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FOREWORD

The Government of India has set an ambiticus 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 varicus stakeholders viz. Industries, Entrepreneurs,
Academicians and representatives from I Tls.

The National Instructional Media Institute (NIMI), Chennai, has now come up with instructional material to
suit the revised curriculum for Welder - Trade Practical - NSQF Level - 3 (Revised 2022)inC G & M
Sector under Annual pattern. The NSQF Level - 3 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 - 3 (Revised 2022) trainees
will also get the opportunities to promote life long learning and skill development. | have no doubt that with
NSQF Level - 3 (Revised 2022) the trainers and trainees of [ Tls, 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 Executive Director & Staff of NIMI and members of Media Development Committee deserve appreciation
for their contribution in bringing cut this publication.

JaiHind

Ms.TRISHALJIT SETHI,

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

New Delhi - 110 001
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PREFACE

The National Instructional Media Institute (NIMI) was established in 1986 at Chennai by then Directorate
General of Employment and Training (D.GE & 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 inIndia, which is to help an individual to master skills to do a job. The instructional materials are
generated in the form of Instructional Media Packages (IMPs). An IMP consists of Theory book, Practical
book, Test and Assignment book;, Instructor Guide, Audio Visual Aid (Wall charts and Transparencies) and
other support materials.

The trade practical book consists of series of exercises to be completed by the trainees in the workshop.
These exercises are designed to ensure that all the skills in the prescribed syllabus are covered. The trade
theory book provides related theoretical knowledge required to enable the trainee to do a job. The test and
assignments will enable the instructor to give assignments for the evaluation of the performance of a trainee.
The wall charts and transparencies are unigue, 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 inthe 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
underthe Directorate General of Training (DGT), Government and Private ITls.

NIMIwould 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

(v)




ACKNOWLEDGEMENT

National Instructional Media Institute (NIMI) sincerely acknowledges with thanks for the co-operation and contribution
extended by the following Media Developers and their sponsoring organisation to bring out this IMP (Trade Practical)
forthe trade of Welder - NSQF Level - 3 (Revised 2022) under the C G & M Sector for [Tls.

MEDIA DEVELOPMENT COMMITTEE MEMBERS

MEDIA DEVELOPMENT COMMITTEE MEMBERS

Shri. K. Rajasekaran Assistant Training Officer

Govt. ITI, Chennai-81

Shri. B. Subith Senicr Instructor,
Govt. ITI, Chengannur.

Smt. G. Sangareeswari Junior Training Officer

Govt. ITI, Guindy.

NIMI CO-ORDINATORS

Shri. Nirmalya Nath Deputy Director of Training

NIMI- Chennai - 32.

Shri. G Michael Johny - Manager
NIMI, Chennai - 32.

Shri. V. Gopalakrishnan Manager,

NMI, Chennai - 32.

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

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

NIMI is grateful to all others who have directly or indirectly helped in developing this IMP.




INTRODUCTION

TRADEPRACTICAL

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 Welder 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 - 3 (Revised 2022) syllabus are covered.

The manual is divided into Seven modules.

Module 1 - Induction Training & Welding Process
Module 2 - Welding Techniques

Module 3 - Weldability of Steels (OAW, SMAW)
Module 4 - Inspection and Testing

Module 5 - Gas Metal Arc Welding

Module 6 - Gas Tungstan Arc Welding

Module 7 - Repair and Maintenance

The skill training in the shop floor is planned through a series of practical exercises centred around some
practical object. However, there are few instances where the individual exercise does not forma 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. Howeverthe developmentteam acceptthatthere
isa scopeforfurtherimprovement. NIMIlocks forward to the suggestionsfromthe experiencedtrainingfaculty
forimprovingthe manual.

TRADETHEORY

This manual consists of theoretical informationforthe course of the Welder - NSQF Level -3 (Revised 2022).
The contents are sequenced according to the practical exercise contained inthe manual on Trade practical.
Attempt has been made to relate the theortical aspects with the skill covered in each exercise to the extent
possible. This co-relation 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
ontrade practical. The indicating about the corresponding practical exercise are given in every sheet of this
manual.

It will be preferable to teach/learn the trade theory connected to each exercise atleast 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 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 teachflearn the trade theory connected to each exercise atleast 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.
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CONTENTS

( EX. Title of the Exercise Learning Pg.
No. outcome No.
Module 1: Induction Training & Welding Process
1.1.01 | Demonstration of machinery used inwelding trades 1
1.1.02 ( Identification to safety equipment and their use etc., (QR Code PG. No. 5)*) 1208 5
1.1.03 | Hack sawing, filing square to dimension 7
1.1.04 | Marking out on MS plate and punching 11
1.1.05 | Setting of oxy-acetylene welding equipment lighting and setting of flame 13
1.1.06 | Perform fusion run without filler rod on MS sheet 2mm thick in flat position 45 6
(OAW-01) 20
1.1.07 | Setting of arc welding machine & accessories and striking an arc
(SMAW-01) 23
1.1.08 | Deposit straight line bead on MS plate in flat position 28
1.1.09 | Depositing bead with filler rod on MS sheet 2mm thick in flat position
(OAW - 02) 32
1.1.10 | Edge joint on MS sheet 2mm thick in flat position without filler rod (CAVW-03) 36
1.1.11 | Straight line beads on MS plate 10mm thick in flat position (SMAW - 02) 38
1.1.12 | Weaved beads on MS plate 10mm thick in flat position (SMAW-03) 3
1.1.13 | Setting up of Oxy - Acetylene and make straight cuts (free hand) 43
1.1.14 | Perform marking straight line cutting of MS plate 10mm thick by gas
accuracy within £ 2mm 45
1.1.15 | Beveling of MS plates 10mm thick cutting regular geometrical shapes and
irregular shapes cutting chamfers by gas cutting (OAGC - 03) a0
1.1.16 | Marking and perform radial cuts, cutting out holes using oxy-acetylene
gascutting (OAGC) - 04 96
1.1.17 | Idenitify cutting defects - viz - distrotion - grooved fluted or ragged cuts -
poor draglines rounded edges tightly adhering (slag) o8
1118 Square butt joint on MS sheet 2 mm thick in flat position (1G) (OAVY-04) h 60
9 {QR Code PG. No. 59)* )
Module 2: Welding Techniques
1219 [ Fillet"T" joint on MS plate 10mm thick in flat position (1F)-(SMAW-04) h 63
\ {OR Code PG. No. 62)* y
1.220 | Opencornerjointon M.S. sheet 2 mm thick in flat position (1F)-(OAW-03) & 7 66
r
1.221 | Fillet lap joint on MS plate 10mm thick in flat position (1F)-(SMAW-05) 69
\ (QR Code PG. No. 68)" p
1222 { Fillet'T’ joint on M.S. sheet 2mm thick in flat position {1F}-(OAVY-06) ) 72
. (QR Code PG. No. 71)* y,
Pl & Open corner joint on MS plate 10mm thick in flat position (1F)-(SIMAW-08) ) fis)
.. (QR Code PG. No. 74)* )
1.2.24 [ Fillet lap joint on MS sheet 2mm thick in flat position {(1F)-(OAW-07) k 79
% {OR Code PG. No. 78)* y
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CONTENTS

(" EX. Title of the Exercise Learning| Pg. )
No. outcome | No.
1.2.25 ( Single "V" butt joint on MS plate 12mm thick in flat position (1G)-(SMAW-07) 82
\(QR Code PG. No. 81)" i
Module 3: Weldability of Steels (OAW, SMAVY)
1.3.26 | Testing of weld joint by visual inspection (I&T-01) 85
1.3.27 | Inspection of welds using weld gauges (1&T-01) 87
1.3.28 | Square butt joint on MS sheet 2mm thick in horizontal position 7,8
(2G)-(OAW-08) 0
1.3.29 | Straight line beads and multi layer practice on M.S. plate 10mm thick in
horizontal position (SMAW-08) 92
1330 [ Fillet-'T" joint on MS plate 10mm thick in horizontal position (2F)-(SMAW-09)\ 94
9 (OR Code PG. No. 93)* o
1.3.31 | Fillet- lap joint on MS sheet 2mm thick in horizontal position (2F)-(OAW-09) 910 97
1.3.32 | Fillet lap joint on MS plate 10mm thick in horizontal position (2F)-(SMAWW-10) 11,12 | 99
1.3.33 | Fusion runwith filler rod in vertical position on 2mm thick MS sheet
(OAW -10) 101
1.3.34 | Square butt joint on MS sheet 2mm thick in vertical position (3G)-(CAW-11) 13,141 104
1335 [ Single "V" butt joint on MS plate 12mm thick in horizontal position N
L (2G)-(SMAW-11) (QR Code PG. No. 105)* y 106
1.3.36 | Fillet'T' joint on MS sheet 2mm thick in vertical position (3F)-(OAW-12) 15 108
1337 { Fillet-"T" joint on MS plate 10mm thick in vertical position (3F)-(SMAW-13) 110
L (QR Code PG. No. 109)* )
1.3.38 | Structural pipe welding butt joint on MS pipe @50mm x 3mm wall thickness in
1G (Rolling) position (QAW-13) 13
1.3.32 | Fillet-lapjointon MS plate 10mm in vertical position (3G)-(SMAW-14) 116
1.3.40 | Opencorner jointon MS plate 10mm thick in vertical position (3F)-(SMAW-15) 118
1.3.41 | Pipe welding - Elbow joint on MS pipe @50mm and 3mm wall thickness in
flat position (1G)-(QAW-14) 120
1.3.42 | Pipe welding 'T' joint on MS pipe @50mm and 3mm wall thickness in flat
position (1G) - (OAW-15) 122
1.3.43 rSingIe "V" butt joint on MS plate 12mm thick in vertical position
\ (3G)-(SMAW-16) (QR Code PG. No. 124)" 124
1.3.44 | Pipe welding 45° angle joint on M.S. pipe 850mm and 3mm wall thickness
(1G) - (CAW-16) 127
1.3.45 | Straight line beads on MS plate 10mm thick in over head position
(SMAW-17) 130
1.3.46 | Pipe flange joint on MS plate with MS pipe @50mm x 3mm wall thickness
(1F) (SMAW-18) 133
1.3.47 | Fillet -"T" joint on MS plate 10mm thick in over head position
(4F) - (SMAW-19) 137
- J
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CONTENTS

( Ex. Title of the Exercise Learning| Pg.
No. outcome | No.
1.3.48 rPipe welding butt joint on MS pipe 250mm and 5mm wall thickness in 1G )
\ position (SMAW-20) (QR Code PG. No. 140)* y 140
1.3.49 | Fillet-lap joint on MS plate 10mm thick in over head position
(4G) - (SMAW-21) 143
1350 [ Single "V" butt joint on MS plate 10mm thick in over head position b
L {4G)-(SMAW-22) (QR Code PG. No. 145)* y 145
1.3.51 | Pipe butt joint on MS pipe @50mm wall thickness 6mm (1G Rolled)
position (SMAW-23) 148
1.3.52 | Butt joint of copper pipe 1/2” by brazing process by induction welding
machine QAW-17 149
1.3.53 | Square butt joint on stainless steel sheet 2mm thick in flat position (1G)
(SMAW-24) 151
1.3.54 | Corner /Tee joint of copper pipe of 1/2” and of length 75mm (OAW-18) and
Braze tee joint on copper tube 1/2” and of length 75mm 153
1.3.55 | Square butt and lap joint on M.S. sheet 2mm thick by brazing in flat
position (OAW-19) 156
1.3.56 | Single "V" butt joint on cast iron plate 8mm thick in flat position (1G)
(SMAW-25) 158
1.3.57 | Arc gouging on MS plate 10mm thick (AG-01) 161
1.3.58 (Square butt joint on aluminium sheet 3mm thick in flat position (OAW-20) o 163
{OR Code PG. No. 165)*
\ A
1.3.59 | Bronze welding of single V" butt joint on cast iron plate 6mm thick plate
(1G) (OAW-21) 165
1.3.60 | Dye penetrant test 168
1.3.61 | Magnetic particle test (I&T) 169
Module 4: Inspection & Testing
1.4.62 | Nick-breaktest (1&T) 04 15 171
1.463 | Freebendtest (1&T) 03 173
1.4.84 | Filletfracture test (1 & T) 04 174
Module 5: Gas Metal Arc Welding
1.5.65 | Introduction to safety equipment and their use etc. GMAW-011 176
1.5.66 | Setting up of GMAW welding machine & Accessocries and striking an
ARC GMAW-02 176
1.5.67 | Depositing straight line beads on MS plate 10mm in flat position by
GMAW-03 180
1568 | Fillet weld Tee joint on MS plate 10mm thick in flat position by dip transfer 16
1F (GMAW 02) 182
1.5.69 | Fillet weld - Lap joint on MS sheet 3mm thick in flat position by dip transfer
1F (GMAN - 03) 185
1.5.70 | Filletweld-'T" joint on M.S sheet 3mm thick in flat position by dip transfer
IF (GMAW - 04) 187
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CONTENTS

Ex. Title of the Exercise Learning Pg.
No. outcome No.
1.5.71 | Fillet weld - Corner joint on M.S sheet 3mm thick in flat position by dip
transfer 1F (GMAW - 05) 189
1572 { Butt weld - Square butt joint on M.S sheet 3mm thick in flat position 1 G
k(GMAW—OG) (QR Code PG. No. 194)* 191
)
1573 | Buttweldsingle V Butt joint on M.S plate 10mm thick by dip transfer in flat
position 1 G (GMAW - 07) 193
1574 | Fillet weld Tee joint on M.S plate 10mm thick in horizontal position by dip
transfer 2F (GMAW 08) 196
1.5.75 | IFillet weld corner joint on M.S plate 10mm thick in horizontal position by dip
transfer (2F) (GMAWY - 09) 199
1576 | Fillet weld 'T' joint on M.& sheet 3mm thick in horizontal position by dip
transfer 2F (GMAW -10) 201
1577 | Fillet weld - corner joint on M.§ sheet 3mm thick in horizontal position by
dip 2F transfer (GMAW - 11) 203
1.5.78 | Fillet weld - Tee joint on M.S plate 10mm thick in vertical position by
{(vertical up) diptransfer 3F (GMAW -12) 205
1579 (Fillet weld outside corner joints on MS plate 10mm vertical position h
L upward by dip transfer 3F (GMAW - 13) (QR Code PG. No. 210)* ) 207
1.5.80 | Fillet weld - Lap joint on M.S sheet 3mm thick in vertical position by dip
transfer 3F (GMAW -14) 209
1.5.81 | Fillet weld - corner joint on M.S sheet 3mm in vertical position by dip
transfer 3F (GMAW -15) 21
1582 | Filletweld - lapand'T joint on M.S sheet 3mm thick in over head position by
diptransfer 4F (GMAW - 16) 213
Module 6: Gas Tungsten Arc Welding
1.6.83 | Teejoints on M.S pipe $60 mm OD x 3mm WT 1G position (ARC constant
rolling) GMAW-17 215
1.6.84 | Depositing bead on 8.5 sheet in flat position (GMAW - 18) 217
1.6.85 | Butt joint on stainless steel 2mm thick sheet in flat position by dip transfer
(GMAW -19) 220
1.6.86 | Depositing bead on aluminium sheet 2mm thick - position flat (GMAW - 01) 17,18 221
1.6.87 { Butt weld square butt joint on aluminium sheet 1.6mm - position flat B
< (GTAW - 02) (QR Code PG. No. 227}* ) 224
1.6.88 {* Fillet weld - Tee joint on aluminium sheet 1.6mm - position {1F) b 226
. (BTAW - 03) (QR Code PG. No. 229)" v
1.6.89 [ Fillet weld outside corner joint on aluminium sheet 2mm - thick in postion i
. flat (1F) (GTAW - 04) {QR Code PG. No. 231)* 228
1.6.90 | Buttweld square butt joint on stainless steel 1.6mm thick flat with purging 19, 20
Gas (1G) (GTAW -05) 230
1.6.91 | Fillet weld Tee joint on stainless steel sheet 1.6mm - position flat 1F
(GTAW - 06) 235




CONTENTS

@ Ex. Title of the Exercise Learning Pg.
No. outcome No.
1.6.92 | Pipe butt joint on Aluminium pipe 650mmx3mm WT in flat position 1G
(GTAW-07) (1G) 237
1.6.93 | Tee joint on MS pipe 650mm OD x 3mm WT position flat 1F (GTAW - 08) 239
1.6.94 | Plasma straight cutting on ferrous and non-ferrous metal (PAC - 01) 242
1.6.95 | Lap joint on stainless steel sheet by Resistance spot welding (R.W-01) 21 245
1696 | M.S. Sheet Joining by Resistance spot welding (R.W - 02) 247
1.6.97 | Square Butt Joint on Copper sheet Zmm thick in Flat position (1G) (OAW 01) 248
Module 7: Repair and Maintenance
1.7.98 | 'T' joint on copper to M.S sheet 2mm thick in flat position by brazing 1F
(CAW02) 250
1.7.99 | Silver brazing on §.8. sheet with copper sheet T’ joint (CAW - 03) 2 202
1.7.100 | Silver brazing on copper tube to tube (OAW - 04) 254
1.7.101 | Repair welding of broken Cl machine parts by oxy acetylene welding with CI
and bronze filler rod (DAW-05) 267
1.7.102 | Repair welding of broken Cl machine parts by Cl electrode. SMAW-01 260
1.7.103 | Repair plastic broken parts or pipes by plastic welding machine 262
L 1.7.104 | Make a plastic tank with plastic sheet of PVC dimension 150x100x100 264
( LEARNING/ ASSESSABLE OUTCOME )
On completion of this book you shall be able to
SI.No Learning Outcome Exercise No
1 Set the gas welding plant and join MS sheet in different position following
safety precautions. [Different position: - 1F, 2F, 3F, 1G, 2G, 3G ] 1.1.01-1.1.04
2 Set the SMAW machine and perform different type of joints on MS in
different position observing standard procedure. [different types of joints
Fillet (T-joint, lap & Corner), Butt (Square & V); different position - 1F, 2F,
3F.4F, 1G, 2G, 3G, 4G] 1.1.05-1.1.08
3 Set the gas welding plant and join MS sheet in different position following
safety precautions. [Different position: - 1F, 2F, 3F, 1G, 2G, 3G ] 1.1.09-1.1.10
4 Set the SMAW machine and perform different type of joints on MS in
different position observing standard procedure. [different types of joints
Fillet ( T-joint, lap & Corner), Butt (Square & V), different position - 1F, 2F,
3F.4F, 1G, 2G, 3G, 4G] 1.1.11-1.1.12
) Set the oxy- acetylene cutting plant and perform different cutting
operations on MS plate. [Different cutting operation - Straight, Bevel,
circular] 1.1.13-1.1.17
6 Set the gas welding plant and join MS sheet in different position following
safety precautions. [Different position: - 1F, 2F, 3F, 1G, 2G, 3G.] 1.1.18-1.2.20
7 Set the SMAW machine and perform different type of joints on MS in
different position observing standard procedure. [different types of joints
Fillet { T-joint, lap & Corner), Butt (Square & V); different position - 1F, 2F,
3F,4F, 1G, 2G, 3G, 4G] 1.2.21-1.3.37
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10

11

12

13

14

15

16

17

18
19

20
21

22

Set the SMAW machine and perform different type of joints on MS in
different position observing standard procedure. [different types of joints
Fillet ( T-joint, lap & Corner), Butt (Square & V); different position - 1F, 2F,
3F,4F, 1G, 2G, 3G, 4G]

Perform welding in different types of MS pipe joints by Gas welding
{OAW). [Different types of MS pipe joints - Butt, Elbow, T-joint, angle (45)
joint, flange joint]

Set the SMAW machine and perform different type of joints on MS in
different position observing standard procedure. [different types of joints
Fillet ( T-joint, lap & Corner), Butt (Square & V); different position - 1F, 2F,
3F, 4F, 1G, 2G, 3G, 4G]

Set the SMAW machine and perform welding in different types of MS

pipe joints by SMAW., [Different types of MS pipe joints - Butt, Elbow,
T-joint, angle (45) joint, flange joint]

Choose appropriate welding process and perform joining of different types

of metals and check its correctness. [appropriate welding process -
OAW, SMAW, Different metal - SS, Cl, Brass, Aluminium]

Choose appropriate welding process and perform joining of different
types of metals and check its correctness. [appropriate welding
process - OAW, SMAW, Different metal - SS, Cl, Brass, Aluminium]

Demonstrate arc gauging operation to rectify the weld joints.

Choose appropriate welding process and perform joining of different types of
metals and check its correctness. [appropriate welding process - OAW,
SMAWY, Different metal - SS, ClI, Brass, Aluminium]

Test welded joints by different methods of testing. [different methods of
testing- Dye penetration test, Magnetic particle test, Nick break test, Free
band test, Fillet fracture test]

Set GMAW machine and perform welding in different types of joints on MS
sheet/plate by GMAW in various positions by dip mode of metal transfer.
[different types of joints- Fillet (T-joint, lap, Corner), Butt (Square & V);
various positions- 1F, 2F, 3F 4F, 1G, 2G, 3G]

Set the GTAW machine and perform welding by GTAW in different types of
joints on different metals in different position and check correctness of the
weld. [different types of joints- Fillet ( T-joint, lap, Corner), Butt (Square & V)
; different metals- Aluminium, Stainless Steel; different position- 1F & 1G]

Perform Aluminium & MS pipe joint by GTAW in flat position.

Perform Aluminium & MS pipe joint by GTAW in flat position. Set the Plasma
Arc cutting machine and cut ferrous & non-ferrous metals.

Set the resistance spot welding machine and join MS & 3SS sheet

Perform joining of different similar and dissimilar metals by brazing
operation as per standard procedure. [different similar and dissimilar
metals- Copper, MS, S3]

Repair Cast Iron machine parts by selecting appropriate welding process.
[Appropriate welding process- OAW, SMAW]

Hard facing of alloy steel components / MS rod by using hard facing
electrode.

1.3.38-1.3.41

1.3.42-1.3.45

1.3.46-1.3.49

1.3.50-1.3.51

1.3.52-1.3.54

1558 = 1.3.57

1.3.56-1.3.59

1.3.60-1.4.64

1.5.65-1.6.85

1.6.86-1.6.91
1.6.92

1.6.93-1.6.94
1.6.95-161.96

1.6.97-1.7.100

1.7.101-1.7.104

J
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SYLLABUS

Duration Ref. Learning Process Professional Skills Professional Knowledge
Outcome Code (Trade Practical) (Trade Theory)
with Indicative hours
Professional _Sgt the gas Welding pl_ant and il Demqnstration of Machinery - Impo_rtance of Trade
_ join MS sheet in different used in the trade Training
Skill47Hrs; position [Different 2 ldentification to safety - General discipline in the
Professional gg?'t'oni'”:: 2F, 3F 16, 26, equipment and their use etc. lhet i
3 Hack sawing, filing square . E 0 :
K led ementary First Aid
o SR st hi the d STAW to dimensions Importanc:ofwelding in
11Hrs machine an perform . = |
different type of joints on MS % I\/Iarkl:_g ORI et et industry
in different position cbserving punching - Safety precautions in
standard procedure [different Shielded Metal Arc
types of joints- Fillet (T-joint, Welding, and Oxy -
lap & Corner), Butt (Square & Acetylene Welding and
V); different position - 1F, 2F, Cutting.
SF.4F, 1G, 2G 3G, 4G] 5 Setting of oxy-acetylene Intreduction and definition
OAW-01 welding equipment, Lighting of welding.
and setting of flame. Arc and Gas Welding
6 Perform fusion run without Equipments, tools and
filler rod on MS sheet 2mm accessories.
et thICk. in flat position. . Various Welding
7 Setting up of Arc welding Processes and its
machine & accessories and applications.
striking an arc. Arc and Gas Welding
8 Deposit straight line bead on terms and definitions.
MS plate in flat position.
; Set the gas welding plant and 9 Depositing bead with filler rod Different process of metal
Professional | =~ e i s :
join MS sheet in different| @AW-02 on M.S. sheet 2 mm thick in flat joining methods: Bolting,
SKill 21Hrs; [ position following safety position. riveting, soldering, brazing,
: precautions. [Different seaming etc.
Professional( © ition: - 1F, 2F, 3F, 1G; 26, | OAW-03 i THEEE of walling (STt
Knowledge [ 3G] 10 Edge joint on MS sheet 2 mm : =i
' thick in flat position without filler and its applications. Edge
05Hrs rod. preparation and fit up for
different thickness.
Surface Cleaning
Professional Set the SMAW machine and | SMAW-02 |11 Straight line beads on M.S. Basic electricity applicable
) perform different type of joints plate 10 mm thick in flat to arc welding and related
Skill 23Hrs; [on MS in different position position. electrical terms &defini-
Brifee anal obse:jving I standarci tions.
procedure. [different types of | SMAW-03 |45 \weaved bead on M. S plate Heat and temperature and
Knowledge | joints- Fillet { T-joint, lap & g v its terms related to weld-
} 10mm thick in flat position.
Corner), Butt (Square & V), i
05Hrs ; R ing
different position - 1F, 2F, Brincisie of Idi
3F.4F, 1G, 2G, 3G, 4G] Hienae a0 CICINg.
And characteristics of arc.
Professional | St the oxy- acetylene cutting | OAGC-01 |13 Setting up of oxy-acetylene and Common gases used for
] plant and perform different make straight cuts (freehand) welding & cutting, flame
Skill cutting operations on MS| . (14 Perform marking and straight temperatures and uses.
23Hrs; |Plate. [Different cutting line cutting of MS plate 10 mm Types of oxy-acetylene
Brefensional o_perlatlon - Straight, Bevel, thick by gas. Accuracy within flames and uses.
rofessiona
slteylat] 2mm. Oxy-Acetylene Cutting
Knowledge OAGC-03 (45 Beveling of MS plates 10 mm Equipment principle, pa-
thick, cutting regular rameters and application.
05Hrs .
geometrical shapes and
irregular shapes, cutting

chamfers by gas cutting.

(i)




OAGC-04

16 Marking and perform radial cuts, cutting
out holes using oxy-acetylene gas
cutting.

17 ldentify cutting defects viz., distortion,

different position -
1F, 2F, 3F4F, 1G, 2G,
3G, 4G]

SMAW-07

1&T-01

in flat position. {1F)

25 Single "V Butt joint on MS plate 12 mm
thick in flat position {1G).

26 Testing of weld joints by visual
inspection.

27 Inspection of welds by using weld
gauges.

OAGC-05 grooved, fluted or ragged cuts; poor
draglines; rounded edges; tightly
adhering slag.
OAGC-06
Professional Set the gas welding | CAW-04 | 18 Square butt joint on M.S. sheet 2 mm Arc welding power
plant and join MS thick in flat Position. {1G) sources: Transformer,
Skill  [sheet in different 19, Fillet "T" joint on M.S. Plate 10 mm thick Rectifier and Inverter type
126Hrs; position following SMAW-04 in flat position. {(1F) welding machines and
safety precautions. o its care &maintenance..
Professional | [Different position: - 20. Open corner joint on MS sheet 2 mm )
e 2'G OAW-05 thick in flat Position (1F) Advantages and disad-
Knowledge|_ <" ¥ ' <% vantages of A.C. and D.C.
3G] welding machines
31Hrs  |get the SMAW
machine and | SMAW-05 | 21 Fillet lap joint on M.S. plate 10 mm thick Welding positions as per
perform different in flat position. {1F}) EN &ASME: flat, horizon-
type of joints on MS | . . o | 22 Fillet"T" joint on MS sheet 2 mm thick in tal, vertical and over head
in different position flat position. (1F) position.
obser(\;flng s;cjg;darti 23 Open Corner joint on MS plate 10 mm Weld slope and rotation.
Arocedyre [diiferent | spaveas thick in flat position. (1F) Welding symbols as per
types of joints- Fillet
N BIS & AWS.
( T-joint, lap &
Corner) Butt . - Y
! OAW-07 - -
(Eqiate 8 V. 24 Fillet Lap joint on MS sheet 2 mm thick Arc length - types - effects

of arc length.

Polarity: Types and appli-
cations.

Weld quality inspection,
common welding mis-
takes and appearance
of good and defective
welds

Weld gauges & its uses.

OAW-08

SMAW-08

SMAW-09

28 Square Butt joint on M.S. sheet. 2 mm
thick in Herizontal position. (2G)

29 Straight line beads and multi layer
practice on M.S. Plate 10 mm thick in
Horizontal position.

30 Fillet "T" joint on M.S. plate 10 mm thick
in Horizontal position. (2F)

Calcium carbide uses
and hazard.

Acetylene gas proper-
ties and flash back ar-
restor.

OAW-08

31 Fillet Lap joint on M.S. sheet 2 mm thick
in horizontal position {2F)

Oxygen gas and its prop-
erties, uses in welding.

Charging process of oxy-
gen and acetylene gases

SMAW-10

32 Fillet Lap jointon M.S. plate 10 mm thick
in horizontal position. (2F)

Oxygen and Dissolved
Acetylene gas cylinders
and Color coding for
different gas cylinders.

Uses of single and
double stage Gas
regulators.

(iv)




OAW-10

33 Fusion run with filler rod in vertical
position on 2mm thick M.S sheet.

34 Square Butt joint on M.S. sheet. 2 mm
thick in vertical position {3G}

Oxy acetylene gas weld-
ing Systems (Low pres-
sure and High pressure).

Difference between gas

OAW-11 | 35 Single Vee Butt joint on M.S. plate 12 welding blow pipe(LP
mm thick in horizontal position (2G). &HP) and gas cutting
blow pipe
SMAW-11 Gas welding techniques.
Rightward and Leftward
techniques.
SMAW-12 |36 Fillet "T" joint on M.S sheet 2 mm thick in Arc blow - causes and
SARETS vertical position. {3F) methods of controlling.
i 37 Fillet"T" jointon M.S. plate 10 mmthick in Distortion in arc & gas
SMAW-13 vertical position. (3F}) welding and methods
employed to minimize
distortion
Arc Welding defects,
causes and Remedies.
Profassional Set the SMAW| OAW-13 |38 Structural pipe welding butt joint on MS Specification of pipes,
_ machine and pipe & 50 and 3mm WT in 1G position. various types of pipe
Skill 80 |perform differenttype| . .. 139 Fillet Lap joint on M.S. Plate 10 mm in | oints, pipe welding all po-
Hrs; of joints on IVI_S_ in vertical position. (3G) sitions, and procedure.
) different position Difference between pipe
Professional obserc\jung s[,:jggdarci welding and plate
procedure. [differen el
Knowledge types of joints- Fillet 9
17Hrs | T-joint, lap & Corner), | SMAW-15 (40 Open Corner joint on MS plate 10 mm Pipe development for El-
Butt (Square & V); thick in vertical position. {2F}) bow joint, “T" joint, Y joint
different position - 1F, oAw-14 |41 Pipe welding - Elbow joint on MS pipe @ and branch joint
2F, 3R4F 16, 2G, 3G, 50 and 3mm WT. (1G) Brief use of Manifold
4G] system
Perform welding in . N T J ] ] ]
different types of MS OAW-15 42 Pipe welding "T" joint on MS pipe & 50 Gas _v_velo_llng filler r_ods,
pipe joints by Gas St and 3mm WT. (1G) specifications and sizes.
welding (CAW). Gaswelding fluxes - types
[Differenttypes of MS and functions.
pipe joints - Butt,
Elbow, T-joint, angle 43 Single "V" Butt joint on MS plate12 mm Gas Brazing & Soldering :
(45°) joint, flange thick in vertical position (3G). principles, types fluxes &
joint] uses
Gas welding defects,
causes and remedies
OAW-16 |44 Pipe welding 45 ° angle joint on MS pipe Electrode : types, func-
& 50 and 3mm WT. {(1G) tions of flux, coating fac-
45 Straight line beads on M.S. plate 10mm tor, sizespecifications of
SMAW-17 .
thick in over head position. electrode, Coding of elec-
trode as per BIS, AWS,
Effects of moisture pick
up.
Storage and baking of
electrodes.
Professional | S6t  the  SMAW]| SMAW-18 46 Pipe Flange joint on M.S plate with MS Weldability of metals,
_ machine and pipe & 50 mm X 3mm WT {1F) importance of pre heating,
Skill [ perform different type 47 Fillet "T" joint on M.S. plate 10 mm thick post heating  and
61Hrs: |Of joints on MS inf o0 1o in over head position. (4F) maintenance of inter pass
" |different position temperature.
Professional | observing standard
procedure. [different
Hiicdre types of joints- Fillet
06Hrs




( T-joint, lap & Corner), | SMAW-20( 48 Pipe welding butt joint on MS pipe & - Welding of low, medium
Butt (Square & V); 50 and 5 mm WT. in 1G position. and high carbon steel
different position - 1F, [ SMAW-21] ,q Fijjat Lap joint on M.S. plate 10 mm and alloy steels.
421(F3:] 3F.4F 1G, 2G, 3G, thick in over head position. (4G).
Setthe SMAW machine | sMAW-22| 50 Single "V" Butt joint on MS plate |- Stainless steel types-
and perform welding in 10mm  thick inover head weld decay and
different types of MS aMaw.g3|  Position(4G) weldability.
Ripe 19inss By SNAV 51 Pipe butt joint on M. S. pipe @ 50mm
[Different types of MS WT 6mm (1G Rolled)
pipe joints - Butt, Elbow, ’
T-joint, angle (4% ) joint,
flange joint]
Profassional Choose appropriate|]OAW-17 52 Butt joint of copper pipe % inch by |- Induction welding,
welding process and brazing process by induction brazing of copper tubes.
SKill 25 |perform joining of| SMAW-24 welding machine - Brass - types - proper-
Hrs; different types of metals 3 53 Square Butt jointon S.S. Sheet2 mm ties and welding
y .. |OAW-18
_ and check its thick in flat position. (1G) methods.
Professional[correctness. o : i
[appropriate welding 54 _CornerlT joint of copper pipe of ¥4 |- C_lopper - types - proper-
Knowledge process - OAW, SMAW: inch and of length 75 mm tlesth dand welding
04Hrs | Different metal - SS, Cl, e 8
Brass, Aluminium] - Brazing cutting tools.
Professional Choose appropriate| OAW-19 |55 Square Butt & Lap jointon M.S. sheet |- Aluminium properties and
) welding process and 2 mm thick by brazing in flat position. weldability, Welding meth-
Skill |perform joining of | SMAW-25 | o o 1o buttjoint CI. plate 6mmthick | ©9s
21Hrs; different types of metals AG-01 in flat position. {1G) - Arc cutting & gouging,
and check its 57 A . MS plate 10 thick
Professionallc o rrectne ss rc gouging on plate 10 mm thick.
[appropriate welding
Khewledae process - OAW, SMAW,
04Hrs [Different metal - SS, ClI,
Brass, Aluminium]
Demonstrate arc
gauging operation to
rectify the weld joints.
Protessional Choqse appropriate|OAW-20 |58 Square Butt_joint on A!gminium sheet. |- C_}ast iron and its proper-
) welding process and 3 mm thick in flat position. ties types.
Skill  |perform joining of| ®AW-21 |59 Bronse welding of castiron (Single "V" |- Welding methods of cast
20Hrs: different types of metals butt joint) 6mm thick plate {(1G). iron.
and check its
Professionallcorrectnes s.
[appropriate welding
Knowdedds process - OAW SMAW,
04Hrs Different metal - SS, Cl,
Brass, Aluminium]
Brofessonal T‘?St welded joints by| 1&T-02 60 Dye penetrant test. - Types of Inspection meth-
) different methods of sT03 |81 Magnetic particle test ods
Skill 25 |testing. [different 6% Nicke breakitaet - Classification of destruc-
Hrs: |methods of testing- Dyef .., ' tive and NDT methods
J penetration test < 63 Free bend test.
. . . : . - Welding economics and
Professional | Magnetic particle test,| |g7.05 |64 Fillet fracture test. e
. Cost estimation.
Knowledge Nick break test, Free| jaT-06
band test, Fillet fracture
04Hrs [test]

(evi)




Professional
Skill
166Hrs;
Professional
Knowledge
32Hrs

Set GMAW machine
and perform welding in
different types of joints
on MS sheet/plate by
GMAW in various
positions by dip mode
of metal ftransfer.
[different types of joints-
Fillet (T-joint, lap,
Corner), Butt (Square &
V); various positions-
1F, 2F, 3F4F, 1G, 2G,
3G]

GMAW-01| 85 Introduction to safety equipment and Safety precautions in Gas
their use etc. Metal Arc Welding and
SMAN(-0o| e Setting up of GMAW welding machine Gas Tungsten Arc
& accessories and striking an arc. welding.
67 Depositing straight line beads on M.S Introduction to GMAW -
Plate. equipment - accessories.
68 Fillet weld - "T" joint on M.S plate Various other names of
10mm thick in flat position by Dip the process. (MIG/MAG/
transfer. (1F) CO, welding.)

GMAW-03 (69 Fillet weld - Lap joint on M.S. sheet Advantages of GMAW
3mm thick in flat position by Dip welding over SMAW ,
transfer. (1F}) limitations and applica-

GMAW-04 | — toe

illet weld - "T" joint on M.S. sheet
3mm thick in flat position by Dip Process wvariables of
GMAW-05 transfer. {(1F) GMAW
71 Fillet weld - corner joint on M.S. sheet
3mm thick in flat position by Dip
transfer. (1F)

GMAW-06 (72 Butt weld - Square butt joint on M.S Wire feed system - types
sheet 3mm thick in flat position (1G) - care and maintenance.

GMAW-07 |73 Buttweld - Sing_le"V" bL!ttjoint on M.S Welding wires use_d in
plate 10 mm thick by Dip transfer in GMAW, standard diam-
flat position. {1G) eter and codification as

per AWS.

GMAW-08 | 74 Fillet weld - "T" joint on M.S plate Name of shielding gases
10mm thick in Horizontal position by used in GMAW and its
Dip transfer. {2F) applications.

GMAW-09 _ . _

75 Fillet weld - corner joint on M.S plate Flux cored arc welding - de-
10mm thick in Horizontal position by scription, advantage, weld-
Dip transfer. {2F) ing wires, coding as per

AWS,

GMAW-10 | 76 Filletweld - "T" jointon M.S. sheet Edge preparation of vari-
3mm thick in Horizontal position by ous thicknesses of met-
Dip transfer. {2F) als for GMAWV.

GMAW-11 _ .

77 Fillet weld - corner joint on M.S. GMAW defects, causes
sheet 3mm thick in Horizontal and remedies
position by Dip transfer. {2F)

GMAW-12 | 78 Fillet weld - "T" joint on M.S plate Heat input and tech-
10mm thick in vertical position by niques of controlling heat
Dip transfer. (3F) input during welding.

GMAW-13 y . L

79 Fillet weld - corner joint on M.S plate Heat distribution and ef-
10mm thick in vertical position by dip fect of faster cooling
transfer. (3F)

GMAW-14 | 80 Fillet weld - Lap joint on M.S. sheet Pre heating & Post Weld
3mm thick in vertical position by Dip Heat Treatment

GMAW-15 trgnsfer. (3F) N Use of temperature indi-

81 Filletweld - corner jointon M.S. sheet cating crayons.
3mm thick in vertical position by Dip
transfer. (3F)

GMAW-16 | 82 Fillet weld - Lap and "T" joint on M.S Submerged arc welding
sheet 3mm thick inoverhead position process -principles,

GMAW-17

by Dip transfer. (4F)

83 Tee Joints on MS Pipe & 60 mm OD
x 3 mmWT 1G position - Arc constant
(Rolling)

equipment, advantages
and limitations

(xvil)




amaw-18| 84 Depositing bead on S.S sheet in flat Thermit welding
position. process- types,
GMAW-19| 85 Butt joint on Stainless steel 2 mm thick principles, equipments,
sheet in flat position by Dip transfer. Thermit mixture types and
applications.
Use of backing strips and
backing bars
Professional | S¢t the GTAW mgchine GMAW-01| 86 Depositing bead on Aluminium sheet GTAW process - brief de-
Siallen and perform welding by 2 mm thick in flat position. scription. Difference be-
: GfTAW Itn dlffersnf’; types; aMaw-02| 87 Square butt joint on Aluminium sheet tween AC and DC weld-
Hpsp (0 R bs i 1.6mm thick in flat position. ing, equipments, polari-
5 ol metals in different ties and applications.
A ng;tlet;?nr;ssagfdthec\?vee(l:dk Power sources for GTAW
Ehowlcdgde [different types of joints- AR
14Hrs |Fillet T-joint, |
Clorier)( Butjto(gq’uar:%{ GMAW-03| 88 Fillet weld - "T" joint on Aluminium Tungsten electrodes -
vy d'f,f t v sheet 1.6 mm thick in flat position. types & uses, sizes and
) SITETENt MEalS ) GmAaw-04 (1F) preparation
Aluminium, Stainless
Steel; different position- 89 Fillet weld - Outside corner joint on GTAW Torches- types,
1F & 1G] Aluminium sheet 2 mm thick in flat parts and their functions
position. (1F) GTAW filler rods and
selection criteria.
GMAW-05 | 90 Butt weld - Square butt joint on [ Edge preparation and fit
Stainless steel sheet 1.6 mm thick in ups
flat position with purging gas (1G) GTAW parameters for
welding of different
thickness of metals
GMAW-06 191 Fillet weld - "T" joint on Stainless steel ArQO” / Helium gas prop-
sheet 1.6 mm thick in flat position. (1F) erties - uses.
GTAW Defects, causes
and remedy.
Professional Perform Aluminium &| GMAW-07 | 92 Pipe butt joint on Aluminium pipe @ 50 Friction welding process-
) MS pipe joint by GTAW mm x 3 mm WT in Flat position. {1G) equipment and
Skill 20Hrs; | in flat position. application
Professional Laser beam welding
LBW).
Knowledge et
04Hrs

Professional
Skill 20Hrs;

Professional

Perform Aluminium &
MS pipe joint by GTAW
in flat position.

Set the Plasma Arc
cutting machine and cut

GMAW-08

PAC-01

93 "T" Joints on MS Pipe @ 50 mm OD x 3
mm WT, position - Flat (1F)

94 Straight cutting on ferrous and non
ferrous

Plasma Arc Welding (PAVY)
and cutting (PAC) process
- equipments and prin-
ciples of operation.

Types of Plasma arc,

Knowledge|sor 1oy & non-ferrous advantages and
03Hrs |metals. applications.
Professional | S€t the resistance spot| RW-01 |95 Lap joint on Stainless steel sheet by Resistance welding pro-
] welding machine and Resistance Spot welding. cess -types, principles,
Skill join MS & SS sheet. RW-02 196 MS sheets joining by Resistance Spot power sources and weld-
20Hrs: welding ing parameters.
. Applications and
Professional limitations.
Knowledge
02Hrs

(eviii)




Professional Perform joining of | OAW-01 97 Square butt joint on Copper sheet Metalizing - types of met-
) different similar and 2mm thick in flat position. {1G) alizing principles.
Skill 41 g'ss'_m'lar metals by etz ey e joint on Copper to MS sheet Manual Oxy - acetylene
Hrs; razing °perat'°3 o 2mm thick in flat position by powder ~  coating
. P&l standar Brazing (1F process- principles of
Professional p.rogledureo.I c[j-:_ilff_ert_elnt razing (1F) operation and
similar and dissimilar B ooleaiione
Knowdedde metals- Copper, MS, i
10Hrs 183 OAW-03 [ 99 Silver brazing on S.S Sheet with Reading of assembly
copper sheet "T" joint. drawing
R 100 Silver brazing on copper tube to tube. Welding Procedure
Specification (WPS) and
Procedure Qualification
Record ( PQR)
Professional Repair Cast Iron|OAW-05 |101Repair welding of broken C.I. Hard facing/ surfacing
machine parts by machine parts by oxy-acetylene necessity, surface pre
Skill 24Hrs;| selecting appropriate ShRa 0 welding with C.| and bronze filler rod. paration, various hard
Professional| We'ding  process. 102 Repair welding of broken C.| machine facing alloys and a
[Appropriate welding SMAW-02 parts by C.I. electrode. dvantages of hard facing.
Knowledge - 3 i i
9 process.OAW, s 103 Repair plastic broken parts or pipes Plastic welding machine
01Hrs |Hard facing of alloy steel by plastic welding machine. with hot air gun and

components / MS rod by
using hard facing
electrode.

104.Make a plastic tank with plastic sheet
of PYC. Dimensions 150*100*100

plastic material:
Polypropylene (PP)
Polyethylene (PE)
Polyvinylchloride (PVC)

(%)







CG&M

Welder - Induction Training & Welding Process

Exercise 1.1.01

Demonstration of machinery used in welding frades

Objectives: At the end of this exercise you shall be able to
» explain the machinery used in welding shop

» record the name and its uses of each machine in the given table.

Fig2

Fig 3

Fig4

Fig 5

110 @

Fig6

WL2ONT101E1




Fig ¥
Fig 8

A

ALY

Fig 13

PRESSURE TC
MOVE THIS PART
MEDIUM
PRESSURE
VERY HIGH
PRESSURE

ROTATION
ROTATION

ROTATION

Fig 14

Fig 15

1
b=
Ay
(TS

Fig ©
Fig 10

SIL0LENOTIA

UPSET FROM PRESSURE
DURING FUSION
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Fig 21
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- 2022) - Exercise : 1.1.01
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Job Sequence

s Identify the machinery in your work shop. + Recorditintable 1.

+  Name the machine and explain their uses. * Getitchecked by your instructor.
TABLE1

Name of the machine and write its uses

Sl. No. Name of the machine Uses

10

11

12

13

14

15

16

17

18

19

21
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CG&M Exercise 1.1.02
Welder - Induction Training & Welding Process

Identification of safety equipment and their use etc.,

Objectives: At the end of this exercise you shall be able to
* identity the safety equipment given in the drawing
» record the uses of respective safety equipment in the table.

Scan the QR Code to view
the video for this exercise

Fig 1 Fig6
Fig7
Fig8
Fig 4
Fig ©
Fig5 Fig 10

WL2ON1102E1

L]



Note: The instructor may provide different types of personal protection equipment’s explain how to
identify and select the PPE devices suitable for the part cuter work and ask the trainees to write the
names and its uses in the table given below.

Job Sequence

* Read andinterpret the personal protectionequipment .+ write the name of PPE to the corresponding type of
visually on real devices or from the charts. protection in table 1.

« |dentify and select the personal protection equipment
suitable for particular type of protection.

TABLE1
S. No. Name of the PPE Related Hazards Type of protection
1
2
3
4
5
6
7
8
9
10

* Getitchecked by your instructor.
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CG&M
Welder - Induction Training & Welding Process

Exercise 1.1.03

Hack sawing, filing square to dimension

bench vice

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

» state the use of
» describe the method of hack sawing
» file to square and maintain the dimension.

TASK: 1 HACK SAWING

. F
)
< a =
+2]
10 82 (B)
TASK : 2 FILING SQUARE TO DIMENSION
F
L
)
< o =
[-+]
10 80 (B)
1 100ISF x 10-100 Fa3d10 1.1.03
NOC.OFF STCCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NOC. EX. NO.
8CALE 11 DEVIATIONS 0.5 TIME

=HO

HACK SAWING,FILING SQUARE TO DIMENSION

CODE NO. WL20N1103E1




TASK 1: Sawing along a line

« Check the pre machined size of 75 x 75 x mm using
rule

+  Apply marling media

+  Mark 82mm keeping side B.

«  Similarly mark 82mm on side 'e’
+ Punchthe marked line.

+ Hold the job in the bench-vice keeping 10 mm away
from the marked line.

« Make a notch on the line to start hack sawing.

+ Cut along the marked line.

« Similarly cut on the other side.

+  Apply pressure in the forward stroke

+ Release the pressure in the return stroke

+ Use full length of the blade while blade while sawing
+ Check the size cut the steel rule.

« Clampthe jobto be cut according to the cross-section
for sawing.

+ Asfar as possible hold the job in such a way that the
flat or long side can be cut rather than the edge.

(Fig 1)

Fig 1

FIN1214Z1

+ Incase the job has a profile (like steel angle), clamp
the job so that sawing can be done towards the
overhanging end. (Fig 2)

Fig 2

FIN1214Z2

Clampthe job as long as possible on the vice and make
sure that the marked sawing line is close to the side of
the vice jaws in order to achieve maximumfirmness.

Tighten the jaws firmly to avoid tilting and shifting of
the job.

Whenever the section being cut shows chattering effect
or vibration, the clamping needs improvement.

Select the correct pitch blade for cutting.

Shorter the cutting section is, finer the blade pitch.
Make sure that atleast four teeth are cutting at a time.

Harder the material finer the blade pitch should be.

Fix the blade in such a way that the teeth are in the
direction of cut. (Fig 3)

Fig3

DIRECTION DIRECTION OF
QEIEIEIEI OF cUT /_ PRESSURE

WORKPIECE

FIN1214Z3

Tighten and tension the blade by hand using only the
wing nut.

Caution

Insufficient blade tension-cut will not be
straight.

Over tension-blade will break.

File a notch at the starting point on smooth
and hard jobs to avoid slipping of the hacksaw.

(Fig 4)

Fig4

S

FIN121424
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+  Apply a little downward hand force as long as only a
few teeth are cutting. Press down only during forward
(cutting) stroke.

+ Use the full length of the blade in order to avoid early
dulling of the teeth in the middle portion of the blade.

+  Move the blade strictly in line with the marked direction.
Do nct tilt the frame while sawing because bending to
the blade can cause sudden breakage of the blade.

TASK 2: Filing square to dimension

Check the height of the bench vice. (Fig 1) If the height is
more, use a platform and if it less, select and use ancther
workbench.

Hold the job inthe bench vice with a projection of 5to 10
mm from the top of the vice jaw.

Select the files of various grades and length according to
the

Fig 1

WL20N1103.1

— size of the job
— quantity of metal to be removed
— material of the job.

Check whether the handle of the file fits tightly. Hold the
handle of the file (Fig 2) and push the file forward using
your right hand palm.

Fig 2

WL20M1103.02

Hold the tip of the file according to the quantity of the
metal to be removed.

For heavy filing. (Fig 3)
For light filing. (Fig 4)

+ Resort to cutting from the opposite side in case the
deviation from the marked line is excessive.

Slow down the cutting while completing the
cut to avoid breakage of the blade and injury

to yourself.

WLION1103J3

WL20N1103.4

For removing local unevenness. (Fig 5)

Figb

WL2CN 110305

For removing the local unevenness draw filing can also be

done. (Fig 6) The same filing can also be done for fine
finishing.
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WL2CON1103J8

Start filing by pushing the file uniformly during the forward
stroke and release the pressure during the return stroke.

Continue giving strokes. Balance the pressure of the file
insuch a way that the file always remains flat and straight
over the surface to be filed.

Checking flatness (Fig 7)

Use the blade of the try square as a straight edge for
checking flatness.

Place the blade of the try square on the surface to be
checked in all directions so as to cover the entire
surface.

Do the checking face the light. Light gap will indicate high
and low spots.

Fig 7

WLZON1 1037

Checking squares: Consider the large finished surface
as the reference surface. Ensure that the reference surface
is filed perfectly and is free from burrs.

Butt and press the stock against the reference surface.
(Fig 8)

Fig 8

j= REFERENCE SURFACE

\— STOCK

WL20N1103.J8

Bring down slowly (Fig 9) and make the blade touch the
second surface with which the squares is to be checked.

Light gap will indicate the high and low spots.

Fig9

[ [m/n i

REFERENGE SURFACE

<joooo

WL20N1163.0
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CG&M Exercise 1.1.04
Welder - Induction Training & Welding Process

Marking out on MS plate and punching

Objectives: At the end of this exercise you shall be able to
» prepare the job as per drawing

» explain the marking media

» describe the uses of steel rule and punch.

Job Sequence

e Check the size of the given MS sheet as per * Draw the 6 lines joining the points Aand A, Band

drawing. B, etc upto F and F..
*  Apply copper sulphate/chalk powder solution and » Check the marked lines for the correctness and
allow it to dry. parallelismyvisually.
» Keepthe plate or flat on the work bench and mark » Using a dot punch and a hammer make punch
points A, B,C,D, E&FandA B, C D, E &F, marks on all the lines with a pitch of 4mm.
as per dimensions given onthe job drawing.
1 100 ISF 3x150 = Fe 310 = = 1.1.04
NO.OFF STOCK SIZE SEMI PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE NTS TOLERANGE +1 TIME

MARKING OUT ON M.S. PLATE

E @ AND PUNCHING CODE NO. WL20N1104E1

11



Skill Sequence

Marking out on MS plate and punching

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

* scribe straight and parallel lines on the surface of the plate

* make punch marks on the lines by using dot punch

The marking media, copper sulphate or chalk powder
solution, is applied onthe jobsurface and dried so that the
lines scribed on it will be clearly visible.

Apply the marking media uniformly with a 15mm painting
brush.

Using steel rule and scriber point mark points A, B,C,D.E
&F fromthe 150mm long edge of jobat 10, 25, 40, 55, 70
and 8cmmdistances. Similarly markpoints A, B,.C, D, E,
&F. (Fig1) The edge of the steel rule may have damaged.
Toavoid wrong measurement coincide or setthe 1%t or 2
cm graduation mark of the steel rule against the 150mm
long edge ofthe jobfortaking measurements and marking
of points Ato Fand A, toF . Ensurethat there is no parallax
error (observation error) while using the scale to mark the
points Ato Fand A, to F, (Fig 2)

Fig 1

WLICN1104H1

13 POINT TO BE MARKED

AT 13mm DISTANCE

\|||\|‘|
2
[

/ \

vy

<

3

]

[WRONG 1 WRONG z
READING correcT  RONG. =
13.5mm) RECDRG 12.5mm) g
13mm) : 3

Using the steel rule and scriber, draw the lines AA,, BB,
CC,, DD, EE, & FF..

Incline the scriber in the direction of stroke and draw
towards you (Fig 3)

Fig 3

INCLINE THE SCRIBER IN THE
70 DIRECTION OF STROKE AND
00 DRAW TOWARDS YOU

WLION1104H3

HOLD FIRMLY

Using the dot punch andthe hammer, punch small dots on
the 6 lines. (Fig4 and Fig 5) While hammering hold at the
extreme end of the handle.

Fig 4

WLIONT104H4

Maintain a pitch of 4mmapproximately between the dots.
Pitch is the distance between two consecutive dots.

Check whether the lines are straight and parallel using
steel rule and the punch marks are clear and visible.

Fig5

LINES SCRIBED JOINING AA,, BB,
. DD, EE, & FF, AND THE
FURGH MARKED "

p = PITCH OF THE DOT (4mm})

WL20N1104H5
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CG&M

Exercise 1.1.05

Welder - Induction Training & Welding Process

Setting of oxy-acetylene welding equipment, lighting and setting of flame

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

» setup the oxy-acetylene gas welding plant by connecting all components

» test for gas leakages at all connections
» set the required gas pressure on the regulators.

Job Sequence

+ Inspect all inlet and outlet valves, threads and seats
on both cylinders and regulators.

« Crackthevalves.
« Install the regulator.
« Inspect hose fittings for damage and attach it.

+ Openthe gas cylinders, oxygen and Acetylene.

FILLER
RCD

REGULATORS

OXYGEN

WL20N1105E1

« Purge both hoses by opening the regulator valve
correctly as per gas, one at a time.

+ Inspect torch handle.

« Assemble the torch handle.
« Attach the hose correctly.

+ Leakcheckand purging.

+ Lightthe flame.

+ Adjust the flame to get neutral flame.

Observe the flame pattern.

Adjust the flame to get oxidizing flame.
Observe the flame pattern.

Adjust the flame to get carburizing flame.
Observe the flame pattern.

Shut down the torch flame.

Shut down and bleed the pressure from the system.

13



Skill Sequence

Setting of oxy-acetylene welding equipment, lighting and setting of flame

Objectives: This shall help you to

* close down the oxy-acetylene gas welding plant maintaining correct sequence

* set neutral oxidizing and carburizing flames.

Setting up oxy-acetylene plant Fig 1

Move oxygen and acetylene cylinders with the caps from
the store to the gas welding area.

Fig 1
GOGGLE
OXYGEN GAS
REGULATOR SPARK
LIGHTER
CYLINDER KEY
OXYGEN GAS
CYLINDER ACETYLENE GAS
REGULATOR
fm'gxem DISSOLVED
ACETYLENE
GAS CYLINDER
|~ WELDING
BLOW PIPE

OXYGEN RUBBER
HOSE PIPE

¥ | ACETYLENERUBBER
HOSE PIPE

CYLINDER TROLLY

SETTING OF OXY-ACETYLENE PLANT

WL20N1105H1

An oxygen cylinder is identified by the black
color painted on it. An acetylene cylinder is
identified by the maroon color painted on it.
Also the oxygen cylinder will be taller than an
acetylene cylinder and the diameter of oxygen
cylinder will be less than the diameter of an
acetylene cylinder.

Ensure full cylinders are kept separately from the empty
cylinders.

Position the gas cylinders in a trolley and secure them
with a chain.

Always keep the cylinders upright/vertically in the
cylinder stand/on the floor. (Fig 2)

Fig 2

WL20N1105H2

While moving, the gas cylinders should be kept slightly
inclinedto the vertical position and the protector cap used

to avoid damage to the cylinder valves. (Fig 3)

Fig 3

WL2DN1105H3

Do not roll the cylinders horizontally on the
ground.

Remove the cylinder caps. Crack the gas cylinder valves
by quickly opening and closing them using the cylinder

key. Fig 4.
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Fig 4 BLOW QUT THE CYLINDER VALVE
SOCKET BEFORE CONNECTING

THE REGULATOR CRACKING OPEN
THE CYLINDER VALVE MOMENTARILY

KEEP CYLINDER UPRIGHT POSITION

L20N1105H4

Wi

Dirt and dust particles from the cylinder valve sockets are
cleaned by cracking the cylinder valve. This will aveid
leakage of gas due to improper seating of the cylinder
valve and also to prevent the dust particles from
entering into the regulators which may cause damage to
the regulators.

Always stand opposite to the valve outlet while cracking
the cylinders. (Fig 5)

WL20N1105HS

Ensure that your hands are free from grease or oil.

Connect the oxygen regulator to the oxygen gas cylinder
(right hand threads).

Connect the acetylene regulator to the acetylene gas
cylinder (left hand threads).

The acetylene regulator connecting nut will
have a groove cut on it (Fig 6) and the pressure
gauge dial will be of maroon color.

Fig 6

LEFT HAND
ACETYLENE

RIGHT HAND
OXYGEN

WL20N1105H6

All threaded connections should be fixed initially by
tightening by hands and then conly a spanner should be
used. This will help to aveid assembly with cross thread
leading to damage to threads.

Always use the correct size spanner to prevent damage
to the threads. (Fig 7)

Fig 7

WL20N1105HT

Ensure the pressure adjusting screws of both

regulators are in a released condition.

Connect the correct regulator on cylinders. Acetylene
connections have left hand thread and oxygen has right
hand thread.

It is dangerous to apply lubricants in the
threaded assemblies of gas welding
equipment as it can cause fire. (Fig 8)
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While tightening avoid undue force. The connections should
be just tight.

Connect the hose connector at the regulator end and the
hose-protectors at the blowpipe end.

Fig 8

WL20N1105HB

(Use black hose for oxygen line and maroon hose for
acetylene line.)

Acetylene connections have left hand threads
with a cut on the comers of the nut while
oxygen connections have right hand thread
without a cut.

Attach one end of the black hose-pipe to the oxygen
regulator outlet and the maroon colored hose-pipe to the
acetylene regulator outlet. (Fig 9)

Fig 8

ATTACHING HOSE PIPES

WL20N1105H8

Secure the joints using hose-clips to ensure good grip
and to avoid gas leakage. (Fig 10)

Fig 10

b e e e

USE HOSE CLIPS BEFORE
CONNECTING TO REGULATOR
AND BLCW PIPE

WL20N1 105HA

Use a screwdriver to tighten the hose-clips.

Always use the correct size hose-clips. (Fig 11)

Fig 11

HOSE CLIPS

WL20NT105HB

Turn on the pressure adjusting screw of the regulator to
which the oxygen hose pipe is connected.

Exert sufficient pressure to blow cut dust or dirt particles
if any are trapped inside the hose-pipe and then release
the pressure adjusting screw.

Repeat the same for the acetylene hose also.
Attaching blowpipe

The other end of the hose-pipe is to be attached to the
blowpipe inlets. (Fig 12)
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ATTACHING BLOW PIPES

WL20N1105HD

Fix the hose-protectors at the blowpipe ends. The
hose-protectors with a groove at the corners are fixed on
the acetylene hose-pipe and connected to the
acetylene inlet of the blowpipe. The hose-protectors without
cutting marks are fixed on the oxygen hose-pipe and
connected to the oxygen inlet of the blowpipe. (Fig 14)

Fig 14
BLOWPIPE

OXYGEN
{BLACK COLOR)

ACETYLENE
{MARROON COLOR)

CYLINDERS

WL2ON1105HE

The hose-protectors protect against the return flow of gas
from the blowpipe to the rubber hoses. They act as non-
return valves.

Adjusting the gas pressure

The gas pressure for both oxygen and acetylene has to
be adjusted at regulators according to the size of the
nozzle. The size of the nozzle is selected according to
the job material and thickness.

For adjusting the gas pressure, open the valves of both
the cylinders slowly by one turn and set the pressure on
both regulators as 0.15 kg/cm? for small size nozzles, by
tightening the pressure adjusting screws. (Fig 19)
Ensure the blow pipe control valves are kept open while
setting the gas pressure.

The pressure can be read on the working pressure gauge
of gas regulators.

CG & M: Welder (NSQF Revised - 2022) - Exercise : 1.1.05

Fig 15

WL20N1185HF

Testing for leakage
All connections must be tested for leakage.

Apply soap water solution for acetylene connections and
fresh water for oxygen connections. (Fig 16)

Use of soap water on oxygen connections may lead to fire
hazards.

Never use matches or flame light during leakage test.
Lighting the flame

Attach the recommended size of nhozzle to the neck of the
welding blowpipe i.e. nozzle No. 3.

Openthe gas cylinders and adjust the recommended gas
pressures on the regulators.

Fig 16

ACETYLENE

WL2ON1105HG

=
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The pressure of oxygen and acetylene is 0. 15kgs/cm? for
nozzle No 3.

Open cylinder valves very slowly.

While setting pressure on the regulator, keep the
blowpipe control valve open for accurate setting.

Open the acetylene control valve 1/4 turn cn the
blowpipe and ignite with a spark lighter. (Fig 17)
Acetylene burns using the oxygen in the atmospheric air
with a black smoke.

Fig 17

AGETYLENE BURNS USING
OXYGEN IN THE ATMOSPHERIC AIR

e
Seo©
O —

SPARK LIGHTER

WL2ON1105HH

Avoid using any other source of fire other than the spark
lighter.

Point the blowpipe in a safe direction in the open space,
away from you and others.

Increase the acetylene till the black smoke disappears.
(Fig18)

Fig18 NG WHITE CONE

ACETYLENE FLAME IN ATMOSPHERIC AIR

WL2EN1105HI

Observe the flame and add oxygen by opening the
oxygen control valve of the blowpipe. Now a bright white
cone starts appearing at the tip of the nozzle. (Fig 19)

Flame adjusting to set different types of oxy-
acetylene flames.

To adjust the neutral flame, add sufficient oxygen to make
the white cone clear and round. (Fig 20)

Fig 19
WHITE CONE STARTED APPEARING

WL20N1105H)

ADDITION OF OXYGEN

Fig 20
WHITE CONE APPEARS CLEAR & ROUND

NEUTRAL FLAME WITH SUFFICIENT CXYGEN

WL20N1105HK

The gas mixture from the blowpipe has equal volume of
oxygen and acetylene.

To adjust the oxidizing flame, from neutral flame
decrease acetylene flow.

The white cone will become short and sharp.

The flame will produce a hissing sound and will have a
short length. (Fig 21)

Fig 21
WHITE CONE SHORT & PCINTED

e

OXIDISING FLAME WITH MORE OXYGEN

WL20N1108HL

The gas mixture from the blowpipe has more volume of
oxygen than acetylene.

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

The white cone will become long surrounded by a feather
like portion.

The flame will burn quietly having more length. (Fig 22)

Fig 22

WHITE CONE WITH
ACETYLENE FEATHER

CARBURISING FLAME WITH EXECESS AGETYLENE

WL20N1105HM
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The gas mixture from the blowpipe has more volume of
acetylene than oxygen.

After continuous use of the blow pipe during welding the
nozzle may get blocked by metal particles or spatters.
This blockage has to be removed to get continuous flow of
gases by using a nozzle cleaner. (Fig 23)

Fig 23

NOZZLE TIP
CLEANER

WL20N1105HN

ALWAYS USE TIP CLEANERS

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

Extinguishing the flame

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

Closing down the plant

At the close of work, shut off the plant in the sequence
given below.

Close the acetylene cylinder valve.
Close the oxygen cylinder valve.

Openthe blowpipe acetylene valve and release all the gas
pressure.

Open the blowpipe oxygen valve and release all the gas
pressure.

Both the pressure gauges on the regulators should read
Zero.

Release the acetylene regulator pressure adjusting screw.
Release the oxygen regulator pressure adjusting screw.
Close the blowpipe acetylene valve.

Close the blowpipe oxygen valve.

Ensure

— there is no fire around the equipment

— the gasis completely exhausted by dipping the nozzle
inwater.
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CG&M Exercise 1.1.06
Welder - Induction Training & Welding Process

Perform fusion run without filler rod on MS sheet 2mm thick in flat position
(OAW-01)

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

» prepare the job as per drawing

» select and fit the correct size nozzle

» set gas pressure according to nozzle size

» fusion run without the filler rod in flat position using leftward technique
» clean the weldment and visually inspect for weld defects.

01 IS8T 150 x 2.0-50 - Fed10-w " - 1.1.08

NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.

DEVIATIONS TIME :

SCAE:NT | PERFORM FUSION RUNS WITHOUT FILLER ROD ON

CODE NO. WL20N1106E1

@ TEL MS SHEET 2mm THICK IN FLAT POSITION (QAW-01)

20



Job Sequence

Fusion runs without filler rod in flat position

+ Mark and cut the M.S. sheet pieces of size
150 x 50 x 2mm using a hand lever shear.

Care should be taken to keep the fingers off
fromthe shearing blades. Wear gloves to avoid

Move the blowpipe from right to left direction
maintaining a uniform speed and blow pipe angle.

Avoid excessive concentration of heat at any one point.

injury.

+ Straighten the cut pieces by hammering on an anvil.
+ File andfinish the sheet to dimensions as per drawing.

« Markand punch parallel lines on the sheet surface as
per sketch and set the job piece on the welding table
in that position with fire brick support.

« Select and attach nozzle size 5 to the blowpipe.

If the metal becomes too hot, lift the blowpipe
momentarily away from the molten pool.

Do not touch the inner cone with the molten
pool, to avoid backfire and flashback.

Wear safety apparels and gas welding goggles.

« Set acetylene and oxygen pressure 0.15 kg/cm? on
the regulators.

+ Ignite the oxy-acetylene gases and adjust the neutral
flame.

« Hold the blowpipe on the job at its right hand end at
the required angle.

« Start heating the surface on the right end of the sheet
with slight circular motion to the blowpipe and
produce a molten pool on the marked line.

Skill Sequence

Fusion run without filler rod

Keep the molten pool in correct size by adjusting the
rate of travel and giving slight circular motion to the
blownpipe.

Stop at the left end and lift and blowpipe quickly.
Extinguish the flame and cocl the blowpipe in water.

Clean the fused surface with a steel wire brush and
inspect for the uniformity of fusion runs.

If the speed of travel and blowpipe motion are
correct, the fusion runs will appear with
uniform width and even ripples.

Repeat the above 4 more times to achieve
uniformfusion and better manipulation of blow-

pipe.

Obijectives: This shall help you to
» set and carry out fusion run without filler rod.

Cleaning and setting job piece
Remove rust if any using a wire brush and emery paper.
Do not rub with heavy pressure on the wire brush.

Use the emery paper rolled on a piece of wood while
cleaning.

Remove paint, oil or grease by dipping the M.S. sheetina
solvent of dilute hydrochleric acid.

Draw lines parallel to the longer edge of the sheet at 10mm
from one edge and punch along the lines to serve as a
guide. Fig1

Keep the job on the work table on a fire brick (Fig 2) to
reduce the heat conduction and to position the job flat.

Use welding goggles.

Hold the blowpipe and flame in correct position (angle) for
proper fusion.
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MARKING -OFF LINES

150
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WL20M1106H!
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Fig 2 DIRECTION OF TRAVEL

WL20N11C8H2

Position the blowpipe in such a way that:

— the punched lines of the sheet is parallel to the opera-
tor (Fig 3)

— there is less fatigue to the hand of the operator

Fig 3

WL20N1108H3

— the angle of the nozzle with the welding line is be-
tween 60° - 70°. The angle between the nozzle andthe
job surface should be 90°. (Fig 4)

Fuse the metal to form a small puddle of molten pool on
the job surface at the right end.

Fig 4
DIREGTION GF TRAVEL

JOB PIECE
SUPPCRT

FIRE BRICK

WL20N1108H4

Making fusion run without filler rod

Move the blowpipe in the leftward direction as location
fusion is obtained at the right end of a line.

Keep the molten pool onthe punch line. (Fig 5)

Fig 5
LEFT EDGE

DIRECTION OF TRAVEL
MOLTEN POOL

RIGHT EDGE

'WL20N1106H5

Maintain constant speed of travel with slight circular motion
to the blowpipe. (Fig &)

Reduce the blowpipe angle slightly near the left edge and
slowly withdraw the flame to avoid burn through at the
end.

Fig6 ABOUT Bmm
(174 In)

i

ADVANCE
PER OVAL ABOUT
1.5 mm{1/1Bin)

{0000 DIRECTION OF WELDING

CIRCULAR MOVEMENT CF BLCW PIPE

WL20N1106HG

Maintain a constant distance of 2-3mm between the white
cone of the flame and the sheet surface for proper heat
input and to aveid backfire.

Visual inspection of fusion run

Visual examination can be done to ensure uniform width,
ripples and proper depth of fusion (penetration) (Fig 7) for
the bead after the welded job is cleaned thoroughly to
remove the scales from its surface.

Use tongs while handling hot jobs.

Fig7 UNIFORM WIDTH & RIPPLES

50% DEPTHOF
FUSION

WL20N1108H7
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CG&M Exercise 1.1.07
Welder - Induction Training & Welding Process

Setting of arc welding machine & accessories and striking an arc
(SMAW-01)

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

+ connect the welding cables between the welding machine, electrode holder and the job
» start and operate the controls and stop are welding machine in sequence

» set welding current strike and maintain the arc

» prepare and set job

» deposit uniform straight line bead in flat position

» clean and inspect the weld surface.

ELECTROCDE
HCLDER

AC ORDC
CONSTANT
CURRENT
SUPPLY

WELDING
ELECTRODE

WL2ON11G7E1

Job Sequence

s Set up the equipment in a safe place + Set the amperage as per the suggested list on the

; : machine.
+ QOrganize the tools are using.

+ Positionthe rod tip 25 to 50mm away from the welding

+ Obtain the piece for welding and connect the ground position.

clamp to one of them.
+ Turn on the welding transformer. + Wear the helmet and now it is ready to strike the arc.

Skill Sequence

Setting of Arc welding machine and accessories and striking an arc

Obijectives: This shall help you to
» explain the methods of striking an arc

Setting up Arc Welding plant (Fig 1) Connect the welding machine to the power supply.

Check the welding machine and other accessories as per
sketch. Awelding generator or a welding rectifier (Fig 2) welding machine are properly earthed. This
gives a direct current for welding and a welding transformer will avoid any electric shock to the welder.
(Fig 3) gives an alternating current for welding. Fig 1

Be sure that the main supply switch and the
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Fig 1

ELECTRODE HOLDER

WELDING POWER
AC or DC SOURCE

WELDING TABLE

WELDING IJCB

ARC WELDING PLANT

WL20N1107H1

Fig 2
GENERATOR

CURRENT
REGULATOR

OPEN CIRCUIT
VOLTAGE CONTROL

WELDING LEAD

EARTH LEAD
D.C. WELDING GENERATOR

WL20N1107H2

Switch on the starter.

Check and ensure the electrode holder and earth cable
are without any loose connection or damage.

Loose cable connections cause spark, heat and
unstable arc.

Connect tightly the earth cable to the welding table or
work using the earth clamp and the electrode cable with
the electrode holder.

Fig3
CURRENT REGULATGR

2 Q&ﬁg
2

L

WELDING LEAD

AG INPUT LEAD

EARTH LEAD
DC POWER SCURCE - RECTIFIER

WL20N11C7H3

CURRENT REGULATOR
{FINE)

CURRENT REGULATOR

A.C WELDING (OUTPUT)
FOR WELDING

PRIMARY CABLE FRCM MAIN SUPPLY

A.C WELDING TRANSFORMER

WL2ON1107H4

Hang the electrode-holder on an insulated hook provided
near the welding table whenever it is not in use.

Place portable screens around the welding table for the
safety of others. (Fig 5)

Check that the welding accessocries such as chipping
hammer, carbon steel wire brush, tongs and chipping
goggles are in working condition.

Keep ready safety apparels (such as leather apron, gloves,
sleeves, leggings, jacket, shoes and cap) to ensure
personal safety.
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WL20N1107HS

Operating the controls of arc welding machines. (Fig 6)

Arc welding machines are used to get suitable current for
welding purposes.

Figé ELECTRODE - HOLDER

HOOK FOR KEEPING
ELECTRCDE HOLDER

GROUND

/

EARTH GABLE
ELECTRODE CABLE

WL20N110THE

Connect the welding machine to the main supply as
follows.

— Install the welding machine near the 3 phase main
supply, keeping the mains supply cables as short as
possible to avoid electrical power losses.

— Call a skilled electrician for permanent connecticns to
the main supply since it carries dangerously high
voltage.

Ensure that the main switch, fuses and power cables
electrode holder, earth clamp and cable lugs are of the
required ampere capacity.

If the main supply connection is of the plug type, the welder
can himself connect the main supply.

Check the proper operation of the main switch.

Check the proper operation of the on/off switch of the
machine.

Check the proper operation of the current regulator of the
welding machine and set the current at 110 ampere fora
3.18mm diameter electrode.

Check the operation of the polarity switch, if it is a DC
welding generator or a rectifier.

Welding cables are used to carry the welding current from
the welding machine to the electrode-holder and the job
and suitable lugs are attached to the earth cable ends

(Fig 7).

Fig 7

CABLE ATTACHMENTS

WL2EN1107HT

Connect one end of the earth cable to one of the output
terminal of the machine tightly.

Connect the other end of the earth cable with the welding
table or work tightly using the earth clamp as shown in
Fig6. Other methods are shown in Fig 8.

Connect one end of the electrode cable to the second
terminal of the machine and the other end to the
electrode holder.

Fig8 wBENCH
CLAMPED
GROUND CABLE TACKWELDED R
BOLTED &
METHOD OF ATTACHING EARTH CABLES §

Starting and stopping of arc welding machines
Welding transformer
Switch ‘on' the main supply of the welding transformer.

Start and stop the welding transformer (2-3 times) using
the on/off switch provided on the machine.

Welding rectifier
Switch 'on' the main supply of the welding rectifier.

Start and stop the welding rectifier 2-3 times using the 'on’
- 'off' switch provided with the machine.
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In some of the rectifiers, a transfer switch is
provided. By operating this switch the
machine can be used as DC welding machine

or as AC welding machine.

Striking of arc on mild steel (V.S.) plate in flat position

Fix a 3.15 mm dia medium coated mild steel electrode
between the jaws of the electrode holder. (Fig 9).

Fig ©

WELDER ABOUT T STRIKE AN ARC

WL20N1107HB

Ensure the bare wire end of the flux coated electrode is
firmly held inthe slot/groove provided in the electrode holder.

Set 110 ampere for the 3.15 @ electrode. All electrode
manufacturers indicate the current values for different size
electrodes which can be used as a guide while setting
currents.

Striking the arc is a basic action whenever a welder has to
start welding or an electrode is changed or an arc is put-
off during welding.

Connect the electrode to negative if the machine isa DC
welding machine.

Clean the given scrap iron plate (work piece) surface with
a steel wire brush, and clean the oil or grease, water and
paint, if any.

Improper cleaning makes poor electrical
contacts and weak welds due to weld defects.

Set the work piece on the welding table in a flat position.

Switch 'on' the input supply and start the welding machine.

Ensure safety apparels are worn. Fig 10

Hold the electrode about 5 mm above the job piece at one
end at 75° angle to the line of weld and at 90° to the plate
surface. (Fig11)

Fig 10
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JACKET

LEATHER
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LEATHER
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Fig 11

I \
ELECTRCDE

PLATE SURFACE

JCB
ELECTRODE ANGLE WITH PLATE SURFACE

DIRECTION OF WELDING
oooop

WELDING

ELECTRODE ANGLE WITHWELD LINE

WL20N1107HB

Scratching method {(Fig 12)

Put on the welding helmet or bring the welding shield in
front of your eyes.

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

Withdraw the electrode approximately 6 mm from the
surface for a few seconds and then lower it to approximately
3 mm distance to maintain the arc. (Fig 12)
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Fig 12
ESTABLISH THE ARG
START PCSITIO
N—\ HOLD A NORMAL ARC
74 "7
l
, /
/, //
v ,
A& ’ 10°15°
(/ // / ’
o i /
N 7
\\ /
el ‘ / + g
E
] -
5
SCARTCH START METHOD g

If the arc has been properly struck a 'burst of light with a
steady sharp crackling sound' will be produced.

To break the arc quickly withdraw the electrode up.
Tapping method (Fig 13)

Strike the arc by moving the electrode down to touch the
job surface lightly.

Fig 13
LOWER THE ELECTRODE
TO OBTAIN THE ARC GAP HOLD A LONG ARC
START BY TAPPING
AGAINST THE PLATE
I’/’ \
\_J
DIRECTION OF TRAVEL / %
TAPPING METHOD OF STRIKING AN ARC §

Lift the electrode up slowly approximately 6 mm for a few
seconds and then lower it to approximately 3 mm from
the surface to maintain a correct arc.

The tapping method is mostly recommended as it does
not put pit marks on the job surface.

If the electrode freezes (sticks) to the plate, it should be
immediately freed by a quick twist of the wrist to avoid its
overheating or spoiling. (Fig 14)

Strike the arc by the scratching method.

Look at the arc through the filter glass only fitted in the
welding screen/shield or helmet.

Remove the slag covering from the top of the short weld
deposits by using a chipping hammer, and clean with a
wire brush. Fig 15.

WL20N11C7THE

Use chipping goggle or chipping screen, while Deslagging
welds. Fig 15

If the welded job is small in size use tongs to hold a hot
job.

Repeat striking the arc on the scrap MS plate until the arc
can be struck every time without the electrode freezing.

Safety precautions during arc welding

During metal arc welding, the metal is heated and fused
by the heating source - electric arc. The following are the
common dangers involved.

— Electric shock

— Sparks and spatters

— Smoke and fumes

— Heatradiation

— Chipped and hot slag particles
— Hot jobs and the hot stub ends.

To protect the welder from the above dangers, he has to
follow certain safety precautions which are explained in
the Related Theory on Induction Training.

Fig 15

CLEAR SAFETY
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«(((((((((((ll(« W\ (et

WL20N1107HF
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CG&M

Welder - Induction Training and Welding Process

Exercise 1.1.08

Deposit straight line bead on MS plate in flat position

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

» prepare and set the job as per drawing

» select the electrode, current and polarity

» deposit uniform straight bead in flat position by arc welding
» clean and inspect the weld surface.

O

10mm THICK IN FLAT POSITION.

o
~
100
1 100ISF x 10-100 " Fe310 1.1.08
NC.OFF STOCK SIZE SEMI-PRCDUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE 1:1 DEVIATIONS 205 TIME
STRAIGHT LINE BEADS ON M.S PLATE

CODE NO. WL20N1108E1
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Job Sequence

+ Prepare the plates to size (as per drawing) by
Hacksaw cutting and grinding.

» Cleanthe plate surface (job) with a stainless steel wire
brush and remove the burrs by filing.

+ Lay out parallel lines on both sides of the job surface
as per sketch and mark with a center punch.

« Set the plate on the welding table in a flat position.

« Ensure the plate is contacting well with the welding
table and the earth clamp is not loosely connected
with the work table.

«  Wear protective clothing safety apparels.
+  Use welding goggles.

« Ensure the filter glass of the welding shield is in good
condition.

+ Fixadmma M.S. electrode in the holder.

+ Set the welding current to 150 to 160 amps
approximately.

+ Connect the electrode cable with the transformer
welding machine. In case of a DC welding generator or
rectifier, connect it to the negative terminal.

« Connect the earth clamp on the right extreme end of
the job/work table.

+ Start the welding machine.

Skill Sequence

Strike the arc on a scrap piece for trial and observe the
current setting.

Ensure the burning of the electrode is normal and the
arc is smooth.

Use a short arc.

Deposit straight line beads onthe work piece along the
punched line from the left hand end to the octher end.

Hold the electrode at 70° to 80° to the line of weld.
Move it along the line of weld and towards the job at
uniform speed.

Restart the bead whenever the arc is broken and ensure
to fill the crater.

Fill the crater at the end of the bead without fail.

Remove slag from the weld bead using a chipping
hammer and clean with steel wire brush.

Use a chipping screen while Deslagging.

Inspect deposited beads for:

— uniformwidth and height — unfilled crater
— straightness — porosity
— uniformripples — undercut

— slaginclusion

Deposit straight line bead on MS plate in flat position

Objectives: This shall help you to

» maintain constant arc length, electrode angle and travel speed.

Prepare a M.S. plate piece 100x150x10 using a hacksaw
andfile.

Mark straight line, punch the line keeping 15mm distance
in between. (Fig 1)

Set the job on the welding table in a flat position with the
punched surface facing up. (Fig 1)

The bottom surface of the job should be perfectly clean to
get good electrical contact between the job and the welding
table.

Always follow the current range according to the
diameter of the electrode, as givenin the electrode packet
by the electrode manufacturer.

Check for proper melting of the job and electrode on a
scrap metal piece.

Fig 1

WL20N1108H1
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Hold the electrode at an angle of 70° to 807 with weld line/
punched line.

When a DC welding machine is used connecting the earth
cable at the right end of the job or work table will help to
deposit the weld metal at the correct place in the joint.

Deposit straight line beads taking the punched lines as a
guide maintaining:

— the medium arc length (L) (i.e. equal to dia. of
electrode used (d). If a DC welding machine is used
then use of a short arc length will help to reduce the
deviation of the molten metal from its intended path.

— correcttravel speed (approximately 150 mm per minute)

— correct electrode positionfangles. Fig 2

WL20N1108H3

The electrode should be moved towards the job to
maintain a gap between the tip of the electrcde and the
molten poal. (Fig 3)

Welding screen glasses should be clean enough to see
the arc action on the molten pool and punched line mark.

Listen to the arc's steady sharp crackling sound while
welding. It indicates uniform burning of the electrode.

Fig4

WL2ON1108H4

{L) ARC LENGTH = DIAMETER OF ELECTRODE (d)

Adjust the travel speed by watching the electrode
melting rate and flowing through the molten pool to form
the deposited metal. The uniform travel speed of the
electrode along and towards the line of the weld gives a
uniform bead.

Whenever the arc is broken a depression called crater is
formed at the breaking point and this crater has to be filled
first while restarting the arc. So clean the crater and
generate an arc at about 20mm ahead of the crater and
return to the crater at a faster rate.

Build the deposit so that it fills the crater, then move the
electrode ahead. Fig 4.

Fig5

ARC GENERATING POSITICN

WL20N1168H5

Also after completion of each bead fill the crater as
follows. Fig 5

Fig 6

s GUT THE ARG WHILE DRAWING

A [ ASMALL CIRCLE

*_
-h“g

8 3

g )f

WL20N1106H8

Build the deposit on the crater so that it is the same level
as the welding bead.

— Letthe arc length be shorter at the end of the run and
draw a small circle 2 to 3 times.

— Repeat Off and Onthe arc at the end.
Fill the crater. Fig &

Remove the slag and spatters from the weldment using a
chipping hammer and wire brush, so that the metal sur-
face of the bead is exposed for checking for any defects.
(Fig 6)

Determine the causes for the above weld defects and use
the remedial/prevention methods infurther deposits.
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Fig 8 — depth of fusion

— straightness of the run
— check for surface defects such as slag inclusion, sur-

face porosity, undercut, improper bead profile etc.
Fig 8

Fig 10

UNDER CUT BRAD

DEFECT

N N

REMOVE ALL SLAG AND SPATTER

WL2ON1108H8

Check the deposited beads and note any variation in the:

— width and height using a weld gauge Fig 7.

Fig @

WL20N110BHA

e
BEAD WIDTH

TEMPLATE FOR TESTING THE
BEAD CONTOUR OF WELDS

WL20N1108HB
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CG&M Exercise 1.1.09
Welder - Induction Training & Welding Process

Depositing bead with filler rod on MS sheet 2mm thick in flat position (OAW
- 02)

Objectives: At the end of this exercise you shall be able to
» prepare the job as per drawing

* manipulate the blowpipe and set correct nozzle

» select filler rod and gas pressure

» deposit weld by adding filler metal.

Job Sequence

Fusion run with filler rod in flat position *+ Keep the flame cone distance 2.0 to 3.0 mm
above the job surface.
+ Select and fix the nozzle size 5 and set acetylene /
oxygen pressure 0.15 kg/cm? + Hold the filler rod in the left hand, pointing near
the molten pool with an angle of 30° - 40° with
+  Select copper-coated mild steel (CCMS) filler rod of the line of weld.
@1.6 mm.
. + Meltthe base metal at the right end of a punched
+ Wear safety apparels and gas welding goggles. line and create a molten pool/puddle.
+ Ignite the oxy-acetylene gases and set the neutral + Fuse the end of the filler rod by dipping at the
flame. center of the molten pool and add filler metal on

+ Holdthe blowpipe on the right hand at an angle of 60° ] et R R i L SR

- 70%withthe punched line of the job and make a small +  Move both the blow pipe and the filler rod towards
molten pool at the right hand edge of the line. left with uniform speed along the punched line
with a slight circular motion to the blowpipe.

1 ISSH 150 x 2 x 50 - Fe310-W = = 1.1.09
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NOC. PART NO. BEX. NO.
SCALENTS | HEPOSIT BEAD WITH FILLER ROD ON M.S SHEET | ™ TIME:
@ E 2 mm THICK IN FLAT POSITION (OAW 02) e
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+ Move the filler rod up and down (piston like moticn) at
a constant speed.

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

+ Adjust the rate of travel of the blowpipe with the filler
rod to control the size of the bead and the required
penetration/depth of fusion.

+  Keep the filler rod end within the flame outer flame to
avoid oxidation.

Skill Sequence

+ Stop at the left hand end of the punched line by filling
the crater properly.

« Extinguish the flame and cool the nozzle.

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

+ Repeat this for the remaining 4 more punched lines to
achieve better manipulation of blow pipe and filler rod.

Depositing bead with filler rod on MS sheet 2mm thick in the position

Objectives: This shall help you to
. marking fusion run with filler rod.

The beginner for gas welding must practice:
— holding the blowpipe inthe correct position

— fusing of the metal by using a proper blow pipe
manipulation

— getting proper coordination of both hands to manipulate
the blow pipe and filler rod together

— deposit fusion run in a straight line from the right end
to the left end of the job.

Preparation of sheet for welding

Use gloves while handling sheets.

Shear the MS strip to get job pieces 152 mm long x 52mm
wide x 2.0 mm thick.

Remove buckling of sheet due to shearing by hammeron
the anwvil.

File the irregular edges of the job to remove burrs and
unevenness on the edge to get a sheet size of 50x2mm.

Cleaning and setting job piece
Remove rust if any using a wire brush and emery paper.
Do not rub with heavy pressure on the wire brush.

Use the emery paper rolled on a piece of wood while
cleaning.

Remove paint, oil or grease by dipping the M.S. sheetina
solvent of dilute hydrochleric acid.

Draw lines parallel to the longer edge of the sheet at 10mm
from one edge and punch along the lines to serve as a
guide. Fig 1

Keep the job on the work table on a fire brick (Fig 2) to
reduce the heat conduction and to position the job flat.

Use welding goggles.

Hold the blowpipe and flame in correct position (angle) for
proper fusion.

Fig 1

MARKING -OFF LINES

150

120

WLION1108H1

Fig 2 DIRECTION OF TRAVEL

WL2ON1109H2

Position the blowpipe in such a way that:

— the punched lines of the sheet is parallel to the
operator (Fig 3)

— thereis less fatigue to the hand of the operator
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Fig 3

WL2CN1108H3

— The angle of the nozzle with the welding line is
between 60° - 70°. The angle between the nozzle and
the job surface should be 90°. (Fig 4)

Fig 4

: JOB PIECE
SUPPORT

FIRE BRICK

WL20N1105H4

Fuse the metal to form a small puddle of molten pool on
the job surface at the right end.

Making fusion run with filler rod: During gas welding,
most of the joints require filler metal to obtain proper size
of weld and to get a strong joint. So while the flame melts
the base metal, it alsc melts the filler rod tofill the groove
or depression in the joint.

The feeding of filler metal in molten pool requires special
skills.

The heat input by the flame depends on the volume of
acetylene and oxygen gas burnt. Different size nozzles
will give different volume of gases and heat required to
melt the metal depends on the thickness of metal to be
welded. So select nozzles based on thickness of base
metal to be welded.

For 3.0mm thick MS sheet select No. £ nozzle and fix it
to the blow pipe.

Blowpipe angle 60° - 70 with weld line {towards right).
Filler rod angle 30°- 40° with weld line (towards left). (Fig 5)

This angle helps in moving the molten puddle along the
line of weld and keeps the unwanted materials like scale,
any dirt, etc. away from the molten pool. This also controls
the depth of fusion (penetration) to the required extent. In
addition, the visibility of the melting region is better.

Fig8

WLICN1108HB

Keep the blowpipe and filler rod at 907 to the plate surface,
so that the metal melts equally on both sides of the inner
core of the flame. (Fig 6)

Fig 9
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Fuse the metal surface, maintain the molten pool and add
filler metal with proper motion.

For the blowpipe, a slight circular motion is regquired and
for the filler rod, a piston like motion (Fig 7) (up and down)
is required.

Maintain the flame cone distance to metal surface 2-3
mm.

Fig 10

WL20N1108HA

Move the blowpipe andfiller rod in leftward direction, along
the punch-marked straight line, to progress the weld.
(Fig8)
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Fig 11 FILLER ROD MELTS AT WELD POOL EDGE

FLAME COVERS WELD AREA

DIRECTION OF RLOVERIFE

UNIFORM WIDTH & HEIGHT

EAGH ADDED DROPLET

INCREASES WELD POOL
AND REINFORCEMENT

WL20N1109HB

WELD POOL

Add filler rod in the weld pocl to get 0.5 to 1 mm weld
reinforcement above the sheet surface.

Maintain constant speed, angles and motion during welding
for the blowpipe and the filler rod.

Keep the end of the filler rod within the outer envelope of
the flame to avoid its oxidation.

Restarting and stopping of weld
Restarting

Hold the blowpipe nozzle at 80° angle with the cone
pointing on the last 3 mm of weld bead depositedi.e. the
crater. (Fig12)

Fig 12

{a)
CORRECT HANDLING OF TORCH AND FILLER ROD
(MELT THE FILLER ROD IN A REDUCING FLAME
AND KEEP THE TIP AT A UNIFORM LEVEL)

VAW

WRONG HANDLING OF TORCH AND FILLER. ROD

WL20NT109HC

Re-melt the weld bead at crater to form a molten pool, add
filler rod and proceed with the deposition.

Stopping

Reduce the angle of the blowpipe andfiller rod as the weld
pool reaches the left end to control burn through.

Build up the crater by adding enough filler metal, by
dropping a few drops of molten metal at the crater.

Remove the flame slowly but cover the weld pool with the
end of the flame's outer envelope to protect it from
atmosphere.

Remove the filler rod end from the weld zone before the
weld pool solidifies.

Inspection of the deposited run
Look for the following on the deposited bead.

Depression at various points on the bead. (This is due to
variation in speed of travel of the blowpipe; improper feeding
of the filler rod; wrong restarting; splashing of molten pool
due to inner core of flame touching the molten metal.)

Undercut at the toes of the bead. (This is due to excessive
pressure of gases and setting harsh flame; improper
manipulation of the blowpipe; improper feeding of the filler
rod.)

Concave bead surface. (This is due to harsh flame and
excessive pressure of gases; inadequate feed of filler rod.

Porosity. (This is due to improper cleaning of the sheets;
rusted filler rod.)

The correct bead is shown in Fig 13.

Fig 13

e

Uniferm ri
Good unlfopn’i"lh:md

WL20N1108HD
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CG&M Exercise 1.1.10
Welder - Induction Training & Welding Process

Edge joint on MS sheet 2mm thick in flat position without filler rod (OAW-03)

Objectives: At the end of this exercise you shall be able to
* prepare the job as per drawing

* bend the edges of the plate as per drawing

* set the job as a edge joint and tack weld

» weld the joint by fusion method.

2
5
Sk
2 IS8T 50 x 2- 150 Fe 310-W 1.1.10
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NC.
NTS EDGE JOINT ON M.S.SHEET 2mm IN FLAT POSITION | oo et | THE
JEL @ WITHOUT FILLER ROD .
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Job Sequence

+ Prepare the job pieces as per drawing.

+ File the edges of square and ensure through cleaning
of the edges.

+ Bendthe edges of the plates to be joined at 90° to the
surface.

The length of the bent portion should be twice

of the thickness of the plate.

+ Setthe gas welding plant, fix nozzle No. 7 and setthe
gas pressure of 0.15 kg/cm? for both gases.

+  Set neutral flame.

+ Cleanthe tacks and set the job on the welding table in
a flat position, over fire brick supports.

+ Start the weld at right end of the job.

Skill Sequence

Edge joining on MS plate

*  Keep the blowpipe at 60° - 70°.

+ Fuse the edges uniformly and proceed towards left.

Fuse the bent edges up to the entire surface of
the plate.

+ Stop at the left end, fill the crater and complete the
weld.

« Extinguish the flame, cool the nozzle in water.
+ Cleanthe welded joint and inspect for

—  Uniform width and height of bead.

—  Uniform ripples.

+ Edge plate melted off

Objectives: This shall help you to
» make bend the edges of the plates.

Preparation: Prepare the job pieces of size 150x50x2mm
= 2Nos by shearing and then filing.

Setting and bending:
+ Bendthe edges of the plates.

+ Setthe prepared job pieces on the welding table and
tack at both ends.

+ Length of the tack weld is & mm approximately.

» Checkthe alignment after tacking.

Welding

« Start the weld at the right end of the joint.

« Maintain uniformtravel speed and feed to the flame.

+ Cleanthe deposited bead using wire brush.

Use all the safety apparels and gas welding
goggles.

Inspection
Inspect the quality of weld by
— Checking the finish of the job.

— Checkingthe uniformity of width and height of the weld
bead in size.

— Checking the uniformity of ripples, fusion and
complete penetration.

— Checking that the weld is free from faults such as
porosity, undercut, lack of fusion etc.

— Blow wolks.

— Edge plate melted off.
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CG&M Exercise 1.1.11
Welder - Induction Training & Welding Process

Straight line beads on MS plate 10mm thick in flat position (SMAW - 02)

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

» prepare and set the job as per drawing

» select the electrode, current and polarity

» deposit uniform straight bead in flat position

* maintain constant arc length, electrode angle and travel speed
» clean and inspect the job.

Refer Ex.No. 1.1.08

|
S
]
L 100 ol
1 100 ISF 10- 150 Fe 310-W 1.1.11
NO.OFF STOCK SIZE SEMI-PRCDUCT MATERIAL PRO.JECT NO. PART NO. EX. NO.
SCALE TIME
NTS TOLERANCE *1 10 Hrs
STRAIGHT LINE BEADS ON M.S.PLATE 10mm
@ £ THICK IN FLAT POSITION (SMAW-02) R
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CG&M

Exercise 1.1.12

Welder - Induction Training & Welding Process

Weaved beads on MS plate 10mm thick in flat position (SMAW-03)

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

» prepare the job as per drawing

» select and set the electrode, current, polarity

* deposit uniform beads by weaving in flat position

* maintain the required arc length, electrode travel speed.

1o
CENTERLINE OF
WEAVED BEADS N ——
g R
225 ' 15 ! 45 ! i i
100
1 100 ISF 10- 150 Fe 310-W 1.1.12
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE
NTS WEAVED BEADS ON M.S PLATE TOLERANCE=1 | TME
E @ 10mm THICK IN FLAT POSITION.
CODE NO. WL20N1112E1
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Job Sequence

+ Prepare the job to size as per the given drawing.

+ Ensure the job piece is free from oil, grease, paint, dirt
etc.

+ Clean the job surface with a steel wire brush and by
file the edges.

+ Mark parallel lines on the job surface as per drawing
for depositing weave beads and punch.

« Setthe work piece (job) on the welding table in a flat
position.

Wear protective clothing (safety apparels). |

+ Inspect the welding screen glasses for spatters and
for suitable shade number.

+ Select 4mm @ medium coated M.S. electrode.
(BIS Code:ER4211)

« Setthe welding current between 150 - 160 amps.

« Observe the electrode burning rate on a scrap piece
and re-adjust the current, if necessary.

Skill Sequence

Weaved beads on MS plat 10mm thick

» Deposit the weaved beads on the work piece between
the punched lines from one end to the other.

+ Restart the weld whenever the arc is put off or when
changing electrode or otherwise.

+ Stop weld in the end and fill up the crater.

+ Deslagthe weld bead using a chipping hammer and
clean with a steel wire brush.

Use chipping goggles and tongs during Deslagging.
+ Inspect the deposited weaved beads for:

— uniform width and height

— straightness of beads

— uniformripples

— overlap on sides of weld

— external weld defects like undercut, porosity, slag
inclusion etc.

— unfilled crater

— restarting defects.

Objectives: This shall help you to

* maintain the required arc length, electrode travel speed

» clean and inspect the weld defects.

Wider or weaved beads are required while welding deep
groove joints and multi-pass fillet welds used while welding
thicker plates and pipes.

Deposition of weaved beads in flat position

Prepare M.S. plate piece 150x100x10mm with punched
lines for laying weaved beads. (Fig 1)

Fig 1

&
%

>§'a<\

WL20N1112H1

Ensure 150 - 160 amps current setting for a 4.00 mm @
medium coated M.S. electrode. For selecting the current
to be used for different types and sizes of electrodes,
refer the electrode packet on which the details are given.

Position the electrode with the weld line at an angle of
75°-80° Fig 2.

WLICN1112H2
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Position the electrode with the adjoining plate surface at
an angle of 90° giving side-to-side weaving motion using
the arm movement. Avoid using wrist movement for
electrode weaving.

Deposit the weaved beads between the punched lines by:
Positioning the electrode correctly (as shown inthe Fig 2)

Weaving the electrode side-to-side. (Fig 3)

Fig 3
GOOD POOR

WHOLE ARM WRIST ONLY

WEAVING OPERATION

WL20N1112H3

Restrict the weaving motion to three times the electrode
diameteri.e. 10 for4mmg electrode.

Advance the bead on each weave by not more than2to 3
mm, so that the light, thin, molten slag will always be
kept away from the molten pool of metal. Fig 4.

Advancing the bead too far ahead will result in slag
inclusion and poor appearance.

Fig4
SLAG

PITCH 2 TC 3mm

MOVE SLOWLY
AROUND TURNING LESS THAN THREE
POINTS TIMES OF THE CORE

DIAMETER

1) KEEP THE ELECTRODE AT 90° AGAINST
THE BASE METAL AND 75 TO 80° AGAINST
THE WELDING DIRECTION.

Z) MOVE THE ELECTRODE FROM SIDE TOC SIDE
AND STOP FOR A SHORT MOMENT AT EACGH
SIDE.

a.THE WEAVING WIDTH SHOULD BE WITH
IN THREE TIMES CF THE CORE WIRE
DIAMETER.

b.MCVE THE ELECTRCDE AT A CONSTANT
PITCH BY USING THE WHOLE ARM

WL20N1112H4

Restarting of bead

To ensure a good restart, proper fusion and fill up at the
crater, proceed as follows. Remove the slag about 10-15
mm from the end of the crater.

Restart with a long arc at the forward edge of the crater.
(Fig )

Move the arc slowly across the crater reducing the arc
length and fill the crater.

Start forward travel at the normal rate with medium arc
length.

Fig 5 @
© ®
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ZARC GENERATING

POINT

20

1) CLEAN THE CRATER

2] INITIATE AN ARC AT ABCUT 20mm
AHEAD OF THE CRATER AND RETURN
TO THE CRATER

3) BUILD THE DEPCSIT SO THAT IT

NEARLY FILLS THE CRATER, THEN PROGRESS

WL20N1112H5

Ending the bead
At the end of each weld bead fill up the crater as follows.

Stop the forward movement of the electrode at the end of
the weld. (Fig 6)

Fig 6 OFF AND ON THE ARC

DEPOSITED METAL

m

FILL THE CRATER

1) REPEAT OFF AND ON THE ARC AT THE END.
2) BUILD THE DEPOSIT SO THAT IT FILLS
THE GRATER AS THE SAME LEVEL AS THE
WELDING BEAD.

WL20N1112H8
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Change the angle of the electrode.
Move back along the weld about 15-20 mm.
Hold for 2 to 3 seconds to fill the crater.

Break the arc quickly. (Fig 7)

Fig 7

7
Y /]
N AN N\ST

L)L LN

| —

i

WL20N1112HT

Inspect the beads.
Check for

— Bead form (width, reinforcement and wave profile). Fig
8

— Undercut and overlap porosity, slag inclusion and finish.
Fig8

Fig8

BEAD WAVE PROFILE

STARTING END

FINISHING END

UNDERCUT

/OVERLAP

BEAD JOINT

4

-

)

WL20N1112H8
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CG&M

Welder - Induction Training and Welding Process

Exercise 1.1.13

Setting up of Oxy - Acetylene flame and make straight cuts by free hand

Objectives: At the end of this exercise you shall be able to
» set oxy-acetylene plant for gas cutting
» set the work piece for a straight cutting
» set the cutting flame

* make straight line cutting

» clean and inspect the job.

=

1 100 ISF 10xx200mm Fe310-wW 1.1.13
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE 12 SETTING UP OF OXY - ACETYLENE PLANT AND REVISIES TIME
STRAIGHT CUTTING BY FREE HAND (OAGC-01)
CODE NO. WL20N1113E1
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Job Sequence

+  Wear complete safety apparel.
+ Setthe gas welding plant with a cutting blowpipe.

+ Attach the correct nozzle according to the thickness
of the metal.

+ Adjust the gas pressure of acetylene and cutting oxy-
gen 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 setting.

« 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 heat.

Skill Sequence

Straight cutting along by hand

Keep a distance of about 5mm between the

work piece and the nozzle.

+ Release the cutting oxygen and observe the cutting
action.

+ Move the cutting blowpipe towards the other end,
following the procedure line.

Maintain a correct speed and distance of the
hozzle.

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

+ Clean the cut and inspect for its accuracy without
defects.

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

Objectives: This shall help you to
» observe safety precautions
» select the cutting nozzle and gas pressure.

Setting the gas cutting plant: Set the oxy-acetylene
plant and connect the cutting blowpipe.

Setting the job for cutting {(Fig 1)

Fig 1 CUTTING OXYGEN
CONTROL LEVER

FUEL GAS
{oom
{oom

OXYGEN

JOB

N

CUTTING JOB SET ON SUPPORTS

WL2CN1113H1

’ SUPPORTS

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)

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

TABLE1
Data for cutting
Diameter of cutting | Thickness of | Cutting
oxygen steel plate oxygen
orifice nozzle Pressure
(1) 2) (3)
mm mm kg/cm?
0.8 3-6 1.0-1.4
1.2 6-19 1.4-21
1.6 19-100 21-42
2.0 100-150 42-46
2.4 150-200 46-49
2.8 200-250 49-55
3.2 250-300 55-56
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Fig 2
PRE-HEAT
ORIFICES

END OF NOZZLE

CUTTING OXYGEN ORIFICES

PRE-HEAT ORIFICES

HOLES ON THE CUTTING BLOWPIPE NOZZLE

WL20N1113H2

Adjust the neutral flame for preheating. (Fig 3)

WL20N1113H4

STARTING OF CUT

Fig3

L

WHITE CONES CLEAR AND ROUND

CORRECT FLAME ADJUSTMENT FOR CUTTING

WL20N1113H3

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.

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)

Fig 4

STARTING OF CUT

WL20N1113H4

Preheat the starting point to red heat. (Fig 4)

Fig 5

CUT IN PROGRESS

WL20N1113HS

Inspection of gas cut (Fig 7)

Fig 7

WL20N1113H7

Keep the distance between the work piece and
the nozzle about Smm to avoid backfire. (Fig4)

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

(Figo)

Clean the gas cut with a chipping hammer, chisel and
wire bunch.

Inspect for uniform

+ Smooth cut or drag lines
+ Straightness of cut

+ Sharpness of cut

+  Width of cut.
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CG&M Exercise 1.1.14
Welder - Induction Training & Welding Process

Perform marking and straight line cutting of MS plate 10mm thick by gas
accuracy within + 2mm (OAGL - 02)

Objectives: At the end of this exercise you shall be able to
» set the work pieces for a straight cutting

» set the gas cutting flame

» clean and inspect the cutting defects

* made a straight line by hand.

N
01 100 ISF 10-200 - Fe310-w - : 1.1.14
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PRQJECT NOC. PART NO. EX. NO.
scac1z | PERFORM MARKING AND STRAIGHT LINE CUTTING | oeviarions TivE
OF M.S. PLATE 10mmTHICKNESS BY GAS
+ @ ACCURACY WITH IN t2mm (OAGC-02) CODENO. WL20N1 1141
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Job Sequence

Making straight cuts
+ Wear all safety clothing.
» Set the gas welding plant with a cutting blowpipe.

« Fit the correct cutting nozzle according to the
thickness of the metal to be cut {for M.S. plate 10mm
thickness use 1.2mm dia. orifice cutting nozzle)

« Adjust both oxygen and acetylene gas pressure
according to the cutting nozzle size. (Oxygen
1.6 kg/sg.cm and acetylene 0.15 kg/sqg.cm)

While adjusting the pressure, keep the
cutting blowpipe valves open.

+ Wear the gas welding goggles.
« Setthe neutral flame.

«  Take 200x100x10 thick plate, clean, mark and punch
the straight lines on the plate 25mm apart.

+ Hold the blowpipe at an angle of 90° between the line
of cut and the cutting nozzle axis and between the
nozzle and the surface of the plate.

+ Heat one end of the punched line up to cherry red heat
condition.

Skill Sequence

Gas cutting

+  Keepthe distance between the work piece and the tip
of the nozzle about Smm.

+ Place the preheat cone approximate 1.6mm above the
plate.

+ Move the flame in circle a little larger than the tip size.
When metal is heated to Cherry red, move the tip to
the edge of the plate.

+  QOperate the cutting oxygen lever immediately and move
the torch slowly along cutting direction.

+ Maintain correct torch speed and distance between

the plate surface and the nozzle up to the end of the
cut.

+ Iflong plates are to be cut, to get a good straight gas
cut surface, clamp a straight edgedflat parallel to the
line of cut and use a spade guide attached to the cut-
ting torch. Move the torch uniformly along the clamped
flat and pressing the spade guide against the flat.

+  On completion of the cut release the cutting oxygen
lever and shut off the flame.

+ Clean the cut surface by wire brush after chipping off
any slag sticking to the cut edge.

Objectives: This shall help you to
» observe safety while cutting with gas
+_make a straight line cutting on a job.

Seftting the gas cutting plant: Set the oxy-acetylene
gas cutting plant in the same way as was done for
welding and connect the cutting blowpipe in the place of
the welding blowpipe. (Fig 1) Also change the oxygen
welding regulator with oxygen cutting regulator.

Fig 1 CUTTING CXYGEN
CONTROL LEVER

FUEL GAS
Joom
<Joom

OXYGEN

JOB

\ S

SUPPORTS

N

WL2ON1114H1

CUTTING JOB SET ONSUPPORTS

Setting the job for straight line cutting (Fig 2): Mark
and punch 7 straight lines on the plate 15 mm apartfor a
straight line cut and 3 lines 26mm apart for bevel cutting
on other edge.

Set the job on the cutting table so that the parting piece is
free to fall.

Ensure that the underside of the cutting line is
clear and no combustible materials are lying
nearby.

Adjusting cutting flame: Select the cutting nozzle and
set the gas pressure as per the cutting job thickness.

The bevel thickness will be more for bevel cut, when
compared with a square cut for same thickness.

Acetylene pressure should be 0.15 kg/cm? for all thickness
of plates.

Select @ 1.2 mm (orifice) cutting nozzle for cutting a 10mm
thick plate.
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Fig 2

JOB

BEVEL CUT LINE

SUPPCRT

CUTLINE
UNDERSIDE OF

THE CUT
{CLEAR)

PARTING PIECE

SUPPORT

:
CUTTING JOB SET ON SUPPORTS §
5

Set 1.6 kgfsg.cm pressure for the cutting oxygen and 0.1
kg/sg.cm pressure for the acetylene gas.

Ensure safety apparel is worn.

Fix the cutting nozzle into the cutting blowpipe correctly.
(Fig3)

Fig 3
END OF NOZZLE

PREHEAT ORIFIGES

CUTTING OXYGEN
QRIFICE

PREHEAT CRIFICES

PREHEATING ORIFICES {HOLES) ON CUT LINE
SETTING OF GUTTING NOZZ|E

WL20N1114H3

Check for leakage in the blowpipe connections of oxygen
and acetylene gas lines.

Adjust the neutral flame for preheating. (Fig 4)

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

Straight line cutting: Keep the hand cutting blowpipe at
90 angle with the plate surface and start cutting a straight
line. (Fig 5)

Preheat the starting point to red heat before pressing the
cutting oxygen lever. (Fig 8)

Keep the distance between the work piece and the nozzle
about 5 mm to avoid backfire. (Fig 5)

Fig5

STARTING OF CUT

WL20N1114H5

Fig 3

C

WHITE CONES CLEAR AND ROUND

WL2DN1115X3

Release the cutting oxygen by pressing the cutting oxygen
control lever and start the cutting action and move the
blowpipe along the punched line with uniform speed.
(Fig6)

Fig 6

CUT IN PROGRESS

WL2CN1114HB

Ensure straight travel without any side-to-side movement.

The nozzle angle is 90° with the plate surface till the
completion of cut.
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Fig7

CLAMP STRAIGHT

Fig 8

DRAG LINES

WL20N1114HB

Inspect the cutting for

WL20N1114H7

Open the cutting oxygen valve fully.

If possible fix a straight edge or template to the plate and
fix a support to the cutting nozzle so as to ensure constant

— straightness, sharpness
— width of the cut (Kerf) Fig 8

distance between the tip of the nozzle and the plate surface
and maintain a uniform straight cut. (Fig 7)
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CG&M Exercise 1.1.15
Welder - Induction Training & Welding Process

Beveling of MS plates 10mm thick, cutting regular geometrical shapes
irregular shapes chamfers by gas cutting (OAGC - 03)

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

» set the work piece as per drawing

» cut bevel regular geometrical shape and irregular shape and chamfer
* clean the job.

10
45°
150
Ny
50 ISF 10-100
2 100 ISF 10-150 = Fe31o-wW - - 1.1.15
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NOC. PART NO. EX. NO.
SCALE :NTS BEVELING OF M.S PLATE 10mm THICK CUTTING REGULAR | DEVIATIONS TIME
GEOMETRICAL SHAPES AND IRRUGULAR SHAPES
@ 5 CUTTING CHAMPERS BY GAS CUTTING OAGC-03 CODE NO. WL20N1115E1
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Job Sequence

+  Wear safety apparel.
+ Cleanthe surface to be cut.

+ Set the gas welding plant and fix the cutting blowpipe.

Ensure the cutting nozzle is according to the
thickness of the metal.

+ Adjust the gas pressure of acetylene and the cutting
oxygen.

Ensure the pressure setting as per the metal
thickness and size of the cutting nozzle.

+ Markand punchthe plate at the required bevel angle.

+ Adjusta proper cutting flame.

Skill Sequence

Bevel cutting by hand (Oxy-acetylene)

» Hold the cutting blowpipe at the proper bevel angle to
be cut.

+ Heat at one end of the plate on the punch line up to
cherry red hot.

+ Release the cutting oxygen, and observe the cutting
action.

+ Move the cutting blowpipe towards the other end,
following the punched line slowly and steadily at the
required angle.

Maintain a correct speed and distance of the
nozzle.

+ Close the cutting oxygen and extinguish the flame
on the completion of the cut.

» Clean the cut, and inspect for its accuracy.

Objectives: This shall help you to

» cut bevel regular geometrical shape and irregular shape and chamfer

» clean inspect and identify the job.

Setting the job (Fig 1)

Fig 1 JoB

<>

7))

WL20N1115H1

SUPPORTS

SETTING JOB ON SUPPORTS

Set the job on a rigid table.

Fig 2

FOR SQUARE CUTS

FOR BEVEL CUTS

WL20N1115H2

Ensure the underside of the cut line is clear.

Adjustment of the cutting flame.

Select a cutting nozzle as per the length of the bevel.
(Fig2)

Setthe cutting nozzle in the blowpipe and adjust the neutral
flame for pre-heating.

Ensure that the flame adjustment is not
disturbed while operating the cutting oxygen

lever.

Bevel cutting

Heold the cutting blowpipe (nozzle) at the required bevel
angle. (Fig3)

Preheat the starting point to a cherry red color.

Distance between the work piece and the
nozzle tip should be about Smm to avoid
backfire. (Fig 3)

Release extra oxygen, observe the cutting action and start
travelling along the punched line with a uniform speed
(Fig 4) and steady hand.
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Fig 3

WL20N1115H3

Fig 4

WL20N1115H4

Fig5 BLOWRIPE STEADIED AND CUTTING
ANGLE MAINTAINED BY USING
TWO SUITABLE BARS

WL20N1115H5

The cutting speed should be less than required

A good quality cut is indicated by a straight top edge and
extremely smooth-cut face. (Fig 6a) Poor quality
gouging is a common defect in gas cutting. (Fig 6b) This
is caused by excess speed or too mild a heating flame.

for the straight cut for the same thickness.

If possible, fix suitable straight bars to the cutting job to
ensure a straight cut and angle maintenance. (Fig 5)

Inspection of bevel cut

Clean the cut and inspect the cutting quality

TASK 2:

+ Cleanthe surface of raw material 100 ISF100 - 10mm.

+ Mark the center line of the job, and punch as per
drawing

+ Scribe the circle of diameter 100 mm, using divider
(Fig 1).

Fig 1

100

WL20N1115.1

Fig6

& o

WL20N1115H6

» Scribe the arc with center A of radius 50 mm (Fig 1)

cutting the circle, repeat with center B to scribe the
arc as shown in Fig 1.

« Scribe the linesto join AC, CE, EB, BF, DF and DA as

in Fig 2, using straight edge and scribes to farm
hexagon.

Fig 2

WL20N1145J2
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+  Punch witness marks to complete the hexagon shape.

+ Mark the triangle with in the hexagon as per the
dimension shown in the drawing, and punch witness
marks tc complete the triangle.

+ Drill a hole of @6mm on center mark.

+ Set the oxy-acetylene plant and cutting blowpipe for
gas welting the geometrical profiles.

+ Attach suitable nozzle for gas cutting, according to
thickness metal to be cut.

+ Adjust the gas measure of acetylene and cutting
oxygen, according to the thickness of metal to be cut.

+ Adjust proper cutting flame, and hold the cutting
blowpipe at 90° (Refer skill sequence on 1.1.15).

TASK 3
+ Clean the surface of metal to be cut.

+ Mark and punch as per the profile shown in the
drawing.

+ Setthe gas cutting plant with a cutting blow pipe.

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

+ Adjust the gas measure for the cutting.

+ Adjust a proper cutting flame and has the blowpipe in
proper position.

Straight the gas cutting plant

Start the gas welting from drilled hole to triangle line
marked.

« Cutthe profile on marked line to complete the triangle.

« Start the cutting from the edge of plate to the marked
line of hexagon as required.

Maintain correct speed and distance of nhozzle
while cutting.

+ Close cutting oxygen and extinguish the flame on
completion of cut.

« Clean the cut, after one job is cooled.

» Inspect the surface cut for uniformity.

+ Heat the metal surface at the starting point to bright
red hot.

+  Move the cutting blow pipe towards the other end fol-
lowing the punched line slowly and steadily.

« Maintain a correct speed and distance of the nozzle
while cutting.

+ Close the cutting oxygen and extinguish the flame an
completion of the cut.

« Clean the cut, and inspect for its accuracy.

Objectives: This shall help you to
» cut the triangular and hexagonal shape.

Setting the job for straight line cutting of Triangular
shape (Fig 1): Mark and punch straight lines on the plate.

Fig 1
JOB
-

UNDERSIDE OF
THE CUT

{CLEAR)

SUPPORT

WL20N1115X1

CUTTING JOB SET ON SUPPORTS

Set the job on the cutting table so that the parting piece
is free to fall.

Ensure that the underside of the cutting line is
clear and no combustible materials are lying
nearby.

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

Acetylene pressure should be 0.15 kgf/cm? for all thick-
ness of plates.

Select 0.8 mm & cutting oxygen (orifice) nozzle for cut-
ting a 6 mm thick plate.

Set 1.4 kg/sg.cm pressure for the cutting oxygen and
0.13 kgfsq.cm pressure for the acetylene gas.
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Ensure safety apparel is worn.

Fix the cutting nozzle into the cutting blowpipe correctly.
(Fig2)

Fig 2
END OF NOZZLE

PREHEAT ORIFIGES

CUTTING OXYGEN
ORIFICE

PREHEAT CRIFICES

PREHEATING ORIFICES (HOLES) ON CUT LINE
SETTING OF CUTTING NOZZLE

WL20N11152

Check for leakage in the blowpipe connections of
oxygen and acetylene gas lines.

Adjust the neutral flame for preheating. (Fig 3)

Fig 3

L

WHITE CONES CLEAR AND ROUND

WL20N1115X3

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

Straight line cutting: Keep the hand cutting blowpipe at
90° angle with the plate surface and start cutting a straight
line. (Fig 4)

Fig 4

UNCERSIDE OF
THE CUT
{CLEAR)

WL2ON11 1554

Preheat the starting point to red heat before pressing the
cutting oxygen lever. (Fig 4)

Keep the distance between the work piece and the nozzle
about 5 mm to avoid backfire. (Fig 4)

Release the cutting oxygen by pressing the cutting oxy-
gen control lever and start the cutting action and move
the blowpipe along the punched line with uniform speed.

(Fig5)

Fig5

UNDERSIDE OF
THE CUT
{CLEAR)

WL2ON1115%5

CUT IN PROGRESS

Ensure straight travel without any side-to-side movement.

The nozzle angle is 90° with the plate surface till the
completion of cut.

Open the cutting oxygen valve fully.

If possible fix a straight edge or template to the plate and
fix a suppert to the cutting nozzle so as to ensure constant
distance between the tip of the nozzle and the plate
surface and maintain a uniform straight cut. (Fig 6)

Fig 7

UNDERSIDE OF
THE CUT

{CLEAR)

SUPPORT

WL20N1115X7
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+ Complete to cut the shown in of interned for angle
along the punched times.

Hexagon cutting
+ Setthe job as shownin Fig 7.

+ Hold the cutting flow pipe (nozzle) at required
angle is 90°.

+ Cutthe hexagon along the punched lines.

Fig 7

UNDERSIDE OF
THE CUT

{CLEAR)

SUPPORT

WL2ON1115X7F

Inspect the cutting for

— uniform and smooth cut or drag line
— straightness, sharpness

— width of the cut (Kerf) Fig 8

Fig 8

DRAG LINES

WL2CN1115X%8
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CG&M Exercise 1.1.16
Welder - Induction Training & Welding Process

Marking and perform radial cuts, cutting out holes using oxy-acetylene gas
cutting (OAGC) - 04

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

» set the gas cutting machine

» select the nozzle No. and oxygen pressure

» operate and make a holes and radial cuts as per drawing
* cleaning the job.

220mm RADIAL CUT.

P!
40 x 40mm PROFILE CUT 7%

Z20mm HOLES CUT a
100 /

1 100 ISF 10-150 Fe310-W 11.16

NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.

SNTS MARKING AND PERFORM RADIAL CUTS ,CUTTING | NEARTOLERANGE 1 | pyye
OUT HOLES USING OXY-ACETYLENE GAS CUTTING

@ G (OAGC-04) CODE NO. WL20N1116E1
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Job Sequence

+ Set the cutting machine and connect the oxygen and
acetylene cylinders, regulators to the hoses of the ma-
chine and fix a suitable cutting nozzle.

« Clean the surface of the metal plate to be cut.

+ Select and fix the nozzle as per the thickness of the
plate to be cut.

« Set the required pressure of oxygen and acetylene
according to the size of the nozzle.

+ Adjust the nozzle to a height such that the inner cone
of the preheating flame is 5 mm from the surface of the
metal to be cut.

Skill Sequence

Marking radial cuts and holes

Ignite and set the neutral flame.

Allow for sufficient preheating, and then switch 'on' the
jet of oxygen.

Use tongs while handling the gas cut job.

Ensure that the molten slag diving cutting and
solidified hot slag chipped after cutting fall intc a
collecting through kept below the table.

Clean the cutting edges from slag and inspect the cut
for gas cutting defects.

Objectives: This shall help you to
L marking radial cuts and holes.

Setting the gas cutting plant.
Setting the job to radial cut and cutting cut holes.

Select nozzle size and gas pressure (O, & C, H.)

1

Uniform and smooth cut or drag the curved edge.

2 Width of the curved (kerf)

3 Ensure the curved out of circle is smooth
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CG&M
Welder - Induction Training & Welding Process

Exercise 1.1.17

Marking and perform radial cuts, cutting out holes using oxy-acetylene gas

cutting (OAGC) - 04

Objectives: At the end of this exercise you shall be able to
+ identify the cutting defects in gas welding
» record the cause and effects of gas cutting defects.

Fig1 @
Fig 2 1
0 45°
150
5

@220mm RADIAL CUT.

40 x 40mm PROFILE CUT.

Flg 8 2120mm HOLES CUT.

WL20NT117E1
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Job Sequence

+  Observe the defects shown in drawing. .

+ Record the defects name and cause and effects for

the defects in table 1.

TABLE1

Get it checked by the instructor, training officer.

Name of the
Ex.No

Appearance of cut

Remedies

1

2
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CG&M Exercise 1.1.18
Welder - Induction Training & Welding Process

Square butt joint on MS sheet 2 mm thick in flat position (1G) (OAW-04)

Objectives: At the end of this exercise you shall be able to
» prepare the job as per drawing
» file the edges of the plate to square

* weld the square butt joint in flat position
» clean and inspect the job _
» set the job with proper root gap and tack weld. ﬁf:r\‘/i:jh:ﬁg &?gz)t(ce’r\;'les‘g
12
730
D
2 &
[ ][ ]
2 ISST 50 x 2- 150 Fe310-W 1.2.18
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NOQ. PART NO. EX. NO.
SCALE
NTS TOLERANCE 11 TIME
SQUARE BUTT JOINT ON M.S SHEET2mm THICK IN
@ 5 FLAT POSITION (1G) (OAW-04) .
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Job Sequence

+ Prepare the job pieces as per drawing.

+ File the edges to square and ensure thorough
cleaning of the joining edges.

+ Set the job pieces on the welding table to form a
square butt joint with a root gap of 2 mm.

+ Set the gas welding plant, fix nozzle No. 7 and set
the gas pressure of 0.15 kg/cm? for bath gases.

+ Select CC.M.S. filler rod 3 mm @ for tacking and
welding.

Wear safety apparels and gas welding goggles.

+ Set neutral flame.

+ Tack the pieces at both ends and at center, using
1.6 mm @ filler rod with 2mm root gap at right end
and 3mm root gap at the left end.

Tacks should be well fused and penetrated and

done on the bottom side of the joint.

+ Check the alignment and root gap and reset if
necessary.

+ Clean the tacks and set the job on the welding table
in a flat position, over fire brick supports.

Turn the tack weld side down.

Skill Sequence

Square butt joint

Start the weld at the right end of the job.

Direct the flame at the beginning of the seam
(welding line) with the blowpipe nozzle at an angle of
60° - 70° towards right.

Hold the filler rod at an angle of 30° - 40° with the seam
towards left.

Fuse the edges uniformly and add filler metal by up
and down (piston like) motion and proceed to weld to-
wards left.

Maintain a uniform speed of the blowpipe with slight
circular motion.

Stop at the left end, fill the crater and complete
the weld.

Extinguish the flame, cool the nozzle in water and keep
it on the cylinder trolley.

Clean the welded joint and remove distortion.
Inspect the joint by visual inspection for:

— slight convexity with uniform width and height of
bead without undercut.

— uniform ripples without porosity.
— uniformroct penetration.

Repeat the exercise till you get good results.

Objective: This shall help you to
* make a square butt joint by key hole method

Preparation: Prepare the job pieces of size 150x50x2.0 mm
by shearing and then by filing.

Setting and tacking: Set the prepared job pieces onthe
welding table with a root gap of 2mm at the right end and
3mm at the left end and in alignment. (Fig 1)

The root gap is increasing from right end to the left end
because the gap will get closed as the weld proceeds
towards the left end, due to expansion of the base metal.

Tack-weld the joint at equal intervals to hold them together,
maintaining the alignment. (Fig 1)

Ensure that the
— distance between the tack-welds is 75 mm.

— length of the tack-weld is 6 mm.

Fig 1

NN

Z
WL20N1218H1
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Tack welds should be on the back side of the joint to be
welded and in line with the joint.

Check the alignment after tacking, and reset, if the sheets
are out of alignment. (Fig 2)

Fig 2

20
CUuT OF
ALIGNMENT

-

WL2ON1218H2

Welding: Keep free space under the joint for complete
penetration. (Fig 3)

[ \ 4

Fig 3

WL20N1218H3

SUFPPORT BLOCKS

Start the weld at the right end of the joint. (Fig 4)

Weld awellfused uniform bead with complete penetration using
leftward technigue. (Fig 4)

Fig4 FILLER ROD

MOTION OF BLOW PIPE

\ o
DIRECTION o"‘b
WELD

e
=N

KEY HOLE

WL2ON1218H4

Manipulate the blowpipe to maintain necessary motion to
the blow pipe and the filler rod and the recommended angle
of blowpipe and the filler rod.

Maintain uniform travel speed and feed to the flame and
the filler rod.

Maintain a keyhole which is a clear indication that the
melting is taking place up to the bottom of the root of the
joint ensuring better rooct penetration. (Fig 5)

Clean the deposited bead using wire brush.

Fig 5 KEY HOLE

/— 3mm DIA. HOLE

WL20N121BHS

Inspect the quality of weld by:
— checking the finish of the job
— checking the alignment (remove distortion if required)

— checking the uniformity of width and height of the weld
bead in size (Fig 6)

Fig 6

E%‘LW]

4 HEI(;HT

v—

UPPER SIDE

WL20N1218HE

— checking the uniformity of the ripples, fusion and
complete penetration (Fig 7)

— checking that the weld is free from faults such as
porosity, undercut, lack of fusion, unfilled crater etc.

Fig7 &
Q,
‘\Lwln :
My
PENETRATION g |
a | .
ROOT SIDE g
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Fabrication Exercise 1.2.19
Welder - Welding Techniques

Fillet "T" joint on MS plate 10mm thick in flat position (1F)-(SMAW-04)

Objectives: At the end of this exercise you shall be able to
* prepare the job ad per drawing

» set the job in flat position

» deposit root and covering run

» clean and inspect surface defects. . T dt _
can the ode [0 View

the video for this exercise

2 50 ISF 10 - 150 - Fa 310-W 12189
NC.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROUJECT NO. PART NO. EX. NC.
sﬁ'i'NS-E TOLERANCE *1 TIME
FILLET "T" JOINT ON M.S PLATE 10mm THICK IN
I @ FLAT POSITION.(1F) - (SMAW-04) R
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Job Sequence

+ Cut the plate by gas cutting/hacksaw cutting as per
drawing.

+ File the edges square.
+ Cleanthe joining edges and surface of the plates.
+  Wear protective clothing.

+ Set the pieces in the form of Tee as per drawing and
Tack-weld on both ends.

+ Preset the pieces to have 92° to 93° angle between
the plate surfaces. (Fig 1) i.e. give a distortion
allowance of 2 to 3°.

+ Setthe Tee joint in a flat position.

« Connect the electrode cable to the negative
terminal, if a DC machine is used.

+ Deposit root run using a 3.15mm dia. medium coated
M.S. electrode and 110 amps welding current.

» Ensure uniformroot penetration and an electrode angle
of 45° between the plates and 80° with the weld line.

+  Wear chipping goggles.

+ Remove the slag from the root run with a chipping
hammer and clean with a wire brush.

Skill Sequence

Fillet 'T' joint in flat position (1F)

Fig 1

FINAL POSITICN OF

THE WELDING

WL20N1218H1

+ Deposit covering run with a weave motion using a 4mm
dia. medium coated M.8. electrode and 160 amps
welding current.

* Removethe slag from the final bead and clean the weld.

« Use weld gauge for checking the leg size of the weld.
get the required 10mm leg length in 2 runs of weld
deposit then deposit a third run using the same
technigue adopted for the second run.

Inspect the Tee fillet weld for defects.

Objective: This shall help you to
» prepare and make 'T' joint in flat position.

Setting and tacking of a Tee joint (Fig 1)

Set the pieces in alignment forming 927 between the plates
Fig 1. This presetting to 92° is done to compensate the
effect of shrinkage forces when weld deposit cools down.

Fig 1

TACK WELDING

SETTING AND TACKING A TEE JOINT

WL20N12181

Tack-weld the pieces at both ends of the Tee joint by using
a 3.15mm dia. medium coated M.S. electrode and 110/
120 amps welding current.

Ensure the tacks are well fused at the root.

Check the alignment of the Tee joint after tacking.
Welding a tee fillet joint

Use a channel to place the joint in a flat position. (Fig 2)

The electrode angle of 45° will help to fuse both plates
equally and the 80° angle will help to get a good roct
penetration.

Proceed along the welding line with uniform travel speed
and short arc to get uniform fusion and root penetration.

The slag has to be removed thoroughly from the root run
so that the slag inclusion defect can be aveoided in the
next run.

Use a slightly side-to-side weaving mction. (Fig 3) The
width of weave should give a leg size of 10mm.
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WL2O0N1218J2

Maintain the same electrode angle as in the root bead.

If the leg size is less than 10mm then deposit a third run
using the same technique used for the second run.

Clean the final covering bead thoroughly.

Fig 3
LINE OF WELD

SIDE TO SIDE
WEAVING
MOTICN

COVERING
BEAD

WL2CN1218J3

Stop the electrode weaving for a moment at the toes of the
weld to avoid undercut. Fill the crater at the end of the
bead.

Inspection of fillet weld

Inspect the fillet welds for defects, correct shape and size
of fillet and equal leg length on either side of the weld.
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CG&M Exercise 1.2.20
Welder - Welding Techniques

Open corner joint on M.S. sheet 2 mm thick in flat position (1F) - (OAW-05)

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

* prepare the job as per drawing

» state the proper root gap and tack weld

» select proper filler rod and nozzles and set neutral flame
» weld the job using leftward technique

» clean and inspect weld defects.

2 IS8T 50x 2-150 = Fe 310-W 5 T 1.2.20
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE
2] OPEN CORNER JOINT ON M.S. SHEET 2mm THICK | TO.f#NcE=s | ThE
S @ IN FLAT POSITION (1F) - (OAW-05) R
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Job Sequence

+ Prepare the edges of the sheets to be joined by filling.

+ Set the sheets as outside corner joint by keeping at
90° angle between the members with a uniform roct
gap of 1.5mm between the edges.

+ Fixnozzle No. 5 and adjust the gas pressure to 0. 15kg/
sg.cm. for both gases.

« Select C.C.M.S. filler rod 1.6 mm dia.
+  Wear all safety clothing and use the gas welding goggle.

« Set natural flame, tack at both ends of the joint and at
the center by fusing the edges adding filler rod.

+ Checkthe correct alignment of the joint pieces with a
try square, clean the tacks, and reset if needed.

pool, like a'piston like' motion, steadily move and give
slight circular motion to the blowpipe.

Maintain 1 to 1.5 mm distance between the
flame cone and the molten pool to avoid
backfire, and to obtain good fusion of the root,
use the key-hole technique.

Add filler metal at the top edge of the molten
pool as required to build up the weld.

Synchronize the rate of travel and addition of
filler metal to obtain a slightly convex bead
with proper root penetration.

Use tongs for holding hot pieces.

+ Keep the tacked joint on the welding table in a flat
position.

+ Hold the blowpipe and filler rod at an angle of 60° to
70°% and 30° to 40° respectively with the weld line, start
welding from the right hand edge of the joint, move
towards the left hand side using the leftward technique.

+ Keep the flame at the root of the joint, fuse both the
edges uniformly, then dip the filler rod in the molten

Skill Sequence

Open corner joint in flat position

+  Stop welding at the left hand edge of the joint, after
filling up the crater.

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

+ Cleanthe welded joint and inspect for:

— uniform ripples with slightly convex bead with
correct throat thickness.

— uniformwidth and height of bead

— uniform penetration of bead on the reverse side of
the joint near the root (indication of root fusion).

Objectives: This shall help you to
» prepare and weld open corner joint.

Set the job pieces prepared with square edges in correct
position using angle iron support. (Fig 1)

/ TACK WELD

Fig 1

1.6mm

WL20N1220H1

ROOT GAP

CG & M: Welder (NSQF Revised - 2022) - Exercise : 1.2.20

Tack-weld the pieces at correct intervals in correct
sequence, with 1.5 mm root gap.

Check the alignment of the tacked pieces and reset,
if required. Use a try square. (Fig 2)

Fig 2
CHECK ALIGNMENT
WITH TRYSQUARE

TRY SQUARE

Fi
||||\|||||||||||||||||||\||||!||||||||||

TACK WELD —~

WL20N1220H2

(=2}
-



Fusion welding on open corner joint
Make uniform bead with correct penetration by:

— holding the blowpipe and filler rod in correct position
(Figs 3 and 4)

Fig 3

WELD LINE

WL20N1220H3

Fig 5

WL20N1220H5

Fig4

APPR 1.5mm DISTANCE
BETWEEN
CONE AND ROOT

WL20N1220H4

Fig &

EQUAL WIDTH AND HEIGHT

UNIFORM RIPPLES

FINISHED WELD SIDE

WL20N1220H8

— slight convex bead with weld penetration at the root of
the joint. (Fig 7)

— maintaining uniform travelling speed

— fusing the edges with the keyhole formation to get full
penetration. (Fig 3)

— ensuring the top edges of the sheets do not melt
excessively.

Inspect the open corner welded joint for:

— correct alignment and uniformity of bead with correct
penetration after cleaning the welded joint thoroughly

— uniform ripples with equal width and height of bead
(Fig 6)

Fig7

CORRECT PENETRATION

SLIGHT CONVEX
BEAD CONTOUR

WL20N1220H7
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CG&M Exercise 1.2.21
Welder - Welding Techniques

Fillet lap joint on MS plate 10mm thick in flat position (1F)-(SMAW-05)

Objectives: At the end of this exercise you shall be able to
* prepare plate pieces by gas cutting

» set plates as a lap joint and tack weld at both ends

» place the lap joint in a flat position

» deposit the final and covering run

» clean and inspect the job surface defects.

Scan the QR Code to view
the video for this exercise

10
2 50 ISF 10 - 150 Fe 310-W 1.2.21
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL FPROJECT NO. PART NO. EX. NO.
SCALE
NTS FILLET LAP JOINT ON M.S PLATE 10mm THICKIN | O NS TME
@ S FLAT POSITION (1F)-(SMAW-05) o
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Job Sequence

+ Cutthe plate pieces by gas cutting as per drawing.
+ File the gas-cut edges to square.

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

+ Setthe 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.
+ Setthe lap joint in a flat position.

« Deposit root run by using a 3.1o9mm 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.

Skill Sequence

Lap fillet joint in flat position

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

+ Use tongs to hold the job.
+  Wear chipping goggle for the protection of eyes.

« 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.

« Inspectthe lapfillet weld for surface defects and size.

Objective: This shall help you to
» prepare and weld lap fillet joint in flat position.

Setting and tacking the lap joint (Fig 1)

Fig 1

SETTING TACKING A LAP JOINT.

WL20N1221H1

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 2 lapping sur-
faces are perfectly cleaned and they contact each other
properly. Use a 3.15mm@ MS electrode with
120amp current for tacking.

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 3.15mme 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)

Fig 2

TRAVEL ANGLE

ANGLE IRCN
SUFPORT

WL2CN1221H2

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

| Avoid side-to-side movement of the electrode.

Deslag and clean the root bead thoroughly.

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

Give side-to-side movement to the electrode not more
than 2.5 times its dia.
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Use the same electrode angle as was used for the root — the upper edge of the plate has not melted off

bead.

it is free from surface defects.

Prevent the upper edge of the plate from
melting off by not allowing the arc to
concentrate more on the upper edge.

Remove the slag with a chipping hammer.
Clean the weld with a steel wire brush.
Inspect the lap fillet weld (Fig 3) and ensure:

— it has equal leg length with slight convexity

Fig 3

CORRECT SLZE FILLET
WITHOUT MELTING OFF EDGE
AND EQUAL LEG LENGTH

INSPECTION OF LAP FILLET WELD

WL2ON1221H3
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CG&M

Welder - Welding Techniques

Exercise 1.2.22

Fillet 'T' joint on M.S. sheet 2mm thick in flat position (1F)-(OAW-06)

Objectives: At the end of this exercise you shall be able to
* prepare the job as per drawing
» set and tack weld the job

select filler rod and nozzle size
weld the job in flat position
clean and inspect the weldments for defects.

e

S

Scan the QR Code to view
the video for this exercise

© =

FLAT POSITION (1F)-(OAW-06)

FILLET "T" JOINT ON M.S. SHEET 2mm THICK IN

'\:S
TACK
90°
]
[ |
2 ISST 50 x2-1580 Fe310-W 1.2.22
NO.OFF STOCK SIZE SEMI-PRCDUCT MATERIAL PRGJECT NO. PART NOC. EX. NO.
SCALE
NTS TOLERANCE *0.5 TIME

CODE NO. WL20N1222E1
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Job Sequence

+ 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 'T' joint on the
weldingtable.

+ Check perpendicularity using try square after back
weld,

+  Wear safety apparels and gas welding goggles.

« Set the gas welding plant, fix nozzle No. 5 and set
pressure at 0.15 kg/cm for both gases.

+ Set the neutral flame, tack at both ends of the joint
also inthe center witha 1.6 mm C.C.M.8. rod.

+ Checkthe 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 technigue and melt the
right hand end of the joint.

Skill Sequence

» Fusethe 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.

+ 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.

» Cleanthe weldment 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.

Fillet weld 'T' joint on MS sheet 2.00mm in flat position

Objective: This shall help you to
+ prepare and weld tee joint in flat position.

T fillet joints are used extensively in industry i.e., fabrication
of underframes, 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. unegual leg length,
undercut, etc.) unless the operator gets proper practice.

Roct 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 ‘T joint.
Hold the pieces in position using support. (Fig 1)

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

Checkwith a try square for perpendicularity.

Fig 1
SUPPORT

TEE JOINT IN
POSITION
FOR TACK
WELDING

-

WL20N1222H1
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Tack weld the joint at both ends (Fig 2) on one side of the
joint.

Fig 2

TACK WELDING A TEE JOINT

WL20N1222H2

Welding of fillet 'T" joint in flat position (Fig 3)

Place the tack welded in flat position by tilting and
supporting it. Fig 3.

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 inthe 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 2 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. Whenthe
molten pool is formed add the filler rod in the center of
molten pool. Give slight side-to-side movement to the flame
(blowpipe) and a piston like motion to the filler rod.

Adjust the rate of travel of the blowpipe and thefiller 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 weldment 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.

— ho porosity, overlap.

Fig3

BLOWPIPE

8-

—

45"

WL20ON1222H3

Fig 4

SLIGHTLY
CONVEX

NO UNDER
cur
| |

'_
WL2CN1222H4
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CG&M

Welder - Welding Techniques

Exercise 1.2.23

Open corner joint on MS plate 10mm thick in flat position (1F)-(SMAW-06)

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

» set the plates with specified root gap in flat position
» tack weld the pieces both ends
* deposit root run with the formation of a KEYHOLE
» deposit uniform covering layers using weaving of electrode A
» inspect the welded joint for penetration, reinforcement and throat thickness. Scan e R Coneloview
the video for this exercise
S
2>
2 501SF10 - 150 Fa 310-W 1.2.23
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE
NTS OPEN CORNER JOINT ON M.S PLATE 10mm THICK |  TOF=eest | ThE
WEEF @ IN FLAT POSITION (1F)-(SMAW-06)
CODE NO. WL20N1223E1
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Job Sequence

+ Prepare job plates to size as per drawing.
+ Cleanthe joining edges and surfaces of plates.

+ Setthe plates as an open corner joint with a root gap
of 2.5 mm using an angle iron jig.

+  Select DCEN polarity, if a DC generator is used.

+ Tack the joint pieces at both ends using & 3.15 mm
medium coated MS electrode and 100-110 amps
current at the inside of the joint.

« Ensure safety apparels are worn. Use a proper method
to control distortion.

+ Cleanthe tacks, check alignment and reset the joint,
if required.

+ Setthe joint on the welding table in a flat position.

+ Deposit root run in the joint by forming a keyhole and
obtain complete penetration.

+ Deslag and clean the root run and inspect root
penetration.

Skill Sequence

Ensure the crown of penetration is not more
than 1.6 mm in height.

« Grind and dress the face of the root run, if required.

+ Set the welding current 160 amps for 4mm @
medium coated M.S. electrode.

+ Deposit anintermediate layeri.e. second run overthe
root run with slight weaving motion using 4mmeg
electrode.

+ Clean the intermediate layer thoroughly and inspect
for faults. Rectify the defects, if any.

» Depositthe final layer to the weld size using the same
current setting, electrode and weaving motion as used
for the second layer.

« Cleanthe final layer for inspection.

« Inspectthe corner fillet weld:
— 1o ensure uniform and correct reinforcement

— to ensure that the weld face is free from porosity,
slag inclusion, unfilled crater, overlap and edge of
plate melted off/insufficient throat thickness.

Prepare and make open corner joint in flat positon

Objectives: This shall help you to
* make open corner joint in flat position.

Setting and tacking plate pieces for open corner joint
(Fig 1)

Set the plates as an open corner joint on the table with
parallel root gap of 2. 5mmthroughout the joint. The angle
between the plates is kept at 87 to control the distortion.

Fig 1

S,

WL20N1223H1

The angular distortion is normally taken as 1° per run.

Check the alignment of the joint with a try square. (Fig 1)

Another method to control distortion is, set the angle at
90° and use a right angled iron fixture to minimize the
distortion. Fig 3.

Tack weld the corner joint from inside using a MS
electrode g 3.15mm and 100 - 110 amps current range.
Tack weld at both ends with max tack length of 20mm
each. (Fig 2)

Fig 2

WL20N1223H2

SET UP PLATES AND TACK WELD THE JOINT
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Ensure that the joining edges are perfectly
clean and safety apparels are worn.

Fig 3
TACK WELDS (20mm LONG)

OUTSIDE - CORNER JOINT SETUP, FLAT POSITION

WL20N1223H3

Deslag and clean the tacks using chipping hammer and
wire brush.

Deposition of root run
Se the joint in a flat position.
Deposit root run in the bottom of the corner by

— using a M.S. electrode 83.15 and welding current
110 to 120 amps.

— maintaining a slightly short arc

— positioning the electrode vertically between the edge
and 60° - 70° with the weld line. Fig 4

Fig 4

80°-70° FOR FIRST RUN

70°-80° FOR 2"P&2°0 RUNS

TACK WELD

L20N1223H4

W

— forming a keyhole near the weld crater of the tack weld
to ensure complete penetration. Fig s

— maintaining travel speed similar to the speed used for
straight beading. Clean the root run thoroughly and
observe penetration.

Ensure no slag particles are adhering on the root run.

The crater is to be properly filled in each run.

Fig 5

WL20N1223H5

THE KEYHOLE.

Deposition of covering layers

Deposit 1st covering layer i.e., the second run using a
@ 4.00 mm medium coated M$S electrode and 160 amps
welding current. Aweaving motion for the electrode has to
be given to ensure enough metal is deposited in the grocve
and both edges of the plates are fused.

Ensure that the electrode angles are as shown in Fig 4.
Uniform medium arc length, uniform ncrmal travel speed
should be maintained.

Clean the slag from the 1st covering layer thoroughly.
Ensure all the surface defects are rectified.

Deposit 2nd (final) covering layer i.e. the third run using:
— g4mmM.S. electrode and 160 amps welding current
— wider weaving motion to the sides of corner joint

— aslower rate of travel that the 1st covering layer.

— Use the same angle of electrode and arc length as
used in 1st covering layer. Fig4.

Each movement of the weave from one side to the other
will deposit more metal, and that takes more time.

Ensure restarting and stopping of the beads correctly.

The usual defect on the final layer of weld is '‘edge plate
melted off’. This can be eliminated if care is taken to weave
the electrode to the required extent so that the edges are
just fused. The arc should not be focused on the edges at
all.

Inspection of fillet weld in corner joint (Fig 6)
Clean the weldment thoroughly.

Check the angle between the plates for 90°.

Check each run/layer for the following weld characteristics.
Width and height: Uniform.

Appearance: Smooth with close ripples.

Size: Full fillet without excessive reinforcement.

Face of welds: Root run and 1st covering layer flat, final
layer slightly convex.
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Fig & UNIFORM RIPPLES

FINISHED WELD SIDE

WL20N1223H8

Back side: Complete and uniform penetration. (Fig 7)

Surrounding plate surfaces: Free of spatter.

Edges of welds: Good fusion, no undercut, nc overlap.

Starts and stops: Free of depression and high spots,

cratersfilled.

Fig7

COMPLETE
AND UNIFORM
PENETRATION

BEAD CONTOUR

WL20N1223H7
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CG&M

Welder - Welding Techniques

Exercise 1.2.24

Fillet lap joint on MS sheet 2mm thick in flat position (1F)-(OAW-07)

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

» prepare the job as per drawing
» set and tack weld the job
* set and neutral flame and nozzle
» weld the job by using left ward technique "
: clean and inspect the job lrb wides 1o I exeriee
+ identify the weld defect.
3%
20
50
|
2 ISST 50 x 2- 150 Fe 310-W 12.24
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NC. PART NO. EX. NO.
SCALE TOLERANCE *1 TIME
NTS FILLET LAP JOINT ON M.S.SHEET 2mm THICK IN

=&

FLAT POSITION (1F)-(OAW-07)

CODE NO. WL20N1224E1
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Job Sequence

+ Prepare the job as per drawing and clean the edges.
+ Setthe job on the welding table to form a lap joint.

+ Set the gas welding plant, fix nozzle No. 5 and set a
pressure of 0.15 kg/2cm for both gases.

+ Selecta C.C.M.S. filler rod 1.6 mm g for tacking and
2.00 mm @ for welding.

Wear safety apparels and use gas welding
goggles.

+ Setthe neutral flame.

» Tack the pieces at both ends and also in the center
usinga 1.6 mm @ filler rod.

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

« Start welding, using leftward technigue with the
correct angle of the blowpipe and (2mm g) filler rod.

Skill Sequence

Make the lap joint on MS by OAW

« Fuse the edges uniformly, add filler metal to obtain
correct root fusion and reinforcement, and proceed
towards left. Don't concentrate the flame on the top
member in the lap joint.

+ Maintain correct travel speed, manipulation of
blowpipe and filler rod to produce uniform weld bead.

« Stop at the left end, after filling the crater and
complete the weld.

+ Extinguish the flame, cool the nozzle inwater and place
the blowpipe at its place on the cylinder trolley.

« Clean the welded joint with a steal wire brush.

Visual inspection: Inspect for correct size of fillet weld,
slight convexity, uniform width and height, unifermripples
without edge plate melted off defect and other
surface defects.

Weld the job from the other side also following the same
steps.

Objectives: This shall help you to
* make the lap joint on MS by OAW.

Set and tack the job pieces in correct alignment with proper
overlapping of pieces. (Fig1)

Fig 1

WL20N1224H1

Place the tack welds at correct locations. (Fig 2)

Weld a uniform, well penetrated, correct size fillet lap weld
in flat position by

Fig 2

L 30 20 30

TACKING A LAP JOINT

WL20N1224H2

— proper positioning of the joint (Fig 2)
— proper angle of the blowpipe andfiller rod (Figs 3 & 4)
— proper manipulation of the blowpipe and filler rod.

— using leftward welding technique.

Avoid movement of blow pipe flame nearer to
the edge of the top plate. This will avoid edge
of the plate melted off defect.

Fig 3

¥
5
[}
=
g
=
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Fig5

SMCOTH REINFORCEMENT
AND CONTOUR

20
GOOD FUSICN INTO LOWER
PLATE CONTOUR OF
LAP WELD

WL20N1224H4
WL20N1224H5

— maintaining uniformtravel speed and feed. — no undercut at the two of weld
Clean the weldment and inspect for: (Fig ) — no fusing of the top plate edge to undersize
— uniform weld size and shape of whole length — smooth ripple appearance

(reinforcement and contour) of the joint.

— equal leg length

— proper craterfilling.
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CG&M Exercise 1.2.25
Welder - Welding Techniques

Single "V" butt joint on MS plate 12 mm thick in flat position (1G)-(SMAW-07)

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

» prepare the job as per drawing

» bevel the plate edges by gas cutting

set the plates with a proper root gap and tack weld
deposit root run intermediate and covering weaving run —
clean and inspect the ob B
identify and rectify the weld defects.

FINAL COVERING OR
THIRD RUN

INTERMEDIATE OR
SECOND RUN

02 50 ISF 12-150 Fe 210-W 1.2.25
NO.OFF STOCK SIZE SEMI-PRCDUCT MATERIAL PROJECT NO. PART NC. EX. NO.
SCALE
NTS SINGLE "V" BUTT JOINT M.S. PLATE 12mmTHICK IN | "0 eE™ TME

WL20N1225E1

@ S POSITION FLAT POSITION (1G)-(SMAW-07)
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Job Sequence

+ Straight cut two 12mm thick plates by gas cutting as
per drawing and grind them to size.

+ Bevel the edges of each plate to 30° angle by gas
cutting and file the root face as per drawing. Refer for
cutting the bevel.

+ Cleanthe plates from dirt, water, oil, grease, paint etc.

+  Keepthe plates inverted in the form of a butt joint with
proper roct gap.

+ Maintain a distortion allowance of 1.5 on each side of
the joint.

+  Wear all protective clothing.

+ Use a 3.15mm medium coated MS electrode and set
110 amperes current. In case of DC welding machine
connect the electrode cable to the negative terminal of
the machine.

+ Tack weld on the back side of the plates at the ends.
The length of tack should be 20mm.

+ Deslag the tack weld and clean.

Skill sequence

» Position the tack welded job on the table in flat
position (the single V portion facing up)

+ Deposit the root run and fill the crater as done for welding
square butt joint.

« Take special care to maintain key hole to ensure proper
melting of roct face and root penetration.

+ Deposit the second run/intermittent run using 4mm @
medium coated electrode and 150-160 ampere
current, short arc and proper weaving of the
electrode. Avoid excessive weaving and ensure
normal travel speed.

» Fillthe crater wherever necessary.
+ Deslag.

+ Deposit the third run/covering run using the same
parameter and technique used for 2nd run. Ensure a
proper reinforcement of 1 to 1.5mm and avoid
undercut.

+ |nspect for any surface weld defect.

Prepare and make single ‘v’ butt joint on MS in flat position

Objectives: This shall help you to
* make single ‘\V’ butt joint on MS in flat position.

Preparation of the pieces (Fig 1)

Cut a 30° bevel on each piece using oxy-acetylene cutting.

Fig 1
ROOT FACE
APPROX. 1.5mm

PREPARATION OF BEVEL EDGES
300

o
N
N

PREPARE EDGES BY FILING, GRINDING OR MACHINING
AND SET PARALLEL 2mm APART

WL20N1225H1

Grind the bevel edges to remove oxide deposits on the
bevel.

Prepare a uniform root faces 1.5 mm by filing on both the
beveled edges.

Setting the single V butt joint and tacking

Keep the bevel edges upside down with a root gap of 2mm,
and 3° distortion allowance. (Fig 2) using suitable support.
i.e. 1.5° on each side of the joint.

Fig 2
2 ROOT
GAP
SUPPORTING
PIECE = 1.5" DISTORTION
ALLOWANCE
UPSIDE DOWN
o
R
SETTING THE SINGLE VEE BUTT E
JOINT AND TACKING 3

Tack-weld on both ends. (20mm long)
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Ensure safety apparels are worn.

Place the joint in flat position after tacking.
Deposition of root bead (Fig 3)

Deposit root bead using a 3.15 dia. M.S. electrode and
110 amps welding current.

Fig3
WHIPPING MOTION
OF ELECTRODE

WELD LINE

PLATE SURFACE

ELECTRCDE ANGLE AND MOTION FOR
SINGLE VEE BUTT JOINT IN LAYING ROCT BEAD

WL20N1225H3

Proceed with a uniform normal speed holding a short arc.

Keepthe electrode angle (as shownin Fig 3) at 80° to the
line of weld.

Give a whipping motion to the electrode to maintain the
size of the KEYHOLE for correct penetration.

Clean the roct bead, and cbserve penetration.

Deposition of hot pass & covering beads (Fig 4)

Fig4

SLIGHT MOTION
OF ELECTRODE
SIDE TO SIDE

ROOT BEAD

18t COVERING

BEAD

ELECTRODE MOTION IN DEPOSITING
1st COVERING BEAD

WL20N1225H4

Deposit the 1st covering bead using a 4.00mm dia medium
coated M.S. electrode and 160 amps welding current.

Proceed witha uniform speed, holding a normal arc and a
side-to-side weaving motion to the electrode.

Ensure the electrode angle is the same as it was for the
root bead.

Clean the bead thoroughly and grind the humps in beads
(if present).

Rectify possible defects, if any.

Deposition of final/covering bead (Fig 5)

Deposit the final covering bead using a 5.00mm M.S.
electrode, 220 amps welding current, and imparting a wider
side-to-side weaving motion to the electrodes. Pause
(stop) the electrode weaving at the toes of the weld so
that undercut defect will get eliminated.

Fig5
FINAL COVERING BEAD
— 1-1.5mm

WIDTH 18 REIN FORCEMAT
1-1.5mm — \_/ 2=
PENETRATION CROWN 180° 8
H
BASE LINE OF JOINT §

Follow the other steps as done for the 1st covering bead.
Cleaning and inspection
Clean the welded joint thoroughly from both sides.

Inspect the weld size, surface defects, root penetration
and distortion.
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CG&M

Exercise 1.3.26

Welder - Weldability of Steels (OAW, SMAW)

Testing of weld joints by visual inspection (I&T-01)

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

» observe the given sample of weld joint visually
» identify the defects using magnifying glass
» prepare inspection report in the given format.

TASK 1: Inspection of weld bead

Weld Sample Observations on weld bead
sample 1 i&
sample 2 é
sample 3
Note: Instructor to provide weld samples to trainees to record the observation on the weld beads.

1 Observe the given sample of weld joint.
2 Study the weld joint and identify the defect.

Record the name of defect in weld joint against each

sample.

Note: Instructor to provide weld samples and
ask the trainees to record the defects.

Record the observations inthe register with details.

On sample 2, it is observed that porosity along the
length of bead, with spatters, along the bead of weld.

On sample 3, it is observed that non uniformity along
the bead with pin holes defective.

+ Study the given weld sample for inspecting the bead

under proper lighting.

«  Observe the weld bead using magnifying glass for (2-

2.5) any deviation on straight and uniform welding.

« Record the deviations by visually cbserved in this
welded sample 1 as slag inclusion and discontinuity

on the weld bead.

If instructor provides actual welded samples,
it may be cleaned with wire brush to be free
from dirt, dust, slag which may affect the
quality of appearances for visual examination.
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TASK 2: Inspection of weld sample fillet joints

Weld Sample - Fillet joint

Name of defect

Sample 1

SAMPLE 1

N

~ G AW N

Spatters
Crack
Parent metal
Crater
Penetration
Undercut

Fusion Penetration

Note:
1 Observe the given sample of weldment.
2 Study the weld joint and identify the defect.

3 Record the name of defect in weld against
each sample.

Instructor to provide weld samples and ask
trainees to record the defect.

Note: samples to be given by the instructor for further study.

1 Study the given weld sample for fillet joint for inspecting

the type of defects.

2 Observe the fillet weld joint and prepare ably cleaned
lee force visual inspection using with wire brush.

3 Ensure that the cleaned surface is free from dirt, dust,
slag etc. which may affect the quality of appearance
for visual examination.

4 Record the name of the defects each mentioned is
welded sample fillet joint.

5 Recordthe observations in the register with details.
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CG&M

Exercise 1.3.27

Welder - Weldability of Steels (OAW, SMAW)

Inspection of welds using weld gauges (I1&T-01)

Objectives: At the end of this exercise you shall be able to
» use weld gauges for inspection of welds

» check the concave / convex of fillet weld profile

» check the leg length / weld thickness.

/ READ SIZE
QOF CONVEX
FILLET HERE

[ D)

-1 10

—20

TO MEASURE THE SIZE OF AFILLET WELD

TO CHECK THE MAXIMUM PERMISSIBLE CONVEXITY

WL2CN1327E1

Note: Instructor should provide welded samples to inspect the welding using the weld fillet gauges.

TASK 1: Inspection of welds using weld gauges

1 Study the given weld sample for inspecting using weld
gauge.

2 Cleanthe weld surface using wire brush andto be free
from dirt, dust, and slag.

3 Select the required size of weld gauge leaf (12mm)
and place it against the weld as shown in (Fig 1).

Fig 1

WL20N1327H1

4 Slide the gauge, so that the top end touches the
vertical plats.

5 The end of the gauge should exactly touch the top edge
of line weld is the correct size of the weld (Fig 2).

If there is a space between gauge and the toe of the
weld then it is under sized weld.

Fig 2

TESTING FOR PROPER
LEG SIZE

12mm

WLION1327TH2

If the toe of weld is move, the gauge has more space
to accommodate as shown in Fig 3. The vertical line
on gauge shows that the bottom toe is larger than the
required size (correct size).

If the weld size 12 mm is satisfied with the gauge, then
it should be checked for the corrections throat
thickness (Fig 4). This is done by checking for concave
or convex face of weld bead. Correct face of weld
coincides with gauge as in Fig 4. If there is a gap at
the measuring force of gauge, then the weld may be
concave as shown in Fig 8. This means the weld is not
having the correct throat thickness or it is undersize
then the required size. Hence it is "not acceptable”. If
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it convex, but the less then the required leg size is

also, a "not acceptable" weld. Fig 6 show that there is Fig 5 @
aclearance between the weld toe and gauge measuring CONCAVE WELD g2
face. 0
1
Fig3 THE CORRECT OF WELD
(REQUIRED SIZE)
12mm /
i
W
ﬁ 12mm
-
E
&
= 2
‘ g
2 H
% 5
)
z
g Fig 6
: [’} TESTING FOR PRCPER
Flg4 £y LEG SIZE
TESTING FOR £
FLAT FAGE [ E

12mm

95

7

WL20N1327HB

LEG SIZE

WL2ON132TH4

TASK 2: To measure the leg size of fillet weld using AWS-Standard fillet gauge

1 Place the gauge against the toe of the weld as shown
in Fig 1. Slide the pointer to rest over the bottom plate
of the job. The leg size of fillet is observed on the
graduated scale of gauge. This is the leg size of fillet
weld.

TASK 3: To measure the acceptable convexity of fillet wel

1 Place the gauge against the vertical plate of fillet weld 3
joint (as shown in Fig 2). 4

2 Ensure 45° sides are in contact with both vertical and
bottom plate of fillet weld joint. 5
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Fig 1
/ READ SIZE
OF CONVEX
FILLET HERE
=0
T 10
20
{ ) g
-3
TO MEASURE THE SIZE OF A FILLET WELD §
£
d

Slide the pointer to rest over the weld face.

Observe the measurement on graduated scale on
coincidence with slide mark.

Record the measurement to find out the acceptable
size of weld reinforcement.
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Fig 1

e
e%gf
<

]

WLIDN1327X1

TG CHECK THE MAXIMUM PERMISSIBLE CONVEXITY

TASK 4: To measure the acceptable concavity of fillet weld

1 Place the gauge against the vertical plate of fillet weld

joint (as shown in the Fig 3). Fig 1

2 Ensure the 45° sides are in contact with vertical and
horizontal plate of fillet weld joint.

3 Slide the pointer to rest over the concave weld face.

4 Observe the measurement on graduations and
coincidence with slide mark.

5 Record the measurement to find out the acceptable
size of weld reinforcement.

WL20N1327Y1

TO DETERMINE THE SIZE OF A CONCAVE FILLET

TASK 5: To measure reinforcement on a butt welded joint

1 Place the gauge so that pointer maybe seated over

the weld seam as in Fig 4. Fig 1

2 Observe the measurement, and record accordingly at
concave portion or convex portion of the weld by placing
it in position.

READ
BUTT WELD
REINFORCE-

MENT HERE z
MAX:

(|%|3

CHECKING BUTT WELD FOR MAXIMUM AND MINIMUR CONVEXITY

WL2ON13Z 2721
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CG&M Exercise 1.3.28
Welder - Weldability of Steels (OAW, SMAW)

Square butt joint on MS sheet 2mm thick in horizontal position (2G)-(OAW-
08)

Objectives: At the end of this exercise you shall be able to
» prepare the job as per drawing

» set the proper root gap neutral flame and tack weld
» fix the job in the positioner in horizontal position

» weld the job by using leftward technique

» clean and inspect the job

» identify the weld defects.

N
b
R
2 ISST 50x 2- 150 - Fa 310-W - - 1328
NO.OFF STCOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NC. EX. NO.
SCALE
NIH BUTT WELD - SQUARE BUTT JOINT ON M.S SHEET | ToFwNees0s e
JE[ @ 2mm IN HORIZONTAL POSITION. I
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Job Sequence

+ Prepare the job pieces as per drawing.
+ Clean the edges and surfaces of the metal pieces.

+ Setthe job pieces as square butt joint with a root gap
of 1.5 mm.

+ Select the nozzle No. 5 and C.C.MS. filler rod dia.
1.6mm.

Skill Sequence

+ Setagas pressure of 0.15 kg/cm?.
» Follow necessary safety precautions.

+ Tack weld the sheets and check for uniform root gap
and alignment.

+  Weld the joint with a single run in horizontal position.

+ Cleanthewelded area.

Make the square butt joint on MS in horizontal position

Objectives: This shall help youto

» make the square butt joint on MS in horizontal position.

Position the crossbar of the positioner to the eye level.
(Fig1)

Adjust the pressure of oxygen and that of acetylene at
0.15 kgfcm?,

Set a soft neutral flame.

Tack-weld the job at both ends and at the center with a
root gap of 2.5 mm.

Fix the job on the crossbar of the positioner in horizontal
position. (Fig 1)

Fig 1
CROSS BAR
—
g
=
Ensure the job is in horizontal position at a
convenient height.

Hold the blowpipe at 60° to 70° and the filler rod at
30° to 40° to the line of weld. Deposit the bead from the
right end of the joint by giving a circular motion to the
blowpipe and proceed towards the left end.

Ensure both edges melt equally and up to the
root of the joint.

Check the weldment for correct profile with complete
penetration.

Proper angle between the blow pipe, filler rod and the sheet
surface is to be maintained (Fig 2). The filler rod is added
when the inner core of the flame reaches the top edge of
the joint. This will help in avoiding the excessive melting of
the bottom edge of the joint and will avoid sagging of weld
metal.

Fig 2
FILLER RCDTILT

%,

$

BLOWPIPETILT

LEFTWARD BUTT WELD IN HCRIZONTAL

WL20N1328.02
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CG&M Exercise 1.3.29
Welder - Weldability of Steels (OAW, SMAW)

Straight line beads and multi-layer practice on M.S. plate 10mm thick in
horizontal position (SMAW-08)

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

» prepare the job as per drawing

» set the job in horizontal position

» deposit uniform straight line beads in horizontal position
» clean and inspect the job.

15
19
16
1 100 ISF x 10- 150 - Fe 310-W = = 1329
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
i STRAIGHT LINE BEADS ON M.S PLATE 10mm THICK|  TolsRancest | Tme
AND MULTIPASS PRACTICE IN HORIZONTAL
@ G POSITION (SMAW-08) CODE NO. WL20N1329E1
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Job Sequence

Preparation

+ Markand cutthe plate as per drawing. Clean the sur-
face andfile the edges before punching the lines.

+ Scribe lines and make punch marks as per job drawing.

+ Selecta 3.15mm electrode and set 110 amps and use
DCEN. Set the job in a horizontal position.

« To avoid sagging molten metal, use a short etc.

+ Convex bead will trap slag.

Skill Sequence

+ Start at left hand side of the plate hold the electrode
pointing upward at angle of 70° to 80° to the surface of
base metal. Use a travel angle 70° to 80° to weld
direction.

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

Inspection of bead

+ Inspect the bead weld for surface defects like under-
cut, slag inclusions, overlap etc.

Weld straight line bead on MS plate 10mm in horizontal position

Obijective: This shall help you to

» prepare and weld straight line bead on MS plate 10mm in horizontal position.

Making a bead on plate weld in the horizontal position is
very much like making it in a flat position.

But the angle of electrode should be held at an angle to
the surface and inclined to the line of travelling as shown
inthe Fig 1.

Fig 1

WL20N1328.1

Reduce the current to get faster cooling. This helps to avoid
overhanging of weld puddle at the bottom side of the plate.

Use a faster travel speed and maintain weld puddle size
not larger than the coating diameter of the electrode.

Move the electrode to the right with a slight whipping motion
or a "C" metion as shown in Fig 2. This helps to cool the
puddle slightly, solidify faster and avoid sagging of bead.
While using "C" motion pause at the upper left of the "C".
Fig 2

Fig 2 o &

A S S

WHIPPING
SMAw

N\

C MOTION
WEAVE MOTIONS

ELECTRODE ANGLE IN

WL20N1328J2
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CG&M Exercise 1.3.30
Welder - Weldability of Steels (OAW, SMAW)

Fillet - 'T" joint on MS plate 10mm thick in horizontal position (2F){SMAW-09)

Objectives: At the end of this exercise you shall be able to
* prepare the job as per drawing

» select electrode current, polarity and are length

» set the job in horizontal position & tack weld

» deposit root run second and third run using stringer bead Scan the QR Code to.iet;e 6T
» clean and inspect the weld defects. this exercise
8o
1o
2 50 ISF x 10-150 Fe 310-W 1.3.30
NO.OFF 8TOCK SIZE SEMI-PRCDUCT MATERIAL PROJECT NO. PART NC. EX. NO.
SCALE
NTS FILLET 'T"- JOINT ON M.S PLATE 10mm THICK IN TOLERANCE TME
5 @ HORIZONTAL POSITION (2F)-(SMAW-09)
CODE NO. WLN133DE1
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Job Sequence

+ Prepare and clean the plates as given Fig 1.

Fig 1 VERTICAL PLATE

i N
»
‘QE \ ‘ DIRECTICON OF WELDING
-

«—.}-15"\

TILT 15° TOWARD
DIRECTICON OF WELDING

TACK WELD

®)

(A) HOW TO HOLD AN ELECTRODE WHILE MAKING A
HORIZONTAL WELD BEAD ON A VERTICAL PLATE
{B) HOW TACK WELDS CAN BE USED TO HOLD A T JOINT
IN PLACE UNTIL IT IS FULLY WELDED

WL20N1330H1

Skill Sequence

Set the Tee joint as per drawing and tack weld (Fig 1)
Fix the joint in horizontal position.

If DC machine is used, connect the electrode to the
negative and use short arc to control arc blow.

To avoid distortion due to contraction preset the plates
such a way that the angle of the tack welded joint is
increased to 92° to 93° on the welding side.

Deposit the root run without weaving.

Hold the electrode at the center of the joint and start
from leftward and use proper technique to avoid
excessive metal deposition at the bottom of the plate.

Deslag and clean the root run.

Deposit the second and third run using stringer bead
technigue covering the previously laid bead partially
and the plate surface.

Ensure to fill the crater and to clean the bead.

Check for the size of fillet, bead profile, weld defects
and rectify them.

prepare the tee joint on MS in horizontal position

Obijective: This shall help you to
» prepare the tee joint on MS in horizontal position.

Fix the joint in & horizontal position. For this the bottom
plate should be kept parallel to the ground and the cther
plate perpendicular. Fig 1.

Welding Tee joint {fillet) in horizontal position: Deposit
root runwith 3.15 mm dia. electrode and 110 amps welding
current, maintaining the electrode angle 70° to 80° to the
line of weld and 40° to 50° between the vertical plate and
electrode (asinFig 1).

Maintain a short arc to get uniform fusion and proper roct
penetration.

Deslag and clean the root bead thoroughly. Use safety
goggles while deslagging to protect the eyes from
flying slag particles.

WL2CN1330.1
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Deposit second run with a 4 mm electrode and 160 amps
welding current, the angle of electrode to the bottom plate
to be 55°-65° and 25° - 35° to the vertical plate and 70° to
80° to the line of weld. (AsinFig 2.)

Fig 2

WL20N1330.02

This second run has to be deposited partly covering the
root run and partly on the bottom plate. Fig 3

Give a steady movement to the electrode using a short
arc.

Fig3

WL20N 133003

Deslag and clean the weld bead.

Deposit the third and final run with a 4 mm dia.
Electrode and 160 amps welding current. Angle of the
electrode to the line of weld is 70° to 80" and 40° - 50° on
both plates. (Fig 3) The third run has to be deposited in
such a way that the bead covers partly the rooct run and
the second run and partly the vertical plate (Fig 4). Also
there should not be a valley at the bottom toe line of the
third run in order to maintain necessary throat thickness.
If two pass technigue is adopted second run should be
done in a weaving motion. (Fig 5)

96

Fig 4

10mm

|-— 10mm —-ﬁ

OREDER OF MAKING STRINGER BEADS FOR A " T" JOINT IN HEAVY PLATE

WL20N1330J4

Fig5s

1st PASS

DIREGTION OF
WELDING

WEAVING MOTION USED FOR 2"° RUN
OF FILLET WELDS
{HORIZONTAL POSITION)

WL2ON 13305

Deslag and clean the weld bead.

Avoid over-deposition and side undercut by
using a proper angle and travel speed of the

electrode.

Inspection of T joint
Inspect the fillet weld for equal leg length and correct size.

Inspect to ensure the fillet weld is free from undercut and
excessive lapping on bottom plate.
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CG&M Exercise 1.3.31
Welder - Weldability of Steels (OAW, SMAW)

Fillet - lap joint on MS sheet 2mm thick in horizontal position (2F)-(OAW-09)

Objectives: At the end of this exercise you shall be able to
» prepare the job as per drawing

» select the correct size filler rod & nozzle

+ set the neutral, flame, and tack weld

» weld the job in horizontal position

» clean and inspect the weld defects

2 ISST 50x 2-150 = Fe 310-W = = 1.3.31
NC.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NC. EX. NO.
ST FILLET WELD - LAP JOINT ON M.S.SHEET TOLERANGE *1 TIME
5 @ 2mm IN HORIZONTAL POSITION.
CODE NO, WL20N1331E1
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Job Sequence

+ Prepare the job pieces as per drawing.

+ Cleanthe edges and surfaces of the metal pieces.

+ Set the job pieces as lap joint.

« Select the nozzle No. 5and C.C.M. 8. filler rod 3mma.

+ Setagas pressure of 0.15 kg/m”.

Skill Sequence

+ Follow necessary safety precautions.
« Tackweld the sheets and check for alignment
+  Weld the joint with a single run in horizontal position.

+ Clean the welded area and inspect the weld for
defects.

prepare and make lap joint in horizontal position

Objective: This shall help you to
» cut the triangular and hexagonal shape.

Position the cross bar of the positioner to the eye level.

Adjust the pressure of oxygen and that of acetylene at
0.15 kg/om?.

Set and tack the job pieces in correct alignment with proper
overlapping of pieces.

Place the tack welds at correct locations.

Fix the job on the cross bar of the positioner in horizontal
position.

Hold the blowpipe at 60 to 70° and the filler rod at 30 to
40°to the line of weld. Deposit the bead from the right end
of the joint by giving a circular motion to the blowpipe and
proceed towards the left end.

Maintain correct travel speed, manipulation of blowpipe
and filler rod to produce uniform weld bead.
Clean the weldment and inspect for:

— Uniform weld size and shape of whole length
(reinforcement and contour) of the joint.

— Equalleg length.
— No undercut at the toe of weld.
— Smooth ripple appearance.

— Proper crater filling.
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CG&M Exercise 1.3.32
Welder - Weldability of Steels (SMAW)

Fillet lap joint on MS plate 10mm thick in horizontal position (2F)-(SMAW-10)

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

» prepare and set the job in horizontal position

» select electrode current, polarity and are length

» set the short arc and tack weld

» deposit root run, second and third run using stringer bead technique
» clean and inspect the weld defects.

]
2 50 ISF x 10-150 - Fe310-W = » 1332
NOC.OFF STOCK SIZE SEMI-PRCODUCT MATERIAL FPROCJECT NO. PART NO. EX. NOC.
SCALE
s FILLET WELD - LAP JOINT ON M.S PLATE 10mm TOLERANGE 1 TIME
JEF @ POSITION HORIZONTAL BY (SMAW-10)
CODE NC. WL20N1332E1
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Job Sequence

+ Prepare and cleanthe plates as per given dimensions.
+ Setthe Lap joint as per drawing and tack weld.
+ Fixthe joint in horizontal position.

« |If DC machine is used, connect the electrode to the
negative and use short arc to control arc blow.

+ To avoid distortion due to contraction preset the plates
such a way that the angle of the tack welded joint is
decreased to 87° on the Back side.

» Deposit the root run without weaving.

Skill Sequence

+ Hold the electrode at the center of the joint and start
from leftward and use proper technigue to avoid
excessive metal deposition at the bottom of the plate.

+ Deslagand cleanthe root run.

« Deposit the second and third run using stringer bead
technigue covering the previously laid bead partially
and the plate surface.

+ Ensure to fill the crater and to clean the bead.

+ Check for the size of fillet, bead profile, weld defects
and rectify them.

Fillet weld lap joint MS plate 10mm horizontal position (2F)

Objective: This shall help you to

» prepare and weld lap joint on MS plate 10mm in horizontal position.

Fix the joint in a horizontal position. For this the bottom
plate should be kept parallel to the ground and the other
plate perpendicular.

Welding Lap joint (fillet) in horizontal position:
Deposit root runwith 3.15 mm dia. electrode and 110 amps
welding current, maintaining the electrode angle
70° to 80" to the line of weld and 40° to 50° between the
vertical plate and electrode.

Deslag and clean the root bead thoroughly. Use safety
goggles while deslagging to protect the eyes from
flying slag particles.

Deposit second run with a 4mm electrode and 160 amps
welding current, the angle of electrode to the bottom plate
to be 55° - 65 and 25° - 35° to the vertical plate and 70° to
80° to the line of weld.

This second run has to be deposited partly covering the
root run and partly on the bottom plate.

Give a steady movement to the electrode using a shortarc.

Deslag and clean the weld bead.

Deposit the third and final run with a 4 mm dia.
electrode and 160 amps welding current. Angle of the
electrode to the line of weld is 70° to 80° and 40° - 50° on
both plates. The third run has to be deposited in such a
way that the bead covers partly the root runand the second
runand partly the vertical plate. Also there should not be a
valley at the bottom toe line of the third run in order to
maintain necessary throat thickness. If two pass technigue
is adopted second run should be done in a weaving motion.
Deslag and clean the weld bead.

Avoid over-deposition and side undercut by
using a proper angle and travel speed of the
electrode.

Inspection of Tee joint
Inspect the fillet weld for equal leg length and correct size.

Inspect to ensure the fillet weld is free from undercut and
excessive lapping on bottom plate.
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Exercise 1.3.33

CG&M
Welder - Weldability of Steels (OAW, SMAW)

Fusion run with filler rod in vertical position on 2mm thick MS sheet (OAW-

10)
» fix the job in vertical position in the weld positioner

» select the nozzle filler rod size and the gas pressure
* deposit bead in vertical position in upward direction

Objectives: At the end of this exercise you shall be able to
» clean and inspect the bead.

+ prepare the job as per drawing
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Job Sequence

Prepare the sheet as per drawing and scribe straight
lines and punch mark them as per the sketch.

Clean the surface of the sheet.

Fix the marked sheet on the weld positioner or vertical
position at a convenient height.

Select No. 5 size nozzle and fix it to the blow pipe.

Select 1.6mm dia. CCMS rod and set 0.15 kg/sg.cm
pressure for the gases.

Follow necessary safety precautions.
Ignite the blowpipe and set neutral flame.

Hold the blow pipe at 75° and the filler rod at 30 - 40° to
the line of weld. The angle between the blow pipe nozzle
andfiller rod and the sheet surfaces should be at 90°.

Deposit the weld bead starting from the bottom most
point of a punched line and moving upwards along the
line.

Skill Sequence

Ensure the melting of the base metal and the filler rod
are kept as minimum as possible.

Maintain proper angles for the blow pipe and filler rod.

Move the blow pipe and filler rod without any side to
side movements along the marked line at a uniform
speed in upward direction.

Do not allow the inner cone of the flame to come in
contact with the molten metal (puddle) to avoid back
fire.

Complete depositing the weld bead up to the top end
of the line and ensure to fill the crater.

Ensure to avoid undercut defect by proper
manipulation of the blow pipe and the filler rod.

Clean the bead and visually inspect for any surface /
external defect.

Fusion run with filler rod, 2mm MS sheet in vertical position

Objective: This shall help you to
» prepare and carry out fusion run with filler rod in 2mm MS sheet in vertical position.

Job setting: Fixthe job in vertical position. (Figs 1A or B) at
a level from the ground based on your height.

Fig 1

/
N/ ]

VERTICAL WELDING;

FIG 1-A FiG1-B

WL20N1333.1

Fix nozzle No. 5 and select a CCMS rod 1.6mma.

Welding technique: Deposit the weld in vertical upward
position.

Maintain the angle of the blowpipe at 75° and the filler rod
at 30° - 40°. (Fig 2)

102

Fig 2

DIRECTICN COF WELDING

WLION1333.02
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Control the molten pool without giving any circular motion
to the blowpipe. (Fig 3)

Take due care that the weight of the blow pipe and hoses
do not pull your hand downwards while the deposition of
weld metal progresses upwards.

Inspect the weld bead for surface defects like undercut,
poor bead appearance due to sagging of weld metal,
excessive reinforcement, wavy weld deposit etc.

Fig 3

MOLTEN PCOL

DIRECTICN OF WELDING

WELDING ROD

AIM THE FLAME
AT THIS POINT

STRING BEAD

WL20N1333.3
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CG&M Exercise 1.3.34
Welder - Weldability of Steels (OAW, SMAW)

Square butt joint on MS sheet 2mm thick in vertical position (3G)-(OAW-11)

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

* prepare the job as per drawing

» set the job in the vertical position with a root gap and gas pressure
» select proper nozzle blow pipe and fillurd

weld the job in vertical position by upward method
clean the job and inspect for weld defects.

]

N 1.88
2 ISSTH0x2- 150 Q) Fe310-W = = 13.34
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PRCJECT NO. FPART NO. EX. NO.
SCALE
NI BUTT WELD SQUARE BUTT JOINT M.S.SHEET TOLERANCE08 | TIME
G @ 2mm IN VERTICAL POSITION.(OAW-11) oo O, WLt st
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Job Sequence

+ Shear the plate and file the edges. Clean the surface
with a steel wire brush. Set the plate as a square butt
with a 1.5 mm root gap.

« Fix nozzle No. 5 and adjust the gas pressure of
oxygen and acetylene at 0.15 kgfcm?.

+ Ignite the torch and set the neutral flame.
+ Selecta C.C.M.S. fillerrod of 1.6 mm @.

+ Tack-weld the two pieces with a 1.5 mm uniform root
gap on both ends and in center.

» Checkfor correct alignment.

« Fix the sheet in vertical in the 'C' clamp with the
bottom edge of the sheet at welder's chest height.

Skill Sequence

+  Melt the tack weld and establish a weld pool at the
bottom edge of the joint.

+  Keep the blowpipe angle 75° - 80° to the line of travel
and the filler rod angle 30° to 40° to the same plane
and proceed to weld upwards.

+  Continuously dip the filler rod tip in the molten pool
and move upwards. Weld the joint with a single run.

« Ensure the edges of both the metals melt equally so
as to achieve complete penetration.

« Atthe end of the joint add sufficient filler metal and fill
up the crater. Use a tongs to remove the job from the
fixture.

+ Clean the weld and inspect for surface defects and
root penetration.

Square butt joint on MS in vertical position

Obijective: This shall help you to

» prepare the square butt joint on MS in vertical position.

Tack the two sheets together as a square butt joint and fix
the job in vertical position. (Fig 1)

Fig 1

WW'
BLOW PIPE AND FILLERROD

WL20N1334.1

Move the torch to the bottom of the square groove and
establish a weld puddle. Continue to develop the puddie
until you see the keyhole (Fig 2) that indicates complete
penetration.

Fig 2 KEY HOLE

/ 1.5mm DIA. HOLE

WL2ON1334.02

When you achieve the desired penetration, begin
adding filler metal and proceed welding upwards. (Fig1)

Use a slight side to side weaving to the blow pipe to ensure
fusion of both the edges of the joint.

Progress upward at a uniform rate of travel and add filler
metal to get a bead of even width with good profile and
appearance.

End the weld at the top of the joint and ensure to fill the
crater.

Clean the bead and check whether there is uniform root
penetration for 0.5mm depth, a weld reinforcement of 0.5
to 1mm and no undercuit etc.
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Fabrication Exercise 1.3.35
Welder - Weldability of Steels (OAW, SMAW)

Single "V" butt joint on MS plate 12mm thick in horizontal position
(2G)-(SMAW-11)

Objectives: At the end of this exercise you shall be able to
» prepare the job as per drawing

» bevel the edges by gas cutting

» set the job with root gap in horizontal position

* select the electrode, current, arc length polarity

* deposit, root run, 2nd run and weaving bead Scan the QR Code to view
» clean inspect for surface defects. iheaeo foriis exerdise

60°

1
~

+ Tackthe beveled plates with a root gap of 2 mm.
Job Sequence P gap

+ Fix the joint in horizontal position such that the
. Cutthe MS plates 10mm thick to size. member with 45° bevel as the top member with

15° beveled members as the bottom member.

+ Bevelthe edges. _ _
« Deposit the root run starting from top plate and fuse

+ One of the plates is beveled to 45 by gas cutting. the bottom plate also. Maintain uniform penetration
+ The second plate is beveled to 15° by gas cutting. throughot.
+ Cleanthe edges and remove all the burrs. « Deposit 2nd andfinal 3rd runto complete the joint in

horizontal position.
+ Preset the single 'V' for controlling the distortion.
» Deslageach runand cleanthe bead.

Wear safety clothing. + Inspect the welded joint for defects.
2 50 ISF 12 - 180 - Fe 310-W - - 1.3.35
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NC. EX. NO.
SCALE
i BUTT WELD - SINGLE VEE BUTT JOINT ON [ e s
G @ M.S PLATE 12mm IN HORIZONTAL POSITION (2G) obE NG, WLaoN TR
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Skill Sequence

Single V'’ butt joint on MS plate 12mm thick in horizontal position

Objective: This shall help you to

» prepare the single ‘\’ butt joint on MS in horizontal position.

Prepare the beveling by gas cutting andfilling.

Prepare the plate and make 45° bevel for the top member
and 15° bevel for the bottom member with a root face of
1.5 mm by filling. Fig 1

Then file the bevel and keep the root face 1.5 mm. (Fig 1)
Set the job with a 2 mm root gap and tack weld on both
ends.

Fig 1
PLATE PREPARATICN
45°
ROOCT GAP =
2mm
ROOCT FACE 1.6mm 15°
1

WL20N1335J1

This type of beveling is used specially for welding single
V' butt joint in horizontal position to deposit the metal
against the effect of gravity.

Deposit a root run without weaving motion and hold the
electrode angle 90° to the vertical plate and 65° to 75° to
the line of the joint.

Maintain the keyhole to obtain uniform penetration.

Deposit the 2nd run by reducing the electrode angle to the
upper vertical plate 55° to 65° using slight weaving motion.

(Fig2)

Deposit the 3rd run by increasing the electrode angle 95°
to 105° to the upper vertical plate using slight
weaving motion. (Fig 3) Deposit the outer edge of the upper
fusion face and the junction of the 2nd run.

CG & M: Welder (NSQF Revised - 2022) - Exercise : 1.3.35
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Fig 3

WL20N1335.13
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CG&M Exercise 1.3.36
Welder - Weldability of Steels (OAW, SMAW)

Fillet 'T' joint on MS sheet 2mm thick in vertical position (3F)-{OAW-12)

Objectives: At the end of this exercise you shall be able to
* prepare the job as per drawing

» set the job in vertical position

select the filler rod, nozzle and gas pressure

» set the neutral flame and tack weld

weld the job in upward directive

clean the joint and inspect on used defects.

e
<
o B
/]l

Job Sequence
+ Prepare the material as per drawing and file
______ the edges to square. Clean the surface with

L/ awire brush.

» Select nozzle No. Sanda 1.5mme C.C.M.S.
rod. Set the neutral flame.

» Setgas pressure at 0.15 kg/cm?.

« Wear protective leather clothing and welding
goggles.

+ Tack the work piece as a ‘T’ joint.

AR

+ Ensure the joint is clamped properly in the
fixture in the vertical position and the line of
weld becomes perpendicular to the ground.

+ Start welding the joint from the bottom in the
upward direction manipulating the blow pipe
and filler rod properly.

www i .. . (T''(Uowauauiw'''waiw U 0/ \'};

+ Maintain proper angles for the blow pipe and
filler rod between the sheet surfaces and to

> the line of weld so that the root and the
/'/ surfaces joined will melt properly.

2 ISST 50 x 2- 150 - Fa310-W - - 1336
NO.OFF STOCK SIZE SEMH-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
NS TOLERANCE #0.5 TIME
FILLET - 'T' JOINT ON M.S SHEET 2mm

S @ IN VERTICAL POSlTION CODE NOC. WL20N1336E1
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+ Ensure the molten puddle does not sag too much due
to gravity.

+ At the end of the joint fill up the crater and complete
the weld.

Skill Sequence

Remove the work piece from the fixture and clean the
weld bead.

Inspect the weld bead for equal leg length, uniformripple

and ensure it is free from surface defects.

prepare the ‘Tee’ joint MS sheet in horizontal position

Obijective: This shall help you to

+ prepare the ‘tee’ joint MS sheet in horizontal position.

Keep one of the sheets vertically at 90° to the bottom

sheet (Fig 1) and tack weld using neutral flame at the Fig 2
ends of the joint in proper alignment and at the center.
=
Fig1  qackwes
o~
/k
e
g
75°-80"
" /‘[/
= &
{ : g
= =
Maintain the angle of the blowpipe at 75-80° and filler rod Fig3 e

at 40° respectively to the line of weld in vertical
upward direction. (Fig 2) Also maintain a blowpipe angle
of 45° between the sheet surfaces. (Fig 3)

Control the molten pool steadily and weld the fillet joint on
the root by melting both the surfaces to be joined equally.

Dipthe end of the filler rod continuously in the molten pool
and proceed welding upward.

The above mentioned procedure will help to fuse the root
and both the sheet surfaces of the joint uniformly as well
as control sagging of molten metal deposited into the joint.

Ensure uniform speed of torch travel against the
gravitation pull of the hand due to the weight of
blowpipe, hose etc.

45

™~

WL20N1336J2
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CG&M Exercise 1.3.37
Welder - Weldability of Steels (OAW, SMAW)

Fillet -"T" joint on MS plate 10mm thick in vertical position (3F)-(SMAW-13)

Objectives: At the end of this exercise you shall be able to
* prepare the job as per drawing

» set the job in vertical position

» set the short are and tack weld

» deposit the root run, and 2nd weaving bead

» clean and inspect the surface weld defects.

UPHARD
B\

s
/‘ g
e
2 50 ISF 10 - 150 TO EXNO.28 Fe 310-W 1337
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
°NTS TOLERANGE 1 TIME
FILLET WELD - 'T' JOINT ON M.S PLATE 10mm
H @ IN VERTICAL POSITION (UPWARD)

CODE NO. WL20N1337E1
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Job Sequence

+ Mark the plate to size and cut as per drawing.
+ Prepare square edges.
+  Set the work piece as a 'T' joint.

« Select a 3.15 mm D.M.Selectrode and set 110 amps
current.

» Connect electrode cable to negative terminal.

+ Tack-weld the work pieces at the ends.

Preset the plates to 2° to take care of distortion.

+ Position the joint invertical in the welding positioner.

+ Deposit the root run with short arc length and by a
slight weaving up and down motion to the electrode.

« Use whipping action for the electrode.

Skill Sequence

+ Deslag and clean thoroughly with a wire brush.

Use goggles while Deslagging.

+  Select a4 mm @ electrode and set 160 amps current.

* Deposit 2nd run with short arc using a weaving
motion and uniform speed of metal deposition.

+ Avoid undercut.
+ Ensure proper crater filling.

+ Remove the welded joint from the positioner, cleanand
inspect for defects.

Follow the necessary safety precautions
during welding.

Fillet - "T" joint on MS plate in vertical position

Obijective: This shall help you to

» prepare the ‘T’ joint on MS plate in vertical position.

In vertical welding the difficulty to be overcome is the
inclusion of slag in the weld metal, undercut and control of
molten metal from sagging. These are avoided by usinga
short arc and proper weaving technique with a correct
electrode angle. Preset the plate at 1° perrun as shown in
Fig 1 to take care of angular distortion. While depositing
the root run start from the lowest part of the work piece.

(Fig1)

Fig 1

L

PRE-SETTING THE VERTICAL

THE MEMBERS SHOULD BE SQUAREL
MEMBER OF A TEE JCINT

AFTER THE ANGULAR 8

TO BE WELDED ON ONE SIDE DISTORTION HAS TAKENPLACE %
PRCIR TO WELDING. §

D

Depositing root run: Ensure equal deposit of weld metal
on both the plates by giving a slight weaving motion.

Fig 2

WL20N1337J2

Use whipping action for the electrode (Fig 3). During
whipping action, the electrode is raised away from the
molten pool a little with a long arc and again brought back
closer to the molten pool with a short arc. When the
electrode is raised from the molten pool, the weld metal
cools a little and partly solidifies which helps in reducing
the sagging effect of the molten weld metal.
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Fig 3

WHIPPING ACTIONS

WL20MN1337.03

Move the electrode from side to side and stop for a short
moment at each side to avoid undercut. Keepthe angle of
the electrode as shown in Fig 4 to deposit the metal at
proper place inthe joint without sagging.

Fig 4

ne

pt
|~

VERTICAL T' FILLET ELECTRODE ANGLES

WL20N1337.4

Clean thoroughly the root run, and specially any slag at
toes should be removed.

Weld the second run to get a uniform bead of required
size. Use a zigzag or triangular movement of the
electrode as shown in Fig 6. Use short arc length and
stop a while at the sides to fill the weld at the toes. The
electrode tip pointing upwards due to the electrode angle
Fig 4 and the use of short arc and the weaving
technigue will control the sagging of the weld metal and
the slag inclusion. The stoppage of the electrode at the
toes of the weld for a moment in the weaving motion will
help to avoid undercuts.

Fig 5

t

WL2CN1337J5

Fig6

WL20N1337J6
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CG&M

Welder - Weldability of Steels (OAW, SMAW)

Exercise 1.3.38

Structural pipe welding butt joint on MS pipe 250mm x 3mm wall thickness in
1G (Rolling) position (OAW-13)

Objectives: At the end of the exercise you shall be able to
+ cut and prepare the MS pipe as per drawing

» set the pipes in flat position

» select nozzle, filler rod sizes, gas pressures and flame
» set the root gap and tack weld the pipes

» deposit root run from 3’c clock to 12’0 clock

» clean and inspect for surface defects.

Q5

~ |
~ -
><
jj
3
2 Zh0x3-75 Fe 310-W 1.3.38
NO.OFF STCCK SIZE SEMI-PRODUCT MATERIAL FRCJECT NO. FART NO. EX. NO.
W& | STRUCTURAL PIPE WELDING.PIPE BUTT JOINT TOERANGE =1 | TME

ON M.S.PIPE @50 x 3mm WALL THICKNESS
IN 1G (ROLLING)POSITION.

CODE NC. WL20N1338E1
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Job Sequence

+ Cutthe pipes to 75mm length by hacksaw and file its
end square to 75mm length. Chamfer the cutside edge
of the pipe to 30 - 35° angle leaving a root face/land of
1.5mm at the bottom edge of the pipe.

+ Cleanthe inside and outside surfaces of the cut pipes
after deburring.

+ Fix No. 5size nozzle, select 1.6mmeg CCMS filler rod
and set 0.15 kg/cm? pressure for both gases.

+ Setthe 2 pipes onan angle or channel fixture to forma
coaxial pipe butt joint with proper roct gap.

+ Follow necessary safety precautions.
+ Set neutral flame.

+ Tackweldin 3 places (120° apart) keeping 1.5mm roct
gap between the pipes.

+ Divide the pipe circumference into four segments. Keep
the pipe horizontally onthe fixture.

« Deposit the roct run starting from 3 ¢'clock position to
12 o'clock position using proper blowpipe andfiller rod
angles. (I segment)

Skill Sequence

+ Turn the pipe joint in the clockwise direction so that
the end of the root run already made in | segment comes
to the 3 o'clock position.

+ Continue to weld the root run for the second quarter
segment as done for the first segment.

« Similarly, complete roct run of 3 and 4" segments.

« Ensure the root penetration by maintaining a
keyhole at the root throughout the root run.

+ Cleanthe root run by steel wire brush.

» Fix No. 5 size nozzle, select 2mm@ CCMS filler rod
and set 0.15 kg/cm?’ gas pressure.

« Set neutral flame and fill the V groove by depositing
the 2nd run using slight weaving to the blowpipe so
that both the faces of the V and the root run will fuse
properly.

+ Ensure proper bead size, profile and weld

reinforcement as well as avoid undercut and other weld
defects.

+ Cleanthe joint and inspect for external defects.

Structural pipe welding butt joint on MS plate g 50 x 3 mm wall thickness in

1G (Rolling) position

Objective: This shall help you to

» prepare butt joint on MS pipe in IG rolling position.

Pipe welding is a highly skilled welding operation, which
involves correct alignment and good penetration by equally
melted edges of the pipes. As the welding is to be done
ona curved surface, the position of the blow pipe and filler
rod will continuously change as the welding progresses
along the joint. To do this you have to put some extra
efforts to get the special skill of welding a pipe joint.

Preparation and setting: Check and ensure correct size
of pipes. Prepare two M.S. pipes 50 mm @ and 75 mm
long by hacksaw cutting. As the end faces of a pipe cut
by a hacksaw may not be at 90° to the pipe axis, file the
end faces of the pipe to get the 90° angle. Bevel the ends
of the pipes by filing.

Cleanthe pipes and remove burrs, if any. Alignthe pipes
in flat position as shown in Fig 1. Tack the weld joint by
inserting 1.5 mm wire to maintain a uniform rooct gap.
(Fig 2a and 2b) Ensure the tack welded pipes are coaxial.
(i.e., the axis of both the pipes are the same.)

Select the angle iron or channel fixture according to the
diameter of the pipe.

Place the tacked pipes on the fixture.

To ensure proper root penetration select nozzle No. Sand
a1.6 mmC.C.M.S. rod for the root run.

Fig 1

N

WL20N1338J1

Start welding as shown in the figure and complete the first
segment. (Figs 3 and 4) The blowpipe and the filler rod
angles are as shown in Fig 4 at the "start of the weld" and
have to be changed to those angles shown at the “stop
weld" continuously and gradually. i.e. weld from 3 o'clock
position to 12 o'clock position.

After completion of | segment welded, rotate the pipe joint
in clockwise direction until the Il segment will come to the
position of | segment.
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Fig 2

1.5mm DIA WIRE
USE OF BENT WIRE CR SUITABLE SPACER TC SET ROOT GAP
w

B)

TACK WELDS AT PCINTS 1,2, AND 3

WL20N1338.12

TORCH POSITION AND TURNING THE PIPE

WLN1340J3

Deposit the root run on the |l segment similar to the
| segment.

Further welding is done by rotating the pipe to the 1l and
[V segment.

Ensure proper melting of tacks for good
penetration and surface appearance.

Fig 4 STOPOF | 40
5T SEGMENT
20 SEGMENT 30+
L ROTATION IN
SEGMENTS START OF
. L WELD
20°:25°

30 SEGMENT g
4™ SEGMENT z
g
z

It is very important to maintain a keyhole ahead of the
molten pool at the root of the joint which will ensure root
penetration. Refer Fig 2 of skill sequence of the
previous Ex No.G 29 (2.15).

Remove the work piece from the rotating fixture.

Clean the weld bead and inspect the root run for root
penetration and weld defects.

Keep the pipe joint on the rotating fixture and fix no. 7
nozzle, set 0.15 kg/cm? pressure for the gases and use
3mmg CCMS filler rod.

Deposit the final run over the root run using neutral flame.

Follow the same welding technique used for the roct run
except maintaining a keyhole. Ensure proper fusion of the
root run and the side walls of the V groove by proper
movement of blow pipe and filler rod.

Ensure undercuts are avoided and proper bead prefile, size
and reinforcement is maintained. Clean the joint and
inspect for weld defects.
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CG&M Exercise 1.3.39
Welder - Weldability of Steels (OAW, SMAW)

Fillet - lap joint on MS plate 10mm in vertical position (3G)-(SMAW-14)

Objectives: At the end of this exercise you shall be able to
» prepare and set the job in vertical position

» select electrode, current and polarity

» set short arc and tack weld.

» deposit root and wearing run

» clean and inspect the surface defects

Job Sequence

+ Gas cut the plate to size as per drawing.
+ Prepare square edges.

+ Assemble/clamp the plate C with the bottom side
of plate B of the T fillet joint to form a lap joint. The
lapping distance should be 25mm.

L

+ Selecta3.15mmdia. medium coated MS electrode
and set 110 amps current.

+ Use electrode negative polarity if a DC machine is
used forwelding.

« Set the assembled job on the welding table and
tack weld the plate C with plate B at their ends.

+ Ensure that the surfaces of plates B and C are
parallel to each other and that there is no gap
between them after tacking.

+ Remove slag andfix the job on the welding positioner
in vertical position.

+ Deposit the root run with short arc length and by a
very slight weaving motion to the electrode.

+ Give whipping action to the electrode to prevent
sagging of molten metal and slag.

+ Deslagwith a chipping hammer and clean the joint
and bead thoroughly with a steal wire brush,
particularly at the toes of the weld.

Use goggles while deslagging.

+ Select a 4mm dia. medium coated MS electrode
and set 150 to 160 amp. current.

2 50 ISF 10- 150 - Fa310-W - - 1338
NO.OFF STOCK SIZE SEMI-PRODUGCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE
TOLERANGE 10.5 TIME
Ll FILLET LAP JOINT ON M.S PLATE 10mm

CODE NO. WL20N1339E1

_Er @ IN VERTICAL POSITION (UPWARD)
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+ Depositthe 2nd runwith short arc and weaving motion.

« The weaving motion and the movement of the arc in
the upward direction should be at uniform speed.

» Ensure the correct fillet size with proper bead profile is
obtained and the edge of the plate B is not melted off.
Also ensure that there is no undercut at the toe of the
weld on the bottom plate C.

Skill Sequence

+ Remove the welded joint from the positioner after filling
the crater.

+ Cleanthe joint using a wire brush and inspect for any
external defect.

Followthe necessary safety precautions during
welding.

Fillet lap joint on MS plate 10mm thick in vertical position

Objective: This shall help you to

» prepare and weld fillet lap joint on MS plate 10mm thick in vertical position.

Welding a lap joint in vertical position has always beena
problem - one of the upper edge of the plate being burnt
(edge melted off). This can be overcome by using proper
electrode manipulation.

Method of depositing bead in vertical on lap joint

Set a minimum current so as to maintain a small molten
pool.

Use a short arc for depositing root run with whipping motion
s0 as to prevent sagging of the weld metal. (Fig 1, 2)
Deposit the 2nd run with weaving motion and this will avoid
sagging of the molten metal. The angle of the electrode
should be 757 - 80°. (Fig 3)

Fig 1

WHIPPING ACTIONS

WL20N1338.1

Any one of the weaving motion shown in Fig 2 can be
used.

Fig 2

WL20N1330.12

. Do not break the arc while moving in the up-
ward direction.

Fig 3

WL20N1339.8

The motion of the electrode should be a weaving motion.

Keep the electrode motion confined to the weld width so
that the edge of the upper plate is not melted off.

The rate of travel should be even for obtaining a uniform
bead with a good appearance.

Overlapping distance should not be more than
3 times the thickness of the base metal.
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Fabrication

Welder - Weldability of Steels ( SMAW)

Exercise 1.3.40

Open corner joint on MS plate 10mm thick in vertical position (3F)-(SMAW-

15)

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

» prepare and set the job as per drawing

» select electrode, current, and polarity

» setthe short arc and tack weld

» deposit root, 2nd and 3rd weaving run in upward direction
» clean and inspect foe surface defects.

Job Sequence

welded.

+ Prepare square edges and clean the parts to be

ROOT BEAD

AR

LIPHARD

INTERMEDIATE
BEAD

FINAL COVERING
BEAD

o

N

+ Select 3.15mma electrode and set 110 Amps DCEP.

+ Deposit root run with short arc length.

« Deslag and clean thoroughly with a wire brush.

+ Markthe plate to size and gas cut as per drawing.

Use goggles while deslagging.

+  Select 4mma electrode and set 160 amps.

+ Set the 2 pieces as an open corner joint and use
spacers to maintain a uniform roct gap of 1.5 to

« Deposit 2™ run using short arc and slight weaving

2mm. Then tack weld the two pieces together to motion.
form a » Deslag and deposit third and final run with 4mm dia.
87" angle between the inner faces of the plates. electrode.

+ Remove the spacers and set or fix the weldment in « Avoid undercut.

vertical position on the weld positioner.

+ Cleanthe joint and inspect for defects.

=&

ON M.S. PLATE 10mm THICK IN VERTICAL

POSITION (UPWARD) (SMAW-15)

2 50 ISF 10-150 Fa 310-W 1.340
NO.CFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE
NTS OPEN CORNER JOINT TOLERANCE *1 TIME

CODE NO. WL20N1340E1
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Skill Sequence

Open corner joint on MS plate vertical position

Objective: This shall help you to

* prepare open corner joint on MS plate vertical position.

Setting and tacking of the fillet open corner joint
Mark and punch the plates, to cut square by gas cutting.
Grind or file the gas-cut edges to square.

Remove the grinding burrs and clean the surfaces by filing
and with a wire brush.

Using PPE while cutting, grinding.

Set the fillet open corner joint with a 1.5 to 2mm root gap
and an angle of 87° between the inside surfaces of the
plates to control the distortion. Fig1.

Tack-weld on the root side of the joint on both ends.
Use a 3.15 mmdia. M.S. electrode and 110 amps current.

Position the joint in vertical and the angle of the line of
weld with the top of the table should be 90°. (Fig 1)

Fig 1

i
WL20N13401

Welding fillet open corner joint in vertical position:
Deposit root run with a 3.15 mm dia. electrode and 110
amps welding current. (Fig 2)

Maintain an electrode angle of 80° to the line of weld and
the electrode movement slightly sideways, and
deposit weld bead from the bottom to the top. Give
whipping motion to the electrode. Maintain a short arc to
get uniform fusion and a keyhole to ensure proper root
penetration.

Keep 1.6 mm root penetration depth.

Fig 2

W=1.5 TIMES DA
OF ELECTRODE w

MOVEMENT

S

WL20N1340.J2

Fig 3

|_g_|

MOVEMENT OF ELECTRCDE

W =3 TIMES DIA. OF ELECTRODE

L20N 13403

=

Deslag and clean the root bead at the toes thoroughly;
also Deslag and clean the weld bead.

Wear safety goggles.

Deposit the second run with a 4 mm dia. electrode and 160
amps welding current. The angle of electrode should be 80°to
the line of weld and the arc length should be short. Move the
electrode steadily upwards and sideways as done in excise
No. Deslag and clean the weld bead: Deposit the third
and final run with a 4 mm dia. electrode and 160 amps
welding current with short arc length and sideways
movement. (Fig 3)

Deslag and clean the weld bead.

Avoid over-reinforcement height and edge
burning.

Inspect the open corner fillet weld for:

— external weld defects

— edge burning and reinforcement height
— depth of root penetration.
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CG&M

Welder - Weldability of Steels (OAW, SMAW)

Exercise 1.3.41

Pipe welding - Elbow joint on MS pipe 250mm and 3mm wall thickness in
(1G)-(OAW-14)

Objectives: At the end of this exercise you shall be able to
* draw the development for "ELBOW" pipe joint
* prepare as per drawing the pipes

set root gap and tack weld

» weld the elbow joint in flat position
» clean and inspect the weld defects.

@50

100

@50

Job Sequence

« Ensure the correct size of the pipes are used.

+ Draw development for an "elbow" joint. Fig 1 ona
drawing sheet scale full size.

+ 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.

2 @50 x 3- 100 Fad10-w 1.3.41
NO.OFF STOCK SIZE SEMI-PRODUGT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE
NTS PIPE WELDING - ELBOW JOINT TOLERANGE TIME

ON M.S. PIPE @50 x 3mm WALL THICKNESS

IN (1G) POSITION.

CODE NO. WL20N1341E1
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+ Deburrthe cut edges and file it to correct any irregularity
on the cut edges.

+ Clean the surface of the pipe of any oxide and cther
contaminants.

+ Setand align the pipe to on angle of 90°.

+  Select nozzle No. 7 and #3mm CCMS filler rod with
0.15 kg/cm? pressure for both gases.

+  Setneutral 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.

Skill Sequence

+  Use leftward and vertical welding technique.

«  Weldthe joints by manipulating the blowpipe and filler
rod in one run using 3mmeg 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 weldingis 2 to 6 (segment 1). 10 to 12 (segment 3)
10to 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.

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

« Avoid excessive penetration.

+ Cleanthe welded joint and inspect for weld defects.

Fig 2

SEGMENT 3

WL2CN1341J2

Pipe weld - Elbow joint on MS pipe in IG rolling

Obijective: This shall help you to

» prepare and weld elbow joint on MS pipe in IG rolling.

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 jobinthe
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
1,3,2and 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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CG&M Exercise 1.3.42
Welder - Weldability of Steels (OAW, SMAW)

Pipe welding 'T' joint on MS pipe ¢50mm and 3mm wall thickness in flat
position (1G) - (OAW-15)

Objectives: At the end of this exercise you shall be able to
draw the development for 80° T branch

cut and prepare the pipes as per dimensions

set the pipe in position and tack weld

start and complete the weld in two halves

clean and inspect for external weld defects.

@50
3
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| | {
| » il
[ |
: | :
| |
_______________ -
{om |
1y
- - - - (o]
1 @50 x 3-100 - Fe 310-W = B 1.342
1 P50x3-75 = Fe 310-W = A 1.3.42
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL FROJECT NO. PART NOC. EX. NO.
SCALE PIPE WELDING -90° 'T" JOINT TOLERANCE *1 TIME
ON M.S.PIPE @50 x 3 mm WALL THICKNESS

e @ IN 1G POSITION. CODEND, WLZNZES
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Job Sequence

+ Ensure the correct size of pipes are used.

+ Prepare development for 90° branch. (Fig 1) ona drawing
sheet.

Fig 1
WER
DEVELOPMENT OF - f— o biensll
THE BRANCH PIPE /r MAIN PIPE
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N

6 0O Ho1 2 232101232 1°€¢0

DEVELOPMENT FOR 90° T JOINT "50 MM OD PIPES®

WL2CN13421

+ Cutand paste it on the pipes.

« Punch mark the profile of the development on both
pipes. Cut the branch pipe along the punch marked
profile and file it. Cut the profile marked on the main
pipe by gas cutting and file it.

+ Deburrthe gas cut edges and file the edges.

+ Cleanthe surface of the pipe to remove any oxide and
other contaminants.

+ Setand align the branch pipe with the main pipe atan
angle of 90°. (Fig 2)

+  Selectno. 7 nozzle, a83mm CCMS rod and use neutral
flame with 0.15 kg/cm? pressure for both gases.

+ Follow necessary safety precautions.

+ Tack-weld the joint at 4 place with 90° intervals and
with a 2 mm root gap to ensure root penetration.

+ Ensure the tacked pipe "T" joint is positioned
properly to make it convenient to manipulate the blow
pipe and filler rod without any obstruction.

Skill Sequence

Weld the joint by manipulating the blow pipe and filler
rod without rotation of the pipe.

Maintain keyhole throughout the welding and give side
to side motion to the blow pipe to ensure good roct
penetration and fusicn of both the edges of the joint.

Take care to properly fuse the crater of the previous
sector welded with the starting of the new sector.

Complete the weld in 4 sectors 1, 2, 3 and 4 along the
curved joint using leftward technique. Fig 2

Fig 2

TACK

N e
/

TACK WELD
HERE AND ON
THE OPP. SIDE

WELD HERE FIRST
& THEN ONTHE
OPPOSITE SIDE
(SECTOR 1&2)

WELD HERE AND
ASSEMBLY IS ROTATED
THROUGH 180° TOWELD
ON THE OPPOSITE SIDE
(SECTOR 38 4)

WL20N1342.2

Avoid excess penetration.

Clean the weld and inspect the weldment for defects.

Pipe welding 'T' joint on MS pipe 250mm and 3mm wall thickness in flat

position

Objective: This shall help you to
» prepare and weld ‘T’ joint on MS pipe in IG position.

Refer Exercise.No. 1.3.41
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CG&M Exercise 1.3.43
Welder - Weldability of Steels (SMAW)

Single "V" butt joint on MS plate 12mm thick in vertical position (3G)-{SMAW-16)

Objectives: At the end of this exercise you shall be able to
* prepare the job as per drawing

» bevel the plates by gas cutting

» set the job with root gap and tack weld

» deposit root, second and third run in vertical position

Scan the QR Code to view

» clean and inspect the surface defects the video for this exercise
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Job Sequence

+ Cutthe MS plate 12mm thick to size (2 Nos).
+ Bevelthe edges as perdrawing.

+ Both plates will have 30to 35° bevel angle and 1.5mm
root face and with no burr at the edges.

+ Using spacers maintain a uniform gap of 2mm through-
out and tack weld the plates.

+ Presetthe plates to 177° on the root side of the joint.
+ Setthe tack welded joint in vertical position

«  Use g3.10mm MS electrode and DCEN polarity for DC
welding.

Skill Sequence

+ Deposit the root run starting from bottom of the plate
upward and maintain a uniform root penetration.

« Useshortare.
+  Remove slag etc. and clean the weld with wire brush.
* Use gd4mm MS electrode and 150-amp current.

«  Deposit 2" 3" run using proper weaving technigue and
complete the weld in vertical position.

+ Checkthe proper root penetration and other external
weld defects.

« Rectify the defects whenever possible.

Single "V" butt joint on MS plate 12mm thick in vertical position

Obijective: This shall help you to

» prepare and weld single YV’ butt joint on MS plate in vertical

Preparation of pieces

Cut and bevel the edges to an angle of 30 to 35° by using
oxy-acetylene cutting.

Grind the bevel edges to remove oxides, and get
smoothness.

Deposition of weld beads

Deposit the root run using a 3.15 mm dia. M.S.
electrode and 110 amps current with a slight sideways
movement of the electrode. (Fig 2)

Use goggles PPE while cutting and grinding.

Prepare a 1.5mm root face throughout the length by filing.
Setting and tacking of single 'V butt joint

Keep the bevel edges parallel with the 2.5mm root gap.
The 2.5mm thick spacers are used to get a uniform and
parallel root gap.

Tack-weld on both ends with correct alignment and
presetting of 3° to control distortion. (Fig 1) i.e. onthe roct
side the angle between the plates should be 177°.

Fig 1

PREPARE PLATE AND TACK
VEE BUTT JGINT

WL20N1343.1

Position the joint in vertical using the weld positioner.

Fig 2

FIX PLATEIN
VERTICAL POSITION

~~
START AT BOTTOM AND DEPOSIT .
ROOT RUN HOLD ELECTRODE
SLIGHTLY BELOW HORIZONTAL ( AT 100°)

WL20N1343J2

Ensure a keyhole throughout the root run. |

The angle of the electrode inthe holder should be 120° so
that it is convenient to hold the electrode at 80° to the line
of weld.

The arc length should be short.
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The root penetration depth should not exceed
1.6 mm.

Remove the slag and clean the root run by using a
chipping hammer and wire brush.

Deposit the second run using a 4 mm dia. M.S.
electrode overthe root layer with 160 amps current and an
electrode movement slightly sideways. (Fig 3)

Fig 3

CLEAN SLAG
FROM 1sT RUN

WEAVING MOTION

ELECTRODE MOVEMENT
SLIGHTLY SIDEWAYS

N

DEPOSIT 2ND RUN USING
A SLIGHT WEAVING MOTION

WL2DN1343.13

Fig 4
ELECTRODE - K
WEAVING MOTION
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IN SIDEWAYS & LPWARD
™~

CLEAN SLAG OFF 2ND RUN MAKE 39AND FINAL
RUN USING A MORE RAPID WEAVE

WL20N1343J4

The weaving motion of electrodes can be anyone of the
three patterns shown in Fig 3 and Fig 4.

The arc length should be short which helps to control
sagging of weld metal.

Avoid undercut and excessive convexity,

cohcavity.

Remove the slag and clean the weld bead thoroughly.

Deposit the third layer using a 4 mm dia. M.S. electrode
and 160 amps current (Fig 4) pausing regularly at the toes
of the weld.

Remove slags with a chipping hammer and clean the weld
bead thoroughly with a wire brush.

Inspect for root penetration, undercut, blow holes and
excess reinforcement.
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Fabrication Exercise 1.3.44
Welder - Weldability of Steels (OAW, SMAW)

Pipe welding 45° angle joint on M.S. pipe 850mm and 3mm wall thickness (1G)-
(OAW-16)

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

+ prepare the development of pipe for 45° branch joint

» cut and prepare the pipes as per dimensions

» tack and complete the welding by manipulating the torch and filler rod.
» clean and inspect the surface defects

A
250
1 @50x3-100 - Fe310-w - A 1344
1 B50x3-75 - Fe310-W - B 1344
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE
NTS TOLERANCE 11 TIME
PIPE WELDING 45° ANGLE JOINT ON M.S PIPE

G@ @ 50 & 3mm WT BY OAW.
CODE NO. WL20N1344E1
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Job Sequence

Procedure for development of 45° branch pipe: Refer
Fig 1. Draw a center line AB.

Fig 1

SN -]
Y

5
63210123

DEVELOPMENT FOR 45° BRANCH JOINT
"50 mm OO PIPES"

SHAPE OF 45° BRANCH
PIFE DEVELOPMENT

WL20N1344.1

MAIN PIPE HOLE DEVELOPMENT
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Mark the points C, D, E and F taking the radius and
the length of the given pipe with the center line AB as
reference line.

On the line "CD" locate the position of the 45° branch
pipe. This will be "G".

Draw a 45° angle at the point "G".

Choose a suitable height and mark the height of the
branch pipe (Gl) in 45° line from point G

From |, draw a horizontal line on both sides (XX). This
XX will be the base line for drawing development.

From |, plot the outside diameter of the branch pipe 1J
onthe line XX.

Draw a center line for the branch pipe. This line will cut
the main pipe's center line AB at K.

Join GK. Draw a perpendicular line to GK at K which
meets CD at H. Join KH. Now IGKH.J will be the shape
{outline) of the branch pipe.

Draw a semicircle equal to the branch pipe outside diameter.

Divide the semicircle into 6 equal parts as 0-1;1-2; 2-
3;3-4,4-5&5-6.

Draw vertical lines from these points 1,2,3,4,5. Already
there will be two vertical lines |G from the point 6 and
JH from point 0. These vertical lines will cut the branch
pipe lines 'GK' and 'KH' at points &', &', 4, 3", 2", 1'& 0"
MNote that points 6' and G as well as points 0' and H are
the same points. In the base line XX plot 13 points
equal to the distance of '0-1' as O
1,2,3,45,654321.0

Draw vertical lines to XX from these 13 points.

]

Draw horizontal lines parallel to XX' from points &', &',
4 3 2 1, 0. These 7 horizontal lines will cut the 13
vertical lines from the base line at 13 points.

Jointhe 13 cutting points with a regular smooth curve.
Now the required development for the 457 branch pipe
will be ready. Give allowance of 3to Smm at the edges
of the development. (Fig 1)

For developing a hole in the base pipe: Above the
main pipe, draw 7 lines parallel to AB namely 3,210,123
equal to the distance of 0-1 onthe semi circle.

Draw vertical lines from Q', 1", 2', 3, 4, &', 6'. These
vertical lines will intercept the 7 horizontal lines. Join
the intercepting points with a smooth curve. The required
development for hole is now ready.

Ensure the correct size of pipes are used.
Prepare developmentfor 45° branch ona drawing sheet.
Cut and paste it on the pipes.

Punch mark the profile of the development on both
pipes. Cut the branch pipe along the punch marked
profile and file it. Cut the profile marked on the main
pipe by gas cutting and file it

Deburr the gas cut edges and file the edges.

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

Set and align the branch pipe with the main pipe at an
angle of 45°.

Select no. 7 nozzle, 33mm CCMS rod and use neutral
flame with 0.15 kgfcm? pressure for both gases.

Follow necessary safety precautions.

Tack-weld the joint at 4 place with 45° intervals and
with a 2 mm root gap to ensure root penetration.

Ensure the tacked pipe "Branch" joint is positioned
properly to make it convenient to manipulate the blow
pipe andfiller rod without any obstruction.

Weld the joint by manipulating the blow pipe and filler
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rod without rotation of the pipe. sector welded with the starting of the new sector.

« Maintain keyhole throughout the welding and give side
to side motion to the blow pipe to ensure good root
penetration and fusion of both the edges of the joint.

Avoid excess penetration.

+ Complete the weld in 4 sectors 1, 2, 3 and 4 along the
curved joint using leftward technigue.

+ Take care to properly fuse the crater of the previous

Skill Sequence

Pipe welding 45° angle joint on M.S. pipe 850mm and 3mm wall thickness (1G)-
(OAW-16)

Objective: This shall help you to
» prepare and weld 45° angle joint on MS pipe in IG position.

Refer Exercise.No. 1.3.41
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Fabrication Exercise 1.3.45
Welder - Weldability of Steels (SMAW)

Straight line beads on MS plate 10mm thick in overhead position (SMAW-17)

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

» set the M.S. plate in overhead position

» select the electrode, current polarity and arc length for overhead welding
» deposit uniform beads in straight line

» clean and inspect the straight line beads for surface defects.

1 150 ISF 10-100 = Fe 310-W = = 1.345
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE
NS STRAIGHT LINE BEADS ON M.S PLATE ROLERANEESL | T
Er @ 10mm THICK IN OVER HEAD POSITION.
CODE NO. WL20N1345E1
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Job Sequence

+ Prepare and cleanthe plate.
« Lay out parallel lines as per drawing.
+  Markand punch lines with a center punch.

« Fix the plate in overhead position in the positioner.
Adjust the job to suit your height.

+ Selectandfixa 3.15 mmdia. M.S. electrode and set
100-110 amperes current.

Use a helmet specially when welding in over-
head position.

Run and support the electrode-holder cable
over your shoulder.

Use hand sleeves and leg guards in addition
to other protective clothing.

Skill Sequence

+ Deposit the first bead along the punched line with short
arc at normal speed.

Control the molten pool and slag using proper
technique.

+ Deslag, cleanthe bead and inspect for defects.

» Deposit the other beads along the punched line as done
in the case of the first bead.

Inspect the weld beads for defects.

Practice untilyou are able to deposit uniform straight beads
without defects.

Straight line bead on MS plate 10mm thick in over head position

Objective: This shall help you to

*_prepare and practice straight line bead on MS plate 10mm thick in over head position.

Introduction

Though overhead welding is the most difficult one, it can
be made easy by following proper welding technigues.
Welding in overhead position is done in piping work, ship
building and in structural fabrication.

Mark parallel lines with a scriber (Fig 1) and punch the
line with a center punch.

Fig 1

WL20N13451

When setting the job in overhead position, the job with the
punched line should be facing the ground. {(Fig 2)

The height of the job is to be adjusted depending onyour
height using the telescoping tubes of the jig or positicner.
(Fig 2) Small particles of molten metal and spatters will
fall down from the joint during welding in overhead position
and to protect yourself from these hot particles it is very
important to use a helmet, hand sleeves, leg guards,
gloves, apron and shoes.

In this position, the hand will be pulled down due to the
weight of the cable. Due to this it is difficult to maintain a
short arc constantly. This can be reduced by placing the
cable over the shoulder as showninFig 2.

B

Fig 2

TELESCOPING
TUBES

WL20N134512

Use 3.15 mm @ MS electrode and set 100 - 110
amperes current. The current is set around 10amp less
than that used for flat position, because maintaining a
small molten pool is very important to reduce the pulling
effect of gravity.
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The electrode should be held at 90° to the base metal
surface and at 5° to 15° to the direction of the weld. (Fig 3
&4

Figd
/T [P
| P o
BEAD/J BEAD | MRS
00 |
ELECTRODE .
5*-15°
HOLD CLOSE ARC. §
ELECTRODE POSITION WHEN MAKING g
BEADS IN OVERHEAD POSITION g
£
Fig4

10°-15°

POSITION OF THE ELECTRODE FOR
OVERHEAD WELDING

WL20N1345.04

You can successfully overcome the force of gravity by
using a short arc.

Deposit the first bead along the punched line. Care should
be taken to maintain a very small molten pool to reduce
the gravitational effect.

This will also help to control the molten slag from entering
the molten metal.

Deposit the run up to the end of the work piece. (Fig 5)

Fig 5

WL20N1345.5

Repeat the same procedure to weld the second and
subsequent beads. (Fig 6)

Inspect the weld for surface defects like uniformity of beads,
undercuts, slag inclusions, blow holes etc.

Fig 6

WL20N1345.8
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CG&M

Welder - Weldability of Steels (SMAW)

Exercise 1.3.46

Pipe flange joint on MS plate with MS pipe 850mm x 3mm wall thickness
(1F) (SMAW-18)

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

mark an internal and external circle on a square plate

cut the internal and the external circles by oxy-acetylene gas cutting
insert an MS pipe into the internal circle and tack weld

weld the pipe with the flange by arc in 1G position (rolling)

clean the joint and inspect for any external weld defect.

@350
3
\
| K
50
! I B
3
- @90 =
1 @50 x3-560 Fe 310-W 2 1.346
1 100 ISF 3 - 100 Fe 310-W 1 1.3.46
NC.OFF STOCK SIZE SEMI-PRCDUCT MATERIAL PRCJECT NO. PART NO. EX. NO.
s PIPE FLANGE JOINT ON MS PIPE @ 50mm x 3mm TOLERANGEH |  TIME
WALL THICKNESS AND MS PLATE 3mm THICK IN
£ @ FLAT POSITION. WLZON1 346
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Job Sequence

+ Findthe center of the given 3mm thick square plate by
joining the 2 diagonals of the square plate using a scriber
and mark a dot on the meeting joint of the diagonals
using a dot punch.

+ Using a spring divider scribe/draw a circle of radius
50mm at the center of the square plate and another
larger circle with a radius of 45mm and punch mark
both the circumference of the circles.

+ Select 0.8mm size cutting nozzle and fit it with the
cutting torch.

« Set a pressure of 0.15 kg/cm? for acetylene gas and
1.5 kgfcm? for oxygen gas for cutting 3mm MS plate.

» Set neutral flame and preheat at the center point of
one of the edges of the square plate until it reaches
bright red hot condition/kindling temperature.

+ Pressthe oxygen cutting lever and move the torch by
hand from the edge of the plate until the punch marked
circumference of the larger circle is reached.

+ Now using a roller guide and circle cutting attachment start
cutting the larger external circle of 20mm diameter.

Ensure necessary safety precautions to be used
for gas cutting is followed.

Cleanthe cut edges and trim the inside face of the cut
edges using a half round file.

Insert the given pipe of 50mm outside diameter in the
cut hole of the plate such that the end of the pipe is
flush with the flat surface on the other side of the 6mm
plate to form a pipe flange joint.

Select a 3.15mm medium coated MS electrode and set
110 amperes currentand DCEN if a DCwelding is used.

Tack weld at four places at 90° intervals on the cther
side of the joint.

Ensure that the pipe is at 90° to the plate
surface while tacking.

Change the electrode to 4mm dia. medium coated MS
electrode and set 160 ampere current.

Position the joint on a suitable weld fixture so that
welding can be done by 1G rolling method.

Complete the welding of the joint in one run using
segment welding method.

Deslag and clean the joint with a wire brush.

Inspect visually for any external weld defects.

+ To cut the internal circle, first pierce a small hole at
about 10mm inside the circumference of the 50mm
dia. circle.

+ Move the torch towards the circumference from the
pierced hole and complete the 50mmeg hole cutting
using a small circle cutting attachment.

Skill Sequence

Ensure proper crater filling at the end of each
segment welding.

Use appropriate safety precaution during arc
welding and deslagging.

Pipe flange joint on MS plate with MS pipe in flat position

Objectives: This shall help you to

» prepare the ‘T’ joint on MS plate in vertical position.

For external circle cutting to get a 90mm dia. circular plate
fromthe given 100mm square plate, the cut can be started
from the free edge of the plate Fig 1. After the cut reaches
the punch marked circumference line, fix the circle cut-
ting attachment (Fig 4) at a distance of 45mm from the
center of the cutting nozzle and keeping the conical point
of the circle cutting attachment at the center of the plate
and cut the external circle of radius 45mm.

To cut aninternal circle, a small hole called pilot hole is to
be drilled or pierced by gas cutting inside the
circumference of the circle/profile before starting to cut
the required circle/profile. The procedure to pierce a
pilot hole is as follows. Refer Fig 2.

Fig 1 .

CENTRE MARKED
BY CENTRE PUNCH

WL20N1348J1
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Fig 2

2-3mm

Bmm
| si—

10-12mm

7

NOZZLE TILTED

2-3mm
gt —

WL20N1346J2

2

PIERCING A PILOT HOLE

Set the flame in the usual manner then:

— Preheat the spot with the torch about 6mm from the
plate, so that inner cones almost touch the plate.

— Whenthe spot is bright red, lift the torch to about 13mm
above the plate until the metal nearly melts and tilt the
torch to the side a little.

— Press the cutting oxygen lever slowly and move the
torch around slightly until the cut is through the plate.

After piercing the pilot hole move the torch as shown in
Fig 3 until it reaches the circumference of the 50mmg
circle.

Fig 3

PIERGE THE PILOT HOLE

PILOT HOLE TO
START THE CUT

/
\_/

250

INTERNAL CIRCLE CUTTING

L20N1348J3

Wi

very close to 50mm diameter. To get a fine and uniform cut
surface the torch has to be moved steadily with a uniform
speed along the circumference.

Fig 4

WL20N1346J4

While tacking the pipe with the gas cut flange ensure that
perpendicularly is maintained. Refer Fig 5 Tacking is done
at 4 places on the other side of the flange joint. Fig 5. Use
4mm dia. electrode so that the required fillet size of 3 to
3.5mm can be maintained.

To weld the joint in 1G (rolling) position, use a weld
fixture as shown in Fig 6 to make it convenient to weld in
1G position and complete the weld in 4 segments. 1, 2, 3
and 4 (Fig 5)

Fig 5 250
PIPE INSERTED INTO THE
HOLE GAS CUT ONTHE
FLANGE
™
N
FLANGE WITH

GAS CUT HOLE

|
\
|
‘ TRY SQUARE
|

- L

)

o

|
\
20
[

CHECK PERPENDICULARITY OF
THE PIPE INSERTED INN TO THE FLANGE

FOANGLE SEGMENT 1

PROJECTION

TACK WELD

SEGMENT 3
¥ INTWD3E

SEGMENT 2

WLION1346.5

To cut acircle, it can be done by free hand movement along
the circumference or a circle cutting attachment as shown
in Fig 4 can be used which will give an accurate cut surface

Maintain as short an arc as possible and an electrode
angle of 45° between the plate and pipe surfaces.

Follow the weld sequence as shown in the Fig & which will
help to control distortion i.e. First weld segment (1) in
down hand position. Then rotate the joint by 180° and
weld segment (2) in down hand position. Similarly, weld
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segment (3) and segment (4) by rotating the joint on the
fixture to bring the segments for welding in down hand
position. Fig 6.

Fig & ELECTRODE

While welding segments 3 and 4 the weld deposit should
cover about 10mm distance over the previous deposit to
ensure crater filling and continuity in the root
penetration.

Deslag after welding each segment and avoid undercut by
proper current setting and speed of welding.

Clean the weld using wire brush. Check the fillet size with
aweld gauge.

WELD FIXTURE USED TO WELD
PIPE FLANGE JOINT 1F POSITION

WL20N1348J8
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Fabrication

Welder - Weldability of Steels (SMAW)

Exercise 1.3.47

Fillet - "T" joint on MS plate 10mm thick in over head position (4F)-(SMAW-19)

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

» prepare and tack weld the job as per drawing

» deposit root, 2nd and weaving bead on overhead position

¢ clean and inspect the weldment for surface defects.

FILLET TEE JOINT M.S PLATE 10mm THICK

IN OVERHEAD POSITION.

2 150 ISF 10- 50 Fa 310-W 1.347
NO.CFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE
NTS TOLERANCE *1 TIME

CODE NO. WL20N1347E1
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Job Sequence

+ Prepare and cleanthe job pieces.

+ Set and tack the job pieces at both ends of the Tee
joint in flat positions.

Tack the work pieces in outside edges so as to
avoid starting defect.

+ Setthe jobin overhead position and adjust its height.

Wear protective clothing i.e. helmet, hand
sleeves, apron etc.

Skill Sequence

+ Set a current of 110 amps for a 3.15mma M.S.
electrode.

« Connect the electrode holder in positive pole in the
case of a DC machine.

» Deposit root run (first bead) deep in the root of the joint
using a 3.15 mm a electrode.

+ Remove the slag and deposit second and third run with
a 3.15 mm electrode. (Refer to Skill Information. )

+ Remove the hot job by using a tongs.

+ Cleanthe weldments and inspect the surface defects.

Fillet 'T* joint on MS plate 10mm thick in over head position

Objective: This shall help you to

» prepare and weld fillet 'T" joint on MS plate 10mm thick in over head position.

Job setting

Setthe job in overhead position on the positioner. (Fig 1)

Fig 1

WL20N1347J1

Fix the electrode as shown in Fig 2.
Start the bead at the left side. (Fig 1)

Use a 30° work angle off the vertical plate as shown in
Fig 3.

Work angle is the angle between the electrode and the
job surface.

Fig 2 ]

/ ELECTRODE

ELECTRODE
HOLDER

ELECTRODE ANGLE IN HOLDER.

WL20N1347.J2

Use a drag angle of approximately 10-15° to the
direction of the weld.

Drag angle is the angle between the electrode and the line
of weld.

Maintain a short arc all the time.
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Fig 3

DIRECTION OF
WELDIN

DIRECTION OF

FILLET WELD IN THE OVERHEAD POSITICN

WL20N134T.J3

When multi-passes are used the second pass should be
placed between the first pass and the vertical plate so
that the second bead overlaps the first pass, (Fig 4) by
about 2/3rd of its width.

The third bead should cover the top horizontal plate and
about two-third of bead two. The leg lengths "L" of the
weld should be equal. (Fig 4)

Fig 4

WL20N13474

T-JOINT IN AN OVERHEAD POSITION

Welding in the overhead position is not difficult if you
remember to keep the puddle flat and small.

If the molten metal becomes too fluid and tends to sag,
whip your electrode away quickly from the crater and al-
low the metal to solidify.

Do not attempt to deposit too much weld metal
at one time.

All the slag must be removed and clean the bead before
you deposit the next run.

The process is quite hazardous because of flying
spatters and the possibility of molten metal fromthe puddle
dropping on to the operator. By maintaining a short arc
length and rapid electrode manipulation this difficulty may
be overcome to a great extent.

The discomfort of the cable can be minimized by
dropping it over the shoulder if you are welding in a
standing position as shown in Fig 1 or over the knees if in
a sitting position.

Inspection: Remove the slag from the weld and inspect
the joint for surface and external defects.
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CG&M Exercise 1.3.48
Welder - Weldability of Steels (OAW, SMAW)

Pipe welding butt joint on MS pipe @50mm and 5mm wall thickness in 1G
position (SMAW-20)

Objectives: At the end of this exercise you shall be able to E]z =]
» cut and bevel the pipe as per drawing
» tack pipes for butt welding

» Deposit root, second and weaving run by rotation method L . ¥
» clean the job and inspect for defects. T
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2 F50x5-75 t Fe 310-W 5 5 1.348
NC.OFF STOCK SIZE SEMI-PRCDUCT MATERIAL PROJECT NO. PART NOC. EX. NG,
s PIPE WELDING. BUTT JOINT ON TOLERANCE +1 TIME
M.S. PIPE @ 50mm x 5mm WALL THICKNESS IN
EL @ 1G POSITION (SMAW-20) CODE NO. WL20N1348E1
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Job Sequence

+ Cutthe pipes to the given size.
+ File pipe ends to be at right angle to the pipe axis.

+ Grind the edges to 30 to 35° bevel maintaining 1.5 to
2.9mm root face.

+ Remove the burrs and rust from the pipe ends.
+ Arrange the 2 pipes to form as a butt joint.

+  Use afixture or V profile of an angle iron to align pipes.

Wear protective clothing.

+ Switch 'on' the machine and select a 3.15 mm @
electrode for tacking and the root run and set a 110
amps current.

+ Put 4 tacks at regular intervals adjusting 3 mm root
gap between the pipes using spacers.

Skill Sequence

+ Ensure that each tack ends with a key hole.

+ Check and ensure that the pipes are in line after
tacking.

+ Set110ampfora 3.15mma electrode for root run.

» Deposit the root run in flat position by without rotating
the pipe.

« Welding using the keyhole technique ensures root
penetration.

+  Remove slag from the root thoroughly.

* Deposit the second and third run using a 3.15 mm @
electrodes i.e. the same as for the root run.

+ Cleanand inspect the joint.

Pipe welding butt joint on MS pipe 850mm and 5mm wall thickness in 1G

position

Obijective: This shall help you to

» prepare and weld butt joint on VIS pipe in (IG) position.

Cut the pipes to the given size by a hacksaw.

Check the squares of the pipe end by using a try square.
(Fig 1) and file the pipe end so that it is square with the
pipe axis.

Fig 1

WL20N1348.14

Prepare 30to 35° bevel on one end of each pipe, leaving 1.5
to 1.75 mm root face by grinding or by filing. (Fig 2)

Switch 'on' the machine and adjust 110amp current for
3.15 mm @ medium coated M.S. electrode (B.1.S code
ER4211). Use DCEN polarity.

Fig2 60° TO 75°

30° TO 35

1.5mm TO 1.76mm — —[ [~ 2mm TC3mm

1.6mm TO 1.76mm

WL20N1348.J2

Before tacking, alignthe pipes on V profile of an angle iron
with 2 mm root gap (Fig 3) and tack them as shown in Fig
4. Check the gap using a 2 mm rod.

Place the electrode in the holder, as in Fig 6. Use a
90 degree angle or a 45 degree angle away from the end
of the holder.

Position yourself so that you are at a 90 degree angle to
the pipe. Be sure you are comfortable.
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Fig3 —*— 2mm
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WELD POSITION 16

WL20N1348.J3

Fig 4

To run the first pass uphill, utilize the whipping method, as
in welding plate in the vertical position. Use an electrode at
a push angle of 5 to 15 degrees upward, as in Fig 6. Whip
upward, taking care not to damage the surface of the pipe
oneither side ofthe V groove. Stopwhenyou reach 1 o'clock,
as shown in Fig 6. Clean thoroughly.

Turnthe pipe toward you one quarter of a turn. Then proceed
in the same manner until the first pass is completed. Be
sure to start the next electrode slightly below the crater.

The second pass (hot pass) and third pass (cover pass)
can be welded using 3.15mm electrode with either the
triangle motion or the alternate weave, as in vertical plate
welding. Take care to pause at the sides of the joint. Burn
out any entrapped slag and fill in any undesirable under-
cut.

The sequence of beads is shown in Fig 6. Adhere to the
maximum root and face reinforcement shown.

When you make the connection on completing the pass,
be sure to overlap slightly. Break the arc by slowly
drawing it away fromthe puddie.

Clean and inspect the joint for surface defects.

WL2ON1348.4

Strike the arc, on the bevel, at approximately 3 o'clock.
Carry it downto 4 o'clock. Pause long enough for the roct
faces to melt away and for a keyhole to form Fig 5. Then
reverse your electrode direction.

Fig5

316" DIA.
KEYHOLE 4

WL2CN1348.5

Fig 6

PERFORMALL
WELDING IN
THIS SECTOR

ELECTRODE ANGLE IN HOLDER.

1.5mm _
REINFORCEMENT

% COVERP:
AREA TC =
BE WELDED } w
i J1[

= .

;

1.5mm PENETRATION

WL2DN1348.08
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CG&M Exercise 1.3.49
Welder - Weldability of Steels { SMAW)

Fillet - lap joint on MS plate 10mm thick in over head position (4G)
- (SMAW-21)

Objectives: At the end of this exercise you shall be able to
+ prepare, set and tack weld the job as per drawing

» deposit root, second and weaving run in OH position
» clean and inspect the job for surface defects.

TN

2 50 ISF 10 - 150 7 Fed10-W % = 1.3.48
NO.OFF STCCK SIZE SEMI-PRODUCT MATERIAL PROJECT NOC. PART NO. EX. NO.
SCALE
RETE FILLET LAP JOINT ON M.S. PLATE TRLERANEE i
E @ 10mm THICK IN OVERHEAD POSITION.
CODE NO. WL20N1348E1
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Job Sequence

+ Mark the plate and cut to given size.
* Prepare the square edges.

+ Setthe lap joint without gap and tack the plate on both
ends.

+ Clampthe jobfor overhead lap welding.
+ Select 3.158mm M. S electrode and set the current.

+ Hold the electrode at an angle of 45° to the plate sur-
face and an angle of 15° to the perpendicular to the
line of weld.

Skill Sequence

+ Lay the first bead at the root without weaving the
electrode.

« Cleanthe slag using a chipping hammer.
« Deposit 2" and 3 run using stringer beads.

« Deslag, clean and inspect the joint.

Fillet lap joint on MS plate 10mm thickness in over head position

Objective: This shall help you to

» prepare and weld tap joint on MS plate over head position.

Preparation and job setting

Mark and cut the plate to the given size by gas cutting.
Clean the surfaces of the plates and file to square edge.
Set lapfillet without gap and tack the plates at both ends.

Keep the lapping distance as 20mm.

Use PPE

Clamp the job for overhead welding.

Select a M.S. electrode 3.1 mm @ and set 110 amps
current.

Hold the electrode so that it bisects the angle between
the edge of the top plate and the surface of the bottom
plate, and is inclined slightly away from the crater, say
15°. (Fig1)

Fig 1

N

15'-\_]’__\/ 45

WL2ON134801

Lay the first bead at the root of the joint with a short arc
without electrode weaving.

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

Usea M.S. electrode 3.15 mm @ and deposit the 2nd run
with 110 amps. current, between the 1st bead and the
surface of the plate, maintaining a shortarc. The electrode
angle is the same as the one mentioned for root run.

Deslag the second bead thoroughly.
Use a 3.15 mm electrode and set 110 amps current.

Deposit the 3rd bead in between the first bead and the
bottom edge of the top plate (Fig 2) with a short arc and
with an electrode angle of 45° to the surface of the plate to
avoid the edge melting off the top plate.

Clean the weld thoroughly and inspect for defects, like
undercut, porosity, uneven ripples and the melting off of
the edge plate.

Fig 2

I

-
| a4

WL2CN1348J2
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Fabrication

Welder - Weldability of Steels (OAW, SMAW)

Exercise 1.3.50

Single "V" butt jointon MS plate 10mm thick in over head position (4G) (SMAW-22)

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

select electrode, current, polarity and arc length
preset and tack the beveled plate with root gap
place the joint in overhead position
deposit root run, 2" run, 39 run
Clean the weldment and inspect for surface defects.

Scan the QR Code to view
the video for this exercise

2 50 ISF x 10-150 Fe 310-W 1.3.50
NO.OFF STOCK SIZE SEMI-PRCDUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE
HIH SINGLE V' BUTT JOINT ON M.S. PLATE TR SRR TIME
10mm THICK IN OVERHEAD POSITION.
WL20N1350E1

56
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Job Sequence

+ Prepare the plates to size as per drawing.
+ Cleanthe beveled plate.

+ Use spacers, maintain 2.5 mmroot gap, tack one end
and adjust the gap and tack the other end.

+ Presetthe plates 3° to take care of distortion as done.

Ensure safety apparels are worn.

+ Arrange the work piece in overhead position.

« Selecta 3.158 mm M.S. electrode and set 110 amps
current.

Skill Sequence

+  Weld the root run with short arc with uniform welding
speed, so that a uniform root penetration can be
obtained.

+ Chipthe slag and inspect the weld.

Use a pair of tongs to hold hot jobs.

Use a chipping hammer and wire brush for
cleaning.

Use chipping goggles for protection of eyes.

» Deposit second covering run with a weaving motion.
+ Use a3.15 mm electrode with 110 amps current.

+ Deposit the third covering run similar to the second
run.

Single 'V' butt joint on MS plate 10mm thick in over head position

Objective: This shall help you to

» prepare and weld single 'V’ butt joint on MS plate 10mm thick in over head position.

This type of joint is used very extensively for welding huge
structures as in rail coach, ship building industries and
earth moving equipment manufacture and for
welding big structures and huge pipes at side.

Setting and tacking

Set the pieces as single V butt joint with 2.5 mm root gap.
(Fig 1) Tack at both ends.

Fig 1 2.5mm GAP

WL20N1350J1

Usea3.15mma M.S. electrode and set a current of 100°
amps.

Preset the plates
Fix the work piece in the overhead position. (Fig 2)

Adjust it to a suitable height.

of the weld. (Fig 3) Keepthe electrode well upinthe gap and
control the ‘keyhole' to get a small reinforcement on the
weld on the root side. (Figs 3 and 4)

Fig 2

WL20N1350.J2

Use a light welding cable to reduce the load
on your arms.

Weld root run

The electrode should be kept as near as possible and square
to the surface of the plate and at a small angle to the direction

Keep a short arc length. (Fig 4)

Control the slag. The slag must not drop into

or flood the weld pool.

Weld up to the end of the work piece, chip off the slag
after cocling and inspect the weld.
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Fig 3
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\Weld second and third passes

Select a 3.15 electrode and set 100 amps current. Use
weaved beading technique. The electrode should be moved
across the face of the weld. (Fig 5)

Fig5

WLION13505

Do not deposit too much metal in the center of

the bead causing it to sag in the center.

The side-to-side movement should be kept within the
required weld size. (Fig 6)

Fig 6

WLICN1350.J6

Stop a while at the sides of the weld to prevent
undercut. (Fig 7)

Fig7
| -MOVE

e}

Fo}

ALY,

|1 -—START

\u

STOP

WL20N1 35007

Chip off the slag and inspect the weld.
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CG&M Exercise 1.3.51
Welder - Weldability of Steels (OAW, SMAW)

Pipe butt joint on MS pipe 850mm wall thickness 6mm (1G Rolled) position
(SMAW-23)

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

» cut and bevel the pipe as per drawing

» tack weld for butt welding

* make root 2nd and 3rd weaving run by rotation method
» clean the job and inspect for defects.

Job sequence and Skill Sequence Refer Ex.1.3.48
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NOC.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PRCJECT NO. PART NO. EX. NC.
yrn PIPE BUTT JOINT ON TOLERANCE *1 T™E
M.S. PIPE @ 50mm x 6mm WALL THICKNESS IN
G @ 1G (ROLLED) POSITION CODE NO. WL20N1351E{

148



CG&M

Exercise 1.3.52
Welder - Weldability of Steels (OAW, SMAW)

Butt joint of copper pipe 1/2” by brazing process by induction welding
machine OAW-17

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

+ to braze copper pipes with induction

» to replace flame operation of 12.5mm copper pipe mm.
» deposit root 2nd and 3rd run in flat position

» clean and inspect the defects

150

2 P12.5x6-75 - COPPER 1.3.52
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE
NTS

BUTT JOINT OF COPPER PIPE 1/2" BY BRAZING TOLERANGEH TIVE

CODE NO. WL20N1352E1

E @ PROCESS -INDUCTION WELDING MACHINE (OAW-17)
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Job Seguence

»  Keep parameter of inductionwelding machine power
is 10K frequency 10k,

«  Sample is held in position by press camp.

« Brazing alloy is applied.

»  Hand held "U" blaze gun is manually applied to the
joirtt.

«  Initially heat the tube around 4 Ssec and brazing time
is appearning to bhe 7 sec.

« With precession oftuning of process & to Bsec can be
achieved.

Heatlng provides:
Strong durable joints. (Fig 1)

—

Fig 1 ¥
l]n

Skill Sequence

Induction welding machine

Selective and precises heatzone, resulting in less part
distortion and stress. (Fig 2)

Fig2

ol
%4

ObJective: This shall help you to

» prepare the pipe butt Jolnt on MS plpe wall thickness poslition.

Materlal: Copper tubing 3/16' (4.76) 0D, 1/8" (3.18mm)
|1 anct slightly larger

Stainless steel Teflon coated mandrel 148" (3.18 mm)
diamrmeter

Temperature: 350° (177 °C)
Frequency: 352 kHz

Equipment power of Gk W induction heating system,
equipped with & remote work head containing two 33 F
capacitors (for atotal of GEF)

Incuction hesting coils designed and developed specific ally
forthis application.

Frocess forthe butt joint two tubes of the same diameter
with cliffering degrees of hardness are used. The tubes are
slipped onto the Teflon costed mandrel and & short length
of shrink tubing is placed overthe tubes. Hotairis blown
ower the shrink tubing to gently heat it, The assembly is
placed inthe center of & threetum pancake coil and heated
for B seconds.

Advantages of Inductlon heating ar:

Heating of the mandrel is from the inside out providing
a smooth finish onthe outside of the assemblies.

Precise, repeatable application of heat.
Ambienttermn perature factors do not affect the process
Mo owver heating
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CG&M Exercise 1.3.53
Welder - Weldability of Steels (SMAW)

Square butt joint on stainless steel sheet 2mm thick in flat position (1G)
(SMAW-24)

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

+ prepare square edges on stainless steel sheets as per drawing

» select suitable stainless steel filler rod, nozzle, gas pressure and flux
» set a perfect neutral flame and tack weld

» weld the square butt joint using leftward technique

» clean the joint and inspect for weld defects.

2 150 x 50x2 i X 04 Cri9NI9 2 = 1.3.53
NO.OFF STOCK SIZE SEMI-FRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE
NTS SQUARE BUTTJOINT ON STAINLESS STEEL SHEET TOLERANGEST | TWE

GODE NOC. WL20N1353E1

JEF @ 2mm THICK IN FLAT POSITION.(1G)-(SMAW-24)
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Job Sequence

+ Prepare the stainless steel sheet as per dimensions. .
+ Cleanthe edges of the sheets.
+ Select the nozzle No. 5 for 1.6ma ccms filler rod.

+ Select the stainless steel flux and apply on both sides
of the edges of the joint. .

Skill Sequence

Set and align the stainless steel sheet as square butt
joint.

Set perfect neutral flame.

Tack-weld at every 50mm length of the butt joint.
Weld the joint using leftward technique.

Clean the joint and inspect the weld for defects.

Square butt joint on stainless steel sheet 2mm thick in flat position

Objective: This shall help you to

» prepare and weld square butt joint on stainless steel sheet 2mm thick in flat position.

Refer Exercise.No.1.2.25
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CG&M

Welder - Weldability of Steels (OAW, SMAW)

Exercise 1.3.54

Corner /Tee joint of copper pipe of 1/2” and of length 75mm (OAW-18) and

Braze tee joint on copper tube 1/2” and of length 75mm

Objectives: At the end of this exercise you shall be able to
+ draw the development of corner and Tea joint

» prepare the jobs as per drawing

» braze corner and Tee joint

» clean and inspect the surface defects.

TASK:1 -
75 mm TIG
) |
2 |
8 |
| £
o | o
|
| |
| |
| |
| I
@125
TASK:2 P125
3
| DR e P S
| |
E \ |
| |
- - T m
n
o
— - (o]
5
2 212.5 X T5mm COPPER PIFE CUDPA - IS 2378
4 1/2" - 75mm COPPER TUBE
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE BRAZE CORNER/TEE JOINT ON COPPER PIPE OF 1/2" OF i ERANCE e
LENGTH 75mm (OAW-15)
G CORNER/TEE JOINT OF COPPER TUBE OF 1/2" OF LENGTH WL20N 13544
75mm - COPPER (OAW-18)
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Job Sequence

TASK 1: Draw the development of corner and Tea joint.

Cut the tubes of gives size

Draw the developmentfor corner joint

Markthe development onthetypesand cutaccordingly.
Deburr the cutting edges by filling

Cleanthe surface of tube

Set and aligned the tube valves to and angle 90° at

Braze the jointwithout root gapto control distortionand
to keep the joint in alignment

Inspect the joints for surface defects

Fig 1

DEVELOPMENT

1) e, 7

7 o' 4
'

(5]
)
2

11" 4o

Bl|5 ¢ 3] 2[1|P
A8l o|10fd1Rl0O 1 2 3 4 5 & 7 B 8 10 1112
9. Jo
5 CIRCUMFERENCE OF PIPE
7’< 11
V 12
6\ 0
5 < 1 ELBOW PIPE JOINT
& 3 2 250 OD AND 3WT

WL20N1354H1

DEVELOPMENT OF ELBOW JOINT FOR @50 PIPE

TASK 2: Drawthe development of corner and tea joint

Cut the pipes to the given size

Breach pipes in copper may be produced by cutting to
the marked outline.

After cuttingtothe length remove any burrs onthe pipe
by filling.

Ensure the correct size at the pipe

Prepare development for80°branch

Markthe development onthe pipe and cut accordingly
Cleanthe surface at the pipe

Setandalignthe branch pipe with maintube atanangle
of90°

Brazed joint without root gap to obtain penetration.

Braze tee joint on copper tube ¥z on length 75mm 19-
rolling position.

Skill Sequence

Braze tee joint on copper tube

Fig2

HO 1 2
DEVELOPMENT FOR 80° T JOINT "30 mm OD PIPES"

3 2 1. 0 1 2 3 2 1 0

WL20N1354H2

One difficulty encountered with tube brazing is the
distortion or mis alignment at the tubes after brazing is
completed.

One difficulty encounterwith cornerbrazing is distortion
causing the corner angle reduced from 90°

Objective: This shall help you to
* braze tee joint on copper tube 1/2 on length 75mm 19-rooling position.

One difficulty encountered with all pipe andtube weldingis
the distortion or misalignment of the pipes/tubes after
weldingis completed. One, very frequently used methodto
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preventor reduce distortionisto clampthe pipes ortubes
inafixturewhile weldingandallow itto cool before removing
the clamps.



Tube welding is similarto thin sheet metal welding except
the weld joint is a three dimensional curve, as in pipe
welding. Also, since the roct of the weld is not accessible
and because the inner surface is in contact with flowing
fluids, the penetration standards are high. Two common
tube welding faults are too much penetration and lack of
penetration. These faults must be repaired before the
tubing can be used.

In pipe welding cther than butt joint - it is very essential to
get a development and prepare the template for the
appropriate joints.

Fig 3

WLN2285H3

ROTATED PIPE-CUTTING HEAD

Fig5

TACK
/_ TACK
ALTERNATIVE TACK
WELD POINTS
FILLET WELD EACH
CROTCH FIRST

WL20N1354H5

O 1
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CG&M Exercise 1.3.55
Welder - Weldability of Steels (OAW, SMAW)

Square butt and lap joint on M.S. sheet 2mm thick by brazing in flat position
(OAW-19)

Objectives: At the end of this exercise you shall be able to
» prepare the jobs as per drawing

» select nozzle filler rod and flux

» set oxidizing flame and tack weld

» deposit bead by using leftward technique

» clean and inspect for surface defects.

S.SHEET

JOB -1
BRAZING
(OAW)
3 ISST50x 2-150 = Fe310-W = = 1.3.55
NOC.OFF STCCK SIZE SEMI-PRODUCT MATERIAL FROJECT NC. PART NO. EX. NO.
SCALE
NTS TOLERANCE *1 TIME
SQUARE BUTT AND LAP JOINT ON M.S SHEET

G @ 2MM THICK BY BRAZING CODE NO. WL20N1355E1
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Job Sequence

Cutthe sheets as per drawing and file the edges to be
joined square.

+ Cleanthe joint area.
« Set the sheets as a square butt joint without root gap
+  Select nozzle, filler rod, gas pressures, flux.

» Set oxidizing flame.

Skill Sequence

+  Use leftward technigue.
« Preheat the sheets and joint area to about 800°C.

+ Dip the hot filler rod in flux and melt the filler rod into
the joint ensuring proper wetting conditions.

+ Avoid application of too much heat into the joint.

« Finish the joint in one run only.

Brazing of square and lap joint on MS sheet of 2mm thick

Objective: This shall help you to

» prepare and brazing of square and lap joint on MS sheet of 2mm thick.

Brazing of MS sheet {(Job-1)

Oxidizing flame is used to avoid evaporation of zinc while
brazing. Fig 1

The blow pipe andfiller rod is held at angles as shown in
Fig1.

A No. 3 size nozzle with 0.15 kg/cm? pressure for both
gases is used as the base metal is not melted, but heated
to around 800°C.

A1.6mma silicon bronze filler rod is used which helps free
flow of molten filler metal.

Direct the flame to the joint edges and tack weld at the
ends and center of the joint. Fig 1.

Preheating the sheets to the correct temperature helps in
proper wetting/spreading of the filler metal into the joint to
get good bonding. Fig 1

Kl FLAME IS
SLIGHTLY OXIDISI

ROD IS KEPT
WELL FLUXED

WELD BEAD IS MADE BY
ALLOWING A POOL TC FORM.
AS THE BLOWPIPE IS MCVED =
ALONG THE SEAM THE
DEPOSIT SOLIDIFIES

BRONZE WELDINGMILD STEEL SHEET

WL2DN1355.)

The flame has to be directed only on the melting filler rod
or the weld deposit in order to prevent oxidation or over-
heating of MS sheet.

After establishing the molten pool, the flame is withdrawn
slightly (Fig 2) to permit the deposited metal freeze
partially. Again reintroduce the filler rod to melt further
deposit. Observe the brazed area carefully to ensure proper
bonding is obtained and a uniform weld size is achieved.

Fig 2

BRONZE WELDINGMILD STEEL SHEET

WL20N1355.12

To avoid crater at the end of the weld the filler rod is
continued to be added into the molten pool at the
finishing point and the flame is withdrawn.

It is essential to remove any unused and residual flux on
the finished weld to avoid corrosion later on.

Check the joint for proper bonding of filler metal with the
base metal and proper root penetration by the filler metal.
Check for weld defects like surface porosity, etc.
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Fabrication Exercise 1.3.56
Welder - Weldability of Steels (SMAW)

Single "V" butt joint on cast iron plate 6mm thick in flat position (1G)
(SMAW-25)

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

» prepare the edges, set the cast iron plates and tack weld
» preheat and post heat the joint

» select the electrode and current

» deposit root run, second and third runs without crack

* inspect the joint for defects.

2 150 x 50X = FG15 = 2 1.3.56
NO.OFF STOCK SIZE SEMI-PRODUGT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE
NTS TOLERANCE +1 TIME

SINGLE VEE BUTT JOINT - ON CAST IRON PLATE

~Er @ CODE NO. WL20N1356E1
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Job Sequence

+ Bevel the edges to 30° angle by grinding (or) filing
maintain root face to 2mm.

+  Keepthe plates in alignment in flat position maintaina
root gap of 2mm.

+  Select low hydrogen type E7016 (or) E7018 electrode
3.15mm size and use DCEFP polarity i.e., connect the
electrode cable to the positive terminal of the machine.

+ Follow necessary safety precautions.

+ Preheat the job to 300°C using an oxy-acetylene torch
and check the temperature using a thermos chalk and
tack weld on both ends using low hydrogen electrode.

Skill Sequence

+ Keepthe tack welded joint in flat position.

+ Deposit the root run using @3.15mm low hydrogen M.S.
electrode ensuring root penetration.

» Cleanthe root run. Deposit 27 and 3 run using slight
weaving and digging motion.

+ Maintain minimum interposes temp 200°C throughout
and also peenthe weld bead by ball peen hammer to
remove internal stress concentration for every run.

+ Post heatthe job if required and cover it in dry sand or
ash to allow to cool slowly.

Cleanthe weld and inspect it for cracks, proper fusion
and other surface defects.

Single "V" butt joint on cast iron plate 6mm thick in flat position

Obijective: This shall help you to

» prepare the ‘\’ joint on cast iron plate thick in flat position.

Bevel the edges: Bevel the edges to 30° angle by
machining or filling. Maintain the root face 1.5 mm
(Fig 1) avoid sharp edges as it may get chipped off if not
handled properly.

PREPARE EL{3ES BY FILING, GRINDING OR
MACHINING AND SET PARALLEL 2.5mm APART

WL20N1355.J1

Set and tack weld: Keep the job parallel in flat position
and maintain the root gap 2.5 mm.

Preheat the job: Preheat the job at 300°C by using an
oxy-acetylene flame. (Fig 2) Check the temperature by
using a thermos chalk. (Figs 3a & 3b) Tack weld on both
ends. (Fig4)

Deposition of runs: Select a M.S. electrode (low
hydrogen) 3.15 mm dia. and set the current at
130-140 amps with DCEP (Electrode +ve) Deposit root
run with electrode angle of 80° to the line of weld with
medium arc length. AVOID SHORT ARC.

Fig 2

ENSURE EVEN HEATING

TEMPERATURE

SENSITIVE
CRAYON

MARKS

PREHEAT PLATES TO 300°C USING OXY-ACETYLENE
TORCH OR FUURNACE

WL20N1356J2

Clean the root run by a wire brush. Deposit the second
the by using a 3.156 mm dia. electrode with slightly
weaving motion and keep the electrode angle 80° to the
line of weld. Move the electrode with a digging action.
Since fluidity of cast iron is less, to make the molten metal
to flow into the joint easily the electrode has to be given a
digging action.

Clean the second run by a wire brush.

Deposit the third run by using a 3.15 mm dia. electrode
with a slight weaving motion. Keep the electrode angle at
80° to the line of weld. Peen the welded bead by a ball
peen hammer to remove internal stresses. Post heat the
jobteo preheating temperature. Keepthe job under dry sand
orash and allow to COOL SLOWLY. Clean the weldment
by using a wire brush.
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Fig 3

UNAFFECTED CRAYON MARK
METAL NOT UP TO
TEMPERATURE

CHANGE IN COLOUR
INDICATES METAL IS AT
TEMPERATURE

USE OF TEMPERATURE SENSITIVE CRAYON
FOR TEMPERATURE MEASUREMENT

(32)

TEMPERATURE SENSITIVE
CRAYON

PLATE TO BE
FREHEATED

CRAYON MARK
CHANGES COLOUR
WHEN PLATE
TEMPERATURE

REACHES 3007

TEMPERATURE SENSITIVE CRAYON
(3b)

WL20N1356.15

TACK WELD
BOTH ENDS

PREPARED PLATES SET UP FOR A SINGLE-V BUTT JOINT

WL20N1358.14
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The use of low hydrogen electrode and the preheating,
post heating, peening and slow cooling are essential to

avoid cracks in the cast iron joint.

Inspect the welds: Inspect the welds for proper fusion,

cracks and other surface defects.
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Fabrication

Welder - Weldability of Steels

Exercise 1.3.57

Arc gouging on MS plate 10mm thick (AG-01)

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

» select the electrode and set the current as per requirements

» start and maintain gouging action
» clean and inspect the gouging.

ARC GOUGING ON M.S.PLATE 10mm

THICK IN FLAT POSITION.

1 100 ISF 10-150 Fe310-W 1.357
NO.CFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NC.
SCALE
s TOLERANCE *1 TIME

CODE NO. WIL20N1357E1

161



Job Sequence

+ Mark and cut the pieces as per the given size.
+ Mark and punch the straight line.
+ Keepthe plate in down hand position.

+  Usedmmdia electrode for 10mm thick plate and select
DC electrode negative (DCEN).

+  Set 300 amps current for both AC or DC machines and
select DCEN if DC is used.

+ Start from edge of the plate keeping a slant angle.

Skill Sequence

Arc gouging on MS plate 10mm thick

+  When molten metal is established reduce the angle
further to gouge and remove surface metal.

+ While gougingis in progress remove molten metal and
slag away fromthe arc and gouged groove.

+ Movethe electrode fast and control the gouging action.
+  Complete the operation and clean the gouging surface.

« Inspect the groove for smoothness, even depth and
uniformity.

Objective: This shall help you to
» prepare and arc gouging on MS plate.

Prepare the pieces: Mark and cut the pieces as per
given sizes by gas cutting. Clean the surfaces. Mark and
punch a straight line.

Position the plate down hand or flat.
Select the electrode and set the current.

Select a 4 mm dia. gouging electrode for a 10 mm thick
plate.

Set 300 amps current in AC or DC m/c and if DC is used
set the (straight polarity) electrode negative (DCEN).

Gouging the plate: Point the electrode towards one end
of the edge with an angle of 20°-30° and 90° to the rear
surface of the plate. (Fig 1)

Strike the arc.

Fig 1

F

ANGLE OF START

ANGLE WHEN GOUGING

WL20N13571

Wear a respirator while gouging.

As the molten pool is established, lower the electrode holder
and reduce the angle between 5°-15°from 20°-30°.

Move the electrode along the line of marking from the right
to the left side of the plate without side movement.

While gouging is in progress push the molten pool and
slag away from the arc and the gouged grocve.

Due to rapid fusion because of the arc, heat, move the
electrode fast and control the gouging operation.

Ensure that the angle of slope is not too steep,
and avoid grooving too deeply.

Use safety boots and leg guards to protect the
legs.

Maintain the angle and travel of electrode constant so as
to obtain a groove of uniform width and depth.

Clean the gouging surfaces.

Inspect the gouging.

Check the smoothness, depth and uniformity of gouging.

162 CG & M: Welder (NSQF Revised - 2022) - Exercise : 1.3.57



CG&M Exercise 1.3.58
Welder - Weldability of Steels (OAW, SMAW)

Square butt joint on aluminium sheet 3mm thick in flat position (OAW-20)

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

» set the sheets with root gap as per drawing

» select filler rod, gas nozzle, gas, pressures and flux and flame
» tack weld preheat the job

» Deposit single run by using leftward technique

» inspect for weld defects.

Job Sequence | [ |

+ Prepare aluminium sheet as per dimension with
sguare edges.

Fig 1
+ Cleanthe surface and edges of the sheets to remove
the surface oxide and other impurities using.

+ Don't grind aluminium sheets in a grinding machine.
+  Apply the pasty flux on the butting edges.

+ Setthe sheets with 1.5 mm - mm root gap. (Fig 1)
As the thermal expansion of aluminium is more,
the root gap can be set such that it increases at
about 1mm per 100mm length of the joint for butt

WL20M1358H1

welds.
2 150 X 50% 3 - AL.198900-15:737 - - 1,358
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NC.
SCALE
TOLERANCE #0.5 TIME
NTS SQUARE BUTT JOINT ON

CODE NO. WL 20N1358E1

S @ ALUMINIUM SHEET 3mm IN FLAT POSITION.
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+ Fix nozzle No. 5 on the blow pipe and adjust gas
pressure of 0.15 kgfsg.cm? for both gases.

+ Adjust a strict neutral flame. (Fig 2)

Fig 2

WL20N1358H2

« Use silicon aluminium filler rod 3 mm @ and apply the
pasty flux on the filler rod.

+ Tack-weld at both ends of the joint and at the center.

+ Preheat the job to a temperature of 150° - 180°C to
reduce the effect of expansion during welding using
the blow pipe flame itself.

+ Start welding by the leftward technique by holding the
blowpipe at an angle of 40° to 50° and the filler rod at
anangle of 30° - 40°. (Fig 3)

+ Do not remove the filler rod end from the outer
envelope of the flame till the welding is over.

Skill Sequence

Fig 3
DIRECTION BLOWPIPE
OF WELDING
WELDING
ROD 40-50°

LEFTWARD TECHNIQUE

WL20N1358H3

Clean the weld by washing in a 10% sulphuric acid
solution.

Again wash the weld by rinsing in hot or cold water.

No traces of flux should remain on the weld. It will cause
corrosion, after completion of the weld.

Inspect for weld defects.

As the end of the joint is approached, reduce the blow
pipe and filler rod angle and raise the inner cone. This
is done to avoid burn through of the joint.

Square butt joint on aluminium sheet of 3mm thick

Objective: This shall help you to

» prepare and weld square butt joint on aluminium sheet of 3mm thick.

While preparing square edges make notches on the edges
to be joined. Fig 1

Fig 1
NOTCHES 1.5mm DEEP 5mm APART

UNBEVELED BUTT JCINTS ON 1.5 to 3mm ALUMINIUM SHOULD BE NOTCHED

WL20N1358.1H

Since setting a strict neutral flame is difficult a very slight
carburizing flame is set for welding aluminium.

While using leftward technique, the blow pipe angle will
be reduced gradually as the welding progresses. Fig 2.

Asthere is no colour change when aluminium melts, watch
carefully for any shrinking of oxide film on the surfaces of
the base metal which indicates the starting of base metal
melting.

Fig 2

ACUTE AS WELD

/ LOWPIPE ANGLE
BECOMES LESS
PROGEEDS

o *& WELD ZONE
OLTEN POCL

IS VERY FLUID

FILLER ROD GCES INTO
PGOL WITH A STROKING MOTION

WL20N1358J2
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CG&M Exercise 1.3.59
Welder - Weldability of Steels (OAW, SMAW)

Bronze welding of single "V*" butt joint on cast iron plate 6mm thick plate
(1G) (OAW-21)

Objectives: At the end of this exercise you shall be able to
+ prepare clean the job pieces as per drawing

» select the correct nozzle size and filler rod and flux

» set a slightly oxidized flame

* deposit root and 2nd run by applying after flux

» clean and check for defects on the weldment.

7]
90°
2 150 x 50% 6 - FGi15 - - 1.3.59
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
Sﬁ%E TOLERANCE *1 TIME
BRONZE WELDING OF SINGLE V' BUTT JOINTON
EF @ 6 mm THICK CAST IRON PLATE IN FLAT POSITION. T N TS
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Job Sequence

Clean the surface of the work piece from oil, grease,
dirt and remove oxides if any by filing/grinding.

Grind the edges of the plate to (no feather edge) form a
single V of included angle of 90°. Round off all sharp
edges.

Select nozzle No.7.

Select a silicon bronze filler rod of 3mma for the root
run and Smme for the 2nd run.

Select bronze flux and 0.15 kg/cm? pressure for both
gases.

Ensure all safety precautions before lighting the torch.
Set a soft oxidizing flame.

Apply flux in powder form by dipping hot filler rod. Then
tack weld on both ends of the joint with a uniform root
gap of 25mm.

Weld the root run using leftward technique and 3mmeg
filler rod keeping the job at 30° slope.

Skill Sequence

Ensure wetting of weld faces by the filler metal before
building up the bead.

Heat the weld faces only to dull red color by giving
circular metion to the blow pipe.

It is not necessary to melt the base metal for
bronze welding of cast iron.

Clean the root run and deposit the 2nd run using 5mm
filler rod after applying flux.

Fill the joint by filler metal to get a maximum of 1.5mm
reinforcement, good ripple formation.

Clean the joint removing any flux residue and inspect
for defects.

Heat control is important. If the heat is insufficient the
bronze metal will not wet the surface or flow properly.

Excess heat will cause the bronze metal to flow more
freely and not allow it to build up.

Bronze welding of single "V" butt joint on cast iron plate 6mm thick plate

Objective: This shall help you to
» prepare the bronze welding of single "V" butt joint on cast iron plate 6mm thick plate.

Set the job with 30° inclinations. Keep the angle of the
filler rod at 30° to 407 and give a rubbing action to the filler
rod onthe V.

Maintain the angle of the blowpipe at 60° to 70° and give a
circular metion to the blowpipe.

Deposit a root run with a 3mma filler rod and the finishing
runwith a dmme filler rod. Dip the hot filler rod end into the
powdered bronze flux frequently.

In bronze welding of cast iron the base is only heated to
650°C and it is not melted. So while depositing the root
run the surfaces of the joint is coated with a layer of filler
metal for about 20mm along the joint, ensuring that it is
correctly bonded. Fig 1.

Then return to the starting point and add sufficient filler
metal to produce a satisfactory weld. This method is
repeated continuously until the root run is completed.
Fig 2 Ensure root penetration by the filler metal and fusion
between consecutive bronze filler metal deposits.
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Fig 1
e TThE SiESor BRONZE WELD DEPOSIT
FILLS GROOVE AND FUSES
THE JCINT WITH BRONZE WITH COATING

BRONZE WELDING CAST IRON
MAKING THE COATING AND DEPOSIT

WL2CN1358.1
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Fig 2 Fig 3

SINGLE - VEE 90° CORNERS .
SLIGHTLY OXDIZING FLAME, CONE SINGLE-VEE 90° CORNERS OF
OF VEE SHOULD BE ROUNDED 3mm AWAY FROM MOLTEN METAL VEE SHOULD BE ROUNDED
{ALSO ROOT EDGES) (ALSO ROOT EDGES)

MAINTAIN “TINING' ACTION

OF THE BRONZE

TACK WELD AN

N RN
e dGaT SLIGHTLY OXIDISING FLAME.
NS CONE 3MM AWAY FROM
NN MOLTEN METAL
\\\ 5
N 80° TO 70°
N
\\
B
\\
508

ANGLES OF ROD AND BLOWPIPE
FOR BRONZE WELDING

BRONZE WELDING CAST IRON {ROOT RUN)

WL2CH1358J2

Weld similarly the 2nd run by using 5mmg filler rod dipped g
in flux with a soft oxidizing flame and get 1.5mm BRONZE WELDING CAST IRON g
reinforcement and good bead up to the end of the joint. PEROSHING SECOND RN 3
Fig3. Inspect the joint for weld defects like porosity, incomplete
Clean the bead and remove the flux residue on both sides penetration etc.

of the joint.
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CG&M Exercise 1.3.60
Welder - Weldability of Steels (OAW, SMAW)

Dye penetrant test

Objectives: Atthe end of this exercise you shall be able to
* inspect welded component for surface defect using

» state the penetration test

* identify the defect.

Job Sequence » Allow the dye to soak forabout 2 to 3 minutes wash
+ Cleanthe surface ofthe test piece spraythe colored the surface with cleaner
dye onthe surface » Dry the surface using a test cloth

LIQUID

CRACK FILLED WITH DIRT IDEALLY CLEANED
APPLICATIONOF PENETRANT INTERMEDIATE CLEANING

-

APPLICATION OF DEVELOPER CRACK INDICATION

»  Spray the liquid developer on the surface * Observe the colored due coming out in the shape of
the defect in to the white liquid developer analyses
the defect

1 WELDED MCDEL Fe 310-W 1.4.60
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE
NTS TOLERANCE 11 TIME

DYE PENETRANT TEST

@ S WL20N1480E1
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CG&M

Welder - Weldability of Steels (OAW, SMAW)

Exercise 1.3.61

Magnetic particle test (1&T)

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

* inspect of welded component for surface defect using magnetic practical test.

» locate and mark the place of defect.

‘\
ELECTROMAGI*\IK%TLIC ‘ AGNETIC FIELD
>
-——--.._ i
‘1.....u.~\\ Eiiii‘=‘

N
=<

—

e

‘ WELD
WORK PIEC / L_DISCONTINUTIES
MAGNETIC PARTICLEW CRACK
Fd ﬁ 5
MAGNETIC NS
FLUX
LINES
MAGNETIC PARTICLE INSPECTION
1 WELDED JOB Fe 310-W 1.4.61
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
Sﬁ'%sLE TOLERANCE 0.5 TIME
MAGNETIC PRACTICAL TEST
(I&T'ZO) WL20N1461E1
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Job Sequence

* Familiarize with the working of magnetic particle test . Opserve the iron particles which gather at the edges of
unit crack (or) flaw

P etific e SEpicee Rithe WISk » Locate the crack or flaw and make the area.

« Spray the iron particle liguid on the surface of the
component Fig 2

+ Switch on the power to magnetic the test piece

Fig 1

MAGNETIC FLUID IRON PARTICLES ON THE CRACK

WL20N1461H2

MAGNETIC PARTICLE TEST

WL2CN1481H1
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CG&M Exercise 1.4.62
Welder - Inspection & Testing

Nick-break test (I & T) 04

Objectives: At the end of this exercise you shall be able to
* make saw cut on the weld bead

» apply the force on weld metal to break

» identify the internal defects.

1.5mm DEEP SAW
GUT ALONG CENTRE
LINE OF WELD

1.5mm DEEP SAW
CUT ALONG CENTRE
LINE OF WELD

NICK BREAK TEST PIECE-BUTT WELD

MNICK BREAK TEST PIECE-FILLET WELD

SAW CUT
3mm DEEP

FRACTURE TEST ON BUTT JOINT
2 WELDED JOBS Fe310-W 1.4.62
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE
NTS TOLERANCE H0.5 TIME

NICK BREAK TEST
@ S WL20N1462E1

17



Job Sequence

1 Select welded Tee or butt joint

2 Make saw cutofabout 1.5mmto 2mmdepth alongthe
centre line of the weld as per Fig 2.

3 Applythe force with hammer onthe reverse ofthejoint
as shown in the Figure 2.

Skill Sequence
Nick-break test (I & T) 04

The jointwill breakalongthe saw cut & by observingthe
fractured surface.

Identify the various defects like slag inclusion, lack of
fusion, lack of penetration etc.

Rectify the reasons for the above defects.

Objectives: This shall help you to

* identify the internal weld defects by nick break test.

To determine the quality of weld.

Breakingopenthe weld lengthwise &thenvisually inspecting
the exposed weld interior for any internal imperfections
such as lack of side wall fusion, lack of inter-run fusion &
porosity.
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CG&M
Welder - Inspection & Testing

Exercise 1.4.63

Free bend test (1 & T) 03

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

* fix the job in vice

» apply the force on job to bend
* use guided bend machine
 rectify the defects.

THIS IS ONE WAY THE INITIAL BEND
CAN BE MADE

Job Sequence

The force to initiate bending for a free-bend test be
applied at, or within one width distance from, the
ends of the specimen. This may be done by gipping
the specimen. Ifthe material is too stiff to respondto
suchforceit shall be supported at the mid-length over
aspanof atleast the specimenwidthwhile the initial
force is applied near the two ends of the specimen.

The angle of a free-bend is measured once the
specimen has beenremoved fromthe bendingfixture
andis under no constraining force there is no radius
of bend measurement required fora free-bendtest.

FOR THE FINAL BEND, THE SPECIMEN
MUST BE BENT IN A VISE

Free-bend-180° bend the bending isinitiatedandis
then continued until a 180° bend is developed by
applying force to bring the legs ofthe specimentoa
parallel position

The bending force is more severe infree bend test.

After completing the free-bend, the surface is
examined for cracks and imperfections.

02 WELDED JOBS Fe310-W 1483
NO.CFF STOCK SIZE SEMI-PRODUCT MATERIAL PRQJECT NO. PART NO. EX. NO.
SCALE TIME
NTS TOLERANCE 0.5

O

FREE BEND TEST WITH WELDED JOBS (I&T-03)

WLN2163E1
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CG&M Exercise 1.4.64
Welder - Inspection & Testing

Fillet fracture test (1 & T) 04

Objectives: At the end of this exercise you shall be able to
» fix the job in vice

* apply the force to fracture

* rectify the defects.

FILLET FRACTURE TEST USING BENDING BAR

FILLET FRACTURE TEST USING HAMMER

2 WELDED JOBS Fe310-W 1464
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
Nre TOLERANCE 0.5 TIME
FILLET FRACTURE TEST
@ S (1&T-06) WLZ0N1464E1
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Job Sequence

1 Select job pieces of one side weldedfillettee, lap or but
joint also.

2 Fix the jobs in bench vice as per Fig 1.

Fig 1 SAWCUT

FRACTURE TEST ON BUTT JOINT

WLICN1464H1

3 Use bending bar to bend or fracture the joint as per
Fig2

4 Observingthe fractured surface

Selectanother welded job

Skill Seqguence
Fillet fracture test (1 & T) 04

Fig 2 FORCE

N

FRACTURE TEST ON LAP FILLET

WL20N1484H2

6 Apply the force on job.

Observingthe fractured surface various defects like
- Lackof fusion
- SlagInclusion
- Blow holes or porous weld

7 Rectify the defects.

Objectives: This shall help you to
» identify the weld defects by fillet fraction test.

Examination of fractured weld

The fractured weld may exhibit and show the following
internal defects infollowing figure

- lLackof fusion
- Incomplete penetration
- Slaginclusion

- Blow holes or porous weld.
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CG&M Exercise 1.5.65
Welder - Gas Metal Arc Welding

Introduction to safety equipment and their use etc. GMAW-011

Refer the Exercise 1.1.02

CG&M Exercise 1.5.66
Welder - Gas Metal Arc Welding

Setting up of GMAW welding machine & Accessories and striking an ARC
GMAW-02
Objectives: At the end of this exercise you shall be able to

* identify and set the GMAW welding machine with accessories
» describe the welding techinids of GMAW and stroking an arc.

CONTROL SYSTEM

WIRE REEL
WIRE SPEED CONTROL—.__

PILOT LIGHT ——__|
WORK GAS OUT

FLOW METER
REGULATOR

GUN CONTROL

MANUALLY
HELD GUN

SHIELDING
GAS SOURCE

s

CONTACTOR CONTROL—/
110V SUPPLY

WELDING MACHINE
DIAGRAMMATIC VIEW OF A COMPLETE GAS METAL ARC WELDING (GMAW) OUTFIT

1.5.66
NC.OFF STOCK SIZE SEMI PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE NTS TOLERANCE +1 TIME 15h

SETTING UP OF GMAW MACHINE & ACCESSORIES

*S —E)— CODE NO. WL20N1566E1
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Setting up of the GMAW machine: Fix the wire spool
andtake the wire throughthe guide tube, rollers, spiral and
contact tip at the end of the torch/gun. (Fig 1)

Fig 1
REGULATOR
CONSTANT FLOW METER HEATER
POTENTIAL M
POWER SOURCE
- H
, »
o 16V ) | CONTACTOR
WELDING Gaols
POWER CABLE 11ov
\ €O, GAS
ELEGTRODE TO
FEED UNIT SOLENOID VALVE
FEED CABLE AND
WELDING CURRENT
WIRE
SPOOL
rd
ELECTRODE
WIRE WIRE GUIDE AND
DRIVE RGLL UNIT GUN
GROUND E
N, ¥/

COMPONENTS OF THE GMAW MIC WELDING SYSTEM

WL2ON1588H1

Draw the wire from the spool, pass it on through the inlet
wire guide, driverrollers and outletwire guide. (Fig2 & 3).

Fig2

FLAT SURFACE SMOCTH V GROGVE SERRATED V GROCVE

WLICN1566H2

Fig 3

INLET WIRE DRIVE ROLLERS

GUIDE
OUTLET EIRE
/I[ GUIDE
[ 12 ol

i
_/I L]
WIRE

DRIVE ROLLS AND WIRE GUIDES PROPERLY ALIGNED

WL20N1566H2

The roller should not be overtightened to avoid flattening
and peeling of copper coating on the wire. The wire is
further passed throughthe conduitliners with springliners
called spiral Fig.4 to the welding torch outlet through the
contact tip. (Fig &)

The wire should not develop any bends (or) kinks while
inserting. The contact tip should be removed to facilitate
easy flow of the wire fromthe Spiraland put in positioninto
the Torch |ater.

Start the welding machine after the machine is connected
to the 3 phase supply mains.

Fig 4
WIRE
IN
WIRE
our /
{2) SPIRAL (SPRING) METAL CONDUIT LINER
WIRE
IN
INNER PLASTIC
LINER
OUTER SPRING LINER
OR SPIRAL
WIRE %
our
/ g
{b) METAL CONDUIT LINER WITH INNER LINER OF PLASTIC g
Fig 5
COOLING WATER
LINER OR SFIRAL
\POWER CABLE
SHIELDING GAS
GAS SHIELD CONTACT TIP
GAS NOZZLE
ELECTRODE EXTENSION

=
Q
E7)
=
Azl
m
]
m
WLZ0N1566H5

PARTS OF A TYPICAL WELDING GUN

Connect the welding torch to the Positive terminal. The
positiveterminal influences deeper, wider weld penetration
with a good ripple formation.

Connecting the heater, regulator and flow meter: The
inlet end of the CO, gas heater is connected to the CO,
cylinder. (Fig.1) The heater should be connected to either
110V supply from the welding machine (or) 230V supply
from the mains.

Thiswill helpto avoidice-forming (freezing) of the CO, gas
atregulatorandflow meter. Fix atwostage regulator using
aflatspannertothe outletend ofthe gas heaterand ensure
proper functioning ofthe dial gauges. Connect finally the
Flow meter, Gas hose to the welding torch/gun. Setan
outflow pressure for CO, gasto getagasflowof 8to10LFPM
as required for the Dip Transfer mode.

Ensure to avoid leakage at all connections so as to get
correct pressure at the nozzle end. This could be checked
by using soap-water solution. When usedwith correct gas
flow rate a rapid cracking and hissing soundshall be heard.
Too little flow results in porosity and too high flow rate
creates turbulences and in turn contaminates weld.
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Seftting up arc voltage, stick outand wire feed rate for
dip transfer

Setting the current level by selecting proper wire
feed rate: For this exercise of depositing straight line
beads it is desirable to select a smaller diameter wire i.e.
0.8mm dia wire and Dip Transfer method. Accordingly, a
currentrange of 80-100Aisto be setforthe 0.8mmdiawire.
The currentto be sethas adirect relationship withthe wire
feed rate in Co, welding/GMAW process. So the correct
wire feed rate correspondingto the 80-100A current is set
on the Electrode Feed unit of the machine.

Setting appropriatearc voltage forthe corresponding
current used: The Arc Voltage to be set depends on the
filler wire diameter, the type of metal transfer and the
current selected. The thumb rule to select arc voltage for
DIP transfer mode in GMAW process is calculated by
using an imperical formula i.e. Arcvoltage =14+ 0.05 (I)
+ 2 where | is the current selected for the diameter of the
wire. This can be up further by +2 volts for globular and
spray transfer mode and depending upon beadfinish. For
laying straight line beads on 10mm thick mild steel plate
set an voltage of 23 to 24 volts using set voltage control
knob of Co,, welding machine. This set voltage will drop
down and settle at 19-21 volts after Arc initiation. The
reductioninvoltage fromsetto Arc voltage isduetolength
ofthe cable and otherfactors. Theweldershouldselect19
to 21 volts, strike the arc without changing the current; The
rightarcvoltage is selectedby Trial and Error methodto get
a uniform bead profile.

Setting the stick-out: This is the distance between the
end of the contact tip and the outer tip of the electrode till
it touches the base metal [refer (k) in the Fig 6]. The
stickout recommendedisSto 10 mmforDip Transfer. Ifthe
stickout is too short then excessive spatters will get
deposited atthe end of the nozzle which inturn restricts the
shielding gas flow and may cause porosity. If the stickout
is too large, arc voltage will shoot up, current diminishes,
thearcwilltend to become weakerandthe metal deposition
will becomeirregular.

Fig6

NOZZLE
]
/— CONTACT TIP
WIRE
ELECTRODES\
L1
L —LENGTH OF
SHIELDING ¢ J
GAS > EXPOSED WIRE
NN i
i |
/ Ai N
= - X ﬁ CONTACT TIP
E TO WORKPIECE
s @ DIATANCE
S
—ARC LENGTH

WL20N1566H6

Welding procedure (Depositing the Beads): Strike the
arc by pressingthetriggerintheweldingtorch (refer Fig. 7)
and atthe same time touching the tip of the electrode wire
to the job at the starting of the marked line.

Hold the torch 15mm above the work piece atanangle of
10tc 15 tothe vertical inthe direction of welding as shown
inthe Fig.8.

Fig 7
NOZZLE
SWITCH OR
TRIGGER
AIR COOLED HEAD
CONTAGT TUBE
(]
CONSUMABLE g
WIRE ELECTRODE g
Fig 8
To. Tae
| DIREGTION —= | -
OF WELD &
TORCH ANGLE g

Movethe torch uniformly startingfromthe leftend of the job
towards the right end or from the right end to the left end of
the job Fig.9 and 10. Based on the welding direction, the
welding technigue is called as Backhand or Backward or
Pulling technique Fig.9 and Forehand or Forward or
Pushing technigue (Fig.10).

Fig 9
DIRECTION —=—
OF WELD
BACK HAND OR BACKWARD OR PULLING g
WELDING TECHNIQUE g
Fig 10
o, 150

~—— DIRECTION
OF WELD

— |

FORE HAND OR FORWARD OR PUSHING
WELDING TECHNIQUE

WLZ101JA

Make sure the contact tip looks gocd (not elongated or
melted) and itis tightened to the diffuser. Use anti spatter
spray or Gel periodically toavoidthe sticking of the spatter
atthe mouth of the torch nozzle. Ensure the crateris filled
properly at the end of the bead as done in shielded metal
arcwelding. Avoidexcessivetravelspeedsforthetorchto
get correct bead width, height and ripple formationand to
avoid undercut.
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Cleaning the weld bead: The spatters, if present, onthe Inspecting the finished welded job: Use visualinspection

surface of the bead and base metal are to be removed by methodtoverifywhetheranyweld defects suchasundercut,
usinga chipping hammer. Also use protective goggles for unevenbeadwidth, height, ripple formation andwavy line
safety. Furtherthe bead hastobe cleaned by carbon steel of bead are there.

wire brush to remove any non-metallic deposits on the
bead Repeat the above procedure for other runs done
alternately by both Forehand and Backhand technigues
(pushand pull welding).
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CG&M Exercise 1.5.67
Welder - Gas Metal Arc Welding

Depositing straight line beads on MS plate 10mm in flat position by
GMAW-02

Objectives: At the end of this exercise you shall be able to
» prepare the job as per drawing

» set the GMAW machine and set welding parameter
» deposit straight line bead in flat position.

* clean and inspect the held defects

15 10
100
1 100 ISF 10- 150 Fe 310 1587
NO.OFF STOCK SIZE SEMI PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO
SCALE NTS TOLERANCE +1 TIME
DEPOSITING STRAIGHT LINE BEADS ON M.S.PLATE
E @ IN FLAT POSITION BY (GMAW-02) CODE NO. WL20N1567E1
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Job Sequence

1 Prepare the jobto size as per drawing.
Clean the job surface with carbon steel wire brush.

Mark parallellines onthe jobsurface as perdrawingand
punch the lines.

4 Set the workpiece (job) on the work table in Flat
position.

5 Fixthe0.8mmdiameterwire, lockitupand pullthe wire
throughthe guide tube, rollers, spiraland contacttip of
the torch.

6 Start the welding machine. Connect the torch to the
positive (DC +ve) terminal (DCRP) of the machine.

7 Connectthe CO, gas heaterto the electrical supply 5-
10 minutes before starting of the weld.

& Set the arc voltage at 19-21 volt as required for Dip
Transfermode.

Skill Sequence

Depositing straight line beads on
GMAW-02

9 Setthe GasFlow Rate at 8-10 LPM (Litres Per Minute).

10 Set the wire feed rate so as to get 90-100 amp by
striking the arc.

11 UseDIN11 or 12 black/greenfilterglass cnHand Shield
forabove current setting.

12 Wearthe protective clothing as reguired.
13 Switch overto weld mode as indicated inthe machine.

14 Strike the arc, maintain afillerwire stick outof 8-10mm
from the end of the contact tip to the job as required for
diptransfermode.

15 Deposit the bead on punched lines of the job from one
end to other.

16 Remove spatters with chipping hammerand cleanthe
joint using carbon steel wire brush.

17 Self-inspect the weld bead for finish and defects.

MS plate 10mm in flat position by

Obijectives: This shall help you to

» prepare and practice straight line beads on MS plate.

Preparation and setting of the job: Prepare a M. S plate
piece of size 150 x 100 x 10mm thick.

Mark straight lines with punch marks spaced at 15mm.
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CG&M Exercise 1.5.68
Welder - Gas Metal Arc Welding

Fillet weld Tee joint on MS plate 10mm thick in flat position by dip transfer 1F
(GMAW 03)

Objectives: At the end of this exercise you shall be able to
» prepare and set the job as per drawing

* set up the GMAW machine and parameters

* maintain stickout and take weld.

» deposit root and covering run

» clean and inspect surface defects.

2 50 ISF 10 - 150 Fe 310-W 1.5.68
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO
SCALE
] FILLET WELD TEE JOINT ON M.S PLATE 10mm TRLERARGE =t e
THICK IN FLAT POSITION BY DIP TRANSFER 1F
@ E (GMAW-03) WL20N1568E1
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Job Sequence

1 Cutthe plates by gas cutting as per drawing.
Grind the gas cut edges to square.

Use plain goggles while grinding and welding googles
while gas cutting.

Deburrandcleanthe surface ofthe wire brush andfiling.

Set the plate B onthe plate A in the form of tee as per
drawing.

6 Wearprotective clothing's.

7 Tackweld (min 10mm length) on both ends of the tee
joint as shown in the Fig 1.

Fig 1

SETTING AND TACKING A TEE JCINT

WL20N1588H1

8 Keepthetackweldedjobinthechannelatdegree from
the horizontal plane so that the welding can be donein
flat/down hand position

9 Connect the torch to positive terminal of the machine

10 Weld the root run of the joint by using 0.8mm dia. Mild
steelfillerwire and using stringer bead weldingtechnigue
Fig 2

Fig 2

ROOT RUN

)
WL20N1568H2

11 Set 20 to 100 amps current/ corresponding wire feed
rate 19 to 2 Arc and deposit the root run

Skill Sequence

Fig 3

WL20N1568H3

12 Ensure properroot penetration andevenfusion of plate
AandBwithsuitable weldinggun/torch angle and Arc
travel speed.

13 Clean the root run using steel wire brush.

14 Deposit the 2" run using stringer bead as showninFig
3 coveringthe bottom plate Aand 2/3 of the width of the
root run. Adopt the same welding parameters under
technigues used for the root run.

15 Ensurethe undercutin bottomplate is avoidedandaleg
length of plate thickness 10mm is obtained.

16 Clean the second run by using steel wire brush

17 Deposit the third run similar to second run except that
the deposit coversthe vertical plate B, the root runand
the second run Fig 4

Fig 4

oY
WL20N1568H4

18 Ensure under cut onthe vertical plate isavoidedand a
leg length of 10mm is cbtained

19 Clean the welded joint by steel wire brush

20 Use tongs while handling the hot job.

Fillet weld Tee joint on MS plate 10mm thick in flat position by dip transfer 1F

(GMAW 03)

Objectives: This shall help you to

» prepare and weld fillet ‘Tee’ joint on MS plate in flat position.

While tack welding plates A and B for the Tee joint [, the
angle between them is to be kept initially as shown in
Fig 1 (i.e a distortion allowance of 1° per run) soc as to

control the angular distortion which ultimately settles to
90° afterwelding.
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For the lap fillet joints no distortion allowance is
recommended.

Also for joint IV no distortion allowance is required as the
vertical plate B is rigidly held by the weld bead at joint |.

Fordepositingthe root run forthe Tee Joint | hold the torch
perpendicular to the joint and move the torch at a steady
rate fromleftto right side (backhandtechnigue) ofthe joint.
The gunshouldbe held between5-15 degrees forwardfrom

the vertical line tothe metal surface and 45°to the surface
Fig 2.

Fig 1

10

75

WL2CN1588.1

Fig 2

§° - 15" DIRECTION
OF TRAVEL

DIRECTION
OF TRAVEL f

TEE FILLET JOINT

WL20N1568.J2

Since GMA welding process does not have the ability to
remove many impurities, it is very important to clean the
mill scale, rust, paint, oil or grease fromthe plate surface.

For welding the joints in flat (down hand) position it is
convenient to use the channel to position the joints. This
will permit the tack welded job to be kept at 45° angle with
the horizontal plane.

Uniformtravel speedwillensure evenweld reinforcement,
beadheight and ripple formation, smooth joining of the weld
beadwiththe base metal at the toes. fill the crater properly.

The bead placement forthe 2ndand 3rd stringer bead are
made as shown in the Fig 3. This is done to ensure that a

Fig3

WL20N1568J3

leg length (L) of 10mm is obtained Ensure that the
concavity between the beads 2 and 3 is kept to the
minimum. This will ensure to obtain the required throat
thickness (Fig 4).

Fig 4 —
GET MITER
/_ BEAD PROFILE
- |

NN

: g
THROAT £
THICKNESS g

Maintain a uniform travel speed for the torch to get the
required bead reinforcement, heightandappearance.

Use the anti-spatter spray as and when the torch nozzle
gets clogged with weld spatters. Note that if this is not
done, the wire feed may beirregular causing unestabilished
arc and the Co, gas flow will not be uniform causing
atmospheric contamination of the weld and porosity.

Cleaneachbead after deposition andthe complete the job
using carbon steel wire brush.
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CG&M Exercise 1.5.69
Welder - Gas Metal Arc Welding

Fillet weld - Lap joint on MS sheet 3mm thick in flat position by dip transfer
1F (GMAW - 03)

Objectives: At the end of this exercise you shall be able to
+ prepare the sheets to size as per drawing

» set and tack weld the plates as per drawing

» set the lap joint in flat position

deposit the bead with appropriate amount of filler metal
clean and inspect for surface defects on the weld.

[{=]
20
{
[
' !
2 ISST 50 x 3- 150 Fe310-W 1.5.68
NOQ.OFF STOCK SIZE SEMI-PRODUCT MATERIAL FPROJECT NO. PART NO. EX. NO
SCALE TOLERANCE *1 TIME
NTS LAP JOINT ON MS SHEET 3mm THICK IN
@ L FLAT POSITION BY POSITION BY DIP 20156951
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Job Sequence

1 Cut the sheet by shearing machine as per drawing.
Grind and file the edges of sheets to square.

Deburr and clean the surface of the plates by carbon
steel wire brush and filling.

4 Setthe plate A onthe plate Binthe form of lap as per
drawing.

5 Wear protective clothing's.

Connectthetorchtothe positive terminal of the machine.

Fig 1 (I)

&

30 20 30

TACKING A LAP JOINT

WL20N1568H1

Skill Sequence

7 Set90-100A current/correspondingwirefeedrate, 1910
2 arc voltage and deposit the run using Dip transfer
mode.

8 Tack weld (min. 3mm length) on both ends of the lap
joint as down in Fig 1.

9 Keep the tack welded jig in the channel at 45 degree
from the horizontal plane so that the welding can be
done inflat/ down hand position.

10 Weld the lap joint by using 0.8mm dia copper coated
mild steel filler wire and using stringer bead welding
technigue.

11 Ensure good leg length and even fusion of plates.
12 Avoidundercut

13 Ensure the edges of the plate is not melted off due to
excessiveweaving

14 Ensure there is no undercut at the other toe of the lap
weld on plate

15 Cleanthe bead by steel wire brush

16 Inspectthe welded jointfor undercut, porosity, uneven
bead formation, edge of the plate melted off, distortion
and good bead profile.

Fillet weld - Lap joint on MS sheet 3mm thick in flat position by dip transfer

1F (GMAN - 03)

Objectives: This shall help you to

= prepare and weld fillet lap joint on MS sheet in flat position.

For the lap fillet joints no distortion allowance is
recommended

Since the GMAW process does not have the ability to
remove many impurities, it is very important to clean the
mill scale, rust, paint, oil or grease fromthe plate surface.

Forweldingthe joints inflat positionitisconvenient to use
the channel to position the joints. This weld permits the
tack welded job to be kept at 45 angle with the horizontal
plane.

The gunis held perpendiculartothe jointatangle of 5to 15
degree forward tothe direction of travel asshownin Fig.1.

Thetorch movementatthe edge ofthe top plate of the Lap
joint should be so controlledthatthe edge is not melted off.
Alsothe torch hasto be paused when reaching the bottom
toe of the weld for a short period so that the undercut, if
developed, at toe is properly filled with filler metal.

Maintain a uniform travel speed for the torch to get the
required bead reinforcement, heightand appearance. Use
the anti spatter spray as and when the torch nozzle gets
cloggedwith weld spatters. Note thatif thisis notdone, the

wire feed may beirregular causing unstabilised arcandthe
Carbon-di-oxide gas flow will not be uniform causing
atmospheric contamination of the weld and porosity.

Fig 1
§° - 15° DIRECTION

CF TRAVELy
|

A

\

A

45" TO SURFACE

DIRECTICN
OF TRAVEL /

ROOT RUN 1
WELD AXIS HORIZONTAL

AFILLET WELD ON A LAP JOINT IN THE FLAT POSITION

WL 20N158001
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CG&M Exercise 1.5.70
Welder - Gas Metal Arc Welding

Fillet weld - 'T" joint on M.S sheet 3mm thick in flat position by dip transfer
1F (GMAW - 04)

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

+ prepare the sheets as per drawing

+ setthe 'T" joint in flat position and tack weld

+ deposit the bead with appropriate amount of filler metal
+ clean and inspect for surface defects on the weld.

]
920°
L |
2 ISST 50 x 3- 150 Fe310-W 1.570
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX.NO
Surs TOLERANCE 0.5 TIME
FILLET WELD TEE JOINT M.S. SHEET 3mm
WL20N1570E1

@ EF THICK IN FLAT POSITION BY DIP TRANSFER IF
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Job Sequence

1 Cut the sheet as per drawing.
2 Grind and file the edges of sheets to square.

3 Deburr and clean the surface of the plates by carbon
steel wire brush and filling.

4 Setthe plate A onthe plate Binthe formof Tee as per
drawing.

5 Wear protective clothing's.

6 Connectthetorchtothe positiveterminal of the machine.

7 Set90-100Acurrent/corresponding wire feedrate, 19to
2 arc voltage and deposit the run using Dip transfer
mode.

8 Tackweld (min. 3mm length) on both ends of the Tee
joint as down in Fig 1.

9 Keepthetackweldedjobinthe channelat 45 degrees
from the horizontal plane so that the welding can be
done in flat / down hand position.

10 Weld the Tee joint by using 0.8mm dia copper coated.
Mild steel filler wire and using stringer bead welding
technigue.

11 Ensure good leg length and even fusion of plates.
12 Avoidundercut.

13 Ensure the edges of the plate is not melted off due to
excessive weaving.

Skill Sequence

TACK WELDING ATEE JOINT

WL2CN1570H1

14 Ensure there is no undercut at the other toe of the lap
weld on plate

15 Cleanthe bead by steel wire brush

16 Inspectthe welded jointfor undercut, porosity, uneven
bead formaticn, edge of the plate melted off, distortion
and good bead profile.

Fillet weld - 'T' joint on M.S sheet 3mm thick in flat position by dip transfer

IF (GMAW - 04)

Objectives: This shall help you to

« prepare and deposit weld bead Tee joint on MS sheet in flat position.

For the lap fillet joints no distortion allowance is
recommended.

Since the GMAW process does not have the ability to
remove many impurities, it is very important to clean the
mill scale, rust, paint, cil or grease fromthe plate surface.

Forweldingthe joints inflat positionitisconvenient to use
the channel to position the joints. This weld permits the
tack welded job to be kept at 45" angle with the horizontal
plane.

The gunis held perpendiculartothe jointatangle of 5to 15
degree forward to the direction of travel as shown in
Fig 1.

Thetorch movementatthe edge ofthe top plate of the Lap
joint should be so controlledthatthe edge is not melted off.
Alsothe torch hasto be paused when reaching the bottom
toe of the weld for a short period so that the undercut, if
developed, at toe is properly filled with filler metal.

Maintain a uniform travel speed for the torch to get the
required bead reinforcement, heightand appearance. Use
the anti-spatter spray as and when the torch nozzle gets
cloggedwithweld spatters. Note thatifthisis notdone, the

wire feed may be irregular causing unsterilisedarc andthe
Carbon-di-oxide gas flow will not be uniform causing
atmospheric contamination of the weld and porosity.

Fig 1
5° - 15° DIRECTICN

CF TRAVEL>/
I

DIRECTION
CF TRAVEL /

WL20N1570J1

TEE FILLET JOINT
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CG&M
Welder - Gas Metal Arc Welding

Exercise 1.5.71

Fillet weld - Corner joint on M.S sheet 3mm thick in flat position by dip transfer
1F (GMAW - 05)

Objectives: At the end of this exercise you shall be able to
prepare the sheets as per drawing

set the corner joint in flat position and tack weld

deposit the bead with appropriate amount of filler metal
clean and inspect for surface defects.

2 ISST 50 x 3- 150 Fe 310-W 1.571
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO
SCALE
NTS TOLERANCE *0.5 TIME

o =

(GMAW-05)

FILLET WELD CORNER JOINT ON M.S.SHEET
3mm THICK IN FLAT POSITION BY DIP TRANSFER 1F

WL20N1571E1
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Job Sequence

1 Cutthe sheet as per drawing.
Grind and file the edges of sheets to square.

Deburr and clean the surface of the plates by carbon
steel wire brush and filling.

4 Setthe plate Aonthe plate Binthe form of cornerjoint
at 90° with specified root gap in flat position as per
drawing.

5 Wear protective clothing's.
Connectthetorchtothe positive terminal of the machine.

Set90-100A current/corresponding wire feed rate, 19to
2 arc voltage and deposit the run using Dip transfer
mode.

8 Tackweld(min. 10mm length) on both ends of the lap
joint as shown in Fig 1.

9 Keep the tack welded job on the welding table in flat/
down hand position.

10 Deposit runinthe joint by forming a key hole and obtain
complete penetration and even fusion of plates.

11 Ensure good leg length and even fusion of plates.
12 Avoidundercut.

13 Ensure the edges of the plate is not melted off due to
excessive weaving.

Skill Sequence

Fig 1

/ TACK WELD

1.6mm

ROOT GAP

WL20N1571H1

14 Ensurethere is no undercut atthe othertoe of the corner
weld on plate

15 Cleanthe bead by steel wire brush

16 Inspectthe welded jointfor undercut, porosity, uneven
bead formation, edge of the plate melted off, distortion
andgood bead profile.

Fillet weld - Corner joint on M.S sheet 3mm thick in flat position by dip transfer

1F (GMAW - 05)

Objectives: This shall help you to

* prepare and weld corner joint on MS sheet in flat position.

While tack welding, plates A and B for the corner joint the
angle between them is to be at 90° degree. (Fig.1)

Since the GMAW process does not have the ability to
remove many impurities, it is very important to clean the
mill scale, rust, paint, cil or grease fromthe plate surface.

Maintain a uniform travel speed for the torch to get the
required beadappearance, reinforcement, penetrationand
height.

Use the anti-spatter spray as and when the torch nozzle
gets clogged with weld spatters. Note that if this is not
done, the wire feed may be irregular causing unsterilized
arc and the Carbon-di-oxide gas flow will not be uniform
causingatmospheric contamination of the weld and porosity.

Fig 1
CHECK ALIGNMENT
WITH TRYSQUARE

TRY SQUARE

Fi
|||||||||||||||||||\|||||||||||||||\||||

TACK WELD —’

WL2CN15T1.1
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CG&M Exercise 1.5.72
Welder - Gas Metal Arc Welding

Butt weld - Square butt joint on M.S sheet 3mm thick in flat position 1 G
(GMAW-06)

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

+ prepare the V.S sheets as per drawing

» set the sheet as square butt joint with root gap and tack weld
» weld the square butt joint in flat position

» clean and inspect for surface defects.

) o
[t
Scan the QR Code to view
the video for this exercise

2 ISST 50 x 3- 150 Fa 310-W 1572
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO
NS TOLERANCE 1 TIME
BUTT WELD SQUARE BUTT JOINT ON M.S SHEET

@ E 3mm THICK IN FLAT POSITION
WL20N1572E1
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Job Sequence

1 Cutthe sheet as per drawing.
Grind and file the edges of sheets to square.

Deburr and clean the surface of the plates by carbon
steel wire brush and filling.

4 Setthe plate Bin parallel with A with roorgap 1to 2mm
flat position as per drawing.

5 Wear protective clothing's.
Connectthetorchtothe positive terminal of the machine.

7 Tackweld (min. 10mmlength) on both ends of the butt
joint as dhown in Fig 1.

& Keep the tack welded job on welding table flat / down
hand position.

9 Weld the butt joint by using 0.8mm dia. Mild steel
copper coatedfillerwire and using stringer bead welding
technigue.

10 Adjusttheweldingcurrentto DCEP and 90-100amperes/
corresponding wire feed rate ( 3-4m/min), 18 to 2 arc
voltage, gas flow of 8 to 10 LPM and stick out of 8 to
10mmand deposit the run by using dip transfer mode.

Skill Sequence

Fig 1 s

a"nrn

SETTING AND TACKING

WL20N1572H1

11 Deposit forming a key hole and obtain complete
penetration and even fusionof plates.

12 Cleanthe bead by wire brush.

13 Inspect the welded joint for undercut, uneven bead
formation, penetration, distortion and good bead profile.

Butt weld - Square butt joint on M.S sheet 3mm thick in flat position 1 G

(GMAW-06)

Objectives: This shall help you to

» prepare and weld square butt joint on MS sheet in flat position.

Adjustthe weldingcurrent to DCEPand 90-100 amperes/
corresponding wire feedrate, 18to 20 arc voltage gasflow
of 8tc 10 LPM and stick out of 8 to 10mm and deposit the
run by using diptransfer mode while tack welding plates A
and B for the butt joint the angle betweenthemisto be at
180 degree.

Since the GMAW process does not have the ability to
remove many impurities, it is very important to clean the
mill scale, rust, paint, oil or grease fromthe plate surface.

Maintain a uniform travel speed for the torch to get the
required bead appearance, reinforcement, penetrationand
height.

Use the anti-spatter spray as and when the torch nozzle
gets clogged with weld spatters. Note that if this is not
done, the wirefeedmay be irregular causing unestablished
arc and the carbon-di-oxide gas flow will not be uniform
causing atmospheric contamination of the weld and

porosity.
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CG&M Exercise 1.5.73
Welder - Gas Metal Arc Welding

Butt weld single V Butt joint on M.S plate 10mm thick by dip transfer in flat
position 1 G (GMAW - 07)

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

+ prepare the plates with beveling using gas cutting and grinding
» Set the root gap and tack weld

» deposit the root run 2™ and 3™ run using weaving technique

» Clean and inspect the weld defects

FINAL
COVERING

2 50 ISF 10- 150 Fe310-W 1573
NO.OFF STOCK SIZE SEMI PRODUCT MATERIAL PROJEGT NO. PART NO. EX. NO
SCALE NTS BUTT WELD SINGLE V' BUTT JOINT ON M.S. PLATE | TOLERANCE 1 TIME

10mm THICK BY DIP TRANSFER IN FLAT

E @ POSITION 1 F CODE NO.WIL20N1573E1
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Job Sequence

+ Adjustthe power source andwirefeedertoobtain18to
21 voltsand 90 and 100 amperes, gas flow 8-10 LPM.

+ Thoroughly cleanthe piecesto bejoined. Pay particular
attentiontothetop side ofthe plate, the sidewalls of the
groove and the underside of the joint. Grind or file a
2 0mmroot face oneach beveled edge as showninFig 1.

+ Tackthe piecestogether and position as showninFig 1.
insert spacers wire between the root gap.

5k GMAW

1.5mm
ROOT FACE

TACK WELDED AND WELD POSITION
FOR A FLAT V - GROGVE BUTT JOINT

WL20N1573H1

+ Holdthe gun perpendiculartothe jointand strike the arc
at the tack. Move the torch from left to right end of the
jointi.e use backhandtechnigue (Fig 2). Weavethegun
from side to side. VWhen the gun is in the center of the
joint, bead to penetrate through the joint and fuse both
root faces. If you allow the arc to go too far up on the
puddle, your penetration will decrease and you will not
penetrate the joint.

Skill Sequence

+  Complete the joint using the bead sequence shownin
Fig 3. Use a slight weave to help the weld flow and to
fuse to the sidewalls of the groove and the previous
beads.

+  Whenyouhave completed the weld, coolitandexamine
it.

Fig2
§°- 158" TOTHE DIRECTION

DIRECTION OF TRAVEL w OF TRAVEL

BACK HAND TECHNIQUE

WL20N1573H2

Flig 2

-
7
Ay

BEAD SEQUENCE

WL2CN1573H3

Butt weld single V Butt joint on M.S plate 10mm thick by dip transfer in flat

position 1 G (GMAW - 07)

Objectives: This shall help you to

» prepare and weld single ‘Vee’ butt joint on MS plate in flat position.

For CO,welding (GMAW process) the plates are bevelled
sothatthe included angle (groove angle) of the single Vee
butt joint is 40 to 45° as shown inthe Fig 1. This is less
compared to MMAW angle which is kept at 60-70°.

Fig1 i

A0° - 45°

S~

| \/ |
Tocontrolthe transverse distortionitis advisable to preset
the joint to 183° for 10mm thick plates as shown in Fig 2.

WL20N157301

Distortion may be allowed for by pre-setting the plates in
the opposite way sothat the weld pulls themto the desired
shape. When the weld shrinks it will pull the plates to its
correct position shown by dotted line Fig 2.
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Fig2

183"

PRE-SETTING TO COMPENSATE FOR ANGULAR DISTORTION

WL20GN1573J2

Maintaining the angle of the torch 5 to 15° towards the
directionoftravel as showninFig2 in jobsequencewillhelp
to get better root penetration.

Maintain a stick-out of 5 to 8mm (maximum 10mm).

Set a current of 80-90A for 0.8mm dia wire with a
corresponding arc voltage of 180to 19V,

Set a gas flow rate to 8-10LPM so as to protect the weld
metal from atmospheric contamination.
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Maintaina fastertravel speedof 3to 4m/minto avoid burn
through duringthe root run. Atthe sametime ensure toget
fulland evenroot penetrationthroughout.

Itisveryimportantto cleanthe root run by carbon steel wire
brush to avoid any non-metallic inclusions during the 2"
pass/run.

Setthe currentto 90to 100A andanarcvoltage of 1910 20V
forthe 2" run.

Maintaina slowertravel speed comparedtotheroot runfor
the 2"run. Use semicircular sideto sideweaving movement
(crescent motion) to achieve full side wall fusion without
any undercuts at either end of the bead.

Maintain a dwell time (pause) of 1 to 2 seconds to get a
properevenfilling atthe end ofthetoes on either side ofthe
bead.

Maintain a proper and even bead profile and a five
reinforcement of 1 to 1.5mm.
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CG&M Exercise 1.5.74
Welder - Gas Metal Arc Welding

Fillet weld Tee joint on M.S plate 10mm thick in horizontal position by dip
transfer 2F (GMAW 08)

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

» prepare and set the job in horizontal position

» set GMAW parameters and tack weld

* deposit root, 2" and 3" run using the stringer bead technique
» clean and inspect the weld surface

GMAW
3
L
2 50 ISF 10 - 150 Fa 310-W 1574
NO.CFF STOCK SIZE SEMI| PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO
SCALE NTS FILLET WELD TEE JOINT ON M.S.PLATE TOLERANGE +1 TIME
10mm THICK IN HORIZONTAL POSITION
S @ BY DIP TRANSFER ( 2F) CODE NO. WL20N1574E1
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Job Sequence

1 Preparethe plates to size (i.e 150 x 50 x 10mm) using
gas cutting/grindingffiling.

2 Cleanthe base metal surface along the weldingline with
a carbon steel wire brush.

Fig 1

WL20N1574H1

Skill Sequence

Set the plates in the form of "T".

4 Tackweldthe 2 plates oneitherend keepingthe T joint
in Horizontal position.

Strike the arc keeping proper angles for the torch.

Depositthe root runwithout weaving and ensure proper
penetration and fill the crater.

7 Cleanthe root run.

8 Depositthe 2" run using stringer bead.
9 Cleanthe 2" run with steal wire brush.
10 Deposit the 3 run using stringer bead.
11 Cleanthe 3" run with steel wire brush.

12 Check for defects like overlap, undercut, porosity and
check for correct leg size and throat thickness.

Fillet weld Tee joint on M.S plate 10mm thick in horizontal position by dip

transfer 2F (GMAW 08)

Obijectives: This shall help youto

» prepare and weld fillet Tee joint on MS plate in position horizontal.

1 Setting and tacking of the Tee joint in horizontal
position:

Fig1

=

5

z

q

z

2 Set the welding conditions:
Fig2
CONTACT TIP
NOZZLE

o

£

o —T °

8-10 é

S

3 Generate an arc:

4 Depositing the root run: Move the torch from left to
right

Figa
45° TO SURFACE

5° - 15° DIRECTION
[ OF TRAVEL

DIRECTION
OF TRAVEL

A TEE FILLET JOINT IN HORIZONTAL POSITION

WL20N 157413

Fill the crater: Clean the scales and other non-metallic
materials and spatters from the root run and the joint.

Depositthe 2" run using stringer bead technique such that
the bead covers two thirds of the root run deposit and the
bottom plate as shown inthe Fig 5.

Cleanthe bead andthe plate surface with carbon steelwire
brush.

Deposit the 3 run using stringer beadtechnigue such that
the bead covers the root run, two thirds of 2" run and the
vertical plate member as shown in the Fig 6.

Inadditionthe leg length'L' has to be maintainedas 8mm.

Thetorch angle betweenthe plates hasto be changed as
shown inthe Figs 4, 5 and 6.
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Fig4

WL20N1574J4

Figs

WIL20N157415

The torch angles are to be changed for 2"“and 3™ run in
orderto depositthe weld metalat proper places sothatthe
correctleglength can be obtained. This also helpsto avoid
defects like overlap, undercut, insufficientthroatthickness
efc.

Ensure uniform travel speed for the torch for all the 3 runs
to get proper bead prcfile and appearance.

Clean the joint after completion of the 3 run.

As and when required, the torch nozzle is to be cleaned
with anti-spatter spray / gel during welding.

Flg6

WL20N1574.6
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CG&M

Welder - Gas Metal Arc Welding

Exercise 1.5.75

Fillet weld corner joint on M.S plate 10mm thick in horizontal position by dip
transfer (2F) (GMAW - 09)

Objectives: At the end of this exercise you shall be able to
+ prepare and set the job as per drawing
» tack weld and set the job in horizontal position

» deposited root, 2" and 3" run using the stringer bead technique

» clean and inspect for surface defects

150

© 7

TRANSFER (2F)

2 ISF 50 x 10- 150 Fa 310 1575
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO
NS FILLET WELD - CORNER JOINT ON M.S.PLATE TOLERANCE 0.5 TIME
10mm THICK IN HORIZONTAL POSITION DIP
WL20N1575E1
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Job Sequence

1 Preparethe platesto sizeie150x 50x 10mm by using
gas cutting, grinding and filling.

2 Cleanthe base metal surface along the welding line with
a carbon steel wire brush.

Setthe plate inthe formof cornerjoint as perdrawing.
Wear protective clothing's.

Connectthetorchtothe positiveterminal of the machine.

L0 B & BN - N 0%

Set the current 90 to 100amps by corresponding wire
feeding rate, 19 to 2 arc voltage and use dip transfer
mode.

7 Tack weld (min. 10mm length) on both ends of the
corner joint as shown in Fig 1.

8 Depositroot run by maintain key hole forfine penetration.
9 Cleanthe root run by wire brush.

10 Deposit the 2™ run using stringer bead.

11 Cleanthe 2" run with steel wire brush.

12 Deposit the 3™ run using stringer bead and clean the
bead by steel wire brush.

Skill Sequence

Fig 1
TACK WELD

1.6mm

WL20N1575H1

ROOT GAP

13 Checkfor defects like overlap, under cut, penetration,
distortionand good bead profile.

Fillet weld corner joint on M.S plate 10mm thick in horizontal position by dip

transfer (2F) (GMAW - 09)

Objectives: This shall help you to

» prepare and weld fillet corner joint on MS plate in horizontal position.

While tack welding plates. A and B for the corner joint the
angle between them is to be kept at 90°.

Since GM AW welding process does not have the ability to
remove many impurities. It is very important to clean the
mill scale, rust, paint, cil or grease fromthe plate surface.
Maintain a uniform travel speed for the torch to get the
required bead appearance, reinforcement, and height.

Use the anti spatter spray as and when the torch nozzle
gets doggedwith spatters. Note that if this is not done, the
wire feed may be irregular causing unsuitabilished arc and
the CO, gas flow will not be uniform causing atmospheric
contamination of the weld and porosity.
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CG&M

Welder - Gas Metal Arc Welding

Exercise 1.5.76

Fillet weld 'T" joint on M.S sheet 3mm thick in horizontal position by dip

transfer 2F (GMAW - 10)

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

« prepare the job, set and tack weld as per drawing
» set the job in horizontal position
» deposit the bead using stringer bead technique

» clean and inspect for surface defects

%

o=

R
80°
2 ISST 50 x 3- 150 Fe 310-W 1578
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NC. EX. NO
SCALE
NTS FILLET WELD TEE JOINT ON M.S. SHEET 3mm TRAERANCE D T
IN HORIZONTAL POSITION BY DIP TRANSFER (2F) I
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Job Sequence

1 Cutthe sheet as per drawing.

2 Grind and file the edges of sheet to square

w

Deburr and clean the surface of the plates by carbon
steel wire brush and filing.

Setthe Tee as per drawing.
Wear protective clothing's.

Connect the torch to positive terminal of the machine.

~ 3 O A

Tackweld (min. 10mm length) on both ends of the tee
joint as shown in the Fig 1.

o

Keep the tack welded job in horizontal position.

Set current to 90 - 100 amperes / corresponding wire
feeding rate (3 to 4 m/min), 19 to 2 arc voltage and
deposit the root run using dip transfer mode.

10 Weld the Tee joint by using 0.8mm dia copper coated.
Mild steel filler wire and using stringer bead welding
technigue.

11 Ensure good leg length and even fusion of plates.
12 Avoidundercut.

13 Ensure the edges of the plate is not melted off due to
excessive weaving.

Skill Sequence

Fig1

TACK

<

S

TACK WELDING A TEE JOINT

WL20N1578H1

14 Ensure there is no undercut.
15 Clean the bead by steel wire brush.

16 Inspectthe welded jointfor undercut, porosity, uneven
bead formaticn, edge of the plate melted off, distortion
and good bead profile.

Fillet weld 'T' joint on M.S sheet 3mm thick in horizontal position by dip

transfer 2F (GMAW - 10)

Objectives: This shall help you to

» prepare and weld fillet Tee joint on MS sheet in horizontal position.

While tack welding plates Aand Bforthe Teejointthe angle
between them is to be kept at 91° initially as shown in
Fig 1 (i.e a distortion allowance of 1° per run) or Tee fillet
joints distortion allowance is recommended.

Since GMAW process does not have the ability to remove
many impurities, itis very importantto cleanthe millscale,
rust, paint, cil or grease from the plate surface.

For welding the joints in flat (down hand) position it is
convenient to use the channel to position the joints. This
will permit the tack welded job to be kept at 45° angle with
the horizontal plane.

The gunis held perpendiculartothe jointatangle of 5to 15
degreeforward to the direction of travel as shown in Fig1.

Thetorch movement atthe edge ofthe top plate of the Tee
joint should be so controlledthatthe edge is not melted off.
Alsothe torchhasto be paused when reaching the bottom
toe of the weld for a short period so that the undercut, if
developed, at toe is properly filled with filler metal.

Maintain a uniform travel speed for the torch to get the
required bead reinforcement, heightand appearance. Use

Flg 1 45° TO SURFACE

5° - 15° DIRECTION
[ OF TRAVEL

el

| ”’

DIRECTION
OF TRAVEL

A TEE FILLET JOINT IN HORIZONTAL POSITION

L20N15768J1

w

the anti-spatter spray as and when the torch nozzle gets
cloggedwithweld spatters. Note thatifthisis notdone, the
wire feed may be irregular causing unestablishedarcand
the carbon-di-oxide gas flow will not be uniform causing
atmospheric contamination of the weld and porosity.
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CG&M Exercise 1.5.77
Welder - Gas Metal Arc Welding

Fillet weld - corner joint on M.S sheet 3mm thick in horizontal position by dip
2F transfer (GMAW - 11)

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

+ prepare plates as per drawing

» set and tack weld the plates

» set the corner joint in Horizontal position

* deposited the bead with appropriate amount of filler metal
» clean and inspect for surface defects on the weld

150 ‘

T 1
90°
&
2 ISST 50 x 3- 150 Fe310-W 1677
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO
SCALE
NTS FILLET WELD CORNER JOINT ON M.S.SHEET TOLERANCE *0.5 TIME

3mm THICK IN HORIZONTAL POSITION BY

@ = DIP TRANSFER 2F wizowtsrrEd
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Job Sequence

1 Cut the sheet as per drawing.
Grind and file the edges of sheet to square.

Deburr and clean the surface of the plates by carbon
steel wire brush and filing.

4 Setthe plate inthe form of Corner joint at 90 degrees
with specified root gap inflat position as per drawing.

5 Wear protective clothing.
Connect the torch to positive terminal of the machine.

Set current to 90 - 100 amperes / corresponding wire
feedingrate 19to 2 Arcvoltage and depositthe roctrun
3-4m/mm using dip transfer mode.

& Tackweld (min10mmlength) onbothends ofthe corner
joint as shown inthe Fig 1.

9 Keep the tack welded job in horizontal position.

10 Weld the corner joint by using 0.8mm dia. Mild steel
copper coatedfillerwire and using stringer bead welding
technigue.

11 Deposit root run on the joint by forming key hole and
obtaincomplete penetrationand evenfusion of plates.

12 Cleanthe bead by steel wire brush.

Skill Sequence

Fig 1

/ TACK WELD

1.6mm

ROOCT GAP

WL20N1577H1

13 Inspectthe welded jointfor undercut, porosity, uneven
bead formaticn, edge of the plate melted off, distortion
and good bead profile.

Fillet weld - corner joint on M.S sheet 3mm thick in horizontal position by dip

2F transfer (GMAW - 11)

Objectives: This shall help you to

» prepare and weld corner joint on MS sheet in horizontal position.

Maintain a key hole and uniform travel speed for the torch
togetthe required beadappearance, reinforcement, height.
Use the anti spatter spray as and when the torch nozzle
gets clogged with weld spatters. Note that if this is not
done, the wire feed may be irregular causing unstabilised
arc and the Carbon-di-oxide gas flow will not be uniform
causingatmospheric contamination of the weldand porosity.
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CG&M
Welder - Gas Metal Arc Welding

Exercise 1.5.78

Fillet weld - Tee joint on M.S plate 10mm thick in vertical position by (vertical
up) dip transfer 3F (GMAW - 12)

Objectives: At the end of this exercise you shall be able to
+ prepare the plates and tack weld as per drawing
» setthe job by using positioner in vertical position
» deposit root run, 2™ run by weaving technique

* clean and inspect the weld defects

GMAW >—|>—

Job Sequence

1

Preparethe platestosize (i.e 150x 50 x 10mm) using
gas cutting, grinding and filing.

/ﬂ

7 Strike the arc keeping proper angles for the torch.
Deposit the root run without weaving and ensure

2 Clean the base metal surface along the welding line proper penetration andfill the crater.
with a carbon steel wire brush. 9 Cleanthe root run.
3 Setthe plates in the form of an "T". 10 Deposit the 2 run.
4 Wearall protective apparels. 11 Cleanthe 2™ run.
> Tackweldthe 2 plates, keepingthe T jointinhorizontal 12 Checkfor defects like overlap, undercut, porosity and
position. check for correct leg size and throat thickness.
6 Adjustthe powersource andwire feeder (3-4m/min) to
obtain 18 to 21 volts and 90 - 100 amperes, gas flow
of 8- 10LPM (Litre per minute). Select the lower side
ofthe range for vertical welding.
2 50 ISF 10 - 150 Fe 310-W 1578
NO.OFF STOCK SIZE SEMI PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO
SCALE NTS FILLET WELD TEE JOINT ON M.S. TOLERANCE #1 TIME
PLATE 10mm IN VERTICAL POSITION (UPWARD)
S —@ (3F) GMAW-12 CODE NO. WIL20N1578E1
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Skill Sequence

Fillet weld - Tee joint on M.S plate 10mm thick in vertical position by (vertical

up) dip transfer 3F (GMAW - 12)

Objectives: This shall help you to

» prepare and weld fillet Tee joint on MS plate in vertical position.

Thoroughly clean the pieces to be joined, tack them
together and position them as shown inFig 1.

Fig 1

A )

-

WELD POSITION FOR A VERTICAL UP TEE JOINT FILLET

WL20N1578H1

Beginning at the bottom of the joint, use the gun angles
shown in Fig 2. Begin to weld using a weaving motion
similar to that given in Fig.3.

Flg= TOP VIEW

FLcy

WL20N1578H2

GUN ANGLES

The weld will deposit a shelf at the bottom of the joint on
which you can build. Be certain when you weave the gun
thatthe arc reachesthe rootofthe joint toensure good root

penetration. Pause on the sides to fill in the weld and
preventundercut. Increase thetravel speed ofthe gunwhen
moving from side to side to prevent excessive buildup,
which would make a very convex bead.

Complete the first pass, keeping the fillet size as close to
6mm as possible.

Coolthe plate thoroughly and deposita second pass. Keep
the size of the second pass fillet to 8mm. (see Fig 4)
The weaving pattern to be used for the second pass is
shown in Fig 5.

Weld the other side of the T assembly, using the same
technigue as for the first side.

Fig 3
2
E
1
WEAVE PATTERN g
Fig4
1
2
-
5
z
&
BEAD SEQUENCE §l
Figs

e,

WL20N1578H5
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CG&M

Welder - Gas Metal Arc Welding

Exercise

1.5.79

Fillet weld outside corner joints on MS plate 10mm vertical position upward
by dip transfer 3F (GMAW - 13)

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

mark and cut the piece asper drawing
set the root gap and tack weld

weld root, 2nd and 3rd weaving bead in vertical position
clean and inspect the weld defects.

Scan the QR Co

G Z:: E

de to view

the video for this exercise

| — ROOT BEAD

MS PLATE 10mm IN VERTICAL POSITION (UPWARD)
BY LAY DIP TRANSFER (3F) GMAW-13

INTERMEDIATE ﬁ
BEAD
NAL COVERING
BEAD
5 p
/ = —LGMAW
]
50
2 50 ISF 10- 150 Fe310-W 1.5.97
NO.OFF STOCK SIZE SEM-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO
B + TIME
NTS FILLET WELD OUTSIDE CORNER JOINT ON TOLERANCE *1

CODE NO : WL20N1579E1
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Job Sequence

1 Cut the flat, hack sawing / gas cutting.
Grind and file the edges of flat to square.

Deburr and clean the surface of the plates by carbon
steel wire brush and filling.

4 Setthe plate inthe form of corner as per drawing.
5 Wearprotective clothes.

Connect the torch to the positive terminal of the
machine.

7 Setthe current 90 to 100 amps by corresponding wire
feeding 3-4m/min, 19 to 2 arc voltage and use dip
transfer mode.

8 Tack weld (min.10 mm length) on both ends of the
corner joint as shown in Fig 1.

9 Keepthe tack welded jig in vertical position on a weld
positioner.

10 Strike an arc and move the torch steady straight from
the bottom to top.

11 Weld the corner joint by using 0.8mm dia copper
coated. Mild steel filler wire and using stringer bead
weldingtechnique.

12 Ensure good leg length and even fusion of plates.

13 Avoidundercut.

Skill Sequence

Flg 1

ﬁ o
TN

1.5mm

ROQT GAP

WLICN1578H1

14 Ensure the edges of the plate is not melted off due to
excessiveweaving

15 Ensurethere is no undercut atthe othertoe of the corner
weld on plate

16 Cleanthe bead by steel wire brush

17 Inspectthe welded jointfor undercut, porosity, uneven
bead formaticn, edge of the plate melted off, distortion
and good bead profile.

Fillet weld outside corner joints on MS plate 10mm vertical position upward

by dip transfer 3F (GMAW - 13)

Objectives: This shall help you to

» prepare and weld outside corner joint on MS plate in vertical position.

While tack welding plates A and B for the corner joint the
angle between them is to be kept at 90°.

Since GM AW welding process does not have the ability to
remaove many impurities. It is very important to clean the
mill scale, rust, paint, oil or grease the plate surface.

Maintain a uniform travel speed for the torch to get the
required bead appearance, reinforcement, and height.

Use the anti spatter spray as and when the torch nozzle
gets clogged with weld spatters. Note that if this is not
done, the wire feed may be irregular causing unstabilished
arc and the CO, gas flow will not be uniform causing
atmospheric contamination of the weld and porosity.
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CG&M Exercise 1.5.80
Welder - Gas Metal Arc Welding

Fillet weld - Lap joint on M.S sheet 3mm thick in vertical position by dip
transfer 3F (GMAW - 14)

Objectives: At the end of this exercise you shall be able to
prepare the plates as per drawing

tack weld and set the job in vertical

deposit root run and 2™ run by weaving bead

clean and inspect for surface defects on the weld.

R

e

| /-

.

%

2 ISST 50 x 3x 150 Fe310-W 1580
NO.OFF STOCK SIZE SEM-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO
SCALE
NTS FILLET WELD - LAP JOINT M.S. SHEET 3mm TOLERANCE 0.5 TIME

THICK IN VERTICAL POSITION BY DIP TRANSFER

@ E (3F) GMAW-14 WL20N1580E1
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Job Sequence

1 Cutthe sheet as per drawing.
Grind and file the edges of sheets to square.

Deburr and clean the surface of the plates by carbon
steel wire brush and filling.

4 Setinthe form of lap as per drawing.
5 Wear protective clothes.

6 Connectthetorchtothe positiveterminal of the machine.

!

AR

TACKING A LAP JOINT

WL20N1580H1

Skill Sequence

7 Set90-100A current/correspondingwirefeedrate, 1910
2 arc voltage and deposit the run using Dip transfer
mode.

8 Tackweld (min. 10mm length) on both ends of the lap
joint as shown in Fig 1.

9 Keepthetackweldedjobin vertical positionona weld
positioner.

10 Strike an arc and move the torch steady straight from
the bottom to top upwards.

11 Weld the lap joint by using 0.8mm dia copper coated.
Mild steel filler wire and using stringer bead welding
technigue.

12 Ensure good leg length and even fusion of plates.
13 Avoid undercut.

14 Ensure the edges of the plate is not melted off due to
excessive weaving.

15 Ensure there is no undercut lap weld on plate.
16 Clean the bead by steel wire brush.

17 Inspectthe welded jointfor undercut, porosity, uneven
bead formaticn, edge of the plate melted off, distortion
andgood bead profile.

Fillet weld - Lap joint on M.S sheet 3mm thick in vertical position by dip

transfer 3F (GMAW - 14)

Objective: This shall help you to

» prepare and deposit weld lap joint on MS sheet in vertical position.

For the lap fillet joints no distortion allowance is
recommended

Since the GMAW process does not have the ability to
remove many impurities, it is very important to clean the
mill scale, rust, paint, cil or grease fromthe plate surface.

The gunis held perpendiculartothe jointatangle of 5to 15
degreeforward to the direction oftravel as shownin Fig1.

Thetorch movementatthe edge ofthe top plate of the Lap
joint should be so controlledthatthe edge is not melted off.
Alsothe torch hasto be paused when reaching the bottom
toe of the weld for a short period so that the undercut, if
developed, at toe is properly filled with filler metal.

Maintain a uniform travel speed for the torch to get the
required bead reinforcement, heightand appearance. Use
the anti spatter spray as and when the torch nozzle gets
cloggedwithweld spatters. Note thatifthisis notdone, the
wire feed may beirregular causing unstabilised arc andthe
Carbon-di-oxide gas flow will not be uniform causing
atmospheric contamination of the weld and porosity.

Fig1

WL20N1580J1
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CG&M Exercise 1.5.81
Welder - Gas Metal Arc Welding

Fillet weld - corner joint on M.S sheet 3mm in vertical position by dip transfer
3F (GMAW - 15)

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

+ prepare the sheet as per drawing

» set and tack weld the sheets

set the corner joint in vertical position

deposited the bead with appropriate amount of filler metal
clean and inspect for surface defects.

2 IS8T 50x 3-150 Fe 310-W 1.581
NOC.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO
NS FILLET WELD OUT SIDE CORNER JOINT ON TOLERANCE®05 | TiME
M.S.SHEET 3mm IN VERTICAL POSITION
@ 5 BY DIP TRANSFER (3F) GMAW-15 WLZON1861E1
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Job Sequence

+ Cutthe sheet as per drawing.
+ Grind and file the edges of sheets to square.

+ Deburr and clean the surface of the plates by carbon
steel wire brush and filling.

+ Setthe plate inthe form of corner as per drawing.
+  Wear protective clothes.
« Connectthetorchtothe positive terminal of the machine.

+  Set 90-100A current/corresponding wire feed rate,
3-4m/min19to 2 arc voltage and deposit the run using
Diptransfer mode.

« Tack weld (min. 10mm length) on both ends of the
corner joint as shown in Fig 1.

+  Keepthetack welded job invertical position ona weld
positioner.

+ Strike an arc and move the torch steady straight from
bottom to top.

+ Weld the corner joint by using 0.8mm dia copper
coated. Mild steel filler wire and using stringer bead
weldingtechnique.

+ Ensure good leg length and even fusion of plates.

+  Avoidundercut.

Skill Sequence

Fig1

, o
TN

1.6mm

ROOT GAP

WL20N1581H1

« Ensure the edges of the plate is not melted off due to
excessive weaving.

+ Ensure there is no undercut at the toe of the weld on
plate.

+ Cleanthe bead by wire brush.

+ Inspectthe welded jointfor undercut, porosity, uneven
bead formaticn, edge of the plate melted off, distortion
and good bead profile.

Fillet weld outside corner joints on MS plate

Objectives: This shall help you to

» prepare and weld outside corner joint on MS plate in vertical position.

While tack welding plates A and B for the corner joint the
angle between them is to be kept at 90°.

Since GMAWwelding process does not have the ability to
remove many impurities. It is very important to clean the
mill scale, rust, paint, oil or grease the plate surface.

Maintain a uniform travel speed for the torch to get the
required bead appearance, reinforcement, and height.

Use the anti spatter spray as and when the torch nozzle
gets clogged with weld spatters. Note that if this is not
done, the wirefeed may be irregular causing unestablished
arc and the CO, gas flow will not be uniform causing
atmospheric contamination of the weld and porosity.

212 CG & M: Welder (NSQF Revised - 2022) - Exercise : 1.5.81



CG&M
Welder - Gas Metal Arc Welding

Exercise 1.5.82

Fillet weld - lap and 'T" joint on M.S sheet 3mm thick in overhead position by
dip transfer 4F (GMAW - 16)

Objectives: At the end of this exercise you shall be able to
prepare the sheets as per drawing

set and tack weld the sheets as lap and 'T' as per drawing
set the job over head position for welding

deposited the metal in the joints with proper leg length
inspect for surface defects on the weld bead.

GMAW
|
GMAW
3 ISST 50 x3x 150 Fe 310-W 1.5.82
NO.COFF STOCK SIZE SEMI-PRODUCT MATERIAL PROQJECT NO. PART NO. EX. NO
SCALE
NTS FILLET WELD LAP AND TEE JOINT ON M.S.SHEET 3mm J5 =ERANGE H TIME
THICK IN OVER HEAD POSITION BY DIP TRANSFER
@ EF (4F) GMAW-16 WL20N582E

Job Sequence

1 Cutthe sheets by as per drawing.
2 Grind and file the edges of sheets to square.

3 Use plain goggles while grinding

steel wire brush and filling.

4  Deburrand clean the surface of the sheets by carbon
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5 Setthe sheetform of Tee as per drawing Fig 2.

Wear protective clothes.

7 Tackweld(min. 10mmlength) on both ends ofthe Tee
joint as shown in Fig 2.

8 Set the sheet Lap joint as per drawing Fig 1 on the
s0mm sheet.

9 Tackweld (keeping minimumlength of 10 mm) on both
sides of the lap joint as shown in the Fig 1.

(9]

Fig1 (?

A

TACKING A LAP JOINT

&
=
z
|
=
to

10 Fix the tack welded job in the weld positioned
overhead position.

11 Connectthetorchtothe positive terminal of the machine.

12 Set 90-100A current/corresponding wire feed rate
3-4m/min, 19to 21 arcvoltage and depositthe runusing
by transfer with 0.8mm dia copper coated mild steel
filler wire mode.

13 Ensure proper leg length and even fusion of sheets
suitable weldinggun/torchangle and arctravelspeed.

14 Cleanthe welded joint by steel wire brush.

Skill Sequence

15 Ensure good penetration and even fusion of sheets A
and C with suitable torch angle and arc travel.

16 Avoid under cut onsheet C

17 Ensurethe edge of the sheet A (at the toe of the weld)
is not melted off due to excessive weaving.

18 Ensurethere is no undercut at the other toe of the lap
weld onsheet C.

19 Clean the bead and the lap joint with steel wire brush

20 Inspect the welded joint for undercut, uneven bead,
edge of the plate melted off, distortion and good bead
profile.

Fig2

A*ﬁl

WL20N1582H2

TACK BOTH SIDES

Fig3

T

GUN ANGLES

WLZ0N1582H3

Fillet weld - lap and 'T’ joint on M.S sheet

Objectives: This shall help you to

» prepare and weld lap and ‘T’ joint on MS sheet in overhead position.

It is important to ensure that the Tee and lap joint is held
inthe weld positioner firmly.

Theline of weld of the joint should be parallel to the ground
and is in such as a height from the ground that it is easily
accessible to the welder depending on the height of the
welder.

Ensure that the torch assembly hose, containing the
spiral, fillerwire, gas hose etcis longenough so that it can
be carried over your shoulder while welding in overhead
position refer Fig 1.

This will help in maintainingthe constant distance between
the torch and joint to be welded.

Usinga welding helmetandwearing awelderoverallisvery
essential to protect the whole body from the spatters in
overheadwelding position.

Use stringer bead welding technique and follow the same
procedure to complete the lap joint.

Fig1

WL20N1582J1
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CG&M Exercise 1.6.83
Welder - Gas Tungstan Arc Welding

Tee joints on M.S pipe ¢60 mm OD x 3mm WT 1G position (ARC constant
rolling) GMAW-17

Objectives: At the end of this exercise you shall be able to
+ draw pipe development as per drawing

» prepare the job and tack weld

» deposite the root and second runs

* clean and inspect the completed pipe weld.

@60
3
| I B
| |
| I A
| |
| |
Y I | I ™
777777 : : e
|
_ _ - 8
[
100
1 P60 x 3-180 = Fe 310W = = 1.5.83
NO.OFF STOCK SIZE SEMI PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO
SCALE NTS TEE JOINT ON M_S_PIPE TOLERANCE #1 TIME
E @ @60MM OD X 3MM WT FLAT POSITION {ROLLING)
CODE NO. WL20N1583E1
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Job Sequence

1 Cutthe pipes to the given size.

2 Preparedevelopmentfor80° Tee. (Fig4)

Fig1

GdH012321D12321D
DEVELOPMENT FOR 80° T JOINT "50 mm OD PIPES"

WLZ0N1583H1

3 Markthe developmentonthe pipe and cut
accordingly.

4 Ensure the correct size of pipes.

Skill Sequence

5 Branch pipes in mild steel may be cuton a special oxy-
fuel gas profiling machine. Where such equipment is
not available, the branch can be produced by marking
the outline using atemplate figure as showninFig4 and
scriber or pointed chalk followed by centre punching.
The branch can then be produced by cutting to the
marked outline, using manually operated oxy-fuel gas
cutting equipment.

Deburr the cutting edges and file the edges.
Clean the surface of the pipe if any oxide is found.

Setand align the branch pipe with the main pipe at an
angle of 90° (Fig 5)

9 Tack-weld the joint with a 1.5mm root gap to control
distortion and to obtain penetration. (Fig &)

10 Weld all the pipes as shown in Fig 6.

11 Manipulation of the torch during welding the ‘Tee' joint
should be correctly followed. (Fig.7)

12 Weld and complete the joint-clean it.

13 Inspectfor surface defects.

Tee joints on M.S pipe $60 mm OD x 3mm WT 1G position (ARC constant

rolling) GMAW-17

Objectives: This shall be able to
» prepare and make pipe Tee joint.

Forwelding the joints in 1G position itis convenientto use
the pipe lines. Maintaina uniformtravel speedforthe torch
to getthe required bead reinforcement, usethe and spatter
spray as andwhenthe torch nozzle gets clogged with weld
spatters.

Fig1

Ve

ALTERNATIVE TACK
WELD POINTS

FILLET WELD EACH
CROTCH FIRST

WL20N1583J1

Fig2

O,

WL20N1583J2
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CG&M

Welder - Gas Tungstan Arc Welding

Exercise 1.6.84

Depositing bead on S.S sheet in flat position (GMAW - 18)

Objectives: At the end of this exercise you shall be able to
» mark and set the plate as per drawing

» select filler wire and set the gas flow and current
* deposite the bead with weaving
» clean and inspect the weld.

=

DEPOSITING BEAD ON S.S.SHEET IN FLAT POSITION

1 100 x160x 2 i X04Cr1919 S i 1.5.84
NC.OFF STOCK 8IZE SEMI PRODUCT MATERIAL PRGJECT NO. PART NO. EX. NO
SCALE NTS TOLERANCE +1 TIME

CODE NO. WL20N1583E1
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Job Sequence

1 Prepare the job to size as per drawing.
2 Cleanthe job surface with stainless steel wire brush.

3 Markparallel lines onthe jobsurface as perdrawing and
punch the lines.

4 Setthe workpiece (job)onthe worktable inflat position.

5 Fixthe0.8mmdiameterS.S wire spool inposition, lock
it up and pull the wire through the guide tube, rollers,
spiral and contact tip of the torch.

6 Start the welding machine. Connect the torch to the
positive (DC +ve) terminal (DCRP) of the machine.

7 Openthe argon gas flow before striking the arc.

8 Set the arc voltage at 19-21 volt as required for dip
transfer mode.

9 Setthe GasFlow Rateat8-10LPM (Litres Per Minute).

Skill Sequence

10 Set the wire feed rate so as to get 90-100 Amp by
striking the arc on a scrap plate.

11 Use DIN 11 or 12 blackigreen filter glass on Hand
Shield/Helmet forabove currentsetting.

12 Wear the protective clothing as required.
13 SwitchovertoWeld Mode as indicated inthe machine.

14 Strikethe arc, maintainafiller wire stick out of 8-10mm
from the end of the contacttipto the job as required for
DipTransfer Mode.

15 Deposit the bead on punched lines of the job fromone
endto other.

16 Remove spatters with chipping hammer and cleanthe
joint using Carbon Steel Wire Brush.

17 Inspect the weld bead for finish and defects.

Depositing bead on S.S sheet in flat position (GMAW - 18)

Objectives: This shall help you to
* mark and set the plate as per drawing.

Setting up of the MIG welding machine: Fix the wire
spool andtakethewirethroughthe guide tube, rollers spiral
and contact tip at the end of the torch/gun. (Fig 1)

Fig 1
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WELDING CURRENT
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DRIVE ROLL UNIT
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COMPONENTS QD THE CO, MIG WELDING SYSTEM

GUN

GROUND

WLZ0N1584H1

Draw the wire from the spool, pass it on through the Inlet
wire guide, driver rollers and outlet wire guide. (Fig2 & 3)

Fig2
i
. . 3
w0
z
FLAT SURFACE SMOOTH ¥V GROOVE SERRATED ¥V GROOVE g

Fig 3

INLET WIRE DRIVE ROLLERS

GUIDE
OUTLET EIRE
/I[ GUIDE
—
L L1z ol

DRIVE ROLLS AND WIRE GUIDES PROPERLY ALIGNED

% 4

WL20N1584H3

The roller should not be overtightened to avoid flattening
and peeling of copper coating on the wire.

The wire is further passed through the conduit liners with
spring liners called spiral Fig 4 to the welding torch outlet
through the contact tip. (Fig 5)

1 Setting up arc voltage, stick out and wire feed rate
of dip transfer

2 Setting appropriate arc voltage for the
corresponding current used

3 Settingthestick-out: Thisisthe distance betweenthe
end of the outer tip of the electrode till it touches the
base metal refer (k) in the Fig 6.

4 Welding procedure (depositing the beads): Strike
the arc by pressingthe trigger in the welding torch (Fig
7)andatthe sametime touching the tip ofthe electrode
wire to the job at the starting of the marked line.
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Fig 4
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5 Cleaning the weld bead: The spatters, if present, on
the surface of the bead and base metal are to be
removed by using a chipping hammer. Also use
protective gogglesfor safety. Furtherthe bead hastobe
cleaned by carbon steel wire brushto remove any non-
metallic deposits on the bead.

Fig7
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CG&M Exercise 1.6.85
Welder - Gas Tungstan Arc Welding

Butt joint on stainless steel 2mm thick sheet in flat position by dip transfer
(GMAW - 19)

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

» prepare the plate and tack weld as per the drawing

» set the tack welded joint in flat position

» deposited the bead with appropriate amount of filler metal
» clean and inspect for surface defects.

Job Sequence Skill Sequence

1 Prepare the sheets as per drawing Refer Ex.No. 1.5.84

2 Use necessary safety precautions .

3 Cleanthe edges of the sheet.

<S>

4 Setthe sheets as a square butt joint and tack weld

at the ends.
Fix the joint in on backing strip in flat position.

Strike an arc and move the torch steadily. I |

w

[9)]

~J

Use proper torch angles with slight weaving.

2 150 x 50x 2 X 04 Cr1gNi9 15.85
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO
SCALE
NTS TOLERANCE #1 | TIME
BUTT JOINT ON STAINLESS STEEL 2mm THICK

@ 5 SHEET IN FLAT POSITION BY DIP TRANSFER WL20N 5851
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CG&M

Welder - Gas Tungsten Arc Welding

Exercise 1.6.86

Depositing bead on aluminium sheet 2mm thick - position flat (GMAW - 01)

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

» prepare the job as per drawing

» set up the GTAW machine accessories and parameters
* deposit fusion run with filler using leftward technique

* clean and inspect the job.

=6

2mm THICK - POSITION FLAT

GTAW
1 1 | 1
i I ]
T T T T T
1 100 x 2 x 150 AL 199890 - IS 737 1.6.86
NO.OFF STOCK SIZE SEMI PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO
SCALE NTS TOLERANCE 1 TIME
DEPOSITING BEAD ON ALUMINIUM SHEET

CODE NO. WL20N1686E1
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Job Sequence

1 Prepare the aluminium sheet as per dimensions. 7 Setupthe GTA welding plant as per the Fig 1.

Clean the surface with the stainless steel wire brush. 8 Selectthetype andsize of tungsten electrode, current,

Also dothe chemical cleaning with acetone/alcohol to U inwidie aliliset iem o e e

removedirts. 9 Select aluminium filler rod. 1.6mmf with 5% silicon.
Draw parallellinesand punchthe lines as per dimensions. 10 Switch on the machine and strike the arc.
Set the job in flat position. 11 Depositfusion runwithfiller wire using leftwardwelding

6 Select the power supply as follows: technique.

— Incase of helium as shielding gas use DCEN. feiClcanancliispesiticnsldion
— Incase of Argonas shielding gasand use AC power
source. Majority of welding is done using argengas.

Fig 1
COMBINES WELDING CABLE AND GAS TUBE
LOW VOLTAGE RELAY SWITCH
| | MAINS INPUT MAINS INPUT ‘ | LG
54
5 aitet & ad b4 FLOW METER
WELDING SET TI'\MA"_ REGULATOR
TORCH 2
HIGH FREQUENCY
HIGH YOLTAGE
H.F. UNIT
WORK
Q O
SUPRESSOR ARGON
{ONLY REQUIRED
FOR ALUMINIUM;)
— EARTH I
B 8
g
CONNECTIONS FOR INERT GAS WELDING USING AIR-COOLED TORCH g
Skill Sequence
Depositing bead on aluminium sheet 2mm thick - position flat
Objective: This shall help you to
» prepare and practice straight line beads on aluminium in flat position.
Ensure to use correct size of the sheet for welding. Finish welding and ensure to fill the crater.
Selectaluminium (95% AL and 5% SL) filler wire 1.6mmf. Brush the weld using SS wire brush andcheckfor defects
Setthe currentandother parameters as perthe Table given Wit
below. A table-1 of the variable used when manually welding
aluminium with the gas tungsten arc using AC and high

Openthe gas cylinder valve slowly. fiedlic iy

Thefillerredandtorchare heldatanangledof10to15°and
70 to 80° to the line of weld.
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Diameter of

] x . .
thickness daint fype electrode diramu?rzzl:]'f Amperags
with 1 to 27 o Type | Limin
Zirconium
Butt & Corner 1.6 mm 1.6 mm G0 —85 Argon T
2 mm
Fillet 1.6 mm 1.6 mm 75— 100 Argon i
Butt & Comer 315 mm 24 mm 120-150 Argon | 85
3.15
Fillet 3.15 mm 24 mm 130 =160 Argon 9.5
Butt & Comer 3.15 or 4 mm 3.15 mm 120-150 Argon 12
2 mim
Fillet 3.15 or 4 mm 3.15 mm 130 — 160 Argon 12
Butt & Cormer 4 or &5 mm 240- 280 Argon 14
6.3 mm
Fillet 4 or 5 mm 250 =320 Argon 14
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CG&M

Welder - Gas Tungsten Arc Welding

Exercise 1.6.87

Butt weld square butt joint on aluminium sheet 1.6mm - position flat
(GTAW - 02)

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

» weld square butt joint on Aluminium sheet 3mm thick using TIG welding process.

* prepare the job as per drawing

set the root gap and tack weld
deposit weld bead by using leftward technique
clean and inspect the job.

Scan the

QR Code to view

the video for this exercise

2 B0 x2x1580 AL.1899880 - IS 737 1.8.87
NO.OFF STOCK SIZE SEM| PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO
SCALE TS BUTT WELD SQUARE BUTT JOINT ON TOLERANGE TIME 8h
E @ ALUMINIUM SHEET 1.6 mm - POSITION FLAT e o, W
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Job Sequence

Prepare aluminium sheets as per dimensions. 6 Select the various parameters as given in the Table 1

Use Tungsten (zirconium) 1.6mm dia electrode. el sEIRERT deORgly.

7 Weldthe jointin flat position using leftward technique.
8 Fill the crater.

Clean the edges of the sheets.

Usethe stainless steelwire brush for surface cleaning.
9 Cleantheweldareathoroughly.

g A W N =

Set the square butt joint.
10 Inspect the jobfor free from defects.

Skill Sequence

TIG welding process

Objective: This shall help you to
» weld square butt joint on Aluminium sheet 3mm thick using TIG welding process.

Ensure setting of Butt joint as per drawing. Fig 1
Tungsten electrode tip to be ground for AC welding-
Aluminium as shown in Fig 1. E
ROUND TIP OF TUNGSTEN £
ELECTRODE IN AC TIG WELDING g
TABLE 1
Guideline for Manual AC GTA welding of aluminium
Plate Welding Jointtype Current AC Electrode | Nozzle Argon Filler Number
thickness | position {Amp) Dia.(mm) | size flow rod of
{mm) (10) mm | Rate Dia. runs
{mm}) LPM mm
2mm F Square butt 70 - 100 24 80 10 24 1
H, V Square buitt 70 - 100 2.4 8.0 10 2.4 1
O Square butt 60 - 90 2.4 8.0 13 2.4 1
22 F Square butt 120 - 120 32 88 10 & 1
H, V Square buit 110 - 140 32 9.8 10 52 1
O Square butt 110 - 140 3.2 8.8 13 o 1
4.8 F 60" Single Vee 180 - 220 4.0 11 12 4.0 2
H, V 60" Single Vee 160 - 200 4.0 11 12 4.0 2
@ 60" Single Vee 170 - 200 4.0 11 12 4.0 2
6.35 F 60" Single Vee 220 - 240 4.8 12.7 15 4.0 2
H, V 60" Single Vee 220 - 240 4.8 12.7 15 4.0 2
O 60" Single Vee 210 - 250 4.8 12.7 18 4.0 2

CG & M: Welder (NSQF Revised - 2022) - Exercise : 1.6.87 225



CG&M Exercise 1.6.88
Welder - Gas Tungsten Trc Welding

Fillet weld - Tee joint on aluminium sheet 1.6mm - position (1F) (GTAW 03)

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

* prepare set and tack weld as per drawing

» select type and size of tungsten electrode and filler metal
» deposit weld bead in leftward technique

» clean and inspect the job.

Scan the QR Code to view
the video for this exercise

GTAW
[ 1
2 50x2-180 == Al 198980 - IS 737 == == 1.6.88
NO.OFF STOCK SIZE SEM| PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO
FRALE MR FILLET TEE JOINT ON ALUMINIUM SHEET TR EE

E @ 1.6mm- POSITION FLAT (1 F) CODE NO. WL20N1688E1
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Job Sequence

1 Prepare aluminium sheets as per dimensions.

2 Cleanthe edges of the sheets by the chemical cleaning
method and deburr. Use the stainless steelwire brush
forsurface cleaning

Skill Sequence

3 Setthe“Tee’ joint for aluminiumwelding.

4 Use 1.6mm size tungsten (zirconium) electrode.

Fillet weld - Tee joint on aluminium sheet 1.6mm

Obijective: This shall help you to

» prepare and weld Tee joint on aluminium in flat position.

Ensure setting of the Tee joint as per drawing.

Tack weld at equal intervals (50mm spacing) so that the
plates are set to form 90° equal Tee.

Take adequate care inselectionof Tungsten Electrode Tip
foralternating current power. (Fig 3)

Lack of penetration is avoided by judicially following the
position of the Arc with respect to the joint. See Fig 1 and
Fig 2.

Fig 1

SIZE OF WELD REQUIRED

/—LEG LENGTH

\

\ LEG LENGTH

WL20N1888H1

Fig 2
PENETRATION OK
SIZE OK
SHORT ARC \ %
Zz
&=
q
=
- C §
ROUND TIP OF TUNGETEN Z
ELECTRODE IN AC TIG WELDING g

Select 25% aluminium 5% silicon filler wire 1.6 mmf.
Weld Tee joint in flat position using leftward technigue.
Cleantheweld area thoroughly.

Inspect the job.
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CG&M Exercise 1.6.89
Welder - Gas Tungsten Arc Welding

Fillet weld outside corner joint on aluminium sheet 2mm - thick in position flat
(1F) (GTAW - 04)

Objective: At the end of this exercise you shall be able to
* prepare the job as per drawing

» set root gap and tack weld

» deposit weld bead by using left ward technique

» clean and inspect the job.

the video for this exercise

2 50x2-150 - AL.189090 - 1S 737 - - 1689
NO.OFF STOCK SIZE SEMI PRODUCT MATERIAL PROJECT NO. FART NO. EX. NO
SCALE NTS TOLERANGE +1 TIME
FILLET WELD OUTSIDE CORNER JOINT ON

CODE NO. WL20N1669E1

‘E‘ @ ALUMINIUM SHEET 2mm - POSITION FLAT (1F)
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Job Sequence

Use pure aluminiumfillerwirefalluminium +5% silicon.
, . : Fig 1
Use 1.6jmm (Zirconium) tungsten electrode. Q/' (HARIIVED

Shieldinggasargon.
Prepare aluminium sheet as per dimensions.

Clean the edges of the sheets. [ ]
-

Use stainless steel wire brush for surface cleaning.

~ 3 AW N =

Tack the set pieces at correct intervals and in correct
alignment for an outside corner joint (Fig 1).

Weld the joint in flat position. N

Make uniformsize bead with correct penetrationatthe \

root inthe outside corner joint.

o
)]
~—

1.6mm

WL20N1688H1

10 Cleanthe weld area thoroughly. ChTGAR

11 Inspect the completed outside corner.

Skill Sequence

Fillet weld outside corner joint on aluminium sheet 2mm - thick in position flat
(1F) (GTAW - 04)

Objective: This shall help you to
» weld the outside corner joint on aluminium in flat position.

Ensure the settingofanoutside corner joint as perdrawing. Hold the sheet on to the backing bar with steel strap.
Adjust current60- 90 Ampin AC. (Refer Table 1 of fabrication Fig 2
-welder) — correct alignment and uniformity of bead with correct
Use a backing bar made froma piece of steel angle with its AT S T S RS R T
apex bevelledor radi used to accommodate the penetration — uniform ripples with equal width and height of bead
bead. (Fig3).
Fig 1 Fig 2
EQUAL WIDTH
AND HEIGHT

WL20N1688.1

FINISHED WELD SIDE

WL20N1888.02
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CG&M Exercise 1.6.90
Welder - Gas Tungsten Arc Welding

Butt weld square butt joint on stainless steel 1.6mm thick flat with purging Gas
(1G) (GTAW - 05)

Objective: At the end of this exercise you shall be able to
* prepare the job as per drawing

» set root gap and tack weld

set the back shielding gas flow rate

deposit weld bead.

clean and inspect the job

/—|—|—<_"""" GTAW

2 50 % 1.6 - 150 = X 04 Cr1gNIg == == 1.6.90

NO.OFF STOCK SIZE SEMI| PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO

RuALE NI BUTT WELD SQUARE BUTT JOINT ON STAINLESS FALERANGE 21 TIME
STEEL SHEET 1.6 mm - POSITION FLAT WITH

E —@ PURGING GAS (1G) CODE NO. WL2CN1690E1
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Job Sequence

1 Select low-carbon grades of base metal SA 240 type
304L stainless steel.

2 Cutthe materials to be weldedto the required size and
shaped forwelding by arc appropriate method1.6x125
x 150mm - 2 pcs.

3 Clean the surfaces to be joined prior to welding, to
obtain high quality welds. (Fig 1).

4 Selectthefillerwire ER 308L, ¢ 1.6 mmx1000mmlong
andwelding procedures.

5 Select the tungsten electrode EWTh-2, ¢ 2.0mm.

Selectthe shielding gas for stainless steel weldingand
purging (i.e. Argon).

Prepare the welding power sources for GTAW.
Stainless steel sheet layout must be done perfectly.

Prepare and temporarily assemble the back purging
arrangements (Fig2).

10 Adjust suitable gas flow rate in the flow meter (refer
Table-1)10-12 Ipm (litres per minute).

Fig 1 )
Flg & 0TO25
@ - |
0TCZ25
- o
g ® =] —1 2
5 777 §
TABLE -1
Base Electrode Electrical characteristics Filler rod | Shielding Purging Gas-
metal dia. mm dia. mm | gas-argon Argon flow
Thick flow rate rate
mm Amp Volt Nozzle I/min. I/min.
size
16-32 EWTh-2 50-90 12 10 1.6-2.4 10 3-4
20
3.2-6.4 20 70-120 12 10 2.4 10 3-4
6.4-127 2.0 100 - 150 12 12 2.4 12 3-4
11 Type of joint: Groove, Butt.
Tackwelds are used to hold the sections of pipe
together.

12 Cover and seal the weld joints by masking tape.

13 Inputargongasat aflowrate 20Ipminitially and 3-4lpm
during welding as a backing gas to protect the root
pass.

Always wear PPE (Personal Protective
Equipment) Fumes and gases can behazardous
to your health.

14 Practice startingand stopping, weldingand runningthe
bead by maintaining propertorch angle.

15 Hold the GTAW torch to about 70 to 80° against the
welding direction and 90° against the base metal
surface (Fig 3).

WLG2217HI

16 Strike the arc by switching on the torch and the
electrode should be directedto be beadingedge ofthe
weld pool.

CG & M: Welder (NSQF Revised - 2022) - Exercise : 1.6.90 231



Shield the welding area from direct exposure
to fans, open doors or the wind by providing
plywood or temporary shed.

17 Weld the root pass with the stringer bead technigue.
When the root pass is welded, the tack weld must be
completely removed.

18 Maintainlow heatinputto avoidtoo high aninterposes
temperature and over heating of the weld area.

19 Visual inspectionshall be performed before during and
afterwelding.

20 Anytemporarywelded attachments shall be ground off
and inspected by suitable nondestructive test such as
penetrant test.

It is general practice to protect the roots of 5.8
welds with argon purging to prevent root
oxidation.

The backing gas purge shall be maintain until
atleast two layers of weld deposit have been
made. After completion of cover passes, the
purging dams (arrangements) shall be
removed.

Skill Sequence

This will helpyouto successful welding of S.S requires the
following considerations when selecting welding
consumables and proceduresto assure satisfactory weld
properties.

1 Joint Design:

Fig 1 i

‘Tr SQUARE EDGE SHAPE

{GROOVE FACE)
THICK

SQUARE BUTT JOINT

__j/' o2mm

WLGZ217J1

Select single groove weld on square butt joint. The
square butt joint is simplest, since it requires only a
square edge for lesser thickness materials and is
economical, provided one is able to get sufficient
penetration and strength. (Fig 1)

2 JointCleanliness:

The areato be cleaned should include the weld groove
faces and the adjacent surfaces for atleast 12mm on
each side of the groove.

Stainless steel materials shall be cleaned with 8.8
wheels or S .S brushes not previously used on other
materials. Carbon steel brushes shall not be used to
clean stainless steel materials.

It is also good workmanship to retain a set of
cutting and grinding tools, hammers etc. for
use only on stainless steel and for as possible
to avoid handling carbon steel and stainless
steel on the same working tables and in the
same workshop.

3 JointFit-up:{Distortion control)

Tight fit up and good joint preparation are critical to
stainless steel weld guality and distortion control.

Stainless steel’s thermal expansion is much greater
thanthatof carbon steel, thus causinggreater shrinkage
stresses and the possibility of warpage.

This distortion can be controlled with suitable jigs and
fixtures (Fig 2), proper joint fit-upanda correct welding
sequence .

Fig 2

WLGE221712

Using of Jigs and fixtures.

On thin materials it is difficult to completely avoid
bucking and distortion.

Tack weld at 10mm inside from both ends of the joint
and assemble the back purging set-up (Fig 3).

Fig 3
[ 7 ] F 1
/ 2 -
pe = s
EASEMETAL \— BACK SHIELDING HOLE g
4 Filler Wire

The selection of the welding consumables depends on
the type of austenitic stainless steel and the intended
service.
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Selectlow carbongrades offillerwire forwelding society
{AWS)classifiedfillerwire ER 308L used here 2. Omm.’L’
indicates low carbon content. Lowering the carbon
content also reduces the possiblity of carbide
precipitation. (Fig4)

Fig

Fig 4 IDENTIFICATION
1 \
DIA | ER308L |

LENGTH ‘

FILLER WIRE (STRAIGHT}

WLG2217.4

GRINDING WHEEL

TUNGSTEN
ELECTRODE

RIGHT WRONG
ELECTRODE POSITION FOR GRINDING

WLG2217.J6

Select a filler wire size proporticnal to the root gap.

Store the filler wires in sealed, dirt and moisture proof
containers within a dry, dust-free enclosure.

Return the unusedfiller wirestotheircontainerandshall
be seated.

Discard the filler wires that have rusted or are
contaminated with oil, grease, dirt, etc.

Tungsten Electrode preparation:

Tungsten electrodes are non consumableifthe
process is properly used, because they do not
melt or transfer to the weld.

Tungstentips are generally prepared (Fig 5)

The tungsten electrode should be extended
approximately to mm beyond the gas cup.

Fig5 J_
- |
T RED STRIPE
LENGTH
I 1
25 x ELECTRODE
TUNGSTEN DIA
i /_ ELCTRODE
ELCTRODE —m INCLUDED
DIA e ANGLE

WLGP217.5

Proper tungsten preparation (Fig 6):

Grindtungsten electrode lengthwise grind marks don't
restrict current. Mirror finish is even better.

Wrong tungsten preparation

Crosswise grinding marks restrict welding current,
cause arc wander, tungsten inclusions.

A contaminated electrode will require dressing before
further use.

6 Shielding Gas:

Choosingthe right shielding gas forthe GT AW process
is going to make the welding of stainless steel a whole
lot easier.

Argonis mostcommonly used shieldinggasforGTAW.
Most is used for joining stainless steel.

Adequate supply of argonisrequired asa shielding gas
to avoid nitrogen pick up and the resulted lowering of
ferrite content in weld.

Purging Gas:

Allsingle welded groove joints instainless steel shall be
welded using a root pass with aninert gas back purge.

When making the root passes of welds in stainless
steel, the aircontained onthe backside of the weldment
can contaminate the weld.

To prevent root (under bead) oxidation and
lack of fusion inside wall of the joint, the air
must be purged from this region. Argon is the
most widely used gas for this backside
protection.

Nitrogen also can be used a backup gas. Argon back
up gas will provide the maximum protection.

Forflow rate refer Table-1.
Welding power source:

Normally, direct current electrode negative(DCEN)
polarity is used with a welding power supply having
drooping characteristic (volt-ampere) or a constant
current output for GTAW of stainless steel.

Safety: The risk of injury when grinding a very
hard brittle material like tungsten is quite high,

1 Wear safety glasses

2 Special precautions relative to ventilation
should be considered.

Stainless steel has ahigher electrical resistance
and lower thermal conductivity than mild steel.
Therefore, stainless steel wires require about
20% less current than mild steel wires of the
same size.

Optimum current ranges are givenin Table 1.
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9

Purging Arrangements: (Fig 7)

Before starting welding, an adequate purging shall
made in order to eliminate the oxidizing atmosphere
inside the joint. Steps are follows:

Fig7

SPONGE
SEALED BY TAPE
ROPE WITH CONNECTING / PIPE
ROD r————-— - [

— PURGING

V DAM

I
|
H
T
ag 1
I
/:, | \
PURGING PLYWOOD

GAS INLET

L

r
|
1
|
1
|
I
1
L

JOINT

WLGZ217.7

PURGING ARRANGEMENTS - PIPE JOINT

Use 99 99% Argon for back-purging.
Cover and seal the weld joint by masking tape.

Assure that the gas venting orifice has a flow capacity
equalto orgreaterthanthat of input side, for assurance
of a near zero interior purge gas pressure.

Inputargon at a flow rate of 20 litres per minute.

Maintain gas flowing time prior to commencing the
welding to achieve complete purging.

The backup gas should preferably enter the system at
alow point, to displace the atmosphere upwards and be
vented at points beyond the joint to be welded.

10 Oxygen level measurement:

6 Maintainthe maximuminterposestemperatureto 175°C
from stainless steel welding. High travel speed is
recommended, whichwill reducethe heatinput, reduce
carbide precipitation and minimise distortion.

7 The face of the weld should be slightly convex and the
reinforcement should be about 1.5mmabove the surface
of the plate.

8 Cleanlinessisveryimportant, special attenticnshall be
paidtothe weld area toavoid carbon pick-up, hardening
and hot cracking. Wire brushing should be done with
stainless steel wire brushes.

9 Ensurethatthe purgingdams removed aftercompletion
ofwelding.

The purging dam mustbe positioned farenough
fromthe jointto preventthemfromburning due
to welding heat. (Fig 8).

Fig 8 UNDERCUT

A

g
UNDERCUT

L5
A S
NS 1
WELDMETAL—/

WLGZ217J8

The permissible level of oxygenin the inside of
the root area shall be less than 1%.

11

234

Carry out the measurement by welding - gas oxygen
analyzer and record it. Increase the flow rate and
flushing time, if the joint found with an unacceptable
limit of oxygen content, and repeat the checking. In
case of high level of cxygen content, the oxygen
measurement shall be performed also on the argon
contained in the cylinder.

Welding sequence

Reduce the gas flow-rate to the value given in the
welding procedure before startingwelding operation.

Use high frequency starting for initiating the arc, and
avoidthe scratch startingasthe weld gets contaminated
with tungsten.

Removethe seal tape during welding just inadvance of
welding progressionaroundthejoint, inorderto minimize
purge gasloss and atmospheric contamination through
the root opening.

When the roct pass is welded, the tack weld must be
re-fused to become a part of the weld or completely
removed.

Manipulate the torch carefully so that the tungsten
electrode does not become contaminated.

12 Post weld cleaning:

Remove the surface defects in order to restore the
corrosion properties of the material. Some defectsare
easiestto remove by grinding such asweld spatterand
slaginthe weld metal. Heavy oxidation of the weld and
heat affected zone, any objectionable surface
discoloration fromweldingis best removed by pickling
and passivationtreatment.

13 Pickling and Passivation:

Pickling is the removal of oxide filmfromthe surface of
the weld metal by chemical means. Formulations of
hydrofluoric (HF) and nitric (HNO, ) acids. To prepare
5% nitric acid solution, mix 50ml acid to 1 litre cold
water. Alwaysaddtothe water. Maximumcontacttime
30 minutes during acid application Apply water before
and after acid application.

14 Visual Inspection

Performvisual examinationof allweldsfor completeness,
excess reinforcement and evidence of undercutting
(Fig 9).

Fig9
FACE SIDE ‘
AEiian
m 3mm
frarm THICK
sty o
ROOT SIDE 1‘ e
3
SINGLE SQUARE GROOVE BUTT WELD g
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CG&M

Welder - Gas tungsten arc welding

Exercise 1.6.91

Fillet weld Tee joint on stainless steel sheet 1.6mm - position flat 1F

(GTAW - 06)

Objective: At the end of this exercise you shall be able to
* prepare, set and tack weld as per drawing
» deposit weld bead in flat position

» clean and inspect the job

7O

FILLET WELD TEE JOINT ON STAINLESS
STEEL SHEET 1.6mm - IN FLAT POSITION (1F)

GTAW
1
2 50 1.6 - 150 X04Cr1aNI9 1.691
NO.OFF STOCK SIZE SEM| PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO
SCALE NTS TOLERANCE &1 TIME

CODE NO. WL20N1691E1
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Job Sequence

1 Preparethe sheets as perdrawingand cleantheedges.
Cleanthe surfaces usingthe stainless steel wire brush.

Setthe sheets intheform of a Tee' joint onthe welding
table.

Wear safety equipment’s.

4 Setthe GTA welding plant with argon gas.

18]

Select the 1.6 mmf electrode and 2mmif filler rod and
electrode tip be grinded for DC semicircle.

Set the current 60 amps to 90 amps.
Setting and tacking the job pieces

Place the pieces on the welding table as Tee joint.

O o ~ @

Hold the pieces in position using support.

Skill Sequence

10 Ensurethe vertical piece is perpendicularto the horizontal
place without gap.

11 Check with a try square.
12 Tack-weldthe joint at bothendsandalsointhe centre.

13 Holdthe torch perpendiculartothe joint and pointing at
anangle ofabout (15-30°)toward the directionoftravel.

14 Strike an arc and establish a puddle. Make sure the
side walls melt down to the root of the 'T" joint.

15 Add the filler rod in a tapping motion, advancing the
torch when you withdraw the filler metal.

16 Remember, whenwithdrawingthewire, keepthewirein
the protective gas shield.

17 Complete the bead, cool the assembly.

Fillet weld Tee joint on stainless steel sheet 1.6mm - position flat 1F

(GTAW - 06)

Objective: This shall help you to
* prepare, set and tack weld as per drawing.

In ‘T Joint - filler metal is necessary regardless of the
thickness of the metal.

As a rule, weld should be made on both sides of the fillet

Fig 1

joints.
SURFACE
TEE JOINT IN
POSITICN

WL2ON188H H1

ASSEMBLING A TEE JOINT

WL20N1681H2

The number of passes over the seam will depend on the
thickness of the material and the size of the weld to be
made in the process.

Follow the recommendations for the correct gas flow,
otherwise the shielding gas will not be effective.

Fig 3

WL20N1891H3

TACKING PROCEDURE AND WELD POSITION FOR A FLAT TEE JOINT

WL2O0N1861 H
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CG&M Exercise 1.6.92
Welder - Gas tungsten arc welding

Pipe butt joint on Aluminium pipe ¢50mmx3mm WT in flat position 1G
(GTAW - 07) (1G)

Objective: At the end of this exercise you shall be able to
+ prepare the job as per drawing
* prepare the job as per drawing
» set root gap and tack weld

deposit weld bead by using down ward welding
clean and inspect the weld defects

—1 1 \CTAW
2 @50x3-75 o Aluminium o T 1682
NO.OFF STOCK SIZE SEMI PRODUCT MATERIAL PROJECT NO. PART NG, EX. NO
SCALE NTS TOLERANCE %1 TIME
PIPE BUTT JOINT ON ALUMINIUM PIPE
E @ Z50mm x 3mm WT IN FLAT POSITION (1 G) CODE NO. WL20N1682E1
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Job Sequence

1 Cut and prepare the aluminium pipe as per the
dimensionsgiven.

2 Alignthe pipes in flat position (butt) for tack weld with
the help of a Vee Block-angle iron.

3 Tack the joints at 120° by rotation and complete the
tacking.

4 Use the roller stand to maintain the downwardwelding
position.

Skill Sequence

Rotate the pipe at uniform speed for good weld result.

Further welding is done by rotating the pipe to the next
segment and completed.

Repeat the above procedure till the joint is completely
welded.

Remove the workpiece from the rotating fixture.
Cleanthe weld bead and inspect.

Pipe butt joint on Aluminium pipe $50mmx3mm WT in flat position 1G

(GTAW - 07) (1G)

Objective: This shall help you to

» prepare and weld aluminium pipe butt joint in flat 1G position.

Pipe welding is a highly skilled welding operation, which
involves correct alignment and good penetration by equally
melted edges of the pipes.

Select the rotating fixture according to the diameter of the
pipe.

Place the tacked pipes onthe rotating fixture and checkthe
freeness of rotation.

Ensure proper melting of tacks for good penetration and
surface appearance.

Fig 1 e

7 S

P

—ROOT FACE 15

ROCT GAP 15

WL20N16892H1

Fig 2

15 Dmh

USE OF BENT WIRE OR SUITABLE SPACER TO SET ROOT GAP

WL20N1882H2

Fig 3

WLI0N1802H3

WELDING FIRST SEGMENT

Fig 4

WL20N1882H4
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CG&M Exercise 1.6.93
Welder - Gas Tungsten Trc Welding

Tee joint on MS pipe $50mm OD x 3mm WT position flat 1F (GTAW - 08)

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

draw the development and prepare the pipes as per drawing
set the root gap and tack weld

deposit weld bead in rolling position

clean and inspect the weld defect.

@50
3
| I B
| |
: ! I /
I | A
| |
| |
|"|~-2 : I I 3]
| |
| |
o
= = o (Fp)
(]
100
1 @50 x 3 - 180 -- Fe 310 -- AL&B 1.6.93
NO.OFF STOCK SIZE SEMI PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO
SCALE NTS TOLERANCE +1 TIME
FILLET TEE JOINT ON M.S.
E @ PIPE @50mm OD x 3mm WT POSITION FLAT
CODE NO. WL20N1683E1
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Job Sequence

1 Cutthe pipes to the given size.

Cutting of branch components in mild steel

2 Prepare developmentfor80® Tee. (Fig 4)

3 Mark the development onthe pipeand cutaccordingly.

4 Ensure the correct size of pipes.

Fig 1

I

I

|

I

|

I
GdHD123210123210
DEVELOPMENT FOR 90° T JOINT "50 mm OD PIPES"

WL20N1603H1

Fig 2

TACK —\
/- TACK
ALTERNATIVE TACK
WELD POINTS
FILLET WELD EACH
CROTCH FIRST

WL2ON1AB3H2

Skill Sequence

5 Branch pipes in mild steel may be cuton a special oxy-

fuel gas profiling machine. Where such equipment is
notavailable, the branch can be produced by marking
the outline using atemplate figure as showninFig4and
scriber or pointed chalk followed by centre punching.
The branch can then be produced by cutting to the
marked cutline, using manually operated oxy-fuel gas
cutting equipment.

Deburr the cutting edges and file the edges.
Clean the surface of the pipe if any oxide is found.

Setand align the branch pipe with the main pipe at an
angle of 90° (Fig 5)

9 Tack-weld the joint with a 2mm root gap to control
distortion and to obtain penetration. (Fig 5)

10 Manipulation of the torch and filler wire during welding
the 'Tee' joint should be correctly followed. (Fig 7)

11 Weld and complete the joint-clean it.

12 Inspectfor surface defects.

Fig 3

(@)

WLI0N1683H3

Tee joint on MS pipe $50mm OD x 3mm WT position flat 1F (GTAW - 08)

Objective: This shall help you to

» prepare and weld pipe Tee joint on MS pipe in flat position.

One difficulty encountered with all pipe welding is the
distortion or misalignment of the pipes/tubes afterwelding
is completed. One, very frequently used methodto prevent
or reduce distortion is to clamp the pipes or tubes in a
fixture while welding andallow itto cool before removing the
clamps.

Also, since the root of the weld is not accessible and
because the inner surface is in contact with flowing fluids,

the penetration standards are high. Two common pipe
welding faults are too much penetration and lack of
penetration. These faults must be repaired before the
tubing can be used.

In pipe welding cther than butt joint - it is very essential to
get a development and prepare the template for the
appropriate joints.
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Fig 1

< Fig 2

WL20N1883.2

CLAMPING FIXTURE USED TO PREVENT PIPE
FRCM BEING OUT OF LINE AFTER WELDING

CLAMPING FIXTURE

WL2CN1693H1
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CG&M Exercise 1.6.94
Welder - Gas Tungsten Trc Welding

Plasma straight cutting on ferrous and non-ferrous metal (PAC - 01)

Objectives: At the end of this exercise you shall be able to
» marking the cutting lines on the plate (job)

» setthe job for straight cutting

» clean the edges and inspect for defects.

1 150 ISF 10- 200 Fe 310-W 1704

NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO

Nrs TOLERANCE 11 TIME
PLASMA STRAIGHT CUTTING ON

WL20N1784E1

@ E FERROUS AND NON-FERROUS METAL
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Job Sequence

1 Begincutting by placing the torch as close as possible
to the edge of the base metal.

Full the trigger to ignite the pilot arc.

Move the torch nearthe workpiece toinitiate the cutting
arc

4 Wait for the arc to penetrate through the bottom of the
workpiece.

5 Start moving the torch slowly, perpendicular to the
workpiece. Watch sparks leaving the bottom of the
workpiece to judge your speed. If the sparks are not
visible atthe bottom ofthe plate, you have not penetrated
the metal. Thisis because yourtravelspeedistoo fast
oryou have insufficient output amperage.

6 Atthe end of a cut, angle the torch slightly or pause
briefly to completely finish the cut systems.

Skill Sequence

7 Providea post-flow circuit, the post-flow air will continue
fora short period of time afterthe triggerisreleases to
coolthetorchand consumable parts. However, cutting
can be resumed immediately.

8 Tomaximize cutting speeds, itis recommendedtoturn
your power source to full output for all material
thicknesses.

Proper safety procedures

Safety procedures must be closely followed in any
application of a plasma cutter.

1 Beaware of potential hazards involved withthe process,
including high voltages, noise, temperatures, flammable
materials, fumes, ultravioltradiation, and molten metal.

Plasma straight cutting on ferrous and non-ferrous metal (PAC - 01)

Objectives: This shall help you to

» cutting and practice plasma straight cutting on ferrous and non-ferrous metal.

1 Plasma cutters use either "high frequency start" or
"contact start" technology to initiate the pilct arc. Ifyou
plantouse a plasmacutter near telephones, computers,
CNC machines or otherelectronic equipment, be aware
that high frequency (HF) often interferes with electronic
controls.

2 To avoid potential HF problems, all machines feature
contact start design that does not cause interference.
Even better the contact start method creates a visible
pilot arc that helps you better position the torch.

Pre-cutchecklist

Afew final words of advice before cutting:

3 Follow proper safety procedures and wear perscnal
safety equipment - read the Owner's Manuall

4 Inspect the torch tip, electrode and shield cup and
replaceworn items. The expense is well worth aveiding
the poor cutting performance (and operator frustration)
caused by worn parts.

5 Check gasfair pressure at the compressor or bottle
gauge.

6 Turnonthe plasma machine.

7 Setthe amperage control (generally to maximum) and
check the air pressure.

8 Grind off rust or paint where you plan to secure the
groundclamp. This stepis critical with12-ampmachines;
they just don't have the powerto drive through rust and
paint like larger units do.

9 Placethe groundclampas closetothe cutas possible,
and place the clamp on the work piece itself when
possible. Checkfor any loose connections betweenthe
work cable and the clamp.

10 Begin cutting.

2 Cutting technique

Step 1: Place the drag shield on the edge of the base
metal, or hold the correct standoff distance
(typically 1/8 in.). Direct the arc straight down.
(Dragging the tip will reduce tip life).

The arc starts immediately when trigger is pressed.

Fig 1

WL20N1784H1

Step 2: Raise the trigger lock, press the trigger and the
pilot arc starts immediately.

Fig 2

WL2CN1784H2
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Step 3: Once the cutting arc starts, begin to slowly move
the torch across the metal.

Fig 3

WL2DN1T84H3

Step 4: Adjustyour speed so sparks gothroughmetal and
out bottom of cut.

If the sparks are not visible at the bottom of the plate, the
arc is not penetrating the metal. This can be caused by
moving the torch too quickly, insufficient amperage or
directingthe plasma steam atanangle (not straight down).
Insignificant grounding can alsc cause this problem.

Fig 4

WL20N1784H4

Step 5: Attheendofacut, angle the torch slightly towards
the finaledge or pause briefly beforereleasingtriggerto
completely sever the metal.

Fig 5

WL20N1784H5

Step 6: To cool torch, post-flow air continues for 20-30
seconds after releasing the trigger; pressing the
trigger during post-flow instantly restart the arc.

Fig &

WL20N1T8d HE

Travellingatthe right speed producesa very clean cut with
less dross on the bottom of the cut, as well as little or no
distortion to the metal. If the travel speed is too slow, the
material you are cutting may become hotand accumulate
more dross. To minimize dross, increase travel speed or
reduce amperage (foraratedcut). Dross alscaccumulates
when you push a machine to its maximum thickness. The
only cure for this is a bigger machine.

3 Gougingtechniques

Togouge - to remove oldwelds orimperfections - holdthe
torch at a 40 to 45° angle to the base metal. Establish an
arc length of 1 to 1-1/2 in. and move the torch across the
metal, adjusting torch speed, arc length and angle as
needed. Direct sparks away from the torch, and do not
gouge too deeply on one pass. Make multiple passes if
needed.

To pierce metal - creating a hole, such as to start coping
orinsertavalve - place the torchata40to 45° angle to the
work piece. Press the trigger. After the machine initiates
the cuttingarc, bring thetorchtiptoa90°angleandthearc
will pierce the base metal. Generally, a machine can pierce
metal up to one-half of its maximum cutting thickness.
Powerful machines pierce 1/4 in. steel withina second or
two.

If you select the appropriate plasma cutter and service it
properly, you can experience years of trouble-free
performance. Infact, most"problems" with plasma cutting
relate toottersystems (air, consumables), notthe machine
itself. Most importantly, almost every person who cuts
with a plasma cutting gets hooked onthe technology. They
couldn't by paid to go back other cutting methods.
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CG&M

Welder - Gas Tungsten Trc Welding

Exercise 1.6.95

Lap joint on stainless steel sheet by Resistance spot welding (RW - 01)

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

prepare sheets by shearing and grinding

set the lap joint and operate spot welding machine
weld the lap joint by using spot welding machine
clean and inspect the weld job.

WELD POINTS

2 150 x50x%x2 Feld10-wW 1.785
NO.OFF STOCK SIZE SEMI-PRCDUCT MATERIAL FPROJECT NO. PART NO. EX. NO
SCALE
NI LAP JOINT ON STAINLESS STEEL SHEET BY TOLERANGE =1 | TIVE
RESISTANCE SPOT WELDING e
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Job Sequence

1

Cut the sheet by hand shearing as per drawing.

File the edges to square.

Remove the burrs andcleanthe surfaces by wire brush.

Wear hand gloves.

4 Setthe pieces in the form of lap joint.

Select proper spot welding machine.

Skill Sequence

~ O ~N D

g

Select centre tip type copper electrodes
Set current flow time, contact period time.
Check the water cooling system

Tack at both ends of job by applying the pressure with
spot welding machine

Complete the welding (Wled nugget) carefully.

10 Clean and inspect the defects.

Lap joint on stainless steel sheet by Resistance spot welding (R.W - 01)

Objectives: This shall help you to
» prepare and weld lap joint on SS by using spot welding machine.

Set the pieces in the form of lap joint

Select proper spot welding machine as Fig 1.

Fig 1
PIVOT POINT s At
* \ / FLEXIBLE CONDUGTOR
WORK ¢
Bty AIR CYLINDER
ELECTRODE b jL =
ELECTRODE BN I I
HOLDER - _ j
FRAME OR —_———
MAIN BODY —_____ | PRESSURE
GALUGE
ROTARY TAP .o,
SETTING —— ——__| oL
AIRIN
Bt
VALVE TO SET
AIR PRESSURE

ROCKER ARM TYPE RESISTANCE WELDING MACHINE

WL20N1785H1

Select centre tip type copper electrodes.

Set current flow time, contact period time.

Check the water cooling system.

Tackat bothends of job by applying the pressure with spot

welding machine.

Completethe welding (Weld nugget) carefully as per Fig 2b

245

Fig 2
CENTRE TIP ANGLE OFFSET TIP
4.5
45
age
/725 I
[
m
q . e
[ 1 [ ]
[ ]
} : ) ||
L 18
18 o
CRANK QFFSET TIP OFFSET TIP E
FOUR STANDARD TYPES OF ELECTRODES §
Fig 3

TAPER

TIP DIA TIP RADIUS

THE RADIUS OF THE DOMED TIP {RIGHT) VARIES FROM 25mm FOR
WELDING 28 5. W.G. MATERIAL, UPTO 150mm FOR 3 SW.G. THE
DIAMETER OF FLAT PART OF THE OTHER ELEGTRODE VARIES FROM
4mm TO 12mm FOR SIMILAR MATERIAL THIGKNESS.

TWO STANDARD TYPES OF CENTER TIF ELECTRODE

WL20N{TO5HS
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CG&M
Welder - Gas Tungsten Trc Welding

Exercise 1.6.96

M.S. Sheet Joining by Resistance spot welding (R.W - 02)

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

* prepare sheets by shearing and grinding
» set plates as lap joint

» operate the spot welding machine

» complete the spot welding by applying pressure
» clean and inspect the weld job.

Job Sequence

1 Cut the sheet by hand shearing as per drawing
2 Grind the edges to square

Remove the burns and clean the surfaces by wire
brush.

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

Wear hand gloves.

5 Weld at two ends with spot welding machine.

Complete the joint by spots.

WELD POINTS

Skill Sequence

Refer EX.No. 1.7.95

2 ISST 150 x 50 x 2 Fe310-W 1.7.96

NO.OFF STOCK SIZE SEMI-PRODUGT MATERIAL PROJECT NO. PART NO. EX. NO
SCALE

NTS TOLERANCE +1 TIME

$ 3 LAP JOINT ON M.S BY RESISTANCE SPOT WELDING

WL20N1796E1
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CG&M Exercise 1.6.97
Welder - Gas Tungsten Trc Welding

Square Butt Joint on Copper sheet 2mm thick in Flat position (1G) (OAW 01)

Objectives: At the end of this exercise you shall be able to
* prepare the jon with root gap as per drawing

» select nozzle filer rod flux and gas pressure

* maintain preheat and post heat

» deposit weld bead in the groove

» clean and inspect the defects.

Job Sequence

1

Remove the oxides from the surfaces of the
decoxidised copper sheet.

5 Selectthe nozzle No.7 and 0.15kg/cm? pressure for
both the gases.

2 Cleanthe joint from other impurities using solvent/ 6 Selecta 2.0 mm copper silver alloy filler rod.
el i 7 Select copper/silver alloy flux.
3 If pickling/solvent is used for cleaning, then 8 Follow necessary safety precautions
thoroughly washand dry the joint before tack welding. '
9 Setthe jobwith t ith di [
4 Prepare square edges of the pieces by filing. Sl i B R e

allowance.

Do not use grinding to prepare the edges of

Do not tack weld.

non-ferrous metals.

150 CU B0 x2 CuDPA-IS: 2378 1.7.97
NOC.OFF STOCK SIZE SEMI-PROCDUCT MATERIAL PRCJECT NC. PART NOC. EX. NO
SCALE
NTS SQUARE BUTT JOINT ON COPPER SHEET 2mm TOLERANGE=1 | TME
@ JEF THICK IN FLAT POSITION - 1G (OAW-01) e
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10 Apply the flux in the form of paste on both sides of the
plate and on the filler rod.

11 Preheat the base metal with 350°C.
12 Deposit the weld metal in the groove in one run.

13 Post-heat the weldment and cool the joint slowly.

Skill Sequence

14 Clean the flux residue on the weldment and the
penetrated portion.

15 Inspect the weld for defects.

16 Set neutral flame strictly.

Square Butt Joint on Copper sheet 2mm thick in Flat position

Objectives: This shall help you to

» prepare and weld square butt joint on copper in flat position.

File the edges to the required form. (Fig 1)

Select nozzle No.5-7.

Fig 1 70°- B0
\<‘7 z

2.5

WL20N178TH1

A nozzle one size larger should be used as
compared with the M.S. sheet welding because
of high conductivity and quick dissipation of
heat.

Set the job with a proper root gap or with a diverging
allowance. (Fig 2) Do not tack weld.

Fig 2 /—— ALLOW 3mm FOR EACH
300mm OF LENGTH
—tm /--—5

2.5

WL20N1787H2

PROVIDE A SPACE BETWEEN THE EDGES TO BE WELDED

Copper has a high coefficient of expansionand
itis necessary to setthe plates diverging at the
rate of 3-4 mm per 300 mm. run, because they
come together and the root gap gets closed so
much on being welded.

The blow pipe angle should be 60° - 80° and the filler rod
angle 25" - 30° to the line of weld. Fig 3.

Fig 3
DIRECTION
OF WELDING
WELDING
ROD

LEFTWARD TECHNIQUE

WL2ON1787H3

Always keep the molten pool and the tip of the filler rod
underthe shadow of the outer envelope.

Maintainthe temperature of the jobthroughoutthe welding
operation.

It is always betterto keepa helperto continuously heat the
job using another blow pipe as you are welding a copper
joint. Otherwise the joint will begin to crack from the
starting point as you proceed to weld further.

Post-heat the jobto 300°C and allow to cool slowly. Clean
the bead and remove the flux residue on both sides of the
joint.

Inspect the joint for external defects and bead size and
profile.
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CG&M Exercise 1.7.98
Welder - Repair and Maintenance

'T' joint on copper to M.S sheet 2mm thick in flat position by brazing 1F
(OAW 02)

Objectives: At the end of this exercise you shall be able to
» prepare and set on job as per drawing

» select filler rod nozzle and flame

* braze a Tee joint

* clean and inspect the weld defects

MILD STEEL

TIG
[ |
1 ISST - 150 x50 x2 =" Fe3d10 == =" 1.7.88
1 180 x 50x2 == CNDPA-IS:2372 == == 1.7.98
NO.OFF STOCK SIZE SEM| PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO
SCALE NTS T* JOINT ON COPPER TO M.S. SHEET 2mm TOLERANGE 21 TIME
E @ THICK IN FLAT POSITION BY BRAZING (1F) I
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Job Sequence

Prepare the sheets (M.S. and copper) by using shearing
filing.

Prepare the edges to right angles by filing
Clean the base metal by steel wire brush.
Set the sheets as Tee joint on welding table
Wear all protective clothing.

Openthe Cylindervalues (Both ©,and C H,) slowly and
set the working pressure.

Select nozzle one ortwo size biggersize thanthe sheet
thickness.

Select 1.6mm @ brass filler rod with suitable flux
(Borax).

Ignite the flame by spark lighter.
Set slightly oxidising flame.

Tack the job as per the fig shown below.

Skill Sequence

Fig 1

ASSEMBLING A TEE JOINT

TACK

WL20N1788H1

Deposit filler metal to complete the joint.

'T* joint on copper to M.S sheet 2mm thick in flat position by brazing

Obijective: This shall help you to
» prepare the weld tee joint on copper to MS sheet by brazing.

Set oxidising flame to avoid zinc evaporation.

Concentrate the flame towards copper sheet to reduce
heat loss during brazing.

Cool the job slowly.

Clean the job by hot water to remove burnt flux (Slag).

CG & M: Welder (NSQF Revised - 2022) - Exercise : 1.7.98

251



CG&M Exercise 1.7.99
Welder - Repair and Maintenance

Silver brazing on S.S. sheet with copper sheet ‘T’ joint (OAW - 03)

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

* prepare plates as per drawing

» set and tack joint the plates as per drawing

set the 'T’ joint in flat position for brazing

deposit the bead with appropriate amount of filler metal
» clean and inspect for surface defects.

{%
W
B
™
T
Ay

90°

Job Seq uence 6 Select nozzle one or two size bigger size than the
sheet thickness.

Select 1.6mm @ filler rod with 40 to 50% silver and
15-25%-15% zinc remaining copper.

1 Prepare the sheets (S.S. and copper) by using -
shearing, grinding &filing.

2 Cleanthe base metal by steel wire brush. 8 Ignite the flame by spark lighter
3 Setthe sheets as 'T' joint on welding table 9 Set slightly oxidising flame.
i RSB i 10 Tack the job as per the fig shown below. (Fig 1)
5 Openthe Cylmd_ervalues (BothO,andC H,) slowly 11 Complete the joint.
and let the working pressure.
1 ISST 50 x 2 - 150 -- XC4 Cr19 N9 -- -- 1.7.99
1 ISST 50 x 2 - 150 -- CUDPA - IS - 2378 -- -- 1.7.99
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO
SNTs TOLERANCE t0.5 | TIME
SILVER BRAZING ON SS SHEET WITH o
@ G COPPER SHEET ‘TEE JOINT"
WL20N1795E1
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Fig 1

TACK

WL2CN1780H1

TACK WELDING A TEE JOINT

Skill Sequence

Silver brazing

Objective: This shall help you to
* silver brazing on SS with copper sheet ‘T’ joint.

Silver Brazing of: Place the tacked joint inflat position by
tilting and supporting it. (Fig 2)

Start Brazing atthe right hand end of the joint by fusing the
tack-weld. Keepthe blowpipeinthe leftward directionatan
angle of 60°to 70° andthefillerrodatanangle of 30° to 40°
to the line of travel. The blow pipe and filler rod should be
held at 45" between the 2 surfaces of the joint. This will
ensureroot penetration. Watch the molten metal closely to
make sure that both pieces are joined by brazing. When
the molten poolis formed add the filler red inthe centre of
molten pool. Give slight side-to-side movement to the
flame (blowpipe) and a piston like motion to the filler rod.

30°-40°

WL20N1T99.H

Adjustthe rate of travel of the blowpipe and thefiller 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 3)

Clean the weldment and inspect for:

— Uuniform weld size and shape of bead
(reinforcementand contour slightly convex)

— equal leg length.

no porosity, overlap.

Fig 2

SLIGHTLY
CONVEX

NO UNDER

cur

,_
WLICN1788J2
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CG&M Exercise 1.7.100
Welder - Repair and maintenance

Silver brazing on copper tube to tube (OAW - 04)

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

» prepare a bell mouth by heating the tip of the pipe

» select nozzle, filler rod, flux and flame for brazing

= tack the bell mouth joint and braze the joint using pipe welding technique
» clean the joint and inspect for surface defects.

Job Seq uence 3 Cleanandremovethe surface oxides by wirewool.

1 Prepare a copper tube as per dimension. 4 Select the nozzle No.5 and 1.6mme phosphorus

bronze or 27-35% filler rod.
2 Expand the copper pipe to form as a bell mouth.

@25 5 Apply flux to the filler rod.

= COPPER TUBE

|,— BRAZED JOINT

——————— g ———— ——
150

|
|
|
|
|
|
|
: COPPER TUBE
|
|
|
|
|
|

(=]
o
==<"BRAZING
(OAWY)
S
2 @25 x 2-150 CuDPA - IS; 2378 1.7.100
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO
SCALE TIME
NTS TOLERANCE *1 15 Hrs
BRAZING ON COPPER TUBE TO TUBE
S WL20N17100E1
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Set the oxidising flame.

Insert the copper tube into the bell mouth of copper
tube and tack at 3 places.

Keep the tack welded pipes with their axes vertical.

Start Brazing at the mid point of two tack welds and
end the first fun after brazing half the circumference
of the pipe.

Skill Sequence

Silver brazing on copper tube to tube

10 Braze the other half of the circumference of the pipe
as second run.

11 Manipulate the blowpipe and filler rod with flLix
applied on it using proper angles to fill the bell
mouthedgroove.

12 Cleanand remove the flux residue.

13 Inspect for external weld defects.

Obijective: This shall help you to
» prepare the brazing of copper to copper tube.

Brazing of copper to copper tube

Soften the end of copper tube to be bell-mouthed by
heating. (Fig 1)

Fig 1

N | WLONAT100H1

Dipthe heated end in water and remove the oxides. (Fig2)

Use a mandrel to form the bell mouth. (Fig 3)

Insert the mandrel and drive into the softened end of the
tube by hammering. (Fig 3)

Fig 2

WL2DN17100H2

Fig 3 SOFT HAMMER

COPPER TUBE

MANDREL

WL20N17100H3

Remove any unevenness of the bell mouth. (Fig 4)

Fig 4
CONICAL STAKE

ANVIL

z
=
E
g
Insert the other tube into the bell mouth and tack it at 3
points. (Fig 8)

Keepthe tack welded pipe assembly vertically and heat it
until the colour of the tube starts changing.
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Fig 5

TACK3

S

WLICN1T100HS

Make athinrunonthe line formed by the outer circumference
atthe bottorm end of the tube and the inner circumference
atthe bottomofthe bell mouth of copper tube (i.e tip of the
bell mouth).

Make the first deposit starting from the tack weld 1 and
ending at the midpoint of the tack welds 2 and 3 covering
half the circumference of the bell mouth. (Fig &)

Cleanthe deposit

Make the second deposit starting from the commencement
point of deposit 1 and ending at the finishing point of the
deposit 1 whichwill cover the remaining half circumference
of the bell mouth.

Ensure the deposit 2 merges with the deposit 1 at both
ends (i.e. terminal points) properly by withdrawing the filler
rod and manipulating the flame over these merging
points.(Fig6)

Ensure that the weld deposit is of the correct profile and it
completely covers and bonds (without over spilling the
outer edge of the bell contour. (Fig 7)

Clean the bead and the joint and remove the flux residue
thoroughly.

Inspect the braze deposit for uniform size and braze
defects like porosity, etc.

Fig 6
DEPOSIT 1
DEPOSIT 2
i TERMINAL POINT
1
1
1
| £
E
1 [
z
Gl
z
Fig7 -
\/
RECOMMENDED

457

D>(D+4T)

LIP OF THE

BELL MOUTH

WL20N1T100HT
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CG&M

Welder - Repair and Maintenance

Exercise 1.7.101

Repair welding of broken Cl machine parts by oxy acetylene welding with ClI
and bronze filler rod (OAW-05)

Objectives: At the end of this exercise you shall be able to
* clean the job pieces from oil grease etc.,
» select the correct nozzle size and weld filler rod and flux

» set a slightly oxidised flame

* clean and check the defects on the weldment.

FRACTURE

FRACTURED FLY WHEEL TO
BE REPAIRED BY WELDING

SURFACE CONTAMINATION

BY PAINT OIL

FRACTURED LINK TO BE
REPAIRED BY WELDING

TO BE REPAIRED BY
WELDING

DAMAGED MALLEABLE CAST
IRON COUPLING

MACHINED SURFACE

DAMAGED CAST IRON
VALVE PLATE

ANY BROKEN / CRACKED CAST IRON MACHINE PART

© 7

INPUT ELECTRODES.

i e CAST IRON 1.7.101
NO.OFF STOCK SIZE SEMI-PRCDUCT MATERIAL PRGJECT NO. PART NO. EX. NO.
it REPAIR WELDING OF BROKEN CAST TOLERANGE +1 o
IRON MACHINE PARTS BY USING LOW HEAT
WLN17101E1
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Job Sequence

» Cleanthe surface ofthe workpiece fromoil, grease, dirt
and remove oxides if any by filing/grinding.

» Grindthe edges ofthe plate to (nofeatheredge) forma
single Vee of includedangle of 90°. Round off allsharp
edges.

e Select nozzle No.10.

* Selectasiliconbronzefillerrod of 3mmae forthe rootrun
and Smma for the 2nd run.

* Select bronze flux and 0.15 kgf/cm? pressure for both
gases.

» Ensure all safety precautions before lighting the torch.
+ Set a soft oxidising flame.

*  Apply fluxin powderform by dipping hotfillerrod. Then
tack weld on both ends of the joint with a uniform root
gap of 2.5mm.

* Weld the root run using leftward technique and 3mmeg
filler rod keeping the job at 30° slope.

» Ensure welding of weld faces by the filler metal before
building upthe bead.

* Heat the weld faces only to dull red colour by giving
circular motion to the blow pipe.

Skill Sequence

It is not necessary to melt the base metal for
bronze welding of cast iron.

* Cleanthe root runand deposit the 2nd run using 5mm

filler rod after applying flux.

» Fillthe joint by filler metal to get a maximum of 1.5mm

reinforcement, good ripple formation.

* Cleanthejointremovingany flux residue and inspectfor

defects.

* Heat control is important. If the heat is insufficient the

bronze metal will not wet the surface or flow properly.

* Excess heat will cause the bronze metal to flow more

freely and not allow it to build up.

Fig 4 REMOVE ALL
SURFACE
CONTAMINATION

PREPARE EDGES BY
FILING OF GRINDING

EDGES PREPARED FOR CASTING REPAIR

WL20N17101H1

Repair welding of broken Cl machine parts by oxy acetylene welding with Cli

and bronze filler rod

Objective: This shall help you to
» prepare the broken Cl machure parts by OAW.

Setthe bevelwith 30%inclination. Keepthe angle of thefiller
rodat30°to 40°and give a rubbing actionto thefiller rod on
thevee.

Maintain the angle of the blowpipe at 60°to 70° and give a
circular metion to the blowpipe. (Fig1)

Fig 1

COAT THE SIDES OF
THE JOINT WITH BRONZE

BRONZE WELD DEPOSIT
FILLS GROOVE AND FUSES
WITH COATING

BRONZE WELDING CAST IRON
MAKING THE COATING AND DEPOSIT

WLICN1T101H
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Deposit a root runwith a 3mma filler rod and the finishing
runwithadmmafiller rod. Dipthe hotfillerrod end into the
powdered bronze flux frequently.

In bronze welding of cast iron the base is only heated to
650"Cand itis not melted. Sowhile depositingthe root run
the surfaces of the joint is coated with a layer offiller metal
forabout 20mmalongthe joint, ensuringthat it is correctly
bonded.

Then return to the starting point and add sufficient filler
metal to produce a satisfactory weld. This method is
repeated continuously until the roct runis completed.

Cleanthe bead and remove the flux residue on both sides
of the joint.

Inspect the joint for weld defects like porosity, incomplete
penetrationetc.




Fig 2

LOW HEAT INPUT
ELECTRODE

BUILD UP WITH
SUCCESSIVE PASSES
3mm THICK UNTIL JOINT
IS COMPLETED

WL2CN17101J2

Fig 2

SURFACE CONTAMINATION
BY PAINT OIL

FRACTURED LINK TC BE REPAIRED BY WELDING

WLN17101H2
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CG&M Exercise 1.7.102
Welder - Repair and Maintenance

Repair welding of broken Cl machine parts by Cl electrode. SMAW-01

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

» prepare the edges, set the cast iron plates and tack weld
» preheat and post heat the joint

* select the electrode and set the current

weld the broken part
relieve the stresses from the joint by peening the bead
inspect the joint for defects.

1.7.102
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO
SCALE
NTS TOLERANCE*! | TIME
REPAIR WELDING OF BROKEN Cl MACHINE

@ S PARTS BY Cl ELECTRODE WIL20N17102E1
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Job Sequence

Repairing of Cl broken gear
Cleaning the cast weld surfaces
Preheating on the crack line

Skill Sequence

Choosing weldingtechniguesand consumable
Choosingthe proper electrode and wire consumables
Finish with show cooling

Repair welding of broken Cl machine parts by Cl electrodes

Objective: This shall help you to

+ prepare the ‘T’ joint on MS plate in vertical position.

Weldtechnique

Runshortweld beads (around 25mmlong) atatime, to
avoidoverheating.

Excessive current will cause over-heating, keepcurrent/
amps setting as low as possible within the range

Afteraligning the broken pieces make few drill holes in
the crack line for good bonding between the pieces

Ratherthanrunning each bead besidethe next, stagger
the welds over the length of the crack to help evenly
spread heat andtension. Forexample, place abeadat
each end of the crack then in the middle then stagger
the rest,

Peining each weld for 1-2 minutes using ball pein
hammer immediately after each weld bead - helps to
reduce the stresses induced by the contraction of the
metal as it gets cooler.

If the end of the last weld is too full grind the end back
alittle soyouhave anideal start that will notencourage
slag inclusions.

Repeat above procedure until finished, ensuring that
sufficient heat remains in the job

Site preparation andfilling (sealing) ofthe gapbetween
two adjacent whole teeth with respect to the missing
ohe.

Making a holder for a gear cutting mill and an axis for
fixing the gear block and gear cn the machine during
processing.

The formation of the tooth profile by sampling the
deposited material with a special cutter on both sides.

Fig 1

Fig 2

WL20N1TI02H2

WL20N1TI02H1
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CG&M
Welder - Repair and Maintenance

Exercise 1.7.103

Repair plastic broken parts or pipes by plastic welding machine

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

» prepare weld the plastic broken parts or pipes by plastic welding.

Job Sequence

Plastic welding

Definition: Heat generation is used to bond two or more
individual pieces of thermoplastic materialsto be joinedto
form a welding joint plastic repair and welding can be a
simple proves.

+ Pressingensuringsufficient pressure when pushingthe
plastics together.

« Heatingachieving the right melttemperature.

+ Coolinglength oftime, the joinis allowedto cool before
releasingthe pressure

+ During the pressing step, the application of pressure-
often used throughout both the heating and cooling
stagesis usedtoretainthe partsinthe properorientation
and to improve melt flow across the interface.

Skill Sequence

Plastic repair preparation

Fig 1

PIPE PLASTIC WELDING WC

WLN1B8103H1

» Thepurposeofthe heatingstageistoallow intermolecular
diffusion form cne part to the other across the faying
surface {(melt mixing).

« Coolingisnecessary to solidify the newly formed bond,
the execution of this stage can have a significant effect
onweld strength.

Objective: This shall help you to
* prepare weld the plastic broken and welding.

Plastic repair preparation

Before plastic repair to correct tools for the job and that
have preparedthe surface of plastics correctly

Tools and equipment

There is no replacement for high-guality tools high-quality
tools will allow to getthe job done faster and with minimal
interference. It's a good idea to stock up on the safety
equipment neededtoo.

For most plastic repairs.

Kit a temperature controlled plastic welding kit with a
selection of nozzles.

Rods plastic rods of the same material as the plastic to
weld.

Gloves-highwelding temperatures call for adequate hand
protection

Eye protection eye protection suitable for welding is vital

262

A flat surface a flat and clear surface to work form that is
heat resistant with some clamps would be a bonus.

Ventilation some plastics can give off foul smells when
melting. Ensure the room is well ventilated.

Surface preparation

The plastic weld surface should be clean and clear of
debris. Use simple soapand waterto clean off most stains.
If a stronger solvent is required, try using methy! ethyl
ketone (MEK), but do not use any industrial strength
solvents as this could damage the surface of plastic

Remove any painand debris with a light grit sandpaper
Determine plastic-type by test welding
Getting the right plastic-type is vital for a stronghold.

Test weld by welding the end of the rod to a small
inconspicuous area. If itholes firmhave the right material.



Thereare several thingsto considerwhenwelding plastics.
Let'stake alookat considerationforthe heat. The welding
rod, the welding gun and the welding kit.

The heat you will likely need the temperature within the
range of 200 and 300° C (392 and 572 °F) below or above
that range will result in the plastic not melting enough or
burning the plastic. You'll need to know what temperature
you require based onwhat type of plastic youare welding.

Thewelding rodit's crucial thatthe welding rod isthe same
material as the plasticto be welded. It'salso vitalto ensure
that the welding rod's end has beentrimmed so thatit's in
pencil point form.

The welding gun manual {hand-held)weldingtoolsare used
forsmall fabrication work, detailed projects and repairwork
and should not be used for thicknesses beycond 10mm for
larger fabrications using extrusion welding tools.

Awelding Kit- Plastic welding kits and a plastic repair kit
are a great option because they are fully equipped kits
come with aweldervaryingwelder rods plasticweldingtips
and a gecde to help welding process.

Fig 1

PLASTIC WELD KIT

WL20N 181044
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CG&M
Welder - Repair and Maintenance

Exercise 1.7.104

Make a plastic tank with plastic sheet of PVC dimension 150x100x100

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

» prepare the plastic sheet as per drawing
» explain plastic weld test

* maintain temperature range and preheat the welding gun

tack weld the plastic tank
weld the tank by using 12-grit sand paper
* clean and inspect the job.

Job Sequence

* Procedure for welding

«  Set up yourworking space in a well-ventilated area

Fig 1

100

- 100

150
PLASTIC TANK

WL20N181D4H1

« Remove debrisfromthe plastic by washing itwith soap

andwarmwater
+ Label the plastic you have chosen

+  Use awelding rod test kit

+  Useapiece of 80-frit sandpaperto extractany apintings

from the plastic

+ Cutthe plastic sheet as per the diagram

+ Clamp and tape the plastic pieces together to hold the

joints in place

* Preheat the welding gun for at least 2-3 minutes.

+ Therecommendedtemperature ranges from200°Cto

300°C

All polyethylene materials, depending onthe type, are
subject to some form of cracking

Adifficult part of installing a plastic tank is determining
the effects of the surrcunding conditions.

Plastic tank

Use pliers to trim the ends of the welding rods.

Insert a welding rod at the wedding gun speed nozzle
Gradually move the spread gun over the plastic

Swing the nozzle within a distance of about 2.5cm
above the joint or crack.

Tiltthe gun atand angle of 54-degrees while positioning
the welding rod atthe same angle but fromthe opposite
side. Repeat this procedure until you finish welding.

Allow the plastic to cool for a minimum of & minutes

For consistency, smooth out the rough ridges with 12-
grit sandpaper. Sanding will ensure the plasticand joint
are levelled.

Rodwillbe place. Afterthese operations are completed,
the welding can be done.

The process of plasticwelding is an economicalway to
keep a plastic tank in good repair and useful.

The main benefit of plasticweldingisatighterand more
secure seal that will last longer and be more durable.

+ Tack-weld the plastic ends to secure them togather.

+ Whenthermoplastics have not beentreated with a UV
protective coating, they absorbthe rays of light, which
causes discoloration and makes them brittle.
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