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FOREWORD

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

The National Instructional Media Institute (NIMI), Chennai, has now come up with instructional
material to suit the revised curriculum for Sheet Metal Worker - Trade Theory- NSQF Level - 3 (Revised
2022) in CG & M Sector under Annual pattern. The NSQF Level - 3 (Revised 2022) Trade Practical will help
the trainees to get an international equivalency standard where their skill proficiency and competency will
be duly recognized across the globe and this will also increase the scope of recognition of prior learning.
NSQF Level - 3 (Revised 2022) trainees will also get the opportunities to promote life long learning and skill
development. | have no doubt that with NSQF Level - 3 (Revised 2022) the trainers and trainees of ITls, and
all stakeholders will derive maximum benefits from these Instructional Media Packages IMPs and that
NIMI's effort will go a long way in improving the quality of Vocational training in the country.

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

Jai Hind

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

New Delhi - 110 001

(ii)



PREFACE

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

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

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

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

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

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

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

Chennai - 600 032 EXECUTIVE DIRECTOR
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INTRODUCTION
TRADE PRACTICAL

The trade practical manual is intended to be used in practical workshop. It consists of a series of practical
exercises to be completed by the trainees during the course. These exercises are designed to ensure that all
the skills in compliance with NSQF LEVEL - 3 (Revised 2022) syllabus are covered.

The manual is divided into Eleven modules.

Module 1 Basic Fitting Processes

Module 2 Metal Cutting

Module 3 Folding & Locking

Module 4 Soldering

Module 5 Brazing

Module 6 Welding

Module 7 Advanced Sheet Metal Processes

Module 8 Uses of Machines

Module 9 Gas Welding

Module 10 Specification of Aluminium

Module 11 Mudguard and Radiator
The skill training in the shop floor is planned through a series of practical exercises centered around some
practical project. However, there are few instances where the individual exercise does not form a part of project.

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

TRADETHEORY

The manual of trade theory consists of theoretical information for the Course ofthe Sheet Metal Trade Practical

NSQF Level - 3 (Revised 2022) in CG&M. The contents are sequenced according to the practical exercise
contained in NSQF LEVEL -3 (Revised 2022) syllabus on Trade Theory attempt has been made to relate the
theoretical aspects with the skill covered in each exercise to the extent possible. This correlation is maintained
to help the trainees to develop the perceptional capabilities for performing the skills.

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

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

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




CONTENTS

LessonNo Title of the Lesson Learning Page h
Outcome No
Module 1 :Basic Fitting Processes
1.1.01 General discipline in the Institute
1.1.02 General Safety Precautions 4
1.1.03 Metals and non-metals 1
1.1.04 Raw material information CRCA, HRCA.MS 14
1.1.05 Tools & equipments used in sheet metal worker 16
1.1.06 Measuring and Marking Tool 28
1.1.07 Cutting Tool 46
Module 2 : Metal Cutting
1.2.08 Sheet Metal Mallets & Hammers 2 60
1.2.09 Holding Tools 70
Module 3 : Folding & Locking
1.3.10 Sheet metal seams 80
1.3.11 Folding and joining allowances 84
1.3.12 Notches in sheet metal 88
1.3.13-16 Development of surface 90
1.3.17 Parallel line development method 7
1.3.18 Radial line development 95
1.3.19 Triangulation method of pattern development 3 96
1.3.20 Geometrical construction method 98
1.3.21 Punches 99
1.3.22 The hand lever punch 100
1.3.23 Rivets - Types & Uses 101
1.3.24 Special sheet metal rivets and their applications 103
1.3.25 Caulking and fullering 110
1.3.26 Standard size of rivets 112
Module 4 : Soldering
1.4.27 Fastening of Sheet Metal (Various types of Fastning) 116
14.28 Clips 118
1.4.29 Solders 120
1.4.30 Soldering Flux 121
1.4.31 Soft soldering 4 123
1.4.32 Development & laying out pattern of elbow pipe. 127
1.4.33 ‘T’ pipe equal and unequal development pattern. 129
1.4.34 60° Tee pipe with equal diameter 132
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Module 5 : Brazing
1.5.35 Semi - Permanent Treatment 5 136
1.5.36 Make the square section segmental bend pipe Development 138

Module 6 : Welding
1.6.37 Need for Ducting 139
1.6.38 Safety precautions in handling oxy-acetylene gas welding plant 6 141
1.6.39 Types of oxy-acetylene flames 152
1.6.40 Welding blowpipe 155
1.6.41 Various types of Pipe joints 157

Module 7 : Advanced Sheet Metal Processes
1.7.42 Importance of trade with development of industrial economy of the

country 166
1.7.43 Review of Types of Sheet Metal Fabrication 167
1.7.44 Methods of developments 168
1.7.45 Introduction to aluminium fabrication and its application 175
1.7.46 Elbow between round and conical pipe 179
1.7.47 Chemical and Physical Properties of Aluminium 182
1.7.48 Hand punch machine 183
1.7.49 Drilling machines (Portable types) 184
1.7.50 Universal swaging machine 7 193
1.7.51 Fly press 196
1.7.52 Power press 198
1.7.53 Method To Calculate Processes And Adjustment 205
1.7.54 Introduction to “ C “and “ H “ frame presses 211
1.7.55 Stainless steel 212
1.7.56 Non Ferrous Metals Properties and Uses 213
1.7.57 Introduction To Tubes And Pipes Bending 214
1.7.58 Sheet Metal Worker - Advanced Sheet Metal Processes 215
1.7.59-60 Three roll forming machine 216
1.7.61-64 Hand taps and wrenches 218
1.7.65 Bar folder/Bench folder 221
1.7.66 Jigs and fixtures 224

Module 8 :Uses of Machines
1.8.67 Planishing 226
1.8.68 Description of Polishing Machine 8 227
1.8.69 Operating principles of Spinning Lathe and Description 229
1.8.70 Spin forming dies 231
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1.8.72 Principles of ARC Welding 8 239
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1.8.74 Advantages and disadvantages of AC and DC welding 243
Module 9 : Gas Welding
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1.9.76 Co2 welding equipment and process 253
1.9.77 Advantages, disadvantages of Co2 welding over SMAW process and
application of Co2 welding 9 257
1.9.78 TIG Welding process and equipment 258
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1.9.80 Shielding Gases 267
1.9.81 Plasma arc cutting 270
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1.10.83 Tools and equipment used in aluminium fabrication work 10 281
1.10.84 Assembly and Sub Assembly, Gaurding Assembling, Door Assembly,
Chassis Assembly, Cabinet Assembly, Power Pack Assembly 286
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1.11.85 Radiator 11 293
1.11.86 Lifting and handling loads 296
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[ LEARNING / ASSESSABLE OUTCOME ]
On completion of this book you shall be able to

Sl Learning Outcome Ref.Ex

No No

1 Select sheet of required type, thickness (gauge) and size and mark it 1.1.01-07
with scriber, square, divider, steel rule etc., according to drawing or
sample following safety precautions. (Mapped NOS: NOS:CSC/N0301)

2 Shears or bends the sheet wherever necessary by machine or hand 1.2.08 - 09
shear. (Mapped NOS: NOS:CSC/N0301)

3 Form sheet metal to required shape and size by bending, seaming,

. C . 1.3.10-26

forming, riveting etc., using mallets, hammers, formers, sets, stakes,
etc., or by various operations such as shearing, bending, beading,
channelling, circle cutting. (Mapped NOS: NOS:CSC/N0301)

4 Perform different type of MS pipe joints by Gas welding (OAW). 1.4.27-34
(Mapped NOS: CSC/N0301)

5 Perform soldering, brazing operations on sheet metal. (Mapped NOS: | 1.5.35-36
CSC/N0301)

6 Perform Arc welding, Gas welding , TIG welding & MIG welding and 1.6.37 - 41
Spot welding on sheet metals (Mapped NOS: NOS: CSC/N0301)

7 Make sheet metal articles according to drawing or sample following 1.7.42 - 66
safety precaution. (Mapped NOS: NOS:CSC/N0301)

8 | Plan & work in different sheet metals such as tin, copper, brass. 1.8.67-74
(Mapped NOS: NOS:CSC/N0301)

9 Perform Arc welding, Gas welding , TIG welding & MIG welding and 1.9.75 - 81
Spot welding on sheet metals (Mapped NOS: NOS:CSC/N0301)

10 | Perform Aluminum frame works. Makes ducts, cabins & panels. 1.10.82 - 84
(Mapped NOS: CSC/N0301)

11 | Perform repair work of mudguard, Radiators etc. 1.11.85- 86
(Mapped NOS: NOS:CSC/N0301)

. J
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SYLLABUS

-
Duration

Reference Learning
Outcome

Professional Skills
(Trade Practical)
with Indicative hours

N
Professional Knowledge
(Trade Theory)

Professional
Skill 63 Hrs;

Professional
Knowledge
10 Hrs

Select sheet of required
type, thickness (gauge)
and size and mark it with
scriber, square, divider,
steel rule etc., according
to drawing or sample

following safety
precautions.

(Mapped NOS:
NOS:CSC/N0301)

1 Induction of training Familiarisation
with the Institute, Importance of trade
in Training Machines used in the
trade. (10 hrs)

2 Induction to safety devices used in
shop floor. (10 hrs)

General discipline in the institute

Elementary of First aid Importance of
the sheet metal work in the Industry.
General safety precautions

Safety precaution in sheet metal work.
(03 hrs)

3 Identification of Tools and
Equipments Induction and use of
marking tools. (08 hrs)

4 Practice in Reading, Steel Rule,
Scribing of straight lines, Bisecting
of straight lines (on the sheet metal)
using marking tools. (15 hrs)

Metals and Non-Metals and their
Characteristics, Types, Sizes and uses
of Sheet Metals as per BIS. Use of
reference table.

Raw material information: CRCA,
HRCA & MS Material Terms &
definitions in sheet metal work. (04 hrs)

5 Mark and cut through the straight
lines Planishing of Sheet Metal. (06
hrs)

6 Practice in drawing simple
Geometrical shapes. (08 hrs)

7 Practice in marking and cutting of
sheets to various angles. (06 hrs)

Marking and laying out tools and
accessories

Measuring Tools : steel Rule, calipers,
try square, L square, Micrometer,
Vernier caliper, Vernier height gauge,
Combination set, screw pitch gauge,
radius gauge, SWG, Bevel Protractor
etc. Marking Tools: Scratch AWL,
divider, Trammel point, punches etc.
Cutting tools: Snips, shears, hacksaw,
chisel, cutting plier, files, drills, tap &
die sets etc. (03 hrs)

Professional
Skill 20 Hrs;

Professional
Knowledge
04 Hrs

Shears or bends the

sheet wherever
necessary by machine or
hand shear.
(Mapped

NOS: NOS:CSC/N0301)

8 Practice on cutting with different
types of snips. (10 hrs)

9 Tin snips (Straight cut, Right cut and
Left cut) cutting off inside and outside
curve, cutting off notches and cutting
off profiles. (10 hrs)

Hand tools: mallets, hammer, sheet
metal hammers, groovers, riveting
tools, screw drivers, wrench and
spanners etc. Holding tools &
accessories: vices, C clamps, stakes,
stakes holder, hollow mandrel, wooden
former, Jigs & fixtures, soldering bits
etc. (04 hrs)

Professional
Skill 111
Hrs;

Professional
Knowledge
21Hrs

Form sheet metal to
required shape and size
by bending, seaming,
forming, riveting etc.,
using mallets, hammers,
formers, sets, stakes,
etc., or by various
operations such as
shearing, bending,
beading, channelling,
circle cutting.

(Mapped NOS:

NOS:CSC/N0301)

10 Practice on Sheet Metal seams.
"Grooved seam, Locked Grooved
seam, Pane down seam, Bottom
lock seam or Corner Fold
(Knocked-up seam), Corner Clip
Lock, Double Bottom Lock, Clip
Lock (Cap Lock), snap Joint etc.
(Folded Joints) and hemming
practice. (15 hrs)

Sheet Metal Folded Joints: Description
of Sheet Metal Seam, Grooved seam,
Locked Grooved seam, Paned down
seam, Knocked up seam inside and
outside, capstrip seam, pitsburg seam
etc. (03 hrs)

11 Forming rectangular shapes
using stakes. (06 hrs)

12 Forming Cylindrical job using
various stakes such as Hollow
Mandrel, Hatchet Stake; Tin
Man's' Anvil stake etc. (10 hrs)

Folding and joining allowances, edge
stiffing, wiring allowances and false
wiring, types of notches in sheet metal.
(03 hrs)

()




13 Folding, Bending Sheet Metal to
90 degree using wooden mallet,
'C' clamps etc. (03hrs)

14 Making a radius using Wooden
blocks using Hairpin Folder. (03
hrs)

15 Making a cylindrical container with
knocked- up, bottom (Bottom

Locked), Grooved Joint and
hemmed Top. (04 hrs)

16 Forming frustum of Cone. (03 hrs)

17 Making of Mug, scoop, measuring
can. (04 hrs)

18 Hemming (single, Double) wire
edge by hand process. (04 hrs)

Definitions of pattern, Development,\
stretched out pattern, Master pattern
(gross pattern) and templates
Development of by parallel line method,
radial line method. (03 hrs)

19 Make a taper chute square to
rectangle transition. (10 hrs)

20 Make a taper chute square to
round. (08 hrs)

Development of surfaces: Triangulation
method and geometrical construction
methods. (04 hrs)

21 Making holes with solid punches,
round punches as per BIS. (10 hrs)

22 Use of hollow punches making hole
in sheet metal with help of wood
block. (08 hrs)

Solid and Hollow Punches. Description
of hand punches as per BIS. Sizes of
solid and hollow Punches and their uses
(04 hrs)

Rivets and its parts, Selection of Rivet
heads.

23 Riveting practice using various
types of rivet heads. (03 hrs)

24 Single chain riveted joint. Double
chain and Zig- zag, Lap & butt

Types of Rivet and their uses.

Standard sizes of Rivets and Riveting
Tools.

Calculation for Riveting allowances

riveted joints Making a dust pan | (pitch and Lap) (04 hrs)
(Corner and handle riveted) (08
hrs)
25 Making a fire bucket with lap
riveted joint on one side and
Locked Grooved Seam on the
other side. (08 hrs)
26 Bottom Hollowing and Bottom
Lock Seam. (04 hrs)
Professional | Perform differenttype of | 27 Solder Lap joint. (10 hrs) Fastening of Sheet Metal:
Skill 136 | MS pipe joints by Gas | 5g gjngle plated solder buttjoint. (12 | Self taping screws, Clips and
Hrs welding (OAW). hrs) Connectors; Their uses, Types and
Professional | (Mapped NOS: CSC/ AII_owanc_:e of _‘S‘ Clip.s_, Gov_ernment
Knowledge | N0301) Clips, Drive Clips, Mailing Clips etc
29 Hrs

29 Making oil Can by hand process
by soldering. (10 hrs)

30 Making funnel by soldering
process. (12 hrs)

Solder, Different types of solder and
their composition. Types and uses of
fluxes, their effect on different metal.
(04 hrs).

31 Make by soldering:-

- Elbow 90¢X equal dia. pipe. (09
hrs.)

Process of soft soldering, hard soldering
(brazing).

(xii)



N
( - T joint 90¢X equal dia. pipe. (09 | Heating appliances (Hand Forge, Blow
hrs.) Lamp, L.P.G.) (04 hrs)
- T joint 90¢ X unequal dia. pipe by
soldering. (08 hrs)

32 Make by soldering:- Development & laying out pattern of
T Pipe 60°branch joint unequal dia | €1POW Pipe, T pipe and offset pipe in
pipe Offset T joint equal dia. (22 equal diameter. (05 hrs)
hrs)

33 Make a taper lobster back bend | Development of T pipe, round equal and
90 degree from oblique cone by | unequal. Introduction to tubes and
soldering. (22 hrs) pipes. (06 hrs)

34 Forming square section | Layingoutpattern of 600 off-set T' pipe.
segmental quarter bend pipe with | Pattern Development of 'Y' pipe.
suitable lock and forming round | Preparation of pickling solution.
section segmental quarter bend | Protection-Coating, Cleaning and
pipe. (22 hrs) preparing of Sheet Metals Corrosion

and anti corrosion treatment of sheet
metal. (06 hrs)
Professional | Perform  soldering, | 35 Making a square duct elbow with | Method of galvanizing, tinning,
Skill 50 Hrs; | brazing operations on snap block. (25 hrs) anodising, sheradising and
Professional sheet metal. Electroplating. (07 hrs)
Knowledge | (Mapped NOS: CSC/| 36 Make a conical hopper by | Developmentand laying out of pattern
14 Hrs NO0301) soldering. (25 hrs) of segmental quarter bend pipe. (07
hrs)
Professional | Perform Arc welding, | 37 Setting up of Oxy-acetylene plant | Need for ducting. Places where ducting
Skill 78Hrs; | Gas welding , TIG and types of flames. (20 hrs) is employed and the working principle
Professional | Welding & MIG welding of
and Spot welding on : .
Knowledge sheet nﬁetals 9 38 Setting up of Arc welding plantand | Safety precaution in gas & arc welding
12Hrs striking & maintaining the arc & | Description of Oxyacetylene plant and
(Mapped NOS: laying short beads. (20 hrs) the equipments, accessories & tools.
NOS:CSC/N0301) (04 hrs)

39 Fusion run with/withoutfillerrod in | Types of oxy-acetylene flames & its
flat position. (10 hrs) uses. Types and description of flux.

40 Square buttjointin flat position by | Types of welding blow pipes & its
gas. (08 hrs) functions. (04 hrs)

41 Brazing copper sheet in lap joint | Various types of pipe joints.
in flat position. (20 hrs) Method of metal preparation & cleaning

them base metal before welding. Gas
welding defects causes & remedies.
Arc welding defects causes &
remedies. (04 hrs)
Professional | Make sheet metal| 42. Importance of machinery usedin | Importance of the trade in the
Skill 137] articles according to the trade. (05 hrs) development of Industrial Economy of
Hirs; drawing or sample | 43 Types of job made by the trainees | the Country.
Professional | fellowing safety in trade. (07 hrs) Review of Types of sheet metal
Knowledge | Precaution. 44. Introduction to machinery safety | Fabrication.
22 Hrs (Mapped NOS: including fire fighting equipment | Methods of developments. (03 hrs)
NOS:CSC/N0301) and their uses etc. (10 hrs)

45. Locked groove joint by aluminum
sheet. (04 hrs)

Introduction to Aluminum fabrication,
and its applications. Ferrous and Non-
J
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46 Single riveted lap joint by
aluminum sheet. (04 hrs)

47 Double strap single row riveted butt
joint by aluminum sheet. (04 hrs)

Ferrous metals. Use of Copper and)
Alloys. Laying out pattern of conical

elbows. Pattern development of lobster

back bend. Chemical and Physical

properties of Aluminium. Use of

Aluminium and its Alloys. (05 hrs)

48 Exercise involving practical work on
Aluminium Sheet, and using Pop
Rivet. (04 hrs)

49 Aluminium Windows with different

extruded sections, Aluminium
Soldering. (07 hrs)

Brief Description of hand punch
machine. Hand and Power operated
drilling Machines. Drill Bits, parts and
effects of cutting angles. Angles for
Drilling Sheet Metals, effect of speed,
Feed Cutting Fluids, etc., on metals.

Difference between drilled and punched
holes. (03 hrs)

50 Making holes in sheet metal using
Punching Machine. (02 hrs)

51 Making holes in sheets with a twist
drill. (04 hrs)

52 Tri-paning with use of hand and
electric drilling machine. Grinding
a drill bit. (04 hrs)

53 Practice in Drilling Holes in walls
and Ceilings as applied to ducting
work. (06 hrs)

54 Use of rawl bits and rawl plug. (04
hrs)

Description of swaging and beading
machine, its parts, operating principles
etc.

Description of Fly Ball press. Operating
Principles of Power Press and press
brakes.

Method to calculate the pressure
adjustment. Clearance between Die and
Punch.

Introduction to "C" and "H" frame
presses. (03 hrs)

55 Practice on hollowing and rising on
non-ferrous sheet as well as ferrous
sheet. (07 hrs)

56 Practice on removing dents of
spherical or hemi-spherical articles
using wheeling and raising
machine. (Repairing mud guards
etc.) (07 hrs)

Properties of stainless steel and its
uses.

Properties and uses of tin, lead, zinc
and silver.

Description and Physical properties of
Muntz Metal, Gun Metal, White Metal
etc. (02 hrs)

57 Practice on pipe bending by hand.
(04 hrs)

58 Pipe bending using Hydraulic Pipe
bending' machine. (04 hrs)

59 Development of a cone: Cylinder
fitted to a cone. (06 hrs)

60 Equal dia pipe joint with crimping
and Ogee beading. (04 hrs)

Introduction to pipe/tube bending. Brief
description of Hydraulic pipe bending
machine. Operating Principles etc.
Description of roll forming machine
types and operating principles,
description of slip roll forming machine
and its function. (02 hrs)

61 Practice on external threading
using "Die stock". (05 hrs)

62 Practice on internal threading using
taps. (05 hrs)

63 Typical folding, Bending Practice,
Making Steel-Racks,
Reinforcement with angle iron. (07
hrs)

64 Use of self taping screws and other
fasteners. (05 hrs)

Use of Die and Die Holder, Description
of taps and tap wrench. (02 hrs)
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65 Project work such as Steel Stool,
Aluminium Ladder etc. (08 hrs)

66 Metal Spinning: Making a
cylindrical medicine container of
Aluminium Sheet. (10 hrs)

N
Method to operate folding/brake folder

for typical folding.

Description and use of jigs and fixtures.
(02 hrs)

Professional
Skill 85 Hrs;

Professional
Knowledge
18 Hrs

Plan & work in different
sheet metals such as
tin, copper, brass.

(Mapped NOS:
NOS:CSC/N0301)

67 Making a Copper article by use of
power press and also making
brass and stainless steel articles.
(10 hrs)

68 Practice of Buffing and polishing.
(10 hrs)

Definition of Planishing and its
application. Brief description of polishing
machine. Various types of bobs and
polishing compounds. (04 hrs)

69 Angle iron bending in different
angles and different radii. (10 hrs)

70 Twisting the M.S. square rod and
flats. (10 hrs)

Operating principles of spinning lathe.
Description of spinning. (04 hrs)

71 Gas welding Square butt joint on
M.S. sheet in down hand position
Fillet Tee& Lap joint on M.S sheet
in down hand position. (20 hrs)

Different process of metal joining types
of weld joint &weld positions. Oxy-
acetylene welding equipments &
application, Types of flame& their uses.
(04 hrs)

72 Pipe butt joint in down hand
position. (08 hrs)

73 Bultt joint on MS flatin down hand
position by arc. (08 hrs)

74 Fillet lap and T joint on MS flat in
down hand position. (09 hrs)

Principle of arc welding.

Types of welding machines and their
uses. Advantages and disadvantages
of AC/DC welding machines.

Arc length and its importance
Welding defects. (06 hrs)

Professional
Skill 100
H r s ;
Professional
Knowledge
18 Hrs

Perform Arc welding,
Gas welding , TIG
welding & MIG welding
and Spot welding on
sheet metals

(Mapped NOS:
NOS:CSC/N0301)

75 Resistance welding. Spot welding,
seam welding. (20 hrs)

Principle of resistance welding. Types
and applications. Welding symbols.
(02 hrs)

76 Co, welding. Deposit bead on MS
sheet in flat position. (10 hrs)

77 Lap joint T joint and butt joint in
down hand position. (10 hrs)

Introduction to CO, welding process.
Welding equipments and accessories.
Advantages and application of CO,
process. (04 hrs)

78 TIG welding. Deposit bead on SS
sheet in flat position. Making butt,
Tee and corner joint. (20 hrs)

TIG welding process. Advantages.
Description of equipments. Types of
polarity and application. (04 hrs)

79 TIG welding. Deposit bead on
Aluminium sheet in flat position.
(10 hrs)

80 Making butt, Tee and corner joint.
(10 hrs)

Types of Tungsten Electrodes, Filler
rods, Shielding Gases.

Defects, causes and remedy in TIG
welding process. (04 hrs)

81 MS/SS pipe butt and Y joint by
TIG welding process. (20 hrs)

Latest sheet metal cutting techniques:
Plasma cutting, Laser cutting, water
jet cutting and punching etc. (04 hrs)

Professional
Skill 20Hrs;
Professional
Knowledge
06 Hrs

Perform Aluminum frame
works. Makes ducts,
cabins & panels.

(Mapped NOS: CSC/
NO0301)

82 Make models of Aluminium sliding
windows and doors. (10 hrs)
83 Partitions of mini model rooms by

using aluminum channels
beadings etc (06 hrs)

Specification of aluminium channels
angles, strips, tubes beadings,
packing rubber, cardboard, glasses
etc. Tools and equipments used in
aluminium fabrication. Assembly &
Sub assembly: Gaurding assembly,

J
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84 Electrical Panel, trunk boxes &
ducts fabrication and Painting. (04
hrs)

N
Door assembly, Chassis assembly,
Cabinet assembly, Power pack
assembly etc. Process of painting.
Spray painting. Etch primer painting,
Powder coating, buffing, grinding, and
sanding. Selection of different grit sizes.
(06 hrs)

Professional
Skill 40 Hrs;
Professional

Perform repair work of
mudguard, Radiators
etc. (Mapped NOS:

85 Special Exercises: Repairing
Mudguard and Radiators and
testing of Sheet metal containers.

Types of Radiators and construction of
Radiators, Mufflers, Estimation of work.
(04 hrs)

Knowledge [ NOS:CSC/N0301) (20 hrs)
08 Hrs
86 Any Special Exercises: Repairing | Material handling: handling of light,
Blocked Silencer and fuel tank. | medium and heavy materials. Use of
(20 hrs) cranes and types. Estimation and
costing. (04 hrs)

J

(xvi)



CG&M

Related Theory for Exercise 1.1.01

Sheet Metal Worker - Basic Fitting Processes

General discipline in the Institute

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

* follow the general discipline for a trainee laid down by the Institute

* avoid any undesirable actions as a learner

* keep up the moral image and reputation of the Institute.

General discipline: Always be polite, courteous while
speaking to any person. (Principal, Training and Office
staff, your co-trainees and any other person visiting your
institute)

Do not get into arguments with others on matters related
to your training and with the office while seeking clarifica-
tions.

Do not bring bad name to your institute by your improper
actions.

Do not waste your precious time in gossips with your
friends and on activities other than training.

Do not be late to the theory and practical classes.
Do not unnecessarily interfere in other’s activities.

Be very attentive and listen to the lecture carefully during
the theory classes and practical demonstration given by
the training staff.

Giverespectto yourtrainerand all other training staff, office
staffand co-trainees.

Be interested in all the training activities.

Elementary first aid

Do not make noise or be playful while undergoing training.

Keep the institute premises neat and avoid poluting the
environment.

Do not take away any material from the institute which
does not belong to you.

Always attend the institute well dressed and with good
physical appearance.

Be regular to attend the training without fail and avoid
abstaining from the theory or practical classes for simple
reasons.

Prepare well before writing a test/examination.
Avoid any malpractice during the test/examination.

Write your theory and practical records regularly and
submit them on time for correction

Take care of your safety as well as other’s safety while
doing the practicals.

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

* understand the First Aid treatment to be given for
— breathing problems

electricshock

burns caused by direct flame or by chemical

large wounds with or without severe bleading

eye injuries due to hot flying particles.

Electrical shock and breathing problems: The severity
of an electric shock will depend on the level of the current
which passes through the body and the length of the time
of contact. Do not delay, act at once. Make sure that the
electric current supply has been disconnected.

If the person is still in contact with the electric supply -
break the contact either by switching off the power,
removing the plug orwrenching the cable free. If not, stand
on some insulating material such as dry wood, rubber or
plastic, orusingwhateveris athand toinsulate yourselfand
break the contact by pushing or pulling the person free.
(Figs.1 & 2)

Fig 1

SM20N110111




Fig 2

SM20N110112

Ifyou remain un-insulated, do nottouch the victim with your
bare hands until the circuit is made dead or he is moved
away from the equipment.

Ifthe victimis ata height from the ground level, proper safe
actions must be taken to preventhim from falling or atleast
make him fall safe.

Electric burns on the victim may not cover a big area but
may be deep seated. All you can do is to cover the area
with a clean, sterile dressing and treat for shock. Get
expert help as quickly as possible.

If the affected person is unconscious but is breathing,
loosen the clothing about the neck, chest and waist and
place the affected person in the recovery position.(Fig.3)

Fig 3

SM20N110113

Keep a constant check on the breathing and pulse rate.
Keep the affected person warm and comfortable. (Fig.4)

Send for help.

Fig 4

SM20N110114

— flooris wet
— mains voltage etc.

Effects of an electric shock: The effect of the current at
very low levels may only be an unpleasant tingling sensa-
tion, but this in itself may be sufficientto cause one to lose
his balance and fall.

Athigherlevels of current, the person receiving the shock
may be thrown off his feet and will experience severe pain,
and possibly minor burns at the point of contact.

At an excessive level of current flow, the muscles may
contract and the person may be unable to release his grip
on the conductor. He may lose consciousness and the
muscles of the heart may contract spasmodically (fibrilla-
tion). This may be fatal.

Electric shock can also cause burning of the skin at the
point of contact.

Treatment for electric shock:
Prompt treatment is essential.

Ifassistanceis available nearby, send for medical aid, then
carry on with emergency treatment.

If you are alone, proceed with treatment at once.

Switch off the current, if this can be done without undue
delay. Otherwise, remove the victim from contact with the
live conductor, using dry non-conducting materials such as
awooden bar, rope, a scarf, the victim’s coat-tails, any dry
article of clothing, a belt, rolled-up newspaper, non-metallic
hose, PVC tubing, bakelite paper, tube etc. (Fig.1)

Fig 5

SM20N110115

Do not give an unconscious person anything by
mouth.

Do notleave an unconscious person unattended.

If the casualty is not breathing - Act at once - don’t waste
time!

Electric shock: The severity of an electric shock will
depend onthelevel of the currentwhich passes through the
body and the length of time of the contact.

Other factors that contribute to the severity of shock are:
— the age of the person

— not wearing insulating footwear or wearing wet foot-
wear

— weathercondition

Avoid direct contact with the victim. Wrap your hands indry
material if rubber gloves are notavailable.

Electrical burns: A person receiving an electric shock
may also get burns when the current passes through his
body. Do not waste time by applying first aid to the burns
until breathing has been restored and the patient can
breathe normally - unaided.

Burns and scalds: Burns are very painful. Ifalarge area of
the body is burnt, give no treatment, exceptto exclude the
air, eg.by covering with water, clean paper, ora clean shirt.
This relieves the pain.

Severe bleeding: Any wound which is bleeding pro-
fusely, especially in the wrist, hand or fingers must be
considered serious and must receive professional atten-
tion. As an immediate first aid measure, pressure on the
wound itselfis the best means of stopping the bleeding and
avoidinginfection.
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Immediate action: Always in cases of severe bleeding:
— make the patient lie down and rest

— if possible, raise the injured part above the level of the
body (Fig.2)

— apply pressure on the wound

— call for assistance.

Fig 6

SM20N110116

To control severe bleeding: Squeeze togetherthe sides
of the wound. Apply pressure as long as itis necessary to
stop the bleeding. When the bleeding has stopped, put a
dressing over the wound, and cover it with a pad of soft
material. (Fig.3)

Fig 7

SM20N110117

Foran abdominal stab wound, such as may be caused by
falling on a sharp tool, keep the patient bending over the
wound to stop internal bleeding.

Large wound: Apply aclean pad (preferably anindividual
dressing)and bandage firmlyin place. Ifthe bleedingis very
severe apply more than one dressing. (Fig.4)

Follow the right methods of artificial respiration.

Eye injury: For eye irritation caused by arc flashes, use a
mild eye drop and apply 2 to 3 drops for 3 or 4 times aday.
Ifthe injury is due to a metal chip or slag particles entering
the eye then take the injured person to an eye doctor
immediately for treatment. Never rub the eye for any type
of eye injury as it will cause a permanent vision problem.
Also do not apply any eye drop or ointment without
consulting an eye doctor.

Fig 8

SM20N110118

Importance of sheet metal work in industries

Objectives:At the end of this lesson you shall be able to
 state the scope and the importance of the trade.

Introduction

Many engineering products are made out of sheet metal.
The person who works on metal sheets is called sheet
metal worker. The skilled sheet metal worker make and
install various kind of sheet metal products. (Fig 1)

— roofings

— ductings

— vehicles body buildings like 3 wheelers, 4 wheelers,
ships, air crafts etc.

— furnitures

— house hold articles

— railway equipment

Also repairing of the above items.
To carry out these works, the sheet metal worker has to

plan, layout and determine the size and the type of the
sheet metal to be used.

The sheet metal worker carries outthe operations such as
cutting, folding, forming, fastening and assembling manu-
ally and by means of power machines.

The above requirements needs proper training and to know
the basic principles of operation and process. All the
advance technologies are developed from basic principles
only. The advance technologies facilitates for mass
production, consistance in accuracy of product and the
volume of needs.

Fig 1

HOUSE HOLD

SM20N110121
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CG&M

Related Theory for Exercise 1.1.02

Sheet Metal Worker - Basic Fitting Processes

General Safety Precautions

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

* state the importance of safety

¢ list out and explain the safety precautions to be observed in a work shop

* Identify the four basic categories of safety signs.

Generally accidents do nothappen; they are caused. Most
accidents are avoidable. A good craftsman, having a
knowledge of various safety precautions, can avoid
accidentsto himselfandto his fellow workers and protect the
equipmentfrom any damage. To achieve this, itis essential
that every person should follow safety procedure. (Fig 1)

Fig 1
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SM20N110211

Safety in a workshop can be broadly classified into 3
categories.

¢ General safety

e Personal safety

¢ Machine safety

General safety

1 Keep the floor and gangways clean and clear.
2 Move with care in the workshop, do not run.

3 Don'ttouch or handle any equipment/ machine unless
authorised to do so.

Don't walk under suspended loads.
Use the correct tools for the job.
Keep the tools at their proper place.

Wipe out split oil immediately.

0 N O o b

Replace worn out or damaged tools immediately.

9 Ensure adequate light in the workshop.

.10Sweep away the metal cuttings.

11 Know everything about the machine before you start
it.

Personal safety

Wear a one piece overall or boiler suit.

Keep the overall buttons fastened.

Wear safety shoes or boots or chain.

Cut the hair short.

Don't wear a ring, watch or chain.

Never lean on the machine.

Don't remove guards when the machine is in motion.

Don't use cracked or chipped tools.

© 0O N OO O b~ W DN -

Never touch the electrical equipment with wet hands.
10 Don't use any faulty electrical equipment.

11 Ensure that electrical connections are made by an
authorised electrician only.

12 Don't try to stop a running machine with hands.
Machine safety

1 Switch off the machine immediately if something goes
wrong.

2 Keep the machine clean.

Do not attempt operating the machine until you know
how to operate it properly.

4 Do not adjust tool or the work piece unless the power
is off.

Stop the machine before changing the speed.
Disengage the automatic feeds before switching off.

Never start a machine unless all the safety guards are
in position.
Take measurements only after stopping the machine.

Use wooden planks over the bed while loading and
unloading heavy jobs.

afety signs: As you go about your work on a construction
site you will see a variety of signs and notices. Some of
these will be familiar to you - a ‘no smoking’ sign for
example;

Safety signs fall into four separate categories. These can



be recognised by their shape and colour. Sometimes they
may be just symbols other signs may include letters or
figures and provide extrainformation such as the clearance
height of an obstacle or the safe working load of a crane.

The four basic categories of safety signs are as follows.
— prohibition signs
— mandatory signs

— warning signs
— information signs

Prohibition signs

Shape Circular.
Colour Red border and cross bar.
Black symbol on white
background.
Meaning Shows it must not be done.
proHiBITIONSIGN Example  No smoking.
Mandatory signs
Shape Circular.
Colour White symbol on blue
background.
Meaning Shows what mustbe done.
Example Wearhand protection.
MANDATORY SIGN
Warning signs
Shape Triangular.
Colour Yellow background with
black border and symbol.
Meanin Warns of hazard ordanger.
Examplg Caution, risk of electricg

shock.

WARNING SIGN
Information signs

Shape Square oroblong.
Colour White symbols on green
background.
Meaning Indicatesorgivesinforma-
tion of safety provision.
INForRmATIoNsicy EXa@mple  First aid point.

Prohibition signs (Fig 9)
Mandatory signs (Fig 10)
Warning signs (Fig 11)

Fig 2
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Questions about your safety

Doyouknow the general safety rules that cover your place
ofwork?

Are you familiar with the safety laws that cover your
particularjob?

Do you know how to do your work without causing danger
to yourself, your workmates and the general public?

Are the plant, machinery and tools thatyou use really safe?
Do you know how to use them safely and keep them in a
safe condition?

Do youwear all the right protective clothing, and have you
been issued with all the necessary safety equipment?
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Have you been given all the necessary safety information
about the materials used?

Do you know who is responsible for safety at your place of
work?

Have you been given training and instruction to enable you
to do your job safely?

Do you know who are the appointed “Safety
Representatives'?

Safety precautions in sheet metal work shop

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

* state various improper practices while working in a SMW shop
« state different precautions to be taken for safe working in a SMW shop.

Whenever a work is done in a shop the following aspects
may create an injury to the workman/trainee or to others
working nearby.

AW N -

5

Way of handling the materials, tools and machine.
Cleaning of the work area/shop floor.

Damaged/faulty tools, machines and safety appliances.
Carelessness and negligence of the workman/trainee.

Ignorance of general safety rules.

To avoid the accident/injuries taking place, while working
it is very important to follow certain safety precautions.
Theyare:

Do notbend your whole body while lifting heavy loads.
Instead use your thigh muscles for lifting.

Use gloves while handling thin sheets.
Use chipping screen during chiseling operation.
Avoid using a mushroom head chisel.

Arrange the tools properly over the work table so that
the tools are not allowed to fall from the table on your
foot.

Wear proper size safety shoes.

Remove burrs by filing from a plate or sheet after cutting
them by chisel or hacksaw.

Do notuse ahammerwith abroken ordamaged handle.

Fix the hammer head with the handle securely using a
wedge.

Do not wear loose garments/dress.

Wear plain goggles/face shield while grinding.

Do not grind materials which are 3mm or less in
thickness and non-ferrous metals.

Adjust the gap between the work rest and the grinding
wheel to 1-2mm.

Select and use the right kind of tool for the right job.

Keep the floor on the work area neat and clean without
any cut pieces of material, oil, etc.

Keep a separate bin/basket for throwing cotton waste,
metal chips etc.

Always keep fire fighting equipment and the First Aid
Box ready for use in case of any emergency.

After completion of work keep the tools in the tool box.

Wear helmet if anybody is working above your work
place, eithertorepair atthe roof or on aoverhead crane.

Use tongs while handling hot objects.

Do not try to check the sharpness of any tool with bare
fingers.

Switch off the mains of a machine while leaving the
machine after completion of work.

Do not try to rectify any electrical fault by yourself. Call
an electrician for doing any electrical repair work.

Wherever and whenever possible avoid poluting the
environment.

If any other person is affected by electric shock,
immediately switch off the mains or separate the
person from the electrical contact using a wooden rod
or any other insulating material.

Always fix the job at a convenient height on the vice.

Use sufficientleverage while tightening or loosening a
nut or bolt.
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CG&M

Related Theory for Exercise 1.1.03

Sheet Metal Worker - Basic Fitting Processes

Metals and non-metals

Objectives: At the end of this lesson you shall be able to
* state the different metals and their alloys

* state the different types of ferrous and non-ferrous metals
* state the difference between the metals and the non-metals

¢ state the different non-metals.

Metals are desirable materials for product manufacturing
because of theirmany outstanding properties. Forexam-
ple, they are good conductors of heat and electricity, they
are opaque, shiny, tough, ductile and they are easily
machined.

Alloy metal is a mixture of two or more metals. Usually it
consists of a base metal and a smaller amount of other
metals. Metals are divided into two groups. The ferrous
metals which have large percentage of iron and the non-
ferrous metals which have little or noiron.

1 Castironisusedforthe heavy parts of many machines
and to make castings. It contains 2 to 4 percent of
carbon. The basickinds of castiron are white, grey, and
malleable iron. They are very brittle. Cast irons are
difficult to weld.

2 Wroughtironisalmostpureiron. Itcontainsonlyless
amountofcarbon. Wroughtiron forges well, can easily
be bent hot or cold and can be welded.

3 Carbon steels are classified by the amount of carbon,
they contain.

a) Lowcarbon steel, often called mild steel or soft steel
contains 0.1t0 0.3 percentcarbon. Itis notsuitable
forheattreatment. Thistype of steelis available as
blackiron sheet, bandiron, bars androds, because
it is easily welded, machined and formed.

b) Medium carbon steelhas0.3t0 0.6 percentcarbon.
Itis used for many standard machine parts.

c) High carbon steel contaims 0.6 to 1.7 percent
carbon. Itis used for making cutting tools, such as
chisels, files, scribers, axe etc.

4 Alloy steels have special properties, which are deter-
mined by the mixture and the amount of otherelements,
particularly the metals added.

a) Nickelisaddedtoincrease the strength, toughness
and resist corrosion.

b) Chromium adds hardness, toughness and resis-
tance to wear. Gears and axles for example are
often made of chromium nickel steel because of its
strength.

¢) Manganese is used in steel to produce a clean
metal and adds strength to steel.

d) Silicon is often used to increase the resistence of
steel for making springs.

e) Tungstenisused with chromium, vanadium, molyb-
denumormanganese to produce high speed steel,
used in cutting tools.

f) Molybdenum acts tougher and adds strength to
steel. Itis used in making high speed steels.

g) Vanadiumimprovesthe grainofthe steel. Itisused
with chromium to make Chrome-Vanadium steel
fromwhich transmission parts and gears are manu-
factured. This type of steel is very strong and has
excellent shock resistance.

Methods of Identification of steel: Steels are identified
by the number system, colour code and the spark test.

Non-Ferrous metals and Alloys

Aluminium: Bluish white metal, very lightin weight with a
specific gravity of 2.7 and a melting point of 658°C malle-
ableandductileat 100°Cto 150°C. Good conductorof heat
and electricity. Resists corrosion forms.

Uses: It is used in making utensils, electrical wires,
engines and aeroplane bodies, Railway carriages, bus
;bodies, ship building etc. Nowadays aluminium sections
are used in making partitions, sliding windows and doors.

Copper: Itis reddish brownin colour. Soft, malleable and
ductile metal with a specific gravity of 8.2 and a melting
point of 1083°C. Good conductor of heat and electricity.
Highly resistance to corrosion by liquids. Formsimportant
alloys like bronze and gun metal. It can be cast forged or
rolled.

Uses: Itis usedin making electric wires and cables, parts
of electrical machinery, coins and house hold utensils like
boilers, oil tubes etc.

Lead: Soft bluish grey metal with a specific gravity of 11.36
and a melting point of 326°C, malleable and ductile.

Uses: Itis used for water pipes and sanitary fittings and to
prepare soft solders and coating material for chemical
containers.

Zinc: Bluish white grey in colour. Itis a crystalling metal.
Brittle at ordinary temperature but malleable and ductile
between 100°C to 150°C. Good conductor of heat and
electricity. Specific gravity 7.0 and melting point 420°C.

Uses: Usedforgalvanizing oniron sheets. Makingdry cells
coverand for making zinc points, forms a number of alloys
like brass silver spelter, silver.

Tin: Silver white in colour, malleable and ductile metal.
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Specific gravity 7.8 and melting point 230°C.

Uses: It is used as protective covering for iron and steel
sheets and pulleys.

Itisusedinship buildingwork. Inice rooms internallinings
to protect from atmospheric effects and also for preparing
alloys.

Brass: Itis yellowish colour metal. Zincvarying fromabout
60% to 70%. Hardness of the alloy depends upon the
amountofzinc percentinit. Malleable and ductile; resists
corrosion.

Uses: Itis extensively used for making household utensils.
Water pumps and certain machine parts and for light metal
casting.

Bronze: It is an alloy of 90% copper and 10% tin easily
machined and cast. Resists corrosion and takes a fine
polish. Itis also touch. It has good electrical and thermal
conductivity.

Uses: Itis used in the manufacture of household utensils
and coins. It is used for bearings especially where
corrosionresistance is required. Used in making engineer-
ing parts like worm wheel, basement of machine tools.

Gun metal: Copper 88%, Tin 10%, Zinc 2%. ltis tough,
strong and hard, high corrosion resistance. Bearing and
wearing qualities are high. Zinc promotes fluidity and so it
is suitable for castings.

Uses: Itis used for making minor accessories, bearings,
glands, steam pipes, fittings and gears.

Mumtz metal: Mumtz metal consists of 60% copper and
40% zinc. Mumtz metal primarily is hot working alloy is
used where cold working is not required. This metal
possess good mechanical properties, combining strength
with ductility, corrosion resistanceis very good. This brass
is having pleasing colour. This yellow brass is invented by
george F.Mumtzin 1832.

White metal: White metal is an alloy of lead antimony tin
employed for machine bearings, packings and linings to
the low melting pointalloys. Itis used for toys, ornaments
and fusible metals and to the type metal. White metal
consists of 85%, copper 5%, antimony 10%.

Phosphorous bronze: Tin 10% to 14% phosphorous 0.3
to 1% remaining copper. Itis having good tensile strength.
Very high corrosion resistance and excellent bearing
quality.

Uses: It is used for bearing, gears, worm wheels, slide
valves, springs etc.

Silver: A white metal symbol (AB) specific gravity is 10.7
and the melting point is 964°C. Sterling silver is applied
only to the specific silver copper alloy.

Uses: Itis used to prepare spelters for silver solder. Itis
also used for making ornaments and jewelleries.

Gold: It is a royal metal, bright yellow in colour, very
malleable and ductile. Itis very softinits purestformhence
itis alloyed with copper to make it hard and ductile to make
it suitable for ornamental works. Pure gold is having 24
carats. Melting point of gold is the best conductor of
electricity.

Uses: It is commonly used in making ornaments and

jewelleries and it is also used for electrical contacts in
radars, rockets as special applications.

Copperandits alloys: Metals withoutiron are called non-
ferrous metals. Eg. Copper, Aluminium, Zinc, Lead and
Tin.

Copper: This is extracted from its ores ‘MALACHITE’
which containes about 55% copperand ‘PYRITES’ which
contains about 32% copper.

Properties: Reddish in colour. Copper is easily distin-
guishable because of its colour.

The structure when fractured is granular, butwhen forged
orrolled is fibrous.

Itis very malleable and ductile and can be made into sheets
orwires.

Itis a good conductor of electricity. Copper is extensively
used as electrical cables and parts of electrical apparatus
which conduct electric current.

Copper is a good conductor of heat and also highly
resistant to corrosion. For this reason itis used for boiler
fire boxes, water heating apparatus, water pipes and
vessels in brewery and chemical plants. Also used for
making solderingiron.

The melting temperautre of copperis 1083°C.

The tensile strength of copper can be increased by
hammering orrolling.

Bronze: Bronze is basically an alloy of copper and tin.
Sometimes zincis also added for achieving certain special
properties. Its colour ranges from red to yellow. The
melting point of bronze is about 1005°C. Itis harder than
brass. Itcan be easily machined with sharptools. The chip
produced is granular. Special bronze alloys are used as
brazingrods.

Bronze of different compositions are available for various
applications.

Lead and its alloys: Lead is a very commonly used non-
ferrous metal and has a variety of industrial applications.

Lead is produced fromits ore ‘GALENA’. Lead is a heavy
metal that is silvery in colour when molten. Itis soft and
malleable and has good resistance to corrosion. Itis a
good insulator againstnuclear radiation. Lead is resistant
to many acids like sulphuric acid and hydrochloric acid.

Itis usedin car batteries, in the preparation of solders etc.
Itis also used in the preparation of paints.

Lead alloys

Babbit metal: Babbit metal is an alloy of lead, tin, copper
and antimony. Itis a soft, anti-friction alloy, often used as
bearings.

An alloy of lead and tin is used as ‘soft solder’.

Zinc and its alloys: Zinc is a commonly used metal for
coating on steel to prevent corrosion. Examples are steel
buckets, galvanized roofing sheets, etc.

Zinc is obtained from the ore-calamine or blende.
Its melting point is 420°C.

It is brittle and softens on heating; it is also corrosion-
resistant. It is due to this reason it is used for battery
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containers and is coated on roofing sheets etc.
Galvanized iron sheets are coated with zinc.
Tin and Tin alloys

Tin: Tinis produced from cassiterite or tinstone. Itis silvery
white in appearance, and the melting pointis 231°C. ltis
soft and highly corrosion-resistant.

It is mainly used as a coating on steel sheets for the
production of food containers. It is also used with other
metals, to form alloys.

Physical and mechanical properties

Eg. Tin with copper to form bronze. Tin with lead to form
solder. Tin with copper, lead and antimony to form Babbit
metal.

Non-Metals: Materials that are non-conductors of electric-
ity are called non-metals.

Wood, Rubber, PVC, Porcelein, Mica, glass, fiber glass,
graphite etc are examples of non-metals.

of metals

Objectives:At the end of this lesson you shall be able to
« state the different physical properties of metals
» state the mechanical properties of metals.

Properties of metals: Metals have different properties.
Depending on the type of application, different metals are
selected.

Physical properties of metals

Colour: Different metals have different colours. Forexam-
ple, copper is of a distinctive red colour. Mild steelis of a
blue/black colour.

Weight: Metals have different weights. A metal, like
aluminiumis lighter (specific gravity 2.8) than many others
and a metal like lead, is heavy (specific gravity 9)

Structure (Figs 1&2): Generally metals can also be
differentiated by theirinternal micro structure. Metals like
wroughtiron and aluminium have a fibrous structure, and
metals like castiron and bronze have a granular structure.

Fig 1

SM20N110311

WROUGHT IRON CAST IRON

Conductivity (Fig 3&4): Thermal conductivity and electri-
cal conductivity are the measure of the ability of a material
to conductheatand electricity. Conductivity will vary from
metal to metal. Copper and aluminium are good conduc-
tors of both heat and electricity. Copper is used for
soldering irons and electrical conductors.

Tenacity (Fig 12): Tenacity of a metal is its ability to resist
the effect of the tensile forces without rupture. Mild steel,
wroughtiron and steel are examples of tenacious metals.

Elasticity (Fig 13): Elasticity of a metal is the property of
returning to its original shape after the applied force is
released. Properly heat treated spring is a good example
of elasticity.

Machinability: Metal which can be easily machined and
gives alonger tool life, better surface finish, at maximum
cutting speed is said to be a good machineable metal.

Example: Aluminium is a good machineable metal in
comparison with cast iron. Castiron is a good machine-
able metal in comparison with cast steel.

Fig 2

CHISEL TAKES IMPACT

N
SM20N110312

Fig 3
BEAM

ROD TENSION

LOAD

TENSILE STRENGTH

SM20N110313

Fig 4

>\/
POSITION

UNDER LOAD

Qo

SM20N110314
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Specification of Steel Flats and Strips

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

* designate the size of steel flats and sheets as per indian standard specifications
* determine the weight of a particular size of flat and sheet

Importance of specifying steel sections correcly

A fitter should be able to correctly specify steel sections
and also interpret the specifications given in a drawing.
This will help in selecting and ordering raw materials re-
quired for fabrication.

Steel flats

Hot rolled steel flats are designated by the width (mm)
followed by the letters ISF. and the thickness (mm) as per

What should be the weight of 50ISF 10 of ten meter
Answer

flats and also to determine the weight of the flats of differ-
ent width and thickness.

What should be the weight of 50 ISF 10 of ten meter

Answer

IS 1730: 1989. Fig1
Example:50ISF10 -
(Where the width and the thickness of the flat are 50 mm J
and 10mm respectively) ‘ W §
Table 1 will assist in selecting the standard sizes of flats g
and also to determine the weight of the flats of different i
width and thickness.

TABLE 1

Dimensions and Mass of Hot Rolled Steel Flats

Mass*, kg/m for Varying (mm) Thickness
Width
mm 3 4 5 6 8 10 12 15 20 25 30 40 50
10 0.236 0.314 0.393 0471 - - - - - - - - -
16 0.377 0.502 0628 0.754 1.00 110 151 - - - - - -
20 0471 0628 0.785 0942 126 157 188 230 - - - - -
25 0.589 0.785 0981 118 157 196 236 294 - - - - -
30 0.707 0942 118 141 188 236 283 353 471 - - - -
35 0824 110 137 165 220 275 330 412 550 - - - -
40 0942 126 157 188 251 314 377 471 628 785 942 - -
45 1.06 141 177 212 283 353 424 530 707 883 106 - -
50 118 157 196 236 314 393 471 589 785 981 118 - -
60 141 188 236 283 377 471 565 7.07 942 118 141 188 -
65 - 204 255 306 408 510 612 765 102 128 153 204 -
70 - 220 275 330 440 550 659 824 110 137 165 220 -
75 - 236 294 353 471 589 707 883 118 147 177 236 -
80 - 251 314 377 502 628 754 942 126 157 188 251 314
90 - - 353 424 565 707 848 106 141 177 212 283 353
100 - - 393 471 628 785 942 118 157 196 236 314 392
120 - - - 565 754 942 113 141 188 236 283 377 471
130 - - - 6.12 816 102 122 153 204 256 306 408 512
140 - - - 659 879 110 132 165 220 275 33.0 440 550
150 - - - 707 942 118 141 177 236 294 353 471 589
160 - - - - 100 126 151 188 251 314 377 502 -
180 - - - - 113 141 170 212 283 353 424 565 -
200 - - - - - 167 188 236 314 392 471 628 -
250 - - - - - 196 236 294 392 491 589 785 -
300 - - - - - - 283 353 471 588 707 942 -
400 - - - - - - - 471 628 785 942 126 -
*Based on the density of steel =7.85gm/cm3
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as per Indian Standard are designated as ISSH received
by figures denoting length (mm) x width (mm) x thickness
(mm) of the sheet as per IS 1730 : 1989.

Example

ISSH 3200 x 600 x 1.00

where

3200 is the length of the sheet (mm)
600 is the width of the sheet (mm)

1.00 is the thickness of the sheet (mm)

Table 2 gives the weight of steel sheets of different stan-
dard sizes.

EXERCISE

Calculate the weight of the steel sheet given below.

ISSH 1800x1200 x 1.40mm

TABLE 2

Standard Nominal Dimensions and Mass of Sheet

Standard Nominal Thickness in mm

Size Standard
mmXmm Nominal
Surface
Area
in m?

040 050 0.63 0.80 0.90 1.00 1.12 1.25 1.40

1.60 1.80 1.90 2.00

750 1.35 424 530 6.67 848 954
900 162 509 6.35 8.01 102 114
950 1.71 537 6.71 845 10.7 121
1000 1.80 565 7.06 8.90 11.3 12.7
1100 1.98 6.22 7.77 9.79 124 14.0
1200 2.16 6.78 8.48 10.7 13.6 153
1250 225 7.07 8.83 11.1 141 159
1400 252 791 990 125 158 17.8
1500 2.70 848 106 13.4 17.0 19.1

2000 x 600 1.20 3.77 471 593 7.53 847
750 1.50 4.71 588 7.42 9.42 10.6
900 1.80 565 7.06 8.90 11.3 127
950 1.90 597 7.45 939 120 134
1000 2.00 6.28 7.85 9.89 126 14.1
1100 2.20 6.91 8.63 109 13.8 155
1200 240 7.53 942 119 151 17.0
1250 250 7.85 9.80 124 157 17.7
1400 2.80 8.79 11.0 13.8 176 19.8
2500 3.00 9.42 11.8 14.8 188 21.2

2200 x 600 1.32 414 518 6.52 8.28 9.32
750 1.65 518 6.47 8.16 104 117
900 1.98 6.22 7.77 9.78 124 140
950 2.09 6.56 820 10.3 13.1 14.8
1000 2.20 6.91 8.63 109 13.8 155
1100 242 760 9.50 12.0 152 17.1
1200 2.64 829 104 131 16.6 18.7
1250 2.75 8.63 108 13.6 17.3 194
1400 3.08 9.67 121 152 193 21.8
1500 3.30 104 13.0 16.3 20.7 23.3

2500 x 600 1.50 4.71 588 742 9.4210.6
750 1.875 588 7.35 9.26 11.8 13.2
900 225 7.07 883 11.1 14.1 159
950 2375 7.45 932 11.7 149 16.8
1000 2.50 7.85 9.80 124 157 17.7
1100 2.75 8.63 108 13.6 17.3 194
1200 3.00 942 118 14.8 18.8 21.2
1250 3.125 9.81 123 155 19.6 22.1
1400 3.50 11.0 13.7 17.3 22.0 24.7

1500 3.75 11.8 14.7 185 23.6 26.5

* Based on the density of steel = 7.85 g/cm?

10.6
12.7
134
14.2
15.6
17.0
17.6
19.8
21.2

9.42
11.8
141
14.9
15.7
17.3
18.8
19.6
22.0
23.6

10.4
13.0
15.5
16.4
17.3
19.0
20.7
216
242
25.9

11.8
14.7
17.7
18.6
19.6
216
23.6
24.5
27.5

29.4

11.9
14.2
15.0
15.8
17.4
19.0
19.8
22.2
23.8

10.6
13.2
15.8
16.8
17.6
19.3
211
22.0
246
26.4

11.6
14.5
17.4
18.4
19.3
21.3
23.2
24.2
271
29.0

13.2
16.5
19.8
20.9
22.0
24.2
26.4
27.5
30.8

33.0

1800 x 600 1.08 339 424 534 6.78 7.65 847 9.50 10.6

13.2
15.9
16.8
17.7
194
21.2
221
247
26.5

11.8
14.7
17.7
17.9
19.6
216
23.6
245
27.5
294

13.0
16.2
19.4
20.5
21.6
23.7
259
27.9
30.2
32.4

14.7
18.4
221
233
24.5
27.0
29.4
30.7
343

36.8

11.9
14.8
17.8
18.8
19.8
21.8
23.7
247
271.7
29.7

13.2
16.5
19.8
20.8
22.0
242
26.4
27.5
30.8
33.0

14.5
181
21.8
23.0
242
26.6
29.0
30.2
33.8
36.3

16.5
20.6
24.7
261
27.5
30.2
33.0
343
38.5

41.2

13.6
17.0
20.3
215
22.6
24.9
271
28.3
31.7
33.9

151
18.8
22.6
23.6
25.1
27.6
30.1
31.4
35.2
37.7

16.6
20.7
249
26.2
27.6
30.4
33.2
345
38.7
414

18.8
23.6
28.3
29.8
31.4
345
37.7
39.2
44.0

471

5.3

191
22.9
242
254
28.0
30.5
31.8
35.6
38.2

17.0
21.2
254
26.8
28.3
31.1
33.9
35.3
39.6
42.2

18.7
233
28.0
29.5
31.1
34.2
37.3
38.9
43.5
46.6

21.2
26.5
31.8
33.6
35.3
38.9
42.4
44.2
49.5

53.0

16.1
20.1
242
255
26.8
29.5
32.2
33.6
37.6
40.2

17.9
224
26.8
28.3
29.8
32.8
35.8
37.2
41.8
44.7

19.7
246
29.5
31.2
32.8
36.1
39.4
41.0
45.9
49.2

22.4
27.9
33.6
35.4
37.2
41.0
44.7
46.6
52.2

55.8

For determining the mass of sheet above 2 mm thickness refer to 1S1730:1989.

17.0
21.2
254
26.8
28.3
31.1
33.9
35.3
39.6
42.4

18.8
23.6
28.3
29.8
31.4
34.5
37.7
39.2
44.0
471

20.7
259
31.1
32.8
34.5
38.0
41.4
43.2
48.4
51.8

23.6
29.4
35.3
37.2
39.2
43.2
471
491
55.0

58.9
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Indian Standard strips are designated as ISST followed by Answer
width (mm) x thickness (mm) of the strip as per IS 1730 -

1989.

Example

ISST 1050 x 3.15: Where 1050 mm is the width of the Fig 2
strip and 3.15mm is the thickness.

Table 3 gives the weight in kg of a particular strip per metre
length.

EXERCISE |
Calculate the weight of a ISST 500 x 4 of 2 metres |

SM20N110322

TABLE 3

Standard Nominal Dimensions and Mass of Strip

Thickness in mm
160 1.80 2.00 224 250 280 3.15 355 4.00 450 50 6.0 80 10.0

Width
in mm Mass * kg/m

100 125 141 157 176 196 220 247 279 314 353 392 471 628 785
125 157 177 196 220 245 274 3.08 348 392 441 490 588 7.85 9.81
160 2.01 226 251 281 314 352 395 446 502 565 628 753 10.0 126

200 251 282 314 352 392 439 494 558 628 7.06 784 942 126 157
250 314 353 392 440 490 549 6.17 697 7.85 883 980 118 157 16.6
320 4.02 452 502 562 628 7.05 790 892 10.0 113 125 151 20.0 251

400 502 565 628 7.04 785 878 988 111 126 141 157 188 251 314
500 6.28 7.05 7.85 879 951 11.0 124 139 157 17.7 196 23.6 314 392
650 8.16 9.17 102 114 127 143 161 181 204 23.0 255 30.6 408 51.0

800 10.0 113 126 141 157 176 198 223 251 283 314 377 502 62.8

950 - 134 149 167 186 20.8 235 265 298 336 273 447 59.7 746
1000 - - 157 176 19.6 220 247 279 314 353 392 471 628 785
1050 - - 165 185 206 233 26.0 292 330 371 412 495 659 824
1150 - - - 202 226 252 284 320 36.1 406 451 542 722 90.3
1250 - - - - 245 275 309 348 392 442 491 589 785 981
1300 - - - - - 286 321 362 408 459 510 612 816 102
1450 - - - - - - 358 404 455 512 569 683 911 114
1550 - - - - - - 383 432 487547 60.8 73 933 122
Indian Standard steel plates are designated as ISPL fol- 950 is the width of the plate (mm)
onved by figures denoting length (mm) x width (mm) X 8 is the thickness of the plate (mm)
thickness (mm) of the plates as per IS 1730 : 1989.
EXERCISE
Example:
Calculate the weight of the following steel plate.
ISPL 2200 x 950 x 8

ISPL 5600 x 1400 x 5. (Refer Table 4)

where 2200 is the length of the plate (mm) A
ns
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TABLE 4

Mass Per Metre of Plates

Width in mm

900 950 1000 1100 1200 1250 1400 1500 1600 1800 2000 2200 2500
Thickness
in mm Mass * per metre, kg
5 35.3 37.3 39.2 432 471 491 550 589 628 706 785 86.4 98.1
6 424 447 471 518 56.5 589 66.0 706 754 848 942 104 118
7 494 522 550 604 66.0 687 769 824 879 989 110 121 137
8 56.5 59.7 62.8 69.1 754 785 879 942 100 113 126 138 157
10 706 746 785 864 942 981 110 118 126 141 157 173 196
12 848 895 942 104 113 118 132 141 151 170 188 207 236
14 989 104 110 121 132 137 154 165 176 198 220 242 275
16 113 119 126 138 151 157 176 188 201 226 251 276 314
18 127 134 141 155 170 177 198 212 226 254 283 311 353
20 141 149 157 173 188 196 220 236 251 283 314 345 392
22 155 164 173 190 207 216 242 259 276 311 345 380 432
25 177 186 196 216 236 245 275 294 314 353 392 432 491
28 198 209 220 242 264 275 308 330 352 396 440 484 550
32 226 239 251 276 301 314 352 377 402 452 502 553 628
36 254 268 283 311 339 353 396 424 452 509 565 621 706
40 283 298 314 345 377 392 440 471 502 585 628 691 785
45 318 336 353 389 424 441 495 530 565 634 706 777 883
50 353 373 392 432 471 491 550 589 628 706 785 864 981
56 396 418 440 484 528 550 615 659 703 791 879 967 1079
63 445 470 495 544 593 618 692 742 791 890 989 1088 1239

* Based on the density of steel = 7.85 g/cm?
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CG&M

Related Theory for Exercise 1.1.04

Sheet Metal Worker - Basic Fitting Processes

Raw material information CRCA, HRCA.MS

Objectives:At the end of this lesson you shall be able to
* state the types of metals used in sheet metal work
 state the uses of the different types of metals.

In sheet metal work, different types of metal sheets are
used. The sheets are specified by their standard gauge
numbers.

Itvery essential to know the differentuses and applications
of these metal sheets.

Blackironsheets: The cheapestsheetmetalis the black
iron, which is rolled to the desired thickness. The sheets
arerolled in two conditions. Wheniitis rolled in cold state,
itis called cold rolled and whenitis rolled in hot state, itis
called hot rolled. Hot rolled sheets have a bluish black
appearance, and are often referred to as uncoated sheets,
since they are uncoated. They corrode rapidly.

Coldrolled sheets have plain silver whitish appearance and
are uncoated. To decrease the work hardness, the cold
ruled sheets are annealed in a closed atmosphere. These
sheets are known as C.R.C.A (Coldroled close annealed)
sheets.

The use of this metal is limited to making articles that are
to be painted or enamelled such as tanks, pans, stoves,
pipes etc.

Galvanised iron sheets: Zinc coated iron is known as
‘galvanisediron’. This softiron sheetis popularly known as
G.l.sheet. The zinc coatingresist corrosionand improves
the appearance of the metal and permit it to be soldered
with greater ease. Because it is coated with zinc,
galvanised iron sheet withstands contact with water and
exposure toweather.

Articles such as pans, buckets, furnaces, heating ducts,
cabinets, gutters etc. are made mainly from G.l.sheets.

Stainless sheets: This is an alloy of steel with nickel,
chromium and other metals. It has good corrosive resis-
tance and can be welded easily. Stainless steel used in
asheetmetal shop can be worked similarto galvanisediron
sheets, but is tougher than G.I. sheets. The cost of
stainless steel is very high.

Technical Terms in Sheet Metal work

Stainless steel is used in dairies, food processing, chemi-
cal plants, kitchenware etc.

Copper sheets: Coppersheets are available eitheras cold
rolled or hot rolled. They have a very good resistance to
corrosion and can be worked easily. They are commonly
used in sheet metal shops. Copper sheet has better
appearance than other metals.

Gutters, expansion joints, roof flashings, hoods, utensils
and boiler plates are some of the common examples where
copper sheets are used.

Aluminium sheets: Aluminiumcannotbe usedinits pure
form, but is mixed with very small amount of copper,
silicon, manganese and iron. Aluminium sheets are
whitish in colour and light in weight. They are highly
resistant to corrosion and abrasion.

Aluminium is now widely used in the manufacture of
articles such as household appliances, refrigerator trays,
lighting fixtures, windows and also in the construction of
airplanes and in many electrical and transport industries.

Tinned plate: Tinned plate is sheetiron coated with tin, to
protect it against rust. This is used for nearly all solder
work, as it is the easiest metal to join by soldering.

This metal has a very bright silvery appearance andis used
in making roofs, food containers, dairy equipment, furnace
fittings, cans and pans etc.

Lead sheets: Lead is very soft and heavy in weight.

Lead sheets are used for making the highly corrosive acid
tanks.

When lead is coated on black iron sheets, they are called
Terne sheets. They are highly anti-corrosive and com-
monly used in preservation of chemicals.

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

 state the meaning of various terms used in sheet metal work.

1 Bench machines: Machines clamped to abench and
operated by turning a crank. Used by the sheet metal
worker to turn edges on circles and round pipes.

2 Bench stakes: Steel anvils of various specialized

14

shapes that the sheet metal worker uses to form and
seam sheet metal objects.

3 Black iron: Iron and steel sheets covered with an
oxidized coating only.



4 Embossing: A stamping process that produces a
shallow relief design on sheet metal.

5 Flux: Chemical used to clean metal and remove the
oxides from the metal surface prior to soldering.

6 Gage: The system of classifying the thickness in
which sheet metal is produced. Also a tool used for
measuring and determining the thickness of a metal
sheet.

Hem: A folded edge on a sheet metal object.

Parallel line development: A method of pattern
drafting employing parallellines.

9 Pickle: Tocleandirtand oxide from metal by immers-
ing it in an acid bath.

10 Pictorial drawings: A drawing of an object in three
dimensions as it actually appears after being formed
into shape.

11 Primer: A first coat of finish on a metal, it binds and
adhers to the metal giving good base for later coats.

12 Punching: The process of making holesin sheet metal
by the use of dies.

13 PVC (polyviny/chloride): A plastic often used for
hoods and tanks that require high corrosion resistance.

14 Radial line development: A method of pattern
drafting using lines radiating from a center and using
arcs.

15 Raw acid: Hydrochloric acid (HCI)

16 Rivets: Fasteners used to join two pieces of sheet
metaltogether. Therivetisinsertedinahole andahead
is formed by pounding the rivet with a hammer.

17 Sheet metal: Any type of metal sheets that are 1/8"
thick or less.

18 Square-to-round: The name of a common sheet
metalfitting thatis square orrectangularon one end and
round on the other end.

19 Stainless steel: Aspecial steel containing othertypes
of metals such as chromium, nickel and molybdenum.
There are many types of stainless steel sheets. All of
them vary in corrosion resistance.

20 Swage: A special forging tool used for smoothening
and finishing.

21 Sweat soldering: The process of soldering two pieces
of metal together by making the solder “sweat” com-
pletely through the seam.

22 Tinning: Covering an area of metal with molten solder.

23 Transition piece: A sheet metal fitting that changes
size or shape from one end to the other.

24 Triangulation: Amethod of pattern drafting employing
the use of triangles.

25 Wired edge: A sheetmetal edge folded around a piece
of wire for added strength.
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Sheet Metal Worker - Basic Fitting Processes

Related Theory for Exercise 1.1.05

Tools & equipments used in sheet metal worker

Objectives: At the end of this lesson you shall be able to
¢ know about measuring tools

know about marking tools

know about production tools

know about machines & appliances.

know about the draw the free and sketch .

Measuring Tools Marking Tools

Machines & Equipment

Steel Rule Vernier IT gauge
Micro meter Straight Edge
Vernies caliper Try Square

Combination set Tinman’s square

Standard wire gange Straight Scriber
Radius gauge Bend Scriber
Screw pitah gauge Scratech AWL
Com pass Center punch
Jenny caliper Dot punch
Templates Prick punch
Trammel

Beam Trammel

Surface plate

Soldering iron

Lazy tong

Blow lamp

Electric hand drill(light)
Electric hand drill (heavy

Phenmatic hand drill

Gas heated soldering copber
St. soldering copper with handle
Adjustable soldering bit

Handy soldering copper bit
Electric copper soldering

Hatchet soldering iron

Ratchet drilling m/c
Pedastal type spot weld
Hand lever shear

Breast drilling m/c

Production Tools

Wooden mallet Peening hammer

Proffing mallet Tarmeans shear
End-pached mallet Universal combination or Gillow shear
Raw hide mallet Pipe shear

Ballpeen hammer Scotch shear

Cross peen hammer Block shear
Straight peen hammer Roudes shear
Setting hammer Straight scrips
Riwelting hammer Bend scrips

Creasing hammer Hauvk-billed shear

Stretching hammer Aviation shear
Hollowing hammer Bench shear

Bullet hammer Double cutting shear

Olanishing/Plateneming
hammer

Electric portable shear

Round bottom strake
Half moon stake
Funmel stake

Beak or Bickiron stake
Crasingiron

Tinman's Hosse
Round bottom wead
Amil lead

Half moon head
Round head

Triman's Anvil
Universal stake holder
Copper smith stake
Hand seaner

Bar folder m/c

Bench plate

Revolving bench plate
C clamp

Angle iron

Folding bars

Solid pench

Hollow Pench
Tinner's hand punch
Hand lever pench
Hand Riveter

Pop Riveter

Blind rivetting equipment

File
Chisel
Hacksaw
Groover
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Marking and laying out tools & Accessories

TOOLS & EQUIPMENT
FOR SHEET METALWORKER.

MEASURING TOOLS

51 71 8l ol Tl Tk T I3 T ela  1ls
3 4 5 6

(@)

SM20N110511

Fig 2

SPINDLE LOCK

RATCHET STOP

SM20N110512

Fig5

STANDARD /7

WIRE GAUGE

SM20N110515

SM20N110513

Fig 6 ﬁ

INTERNAL RADII EXTERNAL RADII

SM20N110516

Fig 4

PROTRACTOR HEAD\

SQUARE HEAD

SCRIBER

SM20N110514

Fig 7

EXTERNAL

INTERNAL

INTERNAL

SM20N110517

SM20N110518
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MARKING TOOLS

TOOLS & EQUIPMENT
FOR SHEET METALWORKER

Fig 1

Fig 4

SPECIAL BOWED SCRIBER
(SEE ACCURATE SETTING)

FINE ADJUSTMENT SCREW

SM20N110524

Fig 5

SM20N110521

Fig 2

RULE

GRADUATION

EDGE STRAIGHT AND
SQUARE TO EACH OTHER

ACCURATELY
SCRAPED FLAT
SURFACE

THREE POINT SUSPENSION
FOR STEADINESS

SM20N110525

Fig 6

SM20N110522
\
\
/)
[ A&
s

= ®

Fig 3

VERNIER HEIGHT GUAGE

SM20N110526

SM20N110523
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Fig7
\%@2 /é; >

SM20N110527
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TOOLS & EQUIPMENT
FOR SHEET METALWORKER.

PRODUCTION TOOLS
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CG&M

Related Theory for Exercise 1.1.06

Sheet Metal Worker - Basic Fitting Processes

Measuring and Marking Tool

Objectives: At the end of this lesson you shall be able to
* state the purpose of a steel rule

* state the precautions to be followed while using a steel rule.

Engineer’s steel rules (Fig 1) are used to measure the
linear dimensions of workpieces. Steel rules are made of
spring steel or stainless steel. Theserules are availablein
lengths of 150 mm, 300 mm and 600 mm and 1000 mm.
The reading accuracy of the steel rule is 0.5 mm.

¢l 71 '8l ‘ol "1l0° 11 112" 1137114115

5 g O

SM20N110611

Fig 2

LENGTH TO BE MEASURED

VIEgV POINT

BLADE

STOCK

STEEL RULE

© | SM20N110612

For maintaining the accuracy of the steel rule, it
important to see to it that its edges and surfaces are
protected from damage and rust.

)

For accurate reading it is necessary to read vertically to
avoid errors arising out of parallax. (Fig 2)

Try square

| Do not place a steel rule with other cutting tools.

Apply a thin film of oil when not in use.

Objectives: At the end of this lesson you shall be able to
* name the parts of a try-square
 state the uses of a try-square.

The try-square (Fig 1) is a precision instrument which is
usedto check the squareness of a surface and the flatness
of surfaces.

The accuracy of measurement by a try-square is about
0.002 mm per 10 mm length, whichis accurate enough for
mostworkshop purpose. The try-square has a blade with
parallel surfaces. This blade is fixed to the stock at 90°.
Burrslotis provided on the stock at meeting point of blade
toaccommodate the burr, if present on the component, to
avoid inaccuracy in measuring squareness.

Fig 1

STRAIGHT EDGE

— BLADE

BURR SLOT
STOCK

SM20N110621

Uses: The try square is used to check the squareness of
a sheet. (Fig 2)
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To mark lines at 90° to the edges of a workpiece. (Fig 3)

Try squares are specified according to the length of the
blade i.e. 100 mm, 150, 200 mm.

Fig 3

SM20N110623




Tinman’s “L” square

Objectives: At the end of this lesson you shall be able to
* state the use of the Tinman’s “L” square.

Fig 1
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Straight edge

ATinman’s “L” square is an “L” shaped piece of hardened
steel with graduation marks onthe edges ofthe Tongue and
Body or blade (Fig.1). It is used for marking in the
perpendicular direction to any base line and to check the
perpendicularity.

The shortarm ofthe “L” square is called the tongue and the
longarmis called the body or blade and the corneris called
the heel. The angle between the tongue and the body ofthe
“L” square is 90°.

The size of the “L” square is specified by the length of the
body and the tongue.

Itis also called as Tinman’s square.

Objectives: At the end of this lesson you shall be able to
* state the use of straight edge
* list the types of straight edge.

Straight edge: Straight edge is a flat bar of steel.
Itis used to mark straight lines on a sheet metal surface.
Types (Fig.1):

Straight edges are available in two types.

Fig 1 BEVEL
S STRAIGHT EDGE

SQUARE
STRAIGHT EDGE

SM20N110641

Calipers

1 Square straightedges
2 Bevelstraightedge.

Straight edges are available in 600 mm, 1 to 3 mtrs in
length. While marking with the help of a straight edge,
place the straightedge on the sheetand hold it by your left
hand.

Objectives: At the end of this lesson you shall be able to
 state the commonly used calipers

» compare the features of firm joint and spring joint calipers
 state the advantage of spring joint calipers over firm joint calipers.

Calipers are simple indirect measuringinstruments used to
transfer measurements from steel rule to object and vice
versa.

Calipers are of differenttypes depending on the type of joint
and the shape of leg.

TYPES OF JOINTS
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— Firm joint calipers (Fig 1a)

— Springjoint calipers (Fig 1b)

Fig 1
ADJUSTING NUT

LENGTH

FIRM JOINT SPRING JOINT

SM20N110651

Firm joint calipers : Inthe case of firm joint calipers, both
legs are pivoted at one end. To take measurements of a
workpiece, itis opened roughly to the required size. Fine
setting is done by tapping the caliper lightly on a wooden
surface.

Spring joint calipers : For this type of calipers, the legs
are assembled by means of a pivot loaded with a spring.
For opening and closing the caliper legs a screw and nut
are provided.

Springjoint calipers have the advantage of quick setting.
The setting made will notchange unless the nutis turned.
The size of a caliper is specified by its length - which is
the distance between the pivot centre and the tip of the
leg.

The accuracy of the measurement taken depends very
much on the sense of “feel or touch”. While measuring the

Jenny Calipers

jobyou should getthe feel when the legs are just touching
the surfaces.

Types of legs : Outside and inside calipers are differenti-
ated by the shape of the legs.

Calipers used for outside measurements are known as
outside calipers. (Fig 2) The calipers used for internal
measurements are known as inside calipers. (Fig 3).
Calipers are used along with steel rules, and the accuracy
is limited to 0.5 mm. The parallelism of jobs can also be
checked using calipers.

Fig 2

SM20N110652

Fig 3

SM20N110653

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

* identify a jenny caliper

« state the constructional features of a jenny caliper

* state the uses of a jenny caliper

« state safety, care and maintenance while using a jenny caliper.

Jenny calipers are non-precision indirect marking tools.

They are also known as odd leg calipers, leg and point
calipers and Hermo prodite calipers. (Fig 1)

Fig 1

RULE

GRADUATION

SM20N110661

Constructions: These calipers are available with the usual
bent leg or with a heel. (Fig 2)

Fig 2

HEEL

SM20N110662

Thesecalipershaveonelegbentandthe otherwithanadjustable
scriber point. In some calipers, other leg is fixed and
pointed. These legs are joined together by means of arivet
to make the joint firm. These calipers are availableinsizes
of 150 mm, 200 mm, 250 mm and 300 mm.

Uses: These calipers are used for
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1 Marking lines parallel to the inside and outside edges.
(Fig2)

2 Locating the centre of round bars. (Fig 3)
3 Scribing lines parallel to the curved edges. (Fig 4)

Fig 3

SM20N110663

Outside Micrometers

Fig4

SM20N110664

Objectives: At the end of this lesson you shall be able to
* identify the parts of an outside micrometer

 state the functions of the main parts of an outside micrometer.

A micrometer is a precision instrument used to
measure a job, generally within an accuracy of 0.01
mm.

Fig 1

RATCHET STOP

SPINDLE LOCK

SM20N110671

FRAME

Micrometers used to take the outside measurements are
known as outside micrometers. (Fig 1)

The parts of a micrometer are listed here.

Frame: The frame is made of drop-forged steel or malle-
able cast iron. All other parts of he micrometer are
attached to this.

Barrel/Sleeve: The barrel or sleeve is fixed to the frame.
The datum line and graduations are marked on this.

Thimble: On the bevelled surface of the thimble also, the
graduation is marked. The spindle is attached to this.

Spindle: One end of the spindle is the measuring face.
The other end is threaded and passed through a nut. The
threaded mechanism allows for the forward and backward
movement of the spindle.

Anvil: The anvilis one ofthe measuring faces whichis fitted
on the micrometer frame. It is made of alloy steel and
finished to a perfectly flat surface.

Spindle lock nut: The spindle lock nutis used to lock the
spindle at a desired position.

Ratchet stop: The ratchet stop ensures a uniform pressure
between the measuring surfaces.

Graduations of metric outside micrometer

Objectives: At the end of this lesson you shall be able to
* state the principle of a micrometer

¢ determine the least count of an outside micrometer.

Working principle: The micrometer works on the princi-
ple of screw and nut. The longitudinal movement of the
spindle during one rotation is equal to the pitch of the
screw. The movement of the spindle to the distance of he
pitch or its fractions can be accurately measured on the
barreland thimble.

Graduations: In metric micrometers the pitch of the
spindle thread is 0.5 mm.

Thereby, in one rotation of the thimble, the spindle ad-
vances by 0.5 mm.

Onthebarrela25mmlongdatumlineis marked. Thisline
is further graduated to millimetres and half millimeters (i.e
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Fig 1

BARREL

THIMBLE

FULL MILLIMETRES
DATUM LINE
HALF MILLIMETRES

EACH THIMBLE DIVISIONS
EQUALS 0.01mm

SM20N110681

1 mm & 0.5 mm). The graduations are numbered as
0,5,10,15,20 & 25 mm.

The circumference of the bevel edge of the thimble is
graduatedinto 50 divisions and marked 0-5-10-15....45-50
in a clockwise direction.

The distance moved by the spindle during one rotation of
the thimble is 0.5 mm.

Movement of one division of the thimble =0.5x 1/50=0.01
mm.

Accuracy or least count of a metric outside mi-
crometer is 0.01 mm.

Vernier calipers

Objectives: At the end of this lesson you shall be able to
* identify the parts of a vernier caliper

« state the constructional features of a vernier caliper

* state the uses of vernier calipers.

Avernier caliperis a precision measuring instrument.
It is used to measure up to an accuracy of 0.02 mm.

(Fig1)

Fig 1

SM20N110681

Thefollowing are the parts of a vernier caliper. (Numberas
per Fig 1)

Fixed jaw (Part 1 and 2) : Fixed jaws are part of the main
scale. One jaw is used for taking external measurements
and the other for internal measurements.

Movable jaw (Part 3 & 4) : Movable jaws are part of the
vernier slide. Two jaws No. 1 and 4 are used for external
measurements (Fig 2) and the other jaws 2 & 3 are for
internal measurements. (Fig 3)

Vernier slide (Part5): Avernier slide moves overthe beam
and can be setin any position by means of a spring-loaded
thumb lever (Part 8).

Fig 2

SM20N110692

Fig 3

SM20N110693

Beam (Part6): The vernier slide, and the depth bar
attached to it, slide over the beam. The gradua-
tions on the beam are called the main scale
divisions.

Depth bar (Part 7) : The depth bar is attached to the
vernier slide and is used for depth measurements.

Vernierscale (Part9): The vernierscaleis the graduation
marked onthe vernierslide. The divisions of this scale are
called vernierdivisions.

Lock nut : After taking the measurementof ajob the lock
nutwill be tightened. Sothatthe vernierslide willnotmove
and the dimension will not be changed.

Vernier calipers are available in different sizes 150 mm, 225
mm, 900 mm, and 1200 mm. The selection of the size
depends on the measurements to be taken. Vernier
calipers are precision instruments and extreme care should
be taken while handling them.

Avoid parallax error while reading. Right method is shown
for external measurement (Fig 4) and internal measure-
ment. (Fig 5)

Never use a vernier caliper for any purpose other than
measuring. Vernier calipers should be used only to meas-
ure machined or filed surfaces.
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They should never be mixed with any other tools.

Clean the instrument after use. Apply oil or grease and
store it in a box.

L.

Fig 4

3 4 9 10 11 12 13 14
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9 10 11 12 13 14

0 5 1015 20 25 30 35 40 45 50

RIGHT METHOD

SM20N110694

EXTERNAL MEASUREMENT

Vernier Height Gauge

Fig 5
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WRONG METHOD

a 1 2 3 4 5 6 7 8

g9 10 11 12 13 14

RIGHT METHOD

INTERNAL MEASUREMENT

SM20N110695

Objectives: At the end of this lesson you shall be able to
* identify the parts of a vernier height gauge

* state the functions of each part

* list out the specific uses of a vernier height gauge.

Specific uses of a vernier height gauge:Accurate
measurements are importantin the layout (marking off)and
in the inspection work. (Fig 1&2)

Fig 1 S

SM20N1106A1

Fig 2

M20N1106A2

Vernier heightgauges are particularly suitable formarking off
accurate distances, and centre locations. The graduations
and the readings are the same as those of a vemier caliper.

Parts and their function: Parts of a vernier heightgauges
and their functions are given here. (Fig 3)

Fig 3 N

SM20N1106A3

Base (1:) Thisis the datum from which measurements and
settings are made. The underside ofthe baseis hardened,
ground and lapped.

Beam (2): This is similar to the beam scale of a vernier
caliper and is attached to the base.

Vernierslide (3): This unitslides onthe beam and carries
the vernier plate (5) Locking screws (6), fine setting device
(4) and scriber (7). Some vernier height gauges are
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provided with a rack and pinion arrangement for moving the
slide along the beam.

Vernier height gauges are provided with both straightand
offside scribers. (Fig 4)

Fig 4

a) STRAIGHT SCRIBER

b) OFFSET SCRIBER

SM20N1106A4

Zero setting of the vernier height gauge: The offset
scriber permits the zero setting of the instrument from the
datum surface.

While using a straight scriber, the zero setting of the
instrument is at a level above the datum surface. In this
case the zero setting is to be checked using the precision
round block, supplied along with the instrument.

Vernier heightgauges with which we can measure fromthe
datum surface without the special off set scribers are also
available. (Fig5)

Measurement of angles

Fig 5

SM20N1106A5

The size of the vernier height gauge is stated by the height
of the beam. The most commonly used size has a beam
of 300 mm height.

Vernier height gauges are used with the surface plates or
other accurate flat surfaces.

Objectives: At the end of this lesson you shall be able to
« state the units and fractional units of angles
e express degrees, minutes and seconds using symbols.

The unit of an angle

For angular measurements a complete circle is divided
into 360 equal parts. Each division is called a degree (A
half circle will have 180°) (fig 1).

Subdivisions of an angle

For more precise angular measurements, one degree is
further divided into 60 equal parts. This division is one
MINUTEC(). The minute is used to represent a fractional
part of a degree and is written as 30° 15’

Fig 1
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SM20N1106B1

One minute is further divided into smaller units known as
seconds (“). There are 60 seconds in a minute.

An angular measurement written in degrees, minutes and
seconds would read as 30° 15°20".

Examples for angular divisions

1 complete circle 3600
34

1/2 circle 1800
1/4 of a circle (right angle) 900
Sub divisions 1 degree or 10 = 60 mts or 60’

1 min or 1’ = 60 secs or 60°
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Vernier Bevel Protractor

Objectives: At the end of this lesson you shall be able to
¢ |dentify the parts of a universal bevel protractor

¢ state the functions of each part

¢ list out the uses of a Vernier bevel protractor.

The Vernier bevel protractor is a precision instrument meant
for measuring angles precisely to an accuracy of 5 minutes.

()
Parts of a vernier bevel protractor

The following are the parts of a vernier bevel protractor. (fig
1)
Stock

This is one of the contacting surfaces during the
measurement of an angle. Preferably it should be keptin
contact with the surface from which the inclination is
measured.

Fig 1
VERNIER SCALE

MAIN SCALE

LOCKING
SCREWS

ADJUSTABLE BLADE STOCK

SM20N1106C1

Disc

The disk is an integrated part of the stock. Itis circularin
shape, and the edge is graduated in degrees.

Dial

Itis pivoted to the disc and can be rotated through 360°.
The vernier scale of the instrument is attached to the dial.
The dial is locked to the disc during reading the measure-
ment.

Blade

This is the other contacting surface of the instrument that
contacts the work during measurement, preferably the in-
clined surface. It is fixed to the dial with the help of the
clamping lever. Aparallel groove is provided in the centre
of the blade to enable it to be longitudinally positioned
whenever necessary.

Locking screws

Two knurled locking screws are provided, one to lock the
dial to the disc. and the other to lock the blade to the dial.

All parts are made of good quality alloy steel, properly
heat-treated and highly finished. A magnifying glass is
sometimes fitted for clear reading of the graduations.

Uses of a vernier bevel protractor

The vernier bevel protractor is used to measure acute
angles. i.e. less than 90° (fig 2) obtuse angles i.e. more
than 90° (fig 3) for setting work-holding devices to angles
on machine tools, work-tables etc. (fig 4 & 5).

Fig 2

SM20N1106C2

Fig 3

SM20N1106C3

Fig 4

SM20N1106C4
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SM20N1106C5

Graduations on universal bevel protractor

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

« state the main scale graduations on the disc
« state the vernier scale graduations on the dial

» determine the least count of the vernier bevel protractor.

The main scale graduations (fig 1 & 2)

For purposes of taking angular measurements, the full
circumference of the disc is graduated in degrees. The
360° are equally divided and marked in four quardrants,
from O degree to 90 degrees, 90 degrees to 0 degree, 0 to
90 degrees 90 degrees to 0 degreee, 0 to 90 degrees and
90 degrees to 0 degrees. Every tenth division is marked
longer and numbered. Each division represents 1 degree.
The graduations on the disc are known as the main scale
divisions. On the dial, 23 divisions spacing of the main
scale is equally divided into 12 equal parts on the vernier.
Each 3rd line is marked longer and numbered as
0,15,30,45,60. This constitutes the vernier scale. Similar
graduations are marked to the left of 0 also (Fig 1)

Fig 1

SM20N1106D1

One vernier scale division (VSD) (Fig 2)

2t
12 12

The least count of the vernier bevel protractor

— 1055

When the zero of the vernier scale coincides with the zero
of the main scale, the first division of the vernier scale will
be very close to the 2nd main scale division. (fig 2).

Hence, the least count is

2MSD -1VSD
i.e.the L t t=2° 23,
.e. e Least count = -
| u 12
10
=12 70

For any setting of the blade and stock, the reading of the
acute angle and the supplementary obtuse angle is pos-
sible, and the two sets of the vernier scale graduations on
the dial assist to achieve this (fig 3).

‘\4/?3" MAIN SCALE
10 0 10

20

Fig 2

20

0

0 45 30 15 0 15 30456‘0

ONE DIVISION IS
1" 1=
17OF 23=1 4

12PARTS 12

SM20N1106D2

Fig 3

ACUTE ANGLE
(LESS THAN 90°)

OBTUSE ANGLE (MORE THAN 90°)

SM20N1106D3
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Reading of universal bevel protractor

Objectives: At the end this lesson you shall be able to
* read vernier bevel protractor for acute angle setting
* read vernier bevel protractor for obtuse angle setting.

For reading acute angle set up (fig 1)

First read the number of whole degrees between zero of
the main scale and zero of the vernier scale (fig 2)

Fig 1

SM20N1106F1

Note : the line on the vernier scale that exactly
coincides with any one of the main scale
divisions and determine its value in minutes.

To take the vernier scale reading, multiply the coinciding
divisions with the least count.

Fig 2

SM20N1106F2

Example 10 x 5" = 50’

Total up both the readings to get the measurements =
41050’

If you read the main scale in an anticlockwise direction,
read the vernier scale also in an anticlockwise direction
from zero.

Combination set

If you read the main scale in a clockwise direction, read
the vernier scale also in a clockwise direction from zero.
For obtuse angle set up (fig 3)

The vernier scale reading is taken on the left side as indi-
cated by the arrow (fig4) The reading value is subtracted
from 180° to get the obtuse angle value.

Reading 22°30’
Measurement
180°-22° 30'=157°30’

Fig 3

SM20N1106F3

SM20N1106F4

Objectives: At the end of this lesson you shall be able to
* identify the parts of a combination set

¢ state the uses of each attachment in a combination set.

Combination sets can be used for different types of works
like layout, measurement and checking of angles.

The combination set (Fig 1) has a
— protractorhead

— square head

— centrehead

— rule.

Protractor head (Fig 2) : The protractor head can be
rotated and set to any required angle.

The protractor head is used for marking and measuring
angles within an accuracy of 1°. The spirit level attached
to this is useful for setting jobs in a horizontal plane.
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Fig 1 CENTRE HEAD

PROTRACTOR HEAD \

SQUARE HEAD

SM20N1106G1

Fig 2

PROTRACTOR
HEAD Y

PROTRACTOR HEAD

SM20N1106G2

Square head (Fig 3) : The square head has one measuring
face at90° and anotherat45°to the rule. Itis usedto mark

Radius gauges

and check 90° and 45° angles. It can also be used to set
workpieces on machines and measure the depth of slots.

Fig 3

q
@

SM20N1106G3

Centre head (Fig 4) : This along with the rule is used for
locating the centre of cylindrical jobs.

Fig 4

CENTRE HEAD

SM20N1106G4

For ensuring accurate results, the combination
set should be cleaned well after use and should
notbe mixed with cutting tools, either while using
or storing.

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

« state the uses of radius gauges
* state the features of a radius gauge.

Radius gauges are used to check the internal and external
radius of workpieces.

These gauges are made of high quality steel sheetsand are
finished to accurate radius. Radii of parts are checked by
comparing the radius of the gauges.

Radius gauges are available in sets of several blades held
inaholder. Each blade can be separately pulled out ofthe
holder when in use.

The size of the radius is marked on the individual blades of
the gauges. (Fig 1)

Fig 1

anCr

SM20N1106K1

These gauges are available in different combinations with
internal and external radius. (Fig2 & 3)

Fig 2 EXTERNAL
INTERNAL

INTERNAL

SM20N1106K2

Individual gauges are also available for different radii.
(Fig 4)
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1 ﬂ,

SM20N1106K3

INTERNAL RADII

EXTERNAL RADII

Screw Pitch gauge

Fig 4

SM20N1106K4

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

* state the purpose of a screw pitch gauge

* state the constructional features of a screw pitch gauge.

Purpose: A screw pitch gauge is used to determine the
pitch of a thread.

Itis also used to compare the profile of threads.

Constructional features: Pitch gauges are available with
a number of blades assembled as set. Each blade is
meant for checking a particular standard thread pitch. The
blades are made of thin spring steel sheets and are
hardened.

Some screw pitch gauge sets willhave blades provided for
checking British Standards threads (BSW, BSF etc) at
one end the Metric standard at the other end.

The thread profile on each blade is cutforabout 25 mmto
30 mm length. The pitch of the blade is stamped on each
blade. The standard and range of the pitches are marked
on the case. (Fig 1)

Fig 1

SM20N1106M1

Standard wire gauge

For obtaining accurate results while using the screw pitch
gauge, the full length of the blade should be placed on the
threads. (Fig 2)

Fig 2

USING SCREW PITCH GAUGE

SM20N1106M2

Objectives: At the end of this lesson you shall be able to
* state the use of the standard wire gauge

» state some important hints in using standard wire gauge
* state the metal thickness in mm for the given gauge numbers.

The job drawing indicate only gauge or thickness of the
sheet to be used. Before starting the work identify the
correct thickness of the sheet. The thickness of the sheet
is measured with the help of the standard wire gauge.

The gauge consist of adisc shape smoothened steel metal
piece with numerous slots around the outside edge. These
slots are of various width and correspond to certain gauge
number. (Fig 1)

Gauge number is stamped on one side of each slot and on the
other side, the decimal part of an inch is stamped to show
the thickness of the sheet and the diameter of the wire.

Thickness of the sheetis checked by inserting the edge of
the sheetinthe appropriate slot of the standard wire guage.

Wire diameter is checked by inserting the wire only in the
slot, and not in the circle. (Fig 2)
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Fig 1 Fig 2

SM20N1106N2

STANDARD /)
WIRE GAUGE

STANDARD WIRE GAUGE

SM20N1106N1

Table 1
SWG TO INCHES AND MM
SWG NO INCHES MM SWG NO INCHES MM
00 .3437 8.729 18 .0480 1.257
0 .3125 7.937 19 .0418 1.118
1 .2812 7.142 20 .0359 .996
2 .2656 6.846 21 .0329 .886
3 .2391 6.073 22 .299 794
4 .2321 5.895 23 .0269 .707
5 .2092 5.321 24 .0230 .629
6 11943 4.935 25 .0209 .560
7 1793 4.770 26 .0179 498
8 .1644 3.988 27 .0164 443
9 1495 3.551 28 .0149 .396
10 .1280 3.175 29 .0135 .353
11 .1196 2.827 30 .0120 .315
12 .1046 2.517 31 .0109 .276
13 .0897 2.240 32 .0101 .256
14 .0747 1.994 33 .0093 236
15 .0673 1.775 34 .0085 .251
16 .0640 1.587 35 .0073 .185
17 .0538 1.412 36 .0079 A77

Scriber/Scratch awl

Objectives: At the end of this lesson you shall be able to
* state the features of scribers

¢ listthe types of scribers

* state the uses of a scriber.

Inlayout work, itis necessary to scribe lines to indicate the at one end angle of 10° to 20°. Scriber working point is
dimensions of the workpiece to be cut or folded. hardened and tempered.

Itis made out of high carbon steel about 3 to 5 mm dia. for Scribers are available in different types and sizes.
drawing clearlines on sheet metal, working pointis ground Types of scribers (Fig 1)
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Fig 1
KNURLED BODY
SCRATCH AWL
;oc
BEND SCRIBER /

2
WORKING POINT 8
z
STRAIGHT SCRIBER ]
[l

Dividers

— Straightscriber
— Bendscriber
— Scratch AWL

Scriber points are very sharp and they are to be handled
very carefully. Do not putthe scriberinyour pocket. Place
a cork on the point, when not in use to prevent accidents.

Fig 2

<
SM20N110602

Objectives: At the end of this lesson you shall be able to
* state the uses of dividers
* state the specification of dividers

 state the important aspects to be considered in respect of divider points.

Dividers are used for scribing arcs and circles, and step-
ping of distances. (Figs 1,2&3)

Dividers are available with firm joints and spring joints. (Fig
1 & 4) The measurements are set on the dividers with a
steel rule.

Constructionalfeatures : Spring dividers are made oftwo
steel, sharp pointed legs. The points are hardened and
tempered. Thelegs are joined by a fulcrumroller and bow
spring. The distance should be adjusted between the
points with a ball headed screw and knurled nut. A pegis
provided on the top of the bow spring for easy handling.

Fig 1

FIRM JOINT DIVIDER

SM20N1106P1

Fig 2

SM20N1106P2

Fig 3

STEPPING DISTANCES

SM20N1106P3

The size of dividers ranges from 50 mm to 200 mm. The
distance from the point to the centre of the fulcrum roller
(pivot) is the size of the divider. (Fig 4)
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Forthe correctlocation and seating of the dividerlegs, prick
punch marks of 30° are used.

Thetwolegs ofthe divider should always be of equal length.
(Figs)
Dividers are specified by the type of their joints and length.

Fig 4 PEG
SPRING

\ FULCRUM ROLLER

I
T~ BALL

KNURLED NUT

SIZE

WASHER

\ LEG

SPRING JOINT DIVIDER

SM20N1106P4

Wing compass

The divider point should be kept sharp in order to produce
fine lines. Frequent sharpening with an oilstone is better
than sharpening by grinding.

Sharpening by grinding will make the points soft.

Fig 5

SM20N1106P5

Objectives: At the end of this lesson you shall be able to
* identify the part of a wing compass

* state the use of the wing compass

* state the specification of the wing compass

» state some important hints on the wing compass

* state the use of a trammel beam.

Wing compass is used for scribing circles, arcs and for
transforming and stepping off distances. (Fig 1,2 and
3)

Fig 1

SM20N1106S1

Fig 2

SM20N1106S2

Fig 3

SM20N110683

Compasses are available with (A) Firm joints (B) Wing (C)
Spring joints and (D) Beam Compass or Trammel. (Fig 4)

The measurements are set on the wing compass with a
steel rule.

The sizes of awing compass range between 50 mm to 200
mm. The distance from the point to the centre of the rivet
is the size of the wing compass. (Fig 5)

For the correct location and seating of the wing compass
legs, 60° dot punch mark is indented.(Fig 6)

The beam compass (or) Trammelis used to scribe acircle
oran arc with alarge diameter which cannot be scribed by
a wing compass. (Fig 7)

Parts of the wing compass are shown in Fig 8.
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Fig 4

Fig 8

WASHER

SLOTTED WING

LOCKING SCREW

SM20N1106S8

The two legs of the compass should always be equal in
length. (Fig 9)

SM20N110654

Fig 5

Fig 9

X
&) )

SM20N1106S9

SM20N1106S5

Compass are specified by the type of the joints and length.
When using spring type wing compass the measurement
once taken will not vary while marking.

The compass point should be kept sharp, in order to
producefinelines. Frequentsharpening with an oilstone is
betterthan sharpening by grinding. (Fig 10) Sharpening by
grinding will make the points soft.

Fig 6

SMALL DOTAT
INTERSECTION

SM20N1106S6

Fig7

Fig 10
9 SHARPEN OUTSIDE POINTS TOUCHING
SURFACES ONLY LENGTHS EQUAL

KEEP DIVIDERS SHARP

SM20N1106SA

€ (o

M20N1106S7

S|
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Trammels

Objectives: At the end of this lesson you shall be able to
* state the uses of Trammels.

dimension. Fig 3 show how the properties of arightangled
triangle can be used to setouta perpendicularline by using
trammel set.

Beam Trammels and taper measures: Trammel set is
used for striking lines at 90° to each other, and also for

measuring the distances accurately. Itis a usual practice

for the craftsman to use a pair of trammel heads or ‘trams’ Fig 2
and any convenient beam such as a length of wooden
batten. The arrangement of the trammel for fine adjustment C
for accurate marking out is shown in Fig 1. BEAM TRAMMELS SN
/ \
Fig 1 / \
TRAM OR HEAD \
\ DATUM LINE
WOODEN BEAM \\
BEAM CLAMPING SCREW 90’/‘\30 \q
A D B| o
(AD=DB AND AC=CB) g
USE OF TRAMMELS TO CONSTRUCT A RIGHT ANGLE g

SPECIAL BOWED SCRIBER Fig 3
(SEE ACCURATE SETTING) 19 c
= A~
3 AN
FINE ADJUSTMENT SCREW ?_ \\
g N
3 3 \\5
\\
The 90° angle lines i.e lines square with each other, may N DATUMLINE
be set out, with the aid of the beam trammel set or steel ) \\
tape as shown in Fig 2. N\ . N
. . . A B ©
The normal accuracy obtainable when marking outwith the 2
diViderS, and the trammels iS Wlthln O 1 5 mm Of the true USE OF TRAMMELS AND STEEL TAPE TO CONSTRUCT A RIGHT ANGLE. g
APPLICATIONS OF BEAM TRAMMELS AND STEEL TAPE (MAKING OUT) g
)

Punch

Objectives: At the end of this lesson you shall be able to
« state the constructional features of a punch

* state the use of a punch

* state the care and maintenance of a punch.

Punches are hand tools, used to make indentation marks, Fig 1
make holes and to remove pins from holes in sheet
metal working.
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The punches are available in different types. (Fig 1)
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They are made from high carbon steel, the forging angle
(tapered portion) and the head are annealed. (Fig 2)

The round knurled stemis to give agood grip. The working

pointis hardened and tempered. CENTRE PUNCH
DOT PUNCH PRICK PUNCH
Dot punch (Fig 3): The angle of the dot punch is 60° used
formarking light punch mark needed to position compass.
Dot punch markis used to locate the point of the compass
for scribing circles as shown in Fig 4.
SOLID PUNCH HOLLOW PUNCH é

44 CG & M : Sheet Metal Worker - (NSQF Revised 2022) R.T. for Ex. No 1.1.06



Fig 2
CHAMFERED STRIKING HEAD

KNURLED STERN

SM20N1106V2
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Fig 3
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Types of marking punches

Fig 4

SM20N1106V4

SPECIFICATION

Dot punchis specified by the length and the diameter of the

punch.

Care and maintenance: Keep the head free of burrsif not,
it will lead to mushroom head.

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

* state the different punches used in marking
* state the feature of each punch and its uses.

Punches are used in order to make certain dimensional
features ofthe layout permanent. There are three types of
punches. They are

— Centrepunch
— Prick punch
— Dot punch.

Centre punch: The angle of the point is 90° in a centre
punch. The punch mark made by this is wide and not very
deep. Thispunchis usedforlocating holes. Thewide punch
mark give a good seating for starting the drill. (Fig 1)

Prick punch: The angle of the prick punch is 30°. This
punch is used for making light punch marks needed to
position dividers and trammels. The divider leg will geta
proper seating in the punch mark. (Fig 2)
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CG&M

Related Theory for Exercise 1.1.07

Sheet Metal Worker - Basic Fitting Processes

Cutting Tool

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

* state the uses of straight snips
* state the parts of straight snips
 state care and maintenance.

A snip is also called a hand shear. Itis used like a pair of
scissors to cut thin soft metal sheets. Snips are used to
cut sheet metal upto 20 S.W.G.

Uses of straight snips: The straight snips are used to cut
sheet metal along straight lines and outer sides of curves.

Parts of straight snips are shown in Fig 1.

Fig 1

FACE OF BLADE PIVOT

OVER ALL LENGTH

SM20N110711

While cutting a sheet metal, blades are pressed against
the sheet, which causes shearing tension from both sides
as shown in Fig 2 and the cutting action takes place.

Fig 2

SHEAR BLADE

WORKPIECE

f

SHEARING TENSION OCCURS HERE

SHEAR BLADE

SM20N110712

Cutting edge of the blade and clearance: Clearance
between the blades should be free but without gap. For
straight snips, cutting angle is 87°.

Ifthe clearance istoolarge it cause unclean cut, chamfered
and jamming of work piece as shown in Fig 3.

Tl

CLEARANCE TOO LARGE

Fig 3

SM20N110713

46

Types: There are two types of snips
1 Straight snip
2 Bentsnip

Specification: Snips are specified by its overalllength and
the shape of the blade. (snips are available in 150 mm, 200
mm, 300 and 400 mm overall length) Ex.200 mm, straight
snips.

Safety: Avoid cutting wires and nails, if so the cutting edge
of the blade becomes damaged (Fig 4).

Fig4

WIRE OF
NAIL

SM20N110714

Avoid cutting hard sheet metal, if so the blade becomes
blunt.

Due to wear and tear, the cutting edge of the blades
becomes blunt. Toresharpen the blade, the cutting angle
alone should be groundtoan angle of 87° (Fig 5) and should
not grind the face of the cutting side of the blade. (Fig 6)

Fig 5

87°

SM20N110715

Fig 6

FACE OF
THE BLADE

SM20N110716




Bend snips

Objectives: At the end of this lesson you shall be able to
* state the use of the bend snips

* state the parts of the bend snips

* state the specification of the bend snips.

The bend snips are used to cutthe inside curved lines and
for trimming curved edges as shown in (Fig 1).

Fig 1

=

I oV
\‘\
(>

MARKING OFF LINE

MARKING
OFF LINE

SM20N110721

Parts of the bend snips are shown in fig 2. The blades of
the bend snips are curved. (Fig 2)

Fig 2

STOPPER

HANDLE

/ RIVET
BLADE

M20N110722

S|

Specification: Bend snips are specified by their overall
length. Bend snips are available in 150, 200, 300 and 400
mm length.

Type of shears

Tinman’s shears is sometimes called straight shears.
Universal combination shears or Gilbow shears.
Pipe shears

Scotch shears

Block shears

O g B~ W N =

Rohdes shears
USES

Tinmans shears (Fig 3): It is used for making straight
cuts and large external curves upto the thickness of 18
SWG. Cutting angle of a shears is 87°. The cross
sectional view of the cutting blades is shown in Fig 3.

Fig 3

/

)

SM20N110723

Never grind the face of the blade.

Universal combination shears or Gillow shears (Fig 4)

Fig 4

FACE TO BE KEPT FLAT

87°
EDGE TOBE
GROUND O

SM20N110724

Its blades are designed for universal cutting, straightline or
internal and external cutting of curves may be righthand or
lefthand, easily identifiable as the top blade is eitheron the
right or the left.(Fig 5)

Fig 5

U

/

Pipes shears (Fig 6): It is applied as bend shears in all
cases, particularly itis used to trim the edges of the pipes.

SM20N110725

Fig 6

|

SM20N110726

Scotch shears (Fig 7): Itis a shape as shownin the Fig 9.
Its handles are formed as eye holes to give extragripto the
hands. Itis also used as Tinman’s shears.

Fig 7

e

N

SM20N110727
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Block shears (Fig 8): One ofthe handle of the shearis bent
downwards as showninthefig. The bending portion should
be fixed ontheiron plates hole and the upper handle willbe
held by the worker. Itis used in mass production purposes.

Fig 8

=

SM20N110728

Types of Shears

Rohdes shears: Its one handle is shorter in length as
compared with the other handle as shown in (Fig 9).

Fig 9

="

The short handle is to be pressed by the right leg of the
worker and the other handle should be held by the right
hand. Itis used to cut lengthy sheets.

SM20N110728

Shearing force: To produce the maximum cutting force,
the hand must be kept farfromthe rivet and the metal being
cut must be kept close to the rivet.

Objectives: At the end of this lesson you shall be able to
* state the types of shears and their application.

Hawk Billed shears (Fig 1): Itis used for the inside cutting
ofanintricate work. The snips have narrow curved blades
that allow you to make sharp turns without bending the
metal.

Fig 1 -
e = ::

HAWK-BILLED SHEAR

SM20N110731

Aviation shears (Fig 2): It can be used for all kinds of
cutting. These are made with left, right or universal cutting
blades.

Fig 2

SM20N110732

AVIATION SHEAR

Bench shears (Fig 3): These are designed to have one
handle heldin a vice or bench plate, while the other handle
is moved up and down.

Fig 3

—s———
5

BENCH SHEAR

SM20N110733

They can cut 16 gauge to 18 gauge thickness sheet
metal.

Double cutting shears (Fig 4): These shears have three
blades used to cut around cylindrical objects, such as
cansand pipes. Asingle blade is pushed through the metal

to sheet to cut.

DOUBLE CUTTING SHEAR

Fig 4

SM20N110734

Electric Portable Shear (Fig 5): Electric shears are used
to cutcorrugated metal sheets orasheet metal of 18 gauge
thickness or lighter sheet metals.

Fig 5

SM20N110735

The shear point can be inserted with alight hammer blow.
Successive blows will drive the shear on a scribed line for
almost any shape like inner circles,zig zag, curvature line
easily. A strip of metal about 3"/32 (2.5 mm) wide is
removed in this shearing operations.
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Hand lever shears

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

¢ identify the hand lever shear
* state the principle of working

* state the constructional feature parts and their functions.

Hand lever shear is a hand operated machine used to cut
sheet metal upto a thickness of 3 mm (10 SWG). When
the machine is mounted on the bench, itis called a hand
lever bench shear. It may also be mounted on the flood,
over a small platform. Itis used for cutting along straight
lines and convex cutting of sheet metal.

Fig 1

/ LEVER HANDLE

BODY

UPPER BLADE

CLAMPING DEVICE
LOWER BLADE

SM20N1109Z61

The lower blade of the hand lever shear is fixed (bottom
blade) and the upper blade is pivoted at an angle.

The sheetbeing cutis prevented from tilting by a clamping
device, which can be adjusted to the thickness of the
sheet.

The knife cutting edge of the upper blade is curved so that
the opening angle at the point of cut remains constant.

As the upper blade moves down on the sheet metal, the
metal is subjected to shearing force, which causes defor-
mation of the metal. (Fig 2&3)

After a certain amount of plastic deformation, the cutting
memberbeginto penetrate. The uncut metalwork, harden
at the edge (Fig 4).

Fracture begins to runinto the work hardened metal from
the point of contact of the cutting members. When these
fractures meet, the cutting members penetrate the whole
of the metal thickness. (Fig 5)

Fig 2
MOVING BLADE ——7 H

METAL TO BE SHEARED\

\/ZH FIXED BLADE
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Fig 3
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Fig 4

METAL WORK-HARDENS

%\
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Fig 5

METAL SHEARS BEFORE
CUTTING MEMBERS
FULLY PENETRATE

§ \

I

SM20N110745

%,

Blade clearance is very important and should not exceed
10 percent of the thickness to be cut and should suit the
particular material.

Results ofincorrectand correct setting of shear blade
are as follows.

1 Excessive clearance causes a burr to form on the
underside of the sheet as shown in the (Fig 6).

2 Withnoclearance, overstrainis caused, the edge ofthe
sheet becomes flattened on the under sides as shown
in (Fig 7).

3 With the correct clearance, optimum shearing results
are obtained as shown in (Fig 8).
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Fig 6

TOO MUCH CLEARANCE
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Fig 7 %
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Hacksaw frame and blade

Fig 8

CORRECT CLEARANCE

222222
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Objectives: At the end of this lesson you shall be able to
* identify the parts of a hacksaw frame
» specify hacksaw frames

* state the different types of hacksaw frames and their uses.

The hand hacksaw frame is used along with a blade to cut
metals of different sections. It is also used to cut slots and
contours.

The parts are identified in Fig 1.
TYPES OF HACKSAW FRAMES

The two differenttypes of hacksaw frames are, solid frames
and adjustable frames.

Solid frame : Only a particular standard length of blade
can be fitted to this frame.

Adjustable frame (Flattype) : Different standard lengths
of blades can be fitted to this frame.

Adjustable frame (Tubular type) (Fig 1) : This is the most
commonly used type. It gives a better grip and control,
while sawing.

Fig 1
FRAME LENGTH
ADJUSTMENT

HANDLE

‘ RETAINING PIN

ADJUSTABLE
BLADE HOLDER

FIXED BLADE
HOLDER
WING NUT

SM20N110751

For proper working, itis necessary to have frames of rigid
construction.

Hacksaw blades (Fig 2) : Ahacksaw blade is a thin narrow
steel band with teeth, and two pin holes at the ends. ltis
used along with a hacksaw frame. The blade is made of
eitherlow alloy carbon steel (LA) or high speed steel (HSS)
and in standard lengths of 250 mm and 300 mm.

Fig 2

SM20N110752

TYPES OF HACKSAW BLADES

Two types of hacksaw blades are available - hard blades
and flexible blades.

All-hard blades : These are hardened to the full width
between the pin holes.

Flexible blades : Forthese types of blades, only the teeth
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are hardened. Because of their flexibility, these blades are
useful for cutting along curved lines.

Pitch of the blade (Fig 3): The distance between adjacent
teeth is known as the ‘pitch’ of the blade

Fig 3
PITCH
i :
Classification Pitch
Coarse 1.8 mm
Medium 1.4 mm & 1.0 mm
Fine 0.8 mm

Pitch selection : For soft materials such as bronze, brass,
soft steel, castiron, heavy angles etc use a 1.8 mm pitch
blade. (Fig4)

Cold chisel

Fig 4 V /I

SM20N110754

MORE CHIP CLEARANCE

For tool steel, high carbon, high speed steel etc. use 1.4
mm pitch. For angle iron, brass tubing, copper, iron pipe
etc. use a 1 mm pitch blade. (Fig 5)

Fig3 IZW

SM20N110755

TWO OR MORE TEETH ON SELECTION

For conduit and other thin tubing, sheet metal work etc.
Use a 0.8 mm pitch blade. (Fig 6)

Objectives: At the end of this lesson you shall be able to
* list the uses of a cold chisel

* name the parts of a cold chisel

« state the different types of chisels and its uses.

A cold chisel is a hand cutting tool used by fitters for
chipping and cutting off operations.

Chipping is an operation of removing excess metal, layer by
layerwith the help of a chiseland hammer. Chipped surfaces
being rough, they should be finished by filing. (Fig 1)

Fig 1

SM20N110761

Parts of a chisel (Fig 2) : A chisel has the following parts.

— Head
— Body
— Point or cutting edge

Chisels are made from high carbon steel or chrome
vanadium steel. The cross-section of chisels is usually
hexagonal oroctagonal. The cuttingedgeis hardened and
tempered.

Flg 2 Z‘L{ HEAD

- A

™
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/ BODY

|
|
|
|
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|

POINT

—

-

SM20N110762

Types of chisels and its uses: The commonly used
chisels are

— Flat chisel

— Cross-cut chisel

— Halfround nose chisel

— Diamond point chisel

— Web chisel/Punching chisel.

Flat chisels (Fig 3) : To cut sheet metals, remove metal
from large flat surfaces and chip excess metal in welded
joints and castings.

Cross-cut or cape chisels (Fig 3) : To cut keyways,
grooves and slots.

CG & M : Sheet Metal Worker - (NSQF Revised 2022) R.T. for Ex. No 1.1.07 51



Fig 3

FLAT CHISEL

SM20N110763

CROSS CUT CHISEL

Halfround nose chisels (Fig4): To cutcurved grooves (oil
grooves)

Fig 4

HALF ROUND CHISEL

SM20N110764

Diamond point chisels (Fig5): To square the jobs atthe
corners.

Web chisels/punching chisels (Fig 6) : To seperate
metals after chain drilling.

Angles of chisels

Fig 5

DIAMOND POINT CHISEL

SM20N110765

Fig 6

Z

WEB CHISEL

SM20N110766

Chisels are specified according to their

length

width of cutting edge
type/shape of the cutting edge
cross-section of body.

Thelength of chisels ranges from 150 mmto 400 mm. The
width of the cutting edge varies according to the type of
chisels.

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

 select the point angles of chisels for different materials

« state the different cutting angles of a chisel
* state the effect of rake and clearance angles.

Point angles and materials: Point/cutting angle of a
chisel depends on the material to be chipped. Sharp
angles are given for soft materials, and wide angles for hard
materials.

The correct point angle and angle of inclination generate
the correct rake and clearance angles. (Fig 1)

Fig 1
POINT
ANGLE

RAKE ANGLE — |

Ve

4 o

B ANGLE OF
INCLINATION

Z CLEARANCE
ANGLE

SM20N110771

Rake angle: Rake angle Y is the angle between the top
face ofthe cutting point, and normal to the work-surface at
the cutting edge.

Clearance angle : Clearance angle ‘o’ is the angle
between the bottom face of the point and tangent to the
work-surface originating at the cutting edge.

If the clearance angle is too low or zero, the rake angle
increases. The cutting edge cannot penetrate into the
work. The chisel will slip. (Fig 2)

Ifthe clearance angleis too much, the rake angle reduces.
The cuttingedge digsin, and the cut progressively increases.
(Fig3)

Fig 2

TOO LOW

—— WORK

SM20N110772
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Fig 3 Material to Point (B) Angle
be cut angle inclination
, INCUNATION

/ TOO HIGH High carbon steel 65° 39.5°

! Castiron 60° 37°
- g Mild steel 55° 34.5°

e WORK § Brass 50° 32°
. Copper 45° 29.5°

Aluminium 30° 220

Pliers

At the end of this lesson you shall be able to
* state the features of pliers
* state the uses of pliers.

Features

Pliers have a pair of legs joined by a pivot, hinge orfulcrum
pin. Each leg consists of a long handle and a short jaw.

Elements of pliers with two joint cutters (Fig 1)
(Combination pliers)

[J Flatjaw

Pipe grip

Side cutters

Joint cutters

Handles

Features (Fig 1)

Flatjaw tips are serrated for general gripping. Side cutters are provided for cutting off soft wires.
(Fig 3)

O 0Ood

SM20N110782

Fig 1

Fig 3

FLAT GRIP
PIPE GRIP

O JOINT CUTTERS
SIDE CUTTERS

Two joint cutters are provided for cutting or shearing off
steel wires. (Fig 4)

[/

SM20N110783

HANDLES
Handles are used for applying pressure by hand.

Pliers are available in sizes from 150 mm to 230 mm.

SM20N110781

(Size = Overall length)
OTHERTYPES OF PLIERS

Flat nose pliers

Pipe grip is serrated for gripping cylindrical objects.
(Fig2)

Ithas tapered wedge jaws with flat gripping surfaces which
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may be either smooth or serrated. (Fig 5)

Fig 4

SM20N110784

Fig 5

/4
\\\

Itis used for bending and folding narrow strips of thin sheet
metal. (Fig 6)

Fig 6

SM20N110786

Round nose pliers

Thistype of pliers ismade with tapered round shaped jaws.
(Fig 7) They are used to shape loops in wires and to form
curves in light metal strips. (Fig 8)

Fig 7

SM20N110787

SM20N110788

Slip-joint pliers

These pliers are available in various ranges of positions with
different shapes of pivot pins so that they have various
ranges of jaw openings.

Mainly used for gripping. (Fig 9)
End cutting pliers

These pliers have the same uses as the side cutting pliers.
(Fig10)

Fig 9

SM20N110789

SM20N11078A

Circlip pliers

Circlip pliers are used for fitting and removing circlips in
assembly works.

External circlip pliers

External circlip pliers are used to fit and remove the
external circlip in the grooves of the shafts.

Internal circlip plier

Itis used tofitand remove the internal circlip in the groove
of the bore. (Fig 11)

Slip-joint, multi-grip pliers

Itis similar to the grip pliers but has more openings in the
legs. It gives a range of jaw openings. It allows parallel
gripping by the jaws in a number of positions. (Fig 12)
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Fig 11
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SM20N110788

SM20N11078C

The shape and length of the leg are different from those of
the slip-joint pliers. (Fig 13)

SM20N11078D

Side cutting pliers

Itis made with jaws set at an angle. (Fig 14)

Fig 14

£
R

SM20N11078E

Elements of a file

They are used for shearing off wires in confined spaces and
cutting offwires close tothe surface level. (Fig 15) They are
also used for spreading the cotter pin. (Fig 16)

Locking pliers

The locking lever of the locking pliers is attached with a
movable handle which clamps the jaws on to an object of
any shape. (Fig 17)

Fig 15

SM20N11078F

SM20N11078G

It has high gripping power.

The screw in the handle enables adjustment of the lever
action to the work size.

Fig 17

SM20N11078H

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

* identify the elements of a file.

Methods of material cutting : Filing is a method for
removing excess material from a workpiece by using afile
which acts as a cutting tool. Figure shows how to hold a
file. Files are available in many shapes and sizes.

Materials : Generally files are made of high carbon or high

grade cast steel. The body portion is hardened and

tempered. The tangis however, not hardened.
Tip or point — the end opposite to tang

— the broad part of the file with teeth
cut on its surface

Face or side
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Edge — thethin part of the file with a single ,
Fig 1
row of parallel teeth FERRULE
Heel — theportion ofthe broad part without
teeth
Shoulder — the curved part of the file separat- FILE LENGTH MANDLE
ing tang from the body. SHOULDER
Tang — the narrow and thin part of a file HEEL
which fits into the handle 5
Handle — thepartfitted tothe tang forholding EDGE £
the file TIP OR POINT SIDE (FACE) g
Ferrule — a protective metal ring to prevent
cracking of the handle.
Cuts of file
Objectives : At the end of this lesson you shall be able to
* name the different cuts of files
* state the uses of each type of cut.
Theteeth of afile are formed by cuts made onitsface. Files
have cuts of different types. Different cuts have different Fig 3

uses.

Types of cuts (Fig 1) :
cuts.
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SINGLE CUT DOUBLE CUT

Basically there are four types of

0000000
0060000
00060000
000000
00060000
00600060
06000000
00600060
06000000

CURVED CUT

TYPES OF FILE CUT

SM20N1107A1

Single cut, double cut, rasp cut and curved cut.

Single cut file (Fig 2) : A single cut file has rows of teeth
cut in one direction across its face. The teeth are at an
angle of 60° to the centre line. It can cut chips as wide as
the cutof the file. Files with this cut are useful for filing soft
metals like brass, aluminium, bronze and copper.

Single cut files do not remove stock as fast as double cut
files, but the surface finish obtained is much smoother.

— \\\\\\\\W\\\\\\\\\\\\\\\\\\\

SINGLE CUT FILE

Fig 2

SM20N1107A2

Double cut file (Fig 3) : Adouble cut file has two rows of
teeth cut diagonal to each other. The first row of the teeth
isknownas OVERCUT and they are cutatan angle of 70°.
The other cut, made diagonal to this, is known as UPCUT,
andisatanangle of 51°. Thisfile removes stock fasterthan
the single cut file.

N

SM20N1107A3

DOUBLE CUT FILE

Rasp cut file (Fig 4) : The rasp cut has individual sharp
pointed teeth in a line and is useful for filing wood, leather
and other soft materials. These files are available only in
halfround shape.

Curved cut file (Fig 5) : These files have deeper cutting
action and are useful for filing soft materials like - alu-
minium, tin, copper and plastic. The curved cut files are
available only in a flat shape.

Fig 4

RASP CUTFILE

SM20N1107A4

Fig 5

CURVED CUTFILE

SM20N1107A5

The selection of a file with a particular type of cut
is based on the material to be filed. Single cut
files are used for filing soft materials. There are
certain special single cut files also, used for

sharpening hand saws.
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File shapes

Objectives: At the end of this lesson you shall be able to
* state the features of flat and hand files
 state the application of flat and hand files.

Fig 1
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Files are made in different shapes so asto enable tofile and
finish components to different shapes.

The shape of files is usually specified by their cross
section.

Thefiles useful for this exercise are flat files and hand files.

Flat files (Figs 1 & 2) : These files are of a rectangular
cross-section. The edges along the width of thesefiles are
parallel up to two-thirds of the length, and then they taper
towards the point. The faces are double cutand the edges
single cut. Thesefiles are used for general purpose work.
They are useful forfiling and finishing external and internal
surfaces.

Fig 2

a

AA

SM20N110782

Hand files (Fig 3) : These files are similar to the flatfiles
in their cross-section. The edges along the width are
parallel throughoutthe length. The faces are double cut.
One edge is single cut whereas the other is the safe
edge. Because of the safe edge, they are useful for filing
surfaces which are at right angles to surfaces already
finished.

Fig 3
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SM20N1107B3

Flatfiles are general purposefiles. Theyare availableinall
grades. Hand files are particularly useful for filing at right
angles to a finished surface.

or filing and finishing different profiles, files of different
shapes are used.
The shape of files is stated by its cross-section.

Common files of different shapes
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— Flatfile, hand file, square file, round file

— Half-roundfile, triangularfile and knife-edgefile (Flatand
hand files have already been discussed.)

Square file : A square file is used for filing square holes,
internal square corners, rectangular openings, keyways
and splines. (Fig 4)

Fig4

N\

N

SQUARE FILE

SM20N1107B4

Roundfile : Aroundfile is used forenlarging circular holes
and filing profiles with fillets. (Fig 5)

Fig 5

SM20N1107B5

ROUND FILE

Half round file : A half round file is in the shape of a
segment of a circle. It is used for filing internal curved
surfaces. (Fig 6)

Triangular file : A triangular file is used for filing corners
and angles which are more than 60°. (Fig 7)
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SM20N1107B6

Fig7 v

SM20N1107B7

TRIANGULARFILE

Drill (Parts and function)

Knife-edge file : A knife-edge file has the cross-section
ofasharptriangle. Itis used forfiling narrow grooves and
angles above 10°. (Fig 8)

Fig 8 ?

KNIFE EDGE FILE

SM20N1107B8

Theabovefiles have one third of theirlengths tapered. They
are available both in single and double cuts.

These files are available in lengths of 100, 150, 200, 250,
300and 400 mmand are made in bastard, second cutand
smooth grades.

Objectives: At the end of this lesson you shall be able to
* state the function of drills

¢ identify the parts of a drill

* state the function of each part of the drill.

Drilling is a process of making holes on workpieces. The
toolusedisdrill. Fordrilling, the drillis rotated in clockwise
direction with a downward pressure causing the tool to
penetrate into the material. (Fig 1)

Fig 1
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SM20N1107C1

Parts of a drill

The various parts of adrill can be identified from the figure.
(Fig2)

Point: The cone shaped end which does the cutting is
called the point. It consists of a dead centre, lips or cutting
edges and a heel.

Shank : Thisis the driving end of the drill which is fitted on
the machine. (Fig 3) Shanks are oftwo types. Tapershank
is used for larger diameter drills, and straight shankis used
for smaller diameter drills.

LIP : LIP is the cutting edge which penetrates into metal
while drilling.

Fig 2 =$=

|
STRAIGHT /

SHANK

BODY CLEARANCE \ |
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Fig 3
TANG

TAPER
SHANK

FLUTE

MARGIN
FLUTE HEEL
LIP
DEAD

CENTER

SM20N1107C3

Tang: This is a part of the taper shank drill which fits into
the slot of the drilling machine spindle.

Body: The portion between the pointand the shankis the
body of the drill. The parts of the body are flute, land/
margin, body clearance and web.

Flutes: Flutes are the spiral grooves which runto the length
of the drill. The flutes help

to form the cutting edges
to cut the chips and
allow them to come out
the coolant to flow to the cutting edge.

Land/margin: The land/margin is the narrow strip which
extends to the entire length of the flutes.

The diameter of the drill is measured across the land/
margin.

Body clearance: Body clearance is the part of the body
which is reduced in diameter to cut down the friction
between the drill and the hole being drilled.

Web: Web is the metal column which separates the flutes.
Itgradually increases in thickness towardsthe shank.(Fig 4)

Fig 4

DEAD CENTRE
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SM20N1107C4
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CG&M
Sheet Metal Worker - Metal Cutting

Related Theory for Exercise 1.2.08

Sheet Metal Mallets & Hammers

Objectives: At the end of this lesson you shall be able to
* state the different types of mallets

* state the uses of mallets

 state the care and maintenance.

Malletis a shaping tool used for general purpose work like
flattening, bending and forming to required shape of sheet
metal.

These are made of hard wood

When using any metal hammer for flattening the sheet
metal, the face of the hammer may damage or leave
impression on the sheet more than whatis required for the
job. Toavoid suchdamage and aimpression, mallets are
used.

Types (Fig 1)

— Ordinary mallet
— Bossing mallet
— End-faked mallet
— Raw hide mallet.

Ordinary mallet: Both the faces of the mallets are provided
the little convexity. If the face is notin convex shape the
edges ofthe malletface will getfrozen while beating the job.
Mallets are specified by the dia and the shape of the face.
Mallets are available in 50 mm, 75 mm and 100 mm dia.
Avoid using the mallet as hammer for doing chipping and
to drive nails and work on the sharp corners.

Hammers

Fig 1
FACE

ﬁ

BODY HANDLE

ORDINARY WOODEN MALLET

1

BOOSING MALLET

‘9

END - PACKED MALLET

RAWHIDE MALLET

0

SM20N120811

If so the face will get damaged and the mallet is liable to
break.

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

* state the uses of an engineer’s hammer

¢ identify the parts of an engineer’s hammer
* name the types of engineer’s hammers

* specify the engineer’s hammer.

An engineers hammer is a hand tool used for striking
purpose while punching, bending, straightening, chipping,
forgingandriveting. (Fig 1)

Fig 1

SM20N120821

60

Parts of ahammer: The hammer’s head is made of drop-
forged carbon steel, while the wooden handle must be
capable of absorbing shock. The parts ofahammerhead
are the face, pein, check, eyehole, pole and neck. (Fig 2)

Fig 2
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Face: The face is the striking portion and slight convexity
is given to it to avoid digging of the edge. It is used for
striking while chipping, bending, punching, hollowing etc.

Peen: The peinis the other end of the head. Itis used for
shaping and forming work like riveting, forming, bending,
hollowing etc. The peinis of different shapes such as ball
pein, cross pein and straight pein. The face and the pein
are hardened. (Fig 3)

Fig 3
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BALL PEEN

Cheek: The cheek is the middle portion of the hammer
head. The weight of the hammer is stamped here.

This portion of the hammer head is left soft.

Eyehole: An eyehole is meant for fixing the handle. Itis
shaped to fit the handle rigidly. The wedges secure the
handle tight in the eye-hole. (Figs 4 & 5)

Fig 4
(Q—WEDGE é
[zl

Fig 5

POSITION
OF WEDGE

SM20N120825

Specification : An engineer’'s hammer is specified by its
weight and the shape of the pein. The weight varies from
125 grams to 1500 grams.

The weight of an engineer’s hammer, normally used for
marking purposes is 250 grams.

Sheet Metal Hammers

Application of hammer pein : The ball pein is used for
riveting. (Fig 6)

Fig 6 CYLINDRICAL END

1055)

RIVET
% 71T
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The cross pein is used for spreading the metal in one
direction. (Fig 7)

Fig7 @

The straight pein is used at the corners. (Fig 8)
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Fig 8

SM20N120828

Before using a hammer
- Make sure that the handle is properly fitted

- Select a hammer with the correct weight, suitable for
the job.

- Check the head and the handle for any cracks.

- Ensure that the face of the hammer is free from oil or
grease.

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

« state the names of sheet metal hammers

¢ state the constructional features of sheet metal hammers

 state safety precautions while using the hammers.

Inthe previous lessons, you learned about the Engineering
hammers such as Ball pane hammer, cross pane hammer
and straight pane hammer. Apart from these, there are

some special type of hammers used in sheet metal trade,
which are called sheet metal hammers.
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Theyare
Settinghammer
Rivetinghammer
Creasinghammer
Stretchinghammer
Hollowinghammer
Bullethammer

Planishinghammer

0 N O O b~ W0 DN -

Peeninghammer

Setting hammer: Its face is either round or square in
shape. Its paneistapered from the eye hole and the other
side is straight to the handle. The tip of the pane is
rectangular in shape, and slightly convexed. Itis used to
set up the seams, flaring the edge of the cylindrical jobs
and to set up the long channel also. lts face is used for
general purposes. (Fig1)

Fig 1
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SETTING HAMMER

SM20N120831

Riveting hammer: Riveting hammer’s face is round in
shape and the face is slightly convex. Its pane is long
tapered and straight to the handle vertically. Thetip ofthe
pane is blended.

Rivetinghammeris used tojump the rivet shanks andfinish
the rivet heads. (Fig 2)

Fig 2

RIVETING HAMMER

SM20N120832

Creasing hammer: Its both ends are sharpened and
cross to the handle. It is used to finish the wired edges,
false wiring edge and make corners of the sheet with the
help of a creasing stake. (Fig 3)

Fig 3

CREASING HAMMER

SM20N120833

Stretching hammer: Its shape s like a creasinghammer
but its pane ends are blended.

Itis used to stretch the sheets toincrease the length of the
sheet. It is mostly used in raising operation. (Fig 4)

Fig 4

SM20N120834

STRETCHING HAMMER

Hollowing hammer: Its both ends are shaped like ball
and well polished.

tis used to make hollowing operation on the metal sheet
and to remove the dents from the hollowed articles. This
hammer is mostly used for panel beating work. (Fig 5)

Fig 5

SM20N120835

HOLLOWING HAMMER

Bullet hammer: Its panes look like the hollowing hammer
but the body is longer than the hollowing hammer and
slightly bent. The pane ends are well polished and suitable
to work on deep portion.

It is used to draw deep hollowing where the hollowing
hammer cannot be used and also it is used to remove the
dents from the deep hollow portion. (Fig 6)

Fig 6

BULLET HAMMER

SM20N120836

62 CG & M : Sheet Metal Worker - (NSQF Revised 2022) R.T. for Ex. No 1.2.08



Planishing hammer: It's one face is square and other is
round in shape and well polished. Its pane is slightly
convex. This hammer is heavy in weight.

Itis used to give smooth surface finish to the jobs which are
hollowed and raised, and to planish the surface of the plain
sheets. (Fig7)

Fig 7

SM20N120837

PLANISHING HAMMER

Peening hammer: It's face is round and slightly convex
and a pane is just like stretching hammer. This hammer
is used to peen polished impressions on the spinned
aluminium job and hollowed copper, brass house hold
vessels. (Fig 8)

Fig 8

PEENING HAMMER

SM20N120838

Specification: The sheet metalhammers are specified by
the Type of pane and the weight of the hammer.

Example
1 Ib Planishing hammer
Safety precautions (Fig 9)

— Alwayshandle and face of the hammers should be free
from oil and grease.

— Face of the hammers should be free from scratches,
dents, splits, burrs, chips etc.

— The handle should be securely fitted to the head. The
wedge should be tight. (Fig 10)

Groover

Fig 9
9 SPLITS
SPLINTERS
CHIPS
SPLITS
OR
BURRS
WEDGE
MISSING 13
8
g
z
DO NOT USE HAMMERS WITH ANY OF THESE FAULTS <
w0
Fig 10
A
FEEL THAT HEAD
IS TIGHT
s
8
g
z
SAFETY CHECK g
[

— Hammersfitted with broken, cracked, splinted handles
should notbe used. Replace the handlesimmediately.
(Fig11)

%g;é {
N \
g;zg AN

K

FLYING HEADS ARE DANGEROUS

Fig 11

SM20N12083B

— Heads flying from poorly fitted or broken handle can
cause serious injuries.

— Always use a piece of soft metal between the hammer
and the hard steel.

— Neverhittwo hammerfaces togetherbecause the faces
would split and the chips would fly dangerously.

— Select the right hammer for that particular job.

Objectives: At the end of this lesson you shall be able to
* state the use of the groover

Hand Groover

A groove is made at the bottom of this tool to the required
width and depth.

This has a handle in square or hexagonal shape like chisel
to hold. This whole partis hardened and tempered. (Fig 1)

The hand groover is specified according to the size of the
groove ofthe groover.

To arrive the size (width) of the fold to suit a particular
groover, subtract the thickness by 3 times from the width
ofthe groove (Fig 2)
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Tools for hand riveting
Objectives: At the end of this lesson you shall be able to
* name the different tools used for hand riveting
* state the uses of different hand riveting tools.
The following tools are used for making efficient riveted  prift: This is used to align the holes to be riveted.(Fig 3)
joints.
Rivet set: A rivet set is used for bringing the sheet metal Fig 3

closely together afterinserting the rivetin the hole. Thisis
required while riveting thin plates or sheets with small
rivets.(Fig 1)

Fig 1

@
—— Qm
_

\
\ RIVET SET
\

{Jooo

SM20N120853

RIVET SNAP Hand riveter: This has a lever mechanism which exerts
| / pressure between the jaws when the handle is pressed.
§ (Fig4)
§1 ; ‘ This is useful for riveting copper or aluminium rivets.
E Y Interchangeable anvils can be provided.

Fig 4

SM20N120851

Dolly: This is used to support the head of the rivet which
is already formed and also to preventdamage to the shape
ofthe rivet head.

Snap: Therivetshapeis used toformthe final shape of the
rivet during riveting. Snaps are available to match the
differentshapes ofrivetheads.

Combined rivet set: This is a tool which can be used for
setting and forming the head.(Fig 2)

Flo2 Pop riveter: This is used for riveting pop rivets by hand.
The trigger mechanism squeezes the rivet and separates
the mandrel of the rivet. In this method, as the mandrel is

m being separated from the rivet, the head is formed on the

otherend.(Fig 5)
4 | %
S IS\ ﬁ>§
w RIVET SET
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Fig 5

SM20N120855

Screwdriver

Objectives: At the end of this lesson you shall be able to
* state the different types of screwdrivers and their uses

Screwdrivers are used to tighten orloosen screws and are
available in variouslengths. Fig 3

Standard screwdriver (Light duty) (Fig 1)

Fig 1

= —

%DD

SM20N120861

It is made of a round shank/blade with metal, wood or
moulded insulated material handle.

Standard screwdriver (Heavy duty) (Fig 2)

The shankis of square section for applying extra twisting
force with the end of a spanner. (Fig 3)

Fig 2 —

SM20N120863

For quickerapplication ratchet offset screwdrivers are also
available with renewable tips. (Fig 4)

I Fig 4

|
SM20N 120862
|
o
SM20N120864

Specification

Screwdrivers (Fig 5) are specified according to the
- length of the blade

- width of the tip.

Normal blade length: 45 to 300 mm. Width of blade: 3 to
10 mm.

The blades of screwdrivers are made of carbon steel or
alloy steel, hardened and tempered.
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Fig 5
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Screwdrivers for special uses

SM20N120865

Smallsturdy screwdrivers are available foruse where there
is limited space. (Fig 6)

Fig 6

/ INSULATION

SM20N120866

0

Screwdrivers with blades sheathed ininsulation are available
for the use of electricians. (Fig 7)

Fig 8

SM20N120868

Fig 9

SM20N120869

Fig 7

SM20N 120867

Hold the screwdriver axis in line with the axis of the screw.

While using a Philips screwdriver apply more downward
pressure.

Keep yourhand away to avoid injury due to slipping of the
screwdriver. (Fig 8)

Do not use screwdrivers with split or defective handles.
(Fig9)

n the case of damaged screwdrivers, the blades can be
ground (the faces will be parallel with the sides of the screw
slot) and used. While grinding ensure the end of the tips
is as thick as the slot of the screw.

While using screwdrivers on small jobs, brace the job on
the bench or hold them in a vice.(Fig 10)

Fig 10

SM20N12086A

Heavy duty screwdriver (London pattern) (Fig 11)

SM20N120868

Ithas aflatblade and is mostly used by carpenters for fixing
and removing wood screws.

Philips screwdriver (Fig 12)
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Fig 12
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SM20N12086C

These are made with cruciform (Fig 13) tips that are
unlikely to slip from the matching slots. (Fig 14) Philips
recess head screws are shown in (Fig 15).

Fig 13
# (DD
5
Fig 14 ———
A
w
Spanners

Fig 15

@
&

SM20N12086F

The sizes of Philips screwdrivers are specified by point size
1,2,3 and 4.

Offsetscrewdrivers (Fig 16)

%

These are useful in some situations (Fig 17) where the
normal screwdriver cannot be used because of the length
of the handle. They are also useful for applying greater
turning force.

SM20N12086G

Fig 17

= a

SM20N12086H

Objectives: At the end of this lesson you shall be able to
* state the uses of spanners of different sizes
* identify the size of a spanner.

A spanner is a hand tool with jaws or opening or a ring at
one end or at both ends for tightening or slackening nuts
and bolts and screw heads. (Fig 1) Itis made of drop-
forged, high tensile or alloy steel and heat treated for
strength.

Types of spanners
[J Openendspanners

[J Ringspanners

Open end spanners

They can be single-ended or double-ended.
Single-ended spanners (Fig 2)

These are general purpose spanners. Single-ended span-

ners are mostly supplied with machine tools for a specific
purpose.
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SM20N120871

;2

SM20N120872

Double-ended spanners (Fig 3)

Double-ended spanners are standard spanners having two
different size openings. Some spanners are made of
chrome vanadium steel.

They are available in a set of 8, Nos 8 to 27 mm. (Fig 3)

8x10, 9x11, 12x13, 14x15, 16x17, 18x19, 20x22 and
24x27 mm.

Fig 3 7
2

SM20N120873

Open end spanners bigger than 27 mm size are also
available.

Ring spanners (Figs 4,5 & 6)

These types of spanners are used where obstruction close
tothe side of anutprevails (Fig4)andapplication of open-
ended spanners is not possible.

e e e

SM20N120874

~

SM20N120875

Fig6 /

SM20N120876

These are available in a set of 8 Nos. (8 to 27 mm)

8x9, 10x11, 12x13, 14x15, 16x17, 18x19, 20x22 and
24x27 mm.

Sizes and identification of spanners

Spanners for metric bolts, nuts and screws are marked
with the size across the jaw opening in mm.

Special purpose spanners

LJ Tube or tubular box spanners (Figs 7 & 8)

Fig 7

inl % Jj:g/
® \
/ TOMMY BAR

g 8

SM20N120877
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Fig 8

NUT IN
RECESS

[

TUBULAR
BOX SPANNER

PROJECTING
BOLT

SM20N120878

[J Socket spanners (Fig 9)

Fig 9

DRIVE
/ ATTACHMENT

SLIDING
OFFSET
HANDLE

Fig 11 STATIONARY JAW
MOVING JAW

PULL IN THIS DIRECTION ONLY

SM20N120878B

[J Hook spanners (C-spanner) (Figs 12 & 13)

Fig 12

i})

SM20N12087C

SM20N120879

Fig 10

Fig 13 PUSH LUG RIGHT INTO SLOT

S

‘ 'C' SPANNER

:})

SM20N12087D

SM20N12087A
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CG&M
Sheet Metal Worker - Metal Cutting

Related Theory for Exercise 1.2.09

Holding Tools

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

¢ State the construction and advantages of a quick releasing vice/ Benchvice/ Engineers vice
¢ State the uses of pipe vice, toolmakers vice, hand vice and pin vice.

Vice

There are different types of vices used for holding work-
pieces. They are quick releasing vice, pope vice, hand
vice, pin vice and toolmaker’s vice.

Quick releasing vice (Fig 1)/ Benchvice/Engineer’s
vice

A quick releasing vice is similar to an ordinary bench vice
but the opening of the movable jaw is done by using a
trigger (lever). If the trigger at the front of the screw and
the movable jaw canbe set in any desired place quickly.

Fig 1 FIXED JAW GUIDE

MOVING JA

BODY

o
=
o
-
)
m
[
m
>
(9]
m
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m
<
m
By
SM20N120911

Pipe vice (Fig 2)

A pipe vice is used for holding round sections of metal,
tubes and pipes. In this vice, the screw is vertical and
movable. The jaw works vertically.

The pipe vice grips the work at four points on its surface.
The parts of a pipe vice are shown in (Fig 2).

Fig 2

HANDLE

UPPER JAW

(@
/\

@

SM20N120912

Hand vice (Fig 3 Hand vices are used for gripping screws,
rivets, keys, small drills and others similar objects which
are too small to be conveniently held in the bench vice. A

70

Fig 3

SM20N120913

hand vice is made in various shapes and sizes. The length
varies from 125 to 150 mm and the jaw width from 40 o0 44
mm. The jaws can be opened and closed using the wing
nut on the screw that is fastened to one leg, and passes
through the other.

Pin vice (Fig 4)

The pin vice is used for holding small diameter jobs. It
consists of a handle and a small collet chuck at one end.
The chuck carries a set of jaws which are operated by
turning the handle.

Fig 4 HANDL

JAWS

SM20N120914

PIN VICE

Toolmaker’s vice (Fig 5)

The toolmarker’s vice is used for holding small work which
requires filling or drilling and for marking of small jobs on
the surface plate. This vice is made of mild steel.
Toolmaker’s vice is accurately machined.

Fig 5

SM20N120915




Holding devices/Clamps

Objectives: At the end of this lesson you shall be able to
* state the uses of Bar clamp and ‘G’ clamp
* state the uses of ‘C’ clamp and Hand screw.

Hand screw (Fig 1)

The hand screw is a clamp consisting of a pair of chops.
This is made of either in steel or wood.

It has two jaws one in left and the other in right side. Both
the jaws are connected by two screwed thinrods, as shown
infigure. Both the screws are to be screwed equally when
clamping the job.

Fig 1

SM20N120921

HAND SCREW

This is useful for small jobs and in gluing works.
Bar clamp (Fig 2)

Steel bar clamps are used generally in pairs for gluing
purposes. The bar may be of rectangular or ‘T’ shape.

Fig 2

JAWS OR SHOE

SM20N120922

HANDLE BAR CLAMP

Stakes and their uses

T-bar clamps are heavier. Extra pressure can be applied
tothejob by this device. Ithastwo sliding shoes. One shoe
is attached to the screw and the other is pinned where itis
necessary. The screw rod has a strong square thread.
These are used for clamping up wide works and large
frames.

‘G’ and ‘C’ clamp (Fig 3 & Fig 4)

These are frequently used for smaller jobs and where the
two hands are employed. Both clamps have ‘H’ section
iron and resists any tendency to distortion. The screw has
astrong square thread and around shoe on aballwhichis
socked joint. T-clamps are available in clamping capacity
of 160mm to 2500mm.

Inadditionto the above there are several other clamps such
as Corner clamp, Rope clamp, Flexible band clamps,
Wooden gluing device etc.

Fig 3

SM20N120923

Fig4

SWIVE TIP

'G' CALAMP

SM20N120924

Objectives: At the end of this lesson you shall be able to
» state what is a stake
* state the different types of stakes and their uses.

Stakes are the sheet metal workers anvils used for bend-
ing, seaming orforming. They actually work as supporting
tools as well as forming tools.

Stakes are made in different shapes and sizes to suit the

types of operations for which machines are not readily

available orreadily adaptable.

Some stakes are made offorged mild steel, faced with cast
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steel. The better class stakes are made either of forged
steel or of cast steel.

A stake usedin sheet metal working consists of ahead (or)
ahorn. (shankorbody and heel) The shanks are designed
to fit into a tapered bench socket. (Fig 1)

Fig 1
FACE OR HEAD OR HORN

SHANK OR BODY
HEEL

ROUND BOTTOM STAKE

SM20N120931

Round bottom stake (Fig 1): Ithas around and aconcave
face head. Itis used for hollowing the sheet.

Hatchet stake (Fig 2): The hatchet stake has a sharp,
straightedge, bevelled along one side. Itis very useful for
making sharp bends, folding the edges of sheet metal,
forming boxes and pans by hand.

Fig 2

HATCHET STAKE

SM20N120932

Half moon stake (Fig 3): This stake has a sharp head in
the form of an arc of a circle, bevelled along one side. ltis
used for turning up flanges on metal discs.

e

HALF MOON STAKE

Fig 3

M20N120933

S

Funnel stake (Fig4): This stake is used when shapingand
seaming funnels and tapered articles.

Fig 4

FUNNEL STAKE

SM20N120934

Beak orBicklIron stake (Fig 5): This stake has two horns,
one of which is tapered the other is a rectangular shaped
anvil. Thethick tapered horn orbeak is used when making
spouts and sharp tapered articles. The anvilmay be used
for squaring corners, seaming and light riveting.

Fig 5

BEAK

BEAK OR BICKIRON

SM20N120935

Creasing Iron (Fig 6): This stake has two rectangular
shaped horns, one of which is plain. The other horn
contains a series of grooving slots of various sizes. The
grooves are used when ‘Sinking’ abead on a straightedge
of a flat sheet. This is also used when making small
diameter tubes with thin gauge metal.

Fig 6
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CREASING IRON
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SM20N120836

Pipe stake or Square edge stake (Fig 7): This stake has
the horn and the shank. The horn is available in two
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types.one is with flat face as shownin (Fig 7A). Otherone
is with curved face as shownin (Fig 7B) Flatface horn stake
isusedtofold the edges, and to turn up straightedges. The
curved face horn stake is used toturn circulardiscor curved
edges and to make knocked up joints.

Fig7 A FLATE FACE

PIPE STAKE

B CURVED FACE

(A)

TINMAN'S HORSE

SM20N120939

{\\\¢ Fig 10

~

TURN UP EDGE
(B)

SEAM SETTING

SM20N120937

Tinman’s Anvil (Fig 8): Itis used for planishing all types
of flat shaped works. It is highly polished on its working
surface.

inman’s Horse (Fig9): This stake has two arms atits both
ends, one of which is usually cranked downwards for
clearance purpose. Thereis a square hole for the reception
of a wide variety of heads. (Fig 10)

The surface of the stake is important for the workmanship
of the finished article. Therefore, care must be taken to D E
avoid any damage to the surface of the stake when centre A - ROUND BOTTOM D - HALF MOON

punching or cutting with a cold chisel. ii:‘\’/'lt E - ROUND HEAD

SM20N12093A

Ap@rg from these stakes, special types of stakes-are alsd HEADS
avallable to suit different types of jobs.

8
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-
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TINMAN'S ANVIL

SM20N120938

Hatchet stake

Objectives: At the end of this lesson you shall be able to
 state what is a stake

* state the features of a hatchet stake

* state the method of folding using a hatchet stake.

The parts of a stake are the shank, the head and the horn. 60°. Itis used for making sharp bends, bending edges and
The shanks are generally square tapered to fit into a forming rectangular articles.

tapered bench socket or bench plate. (Fig 1)

Hatchet stake(Fig2):Ithasasharp, straightedge bevelled

along one side. Angle of bevelled edge is normally 50 to
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SM20N120941

HATCHET STAKE

Copper Smith Stake

Hatchet stake is usually mounted in a tapered bench
socket. Sometimesitcanalsobe clampedinabenchvice.
The sheetmetalworkpiece is held ona hatchet stakeinthe
required position and folded to the required angle by
striking with a mallet. (Fig 2)

Fig 2

SM20N120942

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

¢ identify a copper smith stake

* state the constructional features of a copper smith stake

* state the uses of a copper smith stake

* state safety, care and maintenance while using a copper smith stake.

It is not economical to have too many stakes for simple
operations in a sheet metal shop.

Hence, an economical way of tooling is adopted and
designed by combining two edges of different cross

sections on a common head as in Fig 1. This stake is
called a copper smith stake or tinman’s anvil. Itis a very
useful stake used in sheet metal work, due to its construc-
tional features.

Fig 1

1 SQUARE EDGE
2 CURVED EDGE

SM20N120951

Bottom round stake

.These stakes are made of medium carbon steel and case
hardened.

Safety Care and Maintenance:

1 Fix the stake firmly in the bench plate or stake holder
to avoid slipping and causing accidents.

2 Do notuse it for heavy work.

Do not spoil the surface of the stake by chiseling and
punching.

4 Do not spoil the edges by cutting wire or nails on the
edges of the stake.

5 Remove and keep itin its place after use.

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

¢ identify the Round Bottom Stake

Bottom round stake: This is a very common stake used
in a sheet metal shop. This stake is round in shape with a
flatface, slightly chamfered to avoid the cracking or tearing
of sheets while using it.

Itis used for turning edge on circular discs, seaming and
fixing bottom to cylindrical parts, making a paned down
joint at the bottom of the cylindrical parts. The tail is
designed tofitin the square slot made in the work bench
or stake holder.
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Do not cut wires or nails on the edge of the stake. Fig 1
This will spoil the edge and the same impression CHAMFER
will be formed on the sheet or the part formed onit.

HEAD

SHANK

SM20N120961

Half moon stake

Objectives: At the end of this lesson you shall be able to
¢ state constructional features of a half moon stake
* state safety, care and maintenance while using a half moon stake

This is one of the most commonly used stake in Sheet
Metal Work. The shape of the head is in the form of half
moon. So itis called as half moon stake.(Fig 1)

Fig 2

Fig 1 BEVELED

SHANK

SM20N120971
SM20N120972

It has a sharp edge bevelled to an angle of 45°. AR
ig

These stakes are generally made from medium carbon /_\
steel and case hardened.

These stakes are used forturning, making sharp edges and
flanges on circulararticles, finishing the hemmed and wired
edges on circular articles. (Fig 2 & 3)

Fig 4

Safety, Care and Maintenance SPOILEDEDGE
Do not use it for very heavy work.

Do not spoil the edges of the stake by cutting wires and

nails on it. (Fig 4)

Always fasten the stake firmly on to the bench plate or

bench vice, while using it.

Stake Holders

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

* identify different types of stake holders

« state the constructional features of stake holders

 state the uses of stake holders

 state safety, care and maintenance when using stake holders.

SM20N120973

SM20N120974

There are three types of stake holders 3 Universal stake holder
1 Benchplate Bench plate: Stakes are held in position while using them
2 Revolvingbenchplate by means of a plate which is fastened to the work bench
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with bolts and nuts. These plates are called bench plates
or stake holders.

Thesebench plates are made of castironand are rectangular
in shape as in Fig 1. The tapered holes are conveniently
arranged so thatthe shanks of the stakes may be fixed and
used in any convenient position. The smaller holes are
used to support the bench shears.

Fig 1
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BENCH PLATE

SM20N120981

Revolving bench plate: Revolving bench plate consists
ofarevolving plate with tapered holes to support the shanks
of the stakes while using them.

This revolving bench plate can be held in any convenient
position by clamping it on to the work bench, with the
clamping provision provided on it as in Fig 2.

Universal stake holder: Universal stake holder can be
clamped to any desired position on the work bench. So it
is preferred by most of the mechanics.

This stake holder is designed with a set of stakes which
can be easily fixed on to the stake holder and hence it is
termed as universal stake holder set as shown in Fig 3.
One stake may be replaced by another very quickly by
simply turning the swivel handle and replacing the stake.

When placing an orderto purchase this type of stake holder
set, we should specify clearly the type of stakes to be
supplied along with the stake holder.

Safety, care and maintenance:

— Fix the stake holder firmly on to the work bench.

Hollow mandrel

— Donotuseitfor very heavy work.

— Donotovertighten the locking arrangements which may
spoil the threads on the device.

— Donotplace the unnecessary accessories on the work
table. Place only the required ones.

— Avoid chiseling or punching on this stake holder.

— Remove and keep it in its place after use.

Fig 2
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Objectives: At the end of this lesson you shall be able to
¢ identify a hollow mandrel stake

¢ state the constructional features of the hollow mandrel stake
« state the safety, care and maintenance, when using the hollow mandrel

¢ state the uses of the hollow mandrel stake.

Introduction

A Sheet metal worker often requires a proper supporting
tool to perform different operations like folding, bending,
forming, riveting, seaming and finishing while making sheet
metal articles.

Hence many supporting tools are designed and used in
sheet metal shops. These supporting tools are called
stakes. One such supporting tool is a hollow mandrel
stake.(Fig 1)

Hollow Mandrel Stake: This is the most commonly used
stake in all sheet metal shops. It is a single horizontal
metal piece in which one surface is flat and the other
surface is round. It has a slot which permits it to slide on
a bolt, so that it can be fastened to the bench to any
requiredlength.

These stakes are made from medium carbon steel and
case hardened.

The rounded section is used for forming, seaming and
finishing cylindrical shaped articles.

The flat shaped surface is used for flattening the sheets,
double seaming, corners for pans, boxes etc.

This stake may be directly fixed on to the bench or to a
universal stake holder.

Safety care and maintenance:

Do not over tight the locking bolts as the bolt will get bent
or the threads will get spoiled.

Do notuse itfor heavy work as the stake may bend, or slip
and fall causing an accident.

Keep the face of the stake free from scratches and dents as
the same deformation will occur on the parts formed on it.

Remove and keep it in its place as it may occupy
unnecessary place when not in use and restrict free
movements.
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Fig 1

SM20N120991

HOLLOW MANDREL STAKE

Wooden formers

Objectives: At the end of this lesson you shall be able to
¢ State what is a wooden former
¢ State the uses of a wooden former.

In sheet metal working, sheets are required to be formed
in various radii and shapes to suit that paricular job. Some-
times suitable supports or stakes are not available in the
shop. Hence hard wood are made to the required radius
or shapes. These so formed hard wooden pieces are used
as supports to re-produce the same radius or shapes on
the sheet metal. These are called wooden formers. Dif-
ferent shapes of wooden formers are shown in Fig 1.

Fig1 Rrs R12 R12
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Folding the sheet metal, using hard wooden piece and c clamps

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

* state the use of a hard wooden piece and C clamps for folding the sheet metal.

In this process of folding, a hard wooden piece is used as
a supporting tool. Itis generally rectangular in shape.

Property ofthe hard wood is to resist deformation to prevent
it from damage, after the hammer blows.

In this method offolding, (Fig 1) the sheet metal workpiece
is clamped with the hard wooden piece with the help of two
C clamps. Partofthe sheet metal to be folded, is projected
outside the edge of the workbench. The projected portion
of the sheet metal workpiece is folded by striking with a
woodenmallet.

Jigs & Fixtures

WORK BENCH

SM20N120981

Objectives: At the end of this lesson you shall be able to
 state the advantages of jigs and fixtures.

Introduction: Mass production aims at high productivity to
reduce unitcostand atinterchangeability to facilitate easy
assembly. This necessitates the manufacture of jigs and
fixtures which increase the rate of production.

Jig is a work holding device used to hold the job in proper
location as well as to guide the cutting tool. Jigs are rarely
clamped on the machine and mostly used for drilling holes.

Fixture is a work holding device which holds the job in
proper location, but the tool is not guided as in a jig.
Fixtures are often clamped to the machine table.

Fixtures are used in machinery assembly and inspection.
Advantages of Jigs and Fixtures

1 Productivity
Jigs and fixtures eliminate marking, positioning and
frequent checking. This minimise the operation time
and increases the productivity.

2 Interchangeability
Jigs and fixtures facilitate uniform quality in manufac-
ture. Any of the parts will fit properly in assembly, and
all similar components are interchangeable.
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3 Skill reduction

Jigs and fixtures simplify locating and clamping of
workpieces. Even unskilled worker can operate using
jigs and fixtures.

Soldering iron (soldering bit)

4 Costreduction

Higher production, scrap reduction, easy assembly
and savings in labour cost result in cost reduction for
workpieces produced with jigs and fixtures.

Objectives: At the end of this lesson you shall be able to
* state the purpose of soldering iron

 describe constructional features of soldering iron

« state different types of copper bits and their uses.

Soldering iron: The soldering iron is used to melt the
solder and heat metal that are joined together.

Soldering irons are normally made of copper or copper
alloys. So they are also called as copper bits.

Copperis the preferred material for soldering bit because
— itis a very good conductor of heat

— it has affinity for tin lead alloy

— itis easy to maintain in serviceable condition

— itcan be easily forged to the required shape.

Fig 1

HEAD
(COPPERBIT)

EDGE

SOLDERING IRON (HATCHET TYPE)

SM20N1209C1

A soldering iron has the following parts. (Fig 1)

Head (copper bit)

Shank

Woodenhandle

Edge

SOLDERING COPPERBIT

Types of soldering copper bits: There are 7 types of
soldering copper bits in general use,

Theyare

— The pointed soldering copper bit.

— The electric soldering copper bit.

— The gas heated soldering copper bit.
— Straight soldering copper bit.

— Hatchet soldering copper bit.

— Adjustable copper bit.

— Handy soldering copper bit.

The bits of soldering irons are made in various shapes and
sizes to suit the particular job. They should be large

enough to carry adequate heat to avoid too frequent
reheating and nottoo heavy to be awkward to manipulate.

Soldering bits are specified by the weight of the copper
head. Forgeneral soldering process, the shape ofthe head
is a square pyramid but for repetition, or awkward placed
joints, other shapes are designated.

Point soldering copper bit: This is also called a square
pointed solderingiron. The edge is shaped to anangle on
four sides to form a pyramid. This is used for tacking and
soldering. (Fig 2)

Fig 2

SM20N1209C2

Electric soldering copper bit: The bit of the electric
solderingironis heated by anelement. Thistypeis preferred,
if current is available because it maintains uniform heat.
Electricsolderingirons are available for different voltages and
are usually supplied with a number of interchangeable tips.
They can be made quite small and are generally used on
electrical or radio assembly work. (Fig 3)

Fig 3

ELECTRIC COPPER SOLDERING

SM20N1209C3

Gas heated soldering copper bit: A gas heated solder-
ing copper bitis heated by a gas flame which impinges on
the back ofthe head. High pressure gas is used and the bits
is large enough to have a good heat storage capacity.
Liquified petroleum gas (LPG) flame is used extensively for
this purpose. Soldering kit normally includes many sizes
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and shapes of bits which can be used to make most kinds
of soldering connections. (Fig 4)

Fig 4
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GAS HEATED SOLDERING COPPER BIT

SM20N1209C4

Straight soldering copper bit: This type of solderingiron
is suitable for soldering the inside bottom of a round job.

(Fig 5)

ro® S iy ) D

STRAIGHT SOLDERING COPPER WITH HANDLE

SM20N1209C5

Hatchet soldering copper bit: This type of solderingiron
is very much suitable for soldering on flat position lap or
grooved joint outside round or square bottom. (Fig 6)

Fig 6

SM20N1209C6

Adjustable soldering copper bit: This type of soldering
iron is used for soldering where straight or hatchet bit
cannotbe usedforsoldering. Adjustable soldering bitcan

be adjusted in any position for soldering. (Fig 7)
Fig7
[ o

ADJUSTABLE SOLDERING BIT

SM20N1209C7

Handy soldering copper bit: It is like a hatchet type but
bigger in size than the hatchet. It is used for soldering
heavy gauge of metal. It should not be used for soldering
onlightgauges of metal because additional heat will cause
the metal to buckle. (Fig 8)

Fig 8

HANDY SOLDERING COPPERBIT

SM20N1209C8
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CG&M Related Theory for Exercise 1.3.10
Sheet Metal Worker - Folding & Locking

Sheet metal seams

Objectives: At the end of this lesson you shall be able to
* state the types of seams.

Introduction
Fig 2

In Sheet metal construction, mechanical seams are em- POCKET FLANGE FLANGE FLATTENED‘l

ployed when joining lightand medium gauge metal sheets. s

While fabricating sheet metal articles, the sheet metal d

worker should be able to select the type of seam that is / / /
A B C D

best suited for the specific job.

Types of seams

SM20N131012

STEPS IN FORMING THE PITTSBURGH SEAM.

1 Grooved seam : Grooved seam is most commonly
used forjoining sheet metal. This seam consists of two

folded edges calledlocks as showninFig 1. The edges
are hooked together and locked with a hand groover or |
agrooving machine. ~ t
Fig 1 @ )
A fﬁ\\i C

STEPS IN FORMING A GROOVED SEAM.

2 Pittsburgh seam: This seam is also called hammer lock or g

SM20N131011

hobolock. This seam is used as a longitudinal corner
seam for various types of pipes such asductwork. The
single lock is placed in a pocket lock and then the flange
is hammered over, step by step as shown in Fig 2.

SM20N131013

Theadvantage of the Pittsburgh seamis that the single PITTSBURGH SEAMS CAN BE FORMED ON CURVES.
lock can be turned on a curve and the pocket lock can
be formed on a flat sheet and rolled to fit the curve as

Fig 4
shown in Fig 3. Ifroll forming machine is not available e
in shop, Pittsburgh seam is formed on the brake. <
3 Double seam
o ®) ©

There are two types of double seams. Onetypeis used
for making irregular fittings such as square elbows, Z /
boxes, offsets, etc. This seam is used on corners and
can also be used as a longitudinal seam on small
square andrectangularducts. Adouble edge is formed
and placed over the single edge and the seam is D) )
completed step by step as shown in Fig 4. MAKING A DOUBLE SEAM.

SM20N131014

The othertypeis used to fasten bottoms to cylindrically
shaped jobs such as pails, tanks etc.

The steps in making this type of double seamis shown
in Fig 5, where A is turned on the machine. Bis burred
ontheburring machine. The bottomis snapped on the
body as in C and is peened down as in D. Finally the
seamiscompleted by using a malletasin E. Thisseam
is called Bottom double seam or Knocked up seam.

Ifthe seam s notturned up, asin D, the seamiis called
paned down seam.

80



Fig 5

(D) (E)

STEPS IN MAKING A BOTTOM DOUBLE SEAM.

SM20N131015

4 Buttseam

This seam has two pieces butttogetherand soldered as
shown in Fig 6. Figure shows two types of butt seams.
One is flanged butt seam and the other one is butt
seam.

Fig6

SM20N131016

(A) FLANGE-BUTT SEAM (B) BUTT

5 Lap seam

The lap seamis made by lapping the edge of one piece
over the other piece and soldered as shown in Fig 7.
Figure shows plain lap, sunklap, inside lap and outside
lap seams.

Locked grooved joint (Seam)

(A) PLAIN LAP

~) 4’

{C) INSIDE LAP (D) OUTSIDE LAP

(B) SUNK LAP

SM20N131017

6 Slip joint seam

This seam is used for a longitudinal corner seam as
shown in Fig 8.

s 2 %

SINGLE LOCK DOUBLE LOCK LOCK SLIPPED TOGETHER
(A)

M20N131018

SLIP JOINT SEAM.

S

The assembly of the seam consists of a single lock A
and a double lock B. The single lock is slipped into the
double lock C to complete the seam.

For making pipes with a slip joint seam, proper care
should be taken to see thatthe corners ofthe metal are
squared and the edges are trimmed. The proper slip
joint is shown as A and improper as B in Fig 9 If the
edges are nottrimmed, it will twist the pipe out of shape
and may cause the edges of the pipe to be uneven.

Fig 9

ENLARGED DETAIL ENLARGED DETAIL

(A) PROPER CONSTRUCTION (B) IMPROPER CONSTRUCTION

SM20N131019

PROPER AND IMPROPER JOINING OF SLIP JOINT SEAMS.

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

* state the purpose of a joint
* state the use of the groover

* determine the allowance for the locked grooved joint

Locked grooved joint: Many methods are employed to
joinand strengthen the pieces of asheet metal. One ofthe
common joint is called locked grooved joint.

This is usually done on straight lines. The workpieces to
be joined are made in the form of a hook, inserted and
locked using a groover.

When they are interlocked and tightened only then it is
called a “grooved joint” (Fig 1).

When the grooved jointis clinched down, making one side
plane using a groover is called a “Locked grooved joint”.

(Fig2)

Fig 1 {—}
—

SM20N131021

CG & M : Sheet Metal Worker - (NSQF Revised 2022) R.T. for Ex. No 1.3.10 81



Fig 2

—

SM20N131022

External and internal locked grooved joints: Thisjoint
is used to join the two ends of a sheet metal to form a
circular shape in longitudinal direction. When the seamis
formed outside as shown in Fig 3theniitis called ‘external
locked grooved joint’.

Ifthe seamis formed using grooved mandrelthenitis called
‘Internal locked grooved joint’ (Fig 3)

Fig 3 EXTERNAL
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SM20N131023

Fig 4

GROOVED
SEAM WIDTH

SM20N131024

SIZE OF GROOVE & SEAM

Pittsburg Lock

Hand Groover: The hand grooveris made up of cast steel
and is used to make external locked grooved joint.

A groove is made at the bottom of this tool to the required
width and depth.

Fig 5 1 x T MINIMUM — FOLD SIZE

==

EDGE FOLDS

SM20N131025

This has a handle in square or hexagonal shape like chisel
to hold. This whole partis hardened and tempered. (Fig 4)

The hand groover is specified according to the size of the
groove of the groover.

Locked grooved joint allowance: To arrive the size
(width) of the fold to suit a particular groover, subtract the
thickness by 3 times from the width of the groove. (Fig 5)

Forexample, the width of the grooveris 6 mmand the sheet
thickness is 0.5 mm,

Then the width of the fold
=6-(3x0.5)
=4.5 mm (See Fig 6).

Fig 6 WIDTH OF GROOVE/SEAM

— METAL THICKNESS
%
N\

N

FOLD SIZE

THREE THICKNESS OF METAL

SM20N131026

Objective:At the end of this lesson you shall be able to
¢ define a pittsburg seam

« state the different types of pittsburg seams

* state the uses of pittsburg seams.

Pittsburgh lock is used in Duct work and is formed using
folding machine.

It consists of a single lock or flanged section and a pocket
lock or pocket section. (Fig 1)

Single lock can be turned on the curve and pocketlock can
be formed on a flat sheet and then rolled to fit the curve.

The allowance for the pocket is equal to twice the width of
the pocket plus an allowance for knocking over.

Example: W + W + 6.35 mm

The width of the flanged edge is normally made slightly less
than the depth of the pocket.

Usually, the allowance for the pocketis between 25and 30
and for the flange is between 6 to 8.

Fig 1

SINGLE LOCKOR

FLANGED EDGE FLANGED SECTION

POCKET SECTION

W + 6.35mm

SM20N131071
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Fig 2 shows the applications of Pittsburgh lock seam.

Fig 2

STORAGE
BINS

VENTILATION DUCTS
FOUR PIECE FABRICATION

BOTTOM AND SIDES IN
ONE PIECE ADD ENDS

APPLICATIONS PITTSBURGH LOCK SEAM

SM20N131072

Pittsburgh lock seam applied to curved work (Fig 3)

When curved ducts like elbows are to be made which
incorporate the Pittsburgh lock, the female section of the
seam is formed prior to curving.

To make correct lock shape, a sheet metal strip spacer is
placed in between the first and second layers of the lock.
The side is then curved to the shape in curving rolls. The
spacing strip is removed before assemblingthe component.

Fig 3
SHEETMETAL SPACER STRIP

PROFILE SIDE (CHEEK) MALE
SECTION (FLANGE) APPLIED

CARVED SIDE (HEEL & THROAT
FEMALE SECTION APPLIED

SM20N131073

Snap Lock Seam:Snap Lock Seamis arole formed seam
and is machine made similar to Pittsburgh lock seam.

The allowance for this joint depends on the machine
setting and is usually 25 to 30 mm on the female lock
section and 10 mm allowance for the male section.

The male section has small wedge shaped projections,
punched atregularintervals on the flange as shown in Fig
4. Whenthisflangeis pressed into the female section, the
projections lock underafold edge. Thisjointis alongitudinal
seam used in duct work. It is better than

Pittsburgh seam because it is neat in appearance and
requires less time in fabrication.

Fig 4

MALE SECTION

MALE SECTION

PROJECTIONS - WEDGE SHAPE

SM20N131074
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CG&M

Related Theory for Exercise 1.3.11

Sheet Metal Worker - Folding & Locking

Folding and joining allowances

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

* state the necessity for providing allowances in sheet metal operations

* calculate the allowances for grooved joints
* calculate the allowances for dovetail joints

When making self secured joints or seams, itis necessary
to provide material for the preparation of the edges and
seams, the extra material is called an allowance.

The allowance is necessary for maintaining the correct
size of the finished product and forimproving the strength
at the joints of all edges.

Allowance is also necessary for avoiding cracking or
warping, and for obtaining the required finish.

This allowance depends upon the width of the folded edge
and the thickness of the metal.

You may neglect the thickness of the metal for thinner
sheet of 0.4 mm or less.

p—

Fig 1

Fig 2 c

=3
=3
SM20N131112

The complete allowance for the Double Grooved Seam/
Jointwill be fourtimes the width of the folded edge plus four
times the thickness of the metal.

Allowance for paned down and knocked-up-joints

The size of paned down and knocked-up joints is deter-
mined by the width of the single folded edge.

‘P’ represents the size of the paned down joint (Fig 3) and
‘K’ represents the size of the knocked-up joint. (Fig 4)

Allowance for P =2W + 2T

N g  Allowance for K =2W + 3T
. Fig 3 -

Allowance for Grooved Joints/Seams (Fig 1): If we fold W
over the edges to width W and form the joint, the final -
completed width of the joint G will be greaterthan W. ltcan “ - e
be seen that the final width of the groove will have a i o 2
minimum value of W + 3T, where T represents the metal §
thickness.
The allowance fora grooved seamis the width of the seam Fig 4 7
+ three times the thickness of the sheet
Allowance for Double Grooved Seam/Joint: It will be
seen from Fig 2 that the width of the capping strip is E
equivalent oftwo times the width of the folded edge plus four - A g
times the thickness of the metal size. B — g
Edge stiffening by wiring
Objectives: At the end of this lesson you shall be able to
* state what is edge stiffening
 state what is the purpose of edge stiffening
 state methods of edge stiffening by wiring.
Edge stiffening: Edge stiffening is the process by which 2 hemming
edges of the sheets are made stronger and rigid. )

3 flanging
Edge stiffening is done by )

4 curling
1 wiring )

5 beading
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6 gutting
7 ribbing
Purpose of edge stiffening:

1 Togive extra strength and rigidity to edges, to prevent
it from bending/buckling, damage during handling etc.

To avoid sharp edges for safe handling.

3 Inaddition, this adds to decorative appearance of the
sheet metal articles.

Methods of edge stiffening by wiring
1 Solidwiring

2 Falsewiring.

Wiring Allowance

Insolid wiring, sheet metal edges are wrapped around the
wire and wires are kept permanent in place. This is
generally called simple “Wiring”.

Infalse wiring, sheet metal edges are wrapped around the
wire, after forming final shape, the wire is removed fromthe
edge to retain it hollow.

If the edge of the sheet metal is straight, the edge formed
is called “straight wired edge”.

Ifthe edge of the sheet metal is curved, the edge formed is
called “Curved wired edge”.

False wiring cannot be done on curved edges.

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

 state what is wiring allowance
* determine the wiring allowance.

Wiring allowance is nothing but the amount of additional
length provided on sheet metal to wrap around the wire to
make a wired edge.

Wiring allowance is determined by the following formula.
Wiring allowance =2.5xd +t

where

d =diaof wire

t = thickness of sheet metal.

Ifwiring allowance provided is more, then the correct shape
of the wire is not formed. If wiring allowance provided is
less, thengapis found atthe inner side ofthe edge and the
wire can be seen.

Generally, the length of the wire provided is slightly more
thanthelength ofthe edge. Thisisrequiredto hold the wire
atends, while forming the edge of the sheet metal around
the wire.

Surplus wire is cut after the wired edge is finished.

Making wired edge along a curved surface by hand process

Objectives: This shall help you to
* mark the wiring allowance at the curved edge

* make a wired edge along a curved surface by hand process

Mark the wiring allowance at the curved edge to be wired
using a gauge with sheet metal as shown in Fig 1.

Fig 1

v
7

SM20N131121

Flange the edge to be wired using a hatchet stake and a
setting hammer, step by step upto 90°. (Fig 2) Then upset
the flange toits half the width and make curve onthe flange
for wiring. (Fig 3)

Fig 2

SM20N131122

Fig 3

CURVED FLANGE

SM20N131123

Make a round ring from the given G.l.wire to the required
dia. (Fig 3)
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The joint of the wire should be opposite to the locked
groovedjoint.

Redress the trueness of the cylindrical shape by a round
mandrel and a mallet.

2277772,

9

D2

SM20N131124

G.I WIRE INSERTED

Place the G.I. Wire ring on the flange. (Fig 4)
Complete the wiring using a creasing hammer. (Fig 5)

Dress the wiring by using a half moon stake and a mallet.

False wiring

Fig 5
CREASING HAMMER

FINISHED STAGE
OF WIRING

ANVIL STAKE

SM20N131125

Objectives: At the end of this lesson you shall be able to
* state what is false wiring
» state advantages of false wiring.

False wiring is one of the methods of edge stiffening in
whichwired edge is formed andfinally wire is removed from
the edge, to make the edge hollow.

Advantages of false wiring: In addition to advantages by
wiring, false wiring gives following advantages.

1 Cost of the article is reduced.
2 Weight of the article is also reduced.

Edge Stiffening

In sheet metal articles like trunks, boxes etc., wiring is
done only at the corners of the adjacent sides and the
remaining portion of the wired edge is kept hollow.

This helps to maintain the sides in position.

Objectives: This shall help you to

* make a single hemming on a curved edge using anvil stake and setting hammer.

Mark the hemming allowance on the formed body using a
marking template.

Fix the anvil stake on to the vice or bench plate.

Hold the workpiece such that the marked line coincides
with the edge of the stake approximately inclined an angle
of 10° as shown in Fig 1.

Fig 1

\ ., r— DISTANCETO
\ APPROX. 10 BE MARKED

MARKING TEMPLATE J

SM20N131131

Strike and rotate the workpiece gradually along the
marked line to form a small flange using a setting
hammer. (Fig 2)

Gradually increase the angle of inclination while forming
the flange as shown in Fig 3.

Fig 2

GUIDE LINE
MARK

SQUARE EDGE
STAKE

APPROX. 10°

N

SQUARE EDGE STAKE

SM20N131132
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Fig 3
FLAT PORTION

k

SETTING HAMMER

SM20N131133

Finish the hemmed edge on a round mandrel stake by a
mallet. (Fig 4)

Dress the disturbed body of the cylinder to a round shape
using a round mandrel stake and a mallet.

Fig 4

{ © F F F

Check the cylindrical body for roundness and the marking
allowance forflanging.

SM20N131134

Fix the copper smith stake in the benchvice orbench plate firmly.

Mark the flanging allowance as guideline on the stake as
in Fig 5.

Fig 5

SM20N131135

Hold the cylinder such that the marked line on the cylinder
for flanging, coincides with the straight edge of the stake.
(Fig6)
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Position the cylinder as in figure 1 and strike the metal
using the flat face of the finishing hammer.

Rotate the body of the cylinder by one hand.

Strike with finishing hammer to increase the angle of
bending gradually asin (Fig 7) till the flange is bent to 90°.

Fig 6 /

TINMAN'S ANVIL STAKE

=

f

SM20N131136

Fig7

FINISHING HAMMER
FLAT PORTION

g U
5-85-0-3
f ¢ r r

FLANGING
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CG&M

Related Theory for Exercise 1.3.12

Sheet Metal Worker - Folding & Locking

Notches in sheet metal

Objectives: At the end of this lesson you shall be able to
* state the purpose of notches
* name the types of notches

« distinguish the features of different notch forms and state the uses of each.

Notches: Notches are the spaces provided for joining the
edges when sheet metals are cut from the layout. (Fig.1)

Fig 1 NOTCH

%NDING LINE

Purpose of notches
Notches help to :

— topreventsurplus material from overlapping and caus-
ing a bulge at the seam and edges

— toallow the work to be formed to the required size and
shape
— to allow the work to assemble better.

SM20N131211

Fig 2
2 [ | | |
| | | |
| | | |
| | | |
N S
SLITS CUT FOR BENDING
b
SHEET BENT TO SHAPE USING NOTCH %
Types of notches

Straight notch or slit: Straight cuts made from the edge
of the sheet to a distance where it is to be bent is known
as a straight notch. (Figs.2a and 2b)

88

Square notch: A square notch is used when forming a
square or rectangular box. (Figs.3,4 and 5)

Fig 3 SQUARE NOTCH
SCRAP
=

SM20N131213

MARKING FOR SQUARE NOTCH

Fig 4

\

<
\/\

SQUARE NOTCH CUT

SM20N131214

Fig 5

SM20N131215

SHEET BENT TO SHAPE USING SQUARE NOTCH SLIT

Slant notch: This notch is cut at an angle of 45° to the
corner of the sheet. Itis used when a single hem meets at
right angles. (Figs.6 & 7)

Fig 6

NOTCH CUT AFTER MARKING

SM20N131216




Fig7

BENT TO SHAPE USING SLANT NOTCH

SM20N131217

‘V’ Notch: In this notch, both the sides are cut at a 45°
angle to the edge of the sheet.

The sides ofthe notch meetat90°. This notchis used when
making ajobwitha90° bendand aninside flange. (Figs.8,
9and 10)

Fig 8
|
|
|
|
|
|
K@ @ ©
o
- 5
z
"V NOTCH MARKED AND CUT <
]
Fig 9

NS

FIRST FOLDING V' NOTCH
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Fig 10

BENT TO SHAPE USING 'V'NOTCH

SM20N13121A

Wire notch: The angle of this notch is usually 30° and the
distance from which the notch is started is 3%z times the
diameter of the wire. (Fig.11)

Fig 11

|
@

'd' - DIA OF WIRE USED
WIRE NOTCH MARKED CUT

SM20N13121B

Uses: The wire notch is used on a work which has wired
edges. This notch is provided to prevent the wired edge
from overlapping at the seam. (Fig.12)

Fig 12 /— WIRE EDGE

SEAM—_|

|
|
X
|
|

N

AN EDGE WIRED USING WIRE NOTCHES

SM20N13121C
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CG&M

Related Theory for Exercise 1.3.13-16

Sheet Metal Worker - Folding & Locking

Development of surface

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

» state what is a pattern, a layout and a stretch out

 state what are the allowances for edges and seaming considered in pattern development
 state what are the allowances for notching and clipping, considered in pattern development
« state different methods of pattern layout development.

Pattern: The patternis a piece of material, which is cut to
the exact size and shape, to form the desired object.

Itis nothing but, a flat outline of an object, to be formed to
its final shape.

The pattern may be drawn on a paperfirst, thentransferred
to the sheet metal. This makes possible the corrections
if any, saving valuable material. Paper patterns are not
suitable for repeated use.

However, experienced skilled sheet metal workerdo pattern
layouts directly on the sheet metal.

Layout: Itis the method of developing the lines and curves
which form the pattern.

Pattern layoutis done by employing different geometrical
constructions.

Different geometrical constructions are taught in the
engineering drawing subject.

Stretchout: The term “stretchout” refers to the sizes of flat
piece of metal beforeitis formedinto shape. Forexample,
the stretchout of a round pipe is the circumference of the

pipe. (Fig 1)

Fig 1

D

SM20N131311

STRETCHOUT

Allowances for edges and seaming, considered in pattern
layout development.

Allowances of edges: Different types of edges, are used
to stiffen the edges of sheet metal articles and to eliminate
sharp edges.

Edges are made either by bending or by wrapping the
metal.

The amount of metal allowed for the edges is called
allowance foredges.
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The following table shows the allowance for different edge.

S.No. Type of edge  Allowance generally kept

1  Single hem 6 mm above 22 gauge sheet
8 mm below 22 gauge sheet
2 Doublehem

Wired edge
gauge sheet

Twice the hem size - 1.6 mm

2.5 x dia of wire - above 24G
2.5 xdia of wire + thickness of
metal -below 24 gauge sheet

Allowances for seaming: Sheet metal parts are joined by
various types of seams. The amount of metal allowed for
seaming s called “Allowances for seaming”. The following
table shows the allowance for different seams. (Fig 2)

Fig 2
9 32 approx|  ALLOWANGE FOR PITTS BURGH LOCK

SM20N131312

S.No. Type of edge  Allowance generally kept

3 x width of lock above 24
gauge sheet

1 Grooved seam

3 xwidth oflock + 5 thickness
of metal-below 24 gauge
sheet

Allowances for Notching & Clipping: Notching and
clipping are used to cut away that portions of the metal to
preventoverlapping and bulgingon seams and edges. (Fig
3) For detail information, please refer next lesson.

Four methods are commonly used for pattern develop-
ment.

Parallelline development method
Radial line development method
Triangulation development method
Geometric construction method.

A WN -



Fig 3

NOTCHING
CLIPPING
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Developments

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

* identify the projects that can be developed by parallel line method.

Parallel line method development: All articles or
components which belong to the class of prisms, having a
constant and uniform cross sections throughout their
length may be developed by the parallel line method.

Afew components orarticles that can be developed by this
method are

Prisms with square, rectangular and polygonal base,
hollow cylinders, elbows, regular pipe ‘T’ joints etc.

A few are shown by sketches. (Fig 1, 2&3)

Figt .
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POLYGONAL PRISM

SM20N131323

Objectives: At the end of this lesson you shall be able to
* state the uses of templates.

emplates: Templates are used in the sheet metal and
plate fabrication industries. For example

1 To avoid repetitive measuring and marking the same
dimension, and where many identical parts are re-
quired.

2 To avoid unnecessary wastage of material and from
information given ondrawing, itis almostimpossible to
anticipate exactly where to begin in order that the
complete layout can be economically accommodated.

3 To act as a guide for cutting processes.

4 As a simple means of checking bend angles and
contours.

Information given on templates:
Written on templates may be as follows:
1 Joborcontract number

2 Size and thickness of plate

3 Quantityrequired
4

Bending or folding instructions
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5 Drillingrequirement
6 Cuttinginstructions
7 Assembly reference mark.

Templates as a means of checking is shown in Fig
4,5,6,7,8,9.

Fig 1
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Templates for setting out sheet metal fabrications:
Foreconomy reasons, many patterns are made for mark-
ing out the sheet metal prior to cutting and forming
operations. Fig 9,10,11 show a smoke cowl. Here a
template is required to check and to mark out the contours
of the intersection joint lines for the parts A,B & C whose
developed sizes are marked out in the flat with the
appripriate datum/lines.

Fig 7 FLANGE ALLOWANCE
(ADDED TO MITRE CONTOUR) SHEET

METAL

_DATUM LINE _

335
480

WIRING ALLOWANCE
(ADDED TO BASE OF DEVELOPMENT) —

LAYOUT FOR'A'
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Fig 8
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500

LAYOUT FORB&C
AN EXAMPLE OF THE USE OF TEMPLATES

SM20N131338
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Fig 12 shows asquare toround transformeris anisometric
view of the sheet metal trans forming piece which is used
to connecta circular duct to a square duct of equal area of
cross section. In this example the dia of the round duct is
860 mm andlength of one side of the square ductis 762 mm
and the distance between the two ducts is 458 mm and
sheet thickness is 1.2 mm.

Fig 9

THE COMPLETE TRANSFORMER

SM20N131339

Fig 13 shows a scale development pattern on which are
marked the full size dimensions. This type of drawings are
supplied by the drawing office for marking out purposes.
Allowances for the seams and the joints must be added to
the layout.

Fig10 _

381mm

PATTERN OR HALF-TEMPLATE WITHOUT JOINT ALLOWANCES

SQUARE TO ROUND TRANSFORMER

SM20N13133A
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CG&M

Related Theory for Exercise 1.3.17

Sheet Metal Worker - Folding & Locking

Parallel line development method

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

 state what is parallel line development method

 layout patterns for simple objects by parallel line development method.

Parallel line development method: Parallel line devel-
opment method is used for pattern development of the
objects whose sides run parallel to one anotherasinducts,
elbows and T joints.

In developing any pattern by parallel line development
method, following procedure is followed (forillustration refer
object shown in Fig 1).

Fig 1
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SM20N131711

1 Draw the elevation and plan of the object with dimen-
sions (Fig 1)

2 Draw the stretchout of the pattern (Fig 2).
Locate measuring lines from elevation or plan on the
pattern stretchout. While locating measuring lines,

these lines should be in proper distance apart and in
proper order. (Fig 3)

4 Transferthelengths ofthe measuring lines from elevation
to the same lines on the pattern. (Fig 3)

5 Connect the points located on the measuring lines.
(Fig3)

Fig 2
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SM20N131713

By this method, the pattern layout of the following objectis
shown for better understanding of parallel line development
method. (Fig 4)

Fig 4

TI
~ o
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94 Fabrication : Sheet Metal Worker - Related Theory for Exercise 1.2.18 & 1.2.19



CG&M

Related Theory for Exercise 1.3.18

Sheet Metal Worker - Folding & Locking

Radial line development

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

 state what is a radial line development
« state the principle of the radial line development.

The Radialline method is applied for developing the pattern
of articles or components which are tapered to an apex.

This method is also adopted for the development of the
frustrum, which are tapered to an apex when the sides are
produced.

Principle of the radial line development is based on the
location of a series of lines which radiate down from the
apexalong the surface of the article/componentto abase,
or an assumed base, from which a curve is drawn whose
perimeter is equal in length to the perimeter of the base.

Cones and pyramids or their frustrum are developed by the
radial line method.

Fig 1,2,3&4 shows the development of a cone, the frustrum
ofacone, the square based pyramid and the frustrum ofa
square based pyramid.

Fig 1

DEVELOPMENT OF A CONE
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CG&M

Related Theory for Exercise 1.3.19

Sheet Metal Worker - Folding & Locking

Triangulation method of pattern development

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

« state what is triangulation method

 state the application of triangulation method
 state what is true length

» explain the method of finding true length

» describe the procedure of pattern development of square to square tapered chute by triangulation method.

riangulation method of pattern development: Trian-
gulation is one of the important methods of pattern
development.

Triangulation method is amethod of dividing the surface of
the objectintriangles, finding the true size of each triangle
seperately and placing them side by side in proper order to
obtain the full pattern.

True length: Toobtain the true size of each triangle, the
true length of each side must be found and placed in its
correct relation to the other sides.

Method of finding the true length of a line is very simple.

Place the plan length of aline at right angles to its vertical
height. The diagonal represents its true length.

The principle of this rule willbe seen by reference to (Fig 1)
which shows, particularly, a ladder lean against a wall.

The plan length is the horizontal distance from the wall to
the base of the ladder.

The vertical heightis the height of the wall from the base to
the top point of the ladder where it leans againstitand the
True length is the actual length of the ladder itself.

Itis observed thatwhen the position ofthe ladderis altered,
the plan length and the vertical height vary accordingly.

Intriangulation, two views i.e Top view and Elevation of an
object are essential;

Fig 1

SM20N131811

The vertical height of any line is found from the elevation.
(Fig1)

The plan length of any line is found from the plan.

Ifthe length of any perpendicular line from the planis placed

atright angles to the vertical height of the same line from
the elevationthen the diagonal gives the true length (Fig 2).

Fig 2

7‘@ Ug(
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VERTICAL HEIGHT
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SM20N131912

PLAN LENGTH

PLAN LENGTH

Pattern development of square to square tapered chute by triangulation

method

Square to Square Tapered chute

Todevelop the pattern layoutforsquare to square tapered
chute

— Draw the plan and elevation of the tapered chute and
name them as in Fig 1.
— S’s denotes the seam.

— Thelengthof AB,BC, CD and DA of the big square and
12,23, 34 and 41 of the small square will represent the
true lengths of sides.

— Join the corners A1, B2, C3, D4 and SS’ which will
represent slantlength.

— Join 1B, 2C, 3D, DS’, S’A in dotted lines to represent
diagonals. (Fig 2)
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— Number the so formed triangles in the plan. (Fig 2)

— Tofind the true slant length and true diagonal length,
draw a horizontal line and a vertical line equal to the
height of the job. (Fig 3)

— Take length S’'S from the plan and step off on the
baseline and join it to the apex by a thin line. (Fig 3)

— Takelength A1fromthe plan and step of 6 on the base
line and join it to the apex by a thin line. (Fig 3)

— Takelength S’Afrom the plan and step off on the base
line and join it to the apex by dotted line.

— Take length “1B” from the plan and step off on the
baseline and join it to the apex by dotted line.

Fig 3
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With ‘2’ as centre and radius equal to ‘2,1’ C (side of the
small square) swing an arc.

With ‘B’ as centre and radius equal to the diagonal
length ‘1,B’ intersect the arc. Join the pointand name
the point as 1.

With 1 as centre and radius equalto ‘A,1’ swingan arc.

With ‘B’ as centre and radius equal to BA (side of the
big square) intersect the arc. Join the pointand name
the point as ‘A’. Join ‘AB’.

Join “1.B’ by dotted line.

This completes triangles 4 and 6 of the plan in the
pattern.

Similarly, complete triangles 3 and 5 on the other side
of the pattern.

With ‘A’ as centre and radius equal to AS’ swingan arc.

With ‘1’ as centre and radius equal to 1S’ (Side of the
small square) intersect the arc and join the point and
name the point as S’.

With ‘A’ as centre and radius equal to AS (Side of the
big square) intersect the arc and name the point ‘S’.
Join SS'.

Join S’A by dotted line.

This completes triangles 8 and 10 of the plan in the
pattern.

Similarly, complete the triangles 7 and 9 of the plan and
complete the pattern development, as shownin Fig 4.

Fig 4

The dotted lines represent true diagonal lengths. The thin
lines represent true slant lengths.

— For the first triangle in the pattern, take true length
distance BC (in plan) and mark it in the pattern.

— With ‘B’ and ‘C’ as centres and slant length height B2
and C3 as radius swing arcs.

— With‘B’and ‘C’ as centres and diagonallength equal to
‘C,2’ asradius intersect the arcs diagonally and name
the points 2&3. Join B2 and C3 by thin lines.

— JoinC2bydottedline. This completes triangles 1&2 of
the plan in the pattern.

PATTERN

SM20N131924
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CG&M Related Theory for Exercise 1.3.20
Sheet Metal Worker - Folding & Locking

Geometrical construction method

Objectives: At the end of this lesson you shall be able to
« state what is geometrical construction method.

Components which cannotbe developed either by parallel In this method, slant lengths, arc lengths, segment of the
line method or radial line method or triangulation method circle are calculated to get the blank size of the articles.
can be easily developed by geometrical construction

method. For example Taper tray. Slant lengths are calculated by trigonometry.

Fig 1 Arc length is calculated by the formula
2mr x 6°/360
length of the arc
radius

included angle

I
I
r
0

SM20N132011
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CG&M

Related Theory for Exercise 1.3.21

Sheet Metal Worker - Folding & Locking

Punches

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

* state the types of punches used for making holes
* state the specification of punches

* state the material of punches

* state the application of different punches.

Punch is a hand tool used for producing holes in thin
section material. These punches are used in cold condi-
tion, so they are also called as “cold punches”.

Punches are classified into two types.
a) Solid punch
b) Hollowpunch

Punches are made of a high carbon steel or a tool steel.
They are hardened and tempered.

Punches are specified by their diameters.

Solid punch (Fig 1): These punches are solid in the cross
section. Cutting edge is formed by the grinding face and
diameter.

Fig 1

SOLID PUNCH

SM20N132111

Hollow punches (Fig 2):These punches are hollow in
cross section. Cutting edge is formed by grinding the end
diameter at an angle.

Fig 2

MACHINED END
HOLLOW PUNCH

SM20N132112

Hand lever punch (Fig 3): It is one of the solid punch,
consists of punch and die. Punch is fixed on upper lever
and die on lower lever. Sheet metal workpiece is placed
between punch and die and hole is cut by pressing levers
by hand.

Fig 3

SM20N132113

TINNER'S HAND PUNCH

There are two types of hand lever punches.

1 Tinner’'s hand punch (Fig 3)
2 lIronhand punch (Fig4)

Fig 4

SM20N132114

IRON HAND PUNCH

Tinner’s hand punchis used for punching the holes upto 6
mm dia. Iron hand punch is heavy duty punch, which can
punch holes upto 12 mm dia. in thin sheet.
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CG&M Related Theory for Exercise 1.3.22
Sheet Metal Worker - Folding & Locking

The hand lever punch

At the end of this lesson you shall be able to
» state what is a hand lever punch
* state the constructional features and principal parts.

Hand lever punch (Fig 1) PRINCIPLE PARTS
Fig 1 1. PUNCHING LEVER 6. PUNCH HOLDER:- 1 Punchlng Iever
2 The punch
5 PUNGH 3 The gauge: It acts as a stopper and enables to
el ! punch
N——>—
/ INS= holes at equal distances. It can be adjusted to set
4. CENTERING /ﬂ the
3. GAUGE 7. THROAT POINT

5. DIE
THE HAND LEVER PUNCH

distances from the edges of the sheet.

SM20N132211

4 Centeringpoint: Itlocates the centres ofthe holes.

It is used for punching small holes near the edges of thin

sheets. (20 to 24 SWG) In this tool a die and a punch of The centering pointis provided on the punch itself.

the required hole size is fixed. Sheetis placed in between 5 Die: Itisthreaded outside and a slotis provided at the
the punch and the die. The punch is forced by a lever by bottom side to facilitate changing it, with the help of a
hand into the die to getthe required sized hole. Thatis why screwdriver.

itis called a hand lever punch. (Fig 2) 6 The punch holder: It is provided with flanges which

helps it to be fitted into the recess of the punch.

7 Throat: It governs the distance from the edge of the
sheet to the hole to be punched.

SM20N132212

PUNCHING HOLES
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CG&M

Related Theory for Exercise 1.3.23

Sheet Metal Worker - Folding & Locking

Rivets - Types & Uses

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

state what is riveting

state the uses of arivet

name the features of a rivet

identify different types of rivets

state the uses of the different types of rivets
designaterivets

name the materials from which rivets are made

Riveting: Rivetingis a method of making permanentjoints.
Forriveting, the plates to be joined are drilled or punched.
The head on the other end is formed after assembling the
parts.(Fig1)

Fig 1
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Therivets are theninserted and closed by force so thatthey
completely fill the hole and form a rigid joint.

Uses: Rivets are fasteners used for joining metal sheets
and plates in fabrication work such as bridges, ships,
cranes, structural steel work, boilers, aircraft etc.

Parts: The following are the parts of a rivet. (Fig 2)
— Head

— Body

— Tail

Fig 2

HEAD

1N

BODY

TAIL

SM20N132312

Materials: Inriveting, the rivets are secured by deforming
the shank to form the head. These are made of ductile
materials.

Examples: Low carbon steel, brass, copper and alu-
minium.

Rivet head-shapes

Snap-head: This rivet is most commonly used for struc-
turalworks. The opposite end of therivetis shaped similar
to the head. (Fig 3)

Fig 3 @1.75D
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Pan head: It is a very strong rivet. The opposite end is
usually finished to the snap-head shape. Pan headrivets
are used in heavy construction.(Fig 4)

Fig 4 21.6D @1.6D
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Countersunkhead: Thisrivetismainlyusedinfabricationwhere
projection of the rivethead has to be avoided. The opposite
endis either finished to snap-head or countersunk head. Coun-
tersunk heads are available with differentangles.
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The standard countersunk head has 90°. Rivets with 120°
angle are used forjoining thin plates. The method ofjoining
thin sheets to thick plates is shown in the Figs 5 & 6.
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Mushroom head: These rivets are used to reduce the
height of the rivet head above the metal surface.(Fig 7)

Fig 7 m

O
SM20N132317

Flat head: Flat head rivets are most commonly used in
sheet metal fabrication where the metal is very thinand a
projecting head of the rivet is objectionable.

Flatheadrivets are also available for heavy fabrication work.

Designation of steel rivets: A mild steel snap-head rivet
of 16 mm diameter having a length of 70 mm shall be
designated as snap head rivet 16 x 70 IS.(Fig 8)

A high tensile steel snap-head rivet of 16 mm diameter
having alength of 70 mm shall be designated as snap head
rivet 16 x 70 HT IS.

Fig 8 2D
—

0.25D

SM20N132318

Other types of rivets are also designated in a similar
manner. (Fig 9)

SM20N132319

The length of rivets is indicated by the shank
length.

Riveting (Hot and cold working): Riveted joints can be
formed either hot or cold.

Smallerdiameterrivets usedinlight fabrication are worked
cold.

Larger diameter rivets are usually worked hot.

For hot working, the holes in which rivets are inserted are
made larger foraccommodating thermal expansion.

The clearance provided in the holes for cold working is less
than that provided for hot working.
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CG&M

Related Theory for Exercise 1.3.24

Sheet Metal Worker - Folding & Locking

Special sheet metal rivets and their applications

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

* state the types and uses of tubular rivets
* state the use of ‘hank’ rivet bushes
* state the use of speed nuts.

Tubular rivet: The use of the tubular rivet removes much
of the skill necessary, and there is no need for the support
as with a solid rivet.(Fig 1)

kﬁwm" Y
% %,

4 24|
Z+K - [LX BROKEN STEM

One type of tubular rivet is the ‘pop rivet’. While itis held
by its stemin the riveting ‘gun’, the rivet is pushed into the
rivet hole and the gun causes the stem to be pulled back
into the gun, while the gun nozzle remains pushed against
the flanged head. The stem-head causes therivet tube to
be swaged out thus forming a new head on the far side of
the joint, and consequently pulling the plates tightly
together. Finally the pulling force on the stemis sufficient
to fracture the stem below its head on the stem diameter.

(Fig2)
|
Q’%f\
Az

SM20N132411

Fig 2
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Anothertype oftubularrivet has a stem-head which breaks
off outside the rivet tube after the swaging stage, thus
leaving the central hole clear. This is essential where
drainage from cavities and hollow sections is necessary.

(Fig 3)

‘Hank’ rivet bushes: These bushes are a means of
providing a thin sheet metal with a deep tapped hole, and
diameters and thread form, and they are used in conjunc-
tion with the standard set screws where access cannotbe
gained to fit the standard nuts.

Fig 3

APPLICATION OF TUBULARRIVETS

SM20N132413

The following steps are required to fithank bushes.(Fig 4)
Position the previously drilled hole in the panel.

Mark the centre punch hole position.

Fig 4

SM20N132414

HANK BUSH

Drill a hole of the required size. The hole should be the
clearance size of the bush shank.

Remove the burrs: Fitthe hank bush through the under-
side.

Supportforriveting operation.

Using a ball pein hammer, spread the shank of the bush.
Strike squarely to ensure the even spread of the shank .

(Fig 5)

Change to the flat face of the hammer. Strike squarely,
flatten the shank.(Fig 6)
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Speed nut: Speed nuts are available in a variety of forms
and are made from different materials such as spring steel,
stainless steel etc. The speed nut consists of a strip of
metal stamped in such a mannerthat one or more thread-
engaging portions are pressed upwards from the base to
form part of a screw thread.(Fig 7)

Speed nuts are generally used in conjunction with coarse
thread or self-tapping screws. As the screw is tightened,
the pressure exerted on the tongues gives a self-locking
action.

Fig 7

SM20N132417

Tubular Bifurcated and metal Piercing Rivets

Objectives: At the end of this lesson you shall be able to
« state different types of tubular and bifurcated rivets

¢ state the constructional features of them
* state the application of them.

Tubular and bifurcated rivets: These rivets are used in
low tension joints or for joining softer materials to sheet
metals, as given hereunder.

Semi-Tubular rivets: This rivet has straight hole or
tapered hole atthe end of the shank. The depth ofthe hole
must not exceed 1.12 time shank diameter as shown in
Fig 1. Therivet shank should extend upto the full thickness
of the joint, with the hollow portion set to give correct
upsetting.

Fig 1
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SEMI-TUBULARRIVET
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Insulated rivets: This rivetis semi-tubular and under the
rivet head, itis covered with thick nylon as shown in Fig 2.

The main application of these rivets are in electrical
assemblies, where therivet needs to be insulated from the
workpiece, and also for air tight or water tight joints.

Fig 2
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Full Tubular rivets: This rivet has a hole greater than
1.12D and is designed for use, where the rivets is desired
topunch therivetthrough soft materials as shownin Fig 3.
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|
|

SM20N132423

FULL TUBULARRIVET
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Bifurcated or Split rivet: The bifurcated or split rivet is
machined to produce two prongs atthe shank end to pierce
soft materials as shown in Fig 4.

Fig 4 PRONG
| |

Z %

CAP CUT AWAY TO SOFT MATERIAL 3§
SHOW SPREAD PRONGS 8
z

z

BIFURCATED OR SPLIT RIVET g

Metal piercingrivets (Fig 5): Theserivets pierce theirown
holes into the sheet metal joints.

These are similarto solid rivets and have good tension and
shear characteristics. These are economical as they
produce their own holes and are used in mass production
applications.

Semi-tubular metal piercing rivets: These rivets are
designed to use as punches to penetrate fully or partially
on both pieces of the metal.

Ifthe rivet fully penetrates the metal, itthen completes the
jointas shown in Fig. When the rivet partially penetrates
the metal, the tail of the rivet forms a sealed joint.

Total sheet metal base thickness upto 2.5 mm can be used
for semi-tubular metal piercingrivets.

Metal-piercing solid rivets: In this countersunk solid
rivets can be driven into the sheet steel upto 3.2 mm total
thickness with out the need of a hole. Penetration by the
rivet, counter sinking and clinching the rivet against an
upsetting tool, are completed in a single stroke. The
counter sunk head produces aflashed hole whichimproves
joint shear strength.

Expansion of the rivet end on the other side of the
workpiece,prevents pull out.

Blind rivet or Pop Rivet

Fig5
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CLINCH WHEN SET TO PENETRATE BOTTOM SHEET
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INCOMPLETE PENETRATION RESULTS
IN A SEALED JOINT

SEMI-TUBULAR MATAL PIERCING PARTIAL PENETRATION
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NOTE: FLUSH SURFACE
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FLARED HOLE
METAL PIERCING SOLID RIVETS

METAL PIERCING RIVETS

SM20N132425

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

* state the types of blind rivets, their parts and application

* state the blind riveting equipment
* state the steps in riveting the blind rivets.

Blind rivets are designed to allow them to be installed in
joints which are accessible from one side only. However,
for many reasons including simplicity and good appear-
ance, they are used for joints from both sides are acces-
sible. Prepared holes are required for blind riveting.

The parts of the rivet is shown in the Fig 1. The mandrel
portion is used for assembly purposes only and after use,
it is either totally or partially discorded. (Fig 2)

Flg 1 BODY ( MANDREL TAIL OR STEM

B
/\ BODY HEAD

MANDREL HEAD

BLIND RIVET

SM20N132431
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Fig 2 JOINT MATERIAL (BODY HEAD
ST R x|
vz 1 7|

(D)
t DEFORMATION

BLIND RIVET SET IN PLACE

SM20N132432

Blind riveting equipment: The equipmentused for blind
rivets are blind rivet pliers, lazy tongs, lever hand tools,
pneumatic and hydraulic magazine feed and semi-auto-
matic fasteners as shown in Fig 3.

Types of Blind or Pop rivets: In setting a blind rivet, the
body of the rivet is inserted into a hole and the mandrel is
pulled deforming the tail which pulls and fixes the joint
together. Blind rivets are available in many types and
systems. Some of these are given here-under.

Plugged break stem: After the rivet tail has been de-
formed by the action of the mandrel, the mandrel stem
breaks, leaving the head behind forming a plug as shown
in Fig 4.

Fig 3

LAZY TONGS

PNEUMATIC HAND
TOOL WITH AUTOMATIC FEED

PNEUMATIC BLIND
RIVETTER

SM20N132433

BLIND RIVETTING EQUIPMENT

Fig 4

RIVET BODY RAISED
TO SHOW BREAK STEM

MANDREL HEAD BECOME
PLUG POSITION

RN
Z

N N
% Z)

PLUGGED BREAK STEM

SM20N132434

Open break stem: It is similar to the break stem, but the
head breaks off and falls out after deforming the tail, leaving
the hollow body open. (Fig 5)

Fig 5

RIVET BODY RAISED
TO SHOW BREAK \
MANDREL HEAD FALLS

HEAD POSITION
OUT LEAVING BODY HOLLOW <

AR | (R
22| vz

OPEN BREAK STEM

SM20N132435

Sealed: The sealed typerivetis hollow cored with a closed
blind end and is used where a water or pressure tight rivet
is essential. (Fig 6)

Fig 6

SEALED END

AN | | AN
vz ezl

SEALED

SM20N132436

Externally threaded blind rivets: This rivetis a conven-
tional pull mandrel blind rivet. When the rivet is set, the
head section protrudes providing a metric thread stud into
which a nut can be fastened. (Fig 7)

— (O

EXTERNALY THREADED BLIND RIVET

Fig 7

BEFORE SETTING

AFTER SETTING

SETTING THE EXTERNALY THREADED BLIND RIVET

SM20N132437

Collapsible shank: The tail or shank of this rivet is
designed to deform into three segments. (as shown in Fig
8) It spreads the clamp up load over a wide area, making
it suitable for assemblies having bigger size hole and also
to prevent pull out in soft materials.
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Fig 8 COLLAPSED SHANK COVERS —
LARGE SURFACE AREA

COLLAPSIBLE SHANK
BLIND RIVET TYPES

SM20N132438

Flush break high strength: This blind rivetin 3to 6 mm
diameters has amandrel with specially designed head that
breaks off flush with the top of the rivet. (Fig 9)

Fig 9

==

FLUSH BREAK HIGH STRENGTH

SM20N132439

Repetition blind riveting systems: Rivetis loaded onto
amandrelwhichis placedinto a pneumatic setting tool with
a rivet in the ready position. This rivet is inserted into a
preformed hole, the tool trigger is actuated, drawing the
mandrel through the rivet, expanding the rivet tail. Se-
quence of rivet setting is shown in Fig 10.

Fig 10

i e A

SEQUENCE OF RIVET SETTING REPETITION BLIND RIVETTING SYSTEMS
BLIND RIVET TYPES

SM20N13243A

Drive pinrivets: Drive pin rivets consist of a hollow body
and a pin. In the manufactured condition itself, the pin
projects fromtherivethead. Ahammerblow forces the rivet
into the prepared hole, the pin expands the rivet and
spreads pre-slotted shank prongs. (Fig 11)

Lazy tong

Fig 11

DRIVE PIN HAMMER

RIVET BODY i RIVET BODY SPREAD

BY PIN ACTION
DRIVE PIN RIVETS

SM20N132438

Riveting blind rivet
Riveting steps

1 Select arivet for the correct size of dia and length.
2 Dirill a hole to the recommended diameter.

3 Opentheriveting tool and insert the rivet steminto the
tool nozzle.

4 Place the rivet body into the preformed hole.

5 Squeezetherivettool handlestogethertosettherivet,
atthe correct point of tension, the rivet stem will break.

6 When the rivet stem has broken, remove the tool from
the job. Allow the tool to open fully to eject the spent
rivet stem. (Fig 12)

Y

LOADING
LOADING THE RIVET INTO

THE RIVETTING TOOL %

PLACING

PLACING THE RIVET INTO
THE PRE-FORMED HOLE

Fig 12

SETTING
SETTING THE RIVET BY %
ACTUATING THE TOOL STEM BREAK
l
EJECTING THE RIVET STEM EJECTION

SETTING A STANDARD BLIND RIVET

SM20N13243C

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

* state what is a lazy tong
* state parts and mechanism of a lazy tong
* state the operating instructions.

Lazy tongis a hand operated tool, used for setting 1/8", 5/
32" and 3/16" diameter standard open type blind rivets. It
is important to use the correct nosepiece for the diameter
oftherivettobe placed, to ensure the best performance of
the tool. The parts list is shown in the figure and all parts
are fully interchangeable.

Description of mechanism: The mandrel gripping mecha-
nism consists of a set of jaws (6) fitted into the jaw case (5)
and screwed on to the power coupling assembly. The jaws
are keptin the forward position by the jaw pusher (12) AND
JAW PUSHER SPRING (11).

CG & M : Sheet Metal Worker - (NSQF Revised 2022) R.T. for Ex. No 1.3.24 107



The lazy tong mechanism is connected to the power
coupling in such away that the operation of the handle (8)
which draws the jaws, is gripping the rivet mandrel, thus
setting the rivet.

Operatinginstructions: Check thatthe suitable nosepiece
is fitted to the tool and firmly screwed into the threads.

\When the mandrel breaks, the rivet is set.

Defect in rivetted joints

Fig 1

PARTS LIST OF LAZY TONG

NO. DESCRIPTION Qry.

1 LINKAGES 1SET

2 LOCK NUT 2

3 YOKE 1

4 POWER COUPLING 1

5 JAW CASE 1

6 JAWS 1SET

7 NOSE PIECE 1

8 HANDLE

9 FULCRUM PINS 2

10 BODY 1 3
11 JAW PUSHER SPRING 1 g
12 JAW PUSHER 1 g

o0

Objectives: At the end of this lesson you shall be able to
* relate riveting defects with their causes.

While making riveted points certain precautions are to be
exercised to avoid defects in the joints.

Few common causes and defects and resistant effects in
riveting are given below: (Fig 1)

Causes of riveting defects

Resultant effect

Holes wrongly aligned

)
! ANNNNNNNNN () NNNNNNNNNNY
% ) §ozzzo)

RIVET DEFORMED AND DOES NOT COMPLETELY FILL THE HOLE.

Rivettoo short

PLATE SURFACES DAMMAGED. COUNTERSINKING NOT COMPLETELY FILLED.

Hole toolarge

—
Lz Yooz

RIVET TENDS TO BEND AND DEFORM. HEAD WEAK AND POORLY SHAPED.

Burrs in drilling

ez
&\\‘"k\\\\\\\\w

PLATES OR SHEETS NOT CLOSED TOGETHER UNEQUAL HEADS.

Burrs between plates

N

GAP BETWEEN PLATES WEAK JOINT.
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Rivet not set correctly

VA

RIVET SHANK SWELLS BETWEEN THE PLATES WEAK JOINTS.

LN
Rivetlength too long SIS 2z 22
FLASH FORMED AROUND HEAD. COUNTERSINKING OVERFILL
Head fi d out of cent an
eadrtormedoutorcentre 7777 WA
NN NN

SHEET DAMAGED BY RIVETTING TOOL.
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CG&M

Related Theory for Exercise 1.3.25

Sheet Metal Worker - Folding & Locking

Caulking and fullering

Objectives: At the end of this lesson you shall be able to
* state the purpose of caulking and fullering

 distinguish between caulking and fullering processes.

Caulking: Caulking is an operation of closing down the
edges of the plates and heads of the rivets to form a metal-
to-metal joint.(Fig 1)

/’\» A
L />

4 ‘ -

AL
\ |
o

SM20N132511

The edge of the rivethead is tightly pressed and expanded
on the plate by a caulking tool which looks like a fattened
cold chisel.

Fullering: Fullering is an operation of pressing the whole
surface of the edge of the plate. Itis done by a fullering
tool.(Fig 2)

Fig 2 FULLERING TOOL
R
z 77X
N 3
N
%]
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When the caulking tool is about as thick as the plate, itis
called a fullering tool.

The whole surface of the edge of the first plate is tightly
pressed on the second plate.

A better fluid-tight joint is achieved by fullering.

Caulking is done on the edges of the plates as well as on
the edges of the rivet heads. But fullering is done on the
edges of the plate only. Tofacilitate caulking and fullering
onthe plates, the edges ofthe plates are bevelled about 80°
to 85°.

The strength of riveted joints: A riveted joint is only as
strong asits weakest partand it must be borne in mind that
it may fail in one of the following four ways.

Shearing of therivet

Crushing of the metal

Splitting of the metal

Rupture or tearing of the plate

These four undesirable effects are illustrated in the table
below: (Fig 3)



TABLE

Riveted joints Effect Causes Prevention
Shearing of Diameter of the rivet too small | Select the correctdiameter
therivet compared with the thickness | rivet to suit thickness of

of the plate. The diameter of
the rivet must be greater than
the thickness of the plate in
which it is to be riveted.
Strength of rivet material is
less when compared to the

material of the plates.

the plate.
Select a suitable

material rivet.

Crussing of the

rivet

Diameter of the rivet too large
compared with the thickness
of the plate. The rivets when

driven tend to bulge and cursh

Select the correct diameter,
rivet for the thickness of

the metal plate.

Splitting of the

metal

the metal in front of them.

Rivetholes punched or drilled
too near the edge of the plate
Metal is likely to fail by split-

ting in front of the rivets.

Drill or punch the rivet at
the correct distance from
the edge and use the

correctlap allowance for

the diameter of the rivet.

TOO CLOSE

Tearing ofthe

plate

Plates weakened by rivet
holes being too close together
Plates tend to rupture along

the centre line of the rivets.

Punch or drill rivet holes
at the correct spacing or
or pitch. In additionremove

all burrs from the holes

before final assembly.
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CG&M

Related Theory for Exercise 1.3.26

Sheet Metal Worker - Folding & Locking

Standard size of rivets

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

» determine the hole sizes for different diameters of rivets
* choose the rivet diameters according to the thickness of the plates/sheets
« calculate the length and rivet interference for different diameter rivets and plate sizes.

The size of the hole drilled for inserting the rivets.

The diameter ofthe rivetin proportion to the thickness of the
plates/sheets to be joined.

The length of the rivet according to the type of the rivetand
the thickness of the plates/sheets.

The size of the rivet and hole: The size of the hole to be
drilled is according to the diameter of the rivet used.

A formula generally used for determining the diameter a
solid rivet is

D.Min=T
to D.Max = 2T

The actual value used will depend upon the actual joint
features and service conditions.

The size of the hole has to be slightly larger than the
nominal diameter of the rivet. (Table 1)

Forhotworking, rivets will have holes with more clearance
than for cold working.

TABLE 1
Hole diameter for rivets

Rivetnominal dia 2 3 4 5

Hole dia 22 32 42 53

8§ 10 12 15 15-40

85 11 18  16.5 Holes largerthan
the nominal dia by
1.5t02.0 mm

Length of rivets: Thelength of arivetis the shanklength.
This will vary according to the thickness of the plates to be
riveted and the type of the rivet head.(Fig 1 & 2)

Aformula generally used in the shop flooris length of snap-
headrivets.

L =T+1.5D

Length of countersunk head rivetsL=T + 0.6 D
L =shanklength

T =total thickness of the number of plates used
D =rivetdiameter

D, = hole diameter

Fig 1 D
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Rivetinterference: The length required to form the head
inriveting is called rivet interference.

When forming a round head (Fig 3) the interference x is
givenas

x =dx(1.3,-1.6)
where x = rivetinterference (mm)
d = rivet diameter (mm)

Therefore, the length of the rivet (L mm)toformaround head
when the total thickness of the piled platesis T mm will be,
asgiven below.

L=T+d(1.3~1.6)



_ When he appropriate values of the rivet diameter and the
Fig 3 -9 length for the plate thickness are found out, choose the
rivets with the standard size close to the calculated values.

L | Fig 4 d

_ /. | Z ~
N N

SM20N132613
\
|
I
|
X

When forming a flat head (Fig 4) the length of the rivet N f
(L'mm) will be as given below. \/

SM20N132614

L'=T+d(0.8~1.2)

Riveted Joints & spacing of rivets in joints

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

state the different types of riveted joints

state the features of different types of riveted joints

distinguish between chain riveting and zigzag riveting.

determine the distance between the rivet and the edge of the joint

state the effect on the joints when the rivets are too close or too far from the edge
determine the pitch of rivets in joints

state the effect of too close and too far a pitch of rivets in joints.

In construction and fabrication work different types of ]
riveted joints are made. Fig 2

The commonly used joints are:

— singleriveted lap joint

— doublerivetedlap joint

— single strap butt joint

SM20N132622

— double strap butt joint
Too much distance from the edge will lead to GAPING.

(Fig 3)

Pitch of rivet: The minimum distance between rivets
should be three times the diameter of the rivet. (3D) (Fig 4)

The spacing ofthe rivetholes depends upon the job. Given
below is a general approach in determining this.

Distance from the edge to the centre of the
rivet.(Fig1)

Fig 3

Fig 1 20

N
e ez &
ENNNE - L/
A\

SM20N132623

2D

SM20N132621

Fig4

The space or distance from the edge of the metal to the
centre of any rivet should be atleast twice the diameter of
therivet.

The purpose of this is to prevent the splitting of the edges.
The maximum distance from the edge should not be more
than ten times the thickness of the plate.(Fig 2)

SM20N132624
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The distance will help to drive the rivets without
interference.(Fig5)

Fig 5

TOO CLOSE

SM20N132625

Riveted Joints

Too closely spaced rivets will tear the metal along the
centre line of the rivets.

The maximum distance between the rivets should exceed
twenty four times the thickness of the metal.(Fig 6)

Toofara pitch will allow the sheet/plate to buckle between
therivets.

Fig 6

BUCKLING

SM20N132626

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

« state the different types of riveted joints

* state the features of different types of riveted joints

* distinguish between chain riveting and zigzag riveting.

In construction and fabrication work different types of
riveted joints are made.

The commonly used joints are:
— singleriveted lap joint

— doubleriveted lap joint

— single strap butt joint

— double strap butt joint

Single riveted lap joint: This is the simplest and most
commonly used type of joint. Thisjointis useful for joining
both thick and thin plates. In this, the plates to be joined
are overlapped atthe ends and single row of rivets is placed
in the middle of the lap.(Fig 1)

Fig 1

SM20N132631

Double riveted lap joint: This type of joint will have two
rows of rivets. The overlapislarge enoughtoaccommodate
two rows of rivets.(Fig 2)

Fig 2

s B
NANY

SM20N132632

Double riveted (Zigzag) lap joint: This provides a
stronger jointthan a single lap joint. Therivets are placed
eitherinasquare formation orin atriangularformation. The
square formation of rivet placementis called CHAIN rivet-
ing. The triangular formation of rivet placement is called
zigzagriveting.(Fig 3)

Pitch allowance: Three or fourtimes the diameter of rivet
+ Sheet thickness 1 time.

The shank length is given by

Length :-L =T + Dwhere T is the Sheet thickness and D
is the diameter of the rivet.

Normally Tinman’s rivets are designated by numbers.
Thickness of sheet 14, 16, 18, 20, 22, 25
Dia of rivet 22, 24, 26, 27, 28, 30
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Fig 3

SM20N132633

Sketch

Draw a straight line of 1.25" and add sheet thick-
ness, for total distance find out centre, and draw
a semi circle with spring divider, Draw a perpen-
dicular line projecting the line upto semi circle

the distance is taken as a dia of rivet.

Rivet hole size and clearance: A rivet hole should be
formed alittle biggerthan the nominal diameter of the rivet.
The hole diameter will be bigger than the rivet shank nominal
diameterby0.2to 0.3 mm for cold riveting and by 0.5t0 1.5
mm for high temperature (Red)for hot riveting process.

Working condition
ColdRiveting
HotRiveting Process

RivetNominal
2345 -6
8 10 12 15 15t040

diameter (MM)

Tolerance (DA)
0.2+ +0.2 £0.5-0.2+0.5-0.2
0.2++0.2

0.2+ #0.2

Bigger than nominal diameter
by 1.5 to 2.0 mm plates.

Hole diameter
22 32 42
8.5 11 13 16.5

53 6.3

Annealing of rivet: Riveting is usually performed in the
normal temperature when the rivet diameteris less than 6
mm. To prevent the breakage and failure of rivets and to
facilitates the operation, rivets are used in the normal
temperature. Rivets are annealed in the temperature of
650° to 700°C and allow them to cool slowly. Generally
M.S.Rivets are heated in furnaces uniformly. Aluminium
rivets are used withoutannealing. High strength aluminium
Alloyed Rivets inthe Duralumin group are heated to 480°-
500°C and, coded in water. Generally Electric furnaces
are used for heating the rivets.

The ISl table giving the dimensions of the Turnersrivetsis
given below.

Method of riveting: Riveting may be done by hand or by
machine. While riveting by hand it can be done with a ball
pane hammer and arivet set.

Rivetset: Theshallow, cupshapeholeisusedtodrawthe
sheetandtherivettogether. The outputonthe side allows
the slug to drop out.

The cup strap is used for forming the rivet head. The rivet
set selected should have a hole slightly larger than the
diameter of the rivet.

Spacing of rivets: The space of distance from the edge of
the metal to the centre of any rivet should be atleast twice
the diameter of the rivet to avoid tearing.

The maximum distance should never exceed 24 times the
thickness of the sheet. Otherwise buckling willtake place.
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CG&M
Sheet Metal Worker - Soldering

Related Theory for Exercise 1.4.27

Fastening of Sheet Metal (Various types of Fastning)

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

* state the types of bolt and nuts
* state the types of washers
* state the types of joints.

In joing number of parts together and dismandling without
damaging any parts, devices called Bolts, nuts, screws
etc are made use of. These are called “Screwed fasten-
ers”. Bolt is a metallic cylindricl rod having a specific
shape on one end called “Head” and the other end called
shank with screw threads cut on it. All the fasteners are
generally made of steel of good tensile strengh.

Bolts and nuts

Bolt is a metallic piece of definite shape with threaded
(screwed) hold on the centre of the face. Itis used on the
end of the bolt/screw to hold the parts in position. (Fig 1)

Fig 1
BEARING SURFACE
WASHER FACED

BODY DIAMETER

CHAMFER
AT 45°

HEIGHT OF
HEAD (H)

SM20N142711

Nuts are known by their shape or their cross-section. The
most commonly used forms are hexagonal and square.
Nut are specified by the shape of the nut and the nominal
dia of bolt/screw on which they are used. (Fig 2)

0

THIKNESS (T)

Fig 2

BOTH SIDES
CHAMFERED

SM20N142712

Washer: It is a cylindrical thin disc with a hole in the
centre. Washer helps to provide smooth bearing surface
between the nut and the part on which it is used. There
by it prevents the nut corners from cutting into the metal.

)

PLAIN WASHER

==

SPRING WASHER

Fig 3
e x 45°

N

A

SM20N142713

Split Pin: It is made of semi circular steel wires (1S:549)
bent through the split pin holes in the bolt/screw ends and
the ends are opened back wards. They are available in 16
sizes, 0.6 mm to 20 mm depending upon the bolt dia 2.5
to 170 mm dia. (Fig 4)

Fig 4 @

SPLIT PIN

SM20N142714

Types of screws applied in sheet metal work

Objectives: At the end of this lesson you shall be able to
« state the type of self tapping screws

* state the application of each self tapping screws

» state the use of electric screw driver

* state the feature of lag screw and its application.

Selftapping screws: Sheetmetal screws are designed
especially for sheet metal work. They are also called self-
tapping screws because they tap their own mating threads
as they are driven into the material. (Fig 1) Note that the
screws are threaded to the full length of the screw. This
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causes the two pieces of the metal to be fastened tightly
togetherunderthe head of the screw. Most types of sheet
metal screws are available with slotted, philips and hex
type head.
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SELF TAPPING SHEET METAL SCREWS

self drilling screw drills and taps threads in one operation
as shown in Fig 3.

M20N142721
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Sheet metal screws are classified by the type of pointand
threading. The most common type is shown in Fig 1. “A”
type has a sharp (or gimlet) point and coarse threads for
ease in assembling. This type is used for fastening thin
section. Type “B” is a modified form of type A screw and
is now recommended in place oftype A. Type Bhasablunt
pointand threading similarto type Aand s used forjoining
thickersections. Type C hasfinerthreads than type Aand
B andis used onheavier sheetand where greater strength
is required. Type D has blunt point and fine threads. Itis
used mainly for joining heavy metals, metals of different
thickness and to fasten sheet metal to structural members
or casting. This type is used where great strength is
required. Types A and C are thread forming screws. That
isasthey aredriven, the pressure forms the mating threads
in the metal.

In drilling holes for sheet metal screws, it is important to
use the proper size bit, especially for type D. The drill bit
size to be used is usually indicated on the box containing
the screws. Ifthe hole is too large, the screw will not hold,
if the hole is too small the screw will either not start or will
be difficult to turn and may break off in the hole.

Sheetmetal screws may be driven with hand screw drivers
or with electric drills with special screw driver bits. Also,
there are electric screw drivers which are similar to
electric drills except that they are equipped with
special chuck assemblies to receive, insert bits for
slotted and philips type screw heads and sockets for
hex heads. (Fig 2)

Fig 2

PORTABLE ELECTRIC DRILL

SM20N142722

Self drilling screws: Self drilling screws are a further
refinementofthe self-tapping screws previously described.
The tip of the screw is like a drill bit. This eliminates the
need for pre-drilling or punching starter holes. Also,
because the threads automatically tap the mating part, the

ii@ii%ﬁ

DRILL

POINT DRILL TAP FASTEN

SM20N142723

SELF DRILLING AND TAPPING SCREWS

The sizes and threading of self drilling screws are the same
as those for self tapping screws.

Drive screws: The type U drive screw shown in Fig 4 is
considered to be a sheet metal screw although it is used
much like a nail. Its main use is to fasten sheet metal of
heavy structural steel. A hole of the same size as the tip
ofthe screw is drilled through both pieces and drive screw
is driven in with a hammer. The raised threads then form
mating threads like the selftapping and self drilling screws

Fig 4

SM20N142724

SHEET METAL DRIVE SCREW

Installation fasteners: The sheet metal worker will be
often required to install the objects he has fabricated in the
shop. Many times, this will involve fastening the sheet
metal to other materials such as concrete, masonory,
wood, plaster ordry wall. There are many purposes. The
following examples are the more commonly used types in
the sheet metal trade.

Nails: Many types of nails such as copper, zinc and tin
coated are used in sheet metal work. Copper nails are
used whenever copper sheets is fastened towood. Tinned
nails are used extensively in all kinds of tin roofing.
Galvanised nails are usedin all applications of galvanised
sheet metal. Nails are designated by the symbol “d”. This
is the English symbol for penny. Thus 10 d means ten
penny. The smaller the number the smaller the nail. The
largest size generally used are 16 penny nails.

Lag screws: Lag screws shown in Fig 5 are large wood
screws with a square or hex head instead of a slotted head.
This is so that they can be turned with a wrench instead of
ascrewdriver. Lag screws can be purchased either black
orgalvanised and are designated by diameter and length,
thusa1/4x4lagscrewis 1/4inchindiameterand4inches
long. Lag screws are available in upto 6 inches. They are
used to fasten to wood. .

T

LAG SCREW

SM20N142725
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Related Theory for Exercise 1.4.28

Clips

Objectives: At the end of this lesson you shall be able to
» state what is a clip

* state the types of clips

« state the forms of clips and their application.

Standard methods have been developed for connecting the
joints ofthe sheet metal ductand the pipe. Normally the clips
areused. The sheetmetal workershould knowthoroughly the
uses of the allowances and the forming of all the clips.

Government clip (Fig 1): The Government clip is some-
times called the “Cup or Pocket clip”. Its principal use is in
joining the sections of large, rectangular duct. Most shops
have a lock forming machine that automatically forms the
clips. The allowance on the duct for the clip is 1 inch as
shown in Fig 2.

Fig 1

L

GOVERNMENT CLIP

Fig 2 __[3B 1

SM20N142811

7/8

ALLOWANCE FOR GOVERNMENT CLIP

SM20N142812

This allowance is not bent but is left straight for the clip to fit
on. After the clip is set on the duct, itis fastened with a clip
punch or by riveting. (Figs 3 & 4)

Nailing clips (Fig 5): Nailing clips are used to hold asheet
nailed down to a wood surface, while hiding the nails from
sight. And also some are designed to hold the sheets

down but to allow for the expansion and contraction of the
metal. Nailing clip used on lock seam roofing is shown.
Thisclipisusuallyabout 1inchwide. Ithooks overthe edge
of the lock seam and is nailed into the wooden surface.
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Fig 3 7/8" FLANGE TO FIT INTO CLIP

VA 11/4

FOR PITTSBURGH SEAM
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FLANGE AND ALLOWANCE FOR GOVERNMENT CLIP
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Fig 4
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Another type of nailing clip is shown in Fig 6. This clip is
often called a blind seam. This clip is usually used, when
the sheet can be nailed down but the nail should be
invisible.

Fig 6 1/4" DOUBLE HEM

[ NAIL
i : SHEET : SHEET
(a) (b) ()

NAILING CLIP USED ON BLIND SEAM

SM20N142816




Drive clip (Fig 7): This clipis generally used for connecting
cross seams on ducts.

The seam is made by turning edges as shown in Fig 7 on
the two pieces to be joined. The common width of a drive
clip is 1/2". Often the clip will have to be driven on with a
hammer, which is the reason for its name.

“8” Clip (Fig 8): The S clipis an S shaped piece of metal
that forms two pocket locks for the joining metal to slip in
as shown in Fig 8.

Fig7 LOCK

S S

A B (o3

TURNING LOCK DRIVE CLIPWITH  DRIVE CLIP SEAM
EDGES TURNED COMPLETED

SM20N142817

STEPS IN ASSEMBLING A DRIVE CLIP SEAM

Fig 8

DRIVE NAIL BEFORE
/SECOND SHEET IS

INSERTED IN LOCK
/ /

/

=
/{ff S

SM20N142818

With the drive clip, the most common application of the ‘S’
clip is in joining the sections of the duct.

'S' anddrive clips are used to join the sections of the duct.
(Fig9)

Fig 9
I <
DUCT CUTAWAY

HERE TO SHOW CLIPS
IN PLACE ON DUCT o
)
s
z
S AND DRIVE CLIPS USED TO JOIN DUCT SECTIONS. g
o
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Related Theory for Exercise 1.4.29

Solders

Objectives: At the end of this lesson you shall be able to
* define a solder

* state the types of solders

« state the constituents of soft and hard solders.

Solderis a bonding filler metal used in soldering process.

Pure metals or alloys are used as solders. Solders are
applied in the form of wires, sticks ingots, rods, threads,
tapes, formed sections, powder, pastes etc.

TYPES OF SOLDERS

There are two types of solders.
— Softsolder

— Hardsolder

Soft solders: Soft solders are alloys of tin and lead in
varying proportions. They are called soft solders because
oftheircomparatively low melting point. One distinguishes
between soft solder whose melting points are 450°C and
hard solders whose melting points lie above 450°C. These

are alloys of the materials tin, lead, antimony, copper,
cadmium and zincand are used for soldering heavy (thick)
and light metals. Table shows different compositions of
solder and their application.

In the composition of soft solder, tin is always

statedfirst.

WARNING

For cooking utensils, do not use solder containing lead.
This could cause poisoning. Use pure tin only.

Hard solders: These are alloys of copper, tin, silver, zinc,
cadmiumand phosphorus and are used for soldering heavy
metals.

Sl.No. Types of solder Tin Lead Application

1 Common solder 50 50 General sheet metal
applications

2 Fine solder 60 40 Because of quick setting
properties and higher strength,

3 Fine solder 70 30 they are used for copper water
tanks, heaters and general
electrical work.

4 Coarsesolder 40 60 Used on galvanised iron sheets

5 Extra fine solder 66 34 Soldering brass, copper and
jewellery

6 Eutectic alloy 63 37 Similar to fine solder
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Related Theory for Exercise 1.4.30

Soldering Flux

Objectives: At the end of this lesson you shall be able to
» state the functions of soldering fluxes
* state the criteria for the selection of fluxes

 distinguish between corrosive and non-corrosive fluxes
* state different types of fluxes and their applications.

All metal rust to some extent, when exposed to the
atmosphere because of oxidation. The layer of the rust
must be removed before soldering. For this, a chemical
compound applied to the joint is called flux.

Function of the fluxes:

1 Fluxes remove oxides from the soldering surface. It
prevents corrosion.

2 Itformsaliquid coveroverthe workpiece and prevents
further oxidation.

3 Ithelps moltensoldertoflow easily in the required place
by lowering the surface tension of the molten solder.

Selection of flux: The following criterias are important for
selecting a flux.

— Working temperature of the solder
— Soldering process
— Material to be joined

Different types of fluxes: Flux can be classified as (1)
Inorganic or Corrosive (Active) & (2) Organic or non-
corrosive (Passive).

Inorganic fluxes are acidic and chemically active and
remove oxides by chemically dissolving them. They are
applied by brush directly on to the surface to be soldered
and should be washed immediately after the soldering
operation is completed.

Organicfluxes are chemically inactive. These fluxes coat
the surface of the metals to be joined and exclude the air
from the surface, to avoid further oxidation. They are
applied only to the metal surfaces which have been
previously cleaned, by mechanical abrasion. They are in
the form of lump, powder, paste or liquid.

DIFFERENT TYPES OF FLUXES
(A) Inorganic fluxes

1 Hydrochloric acid: Concentrated hydrochloric
acid is a liquid which fumes when it comes into

contactwith air. After mixing with water2 or 3times
the quantity ofthe acid, itis used as dilute hydrochloric
acid. Hydrochloricacid combines with zinc forming
zinc chloride and acts as a flux. So it cannot be
used as a flux for sheet metals other than zinc iron
orgalvanised sheets. Thisis also known as muriatic
acid.

2 Zinc chloride: Zinc chloride is produced by adding
small pieces of clean zinc to hydrochloric acid. It
gives off hydrogen gas and heat after a vigorous
bubbling action, thus producing zinc chloride. The
zinc chloride is prepared in heat resisting glass
beakers in small quantities. (Fig 1)

Zinc chlorides are known as killed spirits. It is
mainly used for soldering copper, brass and tin
sheets.

3 Ammonium chloride or Sal-Ammoniac: Itis a
solid white crystalline substance used when solder-
ing copper, brass, iron and steel. Itis used in the
form of powder or mixed with water. Itis also used
as a cleaning agent in dipping solution.

4 Phosphoric acid: It is mainly used a flux for
stainless steel. Itis extremely reactive. Itis stored
in plastic containers because it attacks glass.

Organic fluxes

1 Resin: It is an amber coloured substance ex-
tracted from pine tree sap. Itis available in paste or
powderform.

Resinis used for soldering copper, brass, bronze,
tin plate, cadmium, nickel, silver and some alloys of
these metals. Thisis used extensively forelectrical
soldering work.

2 Tallow: Itis a form of animal fat. Itis used when
soldering lead, brass and pewter.
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The following Table shows the nature and type of flux used in soldering.

Metal to Inorganic flux Organic flux Remarks

be soldered

Aluminium Commercially prepared

Aluminium-bronze fluxand solder required

Brass Killed spirits Resin Commercialfluxavailable
Sal-ammoniac Tallow

Cadmium Killed spirits Resin Commercialfluxavailable

Copper Killed spirits Resin Commercialfluxavailable

Sal-ammoniac

Gold Resin
Lead Killed spirits Tallow

Resin
Monel Commercial fluxrequired
Nickel Killed spirits Resin Commercial fluxavailable
Silver Resin
Stainless steel Phosphoric acid Commercialfluxavailable
Steel Killed spirits
Tin Killed spirits Commercial fluxavailable
Tin-bronze Killed spirits Resin
Tin-lead
Tin-zinc Killed spirits Resin
Zinc Muriatic acid
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Related Theory for Exercise 1.4.31

Soft soldering

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

» explain soft soldering process
 state the melting characteristics of soft solders

 state the essential features of the soldering technique

* state the characteristics of the soldered seams to be observed while inspection.

Soft soldering involves the process.
— preparing the workpiece.

— select the correct soft solder.

— preparingthe solderingiron.

— select and apply suitable flux.

— heat the soldering iron bit and the workpiece to the
correcttemperature.

— manipulating the soldering iron on the workpiece skillfully
as shown in Fig 1.

— complete the job to a satisfactory standard.

Fig 1
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REACTION
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LIQUID FLUX
REDUCES OXIDES

THE SOFT SOLDERING PROCESS

SM20N143111

Melting characteristics of soft solders: The eutectic
alloy oftinlead solderis a mixture of 63% tinand 37% lead.
63/37 solder melts at 183°C and is the lowest melting point
of all combinations in the alloy series as shown in Fig 2.

Fig 2

TEMPERATURE °C °C
350
327 &
300+ SN

F > |
5 [ 232
5 ‘ |
2001 3 | ‘ .
1
g’ ; ; I | | H |
5 | | | |
-
2 [ [ \ [ Bl
| | x| o o 3 | SOLIDUS
m} m} m} m} wlg W lw
1004+ al gl g1 9; g3la |9
ol ol 2] 9, oFl |2
8‘ 8‘ UJ‘ UJ‘ UJ"(S ‘U) ‘U)
ol ol ol ol owllg 1o SOLID
Q| Nyl Q) Y I EQ 2
S S S S| shB Is
| & | < B co‘u.l\\o‘r\
0 —
TINO 10 1620 30 40 50 606‘36570 80 90 100%
|
LEAD 100 90 1680 70 60 50 40 |3530 20 10 0%

37

MELTING CHARACTERISTICS OF TIN-LEAD SOLDER

SM20N143112

Soldering Techniques: Thefollowing features are essen-
tial to do soldering.

— Correctjointdesign

— Preparation of the joint

— Selection of the solder

— Selection and preparation of the soldering iron.
— Copperbitheating

— Soldering bitmanipulation

— Cleaning aftersoldering

— Inspection of the seam.

Attitude of the bit: The solderingiron bit should be placed
in a position that enables sufficient heat and solder to flow
into the joint.

The angle between a working face of the bit and the joint
surface should be filled with a pocket of solder.(Fig 3)

Any variation of this angle will control the amount of heat
and solder which is transferred onto the lapped surfaces.

Contactbetween the molten solder and the jointopeningis
essential for the penetration of the solder into the joint as
shown infigure.

Fig 3 .
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Soldering

Objectives: At the end of this lesson you shall be able to
* define ‘soldering’
« state the different types of soldering processes

* state the different types of solder and their applications
« state the different types of soldering bits and their uses.

Soldering method: There are different methods of joining
metallic sheets. Soldering is one of them.

Soldering is the process by which metallic materials are
joined with the help of another liquified metal (solder). The
melting point of the solderis lower than that of the materials
beingjoined.

The solder wets the base material without melting it.

Soldering should not be done on joints subjected to heat
and vibrations and where more strength is required.

Soldering can be classed as soft soldering and hard
soldering.

The process of joining metals using tin lead solders which
melt below 420°C is known as soft soldering.

Successful soldering

The process of joining metals using hard solders consist-
ing of copper, zinc, cadmium and silver which melt above
600°C is known as hard soldering.

Brazing is a hard soldering process used to join copper,
brass and most ferrous metals.

The bonding filler metal usually consists of copperand zinc
alloys. Silverbrazing or silver soldering is a process used
tojoin steel, copper, bronze and brass and precious metals
like gold and silver.

The bonding filler metal consists of silver, copperand zinc
alloys.

Objectives: At the end of this lesson you shall be able to
* follow the hints for successful soldering.

Hints for successful soldering

You should always wear safety glasses to avoid possible
injury to the eyes.

Sheet metal must be cleaned with a file, wire brush, steel
wool strip, or emery cloth.

Be sure that the pieces to be soldered fit closely together,
for a strong joint.

Soldering flux must be applied by a swab or brush only to
the surfaces on which molten solder is to be applied.

Hold the pieces to be soldered firmly to prevent their
movement.

Hold the soldering iron in one hand, placing its widest
tinned face flat against the surface to be soldered.

When soldering iron is held incorrectly, the point of the
soldering iron touches only a portion of the area to be
soldered, this is referred to as “skimming” the joint and
results in a weak joint.

Apply the wire solder beneath the edge of the iron and
nearest to the work. Move the soldering iron slowly along
the work making sure that the solder melts, spreads and
penetrates properly.

Solder as much surfaces as possible without re-heating
the soldering iron or changing to another iron.

Atemperature capable of merely melting the solder is not
sufficientenough, heat must be transmitted by the solder-
ing iron to the workpiece to quickly raise the temperature
of the metals to the solder melting temperature.

It is this step in soldering that beginners often fail to
understand and remember.

A soldering iron that is too small, often causes difficulty.

Do notbreathe any smoke from the sal ammoniacblock as
it is a toxic gas and is dangerous.

Types of spelters and fluxes used in Brazing

Objectives: At the end of this lesson you shall be able to
* state the types of spelter and flux used in brazing

* state the composition of spelter and its melting point.

Brazing is essentially similar to soldering but it gives a
much stronger joint than soldering. The principal differ-
ences is the use of a harder filler material, commercially
known as spelter which fuses at some temperature above
red heat, butbelow the melting temperature of the parts to

be joined. Filler materials used in this process may be
divided into two classes. Copper base alloys and silver
base alloys. There are anumber of differentalloysin each
class, but brass (Copper and Zinc) sometimes with upto
20% tin are mostly used mainly for brazing the ferrous
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metals. Silver alloys (Silver and Copper or Silver and
Copper and Zinc) having a melting point range of 600 to
850°C are suitable for brazing any metals capable of being
brazed. They are giving a cleanfinish and a strong ductile

After brazing, the joint must be hammered to check the
leakages and to remove flux. Mostly and commonly used
flux is “Borax” for ferrous and non-ferrous metals. It
removes rustand prevents atmospheric effect, when braz-

joint. Spelters are commonly made according to the
thickness of sheets.

ing operation is going on.

COMPOSITION OF SPELTERAND MELTING POINTS

Sl. Types of Common | Copper Zinc Silver | Melting Uses
No. spelters metals % % % temperatures
1 Copper + Common 60 40 NIL 850°C Hardbrazing
Zinc on copper
Base sheets and
spelter non-ferrous
2 -do- Ferrous 80 20 NIL 600°C Brass sheet
metals thick
3 -do- brass 30 70 NIL 400°C Brass sheet
thin
4 Silver Gold 10 10 80% 350°C Itis used for
solder gold ornaments
brazing

Portable hand forge with blower

Objectives: At the end of this lesson you shall be able to
* state the purpsoe of hand forge

» describe the constructional feature of hand forge

* state the fuel used in hand forge.

Hand forge: It is used for heating the soldering bit.
Fig 1
Itis made of mild steel plates and angles. It is generally “
round in shape. the hand blower is attached to it for air

supply.
A pefforated plate is fixed at the bottom to remove burnt
residuals.

The fuelzone is built up with fire bricks and coated with the
mixture of clay and sand, providing space at the centre for
fuel. (Fig 1)

The fuel used forfiring is mainly charcoal. The charcoalis
prepared from hard wood.

Blow lamp

SM20N143121

HAND FORGE

Objectives: At the end of this lesson you shall be able to
* state the constructional feature of blow lamp

¢ identify the parts of blow lamp

» describe the operation of blow lamp.

In blow lamp (Fig 1) the kerosene is pressurized to pass
through pre-heated tubes, thus becoming vaporised. The
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kerosene vapour continues through a jet to mix with a air



and when ignited directed through a nozzle, producing a
forceful flame.

Fig 1
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BLOW LAMP

The flame within the housing provides the heat to maintain
vaporisation ofthe kerosene. The free flame atthe nozzle
outlet is used to heat the soldering bit.

Blow lampis a portable heating appliance used as adirect
source of heat for soldering irons or other parts to be
soldered. Fig 1 shows parts of blow lamp.

It has an tank made of brass, filler cap is fitted at its top to
fill kerosene. A pressure relief valve is connected to the
mouth to switch ON/OFF and control the flame.

Priming trough is provided for filling methylated spirit for
lighting the blow lamp. Set of nozzle is provided to direct
the kerosene vapour to produce forceful flame. Burner
housing is mounted on support brackets on which solder-
ing iron is placed for heating as shown in figure.

Pump is provided to pressurise the kerosene in the tank.

Gas heated soldering copper bit: A gas heated soldering
copper bit is heated by a gas flame which ignites on the
back of the head. High pressure gas is used and the bitis
large enough to have a good heat storage capacity.
Liquified petroleum gas (L.P.G)flame is used extensively
for this purpose. Soldering kit normally includes many
sizes and shapes of bits which can be used to make most
kinds of soldering connections. ( Fig 4)

N—

GAS HEATED SOLDERING COPPER BIT

Fig 2

SM20N143132
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CG&M Related Theory for Exercise 1.4.32
Sheet Metal Worker - Soldering

Development & laying out pattern of elbow pipe.

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

* to develop and layout the pattern for 90° elbow joining two equal diameter pipe by parallel line method

* join two equal diameter pipes, obliquely cut, by soldered butt joint to make 90° elbow without mismatch and
making it leak proof.

Develop the patternfora90° elbow of equal diameter Now you find that the vertical lines are cutting at six different
pipes by parallel line method:- points top and bottomin the elevation line. Number themas
Draw plan as shown in Fig 1. shown in Fig 5.
Fig 1 Fig 5 6,
4
PLAN |
I = [ 3
& [ 2
3 [
g L L1z
s [ !
2 ] 4
Below this, draw the front elevation as shown in Fig 2. | } B -
I o ]
| [ s
Figz } 6‘5 4 3 2 112 é
| &z
ELEVATION Draw horizontal parallel lines from each pointand number
| them as shown in Fig 6.
] g Fig 6 6
| I e 5
s I——————————- 4
] — 3
Divide the plan into twelve equal parts and number the AT NS )
points 0 to 12 as shown in Fig 3. | | e 5
A s/
Fig 3 ] i N .
[ (. &
6‘5 P ; T1 %
§ Extend the front elevation base line as shown in Fig 7.
: . _ Fig 7
Draw the perpendicular line from these points towards the s _
front view and number 1 to 12 as shown in Fig 4. N
N
PN ]
Fig 4 } i | N m oo
iF%ONT VIE:W} é:iiiﬁiﬁi:::iiiiiii::iiiii
SRS
6| R
FRONT VIEW 5‘ ,{ALF‘FLA‘N ‘112 §
D L §

Take the distance equal to one division of plan and mark
twelve times on base line by a compass and draw
perpendicular lines from each point as shown in Fig 8.

SM20N143214
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Fig 11
Place the pattern over another piece of metal, transfer the

Provide locked grooved jointallowance as shownin Fig 11.

Cut the pattern using straight and bend snips.

Check the pattern before cutting it.

pattern on the other piece metal by marking and cut to get

one more similar pattern.
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Join these points by free hand curve as shown in Fig 10.
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Sheet Metal Worker - Soldering

Related Theory for Exercise 1.4.33

T’ pipe equal and unequal development pattern.

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

» develop the pattern for equal and unequal dia ‘T’ joints by parallel line development method.

A Tee joint may be taken as a combination of two elbows
asshowninFig 1 (a)isanacute elbow, and (b)is an obtuse
elbow, in which the combined angles form 180 degrees.
And the figure at (c) shows the two elbows combined,
forminganoblique teejoint. Thejointlinesintees between
pipes of equal diameters are always represented by
straight lines in the elevation.

Fig 1

|
\
@ (b) (c)

SM20N143311

All joints of tees between pipes of unequal diameters
present curved joint lines in the elevation.

The Right Angled Tee: To develop the pattern for the
branch pipe which is forming a right angled tee joint as
shown in Fig 2 is to draw the semi-circle at the end of the
branch pipe, which represents half the circumference or
girth of the pipe. Divide the semi-circle into six equal parts
and name the points 1to 7. From these points projectlines
perpendicularly upto the end of the pipe, and on the line
ABC joint. Then, set off the base line in the pattern and
mark off the parts 1'2’'3'4’5’6’7".....1", equal to the parts
those around the semi-circle. From these marked points
on the base line, each other. Now, from the points on the
jointline ABC draw horizontal lines into the pattern to cut
the perpendiculars from the baseline.

Fig 2

CONTOUR OF HOLE

IN CROSS PIPE.
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-
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The curves drawn through these points in the pattern
A’B’C’B”A” diagram should give the true form of the joint
line.

The full outline of the pattern is now completed.

The shape of the hole in the cross pipe can be developed
by projecting the points on the joint line ABC in the
elevation. Extend the lines upwards at right angles to the
centreline TL. Onthe middle line, mark off equal distances
to those on the semi-circle as at 1',2',3'4',5',6'and 7'.

Through these points, draw lines at right angles to those
drawn upwards and draw in the curves through the points
of meeting as shown in the diagram.

Incidentally, if the curve B’C’B” in the pattern can be
repeated on the opposite side of the line B’B”, a contour
similar to the hole will be obtained.

Right Angled Tee of unequal diameter pipes: The
example shown in Fig 3 is of unequal diameter pipes of a
right angled tee. To develop the pattern, describe semi-
circles on the bases of the front elevation and the end
elevations and divide each oftheminto six equal parts, and
number them orderly as in the front elevation, from 1to 7.
Itcan be observed thatthe outside pointnumbered 1inthe
front elevation will become the middle point in the end
elevation.

Fig 3
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SM20N143313
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Oblique Tee off centre pipe joint

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

* develop and layout the pattern for an Oblique Tee off centre pipe joint.

Introduction

The problem shown in Fig 1 is that of the branch tee or
stump at an acute angle to the main pipe. The branch is
onthe centre with the main pipe instead of atthe maximum
off centre position as shown in Fig 1.

Fig 1 - OFF CENTRE

OBLIQUE TEE OFF CENTRE PIPE

SM20N143321

Although the patterns are differentin shape, the method of
development is the same for both the cases.

Pattern development: Draw the front elevation of the
main pipe as required.

From any point ‘G’ on the centre line, draw the centre line
forthe branch pipe at the required angle and name it G.C.

(Fig2)

Complete the elevation of the branch pipe asrequired asin
Fig 2.

Draw asemi-circle atthe base of the branch pipe and divide
it into 6 equal parts and name them 1to 7 as in Fig 1.

Project these points to the baseline and name them as
a,b,c,d as in Fig 2.

Fig 2 CENTRE LINE
- OF MAIN

/ MAIN PIPE

CENTRE LINE ——
OF BRANCH —]

BRANCH PIPE

SM20N143322

Draw the end view of the main pipe (Fig 2) and locate the
centre line of the branch pipe to get the elliptical end of the
branch pipe in the end view. Project horizontal lines from
points 1 abcde 7, to cut the centre line of the branch pipe
in the end view.

Fig 3

SM20N143323

Take pointsa2,b3,c4,d5,e6 inthe frontelevation and mark off
distances on either sides of the centre line 1,7 as in Fig 3.

Through these points complete the ellipse by a smooth
curve. (Fig4)

Fromthese points draw vertical lines to cut the major circle
and name them ABCDEFG.

Fig 4 LINE OF INTERSECTION CENTRE LINE OF BRANCH

SM20N 143324

From these points draw horizontal lines to the front
elevation to meet another set of lines drawn from points
abcde parallel to the centre axis of CG of the branch pipe.

Name the points of intersection as
AB'CDE'FGF’E'D’C’N’A”. (Same Fig4)

To layout the pattern for branch pipe extend the base line
of the branch and mark off 12 divisions and name them
1 12!3!4!5!617!6"5"4"3"2“1 Il.

From these points draw lines at right angles to the base
line.

Fromthe points of intersection in the elevation, draw lines
parallel to the base of the branch to meet the perpendicular
lines.
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Fig 5 LINE OF INTERSECTION CENTRE LINE OF BRANCH

SM20N143325

Join the points of intersection by a smooth curve as in Fig
5. This will be the pattern for the branch pipe.

To layout the pattern development for the major pipe with
cutout, draw the base line atany convenient pointasin Fig
6 to a convenient length.

Tubes and pipes

CONTOUR OF HOLE
IN MAIN PIPE

BASE LINE

CENTRE LINE OF BRANCH

LINE OF
— INTERSECTION

SM20N143326

Step off distances AB, BC, CD, DE, EF, FG on the base
line. Draw horizontal lines from these points as in Fig 6.

From the elevation draw vertical lines from the points of
intersections to meet the horizontal lines.

Join the intersecting points of vertical and horizontal lines
by a smooth curve.

This will be the contour of the hole to be drawn.

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

* state the uses of tubes and pipes in sheetmetal work.

INTRODUCTION

Metal tubes are used in different types of machines and
installations. Tubes in hydraulic system rarely runs in a
straightline. Tubes are curved, twisted for making structural
frames and are bent by computerised numerical control
(CNC) pipe bending machines.

Conduit pipes ranging from 16 mm to 65 mm diameter are
used for electrical installations.

Pipes and tubes are made of metals and plastics and are
used for transport, water, oil, gas and for domestic and
industrial purposes. G.l.Pipe (galvanised iron) is com-
monly used for many purposes.

British standard pipe threads BSP, ISO, DIN. Standard
threads are cut on pipes for joining purposes. Pipes are
first cut to length with a hacksaw or pipe cutter and then a
pipe reamer is used to remove the burr on the inside
diameter of the pipe.

Generally the tube size is specified by the outer diameter,
whereas the pipe size is specified by the internal diameter.

Pipe and Tubing: The sheet metal worker uses both
black pipe and galvanized pipe as legs and stiffeners. In
general the pipe work is done by plumber or pipe fitter.

Sheet metal worker may sometimes have to connect few
small fittings to connect the equipment to the installed

pipe.

Pipes can be obtained in various sizes. The pipes
commonly used in the sheet metal trade are from 3/8 inch
to 1 1/4 inch in diameter.

Split pipe: For a smooth, very stiff edge, the sheet metal
worker uses split pipe. Split pipes are available in galva-
nized black and stainless steel pipes.
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Sheet Metal Worker - Soldering

Related Theory for Exercise 1.4.34

60° Tee pipe with equal diameter

Objectives: At the end of this lesson you shall be able to
 define a mitre line

* develop and layout pattern for a 60° Tee pipe of equal diameter by parallel line method
* develop and layout patterns for pipe joints intersection at different positions.

Todevelop andlayoutthe patternfora60° Tee pipe ofequal
diameter is shown in Fig 1.

Fig 1 125

@50

SM20N143411

Draw the elevation in Fig 2.

Divide the diameter of the branch and main pipe into equal
parts as in Fig 2.

Fig 2 125

250

SM20N143412

Draw vertical lines and horizontal lines to intersect as
showninfigure.

The line of intersections is called mitre line.
Joint the points as in Fig 3 to get the mitre line.

To layout the pattern for the main pipe produce the points
XY as indicated by arrows.

Step off twelve spaces and draw horizontal lines as shown
in Fig 3.

Draw perpendiculars from the elevation from the points of
intersection to meet the horizontal lines at points AB&C.

Join these points by a smooth curve. Thiswill be the cutout
for in the main pipe to accommodate the branch pipe.

To layout the pattern for the branch pipe.
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Fig 3 125

4

D

4 3 2 1 2 3
PATTERN FOR MAIN PIPE
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Produce the lines as in Fig 4.

Fig 4

SM20N143414

Step offtwelve divisions and erect perpendiculars ateach
division as shown in Fig 4.

Join the points of intersection by a smooth curve.
This will be the pattern for the branch pipe. (Fig 4)

Add allowances as required.




The right cylindrical "Y' piece

Objectives: Atthe end of this lesson you shall be able to

* develop the pattern for right cylindrical ‘Y’ piece and an oblique connecting pipe by parallel line method.

Intheright cylindrical construction ofthe Y’ pipe as shown
in Fig 1, the jointlines bisect the angles of the central axis,
as in the case of ordinary elbows.

This makes sure the cross sections being equal and
circular. For developing the pattern, the main difference
between this problem and the previous one lies in the
method of spacing offthe girth line. Itcan be observed that
in the oblique cylindrical Y’ piece the girth is obtained
indirectly by the alternate method of spacing the distance
round the curve. But in the example shown in Fig 1 the
semi-circle from 1to 7 representthe girth or circumference
ofthe pipe and the spacing inthe patternis made directon
the base line.

Forthe remaining work the procedure is same as that ofthe
previous exercise.

An Oblique connecting pipe: Fig2showsaconnecting
pipe between two circular holes in planes at 90 degrees to
each other. The holes are so placed to make the connect-
ing pipe lean at 45 degrees, by forming equal angles with
the holes at each end.

SM20N143421

By these conditions, the connecting pipe is an oblique
cylinder. To develop the pattern, project a centre line at
right angles to the central axis CL through its centre point
0. Draw the semi-circle on the base line AB to show half
the plan of the base end.

Surface Preparation

Divide the semi-circle into six equal parts as at
A,1,2,3,4,5,B and from these points, projectlines perpen-
dicularly back to the base line. From the points obtained
on the base line AB draw lines into the pattern at right
angles tothe central axis CL. From any point B’ on the line
projected from Bmark offB’,5',4',3',2',1",A’...B” equal tothe
corresponding spaces round the semi-circle.

The spacing should be stepped over from one line to the
next until the outside point A’is reached and then repeated
inwards to point B”.

Aline drawn through these points will provide the form of the
base curve in the pattern. From these points on the base
curve, draw parallel lines to the central axis CL or at right
anglestothe centreline ST ofthe pattern and on each mark
off equal distance on the other side of the centre line ST.
Aline drawn through this new set of points will give the curve
at the opposite end. The two end lines B'G’ and B’G”
complete the pattern.

Fig 2 o

SPACING STEPPED
OFF ALONG CURVE

SM20N143422

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

* state the need for surface preparation

* state the different methods of surface preparation
* state the different solvents used for degreasin

* state the pickling process of surface preparation

* state the process of blast cleaning for surface preparation.

Surface carrying dirt, grease, corrosion or mill-scale are
unsuitable for the direct application of anti-corrosion
treatment.

The most important factor for any efficient anti-corrosion
treatmentis surface preparation.

The different methods used for surface preparation are:
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- degreasing
- pickling
- blastcleaning

- flamedescaling
Degreasing

In degreasing, the surface preparation for anti-corrosion
treatment is done with a solvent such as:

- white spirit
- carbontetrachloride
- trichlorethylene

The solvents usedindgreasing will create a health hazard.
Safety precaution should be taken before using these
solvents.

Pickling
Pickling is a chemical method of cleaning.

The surface of the metal is cleaned with dilute sulphuricid
or mixed acids.

Fig 1 shows the arrangement of surface preparation by the
pickling method.

Fig 1
9 ACID RESISTANT WORK BASKET MADE
FROM MONEL METAL WIRE MESH
IN =) II > ouT

PICKLING BATH WASH

SM20N143431

Flame descaling (Fig 3)

The steel surface which is to be descaled, is heated with
an oxy-feul gas torch with high-intensity flames. This rapid
local thermal expansion of the loosely adhering scale
against the relatively un-heated base mtal causes the
scale to flake off.

Corrosion and Surface Protection

Fig 2
DUST EXTRACTOR FAN

HIGH VELOCITY JET

DUST TIGHT CUBICLE

AIR HOSE

FULL PROTECTIVE
CLOTHING

SM20N143432

Fig 3

FLAME DESCALING

SM20N143433

This process is excellent for removing rust. Any rust
particles converted to powder can easily be brushed away
before commencing to paint. For best reluts the primer
should be applied when the steel is approximately 45°C,
thatis the temperature at which the hand can hold the steel
comfortably.

This method of surface prepartaion is often used for the
heavily rusted steel work. It is not suitable for light steel
work which may buckle and distort because of the intense
localized heatdeveloped

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

¢ define oxidation

» explain the prevention of oxidation by various methods.

Corrosion or Rusting: When a metalis exposed to air, the
oxygen in the air combines with the metal to form a
chemical film over the surface of the metal. This chemical
film is called oxide of the metal. The chemical reaction
between the oxygen in the air and the metal is called
oxidation. Thisis generally known as corrosion or rusting.
Corrosion takes place on the surfaces of uncoated iron and
steel. The rusting of metal is more severe in wet atmos-
phere.

Surface protection: The surface protection is classified

according to the durability of coating to protect the surfaces
from corrosion. This protection can be divided into three
groups. They are (1) Temporary (2) Semi-permanent (3)
Permanent.

1 TEMPORARY TREATMENT
(A) Applying oil or grease

This type of surface treatmentis done very  easily
by coating lubricating oil or grease on the surface of
the metal.
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(B) Applying Enamels and Lacquers

A coloured or transparent finish can be done with
enamels orlacquers.

Before applying opaque enamels orlacquers to metal,
you must use a primer, or first coat. It will bind and
adhere to the metal, providing a good base.

A zinc chromate primer is good for exterior finishing.

Methods of applying lacquer

1

Make sure that the object is clean and spots are
removed.

Make sure that the surface is completed.

Now use a clean paper or cloth to handle the project.

4 Warmthe metalinanovenifpossible, because heating

makes the lacquer flow smoothly.
Use a good brush and apply lacquer a little at a time.

Don’t pass over an area again i.e second time.

7 Allow the object to dry for an hour or two.
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8 Apply a second coat.

9 Cleanthe brushinlacquer thinner which is the solvent

forlacquer.

Methods to apply enamel

O o0 B~ W N -

Clean the job carefully.

Apply primer and allow it to dry.

Brush on enamel with even strokes.
allow it to dry for many hours.

Apply second and third coats as needed.

Clean the brush in paint thinner or lacquer thinner,
because both are good solvent for enamels.

(C) Painting

This type of surface Treatment is done by painting
surface to preventdirect contact of airand moisture and
to give a good appearance. It is an easy and quick
process. The paint may be applied by brush or by
spraying. A complete paint system consists of (1)
Primer (2) Putties orfillers (3) Under coats (4) Finished
or Top coats.
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Related Theory for Exercise 1.5.35

Semi - Permanent Treatment

Objectives: At the end of this lesson you shall be able to
¢ define oxidation
¢ describe various modes of oxidation.

(D) Sherardizing

When steel orironis heated to a certain temperaturein

SEMI-PERMANENT TREATMENT
(A) Galvanising

Galvanising is a process of giving a protective coating
of zinc on iron sheets and components to protect the
surface from corrosion. The thickness of coating is
0.002 inch.

Process

The article to be galvanised should be cleaned properly
either by mechanical or chemical process to avoid dust,
oil and grease. The work is dipped into a pickling
solution containing 30% sulphuric acid with water.
Then the work is fluxed with Zinc Chloride if the base
metalisiron or with suitable flux depending on the metal
to be galvanised and then dipped in a molten bath of
zinc, kept at 450°C to 460°C. After dipping, itis taken
out, and brushed to remove extra deposit and washed
with water.

(B) Tinning

Itis similarto that of galvanising. The only difference is
that the metal to be tinned is dipped in a molten bath of
tin. Tinningis done to save both ferrous and non-ferrous
metals from corrosion or rusting.

(C) Metallizing or Metal spraying

This is a flame spraying process, involving the use of
metal wire. The wire is drawn throughagun and nozzle
by power feed rolls.

The wire is melted in an oxygen fuel gas flame and
atomised by compressed airblast. The airblastcarries
the metal particles to the surface object is shown in a
Fig 1.

The metal particles mesh to produce a coating. Any
type of metal can be sprayed with a metallizing gun.
The metal coating is done on the piston rings used in
cars. Metals are sprayed on glass, on cloth and paper

Fig 1

SPRAYED METAL

MELTING WIRE

OR OXYPROPANE

GAS /
WIRE Ls

BURNING
GASES ATOMIZED
SPRAY

PREPARED BASE MATERIAL

SM20N153511

THE METALLIZING PROCESS

to make condenser plates. Copper is sprayed on
ceramics resistors and insulators.

136

zinc dust, zinc is absorbed into the surface of the steel
and makes rust proof. Nuts, both screws, springs and
chains are protected by this method.

(E) Cladding

Athin sheetof corrosion resisting metal is placed on the
steel which is to be protected. Copper, zinc and lead
are frequently used for this purpose. A typical applica-
tion of this process is cladding of steel with aluminium

Permanent treatment
(A) Electro plating

In electro plating, a thin layer of metal eg. Nickel,
Chromium, Tin is deposited on the surface of another
metal. eg. Iron and Steel electrically. This process is
called as electro platingandis afinishing process. This
is also called as electrolysis.

The metal to be plated is connected to the negative
terminal and is called the cathode. The metal to be
deposited or the plating metal is connected to the
positive terminal i.e anode. Both the terminals are
immersed in a electrolyte solution. The anode may be
soluble in the case of Nickel, Copper or zinc or it may
be insoluble in the case of chromium plating. Both the
terminals are connected to power source which causes
the currentto flow in the circuit. Inorderto complete the
circuit, the metal at anode flows to the metal to be
plated atcathode through electrolyte. Thusthe electro
plating takes place. This solution is heated between
100°Cto 110°C temperature. Lowvoltage, heavy current
DC supply is used for electroplating.

(B) Anodising

Anodisingis used to provide adecorative and corrosion
resistant coating on aluminium and its alloys only.

Aluminium Anodizing

A thin coating of oxide on aluminium can protect the
surface from corrosion. However a heavier coating can
be done by a very simple electro-chemical process
called Anodizing. This oxide film,about0.01inch (0.25
mm) is hard and can protect the surface from abrasive
and corrosion action.

Anodizing process

1 The surface is thoroughly cleaned, rinsed and
dried.



2 Afinish is applied on the surface of the metal by
brush with polish and buffing wheels or chemical
finish can be given which causes etching.

3 The aluminium is cleaned and again rinsed with
water.

The aluminiumarticle is suspendedinan electrolyte
and current is passed through it. This makes a
dense aluminium oxide coating to be built on the
surface. The properties of the film depend on the
alloy used on the electrolyte composition and con-
centration, temperature, current, time and voltage.

The objectis neutralized to stop the process. Now
it is ready for use or for dyeing.

A colour coating can be done on anodized alu-
minium by giving inorganic pigments to give an
evenly coloured surfaces on aluminium. Organic
dye stuffs produce better brilliant colour than inor-
ganic. Butthese dyes are not colour fast to sunlight
and they are not suitable for exterior use.
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TABLE
Electroplating

Metal Uses Remarks

Cadmium | Corrosion protection | Used mainly
of iron and steel. where thin

coatingsare
needed

Nickel Sometimes used as
adecorative coating
but is used more fre-
quently as an under
coating for chromium.

Chromium | Usedfordecorative | Has a high resis-
coatings. Hard chro- | tance to wear and
mium is used where | tarnishing.
wear resistance is Itis usually plated
required. over nickel which

protects against
corrosion.

Tin Corrosive-resistant;
coating particularly in
the food industry.

Zinc Corrosion protection

of iron and steel.
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Related Theory for Exercise 1.5.36

Make the square section segmental bend pipe Development

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

¢ identify different parts of segmental quarter bend pipe

* distinguish between the center line and the center section.

Before developing the square section segmental quarter
bend pipe, the following parts are helpful in developing
pattern. See Fig 1.

Fig 1
H K
H
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|
o } / H
|

/ - X

@
SM20N153611

Angle of bend: Itis the amount of flow direction change
as shown by ‘A’.

Center line: ltisthe distance from the center pointto the
centre line as shown by ‘B’ and is usually twice the length
of the square section.

Throat: ltis related to the center line the radius and the
length of a square shown by ‘C’.

Heel: Itis equal to the throat length plus the length of a
square shown by ‘D’.

Miter line: Itis the line between two patterns as shown
in the Fig by x.

Center section: It is equal to the pattern of two end

section.
Formulae to find the angle of bend are as follows.
No. of spaces = (No. of section x 2)-2

No. of degrees per space = Angle of bend/No. of spaces.

Segmental quarter bend (Lobster Back)

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

* develop the pattern for segmental quarter bend lobster back.

Let us study the method of development of pattern for
segmental quarter bend lobster back. Refer Fig 1.

Draw the elevation of the bend.

Fig 1

FULL PATTERN (FISHTAIL)

FULL PATTERN (FISHTAIL)
HALF SEGMENT

SM20N153621
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Draw a semicircle on the end of the pipe and divide into six
equal parts. These parts should be numbered as shown
starting at the centre.

Project the points from the semicircle to the base line and
then project them parallel to the bend segments.

Projectthe centre line of anyone segmentand mark points
110 12 (equal to one division of the semicircle).

Atthese points draw lines atright angles to the centre line.

Projectfrom the numbered points on the segment (parallel
tothe centre line) and mark the points where the projected
lines meet those at right angles to the centre line.

Curves drawn through these points of intersection will give
the pattern of the segment.

Three full segments and two half segments will
be required to be joined to manufacture the bend
illustrated.




CG&M
Sheet Metal Worker - Welding

Related Theory for Exercise 1.6.37

Need for Ducting

Objectives: At the end of this lesson you shall be able to
* should know about the duct

Duct:

Duct s like a pipe but different in shape which is mainly
used for transmitting gases. This make in G.I sheet and
Aluminium sheet.

Fig 1

AIRCRAFT WING

BOLTED JOINT

CHANNEL

POCKET AIR CONDITIONING DUCT
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Need for ducting :

Ducting is mainly used to Transmit the air from the AC
unit and vice versa. The air is mainly blowed through
the ducting to the required space.

Fig 2

DIAMOND - BREAK STIFFENING OF DUCT WALLS
SLIGHT DIAGONAL FOLD FROM CORNER TO CORNER

SM20N163712

Dust cyclone, cyclone separator, gutters and cornices sheet metal

Objectives: At the end of this lesson you shall be able to
* state the working and use of dust cyclone
* state the construction of cyclone seperator

* state the application of sheet metal in making gutters and cornices.

Sheet metalis used for making few important articles used
inindustries. Itis also usedin making gutters and cornices
used atthe roof ofthe buildings. The dustcyclone, cyclone
seperator and gutters and cornices are described below.

Dust cyclone collectors: The name “Dust cyclone” is
used because they are used in many industries for the
recovery and collection of dust, lint, wood shavings, saw
dust, grains, cereals, livestock feeds etc. Cyclone collec-
tors are very familiar in most industrial areas. They are
popular because oftheirlow cost, low power requirement,
low maintenance and high efficiency. (Fig 1)

Fig 1

/|:|\
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DUST CYCLONE

The dust cyclone collectors operate upon the principle of
centrifugal force. The air carrying the particles is fed into
the collector in such a manner as to create a “Cyclone”.
This causes the particles to fly to the outer side, while the
air is exhausted from the centre of the cyclone. Intake,
exhaustvolumes and velocities can be regulated to control
the action of the collector relative to various weights and
sizes of particles.

Fig 2

|

L
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CYCLONE SEPARATOR
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Cyclone separator: The cyclone separator shownin Fig
2 combines the usual development of cones and cylinders
with an inserting reducer elbow in the form of a warped
cone.

Gutters and Cornices: Sheetmetal, formedindecorative
strips and mitered at corners is used in several ways to
improve the appearance and control run off on buildings.

The metal strips are known as mouldings and are used to
create cornices, gutters, panels, pediments, formers,
bays, finials etc.

Save gutters are used atthe roof edge together run off, while
roof gutters are placed at any convenient location on the
roof. (Fig 3)

Fig 3

OGEE EAVE GUTTER ON A 45-DEGREE MITER

SM20N163723

False ceiling :

False ceilingis asecondary ceiling also called as “drapped
ceiling “. It is attached to the primary ceiling with parpet
fastening in hanging position.

It is mainly used for interior decoration handling the air-
conditioning ductsin house hotel. Industries, Trade centres
and etc.
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Related Theory for Exercise 1.6.38

Safety precautions in handling oxy-acetylene gas welding plant

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

* state the general safety precautions to be observed while handling oxy-acetylene gas welding equipment.

To be accident free one must observe safety rules in day-
to-day working. 'Accidents starts when safety ends', sothe
saying goes.

In gas welding, the welder must follow certain safety
precautions while handling gas welding plants in order to
prevent accidents to others and himself. Observing the
following precautions will help the gas welder to avoid
accidents to a great extent.

Always keep fire extinguishing devices handy and in
working order.

All inflammable materials should be kept away from the
welding area. (Fig 1)

Fig 1

SM20N163811

General safety precautions: Never use oil or grease in
any partorassembly of agas welding plantasitmay cause
an explosion.

Always wear goggles with filter lens during welding.
Wearfire-resistant clothes, asbestos gloves and an apron
while welding. (Fig 2)

Fig 2 GOGGLES

FIRE RESISTANT
CLOTH

ASBESTOS GLOVES

LEATHER APRON

LEATHER SHOES

LEG SLEEVES

SM20N163812

Never wear nylon or greasy clothes while welding.

Rectify the leakages noticed immediately as even a small
leakage can lead to serious accidents.

While leaving the work area, make sure the place is free
from any form of fire.

Safety concerning gas cylinders

Do not roll gas cylinders for shifting; always use a trolley
to carry cylinders.

Do not drop the gas cylinders.
Close the cylinder valves when not in use or empty.
Keep the empty cylinders and full cylinders separately.

Always open the cylinder valves slowly and not more than
one and a half turns.

Use always the correct size cylinder keys. (Fig 3)

Fig 3

AVOID UNNECESSARY
STRAIN ON THE VALVE

SM20N163813

Stand aside when opening the cylinders. (Fig 4)

Fig 4

SM20N163814

14

-



Do notremove the cylinder keys from the cylinders during
welding. It will help to close the cylinders quickly in case
ofan emergency.

Always keep the cylindersinan upright position keepingin
view safety and ease in handling. (Fig 5)

Fig 5 BLOW OUT THE CYLIDER VALVE
SOCKET BEFORE CONNECTING
THE REGULATOR (CRACKING
THE CYLINDER VALVE MOMENTARILY)

OQQ =/ANYeY=S

& RN
=AY

KEEP CYLINDER
IN UPRIGHT POSITION
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Always crack the cylinder valves to clean the valve socket
before attaching the regulators.

Safety of rubber hose-pipes: use only the type of hose
recommended for use in gas welding.

Use only black coloured hoses for oxygen and maroon
coloured ones for acetylene gas.

Avoid damage to the hose-pipes caused by rubbing against
hard or sharp edges (Fig 6)

Fig 6

SM20N163816

Ensure that the hoses do not cross the gangways.
Do not add bits of hose together to make up the length.

Blow outthe hose-pipes before connecting to the blow-pipe
to remove dirt or dust.

Protect the regulators from water, dust, oil etc.

Never attempttointerchange oxygen and acetylene regu-
lators while fitting as it can damage the threads.

Always remember the oxygen connection is right-hand
threaded and the acetylene connections have left hand
threads.

In the event of backfire shut both the blowpipe valves
(oxygen first) quickly and dip the blowpipe in water.

While igniting the flame, point the blowpipe nozzle in a safe
direction. (Fig 7)

While extinguishing the flame, shut off the acetylene valve
first and then the oxygen to avoid backfire (Fig 8)

Fig7

SPARK LIGHTER

POINT THE BLOWPIPE IN SAFE
DIRECTION TURN ON ACETYLENE
APPLY SPARK AT TIP
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Fig 8

ACETYLENE

TURN OFF
ACETYLENE VALVE
AT BLOW PIPE FIRST

SM20N163818

Check for leakage before using oxy-acetylene welding
equipment. (Fig9)

Fig 9

APPLY SOAP WATER FOR
ACETYLENE CONNECTION.
APPLY FRESH WATER FOR
OXYGEN CONNECTION.

TEST FOR LEAKAGE

SM20N163819

Use the spark lighter to ignite the flame to avoid fire
hazards.

Toxic and poisonous fumes given out during welding of

142 CG & M : Sheet Metal Worker - (NSQF Revised 2022) R.T. for Ex. No 1.6.38



some materials should be collected and cleared so as to Containers used for the storage of flammable materials
be prevented frominhaling. should not be welded without thorough cleaning as other-
wise the containers may explode.

Safety in manual metal arc welding

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

* identify the safety apparels and accessories used in arc welding

 select the safety apparels and accessories to protect from burns and injuries

* learn how to protect yourself and others from the effect of harmful arc rays and toxic fumes
 select the shielding glass for eye and face protection.

During arc welding the welder is exposed to hazards such
injury due to harmful rays (ultra violetand infra red rays) of
the arc, burns due to excessive heat from the arc and
contact with hot jobs, electric shock, toxic fumes, flying
hot spatters and slag particles and objects falling on the -
feet.

Fig 2

AN

The following safety apparels and accessories are used to
protect the welder and other persons working near the
welding area from the above mentioned hazards.

1 Safetyapparels

Leatherapron

GLOVES

SM20N163822

Leathergloves

Leather cape with sleeves Fig 3

ADJUSTABLE HELMET

Hand screen ELECTRODE

LEATHER CAPE
WITH SLEEVE

a

b

c

d Industrial safety shoes
a

b Adjustable helmet

c

Portable fire proof canvas screens ELECTRODE
HOLDER

3 Chipping/grindinggoggles

4 Respirator and exhaust ducting T
Theleatherapron, glooves, cape with sleeves and leg gaurd HEATHER GLOVES
Fig1,2,3and 4 are used to protectthe body, hands, arms, LEATHER APRON

neck and chest ofthe welderfrom the heatradiation and hot
spatters from the arc and also from the hot slag particles

CAPE WITH SLEEVES

SM20N163823

flying from the weld joint during chipping off the solidified Fig 4
slag.
Fig 1
CAP WITH
SLEEVES
HAND GLOVES
— — ]

APRON

LEG GUARDS

APRON

SM20N163821

LEG GUARDS
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All the above safety apparels should not be loose while
wearing them and suitable size has to be selected by the
welder.

The industrial safety boot (Fig.5) is used to avoid slipping,
injury to the toes and ankle of the foot. It also protects the
welder from the electric shock as the sole of the shoe is
specially made of shock resistant material.

Welding hand screens and helmet: These are used to
protectthe eyes andface of awelderfrom arc radiation and
sparks during arc welding.

A hand screen is designed to hold in hand. (Fig.6)

A helmet screen is designed to wear on the head. (Fig.7)
Screens are made of non-reflective, non-flammable, insu-
lated, dull coloured, light material with coloured (filter)

glasses fitted with plain glasses on both sides to see the
arc and molten pool while welding.

Fig 5
FALLING OBJECTS
CRUSH TOE-CAP

CUTS AT ANKLE LEVEL

SOLE PENETRATED BY
SHARP OBJECT

ORDINARY SHOES OFFER NO PROTECTION

STEEL TOE CAP

HIGH SLIP, OIL RESISTANT
AND ELECTRIC SHOCK PROOF SOLE

STEEL INNER SOLE
INDUSTRIAL SAFETY SHOE

STOUT LEATHER PREVENTS
INJURY TO THE ANCHILIES TENDON

SM20N163825

INDUSTRIAL SAFETY BOOT

Fig 6

HAND SCREEN

SM20N 163826

Fig 7

sl

SM20N163827

WELDING HELMET

Clear glasses are fitted on each side of the coloured glass
to protect it from weld spatters. (Fig.8)

Fig 8
EYE PROTECTIVE GLASS

CLEAR GLASS PLATE

\ CLEAR GLASS PLATE

SM20N163828

The helmet screen provides better protection and allows
the welder to use his both hands freely.

Coloured (filter) glasses are made in various shades
depending on the welding currentranges used. (Table 1)

Table 1

Recommendations of filter glasses for manual metal
arc welding

Shade No. of Range of welding
coloured glass current in amperes
8-9 Upto 100

10-11 100 to 300
12-14 Above 300

Portable fire proof canvas screens Fig.9 are used to protect
the persons who work near the welding area from arc
flashes.
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SM20N163829

PORTABLE FIREPROOF CANVAS SCREENING

Plain goggles are used to protect the eyes while chipping
the slag or grinding the job. Fig.10

Fig 10

SM20N16382A

Itis made of Bakelite frame fitted with clear glasses and an
elastic band to hold it securely on the operator's head.

Itis designed for comfortable fit, proper ventilation and full
protection from all sides.

Sometimes toxic fumes and heavy smoke may be liber-
ated (given out) from the weld while welding non-ferrous
alloys like brass etc. Use a respirator and use exhaust
ducts andfans nearthe weld areato avoidinhaling the toxic
fumes and smoke.Fig.11.

Inhaling toxic fumes will make the welder to become
unconcious and fall on the hot welded job/on the floor. This
causes burns or injury.

Fig 11
RESPIRATOR PAD TO PREVENT
INHALATION OF TOXIC FUMES

ADJUSTABLE HOOD
CONNECTEDTO

EXHAUST DUCTING

SM20N163828

Oxy-acetylene welding equipment and accessories

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

distinguish between the features of oxygen and acetylene gas cylinders

compare the features of oxygen and acetylene gas regulators

distinguish between the hose-connectors used in oxygen and acetylene regulators

describe the function of hose-protectors
state the functions of blowpipes and nozzles.

Oxy-acetylene welding is a method of joining metals by
heating them to the melting point using a mixture of oxygen
and acetylene gases. (Fig 1)

Oxygen gas cylinders: The oxygen gasrequired forgas
welding is stored in bottle-shaped cylinders. These
cylinders are painted in black colour. (Fig 2) Oxygen
cylinders can store gas to a capacity of 7 m® with the
pressure ranging between 120to 150 kg/cm?2. Oxygengas
cylindervalves arerighthand threaded.

Flg 1 GOGGLE
OXYGEN GAS
REGULATOR
S, SPARK
r\@_ LIGHTER
CYLINDER KEY :}; )2
&/ ACETYLENE GAS
OXYGEN GAS tﬂ S ACETYLENE
CYLIDER >
; ACETYLENE
DISSOLVED
CHAINING GAS CYLINDER

ATTACHMENT WELDING

BLOWPIPE

OXYGEN RUBBER
HOSEPIPE

ACETYLENE RUBBER
HOSEPIPE

SM20N163831

CYLINDER TROLLY
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Fig 2 BLOWPIPE

OXYGEN
(BLACK COLOUR)

L

ACETYLENE
(MAROON COLOUR)

SM20N163832

Dissolved acetylene cylinders: The acetylene gas used
ingas welding is stored in steel bottles (cylinders) painted
in maroon colour. The normal storing capacity of storing
acetylene in dissolved state is 6m? with the pressure
ranging between 15-16 kg/cm?.

Oxygen pressure regulator: This is used to reduce the
oxygen cylinder gas pressure according to the required
working pressure and to control the flow of oxygen at a
constant rate to the blowpipe. The threaded connections
are right hand threaded. (Fig 3)

Fig3  workiNG PRESSURE
GAUGE

CYLINDER PRESSURE
GAUGE

REGULATOR PRESSURE
ADJUSTING TOP SCREW
(SLACKEN)

WHEN NOT IN USE

OXYGEN TO BLOW PIPE4/

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

CYLINDER

GAS FROM CYLINDER ENTERS HERE

OXYGEN PRESSURE REGULATOR

SM20N 163833

Acetylene regulator: As with the case of oxygen
regulator this also is used go reduce the cylinder gas
pressure to the required working pressure and to control
the flow of acetylene gas ata constantrate to the blowpipe.
The threaded connections are left handed. For quickly
identifying the acetylene regulator, a groove is cut at the
corners of the nut. (Fig 4)

Rubber hose-pipes and connections: These are used
to carry gas from the regulator to the blowpipe. These are
made of strong canvas rubber having good flexibility. Hose-
pipes which carry oxygen are black in colour and the
acetylene hoses are of maroon colour. (Fig 5)

Fig 4 CYLINDER WORKING
PRESSURE \ PRESSURE
GAUGE ] GAUGE
REGULATOR PRESSURE
ADJUSTING TOP SCREW
(SLACKEN)
WHEN NOT IN USE
ACETYLENE J
TO BLOW PIPE
(L.H.THREAD)
L.H. THREAD
TO CYLINDER
} 3
2
GAS FROM CYLINDER ENTERS HERE £
ACETYLENE PRESSURE REGULATOR g
0
Fig 5 BLOWPIPE

(BLACK COLOUR]

ACETYLENE

SM20N163835

(MARROON COLOUR)

Rubberhoses are connected to regulators with the help of
unions. These unions are right hand threaded for oxygen
and left hand threaded for acetylene. Acetylene hose
unions have la groove cut on the corners. (Fig 6)

Fig 6

LEFT HAND
ACETYLENE

RIGHT HAND
OXYGEN

SM20N163836

At the blowpipe end of the rubber hoses hose-protectors
are fitted. The hose protectors are in the shape of a
connecting union and have a non-return discfitted inside to
protect from flashback and backfire during welding. (Fig7)

Blowpipe and nozzle: Blowpipes are used to controland
mix the oxygen and acetylene gases to the required
proportion. (Fig 8)
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oo The size of the nozzle varies according to the thickness of
I
9 T HAND the plates to be welded. (Table 1)
THREAD OXYGEN FREE SECURING NUT
NORMAL DIRECTION TABLE 1
OF FLOW
Wy Plate thickness Nozzle size
>\;&;_ N = 7& mm Number Litres/hr
4 3_ STAINLESS STEEL DISC VALVE SEATS 0.8 1 29
LEFT HAND THREAD INSTANTANEOUSLY WHEN GAS FLOW IS g
AGETYLENE REVERSED (NON RETURN VALVE) g 1.2 2 57
HOSE PROTECTOR g 1 6 3 86
24 5 140
3.0 7 200
4.0 10 280
B 5.0 13 370
; :ég'lt')l\;EENE INLET CONNECTION J / 60 1 8 520
P RYeRLEL Y+ 2 8.0 25 710
6. MIXING CHAMBER T g 10.0 35 1000
7. NECK PIPE WITH NOZZLE =
BLOW PIPE AND NOZZLE g 12.0 45 1300
A set of interchangeable nozzles of different sizes is 19.0 55 1600
available to produce smaller or bigger flames (Fig 9). 25.0 70 2000
. 25.0 0 2500
Fig 9

T

TIPS

MIXING CHAMBER

HAND PIECE

ALWAYS USE TIP CLEANERS

PRESSURE
ADJUSTING VALVES

SM20N163839

Gas welding hand tools

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

¢ identify and name the hand tools used by a welder

* state theiruses

* state the care and maintenance to keep the hand tools in good working condition.

The following are the details of different hand tools used by valves, hose connector and protector to the regulator and
awelder. blow pipe, fix the cable lugs to the arc welding machine

Double ended spanner: A double ended spanner is output terminals, etc.

shown in Fig.1 and 1a. It is made of forged chrome
vanadium steel. It is used to loosen or tighten nuts, bolts
with hexagonal or square heads. The size of the spanner
is marked on it as shown in Fig.1. In welding practice the
spanners are used to fix the regulator onto the gas cylinder
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Fig 1

%

DOUBLE ENDED SPANNER

USE CORRECT
SIZE SPANNER

(a)

SM20N163841

Do notuse the spanneras a hammer; use the correct size
spanner to avoid damage to the nut/bolt head.

Cylinder key: A cylinder key is shown in Fig.2. Itis used
to open or close the gas cylinder valve socket to permit or
stop the gas flow from the cylinder to the gas regulator.

Always use correct size key to avoid damage to the square
rod used to operate the valve. The key must always be left
on the valve socket itself so that the gas flow can be
stopped immediately in case of flash back/back fire.

Nozzle or tip cleaner

Cleaning the tip: All welding torch tips are made of
copper. They can be damaged by the slightest rough
handling-dropping, tapping or chopping with the tip on the
work may damage the tip beyond repair.

Fig 2
9 QOO o USE CORRECT KEY TO AVOID

UNNECESSARY STRAIN ON

THE VALVE
Y

SM20N163842

Tip cleaner: A special tip cleaner is supplied with the
torch container. For each tip there is a kind of drill and a
smooth file Fig.3.

Fig 3

SM20N163843

Before cleaning the tip, select the correctdrilland moveit,
without turning, up and down through the hole in the tip
Fig.4.

Fig 4

SM20N 163844

The smooth file is then used to clean the surface of the tip
Fig.5. While cleaning, leave the oxygen valve partly open
to blow out the dust.

Fig 5

SM20N 163845

Spark lighter: The spark lighter, as illustrated in Fig.6 &
7 isusedforigniting the torch. While welding, form the habit
of always employing a spark lighter to light a torch. Never
use matches. The use of matches for this purpose is very
dangerous because the puff of the flame produced by the
ignition of the acetylene flowing fromthe tip is likely to burn
your hand.

SM20N163846

ALWAYS USE A SPARKLIGHTER TO LIGHT A TORCH
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Fig7

FILE

CUP/

FLINT

FILE CUP SUPPORT

x> |’

G

Chipping hammer: The chippinghammer (Fig.8)is used
toremove the slag which covers the deposited weld bead.
Itis made of medium carbon steel with a mild steel handle.
Itis provided with a chisel edge on one end and a pointon
the other end for chipping off slag in any position.

GAS CUP

M20N163847

S

Fig 8

SM20N163848

CHIPPING HAMMER

Care should be takento maintain the sharp chisel edge and
the point for effective chipping of slag.

Carbon steel wire brush: A carbon steel wire brush is
shown in Fig.9. It is used for

— Cleaningthe work surface from rust, oxide and other dirt
etc. prior to welding.

Arc welding accessories

— Cleaningtheinterbead weld deposits after chipping off
the slag.

— General cleaning of the weldment.

Fig 9

WIRE BRUSH

SM20N163849

A stainless steel wire brush is used for cleaning a non
ferrous and stainless steel welded joint.

Itis made of bunch of steel wires fitted in three to five rows
onawooden piece with handle. The wires are hardened and
tempered for long life and to ensure good cleaning action.

Tongs: Fig.10 and Fig.11 shows a pair of tongs used to
hold hot work pieces and to hold the job in position.

Fig 10

»)
O,
»)

TONGS

SM20N16384A

Fig 11

S

TONGS

SM20N163848

Objectives: Atthe end of this lesson you shall be able to

¢ identify the arc welding accessories
* explain the function of each accessory

* select the correct shade of glass for welding a seam according to current range.

Arc welding accessories: Some very important items,
used by a welder with an arc welding machine during the
welding operation, are called arc welding accessories.

Electrode-holder (Fig 1): Itisa clamping device usedtogrip
and manipulate the electrode during arc welding. Itis made
of copper/copper alloy for better electrical conductivity.

Fig 1

SM20N163851

ELECTRODE HOLDER

Partially or fully insulated holders are made in various sizes
i.e. 200 - 300 - 500 amps.

The electrode-holderis connected to the welding machine
by a welding cable.

Earth clamp (Fig 2): Itis used to connect the earth cable
firmly to the job or welding table. Itis also made of copper/
copper alloys.

Fig 2

SM20N163852

EARTH CLAMP
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Screw or spring -loaded earth clamps are made in various
sizes i.e. 200 - 300 - 500 amps. (Fig 3)

Fig 3 SCREW CLAMP

CABLE

SPRING LOADED CLAMP
CABLE
WORK CABLE ATTACHMENTS

SM20N163853

Welding cables/leads: These are used to carry the
welding current from the welding machine to the work and
back.

The lead from the welding machine to the electrode- holder
is called electrode cable.

The lead from the work or job through the earth clamp is
called earth (ground) cable.

Cables are made of super flexible rubber insulation,
having fine copper wires and woven fabric reinforcing
layers. (Fig 4)

Fig 4

\

RIBBED RUBBER
COVERING

WELDING CABLE WITH
HEAVY RIBBED OUTER RUBBER COVERING

SM20N163854

Welding cables are made in various sizes (cross-sections)
i.e. 300, 400, 600 amps etc.

The same size welding cables must be used for
the electrode and the job.

The cable connection must be made with suitable
cable attachments (lugs). (Fig 5)

Fig 5

9
A

LUGS FOR WELDING LEADS
THE THREE SIZES WILL FIT CABLES FROM
NO 6 TO 4/0. THEY MAY BE CONNECTED TO THE LEAD
BY SOLDERING OR MECHANICAL CRIMPING

SM20N163855

Loose joints or bad contacts cause overheating of the
cables.

Thelength of the cable has considerable effecton the size
to be used. (See Table 1.)

TABLE1

Recommendations of copper cable for arc welding

Cable Lengths of cable in metres

dia. Current capacity in amperes

(mm) 0-15 15-30 30-75
24.0 600 600 400
21.0 500 400 300
19.0 400 350 300
18.0 300 300 200
16.5 250 200 175
15.0 200 195 150
14.5 150 150 100
13.5 125 100 75

Voltage drop app. 4 volts with all connections clean and
tight.

Welding hand screens and helmet: These are used to
protectthe eyes and face of awelder from arcradiation and
sparks during arc welding.

A hand screen is designed to hold in hand. (Fig 6A)

A helmetscreenis designed to wear on the head. (Fig 6B)

Fig 6

SM20N163856

(b) HELMET SCREEN

Screens are made of non-reflective, non-flammable, insu-
lated, dull coloured, light material with coloured (filter)
glasses fitted with plain glasses on both sides to see the
arc and molten pool while welding.

Clear glasses are fitted on each side of the coloured glass
to protect it from weld spatters.
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The helmet screen provides better protection and allows
the welder to use his both hands freely.

Coloured (filter) glasses are madein various shades; to suit
welding the currentranges. (Table 2)

TABLE 2

Recommendations of filter glasses for manual
metal arc welding

Shade No. of Range of welding
coloured glass current in amperes
8 -9 Up to 100
10 - 11 100 to 300
12 -14 Above 300

Chipping hammer (Fig 7): It is a welding tool used to
remove the slag from the weld bead.

Fig 7 /7\

D

’%
) —

CHIPPING HAMMER

SM20N163857

Itis made out of medium carbon steel with a suitable handle.

Itis provided with a chisel edge and a point for chipping off
slag in any position.

Wire brush (Fig 8): It is used for

SM20N163858

WIRE BRUSH

— cleaning the working surface prior to welding
— general cleaning of the weldment.

Itis made of steel wires fitted on a wooden piece in three
tofive rows.

The wires are hardened and tempered forlong life to ensure
good cleaning action.

Chipping goggles (Fig 9): It is used to protect the eyes
while chipping the slag or grinding the job.

Fig 9

CHIPPING GOGGLES

SM20N163859

Itis made of Bakelite frame fitted with clear glasses and an
elastic band to hold it securely on the operator's head.

Itis designed for comfortable fit, proper ventilation and full
protection from all sides.
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CG&M
Sheet Metal Worker - Welding

Related Theory for Exercise 1.6.39

Types of oxy-acetylene flames

Objectives: At the end of this lesson you shall be able to
* name the different types of oxy-acetylene flames

» state the characteristics of each type of flame

* explain the uses of each type of flame.

The oxy-acetylene gas flame is used for gas welding
because

— ithas a well controlled flame with high temperature

— theflame can be easily manipulated for proper melting
of the base metal

— it does not change the chemical composition of the
base metal/weld.

Three different types of oxy-acetylene flames as given
below can be set.

— Neutralflame

— Okxidisingflame

— Carburising flame.
CHARACTERISTICSAND USES

Neutral flame (Fig 1): Oxygen and acetylene are mixed
in equal proportion in the blowpipe.

Fig 1 7 6 1 5 3

1. HANDLE
2. ACETYLENE INLET CONNECTION
3. OXYGEN INLET CONNECTION 4 2
4. ACETYLENE CONTROL VALVE

5. OXYGEN CONTROL VALVE

6. MIXING CHAMBER

7. NECK PIPE WITHNOZZLE

BLOW PIPE AND NOZZLE

SM20N163311

Complete combustion takes place in this flame.

This flame does not have a bad effect on the base metal/
weldi.e.the metalis notoxidised and no carbonis available
for reacting with the metal.

Uses: Itis used to weld most of the common metals, i.e.
mild steel, cast iron. stainless steel, copper and alu-
minium.

Oxidising flame (Fig 2): It contains an excess of oxygen
over acetylene as the gases come out of the nozzle.

Fig 2 OXIDISING EFFECT DUE TO
EXCESS OXYGEN

NOTE THE VERY SHORT POINTED
CONE AND THE SMALLER FLAME

OXIDISING FLAME (EXCESS OXYGEN)

SM20N163912
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Theflame has an oxidising effect on metals which prevents
evaporation of zinc/tin in brass welding/brazing.

Uses: Useful forwelding of brass and for brazing of ferrous
metals.

Carburising flame (Fig 3): It receives an excess of
acetylene over oxygen from the blowpipe.

Fig 3 CARBURISING EFFECT DUE TO
EXCESS ACETYLENE

NOTE THE WHITE EXCESS ACETYLENE FLAME
SURROUNDING THE CONE AND THE MORE LENGTHY FLAME

CARBURISING FLAME (EXCESS ACETYLENE)

SM20N163913

The flame has a carburising effect on steel, causing hard,
brittle and weak weld.

Uses: Useful for stelliting (hard facing), 'Linde' welding of
steel pipes, and flame cleaning.

The selection of the flame is based on the metal to be
welded

The neutral flame is the most commonly used flame. (See
the chartgiven below.)

Metal Flame
1 Mild steel Neutral
2 Copper (de-oxidised) Neutral
3 Brass Oxidising
4 Castiron Neutral
5 Stainless steel Neutral
6 Aluminium (pure) Neutral
7 Stellite Carburising




Gases used in welding and gas flame combinations

Objectives: At the end of this lesson you shall be able to
* name the different types of gases used in welding

* compare the different types of gas flame combinations

 state the uses of the different gas flame combinations.

In the gas welding process, the welding heat is obtained
from the combustion of fuel gases in the presence of a
supporter of combustion (oxygen).

Comparison of different gas flame combinations and their uses

Sl. | Fuel gas Supporter Name of the gas| Temperature Application/Uses
No. of combu- flame combina-
stion tion
1 | Acetylene Oxygen Oxy-acetylene 3100t03300°C Toweld all ferrous and non-
flame (Highesttempe- ferrous metals and their
rature) alloys; gas cutting & gouging
of steel; brazing bronze
welding; metal spraying
and hard facing.

2 | Hydrogen Oxygen Oxy-hydrogen 2400t02700°C Only used for brazing, silver
flame (Mediumtempe- soldering and underwater gas
rature) cutting of steel.

3 | Coalgas Oxygen Oxy-coal gas 1800t02200°C Used for silver soldering and
flame (Lowtemperature) underwater gas cutting of steel.

4 | Liquid Oxygen Oxy-liquid pet- 2700t02800°C Used for gas cutting steel &

petroleum roleum gas fla- (Mediumtemper- heating purposes. (Has
gas (LPG) me ature) moisture and carbon effectin
theflame.)

5 | Acetylene Air Air-acetylene 1825t01875°C Used only for soldering,
flame (Lowtemperature) brazing, heating purposes

andlead burning.

(Oxy-acetylene gas flame combination is used in most gas welding processes because of the high temperature and heat

intensity.)

Fluxes types and description

Objectives: At the end of this lesson you shall be able to
» explain flux and its function
* describe the types of fluxes and their storage.

Fluxis a fusible (easily melted) chemical compound to be
applied before and during welding to prevent unwanted
chemical action during welding and thus making the
welding operation easier.

The fuctions of fluxes: To dissolve oxides and to prevent
impurities and other inclusions that could affect the weld
quality.

Fluxes help the flow of filler metal into very small gap
between the metals being joined.

Fluxes act as cleaning agents to dissolve and remove
oxides and clean the metal for welding from dirt and other
impurities.

Fluxes are available in the form of paste, powderand liquid.
The method of application of flux is shown in Fig.1.

Storing of fluxes: Where the fluxis in the form of a coating
on the filler rod, protect carefully at all times against
damage and dampness.Fig.2.

Seal flux tin lids when storing especially for long
periods.(Fig.2)

Though the inner reducing envelope of an oxy-acetylene
flame offers protection to the weld metal, itis necessary to
use a flux in most cases. Fluxes used during welding not
only protect the weldment from oxidation but also from a
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slag which floats up and allows clean weld metal, to be
deposited. After the completion of welding, flux residues
should be cleaned.

Fig 1
PASTE, POWDER,
OR LIQUID FORM

BLOW PIPE

FLUX
ADHERES
TO HOT ROD

FILLER ROD

\ HEAT AND DIP

BRUSH

FLUX LIQUID
OR PASTE FORM

FILLER
ROD

FLUX
POWDER FORM

SPRINKLE - POUR

METHOD OF APPLICATION

SM20N163921

Fig 2

DIPPING THE HOT ROD IN
THE TIN OF FLUX MAY RUIN
THE WHOLE CONTENTS

( |

RECEPTACLE INTO WHICH
THE ROD MAY BE DIPPED

MOLTEN WAX IN THIS
RECESS SEALS CONTENTS
FOR LONG PERIODS

REPLACE THE LID
IMMEDIATELY AFTER USE

SM20N163922

METHOD OF STORING FLUX

Removal of flux residues: After welding or brazing is
over, it is essential to remove the flux residues. Fluxes in
general are chemically active. Therefore, flux residues, if
not properly removed, may lead to corrosion of parent metal
and weld deposit.

Some hints for removal of flux residues are given below:

— Aluminiumand aluminium alloys - As soon as possible
after welding, wash the joints in warm water and brush
vigorously. When conditions allow, follow up by arapid
dip in a 5 percent solution of nitric acid; wash again,
using hot water to assist drying.

When containers, such as fuel tanks, have been welded
and parts are inaccessible for the hot water scrubbing
method, use a solution of nitric and hydrofluoric acids.
To each 5.0 litres of water add 400 ml of nitric acid
(specific gravity 1.42)followed by 33 ml of hydrofluoric
acid (40 percent strength). The solution used at room
temperature will generally completely remove the flux
residue in 10 minutes, producing a clean uniformly
etched surface, free from stains. Following this treatment
the parts should be rinsed with cold water and finished
with a hot water rinse. The time of immersion in hot
water should not exceed three minutes, otherwise
staining may result; after this washing with hot water
the parts should be dried. Itis essential when using this
treatment that rubber gloves be worn by the operator
and the acid solution should preferably be containedin
analuminium vessel.

— Magnesium alloys - Wash in water followed quickly by
standard chromating. Acid chromate bath is recom-
mended.

— Copper and brass - Wash in boiling water followed by
brushing. Where possible, a2 percent solution of nitric
or sulphuric acid is preferred to help in removing the
glassy slag, followed by a hot water wash.

— Stainless steel - Treatin boiling 5 percent caustic soda
solution, followed by washing in hot water. Alterna-
tively, use a de-scaling solution of equal volume of
hydrochloric acid and water to whichis added 5 percent
of the total volume of nitric acid with 0.2 percent of total
volume of a suitable restrainer.

— Cast iron - Residues may be removed easily by a
chipping hammer or wire brush.

— Silverbrazing - The flux residue can be easily removed
by soaking brazed components in hot water, followed
by wire brushing.In difficult cases the work piece should
be immersed in 5to 10 percent sulphuric acid solution
for a period of 2 to 5 minutes, followed by hot water
rinsing and wire brushing.
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CG&M
Sheet Metal Worker - Welding

Related Theory for Exercise 1.6.40

Welding blowpipe

Objectives: At the end of this lesson you shall be able to
 state the uses of the different types of blowpipes

» describe the working principle of each type of blowpipe

* explain its care and maintenance.

Types

There are two types of blowpipes.

— High pressure blowpipe or non-injector type blowpipe
— Low pressure blowpipe orinjector type blowpipe.

Uses of blow pipes: Each type consists of a variety of
designs depending on the work for which the blowpipe is
required. i.e., gaswelding, brazing, very thin sheet welding,
heating before and after welding, gas cutting.

Equal or High pressure blowpipe (Fig 1): The H.P.
blowpipe is simply a mixing device to supply approximately
equal volume of oxygen and acetylene to the tip, and is
fitted with valves to control the flow of the gases as required.
i.e.the blow pipes/gas welding torches are used forwelding
of ferrous and non-ferrous metals, joining thin sheets by
fusing the edges, preheating and post heating of jobs,
brazing, for removing the dents formed by distortion and for
gas cutting using a cutting blow pipe.

Fig 1
9 GAS MIXER

OXYGEN CONTROL
OXYGEN CONNECTION

W ACETYLENE CONNECTION
ACETYLENE CONTROL

EQUAL OR HIGH PRESSURE BLOWPIPE

INTERCHANGEABLE
NOZZLE

SM20N164011

The equal pressure blow pipe (Fig.1) consists of two inlet
connections for acetylene and oxygen gases kept in high
pressure cylinders. Two control valves to control the
quantity of flow of the gases and a body inside which the
gases are mixed in the mixing chamber (Fig.2). The mixed
gases flow through a neck pipe to the nozzle and then get
ignited at the tip of the nozzle. Since the pressure of the
oxygenand acetylene gases are setatthe same pressure
of 0.15 kg/cm? they mix together at the mixing chamber
and flows through the blow pipe to the nozzle tip onits own.
This equal pressure blow pipe/torch is also called as high
pressure blow pipe/torch because this is used in the high
pressure system of gas welding.

Fig 2 GAS PASSAGE IN THE GAS MIXING SECTION
YLENE + O. | L2 :)(ZZETYLENE
ACET' +0, =~1— -
2
e

EQUAL PRESSURE TYPE TORCH

SM20N164012

A set of nozzles is supplied with each blowpipe, the
nozzles having holes varying in diameters, and thus giving
various sized flames. The nozzles are numbered with their
consumption of gas in litres per hour.

Important caution: A high pressure blowpipe
should not be used on a low pressure system.

Low pressure blowpipe (Fig 3)

This blowpipe has aninjector (Fig 3) inside its body through
which the high pressure oxygen passes. This oxygen
draws the low pressure acetylene from an acetylene
generatorintoamixing chamberand givesitthe necessary
velocity to geta steady flame and the injector also helps to
preventbackfiring.

The low pressure blow pipe is similar to the equal pressure
blow pipe exceptthatinside its body aninjector withavery
small (narrow) hole in its centre through which high
pressure oxygen is passed. This high pressure oxygen
while coming out of the injector creates a vaccuum in the
mixing chamber and sucks the low pressure acetylene
from the gas generator (Fig.4)

Itis usual for the whole head to be interchangeable in this
type, the head containing both the nozzle and injector.
This is necessary, since there is a corresponding injector
size for each nozzle.

The L.P. blowpipe is more expensive than the
H.P. blowpipe but it can be used on a high
pressure system, if required.
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Fig 3

INJECTOR\

OXYGEN CONTROL
OXYGEN CONNECTION

INTERCHANGEABLE HEAD

LOW PRESSURE BLOWPIPE

ACETYLENE CONNECTION
\ ACETYLENE CONTROL

SM20N164013

Fig 4

ACETYLENE + 02 k%,

—~ ACETYLENE
- 0
—~— ACETYLENE

SM20N164014

INJECTOR TYPE TORCH

Care and maintenance

Welding tips made of copper may be damaged by careless
handling.

Nozzles should never be dropped or used for moving or
holding the work.

The nozzle seatand threads should be absolutely free from
foreign matter in order to prevent any scoring/scratch on
the fitting surfaces when tightening on assembly.

The nozzle orifice should only be cleaned with atip cleaner
specially designed for this purpose. (Figs 5,6 & 7)

Fig 5 LOOP FOR HOLDING TIP

CLEANER IN A HOLDER / ONE TIP CLEANER

v, 007"

THE TIP CLEANER RIBS ARE
SMOOTH AND ROUNDED

THE TIP CLEANER ENDS ARE
ROUNDED

SM20N164015

Atfrequentintervals the nozzle tip should be filed toremove
any damage tothetip due tothe excessive heat ofthe flame
and the molten metal.

Fig 6

SET OF DIFFERENT SIZE TIP CLEANERS IN A HOLDER

SM20N164016

Fig 7

/]

METHOD OF TIP CLEANING

SM20N164017

The inlet for acetylene has left hand thread and that for
oxygen has right hand thread. Take care to fit the correct
hose pipe with the blow pipe inlet. Atfrequentintervals, put
off the flame and dip the blow pipe in cold water.
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CG&M
Sheet Metal Worker - Welding

Related Theory for Exercise 1.6.41

Various types of Pipe joints

Objectives: Atthe end of this lesson you shall be able to

» explain the various types of pipe joints

* describe the factors to be considered for a pipe joint

» explain the method of cutting branch components (pipe development)

Various types of pipe joints:

Square butt joint with liner and without liner (Fig 1).

'L" elbow joint. (Fig 5)

Fig 1 A B

] e
| | |

PLAIN JOINT WITH LINER FOR PLAIN JOINT WITHOUT LINER

GAS UP TO 24"DIA. NEEDS NOW USED FOR OIL UP TO
2 WELDING BEADS. 12"DIA NEEDS 3 WELDING
BEADS

SM20N164111

Bell and spigot joint. (Fig 2).

Fig 2 p N
[N 7\
BELL SPIGOT
N 2
\ 4
BELL AND SPIGOT JOINT

SM20N164112

Fig5

'L' (ELBOW) JOINT

SM20N164115

'Y" joint. (Fig 6)

"Tee'joint. (Fig 3).

Fig 3

TEE JOINT

SM20N164113

Branch joints. 45°. (Fig 4)

Fig 4

45°

BRANCH JOINT

SM20N164114

Fig 6

SM20N164116

Y' JOINT

Flange joint (A flange with a pipe). (Fig 7)

Fig7

=
.

SM20N164117

FLANGE JOINT (A FLANGE WITH A PIPE)

Flange joint (A sheet with a pipe). (Fig 8)
Gussel bend. (Fig 9)

The factors to be considered for a pipe joint
Check the pipes for:

— specification of material and diameter (O.D/1.D) (Fig
10)
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Fig 8

SM20N164118

FLANGE JOINT (A SHEET WITH A PIPE)

Material preparation method

Fig 9

GUSSET BEND

SM20N164119

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

* state the necessity of preparing the materials to be welded
« state different methods used to cut mild steel sheets and plates to the required size before welding
¢ identify different tools and equipments used to prepare the mild steel sheets and plates.

Necessity of materials prepartion for welding: While
fabricating (producing or making) different components/
parts by welding, different sizes of plates, sheets, pipes,
angles, channels with different dimensions are joined
together to get the final objects. For example, a railway
compartment, an aeroplane, an oil or water pipe line, a
gate, a window grill, a stainless steel milk tank, etc. So
these objects can be made to the required dimensions only
by cutting them from the larger size sheets, plates, pipes
etc. which are available in standard sizes, thickness,
diameters and lengths in the market. Hence cutting and
preparing the base metal to the required dimensions from
the original material available in many store is necessary
before welding them.

Also the base metals before cutting them to size will have
impurities like dirt, oil, paint, water and surface oxides, due
to long storage.

These impurities will affect the welding and will create
some defects in the welded joint. These defects will make
the joint weak and it is possible that the welded joint will
break, if the weld defects are presentin the welded joints.

Soin order to get a strong welded joint, it is necessary to
clean the surfaces to be joined and remove the dirt, oll,
paint, water, surface oxide etc. from the joining surfaces
before welding.

Different methods used to cut metals
1 By chiselling the sheets

2 By hacksawing

3 By shearing using hand lever shear
4 By using guillotine shear

5 By gas cutting

For thin sheets the first 4 methods are used. For thick
materials method 2, 4 and 5 are used.

Tools and equipments used to cut metals
Cold chisel
Hacksaw with frame

Hand levershear

AW N -

Guillotine shear
5 Oxy-acetylene cutting torch

The cutedges ofthe sheetor plate are to be filed toremove
burrs and to make the edges to be square (at 90°angle) with
each other. For ferrous metal plates, which are more than
3mm thick, the edges can be prepared by grinding themon
abench/pedestal grinding machine.

Methods of cleaning the base metals before welding

Objectives: At the end of this lesson you shall be able to
* state the importance of cleaning before welding
» explain the different methods of cleaning.

Every joint must be cleaned before welding to obtain a
soundweld.

Importance of cleaning: The basic requirement of any
welding process is to clean the joining edges before
welding. The joining edges or surface may have oil, paint,
grease, rust, moisture, scale or any other foreign matter.

If these contaminants are not removed the weld will
become porous, brittle and weak. The success of welding
depends largely on the conditions of the surface to be
joined before welding. The oil, grease, paints and moisture
onthe sheets to be welded will give out gases while heated
by arc or flame and these gases will get into the molten
metal. They will come out of the metal when the molten
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metal cools to form the bead and create small pin holes on
the surface of the bead. This is known as porosity and it
weakens the joint.

Methods of cleaning: Chemical cleaningincludes wash-
ing the joining surface with solvents of diluted hydrochloric
acid to remove oil, grease, paint etc. (Fig.1)

Mechanical cleaning includes wire brushing, grinding,
filing, sand blasting, scraping, machining or rubbing with
emery paper. (Fig.2)

For cleaning ferrous metals a carbon steel wire brush is
used. For cleaning stainless and non-ferrous metals, a
stainless steel wire brush is used.

Fig 1

CHEMICAL CLEANING

SM20N164121

Faults in gas welding

WIRE BRUSH

SM20N164122

WIRE WOOL

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

* name and define various weld defects
* identify the common faults in gas welding.

Definition

A fault is an imperfection in the weld which may result in
failure of the welded joint while in service.

The following faults occur commonly in gas welding.

Undercut : Agroove or channelformed along the toe of the
weld on one side or on both sides. (Fig 1)

Fig 1

i

UNDERCUT

AN A

UNDERCUT

L /6 !

UNDER CUT

SM20N164131

Excessive convexity: Too muchweld metal added tothe
jointsothatthere is excessive weld reinforcement. (Fig 2)

Fig 2
(a)

.
77777 R

EXCESSIVE

REINFORCEMENT

(b) EXCESSIVE
CONVEXITY
/ REINFORCEMENT

SM20N164132

Overlap : Metal flowing into the surface of the base metal
without fusing it. (Fig 3)

Excessive penetration: Depth of fusion atthe rootofthe
grooved joint is more than the required amount. (Fig 4)
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Fig 3

%

/_\/7 OVERLAP

X AN
v 7 )

\

SM20N164133

Fig 4

v/
EXCESS WELD METAL AT THE ROOT

SM20N164134

Lack of penetration: Required amount of penetration is
notachieved, i.e. fusion does not take place up to the root
of the weld. (Fig 5)

Fig 5
v

A

{ W N

LACK OF PENETRATION

SM20N164135

Lack of fusion: If there is no melting of the edges of the
base metal at the root face or on the side face or between
the weld runs, then it is called lack of fusion. Fig.6.

Fig 6 LACK OF INTER

RUN FUSION
LACK OF

SIDE FUSION

9 |

\~ LACK OF \ ROOT RUN

SM20N164136

ROOT FUSION
Porosity: Number of pinholes formed on the surface ofthe
deposited metal. (Fig 7)

Fig 7

SM20N164137

POROSITY

Blow-holes: These are similar to pinholes but have a
greater diameter. (Fig 8)

Fig 8

SM20N164138

BLOW HOLES

Cracks : Adiscontinuity inthe base metal or weld metal or
both. (Fig 9)

Fig 9

s, AN
. N\

CRACKS

SM20N164139

Unfilled crater : A depression formed at the end of the
weld. (Fig 10)

Fig 10

SM20N16422A

UNFILLED CRATER

Excessive concavity/lnsufficient throat thickness:
Enough weld metal is not added to the joint so that there
is insufficient throat thickness. (Fig.11)

Fig 11

EXCESSIVE
CONCAVITY

A - THROAT THICKNESS DUE TO
EXCESSIVE CONCAVITY

B - REQUIRED THROAT
THICKNESS

SM20N164138

Burn through: A collapse of the molten pool due to
excessive penetration, resulting in a hole in the weld run.
(Fig.12)
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Fig 12

BURN THROUGH

COLLAPSE OF WELD POOL
THROUGH PARENT METAL

SM20N16413C

Weld defects - Causes and remedies

Objectives: At the end of this lesson you shall be able to
* explain the causes of weld defects
 state the remedies to prevent the defects.

Welding defects: Possible causes and remedies

Defect

Possible causes

Appropriate remedies

1 Fillet weld with
insufficient
throat thickness.

2  Excessive concavity
in butt weld profile.

3  Excessive penetration.
Excess fusion of root
edges.

4 Burnthrough.

5 Undercutalong verti-
cal member of fillet
welded Teejoint.

6 Undercutin both sides
of weld face in butt
joint.

7  Incomplete root pene-
tration in butt joint

8 Incompleteroot pene-
tration in close square
Teejoint.

(single vee ordouble vee).

Incorrect angle of filler rod and
blowpipe.

Excess heat build-up with too
fast a speed of travel or filler
rod too small.

Angle of slope of nozzle too large.
Insufficientforward heat.

Flame size and/or velocity too
high. Filler rod too large or too
small. Speed of travel too slow.

Excessive penetration has produced
local collapse of weld pool resulting
in a hole in the root run.

Incorrect angle of tilt used in
blowpipe manipulation.

Wrong blowpipe manipulation; in-
correct distance from plate surface,
excessive lateral movement.

Use of too large a nozzle.

Use of unsuitable procedure and/or
weldingtechnique.

Use of unsuitable procedure and/or
welding technique.

Incorrect set up and joint preparation.

Incorrect set up and joint preparation.

Maintain filler rod and blowpipe
atthe appropriate angles.

Use the appropriate size nozzle
and filler rod with the correct
speed oftravel.

Maintain the nozzle at the correct
speed oftravel.

Select correct nozzle size.
Regulate flame velocity correctly.
Use correct size of filler rod.

Maintain blowpipe at the correct
angles. Check nozzle size, filler rod
size. Travel at the correct speed.

Maintain blowpipe at the
correctangle.

Use correct nozzle size, speed of
travel and lateral blowpipe
manipulation.

Ensure joint preparation and set up
are correct. Appropriate procedure
and/or welding technique must be
used.

Ensure joint preparation and set up
are correct. Appropriate procedure
and/orwelding technique

must be used.
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9 Lackofroot penetra- Incorrect joint preparation and set up. Prepare and set up the joint correctly.
tion. Gap too small. Vee preparation too
narrow. Root edges touching.

10  Lack of fusion on root Incorrect set up and joint preparation. Ensure the use of correct joint pre-
and side faces of double Use of unsuitable welding paration, set up and welding
Vee butt joint. technique. technique.

11 Lackofinter-run Angles of nozzle and blowpipe Correct the angles of slope and tilt.
fusion. manipulationincorrect. Use blowpipe manipulation to control

uniform heat build-up.

12 Weld face cracks in Use of incorrect welding procedure. Use correct procedure and filler
butt and fillet welds. Unbalanced expansionand rod. Ensure uniform heating and

contraction stresses. cooling. Check suitability and
Presence of impurities. surface preparation of material
Undesirable chilling effects. before welding. Avoid draughts

Use of incorrect filler rod. and use appropriate heat treatment.

13  Surface porosity and Use of incorrect filler rod and Clean plate surfaces. Use correct

gaseous intrusions. technique. Failure to clean filler rod and technique. Make
surfaces before welding. sure the flame setting is correct
Absorption of gases due to to avoid gas contamination.
incorrectly stored fluxes,
uncleanfiller rod.
Atmospheric contamination.

14 Crateratend of weld Neglect to change the angle of Reduce the angle of the blowpipe
run. Small cracks blowpipe, speed oftravel orin- progressively with speed of travel to
may be present. crease the rate of weld metal lower the heat input and deposit, and

deposition as welding is completed deposit sufficient metal to maintain

at the end of the seam. the toe of the weld pool at the
correct level until it has completely
solidified.

Defects in Arc welding - definition, causes and remedies

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

» define common weld defects in arc welded joints

¢ describe the causes, remedies and corrections of weld defects.

A sound or good weld will have uniformly rippled surface,
even contour, bead width, good penetration and no defects.

Definition of a defect: A defect is one which does not
allow the finished joint to withstand the required strength
(load).

Causes for weld defects means that the reasons orwrong
actions taken which creates the defect.

A remedy can be

a Preventing the defect by taking proper actions before
and during welding.

b Taking some corrective actions after welding to rectify
a defect which has already taken place.

Undercut: A groove or channel formedin the parent metal
at the toe of the weld. (Figs 1, 2 & 3)

Causes
Currenttoo high.

Use of a very short arc length.

Welding speed too fast.

Overheating of job due to continuous welding.
Faulty electrode manipulation.

Wrong electrode angle.

REMEDIES

(a) Preventive action

Ensure

— proper current is set

— correct welding speed is used

— correct arc length is used

— correct manipulation of electrode is followed.
(b) Corrective actions

— depositathin stringer bead at the top of the weld using
a 2mm ¢ electrode to fill up the undercut.
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Overlap

An overlap occurs when the molten metal from the elec-
trode flows over the parent metal surface without fusing into
it. (Fig 4)

CAUSES
Low current.
Slow arc travel speed.

Fig 1
ﬂ— UNDERCUT
I
g
z
TEE-JOINT FILLET WELD S
0
Fig 2
<
UNDER CUT 3
A SCHEMATIC DIAGRAM OF UNDERCUTS z
IN FILLET AND BUTT WELDS. g
0
Fig 3 UNDERCUT
g
b
Z
SQUARE-BUTT WELD g
2

SCHEMATIC DIAGRAM OF OVERLAP IN FILLET AND BUTT WELDS

SM20N164144

Longarc.
Too large a diameter electrode.

Use of wristmovementfor electrode weaving instead ofarm
movement

REMEDIES

(a) Preventive actions
Correct current setting.
Correctarctravel speed.

Correctarclength.

Correct diameter electrode as per metal thickness.
Proper manipulation of electrode.

(b) Corrective actions

Remove the overlap by grinding without an undercut.
Blowhole and Porosity

Blow hole or gas pocket is a large diameter hole inside a
bead or on the surface of the weld caused by gas entrap-
ment. Porosity isa group offine holes on the surface of the
weld caused by gas entrapment. (Fig 5)

CAUSES

Presence of contaminants/impurities on the job surface or
on electrode flux, presence of high sulphur in the job or
electrode materials. Trapped moisture between joining
surfaces. Fastfreezing of weld metal. Improper cleaning
of the edges.

Fig 5 ,_f POROSITY

AN\ Z.

BLOW HOLE POROSITY

BLOW HOLE
REMEDIES

(a) Preventive actions

SM20N164145

Remove oil, grease, rust, paint, moisture, etc. from the
surface. Use fresh and dried electrodes. Use good flux-
coated electrodes. Avoid long arcs.

(b) Corrective action

Ifthe blowhole or porosity is inside the weld then gouge the
area and reweld. If it is on the surface then grind it and
reweld.

Spatter

Small metal particles which are thrown out of the arc during
welding along the weld and adhering to the base metal
surface. (Fig.6)

CAUSES

Welding current too high. Wrong polarity (in DC). Use of
long arc. Arc blow. Uneven flux coated electrode.

Fig 6

SM20N164146
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REMEDIES

(a) Preventive actions

Use correct current.

Use correct polarity (DC).

Use correct arc length.

Use good flux-coated electrode.
(b) Corrective actions

Remove the spatters using a chipping hammer and wire
brush.

Edge of plate melted off

Edge of plate melted off defect takes placeinlap and corner
joints only. If there is excess melting of one of the plate
edges resulting in insufficient throat thickness then it is
called edge of plate melted off defect. (Fig.7)

CAUSES
Use of oversize electrode.
Use of excessive current.

Wrong manipulation of the electrode i.e excessive weaving
ofelectrode.

Fig 7

— N —

EDGE OF PLATE MELTED OFF

SM20N164147

REMEDIES

(a) Preventive action

Select correct size electrode.

Set correct current.

Ensure correct manipulation of electrode.
(b) Corrective action

Deposit additional weld metal to increase throat thick-
ness.

Crack

A hairline separation exhibits in the root or middle or
surface and inside of the weld metal or parent metal.
(Fig8)

CAUSES

Wrong selection of electrode.
Presence of localized stress.
A restrained joint.

Fast cooling.

Improperwelding techniques/sequence.

Poor ductility.
Absence of preheating and post-heating of the joint.

Excessive sulphur in base metal.

Fig 8
SURFACE CRACK CRATER CRACK
A DEEP CRACK
TOE CRACK
2
UNDERBEAD CRACK §
z
DIFFERENT TYPES OF CRACKS §
%]
REMEDIES

(a) Preventive actions

Preheatand post-heating to be done on copper, castiron,
medium and high carbon steels.

Select alow hydrogen electrode.

Cool slowly.

Use fewer passes.

Use proper welding technique/sequence.
Cracks

(b) Corrective actions

— For all external cracks to a smaller depth, take a V
groove using a diamond point chisel upto the depth of
the crack and reweld (with preheating if necessary)
using low hydrogen electrode. Cool the job slowly.

— Forinternal/hidden cracks gouge upto the depth of the
cracks and reweld (with preheating if necessary) using
low hydrogen electrode. Cool the job slowly.

Incomplete penetration

Failure of weld metal to reach and fuse the root of the joint.
(Fig9)

CAUSES

Edge preparation too narrow - less bevel angle.

Welding speed too much.

Key- hole not maintained during welding the root run of a
groovedjoint.

Less current.
Use of larger dia. electrode.

Inadequate cleaning or gouging before depositing sealing
run.

Wrong angle of electrode.

Insufficientrootgap.
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Fig 9

% \

INCOMPLETE
PENETRATION

REMEDIES

(a) Preventive actions

SM20N164149

Correctedge preparationis required.

Ensure correct angle of bevel and required root gap.
Use correct size of electrode.

Correctwelding speed is required.

Maintain a key-hole throughout the root run.
Correct current setting is required.

(b) Corrective actions

Forbuttwelds and open cornerwelds gouge the root of the
joint and deposit the root run from the bottomside of the
joint. Fora Tee &lapfillet welds blow of the full weld deposit
and reweld the joint.

Slaginclusion: Slag or other non-metallic foreign materi-
als entrapped in a weld. (Fig 10)

Fig 10
(e
CAUSES )

Incorrectedge preparation.

Use of damaged flux coated electrode due tolong storage.
Excessive current.

Long arclength.

Improperwelding technique.

Inadequate cleaning of each run in multi-run welding.
REMEDIES

(a) Preventive actions

Use correct joint preparation.

Use correct type of flux coated electrode.

Use correct arc length.

Use correct welding technique.

Ensure thorough cleaning of each runin multi-run welding.
(b) Corrective actions

For external/surface slag inclusion remove them using a
diamond point chisel or by grinding and reweld that area.
Forinternal slag inclusions use gouging upto the depth of
the defectand reweld.

Excessive convexity (Fig.11)

Fig 11 EXCESSIVE

REINFORCEMENT

NORMAL
REINFORCEMENT

N N\

EXCESSIVE CONVEXITY
OR OVERSIZED WELD

ACCEPTABLE

CONVEX FILLET WELD

NORMAL —
REINFORCEMENT

— EXCESSIVE
REINFORCEMENT

g

EXCESSIVE CONVEXITY OR
OVERSIZED WELD OR EXCESSIVE REINFORCEMENT

SM20N16414B

This defect is also called as oversize weld or excessive
reinforcement. It is the extra weld metal deposited in the
finallayer/coveringrun.

Excessive concavity/Insufficient throatthickness

If the weld metal deposited into a butt or fillet weld isbelow
the linejoining the toes of the weld then this defectis called
excessive concavity or insufficientthroat thickness.Fig.12

CAUSES

— Incorrectbead profile due toimproperweaving of elec-
trode.

— Use of small dia. electrode.
— Excessive speed of welding.

— Wrongwelding sequence when using stringerbeads to
fillthe groove.

— Sagging of weld metal is not controlled in horizontal
position.

— Electrode movementis not uniform.

— Improper electrode angle between the plate surfaces.
Remedies

— Lack of fusion.

— Mismatch.

— Uneven/irregularbead appearance.

— Excessiverootpenetration.

Fig 12
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Related Theory for Exercise 1.7.42

Sheet Metal Worker - Advanced Sheet Metal Processes

Importance of trade with development of industrial economy of the country

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

* state what is countersinking
¢ listthe purposes of countersinking

* state the angles of countersinking for the different applications

The industrial growth benefits the development of the
economy in the country and also solves the unemployment
problems. For industrial growth one of the factor is the
source of skilled manpower. The industry gains the benefit
of quality products by appropriate manpower.

Sheet metal work application involvesin manufacturing of
components of house hold items building construction,
furniture, automobile, shipping, Aircraft, railway etc. The
manufacturing industries of the above fields are in the need
of high volume of skilled sheet metal worker.

Even though the industries are equipped with automatic
machines and special purpose machines for the production
of items in mass production, the operator who operaters
the machines should have the knowledge of sheet metal
operations, so that we can visually inspect products of its
accuraccy and finish.

Hence the skilled sheet metal worker’s contribution to the
industries will enhance in production of quality products.
The quality products will attract the market. The demands
of the market is the backbone of industry growth, which
boost the economy of the country.

Types of Sheet Metal Fabrication

1. Edge stiffening a) Single hem b)Double hem c) Wire edge
2. Types of seams a)Groovedseam b) Pittsburgh seam c)Dovetail seam
d) Butt seam e)Lap seam f) Slip joint seam
g) Snap lock h) Double seam h(i) Plain dovetail seam
h(ii) Flange dovetail seam
h(iii) Beaded dovetail seam
3 Riveting
4. Soldering
5. Brazing
6. Welding a) Arc b) Gas
7. Power press operation Shearing, perforating, Drawing, Cupping, Blanking, Notching
Squeezing, coining, piercing, Lancing, punching, bending
Embossing, Flatening, angle bending, Curling, Forming, plunging
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Related Theory for Exercise 1.7.43

Sheet Metal Worker - Advanced Sheet Metal Processes

Review of Types of Sheet Metal Fabrication

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

 state the meaning of various terms used in sheet metal work.

1 Beading: The process of raising a strip of metal around
the end of a round pipe.

2 Braising: The process of stretching a piece of metal by
hitting it with a round head hammer, as in forming a
bowl.

3 Brake: Amachine thatthe sheet metal worker uses for
bending and folding edges on metal.

4 Burring: The process of turning an edge on a circular
piece of metal.

5 Clips: Special strips of sheet metal bentin a manner
to connect two pieces of sheet metal duct.

6 Crimping: The process of corrugating the end of a
round pipe to make it smaller so it will fit into the end of
another pipe.

7 Edges: Bendsonthe edges of sheet metalto eliminate
sharp edges and provide stiffening.

8 Forming: The process of rolling sheet metal into pipe
or making bends to form objects.

9 Layoutwork: The process of developing the pattern for
a sheet metal object.

10 Longitudinal seam: A seam running the long length
of a pipe.

11 Miter: The joining of two pieces at an evenly divided
angle.

12 Nibble: Nibble to piece metal along or on its edge.

13 Pattern: The shape of an objectto be made outofsheet
metal as it appears when marked out on the flat sheet.
Also, the exact size and shape that a piece of sheet
metal must be in order to be formed into the object
desired.

14 Pierce: To cut out interior waste stock from a metal
part with a die.

15 Planish: To make a metal surface smooth by hammer-
ing it over a stake or block.

16 Press brake: A power machine used by the sheet
metal worker to form sheet metal.

17 Press forming: Creating sheet metal products using
dies to cut and shape the metal and presses to power
the dies. Also called stamping.

18 Seams: Various types ofbentand hooked edges used
to join two pieces of sheet metal. For lighter sheet
metal, mechanical joints are used. In medium and
heavy gage metal, a riveted or welded seam is used.

19 Seam welding: Akind of resistance welding in which
rollers are used instead of electrodes.

20 Sheet metal screws: Special screws used for joining
sheet metal. Also called self-tapping because the
screws tap their own threads in the drilled hole.

21 Overlapping parts: Resistance to electricity gener-
ates heat producing the weld.
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Related Theory for Exercise 1.7.44

Sheet Metal Worker - Advanced Sheet Metal Processes

Methods of developments

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

» develop the pattern layout for the frustum of a pyramid by radial line method.

Refer Fig 1&2 for pattern layout development.

Fig 1
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Draw a plan and elevation view of the frustum of a pyramid.

Draw a Semi-circle from a point ‘O’ to a radius of OX and
QY shown in the Fig using a divider. Draw a straight line
shown in DH. Mark lines DC, CB, BA and AD on the outer
circle using a divider.

Round to elliptical transition

Mark lines of HG, GH, FE and EH on the inner Semi-circle
usingadivider.

Join all the points on the outer and Inner semi-circle using
steel rule and a scriber shown in the pattern.
DCBADHEFGHD is the pattern for a frustrum of the
pyramid.

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

* develop and layout the pattern for articles of different cross section
 arrange the triangles by different methods on warped surfaces to develop the pattern by triangulation method.

Fig 1 shows a conical form which is because of the change
in opening shapes a warped surface. Such a shape is
calledwarped cone. Figure 1 shows a transition from round
to elliptical pipe.

The elements 1-2, 3-4, 5-6, 7-8, ..... 13 to 14 etc all
intersect the central axis of the cone. But each element
intersect at a different point. Therefore the cone does not
have a common apex and hence should be developed by
triangulation method. The numbering procedure is shown
inFig2. True length diagrams and pattern developmentare
similar to that of previous skills.

Two true length diagrams are constructed one is for the
slant length 1-2, 3-4, 5-6 etc and the other is for diagonal
lengths. 2-3,4-5,6-7 etc. Suchanarrangementis required
inorderto selectthemwhenthey have allbeen constructed
or to refer back to when checking.

The warped cone elements are spaced uniformly on the
base circle but the spacing on the elliptical opening is not
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uniform. Care should be taken to use the true spacings for
each curve astaken from the plan view when developing the
pattern layout.

Fig 2
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The more common arrangement of lines on the surface of
the article is shown in Fig 3. In this example both the
circular and the elliptical openings are equally spaced so

Oval to circle transformer

astoprovide the same number of spaces ateach opening.
This is a more convenient arrangement for pattern
development as two compasses or bow instruments may
be set separately for each spacing and the settings used
repeatedly. Similar patterns are shown in Fig 4.

Fig 4
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The pattern development shape will be the same by both
methods. The only difference being thatthe arrangement
of triangles on the warped conical surface are different.

(Fig 5)

Fig 5
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ARRANGEMENT OF TRIANGLES

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

* develop the pattern for oval to circle transformer by triangulation method.

Todevelop the pattern forthe ovalto circle transformer, first
draw the plan and elevation as shown of Fig 1. Inthe plan
divide one quarter of the circle into three equal parts and
also the corresponding quarter of the oval similarly. One
quarterwillbe enough since the planis symmetrical about

both axes. Number the points from 1 to 8. A zig-zag line
drawn between these points can divide that part of the
surfacetotriangles. Projectaline vertically inthe elevation,
and extend the base line along which to mark off the plan
lengths.
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Forfirsttriangle, take the planlength 1,2 and markit offfrom
B atright angles to the vertical height. Take the diagonal
truelengthline and set off 1',2'in the pattern development.
Next take the planlength 2,3 and mark it off at right angles
tothe vertical height. Take the true length of diagonal and
from2'inthe patterndraw an arcthrough point3'. Take 1,3
true length directly from the plan and from point 1' in the
pattern describe an arc cutting the previous arcin point 3'.
Join 1',3'and 2',3".

For the second triangle 3,4 length from plan can be taken
and mark itoffatrightanglesto the vertical height; take the
diagonal true length and from point 3' in the pattern, draw
anarcthrough point4'. Thentake the truelength 2,4 direct
from the plan and from point 2' in the pattern swing an arc
cutting the previous arc in point 4'.

Join 34" and 2'4'. For the third triangle, repeat this
procedure with plan lengths 3,5 and 4,5 and again for the
fourth triangle with planlengths 4,5and 5,6. Theremoving
two triangles which form the quarter pattern are similarly
obtained from the plan lengths 5,7; 6,7 and 6,8; 7,8. The
full pattern may be completed by repeating or duplicating
this quarter in the type shown in figure. The examples at
(b) and (c) are given as additional exercises for practice.

The Grouping of similarities: The art of pattern
developmentis intimately associated with the craft of sheet
metal work. Since accuracy is one of the essential
conditions of modern production, the use of geometry to
the solution of problems of pattern drafting is an economi-
cal method of ensuring success. The grouping of similari-
ties is a valuable aid in bringing out the fundamental
principles. Term “similarities” refers here to similarities of
method of development only. In this first course of
triangulation, the problems done are transformers which lie
between two parallel planes. Upto this point have been
those which transform from a square at one end to a
another similar square placed diagonally atthe other, and
these were followed by the tall boy type, in which trans-
forms from a square at one end to a circle at the other.

Fig 2
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Those now follow in progressive order are such as trans-
form from an oval or other curved outline at one end to a
circle atthe other, and those which transform from a semi-
circle at one end a a circle at the other, and those which
transform from a combined rectangle and semi-circle to a
circle at the other.

In practice, those problems find use in many forms of hoods
and hoppers. The figure 1 shows, in elevation and plan, a
connecting piece which fits at the base on one half of the
top end of a round body, and transforms to a circular pipe
above. The development of the pattern for this type is
shown at Fig 3.
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Stove - Chimney connection

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

» develop the pattern for stove chimney connection by triangulation method.

The outlets from gas and coke stoves often takes the shape
of a rectangular stump with semi-circular ends. These
outlets may be connected to circular chimneys or fuels.
The connecting piece commonly of sheet metal, is a
transformer from the one shape to the other.

The problem shown in Fig 1 is a typical of a chimney
connections, from the stove in the cabin of a canal boat. As
a rule the outlet stump is on the top of the stove, and the
chimney, usually a short one, passes up through the roof
or out through the cabin side. The latter case is shownin
Fig 1, in which the short, horizontal piece at the top of the
transformer is the end of the chimney is a cylindrical pipe
inside the cabin.

Thejointline 2,14 inthe elevationis obtained by dividing the
angle between the centre lines of the cylindrical pipe and
the transforming piece. Since this cuts the cylindrical pipe
at an angle, the exact shape at the joint is an ellipse. To
getthetrue shape of this ellipse, describe a semi-circle on
the cross section at AB, divide it into six equal parts and
from the points on semi-circle projectliens perpendicularly
back to AB and on to the joint line. From the points
obtained onthe jointline, draw lines atrightanglestoitand
cut them off equally in length to the corresponding dis-
tances between the line AB and the half circle. Points
should thus be given through which to draw in the half

Fig 1
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ellipse as shown above the joint line 2,14. The plan,
omitting the cylindrical pipe, is that the merely transform-
ing piece. The elliptical joint line also forms an ellipse in
the plan, and is obtained by dropping vertical lines from the
jointline 2,14 of the elevation to cut the centre line 2,14 in

the plan and marking off distances above and below the
centre line equal to those between the line AB and the
semi-circle.

In preparing to develop the pattern, divide half of the plan
into triangles as shownin the diagram, starting atthe seam
1,2 onthe shorter side of the transformer, and number the
pointsinaccordance with the prescribed method. Itcanbe
seen that the consecutive numbers pass alternately from
bottom to top and top to bottom by forming the zig-zag line,
which is clearly seen in the pattern. It is better to the
number the points 2,4,6,8,10,12,14 along the joint line in
the elevationto correspond with those points on the ellipse
inthe plan. Then erectavertical heightline BT and project
all the points 2,4,6,8,10,12,14 to it horizontally.

Forthe firsttriangle in the pattern, take the planlength 1,2
and mark it off along the base line from point B. Then take
the true length diagonal upto the point on the vertical height
line with point 2 on the joint line. With this distance in the
compasses mark off the line 1', 2' in any convenient
position in the pattern. Then take the plan length 2,3 and
mark it off from B along the base line. Take the true length
diagonal, again upto the point level with 2, and from point
2'inthe pattern, draw off an arc through point 3'. Now take
true length 1,3 direct from the plan and from point 1’in the
pattern describe an arc cutting the previous arcin point 3'.
Join 1", 3'and 2',3". For the second triangle take the plan
length 3,4 and mark it off from B along the base line. Next
take the true length diagonal this time upto the pointon the
vertical height line level with 4 on the joint line.

From point 3'in the pattern describe an arc through point
4'. Now, to complete this second triangle, the distance 2',4"
inthe pattern will be obtained fromthe division onthe ellipse
abovejointline, since those distances are the true required
spacings. Take the distance 2,4 from the ellipse and from
point2'inthe pattern, draw an arc cutting the previous arc
in point4'. For the third triangle, take the plan length 4,5
andtriangulate itagainstthe vertical height. Take the true
diagonal length up to the point level with 4, and from point
4'inthe pattern describe an arcthrough point5'. Nexttake
the true distance 3,5 directfrom the plan, and from point 3'in
the pattern swing an arc cutting the previous arcin point5'.
The remaining pattern should be easily followed from this
point by picking carefully the correct plan lengths and true
distances. Itis betterto observe before passing on thatall
those plan lengths which pass from top to bottom and
bottom to top, such as 1,2,2,3,3,4,4,5 and so on will be
triangulated against the vertical height.

All those plan lengths on the bottom edge, such as
1,3,3,4,5,7,7,9 and so on, should be used direct from the
plan as they are true lengths already. Allthose spacings
around the top edge such as 2,4,4,6,6,8,8,10 and so on
shall be obtained from the true divisions on the ellipse
above thejointline. Only half of the patternis showninthe
figure which is developed. As the pattern is symmetrical
about the line 14',16' the other half is a repetition in the
reverse order on the other side of that line.
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Pattern development for square to rectangle transformer

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

* develop the pattern for square to rectangle transformer by triangulation method.

Figure 1 shows the pattern development for square to
rectangle transformer.

Method: Draw the plan and letter the points as shown.

Draw avertical heightline equal to the vertical height of the
transformer.

Obtaining true lengths: To obtain true lengths from T
downto L and T'to L' step off plan length TL with dividers
and mark it off horizontally from the vertical height line.
Mark this point L. Repeat this process using plan length
T'L"and mark the point L".

Pattern development: Draw a vertical centre line and
take planlength TB. With centre on the vertical line swing
arcs on both sides of the centre line.

Draw a horizontal line to join these arcs and mark points
A, TandB. Taketruelength TL and step it off on the vertical
centre line below point T. Mark this point L. Draw a
horizontal line through point L. Take planlength LD or LC
and with centre at point L swing arcs on both sides of the
centre line. Mark points C,L and D.

Method of numbering the points

Fig 1 A T B H A
|
|
c L D E c
E F TT
H G -
I
o TRUE LENGTHS
I
-
<<
A B )
c : D &
u -
L oL g
PATTERN DEVELOPMENT =
z
SQUARE TO RECTANGLE TRANSFORMER s

Join up points Ato Cand Bto D. This gives the pattern for
the part marked (1). This process is repeated for part
marked (2) to obtain the patterns required. Since the sides
opposite one another are identical, two off each of the
patterns are required to complete the transformer.

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

* follow the suitable and easier method of nhumbering the points in pattern development by triangulation

method.

One of the best aids to clear developmentin triangulation
is the good method of numbering the points of divisioninthe
plan, elevation and side view. Many methods are in use,
but we prefer one in which the consecutive numbers
1,2,3,4...and soon, can be used rightround the body from
jointtojointin cases oftriangulation methods. The arrange-
mentofthe lines forming the triangles makes a continuous
zigzag line on the surface between the top and bottom
edges of the body sides as shown in Fig 1. Examples of
this type can be seen on square to square transformers.
The zigzagline need notberegularinformasinFig2. The
main point to observe is that beginning at the joint with 1
to2,the consecutive numbers are placed alternately attop
and bottom sides, similar to the zig zag line forming the
triangle around the body. This is a simple method of
numbering and has the advantage that of the job of
developmentinthe pattern be leftforatime it can be picked
up with confidence at the required spot where it is left off.

Fig 1 2 4 6 8 10 12 14
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Square toroundtransformersintroduce alittle differenton
this arrangement, the principle shown at Fig 3. From this
illustration it will be observed that the continuous zig zag
lineisformedby1,2,3,6,7,10,11,14,15. Butthere are also
otherlines radiating from points 3,7and 11 as 3,4and 3,5.
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The procedure in a case like this, is to start at 1 and follow
up in zig zag form with 2,3 and 4. From point4, there is no
return to the base, other than back to 3. Retrace back to
3 and go to point 5. Again retrace back to 3, and proceed
to point 6. Itis now easy to get back to the base from 6 to
7. From point 7 the procedure is repeated as from point 3,
but this time with 7,8; 7,9 and 7,10 and then back to 11.
This is repeated again from point 11. It will be found that
this numbering method can be followed in all cases, and
will be of considerable advantage to deal with complicated
problems.

Fig 3
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Square to square transformer with flat back

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

* develop the pattern for square to square transformer with flat back by triangulation method.

Fig 1 shows pattern development for square to square
transformer with flat back.

In the triangulation method the letters given in Elevation
sideview can be used properly and in the next triangulation
method events. The letters can be drawn as shown in the
figure to the points starting from Aab, Bbc

The square-to-circle transformer

Fig 1
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Objective : At the end of this lesson you shall be able to

* develop the pattern for square to circle transformer by triangulation method.

The common problem in sheet metal work, particularly in
duct and pipe work, is that of the square-to-circle trans-
former, often called a tall boy. Its main object is to
transform a square or rectangular pipe to a round pipe or
to connect a round pipe to a square or rectangular hole,
such as a centrifugal fan outlet. This type of transformer
also takes the form of hoods over furnaces and hearths to
collectthe fumes which rise up through the pipe atthe top.
(Refer Fig 1 (a) and (b)). In common practice it is
encountered in a variety of ways, almost much numerous
to mention.
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The simplest example of this type is such that as shown
in Fig 2, in which the centre of the circle in the plan
coincides with that of the square, and in which the width of
the square is bigger than the diameter. The method of
developing the pattern, is the same for every case, whether
the circle is of the same size or larger than the square, or
whether the circle is off-centre one way or both ways with
that of the square.

Fordeveloping the pattern, divide the circle in the planinto
twelve equal parts. Assuming the seam to be up in the
middle of one side as at 1,2 Fig 2, give number to the
points, beginning at the seam as shown at
1,2,3,4...,15,16,17, 1,2. From the elevation, project a
vertical height line and extend the base line sufficiently to
accommodate the longest plan length.

Forthefirsttriangle, take the plan length 1,2 by the help of
compasses and mark it off from B along the base line at
right angles to the vertical height. Take the true length
diagonal from 2 to the top T of vertical height and set off 1'
2", in the pattern. It can be seen that this first line in the
pattern may be set off anywhere and in any position, and
the rest of the pattern will follow accordingly. But a little
care and foresight are usually needed to place thefirstline

so that the pattern following up will not run off the sheet or
the paper. Take 2,3 fromthe plan, mark it off from B along
the baseline atrightangles to the vertical height. Take the
true length diagonal from 3 to the top T and from point 2"
in the pattern swing off an arc through point 3".

Next take the true distance 1,3 from the plan and from the
point 1in the pattern make an arc cutting the previous arc
in point 3'. Then join 2',3'and 11,3".

Forthe secondtriangle, take 3,4 fromthe plan, mark them
off along the base line, take the true length diagonal and
from point 3" in the pattern swing an arc through the point
4. Then take the true length 2,4 direct from the plan and
frompoint2'in the pattern make an arc cutting the previous
arc in point 4'. Then join 3',4".

For the third triangle, repeat this procedure with the plan
lengths 3,5 and 4,5 and again for the fourth triangle with
plan lengths 3,6 and 5,6. For the fifth triangle, repeat the
process with plan lengths 6,7 and 3,7 but in this case the
triangle isreverse in position. The remainder ofthe pattern
should now be quite easy to follow, as it is a repetition of
these processes rightthrough. Theline from2'to 2" should
be a curve and not a series of short straight lines.
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Sheet Metal Worker -

Related Theory for Exercise 1.7.45

Advanced Sheet Metal Processes

Introduction to aluminium fabrication and its application

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

» application of aluminium fabrication.

Aluminium fabrication is employed widely in fatories,
manufacturing industries, construction of buildings etc.

The advantages of aluminium fabrication using various
sectionsis, becauseitis lightweight, resistantto corrosion
and easy to process.

Aluminium fabrication using various sections are, frames,
doors, windows, partitions, false ceiling, structure glazing,
composite panel work etc. Various shapes of aluminium
sections are manufactured by extrution method. These
sections also provided with suitable ribs to withstand loads.

Ferrous Metal and Non- Ferrous Metal

Aluminium fabrications are made by different operations
like cutting, grinding, drilling, shaping, etc to fit to the
specific need of the structure to be made.

Anotherimportant factor of using aluminium sections is, it
is recyclable. The sections can be melted down and
reprocessed in the extrusion process.

Theaboveinformationis only aintroduction aboutapplication
of aluminium fabrication. In recent days wide applications
are implemented and being used.

Types of metals
The metals is of two types:

1 Ferrous metal 2 Non-ferrous metal

1 Ferrous metals : The metals that contains major part
of iron and contain carbon sre called ferrous metals such
aspigiron, mild steel, nickel etc., they have iron properties
such as rusting, magnetisations etc.

2 Non-ferrous metals : The metals thatdo not contains
iron orcarbonand do nothave the property of iron are called
non-ferrous metals such as copper, aluminum etc.

Ferrous and Non ferrous alloys
Alloying metals and ferrous alloys

An alloy is formed by mixing two or more metals together
by melting.

Forferrous metals and alloys, iron is the main constituent
metal. Depending on the type and percentage of the
alloying metal added, the property of the alloy steel will
vary.

Metals commonly used for making alloy steels
Nickel (Ni)

This is a hard metal and is resistant to many types of
corrosion rust.

It is used in industrial applications like nickel, cadmium
batteries, boiler tubes, valves of internal combustion en-
gines), engine spark plugs etc. The melting point of nickel
is 1450°C. Nickel can be magnetised. Inthe manufacture
of permanent magnets a special nickel steel alloy is used.
Nickel is also used for electroplating. Invar steel contains
about 36% nickel. It is tough and corrosion resistant.
Precision instruments are made of Invar steel because it
has the least coefficient of expansion.

Nickel-steel alloys are available containing nickel from 2%
to 50%.

Chromium (Cr)

Chromium, when added to steel, improves the corrosion
resistance, toughness and hardenability of steel. Chro-
mium steels are available which may contain chromium
up to 30%.

Chromium, nickel, tungsten and molybdenum are alloyed
for making automobile components and cutting tools.

Chromium is also used for electroplating components.
Cylinderliners are chrome-platedinside so astohave wear
resistance properties. Stainless steel contains about 13%
chromium. Chromium-nickel steel is used for bearings.
Chrome-vanadium steel is used for making hand tools like
spanners andwrenches.

Manganese (Mn)

Addition of manganese to steel increases hardness and
strength but decreases the cooling rate.

Manganese steel can be used to harden the outer surface
for providing a wear resisting surface with a tough core.
Manganese steel containing about 14% manganese is
used for making agricultural equipment like ploughs and
blades.

Silicon (Si)

Addition of silicon for alloying with steel improves resis-
tance to high temperature oxidation.

This also improves elasticity, and resistance against
corrosion. Silicon alloyed steels are used in manufacturing
springs and certain types of steel, due to its resistance to
corrosion. Castiron contains silicon about 2.5%. Ithelps
in the formation of free graphite which promotes the
machineability of cast iron.

Tungsten (W)

The melting temperature of tungstenis 3380° C. Thiscan
be drawn into thin wires.
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Due to this reason it is used to make filaments of electric
lamps.

Tungstenis used as an alloying metal for the production of
high speed cutting tools. High speed steel is an alloy of
18% tungsten, 4% chromium and 1% vanadium.

Stellite is an alloy of 30% chromium, 20% tungsten, 1 to
4% carbon and the balance cobalt.

Vanadium (Va)

This improves the toughness of steel. Vanadium steel is
used in the manufacture of gears, tools etc. Vanadium
helps in providing a fine grain structure in tool steels.

Chrome-vanadium steel contains 0.5% to 1.5% chromium,
0.15% to 0.3% vanadium, 0.13% to 1.10% carbon.

This alloy has high tensile strength, elastic limit and
ductility. Itis used in the manufacture of springs, gears,
shafts and drop forged components.

Vanadium high speed steel contains 0.70% carbon and
about10% vanadium. Thisis considered as a superior high
speed steel.

Cobalt(Co)

The melting point of cobalt is 1495°C. This can retain
magnetic properties and wear- resistance at very high
temperatures. Cobalt is used in the manufacture of
magnets, ball bearings, cutting tools etc. Cobalt high
speed steel (sometimes known as superH.S.S.) contains
about 5 to 8% cobalt. This has better hardness and wear
resistance properties than the 18% tungsten H.S.S.

Molybdenum (Mo)

The melting point of molybdenum is 2620°C. This gives
high resistance against softening when heated. Molybde-
num high speed steel contains 6% of molybdenum, 6%
tungsten, 4% chromium and 2% vanadium. This high
speed steel is very tough and has good cutting ability.

Cadmium (cd)

The melting point of cadmium is 320°C. This is used for
coating steel components.

Alloying Metals and Non Ferrous Alloys
Non-ferrous Metals And Alloys
Copper and its alloys

Metals without iron are called non-ferrous metals. Eg.
Copper, Aluminium, Zinc, Lead and Tin.

Copper

This is extracted from its ores ‘MALACHITE’ which con-
tains about 55% copper and ‘PYRITES’ which contains
about 32% copper.

Properties

Reddish in colour. Copper is easily distinguishable be-
cause of its colour.

The structure when fractured is granular, butwhen forged
orrolled it is fibrous.

It is very malleable and ductile and can be made into
sheets or wires.

Itisagood conductor of electricity. Copperis extensively
used as electrical cables and parts of electrical apparatus
which conduct electric current.

Copper is a good conductor of heat and also highly
resistant to corrosion. For this reasonitis used for boiler
fire boxes, water heating apparatus, water pipes and
vessels in brewery and chemical plants. Also used for
making solderingiron.

The melting temperature of copperis 1083° C.

The tensile strength of copper can be increased by
hammering orrolling.

CopperAlloys
Brass

Itis an alloy of copperand zinc. For certain types of brass
small quantities of tin or lead are added. The colour of
brass depends onthe percentage ofthe alloying elements.
The colour is yellow or light yellow, or nearly white. Itcan
be easily machined. Brass is also corrosion-resistant.

Brass is widely used for making motor car radiator core
and water taps etc. Itis also used in gas welding for hard
soldering/brazing. The melting pointof brass ranges from
880 to 930°C.

Brasses of different composition are made for various
applications.

Bronze

Bronze is basically an alloy of copperand tin. Sometimes
zincis also added for achieving certain special properties.
Its colour ranges from red to yellow. The melting point of
bronze is about 1005°C. Itis harderthan brass. It can be
easily machined with sharp tools. The chip produced is
granular. Special bronze alloys are used as brazingrods.

Bronze of different compositions are available for various
applications.

Lead and its alloys

Leadis a very commonly used non-ferrous metal and has
a variety of industrial applications.

Leadis produced fromits ore ‘GALENA’. Leadisaheavy
metal that is silvery in colour when molten. It is soft and
malleable and has good resistance to corrosion. ltis a
good insulatoragainstnuclearradiation. Lead s resistant
to many acids like sulphuric acid and hydrochloric acid.

Itis usedin carbatteries, in the preparation of solders etc.
Itis also used in the preparation of paints.

Lead Alloys
Babbit metal

Babbit metal is an alloy of lead, tin, copper and antimony.
It is a soft, anti-friction alloy, often used as bearings.

An alloy of lead and tin is used as ‘soft solder’.
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Zinc and its alloys

Zinc is a commonly used metal for coating on steel to
prevent corrosion. Examples are steel buckets, galva-
nized roofing sheets, etc.

Zinc is obtained from the ore-calamine or blende.
Its melting point is 420° C.

It is brittle and softens on heating; it is also corrosion-
resistant. Due to this reason it is used for battery con-
tainers and is coated on roofing sheets etc.

Galvanized iron sheets are coated with zinc.

Tin and tin alloys

Tin

Tin is produced from cassiterite or tinstone. It is silvery

white in appearance, and the melting pointis 231° C. Itis
soft and highly corrosion-resistant.

It is mainly used as a coating on steel sheets for the
production of food containers. It is also used with other
metals, to form alloys.

Example: Tin with copper to form bronze. Tin with lead to
form solder. Tin with copper, lead and antimony to form
Babbit metal.

Aluminium

Aluminium is a non-ferrous metal which is extracted from
‘BAUXITE’. Aluminium is white or whitish grey in colour. It
has a melting point of 660° C. Aluminium has high
electrical and thermal conductivity. Itis soft and ductile,
and has low tensile strength. Aluminium is very widely
usedinaircraftindustry and fabrication work because of its
lightness. Its application in the electrical industry is also
on the increase. ltis also very much in use in household
heatingappliances.

Uses of copper and Alloy
lll. Copper

The copperoccursin practically allimportant countries of
the world. Its principal ores are cuprite Cu,O, Copper
glance Cu,S, Copper phrites CuFeS,, Malachite CuCO,,
Cu (OH),and Azurite 2CuCo,, Cu(OH),

The approximate content of copper in the above principle
ores is as follows.

Cuprite or red oxide of copper........cccccccevvivveeenn. 88%
Copper glance..........cccooiiiiiiiiiii 80%
Copper PhRteS......ueviiiiiiiiiiieiee s 35%
Malachite or green carbonate of copper................ 56%
Azurite or blue malachite...........cccccoviiiiiernnn 55%

Manufacture: The copperis manufactured by alaborious
method and the treatment to be adopted largely depends
on the quality of copper ores. Following is the general
outline of the modern process of copper manufacture:

1 Theores, usually pyrites, are cleaned and crushed and
they are then calcined in a reverberatory furnace.

2 The calcined ores are mixed with silica and a small
quantity of coke. The mixture is then smelted in a blast
furnace.

3 The melted metalis oxidized inthe Bessemerconverter.
It gives blister copper.

4 Theimpurities contained in blister copperare removed
by meltingitin a reverberatory furnance in presence of
air.

5 The slag is removed and pure copper to the extent of
about 99.70 percent is obtained.

6 Verypure copperor 100 per cent copper is obtained by
the process of electrolysis.

Properties: Following are the properties of copper
1 It becomes brittle just below its melting point.

2 It can be worked in hot or cold condition, but it cannot
be welded.

It has a peculliar reddish brown colour.
Itis a good conductor of heat and electrcity.

It is attacked by steam at white heat.
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Itis not attacked by dry air, but moist air gives a green
coating to the copper surface.

7 ltis not attacked by water at any temperature.

8 Itis malleable, ductile and extremely soft.

9 ltis melts at 1083°C and its boiling point is 2300°C.
10 Its specific gravity is 8.92.

Uses

The market forms of copper are ingots, sheets, tubes and
wires. It is extensively used for making electric cables,
alloys, household utensils, electroplating, lighting
conductors, dowels in stone masonry, blocks for printing,
etc. Itis mainly used in the manufacture of alloys of which
brass and bronze are important.

Copper alloys

These alloys are broadly divided into two categoires
1 Brasses

2 Bronzes

Brasses: The brassisan alloy of copperand zincand minor
percentages of other elements, except tin, may be added
. This is the most widely used copper alloy. It is stronger
than copper and is used in structural applications. It also
possesses good corrosion resistance. It can be cast into
moulds, drawnintowires, rolled into sheets and turned into
tubes. Very often 1 to 3% of lead is added to brass for
improving its machining properties.

Following are the common varieties of brass

i Cartridge brass: It consists of 70% copper and 30%
zinc. Itis ductile and it possesses high tensile strength.
It is used for cartridges, tubes, springs, etc.

ii Deltametal: Itcontains 60% copper, 37% zincand 3%
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iron. Its resistance to corrosion is high. It may even be
used in place of mild steel to resist corrosion.

iii Low brass: It contains 80% copperand 20% zinc. Itis
moderately strong and it is used for pump lines,
ornamental metal work and musical instruments.

v Muntz metal or yellow metal: It contains 60% copper
and 40% zinc. Ithas high strength. Itis used for casting,
condensertubes, etc. and is a very popularalloy for hot
working processes.

v Navalbrass: Thisis anexceptiontothe generalrule for
brass. It contains about 1 per centof tin. When one per
cent tin is added to the muntz metal, it is called the
naval brass and whenitis added to the cartridge metal,
itis called the admiralty metal . Itis used for marine and
engineering castings such as condenser tubes, pump
parts, motor boat shafting, etc.

vi Red brass or red metal: It contains 85% copper and
15% zinc. It resists firmly the action of corrosion and is
superior to copper for handling water. It is used for
plumbing lines, electrical sockets, etc.

vi White brass: It contains 10% copper and 90% zinc. It
is more or less similar to zinc except that addition of
coppermakesithard and strong. Itis used forornamental
work.

viii Yellow brass : It contains 65% copper and 35% zinc.
Its specific gravity is 8.47. Itis very strong and itis also
known as the common high brass or standard brass. It
is used for plumbing accessories, lamp fixtures, grillwork,
screws, rivets, tubes, etc.

Bronzes: The bronzeis an alloy of copperandtinand minor
percentages of otherelements, exceptzinc may be added.

Following are the common varieties of bronze

i Bell metal : It contains 82% copper and 18% tin Itis
hard and brittle. It possesses resonance. Itis used for
making bells.

il Gunmetal: Itcontains 88% copper, 10% oftinand 2%
of zinc. It thus contains zinc and forms and exception
tothe generalrule ofbronze. Itis tough, strong and hard.
Itresists the corrosion seawater. Itis suitable for sound
castings. It is used for bearings, bolts, nuts, bushings
and for many items in naval construction and it is so
called because this alloy was used for casting into
cannons in the middle ages.

i Manganese bronze: It contains 56 to 60 per cent
copperandremainingis zinc. Following other elements
are alsoadded.

Manganese ........ccccceeeeiiiiiiienennns 1% maximum
Aluminium.......cooceii, 0.05% to 1%
Lead....occiiiiieee e 0.40% to maximum
1o} o PP 0.40% to 1%

This alloy resists corrosion by sea water and it is also not
attacked by dilute acids. Itis used for various ship fittings,
shafts, axles, etc.

v Phosphorbronze: It contains 89% copper 10% tinand
1% phosphorus. This alloy is hard and strong. It resists
the corrosion by sea water.It is used for subaqueous
construction and because of high endurance limit, it
can also be used for springs, gears, bearings, etc.

v Speculum metal: It contains 67% copper and 33% tin.
It is silvery in colour. It has a high reflective surface,
when polished.

Magnesium alloys

These alloys are lightand they can be easily worked. They
are used to construct aeroplanes, chair frames, engine
parts. etc. Following are two important magnesium alloys:

1 Dow metal
2 Electron metal.

1 Dow metal: It contains 4 to 12% aluminium, 0.1 to
0.4% manganese and the rest is magnesium.

2 Electron metal: It contains 4% zinc, small percentages
of copper, iron and silicon and rest is magnesium.

Nickel alloys

Following are two important nickel alloys
1 Monel metal

2 Nickelsilver

Monel metal

This nickely alloy contains about 65% nickel, 30% copper
and 5% othermetals likeironand manganese. Itpossesses
great resistance to corrosive liquids, acids, etc. It retains
its physical properties at considerable high temperatures.
This alloy is available in different grades and each grade
has specific uses. It is mainly used for making tanks in
food, textile and chemical industries, valves, tubes, propeller
shafts of ships, etc.

Nickel silver

This is also known as the german silver. ltis a brass to
which the nickel is added. Its usual composition is as
follows:

Copper ............ 50 to 80%
ZinC...oovvvevnannnnn. 10 to 30%
Nickel .............. 20 to 30%

This alloy is of silvery white colour and it offers great
resistance to the atmospheric corrosion and organic acids.
It is used for making scientific instruments, utensils,
typewriter parts, musical instruments, automobile fittings,
marine fittings, food-handling equipment, etc.
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CG&M

Related Theory for Exercise 1.7.46
Sheet Metal Worker - Advanced Sheet Metal Processes

Elbow between round and conical pipe

Objective : This shall help you to

* develop the pattern for elbow between round and conical pipe.

To develop and layout the pattern for a conical and
cylindrical elbow pipe.

Develop the pattern step by step 1to 7 as shown in Fig 1

Fig 2
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Make a tapered lobster back bend 90° from oblique cone

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

» describe and layout the pattern for a tapered lobster back from the oblique cone in four segments by radial

line development method

* form the segments of a tapered lobster back from oblique cone using funnel stake and wooden mallet and

joining by locked grooved joint
* join all the segments with two cylindrical pipes by soft soldering.

Fig 1
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Job sequence
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Develop and layout the patternfor all four segments
of tapered lobster back from oblique cone and end
pipesaand b using radial line development method
and cut.

Form segments 1 to 4 using funnel stake and
wooden mallet and end pipe a and b using round
mandrel and wooden malletas perdrawing and join
with locked grooved joint.

First join segments 1 to 4 one by one by soldered
butt joint and finally join pipe a and pipe b at their
respective ends by soft soldering.

Finish atapered lobster back by smooth file, emery
etc, if necessary.
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CG&M
Sheet Metal Worker -

Related Theory for Exercise 1.7.47

Advanced Sheet Metal Processes

Chemical and Physical Properties of Aluminium

Objective : This shall help you to
 properties and uses of Aluminium
* properties of aluminium and its alloys

. Aluminiu

The aluminium occurs in abundance on the surface of
earth. It is available in various forms such as oxides,
sulphates, silicates, phosphates, etc. Butitis commercially
produced mainly from bauxite (ALO,, 2H,0) which is
hydrated oxide of aluminium.

Manufacture: The aluminium is extracted from bauxite
ores as follows:

1 The bauxite is ground and then it is purified.

2 ltis then dissolved in fused cryolite which is a double
fluoride of aluminium and sodium, AIF,, 3NaF,

3 Thissolutionis thentakento an electric furnace and the
aluminium is separated out by electrolysis.

Properties: Following are the properties of aluminium:
1 Itis a very good conductor of heat and electricity.

2 ltisasilvery white metal with bluish tinge and it exhibits
bright lustre on a freshly broken surface.

3 Itis a non-magnetic substance.

4 ltisrarely attacked by nitricacid, organic acid or water.
It is highly resistant to corrosion.
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Welding of aluminium and its alloys

It is light in weight, malleable and ductile.

It is very soft.

It melts at 660°C and its boiling point is 2056°C

It possesses great toughness and tensile strength.
It readily dissolves in hydrochloric acid.

10 Its specific gravity is about 2.70

Uses of aluminium

This metal is chiefly used for making parts of aeroplane,
cooking utensils, electric wires, window frames, glazing
bars, corrugated sheets, structural members, foils, posts,
panels, balustrades, bathroom fittings, precision surveying
instruments, furniture, etc. Its otheruses can be mentioned
as follows:

1 Itis used as a reducing agent in the manufacture of
steel.

2 It is used for making aluminium alloys, automobile
bodies, engine parts and surgical instruments.

3 Itis used in the casting of steel.
4 ltis used in the manufacture of electrical conductors.
5 Itis used in the manufacture of paints in powder form.
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Objective : This shall help you to
* properties of aluminium and its alloys

Properties of aluminium and its alloys
Silvery white in colour.

Weighs only about one third as much as the commonly
used low carbon steel.

Highly resistant to corrosion.

Possesses great electrical and thermal conductivity.
Very ductile, adaptable for forming and pressing operations.
Non-magnetic.

Melting point of pure aluminium is 659°C

Aluminium oxide has a higher melting point (1930°C) than
aluminium.

Types

Aluminium is classified into three main groups.
— Commercially pure aluminium

— Wrought alloys

— Aluminium cast alloys

Commercially pure aluminium has a purity of at least 99%
the remaining 1% consisting of iron and silicon.
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Aluminium

Aluminium that have wide usage in different industries like
Pharmaceutical, Chemical, Food, Agriculture and many
more. The salient features like durable finish standards,
withstand high temperature and abrasion resistant are
available in standard sizes.

Widely used in the following sectors:
Aircraft fittings

Fuse parts

Missile parts

Worm gears and keys

Aircraft

Aeroscope

Defense applications

Aluminium sheet & plate aluminium in its various forms is
stocked in a range of strengths varying utility sheet is
used for all general sheet metal work sech as flashings,
ductwork, lining walls etc. Also primarily for spinning and
deep drawing operations such as utensils, ornaments, etc.
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Related Theory for Exercise 1.7.48

Sheet Metal Worker - Advanced Sheet Metal Processes

Hand punch machine

At the end of this lesson you shall be able to
 state what is a hand lever punch

* state the constructional features and principal parts.

Hand lever punch (Fig 1)

Flg 1 1. PUNCHING LEVER 6. PUNCH HOLDER:

3. PUNCH

=

4. CENTERING
3. GAUGE 7. THROAT POINT
5.DIE

THE HAND LEVER PUNCH

SM20N174811

Itis used for punching small holes near the edges of thin
sheets. (20 to 24 SWG) In this tool a die and a punch of
the required hole size is fixed. Sheetis placed in between
the punch and the die. The punch is forced by a lever by
handinto the die to getthe required sized hole. Thatiswhy
itis called a hand lever punch. (Fig 2)

SM20N174812

PUNCHING HOLES

PRINCIPLE PARTS

1
2

Punching lever
The punch

3 The gauge: It acts as a stopper and enables to
punch

holes at equal distances. It can be adjusted to set
the

distances from the edges of the sheet.
4 Centeringpoint: Itlocates the centres ofthe holes.
The centering pointis provided on the punchiitself.

Die: Itis threaded outside and a slot is provided at the
bottom side to facilitate changing it, with the help of a
screwdriver.

The punch holder: It is provided with flanges which
helps it to be fitted into the recess of the punch.

Throat: It governs the distance from the edge of the
sheet to the hole to be punched.
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Related Theory for Exercise 1.7.49

Sheet Metal Worker - Advanced Sheet Metal Processes

Drilling machines (Portable types)

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

* identify the different types of portable drilling machines

¢ state their distinctive features and uses.

Necessity: Portable hand drills of different types are used
for certain jobs which cannot be handled on stationary
drillingmachines.

Types: There are two types of portable drilling machines,
power operated and hand operated.Power operated drilling
machines

Electric hand drill (lightduty) (Fig 1): These are available
in different forms. The electric hand drill has a small
electrical motor for driving the drill. On the end of the
spindle, adrill chuck is mounted. Electric hand drills used
for light duty will have, usually, a single speed.

Fig 1

SM20N174811

Electric hand drill (heavy duty) (Figs 2 and 3): This drill
has an additional feature; the drill speed can be varied
through a system of gears. This is particularly useful for
drilling larger diameter holes.

Fig 2
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Pneumatic hand drill (Fig 4): This type of drillis operated
by compressed air. An air driven motor is housed in the
casing, and a handle is fitted along with an air pipe to
operate the drill conveniently. This drill is used where
electrically operated drills are prohibited i.e. explosives
factories, petroleum refineries etc.

Hand operated drilling machines: Different types of
hand operated drilling machines are shown below. They
are used in structural fabrication, sheet metal and carpen-
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try, particularly where electricity or pneumatic supply is not
available. Theratchetdrillingmachine (Fig 5)is commonly
used in structural fabrication. Square head, taper shank
drills are used on these machines.
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The bevel gear type drilling machine (Fig 6) is used for
drilling small diameter holes upto 6 mm.

The breastdrilling machine (Fig 7) is used for drilling holes
oflargerdiameter as more pressure can be exerted. Drills
between 6 mmto 12 mm can be used on these machines.
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Drilling machines
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Objectives: At the end of this lesson you shall be able to

* name the types of drilling machines

* identify the parts of bench type, pillar type drilling machines
* compare the features of bench type, pillar type and radial drilling machines.

The principal types of the drilling machines are

the sensitive bench drilling machine

pillar type drilling machine

the column drilling machine

the radial arm drilling machine (radial drilling machine)

(You are not likely to use the column and radial types of
drilling machines now. Therefore, only the sensitive and
pillar type machines are explained here.)

Sensitive bench drilling machine (Fig 1) :

Fig 1
FEED HANDLE

DEPTH GAUGE
AND STOP
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The simplesttype of sensitive drilling machines is shownin
thefigure withits various parts marked. Thisis used forlight
duty work. This machine is capable of drilling holes up to
12.5 cm diameter. The drills are fitted in the chuck or
directly in the tapered hole of the machine spindle. For

normal drilling the work surface is kept horizontal. If the
holes are to be drilled at any angle the table can be tilted.

Different spindle speeds are achieved by changing the belt
position in the stepped pulley. (Fig 2)

Fig 2
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Pillar type drilling machine : Thisis an enlarged version
of the sensitive bench drilling machine. These drilling
machines are mounted on the floor and driven by powerful
electric motors. They are used for heavy duty work. Pillar
drilling machines are available in different sizes. Large
machines are provided with arack and pinion mechanism for
moving the table for setting the work. (Fig 3)
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Drill (Parts and function)

Objectives: At the end of this lesson you shall be able to
* state the function of drills

¢ identify the parts of a drill

* state the function of each part of the drill.

Drilling is a process of making holes on workpieces. The
toolusedisdrill. Fordrilling, thedrillis rotated in clockwise
direction with a downward pressure causing the tool to
penetrate into the material. (Fig 1)

Fig 1
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Parts of a drill

The various parts of adrill can be identified from the figure.
(Fig2)

Point: The cone shaped end which does the cutting is
called the point. It consists of a dead centre, lips or cutting
edges and a heel.

Shank: Thisis the driving end of the drill which is fitted on
the machine. (Fig 3) Shanks are oftwo types. Tapershank
is used forlarger diameter drills, and straight shankis used
for smaller diameter drills.
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LIP : LIP is the cutting edge which penetrates into metal
while drilling.

Tang: This is a part of the taper shank drill which fits into
the slot of the drilling machine spindle.

Body: The portion between the point and the shank is the
body of the drill. The parts of the body are flute, land/
margin, body clearance and web.

Flutes: Flutes are the spiral grooves whichrunto the length
of the drill. The flutes help

Fig 2 =$=

I
STRAIGHT /

SHANK

BODY CLEARANCE \

LAND / MARGIN

NS

FLUTE

POINT ANGLE

SM20N174932

CG & M : Sheet Metal Worker - (NSQF Revised 2022) R.T. for Ex. No 1.7.49



Fig 3
TANG

TAPER
SHANK

FLUTE

MARGIN
FLUTE HEEL
LIP
DEAD

CENTER

SM20N174933

— to form the cutting edges
— to cut the chips and

Drill angles

— allow them to come out
— the coolant to flow to the cutting edge.

Land/margin: The land/margin is the narrow strip which
extends to the entire length of the flutes.

The diameter of the drill is measured across the land/
margin.

Body clearance: Body clearance is the part of the body

which is reduced in diameter to cut down the friction
between the drill and the hole being drilled.

Web: Web is the metal column which separates the flutes.
Itgradually increases in thickness towards the shank. (Fig 4)

Fig 4

DEAD CENTRE

SM20N174934

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

* identify the various angles of a twist drill

* state the functions of each angle

* list the tool types for drill as per ISI

* distinguish the features of different types of drills
* designate drills as per BIS recommendations.

Like all cutting tools the drills are provided with certain
angles for efficiency in drilling.

Angles

There are differentangles for different purposes. Theyare
listed below.

Pointangle, Helixangle, Rake angle, Clearance angle and
Chisel edge angle.

Point angle/cutting angle : The point angle of a general
purpose (standard)drillis 118°. Thisis the angle between
the cutting edges (lips). The angle varies according to the
hardness of the material to be drilled. (Fig 1)

Fig 1

POINT ANGLE

SM20N174941

Helix angle : Twist drills are made with different helix
angles. The helix angle determines the rake angle at the
cutting edge of the twist drill. (Fig 2)

The helix angles vary according to the material being
drilled. According to Indian Standard, three types of drills
are used for drilling various materials.

Type N - for normal low carbon steel
Type H - for hard and tenacious materials
Type S - for soft and tough materials

The type of drill used for general purpose drilling work is
type N.

Fig 2 ‘

SM20N174942

Rake angle is the angle of flute (Helix angle). (Fig 3)
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Clearance angle : Clearance angle is to prevent the
friction of the tool behind the cutting edge. This will help
inthe penetration of the cutting edges into the material.
If the clearance angle is too much, the cutting edges
will be weak, and if it is too small, the drill will not cut.

Fig 4

(Fig4)

CLEARANCE
ANGLE

SM20N174944

Chisel edge angle/web angle: Thisis the angle between
the chisel edge and the cutting lip. (Fig 5)

Fig 5

SM20N174945

Designation of drills: Twist drills are designated by the

— diameter
— tool type
— material.

Example

A twist drill of 9.50 mm dia. of tool type ‘H’ for right hand

cutting and made from HSS is designated as

Twistdrill 9.5-H-IS5101 -HS

|— Tool Material

If the tool type is notindicated in the designation, it should

be taken as Type ‘N’ tool.

DRILLS FORDIFFERENT MATERIALS
Recommended drills

Diameter of the drill

L I1sNo.

Tool type

Material to be
drilled

Point Helix angle
angle d=3.2-5 5-10 10

Material to be
drilled

Point

Helix angle

angle d=3.5mm 5mm

Steel and cast steel
up to 70 kgf/mm?
strength, Gray cast
iron, Malleable cast
iron, Brass, German
silver, nickel

%
/
118 T
N
227 257 a

Copper (up to 30 mm
drilldiameter)
Al-alloy, forming
curly chips celluloid

Brass, CuZn 40

Austenitic steels

v/ S
[

30 mm), Al-alloy, form-
ing short broken chips

plastics (ebonite)
Marble, slate, coal

N .
/gé < , Magnesium alloys @§
Steel and cast N Moulded plastics
/ . .
steel 70...120 kgf/mm? v&&;& (with thickness s>d) @@
Stainless steel, Copper ‘ Moulded plastics with
il i N ~ i i
(drill diameter more than thickness s<d laminated 9@
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Zinc alloys A

Drilling thin plates

Objectives: Atthe end of this lesson you shall be able to
* state the problems faced while drilling on thin sheets

* state the modification made on drill points for drilling thin sheets.

Drilling holes on thin metals with the normal drill is diffi-
cult due to the following reasons.

The drill point will not have adequate material to support.
(Fig1a & b)

The drill point will break through the material and grabe
before the periphery of the drill enters in the hole. (Fig 1b)

Fig 1
ALTHOUGH POINT HAS BROKEN
THROUGH, THE BODY HAS NOT
YET ENTERED HOLE TO PROVIDE
GUIDANCE AND SUPPORT

BY THE TIME THE POINT BREAKS
THROUGH, THE DRILL BODY HAS STILL NOT
ENTERED THE HOLE AND THE DRILL IS
WITHOUT SUPPORT AND GUIDANCE

DRILLING THIN PLATE

DRILL BODY PROVIDES
SUPPORT AND GUIDANCE ONCE
IT HAS ENTERED THE HOLE

\ BY THE TIME THE POINT BREAKES
THROUGH, THE DRILL BODY HAS

ENTERED THE HOLE TO GIVE
SUPPORT AND GUIDANCE

DRILLING THICK PLATE

SM20N174951

The holes drilled will be out of shape.

When the drill grabs, there is a tendency to spin round
and this is very dangerous and unsafe. (Fig 2)

Fig 2

SM20N174952
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This can be overcome by re-sharpening the drill point as
stated below.

Grinding the drill point with increased angle

This will reduce the length of the point and will permit the
drill body to enter the metal before the point breaks

through. (Fig 3)

Fig 3

SHORT DEPTH OF POINT
PERMITS BODY TO ENTER
HOLE BEFORE POINT BREAKS
THROUGH

SM20N174953

OBTUSE ANGLE DRILL POINT

Thinning the point of the drill to reduce the web thickness

This will improve the efficiency of the drill which has been
ground with an increased cutting angle. (Fig 4)

Fig 4

POINT THINNING TO REDUCE WEB AND INCREASE
EFFICIENCY OF AN OBTUSE ANGLE DRILL

SM20N174954

Grinding the end of a drill to form a ‘W’ shape

This method is not suitable for very small drills.(Fig 5)

Fig 5 DECREASE SPEED
BDDQ
y

H.S.S DRILL >

qo?’

{oooo

REMOVE BLANK
15°-20° K

<P

KEEP POINT AND
CUTTING EDGES
SHARP

30°-40°

SM20N174955

DRILLING THIN METALL WITH A SHEETMETAL DRILL

-
(]
©



This is sometimes called ‘dead centre’ drill. In this the
centre point is slightly longer than the outer cutting edges.
The hole cut will be clean and without any distortions.
After cutting, a clean blank comes out.

Cutting speed and feed - RPM

For making bigger diameter holes on thin sheet metals
trepanning types of tools are used.

Objectives : At the end of this lesson you shall be able to
* define cutting speed.

* state the factors for determining the cutting speed

« differentiate between cutting speed and RPM

» determine RPM/spindle speed

» select RPM for drill sizes from tables.

For a drill to give a satisfactory performance, it must
operate at the correct cutting speed and feed.

Cutting speed is the speed at which the cutting edge
passes overthe material while cutting, and is expressed in
metres per minute.

Cutting speed is also sometimes stated as surface speed
orperipheral speed.

The selection of the recommended cutting speed for drilling
depends on the materials to be drilled, and the tool
material.

Tool manufacturers usually provide a table of cutting
speeds required for different materials.

The recommended cutting speeds for different materials
are given in the table. Based on the cutting speed
recommended, the RPM, atwhich adrill has to be driven,
is determined.

Materials Cutting
being drilled speed (m/min)
with HSS drill
Aluminium 70-100
Brass 35-50
Bronze(phosphor) 20-35
Castiron (grey) 25-40
Copper 35-45
Steel (medium 20-30
carbon/mild steel)

Steel (alloy,high

tensile) 5-8
Thermosetting

plastic (low speed

duetoabrasive

properties) 20-30

Feed in drilling

CalculatingRPM
_mxdxn .
V= 1000 m / min.
n - RPM

v - cutting speed in m/min.
d - diameter of the drill in mm
n = 3.14

Examples: Calculate the RPM for a high speed steel drill
0 24 to drill mild steel.

The cutting speed for MS is taken as 30 m/min. from the

table- - 1000x30
3.14 x 24

It is always preferable to set the spindle speed to the
nearestavailable lowerrange. The selected spindle speed
is300 RPM.

The RPM will differ according to the diameter of the drills.
The cutting speed being the same, larger diameter drills will
have lesser RPM and smaller diameter drills will have
higher RPM.

The recommended cutting speeds are achieved only by
actual experiments.

=398 RPM

Objectives : At the end of this lesson you shall be able to
» state what is meant by feed
« state the factors that contribute to an efficient feed.

Feedisthedistance (X)adrilladvances intothe workinone
complete rotation. (Fig 1) Feedis expressedin hundredths
of a millimeter.

Example - 0.040mm

The rate of feed is dependent upon a number of factors.
Finishrequired
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Type of drill (drill material)
Material to be drilled

Factors like rigidity of the machine, holding of the workpiece
andthedrill, willalso have to be considered while determining
the feed rate. Ifthese are notto the required standard, the
feed rate will have to be decreased.

Itis not possible to suggest a particular feed rate taking all
the factors into account.

The table for the feed rate given here is based on the
average feed values suggested by the different
manufacturers of drills. (Table 1)

Cutting fluids (Coolants)

Table 1

Drill diameter Rate of feed
(mm) H.S.S. (mml/rev)
1.0-25 0.040 -0.060
26-45 0.050 -0.100
46-6.0 0.075 -0.150
6.1-9.0 0.100 -0.200
9.1-12.0 0.150 -0.250
12.1-15.0 0.200 -0.300
15.1-18.0 0.230 -0.330
18.1-21.0 0.260 -0.360
21.1-25.0 0.280 -0.380

Too coarse a feed may result in damage to the cutting
edges or breakage of the drill. Too slow a rate of feed will
not bring improvement in surface finish but may cause
excessive wear of the tool point, and lead to chattering of
the drill. For optimum results in the feed rate while drilling,
itis necessary to ensure the drill cutting edges are sharp.
Use the correct type of cutting fluid.

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

« state the function of the cutting fluids

* compare the characteristics of soluble oil/synthetic oils and neat cutting oils

* state the method of mixing soluble oil

* state the applications of soluble oil, synthetic oil and neat cutting oil
* identify the common types of cutting fluids for different materials and applications.

Cutting fluids (Coolants)

Cutting fluids play animportant role in reducing the wear of
cutting tools.

They help to carry away the heat generated during cutting
operations flush away the chips from the cutting point
maintain accurate dimensions produce good quality finish
prevent corrosion operate machines on a high cutting
speed and feed. Cutting fluids of different types are
available, but only those commonly used are explained
here.

Soluble oil

Soluble oil is the most popular variety of cutting fluid.
Soluble oils of different types are available.

This is an emulsified oil, which, when mixed with water, is
an excellent cutting fluid. Soluble oil is comparatively
cheap, and can be used for a number of machining
operations.

Soluble oil should be mixed correctly and the proportions
of oil and water as recommended by the manufacturer
should be strictly followed.

It may be noted that for preparing a stable emulsion, oil
should always be added to the water and not vice versa.
While mixing, it should be continuously stirred.

Indian Qil Corporation produces three types of soluble
cutting oils,

SERVO CUT 'S', SERVO CUT XL and SERVO CUT
CLEAR.

Servo cut 'S’ oil when mixed with water, forms a milky
emulsion. This oilhas high cooling and lubricating properties.
It is capable of minimizing tool-wear and improving the
surface finish. This oil is recommended for a variety of
cutting operations of ferrous and non-ferrous metals. Itis
used in a concentration of 5% for general machining
operations, and for grinding, more dilute emulsions are
prepared.

Servo cut XL is a superior quality soluble oil. This, when
mixed with water, forms an opaque emulsion. This oil gives
good performance in hard water.

Servo cut clear oil, when mixed with water and used, will
give clear visibility during machining. This has excellent
coolingand lubrication properties, andis capable of ensuring
long tool life and improved surface finish.

Oil cutting fluids can cause metal cuttings to 'clog' in
operations like fine grinding where fine particles of metal
areremoved. Toovercome this, non-oily synthetic soluble
cutting oils (chemical solutions) are used.
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Difference between punch holes & drill holes

Objectives : At the end of this lesson you shall be able to
¢ identify the different types of make holes

Difference between punched hole and drilled hole.

Punched hole

Drilled hole

1. Punch is a hand tool to produce hole.
Manually operated

Only thin sheets can be produced.

A w0 N

Solid and hollow punch are used

5. Hand lever punch also used.

> owoN

Drill bit as tool to produce hole.
Drills are operated in machine by power
Thin and thick plates can be drilled

Various types like parallel and taper shank
drills are used.

Drills bits and used in various machines like
lathe, milling, M/C centres etc.

6. Punch used in straight direction 6. Drilling operation performed in clock wise
direction

7. Hand lever punch used to make holes near the 7. No limitation in plate thickness but depands
edge of the thin sheets (20-24 SWG) on drill bit body length.

8. Tinner’'s hand punch used for punching holes upto 8. Producing hole depand on drill cutting angle
6mm dia. w.r.t material to be drilled.

9. Iron hand punch is heavy punch, which can be punched 9. Radial drilling m/cs is used for bigger dia.
holes upto 12mm dia in thin sheets. holes.

10. Punched hole dia. accuraccy depands on punch size 10. Holes diameter depands on diameter of the

drills and lip/web of drill bits.

192

CG & M : Sheet Metal Worker - (NSQF Revised 2022) R.T. for Ex. No 1.7.49




CG&M

Related Theory for Exercise 1.7.50

Sheet Metal Worker - Advanced Sheet Metal Processes

Universal swaging machine

Objectives: At the end of this lesson you shall be able to
* state what is the universal swaging machine

* state the different operations carried out on the universal swaging machine
* state the parts and function of the universal swaging machine
* state the care and maintenance of the universal swaging machine.

Universal swaging machine is a veryimportantmachinein
sheetmetalworking. Itis usedto performvarious operations
like turning, burring, beading, swaging, wiring, crimping,
slitting, flanging etc.

These various operations are done by mounting relevant
rollers suitable for particular operation. Itis notnecessary
to have separate machine for each operation, hence itis
called universal swaging machine.

Parts of the universal swaging machine (Fig 1 & 2)

Body

Upper shaft with gear

Lower shaft with gear

Gauge plate with tightening screw

Setof rollers

Locking nut for rollers

Upper roller adjusting handle for tightening upperroller
Bottom roller adjusting handle

Operatinghandle

Body

Body is made of cast iron on which all other parts are
mounted as shown in Fig 1.

= ©O© 00 N O O~ WDN -

Fig 1

UNIVERSAL SWAGING MACHINE (HAND OPERATED)

SM20N175011

2 Upper shaft with gear

Itis used to hold the upperrolleronone end and agear
on the other end.

3 Lower shaft with gear

It is used to hold the bottom roller on one end and the

Fig 2

LEFT VIEW FRONT VIEW

RIGHT VIEW

SM20N175012

UNIVERSAL SWAGING MACHINE (HAND OPERATED)

gear on the another end. The top shaft gear and the
bottom shaft gear are meshed.

Gauge plate with tightening screw

Itis used to set the width of the flange and to guide the
discorcylindrical body to getuniformflanging. (Turning
up edge)

Set of rollers (Fig 3)

Rollers are available in sets of upper roller and bottom
roller. For differentoperations, different setof rollers are
used.

Fig 3
T— — e
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SM20N175013

ASSORTMENT OF SETS OF ROLLERS

Locking nut for rollers
The rollers are fixed tightly using locking nut.
Upper roller adjusting handle

It is used to adjust the upper roller according to the
pressure required to be applied while performing differ-
entoperations.

Bottom roller adjusting handle

It is used to adjust the bottom roller in axial direction
according to the requirements for different operations.

Operating handle

Handle is fixed on bottom shaft. By rotating handle,
rollers are rotated.
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Different operations carried out on the universal
swaging machine

Various different operations are carried outon the universal
swaging machine by changing the set of rollers. Fig 4
shows different operations that are carried out on the

Fig 4

universal swaging machine. Those are
J[I:I—TURNING ﬂ
|

WIRING

FLATTENING

Iﬂsumme
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BEAD
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COLLAR
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SINGLE
BEAD
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Turning

Burring

Wiring
Elbow edging

Beading machine

Flanging

Flattening

Crimping
Ogeebeading

Single beading
Slitting

Furnace collaredging

Safety, care and maintenance (Fig 5)

Cleantherollers, gauge, and other parts using the rag.
Lubricate all moving parts before starting the machine.

Check the operating condition by rotating rollers with
handle.

Don’tplace your hand orfinger nearto the rollers, which
may cause an accident.

While using ‘U’ shaped metal guard to hold the
workpiece, grip the metal guard properly, otherwise it
may cause scratches or cuts on hands.

Fig 5
MACHINE OIL

i

%%

SM20N175015

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

* state what is beading

* explain important steps in carrying out beading operation on beading machine.

In Sheet metal working, the operations like beading,
swaging, crimping, corrugating, grooving etc can be per-
formed on universal swaging machine by changing suitable
rollers. Even though, there are specialised machines like
crimping machine, beading machines are available.

Beading machines: Beads are formed on cylindrical
sheetmetal objects to serve as stiffeners, for reinforcement
orornamentation. The beading machine is equipped with
special beading rolls which rotates on beading machine.
The standard bead shapes are the single bead, ogee bead
and triple bead as shown in Fig 1.

Hand operated bench mounted beading machineis shown
inFig 2. The powerdriven beading machine is shownin Fig
3. Thetwoimportant stepsin setting up and operating the
beading machine.

1 First, set the gauge as already shown in Fig 2.
The thumb screw on the bottom of the gauge must be
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Fig 1

L0717 L

SINGLE BEAD OGEE BEAD TRIPLE BEAD

SM20N175021

STANDARD TYPES OF BEADS.

tightened firmly so that it cannot slip when the bead is
being formed.

The workpiece isinserted between the rolls up against
the gauge and then the crankscrew on the top of the
machine is tightened. Care should be taken not to set
the crank screw too tight, because it may cause the
rolls to cut through the bead.

If a workpiece is to be both crimped and beaded it can be
done at a time by using the combination machines.
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Fig 2

Fig 3

SM20N175022

HAND OPERATED BENCH MOUNTED BEADING MACHINE.

POWER DRIVEN

SM20N175023
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CG&M
Sheet Metal Worker -

Related Theory for Exercise 1.7.51

Advanced Sheet Metal Processes

Fly press

Objectives: At the end of this lesson you shall be able to
* describe the constructional features of a fly press

« state the working principle of a fly press

* list the types of fly presses generally used

« state the different operation that can be performed on a fly press, using different press tools.

Afly press is also known as ball press. In the ball press
a ball of metal is placed at one end of the fly aim. (Fig 1)
The ramis worked inthe frame by the operation of ascrew
rod, whichis rotated by the operator by turning or swinging
the operating handle or fly arm. Multistart Square
threads are cut on the screw rod for better transmission
of force and better strength. The bed is provided with ‘T’ slots
tofixthe die with the help of ‘T’ bolts. The ramslidesin between
twoguidesasinFig1. Alocking screw is provided ontheram
tofixthe presstool. The pressis made of castiron and the
frame in the form of ‘C’ hence it is called ‘C’ frame press.

Fly presses are specified according to the size of the
screw rod. The pressure exerted is directly related to the
screw rod diameter.

As arough guide, the rating in tonnes of afly pressis twice
the screw rod diameter. The force can be increased by
fixing cast iron ball weights to the fly arms.

The fly press works on the principle of boltand nut system.
The rotary movement of the fly arm is converted into the
reciprocating movementof the ram.

The commonly used fly presses in fabrication shops are

1 Standard or ‘C’ frame press: This is the most
commonly used press in fabrication shoes. The main
dimensions are the bed to guides, centre to back and
the diameter of the screw rod. (Fig 1)

Fig 1

METAL BALL

/ FLY ARM

ADJUSTABLE STOP

SQUARE THREADED
SCREW

GUIDE ——

RAM
RAM BOLT

PRESS BED C FRAME

BED RING

SM20N175111

STANDARD TYPE FLY PRESS

2 Talltype press: Theseareavailable withtheranges
of bed to guide dimensions. Maximum 360 mm. The
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movement of the screw rod will be more. (Stroke)

3 Deep back press: These presses have a range of
centre to back dimensions which are greater than the
standard presses, maximum about 310 mm. (Fig 2)

Fig 2

BALL WEIGHT

RAM STOP

RAM

FIXING POSITION FOR

ATTACHMENTS SUCH

AS SWIVELLING
STRIPPERS

C FRAME

PRESS BED CLAMPING BOLTS

AND DOGS

SM20N175112

DEEP BACK PRESS

4 Bartype press: The solid bedis omitted and provision
is made tofitabar on which the work may be supported.
Press operations on cylindrical components can be
carried out on this press easily. (Fig 3)

Fig 3

BAR PRESS

SM20N175113




Operations that can be performed on a fly press are
blanking, piercing, punching, notching, forming, emboss-
ing, bending, flattening and embossing.

Safety, Care and Maintenance

Check that the ball of the fly arm is fixed firmly.
Always apply grease on the screw rod.

Apply oil to the guides.

Do not overtighten the ram screw.

Use correct size wrench to tighten the ram screw and the
clamp bolts.

Concentrate on the job while working.
Do not operate the press without proper knowledge of it.

Always check the clamps and bolts before operating the
press.

Keep your fingers away from the operating area of the tool.

Observe and see that your co-workers are at a distance
away from you when operating the fly arm.
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Related Theory for Exercise 1.7.52

Advanced Sheet Metal Processes

Power press

Objectives: At the end of this lesson you shall be able to
 state the constructional features of a power press
¢ identify the different types of power presses

 state and explain the different operations that can be performed on a power press
« state the safety precautions while working in a press shop.

The constructional feature of a power press is almost
similar to that of a fly press or hand press. (Fig 1) Except
that the ram is driven by power. The power presses may
be identified as Mechanical or Hydraulic, according to the
type of working mechanism used to transmit power to the
ram. Inamechanical press, the rotary motion got from an
electric motor is converted into a reciprocating motion of
the ram by using various mechanical devices. In a
hydraulic press, the fluid under high pressure is pumped on
to one side of the piston and then on to the other in a
hydraulic cylinder to drive the reciprocating movement.
The power presses are designated according to (1) The
power source (2) Frame construction (3) Number of slides
in action.

Fig 1 SHROUDED

FLYWHEEL

DOUBLE
PALM

BUTTON
ELECTRICAL (START)

PANEL

RAM (SLIDE)

BOLSTER
PLATE

ADJUSTABLE
BASE =Y

TREADLE

SM20N175211

POWER PRESS

Types of presses
The different types of presses used in industries are

1 Gappress (Fig2): This presshasagap like opening
in the frame for feeding the sheet metal from one side
of the press. The gap is shown by dotted lines.

Fig 2

[

GAP PRESS

SM20N175212
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2 Inclinable press (Fig 3): This is the most common
type of press used inindustry. The advantage of using
this press is its ability to be tilted back on its base,
permitting the scrap orfinished componentto come out
from the die by gravity without the help of any type of
handling mechanism. This press is not as rigid as the
gap press due to its construction.

Fig 3

%

o

INCLINED PRESS

SM20N175213

3 Adjustable bed press (Fig 4): This press has the
mechanical arrangement for raising or lowering the
bolster plate. This helps in setting of different sizes of
work and press tools on the machine. This pressisalso
not as rigid as the other presses due to the table
mechanismarrangement.

Fig 4

-

ADJUSTABLE BED PRESS

SM20N175214

4 Horn bar press (Fig 5): The horn bar press has a
cylindrical horn like projection fromthe machine frame.
Thisis the bolster plate ofthe machine. The horns may
be inter changed for different size of work. This press
is used to carry out press operations on cylindrical
components.

Fig 5

NG

HORN

SM20N175215

HORN PRESS

5 Straightslide press (Fig 6): The straightslide press
has two vertical rigid frames, mounted on both sides of
the base which are intended for absorbing severe load
exerted by the slide or ram. This machine is most



suitable for heavy work. The sheet metal has to be fed
into the machine only from the front side due to the
presence of the side frames.

Fig 6 PErR) ]
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6 Pillar Press (Fig 7): The pillar press is operated by
hydraulic power. It has four pillars mounted on the
bolster plate orbase. The pillars support are guide the
ram. Forming and deep drawing operations can be
done on this press.

Fig 7

1

PILLAR PRESS

SM20N175217

Press sizes: The size of a press is designated by its
maximum load applied on a piece of a blank. It is
expressed in tonnes. The mechanical presses are de-
signed with capacities ranging from 5 to 4000 tonnes.
Hydraulic presses may specially be designed with capac-
ity ranging upto 50000 tonnes. The bed area which is a
very important dimension must be stated alongwith the
size of the press.

Power Press Operations: The press operations are
classified based on the operations performed.

Shearing: Shearing is an operation of cutting sheet
metal with the help of a punch and die on a power press.
The sheet is placed on the die and when the punch
descends onthe metal, it causes arupture and forces the
metal to be severed and ram the sheet metal. As the
clearance between the punch anddieis very smallitforces
the metal to drop down from the die opening. (Fig 8)

Fig 8
L PUNCH
PUNCH CLEARANCE
PLATE
\L‘/

DIE CLEARANCE E
a) PLASTIC DEFORMATION b) SHEAR ?_
z
SHEARING OPERATION §
0

a) Blanking: Blankingisanoperation of producing aflat
component from a strip of sheet metal. The metal
cutoutis the required componentand the sheetwith the
cut on the die is the scrap. In blanking, the size of the
blank is governed by the size of the die and the
clearance is left on the punch. (Fig 9)

Fig 9 | é&i 4@7

FEED

SKELETION STOCK STRIP

(SCRAP) < PUNCH
SKELETION
(SCRAP) S N T 7
%[ @ BLANKED
/~ WORKPIECE
(GOOD PART)

BLIND HEM STITCH

SM20N175219

b) Piercing: Piercing is an operation of making a cutout
onacomponent. The cutoutcanbe ofany shape. The
material punched out which comes out of the die is the
scrap and the metal with the cutout which is on the die
is the component. The punch governs the size of the
cutoutandthe clearanceis provided onthe die. (Fig 10)

Fig 10

|

P,

o O O =

SCRAP (SLUG)

/ COMPONENT

SM20N17521A

¢) Punching: Punching is an operation of punching out
circular holes. The difference between punching and
piercing is that this cutout made by piercing can be of
any shape. But in punching only circular holes are
made. The size of the hole is governed by the size of
the punch and the clearance is provided on the die.
(Fig11)

Fig 11 CIRCULAR
HOLES

SM20N175218

d) Perforating: Perforating is an operation of punching
circular holes in a regular pattern or evenly spaced.

It is similar to that of punching except that in punching
circular holes are made anywhere but in perforating the
circular holes are evenly spaced. (Fig 12)
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e) Notching: Notchingis the operation of removing the
metal to the required shape from the edge of the sheet,
to facilitate subsequent forming operations using a
notching tool. (Fig 13)

7

Fig 13

7.

f) Slitting: Slittingisthe operation of cutting sheet metal
in a straight line along the length. (Fig 14)

SM20N17521D

Fig 14

!

!

SM20N17521E

g) Lancing: Lancing is the operation of cutting a sheet
metal through part ofits length and then bending the cut
portion. This operationis mainly used as ventilatorsin
duct work, electrical panels, vehicle bodies etc.
(Fig15)

Fig 15 BENT ALONG
ONE SIDE
/ DIE

I I

<u: N
| |
PUNCH \

WORKPIECE

LANCED ALONG
THREE SIDES

SM20N17521F

LANCING TOOL

Bending: Bendingisan operation of deforming aflatsheet
metalinto a desired shape with the help of apunch and die.
When the load is released, the metal tends to come back
toits original position. Thisis called spring back. This can
be overcome by bending the metal to a greater angle than
required and when the load is removed the component will
spring back to the desired angle. (Fig 16)

a) Angle bending: The angle bending is the operation
ofbending sheetmetaltoasharp angle. The punchand
die are designed to the required angle taking into
consideration the spring back effect.

BENDING OPERATION

SM20N17521G

b) Curling: Curlingis the operation of forming the edge
ofanarticleintoarolloracurl. Thisis anedge stiffening
process. As the punch descends into the die, the metal
rolls into a curl into the cavity of the punch. The rolling
of the edges are made over a wire to strengthen the
edge. The plungerorthe knock out pad inthe die block
actsas apressure pad and lifts the workpiece when the
punch starts moving in the upward direction. The
pressure pad which is fitted in the punch ejects the
workpiece out of the punch at the end of the stroke.
(Fig17)

Fig 17 PRESSURE

PAD

WIRE

WORK

PLUNGER

DIE

CURLING

SM20N17521H

c) Forming: Formingisanoperation of deformingasheet
metal along a curved axis. The shape ofthe component
is governed by the shape of the press tool. Knock out
plates or pads are requiredinforming operations as the
components are pressed against the die walls while
forming. (Fig 18)

Fig 18

| «—— PUNCH

PLATE

——DIE

FORMING

SM20N175211

d) Plunging: Plungingis the operation of deforming the
sheet metal at the face of a previously punched hole to
accommodate the heads of screws or arod through the
plunged hole. The plate is first pierced at the required
position ad then the plunging punchis pressedinto the
hole. This causes the deformation of the metal in the
die cavity. The shape of the plunged hole depends on
the shape ofthe punch. Onthin sheet metal thisis done
by dimpling operation where the metal will be punched
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and a dimpling tool will be kept at the extreme of the
hole and using ahammer the forming will be completed
toaccommodate the heads of countersunk screws and
countersunk rivets. (Fig 19)

Fig 21
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Fig 19 : PLUNGED HOLE
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Drawing: Drawing is the operation of producing cup

shaped articles from flat sheet metal blanks. The blank is
placed on the die and while the punch comes down, the
pressure pad holds the blank firmly on the die. As the
punch further comes down the metal blank is pushed into
the die opening and the metalis made to flow down the die
plastically to form the sides of the cup. The pressure pad
avoids the formation of wrinkles developed while forming
(Fig 20). The size of the blank required to draw out a cup
can be calculated by the formula given below.

D= d?+4dh
Where D = Ee diameter of the blank
Fig 20 ¢
@z
BLANK PRESSURE PAD
¢ ( A

L]

DRAWING OPERATION

SM20N17521K

d = The diameter of the cup
h = The height of the cup

a) Cupping: Cupping is the operation of forming cup
shaped articles by drawing operation.

Squeezing: Squeezing operation is the most severe of

all cold press operations. More pressure is required to

squeeze the metal into the cavity of the die and punch to
gettherequired shape. Hydraulic presses are most suited
for this operation.

a) Coining: Coiningis the operation of producing coins,
medals or other ornamental work. The metal having
good plasticity and correct size is placed into the tool
and pressure is applied on the tool from both ends.
Compressive load the metal flows under severe andfills
into the cavity of the punch and die. The component
gets sharp impression on both sides according to the
engravings on the punch and die. (Fig21)

b) Embossing: Embossing is the operation of forming
impressions of figures, letters or designs on sheet
metal. The punch or the die or both of them may have

the design engraved on them which are formed on the
sheet metal by squeezing and with the plastic flow of
metal.

Flattening or Planishing: FlatteningorPlanishingisthe
operation of straightening the curved or bent sheet metal
parts, on a press using a planishing tool. (Fig 22)

Fig 22
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=y THE DIE

\

PLANISHING PUNCH AND DIE SET UP

SM20N17521M

Safety precautions to be followed when working in a
power press shop

Maximum accidents occur in an industry in a press
shop

1 Neveroperate any machine without the proper knowl-
edge of the machine.

2 Always check and lubricate the sliding and rotating
parts.

3 Never try to clean the machine when the machine is
switched on.

4 Always check that the foot treadle is locked.

5 Do not form or cut metal beyond the capacity of the
machine.

6 Always keep your fingers away from the working area
of the punch and die.

7 Concentrate on the job while working.

8 Have agood understanding with the co-workers when
working in a group on the machine.

9 Nevertrytooperate any machine which are underbreak
down.

10 If any break down occurs report the matter to the
concerned incharge immediately.

11 Do not try to attend any repair works by yourself.

12 Never leave the work spot without switching off the
machine.

13 If any break down occurs put a “breakdown” board.

14 Lock the foot treadle and switch off the machine after
the completion of work.

15 Never operate any machine if you are not well (sick).
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Press brake

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

* state the principle of the operation of press brake
* state the types of press brakes

 explain the different operations carried out in press brake.

Principle of the operation of the press brake: Press
brakes are designed to bend to arated capacity depend on
a die ratio of 8:1, which is accepted as ideal conditions.
The figure 1 shows the measuring of die ratio. This is
recommended foruse with a standard Vee die for 90 degree
airbends and gives aninside radius equal to the thickness
of the metal.

Differentthickness of plates formed over the same die will
have the same inside radius. Butforce orload required to
bend will differ.

If the die opening is less than 8 times the metal thickness,
fracture bend may occur. Howeveritis possible to produce
good bends in light gauge sheet metal with a die opening
of 6 times the metal thickness. But this may require
greater pressure for high tensile plates above 9.5 mm
thickness. It is recommended that the die opening be
increased to 10 to 12 times the metal thickness. This
considerably reduces the bending load required.

Types of Press Brakes: Press brakes are generally
Mechanical or Electro Hydraulic. In fact a press brake is
awide ram press and therefore can be used for extremely
wide range of pressing work, with suitable pressing tools.
The press brake capacities are usually given in either or
both, pressure exerted or maximum actual workdone
based on W = 8T as Fig 1.

Fig 1
t STANDARD AIR BEND
W=8t « R=t

DIE RATIO

SM20N175221

Fig 2a & 2b shows two types of press brake. Press brake
may be up stroking or down stroking with a down stroking.
Press the ram being the top tool down to the bottom fixed
tool. The up stroking press brake is one in which the ram
pushes the bottom tool up to the fixed top tool. Hydraulic
press brakes are up stroking. Some smaller press brakes
are available with a swing out bending beam. Machines
with lightduty are rated between 25 tonnes and 75 tonnes.
Medium duty press brakes are between 75tonnes and 150
tonnes and heavy duty machines between 150 tonnes and
500 tonnes. Some large machines have a table length of
5.5 mm.

Fig 2

D
a

0|

o
~F T
o

M20N 175222

MOUNTING OF UPPERDIE

S

Figure 3 (a-h) shows the versatility ofthe press brake. The
load onthe ram of a25 tonnes machine would be equivalent
to amass of 25 x 1000 = 2500 kgs. This load would exert
aforce on the workpiece 0f 25000 x 9.8/N. Thatis 2.5mm
0of 245250 N. Similarly, a 152 tonne machine will exert a
force on the workpiece of 15.2 mm.

Interchangeable four way dies (Fig 3a)

Fig 3a shows interchangeable female dies which are used
forbendingmedium and heavy plate. Thisis provided with
85degree opening on each of the fourfaces. Male punches
for use with four way dies are made with 60°.

Acute angle dies (Fig 3b)

By using this die in conjunction with flattening dies, a
variety of seams can be made on sheetmetal. Acute angle
dies may be set to bend 90° by adjusting the ram height.
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The goose neck punch (Fig 3c)

When producing a number of bends on the same compo-
nent clearance for previous bends has to be considered.
This punchis designed forthe above said purpose. These
tools will enable a variety of sheet metal sections to be
formed. The bending force for mild steel is givenintable I.

Flattening (Planishing) tool (Fig 3d)

Flattening tools of various forms may be used in pairs for
flattening a returned edge or hem on the edge of the sheet
metal.

Radius bending (Fig 3e)

Aradius bend is best formed in a pair of tools. The radius
onthe male punchis slightly less than thatrequired to allow
for spring back in the sheet metal. A large radius can be
produced by adjusting ram heightand progressively feed-
ing the sheet metal by the tool.

Channel dies (Fig 3f)

These channel dies are made with pressure pads, to
enable the sheet metal to be held against the face of the
male die during forming operation. As arule, channel dies
are only successful upto 2.64 mm thickness sheet metal
only.

Box making (Fig 39)

Male punches for box making mustbe deep tothe possible
extent. Generally standard machines are fitted with box
dies, which will form a sheet metal box of 170 deep. For
deeper boxes to produce, the machine must be provided
with greater die space and longer male dies. For every
extra 25 mm of die space the depth of the boxis increased
by 17 mm.

Beading

To form a bead on the edge of the sheet metal. three
operations are necessary as shown in Fig 3h. Examples
of press brake operations bends are illustrated in Fig 4.

Fig 3

(a) FOUR-WAY DIES

g

(b) ACUTE ANGLE TOOLS

0 0 0000000

(c) GOOSE NECK PUNCHES

0

VERSATILITY OF PRESSURE BENDING

L0 o ;

(d) FLATTENING

200 ¢ 900 ¢
§§ % 4

(e) RADIUS BEND

0 0 0 00000

(f) CHANNEL FORMING

000/0000/000/0 0|0 [0

e

(g) BOX MAKING

(h) BEADING (SEE STIFFENING OF SHEET METAL)

SM20N175223
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CG&M
Sheet Metal Worker -

Related Theory for Exercise 1.7.53

Advanced Sheet Metal Processes

Method To Calculate Processes And Adjustment

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

* to improve stress management .

Pressure Adjustment :

Pressure adjustment control flow measurement process
involves measurement and control efficiency to increase
successful operation of the machines and systems, so
control valves play a vital role in this process. Deliver
savings and increase process availability, reduce
process variability and reduce maintenance costs.
Correctly fitted control valves will last longer compared to
valves of comparable size, so the actual size of the valve
control valve should be carefully considered. Control
valves are often sized based on future maximum design
process art and a safety factor that leads to the purchase
and maintenance of a larger than normal valve
specification. This results in poor control performance in
addition to overexploited performance and poor learning
performance when a control system is measured.

A common approach is to calculate the flow rate, which
can be described as the flow capacity and the trim
azmidu orum CV per minute of cans, F(15.5¢), which will
pass through a valve with a pressure drop relative to
T>pa. just the simplest words with a C14 USPBM/PNTU.

A fully open control valve with PSI passes fluid with
pressure rise and specification seven valve

Cutting Clearance

characteristics (AM CEE as indicated) tend to determine
the valve volume or volume of the process fluid. Most
valve trainers have CV in their product catalog for various
functions to allow for the required flow rate while providing
constant control. The data provides an example of the

percentile flow.

Fig 1

%TRAVEL 0 10| 20| 30| 40| 50| 60 | 70| 80 | 90 | 100

Cv 2 |2.96|4.37|6.47|9.56(14.1420.9130.92|45.73/67.62| 100
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%TRAVEL

@
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EQUAL PERCENTAGE CHARACTERISTIC CURVE

SM20N175311

Objectives: To be able to by the end of this lesson.
« State what is the interval for the act of cutting

» changes in workpiece /parts due to the following operations high

clearance of lamp cut
Excessive clearance of cut
Inadequate spacing of cut

Centrifugal displacement between punch and Die

viscosity at the cutting sides of punch and die

Calculating cut spacing for production material cutting

 Size and punch an die size

» Explain calculation of interval for calculating the sizes of upanch and tie.

Inside the panchkaru during the action of the panch
called and disconnects the workpiece so the size of the
punch is less than the size of the die.

Fig. when the gap on the punch side slides between its (
the dead space on the side of the corresponding die) the
gap is called the shear gap.

Fig 1

CLEARANCE

A 2z

LAND

SM20N175321

Action of the instrument days and the quality of the work
material will change due to inappropriate intermediates
one of the spacing tools for the box panjim die also
comes under while visually inspecting the work piece
produced in the pressure process which indicates the
gauge for the side. Flaws can be found

High size interval of cutting ( optimum clearance)

Suant cutting clearance misalignment

Excessive cutting clearance

High clearance of the cut (Optimum clearances) Box
with a high clearance when the small radius of us will be
formed.

A field is the result of flexural ( deforestation). ( First
stage of shearing) A burmished shear band is formed in

205



one — third of its size in the raw material and the
remaining sheared area reaches the centroid stage.

Fig 2 CLEARANCE
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OPTIMUM CUTTING CLEARANCE

SM20N175322

Excessive cutting clearance excessive clearance
between punch and die forming in the first stage, the raw
material is pressed into shape fom the cutting stage to
form a large radius at the edges. This is cut of

O) Afetus with a large amount of cysts. The material to
be cut by the rocks is dragged

Fig3 ol earance

)

EXCESSIVE CUTTING CLEARANCE

SM20N175323

Insufficient cutting clearance:

If the cutting clearance is small, the thickness of the
cutting edge will be high. If the gap is too small, two more
cutting edges will be formed. If the angle between the
punch and the cross is small, the material will be marked
by the pressure on the edge of the edge ( figure 4). During
the first stage of fracture, incipient interstitial fractures at

the edges may develop from stress testes.

Fig 4 | CLEARANCE |

\\\\\\\\\\\\\\\\\\\\\\\N

/
INSUFFICIENT CUTTING CLEARANCE

SM20N175324

Moalignment between punch and die : from the nature of
the cut part, the punch and die show whether they are in
perfect alignment, while they are far apart on one side
and with less space on the other side, so that the nature
of the cut part of the work piece is revealed on both sides
of the blank ( Fig. 51)

Biru side : ( po side ) of the fractured part. The shriveled
half will show lumps. There should be no cracks in the
process. The shear gap is the dykes. The overburden
punching between if the cutting edge is sharp, the soft
side blanky ( a waste is always on the punch

The colored part of the stock is plong ( Effective nature is
negative

Fig 5 CLEARANCE
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/

MISALIGNMENT OF PUNCH AND DIE

SM20N175325

Fig 6
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BURR SIDE

SM20N175916

DOC Relationship of piece part size to punch and the die
size: the size of the exposed workpiece is th same as
that of the cut bar.

Blanking : Blanking (a) is done by the blanking cutting
edge of the die so the open area in the die determines
the amount of blanking (a) waste ( Figure 7)

Palnch = plank

Size —total size interval

Size of plank’s die = planky size

( C G & M) Metal sheet worker contact concept 2.2.53

Fig7
CUTBAND
STRIP
BLANKING g
Pliercing : Punching is the act of cutting into the

material so the size of the punch determines the size of
the hole created.

Fig 8

STRIP

SM20N175328
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Basunji’s measure in piyal Spacing of cut TVAX

Duma is calculated between =CxSx 10
T MAX
=CxSx . T MAX
10 Intersection of the cut  =CxSx
Where c is constant N = 0005 for precision part
manufacturing 360
001 A typical section of section 5x3. Moment of the :0.01X2X\/%
sheet mm S = Sheet Thickness - mm
Mm shear strength of material rumimly _0.01X2X 36
Examples of recipes are
= 0.01x2x6
Fig® = 0.12mm / side
+ MATERIAL - CRCA Fig 12 219.76

s - 2mm
T max - 360N/mm 2
220

SM20N175328

SM20N17532C

COMPONENT BLANKING PUNCH DIMENSIONS
. . © MAX i
It is the middle of the cut =CxSx 10 Fig 13 220
=0.01X2 X, 360
10
=0.01X2X+/36 .
= 0.01x2x6 BLANKING DIE DIMENSIONS é
= 0.12mm/side Fig 14 10
The spacing of the cut was determined
=0.12mm /side "
Fig 10 220 PIERCING PUNCH DIMENSIONS é
219.76
Fig 15 ©10.24
g
BLANKING PUNCH DIMENSIONS BLANKING DIE DIMENSIONS é
Example 2 Fig 2
PIERCING DIE DIMESIONS §
Fig 11 Z
Fig. Determining the dimensions of the pilerumbanch
MATERIAL - CRCA and dle
* S-2mm Example 3
T max- 360N/mm? s = MAX
Interval TRXSX T
210
160
220 g =0.01X1X 0
= 0.04mm/TdLm
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Dimension of planking bunch

Fig 19

SM20N17532J

T

Fig 16 o
g 15 R10 10 x 45
\b/
R4
(=] —
w I
20
‘ (=}
20 MATERIAL - BRASS
s - 1mm
2 Q
60 Tmax - 160N/ mm 3
e
Z
COMPONENT g
2]
Fig 17 o
e} R10.04 9.96 x 45

49.92

10

20.08

59.92

SM20N17532H

Pear’s punch is the size of the hole in the pan. )

Fig 18

SM20N17532|

Fig 20 R4.04
20.04 g
Part of the size Interval Bunch sizes
+/-
20 -0.04 20.04
R4 +0.04 R 4.04
Example 4

Fig. Determining the dimensions of the punch and die for

the following curves

Part of the size Interval Bunch sizes
+/-
50 -0.08 4994
20 +0.08 20.08
60 -0.08 5992
10 ~ 10
10x45 -0.04 9.96x45°
R10 +0.04 R70.04

Penang is the size of penang Di size of the part made Fig

141
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M 30 18
70

COMPONENT

MATERIAL - ST. STEEL
s - 0.5mm
T max - 400N/ mm 2

SM20N17532L




Fig 24

SM20N175320

Fig 25 .

R5.03

L/

SM20N17532P

Example S

Determination of punch and weight dimensions for the

following components ( Fig.)

Part of the size Interval Bunch sizes
+/-
50 -0.06 4994
RS -0.03 R4.97
70 -0.03 69.94
15 B 15
10 B 10
15 B 15
10 -0.06 994
R4 +0.03 R 4.03
5 -0.03 497
18 B 18
Fig 22 15 497
R4.03
. T
: :
R4.97 / 18 =
69.94 g
T MAX
Interval =CxSx 0

=0.01X0.5 X, 400
10

= 0.03mm/ Li&&HLD

Piercing punch size is the size of the practical hole

(image)

Fig 23

p
\

B
J

SM20N17532N

The blanking die size is the size of the part yadam is the

same

Piercing die sizes ( Fig.57 )

Fig 26 27

R8

40

‘:
A

Part of the size Interval Bunch sizes
+/-
R5 +0.03 Rs.0.3
25 - 25

2
10
45

MATERIAL - ST. STEEL g

S-0.5mm 2 hd

T max - 400N/ mm g

COMPONENT c - oo g
2]

T MAX
Interval ~CxSx

=0.01X0.5X 400
10

= 0.03mm/L1&&HLD
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Fig 28

SM20N175328

The size of the pierced part is the size of pini panch

Part of the size Interval Bunch sizes
+/-
45-0.06 44.94
40-0.06 39.94
14+0.06 14.06
10- 10
RS-0.03 R7.97
Fig 27
R7.97
] [
10
44.94

SM20N17532R

Fig 29

SM20N17532T

There should also be a firebill size for the turning size .

(Fig)

210

Piercing die sizes fig brazing die size = part size +
spacing

10+0.06
= 10.06

Fig 30 ©10.06

SM20N17532U
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CG&M

Related Theory for Exercise 1.7.54

Sheet Metal Worker - Advanced Sheet Metal Processes

Introduction to “ C “ and “ H “ frame presses

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

* “C” and “H” shaped pressure die

These pressure molds are manufactured with three
convenient facilities to facilitate lifting and removal of the
work pieces made in the dirty manner with wadins.

There is a chance for the mold to become clear and this
type of die is pressed vertically on the mold so that the
central pressure on the material is away from the center
line

2 numbered pressure axis or R — rod pressure axis set
up designed for compact performance and low cast
printing to be integrated into the HDTV system; the
sidewalls of low efficiency press molds are either rolled
channel or corrugated men and the next high
performances press molds are made of heavy steel
plates.

Fig 1

E
E

SM20N175411

Example include designs and variable light internal
plates.

SM20N175412
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CG&M

Related Theory for Exercise 1.7.55

Sheet Metal Worker - Advanced Sheet Metal Processes

Stainless steel

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

« state the uses of stainless steel
* state the properties of stainless steel

» explain the classes of stainless steel and its composition.

Stainless steel is a class of chromium containing steel,
used for corrosion resistance and for service at elevated
temperatures.

Along with iron stainless steel contains 0.2 to 0.6% of
carbon, 12to 18% chromium 8% nickel 2% molybdenum.

Mechanical properties of stainless steel:

Stainless steel improves yield strength, elongation, and
impact can be toughness. It hardened through heat
treatment.

Castalloy stainless steelare used in high pressure service
attemperatures upto 540°C.

Itis resistance to corrosion at elevated temperatures.
Stability resistance to warping, cracking orthermal fatigue.
It is magnetic proof and is not affected by acid.

Creep strength resistance to plastic flow.

The uses of stainless steel (cast) are metal treatment
furnaces, gas turbines, aircraft engines, oil refinery fur-
naces, cement mill equipment turbo chargers for

212

— Hightensile strength

— Large spread betweenyield strength (YS) and ultimate
tensile strength (UTS)

— High ductility and toughness
— Lowthermal conductivity.
Stainless steel can be divided into five categories:

1 Ferritic stainless steels. These have a body centered
cubicstructure and are magnetic. Thisisanironbased
alloy containing 16 to 18% chromium.

2 Martensitic stainless steel have abody centered cubic
structure and are magnetic containing 12% chromium
and 0.1% carbon.

3 Austenitic stainless steel have a face centered cubic
structure and are non-magnetic. It contains 18%
chromium and 8% nickel.

4 Duplex stainless steel contains a mixture of ferrite
austerity and is magnetic.

5 Precipitation hardenable stainless steel.



CG&M Related Theory for Exercise 1.7.56
Sheet Metal Worker - Advanced Sheet Metal Processes

Non Ferrous Metals Properties and Uses

Objectives: At the end of this lesson you shall be able to
evarious non-ferrous metal and alloys calling name
estate the properties of gunmetal, mumtz metal, white metal,phosphorus , silver

1 Tin: 5 Mumtz metal:

Silver white in colour, malleable and ductile metal.
Specific gravity 7.8 and melting point 230° C.

Uses : Itis used as protective covering for iron and
steel sheets and pulleys.

It is used in ship building work. In ice rooms internal
linings to protect from atmospheric effects and also
for preparing alloys.

Lead :

Soft bluish grey metal with a specific gravity of 11.36
and a melting point of 326° C, malleable and ductile.

Uses:

It is used for water pipes and sanitary fittings and to
prepare soft solders and coating material for chemical
contianers.

Zinc:

Bluish white grey in colour. It is a crystalling metal.
Brittle at ordinary temperature but malleable and
ductile between 100° C to 150° C. Good conductor of
heat and electricity. Specific gravity 7.0 and melting
point 420°C.

Uses:

Used for galvanizing on iron sheets. making dry cells
cover and for making zinc points, forms a number of
alloys like brass silver spelter, silver.

Silver:

A white metal symbol (AB) specific gravity is 10.7 and
the melting point is 964°C. sterling silver is applied
only to the specific silver copper alloy.

Uses:

Itis used to prepare spelters for silver solder. It is also
used for making ornaments and jewelleries.

Mumtz metal consists of 60% copper and 40%
zinc.Mumtz metal primarily is hot working alloy is
used where cold working is not required. This metal
possess good mechanical properties properties,
combining strength with ductility, corrosion
resistance is very good. This brass is having pleasing
colour. This yellow brass is invented by George
F.Mumtz in 1832.

Gun metal:

Copper 88%, tin 10%, zinc 2%. It is tough, strong and
hard , high corrosion resistance. Bearing and wearing
qualities are high. Zinc promotes fluidity and so it is
suitable for castings.

Uses:

It is used for making mirror accessories, bearings,
glands, steam pipes, fittings and gears.

White metal :

White metal is an alloy of lead antimony tin employed
for machine bearings, packings and linings to the low
melting point alloys. It is used for toys, ornaments
and fusible metals and to the type metal. White metal
consists of 85%, copper 5%, antimony 10%.

Phosphorous bronze:

Tin 10% to 14% phosphorous 0.3 to 1% remaining
copper. It is having good tensile strength. Very high
corrosion resistance and excellent bearing quality.

Uses:

It is used for bearing, gears, worm wheels,slide
valves, springs etc.
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Related Theory for Exercise 1.7.57

Sheet Metal Worker - Advanced Sheet Metal Processes

Introduction To Tubes And Pipes Bending

Objectives: At the end of this lesson you shall be able to
* state the uses of tubes and pipes in sheetmetal work.

INTRODUCTION

Metal tubes are used in different types of machines and
installations. Tubes in hydraulic system rarely runs in a
straightline. Tubes are curved, twisted for making structural
frames and are bent by computerised numerical control
(CNC) pipe bending machines.

Conduit pipes ranging from 16 mm to 65 mm diameter are
used for electrical installations.

Pipes and tubes are made of metals and plastics and are
used for transport, water, oil, gas and for domestic and
industrial purposes. G.l.Pipe (galvanised iron) is com-
monly used for many purposes.

British standard pipe threads BSP, ISO, DIN. Standard
threads are cut on pipes for joining purposes. Pipes are
first cut to length with a hacksaw or pipe cutter and then a
pipe reamer is used to remove the burr on the inside
diameter of the pipe.

Generally the tube size is specified by the outer diameter,
whereas the pipe size is specified by the internal diameter.

Pipe and Tubing: The sheet metal worker uses both
black pipe and galvanized pipe as legs and stiffeners. In
general the pipe work is done by plumber or pipe fitter.

Sheet metal worker may sometimes have to connect few
small fittings to connect the equipment to the installed

pipe.
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Pipes can be obtained in various sizes. The pipes
commonly used in the sheet metal trade are from 3/8 inch
to 1 1/4 inch in diameter.

Split pipe: For a smooth, very stiff edge, the sheet metal
worker uses split pipe. Split pipes are available in galva-
nized black and stainless steel

Bending of pipes

While bending pipes of large diameters with thin wall
thickness fill up sand and block both ends. In the case of
small diameter pipes or tubes, pour lead into them before
bending. After bending, heatand remove the lead. Bending
fixtures can be used for cold bending of small diameter
pipes. Special bendingfixtures (Fig 1) are also available for
bending.

Fig 1

SM20N175711
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Related Theory for Exercise 1.7.58

Sheet Metal Worker - Advanced Sheet Metal Processes

Pipe bending machines

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

¢ identify the three most common pipe benders
« differentiate their constructional features

* name the parts of bending machines

* state the uses of bending machines.

There are some situations in plumbing jobs, where it is
preferable to bend a pipe rather than use a pipe fitting.

The most common pipe benders are listed here.
Portable hand operated pipe bender (Fig 1)

The portable hand-operated pipe bender consists of the
following parts

1 Tripodstand

2 Pipestoplever

3 Handleorlever

4 Insideformer.

Fig 1

SM20N175811

Bench type hand operated pipe bender (Fig 2)

This consists of the following parts. Itis used for bending
galvanized iron and steel pipes.

1 Innerformer

2 Leverorhandle

3 Adjusting screw with lock nut

4 Pipeguide.

Fig 2

MANUAL PIPE BENDER

SM20N175812

Hydraulic bending machine (Fig 3)

This machine can be used for bending G.l and M.S.pipes
without sand filling to any direction.

It consists of the following the parts.

1 Innerformer

Back former
Hydraulicram
Pressurerelease valve
Operatinglever

Bleed screw

Base plate.

N o o WODN

Fig 3

(e)

SM20N175813

® PIPE BEND FORMING DIES

Inner formers are interchangeable and are able to bend
pipes up to 75 mm diameters. (Figs 3a, b, ¢, d, e &)
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Related Theory for Exercise 1.7.59-60
Advanced Sheet Metal Processes

Three roll forming machine

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

* state the constructional features of three roll forming machine

* state the types of three roll forming machine
* state the uses of three roll forming machine

« differentiate between plain and slip roll forming machines.

These machines are generally known as forming or rolling
machines.

These machines are used to form sheet metal or wires to
various curvatures and diameters. All articles in the shape
ofcylinders and others which are formed to aradius greater
than 25 mm can be quickly formed on these machines.

The most commonly used machines in sheet metal shop
are of three types. They are

Plain forming machine, the slip roll forming machine and
Pyramid type roll forming.

Plain forming machine:These machines have three
rollers, through which the flat sheets of metal are fed to be
formed with cylindrical shapes. The two front rollers grip
the metal and force itagainst the rear rollers which bend it
upwards resulting in curving the sheet and forming the
cylinder.

The lower roll can be adjusted to suit different thickness of
metals. (Fig 1a)

Fig 1

SHEET ‘\

REAR ROLL

SM20N175911

FRONT ROLLS

The rear roller can be raised or lowered to form cylinders
of different diameters. The rear roller does the actual
forming process. (Fig 1b)

<@ g
10

Sliprollforming machine (Fig 2):The operating principle
ofthe machine s similarto that of a plain forming machine,
exceptthatthe upper roller on the slip roll machine can be
released and swing away to facilitate removing the formed
piece of metal. Grooves are provided onthe frontandrear
rollers for forming wires and wire edges.

Fig 2

SHEET\

: UP AND DOWN

SM20N175912
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Fig 3 UPPER ROLL:
ADJUSTING SCREW

LOWER ROLL
ADJUSTING
SCREW

SM20N175913

Pyramid Type roll forming (Fig.3): Heavy gauge sheets
and plates are formed in pyramid type roll forming machine.
The rollers are placed like a pyramid as shown in Fig.3.
Upper roller is adjusted up and down to make the bend
radius. These machines are generally driven by Electric
motors.

Fig 4 UPPER ROLLER

O =

{ ]

LOWER ROLLER/CD C>\ LOWER ROLLER

PYRAMID TYPE ROLL FORMING MACHINE

UP AND DOWN

SM20N175914

Forming cylinders with wired edges (Fig.4):When form-
ing cylindrical articles with wired edges, the wire should
extend past the edge of the metal at one end. This is the
end that should be inserted between therollers. The wire
at the other end should be slightly shorter than the metal,
forming ahollow space forinserting wire from the otherend.

Insert a small piece of wire into this space to avoid
smashing of the metal. Form the metal to the desired
curvature until the ends meet. Remove the short piece of
wire and insertthe extended wire into the space fromwhere
the wire can be removed. Continue to roll until the seam
has passed throughtherolls. Remove the partby releasing
the top roller adjustments.

Safety, care and maintenance:While operating the
machine, keep the fingers away from the rollers.



After the completion of work, clean with grease and oil the
gear wheels and screws.

Therollers should be free from scratches and dents. Ifnot,
the same impressions will be formed on the workpiece
also.

Formwires, inthe grooves provided only at the ends and
not in the centre of the rollers.

While forming, the rear roller should be adjusted gradually
forincreasing or decreasing the radius.

Avoid oil or grease on the rollers. Wipe off the oil and
grease before starting toform the part, if notthe part will slip
and rolling will not take place.

Fig 5

EXTENDED

SHORT PIECE OF WIRE
INSERTED IN POCKET

FORMING A CYLINDER WITHWIRED EDGE.

SM20N175915
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Related Theory for Exercise 1.7.61-64
Advanced Sheet Metal Processes

Hand taps and wrenches

Objectives: At the end of this lesson you shall be able to
* state the uses of hand taps

* state the features of hand taps

« state the functional use of different taps in a set

* the different types of tap wrenches and its uses.

Uses of hand taps : Hand taps are used for internal
threading of components.

Features (Fig 1) : They are made from high carbon steel
or high speed steel, hardened and ground.

Fig 1

v
|
RO

THREAD

TAPER THREAD

SM20N176111

Threads are cuton the surface, and are accurately finished.

To form the cutting edges, flutes are cut across the
threads.

Forholding and turning the taps while cutting threads, the
ends of the shanks are squared.

The ends of the taps are chamfered (taper lead) for
assisting, aligning and starting of the threads.

The size of the tap and the type of the thread are usually
marked on the shank.

In certain cases, the pitch of the thread will also be marked.

Markings are also made to indicate the type of tap i.e. first
second and plug.

Types of taps in a set (Fig 2)

Hand taps for a particular thread are available as a set
consisting of three pieces.

Theseare
— First tap or taper tap
— Second tap or intermediate tap

— Plug or bottoming tap.
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Thesetaps areidenticalin allfeatures exceptin the taperlead.

The taper tap is to start the thread. Itis possible to form full
thread by the tapertap in through holes which are notdeep.

The second tap or intermediate tap is used to size the
threads.

The bottoming tap (plug) is used to finish the threads of a
blind hole to the correct depth.

For identifying the type of taps quickly, the taps are either
numbered as 1,2 and 3 or rings are marked on the shank.
The taper tap has one ring, the intermediate tap has two
rings and the bottoming tap has three rings. (Fig 2)

Tap wrenches : Tapwrenches are used to align and drive
the hand taps correctly into the hole to be threaded.

Tap wrenches are of different types such as double ended
adjustable wrench, T-handle tap wrench and solid type tap
wrench.

Double ended adjustable tap wrench or bar type tap
wrench (Fig 3) : This is the most commonly used type of
tap wrench. lItis available in various sizes. 175,250,350
mm long. These tap wrenches are more suitable forlarge
diametertaps, and canbe usedin open places where there
is no obstruction to turn the tap. It is important to select
the correct size of wrench.

T-handle tap wrench (Fig4): These are small adjustable
chucks with two jaws and ahandle to turnthe wrench. This
tap wrench is useful to work in restricted places, and is
turned with one hand only, most suitable for smaller size
taps.



Fig 3

SM20N176113

Fig 4

Thiswrenchis notavailable for holding large diameter taps.
) (Fig4)

Solid type tap wrench : These wrenches are not
adjustable. They can take only certain sizes of
taps. This eliminates the use of wrong length of the
tap wrenches, and thus, prevent damage to the taps.

(Fig 3)
Fig 5

il — -]
— U1

®

SM20N176115

Die and die stock

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

e state the uses

of dies

* identify the different types of dies
* name the different types of die stock for each type of die
 state the use of die nets

Use of dies : Threading dies are used to cut external — Halfdie
thread on cylindrical workpieces. (Fig 1) —  Adjustable screw plate die
Fig 1 Circular split die/button die (Fig 2) : It has a slot cut to
permit slight variation in size.
Fig 2
TYPES OF DIES :
The following are the different types of dies When held in the die stock, variation in size can be made

— Circular split die (Button die)

by using the adjustable screws. (Fig 3) This permits
increasing or decreasing of the depth cut. When the side

Fig 3

Ry TR RRIN
Gl 4 | )
QAR LY

CENTRE SCREW
SIDE SCREW\\ F / SIDE SCREW

BUTTON PATTERN
STOCK

SM20N176123
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screws are tightened the die will close slightly. For
adjusting the depth ofthe cut, the centre screwis advanced
and locked in the groove. This type of die stock is called
button pattern stock.

Half die (Fig 4) : Half dies are stronger in construction.

Adjustments can be made easily to increase or decrease
the depth of cut.

These dies are available in matching pairs and should be
used together. By adjusting the screw of the die stock, the
die pieces can be broughtclosertogetheror can be moved
apart. They need a special die holder.

Fig 4

SM20N176124

Adjustable screw plate die (Fig 5) : This is another type
of a two- piece die similar to the half die. This provides
greater adjustment than the split die.

The two die halves are held securely in a collar by means
ofathreaded plate (Guide plate) which also acts as aguide
while threading.

When the guide plate is tightened after placing the die
piecesinthe collar, the die pieces are correctly located and
rigidly held. (Fig 6)

The die pieces canbe adjusted, using the adjusting screws
on the collar. This type of die stock is called quick cut
stock.

The bottom of the die halves is tapered to provide the lead
for starting the thread. On one side of each die head, the
serial number is stamped.

The die pieces should have the same material serial
number.

Die nuts (Solid die) : The die nut is used for chasing or
reconditioning the damaged threads.

Die nuts are notto be used for cutting new threads.

Die nuts are available for different standards and sizes of
threads.

The die nut is turned with a spanner. (Fig 7)

Fig 5

0

GUIDE PLATE
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SM20N176125

QUICK CUT STOCK

Fig 7
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Fig 6
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Related Theory for Exercise 1.7.65
Advanced Sheet Metal Processes

Bar folder/Bench folder

Objectives: At the end of this lesson you shall be able to
* state the mechanism of folding and clamping of a bar folder
* state the specifications and features of a bar folder

 state the use and application of a bar folder

* state the defects in bending on a bar folder, their causes

Bar folder (Fig 1): Bar folderis a hand operated machine,
used for folding sheet metal at differentangles. Whenitis
mounted on a pedestal, itis called barfolderand whenitis
mounted on bench, it is called bench folder.

Fig 1

CLAMPING BEAM

FOLDING BLADE

BEAM
OPERATING
CAM

RADIUS
ADJUSTING
SCREW

FOLDING BEAM

FOLDING HANDLE
BAR FOLDER

SM20N176511

Folding is completed in four steps i.e.

1 Setting the workpiece
2 Clamping

3 Folding

4 Removal ofworkpiece

It comprises of a clamping mechanism, a folding mecha-
nism and a bed.

Inthe clamping mechanism, clampingbeam s attached to
the end frames. Clamping beam moves up and down, by
rotating the beam operating cam, with the help of the beam
operatinglever. Clampingblade isfixed atthe bottom of the
clamping beam. Workpiece is clamped inbetween the
clamping blade and the bed by turning the beam operating
lever.

Inthe folding mechanism, folding beamis pivoted atthe end
frames, below the bed. Folding blade is fixed on the folding
beam atits upperend and the folding handle is attached to
the bottom. Workpiece is clamped inbetween the clamping
blade and the bed. Workpiece is folded by moving the
folding beam radially upward towards the operators side,
with the help of the folding handle.

Bed is fixed on the end frames, Standard bed bar is fixed
on the bed, on which the workpiece is placed in position.
Radius adjusting screw (Fig 2) is provided at the end frame.
With radius adjusting screw, the folding beam is moved
forward. While turning the folding handle, the folding beam
is moved forward and simultaneously radially upward, to
fold the workpiece to the required radius. (Fig 2)

Specifications of the bar folder: Bar folder is specified
by the maximum length of the bed and the thickness of the
workpiece that can be bent. Thickness of the workpiece,
that can be bent is determined by the lift of the clamping
lever. The smallest width of the bend is usually 8 to 10
times of the metal thickness. The minimum inside corner
radius of the bend is 1.5 times of the metal thickness. The
variety of the bends and the combination of the bends can
be made onthe bar folder using mandrels, special stepped
bar, radius fingers etc.

Fig 2

r 1‘4\ N
)
w§£ A
STANDARD BED BAR DDOQ
|~——FOLDING

o BEAM
RADIUS BENDING ON BAR FOLDER

SM20N176512

Fig 3 shows, folding step bends using special stepped bar.
Fig 4 shows, bending at radius using radius in finger.
Fig 5 shows, bending at radius, using mandrel.

Fig 6 shows, variety of bends and combination of bends
that can be made on a bar folder.

Defects and Remedies: While working on a bar folder,
some defectsin bending may occur. Followingisthe chart
showing the nature of defects, probable causes and
remedies.

Fig 3

STEPPED BED BAR N DQO

MAKING SMALL REVERSE BENDS

SM20N176513
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Fig 4

25MM MAX. RADIUS /
[

SM20N176514

USE OF RADIUS FINGERS AND THE USE OF THE FOLDING MACHINE

Fig 5

FOLDING AXIS

SM20N176515

USE OF A MANDREL IN A FOLDING MACHINE

Fig 6

EXAMPLES OF WORK PRODUCED ON A FOLDING MACHINE

SM20N176516

Spring back of a sheet metal after bending

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

 state what is the spring back of a sheet metal after bending.

Spring back: When a sheet is bent, if the bending force
is removed, because of the elasticity of the material, the
required deformation is not achieved. The result is the
actual angle of the bend is less than the angle of folding.
The phenomenon is called “spring back”. (Fig 1) Spring
back varies, depending on the material, the thickness of
the material and the bending pressure. In the case of
bending work, it is difficult to make an accurate bending
angle because of the spring back. That is why, folding/
bending is done, at slightly larger angle, experimentally,
by trial and error method, in order to get the correct bend
angle.

Fig 1

C = SPRING BACK ANGLE
6 = ANGLE OF BENDING
6' = BEND ANGLE

SM20N176521
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SI.No. Nature of the Defect Probable Remedy

1 Bend sides, not as per Marked bending line is not Setthe marked bendingline, forward
dimensions (Fig 7) properly set. by half the material thickness from

the frontedge of the clamping bed.
Fig 2 BENDING LINE

2 Bending is not occuring on the Workpiece is not clamped Clamp the workpiece by moving
bending line/at an angle to perfectly. the clamping beam downward by
bending line/shifted from the turning the clamping lever till the
bending line even though workpiece is clamped on
the workpiece is properly set. the bed perfectly.

3 Cracks are observed Rapid folding operation or Fold the workpiece by moving the

on the bending line.(Fig 8) hard workpiece material.

Fig 3

SM20N176523

beam operating lever gradually
upward.
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Related Theory for Exercise 1.7.66

Sheet Metal Worker - Advanced Sheet Metal Processes

Jigs and fixtures

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

- state the advantages of using jigs and fixtures

« distinguish between the functions of jigs and fixtures

¢ name the operations which can be performed on drill jigs
* name the different operations for which fixtures are used.

A great deal of importance is placed todayon improving
productivity in manufacturing processes. Application of
jigs and fixtures has contributed a lot towards this
direction. Jigs andfixtures (Figs 1 and 2) are devices used
in manufactur-ing or assembling. They also facilitate
in carrying out special operations accurately.

Fig 1

SM20N176611

DRILL JIG

Fig 2
WORKPIECE

MILLING FIXTURE

SM20N176612

Advantages of using jigs and fixtures

- Fasterrate of production.

- Easy to perform the operations even by unskilled
workers.

- Layoutand marking on individual parts eliminated.
Jigs

Ajigis aspecial device which holds, supports, locates and
also guides the cutting tool during operation. Jigs are
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designed to accommodate one or more components ata
time. Jigs are available fordrilling orboring. Drilling jigs are
used to drill, ream, tap and to perform other allied
operations. (Fig 3) Boringjigs are used to bore holes which
are either too large to drill or of odd size. (Fig 4)

Fig 3
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Fixtures

A fixture is a production tool that locates and holds the
workpiece. It does not guide the cutting tools, but the
tools can be positioned before cutting with the help of
setting blocks and feeler gauges etc. (Fig 5)

Fixtures of different types are made for:
- milling

- turning

- grinding

- welding

- assembly

- bending etc. (Fig 6)



Fig 5

SETTING BLOCK

SM20N176615

Fig 6

SM20N176616
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CG&M Related Theory for Exercise 1.8.67
Sheet Metal Worker - Uses of Machines

Planishing

Objectives: At the end of this lesson you shall be able to
* learn about planishing

Planishing

Planishing is a metalworking techique that involves finish-
ing the surface by finely shaping and smoothing sheet
metal. This is done by hammering with a planishing panel
hammer or slapper file against a shaped surface called a
planishing stake that is held in a vice or a mounting hole
in a blacksmith’s beak anvil, or against hand-held,
shaped,metal tools that are known as Dollies or Anvils.
The shape of the stake or dolly has to match the desired
work piece contour, and so they come in a variety of com-
plex shapes. After approximately forming a metal object,
by stretching with techniques such as sinking and rais-
ing, and then shaping and smoothing an object, metal
workers use planishing for surface finishing. Planishing is
a hand-driven process used in auto body repair and sheet
metal craft work such as medieval armour
production.Common tools used for planishing include panel
beating hammers, slappers, and neck hammers. Heavy

rawhide or hardwood hammers are often used.

Fig 1

SM20N186711
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Related Theory for Exercise 1.8.68

Uses of Machines

Description of Polishing Machine

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

* state the different methods of polishing

* state the different compounds used for polishing and buffing
 state the method used for giving a satin finish on the metal surface
* state the different types of abrasive forms used for polishing according to the coarseness of grains.

Polishing is a process of making a clean and scratch free
surface.

Polishing is done by holding the surface of a workpiece
against an abrasive coated wheel or belt and moving the
workpiece back and forth till the scratches and defects on
the surface of the metal is removed.

The three main methods of polishing a metal by machine
are by using

1 Compound and clothwheels
2 Abrasive covered wheels
3 Abrasive coated belts, discs, sheets and drums.

Flexible abrasive sheets made of soft nylon web, filled with
abrasive grainsandresinare alsoused. These sheetsare
made with either silicon carbide oraluminium oxide. They
come indifferentgrades depending upon their coarseness
like Coarse, Medium, Fine and very fine. (Fig 1)

Fig 1

SOFT NYLON WEB

ABRASIVE GRAINS OR CALICO WEB

FIXED WITH RESIN

SM20N186811

Crocus clothis averyfine abrasive cloth made fromred iron
oxide coating. Itis usedto produce averyfinefinishinfinal
buffing operation.

Polishing with compounds and cloth wheels: Attach
a clean, soft cloth wheel to the head of the polishing
machine (Fig 2). Then select a stick of greaseless
polishing compound. This is an abrasive mixed with glue
in stick form. Switch onthe machine and hold the abrasive
stickagainstthe turning wheel until the face is coated. This
coating will dry quickly.

Fig 2
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1
POLISHING MACHINE

SM20N186812

Then, holding the workpiece firmly in your hands, move it
back and forth across the wheel until the scratches have
beenremoved. Keep the workpiece below the centre line
of the wheel for safety. (Fig 3)

Fig 3

A POLISHING DISK IS HANDY FOR ROUNDING EDGES AND CORNERS.

SM20N186813

Polishing with abrasive covered wheels: Polishingis
often done with a wheel covered with an adhesive and
abrasive grains. Wheels are commonly made from rope,
feltcanvas orleather.

Hard wheels are made with abrasive grains glued to make
the face for polishing.

Polishing with coated abrasives: Coatedabrasivesare
available in belt, disc, sheets and drum forms.

Fig 4

SM20N186814

AN ABRASIVE BELT CAN BE USED FOR POLISHING METAL.
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Flexible abrasive belts operate around two or three pulleys
(Fig4). These belts are covered with an Aluminium oxide
abrasive use on steel and silicon carbide, to use on non-
ferrous metals. To do the polishing hold the work on the
underside of the sheet or against the belt in the areas
betweenthe pulleys. Apply even pressure as youwork the
piece back and forth. Polishing discs, sheets and drums
are also used on polishing machine. (Fig 5) Always wear
safety goggles when machine polishing a metal.

Fig 5

SM20N186815

Buffing: All small scratches and imperfections must be
removed by polishing. A power bufferis good for producing
ahigh shine orluster. Abuffingwheel canalso be fastened
toalathe ordrill press. These wheels are made of cotton,
flannel, orfelt. The outer surfaces ofthe wheels are coated
with an abrasive compound for buffing. Use a different
wheel for each kind of compound.

The four most commonly used natural abrasives are
pumice, tripoli, rouge and whiting.

Pumice and tripoli are used for first polishing rouge or
whiting are for butter to a highly polished or shiny surface.
There are also many artificial abrasives such as aluminium
oxide and powders mixed with a bonding agent. They are
available in stick or cake form.

Materials for Buffing metal

Pumice: It is powdered lava white in colour used for
scrubbing, cleaning and polishing.

Tripoli: Itis a decomposed limestone, yellowish brown
in colour used for polishing brass, copper, aluminium gold
andsilver.

Rouge: Itis ared iron oxide, red in colour used to furnish
or produce a high colour or luster.

Whiting: Itis calcium carbonate (pulverized chalk) white
in colour used for final polishing.

Polishing is a process of making the surface of a metal
clean and free from scratches.

Buffing is a process of giving a shining or a mirror finish to
the article to give it an attractive appearance.

Satinfinish: The surface ofthe metal canbe givenasatin
finish by finishing the surface againsta wire wheel. (Fig 1)

— Attach the wire wheel to a pedestal grinder or a buffing
machine.

— Switch on the machine

— Feedthe surface to be finished against the wire wheel
just below the centre line.

— Finish the surface as required.

— This will give an attractive softly scratched surface.

Always wear safety glasses. Fine bits of wire from
the wheel can fly off and injure your eyes.
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Related Theory for Exercise 1.8.69

Uses of Machines

Operating principles of Spinning Lathe and Description

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

explain the term metal spinning
state the parts and functions of the spinning lathe
state the types of spinning tools and their uses

state the safety precautions to be followed while working on the spinning lathe
state the care and maintenance of the spinning lathe and spinning tools.

Metal spinning: Metal spinning is a process whereby
sheetmetal discs are pressed orrolled to specific shapes
by forcing the metal to flow over a suitable mandrel or
chuck of the required form, usually by hand tools whilst
chuck and metal are rotating together. The shape of the
sheet metal changes due to the “PLASTIC FLOW” of
metal under pressure manually applied through the “LEV-
ERAGE” of spinning tools. The successive stages in
manual spinning showing the spreading or drawing action
on a spinning lathe are shown in Fig 1.

Fig 1 FORMER FOLLOWER BLOCK FLANGE LEFT
UNWORKED
1 2 3
4
5
AXISOF | B
ROTATION
BACK STICK
MAY BE USED
1.BLANK  2.START  3.WORKIN 4.SPINNING  5.FLANGE %
PROGRESS  COMPLETED  TRIMMED &
OFF z
SPINNING PROCESS o
o0

Parts and function of spinning lathe

Headstock and spindle: Head stock and spindle must
be sturdily builtto withstand heavy forces which are applied
during the spinning operation. The “HEAD STOCK” differs
from that of machinistlathe, where the sheet metal disc (2)
fromwhichthearticleis to be shapedis notheldinachuck,
butis held by friction between a “FORMER” (1) sometimes
referredtoas “MANDREL” or“CHUCK” and generally made
ofhard wood (such as mahogany or lignum vitae or steel or
castiron) and a follower (3) (Fig 1)

Former and follower: The former (1) is solidly fixed to
a head stock spindle and turns with it. The follower (3) is
a block of metal or hard wood introduced between the job
and the nose of the tailstock barrel, as shown in (Fig 2).
Various diameters of follower block are used and each is
provided with a centre location.

Live centre: Aspeciallive centre (4)isemployed capable
of rotating freely without friction under the great amount of
end thrust which is unavoidable in metal spinning.

Tailstock: The tailstock must have a provision for rapid
advance and withdrawal of the barrel in order to allow the
spun metal to be annealed. A quick action locking lever,
when slackened, disengages the screw and allows the
tailstock barrel to slide with ease, enabling it to be rapidly
advanced orwithdrawn.

TAILSTOCK

( / BARREL CLAMP

Fig 2 ( HEADSTOCK BARREL

1

LATHE SPINDLE BED TAILSTOCK LOCKING CLAMP
SPINNING LATHE SETUP FOR SPINNING

SM20N186912

In Fig 2 pressure is applied by means of a tailstock hand
wheel. Sufficient pressure mustbe appliedin orderto hold
the former (1) the work (2) and the follower block (3) so
tightly that they will revolve as one. The special live centre
is shown at 4.

Types of spinning tools and their uses: The spinning
lathe tools are generally named as hand forming tools also.
All the tools mainly consist of two parts. They are (1) tool
bit (2) wooden handle.

Tool bitis approximately 300-450 mm inlength and usually
forged to shape from high speed steel round bar and
hardened.

It has a tang which fits into a handle. The wooden handle
is approximately 600 mminlength. The bit, when securely
fitted (Fig 3) projects from the handle for a distance of 200
mm. The average overall length of the hand forming tool is
between 750 and 850 mm.

Fig 3 TANG

=)

TOOL BIT 300-450mm WOODEN HANDLE APPROXIMATELY
LONG 600mm LONG
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Types of the spinning lathe tools
Combination ball and point tool
Ball tool

Hook tool

Fish and tail planishing tool
Pointed or round nose tool

Cut off or trimming tool

Bending tool

0 N OO O bk WN -

All purpose flat or forming tool.
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Use of the spinning lathe tools

1 Combination ball and point tool (Fig 4): This tool
is most useful as it can produce different shapes by
rotating it in different directions.

Fig 4

4

SM20N186914

COMBINED BALL AND POINT

2 Balltool (Fig 5): Itis used for first step in spinning for
hard metals such as brass and steel and also used to
bring the metal nearto the chuck. Itis used forfinishing
curves.

3 Hook tool (Fig 6): Itis used to give shape for inside
formation.

4 Fishtail planishingtool (Fig7): Itiscommonly used
forfinishing work and very useful for sharpening any radii
in the contour.

Figs B

BALL TOOL
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HOOK TOOL

Y

FISH-TAIL PLANISHING TOOL
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Fig 6

SM20N 186916

Fig 7

I
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5 Pointed or Round nose tool (Fig 8): Used for
hooking the disc to the chuck at the start of the
spinning. Itis also used for shaping small curves.

6 Cut off or trimming tool (Fig 9): Used for trimming
the extra metal from the edge of the spun object.

7 Bending tool (Fig 10): Used for turning the edge of
a spun project for beaded lip.

Fig 8
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Fig 10
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BENDING TOOL

8 All purpose flat or forming tool (Fig 11): One part
of the tip is flat for smoothing purpose. The other side
is round and it is used for all spinning purpose.

Fig 11
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ALL PURPOSE FLAT OR FORMING TOOL
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9 Beadingtool (Fig12): Itis used forturning the edge
of a spun project for beaded lip.

Fig 12
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BEADING TOOL
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Specification of the spinning lathe: Length of bed in
mm. Height of centre over bed in mm. Power required in
H.P. Net weight in kgs.

Care and maintenance

1 Thespinninglathe should be cleaned before and after
the work.

2 Lubricantis a must when spinning is under progress.
It is necessary, that the friction between the nose of the
formingtool and the work be reduced toa minimum in order
topreventexcessive heat being developed, scratching or
cutting of the metal surface and possible damage to the
tool.

To protect the tool and work piece from damage, it is
absolutely necessary to lubricate the tool and the part
using the correct lubricant.

It must be sufficiently adhesive to cling to the metal disc
when itis revolving at high speeds.

In hand spinning, tallow and industrial soap or a mixture of
both, are generally used as lubricants.

Safety precautions

Only authorised persons should operate the machine.
Do not use the machine if it is out of order.

Never clean or oil a machine while it is in motion.
Always stop the machine to make any adjustment.
Keep waste or clothes away from the revolving parts.
Never stand directly behind the revolving disc.

Too much lubricant should not be used at the time of
spinning.

8 Shouldwearleatherapron.

~NOoO O WN -
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Related Theory for Exercise 1.8.70

Uses of Machines

Spin forming dies

Objectives: At the end of this lesson you shall be able to
» explain the different types of spinning dies

« state the use of segmental dies

 state the materials from which dies are made of.

Spinning:  Spinning is an operation of producing a
seamless article on a spinning lathe with the help of various
spinning tools. The quality of the product depends on the
skill of the operator. Quality products can be produced by
regular, sincere and systematic practice.

Spinning is a very economical means of producing a
component, where the quantity of work is less and the cost
ofthe press tool for producing that component will be more.
In such cases, spinning process is recommended. The
cost to make a spinning die will be very cheap when
compared to press tools. The articles can be made fast
hence saving time. Afterthe completion of a particular job
the die can be modified to suit the next job.

Spinning dies: Spinning dies are also called as chucks
or formers. Spinning dies are generally made from cast
iron or mild steel. These dies can also be made from oak,
cherry or other hard wood. The metals used for spin
forming are aluminium, copper and its alloys, silver,
stainless steel and annealed mild metals.

SM20N187011

SPIN FORMING DIES

There are various types of dies shown in Fig 1

a) Outside drawing die: Itis mostly used for general
spin forming. The shape of the die depends upon the
contour of the component.

b) Inside drawing die: Itis used for forming the indenta-
tion at the bottom of a vessel after initial drawing.

c) Segmental die: It is divided into several parts by
means ofamechanisminwhich the die can be separated
into several parts which can be removed easily from a
finished componentwhere the mouthis smallerthanthe
die piece. ltis also called a split die.

d) Coredie: Itisusedforformingthe neckofavessal after
initial drawing.

Afewwooden formers are also shownin Fig2. The spinning
tools are also called as lateens.

Fig 2

SM20N187012

TYPICAL SHAPES OF WOODEN CHUCKS
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Related Theory for Exercise 1.8.71

Sheet Metal Worker - Uses of Machines

Metal joining methods

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

« state the different methods used to change the shape of metals
* name and illustrate the different metal joining methods
* state the limitation/disadvantages of joining methods other than welding

« state the advantages of welding.

Weldingis a metal joining method. The art of joining metals
is about 3000 years old. The origin of welding is probably
to be traced to the shaping of metals. In industry every
worker is working for changing the shape of metals by
different methods and machines.

Shaping of metals: To change the shape ofthe metals the
following methods are generally used.

- Forging -
- Cutting -

Moulding/casting

Joining

Forging: Thisis a method used for changing the shape of
metals, by heating the metalin aforge and then hammering

it on an anvil, e.g. forming chisel, punch etc. by black-
smiths. (Fig 1)

Fig 1

:
g
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- Brazing - Welding

Riveting: Riveting is a method of joining (temporarily) by
drilling a common hole in overlapped pieces and then
fastening them by putting a rivet and hammering. (Fig 2)
Can be opened by cutting the rivet head.

Fig 2 3xD
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Assembling with bolt: Similar to r