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(vii)

                                                   

- 1 (Induction Training &           
   Welding process)  

 1.1.01  (General Discipline in the Institute)  1 

 1.1.02 (Elementary First Aid)  2 

 1.1.03  (Importance of Welding in Industry)  5

 1.1.04 (Safety in Shielded  6  
  Metal Arc Welding and Oxy Acetylene Welding and Cutting) 

 1.1.05   (Introduction and Definition of Welding)  10 

 1.1.06 (Arc and Gas Welding   12  
  Equipments, Tools and Accessories) 

 1.1.07   (Various Welding Processes and their Applications)  17   
 1.1.08   (Welding Terms & Its Definition Arc   19  
  and Gass)    
 1.1.09  (Different Process of   21  
  Metal Joining Methods Bolting,Rivelting,Soldering)  

  - 2 (Welding Techniques)

1.2.10 (Types 26  
   of Welding Joints and its Applications Edge Preperation and Fit up for different     
  Thickness) 

 1.2.11  (Surface Cleaning)  30 

 1.2.12 (Basic Electricity as Applied to Welding)  31

 1.2.13 (Heat and Temperature)  33

 1.2.14 (Principle of Arc Welding and Characteristic  35  
  of ARC) 

 1.2.15  (Common   37  
  Gases used for Welding & Cutting, Flame Temperature and Uses) 

 1.2.16 (Types of Oxy - Acetylene Flames Uses)  38

 1.2.17  (Oxy Acetylene   39  
  Cutting Equipment Principle Parameter and Application)

1.2.18 
(Arc Welding Power sourses Transformer, Rectifier, and Inverter     

  type Weld- ing m/c and its cane maintanance) 

 1.2.19 (Advantages and Disadvantages of AC                     45   
  and DC Welding)                    
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(viii)

                                                 

 1.2.20 EN & ASM (Welding  46  
  Positions as per EN & ASME : Flat, Horizontal, Vertical and Overhead position)

 1.2.21  (Weld Slope and Rotation)  47

 1.2.22 (Arc Length and its Effects of areLength)  53 

 1.2.23 (Polarity types and Applications)  54 

 1.2.24 (Calcium Carbide uses and Hazards)  56 

 1.2.25 (Acetylene Gas - Properties) 57

1.2.26  (Flash Back Arrestor)  58

 1.2.27  (Oxygen Gas and its Properties)  59

 1.2.28  (Charging Process of Oxygen and   60  

  Acetylene Gases)
 1.2.29  61

(Oxygen and DA Gas Cylinder and Colour Coding and Uses of Single Stage and    
   Double Stage Gas Regulator)

 1.2.30 64
 (Systems of Oxy-Acetylene Gas Welding System   

  (Low pressure and high pressure)Difference between by welding blow pipe and gas    
  cutting blow pipe)

 1.2.31 (Gas Welding Technique Rightward and  68  
   Leftward & Technique) 

 1.2.32 (Arc Blow Causes and Methods of Controlling)  71  
 1.2.33 (Distortion   73  
  in Arc & Gas Welding and Methods Employed to Minimize Distortion)   

 1.2.34 (Arc Welding Defects Causes and Remadies) 80

- 3 (Weldability of Steels)

1.3.35 (Specification of   86  
  Pipe Various Type of Pipe Joints pipe Welding, Positions and Procedure) 

 1.3.36 (Difference between Pipe Welding and Plate   94  
  Welding)

 1.3.37 (Pipe Development for Elbow joint and   96  
  Branch Joint)

 1.3.38  (Uses of Manifold System)  103

 1.3.39 (Gas Welding Filler rods, Specifications and  104  
  Sizes)
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(ix)

                                                     

 1.3.40 (Gas Welding Fluxes) -   108 

 1.3.41  (Gas Brazing & Soldering   110  
  Priciples,types,fluxes & uses) 

 1.3.42  (Gas Welding Defects, causes and Remedies)

1.3.43  (Electrodes types,   117  
  Functions of flux, Coating Factor, Sizes of Electrode)    
 1.3.44  (Effects of Moisture pick up Storage   121  
  and Baking of Electrodes)  

 1.3.45 (Storage and Baking of Electrodes)  122

 1.3.46    123  
  (Weldability of metals, Importance of Preheating, Post Heating and maintenance     
  of inter pass tempearture) 

 1.3.47  (Welding of low Carbon,   125  
  Medium and High Carbon Steel and Alloy Steels) 

 1.3.48  (Stainless Steel types Weld Decay and   128  
  Weldability)

 1.3.49 (Brass-Types Properties and Welding Methods) 130

 1.3.50 (Copper-types-Properties and Welding Methods)  132

 1.3.51 (Introduction to Induction Welding its   134  
  Parameters) 

 1.3.52  (Aluminium Properties and Weldability,  135  
  Welding Methods)

 1.3.53 (Arc Cutting and Gouging)  137

 1.3.54&55  (Cast Iron its - Properties-types)   140

  - 4 (Plasma Cutting)

 1.4.56 (Outline of the Subjects to be Covered)  142

 1.4.57 (Importance of Pressure Vessels and Pipe   143  
  Welding)

 1.4.58  (Gas cutting & Plasma Cutting)  144

 1.4.59 (Safety in Shielded Metal Arc Welding)  149

  - 5 SMAW

 1.5.60 (SMAW)  (Principle of Shielded Metal are Welding)   153  
  (SMAW)

 1.5.61 (Types of Power Source)  153
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(x)

                                                

 1.5.62 (Polarity Type and Arc Length)  153 

 1.5.63  (Welding Position and Importance)  153 

 1.5.64 (Edge Preparation and Tack Weld Procedure)  154

 1.5.65  (Welding Fixtures and Clamps)  154 

 1.5.66 (Electrodes - Types - Description)  157

 1.5.67 (Functions of Flux and Characteristic of Flux)  157

 1.5.68  (Selection of Electrode)   157

 1.5.69 (Electrodes - Types - Description)  158 

 1.5.70  (Types of Metals and their Characteristics)  158

 1.5.71 (Introduction to Pipe Welding)  160

 1.5.72  (Types of Pipes and Pipe Schedule) 163

1.5.73 (Preparation Work Before Welding)  165 

 1.5.74&76 (Basic   167
  pipe Welding procedure uphill Welding,downhill Welding and Horizontal Welding)

 1.5.77&78 1G 2G 5G  6G (Pipe Welding position 1G 2G 5G & 6G) 170

 1.5.79 (SMAW)  (Selection of Electrode   172
  (SMAW) for root pass and Cover Pass Welding)

  - 6 GTAW GMAW

 1.6.80&82 5G 6G (Procedure for Welding   175
  Heavy Wall Pipes in 5G and 6G Position Welding)

 1.6.83 (Welding Symbols)  177

 1.6.84 (Procedure for Welding of thin   177
  Wall Pipes in down hill position)

 1.6.85&86 2G (Procedure for Welding Pipe in 2G position)  179

 1.6.87&90 Y T    180
  (Welding Procedure for Complicated Pipe Joint T Joints with Intersection,  
  Top bottom and side Y Joint)

 1.6.91&94 GTAW (Introduction to GTAW welding)- 186
  (Advantages, Equipment, Electrode)

 1.6.95&96 GTAW (Shielding Gases used for GTAW)  196

 1.6.97  (Importance of Preheating,   198
  Post Heating and Post Weld Heat Treatment)

 1.6.98 (Welding Metallurgy) - (Weld Stress)  199
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(xi)

                                                

     1.6.99&100 (Distortion and Control)  200
 1.6.101&107 (FCAW) (Flux Cored Arc Welding) (FCAW)  200

 1.6.108&109 GMAW (Types of Metal Transfer and Welding  210   
  Parameters in GMAW)

 1.6.110 (Types of Welding defects cause and Remedies)  214

 1.6.111&112  (NDT) - (Inspection of Weld (NDT) - Visual Inspection)  218

 1.6.113 (PP, PE & pvc) (Introduction to Plastic   222  
  Welding (PP, PE & pvc) lib Parametal & Check)

 1.6.114&115 (Requirement for Qualification in different   226  
  Codes)

 1.6.116    (Different tests  232  
  and Inspection involved in Qualification Weldments and Visual Inspection kits     
  and gauges)

 1.6.117 (Weld Qualify and Inspection Visual Inspections)  234

 1.6.118 (Visual Inspection Kits and Gauges)  237

  - 7 (Inspection & Testing)

 1.7.119&120 (IBR, ASME (Pressure Welding Codes and Standards)  239   
   (IBR, ASME etc.)

 1.7.121&122 WPS PQR (Writing Procedure for WPS and PQR)  243
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(xii)

   

 1  Join MS plates by SMAW in different positions following safety precautions.   1.1.01 - 1.1.08
  (NOS: CSC/N0204) 

 2  Join MS sheet by Gas welding in different positions following safety precautions.   1.1.09 - 1.2.11
  (NOS: CSC/N0204) 

 3  Perform straight, bevel & circular cutting on MS plate by Oxy-acetylene cutting   1.2.12 - 1.2.34
  process. (NOS: CSC/N0201) 

 4 Perform different types of MS pipe joints by Gas welding (OAW).   1.3.35 - 1.3.40
  (NOS: CSC/N0204) 

 5  Weld different types of MS pipe joints by SMAW. (Mapped NOS: CSC/N0204)   1.3.41 - 1.3.48 
 6  Perform welding of Stainless steel, Cast iron, Aluminium and Brass by OAW.   1.3.49 - 1.3.51
  (NOS: CSC/9482)  

 7  Perform Arc gauging on MS plate. (NOS: CSC/N0204)   1.3.52 - 1.3.55

 8 Perform Plasma cutting. (NOS: CSC/N0207)   1.4.56 - 1.4.59

 9  Carry out single V groove welds on MS plates by SMAW in 1G, 2G, 3G and 4G   1.5.60 - 1.5.73
  positions. (NOS: CSC/N0204) 

 10 Carry out single V groove welds on MS pipes by SMAW in 1G, 2G, 5G and 6G   1.5.74 - 1.6.80
  positions. (NOS: CSC/N0204)

 11  Perform Root pass welds in Weld single Vee butt joints on schedule 40 pipes in   1.6.81 - 1.6.100
  1G, 2G and 5G positions by GTAW. (NOS: CSC/N0212)

 12 Perform Root pass welds in Weld single Vee butt joints on schedule 60 pipes   1.6.101 - 1.6.116
  and schedule 80 pipes in 6G positions by GTAW and intermediate and cover
  pass weld by SMAW. (NOS: CSC/N0212) 

 13  Perform single Vee butt joint welding on MS pipes by GMAW in 1G position.   1.6.117 - 1.6.118
  (NOS: CSC/N0209) 

 14  Carry out Dimensional inspection and testing of weldments. (NOS: CSC/N0204)       1.7.119 - 1.7.122 

© N
IM

I 

NOT T
O B

E R
EPUBLI

SHED



(xiii)

SYLLABUS

Duration Reference Learning
Outcome

Professional Skills
(Trade Practical)

with Indicative hours

Professional Knowledge
(Trade Theory)

Professional
Skill 41Hrs;

Professional
Knowledge
08Hrs

Join MS plates by
SMAW in different
positions following safety
precautions. (Mapped
NOS: CSC/N0204)

Induction training:

1. Familiarization with the Institute.

2. Importance of trade Training.

3. Machinery used in the trade.

4. Introduction to safety equipment
and their use etc.

5. Hack sawing, filing square to
dimensions.

6. Marking out on MS plate and
punching.

7. Setting up of Arc welding
machine & accessories and
striking an arc.

8. Setting of oxy-acetylene welding
equipment, Lighting and setting
of flame.

9. Fusion run without and with filler
rod on M.S. sheet 2 mm thick in
flat position.

10.Edge joint on MS sheet 2 mm
thick in flat position without filler
rod.

11. Marking  and  straight  line
cutting of MS plate. 10 mm thick
by gas.

12.Straight line beads on M.S. plate
10 mm thick in flat position.

13 Copper tube  ½ inch swage joint
by brazing with induction
welding.

14.Square butt joint on M.S. sheet
2 mm thick in flat Position.

15.Fillet "T" joint on M. S. Plate 10
mm thick in flat position.

- General discipline in the
Institute.

-  Elementary First Aid.
- Importance of Welding in

Industry.
- Safety precautions in Shielded

Metal Arc Welding, and Oxy-
Acetylene  Welding  and Cutting.

-  Introduction and definition of
welding.

-  Arc and Gas W eld ing
Equipments, tools and
accessories.

- Various Welding Processes and
its applications.

- Arc and Gas Welding terms and
definitions.

- Different process of metal joining
methods: Bolting, riveting,
soldering, brazing.

- Types of welding joints and its
applications. Edge preparation
and fit up for different thickness.

- Surface Cleaning

Professional
Skill 21Hrs;

Professional
Knowledge
04 Hrs

Join MS sheet by Gas
welding in different
positions following safety
precautions.

(NOS: CSC/N0204)

Professional
Skill 184Hrs;

Professional
Knowledge
36 Hrs

Perform straight, bevel &
circular cutting on MS
plate by Oxy-acetylene
cutting process. (Mapped
NOS: CSC/N0201)

- Basic electricity applicable to arc
welding and related electrical
terms & definitions.

- Heat and temperature and its
terms related to welding

- Principle of arc welding. And
characteristics of arc.

- Common  gases  used  for
welding & cutting, f lame
temperatures and uses.

- Types of oxy-acetylene flames
and uses.

- Oxy-Acetylene Cutting
Equipment principle, parameters
and application.

- Arc welding power sources:
Transformer,Rectifier and Inverter
type welding machines and its
care & maintenance.

16.Bevelling of MS plates 10 mm
thick by gas cutting.

17.Open corner joint on MS Sheet 2
mm thick in flat Position.
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(xiv)

18.Fillet lap joint on M.S. plate 10 mm
thick in flat position.

19.Iron pipe ½ inch butt joint by
induction welding

20.Fillet "T" joint on M S sheet 2 mm
thick in flat position.

21.Open Corner joint on MS plate 10
mm thick in flat position.

22.Fillet Lap joint on MS sheet 2 mm
thickin  flat  position.

23.Single "V" Butt joint on M S plate
12 mm thick in flat position (1G).

24.Square Butt joint on M.S. sheet.
2mm thick in Horizontal position.

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

26. F "T" 10 mm thick in Horizontal
 position.

27.Fillet Lap joint on M.S. sheet 2 mm
thickin horizontal position.

28.Fillet Lap joint on M.S. plate 10 mm
thick in horizontal position.

29.Make a long elbow joint with PVC
pipe by plastic welding 02.5 inch
(pipe) and length 30 mm of pipe.

30.Square Butt joint on M.S. sheet. 2
mm thick in vertical position.

31.Single Vee Butt joint on M.S. plate
12 mm thick in horizontal position
(2G).

32.T-joint of PVC sheet, with dimension
(150*50*5mm) two pieces from
plastic welding with hot air.

33.Fillet "T" joint on M.S sheet 2 mm
thick in vertical position.

34.F "T" 10 mm thick in vertical
position.

35.Structural pipe welding butt joint on
MS pipe 0 50 and 3mm WT in 1G
position.

36.Fillet Lap joint on M.S. Plate 10 mm
in vertical position.

37.Open Corner joint on MS plate 10
mm thick in vertical position.

38.Pipe welding - Elbow joint on MS
pipe 0 -50 and 3mm WT.

- Advantages and disadvantages
of A.C. and D.C. welding
machines.

- Welding positions as per EN &
ASME: flat, horizontal,  vertical
and overhead position.

- Weld slope and rotation.
Welding symbols as per BIS &
AWS.

- Arc length - types - effects of arc
length.

- Polarity: Types and applications.

- Calcium carbide uses and
hazards

- Acetylene gas properties.
- Acetylene gas Flash back

arrestor.

- Oxygen gas and its properties
- Charging process of oxygen and

acetylene gases
- Oxygen and Dissolved Acetylene

gas cylinders and Color coding
for different gas cylinders.

- Uses  of  Single  stage  and
double stage Gas regulators.

- Oxy acetylene gas welding
Systems (Low pressure and
High pressure). Difference
between gas welding blow
pipe(LP & HP) and gas cutting
blowpipe

- Gas welding techniques.
Rightward and Leftward
techniques.

- Arc blow - causes and methods
of controlling.

- Distortion in arc & gas welding
and methods employed to
minimize distortion

Arc  Welding  defects, causes and
Remedies.

Professional
Skill 42Hrs;

Professional
Knowledge
08Hrs

Perform different
types of MS pipe joints
by Gas welding
(OAW). (NOS:CSC/
N0204)

- Specification of pipes, various
types of pipe joints, pipe welding
positions, and procedure.

- Difference between pipe welding
and plate welding.

- Pipe development for Elbow
joint, "T" joint, Y joint and
branch joint.
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(xv)

39.Pipe welding "T" joint on MS pipe 0
50 and 3mm WT.

40.Single "V" Butt joint on M S plate 12
mm thick in vertical position (3G).

- Uses of Manifold system
- Gas welding f iller rods,

specifications and sizes.
- Gas welding fluxes - types and

functions.
- Gas Brazing & Soldering:

principles, types fluxes & uses
- Gas welding defects, causes

and remedies.

- Electrode: types, functions of
flux, coating factor, sizes of
electrode.

- Effects of moisture pick up.
- Storage and baking of

electrodes.

- Weldability of metals,
importance of pre heating, post
heating and maintenance of inter
pass temperature.

Professional
Skill 44 Hrs;

Professional
Knowledge
10 Hrs

Weld different types of
MS pipe joints by SMAW.
(Mapped
NOS: CSC/N0204)

41.Pipe welding 45 ° angle joint on MS
pipe 0 50 and 3mm WT.

42.Straight line beads on M.S.plate
10mm thick in overhead position.

43.Pipe Flange joint on M.S plate with
MS pipe 0 50 mm X 3mm WT.

44.F "T"10 mm thick in overhead
position.

45.Pipe welding butt joint on MS pipe 0
50 and 5 mm WT. in 1G position.

46.Fillet Lap joint on M.S. plate 10 mm
thick in overhead position.

47.Single "V" Butt joint on MS plate
10mm thick in over head
position(4G)(06hrs.)

48.Pipe butt joint on M. S. pipe 0 50mm
WT 6mm (1G Rolled).

49.Square Butt joint on
S.S. sheet. 2 mm thick in f lat
position.

50.Square Butt joint on S.S. Sheet 2
mm thick in flat position.

51.Square Butt joint on Brass sheet 2
mm thick in flat position.

52.Square Butt & Lap joint on M.S.
sheet 2mm thick by brazing.

53.Single "V" butt joint C.I. plate 6mm
thick in flat position.

54.Arc gouging on MS plate 10mm thick.

- Welding of low, medium and
high carbon steel and alloy
steels.

- Stainless steel: types- weld
decay and weldability.

Professional
Skill 22Hrs;

Professional
Knowledge
04Hrs

Perform welding of
Stainless steel, Cast iron,
Aluminium and Brass by
OAW. (NOS: CSC/9482)

- Brass - types - properties and
welding methods.

- Copper - types - properties and
welding methods.

- Introduction to induction
welding, its parameter and
check.

Professional
Skill 42 Hrs;

Professional
Knowledge
08Hrs

Perform Arc gauging on
MS plate. (NOS: CSC/
N0204)

- Aluminium, properties and
weldability, Welding methods

- Arc cutting & gouging,

55.Square Butt joint on Aluminium sheet.
3 mm thick in flat position."B" butt
joint) 6mm thick plate.

56.Familiarization with the machinery
used in the trade.

17.Cutting practice on M.S. plates using
gas cutting methods.

18.Cutting practice of M.S. plates using
plasma cutting methods.

- Cast iron and its properties
types.

- Welding methods of cast iron.

- Outline of the subjects to be
covered

- Importance of pressure
vessels and pipe welding

- Gas cutting & p l as m a
cutting

Professional
Skill 24Hrs;

Professional
Knowledge
04 Hrs

Perform Plasma cutting.
(Mapped NOS: CSC/
N0207)

-
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(xvi)

19.Gouging practice.

20.Edge preparation for plate groove
welding.

21.Fit up of joints by tack welding using
simple fixtures.

22.Pipe and plate flange joint welding.

23.T and Y and pipe joint welding.

24.Groove welding on plate in 1G &
2Gpositions.

25.Inspection and clearance using LPI
testing during Root pass and cover
pass.

26.Groove welding on plate in 3G
position.

27.Inspection and clearance using LPI
testing during Root pass and cover
pass.

28.Groove welding on plate in 3G
position.

29. Inspection and clearance using LPI
testing during Root pass and cover
pass.

30.Groove welding on plate in 4G
position.

31.Inspection and c learanc e
using LPI testing during Root pass
and cover pass.

32.Groove welding on plate in 4G
position.

33.Inspection and clearance using LPI
testing during Root pass and cover
pass.

34.Preparation of pipe joint for pipe
welding (schedule 40).

35.Prepare the edges, clean the joint
surfaces, Fit up the pipes and tack
weld the pipes.

36.Fit up inspection.

37.Welding of pipes (schedule 40) in
1G position. (08hrs.)

38.Inspection and clearance using LPI
testing during Root pass and cover
pass. (05hrs.)

39.Welding of pipes (schedule 40) in
2G position. (07hrs.)

40.Inspection and clearance using LPI
testing during Root pass and cover
pass. (05hrs.)

- Safety in welding

- Principles of Shielded Metal Arc
Welding (SMAW).

- Types of power source.
- Polarity type and

arc length.
- Welding positions

and importance.
- Edge preparation and tack

welding procedure.
- Welding fixtures and clamps.

Professional
Skill 123Hrs;

Professional
Knowledge
24Hrs

Carry out single V groove
welds on MS plates by
SMAW in 1G, 2G,

3G and 4G positions.
(Mapped NOS: CSC/
N0204)

- Electrodes - types - description
- Functions of flux and

characteristic of flux.

- Selection of electrodes (Rutile
/ Cellulosic / Low hydrogen
etc.) & coating factors.

- Electrode storage and backing
temperature.

- Types of metals and their
characteristics.

- Introduction to pipe welding.
- Types of pipes and pipe

schedule.
- Preparation work before welding.

Professional
Skill 45Hrs;

Professional
Knowledge
08Hrs

Carry out single V groove
welds on MS pipes by
SMAW in 1G, 2G,

5G and 6G positions.
(Mapped NOS: CSC/
N0204)

- Basic pipe welding procedure
uphill welding, downhill welding
and horizontal welding.

- Pipe welding position 1G, 2G,
5G & 6G

- Selection of electrode (SMAW)
for root pass and cover pass
welding.

- Procedure for welding heavy wall
pipes in 5G position welding.
(07 hrs.)
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(xvii)

Professional
Skill 123Hrs;

Professional
Knowledge
24Hrs

Perform Root pass welds
in Weld single Vee butt
joints on schedule 40 pipes
in 1G, 2G and 5G positions
by GTAW. (Mapped NOS:
CSC/N0212)

41.Root welding of pipes (schedule 40)
in 5G position.

42.Intermediate and cover pass
welding in 5G position.

43.Inspection and clearance using LPI
testing.

44.Root welding of pipes (schedule 40)
in 5G position

45.Intermediate and cover pass
welding in 5G position.

46.Inspection and c learance
using LPI testing.

47.Beading practice by TIG on MS
sheets.

48.Square butt joint on M.S. sheet in
flat position.

49.Square butt joint on M.S. sheet in
flat position.

50.Inspection and clearance using LPI
testing.

51.Square butt joint on M.S. sheet in
2G position.

52.Inspection and c learance
using LPI testing.

53.Square butt joint on M.S. sheet in
3G position.

54.Inspection and clearance using LPI
testing.

55.Square butt joint on M.S. sheet in
4G position.

56.Inspection and c learance
using LPI testing.

57.Root pass welding of
pipes(schedule 40) 1G positions by
TIG.

58.Inspection and clearance using LPI
testing.

59.Root pass welding of pipes
(schedule 40) 2G positions by TIG.

60.Inspection and clearance using LPI
testing.

61.Root pass welding of pipes
(schedule 60) 5G positions by TIG.

62.Inspection and clearance using LPI
testing.

63.Root pass welding of pipes
(schedule 60) 6G positions by TIG.

64.Inspection and c learance
using LPI testing.

- Procedure for welding heavy wall
pipes in 6G position welding

- Welding symbols Procedure for
welding of thin wall pipes in
downhill position.

- Procedure forwelding pipes in
2G position.

- Welding procedure for
complicated pipe joint, T- joints
with intersection.

- Top, Bottom and Side - Y joint
etc.

- Introduction to GTAW welding -
Advantages, Equipment -
Electrode.

- Shielding Gas and Advantage of
root pass welding by GTAW.

- Importance of preheating, post
heating and post weld heat
treatment

- Welding metallurgy - weld
stress

- Distortion and control.
- Correction of distorted

section.

Professional
Skill 85Hrs;

Professional
Knowledge
16Hrs

Perform Root pass welds in
Weld single Vee butt joints
on schedule 60   pipes and
schedule 80 pipes in 6G
positions by GTAW
and intermediate and cover
pass weld by SMAW.

(Mapped NOS: CSC/ 0212)

- Introduction to GMAW & Flux
cored arc welding - Equipment,
accessories, Advantages
and Limitations.
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(xviii)

65.Pipe welding dia 50mm in 2G
position by GTAW.

66.Root pass welding of pipes
(schedule 60) 6G positions by TIG.

67.Inspection and clearance using LPI
testing.

68.Cover pass Intermediate pass by
SMAW.

69.Inspection and clearance using LPI
testing.

70.Root pass welding of pipes
(schedule 80) 6G positions by
SMAW (by pipe welding electrode)

71.Inspection and clearance using LPI
testing.

72.Cover pass  and Intermediate
passes bySMAW. (by low hydrogen
electrode)

73.Inspection and clearance using LP
testing.

74.Square butt joint on M.S. sheet in
flat position by GMAW.

75.Single V joint on M.S. plate in flat
position by GMAW.

76.Inspection and clearance using LP
testing.

77.Pipe (schedule 40) welding by
GMAW in 1G position by GMAW.

78.Pipe (schedule 60) welding by
GMAW in 1G position by GMAW.

- Power source - Wire feeder -
Electrode wires - shielding
gases

- Types of metal transfer and
welding parameters

- Types of welding defects, cause
and remedy.

- Non-destructive testing
methods.

- Introduction to plastic welding
(PP,PE& PVC), its parameter &
Check

- Requirement for qualification in
different codes.

- Qualification procedure under
various codes.

- Different tests and inspection
involved in qualification.

- Inspection and testing of
weldments.

- Visual inspection kits and
Gauges.

Professional
Skill 22 Hrs;

Professional
Knowledge
04 Hrs

Professional
Skill 22 Hrs;

Professional
Knowledge
04 Hrs

Perform single Vee butt joint
welding on MS pipes by
GMAW in 1G position.

(Mapped NOS: CSC/
N0209)

Carry out Dimensional
inspection and testing of
weldments. (Mapped NOS:
CSC/N0204)

79.Dimensional inspection of
weldments.

80.Visual inspection of weldments.

81.Non-destructive testing of
weldments

82.Bend Testing of specimen according
to codes and standards.

- Pressure welding codes and
standards (IBR, ASME etc.)

- Writing procedure for WPS and
PQR
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   &  (CG&M)                1.1.01   
 ( ) Welder (Pipe) -     

    (General Discipline in the Institute)
:         

•        
•           
•         

  -    ( ,    
,  -          

 )     ,  

          
      

          

           
       

             
  

           
         

      ,   
  -    

     

         

   -         

           

           
  

             
          

/        

            
     

      -       
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   &  (CG&M)                1.1.02   
 ( ) Welder (Pipe) -     

   (Elementary First Aid)
:         

•       
•    
•   
•         
•         
•          

        (Electrical shock 
and breathing problems):       

            ,  
      

                
             

,        ,    
  ,             

            
(Fig 1  2)

    ,            
                

       ,        
              

               , 

               
  ,          , 

    

           ,   
              
 (Fig 3)

             
   (Fig 4)    

      -    -    !

   (Electric shock):      
             

         :

-   

-        

-   

-   

-   
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     (E ects of an electric shock): 
            

  ,            
   

    ,          
              
 

    ,       
         ,    

       ( )    
     

              
 (Treatment for electric shock)

    : (Prompt treatment is 
essential)

 -         ,  
   

         ,      
 ,         ,   
, ,  ,   - ,      
,  ,    , -     

-     ,  ,  ,  
 (Fig 5)

              
       

   (Electrical burns):     
              

              
               

-   

   (Burns and scalds):     
         ,       

       , ,  ,   
          

  (Severe bleeding):      
    ,    ,    ,  

           
     ,         
       

  (Immediate action):     
 :

-     

-             (Fig 6)

-    

-     

       (To control severe 
bleeding):           

              
               

(Fig 7)
      ,          

 ,            
 
  (Large wound):    (    

)       ,       
     (Fig 8)

   (Eye injury):        
   ,           3  

4  2  3             
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   &  (CG&M)                  1.1.03   
 ( ) Welder (Pipe) -      

     (Importance of Welding in Industry)

:         
•         
•               

  ,     /    
             

             
  :  ,  ,     
 (2 MM   )          

    :   ,   , , 
,  ,          
 

             
              

            
 ,   ,       

            
              
             

              
,      100%        
  70%    

           
   

           
(Advantages of welding over methods of joining metals)

  (Welding method):       
            ( ) 

/         

          (Comparison 
between welding and other metal joining methods): 

,    , ,     

   

           

        :

-      

-      

-      

-             

   (Advantages of welding):

          :

-      

-    

-      

-    

-           
 

-     

-         

              
 

          -    
            
            Fig 1 
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   &  (CG&M)                          1.1.04   
 ( ) Welder (Pipe) -     

            (Safety in Shielded 
Metal Arc Welding and Oxy Acetylene Welding and Cutting)

:         
•               
•             
•                  
•            

-   (Non-fusion welding)
              

            
            

:  ,    

        (    
  )            

   ,          
 ,         ,    
         

            
           
     

1  

a)   

b)   

c)      

d)   

2  a)  

b)  

c)     

3  /  

4    

  , ,        Fig 3,4,5 
 6     , , ,      

           ,    
               

 

            

        

   (Fig 5)         
               

             
    

    :       
             

   

             

(Fig 6)

             
(Fig 7)
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   (Fig 8)
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 ( )            
  (  1)

 1
         

         

8-9
10-11
12-14

Up to 100
100 to 300
Above 300

     Fig 9      
             

 

              
        Fig 10

              
             
  

  ,          
    

-  -           
              

                
           

             /
         

      (Safety in Gas cutting process)
:         

•               
•           
•         

  (Equipment safety):     
             

  

    (Fig 1)

     

,          

   &  -  ( ) (NSQF -  2022) -  1.1.04   
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    3   

    (Safety during operation):   
     

          /
    

-    

-   

-   

           
           

-        

          

   &  -  ( ) (NSQF -  2022) -  1.1.04   

               
          

            
            

    (Fig 2)        
           

      (Fig 3)
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   &  (CG&M)  1.1.05   
 ( ) Welder (Pipe) -     

     (Introduction and De nition of Welding)
:         

•       
•        

            
   ,            

              
     -    

1801 ,          1802 ,  
             

        1881-
82 ,    Nlkolai Benardos   
Stainshlaw Olszewski     ,  

          ;   
   

1800     ,   (1888),   
, . .          

     (1890) 1900  , A.P.  
        ,     

 

1905 ,         -
        1919 ,  
    C.J. Holslag    ,  
      

             
            
             

         ,    -  
      ,        
          ,   

    ,        -
      

    -     ;    
 (SMAW)      (GTAW),    

  (GMAW)

GMAW     “ ”        
              
    (        Co2  

)    

GTAW             
          ,   

              
         -    

            
   ,          

          -  
             
-            
      ;        
         

      -       
 ,      ,   ,  ,  

  (EB),        
  ,   -      

 ,   ,         
       ,   , 

 ,            
            

   (De nition of Welding):

     ,         
             

            
 

   (Arc welding machines):    
    DC        DELTA 

   :          
        DELTA    
        

       

-          ,  
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        DC     
      

              
             

     

      ,    

   &  -  ( ) (NSQF -  2022) -  1.1.05   

    (Arc welding accessories): 
             

            
              

               
    -         

             
 -          
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   &  (CG&M)       1.1.06   
 ( ) Welder (Pipe) -     

    ,     (Arc and Gas Welding 
Equipments, Tools and Accessories)

:         
•      
•        

    (Arc welding accessories): 
            
           
    

-  (Electrode-holder) (Fig 1) :    
           

             
      

-          

  (Earth clamp) (Fig 2) :      
              

/        

 /  (Welding cables/leads):   
              

  

   -        
 

             ( ) 
   

        ,      
          (  4)

    ( - )  300, 400, 600 
     

            

            
  (  1 )

          
     
     ( )   
   (Fig 5)
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 1

       

          

(mm) 0 - 15 15 - 30 30 - 75
24.0
21.0
19.0
18.0
16.5
15.5
14.5
13.5

600
500
400
300
250
200
150
125

600
400
350
300
200
195
150
100

400
300
300
200
175
150
100
75

-       (Oxy-acetylene welding equipment 
and accessories)

:         
•            
•          
•       -     
• -      
•       

-         
             

  (Fig 1)

   (Oxygen gas cylinders):  
           

              
(Fig 2)   120  150 /cm2    

  7m3           
       

   &  -  ( ) (NSQF -  2022) -  1.1.06   
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   (Dissolved acetylene cylinders): 
             
  ( )          
      15-16 kg/cm2    
  6m3 

   (Oxygen pressure regulator): 
          

             
             

   (Fig 3)

  (Acetylene regulator):    
     ,        

             
              
     ,       

 ,          (Fig 4)

  -   :      
               
             

             (Fig 5)

              
             

              
 (Fig 6)

  -           
            
        -     

   (Blowpipe and nozzle):  
          

         

           /
     

             
 

   &  -  ( ) (NSQF -  2022) -  1.1.06   
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    (Gas welding hand tools)
:         

•              
•   

            
 

  (Tip cleaner):        
     

              
(Fig 1 & 2)

     ,         , 
         (Fig 3 & 4)

             
    (Fig 5)

  ,          
    

 (Sparklighter):  ,   Fig 6  7 
   ,           

  ,          
             

            
            

  (Chipping hammer):   Fig 8   
               

             

   &  -  ( ) (NSQF -  2022) -  1.1.06   

              
       (Fig 8 & 9)
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   &  (CG&M)          1.1.07   
 ( ) Welder (Pipe) -     

      (Various Welding Processes and their Applications)
:         

•        
•        
•         
•       

    ,         
    :

-    (    )

-    (      )

-    (            
   )

          : -

-   

-   

-  

-   

-  

         :

-    /    

-   

-    

-     /  

-     / MIG / MAG 

-    

-   

- -  

-   

         :

-  

-  

-  

-   

-  

          :

- -   -   

- -   

- -    

-        :

-  

-  

-  

-  

-  

-   

-  

Code   Welding process

AAW   Air Acetylene

AHW   Atomic Hydrogen

BMAW   Bare Metal Arc

CAW   Carbon Arc

EBW   Electron Beam

EGW   Electro Gas

ESM   Electro slag

FCAW   Flux Cored Arc

FW    Flash

FLOW    Flow
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GCAW   Gas Carbon Arc

GMAW   Gas Tung en Arc

GTAW   Gas Tung en Arc

IW   Induction

LBW   Laser Beam

OAW   Oxy-Acetylene

OHW   Oxy-Hydrogen

PAW   Plasma Arc

PGW   Pressure Gas

RPW   Resistance Projection

RSWE   Resistance Seam

RSW   Resistance Spot

SAW   Submerged Arc 

SMAW   Shielded Metal Arc 

SCAW   Shielded Carbon Arc 

SW   Stud Arc

TW   Ultrasonic

UW   Ultrasonic

SMAW    (Main parts in SMAW)

•  

•  

•   ( - )

•   

    (Types of power source)

1 AC  

2 DC  

3   

4  

   &  -  ( ) (NSQF -  2022) -  1.1.07   
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   &  (CG&M)                          1.1.08   
 ( ) Welder (Pipe) -     

        (Welding Terms & Its De nition Arc and 
Gass)

:         
•        
•        
•        
•       

1   (Fillet weld): 90° (   /    
    /    )      

           

2   (Weld reinforcement):    
  /      ,   

 

3   (Miter line):          
  ,    

4    (Toe of weld):        
       ,      

      

5   -  (Toe Line):       
        

6   (Concave bead):        
       

7   (Convex bead):        
       

8   (Miter bead):         
          

9    (Gas welding torch):    
,  ,          

    ,         

10    (Gas cutting torch):    
   ,  ,      

     ,         

11    (Gas pressure regulator):  
            

  /        

12     (Gas Rubber hose pipe):   
              

/      

13   (Back re):        
           

14   (Flash back):         
             

    ,        

15    (Flash back arrestor): -  
  ,          

             
            

16   (Electrode holder):    
            

          (   
         300 Amps, 

400 Amps  600 Amps ,      
)

17   (Earth clamp):      
            (  

          300 
, 400   600    , G.I. 

          

18    (Arc welding cable):    
            

/     

19   (Cable Lug):       
300Amps, 400Amps  600Amps      

      

20 SMAW :         
          (    

  )

21 GMAW:      CO2  (MAG),  
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    (MIG)      
  (      )

22 GTAW:     (     
 )

23 FCAW:         
(      )

   &  -  ( ) (NSQF -  2022) -  1.1.08   

24  (Electrode) (  )      
         , , /  

            
/          (   

            
)
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   &  (CG&M)                          1.1.09   
 ( ) Welder (Pipe) -     

         , ,  (Di erent Process of 
Metal Joining Methods Bolting,Rivelting,Soldering)

:         
•             
•        
•       
•        
•            
•       -      

   (Bolts and nuts) ( g 1)

               

        ,      
,               

        ,      ,  
          

     ,        
 

    (Rivet joines)

               

              ;

-    ,

-         ,

-              
  

   (Speci cation of rivets)

   , ,       
    (Fig 2)

 (Rivets)

  Fig 1    ,      -  
,           

        

      ,   ,  
   

 ‘L           

  (Rivet joints)

              

    ,          
(Fig 3)
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 (Soldering)
:         

• ‘    
•        

   (Soldering method):     
         

            
              
            

   

              
      

            
,       

            
 

     (a)       
  (b)  

             
     420      ,  

       

             
          420   
 850        ,    

 

     ,        
  -          
   

   &  -  ( ) (NSQF -  2022) -  1.1.09   
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  (  ) (Soldering iron) (soldering bit)
:         

•     
•          
•            

  (Soldering iron):     
              

  

              
       

        

-       

-         

-        

-            
       (Fig)

 (Solder)
:         

•     
•    
•         

           
  

              
  , , , , , ,  , ,  

      

 OS  (Types OS solders)

     

-  

-  

  (Soft solders):   -   
             

             
      450 ° C     

   450 ° C       , , 
, ,          

 ( )            
      

 (Warning)

     ,         
         

  (Hard solder):  , , , ,  
            

      

   &  -  ( ) (NSQF -  2022) -  1.1.09   

-  (  )

- 

-   

- 
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. .   

1

2

3

4

5

6

 

 

 

 

  

  

50

60

70

40

66

63

50

40

30

60

34

37

   

       
,

    

     

  

     
   

 ,   

      
 

            
               

           
  

-         , 
            

  

          ,   
       Fig 1    

           
         

  (Soldering ux)
:         

•      
•      
•   -      
•         

   &  -  ( ) (NSQF -  2022) -  1.1.09   
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       (Factors considered while soldering)
:         

•      
•       
•       

           ,   
      

        

1    

2           
    

3           

4              
  ,          

  (Cleanliness):    ,    
           

      ,        
       ,      

   ,            
  

             
              

   

 ,     (Soft soldering, brazing and silver brazing)
:         

•        
•  ,         
•         
•       
•            

(Brazing):           
   450            

450       

            

-  ,   , ,        
           

-           (  
         0.08 mm 

 )

-        (      
     25%   (  )   

75%        )   
     , , , , 

,  ,        
            

   

          

  /  860°C  950°C     

              
 

  (Brazing uxes):      
    

            

     ,       
        , , 

        

    (Various methods of brazing)

  (Torch brazing): -      
          (Fig 1)

   &  -  ( ) (NSQF -  2022) -  1.1.09   
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   &  (CG&M)        1.2.10   
 ( ) Welder (Pipe) -  

                
(Types of Welding Joints and its Applications Edge Preperation and Fit up for 
di erent Thickness)

:           
•        
•         

  

     (Fig 1)    

       ,      
       

   (Types of weld):       (Fig 2)

-   /  

-  

-        

      (Nomenclature of butt nd 
llet weld) ( g 3  4)

  (Root gap):          (Fig 3)

   (Heat a ected zone):      
       

   (Leg length):        
        ‘     (Fig 5)

  (Parent metal):       

  (Fusion penetration):      
  (Fig 3  4)

© N
IM

I 

NOT T
O B

E R
EPUBLI

SHED



27

 (Reinforcement):         
              

(Fig 6)

 (Latch):            
      

    (Fig 4)        
          

        ,       
     ,        

 

         ,      
            

   Fig 5    

             
              

  ,        

        ,    
     ,  , ,    

         

            
(Di erent methods used to cut metals)

1    

2   

3        

4     

5   

     4        
    2,4  5     

        

1  

2    

3   

4  

5 -   

               
    (90°   )      
        ,  3 mm     

,   /         
 

   &  -  ( ) (NSQF -  2022) -  1.2.10   
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   (Edge preparation)
:          

•        
•            

     (Necessity of edge 
preparation):            

             
            

       

-    SMAW, -  , Co2, 
-  

-     , ( )  ,  , 
,   

-     

-    (    )

-  

         ,   
       ,   

             
             
          

   ,          
              

    “ ”  “ ”        
              
          “ ”  

        

             
               
 ,         ,   
             

      (Method of edge 
preparation):          

          

-   

-   

-     

- , 

       (Types of edge 
preparation and setup)

             

Fig 1    

 (Root):         (Fig 7)
  (Root face):          

          (Fig 8)
  (Root run):          

(Fig 9)

  (Root penetration):       
     (Fig 6 & 9)

 (Run):       (Fig 9)

   2             
      3          

   &  -  ( ) (NSQF -  2022) -  1.2.10   
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  (Sealing run):     (     
  )           (Fig 

10)

  (Backing run):         
      (      )  (Fig 

6)

   (Throat thickness):      
             (Fig 5)

   (Toe of weld):         
  (Fig 5 & 6)

  (Weld face):       ,   
       (Fig 5 & 6)

  (Weld Junction):       
    (Fig 3 & 4)

  (Fusion face):         
    (Fig 11)

   &  -  ( ) (NSQF -  2022) -  1.2.10   
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   &  (CG&M)            1.2.11   
 ( ) Welder (Pipe) -  

   (Surface Cleaning)
:         

•   
•      

              
  

   (Importance of cleaning):    
            

        , , , , ,  
             

     ,        
            

          , ,    
               

                
                

              

   (Methods of cleaning):   
 , ,           

           (Fig 1)

    , , ,  , 
,         (Fig 2)
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   &  (CG&M)                          1.2.12   
 ( ) Welder (Pipe) -  

     (Basic Electricity as Applied to Welding)
:         

•      
•  ,       
• AC  DC 
•        
•       

             :

-  

- , ,   

-   

-    

-     

      

  (Electric current):      
        (A)       
        

  /  (Electric pressure/voltage):   
        

     (emf)      
 (V)         

  (Electric resistance);       
             

            

-        :

-         

-        

-          

 (Conductors) :        , 
   (Fig 1)

, , ,        
    

 (Insulators)-        
,   (Fig 2)

, ,  ,    ,  , 
            

   

 (Electric circuits):      
           ,  

    

    :

-  

-  

  (Series circuit):       
               

  

  (Parallel circuit):      
-           
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  (AC) (Alternating current (AC)):   
             

  ,     . 50      
   50          
    (Hz)   (Fig 2)

  (Direct current (DC)) (Fig 4) :     
      ,     ( ) 

   (  )     
(  )

   (Ohm’s law):       
         

 ,      ,   1827  
    . ,      :

   ,   ,       

 ,           
    

 V = IR

  Where V = Voltage

    I = Current

    R = Resistance

     

     (Application of Ohm’s law): 
             

         

               
 

      (Open circuit voltage 
and arc voltage): Fig 3       

        ,    
         /      

      “V”  “   ” 
  

 I = V / R  I  = amps   

 V = I × R  V =    

 R = V / I  R  =   

            60V 
 110V  

      ,       
       /   ,     
    “V”  “  ”   

           18V  55V 
  

       (Use of electricity 
as applied to welding):    ,    

    :

-            
     (4500°C)   (    

 )

-              
              

       (     
)

-  (   )      
    

-             
     (   )

    ,       
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   &  (CG&M)                  1.2.13   
 ( ) Welder (Pipe) -  

   (Heat and Temperature)
:         

•     
•  ,       
• AC  DC 
•        
• OHM s      

   (Heat and temperature):    
  ,            -  

              
            

              
     

 (Example):   , ‘      
,   , ‘        40°C, 50°C, 

150°F 

  (Temperature measurement):   
     

-  

-  

          :

-        (    )

-           

  ‘       

  (Centigrade scale):      
             

        100    
        (°0C)    

     100  (100°C)     , 
       (°C)     
      

  (Fahrenheit scale):     
             

       180     
       32  (32°F)    

 212  (212°F)     

       (°F)   

  °C  °F     (Conversion of temperature 
from °C to °F)

       

   ,    (C)      
100°C          

   122°F      122°F   
       

  ,     ( )   
(Application of heat, temperature and their units 
(terms) in welding)

           

-       3200  

             
             
            

             
  

 (Example)

1.5 mm          -
        

     1530°C     

  (6 mm)      -   
     

����� 212  32)
5
9c (100  F

9
532)-(122c ��

32
5
9c F and

9
5 32)-(F C ����� ��

�
	

�

© N
IM

I 

NOT T
O B

E R
EPUBLI

SHED



34

        ,       
        

        -      
         

   &  -  ( ) (NSQF -  2022) -  1.2.13   

     ,        (  
  )           

         

          ,    
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   &  (CG&M)                          1.2.14   
 ( ) Welder (Pipe) -  

        (Principle of Arc Welding and Characteristic 
of ARC)

:         
•       
•      

              
,               

  (  )     3600  ,   
             

    (Fig 1)

    (Shielded metal arc welding) 
(Fig 2) :         ( ) 

             
 

              

   (Carbon arc welding) (Fig 3) :  
  ( - )        

            
 -     

     (   ) (Metal transfer across the arc) 
(Characteristics of arc)

:         
•                

              
      :

-  

-   

-  

-   

  ( g 1) (Gravity force):     
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   (Gas expansion force) ( g 2) :    
       ,  :

-         

-              
        

               
              

               
              
   

            
        

  (Surface tension) ( g 3) :     
 ( )            

            

         

  (Electromagnetic force) ( g 4) :  
              

             
            

              

       

   &  -  ( ) (NSQF -  2022) -  1.2.14   
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   &  (CG&M)                          1.2.15   
 ( ) Welder (Pipe) -  

  ,             (Common 
Gases used for Welding & Cutting, Flame Temperature and Uses)

:         
•              
•         
• -         

   ,    ( )    
         

(         -   
          
 )

         (Comparison of di erent gas ame combinations and their 
uses)

. .        / 

1

2

3

4

5

 

  

 (LPG)

-   

-  

-   
   

-  
    

 

-   

3100  3300°C 
 

(  )

2400  2700°C 
 

(  )

1800  2200°C 
 

(  )

2700  2800°C 
 

(  )

1825  1875°C 
 

(  )

          
     ;     

 ;   ;   
      

 ,       
         

        
    

        
    (       

   )

 , ,     
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   &  (CG&M)               1.2.16   
 ( ) Welder (Pipe) -  

-       (Types of Oxy - Acetylene Flames Uses)
:         

•    -     
•       
•         

    -        
 

-          

-             
   

-   /        

    -    -     
   

-  

-  

-     

  (Neutral ame) ( g 1) :    
       

      

    /          
             

     

 (Uses):     ,  
 ,  ,  ,     

      

  (Oxidising ame) ( g 2) :  
           

    

            /
  /      

 (Uses):           
 

  (Carburising ame) ( g 3):   
         

 (Uses):  (  ),    ' ' 
      

            

         (    
 )

 (Metal)                    (Flame) 

1   

2  ( - )      

3   

4   

5    

6  ( ) 

7   
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   &  (CG&M)                          1.2.17   
 ( ) Welder (Pipe) -  

         (Oxy Acetylene Cutting 
Equipment Principle Parameter and Application)

:         
•       
•         

    (Introduction to gas cutting):  
       -    

  -     ,  ( ) 
           -   
               

              
           

             
 

    (Principle of gas cutting):  
                

      ,        
          
            

              
   ,              
   Fig 1        -

             
         ( )  
  

             
 

           

            
              

      ,  ' '     
 Fig 2

  (Cutting operation) ( g 2) : -
             

            
    (900°C app.)        
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-     (Oxy-acetylene 
cutting equipment)

   (Cutting equipment): -  
        ,    
      ,     

           

-   

-   

-   

-    (        
    )

-        -

-  

(     ,  ,    
             

)

  (The cutting torch):      
       :       

            
             

           
 

                
             
              

         -    
   

-     (Oxy-acetylene cutting 
procedure):         

             
             

     ,         
90°    ,          3 
mm             

                
,              

   -    ,     -  
        ,      

               
     ,         

            
  

    (Application of cutting torch): 
-      4 mm     

          M.S    
               
             
             

            
          

   - mm    (mm)    kgf/cm2

0.8

1.2 

1.6

2.0

2.4

2.8

3.2

3-6

6-9

19-100

100-150

150-200

200-250

250-300

1.0 - 1.4

1.4 - 2.1

2.1 - 4.2

4.2 - 4.6

4.6 - 4.9

4.9 - 5.5

5.5 - 5.6

         
  300       

        875  
  900   

   &  -  ( ) (NSQF -  2022) -  1.2.17   

© N
IM

I 

NOT T
O B

E R
EPUBLI

SHED



41

   &  (CG&M)                          1.2.18   
 ( ) Welder (Pipe) -  

   , ,     m/c      
   (Arc Welding Power sourses Transformer, Recti er, and Inverter 

type Weld- ing m/c and its cane maintanance)
 

:         
• AC  , DC          
•         
• AC  DC         
•         

AC   (AC welding transformer):  AC 
       AC    AC  
     (Fig 1)

     , :

- 40  100         
(OCV)      (220  440 )   

 

-           
      

AC      AC      
   

  (Constructional features):   
               

               
      

 ,      ,     
               

 ,      ,     
               

           
          

    

         

            

 -   -    

  (Working principle): AC   
(220-440 )            

       

            
 -        

          ,   
           
   :

 
primary the in turns No.of

secondary the in turns of No.  coil primary at Voltage �

 (Advantages)

-   

-    

-    

-    

AC     -   
AC     -              

DC        , 
   '  '   
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 (Disadvantages)

-    

-   

-       

   (Care and maintenance)

         

           
 

           
   

        

            

             
   

            

DC   (DC welding generator)

DC     (Necessity of DC welding 
generator)

DC       :

- AC      DC    

-             
(  )   

-             
       

             
 

            
    

            
   

          

             
      

AC / DC     (AC/DC welding 
recti er its construction)

AC / DC         
(Constructional features of AC/DC welding 
recti er): AC    DC     

            
           

   (Fig1)       (Fig2)  
              

  ,           
  ,           
 

           
  (ANODE)         

( ,    )       
( )         -    

               
             

              
    

      AC   
    

   &  -  ( ) (NSQF -  2022) -  1.2.18   
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  (Working principle):     
      ,  AC  DC   

  DC        
 ,             
             

  AC  DC          
 

       (Care and 
maintenance of recti er welding set) 

3          

  ' '         AC / DC 
    

    

 (Inverters)
:         

•    
•      

 (Inverters)

  (Basic principle)

    DC  AC    

          AC 
     DC  DC      

(KHz )  AC     

            
 

          
   DC      

           
   

   (Working principle)

1   DC    

2  DC    AC    

3   AC       

4 AC    

5   DC         
              

 

6             
         

7      DC   

 (Advantage)

•    

•    

•  

 (Disadvantage)

• 

•   

•     

   &  -  ( ) (NSQF -  2022) -  1.2.18   
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   &  (CG&M)                          1.2.19   
 ( ) Welder (Pipe) -  

AC  DC      (Advantages and Disadvantages of AC and 
DC Welding)
 

:         
• AC        
• DC        

AC    (Advantages of AC welding)

     :

-         

-         

- AC             

-         

-   

-   

AC    (Disadvantages of AC welding)

          

           
  

  ,      (   )  
  

            
 

DC    (Advantages of DC welding)

 (  2/3   1/3)     
          

             
     

            
         

              
    

       ,     
          

            
   

          

      

DC    (Disadvantages of DC welding)

DC     :

-    

-    

-    

-       

-   

-        

-    
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   &  (CG&M)                          1.2.20   
 ( ) Welder (Pipe) -  

EN & ASME    : , ,     
(Welding Positions as per EN & ASME : Flat, Horizontal, Vertical and 
Overhead position)

:         
•        

   (Basic welding positions)
-       (Fig 1)

-   (Fig 2)

-   (    ) (Fig 3)

-   (Fig 4)

 /            
   

             
      

          

  : (Plate welding position)

  : (Pipe welding position)

 Welding position
Groove Fillet         Groove fillet

 Flat        PA          PA            1G  1F
 Horizontal        PC          PB  2G  2F
 Vertical PG/PF    PG/PF  3G  3F
 Overhead        PE          PD  4G  4F

EN ASME

Welding position
  Groove Groove

Flat    PA 1G
Horizontal    PC 2G
Multiple position    PF/PG 5G
Inclined (All position)    H-LO45 6G

EN ASME
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   &  (CG&M)                          1.2.21   
 ( ) Welder (Pipe) -  

    (Weld Slope and Rotation)
:         

•                 
• I.S.              

   (Welding position):    
         

1    

2 

3 

4 

             
             

   (Axis of weld):        
            (Fig 1)

   (Face of weld):        
      ,        

(Fig 1)

  (Weld slope) (Fig 2):      
     

  (Weld rotation):        
             
                

   

   (Fig 4)      (Fig 5)

© N
IM

I 

NOT T
O B

E R
EPUBLI

SHED



48

      (Fig 6 & 7)

    (Fig 8)

             
 

            
   

    (De nition of welding position)

   

  

F

H

 

V

O

10°   

10°   

45°  

45°   

10°   

10°  
 90°   

 

90°  

  - BIS  AWS   (Welding symbol - as per BIS & AWS)
 :         

•          
•        
•   (BIS)  AWS          

 (Necessity):        
     ,      
       , ,    

         

  (IS 813 - 1986  ) (Elementary 
symbols):           

             (  1)

  (Supplementary symbols):    
          ( ) (  

2)              
          (  3)

   &  -  ( ) (NSQF -  2022) -  1.2.21   
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 1
  (Elementary symbols)

. .                                                                               

1                
(          )

2   

3  V  

4    

5       V  

6         

7  U   (     )

8  J  

9  ;    

10  

11  ;     / USA

12  

13  

   &  -  ( ) (NSQF -  2022) -  1.2.21   

© N
IM

I 

NOT T
O B

E R
EPUBLI

SHED



50

 2
  (Supplementary symbols)

   

a)  (    )

b) 

c) 

  (Weld symbol):         
             

       ,

  (Welding symbol):      
        ,     
 ,          
            7  

  (Fig 1)

1  

2 

3   

4    

5  

6    

7  ( , )

   (Methods of representation) 
(Fig 2  3)

 3

      (Examples of 
application of supplementary symbols)

 ( )  
V

  V  

  

 ( )  
V    
( )   

 

   &  -  ( ) (NSQF -  2022) -  1.2.21   
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 , -    (The reference line, 
arrow-head and tail)

Fig 1  5            
              
 

             
   

 (Arrow):            

             

            
         -   

    (Fig 2  4)

 (Tail):           
         ,    
             

        

 /   (Welding/elementary symbol): 

   &  -  ( ) (NSQF -  2022) -  1.2.21   
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Fig 6  7            
        

     (Root opening and groove 

angle):           
        aroove     
        (Fig 8)

    (Contour and nish symbols): 

             
             
            

   (Fig 9)
    (Dimensions and other details): 

      '   '    
      -        

         (Fig 10)  300  
      300 mm ; a5      

  5 mm ; Z7        7 mm 

   &  -  ( ) (NSQF -  2022) -  1.2.21   
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   &  (CG&M)                          1.2.22   
 ( ) Welder (Pipe) -  

        (Arc Length and its E ects of areLength)
:         

•         
•          

   (Arc length) (Fig 1) :     
              

    

-   

- 

- 

,   (Medium, normal arc) (Fig 2) :  
            

      

  (Long arc) (Fig 3) :       
                
  

  (Short arc) (Fig 4) :       
                
 

     (E ects of di erent arc length)
  (Long arc)

       :

-  

-    

-    

-      

-  ,        
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   &  (CG&M)                          1.2.23   
 ( ) Welder (Pipe) -  

     (Polarity types and Applications)
:         

•          
•         
•                  

    (Polarity in arc welding):  
           (Fig 1)

  (DC)    :

-      (  )   
 (  ) 

-         

             
       

            
   

    : DC     2/3  
   1/3      

            , 
        

   (Kinds of polarity)

-      (DCEN)

-      (DCEP)

  (Straight polarity):     
             

  (Fig 3)

  (Reverse Polarity):     
             

  (Fig 4)

        :

-          

-             
       

         
 

AC          
  -       (Fig 2)
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        :

-    

-    

-   -      

- ,      

-   

        AC    DC  
   

           

   (Determination of polarity):  
            
    

DC    /     
     

         

         

    (Indication of wrong polarity)

            
 :

-     

-    

-          

-     

-    

-           

   &  -  ( ) (NSQF -  2022) -  1.2.23   
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   &  (CG&M)                          1.2.24   
 ( ) Welder (Pipe) -  

      (Calcium Carbide uses and Hazards)
:         

•       
•       
•         
•       -    

           
           

    (Composition of calcium 
carbide):        

 :

-   = 62.5%

-        = 37.5%,      100   
  62.5    37.5   

   Ca C2 

    (Properties of calcium 
carbide):            

    2.22  2.26 g/cc      
        -       
            (    

  )      ,      
 

    (Uses of Calcium Carbide)

1         
   

2          
    ,      PVC  

            

3          

4             
        

5            
           
 

6            

7       -  -      
 

8             

          

 (Hazards)
1          

2            
  ,

3       

4     (  )     
       

5   ,        

6           ,  
          

7 (  ),    

8         
      

9              
          

      

10          -  
    ,  /       

    

     

11             
          

     

12            
     ,  ,   

   

   ( , , , )   ,   
        

  (Eye Protection)
1          

2          ,   
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   &  (CG&M)                          1.2.25   
 ( ) Welder (Pipe) -  

  -  (Acetylene Gas - Properties)
:         

•           
•                

    ,         
    ,         
      (92.3%)   -  
   3100°c - 3300°c  

    (Composition of acetylene 
gas):    :

-  92.3% (24 )

-  7.7% (2 )

   C2H2          
      

    (Properties of acetylene gas):  
   ,            

  0.9056         
              

   (  )         
            

 

           
           

           
 40%             

            
             

        1 kg/cm2   
        (N.T.P) 

1.091 kg/cm2   20      
  760 mm  1kg/cm2       

            NTP  
   25         

  25X15=375         15 kg/
cm2            
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   &  (CG&M)                          1.2.26   
 ( ) Welder (Pipe) -  

  (Flash Back Arrestor)
:         

•       
•            

     (Working principle in normal 
stage):          

            , 
     ,        
              
            

            

   (Accidental condition):     
           

   ,        -   
    -           

              
          ,  

             
             

,              
            

              
              
            (Fig 1)
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   &  (CG&M)                          1.2.27   
 ( ) Welder (Pipe) -  

     (Oxygen Gas and its Properties)
:         

•         
•                

  (Oxygen gas):      
   O2 

    (Properties of oxygen gas)

-  ,     ,

-    16  

-     32°F       
  1.1053 

-      

-              
  

     (    , 
 , )         ,   

    ,         
  -         

     ,

    -182.962°C     
   

       

  -218.4       
             

   ,

      +   =  

       +   =  

       +   =  

          
      ,         

             21% 
 78%       
  ,       89%  

     1/3       
860           

  750          
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   &  (CG&M)                          1.2.28   
 ( ) Welder (Pipe) -  

       (Charging Process of Oxygen and 
Acetylene Gases)

:         
•      
•              

      (Charging of gas in 
oxygen cylinder):    120-150 kg/cm2  

           -
       '   '      
             
  -      

 (De nition):         
             
           

       (Method of charging D 
A gas cylinder):    1kg/cm2     

             
             

 ,      

       :

-    

-  

-  

-     

-  

            
,    (      1/3)    

              
15 kg/cm2

           
    : ,        
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   &  (CG&M)                          1.2.29   
 ( ) Welder (Pipe) -  

  DA               
 (Oxygen and DA Gas Cylinder and Colour Coding and Uses of Single 

Stage and Double Stage Gas Regulator)
:         

•      
•           
•         
•        

    (De nition of a gas cylinder):  
    ,         

             
   

      (Types and 
identi cations of gas cylinders):     

         (  1)

             
   (  1)

   (Oxygen gas cylinder):   
           

     150 kg/cm2       
         

      
(Constructional features of oxygen gas cylinder) 
(Fig 1)

          225 kg/cm2  
             

             (Fig 
1)

   (Constructional features) ( g 2) 
:            

      100 kg/cm2       
           

            
              

             
             

              
              
    3.5m3-8.5m3   

DA    (  )      
         100   

(Fig 4)          ,   
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 1

   

     

 

 

 
-

 

 (
  )

 (  
)

  (  
 

 (  
  

 )

 

 

 

 

 

 

 

 

 

 
                                                     

   (Types of regulators)

-   

-   

  (  ) (Welding regulator) (Single 
stage)

  (Working principle):      -
   ,           

       (Fig 1)

              
              
          ,      

            

              
             ' ' 
  ,         ,  

            ,  
    ' '    ,      

             
    (Fig 2)

  (  ) Welding regulator (double 
stage)

  (Working principle):    (Fig 3)  
                

           ,  
-   ,        ( ) 5 kg/

cm2               
,     (  )        

            
  ,            
        -    

  ,        ,  
        ,     

       ,      
    :   

           
              

   

   &  -  ( ) (NSQF -  2022) -  1.2.29   

© N
IM

I 

NOT T
O B

E R
EPUBLI

SHED



63   &  -  ( ) (NSQF -  2022) -  1.2.29   

© N
IM

I 

NOT T
O B

E R
EPUBLI

SHED



64

   &  (CG&M)                          1.2.30   
 ( ) Welder (Pipe) -  

-       (     )      
      (Systems of Oxy-Acetylene Gas Welding System(Low 

pressure and high pressure)Di erence between by welding blow pipe and 
gas cutting blow pipe)

:         
• -              
•         
•       

-   (Oxy-acetylene plants):  
-          :

-   

-   

      (15kg/cm2)     
  (Fig 1)

  (   )     
   

           
  

           
(0.017 kg/cm2)        (Fig 2)

   (Oxy acetylene systems):  
  -          

           
           

  

-         
    ,     

  

   (Types of blowpipes):    
 ,            

  ,          
  

          
       120  150 

kg/cm2    
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 -           
           ,  

           
   

     (Advantages of high pressure 
system):          

        ,    
             D.A 

              
   

D.A           , 

        -    
             

     

 (Types)
     

-     -   

-       

    (Uses of blow pipes):    
              
      , ,  , , 

   ,       ,  

      (Equal or high pressure 
blowpipe) (Fig 1) : H.P.        

           
,            

     ,  /       
          -  ,   
     ,      , 
,             

      

     (Fig 1)      
            

              
       (Fig 2)     
             

             
    0.15 kg/cm2       

 ,              
              

  /      /       
           

           ,  
  -     ,       
               

 :     

        

   (Low pressure blowpipe) ( g 3)

         (Fig 3)   
           

            
            

           ,  
              

  ( )          
             
             

    (Fig 4) 
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         ,     
      ,       
    

LP       
H.P.         

       

-     (Oxy-acetylene cutting equipment)
:         

• -    ,          
• -       
•          

  (Fig 1) (The cutting torch):    
        :     

            
            
            

  

                
             
              

         -    
   

        (Di erence 
between cutting blowpipe and welding blowpi 
pe):             

  (   )        
             

   

      (Fig 2)      
     

             
               

(Fig 3)

              
  (Fig 4)

       90°       
  120° 

     mm       
    

            
 -         
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          /   
             

 

              
       (Fig 5,6 & 7)

   &  -  ( ) (NSQF -  2022) -  1.2.30   
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   &  (CG&M)                          1.2.31   
 ( ) Welder (Pipe) -  

        (Gas Welding Technique Rightward and 
Leftward & Technique)

:         
•                
•             

-          :

1    (  )

2     (  )

             
     2.6    

  :         
 -          
              

        (Fig 1)

              
           60°-70°  
            30°-40° 

            
             

             
  - -     

   ( )            
       

           
    ,         

         
 

 1

        (    )   
       

      :      
     

            Fig 2  
               
         

mm 
  
 

mm  
C.C.M.S 

 
 

 
 
 

 
 

mm 
 

 

  
 

  

0.8

1.6
 2

2.5

3.15

4

5

1.6

1.6

2

2.5

3.15

3.15

1

3

5

7

7

13

 

 

 

 

80°

80°

2

2

3

3

3
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5.0 mm   ,       

         :

- 5 mm    

-       

-       (Rightward technique of oxy-acetylene 
gas welding)

:         
•          
•            

     (Rightward welding 
technique):   -     , 

              
   

      (5 mmm  )   
             

      

            
  (Fig 1)

               
         40° - 50°   

           30° - 40°  
            

            

              
             

       ,      
     

         (Edge 
preparation for rightward technique) (Fig 2)

   &  -  ( ) (NSQF -  2022) -  1.2.31   
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            Fig 2  
  

             
        

 (Application):     5 mm  
         ' '    

   

 (Advantage):   ,      
              
    

             
            

   , -           
            

        

              
           

             
     

mm    mm  C.C.M.S 
  

     mm      
  

5

6.3

8

10  16

16  

3.15

4.0

5.0

6.3

6.3

10

13

18

18

25

 

 

60° 

60° 

60°  

2.5

3.0

3.0

4.0

3.0

   
    

   
  

 

   &  -  ( ) (NSQF -  2022) -  1.2.31   

 1 (    )

© N
IM

I 

NOT T
O B

E R
EPUBLI

SHED



71

   &  (CG&M)                          1.2.32   
 ( ) Welder (Pipe) -  

        (Arc Blow Causes and Methods of Controlling)
:         

• DC      
•         
•                

DC     (Arc blow in dc welding):  
            

   '  '    (Fig1)

      (Causes and e ects of arc 
blow):            

 F1  F3           (Fig 2)

     F2         
   (Fig 2)           

              
       (Fig 3)

     

-         

-  /

-  

-            

-           

           

         : (Methods 
used to control the arc blow)
-             
 (Fig 4)
-       

-       

-         (Fig 5)

-           

-         

-           '  ' 
 '   '    (Fig 6)
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    '  '       
,  AC   

   &  -  ( ) (NSQF -  2022) -  1.2.32   

© N
IM

I 

NOT T
O B

E R
EPUBLI

SHED



73

   &  (CG&M)                          1.2.33   
 ( ) Welder (Pipe) -  

               (Distortion in 
Arc & Gas Welding and Methods Employed to Minimize Distortion)

:         
•      
•      
•        
•         

   (Causes of distortion):   ,  
        (Fig 1a)    
          (Fig 1b)     
,     -    ,    
 (   )   -    -   

             
            

              
         (  )   

       (Fig 2)

   (Types of distortion)

  3  :

-  

-  

-  

 (3,4,5)        
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      (Factors a ecting 
distortion)

 

   

 

  

 

 

      

  

              
              
       ,       

             
  

   (Prevention of distortion):   
           

 

-      

-         

-          

        (Methods of 
reducing the e ective shrinkage forces)

- /    : (Avoiding 
over-welding/Excessive reinforcement)

             
 (Fig 6)

         T/10   "T" 
    

         (Use of 
proper edge preparation and t up):     

              

         (Fig 7)

    (Use of few passes):    
            

 (Fig 8)

     (use of deep llet weld):  
            

            
(Fig 9)

   &  -  ( ) (NSQF -  2022) -  1.2.33   
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    (Use of intermittent welds): 
             

             
 (Fig 10)

'  '     (Use of ‘back step’ 
welding method):          

               
              
      (Fig 11)

   (Welding from center):      
            

     (Use of planned 
wandering method):         , 

         -     
 (Fig 12)

    (Use of skip welding):   , 
    75 mm         
            
   (Fig 13)

           
         (Methods used for 

making the shrinkage forces work to reduce 
distortion)

      (Locating parts out of 
position):      -     

             
               

(Fig 14 & 15)

      (Spacing of parts to allow for 
shrinkage):           

   &  -  ( ) (NSQF -  2022) -  1.2.33   
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 (Fig 16)

-  (Pre-bending): -       
        (Fig 17)

            
(Methods of balancing of one shrinkage force with 
another shrinkage force)

     (Use of proper welding 
sequence):           

   ,           
               

     (Fig 18, 19a &19b)

 (Peening):           
     ,         
      Fig 20

   (Divergence allowance):    
   -          
  ,            

               
       (Fig 21 & 22)

      (  )   3 mm/m

       10 mm/m

  ,         

   &  -  ( ) (NSQF -  2022) -  1.2.33   
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 (Preheating):         
             

       (Fig 23)

   (Jigs and xtures):     
             

            
           (Fig 

24)

-  (Tack-welding):        
   

              
             
        (Fig 25)    
      ,     (Fig 26)

      (Methods of correcting 
distortion):           

             
             
         

  (Mechanical methods):    
              

         ,    
 ( )    ,        

  

   (Heating methods):      
              

       

              
   

              

   &  -  ( ) (NSQF -  2022) -  1.2.33   
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        Fig 27     
            

              
              

 (Fig 28)

    (Straightening by ame 
heating):   -        

              
              
        600  650   

             ,  
            

    Fig 29    

  (Fig 29a)          
              

            
   ,        

-  (Fig 29b)    ,        
             

             
     ,      -

     

  ( - )  , (Fig 29c)     
               

           

   (Fig 29e)          
 ,              

 

   (Fig 29f)          
     ,         

            
     

  (Thermal treatments):     
 ,            

   

 (Preheating):        
               
-      200       

    30%     

   (Stress relief):       
               

            
           

       ,      
   ,         
             

      

   &  -  ( ) (NSQF -  2022) -  1.2.33   
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    (Vibration stress relieving):  
           

      ,        ,  
  ,       , 
            
              

   &  -  ( ) (NSQF -  2022) -  1.2.33   

                
   10  30         

 30  50%          
          ,   
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   &  (CG&M)                          1.2.34   
 ( ) Welder (Pipe) -  

       (Arc Welding Defects Causes and Remadies)
:         

•          
•     
•          
•        

 (Introduction):         
             

  ,            
 

           ,  
,  ,         

 /    (De nition of a weld defect/
fault):              

         

 /    (E ects of weld defect/fault):  
       

-         

-       

-        

-      ,     

-      

-            

-     

-     

       ,   /    
           

                
 /        

   /   /      /  
      

      /         
         /      

          

-  

-  

               ,  
              , 
   

 ,               
            ,   

 

       ,        
 ,    ,  ,     
            

  (External defects)

1 

2 

3    

4  

5    

6   /     /  

7  /    /  

8    /   

9   

10 

11 

12 /    

13 
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  (Internal defects)

1 

2    

3  

    - ,    (Defects in arc Welding - De nition, 
Causes and Remedies)

:          
•            
•    ,      

          ,  , 
 ,       

    (De nition of a defect):     
      ( )      
  

             

A    

a            

b                
   

 (Undercut):           
    (Fig 1, 2 & 3)

 (Causes)

-   

-      

-     

-       

-   

-   

   &  -  ( ) (NSQF -  2022) -  1.2.34   

4   

5    

6    -     
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 (Remedies)

a   (Preventive action)

 

-    

-        

-        

-         

b   (Corrective action)

-      2 mm ø     
         

 (Overlap)

              
        (Fig 4)

 (Causes)

-  

-     

-  

-     

-              

 (Remedies)

a   (Preventive actions)

-   

-     

-    

-        

-    

b   (Corrective actions)

-         

   (Blowhole and porosity)

                
               
             (Fig 5)

 (Causes)

          /   
,           

              
  

 (Remedies)

a   (Preventive actions)

-   , , , ,        
     -     

    

b   (Corrective action)

-              
              

   

 (Spatter)

               
           (Fig 6)

 (Causes)

       (DC )     
       

   &  -  ( ) (NSQF -  2022) -  1.2.34   
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 (Remedies)

a   (Preventive actions)

-     

-   (DC)   

-       

-  -     

b   (Corrective actions)

-           

     (Edge of plate melted o )
               
             , 

       ,     
      (Fig 7)

 (Causes)
-      

-    

-         

 (Remedies)
a   (Preventive action)

-       

-    

-      

b   (Corrective action)

-           

 (Crack)

               
     (Fig 8)

 (Causes)

-    

-    

-   

-  

-   /

-  

-     -   

-     

 (Remedies)

a   (Preventive actions)

- ,  ,       
  -    

-      

- -   

-     

-   /    

 (Cracks)

b   (Corrective actions)

-         ,    
         V    
      (    

    )       -   

   &  -  ( ) (NSQF -  2022) -  1.2.34   
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- /            
          
 (        )    -  

 

  (Incomplete penetration)

              
(Fig 9)

 (Causes)

-      -   

-      

-          -    
   

-  

-     

-          

-    

-   

 (Remedies)

a   (Preventive actions)

-       

-          

-       

-      

-         

-     

b   (Corrective actions)

-             
              

T              
     

  (Slag inclusion):    -  
       (Fig 10)

 (Causes)

-    

-           
 

-  

-    

-   

- -        

 (Remedies)

a   (Preventive actions)

-      

-         

-       

-       

- -            

   &  -  ( ) (NSQF -  2022) -  1.2.34   
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b   (Corrective actions)

- /            
            
           

        

  (Excessive convexity) (Fig 11)

           
   /          

  /     (Excessive 
concavity/insu cient throat thickness)

            ,   
         ,      

         (Fig 12)

 (Causes)

        

-     

-    

-             
 

-             

-        

-       

 (Remedies)

-   

- 

- /    

-   

   &  -  ( ) (NSQF -  2022) -  1.2.34   
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   &  (CG&M)                          1.3.35   
 ( ) Welder (Pipe) -   

         ,    (Speci cation of 
Pipe Various Type of Pipe Joints pipe Welding, Positions and Procedure)

:         
•         
•        
•           
• '1G'           

   (Speci cation of Pipes)

•        ( )    
(OD)    

•     (NPS)        

•             
      

             
              
   

  1161-1998  ,      
     ,  ,       

mm      

© N
IM

I 

NOT T
O B

E R
EPUBLI

SHED



87

    
 

 

    
 

 
  

 

mm 
(1)

mm 
(2)

(3) mm 
(4)

kg/m 
(5)

cm2 
(6)

cm3/m 
(7)

cm3/m
(8)

cm3/m 
(9)

cm4 
(10)

cm3 
(11)

cm (12) cm2 
(13)

15

20

25

32

40

50

65

80

90

21.3

26.9

33.7

42.4

48.3

60.3

76.1

88.9

101.6

 

 

 

 

 

 

 

 

 

2.0
2.6
3.2

2.3
2.6
3.2

2.6
3.2
4.0

2.6
3.2
4.0

2.9
3.2
4.0

2.9
3.6
4.5

3.2
3.6
4.5

3.2
4.0
4.8

3.6
4.0
4.8

0.947
1.21
1.44

1.38
1.56
1.87

1.98
2.41
2.93

2.54
3.10
3.79

3.23
3.56
4.37

4.08
5.03
6.19

5.17
6.42
7.93

6.72
8.36
9.90

8.70
9.63
11.5

1.21
1.53
1.82

1.78
1.98
2.38

2.54
3.06
3.73

3.25
3.94
4.82

4.13
4.53
5.56

5.23
6.41
7.88

7.32
8.20
10.1

8.61
10.7
12.7

11.1
12.3
14.6

235
203
174

390
370
330

638
585
518

1 086
1 017
929

1 418
1 378
1 275

2 332
2 213
2 066

3 814
3 727
3 534

5 343
5 138
4 936

6 995
6 877
6 644

 

669

845

1 059

1 332

1 517

2 391

2 793

3 192

543
506
468

700
681
644

895
857
807

1 168
1 130
1 080

1 335
1 316
1 265

1 711
1 667
1 611

2 189
2 163
2 107

2 591
2 540
2 490

2 964
2 939
2 889

0.57
0.69
0.75

1.36
1.48
1.70

3.09
3.61
4.19

6.47
7.62
8.99

10.70
11.59
13.77

21.59
25.88
30.90

48.79
54.02
65.12

79.23
96.36
112.52

133.27
146.32
171.44

0.54
0.64
0.70

1.01
1.10
1.26

1.83
2.14
2.48

3.05
3.59
4.24

4.43
4.80
5.70

7.16
8.58
10.2

12.82
14.20
17.1

17.82
21.68
25.31

26.23
28.80
33.75

0.69
0.66
0.55

0.87
0.86
0.84

1.10
1.08
1.05

1.41
1.39
1.36

1.61
1.59
1.57

2.03
2.00
1.98

2.58
2.57
2.54

3.03
3.00
2.98

3.47
3.45
3.43

0.47
0.44
0.42

0.76
0.74
0.71

1.21
1.17
1.11

1.98
1.93
1.86

2.59
2.54
2.47

4.13
4.02
3.92

6.66
6.60
6.43

9.19
9.00
8.88

12.03
11.91
11.76

   &  -  ( ) (NSQF -  2022) -  1.3.35   
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mm 
(1)

mm 
(2)

(3) mm 
(4)

kg/m 
(5)

cm2 
(6)

cm3/m 
(7)

cm3/m
(8)

cm3/m 
(9)

cm4 
(10)

cm3 
(11)

cm
 (12)

cm2 
(13)

100

110

125

135

150

150

175

200

225

250

300

350

114.3

127.0

139.7

152.4

165.1

168.3

193.7

219.1

244.5

273.0

323.9

355.6

 

 

 

 

 

 1
 2

 

 

 

 

 

 

3.6
4.5
5.4

4.5
4.8
5.4

4.5
4.8
5.4

4.5
4.8
5.4

4.5
4.8
5.4

4.5
4.8
5.4
6.3

4.8
5.4
5.9

4.8
5.6
5.9

5.9

5.9

6.3

8.0

9.75
12.2
14.5

13.6
14.5
16.2

15.0
15.9
17.9

16.4
17.5
19.6

17.8
18.9
21.3

18.2
19.4
21.7
25.2

22.4
25.1
27.3

25.4
29.5
31.0

34.7

38.9

49.3

68.6

12.5
15.5
18.5

17.3
18.4
20.6

19.1
20.3
22.8

20.9
22.2
25.0

22.7
24.2
27.1

23.1
24.7
27.6
32.0

28.5
32.0
34.8

32.3
37.5
39.5

44.2

49.5

62.8

87.3

9 004
8 704
8 409

10 930
10 819
10 599

13 410
13 287
13 043

16 142
16 008
15 740

19 128
18 981
18 690

19 921
19 771
19 473
19 030

26 606
26 260
25 974

34 454
33 930
33 734

42 507

53 557

76 073

90 533

 

3 591

3 990

4 389

4 788

5 187

5 287

6 085

6 883

7 681

8 578

10 177

11 173

3 363
3 306
3 250

3 705
3 686
3 649

4 104
4 085
4 047

4 503
4 484
4 446

4 902
4 883
4 845

5 002
4 983
4 946
4 889

5 781
5 743
5 712

6 578
6 528
6 509

7 307

8 202

9 775

10 663

192.03
234.3
274.5

325.3
344.58
382.0

437.2
463.44
514.5

572.2
606.92
674.5

732.6
777.32
864.7

777.2
824.78
917.7
1 053

1 271.71
1 417

1 535.2

1 856.51
2 141
2 247

3 149

4 412

7 992

13 111

33.60
41.0
48.0

51.2
54.27
60.2

62.6
66.35
73.7

75.1
79.65
88.5

88.7
94.16
105.0

92.4
98.01
109.0
125.0

131.31
146

158.65

169.47
195
205

258

323

493

737

3.92
3.89
3.85

4.33
4.32
4.30

4.78
4.77
4.75

5.23
5.22
5.20

5.68
5.67
5.65

5.79
5.78
5.76
5.73

6.68
6.66
6.64

7.58
7.55
7.54

8.44

9.45

11.2

12.3

15.36
15.10
14.86

18.78
18.69
18.52

22.87
22.76
22.58

27.37
27.25
27.05

32.27
32.14
31.92

33.56
33.42
33.21
32.85

44.63
44.36
41.11

57.45
57.02
56.86

71.21

89.30

125.44

151.29

   &  -  ( ) (NSQF -  2022) -  1.3.35   
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   (Welded pipe joints)

, ,            
          , 

           
    

    (Advantages of welded pipe)

             
      

-    

-      

-   

-       

-  

    (Method of pipes welding)

       

-   

-    

-    

-   

-   

           
            

     

    (Types of pipe joints)

1  

2 'T' 

3   ( g 1)

4  

5  

6   

7 Y  (Fig 2)

8  (Elbow)  (Fig 3)

     (Welding of pipe butt joints): 
               
           , 

   , ,        
   

              
    (Fig 4 & 5)

   &  -  ( ) (NSQF -  2022) -  1.3.35   
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1 G -  ( )           
 

2 G -             

5 G -  ( )           
 

6 G -   ( )          
      

         

1     (1G )

2  (2G, 5G  6G )

       1G       
 ?

a    

b  

1a     (1G  )   
  (Pipe welding by arc (in 1G position) 

by continuous rotation method):     
           

          
            
   

           35°  
      1.5  2.5 mm    

      (Setting the pipes for 
welding) : 4            

     0.75 mm     V 
             

       

1    2.5 mm    2    3.15 mm 
    

    70-80A      100-110   
 

         ( g 6)   
         10      

   Fig 7 (      )

-              
    

-              
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-              
 

-             
      

-                 
         

-              
            

           

1b         (IG   
 ) (Welding of a pipe butt (IG position i.e. by 

rotation) by segmental welding)

-     2.5 mm      35  40°  
     

-            'V'   
  (Fig 8)

-      (TDC)  10°      
              

            
      (Fig 9)

-  60°        ,     
/       

-            TDC  10°  
  

-               
 

-   60°    (Fig 10)

-          

-             TDC  
 

-       ( )   ,   
             
- -       

- 60°       

    (Pipe welding and Procedure)
:          

•       
• 5G          
• M.S.        (5G)       

                
            ,   
            ,  
   5G    

           
 , 2G  6G          

        2G       
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          45°    
,     6G    

5G  ,          
   

 1 (Method 1):     A, B, C  D   
          'A'  1  2 

             B  
   3  4        C 3  

2     D 4  1        
 (Fig 1)

            
            

            
 ,     A, B, C  D   

              

 2 (Method 2):          12 
      

   12        6      
(Fig 2)

 12        6       
        12   6     
      (Fig 3)        
      3  4 mm      

        

 3 (Method 3):  6   12       
   6   12          

 (Fig 4)            
      5 mm      

          

   &  -  ( ) (NSQF -  2022) -  1.3.35   

2G  6G          
   

2G  ,          ,  
              

     (Fig 5)

6G            
  ,       (Fig 6)

            
,        , ( )
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   &  (CG&M)                          1.3.36   
 ( ) Welder (Pipe) -   

        (Di erence between Pipe Welding and Plate 
Welding)

:         
•     
•     
•          

  (Plate welding):      
             
              

             
  

               
        

             
   ( g 1)          

             
        -   

      (Metal thickness and 
related techniques)

  (Pipe welding):        
  ,            

      

             

        :

-     
-   

   

5 mm   
5 mm   

   

 1 mm  5 mm
5 mm  

 -
 

 (  
)

1 mm  5 mm
5 mm  

   
  

 (  
- 
)

5 mm   

  
1 mm  5 mm 
5 mm  

 -
 

-         
    ,        

            
         

5 mm       ,      
        (Fig 2)

5 mm            , 
             

 (Fig 3)

   ,    
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2G     (    ):    
            
    2G        (Fig 20)  

             
             Fig 

20                
     Fig 21          
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   &  (CG&M)                          1.3.37   
 ( ) Welder (Pipe) -   

        (Pipe Development for Elbow joint and 
Branch Joint)

:         
•             90°        

        90°    
  : (Develop the pattern for a 90° elbow 

of equal diameter pipes by parallel line method)
Fig 1     

 , Fig 2       

           0  12  
     Fig 3    

        1  12   Fig 4   
   

              
-            Fig 5  

  

         Fig 6   
  

Fig 7         

             
             
  Fig 8    

             
      1  12   ,   Fig 9  
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        (Di erences 
between plate welding and pipe welding)

              
              
 

  ,            
,               

(Fig 4)           -  
     (Fig 6) -       

            2G 
  (Fig 5)

              
              

               
         

             
       

   &  -  ( ) (NSQF -  2022) -  1.3.37   
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  "T"    (Development of a pipe "T" joint)

:         
•        90° "T"        

       90  "T"    
  : (Develop the pattern for a 90° "T" 

pipe of equal diameter by parallel line method)

Fig 1       

   Fig 2    

          (Fig 3)
          0, 1, 2, 3, 2, 

1, 0      (Fig 3)

              
 3, 2, 1, 0, 1, 2, 3        Fig 4  

  

Fig 5             

          ,   Fig 6 
   

            -
    

"T"             
   Fig 7    

           0     
 Fig 8

   &  -  ( ) (NSQF -  2022) -  1.3.37   

© N
IM

I 

NOT T
O B

E R
EPUBLI

SHED



99

              12  
 : 0:      0, 1, 2, 3, 2, 1, 0, 1, 2, 3, 

2, 1, 0   Fig 9    

       "T"      
       -     

 Fig 9

        Fig 10

        Fig 11    

              
     

   ,       
: (For main pipe, develop and layout the pattern 

as follows)

        (Fig 12)

     0, 1, 2, 3, 1, 0      
   Fig 13    

Fig 14             
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      ,  "0"       
   0, 1, 2, 3, 2, 1, 0, 1, 2, 3, 2, 1, 0    
             

  (Fig 15)

            
   Fig 16    

"Y"      (Pipe development for "Y" joint)
:         

• 120°     "Y"            
• 90°     "Y"         

120°     "Y"     
(Development of "Y" joint pipes intersecting at 
120°): 

         120   
30 mm  (Fig 1)

             
             

   &  -  ( ) (NSQF -  2022) -  1.3.37   

             
   Fig 17

  Fig 17    ,      

         

•  'A'           
  (Fig 1b)

•              
   

•        
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•           
        

90°  'Y'     (Development of 'Y' 
joint branching at 90°): X, Y, Z     

 'Y'    (Fig 2)        
 

   XYZ, Y  Z      ,  
    

•  DC    'X'     

•     'Y'     

•    16     

•      

•   ABCD   AB, D   

•  Y        Fig 2    

   &  -  ( ) (NSQF -  2022) -  1.3.37   
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45°  90°     (Development of 45° and 90° branch pipe)
:         

• 45°  90°         

45°       (Procedure for 
development of 45° branch pipe): g 1    

 AB 

       AB         
    C, D, E  F   

 "CD"  45          
"G" 

 "G"  45°   

        45      
(GI)     

I ,   (XX')       XX'  
     

I ,  XX'    IJ      

              
 AB  K  

GK   GK  K       CD  H  
 KH    IHKHJ     ( ) 

        

  0-1    6     ; 1-2; 2-3;

3-4; 4-5  5-6    1, 2, 3, 4, 5     
    6     IG   0  JH   
        'GK'  'KH'  6', 

5', 4', 3', 2', 1',  0'      6'  G  0'  H 
     XX'  0, 1, 2, 3, 4, 5, 6, 5, 4, 3, 2, 1, 

0    '0-1'     12   

 13   XX'    

 6', 5', 4', 3'  XX'     

2', 1', 0'   7      13    13 
   

      13      45° 
            

3  5 mm    (Fig 1)

       (For developing a hole in 
the base pipe):        0-1   

  3, 2, 1, 0, 1, 2, 3 AB   7  

0', 1', 2', 3', 4', 5', 6'        
7            
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   &  (CG&M)                          1.3.38   
 ( ) Welder (Pipe) -   

    (Uses of Manifold System)
:         

•          
•       
•         
•         

            
            

  ,        

 (Types)

-   

-    

             
  - '  '         

      (Fig 1)     
       

       ,        
,    ' '     (Fig 2)  

    -        
              

        

            
         

            
             15 

kg/cm2              
            

, -        
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   &  (CG&M)                          1.3.39   
 ( ) Welder (Pipe) -   

   ,    (Gas Welding Filler rods, Speci cations 
and Sizes)

:         
•          
•       
•         
•         

    (De nition of ller rod):   
                
          

     (Filler rod and its 
necessity):           

              
          

     ,       
   

, ,            
    

      :

-    (   )

-        

-    

  ,           
   /           

    

          ,    
              
             
         

IS   : 1278 - 1972) (Sizes as per IS: 1278 
- 1972))

         : 1.00, 1.20  
1.60, 2.00, 2.50, 3.15, 4.00, 5.00  6.30 mm     

   4 mm         
 6.3 mm           

  6 mm   CI         
       :-500mm  1000mm

4 mm             
      

       1.6 mm  3.15 mm 
       (  )    

            
             

(CCMS)     
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  -  S-FS1                  

  -  S-FS2

      

3     
S-FS4

  -  -  
(   )

   -
S-C11 

   - 
S-C1

          
  35.0 kg/mm2   -    

    (       
)

       -   
   44.0 kg/mm2     

 (       )

-         
            

(        )

            
            

(       )

         18 
   8       

       (     
  )

           
         (  
     )

-       (  
    )

 

 

 

 
(   )

 

 

 1

        (Filler metals and uxes for gas welding)

   &  -  ( ) (NSQF -  2022) -  1.3.39   
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   - 
S-C6

  (
 ) - S-C8  

   - 
S-C9

 ( ) - 
S-C13

   - 5 
  - S-NG21  

  -10-13 
  -  5-NG2

   - 5 
 

            
            

 (    )

,           
            

   (    )

 ,           
  (    )

  1 B      
(       )

       ,  
      ,    

          
   -    (   

      )

         
     (   )

          
5    (       

)
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- -  (61  
)    -  

BA-CuP3

- -  (61  
) -  BA- Cu-AG6

- -  (43  
) -  BA-Cu- Ag 16

- -   (43 
 ) -  BA-Cu-

Ag 16A

- - -  (50 
 ) -  BA-Cu-

Ag 11

- - -  
 (50  )

-  BA-Cu-Ag 12

BA-CuP5         
     (    ;  
   )

:          
            

          
            

(  )

           
          

      (  )

 ,        
          

, , , , -     -
   (  )

   , -    -   
    (   )

 ,  ,       
          
;          

  ' '    (  )
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   &  (CG&M)                          1.3.40   
 ( ) Welder (Pipe) -   

   (Gas Welding Fluxes) -    
:         

•          
•          

           
            

     (    )  
 

      (The function of ux in gas 
welding):          

           

              
   

             
              
   

 ,            
 Fig 1    

   (Storing of uxes):     
       ,        

    (Fig 2)

             
    (Fig 2)

 -         
   ,        
           
             

               
        ,     

  

    (Removal of ux residues): 
      ,     

            
,  ,       ,     

      

           : - 
    -    

  ,             
  ,     5     

  ;           
   

 ,    ,          
      ,      

© N
IM

I 

NOT T
O B

E R
EPUBLI

SHED



109

      5.0    400   
 (   1.42)    33   
 (40  )        

      10         
  ,  -         

              
              

     ,     ;   
             

             
          

-    -          
        

-    -           
,      2       

             

-   - 5        
 ,          , 

        -  
   ,        

5         0.2   
   

-   -            
  

-   -          
            

      5  10     
  2  5        ,  
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   &  (CG&M)                          1.3.41   
 ( ) Welder (Pipe) -   

    , ,    (Gas Brazing & Soldering 
Priciples,types, uxes & uses)

:         
•        
•  ,         
•         
•       
•            

   (Soldering and brazing):  
              
    (S)          

 ,           
   (Fig 1)

  (Soft soldering):      
    427°C      

          :

- -  (     )

- - -

- - - ,

  '  '    '  '   
           , 

            

    (Composition of soft solder)

    -         

  ,            
  

          , , 
,    

  

 (Corrosive):        
    ,  , 
            

              
             
             

-  (Non-corrosive):         
-        ,   
             

  (Suitable uxes)

 -  

    -  

 -  

 -   

, ,  -  , 

    (Basic operations in solder-
ing)

           

, ,             
       

             
      (Fig 2)
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          (Fig 3a, b & 
c)             " " 

    

              
      

             
    

 (Brazing):           
   450 °C          

  450 °C       

            

-  ,   , ,       
           

-           (  
         0.08 mm 

)

-        (      
     25%   (  )   

75%        )   
     , , , , 

,  ,        
            

   

          

  /  860°C  950°C     
              

 

  (Brazing uxes):      
    

            

     ,        
       , ,  
       

    (Various methods of brazing)
  (Torch brazing): -      

          (Fig 4)

         (Conditions 
to obtain satisfactory brazed or soldered joint)

    
             

      
         Fig 8   
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   (Advantages of brazing)
           

        ,    
 

      

           
      

        

       

   (Disadvantages of brazing)

       ,       
        

           

             , 
           

   &  -  ( ) (NSQF -  2022) -  1.3.41   
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   &  (CG&M)                          1.3.42   
 ( ) Welder (Pipe) -   

   ,    (Gas Welding Defects, causes and Remedies)
:         

•         
•        

 (De nition)

             
      

        

 (Undercut):          
         (Fig 1)

  (Excessive convexity):    
            (Fig 

2)

 (Overlap):          
   (Fig 3)

  (Excessive penetration):   
           (Fig 4)

   (Lack of penetration):    
    ,          

(Fig 5)

   (Lack of fusion):       
              

 ,         (Fig 6)
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 (Porosity):          
(Fig 7)

-  (Cracks):          
   (Fig 8)

 (Un lled crater):          
 (Fig 9)

  :       (Fig 10)

 /     (Excessive 
concavity/insu cient throat thickness):   

              
(Fig 11)

  (Burn through):        
 ,         (Fig 12)

   &  -  ( ) (NSQF -  2022) -  1.3.42   
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  ,    (Gas welding defects, causes and Remedies)
:         

•       
•      

  

1          

2        

3         

4   

5    T       

6           

7    (  'V'   'V')    

8          

      

        
        

        
  

     /    
        

  
    

      
      
      

  

      
   

  ; -   
   ,   

    

      
  /   

  

      
  /   

  

       
  

       
       
 

        

       
        
      

       
 ,     

      

      

  ,     
     

       
     /  

      

       
     /  

      

 :     (Welding defects: Possible causes and remedies)

   &  -  ( ) (NSQF -  2022) -  1.3.42   
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9      

10    V      
           

11   -    
        

12         
        

13      

14         
            

        
         

  

       
   

      

      
      

     
   

       
        

     , 
       

 

      ,  
           
          

        

  ,      
   

         
        

   

        
       

        
          
   

         
        
         

          
        -  
 ,          
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   &  (CG&M)                          1.3.43   
 ( ) Welder (Pipe) -   

  ,   ,  ,    (Electrodes types, 
Functions of ux, Coating Factor, Sizes of Electrode)

:         
•      
•    
•     
•         
•          

 (Introduction):       
      ,          

 (          )     
              

   ,           
 (Fig 1)

  (Coating factor) (Fig 2) :     
         

     1.25  1.3 ,

    1.4  1.5,

    1.6  2.2,  

      2.2  

   (Functions of Flux)

/   (Composition/characteristics 
ux):          

 

 :    

      (Purpose or function of 
ux coating):   ,     ,  

        

–      

–               
      

–              

–                
        

–              
  

–         

–    AC  DC       

– ,            
   

–             
     

          (Types of 
electrodes for ferrous and alloy metals)

   (Mild steel electrode):    
   0.3%          

       

 0.1  0.3% (  )

      (Keep carbon as low as 
possible.)

 0.5%  
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(   ,      ) 

 1.65%

(      )

(       )

(          )

 0.5%

(     )

   IS: 814-1991       
              

          

   ,          
           

   (Stainless steel electrodes):  
             

    

            
    DC        

     AC  DC   
    ,        

           
   5206-1969     -

         

  ,           
  M.S.     .

     (Sizes of Mild Steel Electrodes)
:          

• . .   ,      
•      
• M.S    BIS  

            
           

  ( )    

 

Metric

1.6mm

2.0mm

2.5mm

3.15mm

4.0mm

5.0mm

6.0mm

6.3mm

8.0mm

10.0mm
    (Standard length of electrodes):  
  -  , 350  450 mm    

  (Types of electrodes):   

         :-

 

 

  

            
(Fig 2)            

                
      

   &  -  ( ) (NSQF -  2022) -  1.3.43   
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    (Fig 3)       
              

   

           
  (Fig 3)          

            
             

             
        CO2      

             
     

            
          (Fig 4)

      ,       
             

   &  -  ( ) (NSQF -  2022) -  1.3.43   
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   /    

105

                    Consumable electrode                              Non consumable electrode

   Coated electrode         Bare wire electrode           Carbon electrode                      Bare wire metal electrode

                                         C opper coated mild steel

        
Factors

                     
Solid                 F lux cored

                                                
Tungsten

                                                                                          
WeldingC uttingMethods of flux

coating

Dipping process

Extrusion process

Pure tungsten   Thoriated tung- 
      

Zirconium based

                          
sten                      t ungstenCoating flux

Light coated

Medium coated

Heavy coated

Super heavy coated

Type of flux
coating

Cellulosic coated

Rutile coated

Iron powder coated

Basic coated

Purpose of flux
coating

Shallow penetration

Deep penetration

All positive welding

Flat/down hand position only

Hard facing

Gouging

Core wire
material

Mild steel

Alloy steel

Stainless steel

Cast iron

Phosphor bronze

Nickel alloy

Aluminium

Ferrous

Non ferrous

Hard facing
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   &  (CG&M)                          1.3.44   
 ( ) Welder (Pipe) -   

        (E ects of Moisture pick up Storage and 
Baking of Electrodes)

:         
•           
•        
•             

   (Storage of electrodes):   
          

         110 - 150  
            

             
             

    ,     

:        
         

    :

–       

–      

–    
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   &  (CG&M)                          1.3.45   
 ( ) Welder (Pipe) -   

     (Storage and Baking of Electrodes)
:         

•           
•        
•             

   (Storage of electrodes):   
          

–          

–       ,    

–              
 

–             

–              
   5°C   

–             
    -   

–           
 ,       -  
 (  - ) 

 (  )        

        110-150    
      /     

(Fig 1)

           

  (Baking electrodes):     

             
   :

–   

–    

      :

–    

–      

–      

–  

–      
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   &  (CG&M)                          1.3.46   
 ( ) Welder (Pipe) -   

  ,   ,         
(Weldability of metals, Importance of Preheating, Post Heating and maintenance 
of inter pass tempearture)

:         
•              
•       
•       
•      
•    -       
•       

 (Weldability):

•            
   ,       

•            
           
    

    (Weldability of cast Iron):

200°C-210°C          
            ,   

            
,           -   

 

             -   
  

   (Weldability of copper):

     0.01  0.08%    
99.9%             

    

   -        
    ,        

              
           ;  

    

        ,       
          

 (Preheating):        

 ' '            
            
            

              
      ' - '      

        

   (Methods of preheating)

            
            

   (Fig 1)        -
              

              
 

   (Types of preheating)
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-  

-  

-  

  (Full preheating):      
               
               
             

       

  (Local preheating):   ,  
              

           (Fig 2) 

           ,    
         (Fig 3)

             
-              
          

    (Maintenance of inter-pass 
temperature):           

              
             

    

            
            

           

   &  -  ( ) (NSQF -  2022) -  1.3.46   

  (Indirect preheating):   , 
              

             
              

     (Fig 4)

     (Purpose of post heating):   
   ,           

       -       
              

    (Fig 5)
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   &  (CG&M)                          1.3.47   
 ( ) Welder (Pipe) -   

 ,           (Welding of low Carbon, 
Medium and High Carbon Steel and Alloy Steels)

:         
•             
•              
•          
•          

             
       ,     

      ,     
  

           
    ,        

   (Low carbon steels): 0.05  0.30  
              
    ,         
      

  (Welding technique): 6 mm ,   
    6 mm        

: (    Fig 1 )

    -        

   -      

   -          
         -    

  

   (Medium carbon steel):     
 0.30  0.6           
             
             
    ,     ,     

  ,          

  (Welding procedure):    
              

           
  160    320   (     

 )            ,  
     -     ,  
-      

   ,            
   

    (Plate edge preparation): Fig 1  
              

   

   (High carbon steel):     
0.6%  1.2%           1   
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 1

   (mm)     

1 mm
1.2 mm
1.5 mm

3 mm

 
 
 

  
  
  

  

20
20
25

45

1
2
2

5

1.2 mm
1.2 mm
1.6 mm

3 mm

             
                
      

             , 
               

      Fig 3  3 mm      
          

             
                
       

           
            

  

                
    -    

 -    (OAW, SMAW) (Welder - Weldability of steels) (OAW, 
SMAW)

        (Alloying elements and their functions on steel)
:         

•     
•      
•        

    (Necessity of alloying 
elements) :            

  
    (Comsmon alloying elements):

      
 

 

 

 

 

 

 

  

:

 (Carbon):           
            

       

   &  -  ( ) (NSQF -  2022) -  1.3.47   
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 (Manganese):          
             
             
 

 (Sulphur):         
            

 (Phosphorus):       
            

 (Silicon):          
      0.4%         
          

           ,    
       

 (Chromium):        
             

 (Nickel):            
            

    

 (Tungsten):        
      

 (Vanadium):       

 (Molybdenum):    ,  
 -    

   &  -  ( ) (NSQF -  2022) -  1.3.47   
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   &  (CG&M)                          1.3.48   
 ( ) Welder (Pipe) -   

        (Stainless Steel types Weld Decay and 
Weldability)

:         
•       
•      
•     
•        
•      

    (Types of stainless steel):  
 ,            

        -    
        

   ,  -       
 ,            

 ' '           
             

              
   -        

   18/8         
   18   8%      

           , 
, ,         

     ,        
'  '            

    

     (Physical properties of 
stainless steel):        

            
           50  60% 

     ,       
          
        40  50%  

              

      (Types of stainless steel 
ller rods):        , 

 , , ,    
   ,  

            
     -       1  1 

1/2             
10°  20°C     -      

 

 (Flux):         
          

               
    

      (Method of controlling 
distortion):           

          ,  
       

               
             

              
             

   (     20 - 25 mm )    
 

  (Welding procedure)

    ,   ,     
,              

 1    

            

             1  1.5 mm 
  ,      80-90°      

 (Fig 1)

Fig 1
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 1

             , 
               

       2  3 mm      
          

   (mm)     
1 mm
1.2 mm
1.5 mm

3 mm

 
 
 

  
  
  

  

20
20
25

40

1
2
2

5

1.2 mm
1.2 mm
1.6 mm

3 mm

   &  -  ( ) (NSQF -  2022) -  1.3.48   

           
            

  

                
    -     

         
            

          
         
 

    (Cleaning after welding)

       ,     
          

  50 

   50 

1/2    

    50       
 

          

   -     (Weld decay - its 
e ects and remedy)

        1100  
      ,      

        ;    
              

            -  
    "  "   

   -          
       950   1100   

            
           

, , , ,  (   
  )               

       

    (Weldability of stainless 
steel):         

        ,    
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   &  (CG&M)                          1.3.49   
 ( ) Welder (Pipe) -   

         (Brass-Types Properties and Welding
Methods)

:         
•    
• ,         
•          

   (Composition of brass):   
         ,    

       

   1  50%      15  
     20  40%     

     

   (Melting temperature of brass):  
  1083°C    419°C     

          ,  
          950

   

,      (Selection of nozzle, 
ame and ux):         

 ,            
    ,           

      

      ,        
    

       

       ' '  
          

            
          

               
   -   ,       
 ,             

            
            

    

  -    ,    
             
              
     

         

            
         

            

    1    

  (Welding technique):     

      60°-70°     30°-
40°               

             (Fig 1)
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   (mm)     

1 mm

1.2 mm

1.5 mm

3 mm

 

 

 

 

  

0.8 mm 

0.8 mm 

1.5 mm 

25

38

38

75

2

3

3

5 to 7

1.6 mm

2 mm

2 mm

3 mm

 1

   &  -  ( ) (NSQF -  2022) -  1.3.49   
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   &  (CG&M)                          1.3.50   
 ( ) Welder (Pipe) -   

- -      (Copper-types-Properties and Welding Methods)
:         

•       
•     
•     

    (Copper types Electrolyte 
copper):         0.01  0.08% 

   99.9%     (Cu2O).    
     

  (Properties copper):     
     ,  -    

          

   (Proper of copper)

  

         

      , , ,      
 

: 1083°C.  : 8.98 g/cm3

    (ic): 0.000017 mm/mm/°C

   (Welding Methods) (Fig 1)

1.2 mm  -     

1.5 mm   2.5 mm  -      50%  
    

2.5 mm  16 mm - 80°-90°   'V'

16 mm   - 90°   'V' 

   (Types of cleaning)

             
 , ,           
  

    (Filler rod and ux):     
-    ( -    )  
        

 (Flux):          -  
    

   (Nozzle size):       
             

  (Flame):      

' '  ' '      
(E ects of setting 'carburizing' or 'oxidising' ame)

          
 

          

 (Setting): 3-4 mm  300 mm      
      1.6 mm   (  2)    

         (  3)    
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 (Preheat):          
     750°C (      )  

  
  (Welding technique):     

  3.5 mm   4 mm       
         40  50 mm  

               180° 
     -         

         (Fig 4)

   &  -  ( ) (NSQF -  2022) -  1.3.50   

   (Control of distortion)

  (          )  
        

         

   (After treatment)
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   &  (CG&M)                          1.3.51   
 ( ) Welder (Pipe) -   

       (Introduction to Induction Welding its 
Parameters)

:         
•     
•     

     ? (What Does Induction 
Welding Mean?)

              
            
      ,       

     ,       
           

             
  

  

          
             

             
,  ,          

          

            
       (  

- ), ,         
(HSLA)      
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   &  (CG&M)                          1.3.52   
 ( ) Welder (Pipe) -   

   ,    (Aluminium Properties and Weldability, 
Welding Methods)

:         
•          
• -             
•  ,         
•         
• -             

       (Properties of 
aluminium and its alloys)

   

            
    

    

        ,   
      

    659°C  

         
(1930°C)  

 (Types)

         

-     

-  

-   

         99%   
 ,  1%      

   (Weldability)

       (Di culties 
in welding of aluminium by gas):     

            
         

        ,   
           
  - 1930 ° C        

          

,    ,        
  

             
 

  (Joint design): 1.6 mm ,    
      90      

 

1.6  4 mm   -     ,    
        (Fig 1)

      ,   4 mm  , 
  1.6 mm  3 mm      90°   

       (Fig 2)

    ,   , , ,    
 1    

© N
IM

I 

NOT T
O B

E R
EPUBLI

SHED



136

   (Importance of ux):    
    ,        

        

          (   
      )

              
    ,          

  ,           
  -           

      (Necessity of preheat): 
           

        ,     
       

             , 
         ,   
      

0.8 mm      

       250    
400      ,       

              

  (Welding procedure):     
     . 2.28/G-55

     

- -  

-    

-      

- MIG 

-  

-   

-   :

-  

-  

-  

-  

     -    
  (Advantages of adopting oxy-acetylene 

process for welding of aluminium)

     

    ,       

 (Disadvantages)

 ,       ,     

        

     -        
 

 1

    
(mm)

    

1

1.2

1.5

3

  

  

  

1.5 - 3 mm 

25

40

40

75

1

2

2

5

2.5 mm

2.5 mm

2.5 mm

3.15 mm

   &  -  ( ) (NSQF -  2022) -  1.3.52   
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   &  (CG&M)                          1.3.53   
 ( ) Welder (Pipe) -   

    (Arc Cutting and Gouging)
:         

•        
•     
•        
•           
•        
•      

      (Di erent arc cutting 
and gouging processes)

-     

-     

-     

-     

- -    

-    

   -     (Metallic 
arc cutting - equipment and accessories)

 :

- AC  DC 

-       

-  

-        (Shade No. 14)

-      

- , ,     

    (Electrodes and their properties)

-    (Oxy-arc cutting electrode): 
            

   ,           
             

, ,        ,    
            , 

     -       
   ,      (Fig 1)

      (Metallic arc cutting 
and gouging electrodes):       

      -        
             

    (Fig 2)        
 AC      ,    

DC      -       
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    (Tungsten arc cutting 
electrode):      ,   TIG 

        

        (CURRENT SETTING FOR DIFFERENT SIZE ELECTRODES)

     (Arc cutting and gouging 
procedure)

    (Arc cutting procedure):  
             
         

 DC     ,       
DCEN  

         

         

              
      ,         

              
              

     

           

   (Arc gouging procedure):  
              
         

 DC           DCEN 
 

           

            , 
        20°-30°  5°-15°   

  (Fig 3)

   AC  Amps. DC (DCEN) Amps.

in mm in mm
1/8

1/8 - 1

3/4 - 2

1 - 3

3  

3.2

3.2 - 25.4

19.1 - 50.8

25.8 - 76.2

76.2  

3/32

1/8

5/32

3/16

1/4

2.4

3.2

4.00

4.8

6.4

40-150

125-300

250-375

300-450

400-650

75 - 115

150 - 175

170 - 500

—

—

              
              

        ,      
            
     ,         

             
     

   

,      

 (Advantages):        
          

       

          -  
       

   &  -  ( ) (NSQF -  2022) -  1.3.53   
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(  ,  ,  ,      
)

 (Applications):       
   :

-       

   &  -  ( ) (NSQF -  2022) -  1.3.53    

-              
-    
-      
-    
-          
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   &  (CG&M)                          1.3.54&55   
 ( ) Welder (Pipe) -   

   - -  (Cast Iron its - Properties-types)
:         

•         
•       
•           

             
 ,           
              
-    ,           

    (Types of cast iron)

       

-   

-   

-   

-    ( )   

   (Grey cast iron):      
              

             
       ,        

              
  3  4%   

   (White cast iron):       
             

             
             

             
              

        

   (Malleable cast iron):    
         -    
            

         

   (Nodular cast iron):    
 (SG IRON)            

           
               
   

     (Properties of grey cast iron):  
           
    /        

   , ,       
           ,  

            
  ,        

    

       (Method and types 
edge preparation):       -  

      ,   , ,  
            

        ,     
             

   6 mm         V 
        Fig 1    

   (Method of cleaning)

             

-  

-  

            
     

   ,        

,             
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 (     ) (Flame) (strict neutral ame): 
     10         
           

             
     

  (Filler rod):      2.8 - 3.5 
   5 mm       ( ) 

           
         (IS 1278 - 1972  

 S-CI 1)

 (Flux):          
      

   ,  ,  , 
           

    

      (Welding the 
technique of cast iron welding):     , 

  ,         C.I  
    200°C  310°C    

  60   70      40   
50        (Fig 2)

            

      ,         
       '  '   

             -   
  (Fig 3)

    (Selection of ller rod)

       :

-         ,  , - , 
  (  1)

        (      ) 
(  2)

-      ( ),      ( -
)

-       (   )

 1

 2

  
    

     

 

 

     
( , )

   

    
(CCMS)

   -  

-     
3.5%  

  
     

    
 
-    -
, -   

 
 

5%    
10-13%   

 

 
(mm)

  
(mm)

    
 (mm) 

0.8

1.6

2.4

3.2

4.0

5.0

80° Vee 

80° Vee

80° Vee

-

2.4

3.2

3.2

3.2

3.2

1.6

1.6

1.6

2.4

3.2

4.0

      ,    
           
  ,       

   &  -  ( ) (NSQF -  2022) -  1.3.54&55   
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   &  (CG&M)                          1.4.56   
 ( ) Welder (Pipe) -  

       (Outline of the Subjects to be Covered)
:         

•          

"  ( )"        ,   
  ,  ,  ,  

            
     ,     

    ,    - -  
      ,    
, ,       

            
   , ,        

,           , 
           

             
 ,   /         

       ;    
,      -       
            

            
       ,     
           

    ,         
           

         ,    
    

           
             

,     ,    ,  
 , GTAW  GMAW  ,     
            
       ,  , 
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   &  (CG&M)                          1.4.57   
 ( ) Welder (Pipe) -  

       (Importance of Pressure Vessels and Pipe 
Welding)

:         
•    
•    

  (Pressure Vessels)

 (Introduction)

                
          ,    

  ,        

 (Importance)
           

      

           
            

           
    

 (Application)
      ,   , 

,       ,

  -  ,        
   ,    

  (Pipe Welding)

              
        MIG   TIG 

           
      ,       
           

   , ,          
   

      ,     ,  
 ,           

  

Fig 2
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   &  (CG&M)                          1.4.58   
 ( ) Welder (Pipe) -  

     (Gas cutting & Plasma Cutting)
:         

•          
•         
•   ,     

       

-       

-     

       (Manually operated 
cutting machines)

            
  :

-               
            

     

-             
      , ,      
  (Fig 1)

            
          

     (Electrically driven cutting 
machines)

       

   

            :

-   

-  (      )

-  (      )

      ,  ,   
         (Fig 2)

              
        

        3    

    ,     ,     
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  (StATIC MACHINES)

             
             
 

           
              

        ,   
      (Fig 5)

      (Pro le cutting by 
using templates)

          
     (Fig 6)        

    :         
  , ,       

           
-  
-  

  (Outside template)

       ,    
               

   

     (  )     - 
     (Fig 7) 

          

       100 mm 
       6.5 mm (a)
       0.8 mm (b)
 [(a) - (b)]     5.7 mm 

   &  -  ( ) (NSQF -  2022) -  1.4.58   

   ,         90°   
            (Fig 4)
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   -                      100-5.7 mm
                          = 94.3 mm  

  -    (Gas cutting - Plasma arc 
cutting)

   -    (Cutting processes - 
plasma arc cutting)

    , 1950        
          -   

       -     
(     )        

      ,     
    ,   -     
             

,             
           ,   

      ,     
            

    

   (Principle of operation)

             
    ( , , , ,    

)              
             

 ,     (600 /    
)    (20000   )      
      ,        

     ,        
:               
      ,       
                

    (Fig 1)

   (Plasma cutting system) (Fig 2,3,4)

      ,   ,    

,             
   (  -       )

            
        

1.      (DCEN)     
           

        ( )    

            
            
            

      /        
            

          ,   
        ,     

              
        (  20000 ° K) 

             

        ,   , 
, (  + ),        

        , -   
 2%       (  2)  

 ,       ,   
             

               
             

   

 -     :

1           

2 -       

3           
        

   &  -  ( ) (NSQF -  2022) -  1.4.58   
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4           
            
             
        

5           

6        

7         ,  "  
-      "     

             
             

             
        (Fig 3)     

 (  4)           
            

             
        

  (Process variables) (Fig 5 & 6)

i  -     

ii   -   ,  ,  

iii       

iv       

v    

vi   

vii        

viii  /  

ix        

x     -   

xi       

    (Advantages of plasma cutting)

i             
-      

ii                

iii        

iv            

v             
    

vi     

vii      (    )   

    (Application of plasma 
cutting)

i         

ii         

iii 1.5  6 mm       

iv        (    )

v ,     

vi      

     (Safety precautions in 
plasma cutting)

           
    :

i     -       

ii      -  ,     

iii  - 115 dB  -     

iv     -    (180-400V)   

   &  -  ( ) (NSQF -  2022) -  1.4.58   

© N
IM

I 

NOT T
O B

E R
EPUBLI

SHED



148

    ;         
     

     (Gases for Plasma cutting)

•            
  

•    /      

• " : , Ar, N2, O2, Ar + H2, N2 + H2  

•             
     

•   - 
•  :  ,      

 (Fig 7)

   &  -  ( ) (NSQF -  2022) -  1.4.58   
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   &  (CG&M)                          1.4.59   
 ( ) Welder (Pipe) -  

      (Safety in Shielded Metal Arc Welding)
:         

•               
•             
•                  
•            

1  

a   

b   

c      

d   

2  a     

b  

c     

3 /  

4    

  , ,        Fig 3,4,5 
 6     , , ,      

          ,    
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   (Fig 5)         
               

             
    

    :       
             

   

             
(Fig 6)

             
(Fig 7)

             
   (Fig 8)

            
          

 ( )            
  (  1)

 1

         

     Fig 9      
             

 

         

8-9

10-11

12-14

100 

100  300

300  

   &  -  ( ) (NSQF -  2022) -  1.4.59   
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  ,          
    

-     -        
         ( )    

               
            
  Fig 11
             /

         

   &  -  ( ) (NSQF -  2022) -  1.4.59   

              
       Fig 10
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      (Safety in Gas cutting process)
:         

•               
•           
•         

    (safety for the operator) (Fig 1)

    (Safety during operation):   
     

           
           

          /
    

-    

-   

-   

-        

         

         
    3   

               
          

            
            

    (Fig 2)        
           

      (Fig 3)

   &  -  ( ) (NSQF -  2022) -  1.4.59   

 :      
         

  

     

,          
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   &  (CG&M)                          1.5.60   
 ( ) Welder (Pipe) - SMAW

     (SMAW)  (Principle of Shielded Metal are Welding) 
(SMAW).

:         
•  ( xture)     
•  2      

 1.2.14 

   &  (CG&M)                          1.5.61   
 ( ) Welder (Pipe) - SMAW

    (Types of Power Source)
:         

• AC  , DC          
•         
• AC  DC         
•         

 1.2.18 

   &  (CG&M)                          1.5.62   
 ( ) Welder (Pipe) - SMAW

      (Polarity Type and Arc Length)
:         

•          
•         
•                  

 1.2.23 

   &  (CG&M)   1.5.63   
 ( ) Welder (Pipe) - SMAW

     (Welding Position and Importance)
:         

•        

 1.2.20 
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   &  (CG&M)                          1.5.64   
 ( ) Welder (Pipe) - SMAW

       (Edge Preparation and Tack Weld Procedure)
:         

•         
•         

 1.2.10 

   &  (CG&M)                          1.5.65   
 ( ) Welder (Pipe) - SMAW

    (Welding Fixtures and Clamps)
:         

•      
•  2      

  (Welding Fixtures)

           
           

      ,    
    ,      , 

           
            

 

          
         25    

            
 ,            

         ,   , 
       ,       

       

   (Gas Welding Fixtures)

            
             

           ,   
            
             

           

           
           

     ,        

             
C-             

           (Fig 1)

   (Arc Welding Fixtures)

            
           

            ,  
            

             
            

           , 
            

            
            
             

Fig 1© N
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    , ,       

             
              
             

    , ,      -  
             
            

     , ""       

   (Arc Welding Fixtures)

            
           

            ,  
            

             
            

           , 
            

            
            
             

             
           

             
    , ,       

             
              
             

    , ,      -  
             
            

     , ""       

   (Laser Welding Fixtures)

            
   ,           

         ,    

  -         , 
            

 ,             
        ,      

,           
            

   

              
             

              
             
           

• 

• 4   

• 3.25    

  PR115  C-  (Strong Hand PR115 
Locking C-Clamps)

•  

•       

• 4   

• 3.25    

  (Locking Pliers)

C- ,   (C-Clamps, Cantilever 
Clamps)

   (Sliding Arm Clamps)

   &  -  ( ) (NSQF -  2022) -  1.5.65   
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   &  (CG&M)   1.5.66   
 ( ) Welder (Pipe) - SMAW

 -  -  (Electrodes - Types - Description)
:         

•      
•    
•     
•         
•          

 1.3.43  

   &  (CG&M)   1.5.67   
 ( ) Welder (Pipe) - SMAW

       (Functions of Flux and Characteristic of Flux)
:         

•      
•    
•     
•         
•          

 1.3.43 

   &  (CG&M)       1.5.68   
 ( ) Welder (Pipe) - SMAW

   (Selection of Electrode)
:         

•      
•    
•     
•         
•          

 1.3.43 
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   &  (CG&M)      1.5.69   
 ( ) Welder (Pipe) - SMAW

 -  -  (Electrodes - Types - Description)
:         

•           
•        
•             

 1.3.44  45 

    (CG&M)     1.5.70   
 ( ) Welder (Pipe) - SMAW

      (Types of Metals and their Characteristics)
:         

•       
•      
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   ,   ,  
 ,   
 (    )

, , , 
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  ,   
, ,   

  

,    
 

 ,  
,  ,   

, 

 , ,  
    

, -  , 
      

 (    
 !)

    
    

  

,  ,   
  

  ,   
(       

)

   
(  )  , 

  , /
 

 , ,  
,   , 

   ,  
    

      

  ,   
   -
 

   ,  

    , 

, ,  , 

 , , , 
 ,  ,

  (  
 )

   
    

    
    

   

    
     

    
  

    
 ,    
  

 , , 

 (  
)

 ,   
  ,  

     
 ; , , 

,   
 

   
    

 ,    
,    

   ,  
 ,    
 

      , ,   , 
, 
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   &  (CG&M)                          1.5.71   
 ( ) Welder (Pipe) - SMAW

    (Introduction to Pipe Welding)
:         

•    
•    
•    

              
        MIG   TIG 

           
       ,      
            
, ,              

  

   (Pipe Welding Steps)

        ,       
   ,      ,   

      

•  

•     

•  

•  

•   (   )

•   

•  

•   

       ,    
          

1    (Joint Preparation)

           
   

2    (Pipe End Cleaning)

 , ,            
         

3  (Welding)

       (  )  
 (    , )     

,             
          

4  (Repairs)

   ,        ,   
             

   (Pipe Welding Passes)

     -       

•   (Root Passes)

               

•   (Hot Passes)

          

•   (Fill Passes)

               

•   (Cap Passes)

              
            

  ,          
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    (Pipe Welding Positions)

        1G, 2G, 5G  6G 
                

   ,          

• 1G  (1G Welding)

               
   (X)           

             

• 2G  (2G Welding)

              
   ,    (Y)      

           

• 5G  (5G Welding)

 5G         , 1G   
,        ,   

             
 

• 6G  (6G Welding)

           45°    
    5G      ,   

             
            

  

       ,  1G   
      6G      

           , 
 1G      2G, 5G  6G     

 ,    6G          
              

    

 (Advantages)

          ,   
     

1   (Fewer Fittings)

             
          

        ,   
             

     

2   (Lower Costs)

            
   ,         

             
       -      

    

3   (Improved Flow)

             
            
       

4    (Ease of Repair)

            
            
    ,        

-   :        
            

5   (Fewer Leaks)

             
       , ""      
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6   (Easier Insulation)

       ,    
           

  

7  (Location)

    -         
           

     

   &  -  ( ) (NSQF -  2022) -  1.5.71   

8  (Labour)

             
   , -      , -  

           
             
     -      

 ,           
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   &  (CG&M)                          1.5.72   
 ( ) Welder (Pipe) - SMAW

      (Types of Pipes and Pipe Schedule)
:         

•     
•   

    (  ,    )    
            
           

            
   ,    ,  ,  

  ,          
            

      (Pipe Types based on 
Material)

              
            
   ,      :

1    

2 -  

   (Metallic Pipes)

                
     

•     , 

•     

        (Type of Pipes made 
from ferrous materials)

              
                

 

•   

•   

•    

•   

            
   , , , ,    

            

       (Type of Pipes made 
from Non-ferrous materials)

              , 
,            

 

•      

•      

•      

•      

•      

   NPS  ? (What is the NPS of a pipe?)

'NPS'        ,     
           
   

   ? (What is a Pipe Schedule?)

  (SCH)           
         ,    

             
  -     ,      
             
              

 (   )    

 ,     ,     
       'S'        

           40    
  NPS 14  
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NPS    - 14

40  - 0.438   

40s  - 0.375  

           ; 
5, 5S, 10, 10S, 20, 30, 40, 40S, 60, 80, 80S, 100, 120, 
140,160, StD, XS  XXS

   &  -  ( ) (NSQF -  2022) -  1.5.72   

             , 
            : 

""     -        
    ""       
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   &  (CG&M)                          1.5.73   
 ( ) Welder (Pipe) - SMAW

      (Preparation Work Before Welding)
:         

•     
•     

      (reparation of Pipes for 
Welding)

             
 ,         

       ,   ,    
          

         (Preparation of 
Small Diameter Pipes for Welding)

            
 

• 

•   

• 

• 

•   

    (Pipe Beveling Methods)

4 mm         ,    
           ,  , 

         

   V  (V Bearings in Pipe Welds)

    ,  " "      
               

      ,      
   (Fig 1)

    (Cleaning Weld Joints)

     ,          
,              

    ,        
    (Fig 2)

        

 (Cutting)
             

     ,  , ,  
  ,    ,      

        

 (Cleaning)
    ,      
            

    ,    ( , , )  
         , ,   

 ,  ,       
      ,       

  

© N
IM

I 

NOT T
O B

E R
EPUBLI

SHED



166

 (Lapping)

               
  ,         
    ,         

          

   (Intersection and Beveling)

    - -  ( )      
         -     
 , -          
-            
  5 mm           

     ,       
      50-90    

   &  -  ( ) (NSQF -  2022) -  1.5.73   
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   &  (CG&M)                          1.5.74-76   
 ( ) Welder (Pipe) - SMAW

       ,      (Basic pipe 
Welding procedure uphill Welding,downhill Welding and Horizontal Welding)

:         
•         
•          
•    

     (Downhill vs Uphill 
Pipe Welding)

          
             

 ,            
    " "   ,       

              
           

   ,        
            

              
              

              
             

      ,  ,   
         ,      

    

        (Uphill Welding 
When to Use This Method)

          
              
                
       

  ,         
              
          ,   
-              

           

    (Advantages of Uphill Welding)

•   (Deeper Penetration)

       ,     
            

            

  ,          
          
  ,           -  

           
  

•    (Better Sidewall Fusion)
            

      ,        
           

            
            
    ,       

          

•   (Stronger Welds)
 ,         

           
             

           
            

            
   

     (Drawbacks to Uphill 
Welding)

•   (Heat Input)
    

•   (Burn Through)
             

               
     ,        

,              
             

              
        ,         
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•       (Melt Out and Holes)

             ,  
       ,     
              

               
     ,          

               
  ,            

       ,      
              

  (Downhill Welding)

             
             

            , 
          

           
             

             
   ,         

        ,      
             

   ,          
             

              
  ,            

      

     (Advantages of Downhill 
Pipe Welding)

•   (Faster Welds)

           
  ,          

              
              

              
           

           
  ,         

•       (Work with Thinner 
Materials)

           , 
              

              

            
            

-        ,  0.49  (12.5 
)          

•      (Less Chance of Burn Through)

            
,   ,           

              
       ,       

    ,         
               

            
           

    (Drawbacks to Downhill 
Welding)

•   (Less Fusion)

         ,    
            

        ,     
             

              
      , ,       

            
             

  

•    (Contamination and Defects)

            
 ,         -     
       ,        

             
,              

             
          ,    

     ,      , ,  
              . 
   ,          

    ,    -       
 ,    /       
  

•   (Limited Use)

           , 
    ,        

   &  -  ( ) (NSQF -  2022) -  1.5.74-76   
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          (   
)            

     ,       
 ,           

  (   ,       
   ),          

   &  -  ( ) (NSQF -  2022) -  1.5.74-76   
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   &  (CG&M)                          1.5.77-78   
 ( ) Welder (Pipe) - SMAW

   1G 2G 5G  6G (Pipe Welding position 1G 2G 5G & 6G)
:         

•       

   (Welded pipe joints)

, ,            
          , 

           
    

1G -  ( )           
 

2G -             
(Fig 1)

5G -  ( )           
 

6G -    ( )      
       (Fig 2)

         

1     (1G )

2  (2G, 5G  6G )

       1G   (a)   
  (b)       

1a     (1G  )    
 (1a Pipe welding by arc (in 1G position) by 

continuous rotation method):      
           

          
             

 

           35°  
      1.5  2.5 mm    

      (Setting the pipes for 
welding): 4            

     0.75 mm     V 
             

       

1    2.5 mm    2    3.15 mm 
    

    70-80A      100-110   
 

        (Fig 3)    
        10       

  Fig 4 (      )
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-              
    

-              
            

      

-              
 

-              
      

-                
           

-              
            

           

1b       (IG    
)   (Welding of a pipe butt (IG position 

i.e. by rotation) by segmental welding)

-     2.5 mm      35  40°  
     

-            V   
  (Fig  5)

–      (TDC)  10°      
              

             
      (Fig 6)

–  60°         ,     
/      

-            TDC  10°  
  

-               
 

-   60°    (Fig 7)
-          
-             TDC  

 
-       ( )   ,   

             
- -       

- 60°       

   &  -  ( ) (NSQF -  2022) -  1.5.77-78   
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   &  (CG&M)                           1.5.79    
 ( ) Welder (Pipe) - SMAW

         (SMAW)   (Selection of Electrode 
(SMAW) for root pass and Cover Pass Welding)

:         
•       
• AWS       

 (Introduction)

    (SMAW)      
                

            
     ,      

         

AWS  (AWS speci cations)

   (AWS)   A5.1  A 5-34 
 ,  , ,      

            
 

           
  , AWS        ANSI 

(    )       
    

     (ASME)   
"     "       

  AWS     ASME    
  SF  

AWS A 5.1/ASME SFA 5.1

    ( , , )   
        (    

)          :

AWS

A5.1, A5.20, A5.2, A5.23, A5.5, A5.28, A5.17, A5.29, 
A5.18

         ,   
   ,        

    

AWS  ( ) (AWS Codi cation)
(Classi cation)

      ,   , 

       SMAW    
           AWS 

           
             

            
               

  

           
           : 

 ,   ,   ,    
     (Figs 1,2 & 3)

AWS   E 6010, E 7018      
             

         AWS   
        'E'  ,     
 ,        
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  , '70'        70,000 PSI   
             

       A '1'     
  ( )        A '2'     

            
           

 (AC, DCEP  DCEN)      
   '8'         
         AC  DCEP   
   'O ( )'        

       , DCEP (E6010)   
     (Figs 4,5,6  7)

  (Electrode identi cation)

        65 mm   
            

 

          
   ,        

           
      

  (Electrode storage)

     ,      
          

,     ,       
           

-    

    (Deposition of Root Pass)

              
        5   7     

               11
  1     

     ,       
          ,   

           
  

      

           50%    
                
,            
 

T. Thickness, A 60° 70°, B ±5mm, C 1 5 ± 0.75mm 
(Figs 8,9 & 10)

   &  -  ( ) (NSQF -  2022) -  1.5.79   

          
   ,        

           
      

(Electrode storage)
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 (HOT)  (Second (HOT) Pass)

   "  "     3.20 mm   
100 - 120       

 ( )          

             
 5   

               
     

   ( )    (Deposition of 3rd 
and 4th (Final) Pass)

         

             
         

          

     

,          

  5G    (Welding Technique 
5G Down Hill Position)

            
, ,    

   'G'       (     
 )              

      5G-   ( ,   
)    ,  ,      

          

    (Shielded Metal Arc Welding) 
(SMAW)

SMAW            
         ,    

      ,      
  5G            
    

   (Pipe Welding Electrodes)

E6010             
               

        

   &  -  ( ) (NSQF -  2022) -  1.5.79   
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   &  (CG&M)                          1.6.80-82    
 ( )  Welder  (Pipe) - GTAW & GMAW

5G  6G           (Procedure for Welding 
Heavy Wall Pipes in 5G and 6G Position Welding)

:         
•      
• 15G 5G-6G     

           -   
             

            , 
          ,    

        ,  5G  6G 
      - -   45- - 

 ,          
      ,     5G ( )   

            -  
           
     ,      

   -       

  ,      ,   
    , SMAW (    )  
             

   ,          
         ,    

   ,   -     
            

          10  
12   

   , ,         
 ( -   - )      
       -      

   -           
    - -   

     5G  6G    (Welding 
in 5G and 6G positions on smaller diameter pipe)

    - 10     -    
  HVAC  -        

             
(  40,         )  

,   , -      

   ,     ,    
 5G  6G        5G  

,               
       ,   -   -

      ,       
         6G    
            ,  

  -      ,  45   
    

5G  6G         
          , 

      ,      
           
        

-  /  -  -      
  - -      ,  

            5G 
 6G           

      ,      
  -           
-               

  ,     ,  - -   
           

             
        

      /        
 ,     ,       

    ;     RMD  
 -   -       

   ,     -    
      ,        
            
          -
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    , .035-  .045-    -  
-      (AWS) E71T-1 

              
         - -

     ,      
       AWS E71T- 1/T-9/T- 12M/J, 

E81T1-B2C H4/-B2M H4  E91T1-B3C   H4/-
B3M H4           

  

     5G   (Welding in 5G on larger 
diameter pipe)

             
    ,        

       24      
 ,     12-16        
   5G        (  

        )      ,  
             

      

      -  -    
            

           -
    .045-        

   (  T-1)       
             

-             
 ;            
            

         -  100  4  
      (EXX10    

  16   100      ) -   
             

   -  -   (   -  
  )    AWS E71T-1/T-9/ 12J H4, E101T1-

GM  E111T1-GM H4          
             
-             
   

       ,      
 (     )      -    

              
          

    -       
       -      

      "  "   
    ,       

-  -    - -    
             

             
 (  8   100   )     
             

  ,  :         
            

   ,        
     - -      
  AWS E71T8-Ni1J H8  E81T8-Ni21 H8  

             
1/16-  5/64-          - -

            

  (Final considerations)

- -          
            
          , ,  

            
            

               
               

       

   &  -  ( ) (NSQF -  2022) -  1.6.80-82   
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   &  (CG&M)  1.6.83    
 ( ) Welder (Pipe) - GTAW & GMAW

  (Welding Symbols)
:         

•                 
• I.S.              

 1.2.21 

   &  (CG&M)                          1.6.84   
 ( ) Welder (Pipe) - GTAW & GMAW

           (Procedure for Welding of thin 
Wall Pipes in down hill position)

:         
•        

     (1G  )    
(Pipe welding by arc (in 1G position) by continuous 
rotation method):         

             
             

      

           35°  
      1.5  2.5 mm    

      (Setting the pipes for 
welding): 4            

     0.75 mm     V 
             

       

1    2.5 mm    2    3.15 mm 
    

    70-80A      100-110   
 

        (Fig 1)    
 Fig 2      10°       

  (      )

-              
    

              
            
       

-              
 

-              
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-                
           

-              
            

           

        (IG   
 ) (Welding of a pipe butt (IG position i.e. by 

rotation) by segmental welding)

-     2.5 mm      35  40°  
     

-            V   
  (Fig 3)

-      (TDC)  10°      
              

            
      (Fig 4)

-  60°         ,     
/      

-            TDC  10°  
  

-               
 

-   60°    (Fig 5)

-          

-             TDC  
 

-       ( )   ,   
             
- -       

- 60°       

   &  -  ( ) (NSQF -  2022) -  1.6.84   
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   &  (CG&M)                          1.6.85-86    
 ( ) Welder (Pipe) - GTAW & GMAW

2G       (Procedure for Welding Pipe in 2G position)
:         

•       
• 2G          
• M.S.        (5G)       

 3 (Method 3):    6   12     
     6   12         
  (Fig 1)           
       5 mm     

           

2G  6G          
   

2G  ,          ,  
              

     (Fig 2)

6G            
  ,       (Fig 3)

            
 ,        , (   
,     )
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   &  (CG&M)                          1.6.87-90    
 ( ) Welder (Pipe) - GTAW & GMAW

,     Y       T      
(Welding Procedure for Complicated Pipe Joint T Joints with Intersection, Top 
bottom and side Y Joint)

:         
•        90° "T"        
• T       

       90  "T"    
  : (Develop the pattern for a 90° "T" 

pipe of equal diameter by parallel line method)

Fig 1       

   Fig 2    

          (Fig 3)

  6        0, 1, 2, 3, 2, 1, 
0      (Fig 3)

      6        
 3, 2, 1, 0, 1, 2, 3        Fig 4  

  

Fig 5             

          ,   Fig 6 
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            -
    

"T"             
   Fig 7    

           0     
 Fig 8

       "T"      
       -     

 (Fig 9)

        (Fig 10)

        Fig 11    

              
     

   &  -  ( ) (NSQF -  2022) -  1.6.87-90   

   ,       
: (For main pipe, develop and layout the pattern 

as follows)

        Fig 12
     0, 1, 2, 3, 1, 0      
   Fig 13    

Fig 14             
  

      ,  "0"       
   0, 1, 2, 3, 2, 1, 0, 1, 2, 3, 2, 1, 0    
             

  Fig15

            
   Fig 16    
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   Fig 17

  Fig 17    ,      

  "Y"    (Development of a pipe "Y" joint)
:         

• 120°     "Y"          
• 90°     "Y"         

120°     "Y"     
(Development of "Y" joint pipes intersecting at 
120°):          120 

  30 mm  (Fig 1)

             
             
         

•  'A'           
  (Fig 1b)

•              
   

•        

•           
        

90°  'Y'     (Development of 'Y' 
joint branching at 90°): X, Y, Z      
'Y'    (Fig  2)        

 

   XYZ, Y  Z      ,  
    

•        'X'    
 

•     'Y'     

   &  -  ( ) (NSQF -  2022) -  1.6.87-90   
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•    16     

•      

•   ABCD   AB, D   

•  Y        Fig  2    

'T'   (Making 'T' Welding)
           , 
            

           
              

            
              

               
         

    (Cleaning the Weld Seam)

       ,       
            
              
           

               
 

          (Preparation 
of Large Diameter Pipes for Welding Cutting)

             
          ; 

 ,  , ,    ,   
 ,     

 (Cleaning)

    ,      
             

   ,     ( , , )  
           , 

, ,   ,  ,  ,   
    ,         

 (Lapping)

              
   ,        

     ,       
            

   (Intersection and Beveling)

    - -  ( )      
         -     
 , -          
-            
  5 mm           

     ,       
      50-90   

   &  -  ( ) (NSQF -  2022) -  1.6.87-90   

  ,          
  ,       75-80    
           

    ,         
             

           
  ,          
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   &  (CG&M)                          1.6.91-94    
 ( )  Welder  (Pipe) - GTAW & GMAW

GTAW    (Introduction to GTAW welding)- , ,  
(Advantages, Equipment, Electrode)

:         
• TIG      
•   
•  TIG     
• TIG       
•     

TIG    (Introduction to TIG welding):  
   (GTAW)    -  

(  )          
            
   (       )   

      (Fig 1)

             
     (     )   

,        (     
)             

          TIG (   
)     ,     , 

,         
     

-  AC  DC    FIG 2  3

-            

-    

-   

-     

-    (  )

-  

-   

-    

-             

-   ( )

-  

 (Torch):           
         4     

     :

       

         ,   

      -       
             

 ,             
              ,  

            
   

 ,  (Gas regulator, owmeter 
(Figs 5& 6)):           

  175  200    0-3.5    

         ,   
 0-600 /   0-2100 /      
  

     (Parts of water cooled torch Fig 7)

1     

2  /

3 "O" 
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4  

5 

6   (   )

7  

8 

9   

10   

11    

12   

13  (  )

14  (   )

15   

16 

17    

18  (2 )

19  

20 
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TIG   (TIG welding process)

TIG              
         ' '     
             
      TIG       

                
       , , 

           
           

      

       TIG  
           

     TIG       
            

        TIG    
       ,       
        ,     

        60000C   
             
           
,            

            
    /      

  (Power sources)

TIG            
     ,   -     
       TIG       

 ,     /  DC  

TIG        ,   TIG 
      TIG     

     

 TIG        CC (  )   
           

  Amps.         
      

    (Characteristerics of power 
fource):      A, 20   25  

      135   126  
      25     ,  A 

     6.7        
      ,      

,             
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GTAW           
(Types of welding current used for GTAW)
TIG   ,         : 

   , 

       ,   
      ,      
            

            
        -      
      ,      
   

 DCSP
 
  

   

 
   

 

    70%   
  30%
, 

  

   &  -  ( ) (NSQF -  2022) -  1.6.91-94   

    ,       ,   
  (Fig  1)

          (CC) 
     

SMAW & GTAW          
  

© N
IM

I 

NOT T
O B

E R
EPUBLI

SHED



190    &  -  ( ) (NSQF -  2022) -  1.6.91-94   

DCSP -     (DCSP - Direct Current 
Straight Polarity) (FIG 2): (      

 )  DC          
           

         ( )   30% 
       DCRP     

            
 

GTAW  (GTAW Torches)
:          

•       
•         

DCRP -     (DCRP - Direct 
Current Reverse Polarity) (FIG 3) : (   

    )         
           ,  

             
DCRP  ,         

   Amps         

GTAW  (GTAW Torch)

 (Torch):           
        .1  2. 

        :

-        

-          ,   

      -      
            

   ,           
               

 ,           
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     (Parts of water cooled torch)
(Fig 2) 

1     

2  /

3 "O" 

4  

5 

6   (   )

7  

8 

9   

10   

11    

12   

13  (  )

14  (   )

15    

16 

17    

18  (2 )

19  

20 

TIG    

1    

2             

3 TIG           
            

        

4            
,    /  /   

5 TIG          TIG    
TIG         

6 TIG    TIG        
 

       TIG        
     -

1   

2  ,      TIG    
 

TIG     (Cooling of the TIG torch)

               
         ,    

     

           -  
        AC-     

     

   -  TIG   -      
           

TIG              
  , TIG           

   TIG    TIG       
 

TIG    

1  (Leads) -        
          ,  
  4 , 8 ,     ,    

          TIG     
            

2  (Collet) -        TIG 
         

3   (Ceramic Nozzles) -    
        

4   (Back Caps) -       
    -      ,    

              
 (   , ,    )

    TIG        
  ,  -  - ,  TIG     

   TIG         , 
        ,   

       

    (Gas Regulator & Flowmeter)

 ,  (Gas regulator, owmeter
(Fig 3 & 4):           

  175  200    0-3.5    

         ,   
 0-600 /   0-2100 /     

   

   &  -  ( ) (NSQF -  2022) -  1.6.91-94   
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GTAW  (GTAW electrodes)
:          

•    
•   

TIG     (Electrodes for TIG Welding)

TIG             

   3,3800C          
  

           
               

      

            
      

            
     :

•   ThO2

•   ZrO2

•   LaO2

•   CeO2

     (Colour Indications on 

Tungsten Electrodes)

     -      
,            

      

   10 mm         
 

          :

•              
        AC   
    

• 2%             
    -       

  -          

• 1%            
   TIG         

    

•         ,      
    

   &  -  ( ) (NSQF -  2022) -  1.6.91-94   
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  (Electrode Dimensions)

  0.5  8 mm       TIG 
           

1.6 - 2.4 - 3.2  4 mm 

          ,   
             

 

  (Grinding Angle)

TIG            
            

           
,             

          

           
         

             
   ,         (Fig 1)

AWS *      

EWP

EWCe-2

EWLa-1

EWTh -1

EWTh -2

EWZr -1

-

CeO2

La2O3

ThO2

ThO2

ZrO2

AC/DC

AC/DC

AC/DC

DC

DC

AC

            (Fig 2)

 0.5 mm            
      (Fig 3)     

 

AC TIG           
              

      (FIG 4)

   &  -  ( ) (NSQF -  2022) -  1.6.91-94   
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   (Electrode condition): Fig 8  TIG 
         

 (Comments)

a         (  '  ') 
           (   

 )             
       

b              
  ,     ,    

     (   '   '  
 )          

       (Fig 1b)    
    ,         

     

             
  

   ,        
,           , 

    

   30°  120°          
         60      

       (  )   
   ,        

 

    (For edge welds): 50- 200A: 30° - 60°  
      

    (For edge welds): 50-200A: 90°- 120°  
         

  (Current density):       
           

    

   &  -  ( ) (NSQF -  2022) -  1.6.91-94   

    (Grinding of the Tungsten Electrode)

            
            

   (Fig 5, 6, 7)
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  (Fig 2) TIG      
   

mm    (  )

    

1

1.6

2

3

4

5

6

7

8

5-50A

40-80A

60-110A

90-180A

160-240A

200-340A

300-450A

400-600A

550-750A

8-70

50-100A

60-180A

150-270A

220-320A

300-400A

350-550A

500-700A

650-800A

10-70A

50-100A

90-160A

140-260A

220-380A

350-550A

500-700A

10-80A

50-120A

90-190A

170-300A

260-450A

400-650A

600-800A

 (Comments)

a        (  '  ')  
          (    

)              
      

b              
  ,         

   ' '      ,  
  

c            
             

,              
   

d           
            
             
       ' '  

e              
              

          
  

   &  -  ( ) (NSQF -  2022) -  1.6.91-94   
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   &  (CG&M)                          1.6.95-96    
 ( ) Welder (Pipe) - GTAW & GMAW

GTAW         (Shielding Gases used for GTAW)
:         

•     
• TIG             
•          
•       

   (hielding gases)

     (Chemical activity of 
shielding gases):        

           
    

  (Inert gases):        
  , ,        , 

          , 
          

     (       
 )    (   )      

    ' '       
            

             
            

            
          

 

    -       
-    

      (Properties of argon and 
helium gas)

  ,   

          

              
   

             

  TIG       (Gases for 
TIG welding of aluminium Argon gas)

             

 (Quality):         
 

             

            , 
 ,     ,      

              
          ,   

 ,             
  2  7           
  

            
 ,         ,    

            
,         

             
    Fig  1

 (Helium):       TIG  
             

 ,           (   , 
, )

     :

-    

-    ,         
 

- Fig 2       ,   
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   (Characteristics and comparative 

performance of argon and helium as shielding gases)

 (Argon)

   (Low arc voltage):      
        1.6 mm    
        

   (Good cleaning action):   
     ,        
        

    (Easy arc starting):    
     

            
 (   ,     1.6 mm ,    

 5 mm    

              

             

        

    (Tungsten Tip Preparation) (Fig 2)

  (Tungsten Extension) (Fig 3)

  (Tungsten Grinding)

      (     )   
               
        

            
,      ,        

 

  (60   )      

      

1    

2    

3             

4         

5      -   

6    ,  

7         

8         

1      

2             

3         

4           

5                 
 

   &  -  ( ) (NSQF -  2022) -  1.6.95-96   
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   &  (CG&M)                          1.6.97   
 ( ) Welder (Pipe) - GTAW & GMAW

,          (Importance of Preheating, Post 
Heating and Post Weld Heat Treatment)

:         
•         
•              
•       
•       
•      
•    -       
• -       

 1.3.46 
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   &  (CG&M)                          1.6.98   
 ( ) Welder (Pipe) - GTAW & GMAW

  (Welding Metallurgy) -   (Weld Stress)
:         

•   
•      

       ,     
            
   ,          

               
            

    ,          
           ,   
              

           , 
       -  

                
 ,           

               
      ,        
   -           
       

     2  3          
               

        -      
 , , , , , , 

     -         
      ,        

   ,          
           , 

          , 
               

           
    ,      
           

   ,    , -  
    

          
           

    ,     
         
         

,            
             

 

                 
          

         

       (May exhibit three regions)

•   (Composite zone)

•   (Transition zone)

•   (Unmixed zone)

  (Material properties)

•  (Melting point)

•   (Thermal conductivity)
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•   (Surface tension)

•   (Marangoni e ect)

  -   (Process parameters - Heat 
input)

   (Travel speed)

    (Heat ow conditions)

• 2-D (   )

• 3-D (  )

   &  (CG&M)                          1.6.99-100   
 ( ) Welder (Pipe) - GTAW & GMAW

   (Distortion and Control)
:         

•      
•      
•        
•         

 1.2.33 

   &  (CG&M)  1.6.101-107   
 ( ) Welder (Pipe) - GTAW & GMAW

    (FCAW) (Fl$ux Cored Arc Welding) (FCAW)
:         

•            
•            
•     

    (FCAW) Fig1     
           

           

     ,  -   (   
     )  '   ',   
      

   FCAW    ,    
   ,         

    

, -   FCAW       
             

            

 (Equipment): GMAW  FCAW    
             
    

-             
            

             
             

     

FCAW    (Metal transfer in FCAW): FCAW 
   GMAW      FCAW  

    -      ,  
       ,    
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         FCAW   
 GMAW           

            
   ,          

FCAW           
     '  '   ,     
  '  '         

      Fig.2 (a) ,    
 '  '           
  FIG 2(b)000000

     (Classi cation of ux 
cored wires):          

       ,     
           

    ,      
        

       ,      
             

            , 
  ,          

   

          , 
           

 

      ,   
           

           ,    
          /CO2     

             
       -    
         

           
         ,    

   (      )    
     

    (Deposition rate and e ciency): 
               

              
               

    

GMAW        93%  97%   
   FCAW    80%  86%    

             
FCAW           

   CO2    /CO2     
         

   &  -  ( ) (NSQF -  2022) -  1.6.101-107   
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GMAW      ,     (Introduction to 
GMAW & Flex cored arc welding, equipment accessories)

:         
•      Co2      
• Co2    

Co2    (Introduction to Co2 welding):  
            

             
    

          ,  
          

      

            (SMAW)        
          /  

  

               ,         ,         -
-    /        

             
            

GMA    (Principle of GMA welding): 
   ,         

             
 ,         /   
   /         (FIG1)

            
       ,       
  (MIG)   

 -         
 ,               

       Co2      
(MAG)     

  GMAW -      
 (Basic Equipment for a Typical GMAW Semiau- 

Tomatic Setup) (Fig 2)

•     -     

•   -          

•    

•   -          
  

•    -        
 

MIG/MAG         
        
        

GMAW    (GMAW wire feed unit)
:         

•            

  (Wire Feeder) (Fig 1)

  MIG/MAG        :

i              
         

ii            

             
  

iii             
          MIG    

     

   &  -  ( ) (NSQF -  2022) -  1.6.101-107   
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   -       ,   
             
              

 -      ,     -
   

   (Wire spool holder)      
             
            

           

  (Drive Motor) MIG/MAG    
             

      (          
)       MIG    

            
     MIG      -  
   

   &  -  ( ) (NSQF -  2022) -  1.6.101-107   
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  (Drive Rollers):      
      MIG      (FIG 2 

& 2A)           :

i   

ii              
          -   

       V 

Fluxcored    V-knurled

       U-

             
              

             
      ,       
     

           

i         

ii              
      

iii              
       

   (Wire Feed Controls)

           
            
  

i     (Wire speed) -       
             

 ,            
,           
             

,    ipm (   )  mpm (   
),              

100%     mpm 1 /   25 /
   

             
       (       
     )    ;    ,  

   ,         
 

ii   (Purge switch)        
             
             

    

iii  (Burnback)         
             
            
 ,        

  ,           
     

iii      (Spot timers or stitch 
modes)           

              
    

   &  -  ( ) (NSQF -  2022) -  1.6.101-107   
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GMAW     (GMAW equipment and accessories)
:         

• GMAW     

MIG            
             

    

  MIG      , MIG    
       0      
        CV (  ), DC 

(  )       MIG    
  

MIG         -     
 ,            

            
      ,       
     ,       

 

 MIG     DC (  ) ,   
     +      

      70%       

           
    ( )   70%  

,   (A & B) FIG 1    

 A (SMAW  ) (Curve A) ( For SMAW):  
    A , 20   25     

   135   126     
    25   ,  A    

  6.7           

    ,      ,    
             
,      ,    

          (CC)  
    

SMAW & GTAW          
  

 B (GMAW  ) (Curve B (For GMAW)):   
50            1   
B           20   25  
(25 )      142   124 

  13.3          
            

           ( ) 
-        

           (CV) 
     

GMAW & SAW           
 

            
            

   ,        
            

  

   &  -  ( ) (NSQF -  2022) -  1.6.101-107   
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SMAW     GMAW  ,  (Advantages, disadvantages of 
GMAW over SMAW process and applications)

:         
•         Co2      
• Co2     

 (Advantages):         
    

             
      

   ,   ,  ,  
   ,       

      

           

             
      

 

 (Disadvantages)

  ,      

             
, GMAW           

 (Applications):      , 
   ,  , , ,   
  ,        

    

          
        

GMAW     (Shielding gases for GMAW)
:         

•     (GMAW)            
•                
•                      
•    Co2           

GMAW            
   ,      

  (Inert gases): ,       
             

         GMAW 
             

            
  -         
     

    ,       
 ,          
             

   10    ,       
            
 

              
              
             
         1      

       

            
              
          

   &  -  ( ) (NSQF -  2022) -  1.6.101-107   
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GMAW        (Reactive 
gases and gas mixtures used in GMAW)

  (Carbondioxide):   
(CO2)            

             
 ,              

  

CO2            -  
 CO2              

           

CO2             
        ,   

       

         CO2  
           

CO2   7-12  CO (  )   
        

      CO2   25%    
            

 ,          ,   
 

   (Argon carbondioxide):  
  CO2            
 GMA           

 

CO2      ,         
    ( )      

-  (Argon-Oxygen): -    
             
 1-5    ,    ,  

            
 ,            
 

            
            

            
         2%    

    ,      
       

        ,     
         

        10 L/min

   15 /

     20-25 L/min

              
              

 MIG Torch    

   &  -  ( ) (NSQF -  2022) -  1.6.101-107   
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GMAW            

   

75% 
     25% 

0.1  (2.5 mm) ;      ; 
    

1-3  (25-76 mm) ;       

, 
 

   ; 1/8  (3.2 mm)      
    

  

 
5-8% CO2

  ;        
;     ,     

;          

   
2% 

    ;     

 
1% 

2% 

  ;       ,  
      ,     

    

      1%      
  ,       

 , 
,   

  

        -      
   

 
20-25% CO2

1/8  (3.2 mm)   ;     ; 
   ;   

  ;   ;  

 90% 
7.5% 
2.5% CO2

         ;  
 ; 

 ;   

Co2     (Co2 gas cylinder and 
regulator): GMAW/Co2       

            
  

   (Gas ow meter):       
             

             /
CO2         Fig 2

   &  -  ( ) (NSQF -  2022) -  1.6.101-107   
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CO2      (Gas Preheater for CO2 
welding )(Fig 3):         

           CO2   
          CO2   

            CO2  
              

           ,    
    ,        

             
              
        

   &  -  ( ) (NSQF -  2022) -  1.6.101-107   
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   &  (CG&M)                                 1.6.108-109   
 ( ) Welder (Pipe) - GTAW & GMAW

GMAW         (Types of Metal Transfer and Welding 
Parameters in GMAW)

:         
•         Co2      
• Co2     

    (Types of metal transfer): GMAW/
Co2   ,          

 /          , 
           

 

-    (  )

-    ( )

-      

-   

      ,     , 
 ,        

  (Spray transfer):       
              
      (Fig 1)       
 (28  32V)    

              
            

       (   , 
,  )      

     

i   

ii   

iii     

iv   

v   

vi     

    

i       

ii         

iii        

iv           
  

  (Globular transfer):   ,  
            , 

             
          (Fig 2)   

23  27V 

             
      CO2        

         

   (DIP ) (Short circuit transfer 
(DIP transfer)):    ,      

    ,       ,   
              
           (Fig 3)   

16  22V 
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            , 
         

   (Fig 4) (Pulsed Spray Transfer )
(Fig 4)

              
              

     

1   (Peak current) -        
           

2   (Background current) -   
   ,        

   

            
    ,    

i     

ii              
       

 (Advantages)

i       

ii   

iii  

iv   

v - -  

vi  

 (Disadvantages)

i   

ii     

iii   

GMAW     -   (Burn-o  characteristics of ller wire in 
GMAW)

:         
•              
• GMAW/Co2      -       

 -   (Wire burn-o  characteri ics): 
               

              
            

  ,            
 

 1  2  CO2        
            
              

              
,         

      ,     ,    
           

   &  -  ( ) (NSQF -  2022) -  1.6.108-109   
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GMAW/CO2   -      
(Principles of self regulating arc length in GMAW/
CO2 welding):           

            ,  
  -           

             
  

           '  
'  3        '  

'          
      ,       

 ,           
            
             
               

      -    
           

            

GMAW  /  (GMAW parameters/variables)

GMA    /  (GMA welding process 

parameters/variables)
GMAW/Co2         

   

  

    (  )

  

  

  

 

 

 

 (Electrode):         
             

      

             
   

   0.8 mm, 1.0 mm, 1.2 mm, 1.6 mm & 2.4 mm 

  (Welding current):      
            

              
             
           

-           

GMA           
   

            

   &  -  ( ) (NSQF -  2022) -  1.6.108-109   
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CO2       

(      )

  , m/min

  (Arc voltage):  GMAW/Co2    
     ,          
            

            
 ,   ,    ,   

,  ,          

           

    (Arc travel speed):      
    ,       ,   

      

        ,       
   -      ,      

   ;          
     ,        

,              
    

  (Stick out):         
      (Fig 1)
          

          ,   

   (mm)    (28 - 32V)    (16-22V)

0.8

1.2

1.6

5.0-15 (150-250 )

5.0-15 (200-350 )

5.0-8.8 (350-500 )

2.5-7.5 (60-160 )

2.0-3.8 (100-175 )

1.5-2.0 (120-180 )

         
      ,        
 ,             

     

        6  
13 mm       13  25 mm 

  (Electrode position):    
,              

         /   
    /       
       10  15      

    Fig 2    

   &  -  ( ) (NSQF -  2022) -  1.6.108-109   

        6  
13 mm       13  25 mm

(Electrode position):
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   &  (CG&M)  1.6.110   
 ( ) Welder (Pipe) - GTAW & GMAW

       (Types of Welding defects cause and Remedies)
:         

•   ,          
• -     

  (Excessive Spatter)  :             
      

 (Porosity)

  

     

  

  ( )   

 

     

  

     

     

   ( )   

        , , , , , 
     

/         /   
     

,      

              

 -           
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      ;    
,      
           

      , , , , ,     
 

       

        (13 mm)     

  (Incomplete Fusion)

  

 

  
  

        , , , , ,      

      /             
      

                  

              

         0  15        

  -             
     

   &  -  ( ) (NSQF -  2022) -  1.6.110   
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  (Excessive Penetration)

   (Lack of Penetration)

  

                 

  -           
     

-  (Burn Through)

   -         

  

  

  

  

                
          

      0  15       

        
        (13 mm)            

/       
    

   &  -  ( ) (NSQF -  2022) -  1.6.110   

-  -              
          

  

                  /   

-  -              
          

  

                  /   //
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   (Waviness of Bead)

   -           
      

  

             

 (Distortion)

  

           ( )   

                  /  
     

   

           

 -            
      

   &  -  ( ) (NSQF -  2022) -  1.6.110   

  

           ( )   

                  /  //
     

   

           

 -            
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   &  (CG&M)                                 1.6.111-112   
 ( ) Welder (Pipe) - GTAW & GMAW

   (NDT) -   (Inspection of Weld (NDT) - Visual Inspection)
:         

•          
•        
•        
•      

   (Necessity of inspection):  
     ,       

         

   (Types of tests)

- -   (NDT)

-  

-   

            -
  (NDT)        

             
            
           

,      -    
     , , ,    
      -      

             
       

  ( -  ) (Visual inspection)
(non-destructive test):       

             
                
             

      ,   ,   
            
 :

-   

-   

-   

     (Visual inspection before 
welding)

(     ,       
 )

      

          

             
  

         

            

     ,      

DC           
  

          

           
  (Fig 1)
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 (Fig 2)

     (Visual inspection during 
welding)

            
 

-              
         

      

-     (Methods of non-destructive tests)
:         

• -      
•  -       
•  -       

-          
       

 -   (Common non-destructive 
testing)

-  

-    

-   ( )

 -   (Special non-destructive 
tests)

-   

-   

-  ( - ) 

-   

-  

  (Visual inspection):      
         ,  , 

           
             

              
       

- 

-     ,   , , , 
 , ,  

- 

-     

-   

-   

    (Leak or pressure test):   
  ,          

             
    ,       , , 

              
             

             
            

1              12  24 
               

     

2           ,      
           
        

 ( )  (Stethoscopic (sound) test): 
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  (Radiographic test):    -   
      

-   (X-ray test):         
    -          

 (Fig 1)  -           
,             

    -           
 -     -      -    
         

   (Gamma ray test):    
   60        

      -        
              
             

            
           
 

   (Magnetic particle test):   
          -  -  (6 mm 

 )         

            
            

 ,      (   )       
                
 (Fig 2 & 3)

   (Liquid penetrant test):    
            

     , ,       
               
              

          ,    
     

   (   )        
             

           (Fig 4)

  (Ultrasonic test):     
             
            

       6  10       
 

             
          
     (Fig 5)
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   &  (CG&M)  1.6.113   
 ( ) Welder (Pipe) - GTAW & GMAW

  (PP, PE & pvc)       (Introduction to Plastic 
Welding (PP, PE & pvc) lib Parametal & Check)

:         
•      
•       
•     

           
    -       
              

             
            
        

            
,     -     

   (Plastics welding processes)

•   

•   

•  

•  

•  

   (Hot Gas Welding)

       ,       
             

              
              

              
     -         

  ,     

            
          (  
   (LDPE),    (HDPE))   

           
  

     (Applications of Hot Gas 
Welding)

• 

•     

•  

• 

•  

          ,  
               

   ,     ,         
          ,     

  ,             
    ,     -    ,  

    

              
              
      

     (Applications of Hot Plate 
Welding)

•      ( ,  ,  
)

• 

•   ( ,  , , )

     (Advantages of Hot Plate Welding)

•   

•     

•          

•         

     (Disadvantages of Hot Plate 
Welding)

•   : 20        30  
,    

•      (  )  
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  (Ultrasonic Welding)

      ,    
  ( )        

              
      ,    

          ,  
             

          ,  
 -   ,        

    1        20 
 70 kHz         20-40 kHz   

     0.002" (0.05 mm)    
          

        (  (PS), 
- - )       

 (ABS)

    (Applications of Ultrasonic 
Welding)

•   ( ,  , ,  )

•   (   , , ,  
)

•  (  ,  ,  )

•   ( ,  , )

•    

• 

    (Advantages of Ultrasonic 
Welding)

•   

•     

•     

•   

    (Disadvantages of Ultrasonic 
Welding)

•           

•     

  (Spin Welding)

      ,     
               

              

              
               

           (FRW)  
        ,    

        

    (Advantages of Spin Welding)

•  

•        

•   

•        

    (Disadvantages of Spin Welding)

•               
  

•     

  (Vibration Welding)

      ,      
             

          ,    
             

               
      -         

  ,     

     ( )     
 100  500  (   100-240 )    

      0.02-0.2" (0.5-5 mm) 

  ( ,   )  
  ( , ,  ,  , 
 ,  )      

    

           
  

    (Advantages of Vibration Welding)

•        

•   

•  

•          

    (Disadvantages of Vibration 
Welding)

•   
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•     

    3  (The 3 Parameters for 
Plastic Welding)

  ,         

 (Temperature)

           
           

            
          

              
   ,         

            
         ,   

           
             

-           ,  
              
      ,      
 

 (Pressure)

           
        ,   

          

        ,    
      

   ,       
            
            

          
       (      ,  
              ) 

   

 (Time)

            
              
               

             
            
  

   ,          
            

  ,  ,        
     ,        
              

              
        

  ABS ( - - )  
  (Welding temperatures of the individual 

plastics ABS) (acrylonitrile-butadiene-styrene)

 ABS       ABS    
      +270°C  +310°C    

PS ( ) (PS) (polystyrene)

             
        

+270°C  +310°C 

PE ( ) (PE) (polyethylene)

          , 
  PE    , PE     

         PE     
    + 220°C  + 280°C    

PP ( ) (PP (polypropylene))

  ,       
,            
   , PP    ,    

           
            PP  

     +230°  +280°C    

PVC (  ) (PVC (polyvinyl chloride))

PVC   ,         
  PVC     ,    

             PVC 
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          ,  
  PVC           PVC  

     +250°  +280°C    
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   &  (CG&M)                                 1.6.114-115   
 ( ) Welder (Pipe) - GTAW & GMAW

       (Requirement for Quali cation in di erent 
Codes)

:         
•     /      

       ? (Why Welder’s 
need to be Quali ed?)

  (ASME  IX, AWS D1.1, ASME B31.3) 
  (ISO 9606 )        

             
 (    ASME  VIII)      

 (  EN 15085, EN 1090)

  (Material Welding)

          ,   , 
              

      

             
       

     WQT      , 
             

 NDT  (      
)          

            
 

/         (Code and 
standards for Welders/ Welding Operator Quali cation)

           
           

  :

• AWS D1.1   - : :   

• AWS D1.2,    - : : 
  

• ASME  IX

• ISO 9606-1, ISO 9606-2

• CSA  W47.1

  ,       ,    

            
 ASME  IX, AWS D1.1  -  ISO 9606  

    

           
(How to Qualify a Welder Steps for Welder Quali cation 
Test)

     ,     
             

      WQT      
    

•  P    (     )

•  ,  F 

•      

•   

•  

           
         ,     

  :

•  

•   

•        

•  

,  ASME  IX        
             

         

 1 -    

           
              

      

      TIG  GMAW ,       
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•       

•      

•      MIG- MAG

•    

•   

      -     

  , - ,    
  

,           ,   
            

          ASME  IX 
         

  ASME  IX,  QW   -

350.       QW-352  QW-357 
   

    (QW-353)  SMAW      
      

 QW-353

  -   (SMAW)

 

            
            

  

 3 -    

,               
     ,       

           
(     -     )

,           
          

            
          

1    (Type of joint)       
  , SMAW    QW402.4  , 

       :     
       , 

         ,     
            

 ,      WQT     
           

2   (Base Material)-  ,  , 
         P.  (ASME 

 IX   QW/QB-422)       
P.    ASME  IX     P. Number 

        

ASME  IX           
       ,    P  1  
    ,   P-      1, 15F, 34  

P-No. 41  P- . QW 423.1     49,   
 

   

QW-402 .4 - 

QW-403  .16   

.18  P-

QW-404  .15  -

.30    

QW-405 .1 + 

.3   

  (S)          

P.No.1    P.No.15F, P.No.34,  P.No.41  
  P.No.49   

P.No.1  P.No.15F, P.No.34,  P.No.41    
P.No.49

P.No.21 P.No.26   P.No.21 P.No.26   

P.No.51 P.No.53  P.No.61  P.No.62   P.No.51    P.No. 53  P.No.61  P.No.62

            

  P-             P-         
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3    (  )  3   (Range of 
material thickness (base Metal) quali ed):  

,             
     

          WQT   
    ,  QW-404.30    

WQT          

4   F -  (Filler Metal F- Number):  
     ASME  IX   F-  

   (  F-    ASME  IX   
QW-432 )  -        

    ASME F-   ,      
 ?

5     (T)   (Range of Weld thick-
ness (t) deposit quali ed): QW-404.30  , 
WQT              

           'T '  'T 
'         

6        (Selection of 
Welding position & weld progression):   

          

WQT              
           

ASME  IX,  QW-461.9     
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        (Summary for 
Welder Quali cation Test preparation)

1         

2    :         
 -

3     WPS      
(SWPS)   

4      ,         
  

5              
    

6 WPS  WQT      P-   

7 WPS  WQT      F-   

8 WQT         (T)  , 
            

9           
 

     WQT    
(Preparation for the Performance Quali cation Test 
Coupon or WQT)

     (Welder Quali cation 
Test Piece Size)

    ASME  IX      
          150 

 (6 )  X 100  (4 )    
 

 , ASME  IX        
         150  (6 

)  

        150  (6 ) , 
            

 4     
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   ? (Validity of Welder Certi cation?)

       ?      ?  
  ,         

    :      ?

   (AWS)  -     
       AWS       

        

     :       

           
            

            
   

:            
      

             
              

 

              
  :

  : ASME  IX, AWS D1.1  ISO 9606 
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   &  (CG&M)  1.6.116   
 ( ) Welder (Pipe) - GTAW & GMAW

              (Di erent 
tests and Inspection involved in Quali cation Weldments and Visual Inspection 
kits and gauges)

:         
•        
• AWS          

  (Welding gauger):   -   
  ,   ,        

  ,           
       , (      

 )  )         
   ,          
             

    ,        
            , 

             
            

      

•    (Fig 1)

• AWS     (Fig 2)

   (Weld llet gauge):     
       ,     
              

             
      (Fig 1)

  Fig no 1      ,    
             

              
       (Fig 2)

            ,   
  , (Fig 3)

     -        
     

            

   :

             
   

1       

2    

3    

4      
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     (Fig 1)       
   

1      (Leg size of llet weld):  
              
     Fig 2    

        ,       , 
          

   -         

               
             
 Fig 4    

   &  -  ( ) (NSQF -  2022) -  1.6.116   

2     (Acceptable size of 
convexity):         , 

    45°          
          (Fig 3)

          ,   
   

3     (Aceeptable size of 
convexity):          

     45          
 Fig 4       

4        (Acceptable 
reinforcement height on butt weld):       

       ,    
,              

    Fig 5    ,      
             

 

   -        
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   &  (CG&M)  1.6.117   
 ( ) Welder (Pipe) - GTAW & GMAW

      (Weld Qualify and Inspection Visual Inspections)
:         

•       
•               
•         

 (Introduction)

   (   )        
             

               
         ,     

         

    (Welding qualify and inspection):

           
           

             
            

    ,         
            

     ,        
         ( )   

         

      ,     
      ,      

             
      

1  (Porosity):       
     

2   (Slag inclusions):   -
             

    

3  (Overlap):          
          

4   (Toe crack):         
              

     

5    (Lack of fusion):      
     

6     (Root crack):        
  

7     (Under bead crack):    
 ,             

,

8   (Hot cracks):         
     

9  (Undercut):         
              
 

   ( ) (Common welding mistakes)
(Defects)

10   (Transverse crack):      
       ,    
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11  (Crater):             
      

12   (Longitudinal crack):      
              
  

13 HAZ -    (HAZ - Heat a ected zone): 
            
       

     (Weld gauger and its uses)
 :         

•     
•        
• AWS          

  (Welding gauger): -     
    ,     ,   

       ,        
           , (  

    )   )     
      ,      

            
         ,    

            
   ,         

            
             

•    (Fig 1)

• AWS     (Fig 2)

   (Weld llet gauge):     
       ,     
              

             
      (Fig 1)

  Fig no 1      ,    
             

              
      (Fig 2)

            ,   
  , (Fig 3)

     -        
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    (All weld measurement gauge)

             
   

1       .

2    

3    

   &  -  ( ) (NSQF -  2022) -  1.6.117   

4      

              
            

            
  

              
     (FIG 1)       
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   &  (CG&M)  1.6.118   
 ( ) Welder (Pipe) - GTAW & GMAW

     (Visual Inspection Kits and Gauges)
:         

•       
•               
•         

 (Principle)

             
     

            
             , 

           ( )  
      ,  ,  ( ) 
-        

   (Visual Testing Requirements)

•             
  

•   

•              
    "         

        

    (Defects Detected)

•     ,  ,   

•          

•       

• -     

      (Optical Aids Used in 
Visual Inspection)

,  , , , ,  
,   ,    

(CCTV) 
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   &  (CG&M)                                 1.7.119-120   
 ( ) Welder (Pipe) -    

     (IBR, ASME ) (Pressure Welding Codes and Standards) 
(IBR, ASME etc.)

:         
•        

ASME      (BPVC)   (Sections 
of ASME Boiler and Pressure vessel Codes) (BPVC)

   ASME        
            
 (BPVC)  

 I -       

 II - 

•  A    

•  B   

•  C , ,       

•  D 

 III -       

 1  2    NCA  

 1 (Division 1)

•  NB  1 

•  NC  2 

•  ND  3 

•  NE  MC 

•  NF   

•  NG   

     NH  1 

 2 (Division 2)

    

 3 (Division 3)

      -     
         

 IV -       

 V -  

 VI -          

 VII -        

 VIII -      

 1 -  

 2 - -        

 3 - -        

 IX -     

 X - -    

 XI -        

 XII -         

        BPVC   
  (Brief introduction of some of the widely 

used BPVC sections)

 I (Section I) -        

•  ,  ,  

•     (HRSG)

• ,          
 

•     

•           

 II (Section II) -  II       
           

           
  A,  B,  C   D  

 A -     (Part A - Ferrous Material 
Speci cations)

              
      ,  ,    

   ,       
    'SA'      AStM   
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 B-    (Part B-Nonferrous 
Material Speci cations)

             
    ,  ,     

  ,         
   SB      ASTM    

""     

 C -  ,       
 (Part C - Speci cations for Welding Rods, 

Electrodes, and Filler Metals)

  ,  ,       
,  ,   ,     
            

   

 SFA           
 (AWS)     

 D-  ( / ) (Part D-Properties) 
(Customary/Metric)

   ,        
      

 III (Section III) -         
          ,  III  

     

 IV (Section IV)-    , ,  
       ,     
     

•  

•    

•     

•    

            , , , 
         

 V (Section V) -    -   
(NDT)   -       

         ,  
   ,    ,    
     ,       

            
        

 VI  (Section VI)-  IV       
        

 VI     :      
  

 VII (Section VII) -    ,   
          

          
            

 

 VII       ,     
  ,         , 

  (  VI)      (  XI) 
 

 VIII (Section VIII) -  , ,    
 -     ,     

 (     )      
 

   I,  II   III

 1 (Division 1) -  15 PSI (100 KPA)   
         , , 
,         

 2 (Division 2) -      , 
  -        

   2      

1 ,            
             
     

 3 (Division 3) -       10,000 
PSI (   )          

     1  2      
         

 IX (Section IX) -        
        (  

BPVC     )   ,  
          

           
 , -        

 IX         , 

1  QG -        "" 
(  ,    )

2  QW -      
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3  QB -      

4  QF -       

 -  IX       
  (WPS)  ,    

(PQR),    ,    
       

          ,  
     ,       
      

 XII  (Section XII)-     3000 PSI  120 
             

             
   

         ASME  
  (List of some of the most widely used ASME 

Standards)

CSD -1 -           
 

B1.1 -     (UN  UNR  )

B1.20.1 -  ,   ( )

B16.1 -       

B16.3 -    ,  150  300

B16.4 -    ,  125  250

B 16.5 -     

B16.9 - -     

B 16.11 -  , -   

B 16.15 - -   ,  125  250

B16.20 -      -    

B16.24 -         

B16.25 -  

B16.28 -        

B16.34 -   ,  ,    

B16.42 -           

,  150  300

B 16.47 -    , NPS 26 NPS 60   

B18.2.2 -     (  ) 

B31.1 -  

B31.2 -    

B31.3 -  

B31.4 -          
 

B31.5 -      

B31.8 -      

B31.9 -   

B31.11 -   

B36 .10M-       

QAI-1 -      

PVHO-1 -       

Asme    Ptc 25 -   

 ASNT    (List of important ASNT 
Standards)

ACCP -   

CP-189 -     

    

SNT-TC-1A - -        
   

         AStM  
  (List of some of the most widely used AStM 

standards)

A 126 - ,           
  

B 139 - -  ,       

D 56 -           

D 93 - -          
 

E8 -         
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E83 -       

E125 -          

E 140 -      

E 186 -    (2  4- 1/2 )     
  

E 208 -         
         

E 280 -    (4-1/2  12- )     
  

E 446 -   2         

   &  -  ( ) (NSQF -  2022) -  1.6.119-120   

 ASME   (Important ASME 
Designators)

ASME    ASME       
        

 I - A, E, M, PP, S, V

 II -  

 III - N, NA, NPT, NV

 IV - H, HLW, HV

 VIII -  1: U, UM, UV  2 - U2, UV

 3 - U3, UV3  XII - T, TD, TV
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   &  (CG&M)                                 1.7.121-122   
 ( ) Welder (Pipe) -    

WPS  PQR     (Writing Procedure for WPS and PQR)
:         

•        

   (WPS)       
(   )         

  ,  ,  , , , 
PWHT,     (  ,   )   

             
  (ASME  IX  )        

   ,  ,

1   (Essential Variable)

2    (Non essential Variable)

3    (Supplementary Essential variable)

  (WPS QG-105.1  QW-251.2  ) 
(Essential Variables) (For WPS QG-105.1 & QW-251.2)

 -          (   
)            

    ,  WPS       

   (QG-105.3  QW- 401.1) (Supplementary 
Essential Variables) (QG-105.3 & QW- 401.1)

     ,   ,   
          

            
           
           

,        

  (QG-105.4  QW-251.3) (Nonessential 
Variables (QG-105.4 & QW-251.3)

      WPS     
    ,         

             
 WPS      ,     

   (WPS)       

WPS       (Some basic facts about 
WPS)

           
            

 , ,         
   ,  WPS        

 

  QW-252  QW-      

257.     ""     ,   
            ,  
   (SMAW)    ( ,  

  )    QW-253      
           

       (  -1)  (ASME  IX 
 )

-1

.   

1

2

3

4

5

   (OFW)

    (SMAW)

   (SAW)

  -   (GMAW  FCAW)

  -   (GTAW)

Qw-252  Qw-2521

Ow-253  0W-253.1

QW-254  QW-254.1

QW-255  QW-255.1

QW-256  QW-256.1
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WPS         (Steps to be 
followed for preparation of WPS)

            
    ,       SMAW 

 GMAW  GTAW           
             

            (QW- 252 
 QW-257)           

WPS           
  

    ( ,    ,   
)        WPS (   WPS  

pWPS       )    

 WPS   ,   (  )    
,    pWPS      (  )   

        (     
   )        ,   

(  )      ,     
(  )          pWPS 

              
              

          

           
        (PQR)   

    PQR     ,  WPS  
            
   

.   

6

7

8

9

10

11

12

13

14

15

16

17

 -   (PAW)

  (ESW)

  (EGW)

   (EBW)

 

     

 

   (LBW)

-      (LLBW)

 

  (DFW)

   (FSW)

OW-257  QW-257.1

OW-258  QW-258.1

QW-259

QW-260

OW -261

OW -262

OW 263

OW-264  OW-264.1

QW-264.2

QW-265

QW-266

QW-267

    (PQR)  ? (What is Welding 
Procedure Quali cation Record) (PQR)?

  ASME   IX      
   (PQR)       WPS  

             
           

  WPS    ,        
           
       WPS       
  PQR    ,      

         (Fig 1)

   &  -  ( ) (NSQF -  2022) -  1.7.121-122   

  ,  WPS    100  160 
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 140        ,    

             
    140         
     ,   , PWHT , 

  ,    , , ,   
   ,         

  ,      ASME   IX 
     ""      

ASME   IX         
    (   )     ,  
            

      ,      , 
              

ASME   IX        QW-
451            

     ,     %  
               

   4        
      QW-153.1    

             
  ,           

              
  5%           

SA 516 Gr 70 ,   67 ksi        
           

QW-163              
     1/8         
             

 PQR  PQR       
            

            
            

          PQR  
   (  P  F  A  PWHT)   

  (   )    -   
PQR        ASME   

   VIII  I       
          
             

     ,        
     ASME  IX   2  
            

     16       
141    
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