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FOREWORD

The Government of India has set an ambitious target of imparting skills to 30 crores people, one out of every
four Indians, by 2020 to help them secure jobs as part of the National Skills Development Policy. Industrial
Training Institutes (ITIs) play a vital role in this process especially in terms of providing skilled manpower.
Keeping this in mind, and for providing the current industry relevant skill training to Trainees, ITI syllabus
has been recently updated with the help of Mentor Councils comprising various stakeholder's viz. Industries,
Entrepreneurs, Academicians and representatives from ITls.

The National Instructional Media Institute (NIMI), Chennai, an autonomous body under Ministry of Skill
Development & Entrepreneurship is entrusted with developing producing and disseminating Instructional
Media Packages (IMPs) required for ITIs and other related institutions.

The institute has now come up with instructional material to suit the revised curriculum for R&ACT
1st Year Trade Practical NSQF Level - 4 (Revised 2022) in Capital Goods & Manufacturing Sector
under Annual Pattern. The NSQF Level - 4 (Revised 2022) Trade Practical will help the trainees to get an
international equivalency standard where their skill proficiency and competency will be duly recognized
across the globe and this will also increase the scope of recognition of prior learning. NSQF Level - 4
(Revised 2022) trainees will also get the opportunities to promote life long learning and skill development.
I have no doubt that with NSQF Level - 4 (Revised 2022) the trainers and trainees of ITls, and all stakeholders
will derive maximum benefits from these IMPs and that NIMI's effort will go a long way in improving the
quality of Vocational training in the country.

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

Jai Hind

Addl.Secretary / Director General (Training)
Ministry of Skill Development & Entrepreneurship,
Government of India.

New Delhi - 110 001
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PREFACE

The National Instructional Media Institute (NIMI) was established in 1986 at Chennai by then Directorate
General of Employment and Training (D.G.E & T), Ministry of Labour and Employment, (now under Ministry
of Skill Development and Entrepreneurship) Government of India, with technical assistance from the Govt.
of the Federal Republic of Germany. The prime objective of this institute is to develop and provide instructional
materials for various trades as per the prescribed syllabi (NSQF) under the Craftsman and Apprenticeship
Training Schemes.

The instructional materials are created keeping in mind, the main objective of Vocational Training under
NCVT/NAC in India, which is to help an individual to master skills to do a job. The instructional materials are
generated in the form of Instructional Media Packages (IMPs). An IMP consists of Theory book, Practical
book, Test and Assignment book, Instructor Guide, Audio Visual Aid (Wall charts and Transparencies) and
other support materials.

The trade practical book consists of series of exercises to be completed by the trainees in the workshop.
These exercises are designed to ensure that all the skills in the prescribed syllabus are covered. The trade
theory book provides related theoretical knowledge required to enable the trainee to do a job. The test and
assignments will enable the instructor to give assignments for the evaluation of the performance of a trainee.
The wall charts and transparencies are unique, as they not only help the instructor to effectively present a
topic but also help him to assess the trainee's understanding. The instructor guide enables the instructor to
plan his schedule of instruction, plan the raw material requirements, day to day lessons and demonstrations.

In order to perform the skills in a productive manner instructional videos are embedded in QR code of the
exercise in this instructional material so as to integrate the skill learning with the procedural practical steps
given in the exercise. The instructional videos will improve the quality of standard on practical training and
will motivate the trainees to focus and perform the skill seamlessly.

IMPs also deals with the complex skills required to be developed for effective team work. Necessary care
has also been taken to include important skill areas of allied trades as prescribed in the syllabus.

The availability of a complete Instructional Media Package in an institute helps both the trainer and
management to impart effective training.

The IMPs are the outcome of collective efforts of the staff members of NIMI and the members of the Media
Development Committees specially drawn from Public and Private sector industries, various training institutes
under the Directorate General of Training (DGT), Government and Private ITls.

NIMI would like to take this opportunity to convey sincere thanks to the Directors of Employment & Training
of various State Governments, Training Departments of Industries both in the Public and Private sectors,
Officers of DGT and DGT field institutes, proof readers, individual media developers and coordinators, but for
whose active support NIMI would not have been able to bring out this materials.

Chennai - 600 032 EXECUTIVE DIRECTOR




ACKNOWLEDGEMENT

National Instructional Media Institute (NIMI) sincerely acknowledges with thanks for the co-operation and
contribution extended by the following Media Developers and their sponsoring organisations to bring out this
Instructional Material (Trade Practical) for the trade of R&ACT NSQF Level -4 (Revised 2022) under Capital

Goods & Manufacturing Sector for ITls.

MEDIADEVELOPMENT COMMITTEE MEMBERS

Shri. T.C. Shantilal - VI, NSTI,
Trivandram.

Shri. Ravichandran - ATO, Govt ITI,
Perumbakkam.

Shri. P. Mohan - ATO, GovtITI

North Chennai - 32.

Shri. P. Senthil - AAJ, RTD office
Madurai.

Shri. N. Punniyakotty - ATO, GovtITl,
Guindy, Chennai - 32.

Shri. K. A. Sreekanth - S|, GovtITIVayalar
Kerala.

Shri. C. Byju - Senior Instructor

GovtITl, Chackai.

Shri. Mobin Joseph - SI, GovtITI
Pallickathode, Kerala.

NIMICO-ORDINATORS

Shri.Nirmalya Nath - Deputy Director,
NIMI, Chennai - 32.

Shri. V. Gopala Krishnan - Manager,
NIMI, Chennai-32.

NIMI records its appreciation for the Data Entry, CAD, DTP operators for their excellent and devoted services in
the process of development of this Instructional Material.

NIMI also acknowledges with thanks the invaluable efforts rendered by all other NIMI staff who have contributed
towards the development of this Instructional Material.

NIMI is also grateful to everyone who has directly or indirectly helped in developing this Instructional Material.

v)




INTRODUCTION

This manual for trade practicaliis intended foruse in the ITI workshop. It consists of a series of practical exercises
that are to be completed by the trainees during the first year of course is the R & ACT trade under Capital and
Goods & Manufacturing Sector. It is National Skills Qualifications Framework NSQF Level - 4 (Revised
2022), supplemented and supported by instructions/information to assist the trainees in performing the exercise.
The exercises are designed to ensure that all the skills prescribed in the syllabus are covered including the allied
trades.The syllabus forthe1stYear R & ACT Trade under Capital Goods & Manufacturing Sector Trade Practical
is divided into Twelve Modules.The allocation of time for the various modules is given below

Module 1 - Fitting

Module 2 - Sheet Metal

Module 3 - Electrical

Module 4 - Electronics

Module 5 - Welding

Module 6 - Basic refrigeration
Module 7 - Refrigerator (Direct tool)
Module 8 - Frost free refrigerator
Module 9 - Refrigerator (Inverter technology)
Module 10 - Compressor and motor
Module 11 - Condenser

Module 12 - Expansion Valve
Module 13 - Drier & Evaporator
Module 14 - Refrigerant

Module 15 - Thermal Insulation
Module 16 - Window Air Conditioner
Module 17 - Split A/C

The syllabus and the content in the modules are interlinked. As the number of workstations available in the electrical
section is limited by the machinery and equipment, it is necessary to interpolate the exercises in the modules to form a
proper teaching and learning sequence. The sequence of instruction is given in the schedule of instruction which is
ncorporated in the Instructor's Guide. With 25 practical hours a week of 5 working days 100 hours of practical per month
savailable.

Contents of Trade Practical

The procedure for working through the 106 exercises for the 1t Year with the specific objectives as the learning out
comes at the end of each exercise is given is this book.

The skill objectives and tools/instruments, equipment/machines and materials required to perform the exercise are
given in the beginning of each exercise.Skill training in the shop floor is planned through a series of practical
exercises/experiments to support the related theory to make the trainees gethands on trainning in the Electrician
trade along with the relevant cognitive skills appropriate for the level. A minimum number of projects have been
included to make the training more effective and develop attitude to work in ateam. Pictorial, schematic, wiring and
circuitdiagrams have beenincluded inthe exercises, wherever necessary, to assist the trainees broaden their views.
The symbols used in the diagrams comply with the Bureau of Indian Standards (BIS) specifications.

lllustrationsinthis manual, help trainess visual perspective of the ideas and concepts.The procedures to be followed
forcompleting the exercises is also given. Different forms of intermediate test questions have beenincludedin the
exercises, to enhance the trainee to trainee and trainee to instructor interactions.

Skill Information

Skill areas which are repetitive in nature are given as separate skill information sheets. Skills which are to be
developed in specific areas are included in the exercises itself. Some subexercises are developed to fulfill the
sequence of exercises in keeping with the syllabus.

This manual on trade practical forms part of the Written Instructional Material (WIM). Which includes manual on
trade theory and assignment/test.
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[ LEARNING / ASSESSABLE OUTCOME }

On completion of this book you shall be able to

S.No. Learning Outcome Ref.Ex.No

1 Identify trade related hazards and safety procedures following safety precautions. 1.1.01-1.1.04
2 Produce fitting jobs as per drawing (Range of operations, marking, sawing, filing,

drilling) 1.1.05-1.1.06
3 Produce sheet metal components (range of operation marking, metal

cutting, bending, riveting and soldering etc.) 1.2.07-1.2.10
4 Identify electrical safety. Join different wire, measure power, currents,

volts and earth resistance etc. Connect single phase motors. 1.3.11-1.3.13
5 Identify the electronic components and their colour code i.e tranisistor,

capacitor, diode, amplifier, I.C and able to work soldering. 1.4.14-1.4.20
6 Perform gas welding, brazing, soldering observing related safety 1.5.21-1.5.27
7 Identify RAC tools and equipment and recognize different parts of RAC

system perform copper tube cutting, flaring, swaging, brazing 1.6.28-1.6.38
8 Test mechanical & electrical components. Perform leak test, vacuuming,

gas charging, wiring inrefrigerator 1.7.39-1.7.42
9 Identify electrical and mechanical components of a refrigerator 1.7.43-1.7.44
10 Test compressor motor terminal, start compressor with relay & without

relay, technique of flushing, leak testing, replacing capillary & filter drier,

evacuation & gas charging. 1.7.45-1.7.50
1" Check components frost free refrigerator (electrical mechanical), wiring

of frost free freeze & air distribution in refrigerator sector. Leak detection,

evacuators & gas charging 1.8.51-1.9.57
12 Dismantle, repair and assemble hermetic, fixed and varibale speed

compressor, and test performance 1.10.58-1.10.60
13 Identify the terminals of sealed compressor and their wiring and measure

current volts, watts and use of DOL starter with different types of motors 1.10.61-1.10.64
14 Perform selection of hermetic compressor for different appliances, starting methods,

testing controls & safety cut out used in sealed compressor 1.10.65-1.10.67
15 Identify the components of control system of inverter AC and wiring of control 1.10.68-1.10.69
16 Perform servicing & de scaling of condenser (internals 7 externals)

used in different appliances. perform fitting & adjustment of drier, filter &

refrigerant controls used in different refrigeration system 1.11.70-1.12.74
17 Perform servicing of different evaporator used in different appliances 1.13.75-1.13.76
18 Carry outrecovery and recycling of refrigerant used, alternative of

CFC, HFCrecover, transfer & handing of gas cylinders 1.14.77-1.14.80
19 Retrofit CFC/HFC machine with ozone friendly refrigerant with

understanding of the compatibility 1.14.81-1.14.82
20 Pack thermal insulation and prevent cooling leakage 1.15.83-1.15.84
21 Install window AC, test electrical & electronics components & fault

diagnosis remedial measures .16.85-1.16.88
22 Perform servicing of electrical & electronic control, test, installation, wiring, fault

finding & remedial measures of different split AC

.17.89-1.17.98

)
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SYLLABUS

~

Duration

Reference
Learning
Outcome

Professional Skills
(Trade Practical)
With Indicative Hours

Professional Knowledge
(Trade Theory)

Professional
Skill 25 Hrs.;

Professional
Knowledge 04

Hrs.

Identify trade related
hazards and safety
procedures following
safety precautions.

1.ldentify workshop & machineries.
(10hrs.)

2.Demonstrate Safety precautions
and First aid. (05 hrs.)

3.Demonstrate firefighting (05 hrs.)

4.Demonstrate working at height
using PPE’s and identify the
hazards and take personal safety

precautions. (5 hrs.)

Introduction to trade and related
industries.General safety
precautions and first aids,
firefighting equipment and
electrical safety.History of
Refrigeration and Air
conditioning.Grooming  of
technicians.(04hrs..)

Professional
Skill 25Hrs.;

Professional
Knowledge 5
Hrs.

Produce fitting jobs
as per drawing (Range
of operations,
marking, sawing,
filing, drilling.)

5. ldentify general tools,
instruments & equipment. Care
and maintenance of tool,
instruments and equipment. (10
hrs.)

6. Perform measuring, marking,
punching, hacksawing and flat
filing,to make a job as per
drawing. (15 hrs.)

Fitting

Different types of Fitting hand
tools,- their use. Function,
construction, working and
Specification.

Machineries and equipment used
in fittings like drilling machine and
grinding machine. (05 hrs)

Professional
Skill 25 Hrs.;

Professional
Knowledge
04 Hrs.

Produce Sheet metal
components (range of
operation marking,
metal cutting,
bending, riveting and
soldering etc.)

7. Perform Sheet Cutting by straight

snip as per drawing. (07 hrs.)

8. Perform Sheet Cutting by bent

snip as per drawing. (07 hrs.)

9. Bend, fold and join metal sheets

in different process. (06 hrs.)

10.Join sheet metal by using rivet set
and snap. (05 hrs.)

Sheet Metal

Function,construction, working,
use, and application, specification
of Sheet metal tools, instruments
and equipment. Care and
maintenance of tools. Rivet &
riveting- their types and use. (04
hrs..)

Professional

Skill 35 Hrs.;
Professional
Knowledge 06

Hrs.

Identify electrical
safety. Join different
wire, measure power,
currents, volts and
earth resistance etc.
Connect single phase
motors.

11 Demonstrate electricalsafety
precautions and first aid. (05
hrs.)

12 Identify, use and maintain
electrical tools. (05 hrs.)

13.Measure current, voltage,
resistance ,power, energy using
analog and digital meter through
a single phase circuit. (25 hrs.)

Electrical

Electrical terms such as AC and
DC supply, Voltage, Current,
Resistance, Power, Energy,
Frequency etc.Safety precautions
to be observed while working on
electricity. Conductors and

Insulators, Materials used as
conductors. Series and parallel
circuit, open circuit, short circuit,
etc.Measuring Instruments such
as voltmeter, ammeter, ohm
meter, watt meter, energy meter
and frequency meter. Earthing and
its importance.Earth resistance.
Insulation and continuity test.
(06 hrs..)
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[Professional
Skill 47 Hrs.;

Professional
Knowledge 10

Hrs.

Identify the electronic
components and
their colour code i.e.
transistor, capacitor,
diode, amplifier, |.C
and able to work
soldering.

electronic
tools &

14.1dentify basic
components,
instrument. (08 hrs.)

15.Colour coding of resistors. (05
hrs.)

16.Use voltmeter, ammeter and
multimeter. (8 hrs.)

17.Practice soldering & de-soldering.
(8 hrs.)

Electronics )

Introduction to Electronics. Basic
Principles of semiconductors,
Principles and application of
Diodes. Solder — its composition
and paste.(05 hrs..)

18.Identify transistors, resistors,
capacitors, diodes, S.C.R.,
U.J.T., amplifier andI.C. (08hrs.)

19.Construct and test full wave
rectifier using diodes. (05hrs.)

20.Construct and test a bridge
rectifier. (05hrs.)

Rectification, Zener diode as
voltage regulator — transistors
parameters- diodes, ICs. (05 hrs..)

Professional

Perform gas

21.ldentify gas welding equipment &

Welding

Skill 39 Hrs.; welding, brazing, accessories. (05 hrs.) Introduction to basic principles of
Professional soldering Observing 22.Demonstrate safety precautionin [ commonly used Welding
Knowledge 7 related safety. handling of Oxy-acetylene | processes, oxy fuel gas welding
Hrs. cylinders, regulators etc. (04 |/ cutting, brazing & soldering,
hrs.) nozzles, base metal and filler
23.Setting up of AIR-LPG, 02-LpG | Metal- Use of flux.Difference
. between soldering and Brazing in
and 02-C2H2 using can type .
portable flame set. (04 hrs.) terms. of t(_amperatures, filler
materials, joint strengths and
24 .Oxy-acetylene gas welding, | application. Use of Oxy
brazing and cutting on thin sheet | Acetylene, Oxy LPG, Air LPG and
metal. (7hrs.) two stage regulators
25 Demonstrate Care & Safety of for brazing/soldering. Description
welding tools and equipment. of back fire arrester. (7 hrs..)
Back fire arrester. (03 hrs.)
26.Set Oxy-acetylene plant, use two
stage regulator, adjustment of
flame, gas pressure — O2 and
DA. (07 hrs.)
27.Perform brazing between Cu to
Cu and Cu to MS, Cu to
aluminum pipes. (9 hrs.)
Professional Identify RAC tools Basic Refrigeration Basic Refrigeration
Skill and equipment and 28|dent|fy & use of general hand Basic princip|e of refrigeration
100Hrs.; recognize different tools, instruments & equipment | working, use, specifications of
Professional parts of RAC used in refrigeration work. refrigera’tion ,tools’ instruments
Knowledge system. Perform (12hrs.) and equipment. Fundamentals
15Hrs. ?I(;inpneg: tut;ac;u;til:g, 29.Identify & use of special tools, of .tRef_Ir_lﬁeratlond and its
brazing’ ’ instruments & equipmentusedin | UNits. Ihermodynamics
' refrigeration work.(13hrs.) law.(05hrs..)
30.ldentify various refrigeration | Science related to refrigeration,
equipment and components of | work, power, energy, force, Heat
vapour compression system like andTemperature,
compressor, condenser, | Differenttemperature
expansion device and evaporator. | scales, Thermometers, Units of
\_ J/
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Identify and Check vapour
absorption refrigeration cycle
(VARC) (12 hrs.)

31.Unroll, cut and bend soft copper
tubes. (04 hrs.)

32.Swage and make a brazed joint
on copper tubing. (10 hrs.)

33.Make flare joints and test them
with flare fittings. (10 hrs.)

34.Pinch off copper tubing. (04
hrs.)

35.Use lock ring tool and various
fittings of lock ring for
servicing of appliances. (10
hrs.).

36.Brazing of Cu to Cu, Cu to
steel, Cu to brass using AIR
LPG suitable in RAC
machine. (07 hrs.)

37.Brazing of Cu to Cu, Cu to
steel, Cu to brass using Oxy-
LPG. (07 hrs.)

38.Brazing of Cu to Cu, Cu to
steel, Cu to brass using Oxy-
Acetylene. (11 hrs.)

heat, sensible heat, latent heat,
super heating and sub-cooling,
saturation temperature,pressure,

types, units.
Types of Refrigeration systems,
including vapour absorption

refrigeration cycle (VARC), water
— combination. Study the
construction and working of
vapor compression cycle, low
side & high side of vapour
compression system.
Applications of vapour
compression cycle. Coefficient
of Performance (COP), Ton of
Refrigeration.(7hrs..)
Construction and working ofV.C
Cycle, fundamental operations,
sub cooling and super
heating.(03 hrs..)

Professional | Test mechanical & 39.Identify electrical and Refrigerator (Direct cool &
B felectrical | Tmeming | Frstes
rs.;
Professional Icon;;:onte nts. Perform frost free. (05 hrs.) Function, construction, working
Knowledge ea is » vacuuming, _ of single door direct cool
10 Hrs. gas charging, wiring 40.Check and replacg electrical refrigerator, frost free refrigerator,
in refrigerator. components of refrigerators. specifications, trouble shooting.
(14 hrs.) Heat Insulation materials. Care
41.Leak test, evacuation, gas and maintenance of refrigerators.
charging in a refrigerator. (15 (10 hrs.)
hrs.)
42.Wiring circuit of refrigerator.
(15 hrs.)
Professional Identify electrical and 43.Installation of refrigerator. Refrigerator (Direct cool &
Skill 16Hrs.; | mechanical (8hrs.) Frost free)
Professional components of a 44.Check. Find Fault and test the Study the electrical components of
Knowledge refrigerator. electriycal and other system refrigerator. _
03 Hrs. components of refrigerator. Study the mechanical
components
(8 hrs.) of refrigerator and their types.
(03 hrs..)
Professional Test compressor | 45 Testing of compressor. (05 hrs.) Importance of flushing in
Skill 30 motor terminal, start 46. Identification of motor terminals evaporator and condenser, use of
Hrs.; compressor with (05h " | dry nitrogen for flushing,
Professional | relay & without relay, (05hrs.) necessity of replacing capillary
Knowledge technique of flushing, | 47.Start the compressor with and and drier. Evacuation, leak
07 Hrs. leak testing, replacing without relay. (05 hrs.)
- )
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capillary &filter drier,
evacuation &gas
charging.(NOS: Not
available)

48.Test performance of direct
start refrigerator. (05 hrs.)

49.Cleaning and flushing of
evaporator and condenser
with dry nitrogen. (05 hrs.)

50.Replacement of capillary tube
and drier. (05 hrs.)

testing, gas charging method in
refrigerator, (07 hrs..)

Professional
Skill 42 Hrs.’

Professional
Knowledge
10 Hrs.

Check components
of frost-free
refrigerator
(electricall/
mechanical), wiring
of frost-free freeze &
air distribution in
refrigerator sector.
Leak detection,
evacuators & gas
charging.

51.Tracing electrical circuit of
Frost-Free refrigerator. (10
hrs.)

52.Checking, fault finding and
testing of electrical
accessories like thermostat,
timer, defrost heaters, bi-
metal, air louvers etc. and
other system components.
(10 hrs.)

53.Checking air distribution
system. (03 hrs.)

54.Servicing of refrigerator.
(07hrs.)

55. Testing the performance of
refrigerator. (02 hrs.)

Frost Free Refrigerator

Study the construction and
working of Frost Free (2 or 3
door) Refrigerator parts
particularly, the forced draft
cooling, Air Duct circuit,
temperature control in Freezer
& cabinet of Refrigerator, air
flapper / louver used in
refrigerator section, automatic
defrost system.  Study  of
Electrical accessories & their
functions ( Timer, Heater,
Bimetal, Relay, OLP, T/S etc.)
Refrigerator cabinet volume
calculation.5hrs..)

56. 1dentify three and four door no
frost refrigerator. (07 hrs.)

57.Testing components of three/
four door refrigerator. (03 hrs.)

Refrigerator (Inverter
Technology)Study the
construction and its working of
two and three door frost free
refrigerator with inverter
technology Care and
maintenance. (05 hrs..)

Professional
Skill 39 Hrs.;

Professional
Knowledge

10 Hrs.

Dismantle, repair and
assemble hermetic,
fixed and variable
speed compressor,
and testperformance.

58. Identify different types of
compressor. (09 hrs.)

Compressor

Function, construction,
working, application of hermetic
compressor,(Fixed speed and
variable speed compressor)like
Reciprocating, rotary, scroll
and inverter type.(5Hrs..)

59.Dismantle /assembling
reciprocating/rotary
compressor. (15 hrs.)

60.l1dentify different parts of
dismantled compressor.
(15 hrs.)

Study the construction &
working of reciprocating, rotary,
scroll, wobble & swash plate
compressor. wet compression,
oil, properties, lubrication
methods. (05 hrs..)

Professional
Skill 50 Hrs.;

Professional
Knowledge 8
Hrs.

Identify the terminals
of sealed compressor
and their wiring and
measure current,
volts, watts and use
of DOL starter with
different types of
motors.

61.1dentify terminal sequence of
hermetic compressor motor
by using digital multimeter
and measure starting current
and running current by using
ammeter and AVO meter.
(12 hrs.)

AC motors and their types.
Advantages of AC motor over DC
motor. Split phase induction
motors, working principle and
construction.Starting winding
and running winding.Starting
current and running current.
Study the shaded pole motor,
RSIR, CSIR, CSR and PSC
motors.(6 Hrs..)
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62. [dentification of terminal
sequence of CSIR motor by
using digital multimeter and
measure starting currentand
running current by using
Ammeter and AVO meter.

(13 hrs.)

63.Start CSR motor and measure
starting current and running
current. (07 hrs.)

Centrifugal switch and its
function. Common faults, causes
and remedies in motors.

64. Start shaded pole motor and (02 hrs..)
measure starting current (18
hrs.)
Professional Perform selection of | 65.Test open, short, continuity Motors
Skill 25 Hrs.; Hermetic compressor and earth of a hermetic . .
. Function of Starting relay,
Professional for different compressor. (04 hrs.)
appliances, starting Capacitors, OLP’s.(04 hrs..)
Knowledge 4 methods.  testin 66. Start the compressor motor
Hrs. ’ 9 by RSIR, CSIR, PSC & CSR
controls & safety cut . .
; method by using different type
out used in sealed . ;
COMDressor relay, capacitors, OLP’s, etc.
P : (10 hrs.)
67.Check and Test different type
relay, Capacitors, OLP’s, find
out faults and rectification
(11 hrs.)
Professional I d entify| 68.Checkcontrol circuit of Working principle of inverter
Skill 16Hrs.; theComponents of variable speed air conditioners technology, advantages of
Professional f:vnet:toelr S):ée manOJ (Inverter ACs). (08 hrs.) \{ariable speed te(_:hnol_og)_/ over
Knowledge 04 | .= = ¢ control | 69.ldentify components of control fixed speed. Working principle of
Hrs. g system of Inverter ACs control system for inverter Air
system. . : ; S Conditioners (ACs). (04 hrs..)
including printed circuit board
(PCB)NTC,PTC e.g. Power
PCB, Filter PCB, Heat sink
reactor. (08 hrs.)
Professional | perform servicing & | 70.Familiarize with differenttypes | Condenser
Skill 46.Hr3-; de scaling of of condensers used in Function of condenser. tvoes
Professional condenser (internals refrigerators, Bottle coolers, c ; . » LYPES,
Knowledae 10 : - onstruction of air-cooled
9 &externals) used in visible coolers, deep freezers,
Hrs. : . . condenser. Effect of chocked
different Window and SplitAC. (10
. condenser. Advantages, de
appliances.Perform hrs.) scaling
F'ttmg.& adjl_Jstment 71.Clean, flush, service and leak of air-cooled condenser,
of drier, filter & . . L
. test different type of air- application, and advantages.
refrigerant controls . T :
. ; cooled condensers, micro Liquid receiver, pump down,
used in different o :
: . channel condensers. Remove application, types, function and
refrigeration system. L :
dust from fins in air cooled working.
condenser, micro channel Drier
condensers. (10 hrs.)
72.1dentify different items Func_:tlor_1 of d”e_r' types,

. application and its advantage.
necessary for de-scaling like Description of desiccants
diluted Hcl, Pump & motor, ’
hose, etc. (07 hrs.)

- J
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4 73.1dentify drier and capillary tube Expansion Valve )
used in different cooling . )
machines. (09 hrs.) Expans_|on _valve_ used in

domestic refrigeration and air
74.Replace drier and capillary tube conditioning systems.
at the time of gas charging Capillaries, Automatic and
according to manufacturer’s Thermostatic Ex. Valves, and
direction. (10 hrs.) electronic expansion valves.(10
hrs..)
Professional Perform servicing of | 75.ldentify and service different Evaporator
Skill 16 different evaporator types of evaporators like plate Working princiole. Function
Hrs.; used in different and tube type, Fin andtube orking principie, Function,
i t t fitted in types of evaporators used in
Professional appliances. ype, ec. Tted | refrigerator, water coolers
Knowled refrigerators, Bottle coolers, bott | ’ ind d lit
nowledge water cooler, Window and split ottie coolers, window and spil
05 Hrs. A.C, Super heating in
AC. (08 hrs.) #
evaporators, Function of
76.Perform leak test, flush to accumulator and types.
remove oil by dry nitrogen in Methods of defrosting.
evaporator. (08 hrs.) (05 hrs..)
Professional Carry out Recovery | 77.ldentify and explain different Refrigerant
Skill 30 and Recycling of colour code of different type Classification of refrigerants
Hrs.; Refrigerant used, refrigerant cylinder like HCFCs nomenclature of refrig erants,
Professional | 2iternative of CFC, (HCFC-22, HCFC-123). HFCs including chemical na?ne and
Knowledge HFC re-cover, transfer (HFC-134a, HFC-32, R-410A, formulas hvdro  chloro
9 & handing of gas R-407C and R-404A) and low- ’ y
06 Hrs. . : : fluorocarbons (HCFCs), hydro
cylinders. Global Warming Potential fluorocarbons (HFCs) and hydro
(?nvr\]/qp)n.refr}'_\;ngagt;:l_kce 32 fluoroolefins (HFOs), blends of
i gy’ AN HFCs and blends of HFCs/HF Os.
RIETHE OPHFCs (@@ 0/ R- Climatic impact of refrigerants:
G AVR-4076781cpnd hydro Stratospheric ozone depletion
I1:I2u3(2r ?Iﬂilg(s)(:_izzas: HI—TIEDO_ global warming, mechanism oi‘
1233yc] HFO_ 133;: bl _nd ozone depletion; the Montreal
24, ; z), blends Protocol phase-out schedule of
of HFCs and HFOs. (10 hrs.) . .
ozone depleting refrigerants
78.Recover refrigerant from afaulty | (HCFCs)and high global warming
machine. (07 hrs.) refrigerants (HFCs). Brief
79.Transfer refrigerant from one introduction of Ozone erletmg
. o Substances (Regulation and
cylinder to another using ice. Control) Rules, 2000 and its
(04 hrs.) amendments. Introduction of
80.Measure pressure properties of refrigerants;
andtemperature of refrigerants environment related properties:
including HCFC-22, ammonia, Ozone Depleting Potential
R-290, HFC-32, HFC-134a, R- (ODP), GWP; ODP and
404A, R-407Cand R-410A, GWP of various
HFOs. Identify flammability and refrigerants, thermo chemical
toxicity of A3 and A2L of properties: flammability and
refrigerants. (09 hrs.) toxicity of refrigerants, lower
flammability limit (LFL) and upper
flammability limit of A3 and A2L
refrigerants. Thermo physical
properties: pressure temperature
of different refrigerants.(06 hrs..)
- )
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fProfessionaI

Retrofit CFC/HFC

81.Demonstrate safe handling of

~

Safe handling of flammable

Skill 22 machine with ozone refrigeration cylinders. (10 hrs.) refrigerants. Refrigerant leak
Hrs.; friendly refrigerant with detection methods,
Professional understanding of the 82. Recove_r CFC by recoverypump | evacuation and charging
N and cylinder on CFC filled :
Knowledge compatibility. d tic refri tor (12 h of refrigerant, temperature
07 Hrs. omestic refrigerator. ( rs.) glides of refrigerant blends,
procedure of charging  of
refrigerant blends especially the
zeotropic
lends,hydrocarbon blends, HFC
blends (R-404A, R-407C,R-410A)
and blends of HFCHFO.
Retrofitting
Changes of components &
practices while retrofitting CFC
appliances with HC Refrigerants.
Properties of HCs(07 hrs..)
Professional Pack thermal 83.1dentify different insulating Thermal Insulation
Skill 13 insulation and materials.(polyurethane rigid Function,types,thermodynamic
Hrs.; prevent foam and polystyrene). (03 properties of heat insulation
Professional cooling leakage. hrs.) materigIsCuseQ_ in_refrigeration
Knowledge 84.Fill with insulation material aé‘zdhA'r pnditioning systems.
02 Hrs. like PUF and glass wool. (02hrs..)
(10hrs.)
Professional Install window AC, 85.Acquainting with mechanical | window Air Conditioner Study
Skill 50 test Electrical & and electrical components | the constructionand working
Hrs.; electronics (electrical components like principle of window AC and its
Professional components & Fault selector switch, thermostat | components; electrical controls
Knowledge 7 | diagnosis & remedial switch, relay, starting | and wiring. Installation,
Hrs. measures. capacitor, running capacitor, troubleshooting and servicing.

overload protector, remote and
PCB control, etc. ) used in
window air- conditioner.
(15 hrs.)

86. Troubleshooting, installation,
tracing wiring circuit. (5 hrs..)

87.Leak testing, evacuation and
gas charging, Show discharge
pressure and suction
pressure during running time.
(15 hrs.)

88.Hands on practice on
installation of window AC
following step by step
procedure. (15 hrs.)

(7Hrs)

Professional
Skill 100
Hrs.;

Professional

Perform servicing of
electrical& electronic
control, test,
Installation, wiring,

Split AC (wall/floor/Cassette)

89. Identify various components
of split AC like wall
mounted, floor and ceiling

Split AC (wall/floor/Cassette)

Construction and working
principle, troubleshooting &
care and maintenance. Selection

Knowledge fault . finding & mounted, duct able and of location of indoor and outdoor
remedial measures . )
18Hrs. . _ multi split AC. (04hrs.) units.
of different split AC.
90. Identify electrical circuits of
wall mounted split AC.
(04hrs.)
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91.Test different components and
fault finding. (03 hrs.)

92.Leak testing of the system,
evacuation and gas charging.
(03hrs.)

93.Trouble shooting in split AC.
(O6hrs.)

Split AC (Wall Mounted) )

Construction and working
principle, types, trouble
shooting. Description of
electrical components used in
split A.C. Study the wiring
circuit.

94.Install IDU and ODU of wall
mounted split AC. (16hrs.)

95.Install IDU of floor, Ceiling /
Cassette mounted Split AC.
(16hrs.)

SPLIT A.C (floor, Ceiling /
Cassette mounted Split A.C)

Construction and working
principle, types, trouble
shooting. Description of
electrical components used in
split A.C. Study the wiring
circuit.

96.Install IDU and Duct of Ductable
splitAC. (16hrs.)

SPLIT A.C (Ducted)

Study of the Duct able splitAC,
its Construction and working
principle, types, trouble
shooting.Description  of
electrical components used in
split A.C. Study the wiring
circuit.

97.8Servicing of Multi Split AC.
(16hrs.)

MULTI SPLITA.C

Study the construction and
working, various components,
electrical circuits, testing
components, fault detection

98.Identify the parts of Inverter
SplitAC. (16hrs.)

INVERTER SPLITA.C.

Study of construction and
working principle of inverter AC
and its components, electrical
circuit and controls,
installation, servicing, trouble
shooting, fault detection, leak
testing and gas
charging.Concept of Indian
Seasonal Energy Efficiency

Ratio ISEER). Energy
Efficiency leveling oninverter
AC.(18 hrs..) )
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Capital Goods and Manufacturing
R&ACT - Fitting Exercise 1.1.01

Identify workshop and machineries

Objectives: At the end of this exercise you shall be able to
* visit various sections of ITl and familiar with the staff members
* draw the layout of R&ACTsection of ITI

Requirements

Tools/Instruments

e Steelrule 300mm -1 No. * PencilHB -1 No.

e Measuringtape 20m -1 No. » Eraser -1 No.

e Setsquare 30° & 45° - 1 set. + Papers - as reqd.
PROCEDURE

TASK 1: Visit various sections of ITI and familiar with different section and staff members.

Instructor will lead the new recruits to various 3 Takeintroductionaboutthe majorequipments of different
sections of ITl and explain about the training trade with respective instructor during visit and note
scheme. _ down.

4 Take briefknowledge aboutthe scope and application

1 During the visit collectinformation like the designation of pafticulartrade in industry.

of staff member and their name.

2 ldentify the sections of ITI and list the trades in which
training is given.

TASK 2: Draw the layout of the R&ACT section of ITI.

1 Drawthe planofthe R&ACT sectionto a suitable scale 2 Draw the layout of lab as per the equipment located.
in a separate sheet of paper. (A4 size)



Capital Goods and Manufacturing
R&ACT - Fitting Exercise 1.1.02

Demonstrate safety precautions and first aid

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

¢ identify the four basic categories and meaning of the safety sign

* read & record the meanings of road safety signs

e prepare the victim’s to receive artificial respiration

* resuscitate the victim by nelson's arm lift back pressure method, Schafer’s method, mouth -to-mouth method
* resuscitate the victim by mouth -to- nose method

* resuscitate a victim who is under cardiac arrest (CPR) cardio pulmonary.

¢ perform treatment for stopping or bleeding victims.

PROCEDURE

TASK 1: Identify the four basic categories and meaning of the safety signs

- - . Table 1
Instructor may provide various safety signs

chart categories and explain their categories Fig No. Basic categories Meaning
and their meaning, description. As the trainee | safety sign descriptions
to identify the sign and record in Table 1.

1 Identify the safety sign from chart

2 Record the name of the category in Table1.

Mention the meaning description of the safety
signin Table 1

4 Get it checked by your instructor

Ol |IN|ojlo|bh|WIN|~

TASK 2: Read and record the meaning of road safety signs

Instructor will explain all the road safety sign 1 Readthesigngiveninthe chartand mention theirkinds
and traffic police signals and the meaning in the Table 2.

2 Get it checked by the instructor

Table 2
A @ /k\ /$\ Fig No. Basic categories Meaning
| safety sign descriptions

Fig. 1 Fig. 2 Fig. 3 Fig. 4

11

:
13

14
15
16
17
18
19
20

Fig.5

MRN1102H1

Fig. 6 Fig. 7 Fig. 8




Assumption - for easy manageability Instructor may arrange the trainees in group and ask each group
to perform one method of resuscitation.
Fig 4
Fig 14
B ® B
Fig 16 Fig 17 Fig 18 Fig 19 Fig 20

TASK 3: Prepare the victim’s to receive artificial respiration.

1 Loosen the tight clothing which may interfere with the 4 Start artificial respiration immediately without delay.

victim’s breathing. Do notwaste too much time in loosening the clothes or
2 Removeanyforeign materials or false teethin his mouth trying to open the tightly closed mouth.

and keep the victim’s mouth open. 5 Avoid violent operation to prevent injury to the internal
3 Bring the victim safety to the level ground, taking parts of the victim.

necessary safety measures. 6 Word send for a doctor immediately.
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Fig 1

MRN1102J1

TASK 4: Resuscitate the victim by Nelson’s arm Lift back pressure method.

Nelson’s arm-lift back pressure method must
not be used in case there are injuries to the
chest and belly.

1 Placethevictim prone (thatis face down)with his arms
folded with the palms one over the other and the head
resting on his cheek over the palms. kneel on one or
both knees nearthe victim’s hand. Place yourhands on
the victim’s back beyond the line of the armpits, with
your fingers speared outward and downward, thumbs
just touching each other as in Fig 1.

Fig 1

HEAD RESTING ON
CHEEK OVER THE
PALMS

HANDS ON THE
BACK BEYOND LINE
OF ARMPIT

ARMS FOLDED

MRN1102X1

2 Gently rock forward keeping your arms straight until
they are nearly vertical, and steadily pressing the
victim’s back as shownin Fig 2 to force the airout of the
victim’s lungs.

Fig 2

ARMS STRAIGHT AND
NEARLY VERTICAL

BACK PRESSED

MRN1102X2

3 Synchronies the above movementofrocking backward
with your hands sliding downwards along the victim’s
arms and grasp his upperarm justabove the elbows as
shown in Fig 3. Continue to rock backwards

Fig 3

HANDS DOWNWARDS

GRASP THE UPPER ARMS
JUST ABOVE THE

MRN1102X3

4 Asyourockback, gently raise and pull the vitim’s arms
towards you as shown in Fig 4 until you feel tension in
his shoulders. To complete the cycle lower the victim’s
arms and move your hands up to the initial position.

Fig 4

ARMS PULLED

MRN1102X4

5 Continue artificial respiration till the victim’s begins to
breathe naturally. please note, in some cases, it may
take hours.
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6 When the victim revives, keep the victim warm with a
blanket, wrapped up with hot water bottles or warm
bricks; stimulate circulation by stroking the insides of
the arms and legs towards the heart.

TASK 5: Resuscitate the victim by Schafer’s method.

Do not use this method in case of injuries to
victim on the chest and belly

1 Lay the victim on his belly, one arm extended direct
forward, the other arm bent at the elbow and with the
face turned sideward and resting onthe hand orforearm
as shown in Fig 5

Fig 5

THUMB ALONG

FINGERS
MOUTH AND

NOSE OPEN

LITTLE FINGER
ALONG LOWEST

MRN1102X5

2 Kneel astride the victim, so that his thighs are between
yourknees and with your fingers and thumbs positioned
asin Fig 5

3 With the arms held straight, swing forward slowly so
thatthe weight of yourbody is gradually broughtto bear
upon the lower ribs of the victim to force the air out of
the victim’s lungs as shown in Fig 6

TASK6: Resuscitate the victim by mouth -to- mouth

1 Laythevictimflaton his back and place aroll of clothing
under his shoulders to ensure that his heads is thrown
well back (Fig 8)

2 Till the victim’s head back so that the chin points
straight upward (Fig 9)

Fig 8

MRN1102X8

3 Grasp the victim’s jaw as shown in Fig 10, and raise it
upward until the lower teeth are higher than the upper
teeth; or place fingers on both sides of the jaw near the
ear lobes and pull upward. Maintain the jaw position
throughoutthe artificial respiration to prevent the tongue
from blocking the air passage.

7 Keep himin the lying down position and do not let him
expert himself.

Do not give him any stimulant until he is fully
conscious

Fig 6

WEIGHT OF THE
BODY ON PALM
OF THE HAND

ELBOWS STRAIGHT
THIGHS AND ARMS
PERPENDICULAR TO
THE GROUND

MRN1102X6

4 Aftertwo seconds, swing forward again and repeatthe
cycle twelve to fifteen times a minute.

5 Continue artificial respiration till the victim begins to
breathe naturally.

Fig 7

MRN1102X7

method

Fig 9

MRN1102X9

4 Take a deep breath and place your mouth over the
victim's mouth as shown in Fig 11 making airtight
contact. Pinch the victim's nose shut with the thumb
and forefinger. If you dislike direct contact, place a
porous cloth between your mouth and the victim's. For
an infant, place your mouth over its mouth and nose.
(Fig11).
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Fig 10

CHIN STRAIGHT
UPWARDS

LOWER TEETH ARE
HIGHER THAN
UPPER TEETH

HEAD BACK

MRN1102XA

Fig 11

AIRTIGHT
CONTACT OF
TWO MOUTHS

NOSE PINCHED

MRN1102XB

TASK7: Resuscitate the victim by Mouth-to-Nose method.

Blow into the victim's mouth (gently in the case of an
infant) until his chest rises. Remove your mouth and
release the hold on the nose, to let him exhale, turning
your head to hear the out-rush of air. The first81to 10
breaths should be as rapid as the victim responds,
thereafter the rate should be slow down to about 12
times a minute (20 times for an infant)

If air cannot be blown in, check the position
of the victim's head and jaw and recheck the
mouth for obstructions, then try again more
forcefully. If the chest still does notrise, turn
the victim's face down and strike his back
sharply to dislodge obstructions.

Sometimes air enters the victim's stomach as
evidenced by a swelling stomach. Expel the
air by gently pressing the stomach during the
exhalation period.

Use this method when the victim’s mouth will
not open or has a blockage you cannot clear.

1 Use the fingers of one hand to keep the victim’s lips
firmly shut seal your lips around the victim’s nostrils and
breathe into him. Check to see if the victim’s chest is
rising andfalling (Fig12)

2 Repeat this exercise at the rate of 10-15 times per
minute till the victim responds

3 Continue this exercise till the arrival of the doctor.

Fig 12

MRN1102XC

TASK 8: Resuscitate a victim who is under cardiac arrest (CPR) cardio pulmonary.

In cases where the heart has stopped beating,
you must act immediately

1 Check quickly whether the victim is used cardiac arrest

Cardiac arrest could be ascertained by the
absence of the neck (Fig 13), blue colour
around lips and widely dilated pupil of the
eyes.

2 Lay the victim on his back on a firm surface

Kneel alongside facing the chest and locate the lower
part of the breast bone (Fig 14)

4 Place the palm of one hand on the centre of the lower
part of the breastbone keeping your fingers off the ribs.
Cover the palm with your other hand and lock your
fingers together as shown in (Fig 15)

5 Keeping your arms straight, press sharply down on
the lower part of the breastbone; then release the
pressure (Fig 16)

Fig 13

MRN1102XD

Fig 14

MRN1102XE
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Fig 15

MRN1102XF

Fig 16

MRN1102XG

6 Repeat step 5, fifteen times at the rate of at least once

per second

7 Check the cardiac pulse (Fig 17)

Fig 17

MRN1102XH

8 Move back to victim’s mouth to give two breaths
(mouth-to-mouth resuscitation) (Fig 18)

Fig 18

MRN1102XI

9 Continue with another 15 compressions of the heart
following by further two breaths of mouth-to-mouth
resuscitation, and so on, check the pulse at frequent
intervals.

10 Assoon as the heartbeat returns, stop the compression
immediately but continue with mouth -to-mouth
resuscitation until natural breathing is fully restored

11 Place the victim’s in the recovery position as shown in
Fig 19. Keep him warm and get medical help quickly.

Fig 19

MRN1102XJ

Others step
1 Send for a doctor immediately

2 Keep the victim warm with a blanket, wrapped up
with hot water bottles or warm bricks; stimulate
circulation by stroking the insides of the arms and
legs towards the heart.

TASK 9: Perform treatment for stopping bleeding victims.

1

Determine the location of the bleeding
Elevate the injured area above the heart if possible

Apply direct pressure to the bleeding area with sterile
cloth

Keep the pressure on for 5 seconds

Check to see if the bleeding has stopped if not apply
further pressure for 15 minutes

Clean the wound
Bandage the wound with pad of soft material (Fig 20)

Advice victim to take treatment from doctor.

Capital Goods and Manufacturing - R&ACT (NSQF - Revised 2022) - Exercise 1.1.02
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MRN1102XK
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Capital Goods and Manufacturing
R&ACT - Fitting

Exercise 1.1.03

Demonstrate - fire fighting

Objectives: At the end of this exercise you shall be able to
* demonstrate the ability of fire-fighting,
- as a leader of the group
- as a member of the fire-fighting team.
¢ general procedure to be adopted in the event of fire
¢ extinguisher the fire

Requirements

Equipment/Machines

* Fireextinguishers differenttypes - 1 No. each

PROCEDURE

TASK 1: General procedure to be adopted in the event of fire.

Fig 1

MRN1103H1

1 Raise an alarm. Follow the method written below for
giving an alarm signals when fire breaks out:

— byraising your voice and shouting Fire! Fire!to call
the attention of others 3
— running towards fire alarm/bell to actuate it
— othermeans
2 On receipt of the alarm signal:

— stopworking

turn off all machinery and power

switch off fans/air circulators/exhaust fans. (Better
switch off the main)

If you are not involved in fighting the fire:

leave calmly using the emergency exit.
evacuate the premises
assemble at a safe place along with the others

check if anyone has gone to inform about the fire



break to the concerned authority
— close the doors and windows, butdo notlock or bolt
Ifyou are involved in fire fighting:

— takeinstructions/give instructions for an organised
way of fighting the fire

If taking instructions:

— follow the instructions, and obey, if you can do so
safely; do not risk getting trapped.

— locatelocally available suitable means to putoutthe
fire

— judge the magnitude of the fire, ensure emergency
exit paths are clear of obstructions and then attempt
to evacuate (Remove explosive materials,
substances that can serve as a ready fuel for fire
within the vicinity of the fire break)

— fight out the fire with assistance to put it out, by
naming the person responsible for each activity.

MRN1103H2

PR S 5 Reportthe fire accidentand the measures taken to put
If tructions:
givinginstructions out the fire, to the authorities concerned
- the cl f fi
assess e class otfire Reporting all fires however small helps in the
— send for sufficient assistance and inform the fire investigation of the cause of the fire. It helps to
brigade prevent the same kind of accident occurring
again.
TASK 2: Extinguisher the fire
1 Alertpeople surrounding by shoutingfire, fire, fire when 3 Put Off electrical power supply
observefire
2 Informfire service orarrangetoinformimmediately open Do not allow people to go nearer to the fire
emergency exist and ask them to go away 4 Analyze and identify the type of fire. Refer Table1.
Table 1
Class A Class B ClassC Class D
Fig 4
Wood, paper, Cloth, Oil based fire (grease, Gas and liquefied gases Metals and electrical
Solid material gasoline oil) equipment task
Liquefiable solids
Assume the fire is B type 9 Pull the safety pin from the handle (Pin located at the
Select CO, (carbon dioxide fire) extinguisher top of the extinguisher) (Fig2)
Locate and pick up CO, fire extinguisher Check for its 10 Aim the extinguisher nozzle or hose at the base of the
expiry date. fire (this will remove the source of fuel fire )
8 Break the seal (Fig1) Keep yourself low.
Fig1

Fig 2

MRN1103H3
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Capital Goods and Manufacturing
R&ACT - Fitting Exercise 1.1.04

Demonstrate working of height using PPE'S and identify the hazards, and
take personal safety precautions

Objectives: At the end of this exercise you shall be able to
¢ demonstrate how to work at height using PPE'S
« identify personal protective equipments (PPE).

Requirements

Safety accessories

e Safety shoes -1 Pair o Safety belt -1 Set

e Safetygoggles -1No o Safety earplug -1 Pair

e Safety helmet -1No e Safety jacket -1No
PROCEDURE

TASK 1: Demonstrate how to work at height using PPE’s

1 Workatheightis properly planned and organized Fig 1. 3 Choose required proper working tools and equipment

2 Theriskfromworkatheightare assessed and appropriate before start the work at height.

PPE's sel
s selected and used Safety : Ensured hanging belt and other safety
Fig 1 measure are taken before going at height Fig 2
Fig 2
Anchorage point
Fall arrest device
Energy absorber
Lifeline
Lanyard
Full body
harness
Connector
3
z
=
TASK 2: Identify the personal protective equipment (PPE)
1 Identify the PPE in the Table - 1 2 Mention the name of the PPE nature of Hazards and
type of protection

10
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Table 1

Sl No Name of PPE Hazards Type of protection

O©|00 [N o | W[N]~
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Capital Goods and Manufacturing
R&ACT - Fitting Exercise 1.1.05

Identify general tools instruments & equipments with care and maintenance

Objectives: At the end of this exercise you shall be able to
* identify general work shop tools

¢ identify workshop equipments

* identify precisioninstruments

» care & maintain of tools, and equipments

Requirements

Tools/Instruments Equipment/Machine

¢ General workshop tools - as per table e Workshop equipments - as per table
¢ Precisionmeasuring Instruments -aspertable

PROCEDURE

TASK 1: Identify the general workshop tools

Table 1 Fig 2
Sl No Name Uses
1
2
3
4
5
Fig 3
6
7 LR
6 5 4 3 2 1 0l
8 1 1 1 1 1 1
9 A
10
11
Fig 4
12
Fig 1
Fig 5

13



u

Fig 7 Fig 10
R R RIXZ .
SRR RRIIKLIKLKILY
SRXE pavetetotoleletetel
Fig 8
Fig 11
Fig 9
Fig 12

TASK 2: Identify workshop equipments

Table 2

Sl No Name Uses

Al W|IN |-

Fig 1

Fig 3
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Fig 4

TASK 3: Identify precision equipments

Table 3
SI No Name Uses
1
2
3
4
5
Fig 1
Fig 2

Fig 3

Fig 4

Square head
Spirit level

Fig 5

TASK 4: Care and Maintenance of Tools Instruments and equipments

1 Do notover tightin bench vice.

2 Do not use a hammer with a loose handle.

w

The face of the hammer must be free from oil, grease
and mushroom heads

Do not use steel rule as a screw driver.
Do not use the file without the handle.
Do not throw a file since the teeth get damaged.

Do not use pliers as hammers.

o N o o >

The edge of a Chisel must be maintained as per the
required angle.

9 In Chisel, Avoid mushroom heads.

10 While drilling, Do not apply excess pressure on small
bits.

11 In the case of an electric drilling machine it must be
properly earthed and the insulation should be sound.

12 After measuring Vernier Caliper, keeping the box.
13 While measuring in micrometer, do not over tight.

14 All measuring Instruments after use should be cleaned
of grease, oil, dust etc., using a banyan cloth and store
itin a pouch or in the container from the supplier.
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Capital Goods and Manufacturing
R&ACT - Fitting Exercise 1.1.06

Perform measuring marking, punching, hack sawing, and flat filing

Objectives: At the end of this exercise you shall be able to
« practice on flat filing and check the flatness

* mark parallel lines to the given dimension

¢ punch with centre punch & ball pein hammer

« fix the hacksaw blade & practice sawing

Requirements
Tools/Instruments Equipment/ machine
» File flat Bastard double cut 150mm -1No + Benchvice 150mm -1No
» File flat second cut double cut 150mm -1No * Angle plate 150mm -1No
e Trysquare 150mm -1No « Surface plate 450 mm x 450mm -1No
« Ball pein hammer 220gms -1No * Machine vice 100 mm -1No
» Steel Rule 300mm -1No * Bench type drill machine capacity 25mm -1 No
* E:/Ienlt(re pléTChkm%r]nm o 150 - 1 EO +  Drill chuck with key 12mm capacity -1No
. arking block with scale mm -1 No . ; ;
- Hacksaw blade with frame 300mm,24 TP -1 No Anvil 200mm with stand 100 kg
e Drill bit -1No Materials
* Reamer -1No :
. Counter sinking tool “1No MS equal channel 75 x 40 x 155mm -1 piece
* Tapset -1No
* Die set -1No

PROCEDURE

TASK 1: Fix the hacksaw blade & practice sawing.

1 Fixing of hacksaw blade the teeth of the blade should
be away pointing from the handle. Fix the blade to the
frame in good tension.(Fig 1)

Fig 1
FRAME

FLY NUT

- PIN AND HOLE /HANDLE

¢ ()

BLADE /

2 Setyour thumb nail/vertically to the location of the cut,
and this location should be at least 10 mm from the
vice. Hold and press the hacksaw straight forward. Do 3 Open the vice, take out the job and remove the burrs.
not use force when pulling it back. Apply cutting (Fig 3)
compound occasionally while cutting. Use the full
length of the hacksaw blade. Make the last few cuts
while holding the piece to be cut with your left hand.

For this section use a fine grade blade. A minimum of
two or three teeth should be in contact with the work.

(Fig 2)

MRN1106HJ

MRN1106HK
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Fig 3

MRN1106HL

TASK 2: Punch with centre punch and ball pein hammer

1 Place the job on surface plate and place with support
of angle plate and mark on the side o f the channel as
figure. (Fig 4)

Fig 4

MRN1106HG

TASK 3: Practice on flat filing and check the flatness

2 Take out the job and inspect.
3 Place the job on anvil and hammer

4 Check the channel punch all the points are correct

1 Check the material size 155 x 75 x 40mm equal angle
MS channel.(Fig 5)

Fig5

Fig6

MRN1106H2

MRN1106H1

2 Remove all the rust from all the surface by the edge of
file, clean by cotton waste.(Fig 6)

3 Holdfile handle with thumb will be placed firmly to grip

the file, left leg will be in forward direction right leg will
300 mm from front leg. Also check the height of your
vice should be on the level of your elbow as in Fig 7.

Hold the job in bench vice grip firmly from width of the
channel. (Fig 8)

Place file on the job and start filing. Exert pressure on
file while moving forward direction. At return stroke
release the pressure. Shiftto the nextareaand continue
inthe same way complete the entire process and check
flatness with the help of try square blade. Iflightappear
surface is not flat. (Fig 9)
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Fig 7

TEST FOR
CORRECT
HEIGHT FOR
TOP OF
VICE

MRN1106H3

6 Open the job and start on (A) side filing as directed
previously. Check the squareness along with(B). (Fig
10)

* Open the job and start on (D) side filing as directed
previously. Check the squareness along with (A)

* Open the job and start on (C) side filing as directed
previously. Check the squareness along with (A,B & D).

* Open the job and start on (F) side filing as directed
previously. Check the squareness along with
(A,B,C & D)

MRN1106H4

Fig 10

MRN1106H7

7 Finally we got the piece.(Fig 11)

Fig 9

MRN1106H5

Fig 11

* ALL THE DIMENSIONS ARE IN MM
G.TOLERANCE * 0.05

MRN1106HA
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TASK 4: Mark parallel lines to the given dimension

1 Apply marking media on B surface allow it to dry 5 Start punching over the line with the help of centre punch
2 Now place the marking block on surface plate and aqd hammer on crossing point must dipped punch
: . ) ) (Fig 13)
placing steel rule with support angle plate and fix scriber
as per drawing length required. Tight the scribing block —_
19

nut and take away the steel rule. (Fig 12)

MRN1106HC

3 Now places the MS channel on surface plate touching
C direction on surface plate face support of B will be
with angle plate hold the job with your left hand along
with the scriber point over the marking medias. Like
that mark the job as per drawing.

4 Place the job on anvil.

MRN1106HF
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Capital Goods and Manufacturing
R&ACT - Sheet Metal

Exercise 1.2.07

Perform sheet cutting by straight snip as per drawing

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

* mark a straight line on the sheet
e cut sheet metal by a straight snip.

Requirement

Tools/Instruments

*  Wooden mallet 500 gm -1 No.
» Straight Snip 200mm -1 No.
» Scriber 150 mm -1 No.
* Trysquare 150 mm -1 No.
* Smooth file single cut 150 mm -1 No.
*  Wing compass 150 -1 No.

-1 No.
-1 No.

* Benchvice 150mm
* anvil200mm 100kg

Material

* G.I Sheet 65x 120 mm 22SWG - 1 pieces for
eachtrainees ’

PROCEDURE

TASK 1: Mark a straight line on the sheet

1 Mark off two ‘V’'marks from the datum xx at a distance
as required by a measurement, using a steel rule and
a scriber. Datum xx is aright angle to datumyy. (Fig 1)

Fig 1

STEEL RULE

+
R/
%
MRN1108H1

2 Set the straight edge in between the V' marks and
press with your fingers. (Fig 2)

Fig 2

MRN1108H2

20

Scribe the line towards you with a proper
inclination of the scriber on the level edge of

the straight edge. (Fig 3)

Fig 3

B | MRN1108H3

~

3 Theline AB is the parallel line to the datum xx. (Fig

Fig 4

N

MRN1108H4

Draw parallel lines as per dimension following the above
procedures



TASK 2: Cutting sheet metal by straight snip

Hold the sheet by one hand, and with the other hand, hold
the snip handle atthe end, and place the upperblade of the
snip on line by keeping a smaller opening angle. (Fig 1)

OPENING AN

Maintainthe gapin betweenthe blades, less than 20°.(Fig2)

Fig 1

MRN1108J1

Fig 2

SMALLER THAN 20°

/s\\
. PZ2Z2777722277722] ‘I \

MRN1108J2

Ifthe blade gap is more than 20°, shears cannot
be gripped properly.(Fig 3)

Fig 3

GREATER THAN 20°

2227777777772 I (

MRN1108J3

SHEARS DO NOT GRIP

Keep the blade perpendicular to the surface of the sheet
metal. Hold the snips straight. (Fig 4)

Fig 4

Caution
Do not use the full length of the blade by a single stroke

Ifyou use the fulllength of the blade by a single stroke then
the cutting or shearing line will not be straight (Fig 5)

Fig 5

MRN1108J5

Keep less metal (sheet) as far as possible onthe lefthands
side at the time of cutting the sheet.(Fig 6)

Fig 6

MRN1108J4

MRN1108J6

Where stops are not fitted, care should be
taken not to palm of the hand between the
turned-in ends of the handles when closing the
cutting blades. (Fig 7)

Fig 7

MRN1108J7
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Capital Goods and Manufacturing
R&ACT - Sheet Metal Exercise 1.2.08

Perform sheet cutting by bent snip as per drawing

Objectives: At the end of this exercise you shall able to
* mark curved lines on a sheet using a wing compass
e cut along the marked outside and inside carved lines using straight snips and bent snips.

Requirement

Tools/Instruments + Benchvice 150mm -1 No.
* Anvil 200 mm x 100 kg -1 No.

*  Wooden mallet 500 gm -1 No. ]

* Curvednose snhip 200mm -1 No. Material

* Scriber 150 mm -1No. «  G.I Sheet 65 x120 mm 22 SWG - 1 pieces

* Trysquare 150 mm -1No. foreachtrainees

*  Smooth file single cut 150 mm -1 No.

*  Wing compass 150 -1 No.

PROCEDURE

TASK 1: Mark curved lines on a sheet using a wing compass

1 Check the size of the rectangular sheet as per sketch, Fig 1
using a steel rule

2 Level the sheet on a levelling plate using a mallet.
3 Attach another sheet for marking the larger curve.

4 Transfer the measurement from the steel rule to the
wing compass for the desired radius.

120
100

5 Mark the first curved line on the sheet.

6 Mark 10 curved lines equal distance of 6mm.

MRN1109H1

TASK 2: Cut along the marked outside and inside carved lines using straight snips and bent snips

1 Cuton the marked curved lines by bent snips. -
ig

Start cutting the curved line always from the RouGH cuT

nearest edge with the straight snips.

2 Abentsnip canbe usedforcuttinginternal and external
curves.

For cutting holes bent snips are used. FINISH CUT

4 Firstarough cutis made. Then the hole is finished off o
(Fig1)

MRN1109J1
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5 For circular cutting rotate the sheet while making 7 For trimming a cylinder, keep the lower blade on the
continuous cut. outside of the cut. (Fig 3)

6 Firstarough cut can be made, (Fig 2)

Fig 3

Fig 2

MRN1108J3

MRN1108J2
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Capital Goods and Manufacturing
R&ACT - Sheet Metal Exercise 1.2.09

Bend, fold, and join metal sheet in different process

Objectives: At the end of this exercise you shall be able to
* bend and fold sheet metal as per marking

* make the locked grooved joint

* make notches using snips.

Requirement

Tools/Instruments

* Mallet wooden 500 gms -1No *  200mm 100kg anvil -1No
e Straight Snip 200 mm -1No * Benchvice 150mm -1No
» Steel Rule 300 mm -1No Material
e Scriber 150 mm -1No
e Trysquare 150 mm -1No * G.ISheetasrequired
* Smooth file single cut 150 mm -1No

PROCEDURE

TASK 1: Bend and fold sheet metal as per marking

» Checkthesize of sheetas persketchusingasteelrule. « Cut the corners by straight snips.

« Level the sheet on the levelling plate using a mallet. « Make a single hemming on the four side of the tray

(Fig1a)

+ Develop the tray by the parallel line method

. Cutthe sheet as per line by straight snips. * Bend the four sides to 90° using a Tin man's anvil.

TASK 2: Make the locked grooved joint

Fig 1

I I I I
N i ! I I <
To) | | | |
o | | | R
o
N
5x45°
5 X 45°
14.4 57.6 20 5
93.6
(a)
FLAPS-SOLDERING
— — . — . — . — BENDING LINES EDGE HEMMING
OUT SIDE

MRN1110E1
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Interlock the folds and press the joint on the four
corners (Fig 1b)

Occasionally, in laying out a job, you will have to make
some provision for bent sections that have folded edges.
Otherwise there will be overlapping of the metal where the
corners come together.

To prevent a bulge from forming at such a point, it is
necessary to chip the metal or provide small openings.

The openings leftat some seams and edges are known as
notches.

Shapes of notches
— Straight notch - Fig 1
— Square notch - Fig 2
— "V'notch (Fig 3)

Fig 2
METAL TO BE
REMOVED

LAYING OUT SQUARE NOTCHES

MR1112U2

Fig 1

SLIT-

MR1112U1

LAYING OUT STRAIGHT NOTCHES

Fig 3

S

QO%J*%

LAYING OUT 'V' NOTCH FOR 90° BEND.
LAYING OUT 'V' NOTCH FOR OTHER THAN 90° BEND.

MR1112U3
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Capital Goods and Manufacturing

R&ACT - Sheet Metal Exercise 1.2.10

Joining sheet metal by using rivet set and snap

Objective: At the end of this exercise you shall be able to
¢ join the sheet metal using rivet with a rivet set and snap

Requirements

Tools/Instruments Equipment/Machines

» Steelrule 300mm -1 No. * Handdrillingmachine

» Scriber 150mm -1 No. Materials

* Centrepunch 150mm -1 No.

. Hammerzzogms -1 No. e Sheet steel ISST 55 x 0.5 x 105 - 2 Nos.
* No.14Tinman'srivets - 10 Nos.

PROCEDURE

TASK 1: Joining sheet metal by using rivet set and snap

1 Check the dimension of the given sheet iron. 6 Inserttherivetinthe hole, thatis nearest to the centre
2 Mark straight line for centre line of the rivet. (Fig 1) of span, resting the head of the rivet on the place.
- : 7 Draw the material and the rivet together tightly by
3 Mark centres for drilling with centre punch. placing the hole in the rivet set and striking the set one
4 Drill holes using the hand drilling machine. or two sharp blows with hammer.
5 Place together the two pieces of sheet metal on a 8 Placethe cup shaped hole ontherivetand give therivet
suitable solid plate.(Lead piece) setone ortwo sharp blows with the hammerto head the
rivet.
Fig 1 9 Rivet alternately in each direction, beginning with the
10 40 nearest centre hole.
V%: X 10 Insert the rivet in the holes made in the sheets.
a0 ] Ao // ™ 11 Drawtherivetand the sheettogether by striking one or
SECTION AA E,\ K'_l_\ i two sharp blows with a hammer.(Fig 2)
I R z ‘| ! | )7 12 Perform heading the rivet with the cup shaped hole of
|f\ - \\ b5 the rivet set and hammer.
|\ Namnas
| S— 7
K} ENLARGED VIEW - X Fig 2
S

i A A
s 1 1
>

T R
Ve

DRAWING THE RIVET AND
METAL SHEETS TOGETHER

5X16

MRN1111H2

2
&

10

MRN1T111H1
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In thin plates the holes for rivets are punched as shownin
Fig 3.

Fig 3

PUNCH
THIN PLATE

L

— ..-.‘.' §
SSEIRIS S PIECE OF

\|:;:;;=..=.: 5
U\ [ExD

MRN1111H3

Pass the rivet through the punched hole in the sheet as
shown in Fig 4.

Fig 4

i
|
%*yv
1/

A

MRN1111H4

Tosettherivetfirmlyin the sheet, use arivetset. Therivet
head is to be supported with a dolly. A dolly is used to
preventthe rivethead from expanding whenitis struck with
the hammer.(Fig5)

Fig 5

MRN1111H5

The shank is to be rounded by giving glancing blows with
the hammer (as shown in Fig 6) for firming the head.

BRINGING DOWN ‘

MRN1111H6

(b)

Finally, place therivet snap on therivet (as shownin Fig 7
and finish the work by giving a few blows with the hammer.

Fig 7
9 FABRICATED HEAD 1

Z

b
\\.’%/ |
‘}\-;\'ﬁ\/ NHi

Z \\
PERFORMED HEAD §
g
Fault in riveted joints
The following faults may be noticed in riveted joints.
Burrs between work pieces as shown in (Fig 8).
Fig 8
m BURRS
# L
W T, J
BURRS BETWEEN WORKPIECES %

Punched holes in work pieces are not correctly aligned
(Fig9)

Fig 9

z /’y% r %)

&% / N J .
MISALIGNED PUNCHED HOLES é
Rivet not set correctly with the rivet set.(Fig 10)
Fig 10
L LA
NN J
INCORRECT POSITION OF RIVET %
Punched holes too large.(Fig 11)
Fig 11 /4\
|
# Y
N N, J
TOO LARGE PUNCHED HOLE %
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Rough rivetlength too short.(Fig 12) Closed head displaced. (Fig 14)
The rivet set and rivet snap must be free from burrs.

Fig 12

%) Fig 14

7
\ %

P
| 2

N
N

RIVET LENGTH TOO SHORT

W N\

MRN1111HC

M
D

Roughrivetlength toolong.(Fig 13) DISPLACED HEADS

MRN1111HE

Fig 13

v 2\

W

RIVET LENGTH TOO LONG

{444

MRN1111HD
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Capital Goods and Manufacturing
R&ACT - Electrical

Exercise 1.3.11

Demonstrate electrical safety precaution and first aid

Objectives: At the end of this exercise you shall be able to
disconnecting a person (mock victim) from a live supply (simulated)

artificial respiratory resuscitation

resuscitation of a victim by the Schafer’s method

resuscitation of a victim by the Holgen-Nelson method

resuscitate a victim who is under cardiac arrest (CPR) cardio pulmonary

Requirements

Equipment/Machines

* Awallmounted/ pedestal bus-bar chamber controlled
by an isolator - dummy - not connected to mains -
an Electrical machine connected through anisolator-
(dummy - not connected to mains).

Material

Workshop coats, sacks, long handled wooden brush,
length of timber, rubber mat, hot water bag.

PROCEDURE

TASK 1: Disconnecting a person (mock victim) from a live supply (simulated).

1 Observe the person (mock victim) receiving an electric
shock. Interpret the situation quickly.

Fig 1

HEAD RESTING ON
CHEEK OVER THE PALMS

HANDS ON THE
BACK BEYOND
LINE OF ARM PIT

ARMS FOLDED

MRN1214J1

TASK 2: Artificial respiratory resuscitation

1 If breathing has stopped, apply immediate artificial
respiration

2 Loosenthetightclothing ofthe victim. If not possible to
loosen quickly, do not spend too much time in this,
activity.

Remove obstruction from the mouth, if any.

Send word for professional assistance. (If no other
personis available, you stay with the victim and render
help as best as you can.)

2 Remove the victim safety from the ‘live’ equipment by
disconnecting the supply or using one of the items of
insulating material.

Do not run to switch off the supply that is far
away.

Do not touch the victim with bare hands until
the circuit is made dead or the victim is moved
away from the equipment.

Push or pull the victim form the point of contact
of the live equipment, without causing serious
injury to the victim.

Move the victim physically to nearby place.

4 Check for the victim’s natural breathing and
consciousness.

5 Take steps to apply respiratory resuscitation if the
victim is unconscious and not breathing.

5 Look for visible injury in the body and decide on the
suitable method of artificial respiration.

6 Have you observed? (In this case you are told by the
instructor)

7 Inthe case of injury /burns to chest and /or belly follow
the mouth to mouth method.

8 In case the mouth is closed tightly. Use Schafer’s or
Holden Nelson method.

9 In the case of burn and injury in the back, follow

Nelson’s method.

29



10 Arrange the victim in the correct position for giving

artificial respiration. Follow the steps explained, given
under skill information for each method of artificial
respiration, until the victim breathes naturally or
professional help arrives.

All action should be taken immediately.

Delay even by afew seconds may be dangerous.

Exercise extreme care to prevent injury to

internal organs.

11 Place the mock victim in the recovery position

12 Coverthe victim with coat, sacks orimprovise your own
method. It helps to keep the victim’s body warm.

TASK 3: Resuscitation of a victim by the Holgen-Nelson method.

Refer Ex No 1.1.02 TASK -4, 5,6,7, 8
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Capital Goods and Manufacturing
R&ACT - Electrical Exercise 1.3.12

Identify, use and maintain electrical tools

Objectives : At the end of this exercise you shall be able to
* identify the tools when specification is given

* identify the tools for specific uses

* care and maintenance of tools.

Requirements

Tools/Instruments Equipment/Machines
* Trainee’s tool kit - 1 set * Electricbench grinder -1 No.
 Triangularfile bastard 150 mm -1 No. .
+ Longround nose pliers 200mm -1 No. Materials
+ File flat 150 mm bastard -1 No. «  Lubricating oil -100 ml.
M RaWIijper and bit No.8 -1 No. « (Cottonwaste -as reqd_
+ Cotton cloth - 0.50 metre square.
+ Grease - as reqd.
* Emery sheet 00 - 1 sheet.

Note: The instructor shall arrange for the necessary tool/lequipment like saw-tooth setter , grinder etc.
from other sections and also arrange for the required materials from scrap for practicing the functioning
oftools.

PROCEDURE

TASK 1: Identify the tools when specification is given.

Assumption - Asetoftrainee’s tool kitand specified tools .
asgiveninthis exercise are displayed on the workbench. Specification Sketch
Trainees are required to identify the tools from the
specification given below and draw the sketch of the tools.

Vi Flat file bastard 250 mm

In case of change in specification, rewrite the vii Bradawl 6 mm x 150 mm
correct specification of the items given toyou. square-pointed

viii Gimlet 4 mm x 150 mm

Specification Change in
glerfieation ix Ratchet brace 6 mm
(of any) capacity
i Combination pliers with x Raw | jumper holder with
pipe grip, side cutter and bit No.8

insulated handle-size 200 mm.

ii Longroundnose
pliers 200 mm.

iii Screwdriver 0.8 x 6 x 150mm

v Firmer chisel 12 mm

v Wood rasp file 250 mm
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TASK 2: Identifying tools for specific uses

Practice the use of each tool for different operations
as given below.

1 Combination pliers (Fig 1)

Fig 1

MRN1215H1

Pipe grip is serrated for griping cylindrical objects. Two
joint cutters are provided for cutting or shearing off wires.
(Fig2)

Fig 2

MRN1215H2

Side cutting edges are provided for cutting of soft wires.
(Fig3)

Fig 3

MRN1215H3

2 Pliers-flatnose

Itis used for bending and folding narrow strips of thin sheet
metal. (Fig 4)

Fig 4

MRN1215H4

3 Pliers-diagonal cutting

It is used for shearing off wires in confined spaces and
cutting off wires close to the surface level.(Fig 5)

4 Pliers-round nose

Itisusedtoshapeloopsinwires and toformcurvesinlight
metal strips.(Fig 6)

Fig 5

MRN1215H5

Fig 6

MRN1215H6

5 Screwdriver

It is used for slot head screws.

Fig 7

('“ab

v/

& o 0

MRN1215H7

Use screwdrivers with tips correctly fitting into the screw
slot. (Fig 7)

Fig 8

—
>
(—

N—

MRN1215H8

6 Screwdriver-Phillips - heard (star)

Itis used for star-headed screws.(Fig 8)
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7 Neontester

Itis used for testing live terminals.(Fig 9)

Fig 9

@

MRN1215H9

Fig 12

MRN1215HC

8 Electrician's knife

Itis used for skinning the insulation.(Fig 10)

Fig 10

MRN1215HA

9 Try-square

Itis used for checking surfaces and squareness. (Fig 11)

Fig 11

WORKING EDGE

MRN1215HB

10 Firmer chisel

Itis used for chiseling wood.(Fig 12)

11 Ten on-saw

Itis used for cutting battens.(Fig 13)

12 Plumb-bob

Itis used for drawing vertical lines on walls.(Fig 14)
13 Centre punch

Itis used for making punch marks on metals.(Fig 15)
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Fig 14

—~— THREAD

PLUMB BOB

MRN1215HE

Fig 15

MRN1215HF
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14 Cold chisel
It is used for chipping metals.(Fig 16)

Fig 16

COLD CHISEL

MRN1215HG

15 Hacksaw

It is used to saw metal pieces.(Fig 17)

16 Portable electric drilling machine

It is used for drilling holes in wood or metals. (Fig 18)

TASK 3: Care and maintenance of tools

Prevent rust formation

1

Inspect all the tools; if rusted, use fine emery-paper to
remove the rust.

While removing rust keep your hands clear off
sharp edges. Do not use emery paper on steel
rule or tape.

Apply a thin coat of oil over the surface of the rusted
tools and clean with cotton cloth.

A hammer should not have even a trace of oil
onits striking surface.

Check and lubricate the tools for easy movement of
jaws of pliers, blades of knife, jaws of wrench, pinchers,
gears of the hand drilling machine.

Apply adrop of oil at the hinged/geared surfaces, if the
movement is found to be hard or slaggy.

Activate the jaws and gears till the muck/grim in the
surfaces comes off.

Apply adrop of oil again and clean the tools with cotton
cloth.

Remove the mushrooms

7 Check the cold chisel and hammer striking face for
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mushrooms. Iffound reportto yourinstructor to enable
him to remove the mushroom through grinding.

MRN1215HH

Fig 18
DRILLING DRILLING BIT

MACHINE _\

MRN1215HI

Reshaping the screwdriver tip

8 Checkthe tips of the flat tipped screw drivers. If the tip

is blunt or disfigured report to the instructor.

Observe how the screwdriver tip is ground to
formthe perfect cornered tip for effective usage.

Sharpen and set the saw-teeth

9 Check the teeth of the ten on-saw.

10 Report to your instructor, if the saw-teeth are blunt.

Observe how the saw-teeth are filed to make
the saw-teeth sharp.

11 Check the saw-teeth setting.

The teeth for the ten on-saw should be off set
alternatively to enable the dust to be removed
while sawing.

12 Report to the instructor, if the setting is not proper.

13 Observe how the teeth are set by a saw-setter.
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Capital Goods and Manufacturing
R&ACT - Electrical

Exercise 1.3.13

Measure current, voltage, resistance, power, and energy using analog and

digital meter

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

use voltmeter and check voltage
use Ammeter and check current
operate multimeter

measurement of energy by the direct method

measurement of power by direct and indirect method

Requirements

Tools/Instruments

» Cutting plier200mm -1 No.
* Flat Nose plier 150 mm -1 No.
* Screwdriverset -1 set.
* Line tester 500 V -1 No.
* Voltmeter 0-500 VAC -1 No.
* Ammeter-0-30A -1 No.
* Multimeter Multirange -1 No.

Watt meter, energy meter &

frequency meter -1 No each.
Materials

Wire pieces - asreqd.

Wire clips -2 Dozen.

Switch 5 A -4 Nos.

Lamp 200 W -4 Nos.

Lamp Holder 5A -4 Nos.

PROCEDURE

TASK 1: Use voltmeter and check voltage
1 Take the required length wire & skin the ends.

Fig 1

230V AC

V- @

MRN1218H1

Connect the lamp holder with phase & neutral wire
(prepare testlamp).

Connect voltmeter parallel to the supply.

Connect Voltmeter terminals with phase and neutral
connection.

Fix the 200W bulb & switch on the supply.
Check the voltage in voltmeter & record.

Switch off the supply & remove the connections after
talking the readings.

TASK 2: Use Ammeter and check current

1 Taketherequiredlength wire and connect01 Hp motor

with phase &neutral.

2 Connect Ammeter 0-30 A series with the phase line (in

between the phase line).

Connect voltmeter parallel to the supply.

Switch on the supply and check the current drawn by

the motor in Ammeter.

5 Switch offthe supply & remove connections aftertaking

thereadings.

AMMETER

. /\ 0-30A
A)

1 HP MOTOR

<\/> VOLTMETER
0-500Vv —

230V AC

MRN1218H2
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TASK 3: Operate multimeter

AC Voltage Measurements

1

Turn the Range Selector Switch to 750 ACV setting,
Always start with the highest range if the voltage is
unknown.

Plug the red lead into the VQ mA (Centre) Jack. Plug
the black lead into the COM (Bottom) Jack. Switch the
Multimeter ON. (Fig 3)

Fig 1
g \\
J
= ~ AC VOLTS RANGE
DC VOLTS (V= o[, V
RANGE » Am
o 2001
2000, 30004 DC CURRENT
[2eog @20 RANGE
RESISTANCE(ohms) = o200
RANGE 200K e 010
SOCKET FOR /20 20K -
TESTING (0) \zoodat] |5 10Amp
TRANSISTORS R VOLTS,CURRENT(Ma),
e PNE) (E RESISTANCE,
CONTIUITY
DIGITAL AND DIODE TEST
MULTIMETER L5505 COMMON ot
N S
PROBE LEAD S
SOCKET e
=
3 Carefully touch the exposed conductors with the tips of

the probes to measure the voltage (not amperes).

Read measurements. If the voltage is less than 200
volts, setthe Range Selector Switch tothe lowerrange.

Whentesting is complete, remove TestLeads and store
with multimeter.

DC Voltage Measurements

1
2

Turn the Range Selector Switch to 1000 DC setting.

Follow the direction above under "AC Voltage
Measurements", only use the DC setting instead.

DC Current Measurements

1

Turn the Range Selector Switch to the 10 A position
Always start with the highest range if the amperage is
unknown.

Plug the red lead into the 10A (Top) Jack . Plug the
black lead into the COM (Bottom) Jack. Switch the
Multimeter.

Carefully touch the exposed conductors with the tips of
the probes to measure the amperage.

Note : Amperage is always tested in series with
the circuit under test.

Read measurement. If the reading is less than .2
AMPs, switch the red lead to the VQ mA (centre) Jack
and set the Range Selector Switch to the 200 mA
setting.

When testing is complete, remove Test Leads and
store with multimeter.

Resistance Measurements

Never measure resistance on a circuit with
voltage running thread it.

Turnthe Range Selector Switch tothe 200 mA position.

Plug the red Test Lead into the VQ mA (Centre) Jack.
Plug the black Test Lead into the Com (Bottom) jack.
Switchthe Multimeter ON. Shortthe TestLeadstogether.
The meter should read "0" Ohms.

Touch the exposed conductors with the tips of the test
leads.

Read measurement. Ifthereadingis"1", setthe Range
Selector Switch to the next higher Ohm () position.

TASK 4: Measurement of power by direct and indirect method

Direct method

1
2
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Identify the wattmeter terminals.

Connect the wattmeter terminals in the circuit on
shown in in Fig 5.

Switch circuit with load.

Note the wattmeter reading.

Fig 5

l Vi | Va
L+

DC SUPPLY

f ,®+

VR

MRN1218H5
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Indirect method

1

Connect the ammeter series to load.

2 Connectthe voltmeter parallel to load.
3 Switch on the load.

TASK 5 : Measurement of energy by the direct method

1

Measure Ampere and voltage

Calculate the power as power P =V |

Identify the energy meterterminals - line and load, after
removing the terminal cover.

Always mount the meter vertically. |

Associate the circuitdiagram (inside) with the terminal
markings of the instrument.

Connectthe energy meterterminals (line & load) in the
circuit as shown in Fig 1.

Fig 1

,_

HE-

cot-— 4]

ENERGY
METER

N
L l
2 |3 [4

i
[

6 | TERMINALS

¢ LOAD

MRN1218J1

TASK 6: Measurement of energy by the indirect method

N

0 N O O

9

Note the meter constant from the name-plate of the
energy meter. (Fig 2)

Record the initial meter reading.
Switch ON the circuit with load.
Record the reading after 30 minutes.

Calculate the energy consumed whichis the difference
between the currentand previous reading.

Repeat the steps 5 to 8 for changed load condition.

10 Repeat step 9 at least 3 times.

Select a suitable range of voltmeter and ammeter.

Connectthe ammeter and the voltmeter to the line and
load as shown in Figure 3.

Close the switch S of the circuit.
Start the stopwatch.

Observe the readings of the voltmeter and ammeter.

Watch the instruments constantly. No change
in the reading should take place during the
period of measurement.

Record the reading and time in the tabulation form
(Table 1) after 30 seconds.

Calculate the energy with the given formula.

Repeatthe steps 3to 7 for 60 seconds and 90 seconds
time and record the values of the ammeter and the
voltmeter. Calculate the energy consumption.

Fig 2
(¢ 0
0] 0]
™~
Kilowatt hour E \@
altemating current meter
0 7AA 3041 Nr4776'38/ o
- 240V 10(40)A 50 Hz
@// 600 revkwh | 72
1 TERMINAL COVER 3 METAL SEAL N
2 DIsSC 4 NAME-PLATE 2
&
=
Fig 3 5A M
SA A
= ®
: LAMP
240V, 50 Hz | MI LOAD
SUPPLY : 250V 240V -
| 1000 W §
N ~ T—o g
4
=
Table 1
Voltage (V) | Current(l) | Time(s) | Energy(Ws)
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Capital Goods and Manufacturing
R&ACT - Electronics Exercise 1.4.14

Identify basic electronic components, tools and instruments

Objectives: At the end of this exercise you shall be able to
* identify the passive components by visual inspection
« identify the active components by visual inspection

* identify the tools ans instruments and equipments.

Requirements

Tools and Instruments Materials

* Multimeter/ohm meter -1 No. » Assorted active and passive
components like capacitors,
Inductors, Resistor diodes assorted

types etc -5 Nos.each
PROCEDURE
TASK 1: Identify the passive components by visual inspection
Electronic components likeresistors, inductors 3 Get your result corrected by your instructor.
and capacitors few can be visually identified . .
. o f 4 Collect assorted size, shape and type of passive
and other can be identified by coding only. .
components from your instructor.

1 Identify the passive components referringto Fig 1. and

write the type of passive component in table 1. 5 Divide the passive components into separate groups

asresistor, inductorand capacitor by theirappearances
2 Sketch the appropriate symbol against the (or) codereferences.
corresponding type of passive components in table 1.

TABLE1
SI.No Fig Components Reasons for Symbols Remarks
Alphabets Identified as Identifications

1 A

2 B

3 C

4 D

5 E

6 F

7 G

8 H

9 I
10 J
11 K
12 L
13 M
14 N
15 O
16 P
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Fig 1

100 uF
25VDC

—
—-o
L
+100 pF
+
+12VDC
P

MRN1322H1

TASK 2: Identify the active components by visual inspection

Assumption : Given components have their
code number, lead identification marks as
well as related data books are available

Fig2

(b) (c) (d) (e)

MRN1322J1
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1 Look at the Fig 2. Identify the component from the
pictorial representation. Give yourresponsein Table 1.

TABLE1

Sl. Figure alphabets Component's name
No.

1 a

2 b

3 c

4 d

5 e
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2 Write the figure Nos. that indicate the components
givenin Fig 3, in Table 2

Fig3

MRN1322J2

5 Identify the electronic components from the given circuit
diagram Nos 5,6 and write the names of the components
in the Table 4.

Fig5

TIC126M

(a) (b) (d) (e)
K4 AB
Table 2 c
Sl. Figure number Component’'s name
No. 67200 <
CIRCUIT DIAGRAM OF THE LOW-COST, THYRISTOR-BASED, g
1 TranSiStOI' SPEED CONTROL CIRCUIT E
2 Diode bridge 6 Decode and name the semiconductor devices from
- theirletter designation givenin Table No.4 with the help
3 Integrated circuit
of the data book.
4 Diode
Table 4
3 Ma.tch the names and plctorl_al re_presentatlonS of the sl Code No. of Gémponent's name
active components shown in Fig 4. Record your No
response in the space provided. .
Figa 1 OA79
2 DR25
3 IN4007
4 AA119
5 BY127
3 6 BZ148
@ ®) © @ © § 7 BC147
8 2N904
Table 3 9 BD115
SI. | Component indicating | Component's 10 BFW10
No. symbol name 11 3N187
| A | _onmee
2 = 14 D3202Y
3 c 15 T2801B
4 b 16 CA741
> = 17 CA723
6 F
7 G 7 Identify the leads by decoding the marking in the base
8 H diagraminthe data book for the semiconductor devices.
9 | Draw a neat sketch against each item given
10 J below

4 Collecttheelectronic (ACTIVE) components from your
instructor. Identify the components and record your
response in your record book along with sketches of the
components. (Refer Fig 4 for guidance)

Assumption:

A set of specified tools as given in this exercise are
displayed on this work bench. Trainees are required to
identify the tools given in the exercise and the tool name is
allotted in column.
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Fig 6

~ O E 8V 5V
N A N
| ~ | S1
| :
6..9V 2 By 3 IC 1 l
1.5V : : 7805
I - | Rig Ri
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C) 5 ~ Ri1
B40C1000 Dty — P {100 +—
Cs e Ca| Cs| 8_l_ ¢
4700n] 16V ~T7o0n “Toon Ry Ri2|8 TF00n
(JD ®

A SECTION OF A BATTERY CHARGER CIRCUIT DIAGRAM

MRN1322J5

TASK 3: Identify the tools and instruments and equipments.

Identify the tools, instruments & equipments

Figure Name the tools Figure Name the tools

—— I

|

= = )
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Figure

Name the tools

LAMP
(CHOOSE WATTAGE)

AC POWER
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Capital Goods and Manufacturing
R&ACT - Electronics

Exercise 1.4.15

Colour coding of resistor

Objectives: At the end of the this exercise you shall be able to
* identify different types of fixed value resistors by their appearance and measure the value using

ohmmeter.

Requirements

Materials/Components

¢ Ohm meter/ multimeter
» Assorted types & values of fixed value resistors

-1No
- 20 Nos./batch.

PROCEDURE

TASK 1: Identify different types of fixed value resistors by their appearance and measure the value using

ohmmeter.

1 Take a colour coded resistor from the given lot and
identify the colours of bands starting from one end of the
resistor as shown in Fig 1. Record the colours of the
bands in Table 2 of record sheet.

2 Referappendix D ofthis book and calculate the nominal,
minimum, maximum value of the resistor. Record
values in Table 2 of record sheet.

3 Repeat steps 1 & 2 for the remaining colour coded
resistors and get your work checked by yourinstructor.

Decode the resistor value by using colour code chart.
Measure the value of the resistor by using ohm meter

Compare the calculate value with measured value.

Table - 20/1 (LE: 8.01)

Coding scheme for ceramic capacitors

2nd
SIGNIFICANT
DIGIT

SIGNIFICANT{ 2nd Tst
DIGIT 1st
TEMPERATURE MULTIPLIER 2

COEFFICIANT

TEMPERATURE
COEFFICIANT

A B CDE

COLOUR CODING SCHEME FOR
CERAMIC DISK TYPE CAPACITOR

¢ pE A. TEMPERATURE COEFFICIANT 0 £
A B B. 1st DIGIT 4
C. 2nd DIGIT
D. MULTIFLIER
E. TOLERANCE

SMALL GAP
Fig 1 /
1 2 4

LARGE GAP

LARGE GAP

START

——

MRN1323H1

SMALL GAP

Table - 20/2 (LE:8.01)
Tolerance
Temperature First | Second More| Less
Colour |Coefficient Digit | Digit Multiplier than than
10pf 10 pf
(%) (pf)
(A) (B) (€) (D) (E)
Black 0 0 0 1.0 +20 +2
Brown -30 1 1 10 11 ---
Red -80 2 2 100 +2 ---
Orange -150 3 3 1000 +3 ---
Yellow -220 4 4 10,000 +4 -
Green -330 5 5 ---- +5 | +0.5
Blue -470 6 6 - 16 ——-
Violet -750 7 7 -—-- +7 ---
Gray +30 8 8 0.01 +8 | £0.25
White +120 to 9 9 0.1 +10 +1
-750
Gold -- -- -- 0.7 5 --
Silver -- -- -- 0.01 +10 --

NOTE: Capacitance values formed using colour code is always in PF
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Table - 21/1 (LE: 8.01)

Coding scheme for moulded, tubular paper and
mica capacitors

TUBULAR
5 PAPER

VOLTAGE
2nd DIGIT RATING
CAPACITANCE
VALUE MULTIPLIER
TOLERANCE
5 BAND CODE
,,,,,,,,,,, —
1stDIGIT~_ 2P MULTIPLIER )
’_-v ‘
= 7 I
[
[
VOLTAGE —'|  coLour™ TOLERENCE |

B —

SOMETIMES A SIX-COLOUR SYSTEM IS USED.
WHEN IT IS, THE THIRD COLOUR REPRESENTS
THE THIRD DIGIT, AND REST OF THE CODE IS
THE SAME.

Table - 21/2 (LE:8.01)
Colour | First | Second Multiplier Tole- |Voltage
Digit Digit rance | Rating
(Volts)
Black 0 0 1 +20 100
Brown 1 1 10 +1 200
Red 2 2 100 +2 300
Orange 3 3 1000 +3 400
Yellow 4 4 10,000 +4 500
Green 5 5 1,00,000 5 600
Blue 6 6 1,000,000 +6 700
Violet 7 7 10,000,000 =7 800
Gray 8 8 100,000,000 +8 900
White 9 9 1,000,000,000 +9 1000
Gold - - 0.1 +5 2000
Silver -- -- 0.01 | %10 --
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Capital Goods and Manufacturing
R&ACT - Electrical Exercise 1.4.16

Use voltmeter, Ammeter and multimeter

Objectives At the end of this exercise you shall be able to
* use voltmeter and check voltage

* use Ammeter and check current

* operate multimeter

Refer Ex. No 1.3.13
TASK-1, TASK-2, TASK -3
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Capital Goods and Manufacturing
R&ACT - Electronics

Exercise 1.4.17

Practice soldering and de-soldering

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

e clean and tin lugs

* desolder of wires using soldering iron and nose piler

 desolder of using desoldering pump.

Requirements

Tools Equipments/Instruments

* Traineekit
* Cleaning brush ,1/2inch

-1No
-1 No.

Materials/Components

* Lugboard

» Single strand wire (hook -up wire) - 1 metre.
» Solder - 25 gms.
» Solderingflux - asreqd.
« De-solderingpump - 1No.

PROCEDURE

TASK 1: Clean, tin and solder lugs
1 Keep ready the soldering iron for soldering.

2 Check if the lugs of the lug board are bright/already
tinned. If not, scrap the outer face of the lugs, using knife
suchthat, the oxide layer/varnish is removed. Wipe the
lugs with a piece of dry cloth.

3 Apply athin layer of flux on the outer face of the lug as
shown in Fig 1a.

Fig 1

MRN1326H1

4 Totinthe lug, hold the bit of soldering iron at the inner
face of lug no.1 and wait a seconds. Hold the tip of
solder wire at the outer face of the lug as shown in Fig
1b. As the solder melts and flows on the lug, take out
the solder wire and iron from the lug.

Refer Fig 5 for lug numbers.

Allow a very small quantity of solder to flow over the lug.

Do not shake the board till the melted solder
dries up by itself.

Do not blow air to cool the solder on the lug.

5 Repeat steps 3 and 4 tin all the lugs on the lug board.
Get the tinned lugs checked by your instructor.

6 Skinoneend of the given single strand wire to a length
of 1 cm. Tin the exposed conductor.

46

7 Insertand bend the tinned wire in lug 1 hole as shown
in Fig 2.(side entry method)

Fig 2
5mm

S
8 -

MRN1326H2

8 AsshowninFig 3a, hold the bit of the soldering iron on
the inner face of the lug without touching the wire for 1
to 2 seconds. Apply solder at the outer face of the lug
as shown in Fig 3b. Once the solder melts and flows
over the tinned wire and lug as in Fig 3c, take away the
iron and solder from the lug.

L &
o

MRN1326H3




Allow the solder joint to cool normally

Ifthe joint cooled by blowing air, the joint willbecome adry
solder joint and, hence, will be a weak joint.

Shaking of wire/lug board before cooling resultindry solder
joint.

9 Get the soldered joint checked by your instructor.

11 Skin the wire for 10 mm using a wire stripper and tin
skinned end.

12 Insert the tinned wire end into the hole of lug 11, be the
wire as done in step 8. Solder the wire as done step 9.

13 Follow steps 7 to 12 above to solder and bend the wire
to obtain a wiring as close as possible to that shown in

Fig 5.

10 Take the wire along the path from, lug 1 to lug 11 as
shown in Fig 4. Cut the wire ata point 10 mm ahead of

Fig5

lug 11.

Use flat nose piler to lay the wire.

Fig 4

CODE: 103 -06-07-LB

MRN1326H5

14

Clean the soldered points using a brush to remove

excess flux.

Excess of flux may corrode the lugs.

15 Get your work checked by your instructor.

MRN1326H4

the lug board. This will be done as a separate
exercise.

Do not desolder/ remove the soldered wires on

Observation and Tabulation sheet

Instructors remarks on

[]
(i)
(ii)
(i)

[]
V.Good Good Satisfactory Poor

] ]

[] Soldering of wire on the lug

V.Good Good Satisfactory Poor

1 1 —3 L]

[]
V.Good Good Satsifactory

Tinned of lugs on the lug - board

Bending of wires between solder points

Poor

Completed board in respect of,

Quality of soldering [ ]
Wire hamessing [ ]
Cleaning of solderd points [ |

TASK 2: Desoldering using a soldering iron and Nose plier

Keep the soldering iron ready for soldering

Wipe the tip of heated soldering iron on arag, so as to
remove the solder sticking on the tip.

Hold the exposed conductors of the wire with a sharp tip
flat nose plier or tweezers as shown in Fig 6.
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This prevents excessive heat transfer to the wire thus
preventing melting of the wire insulation.

Hold the heated soldering iron tip on the soldered joint
at lug 1 as shown in fig 7 till the solder at the joint
carrying some of the melted solder with it as shown in
Fig 7.Remove the solder on the iron tip by wiping the bit
onarag.
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Fig 6

This makes the wire almost free for pulling it out from
the lug.

Hold the cleaned tip of the iron at the outer face of the
lug and pull the wire gently using a nose plier or
tweezers as shown in Fig 8.

MRN1326H6

5 Repeat step4,tillthe jointand the hole are almost free
fromsolder.

Fig 8

MRN1326H8

MRN1326H7

TASK 3: Desoldering using hand held desoldering pump.

1 Press the handle of the desoldering pump fully as

Remove the residual solder sticking to lug 1 using
soldering iron such that the lug hole is clear of solder.

Get the desoldered point checked by your instructor.

Repeat steps 2to 7 and desolder the wires atlugs 2 to
10asinFig12

shown in Fig 9 till it makes a click sound, and release
the handle.

Fig 9
I

/J

MRN1326H9

2 Holdthe pumpnozzle atlugno.11 oflug board as shown
in Fig 10a.

3 Holdthe heated tip of the iron at the inner face of lug as
shown in fig 10b till the solder melts. With the pump
nozzle touching the melting solder at the joint press the
pump button.

The pump sucks the molten solder.

4 Takeaway theironand pump fromthe lug. Checkifthe
solderatthejointsis sucked offand the lug holeis clear.
If not repeat steps 1 to 3 till the hole is almost clear.

(b)

MRN1326HA
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5 Cleanthetip ofiron and hold atthe outer face of the lug. 7 Repeatsteps 1to 5desolder wires atlugno.11to 101
Pull out the wire from the lug as shown in Fig 11 asin (Fig 12)

8 Get your work checked by your instructor.
ASSIGNMENT:

As a practice of soldering, solder back the
desoldered wires on the lug board as shownin
Fig 12. After getting it checked, desolder the
wires and get it checked.

Fig 11

Fig 12

B 101

MRN1326HB
fo]
e 99
D 88
e 77
o[> 66
e 55
o> 44

B 33

o]
% .
P 11

Do not force the wire out as the wire may get
cut. if the wire is not coming out easily, repeat
steps1to5

10
9
8
7

6 Get the desoldered point checked by your instructor.

CODE NO: 103-06-LB

MRN1326HC

Observation and Tabulation Sheet

[1 Instructorsremarkson [1 Additional marks for the optional Lab

assignment, if done.
[1 Desoldered wire from lug board :

[1 Desoldered wire from lug board
(using soldering iron and nose player)

(using soldering iron and desoldering pump)
V,Good Good Satisfactory Poor

V.Good Good Satisfactory Poor
B —— .
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Capital Goods and Manufacturing
R&ACT - Electronics Exercise 1.4.18

Identify transistors, resistors, capacitors, diodes, SCR, UJT amplifier and IC

Objectives: At the end of this exercise you shall be able to
¢ identify the passive components by visual inspection
* identify the active components by visual inspection

Identify transistors, resistors, capacitors, diodes, SCR, UJT, complifier and IC

Refer ex No 1.4.14 TASK -1, and TASK -2
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Capital Goods and Manufacturing
R&ACT - Electronics Exercise 1.4.19

Construct and test full-wave rectifiers using diodes

Objectives : At the end of this exercise you shall be able to
» construct and test a full wave rectifier using two diodes.

Requirements

Tools/Equipments/Instruments

» Step-downtransformer,

-1 No.

* Traineeskit -1 No. * Multi-strand wire, Red, Blue - asreqd.
* CRO, 20 MHz, dual trace -1 No. * Mains cord with 2-pin plug -1 No.

. * Resistors 470 1/2,w -1 No.
Matsrials/Components * Nuts, bolts and washers - asreqd.
» Tagboardcode: 109-02-TB (soldered * Hook-up wires (red and black) - asreqd.

with diode and resistor at -1 No. « Semiconductordiode, 1N 4007 - 2 Nos.
+ BASEBOARD (Wooden) -1 No. or Equivalent

240V:12-0-12V, 24VA

PROCEDURE

TASK 1: Construct and test a Full wave rectifier using two diodes.

1 Constructafullwave rectifieras shownin Fig 1. Check 2 Power-onthe circuit. Measure and record the AC input
the components before soldering in the circuit. Vs(rms) totherectifieracross the center-tap and any one
end of the transformer.
Fig 1

1N 4007

Ve

MAINS

W

(@) L 12 T_M
g VS ms
i h
240V,50Hz 0 [} 4700

3-PIN PLUG

O O
(@)
[
| |_| | @— © 1N 4007 ©
X 12 9 © = ! = = =+
© | é 8 | ELA 8 ©-
| 282 |
S O e 470Q
| 28% | S 2
© =% 1N 4007 ~
POWER l - l ;)/g_ F u M~ @
CORD | | ©--
|_| > o CODE: 109-02-T8 O
[
SECONDARY SIDE
EARTH
O BASE BOARD O

NOTE: USE RED HOOK-UP WIRES FOR ALL BOARD WIRING EXCEPT 2-13-16-17-19

MRN1328H1
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Calculate and record the expected DC voltage across
load R using the formula given below;

In a full wave rectifier, V, = 0.9 x VS(

rms),

where, Vs(rms) is the voltage across the centre-tap and
any one end terminal of the secondary.

Measure and record the rectified outputV,_acrossR, .

Find and record the difference in the calculated and
measured values of output DC voltage.

Table 1

Transformer specification

1 Rated primary voltage :| |

2 Ratedsecondary voltage :| |

3 Ratedsecondary current
or VArating transformer : | |

Readings of two-diode full-wave rectifier

Using CRO measure and record the following;

Peak value of V

Frequency of V¢

Peak value of pulsating V

Frequency of pulsating V _

Getthe waveforms and recorded readings checked by
youth instructor. Switch of Mains supply and CRO.

Fill the recorded datas in Table 1

Vs(rms) Calculated | Measured | Difference | Peak value|Frequency Peak value Frequency
Vdc volts Vdc volts of@& @ of Vs of Vs of pulsating Vdc of pulsating Vdc
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Capital Goods and Manufacturing
R&ACT - Electronics

Exercise 1.4.20

Construct and test a bridge rectifier

Objectives: At the end of this exercise you shall be able to
» construct the bridge rectifier

Requirements

Tools/Equipments/Instruments

* Traineeskit -1 No.
 CRO 20 MHz, dual trace - 1 No./batch.

Materials/Components

» Tagboard mounted with transformer
and wired fullwave rectifier(2diode) -1 No.

Hook-up wires (red and black) - asreqd.
Semiconductordiode,

1N 4007 or Equyv., -2 Nos.
Resistor 470 ohms, 1/2 w -1 No.

PROCEDURE

TASK 1: Construct and test a Bridge rectifier

1 Measure the primary and secondary output voltages/
currents oftransformer. Record values in record sheet.

2 Modify the two diode fullwave rectifier wired in exercise
1.2.27 to construct a bridge rectifier as shown in Fig 1.
Testthe two new diodes to be used before assembling.

w

Get the wired circuit checked by your instructor.

Power-on the wired circuit. Measure and record the AC
input VS( )to the rectifier in record sheet.

rms,

Fig 1
240V:12V 4x IN 4001
(a) 12

L

240V,50Hz Vims
MAINS

N

0

240V,50Hz E
(b)  MAINS

4700 |R. Vg

3-PIN PLUG

i

C

MAINS
240V:12-0-12V
TRANSFORMER

POWER
CORD

3

SECONDARY SIDE

CODE: 109-02-TB

PS - BASE BOARD O

NOTE: USE RED HOOK-UP WIRES FOR ALL BOARD WIRING EXCEPT 13-16-17-19

MRN1329H1
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Calculate and record the expected output DC voltage
V . across load RL using the formula,

In a bridge rectifier, V,_ =0.9V
Where, V

s(rms)

is the AC input to rectifier(refer Fig 1)

s(rms)

Measure and record the output DC voltage V, across
the load R in record sheet.

Record the difference in the calculated and measured
values.

8 Using a CRO measure and record the peak ac input
voltage to the rectifier, peak value of pulsating DC
voltage andripple frequency.

9 Show the waveforms and recorded reading to your
instructor.

10 Changethe valueoftheloadresistorR  from470ohms
to 220 ohms and repeat steps 6,8 and 9.

11 Switch- off mains supply and CRO.
12 Get it checked by your instructor

Observation and Tabulation sheet

Transformer specification

1 Ratedprimaryvoltage

2 Ratedsecondary voltage

3 Ratedsecondary current
or VArating transformer

Il Readings of Bridge rectifier with Load resistance of 470 Ohms.

Table 1
Vs(rms) Calculated Measured | Difference | Peak value | Frequency Peak value Frequency
Vdc volts Vdc volts of @&@ ost ost of pulsating Vdc of pulsating Vdc

® @ ® @ ® ®

@

Il Readings of Bridge rectifier with Load resistance of 220 Ohms.

Table 2
\Y Calculated | Measured |Difference | Peak value | Frequency
s(ms) 1y “Volts | V., volts of | (2)& fv fV
e Volts | V. voltsof | (2)&(3 of Vg of Vg

Peak value
of pulsating Vdc

Frequency
of pulsating Vdc

@ @ ® @ ® ®

@
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Capital Goods and Manufacturing
R&ACT - Welding

Exercise 1.5.21

Identify gas welding equipment and accessories

Objectives: At the end of this exercise you shall be able to
* identify the gas welding equipments

* identify the gas welding accessories

* identify the gas welding safety accessories.

Requirements

Tools/Instruments « Eyegoggle -1 No.
+ Oxygengas regulator - 1 set * Sparklighter - 1No.
* Acetylene gas regulator - 1 set Equipment/Machines
* Cylinder key -1 No. . . i
* Welding/brazing torch -1 No. Cylindertrolley ) No.
+  Oxygenrubberhose -asreqd Materials

length mts. , .

* Cylinder with oxygen -1 No.

" Acetylenerubberhose -asreqd + Cylinder with acetylene -1 No.

length mts.

PROCEDURE

TASK 1: Identify gas welding equipment

Fig 1

\'.\ > °
\

MRN1435H2

MRN1435H1
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TASK 2: Identify the gas welding accessories

% OF FLOW

———
—<-—|» 1 —

» SO RS
/ %STAINLESS STEEL DISC VALVE SITS

INSTANTANEOUSLY WHEN GAS FLOW
IS REVERSED (NON RETURN VALVE)

LEFT HAND THREAD
ACETYLENE

HOSE PROTECTOR

NORMAL DIRECTION

MRN1435H6

T

TIPS
MIXING CHAMBER

HAND PIECE

ALWAYS USE TIP CLEANERS

GAS CONTROL VALVES

Fig 3 Fig 4
2 3
3 B
<+ =
Z =
o o
= =
Fig 5 Fig 7
1. HANDLE /
2. ACETYLENE INLET CONNECTION 4 2
- 3. OXYGEN INLET CONNECTION
5 4. ACETYLENE CONTROL VALVE N
g 5. OXYGEN CONTROL VALVE 5
F4 6. MIXING CHAMBER g
= 7.NECK PIPE WITH NOZZLE F4
=
Fig 6 Fig 8
RIGHT HAND THREAD
OXYGEN FREE SECURING NUT

MRN1435H8
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TASK 3: Gas welding safety accessories

Fig 1

WELDING
GOGGLES

LETHER
APRON

LEATHER
GLOVES

WELDING/SAFETY
SHOES

MR20N1411J

Table 1

Gas welding EQU

Accessories

Safety accessories

Identify complete accessories of gas welding (oxy-

Acetylene) & record in a table.

* Check with your instructor.
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Capital Goods and Manufacturing
R&ACT - Welding Exercise 1.5.22

Demonstrate safety precaution in handling of Oxy- Acetylene of cylinder,
regulators etc

Objectives: At the end of this exercise you shall be able to
¢ storage and handle of cylinder

* test the gas leakages

* wear personnel protective equipments

» operate the cylinder, Regulator and light the torch

e care and maintain gas welding set.

Requirements

Tools/Instruments Equipment/Machines

* Weld man Torch -1No * Cylindertrolley -1 No.

+ Commercial O,Cylinder -1 No. + Oxy-acetylene welding brazing set -1 No.

+  Commercial LPG Cylinder -1 No. Materials

» OxygenRegulator -1 No.

+ LPGRegulator -1No. * Weld mangas Tin -1 No.

* Hose pipe (Red & Black) - 2 Nos. + Oxygenrubberhose -asreqd

* Torchwith Nozzles -1 Set. length mts.

» Backfire arrestor - 2 Nos. * Acetylene rubberhose -asreqd

* Hose clamps '/, - 4 Nos. lengthmts.

* Acetylene gas regulator -1 set + Eyegoggle -1 No.

+ Cylinderkey -1 No. » Sparklighter -1 No.
» Safetyapparel - 1 Set
* Sparklighter -1 No.

PROCEDURE

TASK 1: Storage and Handling of cylinder

1 Stand opposite side of valve opening while cracking
(flushing) the cylinder valve (Fig 1).

Fig 2

MRN1436H2

6 Closecylindervalves before moving.

7 Protective caps or regulators should be keptin place.
8 Store in an upright position (Fig 3)
9

Allow very little movement when transporting.

MRN1436H1

Securely chain equipment to prevent falling.
Store away from flammable and combustible

Store extra gas and oxygen cylinders separately.

a b W N

Roll cylinder on bottom edges to move - Do not drag.
(Fig2)
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Fig 3
BLOW OUT THE CYLINDER VALVE
SOCKET BEFORE CONNECTING
THE REGULATOR CRACKING OPEN
THE CYLINDER VALVE MOMENTARILY

KEEP CYLINDER UPRIGHT
POSITION

MRN1436H3

TASK 2: Test the gas leakages

1 Use a spark lighter to ignite the flame. (Fig 4)
2 Inspect hoses for leaks and worn places.

3 Replace bad hoses.

Fig 4

SPARK LIGHTER

ACETYLENE BURNS USING
OXYGEN IN THE ATMOSPHERIC AIR

MRN1436H4

Protecthoses and cylinder from sparks, flames and hot
metal.

Inspect equipment for leaks at all connection using
approved leak-test solution. (Fig 5 a & b)

Fig 5

ACETYLENE

MRN1436H5

TASK 3: Wear Personnel Protective Equipment

1

Infrared radiation is a cause of retinal burning and
cataracts. Protect your eyes with safety goggles.

Protect your body from welding and arc flash with
protective clothing. Such as :

Woolen clothing
Flame-proofapron
Gloves

Properly fitted clothing that is not frayed or worn

Shirts should have long sleeves

Trousers should be straight -legged and covering
shoes when arc welding.

Fire resistance cape or shoulder covers are needed
for overhead work.

Check protective clothing equipment before each
use to make sure it is in good condition.

Keep clothes free of grease and oil.
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TASK 4: Operate the cylinder, Regulator and light the torch.

1

Stand to the side (away form the regulators) when
openingcylindervalves.

Opencylinder valves very slowly to avoid sudden high
pressure from exploding the regulators.

Only open the acetylene cylinder valve 1/4 - 3/4 turn;
leave wrench in place so the cylinder can be quickly
closed in an emergency.

Open and light acetylene first, then open and adjust
oxygen to a flame.

TASK 5: Care and maintenance of Gas welding set

1

60

Proper ventilation

Be sure there is adequate ventilation available when
welding in confined areas or where there as barriers to
airmovement. Natural drafts fans and positioning of the
head can help keep fumes away from the welder’s face.

Properinfrastructure

The room or welding area contains atleast 1,000 cubic
feetforeach welder.

Ceiling height is not less than 16 feet.

Cross ventilationis notblocked by partitions, equipment
or other structural barriers.

Welding is not done in a confined space.

Safety concern

Proper personal protective equipmentis important.
Acetylene is very flammable.

Inspect all equipment before welding.

If ventilation is not sufficient, then the welding area
should be equipped with mechanical ventilation
equipment.

Always have a fire extinguisher ready for immediate
use.

Do not put oil or any lubricant in threaded surface.
(Fig6)

5 Close the acetylene torch valve first when shutting off
the torch (a“pop” might occur as the oxygen “blows out”
the flame but this eliminate the possibility of the flame
burning up the acetylene line).

6 Whenfinished,close cylindervalves, bleed the lines to
take pressure off regulators, neatly coil hoses and
replace equipment.

7 Have afire extinguisher easily accessible atthe welding
site.

Fig 6

MRN1436H6
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Capital Goods and Manufacturing
R&ACT - Welding Exercise 1.5.23

Setting up of Air-LPG and using can type portable flame set O2-LPG and O2-
C2-H2 flame set

Objectives: At the end of this exercise you shall be able to:
set up AIR - LPG brazing set (Single torch)

set up OXY-LPG gas welding set

set up an oxy - acetylene welding plant

set gas pressure according to the nozzle size
ignite, adjust and extinguish oxy-acetylene flame
split the oxy-acetylene plant for stopping work.

Requirements

Tools/Instruments Equipment/Machines

+ Weld man Torch -1 No + Cylindertrolley -1 No.

+ Commercial O,Cylinder -1 No. » Oxy-acetylene welding brazing set -1 No.

+ Commercial LPG Cylinder -1 No. Materials

» Oxygen Regulator -1 No. _

+ LPG Regulator -1No. +  Weld man gas Tin -1 No.

* Hose pipe (Red & Black) - 2 Nos. » Oxygenrubberhose -asreqd

« Torch with Nozzles -1 Set. length mts.

* Back fire arrestor - 2 Nos. * Acetylenerubberhose -asreqd

+ Hose clamps '/, -4 Nos. lengthmts.

+  Acetylene gas regulator -1 set * Eyegoggle -1 No.

+ Cylinderkey -1 No. + Sparklighter -1 No.
» Safetyapparel -1 Set
» Sparklighter -1 No.

PROCEDURE

TASK 1: Setting up AIR - LPG single torch

1 Take the Butane fuel tin & open the sealed cap. Fig 1.
Fig 2

Fig 1

L o
e 3 g

™ . =

T 4 Make sure torch seated properly in the slot provided in

L the fuel tin.

9( Gently press the torch & rotate the torch clock wise.

E g Check torch seated firmly & there is no leak.

-1 é

Use Soap Solution & Check the leakage

Open the Valve & Ignite the flame.

© 00 N O O

2 Holdthe Butanefueltin vertical position facing the valve
up. Fig 2. Adjust the neutral flame by varying the valve & flow of

fuel Quantity (Fig 3)

10 Close the valve & shut the flame after work is over.

3 Place the torch on top of the tin valve.
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Note : Do notstore butane tin above 50°C temp. Fios
ig
Keep flammable materials away from work.

Make sure proper ventilations available.

Do not bend gas tin horizontal during brazing
since liquid comes out .

TRADE FLAME

MR20N1424H3

TASK 2: Set OXY- LPG Gas welding set

1 Crack the oxygen cylinder valve once. oo
ig

Fig 1

MR20N1424J2

4 Fixbackfire arrestor/Nonreturnvalve before connecting
hose pipe. Fig 3.

Attach blow pipe to the other end of the hose.
6 Tighten the rubber hose with the clamp

Open the cylinder valve and adjust the pressure in the
regulators.(Fig4)

8 Check the leakage in all connections using soap
water.(Fig 5)

9 Open the valve of both cylinder slowly.

10 Ignite the flame & adjust neutral flame.

MR20N1424J1

2 Fix the regulator to the Oxygen & LPG Cylinder.
3 Attach rubber hoses to regulators(Fig 2)

¢ Black colour for oxygen

* Red/Maroon hose for LPG.
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Fig 3

MIXING
e CHAMBER  PIECE

GAS CONTROL VALVES

NLES:

TIPS

WORKING PRESSURE
GAUGE

GAUGE

REGULATOR PRESSURE
TOP SCREW ADJUST
(SLACKEN) WHEN NOT I
USE

OXYGEN TO BLOW PIPE

(R.H.THREAD) R.H. THREAD TO
CYLINDER
GAS FROM CYLINDER ENTERS HERE
WORKING PRESSURE
CYLINDER
PRESSURE GAUGE

REGULATOR PRESSURE
TOP SCREW ADJUST
(SLACKEN) WHEN NOT
IN USE

ACETYLENE TO BLOW PIPE

L.H. THREAD TO (R H.THREAD)

CYLINDER

GAS FROM CYLINDER ENTERS HERE
ACETYLENE PRESSURE REGULATOR

MR20N1424J3

PREASSURE GAUGE

VALVE STEM FOR
TANK WRENCH

CRANK TO BIGHTEN
YOKE TO POST

CRANK TO TURN
ONO,

0, TANK
NIPPLE
ADAPTER

MR20N1424J4

MR20N1424J5

TASK 3: Set up an oxy-acetylene welding plant

1 Wear safety apparel.

2 Keep the cylinders in a trolley and secure them in
position using a chain.

Crack the cylinder valves before fixing the
regulators.

4 Fixtheregulators onthe cylinders. Ensure the pressure
adjusting screws are released.

5 Attach the rubber hoses with gas regulators. Fit the
black coloured hoses for oxygen, and the maroon
coloured hoses for acetylene lines.

6 Attach the blowpipe with rubber hoses.
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7 Acetylene connections have lefthand threads while the
oxygen connections have right hand threads.

8 Open the cylinder and adjust the pressure in the
regulators.

9 Check for leaks in all connections (use soap water).

Skill Sequence
Attaching gas regulators

Fig 1

SPARK
LIGHTER

OXYGEN GAS
REGULATOR P O\
CYLINDER KEY

OXYGEN GAS
CYLIDER

ACETYLENE
REGULATOR

DISSOLVED
ACETYLENE

CHAINING GAS CYLINDER

ATTACHMENT

WELDING
BLOWPIPE

OXYGEN RUBBER
HOSE-PIPE

ACETYLENE
RUBBER
HOSE-PIPE

CYLINDER TROLLY

MRN1437H1

Objectives: This shall help you to.
» crack gas cylinder valves
 attach gas regulators with cylinder valves.

Chaining gas cylinders: The cylinder may be chained to
a cylinder trolley or to a wall or fixed in cylinder stands to
keep in an upright position for safe handling. (Fig 1).

Fig 1

CYLINDER TROLLY

OXYGEN CYLINDER
BLACK COLOR

ACETYLENE CYLINDER
MAROON COLOR

MRN1437J1

CHAINING GAS CYLINDERS

Cracking the gas cylinder valves: For the safety of gas
regulators, the cylinder valve sockets are cleaned by
opening and closing the cylinder valves quickly. (Fig 2)

Fig 2

MRN1437J2

Attaching of gas regulators with cylinder valves:
Acetylene regulators should be attached with acetylene
cylinders and the oxygen regulators with the oxygen

cylinders. (Fig 3)

Acetylene connections have left hand threads
while oxygen connections have right hand
threads.

All thread connections should be first tightened by hand

and then tightened with a spanner.
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Use spanners of the correct size.
Neverapply any kind of lubricant on the threads.

Before opening the cylinder valves, the
pressure-adjusting screws of both the regulators
must be released.

Attaching blow pipe

Fig 3

ATTACHING REGULATOR

MRN1437J3

Objectives: This shall help you to

» Attach blowpipes with regulators of an oxy-acetylene plant.

Attaching rubber hose: Acetylene hose connections
have lefthand threads.

Oxygen hose connections have right hand threads.

Acetylene hose-pipes are of maroon colour. Oxygen hose-
pipes are blackin colour. The colours are meantto identify
the gases easily.

Attach one end of the acetylene hose-pipe with the
acetylene regulator outlet, and the oxygen hose-pipe with
the oxygen regulator outlet. (Fig 1)

Fig 1

ATTACHING HOSE PIPES
TO REGULATOR

MRN1437K1

Before fitting the holes make sure that the hose-pipes

Connectthe threads by hand firstand finally tighten with
the correct size spanner.

Never apply undue force.

The connections should be dry-tight.

Ensure the hose connection with the non-return valve is
attached with the blowpipe.

Never use wire to grip the hose-pipe and hose connections.
Always use a proper size hose clip.

Attaching blowpipe: Blowpipes have different threaded
inlet connections.

Attach the other end of the acetylene rubber hose having
the hose connection with the non-return valve to the
blowpipe inlet connection marked ‘A’. (Fig 2)

Fig 2

MRN1437K2

ATTACHING BLOW PIPES TO RUBBER HOSES

Connect the oxygen rubber hose pipe with the blowpipe
connector marked ‘O’.

See the complete plant setting. (Fig 3)

Connect the oxygen rubber hose pipe with the blowpipe.
Attach the other end of the acetylene rubber hose having
the hose connection with the non-return valve to the
blowpipe inlet connection marked ‘A’. (Fig 2)
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Fig 3

......

XYGEN
(BLACK COLOR)

ACETYLENE
{MARROON COLOR)

MRN1437K3

Adjusting gas pressure

Objectives: This shall help you to

 adjust the gas pressure according to the nozzle size

* test leakage in the connections.

The gas pressure for both oxygen and acetylene hastobe
adjusted at the regulators according to the nozzle size.

The nozzle size is selected according to the job material
and thickness. (SeeTable | for mild steel).

Openthe valves of both the cylinders slowly by one turnand
set the pressure on both the regulators at 0.2 kg/cm? for
small size nozzles, by tightening the pressure adjusting
screws. (Fig 1)

Read the pressure settings on the working pressure gauge
of the gas regulators. (Fig1)

Fig 1

MRN1437X1

While opening the cylinder valves, always stand aside of
the regulators. Do not open the valves suddenly.

Testing leakage
1 The leakage of gas must be tested in all connections.

2 Apply soap water for acetylene connections and fresh
water for oxygen connections. (Fig 2)

Fig 2

MRN1437X2

TESTAGE FOR LEAKAGE
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3 Never use a match or a flame light while conducting
leakage tests.

Table 1

Nozzle sizes for welding mild steel

Plate thickness(mm) 08 | 12 |16 | 24 | 3.2

40( 50| 65100 13.0] 16.2]| 19.0| 25.0

25

over

Nozzle size 1 2 3 5 7

10 |13 (18 |25 |35 | 46 |60 (70 80

Flame setting.
1 Wear safety apparel.

2 Openthegascylinders and adjustthe gas pressureson
theregulators.

3 Open the control valve of the acetylene gas in the
blowpipe.

4 Ignite the flame by using a spark lighter.

Avoid using any other source of fire.

5 Adjust the acetylene flow till the black smoke goes
away.

6 Open the oxygen gas till a proper round inner cone is
established without any sound in the flame. This is
known as a neutral flame.

7 Adjust the oxidizing flame by increasing the oxygen
gas. (with sharp inner cone and little hissing sound)

8 Setthe neutral flame again and adjust the carburizing
flame by increasing the acetylene gas with the soft
inner cone covered with an outer feather without any
sound.

9 Repeat the setting of the flames till you manage to set
the flame without any backfire or flash-back.

OXIDISING FLAME

MRN1437Y1

Flame extinguishing and stopping work

10 Extinguishthe flame by closing the acetylene valve first
and then the oxygen valve.

11 Dip the blowpipe nozzle in water to cool down by
opening a little oxygen gas.

12 Close the cylinder valves and release all the pressure
from the line.

Lighting, setting, extinguishing oxy-acetylene flame and shutting the plant

Objectives: This shall help you to

* ignite, set and extinguish an oxy-acetylene flame for gas welding correctly

* shut the oxy-acetylene plant for stopping work.

Flame lighting

Ensure that safety apron, gloves and goggles
are worn. (Fig 1)

Setthe pressure of oxygenand acetylene at0.2 kgs/cm for
a small size nozzle. (No 3)

While setting the pressure on the regulator,
keep the blow pipe control valve open the
accurate setting.

Open the acetylene control valve 1/4 turn of the blow pipe

and ignite with the help of the spark-lighter. Adjust the
acetylene flow till the black smoke goes away.(Fig 2)

Avoid back fire or flash-back of blow pipe.

Observe the flame and add oxygen by opening the oxygen
control valve of the blowpipe. (Fig 3)
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Fig 1
CAP

GOGGLES

APRON

LONG SLEEVE

GLOVES

TROUSERS

FOOT COVER

Fig 5

WHITE CONE SHORT AND POINTED

G

MORE OXYGEN FOR OXIDISING FLAME

MRN1437Z5

To adjust a carburising flame, adjust the flame to neutral
and then add acetylene.

The white cone willbecome long, surrounded by a feather-
like portion.

The flame will burn quietly and have more length. (Fig 6)

SAFETY BOOTS

MRN1437Z1

Fig 2
NO WHITE CONE

I =S

ACETYLENE IN AIR FLAME

MRN143722

Fig 6
ACETYLENE FEATHER

MORE ACETYLENE FOR CARBURISING FLAME

MRN143726

Fig 3

_

WHITE CONE STARTED APPEARING

ADDITION OF OXYGEN

MRN1437Z3

Flame adjustment: To adjust the neutral flame, add
sufficient oxygen to make the white cone clear and round.
(Fig4)

The gas mixture from the blowpipe consists of

oxygen and acetylene in equal volumes.

Fig 4

WHITE CONE APPEARS CLEAR & ROUND

SUFFICIENT OXYGEN FOR NEUTRAL FLAME

MRN1437Z4

To adjust the oxidising flame, add more oxygen.
The white cone will become short and sharp.

The flame will produce a hissing sound and will have a short
length. (Fig 5)

Extinguishing the flame: To extinguish the flame, close
the acetylene valve (blowpipe) first and then the oxygen
valve.

Shutting off the plant: Atthe end of the work, shut off the
plant as stated below.

Close the acetylene cylinder valve.

Openthe blowpipe acetylene valve andrelease all pressure.
Release the acetylene regulator pressure adjusting screw.
Close the blowpipe acetylene valve.

Repeat the above four steps for shutting off oxygen also.
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Capital Goods and Manufacturing
R&ACT - Welding

Exercise 1.5.24

Oxy- Acetylene gas cutting, brazing & welding on thin sheet metal.

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

* straight cutting by hand on thin sheet with cutting torch

* brazing of copper tubes
» welding of copper sheet.

Requirements

Tools/Instruments

-1 set
-1 No.

« Safety apparel
» Spark lighter

Equipment/machines

* Oxy-acetylene welding set -1 set
Materials/Components
* M.S. Plate (work piece) -1 No.

PROCEDURE

TASK 1: Straight cutting by hand on thin sheet with cutting torch

1 Wear complete safety apparel.
2 Set the gas welding with a cutting blow piece.

3 Attach the correct cutting nozzle according to the
thickness of the metal.

IN

Adjust the gas pressure of acetylene and cutting
oxygen accordingto the thickness of the metal and the
cutting nozzle.

5 Clean the surface to be cut.

6 Punch a straight line.(Fig 1)

Fig 2

STARTING OF CUT

MRN1438H2

Fig 1

11 Move the cutting blowpipe towards the other end,
following the punched line.(Fig 3)

MRN1438H1

7 Adjust proper cutting flame.

8 Holdthe cutting blowpipe at90° to the cutline and plate
surface.(Fig2)

9 Heat at one end of the plate on the punch line up to
cherry red heat.

Fig 3

CUT IN PROGRESS

MRN1438H3

Keep a distance of about 5mm between the

While gas cutting ensure straight travel of the
cutting blowpipe without side-to-side movement
and correct nozzle position with the plate
surface till the cutting oxygen valve is fully
open.

workpiece and the nozzle.

10 Release the cutting oxygen and observe the cutting
action.

12 Maintain a correct speed and distance of the nozzle.

13 Close the cutting oxygen and shut off the flame on the
completion of the cut.
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14 Clean the cut and inspect for its accuracy.

15 Repeat the exercise till a good and smooth cut is

achieved.

Fig 4

MRN1438H4

Fig 5

CLAMP STRAIGHT
EDGE SECURELY

MRN1438H5

TASK 2: Brazing of copper tubes

1

Make sure that the pipe enters the swage properly. It
must be an easy fit.

Apply asmallamount of flux to the surface to be joined.
Heat the joint with blow torch.

Heat the joint up to dull red, put the filler rod (Brazing
rod). It will starts to melt

The molten filler rod will be drawn in to the joint and fill
the space b/w end of the other.

When the complete ring a brazing material can be seen
at the end of the swage remove the blow torch.

Allow the joint to cool.

TASK 3: Welding of copper sheet

1

70

Ensure a de-oxidised copper sheet of correct size since
commercial copper will develop cracks during welding.

Clean the edges and surfaces free from oil, grease and
dirt using pickling/solvent.

Ensure the joint surfaces are free from surface oxides.
Use emery sheet, wire brush or wire wool for cleaning
the surface.

Acetylene pressure should be 0.5 kgf/cm?
Set the cutting nozzle in the blowpipe correctly.

Adjust the neutral flame for pre-heating.

TABLE 1

Data for cutting

Diameter of Thickness of Cutting

cutting oxygen steel plate oxygen
orifice nozzle pressure
(mm) (mm) (Kgficm?)

(1) (2 )

0.8 3-6 1.0-1.4

1.2 6-19 1.4-2.1

1.6 19-100 2.1-4.2

2.0 100-150 4.2-4.6

24 150-200 4.6-4.9

28 200-250 4.9-5.5

3.2 250-300 5.5-5.6

Fig 1

MRN1441H1

* Do not over heat the joint.
* Do not leave the brazing rod in the flame.

e Do not remove pipe until the brazing
material is hardened.

Set the sheets as butt joint with correct alignment and
aroot gap of 2.5mm.

Select a phosphor bronze filler rod.
Select the bronze flux. (Borax flux)

Set a soft oxidising flame, which will help in controlling
the evaporation of zinc and tin from the weld metal.
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8 Preheatthe plates untilthe surface oxides justbegin to
form.

9 Tackweldforevery 50mmlength ofthe jointto take care
of the higher thermal expansion of copper.

10 Hold the blowpipe over the ends of the jointatan angle
of60°-70° and thefillerrod at 30° -40° and then tack—
weld. 11 Thefiller rod is coated with flux by heating and
dipping into the powder flux.

11 Hold the blowpipe and filler rod at the angles given for
tack welding. Slight weaving of the blow pipe ensures
proper fusion of both edges.

12 Commence at one end and continue with a slight
weaving motion, adding thefillerrod atregularintervals
until the seam is completed.

13 Ensure uniformroot penetration.

14 Terminate the weld, keeping the reinforcementup tofull
section and after closing the crater.

15 Remove the fluxresidue.

The deposit should be of uniform size, brightin
appearance and free from porosity.

16 Clean the bead and inspect for weld defects and bead
size, profile and appearance.

Fig 7

3.15—|

50 50

150

MRN1438H7
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Capital Goods and Manufacturing
R&ACT - Welding Exercise 1.5.25

Demonstrate care & safety of welding tools and equipments and back fire

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

 care and safety of welding tools & equipments
* check for back fire.

Requirements

Tools/Instrtuments

+ Oxygen gas regulator - 1 set * Eyegoggle -1 No.

+ Acetylene gas regulator -1 set » Spark lighter -1 No.

* Cylinder key - 1 No. Equipment/Machines

» Welding/brazing torch -1 No. ,

«  Oxygen rubber hose - as reqd *  Cylinder trolley -1 No.
length mts. Materials

* Acetylene rubber hose - as reqd . Cylinder with oxygen NG
I h mts. - .
ength mts * Cylinder with acetylene -1 No.

PROCEDURE

TASK 1: Care & safety of welding tools and equipment

Refer (Task 5 of Exercise 1.5.22)

TASK 2: Check for back fire

1 Attachthe backfire arresterinthe oxygenand acetylene CYLINDER CONTENTS AND

cylinder lines (Fig 1) Fig 1 _— OUTLET PRSSURE GAUAGES _

2 Fixonebackfire arresterin the low pressure side ofthe

regulator near the cylinder. J~PRESSURE

TORCH REGULATOR

3 Fixanother back fire arrester near the torch.

Safety : FLASHBACK
ARRESTER

1 Incasebackfire orexplosion of the gas pipe immediately
close both cylinder valves. \N,,?['V'EZETURN

2 Rectify the causes before procedure further to avoid

back fire. OXYGEN

~ — T

2

<

FLEXIBLE HOSE FLEXIBLE HOSE z
(ACETYLENE) (OXYGEN) s
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Capital Goods and Manufacturing
R&ACT - Welding Exercise 1.5.26

Set oxy acetylene plant, use two stage regulator, adjustment of flame gas
pressure-O2 and DA

Objectives: At the end of this exercise, you shall be able to
* joint cu to cu pipe

e joint cu to M.S pipe

* joint cu to aluminium pipe.

Refer exercise Ex No 1.5.23
TASK-3
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Capital Goods and Manufacturing
R&ACT - Welding

Exercise 1.5.27

Perform brazing between copper to copper and copper and CU to MS, copper

to aluminium pipes

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

e joint cu to cu pipe
¢ joint cu to M.S pipe
¢ joint cu to aluminium pipe.

Requirements
Tools/Instruments * Copper pipe 6mm 200mm each - 10 Nos.
. : . _ » Copperprosrod - as reqd.
Oxy- acetylene set with Nozzle 6 Nos . Steel pipe 6mm 200mm each - 10 Nos.
Material e Aluminium pipe 6mm 200mm each - 10 Nos.
+  Welding screen -1 Set ’ i:lve'f brazBe rod ; -85 rqu.
. Welding mask -1No -umm.a, orax flux - asreqd.
« Handgloves -1No + Fire brick -asreqd.
PROCEDURE
TASK 1: Joint cu to cu pipe (fig 1)
Prepare copper surface cleaninnerand outer diameter. N

Place the tube on fire brick.
Set flame neutral
Heat up joint till red colour.

Touch copper prosperousfiller rod surrounding the joint

oo g b~ W N -

Molten metal should fill up gape by capillary action

MRN1441H1

TASK 2 : Joint cu to M.S pipe (Fig 2)

1 Prepare copper pipe surface cleaninnerand M.S outer
diameter.

Place the tube on fire brick

Set neutral flame.

Heat up joint till red colour.

Apply flux on joint and over filler rod.

Touch silver braze filler rod surrounding the joint

N o o~ WwDN

Molten metal should fill up gap reheated for uniform
joint.

Fig 2

M.S. TUBE COPPER TUBE
/ ________ N /

-_—— _— __‘ \M ________
é S N 10%

1/2"OVERLAP

SILVER BRAZING TO MAKE CONNECTING JOINTS

[MRN1441H2

TASK 3 : Joint cu to aluminium pipe

1 Prepare copper pipe surface cleaninnerorouterdiameter
asrequired

2 Setflame neutral
Heat up copper tube

4 Heat up joint till red shining appear
74
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Place aluminium pipe on the mouth of pipe and press it
Apply flux on joint and over filler rod
Touch silver braze filler rod surrounding joint.

Molten metal should fill up gap reheated for uniform
joint.



Capital Goods and Manufacturing
R&ACT - Basic Refrigeration Exercise 1.6.28

Identify and use of general hand tools instruments and equipment used in
refrigeration work

Objectives: At the end of this exercise you shall be able to
¢ identify general work shop tools

¢ identify workshop equipments

* identify precisioninstruments

» care & maintain of tools, equipments and

Refer Ex 1.1.05
TASK-1, TASK -2, TASK-3, TASK -4
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Capital Goods and Manufacturing
R&ACT - Basic Refrigeration Exercise 1.6.29

Identify special tools, instruments and equipment used in refrigeration work
shop

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

* identify the main parts of refrigeration tools work their function
* identify the Instruments used in refrigeration work

* identify the Equipment used in refrigeration work.

Requirements

Tools/Instruments . Tongtester - 1 No.
«  Flaring tool with yoke - 1 No. *+ Vacuumpump - 1 No.
« Tube cutter with reamer - 1 No. * Pinchoffpliver -1 No.
- Pipe benderlever and soring type - 1 No. * Aircompressor -1 No.
* Swagingtool - 1 No. +  Anemometer -1 No.
« Pinching tool - 1 No. + Tacometer - 1 No.
« Ratchetwrench - 2 Nos. » Halidetorch’ -1 No.
» Pressuregauge - 2 Nos. + Sling psychomotor -1 No.
« Thermometer - 1 No. + Gauge manifold -1 No.
« Electronic detector - 2 Nos. +Vacuumpump -1 No.
« Gauge manifold - 1 No. + Thermometer - 1 No.

PROCEDURE

TASK 1: Identify the main parts of refrigeration tools with their function

+ Identify the main parts of flaring tool ¢ ldentify the main parts of Tube cutter with Reamer
1 Referthe diagram and Identify the parts of the label in 1 Referthe diagram and Identify the parts of the label in
Fig 1. Fig 2.
2 Record the name of parts and functions in the given 2 Record the name of parts and functions in the given
Table 1. Table 2.
Fig 1 Flg2
3|
Table 1 Table 2
Label Name of the part Function Label Name of the part Function
1 1
2 2
3 3
4 4
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* ldentify the main parts of Pipe bender

1 Referthediagram Fig 3 & 4 and Identify the parts of the
label.

2 Record the name of parts and functions in the given
Table 3.

Fig 3

[MRN1544H3

Fig 4 e
7

[MRN1544H4

Table 3
Label Name of the part

Function

N[O~ W[N]~

* ldentify the main parts of Swaging tool

1 Refer the diagram and Identify the parts of the label in
Fig5 & 6.

2 Recordthe name of parts and functionin the giventable
4.

MRN1544H5

[MRN1544H6

Table 4

Label Name of the part Function

Al |[wIN

¢ Identify the main part of Pinching tool

Refer the Fig 7 and Identify the parts of the label.

Record the name of parts and functionin the given table
5.

Table 5

Label Name of the part Function

g |wN

Fig 7

PINCHING TOOL

PINCHING PLIER

[MRN1544H7
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¢ Identify the main part of Ratchet wrench

1 Refer the Fig 8 and Identify the parts of the label. Table 6
2 Record the name of partin given table. Label Name of the part Function
Fig 8 1 , . 1
e 2
(=] [S] e (=]
N = 3
4

RATCHET WRENCH

MRN1544H8

TASK 2: Identify the instruments used in refrigeration work

* Identify the main parts of pressure gauge and * Identify the main part of Thermometer
compound gauge 1 Referthe Fig11& 12 and Identify the parts of the label.
1 ngeel_r the diagram 9 & 10 and Identify the parts of the 2 Recordthe name of parts and functionin the giventable
2 Record the name of parts and functions in the given >
table 7.
Fig 9 Fig 11
c F
) (M)
L 110 230 |
100« 1 212
L 90 194 _|
L 80 176 |
L 70 158 |
L 60 140 _|
% |- 50 122 _|
Fig 10 | 30 86 |
L 2 ] 6
L 10 50 |
L o~ 3 a2
4
e 6
% THERMOMETER %
COMPOUND GAUGE g
Table 7
Label Name of the part Function
1
2
3

78 Capital Goods and Manufacturing - R&ACT (NSQF Revised - 2022) - Exercise 1.6.29



Fig 12

o
T E
—

FAHRENHEIT THERMOMETER

30 40 50 60 70 80 90 100 C

CELSIUS THERMOMETER
POCKET THERMOMETERS

MRN1544HC

Table 8

» ldentify the main parts of sling psychomotor
1 Referfig 15 and identify the parts of the label

2 Record the name of parts and function of the given
table 11.

Label Name of the part Function

Ol W[N]~

» Identify the main parts of leak defector
1 Refer the Fig 13 and Identify the parts of the label.

Fig 13

HALIDE TORCH LEAK DETECTOR

MRN1544HD

1 Record the name of parts and function in the given
table 9.

* Identify the main parts of electronic leak defector
1 Refer the Fig 14 and Identify the parts of the label.

2 Record the name of parts and fix the in the given table
10

Table 9
Label Name of the part Function
y
2
3

Capital Goods and Manufacturing - R&ACT (NSQF Revised - 2022) - Exercise 1.6.29 7

Fig 14
ELECTRONIC LEAK DETECTOR %
=
Table 10
Label Name of the part Function
1
2

* I|dentify the main parts of gauge manifold
1 Referthe Fig 16 and Identify the parts of the label.

2 Recordthe name of parts and functionin the giventable

12

Fig 15

:

|MRN1544HF

SLING PSYCHROMETER

©



Table 11

Table 12
Label Name of the part Function Label Name of the part [Function of the part
1
> 1
2
3 3
4 4
* Identify the main parts of anemometer S
1 Referthe Fig 17 and Identify the parts of the label. 6
7
2 Record the name of parts and function in the given
table 13 8
9

MRN 1544HH

Fig 16 )
2
3
5 | ‘ ;
&7
| |
8 9 %
Table 13
Fig 17
2 Label Name of the part | Function of the part
; 1
2
p 3
N ET y
21N
b | N ®
’ Q
Q o
OOO
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* Identify the main parts of the tachometer

Table 14

2 Referfig 18 and identify the parts of the tabel Label | Name of the part | Specification Function
3 Record the name of parts and function in the given
table 14. 1
2
Fig 18 3
4

MRN1544HI

TASK 3: Identify the equipments in refrigeration work

1

Identify the main parts of vacuum pump

Refer the diagram and identify the parts of the label
shown in Fig 19

2 Record the name of part and function in the given

table 15.

Identify the admin parts of air compressor

Referthe diagram and identify the parts of label givenin
Fig 20.

2 Record the name of part in the given in table16.

Fig 19

MRN1544HJ

PORTABLE HIGH-VACCUM PUMP

Fig 20

N

N ,))\r; S

MRN1544HK

Table 16

Label | Name of the part | Specification [ Function

Table 15

Label Function

gl |l W] N

Name of the part

Specification

Capital Goods and Manufacturing - R&ACT (NSQF Revised - 2022) - Exercise 1.6.29
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Capital Goods and Manufacturing
R&ACT - Basic Refrigeration Exercise 1.6.30

Identify the various refrigeration equipments compression of vapour
compression system and vapour absorption system

Objectives: At the end of this exercise you shall be able to
¢ Identify various refrigeration equipment

« identify the system and trace out the cycle

* identify the components of v.c system

« identify the vapour absorption refrigeration cycle.

Requirement

Equipments

* Vapour compression system * Vapour absorption system -1 No.
(Refrigerator) -1 No.

PROCEDURE

TASK 1: Identify various refrigeration equipments

Fig 3 Fig 4
TOP COVERING LID
FROZENFOOD
COMPARTMENT — EVAPORATOR FAN & GRILL STAGE : 4
) %
AR
DUCT
DOUBLE
KEEPER DORR COOLING WATER
OUTLET TAP—
BUTTER
CONDITIONER
—=——— SIDE PANEL
CRISPER
AIR-INLET FOR (‘
CONDENSING UNIT LL o
3 Q (I
FROST FREE REFRIGERATOR. & (‘ (‘
= /
Fig 1 OUTER CASING (‘ g
INNER LINER g (‘
DOOR\\ V
RN
SHELVES — | KQEZ
.’i.g, N
p "”‘Q’#"h.’q 2
/JI L s
=
> L S
HANDLE . 2% WATER COOLER COVERED WITH SIDE PANELS §
=

DISPLAY —|

AIR LOUVERS
GLASS ;

AN

7
W
“\\?\\

MR260311

PARTS OF VISIBLE COOLER
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21029zdN

CHEST TYPE FREEZER

Fig 2

Identify components in the system

CravSINAIN

Sl.No.

10
11
12
13
Fig 2

G12092dN

THSYS NG|

~

11

Identify the system of vapour compression and trace out the cycle

12

TASK2:

Fig 1

TYPICAL COMPRESSION REFRIGERATION SYSTEM

1
2
i

TASK 3: Identify the components of V.C system.

LIGPSLNGN
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Fig 5

SMGPSLNYIN IrGySLNIN

Functions

Record Sheet

Components Name

SI.No.

Fig 3

€r6ySLNEIN| PGPS INTN]

3
\
4

AMMONIA + HYDROGEN

FROM THE ENGINE

14
=)
o
a
<
>
<
z
)
=
=
<

AMMONIA + WATER
HYDROGEN GAS
HOT COOLENT
COOL COOLENT
ELECTRICAL

WIRES

Fig 4
Fig 6

TASK 4: Identify the vapour absorption system and the cycle

Record Sheet

Components Name | Functions
Capital Goods and Manufacturing - R&ACT (NSQF Revised - 2022) - Exercise 1.6.30
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Capital Goods and Manufacturing
R&ACT - Basic Refrigeration

Exercise 1.6.31

Unroll, cut and bend on soft copper tubes

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

 unroll copper tubing from the roll

* measure mark and cut the copper tube the given size

* bend the copper tube

Requirement

Tool/lInstruments

* Mallet

* Tubecutter(0.25mm)

* Reamingtool

» Springbender (6mm)

* Levertypebender(6mm)

* Metal tape or steel rule -1No

» Triangularfile150mm -1No

Materials

* Coppertube 6mm -1 coil

+ Cottonwaste - As reqd.
* A small quantity of oil - As reqd.

PROCEDURE

TASK 1: Unroll the copper tube
1 Place the tube on the flat clean surface.

2 Unroll tube to the required length (Fig 1).

Fig 1

ALWAYS UNROLL THE PIPE ON
A CLEAN FLAT SURFACE _\

\

=

[MRN1546H1

Fig 2

NEVER PULL THE PIPE FROM THE SIDE OF THE COIL

MRN1546H2

3

If any bend in the tube straighten the tube with light
blows from mallet or plastic hammer.

TASK 2: Measure mark and cut the copper tube the given size

Observation Table

of tube

SI.No. Parameter Remarks

1 Straightness of the | Excellent/Very good/
tube Good/Average

2 Safe handling of the [ Excellent/Very good/
tube Good/Average

3 Unrolling other sizes| Excellent/Very good/

Good/Average

Note : Repeat it for various sizes of tubes

1

Carefully measure the length of pipe needs and mark
the outside (where you are going to cut with the edge of
afile.

Place the pipe between the bottom rollers and the top
cutting wheel.

Position the pipe so that the cutting wheelis in line with
the mark that you made with the file.(Fig 3).

Tighten the hand screw until the cutting wheel just
touches the outside of the pipe.
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Fig 3

] MAKE SURE THAT THE CUTTING

E 3] WHEEL IS ON THE FILE MARK

¢ - 6

PIPE CUTTER IN POSITION ON THE PIPE

10 Hold the open end of the pipe to be reamed down (so

that pieces of copper will not getinside the pipe). Turn
the reaming tool until all rough edges have been
removed from the inside of the pipe. (Fig 6)

MRN1546H3

Turn the pipe cutter slowly around the pipe so that the
cutting wheel cuts gradually into the outside.

Turn the hand screw to increase the pressure of the
cutting wheel and then turn the cutter around the pipe
again. (See Fig4).

Fig 4
TURN THE HANDSCREW SLOWLY
TO INCREASE THE CUTTING
WHEEL PRESSURE

HOLD THE PIPE AND TURN
THE CUTTER SLOWLY

‘—/

USING THE PIPE CUTTER

[MRN1546H4

Continue the cutting by gradually increasing the pressure
ofthe cutting wheel. Work slowly and carefully. Do not
use too much pressure or you may damage the pipe.

Whenthe cutis complete sealthe open end and roll the
pipe back into a coil.

Toremove allrough edges from the end of the pipe, use
the reaming tool. (Fig 5)

Fig5 USE THIS END TO REAM

THE PIPE OUTSIDE

USE THIS END TO REAM
THE PIPE INSIDE

THE PIPE REAMING TOOL

| | |
«“

[MRN1546H5
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Fig 6

N
REAMING THE INSIDE OF THE PIPE

REAMING THE OUTSIDE OF THE PIPE

[MRN1546H6

Observation Table

Sl.No. Parameter Remarks
1 Angle of the bend 1 | Correct/ not correct
2 Angle of the bend 2 | Correct/ not correct

Note : Repeat the same procedure for various
sizes of tubes.
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TASK 3: Bend the copper tube

1 Refrigeration pipe is soft and can be bent by hand.
Because it is soft it can be easily damaged when
bending.

2 If the pipe is hard and will not bend easily, it must be
annealed before use.

3 Pushabending spring onto the outside of the pipe (see
drawing). This helps the pipe to bend evenly.

Fig7 [

L2

CUT TWO TUBES OF SAME LENGTH

l—0=d

0

L4

MAKE A 90° BEND

L2

MRN1546H7

MAKE A 180° BEND

4 Bend the pipe alittle at a time using your thumbs (see
drawing).(Fig 8) Do not try to complete the bend with
one movement. This will cause the pipe to buckle.

Fig 8

1.BEND THE PIPE 2.BEND THE PIPE 3. CONTINUE UNTIL
A SHORT WAY A BIT FURTHER COMPLETE THE BEND

[MRN1546H8

BENDING THE COPPER TUBING USING SPRING BENDER

Capital Goods and Manufacturing - R&ACT (NSQF Revised - 2022) - Exercise 1.6.31

5 Do not make a sharp bend in the pipe. If the pipe

diameteris 1/4 inch (6 mm), the sharpestbend thatyou
can make without risk of damaging the pipe is 1 inch
(2.5mm) radius (see drawing).(Fig 9) Notless than 5
times of its diameter.

Fig 9 L2
~

\

212" \) \

|
/| 180DEG. 2
s {
Fe————— e e
e~ b
o
=

6 Pipe that cracks, splits, wrinkles or flattens during

bending must not be used.

7 Bend the pipe so that it fits onto the connection easily

(seedrawing).

Fig 10

SLIDING

BLOCK

MRN1546HA

ACCURATE TUBE BENDER

Observation Table

Sl.No. | Parameter Remarks
1 Length of the tube cut Excellent/good/
average
2 Cleaned edges of the Excellent/god/
tubes average

Note : Repeat the exercises for various sizes of
tubes.
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Capital Goods and Manufacturing

R&ACT - Basic Refrigeration

Exercise 1.6.32

Swage and make a brazed joint on copper tubing

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

¢ swage a copper tube (6mm)
* make a brazed joint.

Requirement

Tools/Instruments

* Metal tape or steel rule

* Triangularfile 150mm

* Flaring block

» Swaging tool set

« Ball pane hammer 225 gms

* Blow lamp or Gas welding set
» Handy braking torch

Materials
« Brazingrod - As reqd.
* Brazing flux - As reqd.
+ Butaneean -1 No.

PROCEDURE

TASK 1: Swage the end of the tube

1 Tojointwo pieces of tube of the same size together one
must be made larger so that the other fits inside (Fig 1)

be 1/4inch (6mm)+ 1/8inch (3 mm)=3/8inch (9 mm),
as shown (Fig 4).

Fig 1

)

Omm|

Fig 3

MRN1547H3

MRN1547H1

2 Making the end of a tube larger is called swaging

3 The tool used for swaging is shown in the drawings
(Fig 2) & (Fig 3). Examine the pipe swaging tool and
compare it with the drawings. Make sure that you
understand how it works before starting to swage the

end of a pipe

Fig 2

SWAGING BLOCK

[MRN1547H2

4 Place the tube in the tool. Make sure that you have

chosen the correct size hole to fit the tube.

5 Position the tube so that the end is “the outside
diameter ofthe tube plus 1/8inch (3 mm)above the top
ofthe swaging block. For 1/4 inch (6 mm) pipe this will
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Fig 4

MRN1547H4

1/41

6 Tighten the nuts at each end of the swaging block.

Choose a punch of the right size to swage out the end
of the tube so that another piece fits inside. QOil the
punch. Fitthe clamp and punch onto the swaging block.
Twist the handle and Force the punch into the tube.

8 The punch will open out the end of the tube. (Fig 5)



Fig 5

MRN1547H5

TASK 2: Braze a swaged joint

1 Make sure that the tube enters the swage properly. It
must be an “easy” fit. Ifitis a tight fit there will not be
sufficient space for the brazing material. Ifitis aloose
fit the joint will be weak. (Fig 6)

Fig 6

[MRN1547H6

2 Mix a little flux powder with spirit (or water) to make a
stiff paste.

3 Apply a small amount of flux to the surfaces to be
joined. Only a small quantity is necessary. Too much
will contaminate the system.(Fig 7)

Fig 7

7

IMRN1547H7

Note : If “self-fluxing” brazing rods are being
used this stage of the work is not necessary

4 Pushthe end of one pipe into the swage of the other
as faras possible. Turn the pipes to spread the flux.
(Fig8)

5 Heat the joint with the blow torch. Use a flame of the
right size.

Fig 8

IMRN1547H8

Wait until the joint is dull red. When the brazing rod
starts to melt the joint is at the right temperature. This
temperature is found by touching the brazing rod onto
the joint from time to time while heating. Do not
overheat the joint. Do not leave the brazing rod in the
flame. The brazing rod must be melted by the heat of
the joint and not by the flame. (Fig 9)

When the right temperature has been reached touch
the joint with the brazing rod at several points

Molten brazing rod willbe drawninto the jointandfill the
space between the outside of one pipe and the swaged
end of the other. When a complete ring of brazing
material can be seen atthe end of the swage remove the
blow torch.

Allow the jointto cool. Do not move either pipe until the
brazing material has hardened.

Observation Table

SI.No. Parameter Remarks
1 |Testingthe swaging Excellent/Good/
Average
Testing the brazed joint|  Firm/ Blow holes
3 |Timetaken Slow/Medium/
Fast

4  [Materials waste Less/Very less/

No waste

Note : Repeat the same exercise for various
sizes of tube and test the improvement.
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Capital Goods and Manufacturing
R&ACT - Basic Refrigeration Exercise 1.6.33

Make flare joints and test them with flare fittings

Objectives: At the end of this exercise you shall be able to
* make flare on copper tubes

* join with flare fittings

* test the leak in fittings

Requirement

Tool/Instruments « N2Cylinder with gas -1No

* Flaring block with yoke -1 Set Materials

* Adjustable wrench 200mm -1No

. Valve key 6mm » Coppertubes Gmm - As reqd.
(cylinder valve opener) -1No . Fla_re nut 6mm size - As reqd.

* Pressure gauge with adapter -1No * Union Gmm . . - As reqd.

«  Flatfile smooth 200mm -1No * Soap solutlon_W|th st!rrer - As reqd.

* A small quantity of oil - As reqd.
PROCEDURE

TASK 1: Make flare on copper tubes

1 Refrigerator pipes are sometimes jointed to fittings by Fig 2
making a flared connection

2 Theendofthe pipeis openedouttoformacone (Fig1).

3 Always place the specialflare nut on the pipefirstbefore
flaring.

Fig 1

[MRN1548H2

Fig 3
FLARE NUT
FLARE NUT

MRN1548H1

4 Examine the tube flaring tool. Make sure that you
understand how it works before starting to flare the end
of a pipe.

5 Make surethatthe end of the tube is free of rough edges
beforeflaring

6 Place the tube in the tool (Fig 2). Make sure that you
have:

a Place the flare nut in to the tube.

2mm |

b Chose the correct size hole in the flaring tool to fit
the pipe; (there are 5 holes to fit different sizes of
pipe.)

7 Ifthe pipeis 1/4 inch (6 mm) in diameter, position the
tube so that the end is at least 2 mm above the top of
the flaring block (Fig 3). (This distance is calculated
as “pipe diameter divided by 3”; in this case, 6 mm 8 Tighten the nuts at each end of the flaring block (see
divided by 3 = 2mm). drawing).

MRN1548H3
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9

Fit the yoke to the flaring block (Fig 4)

10 Oilthe cone and slowly screw itinto the end of the pipe

11

The end of the tube will be formed into a flare.

12 Remove the flared tube from the block.

13 Examine the flare. If it has cracked, the cone was

screwed down too quickly.

14 Make sure that the flare is the correct size. It should

justfitinside the flare nut. Ifitis too loose, cut off the
flare and start again at instruction 5.

At instruction 7, use 3 mm instead of 2 mm. Repeat
untilthe flare is the correct size for the flare nut- nottoo
loose and not too tight.

Observation Table -1

SI.No.| Skills Remarks
1 Checking Flaring Cracked/uneven/too
small/too long/
correct
2 Number of attempts| One/two/three

Note : Repeat the steps to the various sizes of

copper tube

TASK 2: Join with flare fittings

1

Push back the flare nutand place the flared tube on the
fitting, then tighten the nut using adjustable wrench or
suitable double end spanner.

Tighten the one end of the tube to the dry nitrogen
cylinderwith the flare nut. Always use safety valve with
double stage pressure regulator while wring dry nitrogen.

Connect a pressure gauge at the other end of the tube
with flare nut.

Note :

— Do not give more pressure while tightening
since this will spoil flare.

— Make sure that they should not be loose in

the tube.

TASK 3: Test the leak in fittings

1

Afterjoined the tube firmly, open the cylinder valve with
help of valve key or ratchet.

The pressure will be shown in the pressure gauge.

Then close the cylinder valve. Major leaks will make
noise and that needs the nut to be tightened.

If there is no leak, the pressure in the pressure gauge
will remain constant.

If it decreases, check the joints with soap solution
foam. Leak will bubble, thentightthe joints. Ifitstands
still then there is no leak.

Fig 4
g
Observation Table - 2
SI.No. Skills Remarks
1 Selection of correct fittings | Correct/
notcorrect
2 Joining method Excellent/
good/fair
3 Time taken Less/very
less/more
Observation Table - 3
SI.No. Skills Remarks
1 Selection of tools excellent/
good/average
2 Detecting leak and excellent/
arresting good/average
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Capital Goods and Manufacturing
R&ACT - Basic Refrigeration

Exercise 1.6.34

Pinch off copper tubing

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

 pinch off the copper tube using pinching tool.

Requirement

Tool/llnstruments Materials
*  Tube cutter with reamer -1 No. «  Soft tubing 1/4",3/8",1/2" -1Rolleach
« Smalltriangularfile -1 No. + Cleancloth - As reqd.
« Pinch off tool -1 No.
e Steelrule -1 No.
PROCEDURE

TASK 1: Pinch Off the copper tube using pinching tool

1 Unroll 1/4" soft copper tubing so thata 3" piece may be
cut.

2 Measure 3" piece long tube using the steel ruler and
mark it by nicking the face with a triangular file.

3 Cutthe coppertube by placing the tubing in ‘V-guide’ of
the cutter.

4 Tightenthe thumb screw until considerable pressure is
applied.

Revolve cutter slowly around the tubing.

6 Seal the end of the tubing coil after cutting off the
required piece.

Ream and file the edges of the tubing.

8 Repeat with other sizes using 3/8" and 1/2" tubes
(steps 1to 7).

9 Place copper tube in the pinch off section of the tool
apply even pressure by turning screws equally by hand.
(Figs 1 &2)

10 Takeapartturnonone screw andthenanequalamount
on the other.

11 The tightening process must carry on until the two
blocks are evenly seated.

12 The tube is then pinched shut.

13 Seal the end of the tubing coil after cutting off the
required piece.
14 Ream and file the edges of the tubing.

15 Repeat with other sizes using 3/8" and 1/2" tubes
(steps 1t07)

16 Place copper tube in the pinch off section of the tool
apply even pressure by turning screws equally by hand.
(Figs 1 &2)

92

17 Takeapartturnonone screw andthenanequalamount
on the other.

18 The tightening process must carry on until the two
blocks are evenly seated.

19 The tube is then pinched shut.

Fig 1

PINCH-OFF TOOL

[MRN1549H1

Fig 2

rrrrrrerrrts, .
(Gz)

INNER TUBING
WALL

ORIGINAL

ACTION OF PINCH-OFF TOOL

[MRN1549H2




Capital Goods and Manufacturing
R&ACT - Basic Refrigeration

Exercise 1.6.35

Use lock ring tools various fittings of lockring for servicing of appliances

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

* connect two copper tubes with lokring
» connect capillary tube by lokring fitting.

Requirement

Tool/Instruments

*  Tubecutter -1 No.
* Tubecaliper -1 No.
« Digitalmicrometer

caliper -1 No.
* Lokring tool kit -1 No.

Materials

» Sandpaper - As reqd.
» Lockprep(adhesive) -1 No.

* Lokring various sizes - 1 Set.

»  Coppertubes - As reqd.

PROCEDURE

TASK 1: Connect two copper tubes with lokring.

1 Select the correct lokring size and materials(size are
available range from 1.6mmto 35mm.)

2 Check the size of the tubing with tube calipers( for
accurate measuring use digital micrometer caliper if
available)

3 Setthetube & lokringfitting in horizontal line(see Fig1)

Fig 1

joint |

| Lokring | [ Lokring | [tube |
—

— Y e  C—

Fig 2

MR20N1534H2

4 Use the lokring hand tool compress the fitting over the
joint (for hand lokring see Fig 2)

5 Apply the sealantlokprep on the tube outer space and
rotate the tubes.

6 Now compress fully till the lokring have tight close.(see
Fig 3)

7 After completing lokring fitting clean the lokring and
joints with a dry cloth.

TASK 2: Connect capillary tube by lokring fitting

1 Usethetube cutterto separate the tubing if necessary
Clean the capillary tube end with sand paper.

3 Pass the capillary tube all the way in till it reaches the
other end of lokring connector.

4 Apply asingle drop of lokprep while partially inserted in
the lokring .

Fig 3

{FORCEMENT BUSH
SEALING O-RING

OGIVE

AST" GROOVE

MR20N1534H3

5 Rotate the fitting 360° to spread the sealant evenly
around the tubing.

6 Place a slight bend into the capillary tube

Insert other end with copper tube and refer steps in task
1 to complete the lokring connection.

8 After completion of joint wipe the joints with dry cloth.
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Capital Goods and Manufacturing
R&ACT - Basic Refrigeration

Exercise 1.6.36

Brazing of cu to cu, cu to steel cu to brass using Air - LPG

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

 set the gas pressure according to the nozzle size
* ignite, adjust and extinguish LPG air flame
* braze the swaged copper tube joint.

Requirements

Tools/Instruments Materials
« Sparklighter -1 No. * Fillerrod (Silver, brass,
» LPG cane attached with nozzle Copperalloy) - asreqd.
and control valve -1 set * Flux suitable - asreqd.
» Coppertubes length size - as reqd.
» Safetyapparel - 1 set
PROCEDURE

TASK 1: Set the gas pressure according to the nozzle size.

Remove the oxides and other impurities from

the surface to be joined.

TASK 2: Ignite, adjust and extinguish LPG-air flame

1

Wear safety goggles grouses and apron.

Keep the copper tube swaged connection in position
easy to braze.

3

Select 1.6mm die silver brazing filler rod and suitable
flux in the form of paste.

Take the LPG cane open the valve slightly.

Air will be sucked through the side of nozzle
(for oxygen)

Ignite the flame by using a spark lighter.

Adjust the control valve of the LPG cane and set a soft
flame.

TASK 3: Braze the swaged copper tube joint

The flux should be applied after cleaning of the
tube swaged joint and kept ready before

brazing.

Heat both the tube by the joint area evenly.

Dipthessilverbrazing rodin the flux (paste) and apply the
fillerrod to the jointarea as you pointing the flame on the
connection.(Fig 1)

Fig 1

NP

[ TRADE FLAME

MR20N1424H1
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Carefully watch for proper melting and flow of the filler
metal into the minute gap (capillary action)of the joint
(i.e. wetting of the joint)

Move the LPG cane flame (oxy-air)and filler rod along
the joint to complete the brazing operation. Finally
close the control valve (put off flame)of LPG cane.

Note : If the jointis not properly wetted itindicates that
the metals (tube) have notbeen heated to the required
brazingtemperature.

Cool the job (by natural air) and clean the flux residue
thoroughly from the joint.

Inspect for any surface defects.

Get it checked by your instructor.

Fig 2 M.S. TUBE COPPER TUBE

1/2"OVERLAP

SILVER BRAZING TO MAKE CONNECTING JOINTS

MRN1551H2




Capital Goods and Manufacturing
R&ACT - Basic Refrigeration

Exercise 1.6.37

Brazing of cu to cu, cu to steel and cu to brass using Oxy LPG set

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

» set oxy - LPG gas welding set
* braze copper to copper

* braze copper to steel

* braze copper to brass.

Requirement

Tool/Instruments

+ Gas welding set -1 no.
«  Tubecutter -1no.
*  Wire brush -1no.
* Cylinder key -1no.
Equipments

+ oxy-acetylene welding set -1 set.

Materials

» Sandpaper materials - as reqd.
* Brazing flux - asreqd.
» Brazingrods (silver & copper) - asreqd.
* Ms tube & Brass tube - as reqd.
» Cleancloth - asreqd.
* 6 mm copper tube (as required) - as reqd.

PROCEDURE

TASK 1 & 2: Refer Exercise 1.5.27

TASK 3: Braze the copper to brass tube

1 Soften the end of copper tube to be bell-mouthed by
heating
Dip the heated end in water and remove the oxides
Use a mandrel to form the bell mouth

Insertthe mandrel and drive into the softened end ofthe
tube by hammering

Remove any unevenness of the bell mouth

Insert the brass tube into the bell mouth and tack it at
3 points

7 keepthetackwelded pipe assembly vertically and heat
it until the colour of the tube starts changing.

8 Make a thin run on the line formed by the outer
circumference at the bottom end of the brass tube and
the inner circumference at the bottom of the bell mouth
of copper tube (i.e tip of the bell mouth).

9 Make the first deposit starting from the tack weld 1 and
ending atthe midpoint of the tack welds 2 and 3 covering
half the circumference of the bell mouth

10 Clean the deposit.

11 Make the second deposit starting from the commence
mint point of deposit 1 and ending at the finishing point
of the deposit 1 which will cover the remaining half
circumference of the bell mouth.

12 Ensure the deposit 2 merges with the deposit 1 at both
ends (i.e. terminal points) properly by withdrawing the
fillerrod and manipulating the flame overthese merging
points.

13 Ensurethatthe weld depositis of the correct profile and
itcompletely covers and bonds (withoutover spilling the
outer edge of the bell contour.

14 Clean the bead and the joint and remove the flux
residue thoroughly.

15 Inspect the weld deposit for uniform size and weld
defects like porosity, etc.

95



Capital Goods and Manufacturing
R&ACT - Basic Refrigeration Exercise 1.6.38

Brazing of cu to cu, cu to steel, cu to brass using Oxy- acetylene

Objectives: At the end of this exercise you shall be able to
* braze a swaged copper tube joint

e braze copper with MS tube

* braze copper to brass tube.

Requirement

Tool/Instruments Materials

- Sparklighter -1 No. * Sand papermaterials - As reqd.

« Tubecutter -1 No. * Brazing flux - As reqd.

«  Wirebrush -1 No. * Brazing rods (silver & copper) - As reqd.

« Cylinderkey -1 No. * Ms tube & Brass tube - As reqd.
. + Cleancloth - As reqd.

Equipments 6 mm copper tube (as required) - As reqd.

» oxy-acetylene welding set - 1 set.

PROCEDURE

TASK 1: Braze a swaged copper tube joint (Refer Ex: 1.6.32 - Task 2)

TASK 2: Braze copper with Ms tube cut the copper tube

1 Place the tube in V-guide of cutter. 8 Clampthe pipeinthe flaring block and mountthe block
2 Tightenthe thumb screw until considerable pressureis In the Jag
applied 9 Light the oxy-acetylene torch using the spark lighter
3 Revolve the cutter slowly around the tube so that the 10 Heatthe connection at safe distance from the joint until
sharp cutting wheel feeds gradually on the tubings to the watervaporizes
apply pressure thumb screw till tube is completely cut
4 Ream and file the edges of the tubing Fig 2
Use sand paper to clean the outer surface of the tube
and clean inside by wire brush
6 Make a paste of silver brazing flux by mixing it with GOOD DESIGN GOOD DESIGN GOOD DESIGN
little bit of water and apply a thin coat of flux to outside ws, CONTSTUBETOPLATES
of the fitting o COPPER M.S. COPPER
7 Insert the pipe into MS pipe and see that the fit is not 1 %
too easy (Fig 1) o
GOOD DESIGN GOOD DESIGN 8
JOINTS - COPPER TUBE & M.S. TUBE %

Fig 1 M.S. TUBE COPPER TUBE . . . . .
11 Continue heating until the flux turns milky and finally

turns clean (Fig 2)

12 Apply the silver solderto both edges of the MS tube until
the solder flows on both pipes

13 Remove silver solder rod and allow the joint to cool

1/2"OVERLAP

SILVER BRAZING TO MAKE CONNECTING JOINTS

|MRN1553H1
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Capital Goods and Manufacturing
R&ACT - Refrigerator (Direct Cool) Exercise 1.7.39

Identify the electrical and mechanical components of refrigerator direct cool
and frost free

Objectives: At the end of this exercise you shall be able to
* identify the electrical parts /components of refrigerator
* identify the mechanical components of refrigerator.

Requirement
Tool/Instruments Materials
» Screwdriver -1 No. » Cotton waste/ cloth -1 No.
* Linetester -1 No. * Loosewire - asreqd.
» Combinationinsulated handle plier -1 No. Equibments
» Series test lamp -1 No. quip
*  Multimeter -1 No. + Refrigeratordirect cool and frost free
fill accessories -1No
PROCEDURE

TASK 1: Identify the Electrical parts

1 Disconnect the connection & identify the electrical 3 Clean all the spare parts.

components (Fig 1to 7) 4 Recordthe name of electrical parts of the given table 1

2 Keep it on work bench.

Fig 1 Fig 3

RN1775H6

Fig 4

MRN1654H1

Fig 2

MRN1454H5

Fig 5

MRN1654H7

PTC RELAY

MR20N1654H2

©
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Table 1

Fig6

Figure No

Name of the part

1

i

A
C
O

A. RUNNING TERMINAL
B. STARTING TERMINAL

SOLID CERAMIC MATERIAL

INTERNAL CONSTRUCTION

MRN1775HB

Fig 7

N o o ||

TASK 2: Identify the Mechanical parts

1 Disconnect the electrical connection and identify this

EVAPORATOR FAN MOTOR

MRN1775HD

3 Record the name of mechanical parts in the given

MR20N1637J4

MRN1654J5

Table 2

Name of the part

mechanical components (Fig 1 to 5) table 2.
2 Clean all this parts
Fig 1 Fig 4
Fig 5
Fig 2 B
3 Figure No
1
2
Fig 3 3
3 4
§ 5
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Capital Goods and Manufacturing
R&ACT - Refrigerator (Direct Cool)

Exercise 1.7.40

Check and replace electrical components of refrigerator

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

check and test current coil relay
check and test overload protector
identification of compressor winding
check short circuit in compressor
check the condition of a door switch
check Thermostat & check capacitor.

Requirement

Tool/Instruments

Equipments

» Screw driver 10mm tip 200mm length -1 No. Refrigeration (all electrical components
+ Cutting plier 200mm length -1 No. direct and indirect -1No
(Insulated) Materials
* Phillips screw driver set -1 No.
¢ Ohmmeter -1 No. Current coil relay -1 No.
« Testboard fitted with OLP -1 No.
voltmeter & ammeter -1 No. 2 m 1 sg.mm lead wire asreqd.
2 m wire with crocodile clip asreqd.
Thermostat -1 No.
Capacitor -1 No.
PROCEDURE
TASK 1: Test the current coil relay
1 Check continuity between the 4 & 5 with help of
Fig 1

ohmmeter. (Fig 1)

If the continuity is OK between 1 and 2. Coil continuity
of current coil relay is OK. Normal condition 4 & 5
continuing will be there.

Check continuity between 5 & 6. Normal condition
(when not in use) 5 & 6 open. If there is no continuity
between 5 & 6 relay is OK.

Keep the relay up side down. Check continuity be-
tween 5 & 6. If the continuity is there. Relay is OK.

Bring toits original position. Check continuity between
2 & 3. Ifthere is no continuity. Relay found OK.

Checkplungermovementand observe sound. Keepthe
relay upside down. Plunger moves up and you can hear
the sound. Bring to normal position. Plunger comes
down. You can hear sound. Ifthere is no sound, relay
is defective. Relay plunger operating is not OK.

TASK 2: Check and the overload protector

OVERLOAD —|

PUSH-ON
RELAY

COMPRESSOR

CHECK AND TEST CURRENT COIL RELAY

MRN1655H1

Refer TASK 1: Figure

1
2

Check continuity between 1 & 3

Ifthe continuity OK between 4 & 5,continuity of bimetal
contacts OK.

If there is no continuity Overload is defective

there, not advisable to use. (Fig 1)

4 Check any rust formation in disc. If rust formation is
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TASK 3: Identification of compressor winding

Terminal pins with Ohmmeter of fraction horse power
hematic compression.

Before carrying out the exercise remember
the following

— Runningwindingresistance always less than starting
winding

— Starting winding resistance always higher than
running winding

— Resistance of run and starting winding sum of
starting winding resistance and running winding
resistance

1 Setthe ohmmeter as per the (Fig 2)

2 Measure the resistance between A and C (20 Ohms)

Record in the record sheet table no.1

Measure the resistance between A & B (40 ohms)
Record in the record sheet table

Measure the resistance between C & B (60 ohms)
Record in the record sheet

Identified ‘A’ terminal pin become common terminal

© 00 N oo o b W

Identified ‘B’ terminal pin become starting winding

10 Identified ‘C’ terminal pin run winding

Resistance value slightly vary from
manufacturer to manufacturer. Instructor must
have compressor manufacturer specification.

|MRN1655H2

Fig 2 STAGE -1 STAGE -l STAGE - 1l
ELECTRICAL
TERMINALS:
VOLT
OHMMETER
20 OHMS 40 OHMS 60 OHMS
RUN WINDING START WINDING
BETWEEN BETWEEN
AANDC A AND B
SINGLE PHASE FRACTIONAL HORSE POWER COMPRESSOR
Sl No | Terminal connection | value of reading
1 AtoB
BtoC
CtoA
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TASK 4: Check short circuit in compressor.

1 Select ohmmeter scale (R x 10000) (Fig 3)

2 Place ‘A’ probe to compressor terminal

3 Place ‘B’ probe to metal casing of compressor
4

Check continuity. If continuity is there compressor
grounded. (Fig 3)

5 Ifthere is no continuity compressor not grounded.

TASK 5: Check the condition of a door switch
1 Switch ‘ON’ the refrigerator

2 Open the refrigerator door and check the condition of
cabinet bulb. It should glow.

3 Ifitis not, check the bulb. (Fig 4)

Fig 4

BULB

BULB HOLDER

BULB AND BULB HOLDER

MRN1655H4

4 Ifthe bulbisfused, replace the bulb onrefrigerator and
check.

5 Still the bulb not glows then switch off the refrigerator
and remove the door switch and disconnect the wires.

TASK 6: Check the condition of a thermostat.

1 Switch ON the Refrigerator.

2 Ifitis not run check thermostat.

3 Remove the thermostat and its wires. -
4

Testthermostat continuity in ‘OFF and ON’ position by
multimeter or test lamp. (Fig 6)

Fig 3

CONNECTION TO
CASING MUST BE
AGAINST CLEAN
METAL. SCRAPE
PAINT OR RUST OFF

USE

R x 10,000

SCALE
VOLT-OHMMETER
CHECKING THE COMPRESSOR FOR A GROUND TO CASING

[MRN1655H3

Note : Mark all connections which are being
disconnected.

Fig 5

)
((—————))

X3

AC

/O OV sooma O o\
-10A Transit +50mA  +10A

+DC
00 RQAC 2% 1CoMA 250Mv
e
=~ maPs b
m
RX100
common 250V RX1000 1000
+ s00v AC DS

CHECK DOOR SWITCH

[MRN1655H5

6 Check the continuity in switch by multimeter or by test
lamp is ON and OFF position. (Fig 5)

7 Check bulb holder wires.

8 Ifswitch found defective, replace itand connect wires.

Fig 6

TO MULTIMETER

MR20N1638H6

TYPICAL THERMOSTAT
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TASK 7: Check capacitor.

Caution: do not place fingers across the
terminals of a capacitor. It may be charged and
gives a shock. Short it with a insulated wire

before handling.

a b 0N -

(o2}

Remove the capacitor for test.

Connectthe capacitorin capacitor test circuit. (Fig 7A)
Check the fuse (D) in the circuit as shown.

Switch ON the circuit plug (E)

Press the charging switch (B) for one or two seconds.
(Fig7B)

Put off the circuit plug (E).

With the switch open at (B) touch the shorting switch

(C). If the capacitor is good, the switch will spark.
(Fig7C)

If it does not spark in the first time, try it two or three
times before replacing the capacitor to the unit.

Note : If the capacitor is good it will spark as in
(Fig 7C).

If the capacitor is shorted or grounded the fuse
(D) will blow as in view. (Fig 7D).

If the capacitor does not take a charge, it will
not spark. This indicates an open circuit. (Fig
7A).The capacitoris connected to the terminals
of the tester.

Caution: The capacitor should be put in a
protective case while testing it because a
shorted capacitor may explode when put in a
circuit.

Fig 7
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Capital Goods and Manufacturing
R&ACT - Refrigerator (Direct Cool) Exercise 1.7.41

Leak, test evacuation and gas charging in a refrigerators

Objectives: At the end of this exercise you shall be able to
 flare and make additional charging tube in compressor
* braze compressor charging tube with additional flared copper tube

* connect compressor charging tube with gauge manifold and nitrogen cylinder
* charge nitrogen gas into the system

* test leak with soap solution

* braze the leak spots.

* connect the system with vacuum pump

* handle and operate vacuum pump

* dehydrate the system

* evacuate the system by low side and both high & low sides.

* Gas changes of the system

* Porchthe system

Requirements

Tools/Instruments Materials
* Combination plier -1 No. » Soap solution concentrate - 1 bottle/
* Cylinder key -1 No. 100ml
» Digitalthermometer -1 No. * Cleanand purewater - 500ml.
* Gauge manifold withLP/HP gauges - 1 Set * Fine emery sheet -2 nos
» Double ended spanner » Copper tube soft annealed type - 1/4"
Nos. 6/7 to 20/22 - 1 Set OD (6 mm) -15cm
* Adjustable spanner 10” (25 cm) -1 No. * Flare nut brass 1/4" (6 mm) -1 No.

* Flaring block with yoke -1 Set * Flare union brass 1/4" (6 mm) -1 No.
» Brazing torch with hoses and » Brazing rod copper to copper 30 cm -2 Nos.
oxygen and LPG cylinders -1 Set * Flare dummy nut brass (6 mm) 1/4" -1 No.

- Heating kit - Infrared lamp type » Plastic/ metal mug. 1 ltr water volume -1 No.
. + Painting brush 1" (25 mm) -1 No.
or hot air gun -1 set . Chargingh _2N
- Online tester 230V - 16A -1 No. nargingnose ©
* Nitrogen cylinderand
Equipments 2 stage pressure regulator -1 Set
 Conventional Refrigerator -1 No. * Drynitrogengas -1No.
* Frostfreerefrigerator -1 No.
*  Vacuum pump 2 stage -1 No.
PROCEDURE

TASK 1: Flare and make additional charging tube in compressor

Conventional refrigerator (Fig 1)

1 Make sure that there is no gas in the system through Note : This practical exercise to be done after

the charging tube of compressor (it should be open) leak testing of the unit /appliance. Ensure that
the unit/appliance is already leak tested.

2 Take the copper tube 6 mm (soft) 1/4 “ OD : Flare one : :
end with flaring block and yoke. 5 Fixtheanglevalveinletporttothe compressorprocess

(additional) tube flare nut.
3 Insert the flare nut (6 mm) through the copper tube (6 ) o .
mm) at non flared end 6 Tighten the joint ‘angle valve - flare nut’ by using a

suitable double ended spannerand adjustable spanner
4 Insert(15mm)the nonflared end of coppertube (6 mm) _
into the compressor process tube. 7 Make sure that the angle valve is closed.
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TASK 2: Braze compressor charging tube with additional flared copper tube

y
2
3
4

Take the gas welding brazing set
Openthe valve of oxygen cylinderand regulate pressure
Open the valve of LPG cylinder and regulate pressure

Light up the brazing torch and set the flame (neutral
type)

5

Take the flame to the pointof compressor charging tube
with additional copper tube (6 mm)

Braze the point with brazing rod (copper - copper)

Allow the point to cool down.

TASK 3: Connect compressor charging tube with gauge manifold and dry nitrogen gas cylinder

1

2
3

Connectflare nut of additional charging tube with flare
union 6mm.

Connectthe other end of flare union with charging hose.

Connect the other end of charging hose with HP(High
pressure) port of gauge manifold.

4

5

Connect the intermediate port of gauge manifold with
another charging hose.

Connectthe other end of charging hose with outlet part
of nitrogen cylinder/

TASK 4: Charge dry nitrogen gas into the system

1

104

Make sure that all thread/ screw points are in tight fit
position

If not, make the joints tighten by using cutting plier (to
tighten charging hose), double ended spanner and
adjustable spanner (to tighten flare nuts, flare unions)

Openthe nitrogen cylinder valve using valve key

Regulate the pressure to 50 psig. in the pressure
regulator

Open the knob of HP(High Pressure) port of gauge
manifold by turning the knob gently in anti clockwise
direction

Observe the nitrogen gas flowing into the system
through, notice the reading in the HP gauge of manifold

9

Allow the nitrogen flow for 15 - 20 seconds

Close the knob of gauge manifold by turning it gently
clockwise direction

Observethereadinginthe pressure gauge (HP)manifold

10 If the pressure not reached 150 psig, again allow

nitrogen flow into the system through reopening the
knob of manifold.

11 When the pressure reaches 150 psig, close the valve

of nitrogen cylinder; close the regulator knob

12 Close the knob of gauge manifold

13 Takethedrybulbthermometerand find the temperature

of ambient air
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14 Note down the time 16 Remove the charging hose Il which inter connects

15 Tabulate the readings in the tabular column which is gauge manifold and nitrogen cylinder

given at the end of this exercise 17 Close the intermediate port of manifold by dummy nut
brass 6 mm.

Fig 2
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TASK 5: Test leak with soap solution

1 Takea p|aStiC/meta| mug f|"ed W|th pure WaterSOO ml. 10 |f any bubbles present in the joint, add more soap
2 Add 25 ml of soap solution concentrate into the water S°|Ut1[(|3n on the joint and find where it is coming from
exactly
3 Stir mixture well and make lather by a paint brush. o
_ o 11 If the leak at screwed/threaded joints (flare nuts,

4 If the lather is not sufficient, add some more soap charging hose adapters) make ittight fitand arrest the

solution into the mixture. leak by using double ended spanner or adjustable
5 Soak the sponge into the soap solution mixture spanner or cutting plier.

Take few quantity of soap solution mixture by the brush 12 Ifthe leak at brazed joints (copper tube), confirm the

and apply the solution on the points. leak and note down to carryout repairs

brazed joints. Places where copper tubes are joined system as it is to hold the pressure for next 24 hrs.

together. 14 After 24 hours note down the reading - pressure,
7 Takethe sponge with solution and lather; place it under ambient - temperature and time

the joints. 15 Compare the reading of pressure with previous days
8 Carefully watch any nitrogen bubbles are coming from reading

the system through the soap solution mixture 16 Ifthereis nodifference between two readings orthere
9 If no bubbles present, it indicates there is no leak is 5 to 10 psig difference between two reading - The

system has no leak.
Record sheet
S.No. Date Time Ambient Testpressure Remarks
temp
D.M.Year Hrs.min °C psig/bar Joints leak
tested

TASK 6: Braze the leak spots
1 Leaks if any in brazed joints mark the spots. 6 Stop the welding torch, let the brazing joint cool.
2 Letout nitrogen pressure from the system. 7 Pressure rise the system with dry nitrogen.
3 Clean the leak spots with emery papers. 8 Check leak with soap water on all brazed joints.
4 Light the brazing torch, use goggles. 9 Ifthere is no leak, vent the nitrogen pressure.
5 Heattop and bottom joints of leakage pipes whenitget

red hot apply flux and apply copper rod.

TASK 7: Connect the system with vacuum pump

1 Connect one end of charging hose (l) to the outlet of
angle valve. Tighten the joint with a cutting plier

2 Connect the other end of charging hose (I) to LP(low
pressure) port of gauge manifold

3 Connectone end of charging hose (I) to intermediate
port of gauge manifold.

4 Connectthe otherend of charging hose (1) toinlet port
ofthe vacuum pump

Close the HP (High pressure) port of gauge manifold
with a brass flare dummy nut (6 mm)

Tighten the screwed/threaded joints by using cutting
plier (for charging hoses), suitable double ended
spanners (for flare nuts, dummy nuts etc).

Make sure thatthe HP/LP knobs of gauge manifold are
closed.
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TASK 8: Handle and operate vacuum pump

1

Ensure thatthe power(electrical) supply available tothe 5 Opentheangle valve by turning the stemtoanticlockwise
vacuum pump by using a online tester. direction with ratchet key/wrench.
Connect the electrical power line of the vacuum pump 6 Observethe pressurereadingavailable onthe LP gauge

to the power source (test board/switch board)

of manifold. The pressure gets reducing.

3 Switch on the vacuum pump 7 Leave the system as it is for 2 hours without any

4 Openthe valve knob (LP port) of gauge manifold

interruption.
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TASK 9: Dehydrate the system
1 Take the heating kit (Infrared lamp) and switch it ON.

2 Make sure that the system is getting vacuum and the
pump is functioning
Heat all over areas of the system with infrared lamp
4 Apply heat uniformly to all areas - Refrigerant tubes,

condenser coil, evaporator coil (if it is exposed), liquid
line drierffilter.

5

6

Keep and maintain the distance between the heating kit
and surface of system (15cm) always.

Continue the process for 15-30 minutes.

TASK 10: Evacuate the system

1 Notice and observe the pressure reading on the LP
gauge of the manifold, it should be 100 microns or below
(equivalent30inof Hg)

2 Close the angle valve by turning its stem to clockwise
direction with ratchetkey/wrench after 3 hours from the
time of vacuum pump started.

Caution:

Whenever operating (opening /closing) angle
valves fixed on pipe lines, needs extra care.

(Fig3).

Over tightening (closing) over loosening
(opening) of valve stems strictly to be avoided
as it damages the valve internally.

3 Close the LP knob of gauge manifold

Switch off vacuum pump and disconnect the power
supply

Disconnectcharging hose (l) from angle valve

Close the outlet of angle valve with dummy nut (6 mm)

tighten the nut with a suitable size double ended
spanner

Disconnectcharging hoses (1 & IlI) from gauge manifold
and vacuum pump.

Hand shut off valve can also be used instead of
angle valve at compressor process tube.

TASK 11: Gas charging the system

+ chargerefrigerantin hermetic (refrigeration) systemofa
conventional refrigerator

+ chargerefrigerantin hermetic (refrigeration) systemofa
frostfreerefrigerator.

Note:

1 Thispractical exercise to be started immediately (within
2 hours) after evacuating the unit/appliance.

2 Before starting the exercise make sure that the unit
appliance is already vacuum to the required (30 in Hg)
level.

Itis assumed that the unit/appliance which is going to
getchargedis under/holding vacuum.

Method 1 : Using charging cylinder
Note:

1
2

Wear eye goggles and hand gloves

Getcharging cylinder filled with correct refrigerantand
notless than required quantity (pre determined)

This method is mostly followed in charging refrigerantin
new/fresh system/appliance. (See Fig 4)

TASK 12: Connect system to charging cylinder (Fig 4)

1 Connect one end of charging hose (1) to the valve of
charging cylinderand connectotherendtointermediate
port of gauge manifold.

2 Connectanendofcharging hose (ll)tothe angle valve
of compressor and connect other end to low pressure
(LP) port of gauge manifold.

Close the high pressure (HP) port of gauge manifold
with a flare dummy nut (6 mm) and tighten it using a
suitable double ended spanner.

Ensure that the charging cylinder valve, LP and HP
valve knobs of gauge manifold and compressor angle
valves are closed.

Tightenthe ends of charging hoses using a cutting plier.
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TASK 13: Purge air in the charging hoses

1

2

Open the charging cylinder valve gently/slowly by 4 Open (2-3 turns) the LP knob of gauge manifold and
turning the knob 1/2 to1 turn to anticlockwise direction observe the reading on the LP gauge.

Purge the charging hose (1) by loosening its end at the 5 Purgethe charging hose (Il) by looseningitsend atthe
intermediate port of gauge manifold using a cutting angle valve using a cutting plier.

plier. 6 Observetherefrigerantescapethenimmediatelytighten
Observetherefrigerantis escaping outatintermediate the end of charging hose Il to arrest the refrigerant
port of manifold in form of snow, then immediately flowing out.

tighten the end of charging hose | and ensure that the
escape/release ofrefrigerantis arrested. Construction
MRAC - Refrigeration System -Ex- 1.4.56A
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TASK 14: Charge refrigerant into the system.

1 Note down the level of refrigerant in the charging
cylinder and record it in the tab column.

2 Openthe stem of angle valve (at compressor process
line) by slowly turning the stem to anti clockwise
direction using ratchet key / wrench.

3 Observetherefrigerantflowinthe charging tube ofthe
compressor by touching itwith hand/finger. ensure the
refrigerant flow by feeling the charging line is cold.

4 Observe the refrigerant flow/ transfer by watching the
level in the charging cylinder.

5 Leavethesystemasitis for 3-5minortill all refrigerant
/required quantity of refrigerant to settle into the system.

6 Close the valve of charging cylinder after ensuring the
refrigerantis transferred into the system.

7 Close the LP knob of gauge manifold by turning the
knob to clockwise direction using hand.

8 Close the angle valve by turning its stem carefully to
clockwise direction using ratchet key and adjustable
spanner.

TASK 15: Connect system to service cylinder (Fig 5)

1 Connectanendofcharging hose I to the valve of service
cylinder and connect the other end to the intermediate
port of gauge manifold.

2 Connectone end of charging hose Il to the angle valve
of the compressor and connect other end of the low
pressure (LP) port of gauge manifold.

3 Close the high pressure (HP) port of gauge manifold
with a flare dummy nut (6mm) and tighten it using a
suitable double ended spanner.

TASK 16: Purge air in the charging hoses

1 Open the service cylinder valve by slowly turning its
stem 1/2 to 1 turn to antic lock wise direction using a
ratchet key/wrench.

2 Purge the charging hose (1) by loosening its end at the
intermediate port of gauge manifold using a cutting
plier.

3 Observe therefrigerantis escaping out atthe interme-
diate port of manifold in the form of snow, thenimmedi-
ately tighten the end of charging hose | and ensure that
the escape/release of refrigerantis averted.

TASK 17: Charge refrigerant into the system

1 Open the angle valve stem (a compressor processline)
by slowly turning it to anti clockwise direction using a
ratchet key/wrench.

2 Observetherefrigerantflowinthe charging tube of the
compressor by touchingitwith hand/finger. Ensure the
refrigerant flow by feeling charging line is cold.

9 Observe andrecord the reading on the charging cylinder
to calculate the amount of refrigerant is charged.

10 Disconnectcharging hose-ll fromthe angelvalve.
Note:

To increase the flow of refrigerant into the system or to
fasten the charging process, keep the level of charging
cylinder above than the compressor.

To improve the charging process, heat the refrigerant
cylinder by wiping it with warm water cloth.

Method I
Using refrigerant service cylinder
Note : Wear goggles and hand gloves

Getthe service cylinderfilled with correct refrigerantand
not less than the required quantity.

This method is most commonly followed in the trade.

This method is useful for spot charging.

4 Ensurethatthe service cylindervalve, LP and HP valve
knobs of manifold and compressor angle valve are
closed.

5 Tightenthe ends of charging hoses usingacutting plier.

4 Open (2-3 turns) the LP knob of gauge manifold and
observe the reading on the LP gauge.

5 Purge the charging hose (Il) by lessening its end the
angle valve using a cutting pillar.

6 Observetherefrigerantescapethenimmediatelytighten
the end of charging hose Il to arrest the refrigerant
flowing out.

3 Observetherefrigerantflow alsoin LP gauge of manifold,
the pressure isincreasing from vacuumlevel -30in Hg
to above 0 psig onwards.

4 Observe the hissing noise into the compressor during
the pressure increasing from vacuumto above O level.
Itindicates the vacuum is braked.
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5 Allow the refrigerant flow till it reaches 30 to 50 psig in
the LP gauge of manifold. Thenimmediately close the

1
anglevalve.

Ensure thatthe wiring of the system/appliance is ready
for switch ON using wiring diagram.

Testthe electrical power supply available tothe appliance 2

isin operating limits (180-230 volts) using a multimeter.

Capital Goods and Manufacturing - R&ACT (NSQF - Revised 2022) - Exercise 1.7.41

Note :

Itis always advisable using a suitable capacity voltage
stabilizer (0.5 KVA/500 W) with time delay (3 min.) and
high and low voltage cut off for any home/commercial
appliance to save the life of compressor.

Switch ONthe appliance and ensure thatthe compressor
is working by touching the dome by hand, feel mild
vibration and sound.
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3 Set the thermostat knob to maximum position by
turning the knob to clockwise direction by hand.

4 Observe the reading on the LP gauge and ensure itis
‘0’ orabove ‘0’ psig.

Note :

1 After switching ON the compressor/ appliance the low
pressure mustbe positive level oritshould be more than
atmospheric level to avoid atmospheric air sucked by
the compressor through minute leak joints/spotsifany.

2 Ifthe pressure on the LP gauge shows below ‘0’ level
then immediately switch OFF the appliances.

3 Pre-charge additional quantity of refrigerantthen switch
ON the appliance.

4 The appliance being charged is to be kept in normal
temperature (32°C + 2°C) and it should be away from
any heating/cooling appliances like gas welding flame,
blow lamp flame, sun rays/light, any other heaters,
ceiling/table/pedestalfans.

5 Open more the angle valve to allow the refrigerant
sucked by the compressor.

6 Open the refrigerator/appliance door and observe the
hissing noise inthe evaporator/freezer which indicates
the refrigerantflow.

7 Observethe cooling effectin the evaporator by touching
its surface by hand and feel the cold then close the door.

8 Observe the chillness (moisture formation) on the
suctionline and hotness (above atmospherictemp.)on
the liquid line, feeling by the hand

9 Allow the refrigerant flow till it gets saturation by
watching the suction tube of compressor gets frost
formation.

10 Stop therefrigerantflow to the appliance by closing the
anglevalve.

TASK 18: Pinch the system

Note:

1 Pinching may require either on low side or high side.
Some times it requires at both sides suction/process
line and liquid line.

2 Systemtobeinworking condition when pinching atlow
side and system to be kept ‘off’ position when pinching
at high side.

3 Use of proper tools like pinching block or pinch off tool
hand held type must be compulsory to carry out
‘pinching process’ using cutting/nose pliers as pinching
tools to be strictly avoided as it may not serve the
purpose

4 Weareyegogglesandhandgloveswhenevernecessary.

Ensure that the compressor is working.

11 Observe the reading on the LP gauge itmay be 5to 7
psig.

12 Charge additional quantity of refrigerantiffrost formation
disappears on the suction line by opening the angle
valve again.

13 Measure current drawn by the compressor using a
clamp/tong tester and record the reading.

14 Complete the chargingifthe low pressure reachedtoits
boiling point (5 - 8 psig) by closing the angle valve.

15 Close the cylinder valve using valve key/ratchet key.
16 Disconnectthe charging hose from the angle valve.

17 Disconnect the charging hoses | and Il from service
cylinder and gauge manifold.

18 Close the cylinder valve with a dummy nut with a
suitable double ended spanner.

19 Testthe cylinder (at valve seating, gland, dummy nut)
for any leaks with soap solution.

20 Measure the weight of cylinder with a weighing scale/
platform and record the value.

21 Let the appliance to work for 1 hour.
Note:

1 ltis advisable to keep the evaporator of the appliance
with constant load during charging process.

2 Theload should notbe very HIGH or LOW toits cooling
capacity otherwise there will be a problem when setting
the suction pressure.

3 If the appliance / system newly made it is better to
measure ‘discharge Pressure (HP) of the system by
having proper provision (atfilter/drier) atliquid line.

4 Confirmthevaluesinthe pressure temperature chart of
aparticularrefrigerant (eg. R134a orotherrefrigerant).

5 Common task for both methods.

6 Pinch the line between compressor process tube and
flare nut of angle valve using a pinching tool.

7 Hold the pinching tool tightly on the process line.

8 Removetheanglevalve bylooseningitfromthe flare nut
using a adjustable spanner and a suitable size double
ended spanner.

9 Cutthe coppertube between the flare nutand pinching
point using a tube cutter.

10 Test leak (refrigerant) at open end of copper tube-
beyond the pinching point by applying thin film of soap
solution into the open end.

11 Arrestleakiffound by extra tightening of pinching block
or double crimping the hand held pinching tool.
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12 Light up the brazing torch and heat the open end of

coppertube (charging tube) illitbecomes dark orange
colour then fill the open end with a silver brazing rod
immediately.

Note:

1

Silverrod mustbe puton the brazing spot only after the
material reaching its melting point.

The partial part of flame will turn to green colour due to
presence of refrigerant gas in the brazing spot.

When the pinching spot is completely filled the green
flame will disappear.

Atany cause the pinching tool should not be disturbed/
shacked before the process gets over.

Light off the torch when the brazing spot is completely
filled with silver rod.

Ensure that there is no any blow holes in the brazed
spot.

Test leak at the brazed spot/pinched spot by applying
a thin layer of soap solution on to it.

Re-braze the spot if found any leak.

Remove the pinching tool from the charging/process
tube very carefully.

Record sheet

Name of appliance

Capacity
Date
Sl. | Time Pressure Temp. Voltage Current Cylinder Net Rem
No. |Hrs/min| psigkg/cm? | °C Weight(Kg) Refg.
charge
Low|High | Ambient Volts Amps Before| After (Kg)
side |side charge| charge
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Capital Goods and Manufacturing
R&ACT - Refrigerator (Direct Cool)

Exercise 1.7.42

Circuit of refrigerator

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

* check all the electrical components
* check electrical wiring circuit

Requirements

Tools/Instruments

* TraineesKkit -1 No.
* Linetester -1 No.
» Testcords -5m

* Testlamp with holder -1 No.
» Solderingiron -1 No.
e Multimeter -1 No.

Equipments
* A complete system of RSIR
circuit, CSIR circuite -1 No each.
Materials
+ Soldering wire and flux - asreqd.
* Clips - 5 Nos.
* Wire each colour R,B,G -5 mts
* Insulationtape -1 Roll

PROCEDURE

TASK 1: Check all the electrical components

Refer Ex No 1.7.40 TASK1to 7

TASK 2: Check electrical wiring (RSIR operation)

1 Check wiring as per diagram in Fig (1,2,3,4).

Caution: Do not fail to put insulation tape on
connections where it is found necessary.

Switch ‘ON the UNIT.

If it does not start, check the electrical circuit as per
(Fig 1,2,3) circuit diagram.

If the wiring circuit is good, check the other parts of
electrical circuit.
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Fig 4
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Capital Goods and Manufacturing
R&ACT - Refrigerator (Direct Cool) Exercise 1.7.43

Installation of refrigerator

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

¢ uncrate/unpack the refrigerator unit

« select the location of the unit

* position the unit

¢ test the electrical power supply

* connect the voltage stabilizer to the unit

« start the refrigerator unit

¢ test the performance of the unit.
Requirements
Tools/Instruments Equipments
» Spiritlevel meter -1 No. » Domesticrefrigerator -1 No.
*  Multimeter -1 No. Materials
* Onlinetester -1 No.
* Combination plier -1 No. » Soap solution -50 ml
«  Wire stripper -1 No. » Cleanwater - 2 lit.
» Screwdriver6"150mm -1 No. » PVC insulation tape 12 mm width -1 Roll
« Adjustable spanner 150mm -1 No. » Voltage stabilizer 0.5 KVA -1 No.
+ Thermometer (stem/digital type) » Cleancloth/sponge - 1 piece

-51t0 +50°C -1 No.

* Clamp meter-0- 10 amps -1 No.

PROCEDURE

TASK 1: Uncrate/unpack the refrigerator unit.

1

Place the unitin upright position on a flat even surface
carefully.

Cut the packing tape/rope using wire stripper/small
knife.

Remove the outer cover/crate by lifting it from bottom to
top very carefully.

Caution; Beware of condenser coil, if it is
backside. If any damage occurred on it may

leads to gas leak.

Remove extra packing materials, if it is there.

TASK 2: Select the location.

Note: Normally ‘unit location’ will be decided
before the unit is arrived to the place. So that
proper wiring and plug point will be made
accordingly.

Ensure that the location has sufficient air ventilation.

Ensure that electrical power point available near the
unit.
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5 Watch carefully the outer surface of unit. The outer
body should be clean and glossy and without any
scratches, dents etc.

6 Remove the base packing (wood) by unscrewing the
bolts and nuts using a suitable double ended spanner/
adjustable spanner.

Note: Keep safe the unitinclined position while
removing the base bolts

7 Keep the unit away from packing materials

3 Ensurethatthereis noanyheatemitting/radiating units
(gas stoves, heaters, sunlightetc.) nearby the location.

4 Ensurethatthefloorlevel should be strong andflateven
surface using spirit level.



TASK 3: Position the refrigerator unit.

1 Place the unit on the selected location. 3 Keeponefootormore space between the wall surface
and both sides of the unit, if the condenser is built in
2 Keepone footormore space between the wall surface Int It
and rear side of the unit, if condenser is in back side (Internaltype)
(externaltype). 4 Keep sufficient space in front side for opening the door
fully.
TASK 4: Test the electrical power supply.
1 Test the availability of electrical power using online 3 Ensure the rated/measured voltage is in operating
tester by inserting its tips into the socket range of compressor of the unit (180-260 volts).
2 Measure the voltage rate using a multimeter/ tong 4 Use voltage stabilizer if the voltage is out of range or
tester/voltmeter by inserting the probes (phase and fluctuating.
neutral) into the socket. 5 Ensure proper earthing is made in the socket.
TASK 5: Connect voltage stabilizer.
Note : It is always advisable use voltage 4 Insert the 3 pin plug of the stabiliser into the socket.
stabilizer (correct capacity) not c.>nly in th.e 5 Switch ‘ON’ the socket
places of low voltage or fluctuating. Use it
everywhere with every units to save the 6 Ensurethe LED bulb (for MAIN ON) glows (If provided)
cor:pres§o:f.rom suddten voltagﬁa quCtltJaﬂO;:s 7 Observe the voltage limits of input and output by
and maintain constant voltage to the pressing the selector switch.
compressor.
. Note: Normally the voltage stabilizers for
1 Unpackthe voltage stabilizer refrigerators/air conditioners are available with
2 Noticethe outer surface of stabilizer forany defects like time delay (3 min) start. So the output voltage
sheet metal bulge, scratches etc. may come after 3 minutes from the time it is
3 Make sure thatthe pointer of the voltmeter of stabilizer switched ‘ON’.
at ‘0’ reading only or make sure the voltmeter has no
error.
TASK 6: Start the refrigerator unit.
1. Open the door(s) of the unit and see the internal Switch ON the stabilizer.
conditions. [t must be clegiegnd dry. Wait for 3 min to start the unit, if the stabilizer has time
2 Keepthe dooropenfor2 minutes for replacing existing delay facility.
cabinet air with ambient air. Then close the door (S). 7 Observethe refrigerator gets ON by hearing mild noise
Make sure that the stabilizer is ‘OFF’ position (30-35 db) due to compressor is started.
Insert the 3 pin plug of refrigerator unit into the output
socket.
TASK 7: Test the performance of the unit.
1 Ensure that the door(s) of the unit closing well 5 Setthe thermostat knob to Normal position (between
2 Make shelves in the cabinet with the materials which lOW.COOI anld h'g.h CO.Ol posmon)_byturnlng itclockwise/
. o . anticlockwise direction as required.
are given separately or along inside of the unit.
3 Fill water (at normal room temperature) in the ice tray 6 ForConventional(ordinary) Refrigeratorfeel the chillness

which will be in freezer section.

Observe the ‘bulb/light in the cabinet glows during the
door keptopen.

Capital Goods and Manufacturing - R&ACT (NSQF - Revised 2022) - Exercise 1.7.43

by keeping the hands overinner surface of the freezer.

For Frost Free Refrigerators feel the chillness by
keeping the hands before the air breeze at the fan motor
which is in the freezer.
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Putthe sensing probe (of digital thermostat) inside the
freezer and start watching the reading in the display
(outside).

Keep the freezer door and cabinet door(s) closed for
some time (2 hours). Let the unit to run without any
interruption for 2 hours.

Opentherefrigerator doorand observe the coolinginthe
cabinet by feeling.

10

11
12

13
14

Openthefreezerdoorand ensure that the water which
is filled earlier (2 hours before) is became ice.

Set the thermostat knob to ‘low  position.

Keep the door closed and wait for some more time (30
min).

Observe the unit(compressor) trips.

Fill up the check list as per the contents.

Installation - Check list

Date

Type of refrigerator

Direct cooled / Frost free

Capacity : Lts

Brand name

a W N
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Unit found in good physical condition OK
Unit location OK

Unit standing floor level OK

Electrical plug point OK

Current consumption ............... Amps

Unit input voltage OK ............... volts
Stabiliser output OK ............... volts
Cooling satisfactory ............... degree Centigrade

(Temperature atevaporator)

Thermostat functioning OK
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Capital Goods and Manufacturing
R&ACT - Refrigerator (Direct Cool) Exercise 1.7.44

Check find fault and test the electrical and other system components of
refrigerator

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

check and test current coil relay

check and test overload protector

identification of compressor winding terminal pins with ohmmeter
check short circuitin compressor

check the condition of a door switch

check Thermostat

Check capacitor.

Requirement
Tool/Instruments « OLP -1 No.
» Screw driver 10mm tip 200mm length -1 No. » FHP compressor . - 1No.
. . e 2m1sg.mmlead wire asreqd.
« Cutting plier200mm length -1 No. . . . .
* 2 m wire with crocodile clip asreqd.
(Insulated) i .
. . » Testboard fitted with
» Phillips screw driver set -1 No.
.« Ohmmeter -1No voltmeter & ammeter -1 No.
' * Thermostat -1 No.
Materials » Capacitor -1 No.
*  Currentcoil relay -1 No.
PROCEDURE

TASK 1: Test the current coil relay

1 Check continuity between the 4 & 5 with help of

ohmmeter. (Fig 1) Fig1

2 If the continuity is OK between 1 and 2. Coil continuity
of current coil relay is OK. Normal condition 4 & 5
continuing will be there.

3 Check continuity between 5 & 6. Normal condition
(when notin use) 5 & 6 open. If there is no continuity
between 5 & 6 relay is OK.

OVERLOAD —|

4 Keep the relay up side down. Check continuity be-
tween 5 & 6. If the continuity is there. Relay is OK.

5 Bringtoitsoriginal position. Check continuity between
2 & 3. Ifthere is no continuity. Relay found OK.

6 Checkplungermovementandobserve sound. Keepthe w/
relay upside down. Plunger moves up and you can hear
the sound. Bring to normal position. PIunger comes CHECK AND TEST CURRENT COIL RELAY

down. You can hear sound. Ifthere is no sound, relay
is defective. Relay plunger operating is not OK.

PUSH-ON
RELAY

MRN1655H1

TASK 2: Check and the overload protector
Refer TASK 1: Figure

1 Check continuity between 1 & 3 3 Ifthereis no continuity Overload is defective
2 Ifthe continuity OK between4 &5,continuity ofbimetal 4 Check any rust formation in disc. If rust formation is
contacts OK. there, not advisable to use. (Fig 1)
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TASK 3: Identification of compressor winding

Terminal pins with Ohmmeter of fraction horse power
hematic compression.

Before carrying out the exercise remember the
following

— Runningwindingresistance alwayslessthan starting
winding

— Starting winding resistance always higher than
runningwinding

— Resistance of run and starting winding sum of
starting winding resistance and running winding
resistance

Set the ohmmeter as per the (Fig 2)

Measure the resistance between A and C (20 Ohms)

Record in the record sheet table no.1

Measure the resistance between A & B (40 ohms)
Record in the record sheet table

Measure the resistance between C & B (60 ohms)
Record in the record sheet

Identified ‘A’ terminal pin become common terminal

© 00 N oo 0o b W

Identified ‘B’ terminal pin become starting winding

10 Identified ‘C’ terminal pin run winding

Resistance value slightly vary from
manufacturer to manufacturer. Instructor must
have compressor manufacturer specification.

Fig 2

STAGE - |

STAGE -1l

STAGE - Il

20 OHMS

40 OHMS

60 OHMS

RUN WINDING START WINDING
BETWEEN < > BETWEEN
AANDC AAND B

SINGLE PHASE FRACTIONAL HORSE POWER COMPRESSOR

|MRN1655H2

TASK 4: Check short circuit in compressor.

1
2
3
4

120

Select ohmmeter scale (R x 10000) (Fig 3)
Place ‘A’ probe to compressor terminal
Place ‘B’ probe to metal casing of compressor

Check continuity. If continuity is there compressor
grounded.(Fig 3)

If there is no continuity compressor not grounded.

Fig 3

CONNECTION TO
CASING MUST BE
AGAINST CLEAN
METAL. SCRAPE
PAINT OR RUST OFF

USE
R x 10,000
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TASK 5: Check the condition of a door switch

1 Switch ‘ON’the refrigerator

2 Open the refrigerator door and check the condition of
cabinet bulb. It should glow.

3 Ifitis not, check the bulb. (Fig 4)

Fig 4

BULB

BULB HOLDER

BULB AND BULB HOLDER

[MRN1655H4

4 Ifthe bulbisfused, replace the bulb onrefrigeratorand
check.

5 Still the bulb not glows then switch off the refrigerator
and remove the door switch and disconnect the wires.

Note : Mark all connections which are being
disconnected.

6 Check the continuity in switch by multimeter or by test
lamp is ON and OFF position. (Fig 5)

7 Checkbulb holder wires.

If switch found defective, replace itand connect wires.

TASK 6: Carry out a test on thermostat

1 Crushicecubesandplaceitinaninsulated container.
2 Mix some salt to the crushed ice cubes.

3 Insertathermometer inside the container.
4

Take athermostatand check electrical contact points.
If necessary clean the contact points with fine sand
paper.

a

Connect two wire leads to the thermostat.
Connect a bulb in series with thermostat.

Connect the other end wire leads with 2 pin plug and
plug it in test board and switch ON.

T
i

+1V s00MA

o
o]
)
fo
éo

1

DG sy 100MA
oo Ao B 100MA 250y
O K'S
e AUS b
m
RX100
common 250V RX1000 1000
S sov

1000V o O

CHECK DOOR SWITCH

MRN1655H5

If found necessary add salt and ice cubes from
time to time.

Take out salt waterfromthe insulated container
from time to time to obtain correcttemperature.

Precaution: While handling the thermal bulb
do not bend the capillary to sharp as it may
break.

Table 1

SI. NO Cutout temperature ° C

Fig6 RANGE

ADJUSTMENT @
P

N
p POWER SUPPLY
el 230V -50Hz - AIC

@
0—

o
STOPS ON OPEN
\ THERMOSTAT

BELLOWS

ﬂ/ THERMOMETER

AB.,C.D=CONTROL LEVER
E = DIFFERENTIAL ADJUSTMENT
P = CONTACT POINT

ICE CUBES

MR2303H1

TEST THERMOSTAT
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Check that the light glows when the knob of the
thermostat is not in stop position.

Ifthe lightis not glowing when the knob of the thermostat
is in stop position.

10 Adjust the knob to ON position.
11 Watch the reading of the thermometer.
12 See that the 100 watts bulb glows all the time.

13 Wait till thermostat goes to cut off which will be

indicated by off position of the light quickly take the
reading of the thermometer. (Fig 6)

14 Remove the thermal bulb from the ice cubes.

15 Hold the thermal bulb by hand and warm it when the

thermostatgoes to cutin position which will be indicated
by the glowing of the 100 watts bulb.

16 Repeatstepsfrom 10to 15for 3 readings and note the

temperatures carefully and record in Table 1.

TASK 7: Check capacitor

Caution: do not place fingers across the
terminals of a capacitor. It may be charged and
gives a shock. Short it with a insulated wire
before handling.

a A WO N =

Remove the capacitor for test.

Connectthe capacitorin capacitor test circuit. (Fig 7A)
Check the fuse (D) in the circuit as shown.

Switch ON the circuit plug (E)

Press the charging switch (B) for one or two seconds.
(Fig7B)

Put off the circuit plug (E).

With the switch open at (B) touch the shorting switch

(C). If the capacitor is good, the switch will spark.
(Fig7C)

If it does not spark in the first time, try it two or three
times before replacing the capacitor to the unit.

Note : If the capacitor is good it will spark as in
(Fig 7C).

If the capacitor is shorted or grounded the fuse
(D) will blow as in view. (Fig 7D).

If the capacitor does not take a charge, it will
not spark. This indicates an open circuit. (Fig
7A). The capacitoris connected to the terminals
of the tester.

Caution: The capacitor should be put in a
protective case while testing it because a
shorted capacitor may explode when put in a
circuit.

Fig 7

m

lo

(2A)

5
AN

(2€)

- CAPACITOR BEING TESTED

- CHARGING SWITCH

- SHORTING SWITCH

- FUSE OR CIRCUIT BREAKER

- ATTACHMENT PLUG TO 220V CIRCUIT
- RESISTOR

TMoOO @ >

ONE METHOD OF TESTING A CAPACITOR

m

m

2A - SWITCHES OPEN

2B - CHARGING SWITCH CLOSED
2C - GOOD CAPACITOR

2D - SHORTED CAPACITOR

(2B)

////\\

W T

B

(2D)

[MRN1655H7
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Capital Goods and Manufacturing

R&ACT - Refrigerator (Direct Cool) Exercise 1.7.45

Testing of compressor

Objectives: At the end of this exercise you shall be able to
* check compressor (Hermetic) pumping efficiency

* check compressor winding.

* Check short circuit grounded in compressor

Requirements
Tools/Instruments Equipments
+ Gauge manifold -1 No. * Refrigerantcylinder -1 No.
+ Charging line -1 No. * Hermetic compressor - 1 No.
* Ratchet wrench -1 No. :
Materials/ t
* Adjustment wrench -1 No. aterialsicomponents
*  Multimeter -1 No. « Soap solution and brush -1 No.
 Insulatedplier -1 No. + Clean cloth -1 No.
¢ Line tester -1 No. e Test board -1 No.
+ Condenser unit -1 No.

PROCEDURE

TASK 1: Check compressor (Hermetic) pumping efficiency.

1 Connecttherefrigerant cylinder to the process tube of 5 Start the compressor and run for few seconds to build
hermetic compressor using a pressure regulator as per a head pressure of valve as given below. On attaining
(Fig 1). the specified discharge pressure, stop the compressor

as table column given below.

Fig 1 6 Checkfordropin pressure foraperiod of one minute and
verify whether it falls within specified limit in the Table

1.

7 In case the drop exceeds the specified limit, the
compressor has a pumping defect otherwise the

CYLINDER

“WW%%‘“ N . compressor is perfectly okay.

= = - Table 1
CHECK COMPRESSOR (HERMATIC) PUMPING EFFICIENCY % SNO Leak rate in Head pressure
= 1stminute kg/cm?

2 Connect the discharge side of the compressor to a per min.kg/cm?
condenser coil having appropriate capacity. Now connect > 3
the other end of the condenser coil to a pressure gauge 1 2.0 kg/em 8.5 kg/lem
havi f 20.5k 2
aving a range of 0 to 20.5 kg/cm 5 2.5 kglom? 10.0 kg/em?
Check for leakages at all joints using soap solution

2 2

Supply refrigerant vapour gas ata constant pressure of 3 4.0 kgfcm 13.5 kgfem
150 PSlin the process tube of the compressor.

TASK 2 : Check hermetic compressor winding by multimeter. (Fig 2&3)
Task 2 refer Exercise 1.7.40 Task 3 (Fig 2)

TASK 3: Check short circuit grounded in compressor

Task 3 refer: Exercise 1.7.40 - Task 4 - (Fig 3)
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Capital Goods and Manufacturing
R&ACT - Refrigerator (Direct Cool) Exercise 1.7.46

Identification of motor terminals

Objectives: At the end of this exercise you shall be able to
¢ identify compressor terminals by using test lamps
* identification of compressor winding using ohmmeter

Requirements

Tools/Instruments Equipments

» Screw driver 200mm -1 No. » Sealed compressor

* Line tester 0-500 volts -1 No. Materials/ t

*  Multi meter/ohm meter 0-250 ohms -1 No. aterials/components

» Series holders with 200 watts lamps -1 No. » Cotton waste/ cloth

» Soldering iron 65 watts -1 No. « Soft solder paste

» Combination plier (insulated handle) -1 No. . Loosewire
PROCEDURE

TASK 1: Identify compressor motor terminals using test lamps.

2 Marktheterminal XYZ.

GLOW GLow Running & starting minimum brightness
BRIGHT DIM(POOR)

| | Identified remaining terminals is common

Fig 1

AN

/
: Q : X - - Running & common maximum brightness
| | < . |Q| Identified remaining terminals is starting
- > = XY+ XZ=YZQ
z

Good winding resistance shows the above results.

MRN1466H2

1 Test & measure the pair of terminals.(x,y,xz abd yz)

1 By testing 200 watts series lamp in between pair of 2 They indicates different Q

terminals.

TASK 2: Identification of compressor winding using ohmmeter

Task 2 refer exercise no 1.7.40 Task 3
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Capital Goods and Manufacturing
R&ACT - Refrigerator (Direct Cool) Exercise 1.7.47

Start compressor with and without relay

Objectives: At the end of this exercise you shall be able to
* start the compressor with relay
* start the compressor without relay.

Requirements

Tools/Instruments Materials/components

» Cutting plier200mm -1 No. « Terminalsclips -2 Dozen.

* Nose plier 150mm -1 No. » Copper wire 1.5mm? - 4 meter.

»  Wire stripper -1 No. * Relay PTCR with OLP -1 No.

» Screw driver set -1 No. * Push button switch -1 No.

* Line tester 500V -1 No. Equipments

* Clamp meter,0-500V AC -1 No.

«  Multimeter -0-500V -1 No. »  Compressor(Hermetic) FHP -1 No.
PROCEDURE

TASK 1: Start the Compressor with relay

Take the 1/6 or 1/8 HP sealed compressor. »
ig
Fixthe PTCRrelay & OLP to the compressorterminals.

Provide power supply to the relay (230V AC).

Switch on the supply & start the compressor. i ]

Check the current drawn by compressor |

Check the suction & discharge pressure by manual T
sensing. ReA

7 Measure the current drown by the compressor.

oo g A W N -

MAIN OF RUN WINDING

MRN1667H1

8 Switch off the power supply after testing over.

TASK 2: Start Compressor without relay

1 Take the 04 Nos of 1 meter length different colour wire

pieces Fig 2

Skin the wire at one ends fix the clips.
PUSH BUTTON SWITCH

3 Connect the Red wire into compressor 'R’ terminals "
series with the Ammeter. T \
\ |

4 Connect the Black wire into 'C' terminals. 1 1

MAIN OF RUN WINDING

a

Connect Blue wire to 'S' terminal through push bottom
switch.

[}
I
~
©
©
=4
P
14
=

Provide earthling for the compressor with green wire

) ) ) 10 Release the push bottom switch and see the running of
Fix spin plug to Red, Black & Green wire compressor.

Press the push bottom switch 11 Check the compressor working suction & Discharge.

© 00 N O

Switch on the power supply and 12 Measure the current drawn by the compressor.

13 Switch off & remove wire after test is over.
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Capital Goods and Manufacturing
R&ACT - Refrigerator (Direct Cool)

Exercise 1.7.48

Test performance of Direct cool refrigerator

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

* installiation of new refrigerator
* start the refrigerator unit
* test the performance

Requirement

Tools/Equipment Equipment
* Thermometer (stem/digital type) » Domesticrefrigerator -1 No.
-5t0 +50°C -1 No. Material
- Spritlevel -1No aterials
* Clamp meter 0 to 30A -1No » Cleancloth/ sponge - 1 piece.
PROCEDURE

TASK 1: Installation of new refrigerator

1. Place the unit in upright position on a flat even surface
carefully.

2. Cut the packing tape and remove the outer cover
3. Remove extra packing materials.
4. Check the physical damage if any in refrigerator

5. Ensure that the installing location has sufficient air
ventilation.

TASK 2: Start the refrigerator unit

1 Open the door(s) of the unit and see the internal
conditions. It must be clean and dry.

2 Keepthe dooropenfor2 minutes forreplacing existing
cabinet air with ambient air. Then close the door(S)

Make sure that the stabilizer is ‘OFF’ position.

4 Insert the 3 pin plug of refrigerator unit into the output
socket.

5 Switch ON the stabilizer.

TASK 2 : Test the performance of the unit.

1 Ensure that the door(s) of the unit closing well.

2 Fill water (at normal room temperature) in the ice tray
which will be in freezer section.

3 Allowthe Refrigeratorto run.

Insert the thermometer in the Cabinet & freezer
compartment.

5 Checkthe temperature decreasingrate.
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6. Ensure that electrical power pointavailable nearthe unit
and measure the voltage.

7.Ensure thatthe floorlevel should be strong and flateven
surface using spirit level.

8. Keep one foot or more space between the wall surface
and rear side of the unit of external condenser type.

9. Connect the power supply throught voltage stablizer.

6 Waitfor 3 min to start the unit, if the stabilizer has time
delay facility.

7 Observetherefrigerator gets ON by hearing mild noise
(30-35 db) due to compressor is started.

Checkthe voltage & currentdrawn by the compressor.

Check the suction & Discharge temp by physical
sensation.

Check and record the Ice formation time.

Check and note the Compressor ‘Cut off’ time &
temperature.

Check the compressor ‘Cut in’ temperature & time.

Refrigerator cabinet temperature should between 2 to
4°C

10 Check the Ice formation in the tray.



Capital Goods and Manufacturing
R&ACT - Refrigerator (Direct Cool)

Exercise 1.7.49

Cleaning and flushing of evaporator and condenser with dry nitrogen

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

* strip out the components from conventional refrigerator

* clean and flush condenser coil with dry nitrogen

* dry the condenser and evaporator coil with hot air gun.

Requirements
Tools/Instruments
* Flaring block & yoke 4.7mm to 16mm -1 set
* Flaring block and swage punch -1 No.
4.7mm to 16mm OD - 1 No.
* Hammer ball peen 220gms -1 No.
* Measuring tape - 2 mts -1 No.
* Tube cutter 3mm to 16mm dia - 1 No.
» Spanner double end 4.7 to 16mm -1 No.
cutting plier 200mm -1 set
*  Nose plier 150mm -1 No.
» Screw driver 10mm tip 200 mm length - 1 No.
» Screwdriver 3mm tip 150mm -1 No.
* Hotairgun -1 No.
* Linetester 500V heavy duty -1 No.
Equipments
» Gas welding set -1 No.
» Nitrogenregulator 2 stage
with hand shut off valve -1 No.

Materials

* Charginghose -1 No.
» Goggles, spark lighter -1 set
» Power cord wire extension box -1 No.
* 6.0 mm flare nut - 2 Nos.
* 6.0 mm straight union - 2 Nos.
* Drynitrogen cylinder -1 No.

* Hoseclamp - 2 Nos.
» Silverrod -1 No.
» Copperrod -1 No.
* 6.0 mm copper tube -2"

» Silver flux - 1 pocket (50 gms)
» Staticevaporator coil -1 No.
» Static condenser coil -1 No.
e Small mirror -1 No.
* 6.0 mm PVC hose (transparent) -2 mts

PROCEDURE

TASK 1: Strip out evaporator coil and condenser coil from the Refrigeration system for Internal cleaning in

conventional refrigerator
Disconnectthe electrical power supply to the refrigerator

1
2 Remove therelay coverclip.

3 Gently pull the relay from the compressor terminal.
4

Keep away wire harness assembly from the torch flame
reach.

(€]

Recovertherefrigerantin service cylinder.

6 Allow 5 minutes to escape all the refrigerant gas from
the surrounding if any.

Flame the torch and adjust to neutral flame.

De-braze suction line, capillary tube from the outlet
drier.

9 Unscrew the condenser coil mounting bracket.
10 Separate the condenser coil from the refrigerator.

11 Remove the door by unscrewing top hinge to enable to
pull the evaporator coil frominside.

12 Check the evaporator coil mounting arrangement
(normally front portion mounted on two bolts, back
portion lock arrangements)

13 Remove the mounting bolt, unlock the evaporator.
14 Remove the thermostat bolts from the evaporator.
15 Gently pull the evaporator from the refrigerator.

16 De-braze the suction line from the evaporator outlet,
anddebraze capillary tube fromtheinlet ofthe evaporator
coil.

17 Before debraze suctionline and capillary tube fromthe
evaporator, keep wet cloth on evaporator copper
aluminium joints.

18 Now the evaporator coil, condenser coil is ready for
internal cleaning.
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TASK 2: Clean and flush condenser and evaporator coil with nitrogen.

1 Clean the condenser external surface with wire brush
2 Cut 150mm length 6.0 mm tube for the coil.

Insert6.0mmflare nutatone end ofthe 150 mm copper
tube and make 6.0 mm flare with help of flaring block
and yoke

4 Swage other end to suit 6.0 mm Bundy tube with help
of flaring block and swage punch.

5 Insertswaged tube to Bundy tube of condenser coil/
evaporator coil (Fig 1,2)

6 Brazethejoints (Bundy tube & copper tube) with silver
rod use suitable flux.

Ensure the joint properly fitted with silver rod

8 Checkwith small mirror, opposite side are also covered
properly
9 Connect 6 mm straight union in the flare nut

10 Checkcharging hose, ensure rubberbushes are there
in both end.

11 Connect one end of charging line to dry nitrogen
cylinder and hand shutoff by tightening clockwise

12

13

14

15

16

17

18

19

Connectthe otherend of charging hose to the straight
union in the condenser coil/evaporator coil

Unscrew the dry nitrogen cylinder regulator valve stem
and keep the hand shut off valve open

Crack the nitrogen cylinder valve (anticlock wise) stem
with the help of cylinder key

Check the cylinder pressure in the cylinder pressure

Slowly turn clockwise regulator spindle and maintain
7.0 kg/cm? outflow with the help of testing pressure
gauge

Hold your hand on condenser outlet as shown in
(Fig1,2).

Close the outlet mouth for few seconds with your finger
than leave yourfinger

Repeat the above procedure till (Max.5 min) all the
contamination come out.

Afterflushing cap the end of the condenser evaporator
coil. Now the coils is ready for assembling.

Fig 1

CYLINDER
PRESSURE

TESTING
PRESSURE
GAUGE

CYLINDER KEY

CYLINDER
VALVE

CYLINDER
SAFETY
VALVE

NITROGEN
CYLINDER

|

HAND VALVE

CONVENTIONAL REFRIGERATOR
STATIC CONDENSER/EVAPORATOR

\\

FINS ——

\ CONNECTED 6mm COPPER TUBE
TO SYSTEM

6mm DISCHARGE LINE

MRN1669H1

Note : In conventional refrigerator we are using (0.031") small bore capillary tube of single feeding
contamination in capillary tube. Cleaning is very difficult. So it is not advisable to clean the capillary.

Advised to replace the capillary tube. In refrigerator capillary tube soldered along with the suction line.
So capillary tube alone cannot be replaced. Advised to replace capillary tube along with suction line.
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Fig 2
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MRN1669H2

TASK 3: Dry the condenser and evaporator coil with hot air gun

1 Connect the nitrogen cylinder as per the (Fig 4)

2 Regulate to 0.5 kg/cm? on the regulator to pass the
nitrogen during drying operation to avoid air entry.

3 Switch On the hot air gun.

4 Holdthe gun and warm the condenser coil. Right to lef
from top to bottom for 15 minutes. (Check continues
rating of hot air gun)

Switch OFF hot air gun.

6 Removethe charginghose, straightunion plugtheinlet
outlet mouth with suitable cap.

Fig 1

CYLINDER
PRESSURE
GAUGE
\ PRESSURE TESTING
REGULATOR
CYLINDER KEY —— (F;F;EZSEURE
s wy ‘;‘
Fig5 CYLINDER . .
VALVE —
i 1 —
CYLINDER [ ] fo}\
SAFETY \Q,‘
VALVE <IEG——— 1
NITROGEN
CYLINDER

HAND VALVE

£ =
N =
— \%é%:
- . )
CONNECTED 6mm COPPER TUBE /
TO SYSTEM 6mm DISCHARGE LINE

CONVENTIONAL REFRIGERATOR
STATIC CONDENSER/EVAPORATOR

\\

HOT AIR GUN

\\g\ i

FINS ——

MR20N1646Y1

—_

Connect the nitrogen cylinder as per (Fig 5)

N

Regulate to 5 kg/cm?onthe regularto pass the nitrogen
during drying operation to avoid air entry in.

w

Flame the blow lamp.

N

Hold the blow lamp warm the condenser coil move right
to left from top to bottom for 15 minutes.

5 Put off the flame of blow lamp.

6 Remove charginghose, strainer union, cutthe flare end
of copper tube remove the flare nut.

7 Plug both ends with suitable caps.

8 Now the condenser coil ready for assembling.
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Capital Goods and Manufacturing

R&ACT - Refrigerator (Direct Cool)

Exercise 1.7.50

Replacement of capillary tube and drier

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

¢ find out the filter-drier is clogged.

¢ flush the evaporator and condenser

* braze the capillary tubes assembly in position
* replacement of dehydrator

Requirements

Tools/Instruments » Filterdrier -1 No.
Cvii » Capillarytube -1 No.

* Cylindervalve key -1 No.

* Doubleendspanner -1 set. Materials

* Needlefile set -1 No. «  Banian cloth

* Tubecutter -1 No. . Leatherdl SN

* 6"sharp knife -1 No. camergioves 0

+  Goggles -1 No.

Equipment » Safety shoes - 1 Set.

+ Gas welding set -1 No.

« Fridge -1 No.

PROCEDURE

TASK 1: Find out if the dehydrator (filter drier) is clogged

1 Start the refrigerator. Run for one hour

2 Checkthe evaporatorforcooling. There should be snow

formationinthe evaporator.

3

Ifthere is sweating in the evaporator then check the filter
drier by hand

Ifthe filter drieris cool then indicate that the dehydrator
(filter drier) is clogged

TASK 2 : Flush the evaporator and condenser

Task 2 refer exercise no 1.7.49

TASK 3: Braze the capillary tube assembly in position.

1 Place ametal sheetbetweenthe cabinetandliquidline

as shown in (Fig 1).

2 Braze the filter entry to the condenser outlet from the
area where the old filter was removed. Note the arrow

mark on the filter drier.

3 Installthe capillary tube carefully touchitto the suction
pipe use brazing torch with low flame and solder the

capillary to the suction pipe.

4 Then braze the other end of the capillary.

Ensure that the cloth pieces of the pipes are removed.

Fig 2a. A shows the correct position of the capillary in
the strainer. However positioning as shown in Fig 3b
may bring about various problems during operation.
Small circulating particles will be guided directly towards
the capillary tube and the probability of observation is

thusincreased.

Fig 1

/: E : CABINET STRUCTURE

/ METAL SHEET

(>

COPPER TUBING

COUPLING

=

MRN1670H2
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Fig 2

FULL DIAMETER

CRIMP

INSERT 1 — 15 in.

CAP TUBE

a) CAP TUBE CRIMPED INTO A LARGER DIAMETER

FILTER DRYER

ABOUT 5mm |

c) WRONG

MRN1670H3

TASK 4: Replacement of dehydrator (filter drier).

1 Cut charging line release gas wear goggles and
ensure proper ventilation around working place.

2 Carryoutdebasing procedure as explainedin previous
exercises.

3 Selectthe newdehydrator (filter drier) to correct size
compare withremoved one.

4 Select new capillary size of old cut capillary.
5 Braze the capillary to filter drier (dehydrator).
6 Flush the dehydrator (filter drier) and capillary.
7 Flushevaporatorand condenser.

8 Braze the dehydrator (filter drier) inlet to condenser
outletand capillary outletto evaporatorinletas shown
in (Fig 3).

fo? N )
U Qo
i

w\I\\HlllllllllIl'lll?!llll”lfﬁl”’//l//

HERMETIC
COMPRESSOR

DEHYDRATOR (FILTER DRYER)

MRN1670H4

9 Carry out leak test as explained in next exercise.

10 Evacuate the system.
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Capital Goods and Manufacturing
R&ACT - Frost Free Refrigerator Exercise 1.8.51

Trace the electrical circuit of frost free refrigerator

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

* trace the electrical circuit

¢ dismantling of all parts (electrical) in frost free

* checking all electrical parts removed from fast free refrigerator by multimeter

Requirement

Tools /Instrument Equipment

« Trainee’skit -1 No. » Defectivefrostfreerefrigerator -1 No.

) Mult_lmeter - 1No. Materials and components:

« Cutting player -1 No.

« Screw driver -1 No. ¢ Insulationtape -1roll.

+ Testlamp -1 No. + Multicore wire -3 mtr

+ Voltand amp meter -1 No. + Wire clip -12Nos

«  Knife -1 No. » Cotton waste - as reqd.
PROCEDURE:

TASK 1 : Trace the electrical circuit

Fig 1

THERMOSTAT
- (L) LAmMP
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DlEFROST DEFROST THERMO
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FUSE
MER THERMO DEFROST
HEATER
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EVAP FAN FAN & DOOR
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2
R
®
s < 3
® | | OVERLOAD
RUN | PROTECTOR
COMPRESSOR
CAPACITOR PTCRELAY <

MRN1774H3

TASK 2: Dismantling of all parts (electrical) in frost free refrigerator

1 Switchoffrefrigerator powerand remove 3 pin top from
switch board.

Remove thermostat switch by unscrewing.

2 Remove compressor relay clip and relay.

5
6 Removefreezerfan motor by unscrewingthe fanblade.
7 Remove light switch and light holder and bulbs.

8

Note down the colour of the wire while removing. Remove timer switch and strip heater wire only.

4 Remove relay wire and junction wire.
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Fig 2

FAN BLADE

FAN MOTOR MOUNTING HALL

MRN1774H2

FAN MOTOR AND ASSEMBLY COMPONENTS.

TASK 3: Checking all electrical parts removed from frost free refrigerator by multimeter.

1

Connectthe multimeterto the compressorterminaland
check for the continuity.

Connectblack lead to compressor top terminal (c), and
red lead of meter unit to compressor (R) terminal the
meter shows ohms. Then without removing black lead
touch red wire to compressor (S) terminal, now you will
get starting winding ohms. Without removing black
lead, touch red wire to compressor body, if you get
ohms, then compressor motor get burnt out otherwise
winding OK in normal condition.

Check relay.
Check light holders and light switch.

5

6
7
8

Check thermostat switch.
Check the cooling coil fan motor (Fig 2)
Check the timer.

Check the bimetal heater.

Check fan motor bush bearing by shaking up
and down.

Check fan motor winding with multimeter if
get ohms (continuity) motor winding is normal,
otherwise winding burnt out.
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Capital Goods and Manufacturing
R&ACT - Frost Free Refrigerator Exercise 1.8.52

Checking fault finding and testing of electrical components in frost free
refrigerator

Objectives: At the end of this exercise you shall be able to
check and test timer

check and test bimetal thermo

check and test defrost heater

check and test PTC relay

check and test overload protector

check and test evaporator fan motor.

Requirement

Tools/Instrument Materials

* Multimeter analog type -1 No. * 5 mts./1 sq.mm multistring wire

* Line tester 500V - 1 No. » Bulbholder -1 No.

» Cutting plier length 200mm -1 No. » Electrical test board -1 No.

* Nose plier length 150mm -1 No. * Dryice - as required.
» Phillips Screw driver set - 1 No.

Equipments

* Frostfree Refrigerator - 1 No.

PROCEDURE

TASK 1 : Check and test timer in Frost free refrigerator with test lamp, multimeter and power source

1 Prepare table for manufacturer specification on Table1.

Fig 2
RECORD SHEET jD :|<>

Table 1 Al ls

TEST PROBES

MRN1775H2

S.No. Timer Specification

Model No. 3 Checkthe testlamp by touching Probe ‘A’ with Probe

Serial No. B’. Bulb is glowing. Prepared test lamp is OK.

4 Check timer motor winder continuity between timer

terminal 3 & 1. Touch ‘A’ probe in Timer Terminal 3, B
Current probe is Timer Terminal 1. If the bulb is glowing timer
motor continuity is OK. If the bulb is not glowing timer
motor is faulty. Refer Figs (3 & 4).

Operating voltage

Power consumption

N o a bk~ o=

NC points 5 Check the continuity of NC (Normally closed) point.

NO points Touch Probe A at point 3 in Timer. Touch Probe ‘B’ at
point4 in Timer. Ifthe bulb is glowing NC pointis OK.
Refer Figs (3 & 4).

2 Prepare Test lamp as per diagram. Ref. (Figs 1 & 2).
6 Check the continuity of NO points (normally open).
Place the Probe A at Timer Terminal point 3. Place

Fig 1 BULB 100 W Probe B at Timer terminal point 2. If the bulb is not
P @\{ A glowing NO point is OK. Refer Fig (3 & 4).
N B %
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Fig 3

A -TIMER IS CONNECTED INTO MOTOR COMPRESSOR CIRCUIT AND
PROVIDES BOTH A CLOCK MECHANISM AND SWITCHING MECHANISM.
CLOCK ENEREGIZES SWITCH MECHANISM IN SUCH A WAY THAT, AFTER
EIGHT HOURS OF COMPRESSOR OPERATION, FAN MOTOR IS TURNED
OFF AND DEFROST HEATER IS ENERGIZED.

B - TIMER MOTOR
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MRN1775H3

Fig 4
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7 Check Timer with multimeter. Set the knob at Ohms
measuring position. Place Probe Ain Timer Point3 and
Probe B in TimerPoint 1. Ifthe needle of the Multimeter
deflected, Timer motorwinding continuity is OK. Check
NC points for continuity. Check N.O. points for no
continuity. Refer Figs (3, 4 and 5).

TASK 2: Check and test bimetal thermo.

1 Prepare test lamp. (Refer Fig 1 & 2in TASK 1)

2 Check continuity between A & B of bimetal. Ifthe bulb
is not glowing bimetal thermo OK.

3 Keep the bimetal thermo in dry ice of 5 minutes. After
5 minutes check continuity between A & B. If bulb is
glowing bimetal thermo is OK.

TASK 3: Check and test Defrost heater

1 Prepare table for manufacturer specification

2 Check continuity with Multimeter point A and B. If the
needle is defected continuity of heater is OK. Check
the resistance of the heater and register in the Table.
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Fig 5

)
. -

MULTIMETER

MRN1775H5

8 Connect Timer to the power source as shown in the
(Fig6). Mark the shaft position. Touch and feelwhether
the motor is working. Allow 15 minutes time to run the
motor. After 15 minutes check the shaft position. If
shaft is moved from the Mark the timer is OK.

Fig 6

AN

Y

i
N

N

RN1775H6

Fig 7

BIMETAL THERMO

MRN1775H7

3 Ifthe operating voltage is 220V AC power supply connect
the power source as per diagram for 2 minutes and
disconnectthe powersource. Touchyourfingeronthe
heaterand observe heat. Ifheatis developed, heateris
OK.
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Fig 8
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DEFROST HEATER

MRN1775H8

TASK 4: Check and test PTC relay

1 Check continuity between C and A with multimeter. If
the needle deflected continuity is OK. A terminal
connected with Main winding. B terminal connected
with startingwinding. Check resistance between C and
B. Resistance approximately 30Q.

Fig 10

PTC RELAY

MRN1775HA

TASK 5: Check and test Overload protector

Fig 12

TERMINAL CLIP

MRN1775HC

TASK 6: Check and test Evaporator Fan motor

Check continuity of motor winding with testlamp. Ifthe bulb
glows continuity is OK. Connectto the powersupply. Run
the motor. If motor shaft run smoothly the fan motor is
working OK.

RECORD SHEET
TABLE2
S.No. Defrost heater Specification
1. Make
2. Operating voltage
Watts
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Fig 9

220V

P DEFROST HEATER N

MRN1775H9

2 Connect the relay in the FHP compressor. Allow the
compressor torunfor 5 minutes. Disconnectthe power
supply. Measure the resistance between C & B.
Resistance approximately 30,000Q.

Fig 11

i

A. RUNNING TERMINAL
B. STARTING TERMINAL

SOLID CERAMIC MATERIAL

MRN1775HB

INTERNAL CONSTRUCTION

Check continuity with test lamp between 1 and 2 and 3
also. If the bulb glow OLP is OK.

Fig 13

EVAPORATOR FAN MOTOR

MRN1775HD

Very narrow winding wire used in timer and
evaporator fan. So that use low wattage bulb test
lamp

Capital Goods and Manufacturing - R&ACT (NSQF - Revised 2022) - Exercise 1.8.52



Capital Goods and Manufacturing
R&ACT - Frost Free Refrigerator Exercise 1.8.53

Check air distribution system in frost free refrigerator

Objectives: On completion of this exercise you shall be able to

 check air flow in freezer compartment, fresh food compartment, meat keeper compartment (if provided)

» check the temperature (by remote sensing bulb thermometer) in freezer compartment, fresh food compart-
ment and meat-keeper compartment.

» check frost accumulation in freezer compartments and meat-keeper department besides high humid air
flowing in frost food compartment

Requirements

Instruments and tools Equipments

* Thermometer with remote bulb » Domesticfrost-free refrigerator

sensor - 1 No. double door -1 No.

» Screw drivers (set) - 1 No. Material

» Allen key (set) (if necessary) -1 No. aterials
* 5amps fuse wire and insulation tape -1 No.
+ Cottonwaste -1 No

PROCEDURE

TASK 1: Check air flow in Freezer compartment, fresh food compartment, meat-keeper compartment (if
provided)

1 Start the refrigerator and ensure that the refrigerator Fig 2
fully loaded with commodities both in fresh food 9 INNER —  OUTER INSULATION
AIR DUCT
compartmentand frozen food compartment. \ va

. K 7 TEMPERATURE
2 Allowtherefrigeratortorunforatleastfor2 hours before = =} —controL
. FREEZER DOOR —»=| e (A AIR DUCT
carrying out the subsequent tasks. FREEZER COQ/‘IPARTQ‘AENT [ ® s
J I"
. . INSULATION —=t- N\, I {—— FREEZE
3 Byopening the doorof the refrigerator, remove the door N N | SELF
switch and shortthe terminal with 5 amps fuse wire and =—][(}~—criLLe
; ; ; ; — =
insulate the open terminals of the door switch with INSULATION [ = EVAPORATOR
insulation tape and install back door switch in its t ~ s INSULATION
original place from where it is removed. Now the (0 P ~ DAMPER
evaporatorfanwillrun continuously evenifthe refrigera- LI Ao
tor kept open. rerricerator | |4 ~ Y (FOAM BLOCK)
e
4 Now reach outyourhandto evaporatorfan outlettofeel KEEPER <|| MEAT KEEPER ﬂll
air flow in the freezer compartment of fresh food com- NSULATION L ‘\SLEEVE ; J| < msuation
partmentand make sure if evaporator fanisin running J
L X REFRIGERATOR
condition (Refer Figs 1 & 2) A_ COMPARTMENT
+«
. AIR CIRCULATION IN REFRIGERATOR WITH FROZEN FOOD COMPARTMENT.
Fig 1 FAN ASSEMBLY BLADE EVAPORATOR FAN FORCES CIRCULATION OF COOLED AIR THROUGH
FAN MOTOR STABILIZER BRACKET B ew VARIOUS COMPARTMENTS. DAMPERS CONTROL AIR DUCT OPENINGS.

THEREFORE, THEY CONTROL VARIOUS CABINET TEMPERATURE.

MRN1776H2

TOP MOUNT AIRFLOW PATTERN

6 Examine whether the fan blade is fitted well with blade
@ setscrews. Ifnottighten blade set screws and putback

the cover of Evaporator Fan Compartmentusing short
Screw-Drivers (ReferFig 1)

Note: Refrigerator door switch terminals short
with 5 amps fuse wire be removed after pulling
outinsulating tape and door switch to be fitted

MOUNTING PLATE

MRN1776H1

FAN MOTOR AND ASSEMBLY COMPONENTS.

5 While the refrigerator is still running but cannot able to back in its original place to avoid continuous
obtain required temperatures. Stop the unit and open running of fan blade even if the refrigerator
the cover of evaporator fan compartment by using short door is open.
screwdrivers.
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TASK 2: Check the temperature (by remote sensing bulb thermometer) in freezer compartment, fresh food
compartment and meat-keeper compartment.

1 Bytakingthe remote sensorbulb of thermometerto the 2 Alsoexamine the dampers control air deflectorto fresh
freezer compartment check the temperature and list food and compartment temperature control air duct to
the temperature in the Record Table 1. Record meatkeeperand freezer compartmentworking properly.

temperature from fresh food compartment and meat-
keeper compartment also in the Record sheet.

TASK 3: Checkiffrostaccumulated in freezer compartment and meat-keeper compartment, besides high humid
air flowing in fresh food compartment.

1 By inserting thin paper in between door gasket and 4 Observethe thermostatsetting. It should trips to normal
gasketsealingarea onthe body of the refrigerator, while cool position. If not remove thermostat and replace it.
the refrigerator door still keptin closed position, pull out 5 Check the condition of heaters time-delay switch. In

papers to ascertain the sealing of gasketis normal and
if the paper inserted in between comes out easily.
Moisture from ambient enters the refrigerator to get
deposited as frost inside freezer cabinet.

case of any defectin time-delay switch due tolong run,
it stops heaters to run thereby allowing the frost to
accumulate.

6 Remove defective time delay switch and replace it with

2 Change the door gasket to avoid leakage of moisture
newone.

from ambient air to refrigerator compartments.

3 Reset thermostat to normal cooler position from low
temperature setting and allow the refrigerator to run
further.

RECORD SHEET -1

Particulars Temperature Required Temperature Noted

Freezer compartment

Temperature -10°C (14°F)
Fresh food compartment

temperature 4°C (40°F)
Meat - Keeper compartment

(ifprovided) -10°C (14°F)
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Capital Goods and Manufacturing
R&ACT - Frost Free Refrigerator

Exercise 1.8.54

Service components of frost free refrigerator

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

* service the condensing unit of the refrigerator
* service the evaporator cabin of the refrigerator

* service the inner and outer cabinet of the refrigerator

* test the operation of the refrigerator

Requirements

Tools/Instruments

*  Thermometer - 1 No.
+ Tong tester -1 No.
* Voltmeter -1 No.
» Screwdriver -1 No.
» Cutting plier -1 No.
Equipments

* Frostfreerefrigerator -1 No.
» Airblower (small) -1 No.

Materials/components

* Nylonbrush -1 No.
» Cleancloth - asreqd.
» Milddetergentpowder - as reqd.
* Bucket water - as reqd.
* Qilcan -1 No.

PROCEDURE

TASK 1: Service the condensing unit of the refrigerator.
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- INLET

ﬁ EVAPORATOR
>~ N
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|OUTLET (T)
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| THERMOSTAT I
|

. AR
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| HIGH SIDE
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I

|

I
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I

COMPRESSOR |
SUCTION —={
LINE (T) |

|

CAPILLARY
TUBE

WIRE AND TUBE
CONDENSER

COMPRESSOR CONDENSER FAN

MRN1777H1

1 Stop the refrigerator, remove the plug from the socket

2 Remove the items keptinside the refrigerator and pull
the unit little forward

3 Unscrewthe back coverand make the condensing unit
visible (Ref. Fig 1) for location of condensing unit)

4 Connectthe airblower tothe socketand blow the air to
the condenser fins. Clean the fins with nylon brush,
cleanthe compressorand remove the dust. Keep offthe
blower

Wipe the compressor and condenser with dry cloth

Lubricate the fan motor and wipe, fan , motor and the
base of the condensing unit, then cover the back and
tighten the screws.

TASK 2 : Service the evaporator cabin of the refrigerator.

1 Open the top door of the cabin and wipe the freezer
cabin with mild detergent solution wet cloth

2 Again wipe it with clean water wet cloth, finally wipe it
with dry cloth

3 Remove the evaporator fan grill. Wipe the fan and the
grill with dry cloth then fix the grill.

4 Keepthetopdooropentillthe evaporatorcabinbecome
dry then close it
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TASK 3: Service the outer inner cabinet and door of the refrigerator.

1 Close the door slowly and check the door is pulled by
the magnetic arrangement when the door reaches to
the nearest closing point

2 Take4cm(breadth)x 10 cm (length) newspaper place
itas half portionis visible outside on the edge of the door
and close it.

3 Now pullthe paperand checkifthe paperis holed by the
gasket tight. Check all the surrounding of the door
gasket by this method.

4 If certain place the gasket is not holding tight assume
there is a chance of cool air leak from inside

5 Fold the newspaper neatly and insert in between the
gasket and the door inner wall. (Paper should not be
visible).

6 Close and see if the door is shut firmly. When slowly
closing the door, if door is leaving gap, not in the
magnetic reach means the fridge level as to be balanced
for automatic closing.

7 Adjust the bottom level screws and make the door to
close by balances automatically while you close the
doorslowly even.

TASK 4: Test the operation of the refrigerator.
1 After checking ofelectricaland mechanical components,
reassemble then test the performance of the unit.

2 Ensure that the door(s) of the unit is closed well, then
startthe refrigerator.

3 Fill water in the ice tray and keep it in the freezer
components.

4 Set the thermostat knob to normal position (medium
cool)

5 Keep the sensing probe of digital thermometer inside
the cabinet

8 Lubricate the door hinges and latches by oil can. Then
settle the shelves to the proper place.

9 Cleanthehandle,lock, hinges, name plate with softwet
cloth, then wipe it with dry cloth.

10 Checkthethermostattemperature control knob and set
it for normal or centre range for usual operation.

11 Finally after wiping the external area of the fridge apply
little fridge wax polish and polishittill all the sides shine
with soft cloth

12 Connectthe plug and on the refrigerator switch. Open
the door and check inner cabinet light is glowing and
check for off-on by pushing the door switch and leaving.

13 After 10 minutes check by touching the evaporator plate
and feel the chillness.

14 Nowtherefrigeratoris ready and canload the food stuffs
and cool drinks etc. in proper racks.

Let the unit to run 2 hours without any interruption

After 2 hours open the freezer door and check the water
kept in the ice tray become solid ice.

8 Findthetemperature shownindigital thermometerand
compare with initial temperature.

9 Checkif the unitis running with normal
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Capital Goods and Manufacturing
R&ACT - Frost Free Refrigerator Exercise 1.8.55

Testing performance of frost free refrigerator

Refer Exercise 1.7.48 TASK : 1, TASK : 2, TASK : 3
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Capital Goods and Manufacturing

R&ACT - Refrigerator (Inverter technology)

Exercise 1.9.56

Identify three and four door no frost refrigerator

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

¢ identify three door refrigerator
¢ identify four door refrigerator

« distinguish between normal refrigerator and 3/4 door refrigerator.

Requirements

Tools/Instruments

Materials/components

* Linetester - 1 No. + Cleancloth -1 piece.
» Three door refrigerator -1 No.
» Fourdoorrefrigerator -1 No.
PROCEDURE
TASK 1: Identify three door refrigerator:
1 Identifythree doorrefrigeratorand checkits construction Sl No Name of parts
and parts.
2 Lable the parts in Figure 1.
Fig 1 INCANDESCENT LIGHT (SELECT MODELS)
FLIPPER GUIDE
ICE MAKER LED LIGHT (SELECT MODELS)
WATER FILTER
ICE BIN
C@ \ \ / ) /DAIRY COMPARTMENT
5 AIR FILTER
©
\ ‘/ﬁ

CAN RACK (SELECT MODELS)

SPILLSAFE™ SHELVES

=17
|

SPILLSAFE™ SHELVES

|~«——— FLIPPER MULLION

CRISPER DRAWER

STORE-MORE™ DRAWER | |

[ O0[

CRISPER DRAWER

DOOR BIN

ADJUSTABLE HINGES / IlIIIII”

4

~

FREEZER BASKETS

TOE GRILLE

MR20N1756H1
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TASK 2: Identify four door refrigerator.

1 Identify four doorrefrigerator and check its construction

and parts.
2 Lable the parts in Figure 2.

SI No

Name of parts

Fig 2 o e
03— E T D |
04 — 1 ] Eﬂ

05—

A=
- A —

08

I

09

MR20N1756H2

TASK 3: Distinguish between normal refrigerator and 3/4 door refrigerator.

1 Check the construction and design of the both
refrigerators.

2 Distinguish between the refrigerator and make a
note of it.

Capital Goods and Manufacturing - R&ACT (NSQF - Revised 2022) - Exercise 1.9.56

Note : Do not start the refrigerator without

permission

Do not use cotton waste for cleaning.
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Capital Goods and Manufacturing
R&ACT - Refrigerator (Inverter technology)

Exercise 1.9.57

Testing the components of three/four refrigerator

Objectives: At the end of this exercise you shall be able to
 use of diagnostic aid kit

» check the and test inverter compressor testing

* check and test electronic board testing.

Requirement
Tool Instruments Material
» Screw driver 100mm 6mm tip -1 No. * Insulationtape -1 No.
* Cutting plier 200mm + Cotton waste - as reqd.
* (Insulated handle - 1 No. e 2M 1.5 sgmm Wire - as reqd.
» Philips screw driver set - 1 Set. » Test board fitted with voltmeter
» Doubleendspanner - 1 Set. & ammeter - 1 No.
*  Multimeter -1 No. Equipment
* Testcord -1 No. quip
 InverterRefrigerator 3/4 door -1 No.

Refer EX No 1.8.52
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Capital Goods and Manufacturing
R&ACT - Compressor and motor

Exercise 1.10.58

Identify different types of compressor

Objectives: At the end of this exercise you shall be able to
* identify compressor used for refrigerator and window A/C.

Requirement

Tools/ Equipments Equipment

»  Work bench -1No  Different capacity and type of
+ Trainees tool kit -1No sealed compressor - asreqd
Material
* Cotton Waste -asreqd
PROCEDURE
TASK 1: Identify compressor for refrigerator and window A/C (Fig 1)
1 Keeptherefrigeratorand window aircondenseronthe Table 1
work bench
Identify the compressor of refrigerator and window A/C S| | Manufacturer| Model no | H.P/watts | Other
o . . No. name details
Note the speciation of refrigerator and window A/C and
entered into Table - 1 1
2
3
4
Fig 1
SUCTION TUBE
PINCH-OFF TUBE
/| DISCHARGE TUBE
®

145



Capital Goods and Manufacturing
R&ACT - Compressor and motor Exercise 1.10.59

Dismantle assembling - reciprocating - rotary compressor

Objectives: At the end of this exercise you shall be able to
 cut the reciprocating compressor dome

* dismantle the reciprocating compressor

» assemble hermetic reciprocating compressor

* cut the compressor dome of rotary compressor

* dismantle rotary compressor

* assemble the rotary compressor.

Requirements

Tools/Instruments

+ Bench vice 100 mm -1 No. * Ratchet Wrench -1No
+ Hand hacksaw 300 mm -1 No. * Nose plier 100mm. -1No
«  Flat file 200 mm -1 No. ¢ Metal tray 450X450mm -1No
* Power hand cutting tool -1 No. * D.E. spanner set -1 Set
* marking punch -1 No. Equipments
+ Boxspanner -1 set.
: * Rotary compressor, wobble plate compressor
* Plier 200 mm -1 No.
. Mallet -1 No. + Swash plate compressor,.scroll compressor.
. Oilcan -1 No. * Hermatic compressor reciprocating -1 No
* AG4 cutting machine -1 No. Materials / components
* Adjustable wrench 200 mm -1 No. . Cottonwaste - as read
* Screwdriver250 mm -1 No. ) qc.
. + Keroseneoil - as reqd.
e Hacksaw /Hand grinder -1 No. . Compressoroil - as read
» Ball peen Hammer 400 Gm -1 No. P qd.
X - TCE - as reqd.
* Screw driver set -1 No. , .
. Measuringjar -1No * AG4 cutting machine - as reqd.
3 * 150 x 3mm Cutting Wheel -1 No.
PROCEDURE

TASK 1: Cut the hermetic reciprocating compressor

~

1 Remove the compressor and tilt the compressor and
take out oil in measuring Jar.

Cut by hacksaw or power cutter through the marking.

8 Takeoutthe dome bytwohand and keep separately on

Clean the compressor by cotton waste. tray space.
Mark the dome to cut. 9 Loose the bolts of suspension springs.
Hold the Compressor in bench vice. 10 Twistand remove the crankcase along with motor from

Mark the place to into the dome thedone

o o0~ W N

11 Loosenthe fourboltwith the help of ratchet spannerand

Wear gloves and goggles. keep it in the tray.

TASK 2: Dismantle the hermetic reciprocating compressor

1 Disconnect stator electrical clips from terminal. of 5 Take out complete assembly.
dome.

»

Remove bolt of Compressorhead.

2 Take out stator from the housing.
g 7 Take out valve plate, Piston, Connecting rod all the

Cut the discharge connection inside the dome. component.

Unlock suspension springs. 8 Keep all the components carefully in Tray.
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TASK 3: Assemble hermetic reciprocating compressor.

1 Check CSR point of the motor terminal and connect it
to terminal adapter.

2 Cleanrotorwith fine emery sheetand compressorbody
with rough emery sheet.

Clean and check mounting springs.

Smoothen surfaces of both bottom and top compressor
dome by using flat file.

5 Check compressor bearing and assemble a hermetic
COmpressor.

6 Put piston in bore with connecting rod. Fix crankshaft
and rotor by wheel press.

Put gasket on compressor head.
Put oil on gasket and assemble valve on valve plate

Put gasket on head plate, put head bolt tight all bolt
evenly.

10 Turn rotor and check if piston head knocking on valve
plate if knock the suction and discharge gasket to be
changed 1/32 mm.

11 Fix motor stator (winding) with help of wooden hammer
or with wheel press.

12 Theclearance between statorandrotor0.10r0.125mm
this to be checked with feeler gauge.

13 Fixwinding putfull compressorinagood tray fill new oil
up to compressor main bearing to be immersed.

14 Putwire connection check with multimeter compressor
winding to compressor body if meter show reading
winding grounded rectify the problem.

15 Start compressor check discharge pressure with HP
gauge. Discharge pressure should be 20.5 kg/cm?
otherwise the valve reeds not seated in plate or some
leak will be in the head gasket put oil and check if any
leak in head gasket that to change and tight fully. After
this head pressure will come 20.5 kg/cm?.

16 Check rotor direction. Recommended direction to be
run for pull oil from crank housing to main bearing.

17 Check oil will travel up to piston and main bearing
through crankshaft bearing and oil groove.

18 Braze discharge line with dome.

19 Put winding terminal in compressor body terminal.
20 Fix and test if any noise after cover top.

21 Weld the top lid with done (Fig 1)

Fig 1 TOP

WELDING ROD

COMPRESSOR

WELDING HOLDER BOTTOM

MRN2188H1

TASK 4: Cut the compressor dome of rotary compressor (Fig 2)

1 Drain the oil from compressor through process line by
tilting the compressor.

Clean the compressor externally
Mark the dome for cutting

Keep the hermetic rotary compressor on the bench
vice.

5 Cut the dome on the marked portion by using hand
hacksaw or power hand cutter.

Fig 2

COMPRESSOR

HERMETIC ROTARY COMPRESSOR. THIS IS A SINGLE,
STATIONARY BLADE TYPE COMPRESSOR.

MR20N1859J1
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TASK 5: Dismantle rotary compressor.

Keep the nuts and bolts in the tray.

1 Remove compressorfromthe dome. 7 Cleaneach compressor parts by using kerosene oiland

2 Keep the compressor on the table then by TCE

3 Dry the compressor externally 8 Dry the compressor parts.

4 Lessen the nuts and bolts in the tray. 9 Applyathincoatof compressor oil on the parts to avoid
rust.

5

6

Remove the compressor cylinder, roller, dividing blade
and spring.

TASK 6: Assemble the rotary compressor.

1 Fixspring and dividing blade on the cylinder block. 7 Check compressor and motor position in the dome.
2 Keep the roller inside the cylinder block. 8 Fill oil in to the dome
Place the end plat eat both sides of the cylinder and 9 Keep the oil level below the discharge tube

i h I
tight the bolts 10 Fix suction line to the compressor

4 Fixshaftto the motor 11 Keep top portion dome for welding

Fix discharge valve assembly 12 Weld the dome

6 Connect motor windings to the terminal point of the
internaldome.
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Capital Goods and Manufacturing

R&ACT - Compressor and motor

Exercise

1.10.60

Identify different parts of dismantled compressor .

Objectives: At the end of this exercise you shall be able to
« identify the different parts of reciprocating compressor

* identify the different parts of the rotary compressor.

Requirements

Tools/Instruments

* Box spanner set with ratchet handle
» Ballpeenhammer

» Screwdriverset

* Measuringjar

» Ratchetwrench

* Noseplier 100mm

* Nylon mallethammer 200gms

*  Wooden steel work table

* Mallet/hammer

» Benchvice

Material/Equipments

-1Set.

- 1No. » Cottonwaste

- 1Set. * Lubricating oil can

- 1No. * Allthe parts

- 1No. * Hermeticreciprocating compressor
- 1No. + Dismantled Compressor parts

- 1No. » Cottonwaste

-1No. - OQil

-1No.

-1No.

- asreqd.
-1No.

- as reqd.
-1No.

- as reqd.
- as reqd.
- as reqd.

PROCEDURE

TASK 1: Identify the different parts of reciprocating compressor.

Check all the individual compressor parts
Identify parts record it table number 1
Clean all components

Check for wear and tear.

Replace damaged parts by new one

DO B~ W N =

Apply a thin film of oil

Part No.

Type of compressor

a |~ WOIN|=

Fig 1

SECTIONAL VIEW OF A VERTICAL HERMETIC COMPRESSOR

MRN2186H1
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1 Display each components of rotary blade type stationery

compressor on the work table.

2 ldentify the parts of rotary compressor and enter into
tabular column.

TASK 2 : Identify the different parts of rotary compressor parts (stationary blade)

3 study the function of rotary compressor.

iFig 2

IDENTIFICATION OF PARTS

MRN2190H1

Part No.

Name of the parts

Function

Part No.

Name of the parts

Function

0 N (O &
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Capital Goods and Manufacturing

R&ACT - Compressor and motor Exercise 1.10.61

Identity terminal sequence of hermetic compressor motor by using digital
multimeter and measure starting current and running current by using

ammeter and Odometer

Objectives: At the end of this exercise you shall be able to
* identify terminals of measure resistance
* start the unit and measure starting and running current.

Requirements

Tools/Instruments

Equipments
Ammeter 0 to 10A -1No . Single oh inducti t
* Volt meter - 0 to 250V -1No olg?qingg\e//l%gslon motor 1N
+ Screwdriverset -1No . D-OL t. ter 10A. 240V '1 NO
« Combination plier -1No starter 10A, -1 No
e Electrician knife 100mm -1No Materials

* 2.5 sg.mm PVC multi stand cable -5m

« 1C DP Switch 240V 16A -1No

PROCEDURE

TASK 1: Identify terminals and measure resistance

Refer Ex : 1.7.40

TASK 2 : Measure the current

1 Plug the unitand "ON" the power 4 Wait for 5 minutes
2 Clamp the long tester on phase wire 5 Take anotherreading and record it
3 Fun the unit and hole the current 6 Stop the unit and remove the ling tester
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Capital Goods and Manufacturing
R&ACT - Compressor and motor

Exercise 1.10.62

Identity terminal sequence of CSIR motor by using digital multimeter and
measure starting current and running current by using ammeter and
Odometer

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

¢ test and identify the terminals of an A/C single phase, capacitor - start, induction - run motor
 start and run the A/C single phase, capacitor - start, induction - run motor and measure current and voltage

Requirements

Tools/Instruments

* Screwdriver200mm -1 Set.
+ Combination pliers 200mm -1 No.
* Spanner set 6mm to 20mm -1 Set.
* Flat nose pliers 150mm -1 No.
» Electrician's knife -1 No.
* AC voltmeter 0 - 300V -1 No.
e M.l.ammeter 0 - 10A -1 No.

Equipment/Machines

e 240V 50 HZ 1HP single phase,

capacitor - start, induction - run motor -1 No.
Materials
* 2.5sg. mm. PVC multi - strand

cable 250v grade - 10 mts.
« 23/0.2flexible cable - 5 mts.
* Fuse wire 10 amperes -10grs.
+ 1.C.D.P switch 250V 16A -1 No.

PROCEDURE

TASK : Test and identify the terminals of an A/C single phase, capacitor - start, induction - run motor

1

Disconnect the AC single phase, capacitor - start,
induction - motor if it is connected to the supply.

Identify the pairs of terminals and measure the resistance
of each winding. Note the values in Table 1.

Table 1
Resistance value

1 Mainwinding
2 Starting winding

(low)
(high)

Comparatively the winding which has high
resistanceis the starting winding, and the other
is the running winding.

Testtheinsulation value between the windings and the
body and note the value in Table 2.

Table 2
Insulation value

Table 3

Condition of
centrifugal switch

Condition of capacitor

Between mainwinding
and starting winding

Between the main
winding and body

Between the starting
winding and body

4 Checkthe condition of the capacitor and the centrifugal

switch and enter the details in Table 3.
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Give the connection as per the circuit diagram shownin
Fig 1. Earthling the I.C.D.P. switch, and motor is most
essential.

Provide fuse - wire, according to the rating of the motor,
in the I.C.D.P.

Switch "ON' the I.C.D.P.

Start the motor with the help of the starter and note the
starting current, normal running current and the direc-
tion of rotation, and enter the details in Table 4.



e 0-10A Z
NO DOL A 1 2
. 0 Il starTer | i
98F |1 | ey
ESS } | ! 0-300V(V) 25 SWITCH
ron | Ml 5Z ° oo CAPA-
> || | £3)u, T <
= CITOR I
Lo—F 8
L —— ]
= [i4
=
Table 4
Sl.No. Reference Starting Running Direction of
circuit diagram current current rotation
1
2
3
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Capital Goods and Manufacturing

R&ACT - Compressor and motor Exercise 1.10.63

Start CSR motor and measure starting current and running current

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

¢ test and identify the terminals of an A/C single phase, capacitor - start, capacitor - run motor
e connect, start and run an A/C single phase, capacitor - start, capacitor - run motor

* measure current and voltage.

Requirements

Tools/Instruments Equipment/Machines

* Insulated cutting pliers 200mm -1 No. « A/C single phase, capacitor - start, capacitor
+ Screwdriver250mm - 1 No. - run motor 240V, 0.5HP 50 cycles -1 No.
» Electrician's knife -1 No. Materials
. I(\)/I:r?]?:g[gsulatlon tester 500V ) 1 sg: + P.V.C insulated stranded copper cable
(3/20) 3/0.914 mm - 6 mtr.
* Fused |.C.D.P switch, 250V, 16A -1 No.

PROCEDURE

TASK 1: Connect, start and run an A/C single phase, capacitor - start, capacitor - run motor.

6 Select suitable sizes of switch, starter, cables, fuse
etc. according to the motor rating.

1 Stopthe motorif connected to the supply, switch offthe
[.C.D.P, remove the fuse - carriers and disconnect it

from supply.
Openthe terminal box and identify the terminal markings.

Using a Megger/insulation tester, find out the continuity

Identify the starting and running capacitors and check
their condition and enter the data in Table 3. Also
compare and analyse the data relating to the starting
and running capacitors.

between the winding terminals.
8 Show the readings to your instructor and get his

4 Measure the resistance between the terminals of the
approval.

same winding with the help of an ohmmeter, andidentify
the starting and running windings. Enter the value of 9 Check the condition of the centrifugal switch, and
resistance in Table 1. ensure it is working.

Table 1 10 Connect the motor to the 230V AC supply through the
switch and starter as per the circuit diagram. (Fig 1)

SI.No. | Terminal pairs Resistance | Remarks

11 Insertasuitable size offuseinthel.C.D.P. switch, and set

1 Running/Starting the overload relay according to the rating of the motor.

2 Running/Starting 12 Startthe motorand observe the direction of rotation and

record the D.O.R below.

13 Direction of rotation - clockwise/anticlockwise.

5 Measuretheinsulation resistance between the starting
and running windings and also between the winding and
body with the help of aMegger, and enter the valuesin

Table 2.
Table 2
SI.No. Terminals Insulationresistance Remarks
Body to starting winding Good/bad
Body to running winding Good/bad
3 Betweenwindings Good/bad
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Fig 1
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Refer Ex No : 1.8.61 Task 2
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Capital Goods and Manufacturing
R&ACT - Compressor and motor

Exercise 1.10.64

Start shaded pole motor and measure starting current

Objectives : At the end of this exercise you shall be able to
* read and interpret the name-plate details of a shaded pole motor

¢ identify the parts of the shaded pole motor

* connect the shaded pole motor to the supply line and start the motor

Requirements

Tools/Instruments

Special type shaded pole motor with

« Hand tool kit -1 Set. double set of shaded winding

« DE spanner set 6 mm to 20 mm -1 Set. 1/2HP 240V -1 No.

* Testlamp - 1No. Materials

* Megger500V -1 No. )

«  Ohmmeter/Multimeter -1 No. * 2.5sq. mm. PVC copper multi-strand

+  Tachometer 150 to 3000 rpm. -1 No. cable 660 V grade - 6 Mts.
) . + Bare copper wire 14 SWG - 4 Mts.

Equipment/Machines - ICDP switch 250 V, 16 A -1 No.

+ Shaded pole motor 1/8 HP, + SPDT switch 250 V 16 A -1 No.

AC 240V 50 Hz -1 No.
PROCEDURE

TASK 1:- Interpret the name plate details of shaded pole motor.

1 Readandinterpretthe name-plate details of the given
shaded pole motor and enter them in your practical
note book.

2 Switch offthe 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
motor. Test the winding for continuity and insulation
resistance value.

As it has the squirrel cage type rotor, only two
terminals of the stator are brought out.

TASK 2: Identify the parts at shaded pole motor.

1 keep the shaded pole motor on the work table.

TASK 3: Connect, start and run the shaded pole motor

1 Selectandarrange properrating of ICDP switch, cables,
fuse wire and DOL starter according to the rating of the
givenshaded pole motor.

2 Connect the motor as per circuit diagram given in
Fig 1.

3 Provide suitable earth connection to the ICDP switch,
and motor.

4 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.

5 Starts the motor observe the direction of rotation and
record it in Table 1.
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6

Measure the speed by a tachometer and record in
Table 1.

8 Stopthe motor by switch ‘off’ the ICDP and remove the
fuse.
Table 1
Sl. DOR Speed Position
No. in rpm. of SPDT
Switch

TASK 2
TASK 3




Fig 1

ICDP SWITCH
Lo ; aﬁ\c —
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| |
RATED | \
VOLTAGE
AC SUPPLY ‘ ‘
| |
| |
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SCHEMATIC DIAGRAM OF CONNECTION OF A SHADED POLE MOTOR

SHADED POLE MOTOR
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MRN2195H1

Fig 2
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2 ROTATION
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2 L | SPDT SWITCH
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g SHADING COTL COUNTER
g CLOCKWISE
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DOUBLE SET OF SHADING-COILS METHOD

MRN2195H2
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Capital Goods and Manufacturing
R&ACT - Compressor and motor Exercise 1.10.65

Test open, short, continuity and earth of a hermatric compressor

Objectives : At the end of this exercise you shall be able to
* test open, short, continuity using multimeter

* test open, short, continuity using test lamp

¢ test earth, circuit using multimeter.

Requirements

Tools/Instruments Equipments

* Multimeter - 1No. + Hermetic compressor -1 No.

* Insulatorplier -1 No.

e Linetester -1 No. Materials/components

e Test Iamp 200w -1 No. . Soap and brush -1 No.
» Cleancloth -1 No.
+ Testboard -1 No.

TASK 1: Test open, short, continuity using multimeter.

1 Remove the terminal coverfrom the compressortermi-
Fig 1 c nal box

Remove the wire clips from the terminal
Use multimeter and set knob to resistance

4 Two leads from the multimeter touch it in the ‘C’ other
lead to be touched into ‘R’.
S R

Take a meter lead from ‘R’ and touch into ‘'S’
COMPRESSOR WINDING TERMINALS

MR20N1865H1

Remove the meter lead from the ‘C’ and touch it in the

‘R’ and take reading in meter.

Fig 2

7 Like that resistance and continuity of the winding can
be checked.

8 Check continuity, if continuity (there is resistive
continuity) the compressor is food.

CHECKING COMPRESSOR WINDING

MR2108H3

TASK 2: Test open, short, continuity using test lamp.

1 Remove the unit from the outer cover. 5 Plug the test lamp in test board.
2 Remove the terminal cover from the compressortermi- 6 Switch ON the testlamp and touch the wire with ‘c’ and
nal. other wire with ‘R’ (centre and right pin). The bulb will
be glowing bright. The running winding continuity is

Remove the wire clips from the compressorand lable it.
4 Take a test lamp with 200 watts bulb.

good.
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7 Thenremove the wire from (Rright side pin) and touch

into S (left side pin) terminal. Bulb glow is dull. The
starting winding continuity is good.

Remove the wire from ‘C’ (centre) and touch into ‘R’
terminal (right) the bulb will glow very dull. So that
running and starting winding good.

TASK 3: Test earth circuit using multimeter

1
2
3

Select ohmmeter scale(R x 10000) as given for.
Place ‘A’ probe to compressor terminal.

Place ‘B’ probe to metal casing (must be againstclean
metal).

Check continuity. If continuity is (there is no resistive
continuity) there compressor grounded.

If insulation resistance is zero in between the terminal
"A" and body "B" the compressor is grounded .

Fig 3

®o0

220V TEST BOARD

.

C
S
START WINDING RUN WINDING
BETWEEN BETWEEN
C AND S PINS C AND R PINS
S R

MR20N1865J1

CONNECTION TO
CASING MUST BE
AGAINST CLEAN
METAL. SCRAPE
PAINT OR RUST OFF

MR2118H4

Capital Goods & Manufacturing: R&ACT (NSQF - Revised 2022) - Exercise 1.10.65

159




Capital Goods and Manufacturing
R&ACT - Compressor and motor Exercise 1.10.66

Start the compressor motor by RSIR, CSIR, PSC and CSR method by using
different type relay, capacitors OLP'S etc,

Objectives: At the end of this exercise you shall be able to
 start compressor by RSIR method

 start compressor by CSIR method

 start compressor by PSC method

 start compressor by CSR method.

Requirements

Tool/Instruments Equipments

» Traineeskit -1No + RSIR,CSIR,PSC & CSR circuit -1No
* Linetester -1No refrigeration unit

* Testlamp -1No .

» Testboard -1No Materials

+ 3/20 wires each colour -1No  Insulationtape -1No
*  Multimeter/Ohmmeter -1No « 3/20 wires each colour -1 No

» Capacitor test circuit with protective case

PROCEDURE

TASK 1: Start compressor by RSIR method

1 Connect the parts are per circuit diagram. Fig 1 COMPRESSOR

- . RELAY PACKAGE ASSEMBLY
Check wiring connection o THERMOSTAT | FEAYPATEAEARSEEY

Start the compressor and check starting & running
current.

LINE 230V
50Hz-1PHASE

,_
o)

MRN2197H1

TASK 2: Start compressor by CSIR method

1 Checkwiring connection Fig 2

2 Start the compressor and check starting & running
current.

RELAY PACKAGE ASSEMBLY

(WHITE)

\ START .

CAPACITOR

CAPACITOR START INDUCTION RUN

MRN2197H2
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TASK 3: Start compressor by PSC method

» Connect the parts as per circuit diagram.
» Checkwiring connection.

» Start the compressor and check starting & running

current.

Fig 3 PSC MOTOR

S

i

MR20N2197H3

Fig 4

COMPRESSOR  \

COMMON
(BLACK)

N o

230V

50 Hz
1 PHASE

POTENTIAL
ColL

RUN
CAPACITOR

CONTACTS

TASK 4: Start compressor by CSR method

1

Connect the part as per circuit diagram.
Check wiring connection.

Start the compressor and check starting & running
current.

Note: Following circuit shows different wiring
circuit of hermetic and compressor motor.

PROTECTOR 1 M
L START
CAPACITOR
HEATER -
<
\_ W
N
CSR CIRCUIT DIAGRAM z
s
Fig 5
9 RSI MOTOR CSIR MOTOR CRS MOTOR

) S o
o
é K
g
S
['4
s
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Capital Goods and Manufacturing
R&ACT - Compressor and motor

Exercise 1.10.67

Check and test different type, relay, capacitor OLP's find out faults and

rectification

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

check and test capacitor by spark test method
check and test capacitor with ohmmeter
check and test overload protector

check and test relay

check and test capacitor by physical check method

Requirement

Tool/Instruments Materials
+ Screw driver 10 mm tip 200 mmlength -1 No. * Run capacitor 6 mfd - 1 No.
* Cutting plier 200 mm length * Currentcoil relay -1 No.
(Insulated handle) + OLP -1 No.
« Phillips screw driver set -1 No. * 2m1sq.mm lead wire
«  Ohmmeter Analogue type -1 No. * 2 m wire with crocodile clip
» Testboard fitted with voltmeter & ammeter -1 No
Equipments
*  FHPcompressor -1 No.
PROCEDURE
TASK 1: Check and test run capacitor - Physical check method.
1 Checkthe capacitor physically whether the capacitoris _ CONNEGTTO
Flg 1 COMPRESSOR

bulged or not.

Check the capacitor case for bulged it is sure that the
capacitor is short circuited

Check the capacitor terminal whether it is shaking or
not.

Check the terminals for shaking it is not advisable to
use the capacitor

Check any oil leak in the capacitor. Leak in the
capacitor not advisable to use the capacitors

Ref. (Fig 1) for types of capacitor construction.

CIRCUIT

CONNECT TO
FAN CIRCUIT

—{ {— symeoL

IDENTIFIED
TERMINAL

START
CAPACITOR

o

MRN2198H1

TASK 2: Check and Test run capacitor by spark test method

1
2
3

Prepare the test board as per the (Fig 2).
Connect A probe in capacitor one terminal.

Connect ‘B’ probe in capacitor another terminal.

162

4 Connect the cord wire to the power source.

5 Switch ON the test board for few seconds and switch

OFF.



6 Hold the plastic handle to the screw driver at short the
terminals of capacitor.

Occurring satisfactory capacitor an intense spark.

Occurring indicate a weak spark indicate a defective
capacitor

TASK 3: Check and test capacitor with Ohmmeter

1 Touch the capacitor leads or terminals momentarily
with the test cord of an ohmmeter

2 Watchaslightinstantaneous deflection of the ohmmeter
pointer will indicate a satisfactory capacitor.

3 See the pointer of the ohmmeter, it indicates a
continuous low resistance it means the capacitor is
short. In that case the pointer will move to the ‘O’ end
of the scale after certain time.

TASK 4: Check OLP by using test lamp protector
1 Takeanoverload protector.
2 Take atest lamp plug it in test board and switch ON.

3 Touchonelead to OLP no.1 and other to 2nd and 3rd
terminals.

4 If the bulb glows, the OLP is good.

TASK 5: Check and test a relay.
1 Disconnect the relay from the unit.

Remove the wires fromrelay.
Set multimeter knob to resistance.

Connect one probe to relay contact 1 and other to S.

a W N

Check continuity between them it this continuity the
contacts have stuck or been welded together. (Fig 4)

Replace the relay.

Test the continuity of the current relay coil between
land M.

8 Replace therelay. If there is no continuity means, the
coil is open circuit.

Fig 2

TEST BOARD

POWER POINT

\ CORDWIRE

PLASTIC HANDLE
SCREW DRIVER

RUN
CAPACITOR

CAPACITOR SPARK TEST

MRN2198H2

4 If the capacitoris openthere will notbe any movement
of the ohmmeter pointer

5 Touch the ohmmeter leads to the capacitor terminal
and note the deflection of pointer in the ohmmeter.
Changethe leads and touchitagain. The deflection of
the pointer will be approximately twice that of the first
check if the capacitor is satisfactory.

Use multimeter and check OLP
— Take multimeter and set knob to resistance.

— Touchone probe to OLP terminal 1 and other probe to
2watch meterindication and take the probe from 2 and
touch it in 3 watch meter indication.

Multimeter shows continuity, the OLP is good.

Fig 3 2 TERMINAL
EXTERNAL OVERLOAD

THERMOSTAT
CONTROL

L1 ED

@)
©

RELAY CURRENT

®

LINE
L2

GROUND COMPRESSOR

—  UNIT GROUND

=

MRN2198H4

CURRENT RELAY CONTACTS
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TASK 6: Testing current coil relay

1 Check continuity between the 1 & 2 with help of
ohmmeter. (Fig 5)

2 Ifthe continuity is OK between 1 and 2. Coil continuity
of current coil relay is OK. Normal condition 1 & 2
continuing will be there.

3 Check continuity between 2 & 3. Normal condition
(when notin use) 2 & 3 open. If there is no continuity
between 2 & 3 relay is OK.

4 Keeptherelayupside down. Check continuity between
2 & 3. If the continuity is there. Relay is OK.

5 Bringtoitsoriginal position. Check continuity between
2 & 3. If there is no continuity. Relay found OK.

TASK 7: Testing voltage relay by series test lamp
1 Voltage or Potential type relay have NCC (Normally
closed contacts)

2 Normally closed contactpoints (NCC)inbetween 1 &2
relay (pressure)coil in between 2&5

Fig 1y point 1 & 2 normally closed contacts point
4 Check by normally series lamp respond lighting

Point: 1 & 5 make & break contact points sound like
calling bell, it tested by series lamp

6 2&5 potentials or pressure coil if connect series lamp
only one tick sound come for energised & break the
contact point.

7 If the above result come for test so that relay coil &
functioning is ok.

Check plunger movementand observe sound. Keep the
relay upside down. Plunger moves up and you can hear
the sound. Bring to normal position. Plunger comes
down. You can hear sound. Ifthere is no sound, relay
is defective. Relay plunger operating is not OK.

Fig 4 NOC CONTACT RELAY
s
c
L1
[
R
w0
D :
o
L2 oP ]
o
=
Fig 5 RELAY
| TOCOMPRESSOR
START : STARTING WINDING §)

CAPACITOR
| ™~ RUN CAPACITOR

FROM THERMOSTAT
| -

4 [—=— RUN CAPACITOR
| ™ RUNNING WINDING R)

¢ ¥ COMPRESSOR

TO STARTING
COMPRESSOR CAPACITOR
COMMON (©)

TEST LAMP

MRN2198H6
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Capital Goods and Manufacturing
R&ACT - Compressor and motor

Exercise 1.10.68

Check control circuit of variable speed air conditioner invertor A/C

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

¢ check control circuit of inverter air conditions.

Requirements

e Invert

Equipment/Machines

erA/C1.5ton

» Philips screw diver set

PROCEDURE

TASK : Check control circuit of inverter A/C

e Puttheinverter A/C in work table

*  Remove the outer cover of the outdoor unit.

» Explain the parts and function

* Remove the cover of the indoor unit

» Explain the control circuit as per diagram (inverter A/

C manual required as per model)

 Differ the control circuit in different company inverter

Fig 1
9 Inverter - PBA
LED
Download
DRED Comm.
K> main. k- Fan
Senee inv ] Control N
I|< Main Inverter Current
4Wat VNV
= Micom Micom  K— sensing
EEV
Download |
i ZCP OVP DC link
Communl _
Cation
Converter
PFC
[(POWER [ Fitter |[ sMmPs | o
3
SMPS SMPS - PBA S
[i4
=

Fig 2 imvotorcimit
traiac: | IGBTX6 |
ber30 series | | compressor

T T | QE}} @ @ | @ temp sensor
-+ | | (refrigerant)

4 IGBTx1 | |

01| O G @
= |

@@ Ehotocouplszl

PS93xx SERES
PS97xx SERES
PS898xx SERES

op-amp:
read2302gsp
HPCATA2,1pcaTad

P893xx SERES
P895xx SERES
—

) p——

- compressor

PS93xx SERES
P895xx SERES

fin temp photocoupler
temp sensor
(outside air)

To

indoor €——

unit

v
110 .
inverter control |&°*."

- fan motor inverter

SERIAL(  control B
PWIM*2
-_error detection

OUTDOOR UNIT CONTROL MCU

MRN21105H3
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Fig 3

CONTROLLER
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}_] - INDOOR FAN MOTOR CONTROL
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| - TEMPERATURE CONTROL - TIMER
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- TIMER
| - COMFORT CARE
INFRARED SIGNAL
| | - BUZZER CONTROL - 88 SEGMENT
- WIFI MODEM COMMUNICTION
- DISPLAY CONTROL - SPI
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= OSCILLATION ZERO
DETECT
| POWERON&OFF  |—
PWM
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(AUTO,COOLDRY, |— SIGNAL
FAN,HEAT)
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- STEPPING MOTOR PHOTO COUPLER | INDOOR FAN MOTOR
| SMART SAVET SELECT |— _conTroL .9
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| QUIET OPERATION | — - BUZZER CONTROL VSIYTE\ZE
SIGNAL
TEMPERATURE | PROTECTION
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| AUTO CLEAN SELECT |—  EPPING MOTOR ——| BUZZER
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(UP/DOWN) ] - BUZZER DRIVE - STEPPING MOTOR
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MRN21105H1
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Capital Goods and Manufacturing
R&ACT - Compressor and motor

Exercise 1.10.69

Identify components of control system of inverter - ACS - PCB, NTC, PTC

Objectives: Atthe end of this exercise you shall be able to

* identify a PCB
* identify NTC and PTC

Requirements
Tools/Instruments Materials
+ Combination Pliers 200mm - 1No. « PVCflexible cable as per required.
+ Screwdriver 150mm -1No. + Insulation Tape -1 No.
« Connectorscrewdriver 100mm - 1No. + Softsolder - As reqd.
» Election knife - 1No. Equi t/Machi
* Roundnose pliers 150mm - 1No. quipment/ilachines
*  Multimeter - 1No. * InverterA/C1.5Ton -1 No.
» Digital Thermometer - 1No.
» Soldering Trim with flux - 1No.
PROCEDURE:

TASK 1: Identify a PCB

1 Collect the PCB along with the instruction booklet

2 Determine by inspection the terminal connection of the
PCB

Measure the capacitor valve and record it.

Identify the various parts in PCB and record in Table 1
and Table 2

Table 1
Data of the PCB

Type of PCB

Out door unit relay

Step down transformer
Indoorfan motor capacitor

Pipe temperature Sensor

swing/louver
1 motor
A/C power supply
cable

fan motor
capacitor

2 /'
outdoor unit

terminal block outdoor unit

relay
heating mode

indicator

Fig 1
20

’ mdco: (SPLIT AIR CONDITIONER CONTROLLER)
an motor

19

indoor 21

s pERH SREER circuit board remo‘tle
controller
pic. taken and _marked by: 18 (pee)
hermalian buffer b zzar
microcontroller

stepdown
transformer

pipe
temperature
sensor

/13
11

room

. temperature
cooling mode  rgom : power
indicator sensor

indicator temperature 0
indicator

remote
receiver

drying m
indicator
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Table 2

Part No.

Part No.

Name of the part

Name of the part

11

12

13

14

15

16

17

18

19

O | (N|oo|o ~h[lw |N|~

20

—_
o

21

TASK 2: Identify NTC and PTC

1 Collectthe NTC and PTC ofinverter ACS

2 Determine and inspectthe NTC x PTC

NTC [Negative Temp Coefficienttype)used as resistive
temperature Sensors and current- limiting devices. e.g:

(i) Room thermistor has 10 kilo ohms at 25° C

(i) at room temp is 30°C the valve will be. Check the

temp of NTC, if around 8k. ohms.

4 Temp increases then ohm valve decrease in NTCS.

Checkthe PTC, valve, NTCS.

5 IfPTC [positive Temp. Co efficient]. Resistance valves Fig 4
increases as the temp is increased.

6 Checkthethermistorifthe valves are 0 ohm (or)infinity 40

Replace the thermistor.

Fig 3

e

Nre
0.7,

MR20N1869J2

Teamperature
ambien (°C)

valor resistivo
sonda (Q)

1439

35

1765

30

2176

25

2700

Fia 1
Fig 2

20

3371

15

4237

10

5362

[356 2]

.

oo

Caracteristicas dos sensores NTC & PTC

~_

TESTE SONDAS NTC/ PTC

MRN21106H1

MR20N1869J1
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Capital Goods and Manufacturing

R&ACT - Condenser

Exercise 1.11.70

Familiarise with different type of condensers used in refrigerators, bottle
coolers, visible coolers, deep freezers, window and split A/C

Objective: At the end of this exercise you shall be able to
* identify different types of condenser and their uses.

Requirements

Tools and Instruments

Trainees took kit

QOil can

Condenser of refrigerator
Condenser of bottle cooler
Condenser of visible cooler

-1 set.
-1 No.
-1 No.
-1 No.
-1 No.

» Condenserofdeepfreezer

» Condenser of window AC and split AC

Machines

» Cotton cloth
- Oill

-1 No.
-1 No.

- as reqd.
-250gm.

PROCEDURE

TASK 1: Identify different type of condensers.

Identify condenser from section and place on work

table.

* Inspectvisually.

* RecordinTable.

Fig 1

(
o Ii@ ( D
D (
)
(
)
(( )Y/
= =]
3
¢ €
@ @ N N N S
q . - =
4 4 5 S
Fig No. Types of condenser Application Material
1
2
3
4
5
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Capital Goods and Manufacturing
R&ACT - Condenser Exercise 1.11.71

Clean, flush, service and leak test in different types of Air cooled condenser

Objectives: At the end of this exercise you shall be able to
* service and clean wire mesh type condenser

* service and clean plate type air cooled condenser

* straighteningfins

¢ flush and clean air cooled condenser

¢ leak test in condenser.

Requirements

Tools / Instruments / equipments +  Water tank [required size] -1 No.

+ Screw driver 6 mm tip 100 mm length -1 No. * Vacuum pump [two stage]

» Screw driver 6 mm tip length 150 mm -1 No. Materials/components

*  Wrench adjustable 150 mm length -1 No. , ,

« Nitrogen cylinder with double stage * Oxy - acetylene with brazing torch -1No.

« pressureregulator -1 Set * Goggles - 1No.

+  Tubecutter -1 No. * Sparklighter - 1No.

«  Flaringtool -1 No. * Fin c_omb (reqwred size) -1 No.

+  Compoundgauge -1 No. . FIepre charging hose -1 No.
* Brazing copper rod and flux -1 No.

Equipment + Painting brush -1 No.

«  Domestic fridge with . Elnar.nel paint (bIapk 50 ml) -1 No.

+ Wire mesh type condenser -1 No. *  Liquid soap solution 50 ml - 1No.

«  Domestic fridge with * Bucket with clean water

+ Plate type condenser (back cleaned) -1 No. + Wooden supporting block -1No,

+ Fins type air cooled condenser [window AC] * 6 mm dummy nut - 1No.

« Airblower * 6 mm copper tube -300mm
+ Cleancloth - as read
* Reliefvalve 300 psig - set -1No.

PROCEDURE

TASK 1: Service and clean wire mesh type condenser.

1 Offthe refrigerator main switch and remove the plug

Fig 1 DOMESTIC FRIDGE

2 Push the refrigerator gently and turn the back side

(along with the stand) facing you EVAPORATOR

Take the cloth and wipe the fins of the condenser

4 With the painting brush, brush each line of the fins
thoroughly. (Fig 1)

| — CONDENSER

!

5 Againwipe the back side ofthe fridge body and the fins
of the condenser with clean cloth

6 If the compressor is visible wipe it as far as you can
reach with the cloth

7 Turn the fridge backside facing the wall and wipe the
total body of the fridge with clean cloth.

8 Straightening the dented wire .

9 Flush & clean the condenser by dry nitrogen. COMPRESSOR

10 Re-brazed the condenser & pressure test for leak.

MRN22109H1

AIR-COOLED CONDENSER CLEANING AT FRIDGE.
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TASK 2: Service and clean the plate type condenser (Fig 2)

1 Off the refrigerators main switch and remove the plug
from the socket.

2 Pullthe fridge towards you and make around 50 cmgap
between the wall and the fridge.

3 Removefourcorners screws ofthe plate type condenser
and carefully slantthe plate on the wall without stretching
the gas tubes.

4 Keep a wooden block at the bottom of the plate for
support.

5 Mix the soap solution in the water and make it weak
solution.

6 Dip the cloth in the soap water after squeezing it wipe
theinner side of the condenser plate where the coils are
fixed and wipe the back side of the fridge.

7 Wipe it with dry cloth and fix the corner screws tighten
the condenser plate.

8 Again with the wet cloth wipe and clean the outer side
ofthe plate thoroughly, wipe it with the dry cloth and let
it dry.

9 Wipe the compressor body as fast as you can reach,
should not touch the terminals

10 Touch up the plate with black paint and leave it to dry.

TASK 3: Service fin and tube condenser

1 Check the evaporator grill and room temperature and
record it

Stop the unit and remove the plug from the socket

3 Pullthe unitfromthe outer shelland keep iton the work
bench.

4 Take the cloth and wipe the outer of the entire unit.

Strip of the covering plate on top of the condenser by
removing the screws.

6 Loosen the allen screw on the fan motor shaft and
release the fan blade.

7 Unscrew the condensers shroud screws and lift it with
fan blade and keep it by the work table.

Put on mouth mask (cloth) and wear goggles.

Connect the air blowers plug to socket and start it.
Carry carefully and point it towards facing the con-
denserfins.

10 Move it near the fins left to right and top to down till all
the dusts clear from the fins. (Fig 3)

11 Change the blower's position on the other side of the
condenserand do the same process till the exhaust air
through condenser fins comes dust free.

12 Stop the air blower remove the plug and keep it

Fig 2

DOMESTIC FRIDGE

LIQUID SOAP
SOLUTION

MRN22109H2

PLATE TYPE CONDENSER CLEANING

11 Backcleaned leaky/condenser choked may be replaced
by wire mesh condenser & fit it backside.

CLEANING THE FINS BY AIR-BLOWER

MRN22109H3

13 Check in between the fins any foreign materials got in
struck, try and remove it with the help of tension wire or
hacksaw blade.

14 Wipe the dust in between spaces on the base and the
condenser fins outer with clean cloth, compressor, fan
motor, on top of evaporator etc.

15 Flush & clean the condenser internals.

16 Rebrazed the condenser & pressure test for leak.
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Fig 4

MRN22109H4

TASK 4: Correct the bended fins by combing method

1 Take the fin comb and place it at the left end of the
condenserfins

2 From top to down, uniformly run the comb and check
the bends in the fins are getting straight.

3 Change the position of the comb to the next remaining
fins, alternately and do the same process, till all the fins
covered in combing. (Fig 5)

4 Ifthe comb is getting struck is serious jamming of the
fins together take the small screw driver or hacksaw
blade and split the fins in between and make way for
comb to run freely.

TASK 5: Flush and clean air cooled condenser.

Stop the unit and remove the plug from the socket.
Place the unit on the work bench.
Take the cloth and wipe the outer of the enter unit.

Recover are the refrigerant from the system.

a b 0N -

Cut the condenser from discharge line using tube
cutter.

Cut the other end of condenser line using tube cutter.
Separate the condenser from the system.

8 Fix the hand shut off valve in one end using flare and
brazing the tube.

Fig 5

MRN22109H5

COMBING FINS WITH FIN COMB

9 Now connect the hand shut off with flexible hose.

10 One end is fix with nitrogen cylinder fill up oxygen free
dry nitrogen (OFDN) with two stage regulator up to 300
PSI.

11 Nowopenthe cylindervalve, one end of condensertube
is free nitrogen air is flush out.

12 Allthe contamination ofthe innertubeis flush and clear
it.

13 Close the dummy nut or cap on both side of the
condenser.
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TASK 6: Pressure test for leak (water immersion method)

1 Remove the cap on both side of the condenser.
Close out let of condenser with dummy nut.

3 Fitwith nitrogen cylinderfill up oxygen free dry nitrogen
(OFDN) with two stage regulator up to 300 PSI. (Fig 6)

[Two stage regulator must use neither accident may
occur nitrogen pressure is 3500 to 4000 PSI. If not
controlled more than tolerating power of condenser,
nitrogen will enter and it will burst].

4 Now complete condensing unitimmerse in water and
looking for bubble.

5 Ifbubbles appear repair or replace it.

RELIEF VALVE 175 PSIG SETT
CONDENSER

LEAK TEST BY WATER IMMERSION METHOD

MRN22109H6

TASK 7: Vacuum test by evacuating the condenser

1 Connectcondenserwith vacuum pump another end fit
with compound gauge (Fig 7)

2 Startevacuation close vacuumpump valve and leave it
for 2 hrs.

3 Ifneedle of vacuum gauge rise towards the atmospheric
side leakage is there repair or replace it.

Note: Same procedure as followed clear, flush,
service and leak test by different air cooled
condenser.

Fig 7

N

LEAK TEST BY VACCUM METHOD

MRN22109H7

Capital Goods & Manufacturing: R&ACT (NSQF Revised 2022) - Exercise 1.11.71

173



Capital Goods and Manufacturing
R&ACT - Condenser

Exercise 1.11.72

Identify different items necessary for de-scaling condenser

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

* identify de-scaling unit.

Requirements

Tools/Equipments

-1 Set
-1 Set

» Trainees tool kit
» Descaling unit

Materials

» Brass tube cleaning brushes -1No

* Rubber houses & clamps -1 Set

» Hydrochloricacid -asreqd

PROCEDURE

TASK 1: Identify de-scaling unit

1 Identify acid resistance centrifugal pump barrel.
Connect 200 Its nylon barrel with valve at bottom.

Connect rubber hose between pump suction and valve
of barell bottom using clamps.

4 Connect rubber hose between pump delivery and
condenserwaterinlet.

Fig 1
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DE SCALING PUMP, DRUM & ACCESSORIES

MRN22111H1

174

5 Connectrubberhose between condenserwater outlet
and nylon barrel top.

6 Preparenylonorbrasstube cleaning brushes according
to the length of condenser with "T" handle.

7 Make electric connection to pump motor.

Fig 2

MRN22111H2




Capital Goods and Manufacturing
R&ACT - Drier & Expansion Valve

Exercise 1.12.73

Identify drier and capillary tube used in different cooling machines

Objectives: At the end of this exercise you shall be able to
* identify drier in different cooling machines
* identity capillary tube in different cooling machines.

Requirements
Tools +  Window AC 1.5 Ton -1 No.
+ Trainees tools kit -1 Set * SplitAC 1.5 Ton - 1No.
Equipments Materials
+ Refrigerator -1NoEach * Cottoncloth -asreqd
+ (Direct cool, Frost free) + Oil - as reqd
+ Bottle cooler -1No * Gloves -1 Set.
» Water cooler -1No
PROCEDURE
TASK 1: Identify drier in different cooling machines
 Identify the location of drier * Check the type of drier
TASK 2: identity capillary tube in different cooling machines.
+ Identify the location of capillary tube. » Check specifications of capillary tube.
SI.No Name of the equipment Caliper tube Drier type
Dia inch length in inch
1 DC Refrigerator
2 FF Refrigerator
3 Bottle cooler
4 Water cooler
5 Window AC
6 Split Ac

175



Capital Goods and Manufacturing
R&ACT - Drier & Expansion Valve Exercise 1.12.74

Replace drier and capillary tube at the line of gas charging

Objective: At the end of this exercise you shall be able to
* check and replace faulty dehydrator and capillary tube.

Requirements

Tools/Instruments Materials

« TraineesKkit -1No » Dehydrator(new) -1No

» Gauge manifold -1No + Capillarytube -1No

*  Tubecutter -1No + Cottonwaste -asreqd

 Flaringtool -1No « Ol - asreqd

Equipments » Service cylinderwith refrigerant -1 No
. 6 mm dummy nut -1No

] \(/)Vlndow;’-\IC ith brazing torch ) 1 Not « 6 mm copper tube -50 cm
Xy acetylene with brazing torc - 1se » Brazing copper rod with flux -2 Nos

» Nitrogen cylinder with regulator -1No

Vi 1N * Goggles - 1 set
acuumpump - 1No « Sparklighter -1No

PROCEDURE

TASK 1: Check and replace faulty dehydrator & capillary (Fig 1)

Fig 1

CAPILLARY TUBE

FILTER/DRIER

MRN22115H1

Start and run the machine for 10 min
Observe the cooling effect in the evaporator and grill

Check the drier physically and should be warm. Ifitis
found partially cold and sweating in drier, it is sure that
the drier is faulty. Stop the machine.

Cutoffthe charginglinein compressorforventrefrigerant
from the system.

176

5 Attach a hand shut off valve to the charging line.
Connect a gauge manifold set into the system.

Remove the drierand capillary by debrazing joints with
brazing torch. (Fig 1)

8 Braze the new dehydrator with liquid line and capillary
tubes with copper brazing rod. (Fig 2)

9 Pressurize the unit using N, gas.



10 Leak test at brazing joints by soap solution
11 If no leaks are found then vent the nitrogen gas.
12 Close the hand shut off valve.

13 Attach vacuum pump to the manifold and open the hand
shutoffvalve.

14 Start vacuum pump and observe compound gauge
which should read 28" to 30" Hg after 45 min.

15 Observe the vacuum remains constant.

16 Remove the vacuum pump connections fromthe gauge
manifold and attach the refrigerant, service cylinderand
charge gas.

17 Check suction and discharge pressure, pinch off the
charging line and remove the hand shut off valve and
other connections.

18 Braze the charging port properly.

Fig 2
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BRAZING ROD

MRN22115H2
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Capital Goods and Manufacturing
R&ACT - Evaporator Exercise 1.13.75

Identify and service different types of evaporators

Objectives: At the end of this exercise you shall be able to
* identify different types of evaporator

* shift the window AC to work spot

 clean the evaporator with chemical spray

 clean and wipe fix the unit in position

* check the cooling effect.

Requirements
Tools/Instruments . windowAC “1No.
* Doubleended spanner -1 No. Materials
*  Tubecutter -1 No. )
+ Screwdriverset -1 No. * Wirebrush -1 No.
+ Cutting plier 8" -1 No. * Mediumgrade sand paper -1 No.
+ Needle file set -1 No. * Coppertube asneeded -1 No.
+ Linetester -1 No. * Cleaningcloth N -1 No.
s Testlamp -1 No. * Chemical spray(vamklme)
« Flaringtool -1 No. + Soap solution
Equipments * Handrubbergloves
+ (Goggles
» Differenttype of evaporator -asreqd
PROCEDURE:
TASK 1: Identify the types of evaporator
1 ldentify the type of evaporatorandits function recordin 2 Observe both side of direct cooled evaporator for
the table 1 of record sheet. manufacturing details/specificationifany and in record

in Table - 1 or the record sheet.

Table 1
Fig. No. Name Application Fig. No. Name Application
1 6
2 7
3 8
4 9
5 10
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TASK 2: Shift the window air conditioner to work spot

1

Check the grill and room temperature, ambient
temperature, air velocity and record in the table 2.

Stop the unit, remove the plug from the socket.

Unscrew the front panel remove and keep it. Take the
filler to clean.

Pull the unit gently at the front.

TASK 3: Clean the evaporator with chemical spray

1

Unscrew the sides and top of the evaporator housing
remove it, cover the electrical control unit with plastic
sheet.

Loosen locking Allen screw of and loosen the fan motor
and base bolts blower use suitable Allen key with 'T'
handle.

Shake the fan motor for the blower to get free from fan
motor shaft remove and keep it.

TASK 4: Clean and wipe, fix the unit in position

1

Wash the fins with soap water and clean water. Blow
air, clean the fins and the bed with hand air blower.

Dry the evaporator coil fins and the base of the unit.

Remove the plastic sheet covered to the control unit.
Clean andfix the blower fan, tighten the fan motorbase
check for free rotation.

Coverthe evaporatorwith housing top cover by tightening
the screws.

TASK 5: Check the cooling effect.

1

Check the present ambient temperature.

2 Checkthe roomtemperature.

3 Checkthe grilltemperature.

Place the unit on the trolley with the help of two more
trainees. Care should be taken by compressor side
since it will be heavy.

Move the trolley slowly to work spot after covering that
window portion temporarily with hard board or plywood.

Brush the evaporator coil fins both the side after
brushing with nylon brush.

Comb and correct the fins then clean it with chemical
spray dothe same procedure to evaporatorfins cleaning
and combing.

Move the trolley with the unit near the window frame.
Liftand putit with cotrainees, pushitin position gently.

Put your hand inside the evaporator air discharge
plenum and rotate and check the blower and tan
rotating free and smooth.

Place the cleanfilterandfix the front panel start the unit.

Check the grill air velocity.

Record and find the improvement in cooling effect after
service in table given below.

Table 2
Window Ac Evaporator Ambient Room Grill Grill air
make and service temperature temperature temperature velocity
capacity
Before
After
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Capital Goods and Manufacturing
R&ACT - Evaporator Exercise 1.13.76

Perform leak test, flush to remove oil by dry nitrogen
Refer Ex : 1.11.71
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Capital Goods and Manufacturing
R&ACT - Refrigerant Exercise 1.14.77

Identify and explain different colour code of different type refrigerant cylinder

Objective: At the end of this exercise you shall be able to
* identity and explain different colour code of different type refrigerant cylinder

Different types of cylinder one number each

Refrigerant Chemical name Color code
R-11 Trichlorfluoromethane Orange
R-12 Dichorodifiucrmethane White
R-13 Chilorotrifluorothane Light Blue
R-113 Trichlorotrifluoroethane Dark purple
R-114 Dichlorotetrafluoroethane Navy Blue
R-12/114 Dichorodifluoromethane, Dichlorotetrafluoroethane Lightgray
R-13B1 Bromotrifluoromethane Pinkish Red
R-22 Chlorodifluoromethane LightGreen
R-23 Trifluoromethane Light Blue Gray
R-123 Dichlorotrufluoroethane Light Blue Gray
R-124 Chlorotetrafluoroethane DOT Green
R-134a Tetrafluoroethane LightBlue
R-401A Chlorodifluoromethane, Difluoroethane. Cholorotetrafluoroethane Pinkish Red
R-401B Chlorodifluoromethane, Difluoroethane, Chlorotetrafluoroethane Yellow-Brown
R-402A Chlorodifluoromethane, pentafluorothane, propane Light-Brown
R-402B Chlorodifluoromethane, Pentafluoroethane, propane Green-Brown
R-403B Chlorodifluoromethane. Octafluoropropane, propane Lightgray
R-404A Pentafluoroethane, Trifluoroethane, Tetrafluoroethane Orange
R-407C Difluoromethane, Pentafluoroethane, Tetrafluoroethane Brown
R-408A Chorodifluoromethane, Trifluoroethane, Pentafluorothane Medium purple
R-409A Chlorodifluoromethane, chlorotefluoroethane, chlorodifluoroethane Medium Brown
R-410A Difluoromethane, pentafluoroethane Rose
R-414B Chlorodifluoromethane, chlorotetrafluoroethane, Chlorodifluoroethane, Medium Blue

Isobutane

R-416 A Tetrafluorethane, chlorotetrafluoreoethane, Bulane Yellow-Green
R-417A Pentafluoroethane. Tetrafluoroethane, Isobutane Green
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Refrigerant

Chemical name

Color code

R-500 Dichlorotrifluoromethane, Difluoroethane Yellow
R-502 Chlorodifluoromethant, chloropenlafluoroethane Lightpurple
R-503 Chlorotrifluoromethane, Trifluoromethan Blue-Green
R-507 Pentafluoroethane, trifluoroethane Aqua Blue
R-508B Trifluoromethane, Hexafluoroethane Dark Blue
Fig 1
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Capital Goods and Manufacturing
R&ACT - Refrigerant

Exercise 1.14.78

Recover refrigerant from a faulty machine

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

» set recovery machine to extract refrigerant.

Requirements

Tools / Equipments

Trainees tools kit

Piercing valve

Recovery cylinder (2kg)

Weigh scale 5 kg

2 way gauge manifold

Stop watch

Deep freeze or bottle cooler or water
cooler or Refrigeratorwith CFC charge
of about 200 gm

Alternatively, awindow roomA.C
(ITR/1.5. TR) which has about 850gm
HCFC -R-22 charge.

Recovery machine suitable refrigerant

-1No
-1No
-1No
-1No
-1No
-1No

-1No

-1No
-1No

Materials

* Charginghoses
* Rubbergloves

*  Goggles

+ Cottonwaste

* Insulationtape
+ Qi

* Brush

-3 No
-1 par
-1No
-asreqd
-1No
-asreqd
-asreqd

Use recovery machine to extract refrigerant from a sealed system.

Recovery machine will have to be evacuated from both inlet and outlet ends before being connected to
the system.

If R-22 is being recovered, it should be ensured that the recovery machine, particularly. its compressor
and motor are suitable for R-22.

Fig 1
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COMPRESSOR

EVAPORATOR CAPILLARY FILTER
DRIER
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GAUGE
MANIFOLD

HOSE -2

RECOVERY
MACHINE

RECOVERY
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WEIGH SCALE

MRN23124H1
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TASK 1: Set recovery machine to extract refrigerant

1

184

Evacuate the empty recovery cylinder before placing it
ontheweigh scale. then placeiton the weigh scale and
note its weight.

Position piercing valves over the suction (compressor)
process tube filter driers process tubes.

Connectthe outlet of the piercing valves, using charging
hoes to A& C on the gauge manifold. Ensure valves L
& H are closed.

Connect hose H, from 'B' on manifold inlet | (valve) of
recovery machine.

Connect hose H, from outlet valve 'O' of recovery
machine to recovery cylinder.

The system and recovery machine have now been
hooked up for operation.

Pierce compressor process tube with piercing valve P,
and purge the gas at A before retightening. Repeatthe
same exercise for P, and purge at'C'.

8 Open valves L & H and purge hose H, at 1 (Intel to
recovery machine).

9 Open inlet valve 'l' of recovery machine. start the
recovery machine and purge the hose H, at D before
openingthe valve ofthe recovery cylinder. Simultaneously
start the stop watch after setting it at 'O".

10 Continue running the recovery machinetillthe machine
stops by tripping at its low pressure cut-out.

11 immediately close the cylinder valve and also record.
a the stop watch reading.

b The weight of the cylinder now filled with refrigerant.

Capital Goods & Manufacturing: R&ACT (NSQF - Revised 2022) - Exercise 1.14.78



Capital Goods and Manufacturing

R&ACT - Refrigerant

Exercise 1.14.79

Transfer refrigerants from one cylinder to another using ice.

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

* transfer refrigerant to cylinder.

Requirements
Toolsfinstruments Materials/components
* Double ended spanner4.7to 16mm -1 No.
o | _ |
« Platform scale o to 40 kg -1 No. ce asreqd
* Leakdetector -1 No.
» Chargingline -1 No.
*© Tray -1 No.
*  Goggles -1 No.
PROCEDURE

TASK 1: Transfer refrigerant to cylinder.

1 Keepthelarge cylinder.(Fig 1) upside down anrack as

shown

Fig 1

HIGH PRESSUER
VAPOUR

LiQuID
REFRIGERANT

VAPOUR

CHARGING

LINE 1 0
PLATFORM

BALANCE

LOW PRESSUER

ICE

MR2203H1

5 Testleak and open both cylinder valves.

Noting the reading of the weighing machine transfer the
required amount of refrigerant to the service cylinder.

Close the storage cylinder valve and allow some time to

flow refrigerant from the charging line to service cylin-

der.

cylinders.

Plug the cylinder valves and test the leaks.

Close the service cylinder valve and disconnect the

2 Cool the empty service cylinder using ice and keep it

correct position on a weighing machine.

Connectboththe cylinders by means of achargingline.

4 Weaving goggles openthelarge cylinderand purge the

chargingline carefully.

Safety precautions

1 While purging be careful for not loosing

more refrigerant.

2 After transferring keep both the cylinders

closed well.
3 Do not purge HC blend gas
4 Do notvent CFC 12
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Capital Goods and Manufacturing
R&ACT - Refrigerant

Exercise 1.14.80

Measure pressure and temperature of refrigerants

Objective: At the end of this exercise you shall be able to
* observe pressure and temperature of refrigerant

¢ use the pressure temperature chart
¢ identify flammability and toxicity of refrigerants
* measure pressure temperature of refrigerants

Requirements

Tools/Instruments

* Gauge manifold -1No
* Double end spanner - (set [6mm to 32mm]

» Adjustable spanner200mm -1No
» Ratchetwrench -1No
+ Traineeskit -1No
+ Tongtester -1No
+ Valvekey -1No
« Cuttingplier -1No

Materials/components

R22 gas in cylinder -1No

Soap water with brush -1No

Cottonwaste -1No

Charginghose -2 Nos

Brush -1No
Equipment

Split A/C1.5T.R -1No

PROCEDURE

TASK 1: Observe pressure temperature R22.

1 Removedischarge and suction service valve cap of split

A/C.
2 Check both the service valves port are closed.

3 Connectgauge manifold with service valve

Fig 1
DISCHARGE LINE PRESSURE GAUGE ——_|

N \ J4«— SUCTION LINE
@Q COMPOUND

GAUGE

~ DISCHARGE SERVICE VALVE

OUT DOOR
UNIT

>— CHARGING
HOSE

SUCTION SERVICE

VALVE
SPLIT A.C. COMPRESSOR PUMPING TEST

MRN23126H1

Fix 300 (Ibs) psig gauge with hose uncharged portand
150 psig gauge with hose on suction side port

Startsthe compressorand note the discharge pressure
and suction pressure.

Measure suction line and discharge line temperature
with digital thermometer by fix the thermometer on
suction and discharge line separately.

Note: a) Measure the suction pressure of the
unit. If suction pressure is67 psig for R22 and
check the coil temperature by using chart.

b) and compare the coil temperature with
digital thermometer readings.

Likewise measure the pressure and temperature
for other refrigerants. (refer chart).

TASK 2: perform use of pressure temperature chart

1 Measure the temperature by athermometerandrecord

it.

2 Checkand verify the pressure reading corresponding to

the temperature in the pressure temperature chart.

TASK 3: Identify flammability and toxicity of A3 and A2L of refrigerants

Note; ASHRE - 34; Safety classification of
refrigerants for toxicity flammability
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SI. No. Refrigerants Flammability toxicity

1 HFC - 32 A2L mild flammable Lower toxicity
HFO - 1234 YF
HFO-1234zC

2 HC-290 A3 higher flammable Lower toxicity
HC -600a

TASK 4: Measure pressure and temperature of, refrigerant

1
2
3

Take refrigerant cylindrs of HCFC - 22
Remove king valve cap and blind nut

Connectcharging hose one end with cylinder and other
end with pressure gauge and plugit.

9 Repeat same procedure using refrigerant cylinders of

ammonia, HFC -32, HFC-134a, R404A,R-407C and
R -410A, HFOs

Use special fittings and gauge for ammonia

4 Clamp the Digital thermometer sensor with cylinder
body SI.No. | Refrigerant name | Temperature | pressure
5 Open king valve a little and read the pressure and
temperature and note down in table.
6 Putthesettinginside a cold room and take five readings
atvarious temperatures
7 Compare the readings with the refrigerant pressure
temperature chart.
8 Closecylindervalve remove gauge andisolate cylinder
Refrigerant pressure Temperature chart
R22 R134a R410A R404A R404A R407C R407C
Saturated Saturated Saturated Bubble Dew Bubble Dew
°C Kpa | psi kpa | psi Kpa | psi kap | psi kpa | psi kpa | psi kpa | psi
40 | 4 0.6 73 107 | 34 | 49 30 4.3 19 2.7
38| 14 2 0 13 47 | 6.8 42 6.1 30 44
36 | 25 3.6 108 | 156 | 60 | 8.7 55 8 43 6.2 3 0.5
34| 37 53 126 | 183 | 75 | 10.8 69 10.1 56 8.2 14 |2
32 | 49 71 147 | 212 | 90 | 13 85 12.3 71 10.2 25 | 36
30 | 63 9.1 168 | 244 | 106 | 15.4 101 14.6 86 124 37 |54
28 | 77 11.1 191 277 | 124 | 18 118 | 17.1 102 | 14.8 51 |73
26 | 92 134 | 0 0 215 | 31.2 | 143 | 20.7 137 | 19.8 119 | 17.3 65 |94
24 | 108 | 157 | 10 14 241 35 162 | 23.6 156 | 22.6 138 | 20 80 | 116
22 | 126 | 182 | 20 29 269 | 39 183 | 26.6 177 | 25.6 158 | 22.9 % | 139
20 | 144 | 209 | 3 46 298 | 432 | 206 | 29.8 199 | 28.8 179 | 25.9 113 | 164
-18 | 163 | 23.7 | 43 6.3 329 | 47.7 | 229 | 33.3 222 | 322 201 | 29.1 132 | 191
-16 | 184 | 26.7 | 56 8.1 362 | 524 | 254 | 36.9 247 | 3538 224 | 325 152 | 22
-14 | 206 | 299 | 69 10.1 | 396 | 57.5 | 281 | 40.7 273 | 396 249 | 36.1 172 | 25
12| 229 | 332 | &4 122 | 433 | 62.8 | 308 | 44.7 300 | 436 276 | 40 195 | 28.2
-10 | 253 | 368 | 99 144 | 471 684 | 338 | 49 329 | 4738 303 | 44 218 | 31.7
8 279 | 405 | 116 | 16.8 | 512 | 742 | 369 | 53.3 360 | 522 333 | 483 244 | 353
6 306 | 444 | 133 | 193 | 555 | 80.5 | 401 | 58.2 392 | 56.9 364 | 52.7 270 | 39.2
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R22 R134a R410A R404A R404A R407C R407C

Saturated Saturated Saturated Bubble Dew Bubble Dew
°C | Kpa | psi kpa | psi Kpa | psi kap | psi kpa | psi kpa | psi kpa | psi
4 | 33 | 486 | 151 | 219 | 600 |87 435 | 631 | 426 | 618 | 396 | 575 | 298 |433
2 | 365 | 529 | 171 | 248 | 647 |938 | 471 | 683 | 462 | 67 430 | 624 | 328 |47.6
0 397 | 575 | 191 | 278 | 697 |101.1 | 509 |73.8 | 499 | 724 | 467 | 67.7 | 359 |521
2 | 430 | 623 | 213 [ 309 | 749 |1086 | 548 | 795 | 538 | 78.1 504 | 732 |392 |56.9
4 | 465 | 674 | 236 | 343 | 804 |1165 | 590 | 855 | 579 | 84 544 | 789 | 427 |62
6 501 727 | 261 | 378 | 81 |1248| 633 | 918 | 622 | 903 | 586 | 85 464 |67.3
8 540 | 783 | 286 |415 | 921 |1335| 678 | 984 | 667 | 968 | 629 | 913 |503 |729
10 | 580 | 84.1 313 | 454 | 983 |1426 | 726 | 1053 | 714 | 103.6 | 675 | 379 | 544 |788
12 | 621 | 90.1 342 | 496 | 1049 [152.2 | 775 | 1124 | 764 | 1.8 723 | 104.8 | 586 |85
14 | 664 | 965 | 372 | 539 | 1118 |162.1 | 827 | 1199 | 815 | 1182 | 773 | 1121 | 631 [915
16 | 711 103.1 | 403 | 584 | 1189 |1725 | 881 | 127.8 | 869 | 126 825 | 119.7 | 678 |98.4
18 | 759 | 1.1 436 | 632 | 1264 |183.3 | 937 | 1359 | 925 | 1341 | 879 | 1276 | 727 |105.5
20 | 809 | 117.3 | 470 | 68.2 | 1342 [ 1946 | 996 | 1444 | 983 | 1426 | 936 | 1358 | 779 | 113
22 | 861 1248 | 507 | 73.5 | 1423 |206.4 | 1057 | 153.3 | 1044 | 1514 | 995 | 1444 | 833 |18
24 | 915 | 1327 | 544 | 79 1507 [218.6 | 1120 | 162.5 | 1107 | 1.6 1057 | 153.3 | 889 | 129
26 | 971 1.8 584 | 84.7 | 1595 | 2314 | 1187 | 1721 | 1173 | 1.2 1121 | 162.7 | 949 |137.6
28 | 1030| 149.3 | 626 | 90.7 | 1687 [244.7 | 1255 | 182.1 | 1242 | 1.1 1188 | 172.3 | 1010 | 146.5
30 | 1091 | 158.2 | 669 | 97 1782 |258.5 | 1327 | 1925 | 1313 | 14 1258 | 182.4 | 1075 | 155.9
32 | 1154 | 1674 | 714 | 103.6 | 1881 |272.9 | 1401 | 203.2 | 1387 | 201.2 | 1330 | 192.9 | 1142 | 165.6
34 | 1220 1769 | 761 | 14 1984 (287.8 | 1479 | 2144 | 1464 | 2124 | 1405 | 203.8 | 1212 | 175.8
39 | 1288 | 186.8 | 810 | 117.6 | 2091 |303.3 | 1559 | 226.1 | 1544 | 224 1483 | 215.1 | 1285 | 186.3
40 | 1432| 207.7 | 915 | 132.7 | 2317 |336.1 | 1728 | 2.6 1713 | 2485 | 1648 | 239 1440 | 208.9
42 | 1508 | 218.8 | 971 | 1.8 2437 | 353.5 | 1818 | 263.6 | 1803 | 261.5 | 1735 | 251.6 | 15622 | 2.8
44 | 1587 | 2.2 1029 | 149.2 | 2561 |371.4 | 1910 | 277.1 | 1895 | 274.9 | 1825 | 264.7 | 1608 | 233.2
46 | 1669 | 242.1 | 1089 | 157.9 | 2690 | 3.1 2006 | 291 1991 | 288.8 | 1918 | 278.2 | 1697 | 246.2
48 | 1754 | 2544 | 1152 | 167 2823 | 409.5 | 2106 | 305.5 | 2031 | 303.3 | 2015 | 292.2 | 1790 | 259.6
50 | 1841 | 267.1 | 1217 | 176.5 | 2962 |429.5 | 2209 | 34 2194 | 3183 | 2115 | 306.7 | 1886 | 273.6
52 | 1932| 2.2 1284 | 186.2 | 3105 4.3 2316 | 335.9 | 2301 | 333.8 | 2218 | 321.7 | 1987 | 288.1
54 | 2026 | 293.8 | 1354 | 196.4 | 3254 |471.9 | 2427 | 352 2412 | 349.9 | 2325 | 337.2 | 2091 | 303.2
56 | 2123 | 307.9 | 1427 | 207 3408 |494.2 | 2542 | 368.6 | 2527 | 366.5 | 2436 | 353.3 | 2199 | 318.9
58 | 2223 | 3224 | 1502 | 217.9 | 3567 |517.4 | 2660 | 385.9 | 2646 | 385.9 | 2550 | 369.8 | 2311 | 335.2
60 | 2326| 337.4 | 1580 | 229.2 | 3733 |541.4 | 2783 | 403.7 | 2770 | 401.7 | 2668 | 387 2427 | 352.1
62 | 2433 | 352.9 | 1661 | 241 3905 |566.3 | 2911 | 422.2 | 2898 | 4.3 2790 | 404.6 | 2548 | 369.6
64 | 2543 | 368.9 | 1745 | 253.2 | 4083 |592.2 | 3043 | 4414 | 3031 | 439.6 | 2916 | 4229 | 2674 | 387.8
66 | 2657 | 3854 | 1832 | 265.8 | 4268 | 619 3180 | 461.3 | 3169 | 459.6 | 3045 | 441.7 | 2805 | 406.8
68 | 2775| 4024 | 1922 | 278.8 | 4460 |646.9 | 3323 | 482 3312 | 44 3179 | 461.1 | 2940 |426.4
70 | 2896 | 420 2015 | 292.3 | 4660 |675.9 | 3471 | 503.4 | 3463 | 502.2 | 3318 | 481.2 | 3081 |446.9
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R32 pressure temperature chart

R32 R32
Temperature | Pressure Pressure Temperature Pressure Pressure
(°C) (barg) (psig) (°C) (barg) (psig)
-40 0.76 11.04 16 12.17 176.41
-38 0.93 13.45 18 12.93 187.53
-36 1.1 16.05 20 13.73 199.13
-34 1.30 18.82 22 14.57 211.21
-32 1.50 21.79 24 15.44 223.81
-30 1.72 24.79 26 16.34 236.93
-28 1.95 28.34 28 17.28 250.59
-26 2.20 31.94 30 18.26 264.80
-24 247 35.77 32 19.28 279.57
22 2.75 39.83 34 20.34 294.93
-20 3.04 44.15 36 21.44 310.89
-18 3.36 48.72 38 22.58 327.47
-16 3.69 53.56 40 23.77 344.67
-14 4.05 58.68 42 25.00 362.51
-12 4.42 64.09 44 26.28 381.05
-10 4.81 69.79 46 27.60 400.24
-8 5.23 75.81 48 28.98 420.15
6 5.67 82.15 50 30.40 440.79
4 6.13 88.82 52 31.87 462.17
2 6.61 95.84 54 33.40 484.33
0 7.12 103.21 56 34.98 507.27
2 7.65 110.95 58 36.62 531.02
4 8.21 119.07 60 38.32 555.63
6 8.80 127.58 62 40.08 581.10
8 9.41 136.49 64 41.90 607.49
10 10.06 145.81 66 43.78 634.81
12 10.73 155.57 68 45.73 663.11
14 11.43 165.76 70 47.76 692.45
R290 pressure temperature chart
R290 R290
Temperature Pressure Pressure Temperature Pressure Pressure
(°C) (barg) (psig) (°C) (barg) (psig)
-40 0.10 1.42 -30 0.67 9.65
-38 0.20 2.86 -28 0.80 11.62
-36 0.30 4.40 -26 0.95 13.7
-34 0.42 6.04 -24 1.10 15.93
-32 0.54 7.79 22 1.26 18.28
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R290 R290

Temperature Pressure Pressure Temperature Pressure Pressure

(°C) (barg) (psig) (°C) (barg) (psig)
-20 143 20.77 26 8.75 126.91
-18 1.61 23.39 28 9.26 134.20
-16 1.80 26.16 30 9.78 141.77
-14 2.01 29.07 32 10.32 149.61
-12 222 32.15 34 10.88 157.73
-10 244 35.38 36 11.46 166.16
8 2.67 38.77 38 12.06 174.86
6 292 42.34 40 12.68 183.87
4 3.18 46.08 42 13.32 193.20
2 3.45 50.00 44 13.99 202.84
0 3.73 5411 46 14.68 212.82
2 4.03 58.41 48 15.39 223.11
4 4.34 62.90 50 16.12 233.74
6 4.66 67.60 52 16.88 24472
8 5.00 72.50 54 17.66 256.06
10 5.35 77.62 56 18.47 267.74
12 5.72 82.95 58 19.30 279.81
14 6.10 88.52 60 20.16 292.25
16 6.50 94.31 62 21.04 305.07
18 6.92 100.33 64 21.95 318.28
20 7.35 106.60 66 22.89 331.91
22 7.80 113.11 68 23.86 345.94
24 8.27 119.88 70 24.86 360.40

R717 pressure temperature chart

R717 R717

Temperature Pressure Pressure Temperature Pressure Pressure

(°C) (barg) (psig) (°C) (barg) (psig)
40 0,30 429 -20 0.89 12.87
-38 -0.22 -3.13 -18 1.06 15.41
-36 -0.13 -1.86 -16 1.25 18.13
-34 -0.03 -0.49 -14 1.45 21.04
-32 0.07 1.01 -12 1.67 24.15
-30 0.18 2.63 -10 1.89 27.46
-28 0.30 4.38 8 2.14 31.01
-26 0.43 6.27 6 2.40 34.78
24 0.57 8.31 4 2.68 38.79
-22 0.72 10.51 2 2.97 43.05
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R717 R717

Temperature Pressure Pressure Temperature Pressure Pressure

(*C) (barg) (psig) (*C) (barg) (psig)
0 3.28 47.57 36 12.89 186.86
2 3.61 52.37 38 13.70 198.59
4 3.96 57.45 40 14.54 210.84
6 4.33 62.82 42 15.42 223.62
8 4.72 68.50 44 16.34 236.93
10 5.14 74.49 46 17.30 250.81
12 5.57 80.82 48 18.29 265.24
14 6.03 87.48 50 19.33 280.24
16 6.52 94.50 52 20.40 295.86
18 7.03 101.88 54 21.52 312.08
20 7.56 109.65 56 22.69 328.93
22 8.12 117.80 58 23.89 346.42
24 8.71 126.35 60 25.14 364.57
26 9.33 135.31 62 26.44 383.39
28 9.98 144.71 64 27.79 402.91
30 10.66 154.56 66 29.18 423.14
32 11.37 164.85 68 30.63 44408
34 12.11 175.61 70 32.12 465.77
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Capital Goods and Manufacturing
R&ACT - Refrigerant

Exercise 1.14.81

Demonstrate safe handling refrigerant cylinder and king valve

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

* handling of refrigerant cylinder safety
* operate refrigerant cylinder valves
¢ identify the readings in the pressure gauge.

Requirements

Tools/equipment Materials

+ Valvekey -1 No. + Cottonwaste -asreqd

* Refrigerantcylinder -1 No. * Handgloves - 1pair

» Electronic weight machine -1 No. - OQill -asreqd

» Adjustable spanner200mm + Goggles - 1No.

pressure gauge - 1No. * Charging hose - 1No.

TASK 1: Handling of refrigerant cylinder safety.
1 Never drop cylinder or permit them strike each other 8 Do nottamper with the safety devices in the valves or

violently.

2 Never use lifting magnet or a sling (rope or chain) to
handle cylinders.

3 Caps on refrigerant cylinder are provided for valve
protection .Always keep the caps on the cylinders
except when the cylinder are being used.

4 Whenever refrigerant is discharged from a cylinder,
always weightthe cylinderimmediately and record the
refrigerant remaining in the cylinder.

Never attempt to mix gases in a cylinder.

6 when a cylinder has been emptied close the cylinder
valveimmediately to preventthe entrance of air, moisture,
ordirt. Also, be sure toreplace the valve protection cap.

7 Never use cylinders for any purpose other than their
intended purpose. Do not use cylinders as rollers and
supports.

cylinders.

Open cylinder valves slowly. NEVER use wrenches or
othertools exceptthose provided by the manufacturer.

10 Be sure the threads onregulators or other connections

that do not fit.

11 Always use the correct pressure gauges and regulator

with the gas cylinders for which they were intended.

12 Never attempt to repair or alter cylinders or valves.

13 Store cylinders in a cool, dry place, in an

Upright position neverallow a cylinders to be subjected to
temperatures, above 130°F.

14 Refrigerantcylinders should never befilled over 80% of

their capacity [liquid expansion may cause the cylinder
to burst.

TASK 2: Operating refrigerant cylinders valves
1 Place the cylinders on the work table .
2 Place the cylinder on the work table vertically.

3 Remove the end dummy cap from the valve using a
adjustable wrench

4 Connect one end of the charging hose with the valve
port.

5 a) Connect other end of the charging hose to the
compound gauge

b) Slighly loosen the hose connection at the compound

© 0 N O

gauge purge some of the air by cracking open the
cylinder valve for a second and close again.

Ensure both ends of the charging hose are tight fit.
Ensure that there is no error in the compound gauge.
Place the valve key over turn the cylinder valve.

To open the cylinder, turn the valve key slowly at
anticlockwise direction.
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TASK 3: Identify the readings in the pressure gauge.

1 Watch the pointer of the compound gauge moves
towards high pressure

2 Observe the pressure reading seen in the compound
gauge in kg/cm2

3 To close the cylinder, turn the valve key to clockwise
direction.

4 Disconnect the charging hose with the cylinder

Fig 1

COMPOUND GAUGE

CYLINDER KEY

VALVE STEM

CYLINDER
SERVICE VALVE

VALVE PORT

\ REFRIGERANT

CYLINDER

P

IDENTIFY VARIOUS REFRIGERANTS WITH CYLINDER AND VALVES.

MRN23128H1
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Capital Goods and Manufacturing
R&ACT - Refrigerant Exercise 1.14.82

Recover CFC recovery pump and cylinder on CFC filled domestic refrigerator

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

» pierce and access the sealed system

* usetherefrigeration system’s compressorto pump out the refrigerantin the systeminto the recovery cylinder
* use a recovery machine to extract refrigerant from a sealed system.

Requirements

Tools/Instruments Equipments
» Piercingvalve -1No * Refrigeratorwith CFC charge of
* Recoverycylinder (2kg) -1No about200 grams. -1No
*  Vacuumpump -1No » Alternatively,awindowroomA.C (ITR/1.5TR)
*  Weigh scale (0.5 kg) -1No which has about 850 gram HCFC 22 charge -1 No
« 2way Gauge manifold -1No .
« Stop watch -1No Materials
¢ Bucket containing crushed ice -1No

Refer Ex : 1.14.78
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Capital Goods and Manufacturing

R&ACT - Thermal Insulation

Exercise 1.15.83

Identify different insulating materials (PUF and polyurethane)

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

* identify insulating foam
» perform safety precaution.

Requirements

Tools/Instruments Materials
» Trainees tools kit -1 No. + Cottonwaste -asreqd,
Equi t * Gloves -1 No.
quipments . gogg|es -1 No.
» Oldrefrigerator -1 No.
PROCEDURE

TASK 1: Identify insulating foam

1 Take any one refrigerator unit cabinet
2 Removedoorgasket

3 Remove the inner liner using any sharp tools

TASK 2: Perform safety precaution.
1 Polyurethane form cannot be refilled
2 It is highly is flammable so avoid fire

3 ltis filed by mixing two solution at instant use

4 Cut a piece of insulting materials out

Identify it and note physical properties.

Fig 1

MR20N11083H1
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Capital Goods and Manufacturing
R&ACT - Thermal Insulation

Exercise 1.15.84

Fill with insulation material - PUF and glass wool in refrigeration

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

* remove and fill glass wool insulating materials
* filling PUF
» safety precaution.

Requirements

Tools/Instruments Materials

« Screwdriver -1No glass wool -as rqu

«  Combination piler -1No otton waste -asreq

Equipments PUF chemical - as reqd
Plastic container -1No

+ Refrigerator -1No Wooden stick one meter long -1No
Handgloves -1No
Goggles -1No

PROCEDURE

TASK 1: Remove and fill glass wool insulating materials

1 Remove side strip from the cabinet,

2 Removeallinsulating materials and collectitin container.

Record the quantity of glass wool taken after weighing

it.

4 Take same quantity of glass wool, fillinto the refrigerator

cabinet using wooden stick.

TASK 2: Filling PUF

Polyurethane foam is the result of a reaction
between two liquid components - poly of and
poly of and polyisocyanate which produces air-
filled micro capsules.

1 Prepare the space tofill PUF ravinginnerlinerand outer

shell with out gap.

2 Maketwoopenings at the top one for pausing foamand

otherforvent.

TASK 3: Safety precaution

1 DoNothandle glass wool withoutwearing hand gloves

and goggle.

2 Donotleave any gap between inner and outer cabinet

oftherefrigerator.
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Press it for proper filling with hand gloves.

Ensure all sides of the cabinet covered with glass
wool.

Fixandtightallthe side panel screws after the cabinet
filed with glass wool.

Take a plastic container and pour two chemicals equal
amount as per manufacture and stir for some time.

When it bubbling pour it in to the cabinet carefully.

Excess form will come out through vent and pausing
openings

Allow it to settle and become harden

After completion of filling glass wool put panel or bottom
panel to be screwed.



Capital Goods and Manufacturing
R&ACT - Window Air Conditioner

Exercise 1.16.85

Acquaint with mechanical and electrical components used in window A/C

Objectives: On completion of this exercise you shall be able to

identify electrical parts
identify mechanical parts

* acquainting all electrical components used in window A/C

identify remote and PCB central

Requirements

Tools/Equipments/Instruments Materials
 Trainee’skit -1 No. « Capacitors
+ Testboard -1 No. * Relay

* Testlamp with 200 watts

* OLP (2 & 3 terminal)

* Multimeter/ohmmeter -1 No. + Insulationtape
* Linetester -1 No. » Terminal Clips
*  Knife -1 No. « Two p|n p|ug
Equipments/Components

*  Complete system of window A/C -1No.

-1 No.
-1 No.
-1 No.
-1roll
-1 box
-1 No.

PROCEDURE:

TASK 1: Identify electrical parts of window A/C

1

Identify the electrical components (Fig 1)

2 Record the name of electrical components and the
functions in the table 1 of record sheet.

Fig 1
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RECORD SHEET

Table 1 Table 2
Label No. | Name of the identified | Function Label No. | Name of the identified | Function
component/part component/part
(Electrical) (Mechanical)
A F
B G
C H
D I
E J

TASK 2: Identify mechanical parts of window A/C

1 ldentify the mechanical compnents (Fig 1) 2 Record the name of mechanical components and the
function in the table 2 of record sheet

TASK 3: Acquainting all Electrical components used in window A/C.

1 Remove A/C from shall and place on work bench.

Fig 2

2 Removeairfilter.

Clean the unit and identify selector switch, thermostat

switch, relay, starting capacitor, running capacitor,

overload protector.
Selector switch
1 Control the power supply to all components
2 Check the unitis manual controlled their only selector

(Fig 1) switch used.
3 Check with number of speed in fan motor.

Fig 1 g
8
=

Relay

1 Identify the relay is used in window A/C (Fig 3)

2 Connected between thermostatand compressor.

Fig 3

MR20N11186H1

SELECTOR SWITCH

Thermostat switch

1 Check the room temperature by stopping and starting
the compressor.

MRN24137H3

COMPRESSOR RELAY

2 Connected between selector switch and compressor
(Fig 2).
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Starting capacitor
1 Identify starting capacity in window A/C.

2 Check capacitance, itwillhigherthan running capacitor
(Fig4)

Fig 4

MRN24137H4

STANDING CAPACITOR

Fig 5

@) @ O
N
0 (5 &

RUNNING CAPACITOR

MRN24137H5

Note: It should not kept on line more than 30

seconds

Running capacitor

1 Identify the running capacitor in window A/C.

2 Connected in unit permanently (Fig 5).

Overload protector: Identify OLP in window A/C (Fig 6).

Note: Protect compressor from high current
and high temperature.

Internal and external are two types.

Fig 6

OVERLOAD PROTECTOR

MRN24137H6

TASK 4: Identify remote and PCB control.

1 Identify PCB. Itis doing the function of selector switch,
thermostat and all controls.

2 Check the function of remote and display.

3 Change and set more functions according
manufacture. the relay will be good.

Capital Goods & Manufacturing: R&ACT (NSQF - Revised 2022) - Exercise 1.16.85
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Capital Goods and Manufacturing
R&ACT - Window Air Conditioner

Exercise 1.16.86

Trouble shoot and trace wiring circuit of window A/C

Objectives: At the end of this exercise you shall be able to
¢ identify the defective component of the domestic window air-conditioner

* tracing wiring circuit.

Requirements

Tools/Equipments

not start”
» Trainee’s tool kit
* Testlamp
e Multimeter
*  Megger

* Voltage stabiliser
Material/Components

» Starting capacitor

*  Window air-conditionerwith
the symptom “Compressor does

+ Tongtester -1No

» Trichlore ethylene -asreqd

+ Cottonwaste -asreqd
-1 No * Insulationtape - 1 Roll
-1 No *  Wire clip - 1Dozen
-1 No + Flexible wire
-1 No + Tagsforwire
-1 No » Selector switch -1No
-1No + Overload protector -1No

* Relay -1No

» Thermostat -1No

-1No

TASK 1 : Trouble shoot

Trouble shooting chart for "Compressor does not start"

Thermostat contact open

Selector switch contacts open

Neutral wire open

Starting capacitor burnt out

Overload protector trip

Bimetallic contact burnt out

Compressor inter terminal
connector open

Main winding short circuited

Starting winding short circuited

Probable defect (s) Causes /Reasons Remedial measures
Fuse blow down - Low voltage - Ensure all supply leads
- High Ampere - Connect tightly
- Loose connector - Replace fuse

- Volatile gas leakage
- Feeler capillary tube broken
- Mishandling

- Switch spring broken

- Wiring short circuited

- Wrong starting capacitor

- Relay contact burnt out
- Low voltage

- High Ampere
- High voltage

- High Ampere drawn by compressor

- Vibration
Loose base bolts

- High voltage
- High voltage

- Replace thermostat
- Ensure proper handle
- Thermostat feeler capillary tube

- Replace selector switch

- Ensure proper wiring and proper
connection in neutral wire in the circuit

Choose correct value of starting
capacitor as per manufacturer’s
instruction

- Replace relay
- Use voltage stabiliser

- Wait few minutes for OLP reset

- Replace OLP

- Ensure tight all loose bolts

- Use automatic voltage

- stabiliser with high voltage cut off.
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Trouble shooting chart for compressor trips frequently

Probable defects

Causes/reasons

Remedial measures

Overload protector trips
frequently

Defective running capacitor

Starting capacitor weak

Starting capacitor burst out

High head pressure

Starting winding held in circuit
too long

Compressor motor winding weak
Bearing and piston too tight
Incorrect wiring

Low voltage

Excess load in room

High current drawn by compressor
Relay contact welded

Relay contact struck up
Misselection of relay
Misposition of relay

Bimetallic strip weak

OLP heating element broken
Loose connection in OLP

High voltage
Misselection of running capacitor

Low voltage
Compressor short cycling
Relay contact welded/struck up

Low voltage
Relay contact welded/struck up

Discharge reed partly closed
Discharge line partly blocked

Air/non-condensable gas present

Refrigerant overcharging

Condenser blocked

High ambient temperature
Condenser fins blocked
Condenser fan motor defect
Low/high voltage

Replace winding

Replace winding

Replace worn out parts

Ensure correct wiring

Use voltage stabiliser

Ensure correct capacity of machine

Replace relay

Replace relay

Ensure proper selection of relay
Correct position in relay

Replace OLP

Replace OLP

Ensure tight in all connection of OLP

Use voltage stabiliser
Select correct capacity of running
capacitor

Use voltage stabiliser
Replace starting capacitor
Replace relay

Use voltage stabiliser
Replace relay

Replace discharge valve

Cut open the discharge line.

Remove the block and reconnect the
line and braze it.

Ensure sufficient cleaning, flushing

and evacuating the system before

gas charging

Cut open and remove excess refrigerant,
ensure correct quantity of gas and seal
the gap of charging line.

Clean/flush the condenser

No remedy

Clean the condenser fins
Repair/replace fan motor

Use voltage stabiliser

Record sheet

Manufacturer’s details for conventional type refrigerator :
Reported defect/complaint

Identified complaint/fault

SI. No Defects Identified Identified causes Remedial Parts/Components
for the defect measures replaced
taken
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5 Condition of the conventional type refrigerator after repairing the reported defect/complaint.

6 Time taken to repair for the reported defect/complaint.

7 For additional information.

TASK 2: Trace wiring circuit

1 Ref(Fig1,2,3&4) carryoutthe work as perthe diagram

Fig 1
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L —t—
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OVER LOAD

RELAY

BLOWER MOTOR

Fig 3
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colL 2
w
3 Y2 RUN
QgL CAPACITOR
i CONTACTS
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START
{ \~~ CAPACITOR

HEATER

CSR CIRCUIT DIAGRAM

MRN24139H3

FAN MOTOR AND COMPRESSOR ELECTRICAL WIRING CIRCUIT

1 2
:i (;\F
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MOTOR
T T T
s R C
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STARTING RUNNING e
CAPACITOR CAPACITOR g
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Fig 2 COMPRESSOR
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Fig 4

HEATER

CAPACITOR
20 MFd

START
CAPACITOR
80 MFd
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(A)
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TEST COMPRESSOR WITHOUT RELAY

C | COMPRESSOR

MRN24139H4
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Capital Goods and Manufacturing
R&ACT - Window Air Conditioner

Exercise 1.16.87

Leak testing evacuation and gas charging in window A/C

Objectives: All the end of this exercise you shall be able to
* test the leak in refrigeration system of a window A/C

* evacuate refrigeration system of a window A/C

» charge the refrigerant in hermetic system of window A/C

* check the performance of window A/C.

Requirements

Tools/Instruments

* N2 cylinder with 2 stage perregulator -1 No
* Flaringtool -1No
* Brazingequipments -1No
» Gauge manifold -1No
» DEspanner -1 Set
* Adjustment spanner 6" -1No
» Charginghose -2 Nos
» Cuttingplier -1No
» Cylinderkey -1No
*  Vacuum pump 2 stage -1No
*  Weighingscale/platform -1No
* Pinchoff plier -1No
» Tong tester -1No
» Sling sychrometer -1No
Materials/Components

* Annealed cu tube 6mm -1No

* Flare nutbrass 6mm -1No

» Straight union 6mm -1No

» Brazingrodsilver/copper -1No

+  Water tank -1No

»  Soapwater -asreqd
» Eyegoggles -1No

» Handgloves -1No

* Emerypaper -1No

» Charging pipe /4" pipe 6'large -1No

» Brazing rod flux -asreqd
» Cottonwaste -asreqd
* Anglevalve 6mm -2 Nos

* Refrigerant -asreqd
Equipments

*  WindowA/C -1No

PROCEDURE

TASK 1: Test the leak in refrigeration system of window A/C.

1 Connectgauge manifold in to the window A/C charging
line and H.P process line as in Fig 1.

2 Make sure that all thread/screw points are in tight fit
position.

3 ConnectN,cylinderlinewithgauge manifold using charging
line.

4 Openthe Nitrogen cylinder valve using valve key.

Regulate the pressure to 50 psig in the pressure regulator
and increase after step by step up to the test pressure
level.

6 Open the knob of HP (High pressure) port of gauge
manifold by turning the knob gently in anti clockwise
direction.

7 Observethe Nitrogen gasflowingintothe systemthrough
notice the reading in the HP gauge of manifold.

8 Allow the Nitrogen flow for 15-20 seconds
9 Closethemanifoldvalves.

10 Observethereadinginthe pressure gauge (HP)manifold.

11 Ifthe pressure notreached 300 psig again allow Nitrogen
flowinto the system through opening the knob of manifold.

12 Close the knob of gauge manifold

13 When the pressure reached 300 psig, close the valve of
Nitrogen cylinder, loose the regulator knob.

14 Takethe drybulbthermometerandfind the temperature
of ambient air.

15 Note down the time

16 Tabulate the readings in the tabular column Table (1)
which is given at the end of this exercise.

17 Removethe charginghose llwhichinter connects gauge
manifold and Nitrogen cylinder.

18 Close the intermediate port of manifold by dummy nut
brass 6 mm.

19 Observe the reading for 24 Hrs.

20 Applysoap solution onallleak possible spotand conform
no leak.
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Fig 1
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TABLE1

SI. No. Time

N2 pressure

Room temperature

TASK 2 : Evacuate the refrigerant system of window A/C

Vent the N2 pressure through charging port.

Connectthe vacuum pump through the changing port of

the gauge manifold.
Open both hand valves of gauge manifold.

Switch on the vacuum pump.

Observe thereading and leave the system asitis for 3to
4 hours without any disturbance.

Observeandrecord the vacuumreading onthe compound
gauge of the manifold.

Close hand valve of gauge manifold and stop the vacuum
pump.

TASK 3: Charge the refrigerant in hermetic system of window A/C

1

204

Connectservice cylinderwith gauge manifold and purge
changingline.

Keep the cylinder on weighting scale and note down the
weight.

Note the weight of gas to be changed, given by
manufacturer.

Calculate the final weight of cylinder by subtract weight
to be charged from service cylinder weight and note
down it.

Open gauge manifold valves and service cylinder valve
slowly.

»

8
9
10

11

Wait for weighting scale reading come to final weight.

Close the gauge manifold valves and then close the
cylindervalve.

Wait two minutes and start the unit.
Run the unit 5 minutes check current and pressure.

Pinch both process lines two places at one inches gap
and cut the lines using tube cutter.

Braze the mouth and check the performance
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Fig 2
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TASK 4: Check the performance of Window A/C

1 Insertthe unit into outer cover. 6

2 Run the unit atleast 2 hrs after gas charging with fully

loaded

Now record the evaporator and room temperature.

Record starting and running currentin table
Check the grill temperature it should be 45°F to 55°F

TABLE2

Check fan motorampere and check compressor current

and note it in Table 2.

Check air flow in Air conditioner (ITR =400 cfm)

Compare the air flow with name plate detail

Check air filter and dampers for proper functioning.

Sl. No.

Time

Room temperature

Evaporator temperature

Current
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Capital Goods and Manufacturing
R&ACT - Window Air Conditioner

Exercise 1.16.88

Installation of window A/C

Objectives: Atthe end of this exercise you shall be able to
* inspect window A/C
¢ install window A/C.

Requirements

Tools/Instruments

+ Traineeskit

+ Tongtester

* Hammerballhead

» Longscrewdriver 14"

« Cuttingplier

 Drillingmachines (Hand drilling machine)
* Inchtape

« Spiritlevel

* Thermometer

Equipments

Materials

* PVC insulation tape 12 mm width -1 roll

+ Voltage stabilizer 3.0 KVA -1No

» Cleancloth/sponge - 1 piece

Window A/C with outer cover

Marker (small one)

Note: Before you start install the A/C unit, provision should have made for window cutting, wall opening
wooden frame. Fix all above work to be completed by carpenter through specification.

PROCEDURE

TASK 1: To inspect window A/C

1 Unpack the window A/C with from carton box and
remove front grill by unscrew the screws.

2 Pullout the unit from outer cover.

Remove packing clamps and packings from the system.

Observe any oil tracing in and if found reject the unit.

Task 2: Install window A/C

1 Fixthe outercoverinside the wooden frame with alittle
slope towards backside and screw it .

2 Insert the window unitinside outer cover gently.

3. Arrange power pointnearthe unitand give power supply
through suitable stabilizer.

4  Fix air filter and front grill run the unit continuously for

one hour.

5 Check grill temperature, room temperature, ambient

temperature and current drawn by the unit and note
down it.

Fig 1
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MRN24141H1
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Capital Goods and Manufacturing
R&ACT - Split A/C Exercise 1.17.89

Identify various components of split AC floor, ceiling, ductable and multi split
A/C

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

¢ identify mechanical and electrical components to of split A/C.

* identify mechanical and electrical components to duct-able A/C unit

* identify mechanical and electrical components of ceiling mounted split A/C.

Requirements

Tools/Instruments Equipments

« Traineeskit -« Split AIC -1No

+ LineTester + Duct able split A/C -1No
PROCEDURE

TASK 1: Identify Mechanical and electrical components of Split A/C

1 Remove the plug from the unit 4 Unscrew the condensing unit outer cover and control

Remove the grill (front panel) from the cooling unit panel covergiiggpgave it

Identify the labelled components (Fig 1&2)and record
the name ofthe components and functionsinthe Table
1 of record sheet.

3 Trace wiring, suction and liquid line up to condensing
unit.

Fig 1 6 Refit the grill control panel cover and condensing unit
outercover.

Table 1

Label No. Name of the identified
Component/part

MRN25145H1

Fig 2

SPLIT AIR-CONDITIONER OUTDOOR UNIT

MRN25145H2
o
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Fig 4

YHSYL GZNHN

CASSETTE MOUNTED SPLIT A/IC

Fig 3
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ANTIMICROBIAL AIR

FILTERS

TASK 2: Identify mechanical and electrical components of duct-able A/C unit

1

6 Unscrew the condensing unit outer cover and control

Remove the plug from the unit

panel coverand remove it

2 Remove front grill & other fittings drain out etc.

Identify the labelled components Fig 6 and record the

7

3 Removethe supply ductand returnductassembly from

name ofthe components and functionsin the Table 2 of

record sheet

the indoor unit

8 Refitthe grill, control panel cover, indoor unitcoverand

4 Remove the side cover from the indoor unit

condensing unit cuter cover.

5 Tracethewiring suctionand liquid line up to condensing

unit

OUTDOOR UNIT

INDOOR UNIT

Fig 6
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7 AIR OUTLET
8.E-BOX

1.AIR OUTLET
2 AR INLET

9HSYLGZNEIN

9.WIRE CONTROLLER
10.REFRIGERANT PIPE

11.DRAIN HOSE

4 AIR FILTER(INSIDE AIR-IN GRILL)
5.HEAT EXCHANGER

3.AIR INLET(SIDE AND REAR)
6.AIR INLET
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Fig 5
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Table 2
Label No. Name of the identified Function Label No. Name of the identified Function
component/part component/part

1 7

2 8

3 9

4 10

5 1

6
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TASK 3 : Identify mechanical and electrical components of ceiling mounted split A/C

1 Remove the plug from the unit. 5 Identify the labelled components (Fig) and record the
. - name of the components and functions in the table of
2 Remove front grilland other fittings.
record sheets.

Identify the labelled components and record file name

component and functions in the task to record sheets 6 Refitting the grill, control panel cover, indoor unit cover

and condensing unitover cover.

4 Un screw the condensing unit outer cover and control
panel coverand removeit. Fig 2

bovonniong)
Lornioniiin))

FAN MOTOR

SRAGE TURBO

MRN25151H2

PANEL

GRILLE COVER

MRN25151H1

S.NO Mechanical parts name Electrical parts name
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Capital Goods and Manufacturing
R&ACT - Split A/C

Exercise 1.17.90

Identify electrical circuit of wall mounted split A/C

Objective: Atthe end of this exercise you shall be able to

* identify electrical circuit of split A/C unit.

Requirements

Tools/Instruments Equipments

» Screwdriver -1No « Split A/C system -1No

* Tester -1No Materials

- Cutting plier -1 No atert

* Noseplier -1No *  Wires

» Spanners(D.E) » Cottonwaste -asreqd
12mm, 13mm, 14mm, 15mm. -1 set * Insulationtape -1Roll

» Screwspanner

PROCEDURE

TASK 1: Identify the electrical circuit of wall mounted split A/C

1 Switch off the unit and remove plug from the socket

2 Remove the grill front panel from the indoor unit.

3 Remove the panels from the outdoor unit.

4 Short the capacitor, if present in the circuit.

5 Identify the circuits given below.

Fig 1

PUSH BUTTON SWITCH ()

INDICATOR|
LAMP

230 - VOLTS - 50HZ

MODEL WIRING CIRCUIT

MR20N11292H1
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Fig 2
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Capital Goods and Manufacturing
R&ACT - Split A/C

Exercise 1.17.91

Test different components and fault findings in split A/C

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

carry out a test on fan motor
carry out a test on capacitor
carry out a test on relay

carry out a test on OLP

carry out a test on compressor
carry out a check of wiring.

Requirements

Tools/Instruments

* Linetester -1 No.
*  Ohmmeter -1 No.
» Solderingiron -1 No.
Materials/components

+ Testcords -1 No.
+ Testboard -1 No.
* Testlamp with holder 200W -1 No.
* Insulationtape -1 roll

Complete system of an Air-conditioner -1 No.
Fanmotor -1 No.
Capacitor (run) 36 mfd -1No
Capacitor (start) 100 to 120 mfd -1 No.
Relay (potential) -1 No.
OLP -1 No.
Soldering wire & flux wire 3/20

each colour -2 mts
Clips -10 Nos.

PROCEDURE

TASK 1: Carry out a test on fan motor

D o0~ W N -

Prepare test cord with a 200 watts bulb in series
Plug the test cord to test board and ON

Touch both leads

If the bulb glows the circuit of test cord is completed
Disconnect electric supply of the A/C

Remove frontpanel

7
8
9

Disconnect fan motor leads from circuit.
Give power connection and runiit.

If it is run the fan motor in good condition.

10 If the fan does not run remove and service it.

11 Fix back the motor and check the alignment

TASK 2: Carry out a test on capacitors

1
2
3

Disconnect the running and starting capacitors
Short the capacitor leads to discharge

Check the capacitors with ohmmeter/multimeter

4

Connect the capacitor leads to power connection for
two seconds and short the capacitor leads. If the
capacitor is good it will spark.

TASK 3: Carry out a test on relay

1
2

Touch the series lamp leads to ‘5’ and '2' of the relay

Relay make a tic sound.

3

Touch test leads 5 to 1 relay make a chatting sound
then the potential relay is found correct.
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Fig 1 RELAY

TO COMPRESSOR
START " STARTING WINDING@
CAPACITOR

| ™~ RUN CAPACITOR

FROM THERMOSTAT

RUN CAPACITOR
RUNNING WINDING®

TO STARTING

COMPRESSOR '\ CAPACITOR
COMMON (C)

TEST LAMP-

MR20N11293H1

TASK 4: Carry out a test on OLP.

Switch OFF the unit. 8 Ifoverload doesnotcutin, checkforcause ofoverloading

_ oroverheading.
Remove the compressor terminal cover.

1
2
3 'ON'the testlamp Fig 1 oLp
4

Place testlampone probe to'1'and the otherto'3' of the “
overload.

The bulb will glow if continuity is available in overload.

If the bulb does not glows, this would indicate the (:]:
overload is open. Wait for 10 to 15 minutes to get cut @ AP
inoverload.

MR20N11291J1

OLP TEST WITH TEST LAMP

7 Ifitdoes not cut backin 10 to 15 minutes the overload
should be changed.

TASK 5: Carry out a test on compressor.
1 Check compressor motor for open circuit. 3 Check compressor motor for short circuit.

2 Check compressor motor for ground.

Fig 2

C - COMMON
S - STARTING WINDING
R - RUNNING WINDING

MRN25147H2
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Capital Goods and Manufacturing
R&ACT - Split A/C

Exercise 1.17.92

Leak testing evacuation and gas charging in split A/C

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

* test the leak in (floor/ceiling mounted) split air conditioner
» evacuate the split air conditioner
» gas charging in split air conditioner.

Requirements

Tools/Instruments

» Nitrogen cylinder with 2 stage

pressure regulator -1 set
» Gas brazing torch with hoses and

oxygen, LPG cylinder -1 set
» Gauge manifold with LP/HP gauges -1 No.

* Double ended spanner Nos. 6/7 to 20/22 - 1 set

* Adjustable spanner6"(15cm) -1 No.
* Flaring block with yoke - 1 set
» Painting brush 1" 25mm -1 No.
» Charginghose -2 Nos.
» Cuttingplier -1 No.
* Cylinderkey -1 No.
* Drybulbthermometer

(stem alcohol type) 0 - 100°C -1 No.
» Eyegoggles -1 pair
* Handgloves - 1 pair
*  Vacuum pump 2 stayed -1No

* Weighing machine -1No
» Tongtester -1 pair
» Halidetorch - 1 pair
» Refrigerantcylinder - 1 pair
Materials/Components
» Coppertube softannealed 24 swg
1/4" OD (6mm) -15cm
* Flare nut brass 1/4" (6mm) -1 No.
* Flare union brass 1/4" (6mm) -1 No.
* Flare dummy nut brass 1/4" (6mm) - 2 Nos.
» Brazingrod silver or copper -1 No.
» Plastic / metal mug 1 liter water volume -1 No.
* Anglevalve brass 6mmflare -1No
» suitablerefrigerant -2kg
Equipments
» Split type air conditioner -1 No.
(Floor/ceilingmounted)

PROCEDURE

TASK 1: Connect the system with gauge manifold and Nitrogen cylinder.

1

1

Make sure that all pipe joints, flare points are properly
brazed/ connected firmly

Openboth service valves open.

Connectone end of charging hose | to the gauge port of
liquid service valve

Connect the other end of charging hose | to high
pressure (HP) port of the gauge manifold.

5

Connectone end of charging hose Il tointermediate port
of gauge manifold.

Connectthe otherend of charging hose Il to the valve of
Nitrogen cylinder through two stage pressure regulator

Make the joints of charging hoses tighten by using
cutting pliers.

Connectcharging hose 3 between suction service valve
and L.P side of gauge manifold.

TASK 2: Charge Nitrogen gas into the system.

Make sure thatthe high pressure and low pressure (HP
& LP) ports of gauge manifold are closed by checking
the knobs

Openthe Nitrogen cylinder valve using valve key

Regulate the pressure to 50 psig in the pressure
regulator and increase after step by step upto the test
pressure level

Open both knobs of gauge manifold

Observe the Nitrogen gas flowing into the system
through identifying Nitrogen escaping from gauge port
of suction service valve

Observe the Nitrogen pressure starts to build up by
watching the reading in the high pressure gauge of
manifold.

Allow the Nitrogen flow for 20-30 seconds until the
pressure reaches to the limit (300 psig.)

Close the knobs of gauge manifold.

Ensure that the system has got Nitrogen pressure by
the reading on the pressure gauge

10 Close the Nitrogen cylinder and loose the regulator

knob.

215



11 Takethe drybulbthermometerandfind the temperature
ofambient air.

12 Note down the time.

13 Tabulate the readings in the tabular column | which is
given at the end of this exercise

14 Close the gauge manifold charging ports by flare dummy
nut.

15 Remove the charging hose | & Il from gauge manifolds
and Nitrogen cylinder

16 Observe the reading for 2A hrs.

Fig 1

WATER DRAIN TUBE

REFRIGERANT
LIQUID LINE

LEAK TESTING IN SPLIT AIR CONDITIONER

SERVICE VALVES

CHARGING HOSE - |

/ CONDENSER

AL

GAUGE
MANIFOLD

CHARGING HOSE - I

2 STAGE
PRESSURE

THREE WAY

CHARGING HOSE - Il

NITROGEN
CYLINDER

MRN25148H1

TASK 3: Test leak with soap solution.

1 Make the soap solution in a container by using soap
concentrate and pure water

2 Make lather in the solution with sponge

Apply the soap solution on the joints (screwed/threaded
and braced) by using brush.

4 Apply lather/foam on the joints by using sponge, if
necessary

5 Carefullywatchany Nitrogen bubbles escaping through
the leak spots

6 Check bubbles found at any joint (if it is screwed/
threaded joints arrestthe leak by using spanner/cutting
plier) mark the joint by using permanent market pen.

7 Arrest leak at the brazed joints, confirm the leak and
note down to carry out repairs.

8 conformthereisnoleak atanyjoints, leave the system
as itis, hold the pressure for next 24 hrs (1 day)

9 Release the N, present and braze the leaking point.

10 Cavy out leak testing again after 24 hrs remove the
scummy cap port of gauge manifold

11 Release N, gas by opening hand valves of gauge
manifold and perform vacuuming.

Table 1

SI.No Time

N2 pressure

Room temperature
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TASK 4: Connect the system with vacuum pump.

1

Connect one end of charging hose (i) to the high
pressure side (condenser outlet) and connectotherend
to HP(high pressure) port of gauge manifold.

Connect one end of charging hose (ii) to the low side
(compressor process tube) and connect other end to
the LP(Low pressure) port of gauge manifold.

Connectone end of charging hose (jii) to the intermediate
portof gauge manifold and connectthe otherendtoinlet
of the vacuum pump.

TASK 5: Handle and operate vacuum pump.

1

Confirmthe electrical power supply available (1 phase,
220V, 50Hz, AC)to the vacuum pump by using a online
testerand voltmeter/multimeter.

Plug in the power line of vacuum pump to the power
socket (Test board/switch board)

Switch ON the vacuum pump

TASK 6: Dehydrate the system.

This task is to be carried out after 2 hours from
the time of switched ON vacuum pump.

Tighten the charging hose connection by using cutting
pliers (for charging hoses), suitable size double ended
spanner (for flare nuts, flare unions, flare dummy nuts
etc.).

Make sure that the HP/LP knobs of gauge manifold
should be closed.

Open the valve knobs (HP and LP) gauge manifold by
one by one.

Observe the reading available on the compound gauge
of manifold. Ensure the pressure is reducing.

Leave the system as it is for 3 to 4 hours without any
interruption/disturbance.

Keep and maintain the distance between the heating kit
and surface of system (15 cm) always.

Take a heatingkit (Infrared lamp/Hot airgun) and switch
ON.

Make sure that the system is getting vacuum and the
vacuum pump is functioning.

Apply heat by heating kit uniformly to all areas of the
system-Refrigeranttubes, condenser coil, evaporator
coil, liquid line drierf/filter, capillary tube etc.

TASK 7: Evacuate the system completely.

1

Notice and observe the pressure reading on the
compound gauge of the manifold, it should be 100
microns or below (equivalent to -30 inches of Hg.)

Close LP/HP knobs of gauge manifold one by one.

TASK 8: Ensure the system evacuated.

1

Note the reading available on the compound gauge and
it should be not less than the vacuum level which is
achievedin previoustask (i.e.-30in Hg. orequivalent).

Note down the reading in the record sheet.

Caution: Avoid/take care when heating the areas
near electrical wirings / connections.

Continue the process for 30 min.

Leave the system as it is under vacuuming.

Switch OFF the vacuum pump and disconnect the
power plug.

Leave the system asiitis to hold vacuum for one hour.

Procedure 8 and 9 to be carried out quickly
(within 10 sec.) or as immediately as possible to
avoid air entry into the system at any cause.
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Record sheet

Name of the Unit : Split AC

Heatremoval capacity : Kcal/Hr

Model No. :

Table 2
SI. No. Date Time Vacuum Achieved Remarks
Evacuation Dehydration
Start End Start End Mic. in Hg.
Hrs.min | Hrs.min Hrs.min Hrs min Vacuum checked

Level ......
after .... hour

TASK 9: Charging the system

Charge gasimmediately after evacuation.

Connect one end of charging hose to the valve of
service cylinderand connectthe otherendtothe centre
portof gauge manifold.

Purge the charging hose-3 by lossening its end at the
centre of gauge manifold.

Observe andletthe refrigerantescape outat centre port
of manifold in the form of snow, them immediately
tighten the end of charging hose-3 and ensure that the

3 Open the service cylinder valve gently by turning the ; :
escape/release of refrigerantis arrested.
knob 1/2to 1 turn to anticlock wise direction using valve P '9 !
key.
Fig 3
/- g,
d
S d
N / k' CONDENSER
2T [
QM| .
’ y 2 =1
S Ul
b ‘a', LP/COMPOUND
TO INDOOR i;\:bjb HP GAUGE  cAUGE SERVICE
4 g HIGH SIDE
UNIT \;‘;’, @ 3%?;0 o CYLINDER
XA

—

CHARGE REFRIGERANT IN SPLIT A/C SYSTEM USING SERVICE CYLINDER METHOD

LOW SIDE
THREE WAY
SERVICE VALVES
CHARGING HOSE - lll CHARGING HOSE - |

CHARGING HOSE - lI

MRN25148H3

TASK 10: Charge refrigerant in to the system

Make the wiring ready to switch "ON" the compressor and fan motor when required.

Keep the evaporator of the AC unit facing inside of a closed room/test chamber (preferred size 3m length
X 3 m breadth X 3 m height)
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1 Open (partial) the low side and high side service
valves one by one.

2 Observetherefrigerantflow by feeling cold in charging
line and liquid line using hand/finger .

3 Observetherefrigerantflowalsoin LP and HP gauges
and ensure thatitis increasing from vacuum (LP gauge)
and 'O'level (HP gauge) to above 'O’ psig onwards.

4 Observe the hissing noise into the compressor during
the pressure isincreasing from vaccumto above positive
pressure level that indicates the vaccum is breaked.

Openthe service cylinder valve fully.
Fully open the valve knob LP sides of manifold.

7 Allowthe refrigerantflow tillitreaches 30-50 psigin the
LP gauge of manifold. Thenimmediately close the L.P
valve of gauge manifold.

8 Testtheelectrical power supply available and voltage is
180-230 volts by using a tong tester

10 Observethatthe compressoris working by hearing the
mild noise and by measuring the amperage/current
using tong tester. It will be below than the full load
currentvalue which can be found from the manufacturers
data.

(Note: Full load current values (amps) for some
(1 phase) compressors are as follows.

S.No.| Capacity Refrigerant Fullload Power
Current (KW)
(in Amps)
1 1.0TR | R-22 6.8 1.45
2 1.5TR 9.1 2.0
3 20TR 13.6 2.8

12 Observe the reading on the LP gauge and ensure itis
‘O’ orabove ‘O’ psig level.

Ifthe pressure inthe LP gauge shows below ‘O’
psig level, then immediately turn the selector
switch to FAN position and ensure the
compressoris OFF.

Precharge additional refrigerant by reopening
the angle valve (any one side) for 5-10 seconds;
then turn the selector switch to ‘cool’ position.

Keep away heating/cooling appliances if any,
presence near the appliance/system.

13 Open (more) the low side service valve to allow the
refrigerant sucked by the compressor.

15 Observe the pressure readings onboth LP & HP gauges
and current drawn by the appliance/system.

16 Observethe cooling effectinthe low side air (supply air
tothe room)and heating effect’in the high air. (Exhaust
air to the ambient)

17 Observe the level of heatonliquid line by touchingitby
hand/fingers; it may be above ambient temperature.

18 Allow the refrigerant flow till sweating (moisture
condensation) of suction line or suction and discharge
pressure reaches to desired limits.

For A/C application with R-22/410/417C refrigerant
Suctionpressure ... 77 psig
Discharge pressure .... 300 psig

Current drawn . Refer

Note of procedure 10

19 Close the low side valve knob of manifold.

20 Observethefinalreadings of suction pressure, discharge
pressure and current consumption and record the
values in the tabular column/record sheet.

21 Closethe service cylinder valve using wrachetkey and
cap with dummy nut.

22 Remove the charging hoses (I, Il, lll) from wherever
these are connected.

23 Testthe cylindervalve forany leaks using soap solution.

If any leak found at outlet of valve, close the
stem tightly till the leak arrested.

24 Measure the weight of cylinder using a weighing scale
andrecord the value.

25 Let the appliance/system to work for some time.(1
hour)

26 Measure indoor and outdoor air conditions (dry bulb
temp. DBT & wet bulb temp. - WBT) using a sling
psychomotor.

Keep constant load to the appliance/system
during charging process to facilitate setting of
low and high side pressures correctly.

Keep the service cylinder into the warm water
bath to improve the refrigerant flow during low
ambient conditions. (below 25°C).

General note on charging process

1 While using service cylinder, Low Pressure (LP) and
High Pressure (HP) of the system carefully to be
watched to correctly judge the charge is complete.

2 If the refrigerant is disconnected before or after, long
time reaching therequired pressures. Under charge or
over charge may occur which will resultin poor system
performance.
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Name of the appliance

Record Sheet

: Floor/ Ceiling mounted/Split AC

Coolingcapacity ... K.Cal/hr
Date
SI| Time | Indoor Outdoor | Pressure |Voltage| Current Cylinder Net Air
No condition| condition | Kg/cm?/ Weight Refrigerant | Velocity
(°C) (°C) (psig.) (Kg) charge
Hrs/min| DBTWBT| DBT| WBT LP | HP Volts | Amps Before | After (Kqg) m/sec
charge | charge
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Capital Goods & Manufacturing
R&ACT - Split A/C

Exercise 1.17.93

Troubleshooting in split A/C

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

* install ODU and IDU of split package A/C unit
* trouble shooting in split A/C.

Requirements

Tools/Instruments

* 12" pipe wrench -2 Nos * L-Allen key - 1 Set
* 14t021and 24 to 27 double * Flaring tools -1 No.
ended spanners - 1 Set each. .
+ Valve key 6.4 mm -1 No. Matertals
- . ean cloth
» Spiri Igvel -1No. * Insulating material - as per need
*  Charging hoses -2 Nos + Nut - bolts - as per need
» Tongtester -1 No. Equipment
* Linetester -1 No.
» Compound gauge -1 No. » Split package A/C with ODU and IDU
« Pressure gauge (0 to 30 kg/cm?) -1 No. + Drillmachine -1 No.
* Measuring tape 5 mtr -1 No.
 Drill bit - as per need
PROCEDURE

TASK 1 : Install ODU and IDU of split package A/C unit

1 Find a suitable location to install ODU (refer ex -No.301)

2 ldentify the pipe sitings between ODU and IDU as per
the installation manual.

Identify the site of the ducts to be used.

Cut out the holes for supply air duct and return air duct
as per the determined duct sites.

5 Place the ODU on a solid, permanent, corrosion and
weather - resistant plat form. Check the flatness of
plat form.

Note : A concrete pad constructed according
to the following dimensions is recommended
6” thick 48” wide and 60 long with apron in
front condenser coil.

6 Coat the bottom of the unit with liquid or semi liquid
water proofing compound such as cement or hot tar.

TASK 2 : Troubleshoot and repair split AC

7 Install the air handling unit with cooling coil and blower
along with blower motor.

8 Join the condenser outlet from ODU with the A-type
cooling coil inlet through flaring nut.

9 Connect the suction line between A-type cooling coil
and compressor by flaring nut or brazing.

10 Install an air filter in the path of return air to A-type
cooling coil.

11 Insulate all the pipings and ducts with proper insulating
material (refer ex - 264)

12 Use a vibration isolator between AHU and supply air
duct.

13 Operate and check the performance of the unit.
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Condenser fan motor runs, but compressor hums and will not start

Failure of one phase
(Three phaseonly)

Defective start capacitor
(Single phase only)

Defective potential relay.
(Single phase only)

for existing conditions.

Test lamp or voltmeter indicates no
voltage from one phase to ground.

Starting capacitor does not indicate
rated capacitance.

Potential relay contacts do not close
for starting

Cause Symptoms Remedy

Lowvoltage Testlamp or voltmeter indicates Checkline voltage. Determine the
inadequate voltage atcompressor. location of the voltage drop.

Faulty wiring Testlamp or voltmeter indicates Check wiring and make necessary
inadequate voltage atcompressor. repairs.

Defective compressor Testlamp or voltmeter indicates Replace compressor.
adequate voltage available at
COmMpressor.

High head pressure Higherthan normal head pressure Check head pressure and complete

operation of system to remove the
cause of high pressure condition.
Check fuses and wiring.

Replace capacitor.

Replace potential relay.

Compressor will not start

Cause

Symptoms

Remedy

Thermostat setting too high

Highhead pressure.

Defective pressure switch

Loss of refrigerantcharge

Thermostat setting above the room
temperature.

Starter overload cuts out.

Pressure switch contacts remain
"Open"regardless or pressure.

Pressure switch contacts "Open".

Reset thermostat below room
temperature.

Reset slarter overload and determine
cause of high head pressure.

Repair or replace pressure switch.

Check system for leaks, repair and
recharge system.

Incorrect setting of low
pressure side of pressure
switch.

Lowrefrigerantcharge.

Defective overload.

Compressor cycling on low pressure
switch.

Compressor cycling on low pressure
switch.

Compressorcyclingonoverload

Compressorfrozen Electrical system in operating Repairorreplace compressor.
condition with adequate voltage at
the compressor.
Compressorshort-cycles
Cause Symptoms Remedy
Defective thermostat. Thermostat differential too close. Replace thermostat.

Reset low pressure switch differential.

Check system for leaks, repair and add
refrigerant.

Replace overload.
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Dirty oriced evaporator.

Evaporatorblowerand
motor belts slipping.

Compressor cycling on low pressure
switch.

Compressor cycling on low pressure
switch.

Cleanordefrostevaporator.

Tighten or replace bells.

Dirty or plugged air fitters. Compressor cycling on low pressure Clean or replace airfilters.
switch.
Compressorruns continuously
Cause Symptoms Remedy

Excessive load.

Airornon-condensable
gases in the system.

Thermostat setting too low.

in conditioned area.
Dirty condenser.

Condenserblowerand
motor belts slipping.

Low refrigerantchange.

Overcharge ofrefrigerant.

Compressor valves leaking.

Expansion valve or starter
plugged

High dry bulb or wet bulb temperature
in conditioned area.

Higherthan normal head pressure.

Lowerthannormaltemperature

Higherthan normal head pressure.

Higherthan normal head pressure.

Lower than normal suction pressure.

Higherthan normal head pressure.

Pressures equalize rapidly when the
system is turned off.

Lower than normal suction pressure.

Check for excessive outside air, infiltration
and excessive source of moisture.

Purge system.

Reset thermostat.

Cleancondenser.

Tighten or replace belts.

Check system for leaks, repair and add
refrigerant,

Purge and remove excess refrigerant.

Replace valve plate assembly or the
complete hermetic compressor.

Clean expansion valve or strainer.

System short of capacity
Cause Symptoms Remedy
Low refrigerantcharge. Lower than normal head and suction Check system for leaks, repair and add

Incorrectsuperheatsetting
ofthe expansionvalve.

Defective expansionvalve.

Airornon-condensable
gases in the system.

Dirty condenser.

Condenserblowerand
motor belts slipping.

Overcharge ofrefrigerant.

Compressorvalve leaking.

Expansion valve or strainer
plugged.

Condenser air short
circulating.

pressures.

Lower than normal suction pressure

Lower than normal suction pressure.

Higherthan normal head pressure.

Higher than normal head pressure.

Higherthan normal head pressure.

Higherthan normal head pressure.

Pressure equalize rapidly when the
system is turned off.

Lower than normal suction pressure.

Higherthan normal head pressure.

refrigerant.

Adjust superheat setting to 10°F.

Repairorreplace expansion valve.

Purge system.

Cleancondenser.

Tighten or replace belts.

Purge and remove excess refrigerant.

Replace valve place assembly or the
complete hermetic compressor.

Clean expansion valve or strainer.

Remove obstructions or causes or short
circulating air.
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Head pressure too high

Cause

Symptoms

Remedy

Overcharge of refrigerant.

Airornon-condensable
gases in the system.

Dirty condenser.

Condenserblowerand
motor belts slipping.

Condenserairshort

Higherthan normal head pressure.

Higherthan normal head pressure.

Higherthan normal head pressure.

Higher than normal head pressure.

Higherthan normal head pressure.

Purge orremove excess refrigerant.

Purge system.

Cleancondenser.

Tighten or replace belts.

Remove obstructions or causes or short

Compressorvalve leaking.

level valve onreceiverindicates
shortage of refrigerant.

Lowerthan normal head pressures
and pressures equalize rapidly when
system is turned off.

circuiting. circulating air.
Head pressure too low
Cause Symptoms Remedy
Lowrefrigerantcharge. Sight glass indicates bubbles or liquid | Check system for leaks, repair and add

refrigerant.

Replace valve plate assembly or the
complete hermetic compressor.

Suction pressure too high

Cause

Symptoms

Remedy

Excessive load on system.

Expansion valve is stuck in
"Open" position.

Incorrectsuperheat setting
the expansionvalve.

Compressor runs continuously and
capacity is low.

Lowerthan normal head pressure.

Lowerthan normal head pressure.

Remove conditions causing excessive
load.

Repairorreplace expansion valve.

Adjust superheat setting to 10°F.

Suction pressure too low

Cause

Symptoms

Remedy

Lowrefrigerantcharge.

Expansion valve or strainer
plugged.

Incorrect superheat setting
ofthe expansionvalve.

Evaporatorairvolume low.

Stratification of cool air in
conditioned area.

Sight glass indicates bubbles or liquid
levelvalve onreceiverindicates
shortage of refrigerant.

Suction line warm, expansion valve or
strainer may be showing frost and
system capacity low.

Suction line warm and system capacity
low.

Abnormally cold suction line and low
suction pressure.

System capacity low and temperature
of return air low.

Check system for leaks, repair and add
refrigerant.

Clean expansion valve or strainer.

Adjust superheat setting to 10°F.

Increase air overthe evaporator.

Increase air velocity through supply grilles.
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Compressor is noisy

Cause

Symptoms

Remedy

Worn or scored compressor
bearings.

Expansion valve is stuck in
'"Open" position or defective.

Overcharge ofrefrigerantor
airand non-condensable
in system.

Overcharge of oil.

Liquidrefrigerantflooding
back to compressor.

Shipping or hold down bolts
notloosened orremoved.

Noticeable knock in compressor.

Abnormally cold suction line and high
suction pressure and lower than
normal head pressure.

Higher than normal head pressure.

Oil sight glass in compressor
completely filled during operation.

Abnormally cold suction line and high
suction pressure.

Noticeable transmission of vibration
from compressor to rest of unit and
compressor held firmly in mounting.

Replace the compressor.

Repairorreplace expansionvalve.

Purge system.

Remove excess oil.

Repairorreplace expansion valve.

Loosen compressor hold down bolts
so compressor is freely floating in
mountings.

Lack of oil. Oil level below mid-point of the oil Add oil.
sight glass in compressor during
operation.
Broken compressorvalve. Rapid equalization of the pressures Replace valve plate assembly or the
when compressor stops. complete hermetic compressor.
Compressorloses oil
Cause Symptoms Remedy

Incorrectsuperheatsetting
ofthe expansionvalve.

Leaks in system.
connections.

Shortage of refrigerator.

Expansion valve or strainer
plugged.

Visual inspection of suction line
indicates long trapped portions of line.

Presence of all at piping joints or
required.

Lower than normal suction pressure.
Sight glass indicates bubbles or liquid
levelvalve onreceiverindicates
shortage of refrigerant.

Lower than normal suction pressure.

Re-run trapped portion of suction line and
locate traps as recommended in installation
instructions.

Repair leaks and add refrigerant and oil as

Check system for leaks repair and add
refrigerant.

Adjust superheat setting to 10°F.

Compressor and condenser fan moto

r will not start

Cause

Symptoms

Remedy

Powerfailure.

Fuse blown.

Thermostat setting too high.

Defective thermostat.

Faulty wiring
fan relay do not become
energized.

Test lamp or voltmeter indicates no
voltage at disconnect switch.

Testlamp or voltmeter shows voltage
on line side of disconnect switch
but not on unit side.

Thermostat setting above the room
temperature.

Thermostat contacts do not "make"
when setting is below room
temperature.

Compressor contactor or starter and

Call power company.

Replace blown or defective fuse.

Reduce temperature setting of the
thermostat.

Repair or replace the thermostat.

Check wiring and make necessary
repairs.
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Defective controls.

Lowvoltage.

Defective dual pressure
control.

Compressor contactor or starter and
fan relay do not become energized

Starteroverload tripped.

Dual pressure control contacts
remain in ' Open" position.

Check and replace defective controls.

Reset and check for cause of tripping.

Replace the control.

Compressor will not start, but condenser fan runs

Cause

Symptoms

Remedy

Faulty wiring to compressor.

Defective compressor motor.

Testlamp or voltmeter indicates no
voltage atcompressor.

Voltage available at compressor but
an open winding, ground or stuck
compressor prevents operation.

Check compressor wiring and repair.

Replace the compressor.

Defective compressor Overload contacts remain Replace overload.
pverload (single phase in "Open" position.
only)
Defective starting capacitor. | Starting capacitor does not indicate Replace capacitor.
(Single phase only) rated capacitance.
Condenser fan motor will not start, but compressor runs
Cause Symptoms Remedy

Defectivefanrelay.
coil is energized.

Faulty wiring to fan motor.
voltage atfan motor.

Defective fan motor.

Relay contacts do not "make" when

Test lamp or voltmeter indicates no

Testlamp or voltmeter indicates
voltage available at motor.

Repairorreplace relay(s).

Check fan motor wiring and repair.

Replace fan motor.
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Capital Goods and Manufacturing
R&ACT - Split A/C Exercise 1.17.94

Install IDU and ODU of wall mounted split A/C

Objectives: At the end of this exercise you shall be able to
¢ install indoor unit of split A/C
* install outdoor unit of split A/C system

Requirements
Tools/Instruments + Gauge manifold -1No
«  Screwdriver -1 set *  swaging tool -1No
- Cutting plier -1 No. Equipments
* Hammer450gm. -1 No. » Coredrillingmachine -1 No.
 Screw spanner 8" -1 No. « Splitair- conditioner -1No
» Spiritlevel - 1 set
* Allen key - 1 set Material/Components
+ Tester - 1 No.
+ Technician tool kit -1No »  Waste(Cotton) -asreqd.
* Angleframe
* Double end spanner set -1No
*  Vacuumpump -1No Rubber pad
Cottonwaste
PROCEDURE
TASK 1: Install indoor unit of split A.C
Keep the packed material in correct position. 10 Mark the holes for screws and pipeline.
Take away the unitfrom carton box and remove packing 11 Drill a through hole of 3" on wall from pipe line
if any.

12 Fix the holding sheet using screws on wall plugs

3 Clean the equipment on all sides. ) ) o
_ _ . 13 Straight the tubes, insert power card, drain line and

4 Checkforany damages/dents in anywhere in the unit. copper lines through hole gently and position the indoor

5 Select the spot for installation. uniton holding sheet.

6 Arrange power supply nearer to the Indoor unit. 14 Arrange proper drain line on backside.

7 Position the Indoor unit to make easy drain line going 15 Arrange power point near indoor unit with suitable
out of the room. stablings.

8 Provide free working space around the indoor unit. Note : Provide a little slope towards drain point
Place the indoor unitholding sheetwhere we desired to while fixing holding sheet for proper drain out.
install and level it using sprit level. Provide some slope towards outside of hole for

proper drain.

TASK 2: Install outdoor unit of split AC

1 Select area/location with more air circulation. 6 Connectsuctionandliquid refrigerantline connections

2 Prepareangleframes as per specification of the supplier between indoor and outdoor unit.

and fix on wall by anchor fastener bolts & nuts. 7 Fix clamps to the refrigerant line at even distance (in
3 Placethe O.D. uniton the mounting frames and tighten between).
the bolts and nuts with rubber washer. 8 Install gauge main fold on suction gauge portof service
valve.

4 Provide overhead shade to protect from sunrays.

Provide enough area around the condensing unit for ~ © Leaktestusingdry N, gas at all joints.

servicing/repair works. 10 Connect cord wire to outdoor unit.
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11 VentN2 through charging port of service valve.

12 Connect vacuum pump to gauge manifold charging
port.

13 Runvacuum pump for 30 minutes and read compound
gauge vacuum.

14 Close gauge manifold stop and remove vacuum pump.
15 Open suction and liquid service using allen key.

16 Runthe unitand observe suction pressure, current, grill
temperature, room temperature and ambient
temperature.

17 Remove gauge manifold and putdummy nuton gauge
port.

Fig 1 7]
EVAPORATOR
U UNIT
7
CONDENSATE ——
DRAIN PIPE
U-TRAP
\}\/ E
g
g
CONDENSATE DRAIN PIPE ARRANGEMENT g
=
Fig 2

MRN25149H2
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Capital Goods and Manufacturing
R&ACT - Split A/C

Exercise 1.17.95

Install IDU of floor, ceiling/cassette mounted split A/C

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

* install IDU of floor mounted split AC
* install IDU of ceiling/cassette split AC.

Requirements

Tools/Instruments

» Screwdriver -1 set
» Cuttingplier -1 No.
* Hammer450gm. -1 No.
» Screw spanner 8" -1 No.
» Spiritlevel -1 set
* Allen key - 1 set
» Tester -1 No.
» Technician tool kit -1No
* Double end spanner set -1No
*  Vacuumpump -1No

» Gauge manifold -1No

* swagingtool -1No

Equipments

» Coredrillingmachine -1 No.
» Splitair- conditioner -1No

Material/Components

Waste (Cotton) - as reqd.
Angleframe

Rubberpad

Cottonwaste

TASK 1: Installation IDU of floor mounted split AC

1 Keep the packed material in correct position.

Take away the unit from carton box and remove
packing .

Clean and check for any damage.
Select the spot for installation.

Check the floor for level using sprit level.

o o0 b~ W

See the possibility of water drain out from the unit.

7
8
9

Mark the base bolt position and wall hole for pipe lines
Put 3" hole on a wall .

Drill base bolt hole and fix fastener bolt.

10 Insert drain hose, suction, discharge and power

connection through hole and fix indoor unit are correct
position and tight bolts.

11 Arrange power supply with suitable stabling's.

TASK 2: Installation IDU of ceiling/Cassette split AC
1 Keep the packed material in correct position.

2 Take away the unit from carton box and remove
packing.

Clean and check for any damage.
Select the spot for installation.

Mark the mounting spot on ceiling.

o 0 b~ W

Drill holes and fix anchor fastener with threaded rod of
8mm or 10mm of suitable length to hold the unit.

Hang the unit on threaded rod using nuts.
Level the unit using sprit level and correct the nuts.

Mark and make hole on wall to drawn out gas & liquid
tube power cable and drain line.

10 lay tube line to outdoor unit using clamps.

11 Arrangedrainline.

12 Arrange power supply with circuit brakes.
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Capital Goods and Manufacturing
R&ACT - Split A/C

Exercise 1.17.96

Install IDU and duct of ductable split AC

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

¢ identify IDU of ductable split AC
» connect duct system with ductable split AC

Requirements
Tools/Instruments * Gauge manifold -1No
+  Screwdriver -1 set *  swagingtool -1No
«  Cutting plier -1 No. Equipments
* Hammer450gm. -1 No. » Coredrilling machine -1 No.
+ Screw spanner 8" -1 No. *  Split air- conditioner -1No
« Spiritlevel - 1 set
+ Allen key - 1 set Material/Components
+ Tester -1 No.
+ Technician tool kit -1No Waste (Cotton) -asreqd.
* Angleframe
* Double end spanner set -1No
* Rubberpad
*  Vacuumpump -1No
+ Cottonwaste

PROCEDURE

TASK 1: Ref Ex No :1.12.95 (Task 2)

TASK 2 : Connect duct system with package A/C to conditioned room

1

Cut the canvas to the correct measurement to connect
blower outlet to duct inlet, to eliminate the vibration.

Keep the canvas in position and tighten both the joints
with nut and bolts.

Make arrangement for the hangers to hold the duct
lines.

Fix the duct arrangements one by one and connect
the joints with gaskets (felts), tighten with nut and bolts
fix the dampers wherever necessary.

Fix the “L” angles wherever necessary to support the

6 Bring the final end of the duct line on top of the room

ceiling and cover it with blind, cover the duct with
insulations in nono-conditioned areas.

Connect the duct branches to the diffusers to distribute
the air supply to the room.

Check the passage on false celling for return air facility
to the plant.

Check the air velocity to the main outlet and to the
branches, and even static pressure of the conditioned
room.

duct lines and make it to hang by hangers. 10 Record all the details in record sheet - 1 & 2.
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Record sheet -1

Materials and component used for duct system

M Canvas G.l Sheets Gasket materials No.of dampers, diffusers and grills
A Qty Qty Qty
T

E

R

|

A

L

D

E

T

A

|

L

S

Time taken :
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Capital Goods and Manufacturing
R&ACT - Split A/C

Exercise 1.17.97

Service of multi split AC

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

pump down gas in the ductable split AC unit
check and clean cooling coil

check and clean air filter

check fan motor

service the condenser of multi split AC

Requirements

Tools/Equipments/Instruments

+ Traineeskit -1 No.
* Double ended spanner 14mm, 15mm

16mm, 17mm, 19mm -1 No.

each

*  1/4"valve key -1 No.
* Pipe cutter -1 No.
* Flaring tool set -1 No.
* Pressuregauge -1 No.
*  Compoundgauge -1 No.
* A split A/C system -1 No.
*  Multimeter -1 No.

Ductable split AC -1 No.
Vacuumcleaner -1 No.
Anemometer -1 No.
Wire brush -1 No.
Fin comb -1 No.
Testlamp -1 No.
Materials/Components

1/4" union connection -1 No.
1/4" copper tube -51t

Cottonwaste -asreqd.
Flare nuts -4 Nos.

PROCEDURE

TASK 1: Pump down gas in multi split A/C system

Checkthe service valves positions, both valves mustbe
in back seat position in a given split A/C system.

Openthe gauge port plug from suction service valve and
fix a 1/4" union connector and fix a compound gauge
with the help of a flared copper tube.

Open the gauge port plug from the discharge service
valve and fix a 1/4" union connector and fix a pressure
gauge by means of a flared copper tube.

Checktheline connections, ifthere is any leaks, purge
it.

TASK 2: Check and clean cooling coil

Start the split air-conditioner.

Check the air flow in cooling coil by anemometer and
check grill temperature by thermometer and note the
flow and temperature. Ifit is low flow clean the coil.

Remove the frontand side panels with screw driver, and
wash the panels with soap water. (Fig 1)

Remove the airfilters.
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Front seat the discharge service valve (liquid line).
Keep suction service valve in back seat crack position.
Start the system

Watch the compound gauge, it indicates “2 to 5"
vacuum, stop the system.

Now the refrigerant will be stored in condenser.

Fig 1
—_—

97

=

—

OPEN THE FRONT GRILLE

MR1502H1

5 Checkthe evaporator(cooling coil)finsifitis dirty clean

it with soap solution and vacuum cleaner.




Cover the blower motor.
Clean the evaporator coil with wire brush.

Clean the coil with vacuum cleaner.

© 00 N O

Wash the cooling coil with caustic soda solution if
necessary.

10 Comb the fins with fin comb.

11 Wash the fins with water pressure.

TASK 3: Check and clean the air filters
1 Openthe frontgrill.

2 Push a little upwards the tab at the centre of each air
filter, then pull out the air filters down. (Fig 1)

Fig 1

PULLING THE AIR FILTERS

MR1502H2

12 Remove the coverfrom blower motor.

13 Lubricate the blower motor.

14 Reset the front and side panels

15 Clean the air filters and fix.

16 Start the unit

17 Checkthe air flow withanemometer and compare with
initial readings.

18 Check the grill temperature and current.

4 If the dust does not come off easily, wash the filters
with soft detergent with warm water.

Dry the filters in the shade.

Insert the filters into slots of the front panel. (Fig 3)

Fig3

Z

:==ﬁ<:t
AN

0000

N N
A

FILTERS SETTING

MR1502H4

7 Lock the front grills both sides and middle.

3  Washthemwith water, or clean the filters with a vacuum
cleaner See (Fig 2).

Fig 2

AIR FILTER CLEANING

MR1502H3

TASK 4: Check the fan motor

1 Before checking, be sure to stop the operation and turn
the breaker OFF.

Remove the capacitor from the fan motors.

3 Testthe capacitor. Totestthe capacitor connectitwith
the supply the electricity for a second.

4 Afterremoving the connection, short both the terminals
(leads) of the capacitor.

Operation with dusty air filters reduces the cool-
ing capacity and wastes energy.

5 Ifit gives spark, then it can be used. Ifitis not spark
replace the capacitor.

6 Checkthe continuity ofthe running and starting winding
by testing temperature or multimeter.

7 Rotate the motor shaft and check by rotating freely.
Checkbearings.

8 Checkcondenserblade and evaporator blower rotates
free.
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9 Lubricate the motors.
10 Clean the motors.

11 Connect electrical connection for capacitor and fan
motor.

12 If condenser blade touch the condenser fins or base
plate, or shroud, adjustthe blade or motor. If evaporator
blower touching the blower housing adjust it.

TASK 5: Service the condenser of multi split AC

Put your fingers and check for dust collection
Remove all electrical connections from compressor
Remove the fan motar electrical connections
Remove the fan blade and fan motor

Take a 1 lItr bucket fill with 3/4™ of water mix 1/4" kg of
soap powder

a b 0N -

Take the bottle nozzle at the fan of the condenser.
Pump the soap solution to condenser

Allow to remain for 15 minutes

© 00 N O

After 15 minutes spray fresh water over the condenser
coil
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Capital Goods and Manufacturing

R&ACT - Split A/C

Exercise 1.17.98

Identify the parts of inverter split A/C

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

¢ identify the parts of inverter split AC. (Refer Ex No : 1.8.69)

Requirements

Tools/Instruments Equipments
* Allen Key -1 set * Inverter Split A/C system -1 No.
» Screwdriver -1 set
» Tester -1 No.
» Cuttingplier -1 No.
* Noseplier -1 No.
» Spanner(D.E.)
12mm,13mm, 14mm,15mm - 1 set.
» Screwspanner -1 set
PROCEDURE

Refer Ex No : 1.8.69
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