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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 2022 to help them secure jobs as part of the National Skills Development Policy.
Industrial Training Institutes (ITls) 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 comprising various stakeholders viz. Industries,
Entrepreneurs, Academicians and representatives from ITls.

The National Instructional Media Institute (NIMI), Chennai, has now come up with instructional material
to suit the revised curriculum for Mechanic Machine Tool Maintenance - 2™ Year - Trade Practical
- NSQF Level - 4 (Revised 2022) in C G & M Sector under 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. | 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 Instructional Media Packages IMPs and that NIMI’s effort will go a long way in improving the
quality of Vocational training in the country.

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

Jai Hind
ATUL KUMAR TIWARI, ILA.S
Secretary
Ministry of Skill Development & Entrepreneurship,
Government of India.
January 2024

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
Directorate General of Training, Ministry of Skill Development and Entrepreneurship) Government of
India, with technical assistance from the Govt. of 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 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 Practical 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
practical 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
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INTRODUCTION
TRADE PRACTICAL

The trade practical manual is intented to be used in practical workshop. It consists of a series of practical

exercises to be completed by the trainees during the course of the Mechanic Machine Tool Maintenance
trade supplemented and supported by instructions/ informations to assist in performing the exercises. These
exercises are designed to ensure that all the skills in compliance with NSQF LEVEL - 4 (Revised 2022)
syllabus are covered.

This manual is divided into Eleven modules.
Module 1: Welding

Module 2 : Hydraulics and pneumatics
Module 3 : Pipes and Valves

Module 4 : Milling

Module 5: Grinding

Module 6 : Electrical & Electronics
Module7: PLC

Module 8 : CNC Turning

Module 9: Pump and compressor
Module 10 : Material Handling Equipments
Module 11 : Maintenance & Testing

The skill training in the shop floor is planned through a series of practical exercises centered around some

practical project. However, there are few instances where the individual exercise does not form a part of
project.

While developing the practical manual a sincere effort was made to prepare each exercise which will be
easy to understand and carry out even by below average trainee. However the development team accept
that there is a scope for further improvement. NIMI looks forward to the suggestions from the experienced
training faculty for improving the manual.

TRADE THEORY

The manual of trade theory consists of theoretical information for the Course of the Mechanic Machine
Tool Maintenance 2™ Year NSQF LEVEL -4 (Revised 2022) in C G & M. The contents are sequenced

according to the practical exercise contained in NSQF LEVEL - 4 (Revised 2022) syllabus on Trade Practical
attempt has been made to relate the theoretical aspects with the skill covered in each exercise to the extent
possible. This correlation is maintained to help the trainees to develop the perceptional capabilities for
performing the skills.

The trade theory has to be taught and learnt along with the corresponding exercise contained in the manual
on trade practical. The indications about the corresponding practical exercises are given in every sheet of
this manual.

It will be preferable to teach/learn the trade theory connected to each exercise at least one class before
performing the related skills in the shop floor. The trade theory is to be treated as an integrated part of each
exercise.

The material is not for the purpose of self learning and should be considered as supplementary to class
room instruction.




CONTENTS

Exercise.No. Title of the Exercise Learning Page No.
outcome

Module 1 : Welding
21122 Setting up an arc welding machine 1
21.123 Edge preparation of material for Arc welding 2
21124 Perform welding joints by arc welding 1 3
21125 Making straight beads in gas welding 9
2.1.126 Perform Square lap joint, butt joint and tee joint by gas welding

joints 11
21127 Perform gas cutting of Ms plate 17

Module 2 : Hydraulics and pneumatics
2.2.128 Demonstrate knowledge of safety procedures in hydraulic systems

(demo by video) 20
2.2129 Identify hydraulic components - Pumps, Reservoir, Fluids, Pressure

relief valve (PRV), Filters, different types of valves, actuators and

hoses 21
2.2.130 Inspect fluid levels, service reservoirs, clean/replace filters 22
22131 Identify pneumatic components - Compressor, Pressure gauge,

Filter - Regulator- Lubricator (FRL) unit - Different types of valves

and actuators 25
2.2.132 Dismantle, replace and assemble FRL unit 29
2.2.133 Demonstrate knowledge of safety procedures in pneumatic

systems and personal protective equipment (PPE) 31
22134 Identify the parts of a pneumatic cylinder 32
2.2.135 Dismantle and assemble a pneumatic cylinder 33
2.2.136 Construct a circuit for the direction & speed control of a small bore

single acting (s/a) pneumatic cylinder 2,3 36
2.2.137 Construct a control circuit for the control of a d/a pneumatic

cylinder with momentary input signals 38
2.2.138 Construct a circuit for the direct & indirect control of a d/a

pneumatic cylinder with a single & double solenoid valve 40
2.2.139 Dismantling and assembling of solenoid valves 43
2.2.140 Inspect hose for twist, kinks and minimum bend radius. Inspect

hose/ tube fittings 45
2.2.141 Identify internal parts of hydraulic cylinders, pumps/ motors 46
2.2.142 Construct a circuit for the control of a s/a hydraulic cylinder using a

3/2 way valve (Weight loaded d/a cylinder may be used as a s/a

cylinder), 4/2 and 4/3 way valves 51
2.2.143 Perform Overhauling of hydraulic pump (Vane pump) 53
2.2.144 Maintenance, trouble shooting and safety aspects of pneumatic

and hydraulic systems (The practical for this component may be

demonstrated by video) 56
2.2.145 Construct Electro hydraulic circuit - speed an Pressure control of

double acting cylinder. 57
2.2.146 Perform Overhauling of a pneumatic cylinder 59
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Exercise.No. Title of the Exercise Learning Page No.
outcome

2.2.147 Perform Overhauling of hydraulic actuators/cylinder 62
2.2.148 Disassembly of power pack, hydraulic pipes, fuels, hydraulic

cylinders, pistons etc. 64
2.2.149 Replacing and refitting of hydraulic pipes, seals in the gear pump 66
2.2.150 Assemble the parts and testing of the power press after bleeding 71

Module 3 : Pipes and Valves
2.3.151 Flaring of pipes and pipe joints 75
2.3.152 Cutting and threading of pipe length 82
2.3.153 Fitting of pipes as per sketch observing conditions used for pipe

work 84
2.3.154 Bending of pipes - cold and hot 4 87
2.3.155 Fit & assemble pipes, valves and test for leakage & functionality of

valves 91
2.3.156 Visual inspection for visual defects e.g. dents, surface finish 97
2.3.157 Dismantle & assembly of different valves 100
2.3.158 Making & replacement of gasket, washer 103

Module 4 : Milling
2.4.159 Dismantle and assemble of head stock, gear box, lead screw table

of milling machine 106
2.4.160 Check the accuracy of milling machine after assembly 5 112
2.4.161 Do the preventive maintenance of milling machine 121

Module 5 : Grinding
2.5.162 Demonstrate working of grinding machine 124
2.5.163 Machine stroke length setting & wheel balancing of surface

grinding m/c 126
2.5.164 Perform grinding of parallel and perpendicular surfaces

(accuracy £ 0.02mm) 6,7 128
2.5.165 Angular surface grinding 133
2.5.166 Cylindrical grinding (External & Internal) 135
2.5.167 Setting the machine for grinding taper holes 139
2.5.168 Dismantling & Assembling of surface grinding machine 141
2.5.169 Checking accuracy of surface grinding machine after assembly 146
2.5170 Do the preventive maintenance of surface grinder and cylindrical

grinding machine 154

Module 6 : Electrical & Electronics
2.6.171 Passive components - Resistors 158
26.172 Behavior of ultrasonic sensors 160
2.6.173 Logical Operation of Sensors 162
2.6.174 Limit & Level control using sensors 165
2.6.175 Interfacing of sensors with electrical actuators 166
2.6.176 Making simple wiring circuits and measurement of current 167
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Exercise.No. Title of the Exercise Learning Page No.
outcome
2.6.177 Testing of power supply 168
2.6.178 Demonstration of use of test lamp and meggar 170
2.6.179 Connections of DC/AC motors and its speed control demonstration 172
2.6.180 Identify of passive and active electronic components 174
2.6.181 Measure V., V,., time period using CRO/DSO sine wave
parameters 178
2.6.182 Demonstrate of logic gate operations 182
2.6.183 Testing and measurement of resistors, capacitors, inductors using
multimeters 8 184
2.6.184 Perform soldering and desoldering of components on printed
circuit board 187
2.6.185 Study of rectifiers and testing with multimeter 189
2.6.186 Construct and test Half-wave, Full wave and Bridge rectifier circuit 192
2.6.187 Demonstration of solid state devices diode and transistor 195
2.6.188 SCR and IC's identification and testing 198
2.6.189 Assemble a simple battery eliminator circuit using bridge rectifier &
filter capacitor 200
Module 7 : PLC
2.7.192 Ascertain various modules, Controls and Indicators of given PLC 201
2.7.193 Program and configure the PLC to perform a simple start/stop
routine 202
2.7.194 Program the PLC to perform timer/counter instructions 204
2.7.195 Program and configure the PLC to perform move, arithmetic and
logical instructions 9 207
2.7.196 Program and configure the PLC to perform compare instructions 210
2.7.197 Program and wire the PLC to perform simple applications 212
2.7.198 Program PLC for controlling analog parameters 214
Module 8 : CNC Turning
2.8.199 Knowledge rules of personal and CNC Machine safety safe
handling of tools & Safety switches and material handling
equipment using CNC didactic/Simulation software and equipment 215
2.8.200 Identify CNC lathe machine elements and their functions 217
2.8.201 Understand the working of parts of CNC lathe, using CNC didactic/
simulation software 219
2.8.202 Identify common tool holder and insert shapes by ISO nomenclature 220
2.8.203 Select cutting parameters from tool manufactures catalogue 10 222
2.8.204 Write CNC programs for simple tool motions and parts using linear
and circular interpolation check program verification/simulation
software 223
2.8.205 Write CNC part programs using canned cycles for stock, removal,
grooving, threading operations, with drilling and finish turning
Use TNRC commands for finish turning. check simulation on
program verification/Simulation surface 227
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Exercise.No. Title of the Exercise Learning Page No.
outcome

2.8.206 Avoiding collisions caused by program errors, knowing causes

and effects of collisions due to program errors by making

deliberate program errors and simulation on program verification/

simulation software 229
2.8.207 Simple turning & facing (Step turning) without using canned cycles

on CNC simulator 10 230
2.8.208 Program checking in dry run single block mode on CNC simulator 232
2.8.209 Absolute & incremental programming assignment and simulation 234
2.8.210 Checking finish size by over sizing through tool offset on CNC

simulator 238
2.8.211 Recovering from axes over travel, on CNC simulator 239
2.8.212 Interpret different messages generated against different errors 240

Module 9 : Pump and compressor
2.9.213 Demonstrate various types of machine related centrifugal pump

and the parts 246
2.9.214 Overhauling of pumps with fitting of gland packing 249
2.9.215 Priming of pump 252
2.9.216 Testing of pump 253
2.9.217 Perform preventive & schedule maintenance 254
2.9.218 Trouble shooting in pump operation 256
2.9.219 Identification of various types of fans blowers and their parts 11 258
2.9.220 Dismantle, inspect repairs/replace worn out and assembly the

same (Fan / Blower) 262
2.9.221 Demonstrate Compressor and their parts 267
2.9.222 Cleaning and changing of filters of compressor 269
2.9.223 Perform schedule and preventive maintenance of compressor

blowers 270
2.9.224 Change the compressor rings and oil rings in a reciprocator

compressor 274

Module 10 : Material Handling Equipments
2.10.225 Demonstrate mechanicals & hydraulic jack, rope puller, chain

puller, chain block and winch 276
2.10.226 Inspection of tools and tackles of material handling equipment 284
2.10.227 Shift a small machine from layout to loading center / different

work place 12 286
2.10.228 Practice various Belts & chains, Joining methods 289
2.10.229 Demonstrate belt conveyor system, vibrating screen & feeder

(video demo) 292

Module 11 : Maintenance & Testing
2.11.230 Trouble shooting on machine tools 293
2.11.231 Perform Overhauling of feed units of lathe milling & grinding 299
2.11.232 Geometrical testing of machine tools 305

-
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Exercise.No. Title of the Exercise Learning Page No.
outcome

2.11.233 Preparation of check lists for inspection of different machine tools 323
2.11.234 Temperature measurement and machine tools 12 328
2.11.235 Vibration measurement of machine tools 329
2.11.236 Faults finding practice on machine tools 331
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[ LEARNING / ASSESSABLE OUTCOME

On completion of this book you shall be able to

SI.No.

Learning Outcome

Exercise No.

1

10

11

12

Make / Produce different joints by setting up of gas and arc welding machines
and carry out the welding. (Mapped NOS: CSC/N0304)

Identify, dismantle, replace and assemble different pneumatics and hydraulics
components. [Different components — Compressor, Pressure Gauge, Filter
Regulator, Lubricator, Valves and Actuators.] (NOS:CSC/N9488)

Construct circuit of pneumatics and hydraulics observing standard operating
procedure& safety aspect. (NOS:CSC/N9489)

Make pipe/tube fittings and valve connections for lubricants and coolants, test
for leakages. (Mapped NOS: CSC/N0901)

Conduct preventive maintenance, perform dismantling and assembly of different
components machine and test for accuracy of milling machine.
(Mapped NOS: CSC/N0901)

Set the different grinding machine and produce component to appropriate
accuracy. [Different machine:- Surface & cylindrical grinding; appropriate
accuracy +0.02mm] (Mapped NOS: CSC/N0304)

Conduct preventive maintenance, perform dismantling & assembly of different
components of grinding machine and test for accuracy. [Different components
grinding head, lead screw, table, hydraulic cylinders] (Mapped NOS: CSC/N0901)

Identify and explain basic functioning of different electrical equipment, sensors
and apply such knowledge in industrial application including basic maintenance
work. [Different electrical & electronics equipment- DC/ AC motors, passive &
active electronic components, resistor, capacitor, inductors, rectifier, diode
transistor, SCRS & ICS; Different sensors — proximity & ultrasonic] (Mapped
NOS: CSC/N0305)

Programme PLC and interface with other devices to check its Applications.
(NOS:CSC/N9490)

Prepare part programme, test on simulation software and interpret different
errors. (NOS:CSC/N9491)

Troubleshoot & Overhaul of pumps, fans, blowers & compressors and perform
preventive maintenance. (Mapped NOS: CSC/N0901)

Identify fault carryout maintenance work and break down of different machineries/
equipments viz., shaper, surface grinding, drilling, lathe, milling, in the shop floor,
using appropriate tools &equipments to ensure its functionality.

(Mapped NOS: CSC/N0901)

21122 -21.127

2.2.128 -2.2.139

2.2.140 -2.2.150

2.3.151 -2.3.158

2.4.159 -2.4.161

2.5.162 - 2.5.167

2.5.168 - 2.5.170

2.6.171 -2.6.189

2.7192 -2.7.198

2.8.199 -2.8.212

2.9.213 -2.9.224

2.10.225 - 2.11.236
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2" Year

SYLLABUS

Duration: Two years

Duration

Reference Learning
Outcome

Professional Skill
(Trade Practical)
(With inidcative hour)

Professional Knowledge
(Trade Theory)

Professional
Skill 40 Hrs;

Professional
Knowledge
10Hrs;

Make / Produce
different joints by
setting up of gas and
arc welding machines
and carry out the
welding. (Mapped
NOS: CSC/N0304)

122.

123.

124.

125.

126.

127.

Setting up an Arc welding machine.
(5hrs)

Edge preparation of material for
Arc welding. (5hrs)

Perform square lap joint, butt joint,
tee joint and Pipe Joint in Arc
welding. (10hrs)

Making straight beads in gas
welding. (4hrs)

Perform square lap joint, but joint
& tee jointin Gas welding. (08hrs)

Perform gas cutting of MS plate.
(08hrs)

Arc Welding:Introduction to arc
welding and its safety. Welding
types, Common tools used in
welding.

Basic Electricity as applied to
Welding

Arc Length & its effects

Arc Welding Machines: -
advantages & disadvantages of
AC & DC Arc Welding Machine.
Electrodes: - Sizes & Coding.

Edge Preparation: Nomenclature
of butt & fillet welding. Welding
Symbols & Weld defects.

Gas Welding:Introduction
to gas welding process, its
classifications, accessories and
its safety.

Gas Cutting: Principle of gas
cutting.

Systems of Oxy-Acetylene
Welding- Flashback & backfire.
Types of Oxy-Acetylene flames:
- Gases used in welding & Gas
flame combination.

Safety in gas cutting process.
(10 hrs)

Professional
Skill 60Hrs;

Professional
Knowledge
18Hrs

Identify, dismantle,
replace and assemble
different pneumatics
and hydraulics
components.
[Different components
— Compressor,
Pressure Gauge, Filter
Regulator Lubricator,
Valves and Actuators.]
(NOS:CSC/N9488)

128

129.

130.

. Demonstrate knowledge of

safety procedures in hydraulic
systems (Demo by video).
(4 hrs)

Identify hydraulic components
— Pumps, Reservoir, Fluids,
Pressure relief valve (PRV),
Filters, different types of valves,
actuators, and hoses. (07 hrs)

Inspect fluid levels, service
reservoirs, clean/replace filters.
(10hrs)

Hydraulics & Pneumatics

Basic principles of Hydraulics
- Advantages & limitation of
hydraulic system, hydrostatic
transmission, Pascal’s law,
Brahma’s press, pressure
Temperature & flow, speed of an
actuator.

Control valves: Different type of
control valves used in hydraulic
System.

Function of pressure control
valve, directional control valve,
check valve, flow control valve.
(06 hrs)

131.

Identify pneumatic components
— Compressor, pressure gauge,
Filter-Regulator-Lubricator (FRL)
unit, and Different types of valves
and actuators. (2 hrs)

Compressed air generation and
conditioning, Air compressors,
Pressure regulation, Dryers,
Air receiver, Conductors and

(xii)




Duration

Reference Learning
Outcome

Professional Skill
(Trade Practical)
(With inidcative hour)

Professional Knowledge
(Trade Theory)

132.

133.

134.

135.

136.

137.

138.

139.

Dismantle, replace, and assemble
FRL unit. (5 hrs)

Demonstrate knowledge of
safety procedures in pneumatic
systems and personal Protective
Equipment (PPE). (2 hrs)

Identify the parts of a pneumatic
cylinder.(1 hr)

Dismantle and assemble a
pneumatic cylinder.(4 hrs)

Construct a circuit for the direction
& speed control of a small-bore
single-acting (s/a) pneumatic
cylinder. (5 hrs)

Construct a control circuit for
the control of a double acting
pneumatic cylinder with
momentary input signals. (5 hrs)

Construct a circuit for the direct &
indirect control of a double acting
pneumatic cylinder with a single
& double solenoid valve. (08 hrs)

Dismantling &Assembling of
solenoid valves. (07 hrs)

fittings, FRL unit, Applications
of pneumatics, Hazards &
safety precautions in pneumatic
systems.

Pneumatic actuators:- Types,
Basic operation, Force, Stroke
length, Single-acting and double-
acting cylinders.

Pneumatic valves:- Classification,
Symbols of pneumatic
components, 3/2-way valves (NO
& NC types) (manually-actuated
& pneumatically-actuated) & 5/2-
way valves,

Check valves, Flow control valves,
One-way flow control valve

Pneumatic valves: Roller valve,
Shuttle valve, Two-pressure valve

Electro-pneumatics: Introduction,
3/2-way single solenoid valve, 5/2-
way single solenoid valve, 5/2-way
double solenoid valve, Control
components -Pushbuttons (NO
& NC type) and Electromagnetic
relay unit, Logic controls (12 hrs)

Professional
Skill 110Hrs;

Professional
Knowledge
30Hrs

Construct circuit
of pneumatics and
hydraulics observing
standard operating
procedure& safety
aspect. (NOS:CSC/
N9489)

140.

141.

142.

143.

144.

Inspect hose for twist, kinks, and
minimum bend radius, Inspect
hose/tube fittings. (5 hrs)

Identify internal parts of hydraulic
cylinders, pumps/motors. (10 hrs)

Construct a circuit for the control of
a single acting hydraulic cylinder
using a 3/2-way valve (Weight
loaded double acting cylinder
may be used as a single acting
cylinder), 4/2 & 4/3 way valves.
(10 hrs)

Perform overhauling of hydraulic
pump. (10hrs)

Maintenance, troubleshooting,
and safety aspects of pneumatic
and hydraulic systems (The
practical for this component may
demonstrated by video). (13 hrs)

- Symbols of hydraulic
components, Hydraulic oils —
function, properties, and types,
Contamination in oils and its
control

- Hydraulic Filters — types,
constructional features, and their
typical installation locations,
cavitations, Hazards & safety
precautions in hydraulic systems

- Hydraulicreservoir & accessories,
Pumps, Classification — Gear/
vane/ piston types, Pressure relief
valves — Direct acting and pilot-
operated types

- Pipes, tubing, Hoses and fittings
— Constructional details, Minimum
bend radius, routing tips for hoses

- Hydraulic cylinders —Types

- Hydraulic motors —Types -
Hydraulic valves: Classification,
Directional Control valves — 2/2-
and 3/2-way valves

- Hydraulic valves: 4/2- and 4/3-
way valves, Centre positions of
4/3-way valves

(xiii)




Duration | Reference Learning Professional Skill Professional Knowledge
Outcome (Trade Practical) (Trade Theory)
(With inidcative hour)
- Hydraulic valves: Check valves
and Pilot-operated check valves,
Load holding function
- Flow control valves: Types,
Speed control methods — meter-in
and meter-out
- Preventive maintenance &
troubleshooting of pneumatic
& hydraulic systems, System
malfunctions due to contamination,
leakage, friction, improper
mountings, cavitations, and proper
sampling of hydraulic oils (13 hrs)
145. Construct Electro Hydraulic circuit | Electro hydraulic circuit, Electrical
—Speed and Pressure control of | components
double acting cylinder.(10 hrs) - Switches
146. Perform overhauling of pneumatic :
. - Solenoid
cylinders. (12hrs)
147. Perform overhauling of hydraulic | - Relay
actuators. (10hrs) Introduction to Pneumatic
148. Disassembly of power pack, actuators
hydraulic pipes, ferrules, hydraulic | Pneumatic Symbols
cylinders, pistons etc. (10hrs) Pneumatic circuit
149. Replacing &refitting of hydraulic Electrical control components
pipes, seals etc. (10hrs)
- Switch
150. Assemble the parts and testing of witehes
the power press after air bleeding. | - Solenoid
(10hrs) - Relay
Study & working of a hydraulic
press along with its
components. Breakdown &
preventive maintenance of a
hydraulic press. Safety in use of
and maintenance of hydraulic
presses.
Proximity Sensors Classification
And Operation-Proximity Sensor-
Types Of Proximity Sensor
And Their Working-Industrial
Application
Sensors For Distance And
Displacement -LVDT-Linear (17
hrs)
Professional | Make pipe/tube fittings | 151. Flaring of pipes and pipe joints. | Pipes and pipe fitting- commonly
Skill 80Hrs; | and valve connections (3 hrs) used pipes. Pipe schedule and
. for lubricants and . . . standard sizes. Pipe bending
Erofeslsménal coolants, test for 152.C§Jt;|ng & Threading of pipe length. methods. Use of bending fixture,
2(;]|?|:;e ge leakages. (Mapped (3 hrs) pipe threads-Std. Pipe threads Die

NOS: CSC/N0901)

and Tap, pipe vices.

(xiv)




Duration | Reference Learning Professional Skill Professional Knowledge
Outcome (Trade Practical) (Trade Theory)
(With inidcative hour)

153. Fitting of pipes as per sketch | Standard pipefitting- Methods of
observing conditions used for pipe | fitting or replacing the above fitting,
work. (09 hrs) repairs and erection on rainwater

154. Bending of pipes- cold and hot. fra'”agg pipes alr(‘d house hold
(7 hrs) aps and pipe work.

155. Fit & assemble pipes, valves and Inspection & Quality control
test for leakage & functionality of | -Visual Inspection
valves.(17 hrs) _ Basic 7 Quality tools (10 hrs)

156. Visual inspection for visual defects
e.g. dents, surface finish.(3hrs)

157. Dismantle & assembly of globe | Pipe colour code.
v_alve, gate_ vqlve, butterfly, Safety precautions to be observed
diaphragm, direction control valve, . . Lo

: while working at pipeline.
pressure relief, non return& flow
control valve. (30hrs) Constructional detail of different
. type of valve & their uses like:
158. Making & replacement of gaskets, .
washer. (08hrs) Gate, Globe, butterfly, Diaphragm.
(10 hrs)

Professional | Conduct preventive | 159 Dismantle and assemble of head | Breakdown maintenance and
Skill 40Hrs; | maintenance, perform stock, gear box lead screw, table | preventive maintenance of a
Professional | 9'smantling and of milling machine. (27hrs) milling machine. (10 hrs)
Knowledae assembly of different o
ot g components machine 160. Chegk the accuracy of milling

and test for accuracy machine of after assembly. (08hrs)

of milling machine. | 161. Do the preventive maintenance of

(Mapped NOS: CSC/ milling machine. (5hrs)

N0901)
Professional| Set the different | 162. Demonstrate working of grinding | Grinding:
Skill 60Hrs; grlnddlng machine atr}[d machine. (05 hrs) Grinding machine — introduction,
Professional| PrO4UCe COMPONENLIO | 153 gt the machine, stroke length & | parts & constructional details,
Knowledge agsc;o?rlr?:emaccll:rﬁcy. do wheel balancing. (10 hrs) types — surface grinding and
18Hrs [Differe e L cylindrical grinding machines.

Surface & cylindrical | 164. Perform grinding of parallel and

grinding; appropriate
accuracy £0.02mm]
(Mapped NOS: CSC/
N0304)

perpendicular surfaces (accuracy
+0.02mm). (15 hrs)

165. Perform grinding of angular

166.

167.

surfaces grinding (accuracy
1£0.02mm). (10hrs)

Setting the cylindrical grinding
machine for grinding internal and
external surfaces. (10hrs)

Setting the machine for grinding
taper holes. (10hrs)

Safety precaution followed while
working on grinding machines.
Grinding wheels — abrasives, bond
and bonding process, grit, grade,
and structure of grinding wheels
and its marking system.

Procedure for mounting of grinding
wheels, balancing of grinding
wheels, dressing and truing of
grinding wheels, glazing and
loading in grinding wheel.

(18 hrs)
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Duration

Reference Learning
Outcome

Professional Skill
(Trade Practical)
(With inidcative hour)

Professional Knowledge
(Trade Theory)

Professional
Skill 40Hrs;

Professional
Knowledge
10Hrs

Conduct preventive
maintenance,
perform dismantling
& assembly of
different components
of grinding machine
and test for accuracy.
[Different components
grinding head, lead
screw, table, hydraulic
cylinders] (Mapped
NOS: CSC/N0901)

168

169.

170.

. Dismantle and assembly of

grinding head, lead screw, table,
hydraulic cylinders of grinding
machine. (20hrs)

Check the accuracy of grinding
machine after assembly. (10hrs)

Do the preventive maintenance
of surface grinder and cylindrical
grinding machine. (10hrs)

Preventive and breakdown
maintenance of grinding machine.

(10 hrs)

Professional
Skill 110Hrs;

Professional
Knowledge
30Hrs

Identify and explain
basic functioning of
different electrical
equipment, sensors
and apply such
knowledge in industrial
application including
basic maintenance
work. [Different
electrical & electronics
equipment- DC/ AC
motors, passive
& active electronic
components, resistor,
capacitor, inductors,
rectifier, diode
transistor, SCRS
& ICS; Different
sensors — proximity &
ultrasonic] (Mapped
NOS: CSC/N0305)

171.

172.

173.

174.

175.

176.

177.

178.

179.

Behaviour of Proximity Sensors.
(5hrs)

Behaviour of ultrasonic sensors.
(5hrs)

Logical Operation of Sensors.
(5hrs)

Limit & Level Control using
Sensors. (5hrs)

Interfacing of Sensors with
Electrical Actuators. (5hrs)

Making simple wiring circuits
and measurement of current and
voltage. (5hrs)

Testing of power supply (AC &
DC).(5 hrs)

Demonstration of use of test lamp
and megger. (5 hrs)

Connections of DC/AC motors and
its speed control - demonstration
only. (5 hrs)

Switches, Fuse And Circuit
Breakers.

Introduction To Sensors--
Fundamental Of Sensor.

Potentiometer -Ultrasonic And
Optical Sensors-Industrial
Application.

Basic principles of DC generators
and motors, Alternators and AC
motors and transformers. Various
types of switches, circuit breakers,
fuses, lamps, proximity switches,
relays and contactor in electrical
circuits.

Passive circuit elements —
resistors, capacitors and inductors.
Its identification and testing. Colour
code.(12 hrs)

180.

181.

Identification of passive & active
electronic components. (8hrs)

Use of oscilloscope. (05hrs)

182. Demonstrate of logic gate

183.

184.

185.

186.

operations. (5hrs)

Testing and measurement of
resistors, capacitors, inductors
using multimeter. (8hrs)

Perform soldering and de-soldering
of components on printed circuit
board. (PCB). (10hrs)

Study of rectifiers and testing with
multimeter. (5hrs)

Preparing and checking of rectifier
circuits. (6hrs)

BASIC ELECTRONICS

Introduction to electronics and its
industrial applications.

Introduction to digital electronics —
numbers system and logic gates.

Study of electronic circuit — macro
level with block diagram. (18 hrs)
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Duration

Reference Learning
Outcome

Professional Skill
(Trade Practical)
(With inidcative hour)

Professional Knowledge
(Trade Theory)

187. Demonstrate of solid state devices
—diode transistors. (5hrs)

188. SCRS & ICS —identification
&testing. (5hrs)

189. Assembly of simple battery
eliminator circuit using bright
rectifier & fitter capacitor. (8hrs)

Professional
Skill 40Hrs;
Professional
Knowledge
10Hrs

Programme PLC and
interface with other
devices to check
its Applications.
(NOS:CSC/N9490)

192. Ascertain various modules,
controls, and indicators of given
PLC. (6 hrs)

Program and configure the PLC to
perform a simple start/stop routine.
(6 hrs)

Program the PLC using Timer and
Counter instructions. (10 hrs)

193.

194.

195. Program the PLC to perform Move,
Arithmetic, and Logical operations.

(3 hrs)

Program the PLC for performing
comparator operations. (3 hrs)

197. Practice on PLC wiring. (9 hrs)

198. Program PLC for controlling analog
parameter(s). (3 hrs)

196.

PLC:

Overview of different control
systems. Introduction about PLC.
Block diagram of PLC. Different
types of PLC, PLC Architectures
(Fixed and Modular). Selection
of PLC. Advantages of PLC.
Applications of PLC. Various
types of modules used in PLC.
Familiarization of AND, OR
and NOT logics with examples.
Registers Basics. Timer
Functions. Counter Functions.
Introduction and importance of
Sequential Control Systems.
Communication protocols used in
PLC: RS-232, RS-485, Ethernet,
Profibus.

Different programming languages
of PLC: LDR, STL,FBD, CSF.

Basic ladder programming of
PLC. Configuration of PLC and
its modules.

Wiring of PLC. (10 hrs)

Professional
Skill 60Hrs;

Professional
Knowledge
18Hrs

Prepare part
programme, test on
simulation software
and interpret different
errors. (NOS:CSC/
N9491)

199. Knowledge rules of personal
and CNC machine safety, safe
handling of tools, safety switches
and material handling equipment
using CNC didactic/simulation

software and equipment. (5hrs)

200. Identify CNC lathe machine
elements and their functions.
(5hrs)

201. Understand the working of parts
of CNC lathe, using CNC didactic/
simulation software. (05hrs)

202. ldentify common tool holder
and insert shapes by ISO
nomenclature. (5hrs)

203. Select cutting parameters from tool
manufacturer’s catalogue. (2hrs)

Concept of Co-ordinate geometry,
concept of machine coordinate
axis, axes convention on CNC
lathes, work zero, machine zero.

Converting part diameters and
lengths into co-ordinate system
points. Absolute and incremental
programming.

Programming — sequence,
formats, different codes and
words.

ISO G codes and M codes for
CNC turning.

Describe CNC interpolation, open
and close loop control systems.
Co-ordinate systems and Points.

Cutting tool materials, application
of various materials.
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Duration

Reference Learning
Outcome

Professional Skill
(Trade Practical)
(With inidcative hour)

Professional Knowledge
(Trade Theory)

204.

205.

206.

207.

208.

209

210.

211.

212.

Write CNC programs for simple
tool motions and parts using linear
and circular interpolation; check
on program verification/ simulation
software. (04hrs)

Write CNC part programs using
canned cycles for stock removal,
grooving, threading operations,
with drilling and finish turning.
Use TNRC commands for finish
turning. Check simulation on
program verification/ simulation
software. (06 hrs)

Avoiding collisions caused by
program errors. Knowing causes
and effects of collisions due
to program errors, by making
deliberate program errors and
simulation on program verification/
simulation software. (6hrs)

Simple turning & Facing (step
turning) without using canned
cycles, on CNC simulator. (06 hrs)

Program checking in dry run, single
block modes, on CNC simulator
(2hrs)

. Absolute and incremental

programmingassignments and
simulation. (6hrs)

Checking finish size by over sizing
through tool offsets, on CNC
simulator. (2hrs)

Recovering from axes over travel,
on CNC simulator. (1 hr)

Interpret different messages
generated against different errors.
(05hrs)

Cutting tool geometry for internal
and external turning, grooving,
threading, face grooving, drilling.
Insert holding methods for each.

Writing part programs as per
drawing & checking using CNC
program verification/ simulation
software. Process planning,
work holding, tool and cutting
parameters selection according to
the part geometry and dimensions.

Collisions due to program errors,
effects of collisions. Costs
associated with collisions — tool
breakage, machine damage,
injuries.

Find out alarm codes and meaning
of those codes.

Program execution in different
modes like MDI, single block and
auto.

Process planning & sequencing,
tool layout & selection and cutting
parameters selection.

Work and tool offsets.

Inputs value to the offset/ geometry
page into machine.

First part checking: Program
checkingin single block and dry run
modes — necessity and method.
(18 hrs)

Professional
Skill 90Hrs;

Professional
Knowledge
20Hrs

Troubleshoot &
Overhaul of pumps,
fans, blowers &
compressors and
perform preventive
maintenance.
(Mapped NOS: CSC/
N0901)

213.

214.

215.
216.
217.

218

Demonstrate various types of
machine related centrifugal pump
and their parts. (8hrs)

Overhauling of pumps with fitting
of gland packing. (15hrs)

Priming of pump. (4hrs)
Testing of pump. (2hrs)

Perform preventive and schedule
maintenance. (4hrs)

. Trouble shooting in pump

operation. (12hrs)

Centrifugal Pump, Fan, Blower
and Compressor:-

Pump
Function of pump.

Types and working principle
of centrifugal pump (machine
related).

Constructional detail of pump
Starting and stopping

Pump performance and
characteristics.
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Duration

Reference Learning
Outcome

Professional Skill
(Trade Practical)
(With inidcative hour)

Professional Knowledge
(Trade Theory)

Capitation & aeration

Preventive & schedule
maintenance of pumps.

Gland packing changing
procedure.

Concept of Mechanical seal
Trouble shooting in pump.

(10 hrs)

219.

220.

221.

222.

223.

224.

Identification of various types
of fans, blowers and their parts.
(5hrs)

Dismantle, inspect, repair/ replace
work out part and assemble the
same. (10hrs)

Demonstrate compressors and
their parts. (8 hrs)

Cleaning and changing of filters of
compressors. (8 hrs)

Perform schedule and preventive
maintenance of blower &
compressor. (6hrs)

Change compression ring & oil
rings in a reciprocator compressor.
(8 hrs)

Fan & Blowers:

Types and working principle

Constructional detail of Fans &
Blowers.

Starting and stopping of Fans and
Blowers

Different parts of Fans & Blowers
Concept of surge.

Preventive & scheduled
maintenance.

Compressors:

Compression theory, Types of
compressors

Constructional detail of
compressors, working mechanism

Different parts and their function.
Loading unloading system
Concept of air dryer.

Preventive & schedule
maintenance. (10 hrs)

Professional
Skill 110Hrs;

Professional
Knowledge
30Hrs

Identify fault carryout
maintenance work
and break down of
different machineries/
equipments viz.,
shaper, surface
grinding, drilling, lathe,
milling, in the shop
floor, using appropriate
tools &equipments to
ensure its functionality.
(Mapped NOS: CSC/
N0901)

225.

226.

227.

Demonstrate mechanical &
hydraulic jack, rope puller, chain
puller, chain block, and winch.
(8 hrs)

Inspection of tools and tackles of
material handling equipments. (6
hrs)

Shift a small machine from layout
to loading centre/ different work
place. (10 hrs)

Different type of jacks, chain block
and pull lift.

Knowledge of different types of
scaffolding.

Material movement by using
different rigging tools and
techniques.

Safety appliances & precautions
in rigging.

Maintenance of tools and tackles.
(09 hrs)

228.

Practice various belt & chain
joining methods. (20 hrs)

229. Demonstrate belt conveyor system,

vibratory screen & feeder. (Video
demo)(6 hrs)

Bulk Material Handling (Conveyor
belt, Vibratory screen, Feeders)

Principle & mode of material
handling.
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Duration

Reference Learning
Outcome

Professional Skill
(Trade Practical)
(With inidcative hour)

Professional Knowledge
(Trade Theory)

Various components used in belt
conveyor system & their functions.
(Pulleys, idlers, scrapers, skirts,
belt, take up unit system and
safety devices).

Vibratory screen- working
mechanism.

Feeders-
mechanism.

Maintenance practice-Pulley
lagging, belt sway control belt
joining methods.

(06 hrs)

types, working

230. Trouble shooting on machine tools
such as drill, shaper, lathe & power
saw machine. (15 hrs)

231. Perform overhauling of feed units
of lathe milling & grinding. (15hrs)

232. Geometrical testing of machine
tools. (10hrs)

Breakdown Maintenance,
Preventive Maintenance,
Predictive Maintenance &
Concepts of TPM, OEE.(without
calculations)

Difference between breakdown
and preventive maintenance — Its
importance in productivity, types.
Normal procedure followed for
maintenance of machine tools on
the shop floor.

Accuracy testing of machine tools.
Various maintenance practices.

Concepts & Measurement of
machine performance: MTBF,
MTTR. (without calculations)

(09 hrs)

233. Preparation of check list for
inspection of different machine
tools. (5hrs)

234. Temperature measurement of
machine tools. (5hrs)

235. Vibration measurement of machine
tools. (5hrs)

236. Fault finding practice on machine
tools. (05 hrs)

Inspection & Condition Monitoring.

Maintenance strategy — Reactive,
Preventive, Predictive and
proactive. Corrective Maintenance
& Plan Maintenance. Condition
Base Maintenance (CBM),
Reliability Centered Maintenance
(RCM), Importance of inspection.

Type / methods of equipment
inspection.

Commonly used gadgets for
inspection.

Concept of inspection check-list.

Importance of condition monitoring
and Various techniques used for
condition monitoring. (vibration,
temperature, sound and lubricant
condition)

Concept of Industry 4.0 and Digital
Manufacturing. (09 hrs)
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Capital Goods & Manufacturing Exercise 2.1.122

MMTM - Welding

Setting up an arc welding machine

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

« set the arc welding machine

Job Sequence

Setting of Arc Welding machine (Fig 1) Table 1

Fig 1 Plate Electrode Current
ELECTRODE HOLDER Thickness Size mm Range
in mm (approx.) (amperes)

1.6 1.6 40-60
25 25 50-80
4.0 3.2 90-130
6.0 4.0 120-170
8.0 5.0 180-270
25.0 6.0 300-400

MM20N21122H1

» Select an appropriate installation location

« Set the machine at least 30 cm away from the wall
and the place must be dry and clean.

* Check the work of power source for the welding
machine and it should be in a firm and level place

» Connect the welding cables with welding machine

» Attach the earth cable with the welding table at
proper place

» Keep the electrode-holder at a safe place

» Set the welding current as per the diameter of the
electrode to be used (Table 1).

» Select the electrode as per the thickness of the metal
to be welded as recommended (Table 1).

Hold the electrode about 25 mm above the job piece
at one end perpendicular to the surface.

Strike the arc by dragging electrode quickly and
softly across the welding job using wrist movement

only.

Withdraw the electrode approximately 6mm from
the surface for a few seconds and then lower it to
(approx) 4mm distance. (Fig 2)

Fig 2

START POSITION
\\ //7
v //
/
7 //

Y
QY

SCRATCH WITH JOB SURFACE

LIFT & HOLD A SLIGHTLY LONG ARC

/7

’
’y

//

’
’
’
—
—

HOLD A NORMAL ARC

10°-15°

4mm GAP

%

)

SCRATCH METHOD
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Capital Goods & Manufacturing

MMTM - Welding

Exercise 2.1.123

Edge preparation of material for Arc welding

Objective: At the end of this exercise you shall be able to
» prepare edges for different Butt joints in Arc welding.

—5-6.3mm
TASK:1 ]
2.5-3mm
SQUARE BUTT JOINT WITH GAP
60°
w r 8mm & above
TASK:2 |
. 3-4mm
SINGLE VEE BUTT WITH GAP
60°
TASK:3 2 K
\\M L 16mm
. 3.15mm & above
DOUBLE VEE BUTT WITH GAP
Job Sequence
e Clean the job tube welded to remove any dirt, » Filing and grinding to be continued until the proper

grease and other contaminants

Measure the job as per the given sketches Task 1, .

Task 2, Task 3

edge shape formed as shown in drawings.

Check the job as per drawing and finish and keep
the job ready for weld with good edge formation.

Mark and draw a line along the edge of job piece

with help of try square, steel rule and scriber.

Fix the job in the bench vice, and remove excess

material by filing or grinding.

02 50 ISF 16-150 - Fe 310 - 3 -
02 50 ISF 8-150 - Fe 310 - 2 -
02 50 ISF 6-150 - Fe 310 - 1 -
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO. 2.1.123
SCALE TOLERANCE *1 TIME
NTS

O

EDGE PREPARATION OF METAL

MM20N21123E1

2




Capital Goods & Manufacturing

MMTM - Welding

Exercise 2.1.124

Perform welding joints by arc welding

Objectives: At the end of this exercise you shall be able to
» perform square lap joint by arc welding
» perform butt joint by arc welding

» perform tee joint by arc welding

» perform pipe joint by arc welding.

TASK -1

Square lap joint

TASK -2

Butt joint

TASK -3

Tee joint

TASK - 4
Pipe joint

02 250 X 3-100

Fe 310

02 50 ISF 6-150

Fe 310

02 50 ISF 6-150

Fe 310

02 50 ISF 10-150

Fe 310

=N wW N

NO.OFF STOCK SIZE

SEMI-PRODUCT

MATERIAL

PROJECT NO.

PART NO. EX.NO. 2.1.124

SCALE
NTS

WELDING JOINTS BY ARC WELDING

TOLERANCE *1

TIME

MM20N21124E1




Job Sequence

TASK 1: Square lap joint

Cut the plate pieces by gas cutting as per drawing.
Grind the gas-cut edges to square.

Remove the grinding burrs and clean the surfaces
by wire brush.

Set the pieces in the form of a lap joint as per
drawing.

Select DCEN polarity, in case of a DC machine.

Wear protective clothing. ‘

Tack-weld on both ends.
Set the lap joint in a flat position.

Deposit root run by using a 3.15mm dia. medium
coated M.S electrode with 100-110 amps current.

Ensure an electrode angle of 45° with the fillet
corner and 80° with the welding line.

TASK 2: Butt Joint

Square butt joint by an arc. (Flat position)
Obtain, and clean the job pieces, as per drawing.

Set the pieces on the welding table as butt joint with
gap in alignment. (Refer to drawing.)

Select a 3.15mm @ M.S. electrode and set a 120
amps current.

Connect the electrode to negative, if the
power source is D.C.

Tack the pieces at both ends and also in the centre.

Ensure safety apparel is worn.

Check the alignment of the tacked pieces, and reset,
if necessary.

Place the joint in a flat position on the welding table,
well grounded. (Tacks side down.)

Select a 4.0mm 2 M.S. electrode and set a 150-160
amps current.

Deposit the first bead along the joint line with a:

- Correct arc length

Wear chipping goggle for the protection of eyes.

Remove the slag with a chipping hammer and clean
with a wire brush.

Use tongs to hold the job.

Deposit the final covering run with a weave motion
using a 4.00 mm dia. medium coated M.S. electrode
with 150-160 amps welding current.

Prevent the upper edge of the plate from
melting off.

Remove the slag from the final weld and clean
thoroughly.

Use a weld gauge to check the fillet size.

Inspect the lap fillet weld for surface defects and
size.

- Correct electrode angle
- Correct welding speed.

Chip the slag from the bead, brush and inspect.

Use tongs to hold the hot job, chipping
hammer and wire brush for cleaning, and
chipping goggles for the protection of the
eyes.

Clean the back side of the first bead thoroughly and
grind tacks flush.

Deposit the second bead on this side, using the
same settings.

Chip the slag from the bead, brush and inspect for
faults.

Practice this exercise until you can produce a sound
butt weld.

Capital Goods & Manufacturing: MMTM - (NSQF - Revised 2022) - Exercise 2.1.124



TASK 3: Tee joint

Obtain and clean the job-pieces as per drawing.

Set and tack the job-pieces at both ends as ‘T’ joint .
(Refer to drawing).

Ensure that a @ 3.15mm electrode and a 130 amps
current are used. Safety apparel should be worn.

Clean the tacks, check alignment and reset the job,
if necessary.

Place the joint on a welding table in a flat position.
(Tack side down.)

Select a @ 4mm M.S. electrode and set a 150-160
amps current.

Deposit the first bead along the joint line with a
correct and uniform

- Arc length
- Travel speed

- Electrode angle.

Clean the weldment and inspect for faults. |

Clean the other side of the joint and grind the tacks
flush.

Set the joint in a flat position (weld side down).

Make a second weld along the joint line with the
same setting and technique as used for the first
bead.

Clean the weld and inspect for the following
weld characteristics.

Ensure the electrode angle is 45° with the
corner and 70° to 80° with the welding line in
the direction of travel.

TASK 4: Pipe joint

Ensure the correct size of the pipes are used.

Draw development for an “elbow” joint. Fig 1 on a
drawing sheet scale full size.

Fig 1

DEVELOPMENT

9
5 7'

I\ 4'

11" 4

o120 1 2 3 4 5 6 7 8 9 10 1112

©©

CIRCUMFERENCE OF PIPE

7 11
12

ELBOW PIPE JOINT

1
43 2\ @50 OD AND 3WT

DEVELOPMENT OF ELBOW JOINT FOR @50 PIPE

MM20N21124H1

Cut the development of the pipe elbow from the
drawing sheet and paste it on one end of both the
100mm long pipes.

Make punch marks along the profile of the
development on the pipes and cut the pipe along the
punch marks using a hacksaw.

Capital Goods & Manufacturing: MMTM - (NSQF - Revised 2022) - Exercise 2.1.124

- Smooth and close ripple appearance. Uniform
width and height equal leg lengths.

- Good fusion at the toe of the weld without
undercut and overlap

- Leg length of the fillet weld equal to the plate
thickness

Repeat the exercise until you can produce good
welds.

Deburr the cut edges and file it to correct any
irregularity on the cut edges.

Clean the surface of the pipe of any oxide and other
contaminants.

Set and align the pipe to on angle of 90°.

Select nozzle No. 7 and g@3mm CCMS filler rod with
0.15 kg/cm2 pressure for both gases.

Set neutral flame.
Follow necessary safety precautions.

Tack weld the joints at 4 places with 1.6mm root gap
and keep the joint in alignment. Check the 90° angle
between the pipe axes using try square.

Use leftward and vertical welding technique.

Weld the joints by manipulating the blowpipe and
filler rod in one run using 3mmg CCMS rod dividing
the weld into 4 segments.

The joint which will be in the form of an ellipse has
to be welded in 4 segments. Fig 2 The order of
sequence of welding is 2 to 6 (segment 1). 10 to 12
(segment 3) 10 to 6 (segment 2) and 2 to 0 (segment
4). This order of welding sequence will help to keep
the tacked joint such that the welding is partially done
in vertically upwards and partially in flat position.



Fig 2

SEGMENT 3

MM20N21124H2

Skill Sequence -1

Setting and tacking the lap joint

« Ensure maintaining keyhole and ending the weld of
each segment properly to get the root penetration
without fail.

* Avoid excessive penetration.

» Clean the welded joint and inspect for weld defects.

Objectives: This shall help you to

« set the task the work project as lap joint in correct alignment

» weld a lap joint in a position
* inspect the completed lap joint.

Set the lap joint with an overlap of 25mm.
The overlap may vary based on the plate thickness.

Tack-weld on both ends. (Fig.1) Ensure the two lapping
surfaces are perfectly cleaned and they contact each
other properly. Use a @ 3.15mm MS electrode with 120
amp current for tacking.

Fig 1

MM20N21124J1

SETTING TACKING A LAP JOINT.

Set the joint in a flat position using angle iron (Fig.2).
Welding the lap fillet joint in flat position

Deposit root run with a @ 3.15mm medium coated MS
electrode with 100-110 amp. current.

Maintain 80° angle to the line of the weld and 45°
between the weld faces. (Fig.2)

Maintain a short arc to get uniform fusion and root
penetration.

Avoid side-to-side movement of the electrode.

De-slag and clean the root bead thoroughly.

10°
—_— -—

/[~

TRAVEL ANGLE

ANGLE IRON
SUPPORT

MM20N21124J2

Deposit the final covering run with a @ 4mm medium
coated MS electrode and 160 amp current.

Give side to side movement to the electrode not more
than 2.5 time its dia

Use the same electrode angles was used for the root
bead

Remove the slag with a chipping hammer. Clean the
weld with a steel wire brush

Inspect the lap fillet weld (Fig 2) and ensure
It has equal leg length with slight convexity

The upper edge of the plate has not melted off it is free
from surface defects

Fig 3 CORRECT SIZE FILLET
WITHOUT MELTING OFF EDGE

L

INSPECTION OF LAP FILLET WELD

MM20N21124J3
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Skill sequence - 2

Square butt joint by arc flat position

Objectives: This shall help you to
* weld a square butt joint in a flat position
* inspect the completed butt weld.

This type of joint is used very extensively in industry. If
welded from both the sides (6 mm plate thickness), a
sound weld can be obtained.

Setting and tacking

Set the pieces as butt joints with a 3 mm gap in a
welding.

Tack at both the ends and one in the centre. (Fig 1)

Fig 1

c
MM20N21124X1

Use a @ 3.15 mm M.S electrode. Set the current
120 -130 amps and length of the tack 15 mm.

Ensure the tacks are fused.

Check the alignment after tacking and reset if necessary
(Fig 2).

Check the tack-welds thoroughly.
Welding butt joint
Place the joint in a flat position.

Deposit the first bead, using a @ 4mm M.S. electrode
and 150-160 amps current with a correct.

Skill sequence -3

‘T’ fillet joint by arc (Flat position)

Fig 2

TRY SQUARE

ol b bl

TACK

MM20N21124X2

* Electrode angle
» Travel speed, and
* Arc length. (Fig 3)

Fig 3

4 (ARC LENGTH)

ELECTRODE ANGLE WITH PLATE SURFACE

/

70°-80°

ELECTRODE ANGLE WITHWELD LINE

MM20N21124X3

Objectives: This shall help you to

» weld ‘T’ fillet joint by arc in a flat position free of distortion

* inspect the completed butt weld.
* inspect the completed butt weld.

The weld deposited on a ‘T’ or lap joint is called a fillet
weld. Often the ‘T joint is called a fillet joint. (Fig 1)
This joint is mostly used in industrial fabrication work.

Fig 1

MM20N21124Y1

Setting and tacking (Fig 2)

Set the pieces in alignment, forming a 90° ‘T".
Tack the pieces at both ends.

Use o 3.15mm M.S. electrodes.

Set current at 30 amps.

Ensure the tacks are well fused having a 15
mm length.

Check the alignment after tacking.
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Fig 2

MM20N21124Y2

Welding a fillet joint
Place the joint for flat position welding. (Fig 3)

Hold the electrode, pointing at the corner of the joint at
an angle of 45° to the plate surface. (Fig 4)

Skill sequence -4

Fig 3

SUPPORT

MM20N21124Y3

WORK BENCH

Fig 4

MM20N21124Y4

(ELBOW) Joint on MS pipe 850x3mm wall thickness in flat position

Objective: This shall help you to

e prepare and weld (ELBOW) joint on MS pipe 50x3mm wall thickness in flat position.

Fix no. 7 nozzle to the blowpipe to help in fusing both
the edges of the joint (which is 3mm thick) to the full
depth and get good root penetration.

Also the joint which is elliptical in shape can be welded
properly with good fusion and root penetration only if
the tack welded pipes are welded in 4 segments.

The segments are divided on the tacked pipe elbow
joint as shown in Fig 2 under job sequence.

This division into 4 segments will help to keep the job
in the required position. so that the welding is done
partially by vertical welding technique and partially by
flat position.

In addition, the distortion in the pipe joint due to welding
can be controlled by welding the segment in the
sequence 1,3,2 and 4.

Maintaining a continuous keyhole as done in pipe square
butt joint will help in getting good root penetration.

During welding fuse the tacks fully and also ensure
proper fusion of edges and root of the joint of each
segment.

Use the blow pipe and filler rod angles of 60° - 70° and
30° - 40° to the tangent at the point of welding. Give a
very slight side to side motion to the blowpipe.
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Capital Goods & Manufacturing
MMTM - Welding

Exercise 2.1.125

Making straight beads in gas welding

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

« fusion run by adding filler metal using leftward technique with correct types of flame

Job Sequence

Obtain the job piece as per the drawing and clean
its surface.

Set the work piece on the welding table with the
left edge raised about 15mm.

Select the nozzles size 5 (IOL make-safire type)
and set the acetylene/oxygen pressure at 0-15 kg/
cm2.

Wear safety apparel and set the neutral flame.

Hold the blowpipe at an angle of 60°-70° on a
punched line of sheet and make a small molten
pool at the right hand edge.

Dip the end of the filler rod into the molten pool
and add the filler metal on the job surface to form
a weld bead.

Move towards the left with a uniform speed along
the punched line with a slight circular motion of the
blowpipe and piston-like motion of the filler rod.

Add enough rod into the molten pool to
build up the bead evenly in height and
width.

Co-ordinate the rate of travel with the filler
rod to control the size of the bead and the
required penetration.

Keep a flame cone distance of 2.0 to 3.0 mm
from the job surface.

Hold the filler rod in the left hand, pointing near the
molten pool with an angle of 30°-40° with the line
of weld.

Stop at the left edge, extinguish the flame and cool
the nozzle.

Clean the weld surface. Inspect for even ripples
and uniform width/height of the weld bead.

Repeat the exercises till you get good results.

O 1

STRAIGHT BEADS IN GAS WELDING

1 160 ISF 2.5-50 Fe310 2.1.125
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE :NTS DEVIATIONS TIME :

CODE NO. MM20N21125E1




Skill Sequence

Fusion runs with filler rod on steel plate in flat position by gas

Objectives: This shall help you to

¢ make fusion runs with filler rod in a straight line using leftward technique

¢ clean and inspect the element for faults.

During gas welding, most of the joints require filler metal
to obtain a proper, strong weld.

The feeding of the filler metal in the molten pool requires
special skill, which is outlined here.

Correct position of the blowpipe and filler rod.

Hold the blowpipe and the filler rod in the correct position
in respect of the job.

The blowpipe angle should be 60° - 70° with the weld
line (towards right).

The filler rod angle should be 30° - 40° with the weld line
(towards left). (Fig 1)

Fig 1

30°-40°

MM20N21125H1

Keep the blowpipe and the filler rod at 90° to the plate
surface. (Fig 2)

Fig 2

I \
FILLER ROD
| \
BLOWPIPE NOZZLE

/P LATE SURFACE

90°

MM20N21125H2

Surface fusion and filler rod addition

Fuse the metal surface and add the filler metal with
proper motions circular motion for the blowpipe and
piston-like motion for the filler rod. (Fig 3)

Maintain a flame cone distance from 2 to 3mm

from the metal surface.

Direction of welding

Move the blowpipe and the filler rod in a leftward
direction along a straight line to complete the weld.
(Fig 4)
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Fig 3

MM20N21125H3

Fig 4 FILLER ROD MELTS OF WELD POOL EDGE

FLAME COVERS WELD AREA

DIRECTION BEEVE BISE

OF WELD UNIFORM WIDTH &

HEIGHT OF

EACH ADDED DROPLET
INCREASES WELD POOL
AND REINFORCEMENT

MM20N21125H4

Maintain constant speed and the correct angle
and motion of the blowpipe and the filler rod
during the welding.

Inspection of weld

Inspect the weld bead after cleaning properly with a
steel wire brush, for a uniform width and height of the
fused bead, uniform ripples and proper depth of fusion.

(Fig 5)

Fig 5

§UNIFORM RIPPLES

GOOD UNIFORM BEAD

MM20N21125H5
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Capital Goods & Manufacturing Exercise 2.1.126
MMTM - Welding

Perform Square lap joint, butt joint and tee joint by gas welding joints

Objectives: At the end of this exercise you shall be able to
» perform square lap joint by gas welding

» perform butt joint by gas welding

» perform tee joint by gas welding.

TASK -1

Square lap joint

TASK -2
Butt joint
TASK -3
Tee joint
02 ISST 160 X 2.5-50 - Fe310-W - 3
02 ISST 160 X 2.5-50 - Fe310-W - 2
02 ISST 50 X 2.0-150 - Fe310-W - 1
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO. 2.1.126
SCALE TOLERANCE *1 TIME
NTS
WELDING JOINTS BY GAS WELDING
S @ CODE NO. MM20N21126E1
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Job Sequence

TASK 1: Square lap joint

Obtain the work pieces, clean the edges as per
drawing and clean the edges.

Set the work pieces on the welding table to form
a lap joint with correct overlapping. (Refer to the
drawing.)

Set a gas welding plant, attach nozzle No.5 and set
pressure of 0.15kg/cm? for both gases.

Select a C.C.M.S filler rod @ 1.5mm for tacking and
@ 3mm for welding.

Wear safety apparel.
Set neutral gas flame.

Tack-weld the pieces at both ends and also in the
centre.

Check the alignment of pieces, clean the tacks and
set on the welding table in a flat position.

Start welding using the leftward technique using the
filler rod.

Fuse the edges uniformly, add filler metal to
obtain correct penetration and reinforcement
and proceed towards the left.

TASK 2: Butt joint

Obtain the job-pieces, clean the edges as per
drawing.

Set the job-pieces on a welding table to form a
square butt joint (open) with a root gap 1.5 mm.

Set a gas welding plant, attach nozzles No.5 and set
a pressure of 0.15kg/cm? for both the gases.

Selecta C.C.M.S. filler rod 1.5mm & for tacking and
3.00mm g for welding.

Wear safety apparel.
Set the neutral flame.

Tack the pieces at both the ends and also in the
centre using a 1.5mm & filler rod. (Keep a shrinkage
allowance of 2 mm )

Tacks should be well fused and penetrated.

12

Check the alignment and gap between the pieces
and reset, if necessary.

Maintain correct travel speed and motion
for the blowpipe and filler rod to produce a
uniform weld bead.

» Stop at the left edge and fill the crater to complete
the weld.

» Extinguish the flame, cool the nozzle and place the
blowpipe in a safe place.

Clean the welded joint and inspect visually for:
- Correct size fillet weld.

- Shape of weldment. (slight convex uniform width
and height)

- Bead formation. (uniform ripples without any surface
defects)

+ Weld the job from the other side also, following the
above steps.

* Repeat the exercise till you get good results.

» Clean the tacks land reset the job on the welding
table in a flat position.

» Start welding, using the leftward technique with the

correct angle of the blowpipe and filler rods of @
3mm.

* Fuse the edges uniformly and add filler metal.
(maintain a correct travel speed and motion of the
blowpipe and filler rod, to produce a uniform weld
bead.)

» Stop at the left edge, fill the crater to complete the
weld.

» Extinguish the flame, cool the nozzle and place the
blowpipe at a safe place.

Clean the welded joint and visually inspect for;
- aslight convex uniform width and height of bead.

- a slight penetrating bead on the reverse side of the
ripples joint near the root.

* Repeat the exercise till you get good results.
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TASK 3: Butt joint (gas welding)

* Prepare job pieces as per drawing.

* Clean the surface and edges of the sheets to be
welded.

» Set the sheets in the form of a ‘Tee’ joint on the
welding table.

» Wear safety apparels and gas welding goggles.

» Set the gas welding plant, fix nozzle No.7 and set
pressure at 0.15 kg/cm? for both gases.

» Set the neutral flame, tack at both ends of the joint
also in the centre with a 1.6 mm C.C.M.S rod.

* Check the alignment of the joint with a try square
and clean the tacked portion.

» Keep the job on the welding table in a flat position.

» Start welding with the leftward technique and melt
the right hand end of the joint.

* Fuse the area to be welded (i.e. equally the part
of the horizontal sheet and the vertical sheet) and
apply the filler rod in the molten pool to form a fillet
weld at the joint.

Skill Sequence

Lap fillet joint in flat position by gas

+ Maintain correct travel speed, manipulate the
blowpipe and filler rod to produce a uniform weld
bead.

» Stop the weld at the left hand end of the joint after
filling up the crater at the end of the weld.

» Extinguish the flame, cool the nozzle and place the
blowpipe at its place.

* Clean the weld meant and inspect for defects in the
fillet weld.

Visual inspection

« Slight convexity, uniform width, uniform ripples
indicate a good weld bead. A weld without undercut,
overlap, porosity, etc. will ensure a good quality
weld.

*  Weld on the other side of the joint for more practice.

Objectives: This shall help you to

* set and tack the job pieces for a lap fillet joint maintaining alignment
e produce a uniform, well penetrated fillet weld in flat position.

Fillet joint is used extensively in industries such as
fabrication of tanks, ship construction and structural
works.

It is an economical joint and requires very little joint
preparation but it is difficult to weld successfully without
sufficient practice.

Penetration should be complete without
undercut and without melting the edge of the
upper plate.

Setting and tacking the job pieces

Set and tack the job pieces in correct alignment with
overlapping as per drawing and tack-welds at correct
locations. (Fig 1)

Welding of a fillet joint

The fillet joint should be uniform, well penetrated and of
correct size.

For this purpose a proper positioning of the joint, (Fig 2)
maintaining the angles of the blowpipe and filler rod and
(Figs 2 and 3) manipulation of the blowpipe and the rod
(leftward technique) and maintaining a uniform travel
speed and feed are important.

Fig 1 SUPPORTING PIECE

MM20N21126H1

Clean the weld meant and visually inspect for:
(Fig 4)

- Uniform weld size and shape of the whole length
(reinforcement and contour)

- Equality of leg length
- Undercut at the toe of the weld.
- Fusing resulting in an undersized top plate edge.

- Smooth ripple appearance.

- Unfilled crater.
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Fig 2
g SYMETRICAL TACKS BEFORE WELDING
FILLER ROD

EDGE OF TOP PLATE
IS MELTED

/

BLOW PIPE

MM20N21126H2

Fig 3

MM20N21126H3

Square butt joint in flat position by gas

Fig 4

SMOOTH REINFORCEMENT
AND CONTOUR\

GOOD FUSION INTO LOWER
PLATE CONTOUR OF
LAP WELD

MM20N21126H4

Objectives: This shall help you to

* set and tack the work pieces in alignment for a square butt joint
* produce a uniform and well penetrated bead on an open square butt joint in a flat position

¢ visually inspect the completed joint.

The requirements of a good welded joints are:
The joint must be in correct alignment (distortion free)

The weld must be well fused, well penetrated, uniform
in width and height, of correct size and free from internal
or external faults.

Setting and tacking

Set and tack the job-pieces in correct alignment with a
proper gap and for distortion allowance. (Fig 1)

Fig 1 TACKS 10mm LONG

MM20N21126J1

=

Check the alignment after tacking, and reset,
necessary. (Fig 2)

14

Fig 2

Welding

Produce a well-fused uniform bead with complete
penetration using a leftward technique (Fig 3) by;

MM20N21126J2

Fig 3
FILLER ROD

MOTION

. ‘ BLOW PIPE
&{:'_ /
/ KEY HOLE

MM20N21126J3
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- Holding and manipulating the blowpipe and rod in
the recommended angles.

- Maintain a uniform travel speed and feed.
- Forming a correct size key hole.
Finish the job.

Check alignment - remove distortion, if required, and
inspect for:

Uniform width and height of weld bead in size. (Fig 4)

Fig 4

Qu
AL
WIDTH .
Ny
QHT

UPPER SIDE -

I v | !

MM20N21126J4

Fillet ‘T’ joint in flat position

- Uniform ripples and fusion, complete penetration.
(Fig 5)

- Absence of faults such as undercut, lack of fusion,
unfilled crater etc.

Fig 5

PENETRATION g

7 w—

UPPER SIDE

MM20N21126J5

Objectives: This shall help you to

* set and tack the job pieces for a ‘T’ fillet joint maintaining alignment
* produce a uniform, well penetrated ‘T’ fillet in flat position

* inspect visually the weld meants for defects.

‘T’ fillet joints are used extensively in industry i.e.,
fabrication of under frames, vertical supporters for oil
and water containers and other similar structural work.

It is an economical joint with very little edge preparation
but difficult to weld without defects (i.e. unequal leg
length, undercut, etc.) unless the operator gets proper
practice.

Root penetration must be obtained completely and
undercut is to be avoided.

Setting and tacking the job pieces
Place the pieces on the welding table as Tee joint.

Hold the pieces in position using support. (Fig 1)

Fig 1
SUPPORT

TEE JOINT IN
POSITION
FOR TACK
WELDING

/

MM20N21126X1

Capital Goods & Manufacturing: MMTM - (NSQF - Revised 2022) - Exercise 2.1.126

Ensure the vertical piece is perpendicular to the
horizontal piece without gap of the joint.

Fillet ‘T’ joint in flat position
Check with a try square for perpendicularity.

Tack-weld the joint at both ends (Fig 2) on one side of
the joint.

Fig 2

MM20N21126X2

TACK WELDING A TEE JOINT
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Welding of fillet ‘T’ joint in flat position (Fig 3)

Place the tacked joint in flat position by tilting and
supporting it. (Fig.3)

Fig 3 FILLER ROD

BLOWPI<J }

|
|
|
vl
|

60°

‘%

30°-40°

45°

MM20N21126X3

Start welding at the right hand end of the joint by fusing
the tack-weld and the parent metal to form a molten pool.
Keep the blowpipe in the leftward direction at an angle
of 60° to 70° and the filler rod at an angle of 30° to 40° to
the line of travel. The blow pipe and filler rod should be
held at 45° between the two surfaces of the joint. This
will ensure root penetration. Watch the molten metal
closely to make sure that both pieces melt uniformly.
Change the angle of the blowpipe if the pieces do not
melt uniformly. When the molten pool is formed add the
filler rod in the centre of molten pool. Give slight side-
to-side movement to the flame (blowpipe) and a piston
like motion to the filler rod.

16

Adjust the rate of travel of the blowpipe and the filler
rod to secure even penetration at the root and into both
sheets and to produce a fillet weld of equal leg length.

Visual inspection (Fig 4)

Clean the weld meant and inspect for:

— uniform weld size and shape of bead
(reinforcement and contour slightly convex)

— equal leg length, no undercut at the toes of the weld.

— no porosity, overlap.

Fig 4

SLIGHTLY

CONVEX
NO UNDER
CcuTt

MM20N21126X4
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Capital Goods & Manufacturing
MMTM - Welding

Exercise 2.1.127

Perform gas cutting of Ms plate

Objective: At the end of this exercise you shall be able to
» gas cutting of ms plate by adjusting the gas cutting flame.

O 1

GAS CUTTING OF MS PLATE

01 100 ISF 12-200 Fe310 21127
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE 1:2 DEVIATIONS TIME:

CODE NO. MM20N21127E1
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Job Sequence

*  Wear complete safety apparel.
» Set the gas welding plant with a cutting blowpipe.

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

» Adjust the gas pressure of acetylene and cutting
oxygen according to the thickness of the metal and
the cutting nozzle.

* Clean the surface to be cut.
* Punch a straight line.
» Adjust proper cutting flame.

* Hold the cutting blowpipe at 90° to the cut line and
plate surface.

» Hold at one end of the plate on the punch line up to
cherry red hot.

Skill Sequence

Straight cutting along by hand

Keep a distance of about 5mm between the
workpiece and the nozzle.

* Release the cutting oxygen and observe the cutting
action.

* Move the cutting blowpipe towards the other end,
following the punched line.

Maintain a correct speed and distance of the
nozzle.

* Close the cutting oxygen and shut off the flame on
the completion of the cut.

» Clean the cut and inspect for its accuracy.

* Repeat the exercise till a good and smooth cut is
achieved.

Objectives: This shall help you to

* set an oxy-acetylene plant for gas cutting
e gas cut in a straight line by hand

* inspect the faults in a gas cut.

Setting the gas cutting plant

Set an oxy-acetylene plant and connect the cutting
blowpipe.

Setting the job for cutting (Fig 1)

Fig 1 CUTTING OXYGEN
CONTROL LEVER

FUEL GAS
<oooo
<oooo

OXYGEN

JOB

L

CUTTING JOB SET ON SUPPORTS

N

SUPPORTS

MM20N21127H1

Set the job for cutting on a rigid surface.
Provide overhang so that the parting piece is free to fall.

Ensure the underside of the cut line is free from any
obstruction.

Wear safety apparel while gas cutting.
Adjusting the cutting flame

Select the cutting nozzle and set the gas pressure as
per the cutting job thickness. (Table 1)

18

Set the cutting nozzle in the blowpipe correctly. (Fig 2)

Data for cutting - Table 1.

Diameter of cutting| Thickness of | Cutting

oxygen steel plate oxygen

orifice nozzle pressure
(1) (2) 3)
mm mm kg/cm2
0.8 3-6 1.0-14
1.2 6-19 1.4-2.1
1.6 19-100 2.1-4.2
2.0 100-150 4.2-46
24 150-200 4.6-4.9
2.8 200-250 4.9-55
3.2 250-300 5.5-5.6

Adjust the neutral flame for pre-heating. (Fig 3)

Ensure that the flame adjustment is not
disturbed while operating the control lever for
cutting oxygen.

Straight cutting

Hold the cutting blowpipe at 90° with the plate surface,
and cut along the line. (Fig 4)

Pre-heat the starting point to red heat. (Fig 4)
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Fig 2
PRE-HEAT-
ORIFICES END OF NOZZLE
CUTTING OXYGEN ORIFICES
£
PRE-HEAT ORIFICES o
g
Z
HOLES ON THE CUTTING BLOWPIPE NOZZLE g
s
Fig 3

WHITE CONES CLEAR AND ROUND

MM20N21127H3

CORRECT FLAME ADJUSTMENT FOR CUTTING

Keep the distance between the workpiece
and the nozzle about 5mm to avoid backfire.

(Fig 4)

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.

If possible, fix the straight edge to the plate and also
the spade support to ensure a straight cut (Fig 6) and to
maintain correct nozzle distance.

Fig 6

SPADE SUPPORT
CLAMP STRAIGHT
EDGE SECURELY

MM20N21127H6

Inspection of gas cut (Fig 7)

Fig 4

MM20N21127H4

STARTING OF CUT

Fig 7

MM20N21127H7

Release the extra oxygen, observe the cutting action
and start travelling along the punched line at a uniform
speed. (Fig 5)

Fig 5

MM20N21127H5

CUT IN PROGRESS
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Clean the gas cut with a chipping hammer, chisel and
wire brush.

Inspect for uniform

—_

Smooth cut or drag lines
2 Straightness of cut

3 Sharpness of cut

4 Width of cut
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Capital Goods & Manufacturing Exercise 2.2.128
MMTM - Hydraulics and Pneumatics

Demonstrate knowledge of safety procedures in hydraulic systems (demo by
video)

Objectives: At the end of this exercise you shall be able to
 follow all the safety knowledge
» ensure safety for personal and machine.

Instructor shall arrange video locally and demonstrate to the trainees on safety procedure in the
hydraulic system.

1 Three Kinds of hazards 4 Improper compiling
* Burns from hot 5 Maintenance
* High pressure fluid » periodical checking of oil lines and work hoses
» Cuts or abrasions from hydraulic lines » replace contaminant oils & filters
2 Relieve the pressure before the work begins » prevent cylinder rods from rusting
Pin hole leak injuries 6 Safe hydraulic operations
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Capital Goods & Manufacturing Exercise 2.2.129
MMTM - Hydraulics and Pneumatics

Identify hydraulic components - Pumps, Reservoir, Fluids, Pressure Relief
Valve (PRV), Filters, different types of valves, actuators and hoses

Objectives: At the end of this exercise you shall be able to
« identify and locate the element in a hydraulic circuit
» draw symbols as per ISO 1219.

Fig 1

(6) (5)
(3)
JJ:LL
)
@) ) %
Job Sequence
Instructor shall arrange and display the circuit « Study the circuit and record the part name in
and demonstrate to trainees. Table - 1
* Draw the symbol against the part name
Table 1
Serial No Part Name Symbols
1
2
3
4
5
6
7
8
9
10

» Get it checked by your instructor.
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Capital Goods & Manufacturing
MMTM - Hydraulics and Pneumatics

Exercise 2.2.130

Inspect fluid levels, service reservoirs, clean/replace filters

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

« identify the various hydraulic elements used in power pack

* remove, clean and assemble of inlet filter
» preparing the power pack for operation
» start and set the pressure in the power pack.

Fig 1

TASK 1

RELIEF VALVE
MANIFOLD VALVE
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-
e
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e
s
|

MOTOR
PUMP SET

BREATHER

INDICATOR

MM20N22130H1

Job Sequence

* Locate the power pack of the hydraulic system.
» Ensure the system is in ‘off condition.

« Remove the top cover of the power pack after
unscrewing the fastening bolts (Fig 1).

* Pipes are provided below the top cover; place it
carefully.

* Place the top cover upside - down with the various
elements mounted on it carefully on the workbench
(Fig 2).
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Identify the various elements, their names and
function. Also observe the order of connection.

Keep the reservoir closed with a plastic cover to
avoid contamination. Remove clean and assemble
the inlet filter. Prepare the power pack for operation.
Set the pressure of relief valve.



Fig 2 FILTER (STRAINER)

MM20N22130J1

1 WOODEN TABLE TOP

Skill Sequence

Removing, cleaning and assembling of inlet filter (for a closed type of reservoir
with removable top cover)

Objective: This shall help you to
¢ dismantle, clean and assemble inlet filter.

Inlet filter is normally called as suction strainer. Unscrew Strainer/Filters should be clean periodically as per
the filter cartridge (Fig 1), wipe at the excess sludge recommendation.

collected on the filter. Replace with new filter, if the existing filter damaged.

Soak it in kerosene and remove the sludge. While replacing new strainer, care should be taken to

Flush the strainer with clean kerosene (Fig 2) select the correct strainer.

Blow compressed air on the mesh area. Checking the gasket of the top, cover of the reservoir for

Clean the mounting area of the strainer. proper seating (Fig 3)

Screw the strainer back in its location. Place the top cover of the reservoir in its place.

Mount the cover by screwing the fastening screws.

Fig 1 . ;
9 FILTER CARTRIDGE Now inspect the cover for proper seating all over.
Fig 3 GASKET \
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|
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Removal of an inlet filter

Objective: This shall help you to
* removal of an inlet filter.

The procedure for removing the inlet filter depends on
the construction of the power pack. The suction strainer
is usually placed immersed in the oil and locating it
needs some experience.

Open type of reservoir (Fig 1)

Fig 1
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In a open type reservoir, the steps to be followed are
Put off hydraulic system.

Remove the top cover plate.

Keep your hand clean.

Insert your hands inside the oil and locate the suction
strainer.

Use a suitable spanner and loose the suction strainer.

Clean the strainer using kerosene and blow with
compressed air.

Check for damages, if any replace with new filter.
Screw on the clean filter back into position.
Removal of filter in a closed type of reservoir

Already the procedure for the filter of a closed type of
reservoir with removable top cover has been explained.
Other type of reservoir is explained below.

All sides welded reservoir (Fig 2)

Fig 2
GASKET

INSPECTION
COVER
MOUNTING

BOLT

SUCTION
STRAINER

MM20N22130Y2

Put off the hydraulic system.
Drain the oil from the reservoir.

Remove the after

mounting.

inspection cover unscrewing

Locate and unscrew the suction strainer.

Clean, strainer with kerosene and blow it with
compressed air.
Clean inside of the reservoir thoroughly.

Screw the suction strainer after inspecting it for
damages.

Replace inspection cover and gasket, tighten mounting
screws.

Refill the oil in the reservoir after filtering the oil using
mesh.

Check for oil leakage through inspection cover. Confirm
no leakage of oil.

Check for oil level.
Now the system is ready for use.

Externally mounted suction strainer (Fig 3)

Fig 3 CAP NUT

PUMP
TO SYSTEM
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STRAINER

UNIT INLET LINE

MM20N22130Y3

To dismantle this type of suction strainer the steps
are as follows

Put off the hydraulic system.

Unscrew both the cap nuts of the lines coming to the
filter unit and going out of it.

Hold the filter unit in the bench vice and unscrew the
mounting bolt. (Fig 4)

Remove the filter insert clean/replace filter insert.
Clean the casing thoroughly.

Place the insert and screw the mounting bolt.
Mount the filter unit back in this position.

Confirm proper tightening of connectors.

Fig 4 STRAINER ELEMENT

OUTLET

MOUNTING BOLT
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Capital Goods & Manufacturing Exercise 2.2.131
MMTM - Hydraulics and Pneumatics

Identify pneumatic components - Compressor, Pressure gauge, Filter -
Regulator- Lubricator (FRL) unit - Different types of valves and actuators

Objectives: At the end of this exercise you shall be able to
* identify the pneumatic components
* enter the name of the parts in table 1.

Job Sequence

TASK 1: Identification of compressor part

Instructor shall arrange and show the * Observe the compressor.

compressure to trainees and give demo  ldentify the parts.
explaining all the parts. Ask the trainee to

record in the Table 1. * Record the parts name in Table 1.

Table 1

Serial No Part Name

10

» Get it checked by your instructor.

25
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TASK 2: Identification of Parts of FRL unit

Instructor shall arrange and circuit a hands Fig 1 T
- on demonstration with an actual FRL unit. ER
Instruct them to label the parts on a diagram } \ }
or record in the Table 2. !

» Point out each part and explain the function.
* Identify the parts.

* Record the parts name in Table 2.

FILTER

MM20N22131J1
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Table 2

Serial No

Part Name

9

10

» Get it checked by your instructor.

TASK 3: Identification of valves

Instructor shall arrange and conduct a hands
- on demonstration with an actual two valves.
Instruct them to label the parts on a diagram
or record in the Table 3.

Point out each part and explain its function.

Identify the parts.

Record the parts name in Table 3.

Fig 1

MM20N22131X1

MM20N22131X2
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Table 3

Serial No

Part Name

TASK 4: Actuators

Instructor shall arrange and conduct a hands
- on demonstration with an actual two valves.
Instruct them to label the parts on a diagram
or record in the Table 3.

Point out each part and explain its function.
Identify the parts.

Record the parts name in Table 4.

Fig 1

MM20N22131Y1

Table 4

Serial No

Part Name

28
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Capital Goods & Manufacturing
MMTM - Hydraulics and Pneumatics

Exercise 2.2.132

Dismantle, replace and assemble FRL unit

Objectives: At the end of this exercise you shall be able to
* overhaul FRL unit
* mount and read pressure on the pressure gauge.

Fig 1
[ SHUTOFF VALVE
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)
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|
HOUSING 7
ﬂ
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A
FILTER [
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LEVEL
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BOWL
DRAIN PLUG -
(b) §
FILTER %
Job Sequence
* Overhauling a filter of FRL unit and Lubricator. * Use a spanner and remove the filter insert.
* Drain the water from the filter unit. (Fig 1) * Rinse the filter in clean kerosene (Fig 1a).
* Hold the FRL unit in a bench vice in a horizontal * Blow the inner side of filter using compressed air
position between soft jaws. (Fig 1b).
» Drain water from lubricator, by rotating drain plug. * Rinse the bowl in soap solution and dry it with clean
(Fig 1) cloth.
* Hold the filter bowl with hand and unscrew it. » Place the filter insert and tighten the nut.
» Do not use pipe wrench since bowl (mostly of plastic) » Screw the bowl to the housing.

may break/damage.

Confirm the drain plug is in closed condition.
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Skill Sequence

Overhauling a lubricator of FRL unit

Objective: This shall help you to
e overhaul lubricator.

Hold the lubricator body and unscrew the bowl by hand.
(Fig 1)

Drain oil from bowl.

Clean the bowl and rinse it in soap solution.

Dry it with a clean cloth.

Clean the filter at the tip of the dip tube. (Fig 1)

Ensure dip tube in its location.

Screw the bowl into it position tightly.

Open the inlet valve.

Observe the pressure gauge.

Fill it with correct grade of oil as per manufacturers
recommendation to the level marked.

Maintain oil level.

Do not fill above or below the marked level. (Fig 1)

Fig 1
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Mounting and reading of pressure
Mount the FRL unit on the trainer kit.

Ensure the flow of air is in line with arrow mark on the
FRL unit.

Needle of pressure gauge indicates the pressure on the
dial behind it. (Fig 2)

Pressure is measured in kg/cm?or kgf/cm?.

Fig 2
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Capital Goods & Manufacturing
MMTM - Hydraulics and Pneumatics

Exercise 2.2.133

Demonstrate knowledge of safety procedures in pneumatic systems and

personal protective equipment (PPE)

Objectives: At the end of this exercise you shall be able to
* follow the safety while working in pneumatic system
* select the personal protective equipment.

Fig 1
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Job Sequence

* Should not operate pneumatic machine without
knowledge.

* Protect your self and others from the damaging
effect of compressed air.

* Inspect the air hose for cracks or other defects.

* Before opening the control valve,see that nearby
person are not in the path of the air blow.

* Never stay near to compressed air.

Do not turn the main air supply on make sure that,
the disconnected pipes are connected properly,
otherwise disconnected pipe can whip around and
cause injury.

If air is leaking from a joint, close the air valve
immediately.

Always turn air off before altering the circuit.
Keep your hands away from the piston rods.

Wear personal protective equipment.
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Capital Goods & Manufacturing Exercise 2.2.134
MMTM - Hydraulics and Pneumatics

Identify the parts of a pneumatic cylinder

Objectives: At the end of this exercise you shall be able to
* identify pneumatic elements from their outlook
* enter the name of the part in table - 1.

Job Sequence

Fig 1

Instructor shall arrange and display the

pneumatic cylinder and give demo to trainees
showing all the parts. Ask the trainees to ? A —®

record in the table-1.

» Observe the given pneumatic cylinder.

* Identify the parts.

* Record the part name in Table. 1

MM20N22134H1

Table 1

Serial No Part Name

1

9

10

» Get it checked by your instructor.
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Capital Goods & Manufacturing
MMTM - Hydraulics and Pneumatics

Exercise 2.2.135

Dismantle and assemble a pneumatic cylinder

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

* dismantle the pneumatic cylinder

* clean and inspect the parts for worn out and damage parts
» assemble the pneumatic cylinder

* test the cylinder for proper function.

Fig 1
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Job Sequence

Disassembly

¢ Disconnect air and electrical connections to the
cylinder assembly and remove the cylinder from
machine.

* Remove and retain air lines and any other accessory
items(solenoid valve, flow controls, etc.) from the
cylinder assembly.

» Scribe an index mark on both end caps to show
orientation to each other. These marks will assist
when re-assembling the cylinder (Fig 1).

Fig 1

MM20N22135J1

¢ Remove and retain all the rod nuts, lock washers
and tie rods from the cylinder end caps. Remove
the end caps from the cylinder tube and discard the
cylinder gaskets. (Fig 2).

TIE ROD

MM20N22135J2

BEARING

* Forsingle-acting cylinders : Use a strap wrench or
soft-jaw wrench to hold the piston rod at the knurled
surface. Remove and discard the self-locking nut,
O-ring, and piston. (Fig 3)

Remove and retain the E-washer and miscellaneous
hardware from the piston rod and pull the front end
cap from the piston rod (Fig 4).

Fig 4
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Prior to removing the end cap, remove any
burrs or nicks from the piston rod surface
with fine emery cloth (400 grit). Remove dust
emery by before removing the front end cap.

Remove and retain the two screws, lock washers
and the piston rod plate from the front end cap.
Remove and discard the packing ring and the O-ring
(Fig 5).

Fig 5

CYLINDER
GASKET

MM20N22135J5

Remove and retain the jam nut and spacer from the
speed adjusting screw in the front end cap. Do not
remove the adjusting screw. Remove and discard
the O-ring.(Fig 6)

KNURLRD SURFACE
U - SEAL/O -RIN

TYPES OF BEARING LOADS

Fig 6

MM20N22135J6

MM20N22135J3

* For double-acting cylinders : Use a strap wrench
or soft-jaw wrench to hold the piston rod and remove
and retain the nut and washers. Note two different
styles of piston nut in figure. Discard the piston
(Fig 4).
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Some rear end caps on single-acting cylinders may
contain speed adjusting screws. If so, remove and
retain the jam nut and spacer from both adjusting
screws. Do not remove the adjusting screws.
Remove and discard the O-rings.

Clean all metallic parts thoroughly with a
solvent(mineral sprits recommended).

Do not soak parts in solvent. Do not clean the
spherical rod end bearing with solvent as this will
remove lubricant from the bearing.

Apply a light coat of grease to the cylinder tube I.D.,
completely around the U-seal, (if double-acting,
apply around piston edge), the front end cap gasket,
and working length of the piston rod.

Install new cylinder gaskets on the end caps.

Assemble the cylinder tube, rear end cap and front
end cap assembly. Install the tie rods, tie rod nuts
and lock washers. Finger tighten the nuts. Then
cross tighten the nuts equally and then tightened to
a final torque. (Fig 2)

Do not use trichlorethylene or chlorinated
hydrocarbon solvents. Do not clean or
soak O-rings or other rubber components in
solvent.

Inspect the inside surface of the cylinder tube and
replace if the I.D. is worn out or if there are deep
scratches or grooves on the inner surface.

Re-assembly

Install a new O-ring to the speed adjusting screw on
the front end cap. Replace the spacer and jam nut.

If equipped with speed adjusting screws on the rear
end cap; install new O-rings. Replace the spacers
and jam nuts.

Install a new packing ring and O-ring and attach
the piston rod plate to the front end cap with lock
washers and screws.

Be sure the piston rod is free of nicks and burrs.
Slide the front end cap onto the rod and install the
E-ring.

Assemble the new U-seal and O-ring on the piston,
then mount the piston and O-ring on the piston rod
and secure with a new lock nut. See Fig 3.

Mount ‘E’ ring, washer, piston, washer seal, washer
and lock washer on the piston rod. The rubber
face of the piston should face towards the rod and
bearing. (Fig 4)
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Before tightening the nuts, be sure the tie rods
are parallel to the long axis of the cylinder. Tie
rods must be positioned properly to obtain a
good seal at both end caps.

Re-attach accessory items and air lines to the
cylinder.

Re-install the cylinder in the machine and connect
air and electrical lines.

Verify proper operation of the cylinder.

Testing the cylinder

Apply air to the inlet port on the front end cap. Use
a brush with a soap and water solution to check for
leaks. Do not submerge the cylinder.

With air applied to the speed fitting and the piston
rod fully extended, open the air passage in the speed
fitting and observe that the piston moves to the rear
cap. Check for leakage at the front cap adjustment
screw; at the front cap piston rod seal; at the rear cap
adjustment screw and adjacent ports (if equipped);
from the piping between the speed fitting and the
front end cap; from both ends of the cylinder at the
cap gaskets; and from the speed fitting exhaust port.
Repair any leaks and recheck.
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Capital Goods & Manufacturing Exercise 2.2.136
MMTM - Hydraulics and Pneumatics

Construct a circuit for the direction & speed control of a small bor