation Transmission,Distribution, Wiring & Electrical Equipment
Wireman - Electronic Devices Exercise 3.1.08

Troubleshooting in power supply

Objectives: At the end of this exercise you shall be able to

e carry out step-by-step troubleshooting in a power supply having bridge rectifier and capacitor filter

e carry out a short cut method of troubleshooting the power supply through problem tree and service flow
diagram.

Requirements
Tools/Equipments/Instruments Materials/Components
« Trainees tool kit -1 No. » Bridge rectifier with filter capacitor -1 No.
wired on tag board
* Spare components -asreqd.
PROCEDURE

Hints to Instructor:
For TASK 1, create more than one faultin the bridge rectifier with filter capacitor wired on tag board. For
Task 2 create another set of faults in the power supply for the trainees to identify and service the fault.

TASK 1: Troubleshoot defects in bridge rectifier power supply following step-by-step method

1 Inthe given power supply board, refer Fig 1, check for 4 Using a continuity tester, check the power cord for any
any one of the physical defects listed below; Record one of the following defects and record the defect
the observed defect(s) in Table 1. observed if any;

— Open or shorted wires in the plug.

Fig 1
9 5A — Open or shorted wires in the 2-core cable.

240V | + ‘—@—\
) . :
]

NS
T |
|
} 0-500 mA Fig 2

50Hz T T N
| | | B
} + \> CRR L) } }
S 4700 H @ POWER ! | ©
CORD ) } }
1 n 1 @4
Il

EL2836H2

PRIMARY @ SECONDARY

EL2836H1

POWER SUPPLY HAVING BRIDGE RECTIFIER AND FILTER CAPACITOR

— Loose/open wire connections. 5 Checkthe continuity of transformer primary winding. If
— Loose/open component lead connections. found open, record defect.
— Dry solder points. 6 Remove the wires soldered at the secondary winding

— Shorting of terminals due to solder spray or bad

M ) ] terminals of the transformer as shown in Fig 3. Check
skinning/bending of wire ends or componentleads.

the continuity of the secondary windings. Record your
2 Trace the circuit wiring and check the correctness of observation.
the following.

— Polarity of diodes Fig 3
— Polarity of polarized capacitors. 5

Correct the polarities found defective and record the \> oie
Su—@

‘e

defect observed and polarity corrected in Table 1.

3 Open one of the wire ends of the power cord con-

nected to the power supply as shown in Fig 2. M2/

PRIMARY ‘—@—’ SECONDARY
This will disconnect the transformer primary from the

EL2836H3

power cord. 7 Openoneleadofeachdiode as showninFig4. Check
the condition of the diodes. Record your observation
14 in Table 1.



EL2836H4

TABLE 1

S| Name of the Nature of Specification of Equivalents, if any, Specification

No defective defect the componentto | for the components | of the component
' component observed be replaced to be replaced replaced

Sample | Solderpoint Drysolder | ... | .. Resoldered

8 Openone oftheleads of the capacitor. Checkthe
condition of the filter capacitor by carrying out the
capacitor action test. Record your observation in
Table 1.

9 Checkthe condition ofthe bleeder/load resistor. Record
your observations in Table 1.

10 Get the defects recorded in steps above, checked by
your instructor. Get the approval to replace the
components found defective.

11 Collect and test the new components to replace the
identified defective components.

12 Replacethedefective components with the new compo-
nentsand solderbackall connections opened while testing.

13 Connect serviced power supply to AC mains and
switch ON mains supply. Check and record the output
condition in Table 2 under the heading final condition
after servicing.

If there is NO output from the PSU even after
carrying out the said procedure of servicing,
consult your instructor.

The output may have problems other than the
one for which it is serviced. Record the prob-
lem as it is observed.

14 Get your work checked by your instructor.
Final condition of power supply after servicing

a) Output voltage level

b) Ripple voltage Vr(p_p in output DC

)

TASK 2: Troubleshoot defects in power supply using Shortcut/Logical approach method

1 Switch ‘ON’ the given defective power supply unitand
record the identified defect in record sheet.

2 Referthe problem tree corresponding to the identified
defect.

3 Refer the service flow sequence SFS-1 or SFS-2
depending on the identified defect of power supply.
Follow the logical sequence to service the defective
power supply.

4 Record the identified component defects and reme-
dial measure taken in Table 2 of record sheet.

Refer the problem tree corresponding to the
SFD for finding the possible causes of the
defects.

Whenever any component is found defective,
record its type, cause of defect and other de-
tails in the Table 2.

Whenever any component is replaced, record
the specification of thereplaced componentin
Table 2.
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Once serviced as per SFD is complete, record 6 Final condition of power supply after servicing
thefinal condition of the power supply in Table a) Output voltage level
2. b) Ripple voltage V,

in output DC

5 Get your work checked by your instructor.

TABLE 2
S| Name of the | Nature of Possible Specification of Equivalents, if any, Specification
N6 defective defect cause(s) of the component to | for the components |of the component
‘| component | observed the defect be replaced to be replaced replaced
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment
Wireman - Electronic Devices Exercise 3.1.09

Identify, test SCRs and construct SCR as a switch

Objectives : At the end of this exercise you shall be able to

« identify the specifications of SCR referring to data book
« identify the anode, cathode, gate pins of the given SCR
e conduct quic-test to find the condition of the given SCR

e construct a SCR as a ON/OFF switch.

Requirements

Tools/Equipments/Instruments

« SCRs, TY 6004, 2N 4444, 2N 4442 -1 each
« Resistors, carbon film 1/4w

» Trainees tool kit -1 No. 330 ohms -1 Nos
* International SCR data book -1 No. '
. Requlaed v DC 330 ohms -1 Nos.
egulaed power supply » Potentiometer, disc type 1/2w
12V/100mA -1 No.
. Multimet 1N 47K -1 No.
ultimeter -1 No. 10K -1 No.
Materials/Components * Micro switch - 2 Nos.
* RedLED -1 No.
Assorted type of SCRs - 20 Nos. . Capacitor (DC) 1000mF/25V -1 No.
« Sleeve wires Red, Blue, . .
Yellow. Black - 10 ems * Resistors, carbon film
each ’ 56K (1/2W) -1 No.
. : ) 56Q (1W) -1 No.
| soter flx e 5602 (1/4W) -1No.
. Conne,cting wires - as reqd. . g:ls; gglw()) 1A) : 1 Eg'
» Patch cords fitted with crocodile clips - 3 Nos. T '
* SCR test Tag board -1 No.
PROCEDURE

TASK 1: Identify SCR type and leads referring to data manual

1 Pick any one SCR from the assorted lot. Enter the
picked SCR label numberand its Code number (printed
on the SCR) in Table 1.

2 Draw a pencil sketch of the SCR pin diagram. Identify
the Anode, Cathode and Gate pins of each SCR
referring to the data manual.

3 Put sleeves of suitable length to the identified pins of
the SCR using the colour scheme given below:

Gate Pin : BLUE sleeve
Anode : RED sleeve
Cathode : YELLOW sleeve

TASK 2: Quick test SCRs using an ohmmeter

1 Pickanyone SCRused in Task 1 whose terminals are
identified.

2 Identify and mark the internal battery polarity at the
terminals of the ohmmeter/multimeter (inohmsrange)
to be used for Quick-testing SCRs. Select Rx100
range.

In some power SCRs, the metal case itself will
act as anode. In such a case mark ‘A’ on the
case using a pencil or put a RED colour dot
using colour marker pen.

Get the work checked by your instructor.

Repeat steps 1 to 3 for atleast five different types of
SCRs from the assorted lot.

Test each of the picked SCR following the table below
and record the measured resistances in table 1.

— Between Anode - Cathode
Irrespective of polarity
— Between Gate - Cathode
(i) Forward biased
(i) Reverse biased
— Between Gate - Anode
Irrespective of polarity 17



4 From the recorded readings, record your conclusion

about the working condition of the SCRs.

5 For each of the picked SCR carryout the following

steps to check the gating effect of SCRs and record
the results in Table 2.

— Set multimeter to low resistance range

— Connect positive lead of multimeter to the anode
andthe negative lead to the cathode. Measure and
record resistance.

— Shortanode and gate of SCR using a piece of wire.
Measure and record resistance between Anode
and Cathode.

TASK 3: Testing SCRs function as a ON/OFF switch

1

Collect the compents as per Fig 1 and check their
condition

Constructthe SCRtest circuitas shown in Fig 1 on the
tag board. Keep switches S, and S, open before
connecting dc supply. Getthe wired circuit checked by
your instructor.

Fig 1

LED

R [] 330Q
174w 10K, 1/4W

ET2K02H1

SCR TEST CIRCUIT

With switches S, and S, open, set DC power supply to
12V.

Set POT R, to zero Ohms. Set POT R, such that
voltage across points A&B is zero volts.

This ensures that when S, is closed, initially
the gate voltage is zero and hence the SCR
does not get fired.

With S, and S, open, record the status of LED in
Table 1.

With S, open, close switch S,. Record the status of
LED, and the voltage across the SCR (V) in Table 3.

In this condition, there is supply across the
SCR but there is no triggering voltage/current
to the SCR gate. In this condition if the SCR is
good, it behaves as a open switch and hence
V,« Will be equal to 12 volts.

18

— Disconnect the shorted anode-gate, measure and
record resistance between Anode and Cathode.

6 From the recorded readings in step 5 and from the
knowledge acquired about working of SCR in lesson
conclude the condition (GOOD/OPEN/SHORTED) of
the SCR under test.

Repeat steps1, 3 to 6 for atleast two more SCRs.

8 Get the work checked by your instructor.

6 With S, closed, close switch S,. Record the status of
LED.

In this condition, there is supply across the
SCR and the gate-trigger voltage/current is

Zero.

7 Measuring the voltage V,,, slowly raise the gate volt-
age by adjusting the POT R, until LED just lights-ON.
Record value of V, in Table 3 of underthe columnV
and the status of LED.

V., is the minimum value of gate voltage(V
required to turn-on the SCR.

If the LED is ON, it indicates that the SCR is
conducting acting as a closed switch.

If the LED is not turning ON by adjusting R,,

o)

consult your instructor.

8 With the SCR conducting(LED on), measure and
record the voltage across the SCR (V,,, ).

In this condition, if the SCR is good, then the
SCR behaves as a closed switch and hence the
voltage across the SCR will be very low.

9 Open switch S, and record the values of V,

V,.and

GK?

the status of the LED.

If the SCR is good, then, value of V,, will re-
main to be very low and LED keeps glowing
indicating that gate voltage is no more required

to keep the SCR in ON state.

10 Open switch S, momentarily and close it. Record
values of V,,V,, and the status of the LED.

GK?

If the SCR is good then the SCR gets turned
off by breaking the load current

11 Switch off 12 volts dc supply to the circuit. From the
observations made in the experiment conducted.

12 Get your work checked by your instructor.
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1 Table1

Label No. SCRtype Measured resistance between Conclusion
number A &K G&K G&A
Forward | Reverse | Forward | Reverse | Forward | Reverse

2 Table2
Label No. Resistance between Conclusion
A & K before shorting A & K after shorting A & K after removing
anode with gate anode with gate short between anode
and cathode
3 Table3
S, S, S, Lamp SCR Remarks
on/off on/off on/off on/off | on/off
(Trainee) (Instructor)
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment
Wireman - Electronic Devices

Exercise 3.1.10

Construct and test a UJT relaxation oscillator

Objectives: At the end of this exercise you shall be able to

« Identify the terminals and specification of aUJT

* test the given UJT

e construct and test relaxation oscillator using UJT
e measure time period and frequency.

Requirements

Tools/Equipments/Instruments

* Trainee tool kit -1 No.
* Dual channel oscilloscope 15 MHz -1 No.
* Power supply unit 0-30V 2A variable -1 No.

Materials/Components

* General purpose PCB (4 x 8)cm - 1 No.

+ UJT 2N2646 -1 No.

» Carbon resistors - 1/4 watt 47Q -1 No.
470Q -1 No.
2.2 kQ -1 No.

« Potentiometer 1/2 w, 470 KQ -1 No.

» Capacitor 0.02 pf, 25V -1 No.

*  Hookup wires - as reqd.

* Resin core solder - as reqd.

PROCEDURE

TASK 1: Find specifications of UJT, identify and sleeve leads

1

Refer UJT data manual to find and record the specifi-
cation of the given UJTs in Table 1.

Identify and put sleeves toits leads following the colour
sequence given below; From the package type of the
given UJTs, referring to the data manual.

TASK 2: Test a UJT using Ohmmeter

1

Identify and mark the internal battery polarity at the
terminals of the ohmmeter/multimeter used for testing
the UJT. Set the meter range to R x 100 or R x 1000
ohms.

Very low ohms range can produce excessive
current through the UJT and damage it.

20

Test and record the resistance across the UJT termi-
nals (forward bias/reverse bias) using the ohmmeter,
for the given UJT.

Base 1 - blue
Base 2 - black
Emitter - red

3 Get your work checked by the instructor.

3 Assess and record the condition of the UJT, from the
recorded observations.

4 Repeat steps 2 and 3 for other given UJTs.

Get your work checked by your instructor.



TASK 3: Construct and test a UJT relaxation oscillator

1 Assemble the relaxation oscillator on the general 4 Using CRO, observe the wave forms between emitter
purpose PCB, Referring to the circuit diagram shown and base and sketch these wave forms in Table 1.
in Fig 1.

5 Calculate the frequency from the reading taken at

Fig 1

O +24V

Table 1 and apply formulas given below. With the
potentiometer keptat minimum, middle and maximum
position, record the details of wave forms on Table 1.

Frequency = 1/twhere 1’ is the time period in seconds.

Time period (Condition 1) t =when C = 0.02 yFD and
R, is at one extreme end (R, = 0)

Time seconds = (R, +R,) x C

where R, & R, are in ohms

Cin Farad

R, = 2K2 ohms and R, = 470 K ohms variable
Value of R, at middle = 235 K ohms

EL2837H1

2 Get the wired oscillator checked by your instructor.

3 Energise the circuit with the stipulated DC supply.

R, at other end =470 K ohms

TABLE 1

Sl. No.

Waveform at the
output terminals

Amplitude time period (t) Frequency

POT at one extreme end

DOT at middle position

POT at other extreme end
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment

Wireman - Electronic Devices

Exercise 3.1.11

Construct and test an electronic timer using UJT and SCR

Objectives: At the end of this exercise you shall be able to

e build atimer
e test the circuit.

Requirements

Tools/Equipments/Instruments « Wire wound resistor 56Q - 2w -1 No.
+ Trainees tool kit -1 No. : Earbogi\eﬁésgx, L MQt' 172 V\'{[h hold ) i HO'
+ Soldering Iron 35 W -1 No. amp oA screwtype with holder: - L NO.
e Wires - as reqd.
Materials/Components e Push button switch - 1 No.
¢ Relaxation oscillator wired on PCB -1 No. * Solder an(rj] soldering paste - as reqd.
(Use the end product of Ex. 3.1.10) * Stop watc -1 No.
« SCR C106 or equivalent -1 No. + POT 1M , -1 No.
« Diode IN4007 -1 No. e SPT, Two way toggle switch -1 No.
e Zener 18V - 1/2 watt -1 No.
PROCEDURE

1 Test for satisfactory working of the tested board of
relaxation oscillator of Exercise 3.1.10.

Replace the components R, R,, C, as per the circuit
diagram (Fig 1) and check their condition.

Fig 1
Rs
ANV J o—(O +24V
560, 2W Sy

Z 18V C§§>

ZENER

TWO WAY
SWITCH

N ggzte 7 3R
POS1 51\ POS2 /S TY6004

o

EL2838H1

3 Solder additional components on the wired relaxation
oscillator board to make a timer Refer circuit at Fig 1.

Get your wired circuit checked by the instructor.
4 Keep the switch S, in position 1. (POS1)

9

Keep R, in minimum position.
Energise the circuit with the rated voltage.

Record the time taken by the circuit (time delay) to
switch on the lamp from the time the circuit is ener-
gised using stop watch in Table 1.

Turn the potentiometer R, to minimum, middle and
maximum position and repeat steps 5 & 6 for each
position and enter the result in Table 1.

Change the position of Switch S, to position 2.

10 Repeat steps 5 to 8. Enter the results in Table 1.

11 Write the conclusion by

a) Whenthe SCRisturned onthe lamp will

b) Toturnthe SCR‘on’the UJT hasto produce apulse
at the of the SCR.

c) The UJT can produce a pulse wave form depend
ing on the time required to change the

d) The changing time of capacitor is more when the
POT resistor value is

e) The charging time of capacitor is more when the
value of resistors R, and R, are fixed but the value
of is more.

TABLE 1
Position of ~ Delay timein sec. for Delay time in sec. for position 2
potentiometer positions 1 with 10 uF capacitor with 100 pF capacitor

One extreme end

Another extreme end

Approximate middle position
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment
Wireman - Domestic Appliances Exercise 3.2.01

Test and commission the given domestic appliance

Objectives : At the end of this exercise you shall be able to

read and interpret data of the given domestic appliances like heater, iron, kettle, hot plate, toaster etc.
test the power cord for continuity with a test lamp/ohmmeter

measure the insulation resistance between the terminals and the body of the appliance

select the fuse size according to the load of the circuit

carry out commissioning test for the given domestic appliances

connect the domestic appliance.

Requirements
Tools/Instruments * lron750 W, 240V - 1No.
; ; +  Kettle 1000 W, 240 V - 1No.
+ Trainees tool kit - 1No. ’
« Testlamps 240 V, 100 W - 5Nos. * Hotplate 1500 W, 240 V - 1No.
+ Multi-range ohmmeter - 1No. * Toaster 600 W 240V - 1No.
* Megger 500 V - 1No. Materials
Equipment/Machines * Fusewires 5,10, 15 A - asreqd.
* Heater 2000 W, 240 V - 1No.
PROCEDURE
1 Read the name-plate details of the appliance. Fill up 4 Remove/detach the power cord from the appliance if
the data in Table 1. detachable.

5 Test the continuity of the phase, neutral and earth
conductor of the cord by touching the plug pin and
corresponding socket pins at the other end with leads

2 Calculate the current if not indicated in the name-
plate. Determine the fuse size and replace the fuse in

the circuit. TABLE 1 of a series test lamp. (Figs 1a & b)
Nam e'plate Fig 1a APPLIANCE
SOCKET END PLUG END
Name of appliance 7 _——
NO— < p——
Make o ;> | 7
Supp|y Voltage 240 V AC, 1 PHASE POWER CORD
50 Hz SUPPLY
Phase
Amps Lo
TEST LAMP
Hertz Fig 1b
Watts Z
£
Special mark LO
240 V AC, 1 PHASE
Serial No ’ .
50 Hz SUPPLY %m
3 Read and observe the procedure of installation rec- NO
ommended by the manufacturer. However, follow the
steps 4 to 14 even though the manufacturer’s instruc- 6 Test for the continuity of the conductors in the cord
tions may not include such steps. using an ohmmeter if electric supply or testlamp is not

available. (Figs 2a and b)
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7 If there is no continuity between the power cord plug
pin and the power cord socket, rectify or replace the
power cord.

Fig 2a
POWER CORD

@
OHMMETER
Fig 2b

8 If possible detach the power cord and measure the
insulation resistance between the body of the appli-
ance and the appliance terminals L & N as shownin Fig
3a.

9 Attach the power cord and measure the insulation
resistance between the body of the appliance and the
power cord plug pins. (Fig 3b).

Fig 3

10 Record the values in Table 2.
TABLE 2

If the insulation resistance value is less than
one megohm, the appliance is not safe to use.
Do not test the appliance with the supply.
Report to your instructor about the low insula-
tion resistance.

11 Iftheinsulation resistance value is 1 megohmor more,
connect the appliance with a lamp of suitable wattage
in series and switch on the supply. (Fig 4)

Fig 4

L O o\c

|
- el

HOTPLATE Etc.

12 Observe the glow condition of the lamp.

+ Ifthe glowis dimremove the lampin series with the
appliance; go to step 15.

+ If the glow of the lamp is normal go to step No.13.

In case the appliance is a hotplate, before
touching the hotplate, check for any electrical
leakage with a line tester. A glow indicates
thereis shock hazard. Do not attempt to touch
the open heater coils of the heater (stove).

13 Observe the heating of the appliance after a couple of
minutes kept on with the lamp in series.

14 Repeat the test with a higher wattage lamp in series,
if the lamp glow is normal.

A normal glow of lamp (of suitable wattage)
when connected in series with the applianceis
an indication of possible partial or full shortin
the element.

15 Connect the appliance directly to the supply for a few
minutes and ascertain the hot condition in a suitable
way.

Description Value

Insulate your hand with a layer of cloth, and
touch. If unable to decide, touch by bare hand
for ashort while to sense theraise in tempera-

ture or hotness.

Appliance only

Line and body

Neutral and body

Power cord attached to
the appliance

Neutral pin and body
Line pin and body

16 Repeat the steps 1 to 15 for the following appliances.

« Water heater/geyser (for testing the water heater
with supply it should be filled with water)

* Electriciron

» Kettle (Fortesting the kettle with supply it should be
filled with water.)

* Toaster
* Heater (stove)
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment
Wireman - Domestic Appliances Exercise 3.2.02

Test and replace the heating element in a kettle (sauce pan type)

Objectives: At the end of this exercise you shall be able to

* test the power cord for continuity

« test the kettle element and identify the defect

« dismantle the kettle

* replace the old element with a new one

« assemble the kettle and test for its working

e measure the insulation resistance between the terminals and the body of the kettle.

Requirements

Tools/Instruments Equipment/Machines
¢ Trainees tool kit -1 No. « Kettle (sauce pan type 500 W 240V -1 No.
* Megger 500 V -1 No. Materials
¢ D.E. spanner set metric 6mm - 22mm - 1 Set.
* Element for kettle 500 W 230 V/240 V - 1 No.
¢ Asbestos sheet and fibre washers - as reqd.
e Testlamp 240V, 60 W - 1 No.
PROCEDURE
TASK 1: Replace heating element in a kettle.
1 Record the name-plate details of the appliance. 5 Check the insulation resistance between the appli-

ance socket terminals and the body of the kettle.
NAME-PLATEDETAILS

If the insulation resistance is less than one
megohm, the kettle element needs to be re-
make placed.

Name of appliance

supply voltage 6 Readthe assembly diagram in the instruction book of

phase the kettle and dismantle the parts in the sequence
recommended by the manufacturer.

Amp

Watt 7 In the absence of the manufacturer's recommended
atts sequence diagram of the assembly, the following parts

Sl. No. may be removed observing the correct procedure.

(Fig 1)

2 Disconnect the power cord and check the power cord
» Bottom cover

for continuity of the cable, tightness of the terminal

connection and insulationresistance betweenthe line, * Pressure plate
neutral and earth terminals. « Sole-plate with asbestos insulation
3 If found defective, either repair or replace the power * Element
cord. . . .
8 Obtain a suitable element of the right shape, wattage
4 Without opening the kettle, at the appliance socket, and voltage and necessary mica and asbestos sheets
check the continuity of the kettle heating element of the same type and quality.

either by using a test lamp or a Megger. 9 Check the element for its continuity.

If there is no continuity, the element is as- 10 Replace the new element in position.
sumed to beopen and it has to bereplaced. Go

to step 6. 11 Assemble the parts in proper order and connect the

appliance.
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TOP COVER

HANDLE

KETTLE

CENTRE BOLT

HEATING ELEMENT
ENCLOSED IN
MICA INSULATION

HEATING ELEMENT
END BRASS STRIPS
ASBESTOS SHEET

SOLE - PLATE

SCREWS

PRESSURE PLATE

NUT 2 OFF

BOTTOM COVER

OUTLET SOCKET TERMINAL

EBONITE FEET

WASHER

éi BOTTOM COVER SCREW

DISMANTLED VIEW OF A KETTLE

Take careto fitthe asbestos sheet and the sole
plate at the sole plate housing in the correct
order.

12 Measure theinsulation resistance between the body of
the appliance and its terminals before and after con-
necting the power cord.

Switch ‘ON’ the kettle only after filling water in
it.

26

13 Test the appliance with the supply for its working.
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment
Wireman - Domestic Appliances Exercise 3.2.03

Prepare, replace and test the heating element in a heater

Objectives : At the end of this exercise you shall be able to

* prepare a heating element for the heater to the given specification

* replace the old element with the new one

« test the line cord for continuity

e measure the insulation resistance between the terminals and the body of the appliance
» connect the domestic appliance to the supply and test it.

Requirements

Tools/Instruments Materials

* Mallet 75 mm - 1No. « Nichrome wire 22 SWG, 15m, 20 m -1 No.

+ Drilling machine with 1.5 mm + Ceramic beads No.10 -2 doz.
twist drill bit - 1No. * Gl Wire 8 SWG 80 cm -1 No.

*  Wheatstone bridge -1No. + U-nail clamp 14 SWG 3 cm, 2 mm dia. - 2 Nos.

* Testlamp 60 W 240 V -1 No. » Brass machine screws with washers - as reqd.

* Megger 500 V - 1No. and double nuts

Equipment/Machines

* Open type of heater or stove without
element suitable for 240 V,
1000 W capacity -1No.

PROCEDURE

TASK 1: Prepare a heating element for 1000 W, 240 V Heater from Nichrome wire.

1 Calculate the resistance value of the element for a 4 Measure and cuttherequiredlength (calculated length
1000 W 240 V heater using the formula plus 250 mm allowance for handling during prepara-
V2 tion) of Nichrome wire of 22 SWG from available stock.
R= m S ohms . 5 Take 80 cm 8 SWG G| rod, straighten it and bend it
at one end as shown in Fig 1.
2 Measuretheresistance of 1 metre of22 SWG Nichrome
wire using the Wheatstone bridge. The size of the rod depends on the groove size
in the Porcelain/china clay base
Resistance/metre ........ ohms.

6 Punchanddrill 1.5 mm hole inthe G| rod about 2 cm
3 Calculate the length of Nichrome wire required for from one end as shown in Fig 1.

1000 W, 240 V heater element ]
Fig 1
. 20 | 450 |
Total resistance value of the \ ‘ \
heater element +&¢—-——"C—-—-—-
Length(L)= : metres ‘
Resistance / metre \
P15 a1
ohm G.IWIRE ¢4.1 (8 SWG) BENT & DRILLED
= metres ALL DIMENSIONS ARE IN mm
ohm/metre SCALE  NTS

7 Insert one end of the Nichrome wire in the hole and
make a twist around the G | rod as shown in Fig 2.
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Fig 2

o]

8 Fixthe Gl rod onawooden plank with the help of two
U-nail clamps as shown in Fig 3.

9 Keepthe wooden plank overthe table and prepare the
closely wound nichrome wire by rotating the G | rod
as shown in Fig 3.

10 Remove the U-nail clamps and take out the rod and
then remove the Nichrome caoil.

Fig 3

DIRECTION
OF ROTATION

TABLE

ELEMENT WIRE

TASK 2:- Mount the prepared heating element on the porcelain base.

1 Stretch the coil to the length of the groove in the
porcelain base as shown in Fig 4.

3 Fix the porcelain base on the mounting and connect
the element to the socket as shown in Fig 6.

An unevenly stretched element will sag and
produce hot spots and the element will fail
easily.

2 Place the element in the groove of the porcelain base
and terminate in the screw terminals with suitable
washers as shown in Fig 5.

Fig 5

Fig 6

BEADS ASSEMBLY

Either use thick copper bare wire or two to
three strands of Nichrome wire as lead wire.

Insulate the base connecting leads using por-
celain beads as shown in Fig 7.

Fig 7

7Bz el
<

<
ST
SR

CROSS -SECTION OF THE BEADS

4 Measure the insulation resistance between the body
and the terminals before and after connecting the
power cord.

5 Test the heater with supply for its working.
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment
Wireman - Domestic Appliances Exercise 3.2.04

Replace and test the heating element in a non-automatic electric iron

Objectives : At the end of this exercise you shall be able to
check visually and test the iron for its condition
identify and locate the faults in an electric iron
dismantle an electric iron

repair a faulty part or replace with a new one
assemble and test the electric iron for its working.

Requirements

Tools/Instruments Materials

. . » 3-core domestic flexible cord - 3 metre.
* Trainees tool kit -1 No.
. Megger 500 V -1 No. 23/0.2 mm of 660 V grade

* Nichrome heating elements for electric - 3 Nos.

* D.E Spanner 6 mm to 22 mm -1 Set. : .
iron (one for each make of iron)
Equipment/Machines + Fibre glass sleeves 4 mm - 0.2 metre,
«  Electric irons - (of different makes) - 3 Nos. * Asbestos sheet - 3 Nos.
suitable for the selected makes
* Porcelain beads -10 grams.
+ Testlamp 100 W 240 V -1 No.
PROCEDURE
1 Record the name-plate details of the given iron. 3 Testtheelectriciron and the power cord with a Megger
for continuity and insulation, and record the findings in
Name Plate Details Table 1.
Name of appliance 4 Disconnect the power cord from the iron. (Fig 1)
make Fig 1 DISCONNECT THE
‘ - . POWER CORD
Supply Voltage | / FROM HERE
hase — | ~
p = 0
S |
Watts CABLE L T -
L. ) ELECTRIC IRON WITH CONNECTED POWER CORD
2 Check the electric iron and the power cord visually,

TABLE 1 Table 1 and enter the results.

6 Ascertainthe areaof problems other than the burntout

Sl Types of test Test results heating element and rectify the faults. Write down the
No. Before After faults and the repairs carried out in the space given
dismantling | dismantling below.

1 Visual test

2 | With power cord
a) Continuity test
b) Insulation test

3 | Without power cord
a) Continuity test
b) Insulation test

7 Readthe assembly diagram of the iron. Dismantle the
4 | Power cord only parts. Follow the sequence recommended by the
a) Continuity test manufacturer.

b) Insulation test
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8 In the absence of the manufacturer’'s recommended
sequence ordiagram of the assembly (Fig 2) follow the
sequence given below to remove the following parts

Order of the sequence to remove the parts
» Terminal connections

+ Top cover

» Securing nuts for pressure plate

* Pressure plate

* Asbestos sheet

+ Heating element

* Heel plate

+ Sole-plate

9 Remove the asbestos particles from the pressure
plate and clean the pressure plate.

It is recommended to remove the asbestos and
replace with a suitable new one.

10 Obtain a suitable heating element after checking its
shape, wattage and voltage.

11 Check the new element for its continuity using an
ohmmeter/ test lamp.

12 Replace with new element. Assemble the iron, includ-
ing connection of the element.

Ensure that the extension from the element is
insulated (with porcelain beads or sleeves of
mica or asbestos) properly.

Fig 2

POWER CORD

SLEEVE

HANDLE

NUT

HEEL PLATE

ASBESTOS SHEET 3 oD °

T
/I

/

W

BOLT

SOLE - PLATE

EXPLODED VIEW OF AN ELECTRIC IRON

13 Measure the continuity, insulation resistance of the
electric iron between the body and the terminals be-
fore and after connecting the cord by a Megger and
enter the results in Table 1.

14 Test the electric iron with supply for its working.

To achieve better skill the trainees are advised
to attend to repairs of three or more different
makes of irons.

Fig 3
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment

Wireman - Domestic Appliances

Exercise 3.2.05

Repair and test a defective automatic electric iron

Objectives : At the end of this exercise you shall be able to

« check visually and test the given automatic iron for its condition

« identify and locate the faults in an automatic iron
« dismantle and repair, replace the defective parts
» reassemble and test it for its working.

Requirements

Tools/Instruments

*  Multimeter -1 No.
+ Test lamp 240V, 100 W -1 No.
+ Spanner set 6 to 22 mm -1set.
* Megger 500 V -1 No.
+  Wireman’s tool kit -1set.
Equipment/Machines

« 750 W, 240V Automatic iron -1 No.

Materials
+ 750 W, 240 V heating element -1 No.
+ Thermostat control device -1 No.
+ Insulating materials such as
asbestos and mica sheets
suitable for that iron - as reqd.
» Fibre glass sleeves 4 mm - 0.2 metres.
+ Porcelain beads - 10 grams.

PROCEDURE

1 Record the name-plate details of the given automatic
electric iron in the space given below.

NAME-PLATEDETAILS
Name of appliance
make
supply voltage
phase
Amp
Watts

2 Check the automatic electric iron and the power cord
visually, identify the faults and enter the particulars in
Table 1.

TABLE 1

Sl Types of test Test results

No. Before After
dismantling | dismantling

1 Visual test

2 | With power cord
a) Continuity test
b) Insulation test

3 | Without power cord
a) Continuity test
b) Insulation test

4 | Power cord only
a) Continuity test

b) Insulation test

Always disconnect the iron from supply while
testing with an insulation tester/Megger. Keep
the iron on an asbestos pad to avoid heat
damage and scratches to the sole plate.

3 Test the automatic iron and the power cord with a
Megger, for continuity and insulation and record your
findings in Table 1. (Fig 1)

Fig1l
------------- ~
LOW VALUE “~
RESISTANCE ~ ~~
© ~

I LOW VOLTAGE BULB //”

1
BODY/ HEATING ELEMENT

MEASUREMENT OF INSULATION RESISTANCE BETWEEN
THE BODY AND THE TERMINALS

4 Disconnect the power cord from the iron.

5 Carryoutthetestsindicatedin SI.Nos.3 and 4 of Table
1 and enter the results.

6 Ascertain the area of problems. Repair or replace the
power cord, if necessary. Write down the type of fault
and the repair carried out in the space given below.
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7 Rectify the faults as indicated below.
A Inthe case of earth fault

i Disconnect the iron from the supply, dismantle it.
Visually inspect and test with a multimeter/Megger
for any contact of live wire with the body.

* Insulation failure
* Broken parts
+ Damaged thermostat

» due to broken mica/porcelain insulation.

i Rectify the fault by either repairing or replacing the
defective parts.

B In case of open in element circuit

i  Remove the cover to check the thermostat, indica-
tor bulb circuit and element.

i Connect the test lamp in series to the element
circuit and short the contacts of the thermostat
indicated by 1 in Fig 2. If the test lamp glows the
thermostat is defective. Check the thermostat as
directedin step C. Ifthe testlamp is not glowing the
defect may be either in the indicator lamp circuit or
in the heating element.

i Touch the terminals of the indicating bulb by a
piece of insulating wire shown by 2 in Fig 2. If the
test lamp glows the trouble is in this section.

iv. Check whether the bulb is fused or the low resist-
ance is open. (Normally a few turns of resistance
wire is used as resistance.) A visual inspection will
reveal the problem.

v Shortthe terminals of the element shown by 3in Fig
2. If the test lamp glows the element is open.
Replace the element.

Fig 2
DETATCHED
PLUG POWER CORD

INSULATED WIRE

P .

THERMOSTAT SWITCH —
TEST LAMP 250 V |

100 w!
P O—o = '

1
240 V AC SUPPLY Eill—1
1

NO | ‘
1 ”
-
| LOW VOLTAGE BULB /z’j

HEATING ELEMENT

C Failure of temperature setting controller

i Check the adjusting knob for proper fixing and
actuation of shaft. Refer to Fig 3, No.4.

Fig 3

TEMPERAATURE SENSITIVE BIMETAL ELEMENT
SILVER CONTACTS

SCREW TERMINALS

TEPERATURE SETTING CONTROL KNOB
TEMPERATURE CALIBRATION ADJUSTMENT SHAFT
TEMPERATURE CONTROL KNOB STOP

MICA INSULATION

INSULATED BLOCK

0N OO WN R

i Inspect the contacts of the thermostat for their
effective contact pressure.

Cleanthe pitted or burnt out contactsifreusable, or
replace it.

iv. Check for the actuating mechanism. (Heat the
thermostat by a candle.)

v Turn the knob to the extreme position to check the
opening of the contact (OFF) and closing of the
contact points. (Rayon position)

Except for pitted contacts, loose fittings of the
screws,no mechanical adjustments need to be
doneonthethermostat which was notdisman-
tled by any unauthorised person. Once it was
found that somebody adjusted the mechanical
set up, realignment of the contact leaves may

be required.

vi Ifthethermostatis beyond repair, replace it with the
spare in good working condition.

8 After replacing/repairing the defective parts, assem-

ble the iron.

9 Conduct the continuity and insulation test as given in

Table 1 and enter the results.

10 If the continuity is OK and the insulation resistance
value is higher than one megohm, connect the iron to
the mains and check for its working condition.

11 Check the presence of leakage voltage existing be-
tween the body and the earth of the supply with a neon
tester or voltmeter. If the neon tester glows,
reinvestigate the fault and rectify it.

The neon tester should not glow or no voltage
should exist between the body and the earth.
Glowing of the neon tester or voltage reading
indicates the iron is not safe to use.
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment

Wireman - Domestic Appliances

Exercise 3.2.06

Repair and rectify faults in room heaters

Objectives : At the end of this exercise you shall be able to

» read and interpret the name-plate details of the room heater

* test the main cord for continuity and insulation

e measure the insulation resistance between the terminals and the body of the appliance

« dismantle the room heater
« trace and identify or locate faults
replace faulty parts with good ones

assemble the room heater and test for its working.

Requirements

Tools/Instruments

» Trainees tool kit -1 No.
* Testlamp 100 W, 240 V -1 No.
» D.E.Spanners 6 to 22 mm - 1 Set.
Equipment/Machines

+ Megger 500 V -1 No.
*  Multimeter -1 No.

* Room heaters of different types -1No.each.

Materials
» Heating elements (bowl type)
1000 W, 240V -1 No.
* Heating elements (rod type) 1000 W, 240V - 1 No.
» 3-core domestic flexible cable -2m
23/0.2 mm of 660 V grade
+ 3-pin plug top 6 A 240 V 3 Nos.
* Iron connector 16 A 240 V - 3 Nos.
» Fibre glass sleeve 4 mm -0.5m.
* Gl sheet tray in available size and shape -1 No.

PROCEDURE

TASK 1: Service the bowl/rod type room heaters. (Figs 1 and 2)

1 Record the name-plate details in the space given
below.

Name Plate Details

Name of appliance

make

supply voltage

phase

Amp
Watts

2 Visually inspect the power cord, plug, the terminal
connections of the heater element, and enter your
findings in Table 1.

4 If any of the above is found defective, enter the defect
in Table 1, repair or replace the parts.

Fig 1

3-PIN PLUG

SWITCH

HEATER ELEMENT
DOMESTIC FLEXIBLE
CABLE 3 - CORE 23/0.2
OF 660 V GRADE

TABLE 1 BOWL TYPE HEATER
Sl. Area of inspection Remedial
No. & defect measure Fig 2

3 Check the continuity and insulation resistance as
given in Table 2 and enter the results.

DOMESTIC
FLEXIBLE

3 - CORE CABLE
23/0.2 OF 660 V
GRADE

\3 PIN PLUG

HEATER ELEMENT

ROD TYPE HEATER
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TABLE 2

Take care not to damage the bowl reflector or
the porcelain parts of the heater.

Repair/replace the defective parts. If the reflector is
dulleven after cleaning, it should be plated, buffed and
polished.

Assemble the heater.

During the process of assembly, test the heater in the
descending order given in Table 2 and enter the
results.

If the test results are found to be OK, connect the
heater to the supply and test.

TASK 2 : Service air circulation type room heater. (Fig 3)

1

Sl Area tested Results
No. Before After
dismantling dismantling
1 |Heater with power cord
a) Continuity test
b) Insulation test
2 |Power cord only
a) Continuity test
b) Insulation test
3 |Heater only
a) Continuity test
b) Insulation test
5 Afterascertaining the defective area/part, if necessary,

dismantle the bowl type heater.

Insulation resistance value should not be less
than one megohm.

Record the name-plate details in the space given
below.

NAME-PLATE DETAILS

N

ame of appliance

make

supply voltage

phase

SCHEMATIC DIAGRAM HOT AIR CIRCULATOR

A

mp

Watts

Keep the dismantled parts in a tray.

2

3

Visually inspect the power cord, plug, terminal con-
nections, fan motor, switch and the heater element
and enter your findings in Table 3.

Check the continuity and insulation resistance as
given in Table 4 and enter the results.

TABLE 3

Sl.
No.

Remedial
steps

Area of inspection
and defect

TABLE 4

Sl

No.

Results
Before After
dismantling|dismantling

Area tested

34

If any part of the heater is found defective by visual
inspection, enter the particulars in Table 3, and repair
or replace them.

If the continuity and insulation resistance tests reveal
any part as defective go to step 6.

Trace the connections of the heater and draw the
schematic diagramin a separate paper. Referto Fig 3.

After ascertaining the defective area/part, if
necessary, dismantle the air circulation type heater.

Heater with power cord
a) Continuity test
b) Insulation test

Power cord only
a) Continuity test
b) Insulation test

Heater only
a) Continuity test
b) Insulation test

Fan motor only
a) Continuity test
b) Insulation test
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8 Repair/replace the defective parts like motor, heater 10 During the process of assembly, test the heater in the

element, damaged power cord etc. If the reflector is

descending order given in Table 4 and enter the

dull even after cleaning, get it chrome-plated, buffed results.
and polished. 11 If the test results are found OK, connect the heater to
9 Assemble the heater. the supply.
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment

Wireman - Domestic Appliances

Exercise 3.2.07

Service and repair an automatic toaster

Objectives : At the end of this exercise you shall be able to
read and interpret the name-plate data of a toaster

test the line cord for continuity

measure the insulation resistance between the terminals and the body of the appliance

dismantle a toaster

trace and identify or locate faults

replace faulty parts with good ones/rectify them
assemble the toaster and test for its working.

Requirements

Tools/Instruments

« Screwdriver 150mm - 1 set of 4 Nos.

 D.E.Spanner-(6to22mm) -1 set.
* Testlamp 60 W 240V -1 No.
Equipment/Machines

* Megger 500 V -1 No.

* Automatic toaster with pop-up
mechanism and colour control -1 No.

Materials
Spares for the available
automatic toaster - as reqd.
3-core flexible cable 23/0.2 mm -2 m.
Bread slices - as reqd.
Service manual, if available -1 No.
Cleaning brush 0.5 cm dia. -1 No.
Cotton cloth 0.5 metre square -1 No.
Petrol and light spindle oil - as reqd.

PROCEDURE

1

Record the name-plate details of the toaster in
Table 1.

Switch off the power supply and remove the plug.

. . ) 4 Open the crump tray and clean it with a cloth.
2 Enterthe details of the complaint from the customerin
Table 1.
TABLE 1
Name of the customer Address
Name of the appliance Serial No
Wattage Current Voltage
Supply Make
Date of Consumer’s Defects Details of repair and
servicing complaint noticed replacement
S U_Se .the cleaning t?rush to clean the bread crumps 6 Opentheinspection cover to get access to the electri-
sticking to the heating elements. cal terminal connection, colour control timer, pop-up
Bread crumps will be sticking to the heater mechanism of the toaster. (Fig 1)
element surface. Use minimum force to dis- 7 Conduct visual examination of

lodgethecrumps.Rough handling ofthebrush
will damage the element.
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Fig 1

POWER CORD

|

BASE LEG

BT U9

\~ CRUMP TRAY

SCREW FOR REMOVING
INSPECTION COVER AND
BODY COVER

—  plug pin termination
— termination at appliance.

8 Checkforpropertightness and good electrical contact
at the terminals. Replace the plug pin if found pitted.
Enter the details in Table 1.

9 Mark and open the power cord cable end termination
at the toaster end and conduct continuity test on the
power cord and enter the results in Table 2.

10 Reconnect the power cord terminals as per markings.
Refer to Fig 2 and measure the insulation resistance
between the power plug terminals and the body of the
toaster. Record the results in Table 2.

Minimum acceptable value of the insulation
resistance is one megohm.

11 Investigate, repair and rectify the faults if the insulation
value is less than one megohm.

12 Keeping the inspection cover open, re-plug the toast-
er’'s power cord plug to the supply.

13 Set the colour control to the desired range and push
down the bread carriage to ‘ON’ position.

Fig 2

! MECHANICAL
| CLOCK TIMER

3-PINPLUG

SIDE
HEATING
‘ELEMENTS

CENTRE
HEATING
ELEMENT

14 Observe whether the heating process is cut off by
actuation of the clock mechanism thermostat (time
depends on the setting of the colour control) and also
observe whether the pop-up mechanism is working.

15 Switch off the supply and disconnect the power cord
from the plug.

16 Ifthe toaster pop-up mechanismis notworking, inves-
tigate the operation of the colour control timer and the
levers involved in releasing the pop-up mechanism.

17 Rectify the fault if repairable or replace the defective
part.

For replacing the part, spares should be ob-
tained from reputed manufacturers only. If the
colour control setting, when set gives out too
much blackening or too less blackening of the
bread sliceitwould be practicableto advisethe
user to readjust the setting by the colour con-
trol knob rather than repairing or replacing the
part.

18 Refit the inspection cover.

19 Toast the bread slices and check for the proper
functioning of the unit.

TABLE 2
Test results
Sl Description of test Measured Condition
No. value
1 Continuity test
a) Red coloured cable OK/NOT OK
b) Blue coloured cable OK/NOT OK
c) Black coloured cable OK/NOT OK
(Between plug pins and toaster terminals)
2 Insulation test
a) When the pop-up mechanism is in popped up position OK/NOT OK
- between terminals and body.
b) When the pop-up mechanism is in downward position OK/NOT OK
- between terminals and body. (Strike off what
is not applicable)
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Repairing a toaster

1
2

Listen to the customer and note the complaints.

Inspect visually the power cord and every part of the
toaster and note down the defects in the maintenance
cord.

Proceed as stated below for the specific nature of fault
\ complaint.

Nature of repairs

1

Toaster will not heat

Check for the undermentioned causes in the given
sequence a)no power b) defective heaterelement c)
defective clock timer of the pop-up mechanism.

While repairing the toaster, do not adjust the
alignment screws or try to bend or straighten
the levers unless you are sure of what you are
doing.

a No power

Check the fuse of the circuit and replace the fuse,
if found blown.

Check the availability of power at the socket outlet
using a test lamp.

Check the power cord for its condition, perfect
continuity and no short between individual cables.
Replace the cord, if necessary.

b Defective heater element

Check the element for its continuity between the
heater elements and insulation value and between
the terminal and the body. Replace the defective
heating elementwith anidentical good one. Switch
on the supply and observe for its proper working.

¢ Defective clock timer or pop-up mechanism

Check whether the clock mechanism is free from
dirt, dust, grime etc. Clean the parts with petrol. A
light spindle oil could be used to lubricate the gears;
check whether the controlling pins are intact. If
found defective beyond repair, replace it.

Check the movement of the carriage and the locking strip.
The pop-up mechanism should be free to move up or
down. The locking strip could be moved to the left side
against the holding spring. Check the spring tension. If
necessary replace it.

2

38

Toaster burns the bread slice or does not brown it
sufficiently.

Check for the undermentioned causes.
a) Defective timer assembly.
b) Sticky carriage.

Check the time for heating up, cooling down and total
time. Check the timer assembly. If found dirty, clean it
or replace it.

3 Onesideis untoasted.

Check foradefective heating elementin the untoasted
side and replace with a good identical one.

4 Carriage will not stay down.

a See to it that the arm on the latch keeper is held
down in place by the latch release assembly or
locking strip. Check the movement of all the parts.
They should be free with no stickiness from foreign
materials (dirt, grease and grime), burrs or bends.
Clean and lubricate with light edible oil (coconut
oil).

Some latches use a small coil spring that may
break, fall out of thetoaster and belost. Unless
you know that the spring was supposed to
havebeenthere,youmaybeatalosstofind out

why the catch is not working properly.

b Check the various latch assembles and carriage
for free and proper action. Clean and lubricate.

¢ Checktheaction ofthe dashpot orflywheel assem-
bly for proper push-up.

d Checkthereturncarriage-elevator springand make
sure that it is not broken, jammed, distorted or
disconnected. Replace, if it is broken or has no
tension.

5 Carriage rises too slowly.
Check for bent, binding, fouled or corroded front and

rear slide rods and carriage assemblies. Clean and
lubricate the rods, or straighten if necessary.

6 Toaster is noisy or throws the toast out.

The dashpot is inoperative. Replace the plunger and/
ordashpot. If a flywheel assembly is used, check it for
looseness. Also check the return spring for excessive
tension, adjust the tension on the lift spring.

7 Toast burns.
a Check the main switch.

b Check for the toaster internal switch contacts for
binding or welding.

¢ Check the timing calibration to be sure that it is
properly set. If not, adjust or replace.

8 Toast is too light or too dark.

a Check for a defective timer assembly or thermo-
stat.

b With some toaster models, if the toast s too light at
all settings of the selector control, the slide control
may be in the PASTRIES position. Move it to the
TOAST position and check again.

Make necessary entries in Table 2 after reconditioning
the toaster with proper explanation of the defect, and
replacement details.
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment
Wireman - Domestic Appliances Exercise 3.2.08

Service and repair a hair dryer

Objectives : At the end of this exercise you shall be able to

read the instruction manual and draft the procedure for dismantling a hair dryer
inspect visually the hair dryer, identify the fault and rectify it

connect the hair dryer to the supply and ascertain the defects

test the hair dryer for continuity and insulation resistance

dismantle and check the parts

replace the defective parts

repair the given hair dryer

assemble and test the hair dryer.

Requirements

Tools/Instruments Materials
« Trainees tool kit -1 No. * Hair dryer heating element suitable
« Testlamp 60 W 240 V -1 No. for the available hgir dryer -1 No.
« Watchmaker’s spanner set -1 No. * Thermostat for hair dryer -1 No.
+  Megger 500 Volt -1No. » 3-core flexible cord (23/0.2) with
. . 3-pin plug 240V 6 A -1 No.
Equipment/Machines * Hair brush for cleaning -1 No.
« Hair dryer, portable type 230/250 V + CTC cleaning liquid - 500 ml.
with temperature control -1 No. + Cotton cloth -30 cmsq.
 Soldering iron 65 watts, 240 V -1 No. + Suitable grease -10grams.
» Soldering lead, 40: 60 and - as reqd.
soldering flux
» Service manual (if available) -1 No.
PROCEDURE
TASK 1: Servicing of a hair dryer
1 Record the name-plate details of the hair dryer in 2 Conduct visual inspection of the
Table 1. — main cord insulation
TABLE 1 — plug pin terminals for tightness and good electrical
- contact.
Name of appliance | |
3 Setrightthe defects, ifanyis noticed. Enterthe details
SI.No | | in Table 2.
Capacity of motor:watts | | TABLE 2
Visual inspection report
Heater:watts | |
Sl Area of Remedial
Phase | | No. inspection measure
Type | |
R.P.M. | |
Volt | | 4 Connectthe hairdryerto the supply, and by observing
| | the performance of the hair dryer, fill in Table 3.
Current 5 Disconnect the hair dryer from the supply. Read the
Hz | | manufacturer’s instructions and illustration, and draft
the sequence for disassembling.
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TABLE 3

Tick mark the condition

1 Running | Yes | No Slow |
2 Noise | Normal |Excessive|
3 Heating
4 Heating control  |Functions. |Does not function.|
5 Airdelivery | Normal | No air | Below normal |
6 Appliance heating | Normal [Very hot| Warms up |
7 Sparking at brush | No|Yes|Some]

position

6 Check the continuity and insulation resistance as
given in Table 4 and enter the results.

TABLE 4

9 Test the elements for continuity by a multimeter as
showninFig 2. Ifthe heater elementis found defective,
replace it.

10 Test the soundness of the thermostat for its continuity
across its terminals. If the thermostat is found defec-
tive, replace it.

Fig 2

HEATER ELEMENT

Sl. Types of Test
No. Area

Before After
dismantling [dismantling

1 | Hair dryer with power
cord. Switch in ‘ON’
position.
a) Continuity test
b) Insulation test

2 | Power cord only
a) Continuity test
b) Insulation test

3 | Hairdryer only
a) Continuity test
b) Insulation test

7 After ascertaining the defective area/part dismantle
the hair dryer by removing the heating element cover
as shownin Fig 1, by unscrewing the screws from the
ring bracket.

Fig 1

HAIR DRYER

SCREWS

8 Clean the heater element, thermostat and internal
parts.

11 Remove the fan of the motor by using a screwdriver.
(Fig 3)

Fig 3

12 Remove the two screws from the motor bracket and lift
the motor out and test the motor field winding for
continuity. (Fig 4) If the winding is found defective,
rewind it.

Fig 4

13 Remove the two screws from the inlet side of the motor
and lift the armature. Wipe and clean with a dry cloth.
If the armature is found defective in a universal motor,
replace it with one having the same specifications.
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The bearing is lubricant-impregnated and
requires no oil.

14 Clean the dust, and remove the hair from the bearing
if any.

15 In the case of universal motors, check the brush
tension and the length of brush. If necessary replace
the brushes with same grade and size.

TASK 2: Repairing a hair dryer

Listen to the customer’s complaints. Visually
inspect the hair drier and enter the details in
Table 5. Complaints may be any one or several
of the following.

1 Dryer gives NO HEAT at any position and motor
does not operate.

a Check for blown fuse.
b Check the incoming voltage (low).

¢ Check the power cord and all the wiring connec-
tions for continuity.

d Check the switch for proper operations.
e Check for loose connections.

f Checkthetemperature control orthermostatforan
open circuit; if faulty, replace it.

2 Dryer operates intermittently.

a Check the power supply socket for loose connec-
tion and rectify the defect.

b Checkthe powercordfordamage orloose connec-
tion and rectify the defect.

¢ Clean the switch by spraying a switch cleaning
solvent into the switch and recheck the switch. If it
does not work properly, replace it.

d Check for loose connection. If you find any, fasten
it.

e Check the fuse between the heater and tempera-
ture control or thermostat. If faulty, replace it.

3 Dryer gives no heat at any position, but motor
runs.

a Check the heater element terminals for proper
connections. (Fig 2)

b Check the heater contacts of the thermostat for
contamination.

¢ Checkthefuselinkand heater element for continu-
ity.

The thermostat must be closed before a
continuity check can be made.

16 Reassemble the hair dryer.

17 Test the continuity and insulation resistance in the
reverse orderas givenin Table 4 and enter the results.

18 If the continuity is OK and the insulation resistance is
more than 1 megohm, connect the hair dryer to the
supply and test its performance.

4 Motor does not run but the heater operates.

a Seethattheleadsand connectionstothe motorare
in order.

b Check the switch and terminals.
Check the motor field for continuity. (Fig 4)

d Check the bearing and fan for smooth rotation and
clean the dust and hair if any is sticking in the
bearing.

e Check for striking impeller.

f Checkthe thermostat for proper cut off; also check
the thermostat for temperature control and conti-
nuity.

5 Applianceis noisy.

a Check the tightness or ply of the motor mounting.

Check whetherthe impeller or fan blade is secured
on the shaft.

Check for a warped fan blade.

d Check for proper bearing operation.

Be sure that the motor bearing is free and that
the fan (or impeller) is not striking or rubbing
the housing.

e Check the motor alignment.

f Ensure that all the spring washers and nuts are
restored in their proper position so as to get the
original alignment.

g Check for blockage in the air vent.

h Check for loose objects in the blower compart-
ments.

i Check whether the noise is due to heavy sparking
at the brush position. Check the spring tension of
the brushes and also check the commutator and
brush size.
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TABLE 5

Hair dryer : maintenance card

Name of the customer Address
Make Serial No
Wattage Voltage
Date of Consumer’s Defects Details of repair and
servicing complaint noticed replacement
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment

Wireman - Domestic Appliances

Exercise 3.2.09

Service and repair a food mixer

Objectives : At the end of this exercise you shall be able to
read and interpret the data of the given food mixer
identify the area of problem in the food mixer by visual inspection and tests

dismantle the food mixer

trace, identify and locate fault in the food mixer
replace faulty parts with good ones

clean and lubricate the bearings

assemble the food mixer and test for its working.

Requirements

Tools/Instruments

» Screwdriver set - 1 set.
+ Testlamp 240V, 100 W -1 No.
* D.E. spanner set of six 6 mm to 22 mm- 1 set.
+ Plastic spanner for opening jar screw -1 No.

* Boxspannersetof 6 mmto22 mm -1 set.
* Multimeter -1 No.
* Megger 500 V -1 No.
» Screwdriver 4 mm blade dia. -1 No.

Equipment/Machines
¢ Food mixer 240 V 50 Hz. 400 watts -1 No.

Materials

» Grease/lubricating oil - as reqd.
* Kerosene - as reqd.
» Cleaning brush -1 No.

» Sandpaper smooth - as reqd.

PROCEDURE

TASK 1: Servicing of a mixer

1 Note down the name-plate details in the maintenance
card. (Table 1)

2 Enterthe details of the complaint from the customerin
the maintenance card.

Switch on the mixer and check for its functioning.

Isolate the mixer from the supply.

5 Open the bottom cover and conduct visual inspection
for:

— damages in the supply cord and loose terminal
connections

— good condition of switches

— proper mounting of the motor.

TABLE 1

Maintenance Card

Name of the customer Address
Make Serial No
Wattage Voltage
Date of Consumer’s Defects Details of repair and
servicing complaint noticed replacement
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Check whetherthe nylon/rubber coupling of the jarand
motor are properly seated, if not replace.

Sometimes the retaining spring and washer
might have got spoiled and need to be re-
placed.

Enter the details in the maintenace card (Table 1).

6 Conduct aninsulation test of the motor and record
in the maintenance card (Table 2). The schematic
diagram of a mixer circuit is given in Fig 1.

Fig 1
ARMATURE

-

N 9 SPEED CONTROL
R PUSH - BUTTONS
QR

OVER-
LOAD J‘\A\

RELAY

L

SCHEMATIC DIAGRAM OF A TYPICAL PORTABLE 3 - SPEED FOOD MIXER

Fig 2
COVER

JAR

HANDLE

BLADES

BUSH
WASHER

NYLON / RUBBER
COUPLING

BUSH

FIELD COIL
STATOR

ARMATURE
RELAY ALY, : % COMMUTATOR

SPEED CONTROL SWITCH

BRUSH
FAN

ZZT
\Qg%yn TSNS NESIES TS W

PARTS OF A FOOD MIXER

The insulation resistance value should not be
less than one megohm.

7 Improve the insulation value by heating or varnishing,
if the insulation value is less than one megohm and
enter the test results in the maintenance card. (Table
2)

8 Ifthe motoris opened for varnishing, clean thoroughly
the stator and armature and bush bearings. (Fig 2)

9 Conduct the insulation test after varnishing and enter
the results in the maintenance card (Table 2).

Remember that the nut on the blade and the
centre shaft holding nut are to be loosened by
clockwise movement and tightened by anti-
clockwise movement in most of the mixers.

10 Lubricate the bearing as recommended by the manu-
facturer before assembly.

Most of the bearings need no lubrication. If
required, adrop of light oil like 3-in-1 oil could
be used.

11 Clean the commutator surface. A black carbon de-
posit could be removed by CTC. Seat the bushes
properly over the commutator. Check for adequate
length of brushes to exert spring pressure.

If the brush length is shorter by 1/3 of its
original length it is better to replace with the
new brushes of the same grade and size. The
new brush hasto bebedded to thecommutator

properly.

12 Assemble the motor and tighten the terminal screws.

13 Assemble the blade with the jar and nylon coupling at
the bottom.

14 Connect the motor to the supply and start the mixer.

15 Observe the working of the mixer for smooth running.

TABLE 2

Insulation resistance before

Date of varnishing/heating

Insulation resistance after

servicin 3
g Between terminal | Between Armature

and body and field

Between terminal | Between Armature

and replacement

and body and field
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TASK 2: Repairing of mixer

1 Listen to the complaints of the customer/user and
enter in the maintenance card (Table 1).

Common complaints are listed in the troubleshooting
chart along with reasons for the possible cause and the

corrective action to be taken.

* Couplings
* Freeness of the shaft

» Burnt smell or discolouring of windings

3 Conduct the continuity and insulation tests and enter
2 Inspect visually the following parts for trouble. the valyes in Table 2. Ascertain th.e area ofp.roblem. by
analysing the customer’s complaint, visual inspection
* Power cord and plug and test results. (Refer to the maintenance card.)
* Terminal connections at the switch (back coverto 4 Troubleshootthe mixer following the hints given in the
be opened) troubleshooting chart.
TROUBLESHOOTING CHART
Problem Possible cause Corrective action

Mixer does not run.

a) Overload trip might have tripped.

b) No power at the outlet.

c) Defective power cord or plug.

d) Locked shaft.

e) Worn out brushes.

f) Open circuited.

a) Reset the overload relay and advice the cus-
tomer not to overload the mixer in future.

b) If the mixer is running in your shop but not
running at the customer’s house ask the cus-
tomer to get the socket repaired.

c) Test, repair or replace the power cord/plug.

d) Unplug the supply and try to rotate the shaft
by hand. Clean the bearings; lubricate the
bearings as advised by the manufacturer. Ifthe
shaft is still tight, replace it with suitable bear-
ings. The shaft might have got bent.

e) Replace the shaft or armature assembly.
f) Replace the brushes and loose springs

g) Check the field and armature windings.
If found defective get it rewound.

Blows fuse when

a) Shorted power cord.

a) Replace the cord.

b) Loose connection at socket or
plug or at switch terminals.

¢) Poor spring tension or worn out
brushes.

d) Defective switch.

switched on.
b) Locked shaft. b) Asin‘d above.
c) Defective armature or field coils. | c) Test the windings for short. If short is found,
rewind.
d) Poor insulation resistance. d) Check, test and repair.
e) Low capacity fuse. e) Check the capacity of the fuse against the
mixer rating.
Erratic operation a) Defective cord a) Check the cord for intermittent break. Repair
and speed. or replace.

b) Check and tighten the connections.

c) Check, repair or replace.

d) Replace the switch.
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Problem

Possible cause

Corrective action

Slow speed with
weak power.

a) Wrong materials or too much
quantity loaded for mixing.

b) Jammed rotor.

c) Tight blade assembly.

d) Worn out brushes or loose spring.
e) Bent shaft.
f) Partially shorted or grounded

winding or poor insulation
resistance.

a) Verify from the customer about the load and
advise accordingly.

b) Rotate by hand. If found tight, clean the bear-
ing and lubricate it. If it is found still tight,
change the bearings or check for bent shaft.

c) Check the spring, washer and assembly.
Repair or replace.

d) Check, repair or replace.

e) Check, repair or replace.

f) Check, test and repair/rewind

Mixer runs but
becomes hot.

a) Overloading of mixer.

b) Time rating of mixer is exceeded.

¢) Bent shaft and rotor is rubbing the
stator.

d) Improper coupling.

e) Shorted winding.

a) Bring down the load in the mixer or advise the
customer to go for a higher capacity mixer.

b) Check the duration of the mixer is switched on
by the customer and compare with the mixer
rating. Advise accordingly.

c) Check, repair or replace.

d) Check, repair or replace.

e) Check, test and rewind.

Mixer is noisy.

a) Dry bearing.
b) Loose mounting screws.

c¢) Rotor rubbing against stator.

d) Bent fan blades.

e) Broken or missing gasket.

a) Check and lubricate.
b) Check and tighten the loose screws.

¢) Check the alignment and shaft for bending.
Repair or replace the shaft.

d) Check and straighten the blades. If not possi-
ble replace the fan blades.

e) Replace.

Motor runs on one
speed only.

a) Check the speed selector
switch connections and
function of switch.

b) Partially burnt out field winding.

a) Repair or replace the switch.

b) Test with multimeter. Repair or rewind.

Bad sparking
at motor brushes.

a) Struck or worn out or loose
brushes.

b) Pittings or uneven commutator
surface.

a) Check, reshape the brushes, replace the
springs or reposition the brushes for proper
tension.

b) Use sandpaper or turn the commutator on a
lathe.
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Problem Possible cause

Corrective action

Mixer produces a) Water leaking and coming in
shock. contact with live terminals.
(Double insulated mixers with
plastic body and two pin plug.
No earth connection).

b) Vent hole in the mixer body
clogged.

c) Damaged power cord.

d) Absence of earth connection.

e) Live parts coming in contact with

metal body.
Smoke coming a) Improper seating between
from coupling. coupling.

b) Worn out coupling.

¢) Misaligned coupling.

a) Check the drain hole in the coupler head
assembly for blockage. Checkthe jarexamine
for leakage due to loose shaft or worn out
bearing, ebonite washer breakage. Repair or
replace.

b) Clean the vent hole.

c) Check and replace.

d) Checkthe earth connectioninthe mixer motor,
power cord and at socket. Repair and redo the
earth connection.

e) Check, repair, if the live parts are in contact
with metal body recheck with a Megger.

a) Check whether male and female parts of the
coupling are properly seated. If not check the
assembly. Include additional washers in the
detachable blade assembly to make proper
seating between couplings.

b) Check and change the coupling.

c) Check the motor assembly and align.

After assembling the mixer conduct the continuity
and insulation test. Enter the values in the mainte-
nance cards given earlier.

6 After satisfactory values of the test are obtained,

connect the mixer to the supply, and test run.
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment

Wireman - Domestic Appliances

Exercise 3.2.10

Service/repair and install a ceiling fan

Objectives : At the end of this exercise you shall be able to

servicelrepair a fan

dismantle a ceiling fan

trace and identify the faults in a ceiling fan
replace faulty parts with good ones/rectified ones
clean and lubricate the bearings

test the motor winding for continuity

check the speed regulator

assemble the ceiling fan and test for its working
install a ceiling fan and the regulator.

Requirements
Tools/Instruments Materials
* D E spanner set (6 mm to 22 mm) - 1 Set. + Twin-twisted PVC insulated cable.
+ Screwdriver 100 mm, 150 mm(each) -1 No. 23/0.2 of 660 V grade - as reqd.
* Heavy duty screwdriver -1 No. + Grease for bearing - as reqd.
(300 mm x 8 mm) * Insulationtape PV C - as reqd.
* Megger 500 V - 1 No. + Testlamp 240V 40 W -1 No.
+ Tachometer - 1 No. + Cleaning brush 1 inch - 1 No.
+ Soldering iron 35 W 240 V 50 Hz. - 1 No. + Resin-cored soldering lead 60/40 - 10 gms.
+  Multimeter - 1 No. + Soldering flux - as reqd.
Equipment/Machines » Kerosene oil - 1/2 litre.
* Petrol - 100 ml.
+ Different makes of ceiling fans - 3 Nos. « Cotton cloth (cleaning) -0.5 sq.m.
PROCEDURE
TASK 1: Servicing
1 Enter the name-plate details in the maintenance 7 Open the switch cover. Remove any external depos-
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card 1.

Enter the complaints from the customer in the mainte-
nance card 1.

Visuallyinspectthe fan, regulator and switch; enter the
defects if any in the maintenance card 1.

Switch ‘ON’ the fan and check for its smooth function-
ing at different settings of the regulator. If the fan is not
having any major defects proceed as given below.

Isolate the fan circuit from supply by:

— switching ‘off the mains and removing the fuse
units.

Conduct visual inspection:
— for good condition of switch

— for proper mounting of regulator and firm fitting of
knob.

its, using a hair brush.

Check for firmness of termination, open the regulator,
cleaninside with a brush. Check, adjust and clean the
contacts. Tighten the terminal. (Fig 1) Enter your
observations in the maintenance card 1.

Fig 1

EARTH
TERMINAL

WIRE - WOUND
RESISTOR

| —KNOB

= TERMINALS

INSIDE VIEW OF A REGULATOR




Maintenance card 1

Name of the customer Address
Name of the appliance Serial No
Wattage Current Voltage
Supply Make Sweep
Date of Consumer’s Defects Details of repair and
servicing complaint noticed replacement
9 Check the continuity of the winding. After the above
test results are all right, go for insulation test. Fig 2

10 Measure the insulation resistance between the outgo-
ing terminal of the regulator fan motor and earth.
(Fig 2) Record its value in the maintenance card 2.

REGULATOR

MEGGER

Ly

INSULATION RESISTANCE TEST

Maintenance card 2

Date of
servicing

Insulation resistance before
servicing/repairing between
terminal and body

Insulation resistance after
servicing/repairing between
terminal and body

Details of repair
and replacement

a) Regulator

b) Fan
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11 Make arrangements to reach the ceiling fan through
stable means of elevation. (Ladder, work horse, table
etc.) Safety of the worker is of utmostimportance while
climbing over a ladder. (Fig 3)

Fig 3

7
\ CEILING
PIPE LENGTH = 75 mm
—
 I—
‘ WORK HORSE

MINIMUM CLEARANCE
2.40M

/ FLOOR

7

12 Remove the fan blades in succession and refit the
screws and spring washers, in the body of the fan itself
so that you may have easy access to them when
refitting the blades.

13 Slide the top and bottom canopy for inspection and
cleaning. (Fig 4)

Fig 4

CEILING

: ‘ SUPPORTING
i | g

i (. HOOK
SPLIT PIN t > SHACKLE
TOP CANOPY /

BOLT & NUT

SECURING

DOWN ROD SCREW

BLADE SCREWS :
\— BLADE

BOTTOM
CANOPY

QB

14 Inspect the supporting hook grommet, shackle, split
pin etc.

15 Inspect the bolt, nut, split pin, check-nut, connections
to the capacitor, fan leads, and connector. (Fig 5)
Clean the external dust and dirt with a brush.

Fig 5
COTTERPIN/
SPLIT PIN

CAPACITOR

CONNECTOR
AND FAN LEADS

16 Cleanthefanbody, first with dry cloth and then with wet
cloth.

17 On inspection after sliding the canopy, if any trace of
moisture or water is found, bring the fan down with the
rod for testing its insulation resistance.

Inthecaseof moisture/waterinthefan,itwould
have been indicated by less than one megohm
resistance during the insulation test done as
per Step 10.

18 Dry the fan body by using a 500 W bulb or in an oven.

Insulation resistance value should not be less
than one megohm after drying.

19 Clean the blades thoroughly and mount them back.
Apply a trace of grease/oil on the screws at the time
of fixing the blades.

20 After assembling check again the fan circuit for conti-
nuity and insulation resistance to make sure the wind-
ing is all right. Enter the values of the insulation
resistance in the maintenance card. (Page 2).

21 Test the fan for its smooth functioning, after resuming
supply to the fan circuit.

22 Check the direction of rotation. It should be anticlock-
wise when viewed from bottom. If the direction of
rotationis wrong, either change the running or auxiliary
winding ends.

When thefanisfoundtobewobbling or making
noisewhilerunning, itneeds athorough check
up and overhauling.

23 Note the particulars stated in Table 1 and record your
observations.

TABLE 1
Sl Types of test Condition
No. Normal | Abnormal
Speed
Noise

Heat (after 10 min. run)
Wobbling

Function of regulator
in all positions

a A WO DN -
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TASK 2 : Repairing

Listen to the user’'s complaints. Complaint may be:

+ fanis not running

+ fanis noisy

» fan wobbles excessively
* motor runs hot.

Enter the details on the maintenance card 1.

Fan is not running.

1

There may be noincoming supply to the fan; check the
concerned branch circuit fuse and ensure the avail-
ability of supply in the fan circuit.

Check for the supply in the outgoing lead from the
regulator to the fan. If any fault is observed in the
switch or regulator, or in the cables, rectify it.

Ensure free rotation of the fan by rotating manually.

Tight movement of the fan or noise during
running may be due to worn out bearings.
Replace the bearings.

Check the supply at ceiling rose and at the fan termi-
nals.

Give temporary connection for further testing, if there
is no supply at the ceiling rose.

Even after step 5, if the fan is not running, switching
off the supply, check the capacitor for loose connec-
tion.

Remove and test the capacitor for short or
open. Aleaky capacitor cannot betested easily
without connecting in the circuit. If found de-
fective, replace the capacitor with an identical
good capacitor.

7 Switch ON the supply. If the fan is not running, may be
it is due to a defect in the winding.

8 Again test the winding for continuity and insulation
resistance. (Minimum 1 megohm)

9 Ifthe results are not all right, lower the fan and send it
for repair to the workshop.

Fan is noisy.

1 Collect the history and nature of the noise in the fan
from the user. Enter the details in the maintenance
card 1.

Run the fan and observe the noise.
3 Identify the noise- whether the noise is due to one or

a combination of the following reasons and rectify the
fault. (The parts of a fan are shown in Fig 6.)

Fig 6
RUBBER GROMMET-

CAPACITOR

COTTER PIN/ SPLIT PIN

NUT

BOLT & NUT SHACKLE

DOWN ROD

TOP CANOPY BOTTOM CANOPY

SPLIT PIN
HANGER CLAMP

FAN BLADE FIXING SCREW
BOLT & NUT
FAN BLADE FLANGE

SPINDLE

PARTS OF A CEILING FAN

» Slack canopy - touching the rotating body.

»  Worn out grommet/partly out of the shackle.

* Loose element of the blade.

* Loose or missing screws.

» Slack capacitor housing.

» Broken or worn out split pin at the top or bottom.
» Lack of lubrication, or dirt in bearing.

»  Worn out bearing/bush.

» Blade distortion/ breakage.

» Misalignment of blades.

Usekerosenefirst and then petrol to cleanthe
bearing.

Fan wobbles excessively.

1

Checkand ensure thatthe screws which attach the fan
blade flanges to the motor hub are tight.

Check and ensure that the fan blade flanges seat
firmly and uniformly on the surface to the motor hub. If
flanges are seated incorrectly loosen the flange screws
and retighten.

Tighten the bolt and nut in the shackle and hanger
clamp. Check also the grommet for damage. Replace
the grommet, if necessary.

Interchange the adjacent (side by side) blade pair. If
fan blades are out of balance. Interchanging the
blades can redistribute the weightand resultin smoother
operation.

Motor runs hot.

1

Check for partial short circuit in winding. If defective,
send it for rewinding.

Check for tight bearing, clean and grease it. If it is
found defective, replace it with a good bearing.

A shorted capacitor also heats up the fan. Check and
replace the capacitor.
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TASK 3: Installation of fan

1

Selectthe down rod length such that the blades remain
2.4 metres above the floor and the clearance between
the ceiling and the plane of the blades of the fan is not
less than 300 mm.

Do not mix the blades of one set with another
set as these blades are matched as aset by the
manufacturer.

Insert the connection wires and then slip in canopies
back to back through the down rod. (Fig 6)

Insert the down rod on the spindle and tighten with the
boltand nut separately packed with the hanger clamp.
Provide a split pin and split to secure the bolt.

Remove the bolt and nut from the shackle assembly.

Insert the down rod top end in the shackle assembly
and tighten with bolt and nut. (Fig 7)

Fig 7

SPLIT PIN

RUBBER
GROMMET

SHACKLE

NUT

[ DOWN ROD

T~ HOLE

Providing split pin, cotter pin at both ends of
down rod in fan is a must to prevent falling of
the fan by slackening of bolt nut while running.

Connect the wires to the terminal block (as per the
instructions of the manufacturer).

TASK 4 :- Installation of fan regulator

1

Read the manufacturer’s instructions and diagram of
the regulator connection and follow the instructions.

(Fig 9)

Installation of a fan regulator of a particular
type
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Loosen the screw (1) inside the knob with the help of
a small screwdriver.

Lift the knob (2) by a screwdriver.

Remove top cover (4) by unscrewing the two screws
(3) under the knob. (Fig 9)

Take out the wires through the base plate and make
series electrical connections at the switch.

Fix the base plate to the wooden switch base at a
proper position with the help of wood screws through
the base plate holes.

Fix the top cover by two screws and insert the knob.

7 Check the bolt, nut and the rubber grommet, split pin
in the shackle assembly.

8 Suspend the fan (without blades) by a pipe or rod
inserted through the shackle and hanger clip as shown
in Fig 8.

Fig 8

TO SUPPLY

ROTATION
ANTICLOCKWISE

W EYE VIEW

9 Connect it to the rated supply for a short while and
observe for smooth running in the proper direction.
(Anticlockwise direction looking from the ground)

10 Mount the fan in the ceiling hook/supporting hook.
Ensure the split pin is inserted in the bolt and bent or
the lock-nut is fitted.

11 Connect the wires to the ceiling rose. Slacken, slide
and fix both the canopies to cover the top hook and
spindle terminals block and capacitor.

Ensure that the canopies are fitted with just
sufficient spacing.

12 Fix the blade with the screws already provided on the
body.

FAN REGULATOR

8 Tighten the knob by a grub screw (1).

9 Effect supply and test the fan for its working at all
positions of the regulator.
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment

Wireman - Domestic Appliances

Exercise 3.2.11

Service and repair a table fan

Objectives: At the end of this exercise you shall be able to

test the given table fan for its working

dismantle the table fan

trace and identify or locate faults in the table fan
replace faulty parts with good ones

test the capacitors

clean and lubricate the bearings

check the oscillation mechanism

check the speed regulator

reassemble the table fan and test for its working.

Requirements

Tools/Instruments

* D.E. spannerset6-22 mm -1 Set.
» Cutting pliers 150 mm -1 No.
» Screwdriver 150 mm -1 No.
» Soldering iron 65W 230V -1 No.
Equipment/Machines

+ Table fans -3Nos.

(one each of three different sizes)

Materials
Connecting cables - as reqd.
Grease - as reqd.
Three-in-one oil / SAE 30 - as reqd.
Solder resin - cored - as reqd.
Insulation tape - as reqd.
SAE - 30 Ol - as reqd.

PROCEDURE

TASK 1: Servicing of a table fan

1

Record the available name-plate details of the table
fan in Table 1.

TABLE 1

Name-plate details

Manufacturer's name

Type Sweep
Voltage Watts
Current P.F.
Serial No.

2 Switch "ON' the fan and check for its function, at

different settings of the speed regulator and oscillation
mechanism. Observe and record the condition.

Disconnect the fan from supply.

3 Conduct visual inspection on the

¢ main cord insulation

+ plug pin termination for tightness and good
electrical contact.

Set right the defects, if any is noticed.

Remove the front gaurd and blade assembly and
clean them. (Fig 1)

Place the fan in a lying position on a pad or cloth.

Take care that the guard is not damaged.

Open the bottom cover and clean the dustand dirt with
a brush.

Disconnect the main cord.

Conduct the insulation test on the main cord and
record the values in Table 2. Replace it if the valve of
insulation resistance is less than 1 megohm.

Measure the insulation resistance of the fan windings
and record in Table 2. Send the fan for reconditioning
if the value is less than 1 megohm.

Clean the regulator contacts. Reconnect the main
cord. (Fig 1) Refix the borrom cover and keep the fan
in normal position.

10 Remove the oscillating gear assembly. Clean and

lubricate with fresh grease.

11 Lubricate the bush bearings with SAE 30 oil. (Fig 1) Fix

the oscillation gear box in position.

12 Refix the blade and guard assembly. Switch "ON' the

fan for its working.
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TABLE 2

Testing Insulation Value in
area resistance Meg ohms

Between conductors
Cord Phase & Neutral
Phase & Earth
Neutral & Earth

Running winding
and body
For winding | Starting winding
and body

Between starting
and running winding

Fig 1
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N 4
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! ANIN'ONAANNNNNY,

T
5

2 mm

27 2 1
1. RUBBER FEET 14. GEARBOX
2. CHOKE LAMINATION 15. FALSE COVER FIX, SCREW
3. CAPACITOR 16. BUSH BEARING
4. INDICATOR POINT 17. LINK FIX, SCREW
5. BLADE BUSH FIX, SCREW 18. WORM
6. SPINDLE 19. VERTICAL GEAR
7. BLADE CARRIER BUSH 20. STAND
8. FRONT COVER 21. SWITCH
9. STATOR 22. TERMINAL BLOCK
10. ROTOR 23. HORIZONTAL GEAR
11. KNOB 24. PIVOT PIN
12. FALSE COVER 25. CRANK LEVER
13. VERTICAL SPINDLE 26. WIRE GUARD

27. BOTTOM COVER

EL1406H1

TASK 2: Repairing of a table fan

Listen to the user's complaints.

The complaints may be any one or a combination of the
following.

A Fanis not running.
Noisy.
Not oscillating.

B

C

D  Fan produces humming noise.

E Bearings of the oscillating mechanism rattle.
F

Oscillating mechanism is noisy.

Fig 2
1 2 93
O",:,:\T CAPACITOR
Pho {}
S4
MAIN AUXILARY
WINDING WINDING
o
S
No S2 &
5
w

Fan is not running.

Check the socket outlet for the availability of supply.
Remove the bottom inspection cover.

Check the continuity of the power cord.

Check the regulator switch assembly. (Fig 2) Rectify if
any fault is observed.

Ensure free rotation of the fan with your hand. Find the
cause and rectify if it is too tight (bearing assembly,
foreign body, etc.)

Check the capacitor. Replace, if defective. Rectify
loose connections if any.

Check the winding for continuity and insulation. Send
it for rewinding, if necessary.

Fan is noisy.

Collect the history and nature of the noise of the fan
from the user.

Run the fan and observe the noise.

Identify the noise and find out if the noise is due to one
or a combination of the following.
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— Loose element of the blade.

— Loose or missing screws.

— Lack of lubrication or dirt in bearing.
— Worn out bush.

— Blade distortion/breakage. (Fig 3)

— Alignment of blades.

— Loosely fitted gaurds.

Fig 3

ROD

SHOULD MEASURE
THE SAME ON
ALL BLADES.

1 2\3 4567 8

ALL BLADES SHOULD FLAT PLATE
TOUCH PLATE OR TABLE TOP

EL1406H3

C Fan not oscillating.

1 Check the compression stud, worm gear and pinion.

Fig 4
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(Fig 4)
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CRANK
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EL1406H4

Check the gear for broken teeth.
Check for a bent rotor shaft.

Check the gear pin for proper setting. If it is loose,
either knurl the end slightly and press it into place or
replace the complete gear assembly.

Fan produces humming noise.

Check the air gap for unevenness. If it is incorrect,
check for correct fitting of the end-shields as per the
markings.

Check armature for a bent shaft.

Check for worn out or loose bearing fit. If bearings are
defective, replace them. When replacing, clean the
gear case of all old grease. The bearing swivel studs
washers and rotor shaft should be lubricated with a
light film of SAE-30 motor oil.

Bearings of the oscillating mechanism rattle.

Check for worn out bearings, particularly at the fan
blade side.

Check the rotor for excessive wear.

Check for proper grease. Clean outthe gear case and
replace with the grease recommended in the service
manual.

Oscillating mechanism is noisy

Excessive end play between the compression stud
and the cover may be the cause of this noise. To
prevent excessive end play, use spacers between the
compression stud and worm gear.

Beforereturning afanto acustomer, check the
fan's operation against the manufacturer's
specifications for current or power rating. The
power consumption should not exceed the
name-plate rating by more than 10% at any
speed.

A test for the power consumption of a fan
should always be madein adraught freeroom.
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment
Wireman - Domestic Appliances Exercise 3.2.12

Wire up in PVC conduit a circuit for a calling bell and a buzzer

Objectives: At the end of this exercise you shall be able to

¢ identify the position of straight wiring runs and accessories according to the layout

* mark thevertical and horizontal lines on the I.P.C. (installation practice cubicle) according to layout within an
accuracy of 3mm

mark the position of wiring accessories within an accuracy of 3mm

cut non-metallic conduit pipes

fix accessories to the pipes according to the pipe size by the tight grip method

fix a conduit with necessary clamps and spacers on surface installation in accordance with B.I.S.
recommendations

e draw wires in non-metallic conduit pipes

e prepare wooden blocks to terminate conduits and fix accessories

e check the continuity of cable, and test the circuit.

Requirements

Tools/Instruments Materials
+ Combination pliers 200 mm -1 No. * Bell-push (surface mounting) switch
* Screwdriver 200 mm with 5mm blade - 1 No. 6A 250V -2 Nos.
» Connector screwdriver 100 mm « Electric bell 250V AC 50 Hz -1 No.
(with thin blade) _ -1 No. «  Buzzer 250V AC 50 Hz -1 No.
; _Sl_crewdrlver310500 mm with 3mm blade - 1 “0' « P.V.C. conduit pipe 20 mm 1.5mm thick - 3 m
enon-saw mm ! LS5 « P.V.C. cable, aluminium of 1.5 mm?2 -7m
» Hacksaw frame 300mm with blade
+ Saddle, 20 mm. -12Nos.
(24 T.P.1.) - T * T.W. box 100x100x50 4N
+ Plumb bob with thread -1 No. O (B0 FEELYISERELS i -4 NOS.
- Ball pein Hammer 250 grams -1 No. -« PV.C J.unct!on box 20mm 4 - way -1 No.
«  Firmer chisel 25 mm -1 No. + P.V.C. junction box 20mm 3 - way - 1 No.
« Firmer chisel 12 mm -1 No. * Wood screws 20 mm No.5 -38Nos.
* Poker 150 mm -1 No. * Wood screws 25 mm No.6 - 8 Nos.
» Hand drilling machine with 4 mm bit - 1 No. + Terminal plate 16 Amps 3 - way -1 No.
e Drill bit 6 mm -1 No.
« Two feet four-fold wood rule -1 No.
« Side cutter 150 mm -1 No.
» Electrician's knife -1 No.
+ Half round rasp file 150 mm -1 No.
PROCEDURE

TASK 1: Forming bell and buzzer circuit.

1 Collect the calling bell, buzzer and two numbers of 3 Get it checked by the instructor.
push-button switches.

2 Form the circuit according to Fig 1 either on the Ifitis incorrect, make necessary changes.

workbench or using a trainer board. 4 Aftergetting the approval of the instructor, connectthe
o main supply and test the circuit.
ig
b
240V, 50 Hz
L
[ =
T [ J z
CIRCUIT DIAGRAM ﬁ
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TASK 2 : Plan the wiring

1

Draw your own wiring diagram and installation plan as
per the task and compare them with Figs 3 and 4
respectively.

Fig 2
B 450 | 550 |
e
o o
& 3 &
mom mom 1
3 3
o o
of 3 3 o
8 8
3 o~
ES
——0 o— g
w
Determine the number of wires in each run ac-

cording to the layout diagram (Fig 2) and wiring
diagram (Fig 3) and size of the P V C pipesin each
run according to the number of wires.

Indicate the size, specification and quantity of PV C
pipes, P V C conduit accessories and T.W. boxes in
the installation plan (Fig 4) and compare it with the
given list.

TASK 3: Execute the wiring.

1

Mark the layout on |.P.C. as per the layout.
Cut the P V C pipe as per the layout.

Fix the saddles as per the layout and installation plan.

For this work fix the saddle at a distance of 75
mm from the centre of the block and conduit
accessories.Follow the code of practice while
fixingthesaddle.Fixonly onesideofthesaddle
initially. The other side is to be fixed while
laying the conduit.

Fix the conduits and accessories onthe |.P.C. with the
help of the saddles as per the plan.

Conduit accessories should be fitted accord-
ing to the conduit pipes. While doing the PVC
conduit wiring commercially, the PVC adhe-
sive should be used in the conduit and acces-
sory joints.

Cutthe cables according to the route and bunch them.

Leave an excess length of 200 to 300 mm in
each cable for termination.

Insert the required cables in the appropriate pipes and
accessories, as per layout and push the wires to the
other end of the pipes.

Fig 3 ﬁ -
INo—
I ol
L—_ 1
=R r=
I I I 2
[ I \T_A\_\ =
L___1 L___1 2
w
Fig 4
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7 Take the T.W. boxes. Place them at the conduit ends
and mark the external diameter of the conduit pipe on
the surface of the T.W. boxes.

8 Drillanumberofholesinside this conduit marking, and
remove the portion from the T.W. boxes by chiselling
it out.

9 Use a half round, wood rasp file and file the edges to
make around hole. Check the fitting of the conduit pipe
in the hole at intervals till a correct fitting is made.

10 Remove the top cover of the T.W. boxes and position
the accessories on the top cover as per the layout.

11 Mark and drill through holes and pilot holes on the top
coverofthe T.W. board for cable entry, and accessory
fixing respectively.

12 Fix the T.W. base boxes with wood screws on the
I.P.C.

13 Prepare the end-termination of the cables as per the
wiring diagram. Insert them through the cable-entry
holes of the top cover of T.W. boxes.

14 Fix the top cover on the base boxes.
15 Terminate the cables in the accessories and fix them.
16 Fixthe accessories onthe top coverofthe T.W. boxes.

17 Test the circuit after getting the approval of the
instructor.
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment

Wireman - DC Machines

Exercise 3.3.01

Identify theterminals, test for continuity&insulation resistance of aDC machine

Objectives : At the end of this exercise you shall be able to

enter the name-plate details of the given DC machine and interpret the details

determine the pairs of the terminals of the windings of the DC machine by the test lamp method
test and identify the field and armature terminals of the DC machine by the test lamp method.

test a DC machine for continuity with a Megger

test a DC machine for insulation between windings with a Megger
test a DC machine for insulation between windings and body with a Megger.

Requirements
Tools/Instruments
+ Combination pliers 200 mm -1 No.
» Screwdriver 150 mm -1 No.
+ DE spanner set 6 mmto 19 mm. - 1 set of six.
+ Megger 500v -1 No.
Equipment/Machines
* DC compound machine 250 V
or 440V, 3 kW rating -1 No.

Materials
+ PVC Insulated copper cable 3/0.91

of 660 V grade -5m.
+ Kit-kat fuse unit 240 V, 16 A -1 set.
* Pendent lamp-holder 240V, 6 A -1 No.
* SPT switch240V,6 A -1 No.
« BClamp 100 W, 240 V -1 No.
+ Crocodile clips 16A - 2 Nos.

PROCEDURE

TASK 1: Locate the terminals of a DC compound machine.

1 Check the main switch of the DC machine is switched
“Off” and fuse ---- is removed.

2 Enter the name-plate details of the given DC com-
pound machine in Table 1 and interpret the details.

3 Remove the terminal box cover and sketch the layout
of the terminals in the space given in Fig 1a.

TABLE 1
NAME-PLATE DETAILS

Do not spoil the screw heads or the nuts while
removing theterminal cover, and storethemin

a proper place.

4 Ifthere is no marking on the terminals, give your own
marking as shown in Fig 1b.

Manufacturer, Trade mark .........ccooeeeiiiiiiieiiiiieeeeeeee.
Type, Model or List number ...........cccccoooinie,
TYpe Of CUITENT ...

Function ..........cccceen. Generator/Motor .....................

Fabrication or serial number ...,

Type of connection......... Sep/Shunt/Series/Compound
Rated voltage ........... volts. Rated current ......... amps
Rated power ............... kw. Rated speed ............ rom
Rated Exc. voltage ....volts. Rated Exc. current ..amps
Rating class ................ Direction of rotation ...............
Insulation class ............ Protection class ....................

Fig 1

Ou O« Or
O= O» O»

o O

(Y (b)

TERMINAL BOX

TASK 2: Test and identify the pairs of terminals of a DC compound machine.

1 Prepare a test lamp for 240 V 25 W.

2 Identify one of the cables as the phase cable and
connectitto the testlamp through the switch and fuse.
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3 Connect the test Prod 1 to terminal 1, hold the insu-
lated portion of Prod 2, and switch ‘ON’ the supply.
Touch the Prod 2to the rest of the terminals one by one
as shown in Fig 2a.



Care should be taken to avoid any part of your
body comingincontactwiththe bareportion of
theprodsas 240V ACvoltageisdangerous and
cause shock hazards.

Keep the switch in the ‘off’ position when the
test lamp is notin use.

Connect Prod 1 of the test lamp to another terminal as
shown in Fig 2c and repeat the procedure of steps 3
and 4 to find the second pair of terminals and write the
results in Table 2.

Fig 2
TESTLAMP  5A s
3 o—0
81 20.| PROD 1 TL
é Q3 40-] i 240V, 50 Hz
== /1 PROD 2 i
05 60° ol N
(@
TEST LAMP GLOWING
O I > 5A S
— o—v>—0— |
& 20 PROD1 ~ 7N ~
% é 03 40 240V, 50 Hz
05 60 PROD 2 oy
(b)
o1 20 TESTLAMP 54 s
— o—v>—0— |
@ 553 49 | PROD1 T
QQOi % 240V, 50 Hz
PROD 2
o R |

(©

IDENTIFYING TERMINALS OF A DC MACHINE

The test lamp glows bright in both armature
and series field pairs of terminals as the re-
spectiveinductiveresistances areoflow value,
whereas in shunt field circuit the light may
glow dim or may give some sparks only when
the prods aretouched in the pair terminals due
to high inductive resistance of the shunt field.

Check the other two left out terminals, to ascertain
whether they belong to the same pairs of terminals.

The pairs of terminals in which the lamp either
glows dim or the prod contact point gives
spark as shown in Fig 3a forms the shunt field
terminals.

Mark them in Fig 1b as E, & E, and record the same
in Table 2.

Observe the condition of the lamp. Ifthe lamplights as
shown in Fig 2b while touching any one of the other
terminals, then the terminals connected to Prod 1 and
Prod 2 form a pair of the same circuit. Record the
observations in Table 2.

TABLE 2

You mighthaveobservedinthis experiment, at
the two sets or pairs of terminals the lamp
lighted rather brightly. They may belong to
either the armature or series fields. To
distinquish the pairs of armature terminals out
of the two pairs follow the steps given in
Task 3.

SI.No. Pairs of terminals

Condition of lamps

Identification

—_

1to2
1t03
1to4
1t05
1to 6
3to4
3to5
3to6

© 00 N o 0 A W N

5to 6

N
o

BRUSH to — 2

—_
—_

BRUSH to —4

—_
N

BRUSHto —6

PGTDW&EE : Wireman - Exercise 3.3.01 59



TASK 3: Find the armature terminals pair out of 2 pairs of low resistive terminals.

1

Connect Prod 1 to any one of the identified low
resistive (where lamp was glowing bright) pairs as
shown in Fig 3b.

Touch Prod 2to any one of the brushes as shownin Fig
3a (lamp glows dim) high resistance then it is shunt
field.

Take care that the Prods do not touch with the
body/frame of the machine or any other metal
part except the brush.

If the test lamp burns, then that pair belongs to the
armature terminals. Mark the terminals as A and A,
inFig 1bandalso enterin Table 2. Ifthe testlamp does
not glow try the other pairs.

The remaining two terminals will be of series field
terminals. Mark them as D, and D, in Fig 1b and also

PROD 2

Fig 3 TEST LAMP
DIM GLOW
PROD1 '/~ SA S
— o—o—0— |
O1 20 T
% é 03 40 240V, 50 Hz
J)s o6& | PROD 2 oi N
(@
TESTLAMP  s5A s
— —o—0— L
o1 28 [ PRoD1 w
( 03 40
i 240V 50Hz
05 60

.

(b)

IDENTIFYING THE TERMINALS OF A DC MACHINE

enter in Table 2.

CONCLUSION

Armature terminals are..... and ......... (mark them as
A &A,)

Shunt field terminals are.... and ....... (mark them as
E,&E,)

Series field terminals are .... and ....... (mark them as
D, &D,)

5 Show the result to your instructor.

TASK 4: Test a DC machine for its continuity

60

Identify the pairs of the terminals from the marking.

Testthe continuity of the armature terminals A, and A,
using a Megger as shown in Fig 4a and repeat the
same procedure across the field terminals D, and D,
(Fig 4b) and shunt field terminals E, and E.. (Fig 4c)

If continuity between the terminals of the same
winding is not found, inform the instructor
immediately. You can proceed to the insula-
tion test, only when continuity exists between
terminals of thesamewinding. However,some-
times the continuity test will not reveal internal
short circuits. The best method is to measure
the resistance of the winding and compare it
with the previous reading to check the correct-
ness.

Fig 4

0 6°

MEGGER
TERMINAL

A1 D1 Ej
A2 D2 E»

LP-
‘00 6°
D1 Ej
D2 E»

MEGGER @1
A2
©

TERMINAL

@@@(@

CONTINUITY TEST ON DC MACHINE

Q0O

EP-

(b) ©
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TASK 5: Test a DC machine for insulation between windings.

Fill up the columns 1 to 4 in Table 3. 4 Repeat step 3 for testing the insulation between the

. shunt field and the series field as shown in Fig 5b, and
2 Connect the Megger terminals between the armature then between the armature and the series field.

and shunt field terminals as shown in Fig 5a. (Fig 5¢)

3 Rotate the Megger at its rated speed, and note down 5

the reading in Table 3. Enter the readings in Table 3.

The measured value should not be less than 1
megohm.

Fig 5

LP
© i —~ © © 1 . L ©
® OO0 © 0O 0
MEGGER A1 D1 E1 MEGGER A1l Di E1
TERMINAL A2 Dy E TERMINAL A; D2 E2
i RO J
L © © 1 ©
EP EP

INSULATION TEST ON DC MACHINE

TABLE 3
Insulation resistance test between windings of a DC machine
Date | Time Weather | Duty cycle Test between terminals Insulation resistance | Remarks
condition | of the machine in megohms

Armature and shunt field
Shunt and series field

Series field and armature

TASK 6 : Test a DC machine for insulation between armature/ field windings and body.

1 Fill up the columns 1 to 4 in Table 4. . .
If the reading is less than one megohm, this
2 Connect the Megger between armature and the body shows that the insulation is weak. If this hap-
as shown in Fig 6a and note down the readings in pens inform your instructor immediately so
Table 4. Repeat the process and take the readings as that necessary remedial steps could be taken
shown in Figs 6b and 6¢. to improve the insulation resistance.
If any reading is zero ohms it shows short 3 Show the results to your instructor and get it
circuit of that winding to the body. approved.
Fig 6
@

LP

5
©

—~ © © | \©
wecees | © @ © weceen | © @ @
TERMINAL A1 D1 E1 TERMINAL A1 D1 Ei

A2 D2 E2 A2 D2 Ez
©O0o, QO O,

EP EP

o
|||—

(b) (

O
~

INSULATION TEST ON DC MACHINE
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TABLE 4

Insulation resistance test between the armature/field windings and body of a DC machine

Date

Time

Weather
condition

Duty cycle
of the machine

Test between terminals

Insulation resistance
in megohms

Remarks

Armature and body
Series field and body
Shunt field and body
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment
Wireman - DC Machines

Exercise 3.3.02

Measure armature and field resistance of a DC shunt machine

Objectives : At the end of this exercise you shall be able to

test and identify the terminals of a DC machine by the test lamp method

measure armature resistance by the Voltage drop method (Task 1)

measure and verify armature resistance by the ohmmeter method (Task 2).

measure the shunt field resistance of a DC machine by the voltmeter and ammeter method

measure the shunt field resistance of a DC machine by the ohmmeter method and compare the results.

Requirements

Tools/Instruments

» Screwdriver 150 mm -1 No.
» Combination pliers 200 mm -1 No.
» DE Spanners, set6 mmto 19 mm -1 set
* M.C. Voltmeter range 0 -15V -1 No.
* MC AmmeterO0to 5 A -1 No.

« Shunt type Ohmmeter 0 to 50 ohms - 1 No.
Equipment/Machines

» DC shunt/compound machine 250 V

of any rating -1 No.

+ Battery 6 V60 AH -1 No.
+ Testlamp 240V 100 W -1 No.
* Rheostat 50 ohms 4.1 amperes -1 No.
Materials
» PVC insulated copper cable
1.5sq mm 660 V grade -5m
» Crocodile clips 16 A - 2 pairs.

PROCEDURE

1

Check the main switch of the DC shunt machine is
switched ‘OFF’ and fuse carriers are removed.

Note down the name-plate details of the given DC
machine in your practical notebook.

Remove the terminal cover.

Do not spoil the screw heads.
Use proper tools.
Store the screws carefully.

Check whether the brushes are in correct position in
the holders and are touching the commutator.

Find outthe armature terminals and shuntterminals by
using the test lamp.

TASK 1: Measure armature resistance using a voltmeter and an ammeter.

1

Draw the circuit for the said task and get it approved by
your instructor.

Collect the instruments and components and check
their condition.

Connect the armature terminals to the ammeter, volt-
meter, fuses, rheostat (Rh,) and the battery as perthe

circuit (Fig 1) and get approval from your instructor.

Fig 1
9 Rh;
50Q,41A 0-5AMC

S1 5A MRS

~ =/ s

L+ +
BATTERY —

0-15V, MC C\D
6V —— VOLTMETER

TL_ _
A2

MEASUREMENT OF ARMATURE RESISTANCE

4

Keeptherheostat (R, ,)in cut‘in’ position. Then switch
‘ON’ the circuit.

Sometimes the armature starts rotating slowly
during the experiment. In such cases hold the
armature in steady position by hand to avoid
erroneous reading.

Adjust the reading of the ammeter to 0.5 amperes by
adjusting Rheostat (Rh,).

Move the armature to different positions and
and see that the reading remains constant. If
the readings are different, inform to your in-
structor.

Read and record the voltmeter and the ammeter
readings in the Table 2.

Repeat steps 3 and 4 for 1, 1.5, 2 and 2.5 amperes.
The current should be less than full load armature
current. 63



Switch ‘OFF’ the circuit.

Complete the remaining columns of the table, find the
average value of armature resistance and show to the
instructor.

10 After the approval from the instructor, disconnect the

circuit.

TABLE 2
Sl. | Volts| Amps. | R =VI/I Average
No. Armature Value
resistance

1 0.5

2 1.0

3 1.5

4 2.0

5 25

TASK 2:- Measure the armature resistance by using an ohmmeter.

1

Adjust the ‘Zero’ setting of the ohm-meter.

Useashunttypeohmmeterto measurethelow
value resistance of the armature.

Connect the ohmmeter across armature terminals as
shown in Fig 2 and measure the resistance.

Fig 2
AL Eq
SHUNT TYPE Q
OHMMETER
Ay Es
MEASUREMENT OF ARMATURE RESISTANCE

Move the armature to different positions by
hand and see that the reading remains con-
stant. If the readings are different inform to
your instructor.

3 Note down the ohmmeter readings and record it be-

low.

Armature resistance value is

TASK 3: Measure shunt field resistance by the voltmeter and the ammeter method.

1

Draw the circuit for the said task and getitapproved by
your instructor.

Collect the instruments and components and check
their condition and get it approved by your instructor.

Connectthe circuit as per your diagram (Fig 3) and get
the approval of the instructor.

_______ohms.

5 Read and record the voltmeter and the ammeter

readings in Table 3.

Fig 3

MC AMMETER
st L 1A
(A=
L+ \}Nc — &) E1
|
! +
296 ©
|
220V, DC ! 28A (v)300v
SUPPLY | Rhy a
|
|
L— o~ E>

MEASUREMENT OF THE SHUNT FIELD RESISTANCE
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Switch ‘on’ the circuit and adjust the rheostat to get
100 mA.

TABLE 3
Sl. | Volts| Amps. | Ry, = VIl Average
No. Field Value
resistance

1 0.1

2 0.2

3 0.3

4 0.4

5 0.5
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6 Repeat steps 2 and 3 for 200, 300, 400 and 500 mA .

7 Switch offthe circuitand complete the tabular columns.

8

Calculate the average value of the field resistance and
show it to the instructor.

After his approval disconnect the circuit.

TASK 4: Measure shunt field resistance by the ohmmeter.

1

Take a series type ohmmeter or multimeter, select
proper ohmic range and set its value to Zero by
shorting the prods.

A series type ohmmeter is used to measure
high value resistances.

2 Connectthe meterleads to the shuntfield terminals of
the machine as shown in Fig 4.
Fig 4
Eq Ay
SERIES TYPE
OHMMETER GZ
OR
MULTIMETER
E, Ay
MEASUREMENT OF SHUNT FIELD RESISTANCE

3

Read, and record the value of the shunt field resist-
ance below. The value of the shunt field resistance is
ohms.

Refix the terminal cover.

Compare the readings obtained in Tasks 1 and 2 as
well as 3 and 4. If there is any difference write the
reasons for the same in the space given below.

CONCLUSION
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment
Wireman - DC Machines

Exercise 3.3.03

Build up voltage in a separately excited DC generator (No-load characteristics
curve)

Objectives : At the end of this exercise you shall be able to

¢ measure the speed of the DC generator with atachometer

e connect and adjust the field regulator to produce the required output voltage of a separately excited
DC generator

e determinetherelation between field current and induced emf in a separately excited DC generator when the

S

peed is constant.

Requirements

Tools/Instruments

» Trainees tool kit -1 No.
* Round nose pliers 200 mm -1 No.
* DE spanners 6 to 19 mm - 1 set
* MC voltmeter (0 - 300 V) -1 No.
* MC ammeter (0-1A) -1 No.
» Tachometer 300 - 3000 rpm -1 No.
Equipment/Machines

* Rheostat 296 ohms, 2.8 A -1 No.
* DPIC switch with fuse 240V, 16 A -1 No.

+ DC shunt generator 250 V 3/5 kW -1 No.

(To be used as separately excited)
*  Prime mover coupled to the DC shunt

machine with complete equipment to

control the speed -1 No.
Materials
+ 3/22 PVC Insulated copper cable

660 V grade - 10 metres.
* Insulation tape - 0.20 metre.
*  Fuse wire 1 amp - 0.2 metre.

PROCEDURE

1

Read, interpret and record the name-plate details of
the given DC generator and enterin your practical note
book.

Draw the circuit diagram for the said task and get it
approved by your instructor.

Collect the cable, fuse wire, rheostat and meters
according to the circuit diagram (Fig 1).

Connectthe voltmeter, ammeter and rheostat with the
generator as per the circuit diagram.

Show the connections to your instructor and get his
approval.

Keep the field circuit switch of the generator open.

Start the prime mover and measure the speed by a
tachometer.

Adjust the speed of the generator to the rated value by
adjusting the speed regulator of the prime mover.

Measure the voltage across the armature of the
generator and enter this value in Table 1.

TABLE 1
Sl. | Field current Induced Speed (held con-
No.| inAmps voltage | stant at rated value
in volts

The measured voltage will be very low. Some-
times we may have to use a low range M.C.
voltmeter. Consult your instructor, if
necessary.

This voltage is due to the residual magnetism
as the field current is zero.

66

10 Adjust the rheostat to minimum output position and
switch‘ON’ the DC supply to the field of the generator.
Adjusttherheostattoget0.1 ampereinthe field circuit.

11 Read the field current and the corresponding gener-
ated voltage, enter the values in Table 1.

12 Gradually increase the field current in steps of 0.1
ampere by slowly moving the movable arm of the
rheostat towards the maximum position and note
down the corresponding value of the induced voltage
and field current and enter the values in Table 1.



Fig 1
9 0-1A
) — "
A v 3 o
N — !
! >
Fi ! a
> £ ! |
—
a o RHEOSTAT 0-300V \ Q
2 296 Q,2.8A - | o
STARTER WITH F, | =
SPEED REGULATOR } o
* & /0
SEPARATELY EXCITED DC GENERATOR
The varying of the rheostat value should be Fig 2 CRAPH
done positively and slowly in forward direc- E
tion. B
Any reverse movement should be avoided. B
The current should not exceed the rated field et
current. Eﬁ E
13 Increase thefield current to such a value thatthe value E
oftheinduced emfreaches just above the rated value. =
0:\\H‘HH‘HH‘HH‘HH‘HH‘H\
Check the speed of the generator at intervals. FIELD CURRENT (1)
If necessary adjust it to the rated speed. -

14 Draw a graph showing the induced voltage as a CONCLUSION
function of field current keeping the field current on X-

axis and induced voltage on Y-axis. (Fig 2)

15 Write your conclusion why there is an initial value of

voltage even whenthereis nofield currentand why the
final value of the induced voltage remains almost

constant even at the increased field current.
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment
Wireman - DC Machines

Exercise 3.3.04

Build up voltage in a DC shunt generator (No load characteristic curve)

Objectives : At the end of this exercise you shall be able to

* measure the existence of residual voltage and create residual magnetism, if necessary
* measure the speed of the DC shunt generator with the help of a revolution counter and stopwatch

¢ build up voltage in a self-excited DC shunt generator

e determine the relation between field current and induced emf (Magnetisation characteristic) in a DC shunt

generator when the speed is constant.

Requirements

Tools/Instruments

+ Combination pliers 200 mm -1 No.
*  Ammeter MC 0-1 A -1 No.
» Screwdriver 150 mm -1 No.
* Voltmeter MC 0-300 V -1 No.
+ Stop watch -1 No.
* Revolution counter 4 digits -1 No.

Equipment/Machines
+ DC shunt generator 2 to 4 kW 250 V -1 No.
* Rheostat 296 ohms 2.8 A -1 No.
+ Kbnife switch SPST 16 A -1 No.
Materials
» PVC insulated cable 2.5 sq.mm

660 V grade -5m.

PROCEDURE

1

Read and interpret the name-plate details of the given
DC shunt generator and record them in your practical
note book.

Identify the terminals of the given DC shunt generator.

Draw the circuit diagram for the said task and get it
approved by your instructor.

Collect the instruments and rheostat etc., and check
their condition.

Fig 1 L+

SUPPLY

SPST
d Knife switch

|
|
|
|
|
.
A E, -
‘ o
— (V)o-soo v >
0-1A
STARTER WITH Az - ‘ 8
SPEED REGULATOR CUTIN }
Rh, }
CUT OUT - i
SELF - EXCITED DL GENERATOR L—

Connect the circuit with the machine as per the dia-
gram (Fig 1.

Keep the field SPST switch open and the field rheostat
in cut ‘in’ position. Get the approval of the Instructor.

Startthe prime mover coupled to the DC shuntgenera-
tor.

Measure the speed of the generator with the help of a
revolution counter and stopwatch.

The number of revolutions made by the ma-
chine in a minute gives the rpm.

The direction of rotation must be according to
thedirection marked onthe DC generator, if not
change the direction of the prime mover.
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Adjust the prime mover speed in such a way that the
generator runs at its rated speed.

Keep the speed constant through out the
experiment.

10 Measure the voltage induced across the armature and

note down the measured value in Table 1.

This induced voltage is due to the residual
magnetism as the field current is zero. If the
residual magnetismis absentinthefield poles,
then therewill be noresidual voltage. In such a
case the residual magnetism could be recre-
ated by connecting the field winding to a DC
source such as battery for a short time as
explained under flashing of field in the Related
Theory.

11 Close the field circuit switch and gradually increase the

field current to 0.1 ampere by reducing the resistance
of the field rheostat.

If the generator is not able to build up voltage
even though itis running in the marked direc-
tion, switch off the prime mover, and then
interchange the field terminals of the genera-
tor. Whilevarying thefield rheostat/regulator it
should be done positively and slowly in the
forward direction. Reverse movement should
be avoided.




12 Increase thefield current slowly in steps of 0.1 ampere
and for each step, note down the field current and the
corresponding induced voltage. Record them in
Table 2.

TABLE 1
Sl. Field Induced Speed held
No. | current voltage at constant
in amps in volts rated value

13 Switch ‘OFF’ the DC generator after reducing the field
current to OA switch off and the prime mover.

14 Draw a graph keeping the induced voltage in the ‘Y’
axis and the field currentin the X - axis as shown in Fig
2.

The graph shows the magnetisation/no-load

characteristic of the DC shunt generator.

13 Show your readings and the graph to your instructor
and get his approval.

Increase the field current only till the induced
voltagereachesjustabove 125%of rated value.
Check the speed of the generator at intervals.
If necessary, adjust it to rated value.

Fig 2
Y GRAPH

INDUCED

EMF
E ?

o b b b b b s
0

FIELD CURRENT (I X

——

MAGNETISATION CHARACTERISTIC OF A DC GENERATOR
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Wireman - DC Machines

Exercise 3.3.05

Plot the load characteristic curve of a DC shunt generator

Objectives : At the end of this exercise you shall be able to

e connect the DC shunt generator and build up the voltage

* load the DC shunt generator

e determine the performance characteristic of the DC shunt generator at different loads

« plot the external characteristic curve.

Requirements

Tools/Instruments

Lamp load 240 V 3 kW -1 No.

* Trainees tool kit - 1 No. (if a lamp load is not available,
* Shunt type ohmmeter (0 - 50 Ohms) -1 No. you can use a water load as shown in Fig 1.)
+ DC ammeter 0-15 amps - 1 No. « DC Shunt generator 250V, 2to 4kW -1 No.
¢ DC ammeter 0-1 amp -1 No. ]
« DC voltmeter 0-300 V -1 No. Materials
Equipment/Machines ¢ PVC insulated cable 2.5 sq mm
660 V grade -6 m.
¢ Rheostat 296 ohms 2.8 A or field - Fuse wire 15 amps -0.2m.
regulator -1 No. + PVC insulated flexible cable
e DPST knife switch 16 A -1 No. 14/0.2 of 660 V grade -2m.
PROCEDURE

1 Read and interpret the name-plate details of a DC
shuntgenerator and record themin your practical note
book.

2 Identify the terminals of the DC shunt generator.

3 Measure the armature resistance and enter the value
in Table 1.

4 Select appropriate cables, switch, rheostat, load and
meters, according to the capacity of the given DC
shunt generator and draw the circuit diagram for the
said task and get it approved by your instructor.

Collect the instruments, rheostat and lamp load etc.,
and check their condition.

Connect the meters, rheostat and lamp load with the
terminals of the DC shunt generator as per the diagram

(Fig 1).

Keep the load switch open and also switch ‘off’ all the
circuit switches in lamp load.

Alternatively awater load could be used as the
load.

Fig 1
0-1A 0-15 A
Es @ n SO L e G A
A ’ ° A 0 —~-0
\ZJ ‘ T \ZJ
296Q,2.8A ‘
Ay } |
LAMP -
6/) 0-300 V } LOAD \ /
Ay |
| WATER
| LOAD
L F
O\J\c S O —~0
E, DPST KNIFE LOAD SWITCH 15A B B
LOADING OF DC SHUNT GENERATOR
8 Keep the field regulator resistance in ‘cut-in’ position. 9 Start the prime mover and bring it to the rated speed

Make yourself clear about the method of
starting the prime mover and the procedure for
adjusting its speed.
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of the generator after getting approval from your
instructor.



10 By adjusting the field rheostat, build up the voltage of
the generator to its rated value. Enter the value of the
open circuit voltage in Table 1.

11 Close the load switch and gradually load the generator
by switching ‘ON’ a few lamps.

12 Read the corresponding terminal voltage, shunt field
current, load current and record them in Table 1.

Check the speed of the generator at intervals
and adjust it to the rated value.

13 Increase the load current up to 125% of its rated value
in 5 or 6 equal steps of load current.

14 Note down the corresponding terminal voltage and
field current for each step of load current in Table 1.

15 Gradually reduce the load current to zero and switch
‘OFF’ the load circuit and the prime mover.

16 Show the record of your readings to the instructor and
get his approval.

17 Draw the graph of external characteristic of the DC
shunt generator by keeping the terminal voltage in the
Y-axis and load current in the X-axis. Refer to Fig 2.

Fig 2

<

——
TERMINAL VOLTAGE

LOAD CURRENT I

——

LOAD CHARACTERISTIC CURVE OF DC SHUNT GENERATOR

18 Show it to your instructor and get his approval.

19 Disconnect the circuit.

TABLE 1
Sl. Terminal Load Shunt field Armature Induced
No. | voltage'V'(Volts) current current (I_) current emf Remarks
V=E-| R, I I =l +, E=V+l R,

Armature Resis-
tance =...... ohms
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Wireman - DC Machines

Exercise 3.3.06

Plot the load characteristic curve of a DC compound generator - Cumulative &

Differential

Objectives : At the end of this exercise you shall be able to

e connect the DC compound generator as long shunt and then as short shunt

e build up voltage and load the compound generator

« determine the performance characteristic of the DC compound generator (cumulative and differential).

Requirements

Tools/Instruments

¢ Trainees tool kit -1 No.
¢ Voltmeter MC 0-300 V -1 No.
¢ Ammeter DC 0-15 A -1 No.
¢ Rheostat 296 Q, 2.8 A -1 No.
¢ Fuse unit 15 amps - 2 Nos.

Equipment/Machines

e DC compound generator 220 V 3 KW - 1 No.
e Lamp load/resistance load/water load
of capacity 240 V 3 kW

Materials

-1 No.

e PVC insulated copper cable 4 sq mm
of 660 V grade -5m
« DPST knife switch 16 amps/250V -1 No.

PROCEDURE

TASK 1:- Load performance of a DC long shunt compound generator (a) cumulative (b) differential

1 Readandinterpretthe name-plate details of the given
DC compound generator and record itin your practical
note book.

2 Draw the circuit diagram for the said task and get it
approved by your instructor.

3 Collect the meters, rheostat and cables etc., and
check their condition.

4 Identify the terminals of the DC compound generator
either from the marking or by testing.

5 Connect the machine as per the connection diagram
(Fig 1).

6 Keep the load switch and all the load sub-circuit
switches open.

Keep the field rheostat sliding arm in such a
position that the maximum value of resistance
is included in the field circuit.

Fig 1
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7 Start the prime mover coupled to the DC compound
generator and build up the voltage of the DC com-
pound generator to its rated value.

Now switch ‘ON’ the load.

9 Increase the load step by step, note the values of the
terminal voltage and load current for each step and
enter them in Table 1.

10 Draw the external characteristic curve keeping the
load current in the ‘X’-axis and the terminal voltage of
the generator in the ‘Y’-axis.

TABLE 2
Long shunt compound generator

| Exercise Il Exercise
Sl. Load |Terminal | Sl.| Load Terminal
No. [Current | voltage | No.|Current | Voltage

Whetherthe compound generatoris connected
for cumulatively compound or differentially
compound could bedetermined only after load-

ing.
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Type of connection Type of connection




Check whether the terminal voltage falls or Fig 2 . .
. . . > L -
raises with the increased load. If the terminal j\c — ®—o
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voltage falls heavily, the internal connection is

for adifferentially compounded generator. If it F1
raises or falls slowly it is for a cumulatively l g Az ¥
compounded generator. Sometimes the . (V)
terminal voltage will remain constant from no Dy -

load to full load. This type of generator is called ; !
D>

2

a level compounded generator and it comes
under the category of the cumulatively
compounded generator. To change the LOADING OF THE DC COMPOUND GENERATOR (LONG SHUNT, DIFFERENTIAL)
generator from one type to the other, the series
field terminals have to be interchanged. Fig 2 13 Repeatthe working steps 6 to 10 and draw the external
shows the connection diagram of the characteristic curve for this second set of readings in
compound machine after interchanging the the same graph sheet.

series field terminals.

e

—— °

14 Write clearly which one of the graph is for cumulatively

11 Reduce load to zero ad open the load switch and stop compounded generator and which one is for differen-
the prime mover. tially compounded generator.

12 Interchange the connections of the series field (or as
shown in Fig 2).

TASK 2 :- Performance of DC short shunt compound generator a) Cumulative b) Differential.

1 Draw the circuit diagram for the said task and get it 3 Draw the external characteristic curves on a separate
approved by your instructor. graph sheet with the same scale as in earlier graphs
2 Repeat the working steps 4 to 14 of task 1 for short and compare with the earlier graphs.
shunt cumulative and differential compound genera- 4 Write your conclusion regarding the following in the
tors and enter the values in Table 2. space provided at the bottom.
TABLE 2 a Differentially long shunt compounded generator
Short shunt compound generator b Cumulatively long shunt compounded generator
| Exercise Il Exercise c Differentially short shunt compounded generator
- Load |Terminall si. | Load Terminal d Cumulatively short shunt compounded generator
No. | Current | voltage| No.| Current | voltage CONCLUSION
Type of connection Type of connection
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment

Wireman - DC Machines

Exercise 3.3.07

Maintain, service & troubleshoot the D.C. motor starters (2 point, 3 point & 4

point)

Objectives: At the end of this exercise you shall be able to

« identify the parts of the D.C. motor starters

e trace and draw the schematic diagram of the starters

¢ check and clean the contact studs

* measure the resistance of the no volt coil and the starter resistance

« set the over load relay.

Requirements

Tools/Instruments

¢ Combination pliers 200 mm - 1 No.
¢ Screw driver 200 mm -1 No.
¢ Multimeter -1 No.
¢ Flat file Bastard 150 mm - 1 No.
¢ Flat file smooth 150 mm -1 No.
¢  Ammeter DC 0-30A -1 No.
¢ Voltmeter DC 0-300V -1 No.
e Megger 500 V -1 No.
Equipment/Machines

e 2 point starter 3 HP 220 V DC -1 No.
e 3 point starter 3 HP 220 V DC -1 No.
e 4 point starter 3 HP 220 V DC -1 No.
* DC motor 220V 3HP 10 A -1 No.
¢ DC series motor 220 V 3HP 10A -1 No.

Materials
e DPST main switch 240V 32 A -1 No.
¢ PVCinsulated stranded copper cable  -10m
4 sq mm.
¢ Insulation tape -0.2m
¢ Fuse wire of required amps rating -as reqd.
e Carbon tetra chloride - 500 ml.

PROCEDURE

General maintenance and servicing

1 Write down the Name-plate details of the given DC
motor starter in Table 1.

TABLE 1

DC starter
DC starter 2 point 3 point / 4 point
Amps____ Volts
Make Serial No.

2 Identify the different parts of the starter and draw the
starter diagram and label the parts in your record.

3 Trace the internal connections of the starter and draw
the schematic diagrams. Fig 1, 2 & 3 are given for your
guidance.

4 Check the contact studs (movable in handle and
stationary in face plate of starters) and the starter
resistance. Follow the procedure given in chart 1 to
rectify the defects.

5 Visually inspectthe colour and condition of the no volt
coil and enter the details in Table 2.
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6 Measure the resistance value of the holding (no-volt)
coilaswell asthat of protective resistance and note the
readings in the Table 2.

7 Measure the insulation resistance of the coil with
respect to the core. Enter the value in Table 2.
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Chart -1
General Maintenance Procedure for DC Starters
Trouble area Cause Remedy

1 Check the stationary and movable
contact studs for burns and
pittings.

a) Loosely fitted studs/Face plate
b) over load
¢) Insufficient pressure on contact

studs due to loosely fitted handle.

d) Improper operation.

a) Tighten the nuts in the rear of the
contact studs /Face plate

b) Reduce the load.

c) Add a washer or two over the
handle and tighten the handle
studs

d) Smoothly manipulate the handle
from start to run condition.

e) Light burns over the contacts
could be cleaned with CTC
(Carbon tetra chloride)

Heavy burns and pitting need to
be dressed with a sand paper or
a flat file.

f) Apply petroleum jelly over the
movable and stationary contact
points.

2 Check the starter resistance for
open or shorts

a) open resistance are due to
excessive heating resulted from:
i) wrong starting method
ii) excessive load

b) Shorted resistance due to:
i) excessive vibration of the panel

ii) loose mounting of the
resistance

a) Do not keep the starter handle in
starting position for a long time.

i) Reduce the over load.

ii) Replace the opened resistance
with the equivalent material size
and length.

i) Reduce the vibration of the panel
by proper mounting.
ii) Properly mount the resistance.

PGTDW&EE : Wireman - Exercise 3.3.07

75




TABLE 2

No volt coil
Initial cor_1d|t|on gt the time of Present condition
Sl - installation
N : Description
0. Date of - Date Condition Remarks
installation Condition

1 Colour of the no volt coill Yellow

(visual inspection)
2 Resistance value of the 2500 ohms

no volt coil
3 Insulation resistance 5.5 Megohms

between the no volt coil

and the core
4 Protective resistance of 1000 ohms

the 4 point starter
5 Resistance value of the 10 ohms

starting resistance

8 If there is any change in the present condition with
respect to values obtained at the time of installation,
discuss with your instructor. If necessary replace the
NVC with a new one having same specification.

9 Setthe overloadrelay forthe same currentrating as of

the motor.

10 Connect the DC motor with the starter.

11 Make necessary loading arrangement for the DC

motor.

12 Start the DC motor and load it to the rated current.

The starter should not trip at this settings. If it
trips,increasethe current setting of the overload
relay to the next higher value by a small incre-
ment. In casetheoverloadrelay currentsettingis
much higher, then also starter will not trip.

To find the correct setting reduce the current
setting till the starter trips and then slightly
increasethecurrentsettingtill the starter holds.
Accordingly recalibrate the overload current
rating. Normal setting of the overload relay will
be 1.5 times the rated current of the motor.

13 Check the starter operation in load condition. In case

of any trouble follow the trouble shooting chart and
rectify the defect.

Trouble shooting chart for DC Starters

Trouble

Cause

Remedy

1 Intermittent current flow in the
motor through starter.

2 Handle is not coming to off
position when NVC is
demagnetised

3 Noisy magnet

1 Loose connections.
2 Stud may not be firm.

4 Formation of dirt.

1 Insufficient spring tension.

2 Gummy material sticking to the
faces of the magnet.

1 Loose core.
2 Magnetic pole surfaces not
making proper contact.

3 Dirt or dust on magnetic faces.
4 Mechanical obstructions

3 Insufficient pressure of the handle

Tight all terminals / connections.
Tighten the studs.

Adjust the pressure

Clean the studs with contact
cleaner.

A WON -

1 Replace the spring with a good
one.
2 Clean the magnet faces.

1 Fix the core firmly
2 Replace the magnetic assembly.

3 Clean with suitable solvent.
4 Check up and rectify
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Trouble

Cause

Remedy

4.Failure to pick up handle in ‘on’
position.

5. Starter is tripping often

1 Low voltage for no volt coil.

2 Coil open or short .

3 Mechanical obstructions.

4 Soft iron piece on the handle
missing.

1 Incorrect setting of overload relay.
2 Sustained overload.

A WN

—_

Check the supply voltage and
rectify.

Replace the coil.

Check up obstructions & rectify.
Fix the soft iron piece on the
handle properly such that it is
attracted firmly on the magnetic
pole face of the no volt cail.

Set the overload relay properly.
Reduce the load.
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment
Wireman - DC Machines

Exercise 3.3.08

Connect, start, run and reverse a DC shunt motor

Objectives: At the end of this exercise you shall be able to

e connect the 3-point starter to the DC shunt motor, start and run the motor

e reverse the direction of rotation of a DC shunt motor

— by changing the armature terminals
— by changing the field terminals.

Requirements

Tools/Instruments

3-point starter suitable for 220 V

3HP DC shunt motor -1 No.
Materials
« PVC insulated stranded copper

cable 2.5 sg.mm 660 V grade -6m.
¢ Fuse wire 10 amperes -0.2m.

¢ Trainees tool kit -1 No.

e DE spanner set 6 mm - 19 mm -1 set

¢ Megger 500V - 1 No.

¢ Shunt type ohmmeter 0-2 K

or multimeter -1 No.

Equipment/Machines

e« DC shunt Motor 220 V 3 HP -1 No.

e ICDP switch 240V 16 A -1 No.
PROCEDURE
1 Confirm the main switch of the given DC shunt motor

is switched “OFF” and fuse carriers are removed.

Read and interpret the name-plate details of the given
DC shunt motor and record it in your practical note
book

Identify the terminals of the DC shunt motor from the
markings.

Testthe DC shunt motor for continuity, insulation and
earth.

There should be continuity between the arma-
ture terminals A, and A, and also between the
shunt field terminals E, and E,. The insulation
resistance between the armature and shunt
field windings and between the windings and
theframeshould notbelessthanonemegohm.

TASK 1: Connect start and run a DC shunt motor

1
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Draw the circuit diagram for the said task and get it
approved by your instructor.

Collectthe ICDP switch, 3 point starter and cables and
check their conditions.

Connect the DC shunt motor as per the diagram
(Fig1).

Check the supply voltage and confirm with the data
given in the name - plate.

Check the rating of the fuses in the main switch. If
required, change it in accordance with the motor
rating.

Switch ‘ON’ the ICDP switch and gradually move the
starter handle from “OFF” to on position. Leave the
starter handle in ‘ON’ position.
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7 Observe the direction of rotation from non-driving end
side and enter it in Table 1.

8 Stop the motor by switching ‘OFF’ the ICDP switch;
wait until the shaft comes to a stand still position.

9 Remove the fuse carriers From ICDP switch.

TASK 2:- Change the direction of rotation
METHOD 1 :By changing the armature terminals

1 Draw the circuit diagram for the said method and get
it approved by your instructor.

Connect the DC shunt motor as per diagram (Fig 2).
Replace the fuse carriers.

Repeat the working steps 6 to 9 of Task 1.

Fig 2
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METHOD 2 : By changing the shunt field terminals

1 Draw the circuit diagram for the said method and get
it approved by your instructor.

Connect the DC shunt motor as per diagram (Fig 3).
Replace the fuse carriers.

Repeat the working steps 6 to 9 of Task 1.

TABLE 1

SI.No. Description Direction of rotation
1 Normal connection

asin Fig 1
2 By changing armature

terminals as in Fig 2

3 By changing shunt field
terminals as in Fig 3

Fig 3
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Only one pair of terminals, either armature or
shunt field, should be changed. If both arma-
ture and shunt field terminals are changed the
direction of rotation will not change.

CONCLUSION

a Necessity of starter

b Method of changing direction of rotationina DC shunt
motor based on Fleming’s left hand rule.

PGTDW&EE : Wireman - Exercise 3.3.08 79



Power Generation Transmission,Distribution, Wiring & Electrical Equipment
Wireman - DC Machines Exercise 3.3.09

Connect, start, run and reverse a DC series motor

Objectives : At the end of this exercise you shall be able to
e read and interpret the name-plate details of a DC machine
 test and identify the terminals of the DC series motor
e connect the 2-point starter and start the motor
¢ measure the speed of the machine by a tachometer
* reverse the direction of rotation of the DC series motor
— by changing the armature terminals
— by changing the field terminals.

Requirements
Tools/Instruments Materials
+ Trainees tool kit - 1 No. + 2.5sqmmPVC copper multi-strand
« Megger 500 V -1 No. cable 660 V grade -6m.
- DE Spanner set 6 mm to 19 mm -1 No. ¢ Fuse wire 16 amps -As reqd_
+ Tachometer 0 to 10,000 r.p.m. -1 No. e 240V 16 A ICDP switch -1 No.
Equipment Machines
+ DC series motor 220 V 3 HP -1 No.
* 2 point starter for 220 V 3 HP
DC series motor -1 No.
» Loading arrangement or complete
brake test arrangement - 1 set.

PROCEDURE

1

TASK 1:- Connect, start and run the DC series motor.

1

Switch off the mains and remove the fuse carriers from
the ICDP, of the given DC series motor.

Read and interpret the name-plate details of the DC
series motor and enter them in your practical note
book.

3

Identify the terminals of the DC series motor.

Measure the insulation resistance: between: (a) the
windings and (b) the windings and the body.

Insulation value should not be less than 1
megohm.

Fix and set up a suitable brake load for the series
motor.

Draw the circuit diagram for the said task and get it
approved by your instructor.

The rating of the switch, fuse, cable and
2-point starter given in this sheet is for 220 V
3HP DC series motor.

4 Connect the motor as per circuit diagram (Fig 1) and
A series motor should not start or run without get it approved by the instructor.
load. A flat belt drive which might slip while
running should notbeused. Fig 1(b) shows the Checkwhetherthebeltisinpositionforloading
loading through the brake arrangement. The the pulley and keep it in slight load position.
belt over the pulley should be marginally tight-
ened to app|y some load on the motor before 5 Switch ‘ON’ the ICDP after inserting the fuse carriers
starting the motor. and move the 2-point starter gradually in clockwise
directiontillthe ‘ON’ positionis reached. Leave handle
3 Collect proper rating of the ICDP switch, cables, fuse in “ON” position and observe the direction of rotation.
wire and 2-point starter according to the circuit dia- 6 Record the direction of rotation from non driving end
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gram and check their condition.

side in Table 1.
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7 Measure the speed by a tachometer and enter the

value in Table 1.

TASK 2:- Reverse the direction of rotation.

METHOD 1 : By changing the armature terminals

1

Draw the circuit diagram for the said method and get
approved by your instructor.

Connect the motor as per diagram (Fig 2) and check
the loading arrangement for correctness. Repeat the
steps 5 to 8 of Task 1.

Fig 2
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REVERSING THE DIRECTION OF ROTATION OF A DC SERIES MOTOR
BY CHANGING ARMATURE CONNECTION

METHOD 2 : Reverse the direction of rotation by chang-
ing the field terminals.

1

Draw the circuit diagram for the said method and get
approved by your instructor.

Connect the motor as per diagram (Fig 3) and check
the loading arrangement for its correctness. Repeat
the steps 5 to 8 of Task 1.

Effect of changing the supply terminals on the direc-
tion of rotation could be checked by connectingthe DC
series motor as shown in Fig 4. Check the loading
arrangements for correctness. Repeat the steps 5 to
8 of Task 1.

8 Stop the motor by switching off the ICDP and wait till
the starter handle comes to ‘OFF’ position. Remove
the fuse.

If the 2-point starter provided to you is without
a hold-on-coil and spring loaded handle, then
the starter handle needs to be brought to the
‘OFF’ position manually after switching ‘OFF’
the supply.

When reversing any motor, we should allow it
tocometoadead stopandthenoperateitinthe
opposite direction.

TABLE 1
SI. | Figure Direction of Speed in rpm.
No. rotation
1 Fig 1
2 Fig 2
3 Fig 3
4 Fig 4
Fig 3 L A
o o
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T &
220V DC ‘ @
L :
Lo OJ\G ——
15A D1
D2

REVERSING THE DIRECTION OF ROTATION OF THE DC SERIES MOTOR
BY CHANGING FIELD CONNECTION

Fig 4 L
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|
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D1

D2

NO EFFECT ON THE DIRECTION OF ROTATION OF THE DC SERIES MOTOR
BY CHANGING THE SUPPLY TERMINALS

4 Comparethe connections of Fig 3and Fig 4. Check the

direction of rotation in both the cases.

5 Write the conclusion based on this experiments in the
space given below.

CONCLUSION
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment
Wireman - DC Machines Exercise 3.3.10

Connect, start, run and reverse a DC compound motor

Objectives : At the end of this exercise you shall be able to
« identify the terminals of the DC compound motor
« identify the parts of a 4-point starter
e connect, start and run the DC compound motor through 4-point starter (long shunt)
e reverse the direction of rotation of the DC compound motor
- by changing the armature connections
- by changing the shunt field and series field connections
¢ measure the speed of the motor by using a revolution counter and a stopwatch.

Requirements

Tools/Instruments Equipment/Machines

» Trainees tool kit - 1 No. » Motor compound DC 220 volts 2

e DE spanner set 6 mm to 19 mm -1 set to 3 H.P. - 1 No.

* Megger 500 V - 1 No. + ICDP switch 240 volts 16 amperes - 1 No.

e Test lamp with 240 V 25 watts lamp -1 No. « 4-point starter 220 V 16 A -1 No.

e Shunt ohmmeter or multimeter -1 No. M ial

¢ Revolution counter cyclometer 4 digits - 1 No. aterials

e Stopwatch 30 minutes - 1 No. e PVC insulated stranded copper

cable 2.5 sq mm. 660 V grade - 6 metres.

PROCEDURE

TASK 1: Connect, start and run a DC compound motor (long shunt) through a 4-point starter.

1 Switch off the main switch and remove fuse carrier of TABLE 1
the given DC compound motor.
_ _ _ Sl. | Value of the Value of the Value of the
2 Readandinterpretthe name-ple_lte details oft_he given No.| series resistor | protective no-volt coil
DC compound motor and enter in your practical note ) )
book of the starter resistor resistance
(in ohms) (in kilo-ohms) | (in ohms)

3 Identify the terminals and test for insulation resistance
of the given DC compound motor.

4 Design and draw the circuit diagram for the said task
and get it approved by your instructor.

5 Collectthe switch, starter and cables according to the

diagram and check their condition. 9 Observe the direction of rotation of the motor.
The direction of rotation of the motor is

The ratings of the switch, starter cables etc
given in this sheet are for a DC compound 10 Take the revolution counter, set the readings to zero,

motor of 220 V 3 HP rating. and fix the rubber tip.
11 Take the stopwatch and set its reading to zero.

6 Open the 4-point starter, trace the connection, sketch

the internal parts and draw the diagram. Measure the Therubber tip of therevolution counter should
value of the starting series resistor, protective resistor, be engaged to the shaft centre of the motor.
no-volt coil and enter the values in Table 1. Therevolution counter andthe stopwatch need

to be started and stopped at the same time.

7 Give the connections as per diagram (Fig 1) and get it
approved by your instructor.

12 Hold the revolution counter in right hand and the

8 Switch ON the ICDP after inserting the fuses and stopwatch in the left hand.
move the starter handle gradually until the “ON’ posi- 13 Engage the rubber tip of the revolution counter in the
tion is reached and leave the handle in “ON” position. centre of the shaft of the motor.
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Stand away butin front of the shaft, engagethe
rubbertip slowly in the small countersink posi-
tion of the rotating shaft.

14 Press the start button of the revolution counter and the
stopwatch simultaneously.

15 Just when the stopwatch reads one minute, press the
‘off button of the stopwatch and the revolution counter
simultaneously and read the revolution per minute.

The observed speed of the motor in revolution per
minute is

Ifyouarenotableto stop thestopwatch exactly
in one minute’s time, find out the rpm. through
calculation by applying thefollowing formulae.

Let ‘N’ be the number of revolutions in the counter for a
time of ‘X’ minutes as recorded by the stopwatch.

Number of revolution in the counter (N)

Stopwatch time in' X' minutes

16 Stop the motor by switching off the ICDP switch and
wait till the shaft comes to rest. Remove the fuses.

TASK 2: Reverse the direction of DC compound motor (Long shunt).

METHOD 1 : By changing armature connections.

1 Draw the circuit diagram for the said method and get
it approved by instructor.

2 Connect the circuit as per diagram (Fig 2) and get it
approved by your instructor.

Fig 2
9 L1 Lo F A
) o

L+ o o‘\:
|
|
|
|
|

L— O o\‘\>

3 Switch‘ON’the ICDP afterinserting the fuses and start
the motor by the starter; observe the direction of
rotation from Non-Driving End (NDE) side.

The direction of rotation of the motor is

3 Stop the motor by switching off the IC.DP switch; wait
until the motor stops completely and remove the fuses.

METHOD 2 : By changing the shunt field and series field
terminals.

In this case the series field terminals also need to be
changed along with shunt field to retain the earlier char-

acteristics of the compound motor.

1 Draw the circuit diagram for the said method and get
it approved by instructor.

2 Connect the circuit as per diagram (Fig 3) and get it
approved by your instructor.

3 Switch ON the ICDP after inserting the fuses and start
the motor by the starter and observe the direction of
rotation. The direction of rotation of the motor is

Fig 3
9 Ly L, F A
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Dy
Eq
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| Ez
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4 Switch offthe supply and remove the fuses. Write your
observation regarding the method of changing the
direction of rotation of the DC compound motor.

Show your observation to your instructor.

Disconnect the connections and keep the tools,
equipments and materials in their places.
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment

W

ireman - DC Machines

Exercise 3.3.11

Conduct performance test on a DC shunt motor

Objectives : At the end of this exercise you shall be able to

e connect the 4-point starter and start the DC shunt motor
¢ measure the speed of the machine
* load the DC shunt motor

e d

raw the characteristic curves for

— speed versus load

— torque versus load

— speed versus torque
e determine the efficiency of the DC shunt motor at different loads.

Requirements

Tools/Instruments

* Trainees tool kit -1 No.
+ Megger 500V -1 No.
* Testlamp -1 No.
* Multimeter/ohmmeter 0 to 2 k ohms -1 No.
* DE spanner set 6 mm to 19 mm -1 set.
* Tachometer 300 to 3000 rpm. -1 No.
Equipment/Machines

» DC shunt motor 220 V 2/3 HP -1 No.
* 240V 16 A ICDP switch -1 No.

» 220V 4-point starter for DC motor 3HP -1 No.
* Rheostat 100 ohms 2 amps -1 No.
+ 0-10ADC ammeter -1 No.
+ 0-300V MC voltmeter -1 No.
+ Brake test arrangement with two

spring balances of 25 and 50 kg rating -1 set.
Materials
* PVC insulated multi-strand copper

cable 2.5 sq mm 660 V rating -6 m.
* Fuse wire 16 amps - as reqd.

PROCEDURE

TASK: Determine the relation between load curent, speed and torque

1

Switch ‘OFF’ the mains and remove the fuses of the
given DC shunt motor.

Read and interpretthe name-plate details and enterin
your practical note book.

Determine the terminals of the DC shunt motor.

Test the shunt motor for continuity, short circuit and
insulation resistance between
a the windings

b the windings and the earth.

Draw the circuit diagram for the said task and get it
approved by your instructor.

Collect the ICDP switch, cables, fuse wire and 4-point
starter according to the diagram and check their
condition.

7

Connectthe DC shunt motor as per the circuit diagram
(Fig 1). Keep the shuntregulator rheostatin the cut out
position and the mechanical load applied through the
brake atzero value and getapproval fromthe instructor.

Rating given for the switch, fuse, cable and 4-
point starter in this exercise is for 220 V 3 HP

motor only.
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e .
| |
|
20vDC || ! MC
SUPPLY | ! | 300V
|
A =
Lo 18A PULLEY
PERFORMANCE TEST ON THE DC SHUNT MOTOR
8 Switch ‘ON’ the ICDP after inserting the fuses and

move the 4-point starter handle, gradually up to the
‘ON’ position and kept it in “ON” position.

Measure the speed, and if necessary, adjust the
speed to the rated value by adjusting the shunt regu-
lator rheostat and note down the reading in Table 1.



10 Increase the load step by step by tightening the wing-
nut.

11 For each step, measure the speed, read the meters,
spring balances and record them in Table 2. Load the
motor up to its full load value.

12 Gradually reduce the load and switch OFF the motor,
ICDP and remove the fuses.

13 Measure the radius of the pulley in metres and calcu-
late the torque in kg. metres.

Torque in kg.m = (W, — W,)kg x Radius of pulley in
metres.

where

W, -isthe reading of the tight side spring balance and
W, - is the reading of the slack side spring balance in
kilograms.

14 Drawthe speed load characteristic curve keepingload
(line) current in the X-axis and speed in the Y-axis.

15 Draw the torque-load characteristic in the same graph
sheet keeping the load (line) current in the X-axis and
torque in the Y-axis.

16 Draw the torque-speed characteristic in the same

17 Write the conclusion highlighting the relation between
— speed and load
— torque and load

— torque and speed.

18 Calculate the efficiency of the given DC shunt motor
by applying the following formula and record it in
Table 2.

27NT
Output = Newton metres/sec. or watts

60

where ‘N’ is the speed in r.p.m.
‘T’ is the torque in Newton metres
(To convert the torque in kg metre to Newton metre
multiply kg m x 9.81)
Input = VI watts
where V is the applied voltage, | is the line current.

Output
graph sheet keeping the torque in the X-axis and Hence efficiency (%) = Htpd ¥100 o
speed in the Y-axis. Input
Use different colours for each curve. _ 2aNT x100 o
BOxVI
TABLE 1
Sl. | Applied| Line % Spring | Radius 'T' Torque | ‘T’ Torque | ‘N’ Speed | op = 2tNT | Efficiency (%)
No. | voltage | current| = |balance |of pulley in in (N.m) in rpm B0
(volts) | (amps)| > |W, |W, |(metre) (Kilogram | Nm = 9.81 Nm/sec UUtpUtHDD
n metre) x kg m or watts Input
>
Q.
C
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Exercise 3.3.12

Conduct performance test on a DC series motor

Objectives : At the end of this exercise you shall be able to

e measure the series field resistance

e connect the two-point starter and start the motor
¢ measure the speed of the machine

e vary the load of the DC series motor

« determine the performance characteristic of the DC series motor and draw the following curves

- speed versus load
-torque versus load
- speed versus torque.

Requirements

Tools/Instruments

« Trainees tool kit -1 No.
e D E spanner set 6 mmto 19 mm -1 set.
e 500V Megger - 1 No.
¢ Testlamp 240V, 100 W -1 No.
¢ Multimeter/ohmmeter 0 to 2 kilo-ohms -1 No.
¢ M Cammeter 0-16 A -1 No.
¢ M C voltmeter 0-300 V -1 No.
¢ Tachometer 300 - 10000 rpm. - 1 No.

Equipment/Machines

e DC series motor 220 V 2 to 3 HP -1 No.
e [CDP switch 240V 16 A - 1 No.
e 2-point starter for the given DC series

motor -1 No.
e Dial type spring balance 25 kg capacity - 2 Nos.
¢ Prony brake system complete - 1 set.

Materials

e 2.5 sg.mm PVC multi-strand copper
cable 660 V grade -6m
e Fuse wire 15 amps - as reqd.

PROCEDURE

1 Switch off the main switch and remove the fuses ofthe
given DC series motor.

2 Note down the name-plate details in your practical
note book.

3 ldentify the terminals, of the given DC series motorand
test for insulation and ground.

4 Draw the circuit diagram for teh said task and get it
approved by your instructor (Fig 1).

Fig 1

L+ o
|
RATED DC |
suppLy |

| -
R S "

CIRCUIT DIAGRAM

LOADING SYSTEM

DC SERIES MOTOR

5 Collect the equipments, apparatus and cables and
check their condition.
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The DC series motor should not be started or
made to run without load. Make sure that the
motor is loaded atleast with a slight load.

6 Connectthe circuit as per the diagram or as per Fig 1
and get it approved by your instructor.

7 Insert the fuses and switch on the ICDP switch.

8 Start the DC series motor by gradually moving the
starter handle to ‘ON’ position and keep it ‘ON’ posi-
tion.

9 Observe the speed, load current and input voltage.
Adjust the load current to 1/4th of the full load value by
adjusting the load.

10 Measure the speed, load current voltage and spring
balance reading, and record them in Table 1.

11 Gradually increase the load in steps up to the full load.
Record the measurement for 1/2, 3/4 and full load.

12 Tabulate all the readings in the tabular column
provided in Table 1.

13 After taking all the readings, stop the motor by switch-
ing off the ICDP and remove fuses.



. 16 Write the conclusion about the relationship between
Do not remove the mechanical load before
oo speed and load, torque and load, speed and torque
switching off. -
and efficiency and load.

14 Measure the radius of the pulley and calculate the CONCLUSION
torque, horsepower and efficiency.

Radius of the pulley ..... metres.

15 Draw the following characteristic curves.

a) Speed versus load
b) Torque versus load

c) Speed versus torque

TABLE 2
Sl. | Applied| Line % Spring |Radius 'T' Torque | T" Torque | ‘N’ Speed | o/p = Efficiency (%)
No. | voltage | current | = | balance |of pulley in in (N.m) in rpm
(volts) | (amps) |S> [ W, [W, |(metre) | (Kilogram | Nm =9.81 Nm/sec | 2uteut .o
% metre) x kg m or watt Input
Q
c

27aNT
60
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Exercise 3.3.13

Conduct performance test of a DC compound motor

Objectives : At the end of this exercise you shall be able to
test and identify the terminals of the DC compound motor

connect the 4-point starter with the DC compound motor and start the motor

load the DC compound motor

determine the performance characteristic of a DC compound motor at different loads

draw the characteristic curves for
—speed versus load

—torque versus load

- speed versus torque

—load versus efficiency.

Requirements

Tools/Instruments

» Trainees tool kit -1No.
e DE spanner set 6 mm to 19 mm -1set.
e Testlamp 240V, 100 W -1No.
+ Tachometer -1No.
¢ Megger (0-500 V) -1No.
e Multimeter/ohmmeter 0to 2 k ohms  -1No.
* MC voltmeter 0 - 300 volts -1No.
e« DC AmmeterO0to 10 A -1No.

Equipment/Machines

220V 3 HP DC compound motor with

prony brake loading arrangement - 1 No.
e ICDP switch 240V 16 A -1 No.
e 4-point starter 250 V suitable for DC

3 HP compound motor -1 No.
e SPST knife switch 240 V 16 A -1 No.
¢ Rheostat 220 ohms 3.7 amps - 1 No.
Materials
e 2.5sqmm PVC insulated

multi-strand copper cable -6m.
¢ Fuse wire 6A, 10 A -asreqd.

PROCEDURE

TASK 1: Identify the terminals and test the condition of the DC compound motor.

1

Switch off the main switch and remove the fuses of the
given DC compound motor.

Read and interpret the name-plate details and enterin
your practical note.

Identify the terminals of the DC compound motor.

4

Testthe DC compound motor for continuity, insulation
and ground faults, and make sure the machine is in
good condition.

Therating of the switch, fuse cable and 4-point
starter should be changed according to the
rating of the given DC compound motor.

TASK 2: Connect the machine as long shunt cumulative compound motor and test it for its performance.

1

Draw the circuit diagram for the said task and get it
approved by your instructor.

Collect cables, ICDP switch and loading arrangement
according to the diagram and check their condition.

Connectthe machine as long shunt (cumulative) com-
pound motor with the switches, fuses, meters and
starter as per diagram (Fig 1) and get it approved by
the instructor.
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4

Arrange the prony brake for loading the motor.
Keep the seriesfield shorted by the SPST knife switch.

This will enable the motor to start normally
even if it is connected as a differential com-
pound motor.

Keep the field regulator in the ‘cut out’ position. Switch
on the supply and move the 4-point starter handle
gradually up to the ‘ON’ position.



Fig 1

4- POINT STARTER
Ly Ly A F

L+ 0TO10A

RATEDDC |
VOLTAGE |
SUPPLY

S.P.KNIFE SWITCH

L—

BELT CENTRE

DC COMPOUND MOTOR (LONG SHUNT CUMULATIVE)

7 Open the series field shorting switch.

8 Measure the speed and adjust the speed to the rated
value and note down the readings in Table 1.

9 Increase the load step by step up to the full load.

When applying the load the speed may in-
crease if it is differential mode. Then stop the
motor and interchange the connections of the
series field for cumulative.

10 For each step of increasing the load, measure the
speed, read the meters and spring balances and
record them in Table 1.

11 Gradually reduce the load, switch off the motor.
12 Measure the pulley radius for calculating the torque.
Radius of pulley = ..... metre.

The torque = (W, — W,) in kgs x Radius in meters.
T=kg metre. where W, is the tight side spring balance
reading and W, is the slack side spring balance
reading in kgs.

13 Calculate the torque in
Newton—metre = kg. metre x 9.81

14 Calculate the input = V x | in watts.
15 Calculate the output
(2zNT)

= 60 Newton metres/sec. or watts.

16 Calculate the percentage efficiency = (OP x 100)/IP.

17 Enter the values of the efficiency for various load
currents in Table 1.

18 Draw the speed-load characteristic curve keeping the
load current in the X-axis and speed in the Y-axis.

19 Drawthe torque-load characteristic in the same graph
sheet keeping load current in the X-axis and torque in
the Y-axis. Use different colours.

20 Draw the torque-speed characteristic in the same
graph sheet, using different colour and keeping torque
in the X-axis, speed in the Y-axis.

21 Write your conclusion highlighting the relation between
speed vs load
torque vs load
speed vs torque.

CONCLUSION

22 Drawthe curve showing the relation between load and
efficiency of the DC compound motor in a separate
graph sheetkeeping loadinthe ‘X’ axisand efficiency
in the 'Y’ axis.

TABLE 2
Sl. | Applied| Line % Spring | Radius 'T' Torque | ‘T’ Torque | ‘N’ Speed | g/p = 2eMT | Efficiency (%
No. | voltage | current E balance |of pulley in in (N.m) in rpm
(volts) | (amps)|> | W, W, |(metre) (Kilogram | Nm =9.81 Nm/sec
‘I:‘I metre) x kg m or watt
Q.
c
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TASK 3:- Connect the machine as along shunt differential pound motor and test it for its performance.

Tasks 3 and 5to be carried out by the trainees Fig 2
under the direct supervision of the instructor. “L'lF’O'LNZT STARTER
1 Complete the circuit given in Fig 2 for long shunt RECULATOR
differential compound motor keeping in view the note #F
_under step 9 of Task 2 and get the approval of your L+ ‘ < £
instructor. | "
| 2
2 Connect the machine as a long shunt differential }
compound motor with the switches, meters and starter ) < P E2
as per the approved diagram shown in Fig 2. [
D,
3 Repeat the steps 3 to 10 of Task 2 but enter the
readings in Table 2 DC LONG SHUNT DIFFERENTIAL COMPOUND MOTOR
If the connections are correct, the speed may CONCLUSION
increase at the increased load.
4 Repeat the steps 11 to 19 of Task 2 and write the
conclusions.
TABLE 2
Sl. | Applied| Line Spring |Radius 'T' Torque | ‘T’ Torque | ‘N’ Speed O/P = Efficiency (%)
No.| voltage | current balance |of pulley in in (N.m) in rpm
(volts) | (amps) W, W, |(metre) (Kilogram | Nm = 9.81 Nm/sec
metre) x kgm or watt
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Exercise 3.3.14

Control the speed of a DC shunt motor by armature resistance control & field
control method

Objectives : At the end of this exercise you shall be able to
connect, start and run the the DC shunt motor

measure the speed of the DC motor

between armature voltage and speed.

vary the speed of the DC shunt motor with the help of armature circuit resistance, and find the relationship

connect the DC shunt motor through a 4-point starter and a shunt field regulator

between the field current and speed.

vary the speed of the DC motor with the help of the shunt field control regulator and find the relationship

Requirements

Tools/Instruments

» Trainees tool kit -1 No.
e Tachometer 150 to 3000 rpm. - 1 No.
* Megger 500V - 1 No.
* Test lamp 240V, 10W -1 No.
¢ Rheostat 50 ohms 4.1 amps -1 No.
¢ Voltmeter MC 0 to 300 V -1 No.
e Ammeter MCOto 15 A - 1 No.

Equipment/Machines

¢ DC shunt motor 220V 3 HP -1 No.

¢ |CDP switch 240 16 A -1 No.

* Rheostat 250 Ohms, 3.7 A -1 No.

* 4 point starter 15 A, 250 V - 1 No.

Materials

» PVC insulated stranded copper - 10 mts
cable 2.5 sg.mm 660 V grade

¢ Fuse wire 15 amps -asreqd.

PROCEDURE

TASK 1: Armature control method of DC shunt motor

1 Draw the circuit diagram for the said task and get it
approved by your instructor.

2 Collect a 3-point starter, rheostat, ammeter and
voltmeter according to the diagram and check their
condition.

Fig 1

3 - POINT STARTER
L A F

ICDP SWITCH
N~

—
—

L+
|
} RHEOSTAT 4
50 Q,41A E,

RATED DC ‘ (L= curm

VOLTAGE ‘
SUPPLY }
|
|

g

E;

\L:

SPEED CONTROL OF THE DC SHUNT MOTOR BY ARMATURE CONTROL METHOD

Make the connections as per the circuit diagram (Fig
1) and get approval from your instructor.

Keep the armature circuit rheostat in the cut out
position.

Apply the rated voltage and start the motor by using the
3-point starter.

Measure the speed, armature current, voltage across
the armature and enter them in Table 1.

TABLE 1

Sl. Armature
No.

Voltage Remarks
across

armature

Speed

current (1) (rpm)
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Gradually increase the armature circuit resistance in
steps. Measure and record the speed and corre-
sponding armature current and voltage across the
armature in Table 1.

Switch ‘OFF’ the supply to the motor and remove the
fuses.

Draw the speed and armature voltage characteristic
curve in the graph sheet, keeping the voltage in the
X-axis and the speed in the Y-axis.

10 Write your observation highlighting the relationship

between voltage across the armature and speed.

TASK 2: Field Control method of DC shunt motor

1

Draw the circuit diagram for the said task and get it
approved by your instructor.

Make the connections as per the circuit diagram (or as
shownin Fig 2) and getitapproved from the instructor.

Fig 2

L+ T\%

\
\
\
RATED DC }
\
\
\

SUPPLY

L— —=

SPEED CONTROL OF THE DC SHUNT MOTOR BY FIELD CONTROL METHOD

Keep the field rheostat in the cut out position to have
minimum resistance in the shunt field circuit.

Therheostat must bein cut out position at the
time of starting so as to have low starting
speed.
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Apply the rated supply voltage through the switch and
start the motor by the 4-point starter.

Measure the speed, field current, voltage, and enter
them in Table 2.

Decrease the field current by increasing the field
control resistance in steps.

Measure the speed, feild current, voltage and enter
them in Table 2

Decrease the field current by increasing the field con-
trol resistance in steps.

NOTE

(Back emf) E, = Applied voltage — Total armature
circuit voltage drop
=E-|R,(whereR,=R_+R_)
=E-I(R,+R,)

E, = Applied voltage - [Internal armature resistance drop
(I, R,) + External armature rheostat drop (I, R_)]

Assuming the internal armature resistance drop is
negligible we can see that

Voltage across the armature = Back emf E,.

TABLE 2

SI. | Voltage | Line current | Field current|Speed
No.

Calculate the 130% speed value from the name-
plate details. Do not exceed the speed more
than 130% of the rated value.

9 For each step, measure the speed, field current,and
the applied voltage, and enter these values in Table 2.

10 Switch ‘OFF’ the supply of the motor and remove the
fuses.

11 Draw the speed versus field current, curve in a graph
sheet keeping the field currentin the X-axis and speed
in the Y-axis.

12 Write your observation highlighting the relation
between speed, field current and field flux.

OBSERVATION
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Exercise 3.3.15

Overhaul a DC machine

Objectives: At the end of this exercise you shall be able to
conduct visual inspection of the electrical machine

measure the resistance of windings and test the machine for insulation

dismantle the DC motor
remove, inspect and install the bearings
clean the parts

test the armature and inspect the commutator

reassemble the DC machine

adjust the brush tension and bedding of the brushes and correct the rocker arm position
check the performance of the machine at no-load and load.

Requirements

Tools/Instruments

* Trainees tool kit -1 No.
« Pulley puller 6" (150mm) -1 No.
» Center punch 100 mm length -1 No.
e Spanner set 6 mm to 19 mm - 1 set.
e Tray 300 x 300 mm -1 No.
* Mid-head screwdriver 50mm -1 No.
» Megger 500 volts -1 No.
* Blowlamp 1/2 pint -1 No.
» External growler -1 No.
* ‘Man-on-line’ board - 1 No.
* Multimeter/ohmmeter -1 No.

Equipment/Machines
e DC machine 2 to 3 HP 250 or 220 V.

Materials

» Kerosene - 1 litre.

» Cotton cloth -1/4sq. m.
» Carbon tetrachloride - 500 ml.

* Round brush for cleaning,12mm -1 No.

* Petrol - 200 ml.

e Sandpaper No.1 - 1 sheet.
» Hacksaw blade 300 mm - 3 Nos.

» Sandpaper ‘00’ smooth - 1 sheet.
* Mobile oil SAE 40 - 1/2 litre.
» Cotton waste -100 gms.
» Grease or equivalent - 100 gms.
* Hardwood 3 sqg.cm 20 cm long - 2 pieces.

PROCEDURE

1

Read the manufacturer’s instruction booklet and take
into account any special instruction regarding testing
and dismantling procedures.

Remove the fuse carriers in the main switch, discon-
nect the DC machine from the supply and display a
“Man-on-line” board on the main switch.

Checkthe maintenance card, if available, to locate the
area of defect in the machine.

Remove the foundation bolts of the machine, shift the
machine to the workbench and note the name-plate
details in your practical note book.

If the motor is heavy keep it on the concrete
floor. Keep theworkbench/concretefloor clean
and free from dirt and dust.

Conduct visual inspection of the machine and record
the deflects, if any, in Table 1.

TABLE 1

Visual inspection report

6 Measure the resistance and insulation value of the
winding and armature and record in Table 2.

7 Cleanthe outside surface of the motor. Remove all dirt
and grease with adry cloth soaked in petrol/kerosene.

Do not use water.

8 Make punch marks on both the end covers and yoke
in dot marks to help in aligning the end covers while
reassembling.(Fig 1)
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Fig 1

> ] N
4 N
»* L S

= <=

IDENTIFICATION PUNCH MARKS

9 Mark the rocker arm position with respect to the end
covers.

10 Remove the brushes from the brush holder by taking
the following steps.

i Unscrew the brush terminal.

ii Lift the leaf spring.

i Remove the brush from the brush holder.
(Refer to Fig 2).

Fig 2

LEAF SPRING

BRUSH

BRUSH HOLDER

PIGTAIL WIRE

BRUSH TERMINAL

COMMUTATOR
SEGMENTS

BRUSH HOLDER MECHANISM

11 If the pulley is found fitted in the shaft, remove it with
a pulley puller as shown in Fig 3.

12 Remove the grease cup stud and open the grease
cup. Refer to Fig 3.

Fig 3
END PLATE (COVER)
{SHAFT PULLEY
7
TURN IN CLOCKWISE
]

[ I£ "1 ] DIRECTIONTO

l‘p REMOVE PULLEY

GREASE CUP
GREASE CUP STUD

PULLEY PULLER

IJ

REMOVAL OF THE PULLEY

The screws, studs, bolts and nuts removed
from the machine must be immersed in kero-
sene to remove the rust and dirt.

13 Loosen the studs in both the end covers and then
remove the end covers on the shaft side using hard-
wood.

Slowly open one end of the end cover holding
the armature shaft by hand or pulley block so
that the weight of the armature does not dam-
age the pole faces or field windings.

14 Remove the armature from the body of the machine as
shown in Fig 4.

Fig 4
END COVER

END COVER

>
BALL BEARING
2 l', <> )
=St @
RSty \ MOTOR CASING
g _‘i\;),,//lll

ARMATURE

COMMUTATOR

REMOVAL OF THE ARMATURE

15 Check the bearings for wear and tear, breakage or
stall.

16 Remove the bearing using a bearing puller as shown
in Fig 5.

Fig 5

REMOVAL OF THE BEARING

17 Cleanthe bearings in kerosene oil and then blow air to
remove the dust, if any, and check the condition of the
bearings.

Replace the bearings, if found defective.

18 Grease the bearing and cover it with plastic paper and
store it.

New bearings need no cleaning. Do notremove
thenew bearing from packageuntilitisneeded.
Beforeopening thenew bearing keep thework-
bench clean and tidy. For fixing the bearing in
the shaft follow the guidelines given in Fig 6.

19 Clean the yoke and armature with a brush and an air
blower. Clean the seating portion of end cover and
yoke with sand paper.

20 Testthe armature with a growler for any short or open.

21 Test the field winding for resistance value continuity
andinsulationresistance andrecorditin Table 2 (inthe
appropriate column).

If the insulation is found weak, dislodge the
field coils from the poles, re-insulate with

leatheroid paper and apply varnish.
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TABLE 2

Test report

Sl Between terminals Before During After

No. over hauling overhauling overhauling
Insulation Resistance

1 Armature and shunt field

2 Shunt and series field

3 Series field and armature

4 Shunt winding to body

5 Series winding to body

6 Armature winding to body
Resistance Value

7 Armature

8 Series field

9 Shunt field

Fig 6 Fig 7

MILD STEEL FLAT

MILD STEEL BUSH

1) USE MILD STEEL FLAT
ABOVE THE BEARING
FOR HAMMERING.

2) USE A METAL TUBE (MILD STEEL BUSH)
ON THE INNER RING OF THE BEARING
FOR FURTHER INSERTION.

GUIDELINES FOR FIXING THE BEARING ON THE SHAFT

22 Reassemble the yoke, armature and end covers.

23 Check the freeness of the shaft by rotating the shaft by
hand. Iffound tight(notfree) loosen the end plate studs
and tighten the crosswise studs gradually and at the
same time feeling the shaft for free rotation.

24 Insertthe brush in the holder, adjust the brush tension
and bed the brushes by using a silicon abrasive paper
above the brush commutator as shown in Fig 7.

25 Position the rocker arm in the end cover as per the
original marking.

26 Test the winding and armature for resistance value
continuity and insulation resistance, and record in
Table 2 .

27 Connect the voltmeter, ammeter and the motor to the
rated supply voltage and measure the no-load current,
terminal voltage and rpm.

No-load current
Terminal voltage
rpm

28 Re-install the motor in the foundation and tighten the
foundation bolts.

<=—— UN BEDDED

SILICON

BEDDED t ABBRESIVE PAPER

METHOD OF BEDDING THE BUSHES

29 Test it with the rated load and record the readings.
Full load current \Y
rpm.

30 Observe whether the motor is operating smoothly
without any vibration. A check list for mechanical
functions is given in Table 3. Fill up all the possible
columns after checking the operation of the motor.

TABLE 3

Sl.No. Checklist (Mechanical) | Remarks

1 Noise

2 End play

3 Rotor running free

4 Bearing fits.

5 Lubrication, grease, nipples,
oil supply

6 Bearing temperature

7 Motor frame temperature

8 Condition of shaft, keyway,
pulley, bearing seals

9 Bolts, nuts tightened

10 Test run 30 min
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Exercise 3.3.16

Maintain, service and troubleshoot the DC machine

Objectives : At the end of this exercise you shall be able to
interpret the name-plate details of the DC machine and record them

e visually inspect the DC machine and pre-test it to locate the fault, if any
e dismantle the DC machine and overhaul it

¢ maintain and service the parts of the DC machine
* reassemble and test the DC machine

troubleshoot the DC machine

Requirements

Tools/Instruments

¢ Trainees tool kit -1 No.
e Multimeter -1 No.
¢  Ammeter MC 0-500 mA -1 No.
¢ Ammeter DC 0-15 A -1 No.
¢ Voltmeter DC 0-300V -1 No.
e Electric portable blower 240 V,50Hz - 1 No.
e Growler - external with ammeter -1 No.
e Bearing puller -1 No.
e D.E. spanner set 2 mm to 20 mm - 1set
¢ File, flat bastard 250 mm -1 No.
¢ File, flat smooth 250 mm -1 No.
e Megger 500 V -1 No.
Equipment/Machines

¢ DC machine 220V, 3 HP -1 No.
e Arbor press - 1 No.

Materials
PVC insulated copper wire 2.5 sqg mm,
660 V grade - 10 mts.
Cleaning brush 3 cm dia -1 No.
Carbon tetrachloride (CTC) - 50 ml.

Grease type according to the machine - as reqd.

Kerosene oil - 1 litre.

Lubrication oil of required type - as reqd.
Cotton cloth - as reqd.
Sandpaper zero grade - as reqd.
Insulation tape steel grip 20 mm - 0.2 mts.
Fuse wire - as reqd.

PROCEDURE

TASK 1: Ascertain the condition of the DC compound motor.

1
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Confirm that the ain switch of the given compound
motor is switched off and fuses are removed.

Interpret the name-plate details of the given DC
machine and record in your practical note book.

Visually inspect the machine and enter your finding in
Table 1.

Conduct the continuity test, resistance measurement
and insulation test and enter the result in Table 2.

Obtain the above test values at the time of installation
from the section in-charge and enter the values in
Table 3.

A careful study of thetestresults and theresult
values, compared between the earlier and
present conditions, clearly indicates how the
machine behaves. Discuss the results with co-
trainees and with the instructor.

Dismantle the DC machine.

Clean each part with the help of a brush and a blower.




TABLE 1

Visual inspection

Sl.No. Description Noticed as/at (strike out items not applicable)
1 Rotation of the shaft Free / Slightly tight /Not rotating
2 Symptom of burn Armature / Field / Commutator / Brush /

Terminal block / No place

3 Burning smell Armature / Field / Commutator / Brush /
Terminal block / No place
4 Damaged parts
5 Loose connection
TABLE 2
Test results
Sl Description of the test Test result at the Test result Test result
No. time of instalation before servicing after servicing
1 Continuity between

i series field terminals | .. | e
ii shunt field terminals | ... | .
iii armature terminals. | .| s

2 Resistance value between

i series field terminals | ... | .
ii shunt field terminals | .. | s
iii armature terminals. | .| s

3 Insulation resistance value
between

i series field and the frame | ... | e
ii shunt field and the frame | ... | .. L
ii | armature and the frame | ... | |
iv | seriesfield and shuntfield | ... | s
% series field and armature | ... | e
vi | shuntfield and armature. | ... | s

TASK 2: Maintain and service the parts of the DC motor as stated below.

If the field coil is found to be defective follow the proce- In case the armature is found to be defective follow the

dural steps given below. procedural steps given below.

3 Testthe armature for shortor open circuits by connect-
ingthe ohmmetertestleads to two adjacent commuta-
tor bars, as shown in Fig 3.

1 Measure the resistance of each field coil as shown in
Fig 1 and compare with the value given by the manu-
facturer. Ifitislow or high, replace the coil with a similar

coil of the correct value. 4 Setareading as near mid-scale as possible as shown
2 Measure the insulation resistance between the field in Fig 3.

terminals and the frame with a Megger as shownin Fig 5 Check that the meter reading is the same for all

2. If it shows low value disconnect the series connec- adjacent commutator segments. If not (a) a high

tion of the field coils and check each field coil for resitance indicates an open circuit, (b) a low resist-

insulation resistance. Replace the coil which has low ance indicates a short circuit.

insulation resistance (less than 1 megohm)with a new
coil. Enter the defect and action taken to rectify the
defect in Table 3 in the appropriate place.

6 Record the defect and action taken in table 3.
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Fig 1 TERMINALS

l

MEASUREMENT OF RESISTANCE IN FIELD COIL

COMMUTATOR

Flg 2 FRAME

FIELD COIL

INSULATION RESISTANCE MEASUREMENT BETWEEN TERMINAL AND FRAME

Fig 3

TEST LEADS

ARMATURE RESISTANCE TEST

In case asingle open or short or ground coil is
detected in the above tests, the coil could be
replaced with a similar coil. On the other hand
if anumber of coils are found to be defective,
the armature needs to be rewound.

In case the commutator and brushes are found to be
defective follow the procedure given below.

7 Check the commutator for raised mica insulation. If
found, undercut the mica by using an undercutting
tool. (Fig 5)

Fig 5

RAISED MICA INSULATION

UNDERCUTTING TOOL

Atoolmadefromapieceofhacksaw bladewith
the sides of the tooth ground down parallel to
the thickness of the micaand held in asuitable
holder as shown in Fig 6 could be used for

6 Test the armature/ commutator for earth fault by
connecting one lead of the Megger to the shaftand the
other lead of the Megger to the commutator bar as
shown in Fig 4. Record the defect and the action taken
to rectify the defectin Table 3 in the appropriate place.

As the commutator is also a part of the arma-
ture winding a short or open shown by the
above tests involves the commutator. Hence,
check the commutator as explained below be-
fore suspecting a coil defect.

Alternatively the armature can be tested for
short, open or grounded coils by a growler.

undercutting the mica.

Fig 6

o

UNDERCUTTING TOOL

8 Check the commutator for pittings, ridges and high
bars. (Fig 7). If any is found, they could be removed by
skimming the commutator (turning in a lathe).

Fig7
RIDGES PITTINGS

]

ARRRRRARRIN
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The commutator can only be skimmed to a
minimum diameter specified by the
manufacturer.

9 Before skimming (turning) check with a dial testindica-
tor that the shaft centre is the true commutator centre
as shown in Fig 8.

Fig 8
DIAL TEST INDICATOR

ARMATURE

CHECKING OF COMMUTTATOR CENTER BY USING DIAL TEST INDICATOR

10 Get the help of a good turner to turn the armature in a
lathe. Use a driving dog to turn the shaft and remove
minimum copper from the surface of the commutator
till the pitting, ridges and high bars are rectified. (Fig 9).

Fig 9

COMMUTATOR

CUTTING TOOL

11 Use the sandpaper/sand- cloth to give a fine finish to
the commutator surface by rotating the armature. (Fig
10) Enter the defect and the action taken to rectify the
defect in Table 3 in the appropriate place.

Fig 10

SANDPAPER/CLOTH

After finishing, check again for raised mica,; if
necessary undercut the mica.

A badly damaged commutator needs to be
replaced by a new one having the same speci-
fication.

12 Check the commutator connections in the raisers. If
necessary, re-solder the suspected soldering spots.

13 Cleanaway the dust, dirtand carbon deposits from the
brush holder and assembly using carbon tetrachlo-
ride. (CTC)

14 Check the length of the brushes.

If the length of the brush is reduced to 1/3rd of
the original length, the brush should be re-
placed.

Incaseanew brushistobereplacedin place of
the old one, the new brush should have the
specification as recommended by the manu-
facturer.

15 Check the new brush whether it slides freely in the
holder without undue side play. If necessary file with a
smooth file, keeping the brush sides parallel.

16 Insertthe new brush and shape the end over the curve
ofthe commutator, using glass- paperwrapped around
the commutator and apply light pressure in the brush.

(Fig 11)

Fig 11
BRUSH
NEW BRUSH\l_’J
BRUSH HOLDER
7~

ROUGH
SURFACE
GLASS

PAPER J/_J\

ARMATURE
CORRECTLY
BEDDED BRUSH

17 While assembling the brush in the brush holder check
thatthe brush holderis notmore than 1.5mm (1/16in.)
away from the commutator surface. If necessary ad-
just, keeping it square to the commutator. (Fig 12)

Fig 12

BRUSH HOLDER

| 1.5mm MAX.

COMMUTATOR
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18 Check the spring tension. Ifitis adjustable, setitto the
minimum pressure that will prevent sparking or follow
the instructions given by the manufacturer. (Fig 13)

Fig 13

PRESSURE
INDICATION

BRUSH
HOLDER

BRUSH RETAINING
SPRING

19 Check the bearing for ply, wearing out and damage.

20 If found OK, clean the bearing using kerosene oil and
then with lubrication oil.

21 Pack the recess with a grease recommended by the
manufacturer up to 80% of the space.

22 Ifthe bearing is found defective, remove the defective
one with the help of a bearing puller.

23 Replace it with a new bearing having the same speci-
fication.

24 Refit the inner bearing plate and then press the bear-
ing on to the shaft in an arbor press, using a tube and
a plate to apply pressure to the inner ring of the
bearing. (Fig 14).

Fig 14

PLATE
TUBE
INNER

BEARING
PLATE

25 Assemble the DC motor and check if condition.

TABLE 4

Fault and rectification record

SI.No. Area of defect

Action taken for rectification

1 Fault in field coil a Individual coil resistance measurement is the same as the
other/not the same.

b Individual coil insulation resistance is the same as the
other/not the same.

2 Fault in the armature a Shorted coill
Open coil
Grounded coil

o T

3 Fault in the commutator

«Q "0 Q0O TO

4 Defect in brush

o0 To

5 Defect in bearing

Raised mica

Pittings in commutator surface
Burn at commutator segments
Ridges on commutator

High bars on commutator
Defective solder on raisers
Short between segments

Worn out

Loose fitting

Bad bedding

Defective spring tension

a Worn out
b Damaged
¢ Dry
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment
Wireman - AC Machines

Exercise 3.4.01

Connect the balanced and unbalanced loads in 3-phase star and delta system
and measure the power of 3-phase loads

Objectives: At the end of this exercise you shall be able to

identify and connect the terminals of a single-phase wattmeter
connect single wattmeter in star, balance the load and measure the power
connect two wattmeters in the circuit as per the given diagram
connect two wattmeters in unbalanced, star-connected load and measure the power
identify and connect 3-phase wattmeter and measure the power in star.

connect the balanced resistive load in delta and measure the phase and line voltage and current.

Requirements

Tools/Instruments

» Single-phase wattmeter 250V/5A -1 No.
* Wattmeter 500V/5A -2Nos.
* PF meter, single phase 250V,5A -1 No.
* Voltmeter 0-500 V M.I. -1 No.
«  Ammeter 0-5A M.I. -1 No.
* ICTP Switch (16 A 500 V) -1 No.

Equipment/Machines

» 3-phase, 415V AC induction motor
3 HP coupled with DC generator -1 No.

Materials

« 200W, 240V lamps - 3 Nos.

« 100W, 240V lamps - 3 Nos.

» Capacitor 400V AC 4 MFD - 2 Nos.

» Connecting leads - asreqd.
» Pendent-holders 6A 240V - 6 Nos.

PROCEDURE

TASK 1: Connect balanced load in star and measure the power with one single element wattmeter.

1 Connect the circuit as per the given circuit diagram. Fig 1 w w
(Fig 1) 9 250V5A 250 V,5A
S
Connect proper voltage and current ranges of Ro—o T~——=—(A) N »
X . \LJ N o/
wattmeters suitable to the given load. N |
o . O
2 Switch "ON'the 3-phase supply and read the wattme- @ \
ter and record the wattmeter readings in Table 1. 2 ‘ |
< BO_O —
3 Measure the power in the other two phases by S | |
connecting the wattmeter in turn and record. & | |
I
4 Total the readings of the wattmeters and check its o \L |
confirmity with the calculated total power. YOo—o = ; B
5 Repeat steps 1 to 4 for different load conditions. NEUTRAL R §
TABLE 1
Type of Wattmeter connected Calculated Total power = Total of three
Load in the line Total power wattmeter readings
W, w, W, E, I P. | W=,/3EI Cosé W, +W, +W, =W
1
2
3
4
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TASK 2:- Power measurement by two-wattmeter method in 3-phase load

1 Connect the circuit as per the given circuit diagram. 4 Read the wattmeters W, & W, and record in Table 2.
(Fig 2) Add the readings W, and W, and record the total
power; go to step 6.

Connect proper ranges of meters suitable for
the given load. 5 Switch on the supply and read the wattmeters W, &
W,. Record the values in the table. Record the
readings of the wattmeter with the changed current
s [ Wy 500v.5A coil as negative quantity.

6 Measure the 3-phase power for different load condi-
tions specified below:

R =400 W bulb
Bo Y =400 W bulb parallel 4 MFD capacitor
B =200 W bulb
v <>W2 500V,5A %
[ 5 The instructor should personally connect 3¢
motor for proper running.
2 Switch on the 3-phase supply and observe for the
proper deflection of wattmeters. If both wattmeters 7 Calculate the PFinallthe above cases and enterthem
deflect properly, go to step 4, otherwise continue from in Table 2
step 3.

3 Switch off the supply, if any one wattmeter deflects in
the reverse direction. Change the connection of the
current coil of the reverse deflected wattmeter. Go to
step 5.

TABLE 2

Tmo = 32— W
Type of load A w Total (W, + W,) Calculate PF (Cos8) Wit W,

Determine Cos@

TASK 2: Connect the balanced resistive load in delta and measure the phase and line voltage and current

1 Form the circuit as per the circuit shown in Fig 3. 3 Measure the phase voltage by placing the voltmeter

2 Switch ON the 3-phase supply. Measure the line volt- leads across the lamps i.e. U,U, or V,V, or W,W,.

ages by connecting the voltmeter leads between two 4 Record the line voltages and phase voltages mea-

of the terminals UV, VW , W U,. sured under the appropriate column in Table 3.
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ICTP SWITCH
———————-
L, | S 1A
o ‘ j\ | —
o]
o |
a
> |
I \
N
T I
L, |
> o } ——
n
3 I
N |
m
0 |
<
T |
% \
o1 —
I

readings in Table 3.

Measure the line and phase currents and enter the

An ammeter connected between the supply
and load indicate line current. An ammeter
connectedinserieswithsingleload (two lamps
in series) will indicate phase current.

6 Repeat the above steps for different lamp loads.

Connect 2 equal wattage lamps of 240V in
series across 415V supply.

7 Find the ratio between line and phase value of volt-

ages. i.e.

Vuv:

Vu1uz2

Wiwa
Wiv2

Vwivz

VW1W2

8 \Verify the ratio between the line current and phase
current taking into consideration 200 watts load. i.e.

hw _hy _hw _

Iy Iy Ipw

RESULT
In Delta:

Line current = X phase current.

Line voltage and phase voltage are

TABLE 3
S.No. | Load in Watts Line Voltage Phase Voltage Line Current Phase Current
per phase VUlVl VVlWl VWlUl VU1U2 VV1V2 VW1W2 I LU I Lv I LW I PU I PV I PW
1 40W
2 100 W
3 200 W
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment

Wireman - AC Machines

Exercise 3.4.02

Identify the terminals and measure the insulation resistance and earth
effectiveness of a 3-phase induction motor

Objectives : At the end of this exercise you shall be able to

e read and interpret the name-plate details of an AC 3-phase induction motor
 test and identify the terminals of the 3-phase induction motor by 1) the two lamp method 2) the voltmeter

method 3) the single lamp method.

e perform the insulation resistance test between the phase windings
e perform the insulation resistance test between the winding and the body

* test the effectiveness of earth connection.

Requirements

Tools/Instruments Equipment/Machines

e Trainees tool kit -1 No. e AC 3-phase, 415 V squirrel cage -as

e D.E. spanner 6 mmto 19 mm -1 set induction motor available.

* Megger 500 V -1No. Materials

¢ Ohmmeter - low range 0-10 ohms -1No.

« Earth tester with spikes and e Connecting cables 70/0.2 of 660 V
connecting leads - 1set grade and length 40 m -1 No.

¢ Voltmeter MC 0-10 V -1No. e Connecting cables 70/0.2 of 660 V

*«  Ammeter 0-20 AMC -1 No. grade and length 10m -1 No.

e Calibrated rheostat 0-1 ohms 10 amps - 1 No. e Testing prods - 1 pair.

- Battery 6 V,60 AH -1No. e Testlamp 240 V, 60 W -1 No.

e Ml voltmeter 300 V -1No. e Pendent lamp-holder 240V 6 A -2 Nos.

¢ Ml voltmeter 500 V -1No.

PROCEDURE

TASK 1: Identifying the terminals of 3 phase induction motor

METHOD 1: Identifying the terminals of a 3-phase
induction motor with the help of two lamps in series.

Lamps should be equally rated both in voltage and
wattage of 240 V, 60 W or 100 watts each. (Fig 1)

2 Testfor continuity with the help of a test lamp and find

Fig 1

L1,L> SHOULD BE EQUAL IN WATTAGE & VOLTAGE

the 3 pairs out of the six terminals of the induction
motor. (Fig 2)

3 Afterfinding the 3 pairs of terminals, name them as ‘U’
coil,'V’ coil and ‘W’ coil.

4 TagU, and U, for U’ coil only. For other coilstag V and
V for 'V’ coil and W and W for ‘W’ coil.

Assuming the terminal marked as U, by you is the begin-
ning of coil ‘U’ proceed as below.

104

Fig 2

; uy Vi w

AC 3-PHASE SQUIRREL CAGE MOTOR

5 Connect the terminals U, V and then connect the
lamps to the winding ends U, and V as shown in
Fig 3a and give 240 V AC voltage across U, and U,

6 If the lamps burn bright as shown in Fig 3a then the
linked ends are similar ends. For example the linked
endsare U and V..

7 IfthelampsburndimasshowninFig 3bthenthelinked
ends are dissimilar ends. For example the connected
ends are U,V,,.

8 According to the test result in step 6 or 7 mark the
name of the V coil terminals as V, and V.,



Fig 3

| T
240V AC
SUPPLY

:
|

240V AC
SUPPLY

N J
(b)

IDENTIFICATION OF THE TERMINALS OF AN INDUCTION MOTOR (3-PHASE)

5A U,  LINK

LINK

ullv

(o]
(o]

f et
| b
L)

®

LAMPS
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5A U;  LINK

LINK
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When the current flows through the coils, they
produces magnetic fields. If similar ends are
connected, themagneticfields help each other
and produce high voltage across the lamp
terminals making them to glow brightly. In the
case of dissimilar connections the voltage at
lamp terminals will be low and the lamps will
give dim light.

9 Testinthe sameway forthe remainingterminals of coil
‘W’ and mark them W, W,

METHOD 2: Identifying the terminals of 3-phase
induction motor with the help of a voltmeter

1 Repeat the steps 1 to 4 of Method 1.

2 Connect the terminals U, and V with a link, connect a
voltmeter V, of 500 V range between U, and V and a
voltmeter V, of 300V range between U, and U, as
shown in Fig 4.

3 Onswitching ‘on’ the supply if the voltmeter V, reads
more than V_ then the linked terminals are similar as
shown in Fig 4 (i.e. U V).

Fig 4
SA U;  LINK
LO ‘ — : v (Vo) ow
LINK

‘ UJ vVow
240V AC A I B
SUPPLY Dl 6 o Ve

! Y
NO ‘ omue (i v (V) ow

Uz
V| HIGHER THAN V,,
IDENTIFYING THE TERMINALS OF A 3-PHASE INDUCTION MOTOR

4 If the voltmeter V, reads less than V_ then the linked
terminals are dissimilar (i.e. U,V,). Mark them as per
the result.

5 Test in the same way the remaining terminals of the
coil ‘W’ and mark them as W, and W,

Normally small capacity, 3-phase induction
motor terminals are arranged in the terminal
box as shown in Fig 2 to facilitate either star or
deltaconnectiontobemadeintheterminal box
itself by links and to be started by aDOL starter.
Compare your terminal markings with the ter-
minal marking given in the terminal plate. Dis-
cuss with your instructor for further clarifica-
tion, if there is any difference.

METHOD 3: Identifying the terminals of a 3-phase
induction motor with the help of asingle lamp method

1 Connectthe terminals as shown in Fig 5 and connect
to a 240 V AC supply and switch on the supply.

Fig 5

1AMP

I

240VAC |

LAMP GLOWS

240V AC

LAMP DOES NOT GLOW

(b)

2 If the lamp glows, the linked terminals are dissimilar.
i.e. U,V,. Mark them as U,V.,.

3 If the lamp does not glow, the linked terminals are
similar (i.e. U,V,). Then mark them as U, and V,,.

When current flows through the coils, they
produce magnetic fields. If dissimilar ends are
shorted(linked), they assist each other and
voltage induces in the third coil and the lamp
glows. If similar ends are linked, the magnetic
fields oppose each other and no voltage will be
induced in the third coil. Hence lamp does not

glow.
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TASK 2: Measure the insulation resistance value between the windings.

1 Note the name-plate details and enter them in
your practical note book in a format as given in
Table 1.

As a precautionary measure, remove all the
links in the terminal plate and check the conti-
nuity of each winding. The end terminals of the
same winding should have continuity.

TABLE 1
NAME-PLATE DETAILS
1Y = 1R
TYPE, MOUEl ...ttt
Serial Number ..........ccccoviieenn. Rating........cocvveeeenns
Function ...........ccceeeen. Alternator/Motor .....................
Types of connection ... .........cc...... HP/KWI/KVA...........
Rated voltage ............ volts. Rated current ...... amps
speed .....eveiiiiiiieenn, rom Frequency................... Hz
Power Factor .............. Excitation/Rotor voltage..........
Insulation class ............ Protection class ..................

Connect the test leads of the Megger as shown in
Fig 6 to the terminals U, and V..

Fig 6

Rotate the Megger at its rated speed and note down
the readings in Table 2.

Repeat the steps 3 and 4 by connecting the Megger
terminals between U, and W, and also between V,
and W.. Record the findings in Table 2.

Before starting the Megger test, see that the
supplyis off,fuse-carriers areremoved and the
motor is disconnected from the starter.

The measured insulation value should not be
less than 1 megohm or the value given in the
Related Theoryinformation whicheverislower.

from the markings.

Identify the terminals of the given AC induction motor

TABLE 2
Insulation resistance of 3-phase induction motor

Sl.No. Between terminals Insulation resistance Remarks
1 U ,andV,

2 U and W,

3 V., and W,

4 U, and frame

5 V, and frame

6 W, and frame
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TASK 3: Measure the insulation resistance between each winding and body or frame.

1 Connect the test leads of the Megger to the frame of
the motor and terminal U, as shown in Fig 7.

The Megger connection to the frame should be
done at the earthing stud of the frame. Before
connectingremovethepaint, dust, dirt and grit
thoroughly at the earthing stud.

2 Rotate the Megger at its rated speed and note down
the readings in Table 2.

3 Repeatthe steps 1 and 2 forthe other twowindings.(V,
and W)

TASK 4: Check the effectiveness of earth connection

In addition to the above tests the wireman should ensure
the effectiveness of earth connection under following
conditions.

4 Comparethe measured value with the standard value.

Fig 7

@

5> o o
Up Vi Wy
o o o
Wo Uz Vo

2 Measure the earth electrode resistance and enter the

value in Table 3.

CONDITION 1

Check and ensure that the Earth Continuity Conductor

Write the conclusion in the remark column indicating
whether the fuse will blow in case of earth fault in the
above circuit or suggest methods to be adopted to
have effective earth connection in the above case in

(ECC) connected to the main earth electrode is in perfect
continuity, having a resistance not more than 1 ohm.

CONDITION 2

Measure the earth electrode resistance. The resistance
of the earth electrode should be less than 5 ohms unless
otherwise stated.

1 Check the continuity of the ECC and assume its
resistance as one ohm, if it is found OK and enter the
value in Table 3.

the space given below.

CONCLUSION

Write below your suggestion to have effective earth
connection to isolate the circuit under earth fault by
fuse or circuit breaker.

TABLE 3
Sl. | Resistance | Resistance of | Total earth Voltage between | Earth fault| Fuse rating | Remarks
No.| of ECC. earth resistance phase and earth | current of the
electrode R.=R_tR.. E, E motor
IF=-F L
R R circuits

EE

E
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment

Wireman - AC Machines

Exercise 3.4.03

Identify the elements of a motor control and check their operation

Objectives : At the end of this exercise you shall be able to

« identify the parts of a contactor like no-volt coil, main and auxiliary contacts, overload relay and ‘ON’ ‘OFF’

push-button stations, their operation and connection

 test and ascertain the minimum operating voltage of the no-volt coil

« test and ascertain the setting of overload relay

e set the overload relay according to the motor rating

e connect an AC squirrel cage induction motor through contactor, overload relay and ‘ON’ and ‘OFF’ push-

button stations

« start and stop the motor with the use of push-button stations.

Requirements

Tools/Instruments Materials
e Trainees tool kit -1 No. e PVCinsulated cable 2.5 sq.mm.
e Electrical drilling machine 6 mm 660 V grade - 10 mts.
capacity with 2,3 and 4 mm drill bits. - 1 No. * Magnetic contactor 3-phase 20 A,
e Multimeter -1 No. 240V -1 No.
e Ammeter MI0-10 A - 3 Nos. * Thermal overload relay 3 to 6 amps
e Voltmeter MI 0 - 500 V -1 No. range - 1 No.
¢ Ammeter MI 0 - 500 mA -1 No. * 'ON’ and ‘OFF push-button station
e Stopwatch -1 No. having one normally closed and one
Equipment/Machines normally open contact in each set -1 No.
e Testlamp with BC bulb 40 W, 240V - 2 Nos.
« 3-phase squirrel cage induction motor e |ICTP switch 16 A, 415V -1 No.
3 HP 415V,50 Hz -1 No. e |CDP switch 16 A, 240V - 2 Nos.
¢ Dimmerstat/auto-transformer/Variac » Laminated boards of size
240 V/0-270 V5 A -1 No. 200 mm (L) x 150 mm (B) x 3 mm (T) - 3 Nos.
¢ 3-phase lamp load 415 V, 5 kW -1 No. e Machine screws 2 BA 25 mm long
with two washers and nuts - 10 Nos.
PROCEDURE

TASK 1: Collect the equipment and record the name-plate details.

1 Note down the name-plate details of the given AC 3-
phase squirrel cage induction motor in your practical

note book.

2 Collectthe contactor unit, start/stop push-button units,
thermal overload relay with laminated boards, neces-
sary fixing screws, ICTP switch and suitable connect-

ing cables in knocked out condition.

3 Note down the specification of the contactor and

overload relay in Table 1 and 2 respectively.
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Contactor

TABLE 2

Overload relay




TASK 2: Identify the parts of a contactor and investigate their operation.

1 Inspect visually the given contactor.

2 Identify the mounting holes for fixing screws.
3 Dismantle the contactor carefully.
4

Identify the parts like protective housing, contact sup-
ports, main and auxiliary contacts, no-volt coil, arma-
ture, yoke, springs etc.

5 After a careful study, draw the schematic diagram for
the given contactor in Table 3 in the space provided
(4th column) just below the reference sample sche-
matic diagram.

The schematic diagram givenin Table 3is for a
particular contactor. The contactor given to
you may have different identification marks. If
so,draw anew schematic diagramin the space
given below the sample diagram.

6 Identify the incoming and outgoing terminals of the
power circuit. Note down the same in Table 3, second
column and fifth column for continuity check.

If there is a difference in the identification
marks incorporate the new numbers/marks in
the 5th column ‘continuity between terminals’
in the ‘dash’ line after striking off the numbers
i.e.1& 2,3 & 4 etc.

7 Assemble the contactor and checkthe operation of the
moving magnetic core and the moving contacts by
using pressure by hand.

8 Trace and check the terminal connections to the fixed
contacts.

9 Checkthe continuity betweentheincoming and outgo-
ing terminals when the contactor is open and when
closed manually, and write the condition in the 6th
column of Table 3.

10 Next identify the no-volt coil and its connecting termi-
nal markings . Enter the details in the 2nd column of
Table 3.

11 Measure the resistance of the no-volt coil by amultime-
ter and write in Column 6 of Table 3.

12 To determine the minimum voltage required for the
operation of the no-volt coil, first, position the contactor
on the laminated board and mark the fixing holes.
(Fig 1)

13 Drill holes in the marked places with the help of an
electric drilling machine.

14 Fix the contactor on the laminated board with the help
of machine screws.

15 Fix the laminated board with the contactor in vertical
position on a wooden board or workbench.

Fig 1

FIXING HOLES
LAMINATED BOARD 7

o~

| CONTACTOR
O~—]
O=r1

| ——=1— ON/OFF SWITCH

16 Connect the no-volt coil circuit through an ammeter
push-button ‘ON’ switch and adimmerstat/auto-trans-
former as shown in Fig 2.

Fig 2
240V AC
R ——
G
| \
- ICDP
2 \ UlA |
1]
] [ L ]
2
‘ a 500mA
ST 7°
240V | ——
AC | I
50Hz | |
N o—‘c .5 o—o0b
{ . T PUSH BUTTON
ICDP lj E SWITCH
NovoLTcolL 240V, 40W

17 Connectavoltmeter as shown inthe no-volt coil circuit.

18 Connect the two lamps L, and L, with the auxiliary
terminals 21, 22, 13 and 14 as shown in Fig 2 and
energise it.

If the markings are different in the available
contactor,check and connectequivalent mark-

ings.

19 Keep the knob of the auto-transformer (Dimmerstat/
variac) in the low position such that the output is
approximately zero.

20 Switch on the supply and slowly increase the voltage
to 100 V by turning the auto-transformer knob.

Now the no-volt coil is connected across 100V
AC,thoughtheoperating voltagewrittenonthe
no-volt coil is 240V or any other rating given in
your starter no-volt coil. In this condition if the
contactor does not operate then the indication
is lamp L, will be on and lamp L, will be off.

21 Push the ‘ON’ button. See whether the no-volt coil
holds the movable contacts down.

If the magnetic coil holds (operates) this will
be indicated by L, ‘off’and L, ‘on’.

PGTDW&EE : Wireman - Exercise 3.4.03 109



22 Write your observation in Table 4.

24 Write your conclusion.

23 If the magnetic contact does not hold, increase the a
applied voltage in steps of 25 V up to the rated voltage b
of the no-volt coil and observe the operation by push-
ing the ‘ON’ button at every step. Write your observa-
tion in Table 5.

Donotincreasethevoltagebeyond 110%ofthe
rating of the no-volt coil. For a 415 V no-volt
coil, while doing this task, suitably increase
the applied voltage till it reaches 110% rating.

The noted rating of the no-volt coil is volts.
The no-volt coil does not operate below
volts.

What will happen if the no-volt coil is operated at a
higher voltage rating?

TABLE 3
Sl Device Symbol Schematic diagram Continuity between Write whether
No. terminals open or close
1 Contactor Sample for reference
Identification Under normal
mark Incoming condition
terminals 1&2.....
3&4....
5&6......
Outgoing 21 & 22
terminals 13&14
Under manually
closed condition
1&2....
3&4...
5&6......
21&22
13& 14
2 No-volt coil
Terminals of a&b
no-volt coil Resistance value
ohms
Voltage rating
volts.
TABLE 4
SI.No. Applied voltage across the no-volt Condition:Write about the Remarks:Write about
coil (Voltage rating of the coil=240V) holding of no-volt mechanism | observed noise.
1 100V
2 125V
3 150V
4 175V
5 200V
6 225V
7 250 - keep this voltage for a short

duration only if the coil is rated for 240 V.
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TASK 3: Identify the parts of the overload relay and investigate their operation.

1 Identify the parts of the overload relay like incoming
and outgoing terminals, bimetallic strips, series heat-
ing elements, mechanical levers, overload setting
arrangement and resets, if any.

2 Drawafree hand sketchtoillustrate the mechanismin
a separate sheet of paper and get the approval of your
instructor.

3 Observe the following and note it down in Table 5.

a Range of current setting.
b Identification of relay contact terminals.
¢ Their continuity.
4 Ifthe schematic given in Table 6 does not tally with the

givenrelay, draw the schematic diagram for the given
relay in the space below the given sample schematic.

If there is a difference in identification of the
terminals incorporate this in the 5th column of
Table 6 after striking the printed numbers.

SRR R TR R .

FHFE HEP

LAMP LOAD

5 To determine the setting of overload relay, draw the
circuit as shown in Fig 3, incorporating the necessary
changes in marking according to the given OL relays.

6 Show the connections to your instructor and get his
approval.

7 Position the overload relay on the given laminated
board and mark the fixing holes. (Fig 1)

Drillholes inthe marked placesin the laminated board.

Fix the overload relay on the laminated board with the
help of machine screws.

10 Fix the laminated board with the overload relay in
vertical position on the wooden board of the work
bench.

11 Connect the circuit as shown in Fig 3. Switch OFF all
the sub-circuit switches in the lamp load.

12 Set the OL relay to 3 amps.

13 Switch ‘ON’ the ICTP switch ‘'S, ’ for the main supply.

14 Switch ‘ON’ the lamp circuit such that all the three
phases are loaded equally to 3 amps. Then switch off
the main supply through switch S,.

Waitforsometime, say 5minutes, fortherelay

to cool off.

15 Switch on the mains to the relay circuit through switch
S, aswellas switch S,, and at the same time startthe
stop- watch.

16 The lamp L, will lit,indicating the contact 95 and 96 is
in closed position.

17 Wait for 5 minutes and observe whether the relay
operates and switch off the lamp L,. When the relay
operates, stop the watch and note the timing in
Table 7.

18 Switch offthe mainswitch S, and wait for 5 minutes for
cooling the overload relay.

TABLE 5

Sl. | Device Symbol Schematic Continuity between Write whether
No. diagram terminals open or closed
1 Thermal overload 2and 2'

relay 4 and 4'

6 and 6'

2 Range of current 95 and 96

setting ....ccceeeennn. 98 and 95
3 Relay contact

terminals
4 Condition
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TABLE 6
Sl Relay | Loadin | Operating | Remarks
No. | setting| amps. time
3
4
5
6

19 If it does not operate, increase the load current to 4
amps. Observe for 5 minutes. Note down the operat-
ing time in Table 6.

20 Switch ‘OFF’ the mains and allow 5 minutes for the
relay to cool down.

21 Increase the load current to 6 amps, observe the
operation and record it.

22 Adjust the OL relay for 4 amps.

23 Repeat the procedure given in steps 13 to 21 with the
set load currents for 4, and then to 5 & 6 amps at
various load current and note down the observationin
Table 6.

24 Write your observation regarding the relation between
the overload relay setting, load current and the time of
operation.

TASK 4: Identify the parts of the push-buttons and investigate their operation.

1 Identify the colour of the push-button and its
purpose.Write your observation in Table 7.

2 Identify the terminals and their connection when
the button is pressed or released. Enter the details
in Table 7.

TABLE 7

Sl. Device Symbol & schematic
No. diagram

Condition; continuity
between terminals

Write whether
close or open

1 ‘ON’push
button-
colour

2 ‘OFF’ push
button-
colour

Under normal condition

Write whether the push-
button holds or gets
released when the finger
pressure is released

Under normal condition.

Write whether the push-
button holds or gets
released when the

finger pressure is released.

TASK 5: Draw the schematic diagram. Full circuit diagram of a contactor relay and push-button station with

motor. Start and stop the motor.

1 Draw and complete the circuit given in the schematic
diagram (Fig 7) with the help of the layout diagram 4,
power circuit diagram (Fig 5) and control circuit dia-
gram (Fig 6).

2 Show the connection to your instructor diagram and
get it approved.

At this stage verify the letters/alphabets given
in the available contactor, overload relay with
those of the approved diagram. If any
variation is found incorporate the same in the
approved diagram.
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Ensure that the motor is double earthed, con-
tinuity of earth continuity conductor is good
andtheearthelectroderesistanceiswithinthe
stipulated safe value.

RELAY

i 5
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POWER CIRCUIT DIAGRAM OF CONNECTION
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COMPLETE CIRCUIT DIAGRAM OF THE CONTACTOR AND
THE 3PHASE SQUIRREL CAGE INDUCTION MOTOR

3 Fixthelaminated boards vertically so that the position
of the contactor and overload relay corresponds to
their respective working positions.

Cable termination should be tight. Check
whether the no-volt coil moves freely in the
slot.Ifthe contactoris of the PVYC moulded type
and not fitted in a metal enclosure, earthing is
not necessary. But earth the ICTP.

4 Connectthe power circuit by connecting the contactor
output terminals 2' 4' and 6' to the motor terminals
UVW and the contactor input terminals 1, 3 & 5 to the
mains L, L, & L, terminals through a ICTP switch as
shown in the approved diagram in step 2 of Task 5.

5 Connect the control circuit by connecting the no-volt
coiland overload relay circuit starting from fuse F, and
ending with the neutral as shown in the approved
diagram.

Assumption - The no-volt coil is for 240 V AC and has to
be connected between one phase and the neutral. If the
no-volt coil voltage rating is for 415 V it has to be
connected between two phases.

6 Set the overload relay according to the motor rating.

7 Provide correct capacity back up fuse as per the motor
rating in the ICTP switch and get your connections
approved by the instructor.

8 Switch‘ON’the main supply and the ICTP switch. Start
the motor by pushing the ‘ON’ button, observe the
direction of rotation and record it in the presence of
your instructor. The direction of rotation is

9 Stop the motor by pushing the OFF button. Switch
OFF the ICTP. Remove the fuses and disconnect all
the connecting cables.
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment
Wireman - AC Machines Exercise 3.4.04

Assemble a DOL starter, connect and operate a 3-phase induction motor

Objectives : At the end of this exercise you shall be able to

« identify and collect the parts of the DOL starter

« assemble the DOL starter when contactor, overload relay, push-button stations and single strand cables are
given in a semi-knocked out condition

e connect and harness the hook-up cable for control circuit

« mount the DOL starter, the main ICTP switch and connect the 3-phase induction motor

« earth the motor, the starter and the switch

* set the overload relay

e replace correct capacity back up fuses

« start and stop the 3-phase induction motor through DOL starter

¢ measure the starting and the running currents of the 3-phase squirrel cage motor

* measure the actual speed of the 3-phase squirrel cage motor to determine the synchronous speed, slip and
percentage slip.

Requirements

Tools/Instruments Materials

e Trainees tool kit - 1 No. ¢ PVC insulated single strand copper

«  Ammeter MI 0-20 amps -1 No. cable 16 SWG -0.5m.

¢ Voltmeter MI 500 V -1 No. ¢ PVC insulated single strand copper

¢ Plumb bob with thread -1 No. cable 18 SWG -0.5m.

e Spirit level -1 No. ¢ Machine screws 2 BA 30 mm long

e Tachometer 0-3000 rpm - 1 No. with 2 washers and one nut - 4 Nos.
¢ Connecting cable for motor -as reqd.

Equipment/Machines

¢ 3-phase squirrel cage motor 3 HP

415V, 50 Hz -1 No.
¢ DOL starter 4 - 6 amps 415 V with

overload relay, no-volt coil &

push-button station -1 No.

(The Instructor is requested to dismantle

the contactor, overload relay and the

internal connecting hookup cables

before giving to the trainees.)

* ICTP switch 16 A 415V -1 No.

PROCEDURE

1 Note down the name-plate details of the given AC 5 Investigate and check the contactor input and output
3-phase squirrel cage induction motor in your practi- terminals, auxiliary and main terminals, movable and
cal note book. fixed contacts, no-volt coil, overload relay, their rating

. . number of NC and n n .
2 Collect the contactor unit, overload relay unit, umber of NC and no contacts

start/stop push-button unit, necessary fixing 6 ldentify the connecting terminals for interconnecting
screws,hook-up cables, ICTP switch and DOL starter the no-volt coil, main supply to the control circuit, and
base and cover. the normally open auxiliary contacts.

3 Prepare the list of items you have received from your 7 Identify the mounting screw holes in the contactor,
instructor in Table 1. overload relay and the corresponding holes in the

. starter base box.
4 Record the name-plate details of the contactor and

overload relay in Tables 2 and 3 respectively.
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TABLE 1

Fig 1 ON & OFF BUTTONS
LOCKING —
ARRANGEMENT STATION
n -
‘© = N
Qo Q,
INDICATOR
& S/ D
105 103
141 115

ALL DIMENSIONS ARE IN mm.

DIMENSIONS OF BASE AND COVER OF DOL STARTER

List of items
SI.No. List of Items
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
TABLE 2
Contactor
TABLE 3

Overload relay

Fig 2
(‘/ @ ‘
L LOCKING ARRANGEMENT
PUSH-BUTTON STATION
Fig 3

PUSH-BUTTON

 m—

AT
o

8 Draw the complete circuit diagram for the given DOL
starter with overload relay, no-volt coil, ‘'ON’and ‘OFF’
push-buttons.

Foryour guidance the following diagrams are given for
a starter of a particular make.

i Fig 1 base and cover of a DOL starter.
i Fig 2 push-buttons only.

iii Fig 3 overload relay package with push-button
strips in the foreground which will get actuated
when the push-buttons are pressed.

iv Fig 4 contactor with no- volt coil.

9 Get the diagram approved by the instructor.

Fig 4

ffggazg? NO - VOLT COIL

154 500y a0

CONTACTOR
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10 Mount the accessories in the starter base box with the
help of mounting screws.

Donottightenthescrews morethan necessary
astoomuchtightening of screws will break the
PVC casing of the contactor and the OL relay.

11 Identify the place of connection of the hook-up cables
withthe help of the approved diagram. Measure and
cutthe hook-up cables leaving allowance for harness-

ing.

12 Connect the hook-up cables according to the ap-
proved diagram.

13 Harnessthe hookup cables such thatthe cables do not
interfere with any moving mechanism of the starter.

14 Check once again the complete connection of the
DOL starter internal wiring.

15 Get the wiring approved by the instructor.

16 Identify the holes in the starter base box for mounting
the starter on the wall/frame.

17 Mount the starter vertically on the wall/frame.

The position of the starter will be such that the
no-volt coil mechanism works properly taking
advantage of gravitational pull while disengag-
ing.

Use a plumb bob or spirit level to check the

Fig 5

CIRCUIT DIAGRAM OF DOL STARTER WITH PROTECTIVE DEVICE

22 Provide the back-up fuse as recommended by the
manufacturer of the starter considering the horse-
power rating of the motor.

verticality.

18 Connectthe main supply to the starterincoming termi-
nals through the ICTP switch. (Fig 5)

For your guidance the back up fuse rating for
the specified horse power/kw rating is given in
the Related Theory exercise.

Preferably check for the back up fuse rating in

the pamphlet supplied along with your starter.

A complete diagram showing the internal dia-
gram of the starter of a particular make along
with ICTPand motoris givenforyour guidance.
You can replace the internal diagram of the
given starter in place of the starter diagram

shown in Fig 5.

19 Connect the starter outgoing terminals to the 3-phase
squirrel cage induction motor along withammeter and
voltmeter as shown in Fig 5.

Before connecting the 3-phase squirrel cage
motor, test it for continuity and insulation as
you have done in Exercise 3.4.04.

20 Connect the protective earth continuity conductors
(two separate PE connections) to the motor and starter
case, ICTP switch, and securely connect the PE
continuity conductors to the main earth. (Fig 5)

21 Investigate the full load current of the motor and setthe
overload relay of the starter to that rating.

23 Get the main connections, earth connections,
overload setting and the back-up fuse rating approved
by your instructor.

24 Switch on the ICTP.
25 Start the motor by the start (S,) button of the starter.

26 Read the ammeter for the starting current at the time
of starting and enter the value in Table 4.

27 Read the voltmeter and ammeter values while the
motor is running normally and enter the values in
Table 4.

28 Measure the actual speed of the rotor with the help of
a tachometer and record it in Table 5.

29 Switch OFF the motor using the stop button (S,) of the
starter.

30 Switch OFF the mains, remove fuses and disconnect
the connections.

31 Show the readings to your instructor and get his
approval.
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TABLE 4

Sl.No. No-load condition Line voltage Remarks
Starting current Running current
in amps. in amps.
TABLE 5
Sl.No. Syn.speed Actual speed Fractional slip % slip
at no-load at no-load at no-load
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment
Wireman - AC Machines

Exercise 3.4.05

Connect & control a 3-phase squirrel cage induction motor with inch and
remote control

Objectives : At the end of this exercise you shall be able to

e connect abasic contactor with an inch control station for controlling 3-phase squirrel cage induction motor
e connect a basic contactor with remote control start, stop and inch control stations for controlling 3-phase

squirrel cage induction motor

e connect the power circuit of a 3-phase squirrel cage induction motor
e operate the 3-phase squirrel cage induction motor through inch and remote control.

Requirements

Tools/Instruments

e Trainees tool kit -1 No.
* Wire stripper 150 mm -1 No.
Equipment/Machines
¢ 3-phase squirrel cage induction

motor 415V, 5 HP -1 No.
e DOL starter 415V, 6 - 10 A with

four N/O contacts -1 No.
e Start & stop push-button station with

one normally open and one normally

closed contacts respectively - 2 Nos.

e Inch push-button with one normally
open and one normally closed contacts - 2 Nos.

Materials

2.5 sq. mm. PVC multi-strand
aluminium cable 660 V grade

PVC insulated single strand 18 SWG
copper hook up cable 660V grade
PVC insulated multi-strand copper
cable 21/.02 of 660 V grade

-10mts.

- 1 mts.

- 2 mts.

PROCEDURE

Normally only oneinch control will be provided in amachine like alathe to check the trueness of the job.
However, big lathes may have more than one inch control along with remote ‘on’ and ‘off’ push-button
stations. This exercise incorporates both single and double inch stations.

TASK 1: To connect inch push-button with DOL starter

1

Enter the name-plate details of the AC 3-phase squir-
rel cage induction motor in your practical note book.

Collect the DOL starter, two numbers inch push-
buttons and one push-button station with ‘ON’ and
‘OFF’ push-buttons.

Enter the name-plate details of the DOL starter in
Table 1.

Investigate the DOL starter and draw the diagram of
the DOL starter circuit in a separate sheet of paper.

Investigate the internal connections of the given ‘ON’
and ‘OFF’ push-buttons and also inch push-buttons
and draw the schematic diagram in Table 2.

Compare the diagram drawn by you in Steps 4 and 5
with the diagram of the DOL starter given in Fig 1 and
the connection withinch push-button givenin Fig 2and
study the circuit function.

Modify and draw the circuitdiagram ofthe DOL starter
(drawn in step 4) incorporating the inch control on a
separate paper.
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TABLE 2
DOL starter

TABLE 3
Sl.No. Accessory Schematic diagram
1 ‘ON’ push-button
2 ‘OFF’ push-button
3 Inch push-button

Draw the ICTP switch and motor connections to the
circuitdiagram drawn in step 7 and get the approval of
your instructor.

If necessary, mount the inch push-button
stations on laminated boards.




CIRCUIT DIAGRAM
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JOG / INCH CONTROL CIRCUIT DIAGRAM

9 Make the necessary modification and connect the
DOL starter with the inch push-button as per the
approved diagram.

10 Connect also the ICTP switch, DOL starter and the 3-
phase squirrel cage motor as per the approved dia-
gram.

11 Connect the PE conductor to the ICTP switch, DOL
starter, inch push-button station and the motor and get
the approval of your instructor.

12 Provide the rated back-up fuses in the ICTP switch.
13 Switch ‘ON’ the ICTP.

14 Switch ‘ON’ the motor by pushing the ‘ON’ push-button
switch of the DOL starter.

15 Switch ‘OFF’ the motor by pushing the ‘OFF push-
button switch of the DOL starter.

16 Push the inch button momentarily and watch the
rotation.

17 Switch ‘ON’ the motor with the start-button, wait for
some time and then press the inch control button
continuously.

18 Observe the function of the motor. Release the inch
control button.

19 Write the conclusion.
CONCLUSION

a When the inch push-button is pressed and released
how does the motor runs?

b When the inch push-button is pressed continuously
how does the motor runs?

TASK 2: To connect dual inch push-button stations and one remote control push-button station

Control circuit diagram given in Fig 3 incorporates two
inch push-button stations and two ‘on’ and ‘off’ control
stations for your guidance.

1 Draw the circuit diagram of the DOL starter with the
two inch push-button stations and remote control ‘ON’
OFF stations as per the accessories supplied to you.

2 Compare the control diagram drawn by you for the
given specific accessories with the schematic shown
in Fig 3.

3 Draw the complete circuit diagram of DOL starter,
remote control stations, ICTP and motor.

4 Showthe completed circuitdiagrams to your instructor
and get his approval.

5 Wire up the DOL with starter inch push-button sta-
tions and ‘ON’ and ‘OFF’ push-button stations, ICTP
and motor as per approved diagram (step 4 of Task 2).

6 Connect the PE conductor to the ICTP switch, motor
starter inch and remote push-button stations.

Fig 3 INCH BUTTONS
DOL STARTER

|
REMOTE STATION

CONTROL CIRCUIT DIAGRAM WITH
DUAL INCH & REMOTE PUSH-BUTTONS

7 Showthe connectionstoyourinstructorand gethisapproval.
8 Provide the rated back up fuses and switch ‘ON’ the ICTP.

9 Operate the inch push-buttons and the ‘ON’ OFF push-
buttons and observe the operation of the motor in the
presence of your instructor.

10 Switch‘OFF the ICTP andremove the fuses and disconnect
the connections.
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment
Wireman - AC Machines

Exercise 3.4.06

Connect, start, run & reverse a 3-phase squirrel cage induction motor through
manual reversing switch

Objectives : At the end of this exercise you shall be able to

e connectthemanual forward and reverse switch alongwith the 3-phase squirrel cageinduction motorand DOL

starter

e run and reverse the direction of rotation of the 3-phase squirrel cage induction motor through the manual

reversing switch.

Requirements

Tools/Instruments

« Trainees tool kit -1 No.
¢ DE spanner set 6 mm to 19 mm - 1 set.
e Multimeter - 1 No.
¢ Manual type forward and

reverse switch three-pole three

positions, 16 amps 415V. -1 No.
e DOL starter 6/10 amps 3-phase 415V - 1 No.
e ICTP switch 16 amps 415V -1 No.

Equipment/Machines

3-phase 415V, 5 HP squirrel

cage induction motor -1 No.
Materials
e 2.5 sg.mm PVC multi-strand

aluminium cable 660 V -15m.

PROCEDURE

1

Read and interpret the name-plate details of the
3-phase squirrel cage motor and enterinyour practical
note book.

Ascertain the terminals of the squirrel cage induction
motor.

Select a suitable size ICTP, DOL starter, rotor type
forward and reverse switch, cables and fuse etc.
according to the available 3-phase squirrel cage in-
duction motor.

Inclusion of DOL starter is to facilitate safety. In
certainindustrial connectionstheD.O.L. starter
is not used. Motor is left with fuse protection
only.

Trace out the connection of the given DOL starter and
forwarding/reversing switch with the help of a multi-
meter and draw the diagrams.

Show the traced connections and get the approval of
the instructor.

Draw the complete connections diagram showing
ICTP, DOL starter, forward and reversing switch con-
nections to the motor.
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Fig 1
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LAYOUT DIAGRAM FOR FORWARD/REVERSE SWITCH
CONNECTION TO A MOTOR

The layout diagram Fig 1, the schematic dia-
gram given in Fig 2 and the wiring diagram in
Fig 3 are for your guidance. Make necessary
changes in your diagram to suit the require-
ment of the given DOL starter and forward/
reversing switch.

Keep the forward reversing switch in the OFF position.




Fig2 Fig 3
Ly
L3
PE— — — — — A
DOLSTARTER 1
;’ STOP
\
|
|
\
L ]
REVERSING
SWITCH
COMPLETE SCHEMATIC DIAGRAM COMPLETE SCHEMATIC DIAGRAM

8 Show the connections to the instructor and get his When reversing a motor we should allow it to
permission to switch ‘ON’. come to the standstill position before attempt-

9 Switch'ON’the ICTP and switch ‘ON’the DOL starter ”19 t_o c;pe;[]ate n :he oppositedirection to avoid
by pushing the ‘ON’ button. Al © MOtor.

10 Move the forward reversing switch handle to forward 12 Move the reversing switch to the reverse position for
position and watch the direction of rotation of the changing the direction of rotation and note the direc-
motor. The DOR of the motor is . tion. Now the DOR of the motor is

11 Bring the reversing switch to ‘OFF’ position and wait 13 Stop the motor, switch off the mains, remove the fuse
until the motor comes to rest. carriers and disconnect the supply leads, main switch,

starter and forward and reversing switch.
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment

Wireman - AC Machines

Exercise 3.4.07

Connect, start, run & reverse 3-phase squirrel cage induction motor by manual

star-delta starter

Objectives : At the end of this exercise you shall be able to

« identify the parts of a manual star-delta starter and trace the connections
e draw the star/delta formation of the motor winding through the starter handle operation
e provide proper back up fuse in the main switch of the 3-phase squirrel cage motor according to the motor

rating

e connect the manual star-delta starter with the 3-phase squirrel cage induction motor
« adjust the overload relay according to the motor current rating

« start the 3-phase squirrel cage induction motor through the manual star-delta starter
e stop the 3-phase squirrel cage induction motor through the manual star-delta starter
 reverse the direction of rotation of the squirrel cage induction motor.

Requirements

Tools/Instruments

¢ Trainees tool kit -1 No.
¢ Side cutter 150 mm - 1 No.
e Wire stripper 150 mm - 1 No.
e Ml ammeter 10 amps - 1 No.
¢ Ml voltmeter 0-500 V -1 No.

Equipment/Machines

¢ 3-phase squirrel cage induction

motor 415V, 5 HP -1 No.
¢ Manual star-delta starter 6/10 A,

415 V with overload relay and

no-volt coil -1 No.

Materials

« PVCinsulated stranded
aluminium cable -25 m.
660 V grade - 2.5 sgmm

¢ Fuse wire 10 amps

e Black insulation tape

-asreqd.
-asreqd.

PROCEDURE

1 Readandinterpretthe name-plate details of the given
3-phase squirrel cage induction motor and starter, and
enter in Table 1.

Remove the terminal cover of the motor and front
cover of the starter.

TABLE 1
Starter: Name-plate details
Y= 1SR
LY/ L= 1Y (o Lo 1= PN
Serial Number .........cccceeeeeeeennnn. Rating........ccccvnnnnn.
Function ........ccccceeeee.. Alternator/Motor .....................
Types of connection ... .................. HP/KWI/KVA...........
Rated voltage ............ volts. Rated current ...... amps
Speed ..o, rom Frequency................... Hz
Power Factor .............. Excitation/Rotor voltage..........
Insulation class ............ Protection class ..................

To connect a star-delta starter, the squirrel
cage induction motor must have six terminals
which are normally marked as U, V,, W, & U,,
Vv, W,

Identify the parts of the given star-delta starter, trace
the connections and study its operation. Draw the
traced out circuit and get it approved by the instructor.

Layout diagram in Fig 1, schematic diagram of
a star-delta starter in Fig 2 and a practical
circuitin Figs 3 are given for your guidance.

2 Switch ‘off’ the mains, remove the fuse carriers and
keep them in safe custody.
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Draw the complete connection diagram incorporating
the ICTP switch, the given star-delta starter and motor
and get it approved by your instructor.

Make the connections of the motor, starter and the
ICTP switch as per the approved diagram.

Connectthree cables from supply lineL , L, &L tothe
main switch as shown in Fig 3.
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£ CONNECTION SCHEMATIC DIAGRAM OF MANUAL
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8 Insertthe ammeterin series with one of the line cables
from the main switch and a voltmeter across two line
cables as shown in Fig 3.

9 Wire properfuse elementaccordingto the given motor
rating in the fuse carrier and insert the carriers in the
main switch.

10 Setthe overloadrelay accordingto the fullload current
rating of the motor.

11 Provide double earth to the metal body of the main
switch, starter and the motor frame.

Assumption - The starter and main switch are fixed on
Installation Practice Cubicle’s vertical surface and the
motor is mounted on a rigid frame.

12 Check the connection for correctness and tightness.
Get it approved by the instructor.

13 Switch ‘on’ the main, observe the voltmeter reading
and move the handle to star position positively. Just at
the same time observe the starting current and enter
in Table 2.

14 Allow the motor to start, race initially and let the sound
of the rotating shaft come to a steady state, then move
the handle to delta position positively.

15 Note down the direction of rotation and enter it in
Table 3.

16 Note down the current taken by the motor in the
running condition and enter the value of current in
Table 2.

17 Then stop the motor by pushing the stop-button of the
starter.

18 Switch ‘OFF’ the main switch and remove the fuses.

19 Interchange the two line cables L, and L, to terminals
L, and L, respectively as shown in Fig 4.

—— — — —n"

Ly—F o (%)
OVER LOAD

RELAY SETTING % LL;;}}}:E::E:E

LEVER

Lz Ly Ly A
Vi
s, i?
W) A
U STAR
¥oowy POSITION

STAR - DELTA SWITCH IN STAR POSITION

Fig 4

L1

|
\
\
Ly :
\
\

L3

20 Insert the fuse carriers in the main switch.

21 Repeat steps No.13 to 16 and record the information
in Table 2 and Table 3.

22 Stop the motor, switch off the supply and remove the
fuse, then interchange the line cables L, and L, re-
spectively as shown in Fig 5.

23 Insert the fuse carriers in the main switch.
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25 Stop the motor and write your observations about the
method of changing the direction of rotation.

24 Repeat steps No.13 to 16 and record the information

in Tables 3 and 4.

26 Switch ‘off’ the mains, remove the fuse-carriers and
remove all connections.

TABLE 2
Sl.No. Description 1st start 2nd start 3rd start Unit
1 Supply voltage Volt
2 Starting current Amps
(Star position)
3 Running current Amps
(Delta position)
TABLE 3
Sl.No. Description Direction of rotation
1 1st start connection
L tolL,
L tolL,
L, tolL,
2nd start connection
2 L tol,
L tolL,
L, toL,
3 3rd start connection
L tolL,
L, tolL,
L tolL,
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment

Wireman - AC Machines

Exercise 3.4.08

Connecta3¢Induction motor in star & deltaand determine therelation between
line and phase values and measure the power in star & delta

Objectives: At the end of this exercise you shall be able to

* connect the balanced motor load in star

» connect the voltmeters and measure phase and line voltages in star connection
e connect the ammeters and measure the line and phase currents in star connection

» connect the balanced motor load in delta

» connect the voltmeters and measure phase and line voltages in delta connection
e connect the ammeters and measure phase and line currents in delta connection

e measure the power in both star and delta modes.

Requirements

Tools/Instruments

¢ Ammeter 0-25A Ml - 6 Nos.
* Voltmeter 0-500 V M| - 6 Nos.
e |ICTP switch - 32 A500 V -1 No.

e LPF watt meter 500V/10A - 2Nos.

Equipment/Machine

« 3 phase squirrel cage Im 415V, 51 + P
e Manual star - delta starter 6/10A
415 V with OL velay & no volt coll

Materials

* PVC insulated stranded aluminium -25
cable 660 V grade, 255 ml

* Fuse wire - 10 amp - as reqd.

PROCEDURE

1 Note the name plate details and enter them in your
practical note book in a format given in table 1.

TABLE 1
Starter: Name-plate details

MAKE ... e
TYPE, MOAEI ..o
Serial Number .........ccccceeeeeeennnn. Rating..........cvvvvvnn.
Function ...........ccueeeeee. Alternator/Motor ...................
Types of connection ... .................. HP/KWI/KVA.........
Rated voltage ............ volts. Rated current ..... amps
SYol=T=To rom Frequency.................. Hz
Power Factor .............. Excitation/Rotor voltage........
Insulation class ............ Protection class .................

6 Measure the phase voltages(V,) - V,, V_, and V_ by
placing the voltmeter leads between one line and star
point N and enter the readings in Table 1.

7 Measuretheline current(l)-1 1,1, andphase
current(l,)-1

o1 Ipy o 1,@andenterthereadingin Table
1.

8 Measure the power W, and W, and enter in Table 1.

As the load is equal in all the phases, the line
and phase currents will be same in all the
phases.

2 Connect the circuit as per the diagram shown in
Fig 1.

Replace the fuse wire in ICTP to 10 A capacity.
4 Switch ‘ON’ the 3-phase supply.

5 Putthe handle of the starter in ‘'START’ position, V.,
V,, and V , and measure the line voltage and enter in
Table No 1.

9 Calculate the ratio between the line voltage (V) and
phase voltage (V).

Viy
Vb1

Viz
VP 2

Vis
Vp3

125



TABLE 1

Star connected load

Sl. | Load in watts Line voltage Phase voltage Line current Phase current| Power
NO h per phase L1 VL2 VL3 VPl VP2 VP3 I L1 I L2 I L3 I P1 I P2 I P3 W1+W2
1 40 W
100 W
3 200 W
Fig 1
30 AC R I
415V Y TS
50HZ |: [
I
\ \
| /***%***/mw\
\ \
\ \
\ |
(I D I D
4/\_69_<
Q\Lii ALz AD (0-25A)
r‘ j 500V,10A
Wi W2
RUN . [ L3 N L2 [ L1
\<\\\\
S MANUAL
STAR-DELTA STARTER
(/m LJ V2 Vi1 LJ W2 qu Uz
START
e o
ST T ‘
/ \ \
\ \
—— ®Du w1 Owi—
V@ — DPw2 Pu2 Q\VZE
| \
/ \ | \
. Lo e —— |
‘ l APl) (\AP/) f\/ip/) ‘
R O ) ]

WM3408J1
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10 Verify the ratio between line current (I )and phase 15 Calculate the ratio between line current (1 ) and phase

current (1,). current (1.).
Li_le_ls Ly
IPI IP2 IP3 IPl
RESULT Iz _
, Ip2
In star : Line current and phase current are
Line voltage = X phase voltage. IL_3 _
11 Put the handle of star-delta starter in “RUN” position Ip3
12 Measure the line and phase voltage V,,, V, and V ,, 16 Verify the ratio between line voltage (V,) and phase
V.., V,, and V,,and enter in Table 2. voltage (V).
13 Measure the line current I , 1 ,, 1 , and phase

current I, 1, & 1, and enter in Table 2. E — E — E

Vb1 Vo2 Vp3

P1’

14 Measure the power W, and W, and enter in table 2.

An ammeter connected between supply and
S . RESULT
load indicates line current and an ammeter
connected in series to the winding indicates 1 Line voltage and Line current are
phase current.
2 Line current = X phase current.
TABLE 2

Delta connected load

SI. | Load in watts Line voltage | Phase voltage Line current Phase current| Power
No.| perphase Vil Vol Vs | Ver | Veo| Ves IR PP N L 1, 1, W +W,
1 40w
2 100 W
3 200 W
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment
Wireman - AC Machines Exercise 3.4.09

Make theinternal connection of the semi-automatic star-delta starter with three
contactors

Objectives: At the end of this exercise you shall be able to

e read and trace the internal circuit diagram of the semi-automatic star-delta starter

« identify the major parts of the semi-automatic star-delta starter

e connect the squirrel cage induction motors to the semi-automatic star-delta starter

* set the overload relay

« make internal connections between the contactors as per diagram for the semi-automatic star-delta
starter.

Requirements

Tools and Instruments Materials
e Screwdriver set -1 Set. e Contactors without enclosure Rating
« D.E. Spanner set -1 No. 415V 10A, with AC coil, contact
*  Multimeter -1 No. arrangement - 3 main + 2 NO + 2 NCAux. - 3 Nos.
Equipment/Machines . Therm.al overload relay contactor
mounting range 4 - 6.5A -1 No.
» 3-phase squirrel cage induction motor » Stop-start push buttons -1 No.
- 5 HP/3 HP 415V 50Hz -1 No. « Connecting leads - as reqd.
e | CT P switch 16A 415V -1 No.

PROCEDURE

3 Draw and complete the connections in Fig 2 for the
power circuit only confirming to Fig 5 (i.e connection
between supply, contactors, overload relay and motor

1 Collect the various components of a semi-automatic
star-delta starter from the instructor (i.e Contactors,
overload relay, start-stop-push-button etc.)

o terminals).
2 Name the external parts indicated by numbers as o )
shown in Fig 1 4 Read the control circuit diagram. Fig 4 and draw the
connections of the control circuit of the contactors
Fig 1 diagram (Fig 3) for semi-automatic star-deltaoperation.
Fig 4

’_|L|_ Y
O

CONTROL CIRCUIT

EL2A12H4

5 Checkthe working of the contactors with a multimeter
by manually actuating the contactor.

EL2A12H1

6 Mount the contactors, overload relay etc. on a plain

1 vertical board.

2 7 Name the contactors (i.e) main, star and delta.
3 8 Wireup the control circuit.

4 ...



Fig 2

SUPPLY

o
MOTOR TERMINALS

o | ITT e
O E 1 SO P A S IR A OO
E}T|ﬁr|wﬁ[ E}Erjﬁw E}THTH :
£ | EH 1
J:fw : e

o

o (0}

EL2A12H3

Use single strand conductors for control cir-
cuit connections. Make proper terminations.

9 Give supply to the control circuit and check for logical

sequence of closing and opening the contactors.

10 Call the instructor and get his approval to make the
power circuit connections of the semi-automatic star-
delta starter.

PGTDW&EE : Wireman - Exercise 3.4.09

11 Wireup the power circuit for the semi-automatic star-
delta starter according to the circuit diagram Fig 5.

12 Check the suitability of the starter for the given motor.

13 Switch on the ICTP. Press the star-button of the
starter. Observe the starting.
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Fig 5
C, A, B, CyBy A,
Ly Ly Ly
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T Q
|
C
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. wan ORI
4
|\

EL2A12H5

Checkthefuserating in ICTPis suitablefor the
motor. Check the supply in all the phases.

130

14 When the motor reaches approximately 70% of the
normal speed, release the start-button and observe
the close and open condition of the contactors.

15 Press the start-button again and ensure there is no
effect on the motor running.

16 Actuate the overload relay manually, and check its
functioning.

17 Then pressthe start-buttonto restartthe motor. Record
your observation.

The motor.............. (fails to start/starts)

18 Record your findings for the motor not starting when
the start-button is pressed immediately after overload
relay tripping.
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment
Wireman - AC Machines

Exercise 3.4.10

Make internal connections of automatic star-delta starter and test it

Objectives: At the end of this exercise you shall be able to

identify the major parts of an automatic star-delta starter
read the circuit diagram provided with the automatic star-delta starter (control and power circuit)
make internal connections of an automatic star-delta starter between contactors, timer and start/stop push-

buttons and overload relay

connect the squirrel cage induction motor to an automatic star-delta starter

check for the functioning of the starter no-volt release

set the timer unit with appropriate timing.

Requirements

Tools and Instruments

Materials

ICTP switch 16 amp 500V

Test lamp/testing board
Connecting cables

TW Board 300x450mm

Contactor with three 10A main
contacts and two 2A auxiliary
changeover contacts of 1 No. and
1 NC & 415V no-volt coil

e Timer unit 5s - 30s 415V operation
e Overload relay 3-phase 16A, 415V
« Start/stop push-buttons

-1 No.
-1 No.
- as reqd.
-1 No.

- 3 Nos.
-1 No.

-1 No.

- one each

e Screwdriver set -1 Set.
e Spanner set -1 No.
¢ Voltmeter MI 250/500V -1 No.
¢ Multimeter (VOM) -1 No.
Equipment/Machines
e 3-phase 415V, squirrel cage induction
motor, with 6 terminals brought out
at the terminal box 3 HP/5 HP -1 No.
¢ Automatic star-delta starter suitable
for the above motor -1 No.
PROCEDURE
1 Collect the automatic star-delta starter without inter-

connections from the instructor.

Name the external parts indicated by the numbers in
Fig 1.

Fig 1

@ GREEN PUSH-BUTTON

(5) RED PUSH-BUTTON

EL2A13H1

Fig 2

b4 46 o

ol ol o o b o ol ol ol o

EL2A13H2
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Name the internal parts of an automatic star-delta
starter indicated in Fig 2.

Read the power and control diagrams (schematic) in
Fig 3.

Draw and complete the connections in Fig 4 for power
circuit only conforming to Fig 3 (i.e connection be-
tween supply, contactors, overload relay and motor
terminals).

Draw the connections of the control circuit on the
diagram provided (Fig 5) for automatic star-delta op-
eration. Observe the sequence indicated in the sche-
matic diagram. (Fig 3)

Open the cover of the automatic starter and read the
circuit diagram given with it.

Check the working of the contactors with a multimeter
by manually actuating the contactor.

Mount the contactors, overload relay, stop and start
push-buttons on the T.W board.

10 Wireup the control circuit with the help of connecting

wires.

Usesinglestrand conductorsonly. Make proper
termination.

11 When separate contactors and other parts for an

automatic star-delta starter are not available, remove
the contactors, overload relay and the timer with the
starter and mount on a plain vertical board for easy
interconnections.

Fig 3
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The space available within the starter is very
limited and making connection consumes more
time, and is a special skill of panel wiring.

12 Label the contactors, star, delta and main.

13 Give supply control circuit and check for the logical
sequence of closing and opening contactors.

14 Call the instructor and get his approval to make the
power circuit connections of the star-delta starter.

15 Wire up the power circuit on the star-delta starter
according to the circuit diagram.

16 Read the name-plate details of the motor. Check the
suitability of the fuse for the motor to be connected.

17 Connect the motor to the 3-phase supply through the
starter.

18 Start the motor and observe the starting. Check what
speed the starter switches over from the star to delta.

19 Answer the statement.

PGTDW&EE : Wireman - Exercise 3.4.10

At what speed the switching over from star-y
connection to Delta connection happens?

a) above 70% of normal speed
b) below 70% of normal speed
c) at 70% of normal speed
Ifitis above 70% of normal speed reduce the time setting.

Ifitis below 70% of normal speed increase the time setting.

The turning of the set screw increases or de-
creases the gap between normal strip of timer
relay causing more or less time to actuate
contact mechanism.

20 Press the start-button again and check. There should
not be any effect in the motor running.

21 Disconnect the motor from the supply after opening
the ICTP isolating switch.
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment
Wireman - AC Machines Exercise 3.4.11

Connect, start, run & reverse the direction of rotation of a 3-phase slip ring
induction motor through rotor resistance starter

Objectives : At the end of this exercise you shall be able to

e read and interpret the name-plate details of a 3-phase slip ring induction motor

« identify the terminals of the 3-phase slip ring induction motor

« identify the parts of the rotor resistance starter, trace the circuit and investigate the operation

e connect the 3-phase slip ring induction motor through the rotor resistance starter, start and run the motor
e measure the starting and running currents and speed

e reverse the direction of rotation.

Requirements

Tools/Instruments Materials
¢ Trainees tool kit -1 No. ¢ PVC insulated, stranded aluminium cable
e Voltmeter MI (0 to 500 V) -1 No. 2.5 sq. mm. 660 V grade -15m.
e Tachometer 0 to 3000 rpm -1 No. ¢ PVC insulated, flexible cable 14/0.2 mm
e Ammeter Ml (0 to 20 A) -1 No. 660 V grade -2m.
e Megger 500 V -1 No. * Insulation tape -as reqd
Equipment/Machines * Glwire 8 SWG -10m.
e AC 3-phase slip ring induction motor
415V 5 HP -1 No.
« Rotor resistance starter complete
set suitable for 5 HP 415 V 3-phase
slip ring induction motor -1 No.
PROCEDURE
TASK 1. Connect the slip ring motor.
1 Record the name-plate details of the given motor and 3 Open, identify and trace the internal connections of the
the starter and enter them in Table 1. rotor resistance starter, draw the diagram and get it
TABLE 1 approved by the instructor.
Name-plate details of the rotor resistance starter Fig 1 gives the generalised circuit diagram of a
rotor resistance starter. Compare it with the
1Y = 1 PR . S .
traced out diagram. This is for your guidance
Type, MOAEI ..o On|y_ There may be variations in the practica|
Serial Number ..........c.ccccocvuee.... Rating.......ccccoveveunne. circuit.
Function ...............coo. Alternator/Motor ................... 4 Select the ICTP switch, cables and fuse wire accord-
Types of connection ... .................. HP/KWI/KVA......... ing to the rating of the motor.
Rated VOltage ............ volts. Rated current..... amps 5 Drawthe Circuitdiagram Connecting the |CTP, starter,
Speed .....ccceevennn. rpm Frequency................. Hz rotor resistance and the motor and get it approved by
Power Factor .............. Excitation/Rotor voltage........ the Instructor.
Insulation class Protection class 6 Connect double earth independently for the main
""""""""""""""" switch, starter and the motor. (Use GI wire No.8 SWG

2 Identify the terminals of the 3-phase slip ring induction as earth wire.)

motor terminals. 7 Connectthe motor, starter, main switch, meters as per
the approved diagram and get it checked by the
Slip ring terminals can be identified by check- instructor.

ing the continuity from terminals to slip ring.

8 Check the supply and provide proper rating fuses in
the main switch according to the motor rating.

134



Fig 1

OFF

4 ON AND HOLD

5 PRESSED
F—TILL THE ROTOR
6 RESISTANCE IS
COMPLETELY
CUT OFF

RUNNING POSITION

STARTING POSITION

ROTOR RESISTANCE
STARTER

CIRCUIT DIAGRAM OF THE ROTOR RESISTANCE
STARTER WITH ICTP SWITCH & MOTOR

To start and run the motor

9 Keep the rotor resistance starter handle in (cut in) the
starting position of the rotor resistance.

16 Tryto startthe motor when the rotor resistance handle
is in running position. Referring to Fig 1, the motor
starts only when the rotor resistance handle is in the
starting position. The motor will not start in any
intermediate position or in the running position.

Investigate the following:

i Whether the motor could be started when rotor resist-
ance handle is at running position.

i Whether the motor could be started when the rotor
resistance handle is at intermediate position between
starting and running positions.

i Whether the motor could be started when the rotor
resistance handle is at the starting position.

Write your conclusion.

17 Switch OFF the ICTP and make sure the supply is
disconnected and the fuses removed and keptin safe
custody.

18 Interchange any two of the line wires either in the
starter terminal as shown in Fig 2a or in the motor
terminals as shown in Fig 2b.

‘Cutin’ position of rotorresistancein generalis
indicated in the starter as ‘starting position’ or

‘off position’.

10 Press the start push- button of the starter. While
pressing the start push-button slowly move the handle
of the rotor resistance from the starting position to-
wards the running position till it settles down at ‘run’
position.

11 Note down the reading of the voltmeter, ammeter at
the time of just starting and normal running positions.
Record it in Table 3.

12 Release the pressure from the start push-button.

13 Note down the direction of rotation. The direction of
rotation is

14 Measure the speed and enter in Table 2.

15 Pressthe ‘OFF’ button of the starter to stop the motor.

Fig 2
9 Ly Ly Lg

{

2
I
I
I
I
L

Change either the outgoing cable of ICTP or
incoming cables of the starter whichever is
easier.

19 Replace the fuses, switch ‘ON’ the mains and run the
motor, observe and record the direction of rotation.
The direction of rotation is

20 Stop the motor, switch ‘off’ the mains, remove the
fuses and disconnect the cables.

TABLE 2

SI.No. | Line voltage in volts

Starting current in amps

Running current in amps Speed in rpm.
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment
Wireman - AC Machines Exercise 3.4.12

Connect, start & run 3 phase squirrel cage induction motor through an auto-
transformer starter

Objectives: At the end of this exercise you shall be able to

e connect a 3-phase induction motor with an auto-transformer starter

e start and run a 3-phase squirrel cage induction motor by auto transformer starter
* change the direction of rotation of the motor.

Requirements

Tools/Instruments Materials
« Trainees tool kit -1 No. « Contactors 415V AC with 240V operating
¢ Multimeter -1 No. coil voltage
¢ Insulation tester, 500 V -1 No. 16A - 3 power circuit contacts - 4 Nos.
; . 2A - 4 auxiliary change over contacts - 4 Nos.
Equipments/Machines : .
quip ¢ Delay timer relay, 240V AC, operating
e Auto-transformer starter 3-phase coil with 1 or 2 normally open contacts - 3 Nos.
440V with fixed tapping -1 No. « Connecting cable copper 1.5sq.mm for
¢ Three-phase squirrel cage induction control circuit -10m
motor 415V, AC, 3KW/5HP - 1 No. » Power cable single strand 2.5sq.mm copper- as reqd.
PROCEDURE
1 Check the insulation and continuity of three-phase
induction motor. Fig 1 415/240 V, 3/N/PE ~ 50Hz
2 Check the earthing connection for its effectiveness. 3
w
3 Trace the diagrams Fig 1 and Fig 2. What are the N—— T
indications of the following symbols in the diagram? rraf] [ [
2 (2 |2
1 3 |5
Fig 2 N !
9 R “ 2 14 |6 K2j1\3\5 K3¢1—\Ii\15 K4ﬁi\13\15
Y e 1 13 |5 2 [4 |6 2 [ |6 2[4 |6
5 J—J—; -
214 [ow M [[5~~n8 15 ~8, 50
=f] 00 [= AN s E@
D S G \ J S EPN TAA2 1] |
X s 2 hl
B, tf 77,ﬁ,§ - -
AUTO TRANSFORMER
By #77 LI ‘EZ a) POWER CIRCUIT
H
T @
jwi TRANGFORMERS % wal 113 KT L7 ‘ Kka f41
g 22 17 K3V 14 41 M8 13 P2
s K?;{xm K3f,, K4\,
4 Draw the power lines connecting the contactors, auto- i ka\or
transformer and motor for sequential operation in | 1 A A
Fig 3. A2 pgl:’Az Kot A2 KalA2 KT A2 _
5 Mark the different terminals of contators correspond- 2
. . . . b) CONTROL CIRCUIT <
ing to the actual panel provided as shown in Fig 4. s
6 Draw the control circuit connections including timer Get the circuit checked by the instructor be-
and overload trip for sequential operation in Fig 3. fore proceeding.
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Make connections as per diagram.
Switch on S,. Switch on the contactor.

Check when the full voltage to the induction motor is
given by the auto-transformer.

10 Measure RPM of the induction motor.
11 Switch OFF the contactor and then the S,.

Fig 4
M) Fy
@ K

(4) K5T

() Sp —

P

WM2A19H4

Fig 3

o o

WM2A19H3
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment
Wireman - AC Machines Exercise 3.4.13

Connect a single phasing preventer to run a 3-phase induction motor and test
for its operation

Objectives: At the end of this exercise you shall be able to

« refer to the manufacturer’s data of the single phasing preventer
e trace the connection diagram

e draw the wiring connection

 test the operation of the single phasing preventer for its function
e check for visual faults

« identify the stage of fault with the help of meters

« identify the faulty components and replace them.

Requirements

Tools/Instruments e Starter 3-phase, DOL type -1 No.
. Cutting plier 200mm - 1No. . Smgl_e phasing preventor (voltage
. sensing) -1 No.
e Screwdriver 150mm - 1 No. : .
. ¢ Single phasing preventor (current
*  Connector screw driver 100mm - L No. sensing suitable for the above motor) -1No
« Voltmeter M.I. 0-500V - 1 No. 9 '
e Multimeter - 1 No. Materials
* Testlamp 100W 240V - 1No. « PVC insulated aluminium cable
Equipments/ Machines 2.5 sg.mm. 650V grade - as
. . reqd.
¢ Three-phase induction motor
3.6 KW, 415V - 1 No. Rheostat 8A/50 ohms -1 No.
PROCEDURE

TASK 1: Connect and test a Single Phasing Preventer (S.P.P.) voltage sensing type/current sensing type.

1 Refertothe manufacturer’'s dataandrecordthe details

in Table 1. Fig 2
TABLE 1 o
i Manufacturer/Make............. - LY I"
i TYPE oo ts—t* e L Y
i Supply voltage ........... Phase............ Hz ......... Lj—Lo Ly =~ N
iv Serial No ............ E A A = §
v Connection ...... Voltage sensing/Current sensing 4 Trace the control circuit of the starter which is con-
— ) nected to the relay contact of the single phasing
2 Drawthe wiring diagram as given by the manufacturer. preventer and draw in the circuit. The control circuit

diagramin Fig 3 is given for your reference. Compare

3 Fig 1shows the wiring diagram for the current sensing the traced circuit with the manufacturer’s diagram.

type single phasing preventer and Fig 2 shows the

wiring diagram for voltage sensing type single phasing 5 Connect the single phasing preventer as per the
preventer. The figures are given for your reference. manufacturer’s leaflet/diagram.
_ 6 Provide proper earth connections to the motor, starter
Fig 1 p— and single phasing preventer.
. L g i " 7 Show the connection to your instructor and get his
A 3 approval.
P e —. z L, SPP V
LN = -~ Ly u < 8 Switch on the power supply and operate the ‘ON’
. A A A < button of the starter and observe the working of the
g motor as well as the indication on the single phasing
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Most of the single phasing preventers will
operate only one particular order of phase
sequence of the supply system. If the phase
sequenceisnotcorrect,the phasefailurerelay
will not energise even under normal operating
conditions.

If the phase failure relay does not energise
under normal operating condition,interchange
any two of the incoming supply leads to the
single phasing preventer to correct the phase
sequence.

RESULT

Strike off the sentence which is not applicable.

Motor starts and works normally / starts but does not hold

on / does not start at all.

Indicating lamp of single phasing preventer is off / on

indicates fault / OK.

9 Verify the proper working of the single phasing

preventer by simulating a single phase condition ei-
ther by removing a fuse in one of the line or by
disconnecting one wire connected to the single phas-
ing preventer.

Fig 3

7‘ CONTROL
CIRCUIT OF
| DoL STARTER

|

I

I

|

|

I

I

|

| ¢——+0 , FROMN/O

| | CONTACT OF S
| ° P PREVETOR
|

|

I

I

|

|

I

I

|

WM2A16H3

CONNECTION OF SINGLE PHASING PREVENTOR WITH DOL STARTER

RESULT

By simulating the single phasing condition the starter trips
/ does not trip.

TASK 2: To test the Single Phasing Preventer (S.P.P.) for its operation if the three phase supply is unbalanced

Assumption: The single phasing preventer is
provided with an accessible preset adjust-
ment for operation. No adjustmentis possible
if the single phasing preventer is permanently

adjusted and epoxy sealed.

1 Open the cover of the single phase preventer and
identify the potentiometer for unbalanced settings by
referring to the manufacturer’s leaflet/ instruction on
the cover.

Connectthe single phasing preventer in proper phase
sequence with a suitable rheostatin one line as shown
in Fig 4 or 5 depending upon type of single phasing
preventor.

Fig 4

RELAY
CONTACT

e

CONNECTION OF VOLTAGE OPERATED SPP

ot SPP al
Z0 LiL Ly | =
ok
i 2o
LN w w
PN \ ) v v/ M
b2 ‘ ! —o— |U 37
Li— — ﬁ—” U

WM2A16H4

3 Keeptherheostatin the cut out position and switch on
the power supply, motor starter and ascertain the
motor single phasing preventer and the starter func-
tions normally.

4 Measuretheline voltages across each line and record
the same.

i Voltage betweenLlandL2..............

i Voltage betweenlL2and L3 ..............

i Voltage betweenL3and L1 ..............

Fig 5
- RELAY
g 5 CONTACT
8 I
T |9 S r‘
L3 h\J\\ o I e >
\ [ v L v M
Ly — T == sPP
L . M ~—u Ly 5 37
L = I
CONNECTION OF CURRENT OPERATED SPP %
5 Simulate an unbalanced condition by varying the rheo-

stat gradually until the single phasing preventer trips.
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Thesingle phasing preventer requires above5
to 10secondsfortripping after theunbalanced
condition is established.
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6 Measure the line voltages across each line in unbal-
anced condition at which the single phase preventer
trips and record the same.

i Voltage betweenlLland L2 ..............
i Voltage betweenlL2and L3 ..............
i Voltage betweenL3and L1 ..............

Normally a single phasing preventer trips at
about 5 to 10% variation in unbalanced line
voltages.

TASK 3: Troubleshooting of single phasing preventer

Assumption: The instructor will provide a de-
fectivesingle phase preventer or create simple
fault for troubleshooting.

1 Collect the name-plate details of the given single
phasing preventer and enter the same in Table 2.

TABLE 2

Mechanical / Current sensing / Voltage sensing

Make ................. Type ...covvveens SILNO ...
No. of phase ......... Voltage ......... Frequency ......
KW .....coooo...

2 Trace the connection details and investigate the func-
tional features of the single phasing preventer.

3 Inspectthe single phasing preventer for visual defects
like charred terminals / deformation of leads / de-
colouration due to excess heating, insulation burn out,
smell etc.

Visual observation
Single phasing preventer OK/ Not OK.

4 Measure the continuity where ever possible like trans-
former, relay contacts etc.

RESULT
Continuity OK / Not OK

5 Measure the insulation resistance between the termi-
nals and ground connection.

RESULT

Insulation resistance OK / Not OK

7 If a single phasing preventer has to be adjusted for
some other unbalanced voltage, operate the preset
adjustment.

Frequent adjustment of preset resistor may
cause loose connection of the preset and re-
sult in erratic function of the single phasing
preventer.

6 After the inspection and initial test results are OK,
connectthe single phasing preventer in the circuitand
test for normal working.

RESULT
Single phasing preventor OK /Not OK.

7 Ifthe single phasing preventer is not working. Check
for phase sequence.

RESULT
Phase sequence OK / not OK

8 |If the single phasing preventer is not working with
proper phase sequence measure the terminal voltages
both at input and output where ever possible.

RESULT
Voltages balanced / unbalanced / Not OK.

9 If the voltages are not OK trace and rectify. If the
voltages are unbalanced adjust the preset check the
function.

10 If the voltages are OK, trace and check the control
circuit.

11 When the control circuit is OK, test the starter con-
nected with the single phasing preventer.

RESULT
Starter control circuit is OK/Not OK

12 Write your conclusion about the defects and rectifica-
tion carried out in the S.P.P. circuitry.
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment
Wireman - AC Machines Exercise 3.4.14

Measure the slip of 3-phase squirrel cage induction motor by tachometer for
different output. Draw slip/load characteristic of the motor

Objectives: At the end of this exercise you shall be able to

select suitable instruments from the name-plate details of the motor
measure the speed of the induction motor using a direct reading tachometer
load the induction motor mechanically

determine the slip from the actual speed

calculate the output of the induction motor

draw the graph of slip/load characteristics.

Requirements

Tools and Instruments Materials

» Tachometer - multi-range 300, + Graph sheet -1 No.
1000, 3000, 10000 rpm -1 No. e ICTP switch 16A, 415V -1 No.

* Ammeter MI, 0 - 10A -1 No. + Connecting cables - as reqd.

* Voltmeter MI, 0 - 500V -1 No.

*  Wattmeter 500V 10A - 2 Nos.

Equipment/Machines

» 3-phase squirrel induction motor

3 HP 415V 50 HZ -1 No.

* Brake loading system -1 No.

» DOL starter 10A 3 phase - -1 No.
PROCEDURE

4 Measure the radius of the brake drum (R_) and thick-
ness of belt (R,) and record in Table 2.

5 Switch 'ON’ S.

1 Recordthe name-plate details of the motorin Table 1.
2 Make the connections as per diagram. (Fig 1)

3 Check the supply for the rated value. Start the motor on no load.

Fig 1
HAND WHEELS

SUPPORT

Sg SPRING
BALANCE
SLACK

>)—=— S; SPRING
BALANCE
TENSION
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—— BRAKE

DIRECTION OF DRUM

ROTATION

|
|
10A 500V,10A 1
Wy
o [T
T~ — s }
\
7 | T
N |
%% éz ‘ — :
fe ST
AN |
AL ‘ E 500V
SR — R
/AR
/W, I
500V,10A §
q
w
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TABLE 1
Name-plate details

Manufacturing Co.

Machining type

Serial No. Connection
Voltage Phase Frequency
Current Output kW/HP
Power factor Speed
TABLE 2
S, R=R +R Speed sii S, spring_ S, spring S-S,
No. P balance tension balance slack
(W1 +W2)
1
2
3
4
TABLE 3
W, +W,) T=R(S,-S,) BHP = 2rNT/4500
1
2
3
4

7 Measure the speed by a tachometer and apply the
formula to calculate the slip at no-load and record in
Table 2.

synspeed (Mg )-act speed (M)

syn.speed (Mg)

slip =

. - N
N s
8 Load the motor with brake to about 25%, 50%, 75% &

100% of full load and record the readings of W, + W.
in Table 3.

i.e s=

2

The sum of the readings W, & W, of wattmeters will
provide guidance to determine the load condition.

9 Measure at every load the spring balance readings,
and the speed, and record in Table 2.

10 Calculate the BHP applying the formula for each load

condition.

BHP = 2rNT/4500

where T=R (S, - S,) kgm
R = Radius of pulley + thickness of belt in metre
N = speed in rpm

11 Draw the graph of the slip/load characteristics.

Conclusion:

Why does the speed decrease? Give your response

The slip with the increase in load (output) on a squirrel cage induction motor.
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment
Wireman - AC Machines

Exercise 3.4.15

Determine the efficiency of 3-phase squirrel cage induction motor by no-load
test & blocked rotor test

Objectives: At the end of this exercise you shall be able to

« conduct ano-load test for a given 3-phase squirrel cage induction motor
« conduct blocked rotor test for the above 3-phase squirrel cage induction motor
« determine the constant losses and copper loss at full load.

Requirements

Tools and Instruments

Equipment/Machines

* Voltmeter MC 0-30V -1 No. « 3-phase squirrel cage induction motor
«  Ammeter MC 0-2.5A -1 No. 415V, AC, 50Hz, 3 HP - 1 No.
«  Ammeter Ml, 0 - 2A -1 No. e DOL starter 415V, AC, 50Hz, 3 HP -1 No.
«  Ammeter MI, 0 - 10A -1 No. ¢ 3-phase auto-transformer Y input
. Wattmeter 500V, 1A/2.5A 415V, output 0-500V 3 KVA -1 No.
low power factor -2 Nos. ¢ Lock bar/locking arrangement -1 No.
. Wattmeter 125/250V, 10/5A multirange - 2 Nos. * DC power supply 0.30 VDC - 1 No.
* Voltmeter MI 0 - 500V -1 No. Materials
*  Voltmeter MI, 0-75, 150, 300V multirange - 1 No. .
» Connecting cables - asreqd.
» ICTP switch 16A, 500V -1 No.
PROCEDURE TABLE 1
TASK 1: Conduct No-load test Input voltage | Power input No-load
W, = (W, +W,) current I,
1 Record the name-plate details of the induction motor
in Table 2.
2 Collecttheinstrumentsto connectthe circuitas shown
in Fig 1.
3 Make the connections as per circuit diagram shown in
Fig 1.
4 Check the supply for the rated value and switch ‘ON’ 7 Switch ‘OFF’ the supply and disconnect all connec-
the ICTP. (S,) (Ifthe value is not correct adjust by auto tions of the meters, and the motor.
transform) 8 Checkthe connections of the 3-phase supply leads to
5 Start the motor without any load. the motor terminals. If six terminals are available
6 Read and record the wattmeter, ammeter and voltme- identify each phase winding.
ter readings in Table 1.
Fig 1
AUTO-TRANSFORMER
3-PHASE 415V INPUT
STAR CONNECTED
0-500V OUTPUT, 3kVA WATTMETER
™ DYNAMOMETER
ICTP 500V, 16A — 400/500V, 1A/2.5A
S, E 2A
T° \\\ = ‘ %\_ ‘ /;\\ MM INDUCTION
| D = ] eron saume.
3 } 500V L il
< | F
> o [ — M [ S @
g | T
2 | A
B ! R
% | ] ‘ ‘ I
15 3 %\_ R N
B .,
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TABLE 2

Manufacturer's Name
Voltage

Current

Power factor

Connection
Starting current

Phase
Speed
kKW/HP
Rating

9 Measure the resistance of the stator using DC low
voltage supply, ammeter and voltmeter. Record the
reading in Table 3.

TABLE 3
DC supply | Ammeter Resistance of
voltage reading stator(one phase)

10 If the motor has only 3 terminals, and the internal
connections are marked on the name plate, make
calculations as below.

For star connection

1

Resistance per phase Ry = ® ol

NI <

Therefore Rp =
For Delta connection

\
Resistance between two terminals R = T

TASK 2: Blocked rotor test

1 Collect the instruments to connect the circuit as per
diagram, Fig 2.

2 Make the connections as per circuit diagram, Fig 2.

Keep the auto-transformer at zero output
voltage position.

Let the resistance per phase = R,
R =R, 1 2R, (R, is parallel

with 2R.)
1 1 . 1
'* R 2R. R:
3
R =—R
P 2
CALCULATIONS
The no-load input (W):
W, = No load copper loss = (IzothP) x3
(Ioph =no load phase current)

For star connected motor Io = Ioph

o

For delta connected motor 12Oph =

&l

The losses at no load are

» I?Rloss in the stator winding

e Core losses in the stator and rotor
« friction and windage losses

Core losses and friction and windage losses practically
remains constant in induction motor

Constant losses = W_ - (I ,)?R x 3.

oph

Switch on ICTP 'S’

4 By holding motor shaft firly increase the output of the
auto-transformer voltage gradually, watching the am-
meter, till the current is equal to full load current.

5 Read and record the wattmeter, voltmeter and amme-
ter readings in Table 4.
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Fig 2
AUTO-TRANSFORMER
3-PHASE 415V INPUT
STAR CONNECTED
0-500V OUTPUT, 3kVA

Try

WATTMETER
DYNAMOMETER
400/500V, 1A/2.5A
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TABLE 4
Input voltage | Power input Blocked
current
\ W I

Calculation

Wattmeter reading = full load I2R loss.

= 313R,
where R = Resistance of stator winding
per phase
12R at No load ==31ZR,

Magnetic losses = No load input — copper loss.

Total loss = fullload I°R loss + Magnetic loss
= Block rotor wattmeter reading
+ Magnetic losses
o Clutput
Efficiency = Tnput

Determine the efficiency of the motor at full load.

Constant losses

= Copper loss at full load = 3 I%Re watts
where R, — equivalent resistance/phase
I, — full load current/phase
Copper loss at full load = watts.
Input
=3 V I Cosh = watt.
Total losses = constant losses + copper loss
Therefore, efficiency =

6 Find the efficiency when the input current is 0.7 full
load and p.fis 0.8.

CONCLUSION
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment

Wireman - AC Machines

Exercise 3.4.16

Test & identify the terminals of athree-phase alternator and measure insulation

resistance

Objectives: At the end of this exercise you shall be able to

e read and interpret the name plate details of the given alternator

« identify the terminals of alternator

¢ measure the insulation resistance values of windings.

Requirements

Tools/Instruments

Equipments/ Machines

e Trainees tool kit -1 No. e 3-phase alternator 3.5KVA
¢  Ohmmeter -1 No. 415V, 50 Hz -1 No.
* Megger 1000V -1 No.

PROCEDURE

1 Open the inspection cover of the slip rings in the Field winding resistance ......... Q

alternator count the number of slip rings.

For a 3-phase rotating armature type there will
be four slip rings. For rotating field type there
will be two slip rings.

Remove the terminal box cover in case of a
rotating armature type alternator.

Thefieldwinding resistance depends upon the
rating of the alternator.

5 Mark these field terminals as F, and F.,.

In case of rotating field type alternator.

2 Conductthe continuity to identify the AC output termi-
nals of the alternator by touching the slip rings and
terminals with the leads of the ohmmeter, as shown in
Figure 1.

Fig 1
SLIP RINGS

HEiR]

0,0 o

o o o

A

TERMINAL

WM2A13H1

6 Conductthe continuity test between the slip-rings and
terminals by using ohmmeter.

7 Markthose terminals showing continuity with slip rings
as F, and F, which are the field windings.

Fig 2
REMAINING
FOUR TERMINALS

1. 2 3 4
0O o0 o o

WM2A13H2

3 Mark the terminals having continuity (zero ohms)
between the slip rings and terminals as L, L,, L, and
N (star point) (for neutral terminal identification follow
the step 8).

4 Conduct the continuity test for the remaining two
terminals which are from the field winding. Measure
the resistance of the field winding and note down the
value.

146

To identify the neutral from the remaining four
terminals.

8 Measure the resistance between pairs of terminals as

shown in Figure 2 and Table 1.

TABLE 1

Pair of terminals Resistance in Ohms

1-2

1-3

1-4




Result

Compare the above measured values. Consider the low
value. Say forexample 1-2. Thenterminal 2isthe neutral
terminal. Markitas N. Mark the otherterminalsasL,, L

12
L,

Conducttheinsulationresistancetestbetween
field winding and body also between L, L,, L,
and body. Record the values in the Table 2.

TABLE 2

Insulation resistance
In Mega ohms

Between

L1 & Body

L2 & Body

L3 & Body
F1&L1,orL20rL3
F1 & Body

The above measured insulation resistance values should
be greater than 1 mega ohm.

Name plate details

Read the name-plate details of the given alternator and
record the same in Table 3.

TABLE 3

Manufacturers Name .......ccoccoeeeeeiiiiiiiieieeeeeenn.

Volts/phase........... Vv Current....... ........ A
No. of Phases......... Frequency .......... Hz
KVA e Power factor ...........
RP.M. ... Connection.............
SL.NO.......ooeeen,

Excitation

AV/ o] | £ T \% Type
Current................ A
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment
Wireman - AC Machines

Exercise 3.4.17

Connect, start, run a three-phase alternator (MG Set) and build up the voltage

Objectives: At the end of this exercise you shall be able to

e connect the alternator and run at its rated speed
< build up the voltage to its rated value.

Requirements

Tools/Instruments

* Trainees tool kit -1 No.
¢ MC voltmeter (0-100V) -1 No.
¢ MC Ammeter (0-1A) -1 No.
¢ Ml voltmeter (0-500V) -1 No.

« Frequency meter (45-55Hz)(415V) -1 No.
e Tachometer, 0 - 3000 rpm -1 No.

Equipments/ Machines

Alternator 3.5 KVA 3-phase 415V,
50Hz coupled with DC shunt motor 5HP

with 3-point starter, suitable DC source - 1 No.
Materials
¢ Rheostat - 500 Q, 1A - 2 Nos
e Connecting leads - asreqd.
« Knife switch DP - 250V, 15A - 2 Nos

PROCEDURE

1 Readthe name plate details of the given alternator and
record the same in Table 1.

TABLE 1

Manufacturers Name ..........ccccceeeeviiiiieeee s,
Volts/phase.............. \% Current................. A
No. of Phases.......... Frequency............ Hz
KVA e Power factor .........
RPM...oiiiiiienene Connection............
SL.NO...ooeeiiiiiieee,
Excitation
VOItS ..o \% TYPE e,
Current................... A

Make the connections as per circuit diagram shown in
Fig 1.

Close the switch S1 and start the shunt motor keeping
its field rheostat (R1) in cut out position.

Adjust the speed of the shunt motor to the alternator’s
rated speed by operating the rheostat R1. Measure
the speed using tachometer.

Observe the terminal voltage for zero excitation cur-
rent and record in Table 2.

Close the switch S2 and adjust the excitation current
from zero to rated value in 8 steps.

148

Excitation currentshould notbeincreased more
than the desired value.

Fi
n

g1

I!L*7'S1

I

STARTER

MI
500V

45-55Hz

GS = ALTERNATOR 3PH. 3kVA, 400V
M =DC MOTOR SHUNT 250V 5HP
R4 ,R, =SUITABLE TO THE CURRENT RATINGS OF FIELD
S, ,S, =KNIFE SWITCH DP 30A, 250V

WM2A14H1

Observe and record the terminal voltage for each
setting of excitation current in Table 2. Observe the
frequency at the rated terminal voltage and verify the
value with name plate detail.

Calculate the phase value of voltage

Y
Voh = T; and complete the table.




TABLE 2

A graph may be plotted with excitation current
on X-axis and phase voltage on Y-axis using the
above values. This curve shows the Open Cir-
cuit Characteristics (0O.C.C.) of the alternator.

Sl. |Excitation current | Terminal Voltage per
No.| I.Amps VoltageV | phase V
1
2
3
4
5
6
7
8
9
10
RATED SPEED . RPM
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment

Wireman - AC Machines

Exercise 3.4.18

Load the three-phase alternator and determine its voltage regulation at various

types of load (UPF & LPF)

Objectives: At the end of this exercise you shall be able to

e connect and run the alternator at its rated speed

e build up the voltage and frequency to its rated value
¢ |oad the alternator with resistive and inductive loads

e determine the voltage regulations at full load.

Requirements

Tools/Instruments

« Trainees tool kit - 1 No.
¢ MC Ammeter (0-1A) - 1 No.
¢ Ml Voltmeter (0-500V) - 1 No.
e MI Ammeter (0-10A) - 1 No.
e Frequency meter (45-55Hz) (415V) - 1 No.
* Power factor meter (2-element) - 1 No.
e Tachometer - 1 No.
Equipments/ Machines
¢ Alternator 3-phase 3.5 KVA 415V,

50Hz coupled with shunt motor 5 HP

with starter - 1 No.

e Water rheostat /load - 3-phase -1 No.
¢ Induction motor - 3-phase 415V 5 HP

with brake loading arrangements -1 No.
Materials
¢ Variable resistor 500Q 1A -2 No.
« ICTP switch 500V, 32A -1 No.
¢ Kbnife switch 250V, 15A -2 Nos

PROCEDURE

1 Make the connections as per circuit diagram shown in
Figure 1.

Fig 1
N

—7s,
3-POINT
STARTER

O +
DC BUS BAR’\_>

WM2A15H1

2 Keepthe switches S,and S, open. Keep the rheostat
R, in cut in position. (maximum resistance inserted in
field circuit).

3 Close switch S, and start the DC shunt motor through
the 3-point starter with R, in cutout position.

4 Adjust the speed of the motor by operating R, to the
rated speed of the alternator. Measure the speed
using tachometer.

5 Close S, andincrease the excitation current and build
up the voltage to the rated value as per name plate
detail.

150

6 Close the switch S, and increase the load (water
rheostat) gradually up to the rated full load current.

7 Measure andrecordthe terminal voltage, power factor
at full load current in Table 1.

8 Switch off S, and measure, record the terminal phase
voltage at no- load.

9 Calculate the voltage regulation at full load unity PF by
using the formula

\Y, V

No load ~ " Full load

% Voltage regulation = x 100

VFuII load

Inductive Load (Lagging PF)

10 Disconnectthe water rheostat load and connect the 3-
phase squirrel cage induction motor, with brake load-
ing arrangements.

11 Keep the brake load minimum and close the switch S,
Gradually increase the load on motor by operating the
brake arrangementtill the full load currentis delivered
by the alternator.

12 Measure and record the terminal voltage, power factor
at full load current in Table 2.

13 Switch off S, and measure, record the terminal phase
voltage at no-load.




14 Calculate the voltage regulation at full load lag PF by

using the formula

% Voltage regulation =

TABLE 1

VNo load _VFuII load

X 100

Resistive load (Unity Power Factor UPF)

VFuII load

Terminal (phase)
voltage on full load

Terminal voltage
on No-load (phase)

Load currentin A

Load power factor

TABLE 2

Inductive load (Lagging Power Factor LPF)

Terminal (phase)
voltage on full load

Terminal voltage
on No-load (phase)

Load currentin A

Load power factor

15 Enterthe resultsin tabular column and compare them.

Type of load

% Voltage regulation

Resistive (UPF)

Inductive (LPF)
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment
Wireman - AC Machines Exercise 3.4.19

Connect the two 3 phase alternators in parallel by lamps and synchroscope
method and test it

Objectives: At the end of this exercise you shall be able to

e read and interpret the name plate details of the two 3 phase alternators

* synchronise the two 3 phase alternators by dark lamp method

e synchronise the two 3 phase alternators by dark and bright lamp method
e synchronise the two 3 phase alternators by synchroscope method.

Requirements

Tools/Instruments Materials

* Trainees tool kit -1 No. « TPIC switch 16A, 415V - as reqd.
* Voltmeter MI 0-500V - 2 Nos. « ICDP / Knife switch 16A, 240V -1 No.

* Frequency meter (45-50-55Hz) -1 No. « ICTP/Knife switches 16A, 415V -2 Nos.

+ Phase sequence indicator - 1 No. « 100W/240 V lamps - 6 Nos.

* Synchroscope - 1 No. ¢ Connecting wires - as reqd.

Equipments/Machinery

» 3 Phase alternators 5 kVA/415 V 50 Hz
coupled with prime mover(/adjustable

speed control) - 2 Nos.
* Rheostat 150 ohms/1A -1 No.
PROCEDURE

TASK 1: Read and interpret the name plate details of the alternators

1. Read and interpret the name plate details of the 3 2. Note down the details of alternators in Table - 1
phase alternators

Table 1

Name-plate details
Manufacturer, Trade Mark...........cccccovuvnneen. Rated frequencCy.........cccovvieiiiiiiiieeee e
Type, model or listnumber...............ccocoevene Rated poOWer..........ocovvvvviviiiiiiieiee e, kW/HP
Type of CUMTENt......ccooviiiiiiieiii e, RaAtiNg ClasS.....cccovvuiiiiiiiiiii e
Function.........ccccceeviiiee Alternator INSUlatioN ClaSS.......eveeeiieeeiiiiieee e
Fabrication or serial number..............ccccce..... Rated current............ccooevivevvviiiiiiicennn, amps
Type of conNection...........cccceveeeiriiieiee i, Ratedspeed........ccccovuiiiiiiniiiiieiiiienee r.p.m
Rated exc. current .............ccovvvvvvnnnne amps Ratedexc.Voltage.........ccccccvvvvvviiieinineneenn, \%
Ratedvoltage..........cccccevviiiiiiiiniiiee, volts Protection Class.........cuvvveiiiieiie i
Direction of rotation..............coooeviiiiiviiiennen.
The voltage rating of two alternators must be same. Rating of alternators (kVA), not necessary must be
same. The load can be shared according to the rating of alternators.
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TASK 2: Synchronise the two 3 phase alternator by dark lamp method and test it.

For connecting two alternators in parallel they
must fulfil the following conditions

1 Terminal voltage of both the alternators
must be same

2 Supply frequency of both alternators must
be equal

3 Phase sequence of both the alternators
must be ideal

While connecting the alternators, care should
betaken, that corresponding phase lines must
be connected of both alternators. (i.e.) 1st al-
ternatoris connectedto L1, L2 and L3 then the
2nd alternator must also be connected to same
L1, L2 and L3.

Check the phase sequence of the main bus bar line
by using phase sequence indicator/meter

Connect and set the arrangement of incoming alter-
nator and outgoing alternator with prime mover
coupled, TPIC main switch, voltmeters and frequency
meters and lamp connection in series as in Fig 1

Keep the main switch of incoming alternator - 1 in
closed position after ensuring the phase sequence
are correct

Keep the main switch of alternator - 2 in opened
position.

Start and run the first alternator and build up the rated
voltage

Measure the line voltage between phases their
measure the frequency and note down the readings
of voltmeter and frequency meters in Table - 2

Fig 1
L1 U

ZSEQE\E L2 \/ TOLOAD
L3 W

3~
ALTERNATOR

—

INCOMING ALTERNATOR -1

PARALLEL OPERATION OF 3 PHASE ALTERNATOR BY DARK LAMP METHOD

L1

L2

ALTERNATOR

OUTGOING ALTERNATOR -1

EL3128H1
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Table - 2

S. No. | Voltage reading inVolt | Frequency in Hz
1 L1-L2 L1-L2
2 L2-L3 L2-L3
3 L3-L1 L3-L1

7 Start, run and build up the rated voltage

8 Measure the line voltages and frequency in alternator
2 and note down the readings in Table - 3

Table - 3
S. No. | Voltage reading inVolt | Frequency in Hz
1 L1-L2 L1-L2
2 L2-L3 L2-L3
3 L3-L1 L3-L1

9 Look at the condition of the two lamp.

10 Adjust the field excitation current in the alternator 2
and bring the voltage to the same value of the alter-
nator 2.

11 Look at the condition of lamps brightness.

If the lamps are flickering still now, then the
frequency may not be equal, it must be brought
to same equal frequency value of alternator 1

12 Adjust the speed of the prime mover of alternator 2
and bring the frequency as same as in alternator 1

Now, all the lamps are bright and then become
dark at a time, it indicates all the conditions
are fulfilled for synchronising.

13. Close the main swich of alternator - 2 when all the
lamps are in dark condition.

Now the alternators are synchronised (parallel)
and ready for sharing the load

If the voltage and frequency are equal the lamps
will becomes dark and then becomes bright. If
the voltage and frequency of the both alterna-
tors are not same, the lamps will flicker.

14 Switch 'ON' common load for both the alternators

15 Check the loads are shared equally by the two alter-
nators

16 Get it checked with your instructor

TASK 3: Synchronise the two 3 phase alternators by dark and bright lamp method

1. Check the phase sequence of the main bus bar lines
by using phase sequence indicator

2. Connect and set up the arrangement of the alternator
- 1 and alternator - 2 with prime mover, TPIC switch,
lamp connection. (2 pairs of lamp are connected
across two phases, In one phase, the pair of the lamps
are in series with voltmeters and frequency meters

(Fig 2)).
3. Repeat the working steps from 3 to 8, in Task - 2
4. Note down the readings in table - 4 & Table - 5
Table - 4

Alternator - 4

Table -5
Alternator - 5
S.No. | Voltagereading inVolt | Frequency in Hz
1 L1-L2 L1-L2
2 L2-L3 L2-L3
3 L3-L1 L3-L1

5 Look at the condition of the lamps

If the voltage and frequency are equal then one

S.No. | Voltagereading inVolt | Frequency in Hz
1 L1-L2 L1-L2
2 L2-L3 L2-L3
3 L3-L1 L3-L1
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pair of the lamp will be dark and other two pair
will be bright

If the voltage and frequency of the both the al-
ternators are not same, then the lamp will

flicker not giving stand still lighting

10. If the voltage and frequency are not equal repeat the
steps from 10 to 12 of task 2and bring the same value
of voltage and frequency as in alternator - 1
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Fig 2

L1 U
e | V roton
Ls W
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ALTERNATOR

ALTERNATOR -1

DARK & BRIGHT LAMP METHOD

L1
L2

3~
ALTERNATOR

ALTERNATOR -2

EL3128H2

If all the condition are fulfilled, then all the
lamps will not flicker and one pair of the lamp
will be dark and other two pair lamps will be
bright at a time.

Now the 2 alternators are synchronised
(paralled) and ready for sharing the load

11. Close the main switch of alternator - 2 when the lamps

are bright condition

12. Switch 'ON' the common load for both alternators

13. Check the loads are shared equally by the two alter-

nators

TASK 4: Connect two alternators in parallel by using synchroscope

1
2

Collect the instruments as shown in Fig 3.

Connect the equipment and instruments as shown in
Fig .

Keep ‘open’ the bus-bar switch S, and
synchronising switch S,.

Start the incoming alternator with low excitation.

Close the bus-bar switch S, .

Onealternatoris connected to the bus-bar that
produces the rated V.

5 Observe the bus-bar voltage V, and incoming voltage

V..

2
Adjust the excitation of the incoming alternator till vV, =
V,. The voltage of incoming and exciting machine
should be equal.

Observe the pointer in the synchroscope.

Adjustthe speed ofthe alternator. Ifitisindicating fast,
reduce the speed of the incoming machine gradually
observing the synchroscope pointer.
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If it indicates slow, increase the speed of in-
coming machine slowly. The result should be
slow movement of the pointer to 0.

When the pointer comes to zero position very
slowly,thebulb behind thedial will glow bright.

Adjust the speed of the incoming alternator for mini-
mum oscillation of the synchroscope pointer.

10 Close the synchronising switch 'S, at zero, and the

steady position of the synchronising pointer.

When the two voltages of the incoming and
existing machines are the same in magnitude
and phase, synchroscope pointer will be at
zero.
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment
Wireman - AC Machines Exercise 3.4.20

Overhauling of AC motors

Objectives: At the end of this exercise you shall be able to

 test the motor for continuity and insulation

* run the motor and observe sound and mechanical vibrations
* mark the dismantling parts for proper re-assembling

remove the brushes and set them for proper seating on commutator

clean the motor and internal parts

varnish the windings

check the bearing and replace grease

re-assemble the motor and test it for proper working.

Requirements

Tools/Instruments Materials

« Trainees tool kit -1 No. Sheet metal tray for components - as reqd.

e Multimeter -1 No. Insulating varnish air drying-good

e Megger 500V / 1000V -1 No. quality - as reqd.

Equipments/ Machines White cloth - as reqd.

Kerosene oil - as reqd.

» Single-phase induction motor, Thinner (good quality) - as reqd.
capacitor start -1 No. Sleeves - as reqd.

» Single-phase series motor -1 No. Hair brush for cleaning - 1 No.

» Single-phase universal/split-phase/ Paint brush 25mm bristle -1 No.
capacitor run motor -1 No.

PROCEDURE

TASK 1: Dismantling AC motor

1 Place the motor on a clean, level and solid surface, Take out the carbon brushes, if the motor has any, to
e.g. workbench, concrete floor. avoid damages.
‘ Do not open the motor on a dirty floor. ‘ Open the nuts or screws using exact size spanners or
correctsize screwdriver. DONOT USE PLIERS. Ifthe
2 Clean the outside of motor to remove all dirt and dust screw and nuts are very tight, apply light hammer
with adry rag, cloth or brush. Removing grease using blows and soften with petrol or kerosene oil. (Fig 2)
some petrol or kerosene oil.
‘ Do not use water. ‘ Fig 2 -—
3 Markthe exact position of both the END SHIELDS and
the MOTOR FRAME with a sharp centre punch, scriber =i e
or a file. This will help maintain the true bearing E* - - -
alignment when reassembling. Observe the differ-
ence in marking at both end shields. (Fig 1) Y i\ g
Fig 1 s

END SHIELD MOTOR FRAME END SHIELD

WM2A20H1

Certain motors have through studs with nuts
on either side to fix the end shields with the
frame. After slackening the nut on one side it
may tend torotatefreely. Arrest freerotation by
holding the other nut with a spanner of proper
size. (Fig 3)
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Open END SHIELD on shaft extension side first. On
the opposite side very often the motor lead wires are
attached or the centrifugal switch is mounted.

Be careful - not to tear off the wires from the
motor winding - not to damage the centrifugal
switch.

Clean the inside of the motor carefully with com-
pressed air, rags etc or a small (new) paint brush with
some petrol or kerosene oil. Do not use too much
cleaning fluid directly on the windings as it may dam-
age the insulation.

Place all parts of the motor in a tray or box. Do not mix
the parts from other motors or tools.

TASK 2: Overhauling of AC motor

1 Readandfollowthe general procedure for overhauling
of motors recommended by the manufacturer.

Follow the steps given as the general guide for over-
hauling of motors, as recommended by the Bureau of
Indian Standards vide IS 900 - 1965.

a) Dismantle the motor without using excessive force
and without hammer blows. If possible, do not
open the cartridge bearing housings.

b) Clean every part free of dust, dirt, oil and grit using
ablower, compressed air hose, bellows or brushes,
and wash with petrol to which a few drops of oil can
be added, if necessary. Complete removal of
foreign matter is essential.

c) Check all parts for damage or wear, and repair or
replace as necessary.

d) Measure the insulation resistance and dry out if
necessary until correctvalue is obtained. Repair or
replace any damaged windings.

e) Re-enamel or revarnish all windings and internal
parts except the stator bore and rotor outer iron
surface; dry thoroughly.

f) Re-assemble without using any excessive force.

Make sure that the machine leads are on the
correct terminals and that everything is well tight-
ened.

g) Check the insulation resistance again.
h) Check the air gaps.

i) Put back to work after making all checks and
applying all rules as for initial starting.

Overhaul the given single-phase capacitor start mo-
tor.

Observe the functioning of the centrifugal
switch.

Note the conditions of contacts.

Repair or replace if

necessary.

4

Overhaul the given single phase series motor.

Exercise care while the commutator is under-
cut.

Overhaul any other type of single phase induction
motor.
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment
Wireman - AC Machines Exercise 3.4.21

Connect & test the single phase motor starter for proper protection of the motor

Objectives: At the end of this exercise you shall be able to

« identify and collect the parts of a D.O.L. starter

« assembletheD.O.L.starterwhen contactor overloadrelay, push-button stations and single-strand cables are
given in semi-knocked out condition.

e connect and harness the hook-up cable for control circuit.

« mount the D.O.L. starter, the main ICDP switch and connect the single phase induction motor

« earth the motor, the starter and the switch

« set the overload relay

* replace correct capacity back-up fuses

« start and stop the single phase induction motor through D.O.L. starter

e measure the starting and the running currents of the single phase motor

e measure the actual speed of the single phase motor.

Requirements
Tools/Instruments e D.O.L. starter 10 amps 240V with
« Combination plier 200mm - 1 No. ove:]losdttrela);, rtw_o—volt coil & N
+ Screwdriver 300mm with 4mm blade - 1 No. push-button station -+ No.
» Connector screwdriver 100mm - 1 No. (Instructoris requested to dismantle the contactor, over-
« Side cutting plier 200mm - 1 No. load relay and the internal connecting hook-up cables
» Electrician’s knife100 mm - 1 No. before giving the equipment to the trainees.)
«  Ammeter MI 0-20 amps - 1 No. Materials
* Voltmeter MI 0-300V - 1 No.
e Plumb bob with thread - 1 No. ¢ PVC insulated, single strand copper
e Spiritlevel - 1 No. cable 16SWG -0.5m.
e Tachometer 0-3000 r.p.m. - 1 No. ¢ PVC insulated, single strand copper
. . cable 18SWG -0.5m.
Equipments/ Machines . .
h ) . ¢ Machine screws 2 BA, 30mm long with
« Single-phase induction motor, 2 washers and one nut -4 Nos
1 HP 240V 50Hz capacitor start - 1 No. « ICDP switch 16A 240V -1 No.
PROCEDURE
1 Note down the name-plate details of the given AC 4 Record the name-plate details of the contactor and
single phase induction motor in Table 1. overload relay in Tables 3 and 4 respectively.
TABLE 1 5 Investigate and check the contactor input and output
Name-plate details terminals, auxiliary and main terminals, movable and
fixed contacts, no-volt coil, overload relay, their rating,
Manufacturer, Trade Mark — ......cccoeoveeieeeeennen. normally closed relay contacts and their operation.
Type, Model or listnumber —..........ccccceeeiiiiiinni, 6 Identify the connecting terminals for interconnecting

no-volt coil, main supply to control circuit, normally

Fabrication or serial number .........cccoeevvvvivevnnnnen. -
open auxiliary contacts.

Rated voltage ........... volts Rated current ........ amps ) ) )

7 Identify the mounting screw holes in the contactor

Rated power ........... k.w. Rated speed ......... r.p.m. overload relay and the corresponding holes in the

Insulation class ............ starter base box.

2 Collect the contactor unit, overload relay unit, stary ~ 8 Drawthe complete circuitdiagram forthe given D.O.L.
stop push_button unit, the necessary f|X|ng Screws, starter with overload relay, no-volt coil, ‘ON’and ‘OFF
hook-up cables, ICDP switch and D.O.L. starter base push-buttons.
and cover. For your guidance the following diagrams are given for a

3 List the items you received from your instructor in starter of a particular make. (Fig 1, 2, 3 & 4)

Table 2.
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Figl Base and cover of D.O.L.starter.

221
185
ol

105 103

Fig 1
(2 D ‘

Vs
A
E
e
\_

141 115

DIMENSIONS OF BASE AND COVER

WM2A21H1

Fig2 Push-buttons only.

Fig 2
LOCKING ARRANGEMENT

PUSH-BUTTON STATION

WM2A21H2

TABLE 2

List of items

9

Fig 3

PUSH-BUTTON

OVERLOAD RELAY

WM2A21H3

Fig4 Contactor with no-volt coil.

Fig 4

NO - VOLT COIL

WM2A21H4

CONTACTOR

TABLE 4

Overload relay

10

11

12

13

14
15

0 N o o A~ WDN B

9 Getthe diagram approved by the instructor.

10 Mount the accessories in the starter base box with the
help of mounting screws.

TABLE 3

Contactor

Do nottightenthe screws morethan necessary
astoo muchtightening of screws will break the

PVC casing of the contactor and OL relay.

11 Identify the place of connection of the hook-up cables
with the help of the approved diagram. Measure and
cutthe hook-up cables leaving allowance for harness-

ing.
12 Connect the hook-up cables according to the ap-
proved diagram.

13 Harness the hook-up cables such that the cables do
notinterfere with any moving mechanism of the starter.

14 Check up once again the complete connection of the
D.O.L. starter internal wiring.
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15 Get the wiring approved by your instructor.

16 Identify the holes in the starter base box for mounting
the starter on the wall/frame.

17 Mount the starter vertically on the wall/frame.

The position of the starter should be such that
the no-volt coil mechanism works properly,
taking advantage of the gravitational pull while
disengaging.

Use a plumb bob or spirit level to check the
verticality.

18 Connectthe main supply to the starterincoming termi-
nals through the ICDP Switch. (Fig 5)

A complete diagram showing the internal dia-
gram of astarter of aparticular make along with
I.C.D.P. and motor is given for your guidance.
You can replace the internal diagram of the
given starter in the place of the starter diagram
shown in Fig 5.

Fig 5

WM2A21H5

D.O.L STARTER FOR SINGLE PHASE MOTOR

19 Connect the starter outgoing terminals to the single
phase induction motor along with the ammeter and
voltmeter as shown in Fig 5.

20 Connectthe protective earthing continuity conductors
(two separate P.E. connections) to the motor and
starter case, ICDP switch and connect securely the PE
continuity conductors to the main earth. (Fig 5)

21 Note the full load current of the motor and set the
overload relay of the starter to that rating.

22 Provide a back-up fuse as recommended by the
manufacturer of the starter considering the horse-
power rating of the motor.

23 Get the main connections, earth connections, over-
load setting and the back-up fuse rating approved by
your instructor.

24 Switch on the ICDP.
25 Start the motor by the start (S,) button of the starter.

26 Read the ammeter for the starting current at the time
of starting and enter the value in Table 5.

27 Read the voltmeter and ammeter values when the
motor shows normal running and enter the values in
Table 5.

28 Measure the actual speed of the rotor with the help of
a tachometer and record it in Table 6.

29 Switch OFF the motor using stop (S,) button of the
starter.

30 Switch OFF the mains, remove the fuses and discon-
nect the connections.

TABLE 5

Sl. No load Condition
No. Speed
Starting current | Running Current

TABLE 6
Sl. Rated speed Actual speed
No. of the motor of the motor

Before connecting the single phase motor,
test it for continuity installation.
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment
Wireman - AC Machines

Exercise 3.4.22

Connect, start, run & reverse the single phase capacitor type induction motor

Objectives: At the end of this exercise you shall be able to

e read and interpret the name plate details of an AC single phase motors
« identify the pairs of terminals of the starting and running winding of a single phase motors
e connect, start, run and reverse the direction of rotation (D.O.R) of the motors.

Requirements

Tools/Instruments

¢ Trainees tool kit - 1 No.
¢ Ohmmeter / multimeter - 1 No.
e Megger 500V - 1 No.

Equipments/ Machines

¢ Single-phase motor, Type capacitor

start induction run 230V 50Hz 0.5HP - 1 No.
¢ AC Single-phase capacitor, start

capacitor run motor 230V, 0.5HP, 50Hz -1 No.

Materials

Push button DOL starter for 0.5 HP motor -1 No.

ICDP switch 240V 16A - 1 No.
Forward & Reverse switch 240V 15 amps- 1 No.
PVC insulated standed copper wire (3/20)
3/0.914 mm 660 V grade
Bare copper wire 14SWG

-6 mtr
- 4 mtr.

PROCEDURE

TASK 1: Running of single phase capacitor start induction run motor (CSIR)

1 Recordthe name plate details of the given motor and

enter in Table 1.
TABLE 1

5] 1\ [0 I TYPE ccovviveeiiinn,
Volts ............ AMPS .
HP ... KW. e
Rating ..........

2 Remove the terminal cover of the motor.

3 Identify the pairs of terminals of the windings by

ohmmeter and measure the resistance of each
windings and note the values in Table 2.

Normally when the motor is not running the
centrifugal switch will be in closed condition.

Measure the insulation resistance values between the
starting, and running windings and body using megger.
Record the values in the table given below.

Insulation resistance

1 Betweenwindings ... MQ

2  Between running winding and body ..... MQ

3  Between starting winding and body ..... MQ

The minimum permissible insulation resist-
ance value should be more than one mega
ohm.

TABLE 2
1 Resistance of the winding ......... Ohms............
2 Resistance of the winding ......... Ohms............

Comparatively the winding which has high re-
sistanceisthestartingwinding and the otheris
running windings. However the manufactur-
er's instructions are authentic and if available
should be followed.

Study the reversible switch (forward and reverse) for
its contacts linking during forward and reverse posi-
tions and link them.

Normally the standard 3-phase forward and
reverseswitches arebeingusedinsinglephase
motor connections. Therefore the terminals
are to be linked accordingly.

Check the continuity of the centrifugal switch by using
ohm meter.
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Connect the forward and reverse switch terminals by
internal links as shown in the diagram. Fig 1.

Connect the motor with starter and reversible switch
as per the circuit diagram in Fig 2.

10 Check and adjust the OLR for the name plate full load

current of the motor.

11 Show the connections to your instructor and get his

approval.

12 Switch on the supply and energise the motor and

observe the D.O.R. of the motor.

13 Change the reversible switch handle to off position and

allow the motor to come to rest.

14 Now change the reversible switch hand to the other

direction and observe the D.O.R. of the motor.

D.O.R. of the single phase split phase motor
having centrifugal switch can bereversed only
when the motor covers to stand still.

Fig 2
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TASK 2 : Running of single phase capacitor start capacitor run motor (CSCR)

1

Read and record the name-plate details of the given
single phase capacitor-start, capacitor-run motor in
your practical note book in a format as given in
Task 1.

If the motor is connected to the supply, switch off the
ICDP, remove the fuse carriers and disconnectitfrom

supply.

Open the terminal box and identify the terminal mark-
ings.

Using aMegger/insulation tester find out the continuity
between the winding terminals.

Measure the resistance between the terminals of the
same winding with the help of an ohmmeter and
identify the starting and running windings. Enter the
value of resistance in Table 3.

In a four-terminal machine, the pairs of termi-
nals which give low resistance are running
winding terminals. During ohmmeter testing,
the pairs of terminalsinwhich the meter pointer
shows a shortinitially and gradually moves to
resistance value is identified as starting/auxil-
iary winding terminals. The change in reading
is due to the capacitors connected in starting
winding. Normally the connection diagram is
pasted inside the terminal box for reference.

PGTDW&EE : Wireman - Exercise 3.4.22

6

Measure the insulation resistance between the start-
ing and running windings and also between the wind-
ing and body with the help of the Megger and enter the
values in Table 4.

Show the readings to your instructor and get his
approval.

Select suitable size of switch, starter, cables and fuse
etc. according to the motor rating.

Identify the starting and running windings, condensers
and check their condition and data, enterthemin Table
5. Also compare and analyse the data of the starting
and running condensers.

10 Show the readings to your instructor and get his

approval.

11 Check the condition of the centrifugal switch and

assure it is working.

12 Connect the motor to rated AC supply through the

switch and starter as per the circuit diagram. (Fig 3)

Giveearth connectiontothebody of the motor,
ICDP switch and DOL starter as a matter of
safety.
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TABLE 3

SI.No. Terminal pairs Resistance Remarks

1 Running/Starting

2 Running/Starting

TABLE 4

SI.No. Terminals Insulation resistance Remarks
1 Body to starting winding Good/bad
2 Body to running winding Good/bad
3 Between windings Good/bad

13 Insert suitable size of fuse in the ICDP switch accord-
ing to the rating of the motor.

14 Getthe approval of your instructor for starting. Switch
on the ICDP and start the motor by pressing the start
button of the starter.

15 Observe the direction of rotation and record the DOR
below. Direction of rotation is clockwise/anticlockwise.

To change the direction of rotation

16 Stop the motor, switch off the ICDP Remove the fuse
and interchange the running winding terminals as
shown in Fig 4.

17 Repeat the steps 14 and 15. The DOR is clockwise/
anticlockwise.

Fig 3
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TABLE 5

Sl.No. Component part Type Valuein Voltage Duty Condition
micro-farad

1 Running condenser

2 Starting condenser

The direction of rotation could be changed
either by changing the running winding termi-
nal connections or by changing the starting
winding terminal’s connections whichever is
easier. The schematic diagram shown in Fig 3
is for a four terminal machine. For aten termi-
nal machine only the terminals U, and U, could
be changed easily.

20 Stop the motor. Switch off the ICDP Remove the
fuses. Disconnect the cables. Write your observation
regarding the method of changing the direction of
rotation and show to your instructor for his approval.

CONCLUSION

18 Stopthe motor, interchange the starting winding termi-
nal connections as shown in Fig 5 keeping the running
winding connection as in Fig 3 and repeat the steps
No.14 and 15. The DOR is clockwise/anticlockwise.

19 Stop the motor, reconnect the starting and running
winding as shownin Fig 3. Only interchange the supply
terminal connections at the starter outgoing side as
shown in Fig 6 and repeat the steps 14 and 15. The
DORis clockwise/anticlockwise. Note down the change
of DOR with respect to Fig 3.

Fig 5
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Power Generation Transmission,Distribution, Wiring & Electrical Equipment
Wireman - AC Machines

Exercise 3.4.23

Connect, start, run & reverse the direction of rotation of a universal motor

Objectives : At the end of this exercise you shall be able to

e read and interpret the name-plate details of a universal motor
« identify the parts of a universal motor
e connect a universal motor to the supply through a DOL starter and start the motor

e reverse the direction of rotation of a universal motor.

Requirements

Tools/Instruments

e Trainees tool kit -1No.
e DE spanner set 6 mm to 19 mm -1No.
e Megger 500 V -1No.
e Testlamp, 240 V, 60W -1No.
e Tachometer O - 3000 rpm. -1No.

Equipment/Machines
¢ Universal motor 240 V, 50 Hz., 0.5 HP -1No.

Materials

2.5 sg.mm. multi-strand PVC

copper cable - 10 mts.
Bare copper wire 14 SWG - 5 mts.
250V 16 A, ICDP switch -1 No.
DOL starter 240 V suitable for 0.5 HP.

Single phase motor with 1 amp to

2.5amps OLR -1 No.

PROCEDURE

TASK 1: Identify the parts and test the insulation of a universal motor.

1

Read and interpret the name-plate details of the given
universal motor and enter them in your practical note
book.

TABLE 1
SINO ..., TYPE e
VoIt ..o, AMPS .
HP s KW. e,
Rating........ccevvnee

Switch off the mains and remove the fuse-carriers of
the given universal motor circuit and disconnect the
motor from supply.

3

Identify the terminals with the help of a test lamp.

Visually check and identify the parts to confirm
whetherthe motoris of universaltype.Itshould
have an armature and field poles which are
connected in series, and only two connecting
terminals are brought out, as shown in Fig 1. If
four terminals are brought out the field is to be
connected in series with the armature. (Fig 2)

Measure the insulation resistance between the
windings (if four terminals are provided), and between
the windings and the body, and enter in Table 2.

Fig 1
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Insulation resistance should not be less than
one megohm.

Check whether the universal motor is incorporated
with compensating winding or interpoles or both.

The supplied universal motor is incorporated with
a) compensating winding b) inter-pole.

TASK 2: Connect, start and run a universal motor.

TABLE 2

Insulation resistance between windings

1 Arrange and adjust a suitable load for the given Check for the correct load arrangement before
universal motor. starting the motor.

A universal motor has a high starting torque. Switch on the ICDP and push the ‘ON’ button of the
Withoutload, the motor reaches adangerously starter.

high speed resulting in damage. Normally do i i
notarrangeloading through theflat belts which Observe the DOR andrecordit. The DORiis

may slip during running. Arrange direct drives Measure the speed by atachometerandrecordit. The
or 'V’ belt drives as load. speed is rpm.

2 Selectaproperrating of ICDP switch, cables, fuse and The speed of a universal motor depends upon
starter, according to the rating of the given universal the load. While setting the range of the ta-
motor. chometer, first set at a higher range and then

3 Open the starter cover, trace out the connection and step down the range to a suitable measurable

: value.
set the overload relay to the motor current rating.
4 Connectthe motor as per circuit diagram 1 with proper Stop the motor by the stop-button of the starter. Switch

frame earth connections.

TASK 3: Change the direction of rotation.

1

Generally the DOR of the universal motor is designed
for one direction of rotation by the manufacturer.
Changing the direction of rotation in such cases will
resultin high sparking, increased heating and failure of
the machine.

In casereversingthedirection of rotation of the
motor is necessary,change either the field or
armature terminals. While changing the arma-
ture terminals of compensated universal mo-
tors, change the compensating winding termi-
nals also with the approval of your instructor.

off the ICDP and remove the fuse.

Discuss with your instructor the possibility of alternate
connections to the ones shown in Fig 2.

Change either the field or armature terminals.

Followthe procedural steps 5to 8 of Task 2 and record
the direction of rotation and speed in the space given
below.

The DOR is
The speed is
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Exercise 3.4.24

Connect, start & run a shaded pole motor and repulsion motor

Objectives : At the end of this exercise you shall be able to

e read and interpret the name-plate details of a shaded pole motor and repulsion motor
« identify the parts of the shaded pole motor and repulsion motor
e connectthe shaded polemotor and repulsion motorto the supply through the DOL starter and start the motor

Requirements

Tools/Instruments Materials
e Trainees tool kit -1 No. e 2.5sg. mm. PVC copper multi-strand
e DE spanner set 5 mm to 20 mm -1 No. cable 660 V grade - 6 mts.
e Testlamp -1 No. « Bare copper wire 14 SWG -4 mts.
e Megger 500 V -1 No. ¢ ICDP switch 250V, 16 A -1 No.
¢ Ohmmeter/Multimeter -1 No. ¢ Manual DOL starter 2/4 amp, 240 V
e Tachometer 150 to 3000 rpm. -1 No. with overload relay -1 No.
Equipment/Machines e SPDT switch 240V 16 A -1 No.
« Shaded pole motor 1/8 HP,

AC 240V 50 Hz. -1 No.
« Repulsion motor single phase

240, 50Hz -1 No.

PROCEDURE

TASK 1: Interpret the name plate details and identify the parts of the shaded pole motor.

1

Read and interpret the name-plate details of the given
shaded pole motor and enter them in your practical
note book.

2

Switch off the mains and remove the fuse carriers from
the ICDP switch of the given shaded-pole motor.

3 Identify the parts and terminals of the shaded pole
TABLE 1 - L . )
motor. Test the winding for continuity and insulation
5] 1\ [0 B TYPE .covveveeeiiiinnn, resistance value.
Volts ............ AMPS . As it has the squirrel cage type rotor, only two
HP ... KW. i terminals of the stator are brought out.
Rating ..........

TASK 2: Connect, start and run the shaded pole motor

Select and arrange proper rating of ICDP switch,
cables, fuse wire and DOL starter according to the
rating of the given shaded pole motor.

Connect the motor as per circuit diagram given in
Fig 1.

Provide suitable earth connection to the ICDP switch,
starter and motor.

Provide fuses of suitable rating according to the motor
rating in the ICDP switch and also set the starter
overload relay to the motor rating.

Switch on the ICDP and press the ‘ON’ button of the
DOL starter.

168

When the motor starts to run, observe the direction of
rotation and record it in Table 2.

7 Measure the speed by a tachometer and record in
Table 2.
TABLE 2
Sl DOR Speed Position of
No. inrpm. SPDT Switch
TASK 2
TASK 3




SHADED POLE MOTOR

Fig 1
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SCHEMATIC DIAGRAM OF CONNECTION OF A SHADED POLE MOTOR
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8 Stop the motor by pressing the stop-button of the
starter and switch ‘off’ the ICDP and remove the fuse.

TASK 3: Connect and start a repulsion motor

1 Readand interpret the name-plate details of the given
repulsion motor and enter the details in Table 3.

9 Wait until the motor comes to a standstill position.

Visually check and ascertain that the given
motor is a repulsion motor. It should have a
wound rotor with commutator, short-circuited
brushes andarocker-armwith moving arrange-
ment. ldentify the type of the repulsion motor
with the help of the information given.

TABLE 3
Customer................. Date............... Job No.............. Make.........ccoeuunee
Frame No............... Model............. Type..covveereeis HP oo
VOItS.....ovvviviniiiiiiinns Amperes........ Phase.............. Cycles..................
Serial NO. ......cc.......
Suggestion/Complaint........... Signature of the
.............................................. section in-charge
2 Disconnect the repulsion motor from the supply, ifitis Fig 2
connected. S _ @
. . I !
3 Test the insulation value between the winding and N—?-ﬁ‘—ozo—v— ]
frame, and note the value in Table 4. ! | I
| } | ﬁ
4 Show the readings to your instructor and get his supey | Sl —
approval. 230V,50HZ } } ] L
— . o L | T | X
5 Connect the circuit in accordance with the circuit | | | = —
diagram shown in Fig 2. G 1 L —
6 Before switching on, keep the brush-rocker handle b j; 7\\\—_?% z
away from the zero position neutral zone, depending REPULSION MOTOR T8

upon the desired direction of rotation.

At the ‘0’ position of the rocker-arm, the motor will not
startthough the windings are connected to the supply,
resulting in heating up of the motor.
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7 Switch ‘ON’ the ICDP and press the ‘ON’ button of the
starter to start the motor. Measure the speed, direc-
tion of rotation and enter in Table 5.
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8 Slowly shift the rocker arm position away from the 12 Switch off the supply and disconnect the motor and

earlier position and note down the speed in each step accessories. Draw your conclusion showing the rela-
and enter in Table 5. tionship between brush position, speed and D.O.R.
Normally the rocker-arm position is indicated
on a graduated scale. CONCLUSION
9 Switch off the motor. Shift the brush-axis in the
opposite direction to the earlier position.
10 Switch on start the motor, observe the direction of
rotation and speed, then enter the values in Table 5.
11 Slowly shift the rocker-arm position away from the
earlier position. Note down the speed ateach step and
enter in Table 5.
TABLE 4
Sl.No. Terminals Insulation resistance Remarks
1 Winding and body
2 Brushes and winding
3 Brushes and body
TABLE 5
Sl. No. Rocker-arm position Speed Direction of rotation
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Wireman - AC Machines

Exercise 3.4.25

Fabricate, install and wire up a panel board for a motor generator set

Objectives: At the end of this exercise you shall be able to
» read and record the name-plate details of the MG set

« draw the schematic connection diagram of the MG set panel
» prepare the list of accessories to be installed on the panel
» prepare the template for the accessories and determine the dimensions of the panel

» draw the layout of the panel

- fabricate the panel

* mount the panel on the wall

« fix the electrical accessories on the panel
* wire up the panel

* harness the cables

« install the conduit runs from the MG set to the panel and wire up

» earth the MG set panel and the conduit runs

« test the installation for continuity, insulation and earth continuity

* test the installation (with supply) by energising.

Requirements
Tools/Instruments
» Trainees tool kit -1 No.
¢ Hacksaw 300 mm -1 No.
¢ Measuring steel tape 5m -1 No.
* Cold chisel 25 mm dia. 200 mm long - 1 No.
» Portable electric power drilling machine

12 mm capacity - 1 No.
e DE spanner set 8-22 mm -1 set
* Adjustable spanner 300 mm -1 No.
» Heavy duty metal shears 450 mm -1 No.
e Tap M10 set of three -1 No.
e HSS drill bit 6 mm to 12 mm - 1set
» 250 g plumb bob with thread -1 No.
e Spirit level 300 mm -1 No.
¢ Masons trowel -1 No.
* Mortar pan -1 No.
e Try square 300 mm -1 No.
* Bench vice 100 mm jaw -1 No.
¢ Gl bucket 10 litre -1 No.
e Testlamp 60 W, 240V -1 No.
* Spade -1 No.
* Flat file 300 mm bastard -1 No.
¢ Round file 300 mm bastard -1 No.
e Megger 500 V -1 No.
» Earth tester -1 No.
Equipment/Machines
* Motor-generator set 220V, 3 kW

1450 rpm. coupled with A.C.

induction motor 3.5 kW,

415V 50 Hz -1 set
* Voltmeter MC 0-300 V -1 No.
«  Ammeter MC 0-20 amps -1 No.
¢ Change over rotary switch 500V -1 No.
» Field regulator toroidal type 250V,

2 amp 300 ohm -1 No.
*  Ammeter MC 0-2 amp - 1 No.

Star Delta starter 500 Volt overload

unit 6-10 amp -1 No.
*  Ammeter M| 0 to 15 amp -1 No.
¢ Voltmeter MI 0 to 500 V -1 No.
Materials
e MSangleiron 35mmx35mmx6mm - asreqd.
e MS bolts M10 x 12 mm - as reqd.
* MS sheet
1200 mm x 1000 mm x 1.5 mm -1
sheet
or Hylam sheet
1200 mm x 1000 mm x 6 mm - 1 sheet
* Cement - 20 kg.
¢ Kit-kat fuse 240V, 6 amp -3 Nos.
» ICTP switch 415V 32 amp -1 No.
» ICDP 240V, 16 amp -1 No.
« Bakelite, batten holder 6 amp 250V - 4 Nos.
e Kit-kat fuse 240V, 16 amp -2 Nos.
* SPT switch 240V 6 amp -4 Nos.
» Colour bulbs 250V, 15W red,yellow, -1 each.
blue,green
¢ PVC cable 7/0.914 grade 600 V - asreqd.
* PVC cable 3/0.914 grade 600 V - as reqd.
* PVC cable 1/1.12 250V grade - as reqd.
¢ Brass nut-bolts M3 x 50 mm for - 25 Nos.
fixing accessories on panel (with
double washers and double nut each)
» Banana socket and plugs 240V
16 amp capacity -6 Nos.

HDBC or G.I. wire 10 SWG for earth -10m
connection

Fuse wire 30 amps capacity
Number/letter cable labels of
assorted size

Cable bands or PVC straps for cable - as reqd.
Hacksaw blade 300 mm 18 TPI - 6 Nos.

- as reqd.
- as reqd.
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PROCEDURE

This exercisehasbeenintroducedto exposethetraineestothefabrication,installation and wiring of apanel
board for a MG set. The MG set chosen for this exercise has an AC motor coupled to a DC generator.
According to theworkshop requirement any possible combinations like DC motor coupled to an alternator
etc. could be taken with necessary modification in the panel. The fabrication work for the panel board, MS
frame can be done through the welding section under the supervision of the instructor.

TASK 1: Preparation of layout for MG set panel board

1 Interpret the name-plate details of the motor and
generator set and record them in Tables 1 and 2.

2 Estimate the components required for the MG set panel
board and accordingly draw the schematic diagram of
connection of the MG set panel board with the required
switches, indicators,regulatorsandinstrumentsinyour record.

3 Show the schematic diagram to your instructor for
approval and denote the approved schematic diagram
as Fig 'S’.(Schematic diagram Fig 1 is given below is
for your guidance.

4 Collect the required accessories from the section
stores as per the modified diagram and measure their
approximate dimensions.

5 To prepare the template take a colour card board and
cutoutdimensions of the accessories to 1/5th scale to
facilitate the determination of the exact position of the
accessories, spacing of accessories and the actual
size of the panel.

Onlytwo dimensions areto betaken viz.length
and width.thickness need notbeconsidered at
this stage. While taking the length and breadth
include the projected handle etc. in the meas-
urement. Figs 2aand 2b are given as examples.

TABLE 1
Name plate details of the motor

Fig 2
(a)

MANUAL
STAR DELTA STARTER

40

60

EL2E03H2

TABLE 2
Name-plate details of the generator

Manufacturer, trade mark
Type, model or list number
Type of current

Function

Generator/motor .
Fabrication or serial number
Type of connection

sep/shunt/series/compound

Rated voltage volts
Rated current amps
Rated power K.W.
Rated speed r.p.m.
Rated exc. voltage \%
Rated exc. current amps
Rating class

Direction of rotation
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Make Frame No Model Insulation class
Protection class
Phase Kilowatt/H.P r.p.m PF
For example the supplied star/delta starter has the
Volts Amperes Frequency following dimensions. ie. 300 mm x 200 mm. Draw the
layout to 1/5th scale and make a cardboard template
Rating Connection Insu. class having the following size of 1/5 th scale. i.e. for star/
delta starter 60 mm x 40 mm.
Fig 1

,,,,,,,,,,

SCHEMATIC DIAGRAM

EL2EO3H1
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Make the cardboard templates for all the accessories,
and write the name of the accessories on each.

Place a A, size drawing paper on a drawing board.

Place the templates on the drawing paper in such a
way as to suitthe technical and aesthetic requirement.

Checkwiththe schematic diagram (Fig 1) according to
the choice taken in step 4 and see the placement
satisfies the operational requirements. Determine at
this stage the width and length of the panel board,
keeping allowance in the sides for the angle iron
supports.

The panel board will be supported by angle
irons in the sides for small panels and may
have one additional centre piece of angle iron
for bigger panels. The size of the angle also
dependsuponthesizeofthepanel.ltisrequired
to place the accessories within the free space
available in the panel excluding breadth of
angleirons. Thetemplates could befixed to the
drawing paper with the help of drawing pins.

10 Show the drawing paper along with the templates to
your instructor for approval. The layout diagram shown
in Fig 3 is given to you for your guidance.

11 Measure the length and width of the panel board
directly from the drawing and multiply the measure-
ment by five times to get the actual measurement.
For example if Fig 4 shows the finalised and approved
panel plan drawing with the following dimensions then
the actual measurement would be
length 240 x 5= 1200 mm

breadth 200 x 5 = 1000mm.

Fig 3
® ® ® | ®
R
® ® | © ® 0 |f
© | :
=
] L)
? 288 oo
I
B 1200mm UEJ
Fig 4
240 §

12 Describe the wiring diagram based on the schematic
diagram Fig ‘S’ and the layout diagram Fig ‘P’, which
are approved by the instructior in your record.Fig 5 is
the wiring diagram based on the schematic diagram
Fig 1 and the layout diagram Fig 3 and is given for your
guidance.

Fig 5
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TASK 2: Preparation of frame for MG set panel board

1 Measurethe angleironand cuttheminsuchaway that
the corners are formed by 45° angle. Fig 6 is given for
your guidance.

Fig 6

/_/
v

EL2E03H6

2 Measurethe M.S. flatand cutitto size so thatit just fits
in between the angle irons to form the centre piece.

3 Cutpiecesofangleirons for the wall support as shown
in Fig 7.

Fig 7

=

200

ENLARGED VIEW

EL2E03H7

4 The end of each piece to be cutand splitas shownin Fig 7.

5 Get all the pieces welded carefully to form the angle iron
support panelframe as shownin Fig 8, from the welding section.

Fig 8

EL2E03H8

Welding heat may warp and distort the panel
and this has to be corrected with the help of a
vice and hammer.

6 Grind the welded ends to form a smooth surface.

7 Take a M.S. sheet of thickness of 1.5 mm and place
the angle iron frame over the sheet as shown in Fig 9.

Fig 9

EL2EO3H9

OR HYLAIN SHEET

or Hylam sheet could be used. The procedure given
below is say M.S. Sheet

8 Mark along the sides of the angle iron with a sharp scriber.

9 Use heavy shears to cut out the marked portions of the
sheet.

You can also use a sharp cold chisel and
hammer to cut out the portions.

10 Straighten the sheet, file the edges to remove burrs
and chamfer the edges.

Check atintervals,whetherthe sheetjustcovers
theangleironframe without projections. Always
place the sheet in the same position as it was
measured. For this you may have to mark the
sheet and angle iron correspondingly.

Fig 10

EL2EO3HA

11 Mark by a centre punch and make holes in the angle
iron as shown in Fig 10 with a drill bit of size 8.5 mm.

12 Make holes in the M.S. or Hylam sheet correspond-
ingly with a drill bit of size 10 mm.

13 Make threads in all angle iron holes with taps to suit
machine screws M10.

14 Check the fitting of the M.S. sheet on the angle iron
using a few machine screws and then remove the sheet.

15 Mark on the wall the relative position of the angle iron legs.

16 Make holes in the wall to a depth sufficient enough to
hold the panel with all its weight.

A minimum of 200 mm depth is required.
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17 Prepare concrete mixture of 1:2:4 (one partcement,2 The angle iron frame should maintain vertical-
parts of sharp small stones and 4 parts of clean sand). ity and horizontality. Use a plumb bob while
18 Grout the angle iron legs to the wall maintaining checking the vertical position of the frame and
horizontal and vertical positions. a spirit level for horizontal position.
19 Cure the grouting for atleast 36 hours by wetting the The angleiron frame needs to be supported by
surface of grouting by pouring water at intervals. necessary structures to avoid displacementtill
the concrete is fully cured.

TASK 3: Mount and connect the accessories for MG set panel board

1 Place the accessories on the M.S. or Hylam sheet at
the appropriate positions as per approved lay out Fig 12
diagram and mark the fixing holes and cable holes.
Refer Fig 11.

Fig 11

EL2E03HB

EL2E03HC

2 Dirill holes accordingly with appropriate drill bits de-
pending upon the size of fixing screws or bolts and
cable size and number. Fig 13

Fixing holes can be either straight holes in
which anutand bolt could be used or threaded
holes wherethefixing screws could be used to = =

fit the accessories. E—E—E

BAND BUNDLING

VINYL CORD BUNDLING

EL2EO3HD

3 FixtheM.S. orhylamsheetonthe angleironframeand
paint it in case of M.S. sheet with grey enamel paint.
Wait till the paint becomes dry.

8 Earth the M.G. set, panel and all the accessories
including metal conduit. Use bonding cable wherever

4 Mount the accessories on the M.S. sheet or Hylam necessary as shown in Fig 14.
sheets according to the layout.

5 Wire up the panel according to the schematic wiring Fig 14 EQUIPMENT ON PANEL
diagram and label the cable ends with numbers or
letter labels.

Use PVC bushes where cable ends are taken
through MS sheet.

6 Harness the wires properly using cable holders, suit- v
able rubber bushes etc as shown in Figs 12 and 13.

7 Runconduitwiring from the MG set to the panel as per
layout diagram and wire the MG set and panel accord- EARTH BONDING CABLE
ing to the connection diagram.

H<©
H©

EL2EO3HE
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TASK 4: Testing of M.G. set panel board

1 Test the panel board installation for i) continuity ii) Result
insulation and iii) earth continuity. a Overload adjustment amplpercentage
Result b Fuseratng_____ amp.
a Continuity ___ OK/NOT OK 3 Start and run the AC motor and adjust the generator

voltage to the stipulated value.
4 Testthe MG set on load.

b Insulation resistance

(i) onACside____ Megohm
. . Result
(i)onDCside______ Megohm
. a Supplyvoltage____ volt
¢ Earthresistance ____ ohm b Line current amp
2 Adjustthe overload setting of the star/delta starterand c Speed_____r.p.m.
wire up fuses of correct capacity. d Generatorvoltage__ volt
e Excitationcurrent_____ mAJ/A
f Load current amp
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