Southern Technical University
Thi-qgar technical college
Electromechanical Systems

Engineering Dep.

15 Weeks

Hour

Theoretical

Experimental

Total

First Year

Eng. Drawing Syllabus

Units

Week

Contents

1 - Grid &Snap

- Ortho Lines
2D-Drawing
- Drawing area &Draw
- Command window/Command line
- Status bar
- Multi line &Polyline

Introduction to engineering drawing and eng. drawing equipment
- Introduction to engineering drawing and the importance to the engineer
- History of eng .Drawing
Introduction to CAD packages
- Menus
- Toolbars
- Drawing Limits/(units)

- Circle
- Arc

- Rectangle
- Ellipse
Practical exercise

- Cartesian, Cylindrical & Spherical Co.
- Setting up drawing limits

- Spline
- Point

- Polygon

3 - Drawing Hatch

- Drawing Helix
- Drawing Text
Practical exercise

- Erase
4 - Copy
- Mirror

Offset

Modify Menu
- Modify bar

Practical exercise




Move
Rotate Practical

5-6 Geometrical construction , Practical exercise
Dimensioning by AutoCAD
- Main rules in dimensions position and details in drawing
7 - Exercise in applied dimension son projection view
Scale, Stretch, Lengthen, Trim, Practical Exercise
Extend, Break, Join, Practical exercise
- Rules in dimensions position for arcs and circles
8 Exercise in applied dimension son projection view
Chamfer, Fillet, Array, Practical exercise
Color, Line, Thickness, Text, Dimension style, point, practical exercise
9-10 Exercise in pictorial drawing isometric
Sections
11-12-13 | - Sections definition
- Find sections and section planes and half section projection
Exercise in sections
Third view estimate
- Important steps to estimate third un known projection depending on the
14-15 Known two projection

- Estimate real model
- Exercise in estimate third un known projection




Southern Technical University Theoretical
THI-QAR Technical Engineering « | Experimental
Electromechanical Systems 15 Weeks | 5
Engineering Dep. L Total
first Class Mechanical Drawing Syllabus Units
Week Contents
Screws
1 - Classifications of Screws

- Joining by bolts or screws

2 Application on computer

- Using AutoCAD to draw an example
of joining by bolts

Keys

4 - Classifications of Keys
Pins & Rivets

- Classifications of Pins & Rivets

Application on computer
- Using AutoCAD to draw joining of
keys or pins

Gears : Spur Gear
5 - Classification of gears
- Applications
- Drawing of spur gear
Spur gears assembly Drawing

Application on computer

- Using AutoCAD to draw spur gears
assembly

Bevel gear

6 - Drawing of bevel gear
Bevel gears assembly drawing
Application on computer

- Using AutoCAD to draw bevel gears

Springs
7 - Classifications of Springs
Using AutoCAD to draw




Welding
- Types of welding
- Gas welding
- Arc welding
- Resistance welding
Basic symbols for welding gas & arc welding
- Using AutoCAD to draw welding assembly

10

Bearings Introduction
-Sliding Contact Bearings
- Journal Bearings
- Rolling Contact (Anti-friction) Bearings
-Radial Bearings
-Thrust Bearings
Using AutoCAD to draw

11-12-13

Introduction to CAD packages 3D-Drawing
- Drawing area &Draw
- Command window/Command line
-Modify Menu
Convert from 2d to 3d
practical exercises

14-15

Drawing electrical and electronic
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FOREWORD

I congratulate the authors Dr. P. Kannaiah, Prof. K.L.. Narayana and Mr. K. Venkata Reddy of
S.V.U. College of Engineering, Tirupati for bringing out this book on “Machine Drawing”.

This book deals with the fundamentals of Engineering Drawing to begin with and the
authors introduce Machine Drawing systematically thereafter. This, in my opinion, is an excellent
approach. This book is a valuable piece to the students of Mechanical Engineering at diploma,
degree and AMIE levels.

Dr. P. Kannaiah has a rich experience of teaching this subject for about twenty five
years, and this has been well utilised to rightly reflect the treatment of the subject and the
presentation of it. Prof. K.L.. Narayana, as a Professor in Mechanical Engineering and Mr. K.
Venkata Reddy as a Workshop Superintendent have wisely joined to give illustrations usefully
from their wide experience and this unique feature is a particular fortune to this book and such
opportunities perhaps might not have been available to other books.

It is quite necessary for any drawing book to follow the standards of BIS. This has been
done very meticulously by the authors. Besides, this book covers the syllabi of various Indian
universities without any omission.

Learning the draughting principles and using the same in industrial practice is essential
for any student and this book acts as a valuable guide to the students of engineering. It also
serves as a reference book in the design and draughting divisions in industries. This book acts
almost as a complete manual in Machine Drawing.

This book is a foundation to students and professionals who from here would like to learn
Computer Graphics which is a must in modern days.

I am confident that the students of engineering find this book extremely useful to them.

Dr. ML.A. Veluswami
Professor
Machine Elements Laboratory
Department of Mechanical Engineering
INDIAN INSTITUTE OF TECHNOLOGY
CHENNAI-600 036, INDIA
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PREFACE TO THIRD EDITION

The engineer, especially a mechanical engineer, needs a thorough knowledge of the working
principles of any mechanism he normally deals with. To create interest and to motivate him in
this direction, complete revision of the chapter on assembly drawings is done. The chapter
provides individual component drawings and knowing the working mechanism of a subassembly,
finally the parts are assembled. Hence, exercises/examples are included starting from simple
subassemblies to moderately complex assemblies.

The chapter on part drawings provides examples of assembled drawings and the student
is expected to make the part drawings after imagining the shapes of them. A revision of this
chapter is supposed to provide the required guidance to the knowledge seeker.

The chapter on computer-aided draughting is fully revised keeping in view the present
day requirements of the engineering students. The student should be trained not only to use
draughting equipment but also to use a computer to produce his latest invention. It is pre-
sumed that this chapter will provide him the required soft skills.

The centers of excellence should revise the curriculum frequently, based on the changes
needed by the academic requirements. Keeping this in view, the contents of the text are updated
wherever necessary and incorporated.

It is hoped that the subject content satisfies both students, teachers and paper setters.

AUTHORS
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PREFACE TO FIRST EDITION

Drawing, as an art, is the picturisation of the imagination of the scene in its totality by an
individual—the Artist. It has no standard guidelines and boundaries. Engineering drawing on
the other hand is the scientific representation of an object, according to certain national and
international standards of practice. It can be understood by all, with the knowledge of basic
principles of drawing.

Machine drawing is the indispensable communicating medium employed in industries,
to furnish all the information required for the manufacture and assembly of the components of
a machine.

Industries are required to follow certain draughting standards as approved by
International Organisation for Standards (ISO). When these are followed, drawings prepared
by any one can convey the same information to all concerned, irrespective of the firm or even
the country. Mechanical engineering students are required to practice the draughting standards
in full, so that the students after their training, can adjust very well in industries.

This book on Machine Drawing is written, following the principles of drawing, as
recommended by Bureau of Indian Standards (BIS), in their standards titled “Engineering
drawing practice for schools and colleges”; SP:46-1988.

This is the only book on Machine Drawing, incorporating the latest standards published
till now and made available to the students. Typical changes brought in the standards, in respect
of names of orthographic views are listed below. These eliminate the ambiguity if any that
existed earlier.

The latest designations as recommended below are used throughout this book.

Designation of the views Designations of the views
as per 1S:696-1972 as per SP:46-1988
1. Front view The view from the front
2. Top view The view from above
3. Left side view The view from the left
4. Right side view The view from the right
5. Bottom view The view from below
6. Rear view The view from the rear

The contents of the book are chosen such that, the student can learn well about the
drawing practice of most of the important mechanical engineering components and sub-
assemblies, he studies through various courses.



X Machine Drawing

The principles of working, place of application and method of assembly of all the machine
elements dealt with in the book will make the student thorough with the subject of mechanical
engineering in general. This will also make the student understand what he is drawing instead
of making the drawings mechanically.

This book is intended as a text book for all mechanical engineering students, both at
degree and diploma level and also students of AMIE. The contents of the book are planned,
after thoroughly referring the syllabi requirements of various Indian universities and AMIE
courses.

The chapter on Jigs and Fixtures is intended to familiarise the students, with certain
production facilities required for accurate machining/fabrication in mass production.

The chapters on Limits, Tolerances and Fits and Surface Roughness are intended to
correlate drawing to production. In this, sufficient stress is given to geometrical tolerances
which is not found in any of the textbooks on the topic. The student, to understand production
drawings, must be thorough in these topics.

The chapter on Blue Print Reading has been included to train the student to read and
understand complicated drawings, including production drawings. This will be of immense use
to him, later in his career.

Chapters on Assembly Drawings and Part Drawings are planned with a large number of
exercises drawn from wide range of topics of mechanical engineering. The assemblies are selected
such that they can be practiced in the available time in the class. The projects like lathe gear
box and automobile gear box are developed and included in the chapter on part drawings.
These are mentioned in most of the latest syllabi but not found in any of the available books on
the subject.

A separate chapter on Production Drawings has been included, to train the student in
industrial draughting practices. These types of drawings only guide the artisan on the shop
floor to the chief design engineer, in successful production of the product.

We hope that this book will meet all the requirements of the students in the subject and
also make the subject more interesting.

Any suggestions and contribution from the teachers and other users, to improve the
content of the text are most welcome.

TIRUPATI
August, 1994 AUTHORS
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INTRODUCTION

1.1 GRAPHIC LANGUAGE

1.1.1 General

A technical person can use the graphic language as powerful means of communication with
others for conveying ideas on technical matters. However, for effective exchange of ideas with
others, the engineer must have proficiency in (i) language, both written and oral, (ii) symbols
associated with basic sciences and (iii) the graphic language. Engineering drawing is a suitable
graphic language from which any trained person can visualise the required object. As an
engineering drawing displays the exact picture of an object, it obviously conveys the same
ideas to every trained eye.

Irrespective of language barriers, the drawings can be effectively used in other countries,
in addition to the country where they are prepared. Thus, the engineering drawing is the
universal language of all engineers.

Engineering drawing has its origin sometime in 500 BC in the regime of King Pharos of
Egypt when symbols were used to convey the ideas among people.

1.1.2 Importance of Graphic Language

The graphic language had its existence when it became necessary to build new structures and
create new machines or the like, in addition to representing the existing ones. In the absence
of graphic language, the ideas on technical matters have to be conveyed by speech or writing,
both are unreliable and difficult to understand by the shop floor people for manufacturing.
This method involves not only lot of time and labour, but also manufacturing errors. Without
engineering drawing, it would have been impossible to produce objects such as aircrafts,
automobiles, locomotives, etc., each requiring thousands of different components.

1.1.3 Need for Correct Drawings

The drawings prepared by any technical person must be clear, unmistakable in meaning and
there should not be any scope for more than one interpretation, or else litigation may arise. In
a number of dealings with contracts, the drawing is an official document and the success or
failure of a structure depends on the clarity of details provided on the drawing. Thus, the
drawings should not give any scope for mis-interpretation even by accident.

It would not have been possible to produce the machines/automobiles on a mass scale
where a number of assemblies and sub-assemblies are involved, without clear, correct and
accurate drawings. To achieve this, the technical person must gain a thorough knowledge of
both the principles and conventional practice of draughting. If these are not achieved and or
practiced, the drawings prepared by one may convey different meaning to others, causing
unnecessary delays and expenses in production shops.
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Hence, an engineer should posses good knowledge, not only in preparing a correct drawing
but also to read the drawing correctly. The course content of this book is expected to meet
these requirements.

The study of machine drawing mainly involves learning to sketch machine parts and to
make working and assembly drawings. This involves a study of those conventions in drawings
that are widely adopted in engineering practice.

1.2 CLASSIFICATION OF DRAWINGS

1.2.1 Machine Drawing

It is pertaining to machine parts or components. It is presented through a number of
orthographic views, so that the size and shape of the component is fully understood. Part
drawings and assembly drawings belong to this classification. An example of a machine drawing
is given in Fig. 1.1.
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Fig. 1.1 Machine drawing

1.2.2 Production Drawing

A production drawing, also referred to as working drawing, should furnish all the dimensions,
limits and special finishing processes such as heat treatment, honing, lapping, surface finish,
etc., to guide the craftsman on the shop floor in producing the component. The title should also
mention the material used for the product, number of parts required for the assembled unit,
etc.

Since a craftsman will ordinarily make one component at a time, it is advisable to prepare
the production drawing of each component on a separate sheet. However, in some cases the
drawings of related components may be given on the same sheet. Figure 1.2 represents an
example of a production drawing.

1.2.3 Part Drawing

Component or part drawing is a detailed drawing of a component to facilitate its manufacture.
All the principles of orthographic projection and the technique of graphic representation must
be followed to communicate the details in a part drawing. A part drawing with production
details is rightly called as a production drawing or working drawing.
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Fig. 1.2 Production drawing

1.2.4 Assembly Drawing

A drawing that shows the various parts of a machine in their correct working locations is an
assembly drawing (Fig. 1.3). There are several types of such drawings.

1.2.4.1 Design Assembly Drawing

When a machine is designed, an assembly drawing or a design layout is first drawn to clearly
visualise the performance, shape and clearances of various parts comprising the machine.

1.2.4.2 Detailed Assembly Drawing

It is usually made for simple machines, comprising of a relatively smaller number of simple
parts. All the dimensions and information necessary for the construction of such parts and for
the assembly of the parts are given directly on the assembly drawing. Separate views of specific
parts in enlargements, showing the fitting of parts together, may also be drawn in addition to
the regular assembly drawing.

1.2.4.3 Sub-assembly Drawing

Many assemblies such as an automobile, lathe, etc., are assembled with many pre-assembled
components as well as individual parts. These pre-assembled units are known as sub-assemblies.

A sub-assembly drawing is an assembly drawing of a group of related parts, that form a
part in a more complicated machine. Examples of such drawings are: lathe tail-stock, diesel
engine fuel pump, carburettor, etc.
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1 Crank Forged Steel 1
2 Crank Pin 45C 1
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4 Washer MS 1

Fig. 1.3 Assembly drawing

1.2.4.4 Installation Assembly Drawing

On this drawing, the location and dimensions of few important parts and overall dimensions of
the assembled unit are indicated. This drawing provides useful information for assembling the
machine, as this drawing reveals all parts of a machine in their correct working position.

1.2.4.5 Assembly Drawings for Catalogues

Special assembly drawings are prepared for company catalogues. These drawings show only
the pertinent details and dimensions that would interest the potential buyer. Figure 1.4 shows
a typical catalogue drawing, showing the overall and principal dimensions.

1.2.4.6 Assembly Drawings for Instruction Manuals

These drawings in the form of assembly drawings, are to be used when a machine, shipped
away in assembled condition, is knocked down in order to check all the parts before reassembly
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and installation elsewhere. These drawings have each component numbered on the job. Figure
1.5 shows a typical example of such a drawing.
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Fig. 1.4 Catalogue drawing

1.2.4.7 Exploded Assembly Drawing

In some cases, exploded pictorial views are supplied to meet instruction manual requirements.
These drawings generally find a place in the parts list section of a company instruction manual.
Figure 1.6 shows drawings of this type which may be easily understood even by those with less
experience in the reading of drawings; because in these exploded views, the parts are positioned
in the sequence of assembly, but separated from each other.

1.2.4.8 Schematic Assembly Drawing

It is very difficult to understand the operating principles of complicated machinery, merely
from the assembly drawings. Schematic representation of the unit facilitates easy understanding
of its operating principle. It is a simplified illustration of the machine or of a system, replacing
all the elements, by their respective conventional representations. Figure 1.7 shows the
schematic representation of a gearing diagram.

1.2.4.9 Machine Shop Drawing

Rough castings and forgings are sent to the machine shop for finishing operation (Fig. 1.8).
Since the machinist is not interested in the dimensions and information of the previous stages,
a machine shop drawing frequently gives only the information necessary for machining. Based
on the same principle, one may have forge shop drawing, pattern shop drawing, sheet metal
drawing, etc.



6

Machine Drawing

13

14

A | 15

el

:
[

Speed change lever (1) Selector switch (10)

Depth adjusting knob (2) Forward/reverse switch (11)

Mech. feed engagement lever (3) Pilot lamp (12)

Hand feed lever (4) Feed disengagement push button (13)
Feed change knob (5) Start push button (14)

Switch for tapping (6) Emergency stop (15)

Gear shifting lever (7) Elevating handle (16)

Main switch (8) Clamping handle (17)

Lamp switch (9) Supply inlet (18)

Fig. 1.5 Assembly drawing for instruction manuals
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1.2.4.10 Patent Drawing

When new machines or devices are invented, patent drawings come into existence, to illustrate
and explain the invention. These are pictorial drawings and must be self-explanatory. It is
essential that the patent drawings are mechanically correct and include complete illustrations
of every detail of the invention. However, they are not useful for production purposes. The
salient features on the drawing are numbered for identification and complete description.

THEORY QUESTIONS

1.1 Classify the various types of drawings used in mechanical engineering field.

1.2 Explain the term “Machine drawing”.

1.3 Define the term “Production drawing”.

1.4 Differentiate between machine drawing and production drawing.

1.5 What is an assembly drawing ?

1.6 List out the various types of assembly drawings.

1.7 What is meant by a detailed assembly drawing ?

1.8 What is a sub-assembly drawing ?

1.9 What is an exploded assembly drawing and where is it used ?
1.10 Distinguish between the drawings for catalogues and instruction manuals.
1.11 What is meant by a schematic assembly drawing and when is it preferred ?
1.12 What is a machine shop drawing and how is it different from machine drawing ?
1.13 What are patent drawings and how are they prepared ?



PRINCIPLES OF DRAWING*

2.1 INTRODUCTION

Engineering drawings are to be prepared on standard size drawing sheets. The correct shape
and size of the object can be visualised from the understanding of not only the views of it but
also from the various types of lines used, dimensions, notes, scale, etc. To provide the correct
information about the drawings to all the people concerned, the drawings must be prepared,
following certain standard practices, as recommended by Bureau of Indian Standards (BIS).

2.2 DRAWING SHEET

Engineering drawings are prepared on drawing sheets
of standard sizes. The use of standard size sheet, saves
paper and facilitates convenient storage of drawings.

2.2.1 Sheet Sizes

The basic principles involved in arriving at the sizes
of drawing sheets are:
(@X:Y=1:,/2,0)XY=1

where X and Y are the sides of the sheet. For a
reference size AQ (Table 2.1) having a surface area of
1m?2 X = 841 mm and Y = 1189 mm. The successive
format sizes are obtained either by halving along the
length or doubling along the width, the areas being
in the ratio 1:2 (Fig. 2.1).

2.2.2 Designation of Sizes

The original drawing should be made on the smallest
sheet, permitting the necessary clarity and resolution.
The preferred sizes according to ISO-A series (First
choice) of the drawing sheets are given in Table 2.1.
When sheets of greater length are needed, special
elongated sizes (Second choice) are used (Table 2.2).
These sizes are obtained by extending the shorter
sides of format of the ISO-A series to lengths that are
multiples of the shorter sides of the chosen basic
format.

Fig. 2.1 Drawing sheet formats

*Material for this chapter has been taken from BIS; SP-46: 1988.

10
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Table 2.1 Preferred drawing sheet sizes (First choice) ISO-A Series

Designation Dimensions (mm)
A0 841 x 1189
Al 594 x 841
A2 420 x 594
A3 297 x 420
A4 210 x 297

Table 2.2 Special elongated sizes (Second choice)

Designation Dimensions (mm)
A3 x 3 420 x 891
A3 x 4 420 x 1188
A4 x 3 297 x 630
Ad x 4 297 x 840
A4 x5 297 x 1050

2.2.3 Title Block

The title block should lie within the drawing
space such that, the location of it, containing the
identification of the drawing, is at the bottom
right hand corner. This must be followed, both
for sheets positioned horizontally or vertically

(Fig. 2.2). o

The direction of viewing of the title block |
should correspond in general with that of the
drawing. The title block can have a maximum @) (b)
length of 170 mm. Figure 2.3 shows a typical title
block, providing the following information: Fig. 2.2 Location of title block

(@) Title of the drawing
(i) Sheet number
(i) Scale
(tv) Symbol, denoting the method of projection
(v) Name of the firm
(vi) Initials of staff drawn, checked and approved.
NOTE According to Bureau of Indian Standards, SP-46:1998, “Engineering Drawing Practice
for Schools and Colleges”, First angle projection is preferred.
2.2.4 Borders and Frames

Borders enclosed by the edges of the trimmed sheet and the frame, limiting the drawing space,
should be provided with all sheet sizes. It is recommended that these borders have a minimum
width of 20 mm for the sizes A0 and Al and a minimum width of 10 mm for the sizes A2, A3
and A4 (Fig. 2.4). A filing margin for taking perforations, may be provided on the edge, far left
of the title block.
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- 170 -
A NAME | DATE MATERIAL TOLERANCE FINISH
DRN
CHD
APPD
o PROJECTION LEGAL TITLE
© _G g E OWNER
SCALE IDENTIFICATION NUMBER
Y
Fig. 2.3 Details in title block
Minimum width
(20 mm for A0 and Al
10 mm for A2, A3 and A4)
1 [ 2 [ 3 | 4 [ 5 [ 6
| N
A \—Trimming mark A
:/— Metric reference graduation
Edge z Centring mark B
\ Drawing space | |
B Orientation mark C
_:/— Frame -
D Title block D
1T 72 T 3 7 2 [ 5 T & A

Grid reference Border
Fig. 2.4 Drawing sheet layout
2.2.5 Centring Marks

Four centring marks may be provided, in order to facilitate positioning of the drawing when
reproduced or microfilmed. Two orientation marks may be provided to indicate the orientation

of the drawing sheet on the drawing board (Fig. 2.4).
2.2.6 Metric Reference Graduation

It is recommended to provide a figure-less metric reference graduation, with a minimum length
of 100 mm and divided into 10 intervals on all the drawing sheets (Fig. 2.4) which are intended
to be microfilmed. The metric reference graduation may be disposed symmetrically about a

centring mark, near the frame at the border, with a minimum width of 5 mm.
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2.2.7 Grid Reference System (Zoning)

The provision of a grid reference system is recommended for all the sizes, in order to permit
easy location on the drawing of details, additions, modifications, etc. The number of divisions
should be divisible by two and be chosen in relation to the complexity of the drawing. It is
recommended that the length of any side of the grid should not be less than 25 mm and not
more than 75 mm. The rectangles of the grid should be referenced by means of capital letters
along one edge and numerals along the other edge, as shown in Fig. 2.4. The numbering direction
may start at the sheet corner opposite to the title block and be repeated on the opposite sides.

2.2.8 Trimming Marks

Trimming marks may be provided in the borders at the four corners of the sheet, in order to
facilitate trimming. These marks may be in the form of right angled isosceles triangles or two
short strokes at each corner (Fig. 2.4).

2.3 SCALES

Scale is the ratio of the linear dimension of an element of an object as represented in the
drawing, to the real linear dimension of the same element of the object itself. Wherever possible,
it is desirable to make full size drawings, so as to represent true shapes and sizes. If this is not
practicable, the largest possible scale should be used. While drawing very small objects, such
as watch components and other similar objects, it is advisable to use enlarging scales.

2.3.1 Designation

The complete designation of a scale should consist of the word Scale, followed by the indication
of its ratio as:

SCALE 1 : 1 for full size,
SCALE x : 1 for enlarged scales,
SCALE 1 : x for reduced scales.

The designation of the scale used on the drawing should be shown in the title block.

2.3.2 Recommended Scales

The recommended scales for use on technical drawings are given in Table 2.3. The scale and
the size of the object in turn, will decide the size of the drawing.

Table 2.3 Recommended scales

Category Recommended Scales

Enlarged scales 50:1 20:1 10:1
5:1 2:1

Full size 1:1

Reduced scales 1:2 1:5 1:10
1:20 1:50 1:100
1:200 1:500 1:1000
1:2000 1:5000 1:10000

2.3.3 Scale Specification

If all drawings are made to the same scale, the scale should be indicated in or near the title
block. Where it is necessary to use more than one scale on a drawing, the main scale only
should be shown in the title block and all the other scales, adjacent to the item reference
number of the part concerned or near the drawings.
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2.4 LINES

Lines of different types and thicknesses are used for graphical representation of objects. The
types of lines and their applications are shown in Table 2.4. Typical applications of different
types of lines are shown in Figs. 2.5 and 2.6.

Table 2.4 Types of lines and their applications

Line Description General Applications
A Continuous thick Al Visible outlines
B Continuous thin Bl Imaginary lines of intersection
(straight or curved) B2 Dimension lines

B3 Projection lines

B4 Leader lines

B5 Hatching lines

B6 Outlines of revolved sections in place
B7 Short centre lines

C—rn-r-r—~—r--—~——~—— Continuous thin, free-hand C1 Limits of partial or interrupted views
and sections, if the limit is not a
chain thin

D A A A Continuous thin (straight) D1 Line (see Fig. 2.5)

with zigzags

E—m — — — — — — Dashed thick E1 Hidden outlines

G — — Chain thin G1 Centre lines
G2 Lines of symmetry

G3 Trajectories

H r—— Chain thin, thick at ends H1 Cutting planes
! and changes of direction
-
J —_ —_ Chain thick J1 Indication of lines or surfaces to which
a special requirement applies
K—m - — == —— Chain thin, double-dashed K1 Outlines of adjacent parts

K2 Alternative and extreme positions of
movable parts

K3 Centroidal lines
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e

Fig. 2.6 Applications of lines

2.4.1 Thickness of Lines

Two thicknesses of lines are used in draughting practice. The ratio of the thick to thin line
should not be less than 2:1. The thickness of lines should be chosen according to the size and

type of the drawing from the following range:
0.18, 0.25, 0.35, 0.5, 0.7, 1, 1.4 and 2

It is recommended that the space between two parallel lines, including hatching, should

never be less than 0.7 mm.
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2.4.2 Order of Priority of Coinciding Lines

When two or more lines of different types coincide, the following order of priority should be
observed:

(t) Visible outlines and edges (Continuous thick lines, type A),
(i) Hidden outlines and edges (Dashed line, type E or F),
(zit) Cutting planes (Chain thin, thick at ends and changes of cutting planes, type H),
(tv) Centre lines and lines of symmetry (Chain thin line, type G),
(v) Centroidal lines (Chain thin double dashed line, type K),
(vi) Projection lines (Continuous thin line, type B).

The invisible line technique and aixs representation should be followed as per the
recommendations given in Table 2.5.

Table 2.5A Invisible lines

Instructions Correct Incorrect
Begin with a dash, not with a —_—T .
space X

1

Dashes intersect without a gap R , TTYIITIL
1 1
between them : ! ! !
: 1 1
Three dashes meet at the X |
1
intersection point JI. I

As a continuation of a visible - -
line/arc, begin with space | o

Invisible arcs begin with a dash I ,

Small arcs may be made solid _ | _ _\4

Two arcs meet at the point of B , - I

tangency




Table 2.5B Axis lines
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Instructions

Correct

Incorrect

Axis line starts and
ends with a longer dash

Two axes intersect
with longer dashes

Axis extends the

boundary with a longer dash

2.4.3 Termination of Leader Lines
A leader is a line referring to a feature (dimension, object, outline, etc.).
Leader lines should terminate (Fig. 2.7),
(a) with a dot, if they end within the outlines of an object,

@) (b) (

(b) with an arrow head, if they end on the outline of an object,
(c) without dot or arrow head, if they end on a dimension line.

Fig. 2.7 Termination of leader lines

c)

It is common practice to omit hidden lines in an assembled view, when their use tends to
confuse an already complex drawing or when the feature is sufficiently clear in another view;
but it is not advisable for a beginner to do the same and he will have to show the hidden lines
in his drawing practice.
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2.5 LETTERING

The essential features of lettering on technical drawings are, legibility, uniformity and suitability
for microfilming and other photographic reproductions. In order to meet these requirements,
the characters are to be clearly distinguishable from each other in order to avoid any confusion
between them, even in the case of slight mutilations. The reproductions require the distance
between two adjacent lines or the space between letters to be at least equal to twice the line
thickness (Fig. 2.8). The line thickness for lower case and capital letters shall be the same in

order to facilitate lettering.

<<

Fig. 2.8 Dimensions of lettering

2.5.1 Dimensions

The following specifications are given for the dimensions of letters and numerals:

(i) The height of capital letters is taken as the base of dimensioning (Tables 2.6 and 2.7).

(ii) The two standard ratios for d/h, 1/14 and 1/10 are the most economical, as they
result in a minimum number of line thicknesses.

(iii) The lettering may be inclined at 15° to the right, or may be vertical.

Table 2.6 Lettering A (d = h/14)

Characteristic Ratio Dimensions, (mm)

Lettering height h (14/14)h 2.5 3.5 5 7 10 14 20
(Height of capitals)

Height of lower-case letters ¢ (1014 — 2.5 3.5 5 7 10 14
(without stem or tail)

Spacing between characters a (2/14)h 035 0.5 0.7 1 14 2 2.8
Minimum spacing of base lines b (20/14)h 3.5 5 7 10 14 20 28
Minimum spacing between words e (6/14)h 1.05 15 2.1 3 4.2 6 8.4
Thickness of lines d (1/14)h 0.18 0.25 0.35 0.5 0.7 1 14

NOTE The spacing between two characters may be reduced by half, if this gives a better viusal effect as

for example LA, TV; it then equals the line thickness.
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Fig. 2.9 Inclined lettering

Table 2.7 Lettering B (d = h/10)

Characteristic Ratio Dimensions, (mm)

Lettering height h (10/10)h 2.5 3.5 5 7 10 14 20
(Height of capitals)

Height of lower-case letters ¢ (7710 — 2.5 3.5 5 7 10 14
(without stem or tail)

Spacing between characters a (2/10)h 0.5 0.7 1 14 2 2.8 4
Minimum spacing of base lines b (14/10)h 3.5 5 7 10 14 20 28
Minimum spacing between words e  (6/14)h 1.5 2.1 3 4.2 6 8.4 12
Thickness of lines d (1/10)h 025 0.35 0.5 0.7 1 14 2

Figures 2.9 and 2.10 show the specimen letters of type A, inclined and vertical and are
given only as a guide to illustrate the principles mentioned above.

2.6 SECTIONS

In order to show the inner details of a machine component, the object is imagined to be cut by
a cutting plane and the section is viewed after the removal of cut portion. Sections are made by
at cutting planes and are designated by capital letters and the direction of viewing is indicated
by arrow marks.
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ABCDEFGHIIKLMN
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Fig. 2.10 Vertical lettering

2.6.1 Hatching of Sections

Hatching is generally used to show areas of sections. The simplest form of hatching is generally
adequate for the purpose, and may be continuous thin lines (type B) at a convenient angle,
preferably 45°, to the principal outlines or lines of symmetry of the sections (Fig. 2.11).

S W

Fig. 2.11 Preferred hatching angles

Separate areas of a section of the same component shall be hatched in an identical
manner. The hatching of adjacent components shall be carried out with different directions or
spacings (Fig 2.12 a). In case of large areas, the hatching may be limited to a zone, following
the contour of the hatched area (Fig. 2.12 b).

Where sections of the same part in parallel planes are shown side by side, the hatching
shall be identical, but may be off-set along the dividing line between the sections (Fig. 2.13).
Hatching should be interrupted when it is not possible to place inscriptions outside the hatched
area (Fig. 2.14).
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(C) (b)

Fig. 2.12 Hatching of adjacent components

X=X

%’

T NAN <
{B____T / 50 %

T 2

X
Fig. 2.13 Sectioning along two Fig. 2.14 Hatching interrupted
parallel planes for dimensioning
2.6.2 Cutting Planes X — X

The cutting plane(s) should be indicated by means of type H
line. The cutting plane should be identified by capital letters
and the direction of viewing should be indicated by arrows.
The section should be indicated by the relevant designation
(Fig. 2.15).

In principle, ribs, fasteners, shafts, spokes of wheels
and the like are not cut in longitudinal sections and therefore
should not be hatched (Fig. 2.16).

Figure 2.17 represents sectioning in two parallel planes
and Fig. 2.18, that of sectioning in three continuous planes.

At Al
Al

Fig. 2.15 Cutting plane indication



Fig. 2.17 Fig. 2.18
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Sectioning in two intersecting planes, in which one is shown revolved into plane of
projection, as shown in Fig. 2.19.

In case of parts of revolution, containing regularly spaced details that require to be
shown in section, but are not situated in the cutting plane; such details may be depicted by
rotating them into the cutting plane (Fig. 2.20).

2.6.3 Revolved or Removed Section

Cross sections may be revolved in the relevant view or removed. When revolved in the relevant
view, the outline of the section should be shown with continuous thin lines (Fig. 2.21). When
removed, the outline of the section should be drawn with continuous thick lines. The removed
section may be placed near to and connected with the view by a chain thin line (Fig. 2.22 a) or
in a different position and identified in the conventional manner, as shown in Fig. 2.22 b.

Fig. 2.19 Fig. 2.20

Fig. 2.21 Revolved section

(a) (b)
Fig. 2.22 Removed section
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2.6.4 Half Section

Symmetrical parts may be drawn, half in plain view and half in
section (Fig 2.23).

Fig. 2.23 Half section

2.6.5 Local Section
A local section may be drawn if half or full
section is not convenient. The local break may -

be shown by a continuous thin free hand line
(Fig. 2.24).

Fig. 2.24 Local section
2.6.6 Arrangement of Successive Sections

Successive sections may be placed separately, with designations for both cutting planes and
sections (Fig. 2.25) or may be arranged below the cutting planes.

L I
i Mg bk} — S —_—
Y

D |

R

PR E.
UG & ®

Fig. 2.25 Successive sections

A

|
A-A

2.7 CONVENTIONAL REPRESENTATION

Certain draughting conventions are used to represent materials in section and machine elements
in engineering drawings.

2.7.1 Materials

As a variety of materials are used for machine components in engineering applications, it is
preferable to have different conventions of section lining to differentiate between various
materials. The recommended conventions in use are shown in Fig.2.26.

2.7.2 Machine Components

When the drawing of a component in its true projection involves a lot of time, its convention
may be used to represent the actual component. Figure 2.27 shows typical examples of
conventional representaion of various machine components used in engineering drawing.
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Type Convention Material

Steel, Cast Iron, Copper and its
Alloys, Aluminium and its Alloys,
etc.

Metals

Lead, Zinc, Tin, White-metal, etc.

Glass % % % Glass

AR arand
LR A ard .
OOttt Porcelain, Stoneware, Marble,
EaR AR IRand ////////////////// SI t t
LR ind
D, ate, etc.

Packing and
Insulating material

Asbestos, Fibre, Felt, Synthetic
resin products, Paper, Cork,
Linoleum, Rubber, Leather, Wax,
Insulating and Filling materials, etc.

Liquids Water, Oil, Petrol, Kerosene, etc.
Wood Wood, Plywood, etc.
A mixture of Cement, Sand and
Concrete Gravel

Fig. 2.26 Conventional representation of materials

2.8 DIMENSIONING

A drawing of a component, in addition to providing complete shape description, must also
furnish information regarding the size description. These are provided through the distances
between the surfaces, location of holes, nature of surface finsih, type of material, etc. The
expression of these features on a drawing, using lines, symbols, figures and notes is called
dimensioning.

2.8.1 General Principles

Dimension is a numerical value expressed in appropriate units of measurment and indicated
on drawings, using lines, symbols, notes, etc., so that all features are completely defined.
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Title Subject Convention

Straight
knurling

( ||||||| )

=
e | =) | =

Square on
shaft *@' @(: -

Holes on
circular
pitch

— |8 B

External
screw

threads oD | o ==

(Detail)

Calp )

X

(T
TS

Internal
screw
iads | i |
(Detail)
Screw

(Assembly) e\

(@)

B
=
|

Fig. 2.27 Conventional representation of machine components (Contd.)
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b)

Title Subject Convention
Splined
shafts
———1./D - a—
b N 7 [, i— S
Interrupted
Semi-elliptic
leaf spring
Semi-elliptic %g w
leaf spring
with eyes
Subject Convention Diagramma‘tic
Representation
Cylindrical %
compression FENENT
spring %
Cylindrical @
tension "o
spring T
(

Fig. 2.27 Conventional representation of machine components (Contd.)

27
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Title Convention

Spur gear

Bevel gear

Worm wheel

— 7 TN
Worm —
— RN~

Fig. 2.27 Conventional representation of machine components

1. As far as possible, dimensions should be placed outside the view.
2. Dimensions should be taken from visible outlines rather than from hidden lines.

3. Dimensioning to a centre line should be avoided except when the centre line passes
through the centre of a hole.

4. Each feature should be dimensioned once only on a drawing.

5. Dimensions should be placed on the view or section that relates most clearly to the
corresponding features.

6. Each drawing should use the same unit for all dimensions, but without showing the
unit symbol.

7. No more dimensions than are necessary to define a part should be shown on a drawing.
8. No features of a part should be defined by more than one dimension in any one direction.

2.8.2 Method of Execution

The elements of dimensioning include the projection line, dimension line, leader line, dimension
line termination, the origin indication and the dimension itself. The various elements of
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dimensioning are shown in Figs. 2.28 and 2.29. The following are some of the principles to be
adopted during execution of dimensioning:

Leaderlinej>\ /V /\f

27 45° /— Projection line

/) \ /—Value of the dimension
Origin indication Dimension line

Fig. 2.28 Elements of dimensioning

{

1500 Y
3500 Y
4500

Termination (Arrow head)

/— Projection line

4240

/\/alue of the dimension Termination (Oblique stroke)

Dimension line
Fig. 2.29

1. Projection and dimension lines should be drawn as thin continuous lines.

2. Projection lines should extend slightly beyond the respective dimension lines.

3. Projection lines should be drawn perpendicular to the feature being dimensioned.
Where necessary, they may be drawn obliquely, but parallel to each other (Fig. 2.30). However,
they must be in contact with the feature.

4. Projection lines and dimension lines should not cross each other, unless it is unavoidable
(Fig. 2.31).

5. A dimension line should be shown unbroken, even where the feature to which it
refers, is shown broken (Fig. 2.32).

6. A centre line or the outline of a part should not be used as a dimension line, but may
be used in place of projection line (Fig. 2.31).

:16 18=

- 26 >
_ L 4 N N A
J NP NP s
LN o Ty Y

L2 |12

Fig. 2.30 Fig. 2.31 Fig. 2.32
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2.8.3 Termination and Origin Indication
Dimension lines should show distinct termination, in the form of Arrow head
arrow heads or oblique strokes or where applicable, an origin
indication. Two dimension line terminations and an origin indication
are shown in Fig. 2.33. In this,

Y

Oblique stroke

1. the arrow head is drawn as short lines, having an included
angle of 15°, which is closed and filled-in. Origin indication

yan)
N\

2. the oblique stroke is drawn as a short line, inclined at 45°. fia 2
3. the origin indication is drawn as a small open circle of '9. 233

approximately 3 mm in diameter.

The size of the terminations should be proportionate to the size of the drawing on which
they are used. Where space is limited, arrow head termination may be shown outside the
intended limits of the dimension line that is extended for that purpose. In certain other cases,
an oblique stroke or a dot may be substituted (Fig. 2.34).

Where a radius is dimensioned, only one arrow head termination, with its point on the
arc end of the dimension line, should be used (Fig. 2.35). However, the arrow head termination
may be either on the inside or outside of the feature outline, depending upon the size of feature.

Fig. 2.34 Fig. 2.35

2.8.4 Methods of Indicating Dimensions

Dimensions should be shown on drawings in characters of sufficient size, to ensure complete
legibility. They should be placed in such a way that they are not crossed or separated by any
other line on the drawing. Dimensions should be indicated on a drawing, according to one of
the following two methods. However, only one method should be used on any one drawing.

METHOD-1 (Aligned System)

Dimensions should be placed parallel to their dimension lines and preferably near the middle,
above and clear-off the dimension line (Fig. 2.36). An exception may be made where super-
imposed running dimensions are used (Fig. 2.44 b)

Dimensions may be written so that they can be read from the bottom or from the right
side of the drawing. Dimensions on oblique dimension lines should be oriented as shown in
Fig. 2.37. Angular dimensions may be oriented as shown in Fig. 2.38.
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60°
© 8§
- 0 > V% %
A (20 20
o
o™
2 20 <0
X Y /: :\
Vv S o
Fig. 2.36 Fig. 2.37 Oblique dimensioning  Fig. 2.38 Angular dimensioning

METHOD-2 (Uni-directional System)

Dimensons should be indicated so that they can be read from the bottom of the drawing only.
Non-horizontal dimension lines are interrupted, preferably near the middle, for insertion of
the dimension (Fig. 2.39).

Angular dimensions may be oriented as in Fig. 2.40.

70

< T 1
» '

Y

Fig. 2.39 Fig. 2.40 Angular dimensioning

Dimensions can be, (i) above the extension of the
dimension line, beyond one of the terminations, where
space is limited (Fig. 2.34) or (ii) at the end of a leader
line, which teminates on a dimension line, that is too short - -
to permit normal dimension placement (Fig. 2.34) or (ii7)
above a horizontal extension of a dimension line, where
space does not allow placement at the interruption of a
non-horizontal dimension line (Fig. 2.41). Values of
dimensions, out of scale (except where break lines are
used) should be underlined as shown in Fig. 2.41.

15 f12

|
—J—

_,,
[e¢]

I
—>—

Fig. 2.41

The following indications (symbols) are used with dimensions to reveal the shape
identification and to improve drawing interpretation. The symbol should precede the dimensions
(Fig. 2.42).

¢ : Diameter S¢ : Spherical diameter R:Radius SR : Spherical radius []: Square
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Rpp &
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b - 2 E i
@) (b)
A
9@’ S¢50

(d)

(e)

Fig. 2.42 Shape identification symbols

2.8.5 Arrangement of Dimensions

The arrangement of dimensions on a drawing must indicate clearly the design purpose.

following are the ways of arranging the dimensions.
2.8.5.1 Chain Dimensions

Chains of single dimensions should be used only where
the possible accumulation of tolerances does not endanger
the functional requirement of the part (Fig. 2.43).

2.8.5.2 Parallel Dimensions

In parallel dimensoning, a number of dimension lines,
parallel to one another and spaced-out are used. This
method is used where a number of dimensions have a
common datum feature (Fig. 2.44 a).

2.8.5.3 Super-imposed Running Dimensions

(©

The

100

150

s
Y

160

-
'

70

200

30

Fig. 2.43 Chain dimensioning

These are simplified parallel dimensons and may be used where there are space

limitations (Fig. 2.44 b).

.1,

150

\

420

640

A A A
Y
0

Y

@

150

Fig. 2.44 Parallel dimensioning

2.8.5.4 Combined Dimensions

These are the result of simultaneous use of chain and parallel dimensions (Fig. 2.45).

(b)

420

640
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2.8.5.5 Co-ordinate Dimensions

The sizes of the holes and their co-ordinates may be indicated directly on the drawing;
or they may be conveniently presented in a tabular form, as shown in Fig. 2.46.

1 XY | ¢
$' 1| 20 [160]15.5
1 — — 3 2|20 20 [13.5
3 [ 60]120] 11
5 4 | 60| 60 [13.5
- @ 5 [100] 90 | 26
4 6
- > 7
P | Y 8
<t > | = 10
- - 0
<t > 0—>X
Fig. 2.45 Combined dimensioning Fig. 2.46 Co-ordinate dimensinong

2.8.6 Special Indications
2.8.6.1 Diameters

Diameters should be dimensioned on the most appropriate view to ensure clarity. The dimension
value should be preceded by ¢. Figure 2.47 shows the method of dimensioning diameters.
2.8.6.2 Chords, Arcs, Angles and Radlii

The dimensioning of chords, arcs and angles should be as shown in Fig. 2.48. Where the centre
of an arc falls outside the limits of the space available, the dimension line of the radius should

be broken or interrupted according to whether or not it is necessary to locate the centre (Fig.
2.35).

Where the size of the radius can be derived from other dimensions, it may be indicated
by a radius arrow and the symbol R, without an indication of the value (Fig. 2.49).

2.8.6.3 Equi-distant Features
Linear spacings with equi-distant features may be dimensioned as shown in Fig. 2.50.

$ 10 $1

gy
-

I [ 7 W&E A ﬁ% @

b 20

@

|

¢ 100
$ 70
55
80
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A

Fig. 2.47 Dimensioning of diameters
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100 A
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Fig. 2.49 Dimensioning of radius

00000

< L
- o

1

<
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5

Fig. 2.48 Dimensioning of chords, Fig. 2.50 Dimensioning equi-distant features
arcs and angles

2.8.6.4 Chamfers and Countersunks
Chamfers may be dimensioned as shown in Fig. 2.51 and countersunks, as shown in Fig. 2.52.

2x45°
7L | 7L R
2x45°
de 0%\
@ — N S or — =)
- | © o
s D
4 — —H or 4+— gt |
| | 35
(b)
Fig. 2.51 Dimensioning chamfers Fig. 2.52 Dimensioning countersunks
2.8.6.5 Screw Threads 20 S
Screw threads are always specified with proper ] . 2“ X
designation. The nominal diameter is preceded by the ] T g‘ iy
letter M. The useful length of the threaded portion only
should be dimenioned as shown in Fig. 2.53. While &3
dimensioning the internal threads, the length of the <5
drilled hole should also be dimensioned (Fig. 2.53). Fig. 2.53 Dimensioning screw threads

2.8.6.6 Tapered Features
Tapered features are dimensioned, either by specifying the diameters at either end and the
length, or the length, one of the diameters and the taper or the taper angle (Fig. 2.54 a).

A slope or flat taper is defined as the rise per unit length and is dimensioned by the ratio
of the difference between the heights to its length (Fig. 2.54 b).
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(a) Conical taper (b) Flat taper

Fig. 2.54 Dimensioning tapered features

2.8.6.7 Notes

Notes should always be written horizontally in capital letters and begin above the leader line
and may end below also. Further, notes should be brief and clear and the wording should be
standard in form. The standard forms of notes and the method of indication, for typical cases is
shown in Fig. 2.55. The meaning of the notes is given in Table 2.8.

|
7 i)
6 HOLES, EQUI - SP DIA 17,
C' BORE FOR M 16 SOCKET

HD CAP SCR
L p
| | -
DIA 25, DIA 10, CSK 4 HOLES, DIA 12
C’' BORE DIA 15,

DEEP 25 DIA1S
DEEP 8

1 2 3 4

U/C, WIDE 6 DEEP 3
KEYWAY, WIDE 6
DEEP 3
KEY SEAT, WIDE 10
DEEP 10 a

5 6 7

THD RELIEF MORSE TAPER 2
DIA 20 WIDE 3.5

CARB AND HDN i

[5s
SRR

NECK, WIDE 3 /
R NECK, WIDE 3 DEEP 2
CARB, HDN

DEEP 1.5
AND GND
8 9 10

Fig. 2.55 Method of indicating notes (Contd.)

DIAMOND KNURL 1
RAISED 30°
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DIA 6 REAM FOR

TAPER PIN

SEAT FOR
WOODRUFF KEY

pul

R —
DIA 6 REAM 6 ACME THD

|w— —

11

FOR TAPER PIN
12

Fig. 2.55 Method of indicating notes

Table 2.8 Meaning of notes given in Fig. 2.55

S.No.

Note

Meaning / Instruction

10.

11.

12.

DIA 25 DEEP 25
DIA 10 CSK DIA 15

4 HOLES, DIA 12
C BORE DIA 15 DEEP 8

6 HOLES, EQUI-SP
DIA 17 C BORE FOR M 16
SOCKET HD CAP SCR

KEYWAY, WIDE 6
DEEP 3
KEY SEAT, WIDE 10
DEEP 10
U/C, WIDE 6 DEEP 3
(e) DIAMOND KNURL 1
RAISED 30°
b)M18x1
(e) THD RELIEF,
DIA 20 WIDE 3.5

(b) NECK, WIDE 3
DEEP 1.5

(c) CARB AND HDN

(e) CARB, HDN
AND GND

(b) MORSE TAPER 2

DIA 6 REAM FOR TAPER
PIN

6 ACME THD

Drill a hole of diameter 25 mm, to a depth of 25 mm.

Drill a through hole of diameter 10 mm and countersink
to get 15 mm on top.

Dirll through hole of ¢ 12 mm, counterbore to a depth of
8 mm, with a ¢ 15 mm, the number of such holes being four.

Drill a through hole of ¢ 17 and counterbore to insert a
socket headed cap screw of M 16. Six holes are to be made
equi-spaced on the circle.

Cut a key way of 6 mm wide and 3 mm depth.

Cut a key seat of 10 mm wide and 10 mm deep to the
length shown.

Machine an undercut of width 6 mm and dpeth 3 mm.

Make a diamond knurl with 1 mm pitch and end chamfer of 30°.

Cut a metric thread of nominal diameter 18 mm and pitch 1 mm.

Cut a relief for thread with a diameter of 20.8 mm and width
3.5 mm.

Turn an undercut of 3 mm width and 1.5 mm depth

Carburise and harden.

Carburise, harden and grind.

Morse taper No. 1 to be obtained.

Drill and ream with taper reamer for a diameter of
6 mm to suit the pin specified.

Cut an ACME thread of pitch 6 mm.
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2.9 STANDARD ABBREVIATIONS

Standard abbreviations in draughting are recommended as notes to provide a brief and clear
instructions. Table 2.9 provides the draughting abbreviations for general terms and Table 2.10
represents material abbreviations.

Table 2.9 Draughting abbreviations

Term Abbreviation Term Abbreviation
Across corners A/C Maunfacture MFG
Across flats A/F Material MATL
Approved APPD Maximum max.
Approximate APPROX Metre m
Assembly ASSY Mechanical MECH
Auxiliary AUX Millimetre mm
Bearing BRG Minimum min.
Centimetre Cm Nominal NOM
Centres CRS Not to scale NTS
Centre line CL Number No.
Centre to centre C/L Opposite OPP
Chamfered CHMED Outside diameter OD
Checked CHD Pitch circle PC
Cheese head CH HD Pitch circle diameter PCD
Circular pitch CP Quantity QTY
Circumference OCE Radius R
Continued CONTD Radius in a note RAD
Counterbore C BORE Reference REF
Countersunk CSK Required REQD
Cylinder CYL Right hand RH
Diameter DIA Round RD
Diametral pitch DP Screw SCR
Dimension DIM Serial number Sl. No.
Drawing DRG Specification SPEC
Equi-spaced EQUI-SP Sphere/Spherical SPHERE
External EXT Spot face SF
Figure FIG. Square SQ
General GNL Standard STD
Ground level GL Symmetrical SYM
Ground GND Thick THK
Hexagonal HEX Thread THD
Inspection INSP Through THRU
Inside diameter ID Tolerance TOL
Internal INT Typical TYP
Left hand LH Undercut u/C
Machine M/C Weight WT
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Table 2.10 Abbreviations for materials

Material Abbreviation
Aluminium AL
Brass BRASS
Bronze BRONZE
Cast iron CI

Cast steel CS
Chromium steel CrS
Copper Cu
Forged steel FS
Galvanised iron GI

Gray iron FG
Gunmetal GM
High carbon steel HCS
High speed steel HSS
High tensile steel HTS
Low carbon steel LCS
Mild steel MS
Nickel steel NiS
Pearlitic malleable iron PM
Phosphor bronze PHOS.B
Sheet steel Sh S
Spring steel Spring S
Structure steel St
Tungston carbide steel TCS
Wrought iron WI
White metal WM

2.10 EXAMPLES

Violations of some of the principles of drawing are indicated in Fig. 2.56 a. The corrected
version of the same as per the BIS, SP—46: 1988 is given in Fig. 2.56 b and the reasons are
given below:

1. Dimension should follow the shape symbol (Fig. 2.42).

2. and 3. As far as possible, features should not be used as extension lines for
dimensioning.

. Extension line should touch the feature.

. Extension line should project beyond the dimension line.

. Writing the dimension is not as per the aligned system.

. Hidden lines should meet without a gap (Table 2.5 A).

. Centre line representation is wrong. Dot should be replaced by a small dash.

© 00 3 O Ut

. Horizontal dimension line should not be broken to insert the value of the dimension
(Figs. 2.36 to 2.49).
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b-Correct

. Dimension should be placed above the dimension line (Fig. 2.39).

. Radius symbol should precede the dimension (Fig. 2.42)
. Centre lines should cross at long dashes (Table 2.5 B).
. Dimension should be written by symbol (not abbreviation) followed by its value

(Fig. 2.42).

. Note with dimensions should be written in capitals.

. Elevation is not the correct usage.

. Usage of the term “plan” is obsolete in graphic language.

2.1
2.2
2.3
2.4

2.5
2.6
2.7
2.8
2.9

2.10

THEORY QUESTIONS

39

Describe the drawing sheet designations and their sizes as per ISO-A series.

What is the principle involved in fixing the sizes of the drawing sheets ?

What is the information generally provided by the title block and what is its maximum length ?

What do you understand by the terms, (a) borders and frames, (b) centring marks, (¢) metric
reference graduation, (d) zoning and (e) trimming marks ?

What are the scales recommended for machine drawing ?
What do you understand by, (a) scale = 5:1 and (b) scale = 1:10 ?
List out the standard thicknesses of lines that are used in machine drawing.

What should be the ratio of thick to thin line used in machine drawing ?

While finishing a drawing, what is the order of priority in the following coinciding lines:

(a) centre lines

(b) visible lines

(c)

How are leader lines terminated ?

hidden lines.
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2.11
2.12
2.13
2.14

2.15
2.16
2.17
2.18

2.19
2.20
2.21
2.22
2.23

Machine Drawing

How are sizes of letters and numerals specified ?
How do you represent a sectioned surface on a drawing ?
Name the features which should not be shown hatched, when they are sectioned longitudinally.

What is the angle at which hatching lines are drawn to the axis or to the main outline of the
section.

What do you understand by revolved and removed sections ?
Explain the terms, (a) half section, (b) local section and (c¢) successive sections.
List out the elements of a dimension line.

Give the shape identification symbols for the following: (a) diameter, (b) radius, (¢) square and
(d) spherical radius.

List out the various principles to be followed while dimensioning a drawing.
What are the rules to be adopted during execution of dimensioning ?
Discuss the two methods, normally followed while dimensioing a drawing.
Discuss the various ways of arranging dimensions.

Explain the following notes:

(a) 4 HOLES, EQUI-SP 12 C BORE 15 DEEP 8

(b) U/C WIDE 6 DEEP 3

(¢) 6 REAM FOR TAPER PIN 6 x 50

2.1

2.2

2.3

2.4
2.5
2.6
2.7

DRAWING EXERCISES

Sketch the following types of lines:
(a) centre line, (b) cutting plane line and (c) long break

Sektch the conventional representation of the following materials: (@) bronze, (b) cast iron,
(c) concrete, (d) wood and (e) white metal.

Sketch the conventional representation of the following:

(a) External threads, (b) internal threads, (¢) splined shaft, (d) bearing, (e¢) square on shaft, (f)
compression spring, (g) tension spring, (k) spur gear and (i) helical gear.

Sketch the various dimension line terminations and origin indication.

Sketch the method of dimensioning chamfers and countersunks.

How are, (a) screw threads and (b) tapered features, dimensioned ?

Identify (i) Functional, (if) Non-functional and (iii) Auxiliary dimensions in Fig. 2.57.

X=X
Fgf—H
CH
h Y]
g | ) |1
- <> X
~z oz = < |<>_

Fig. 2.57
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2.8 Identify the size and location dimensions in Fig. 2.58.
2.9 Explain the meaning of the notes in Fig. 2.59.
2.10 The drawings in Fig. 2.60 are not dimensioned properly. Correct them according to standards.
2.11 Indicate the correct and incorrect methods of sectioning of machine elements represented in
Fig. 2.61.

DIA 10 CSK
DIA 15

id

DIA 10 C'BORE DIA 15
DEEP 5

Fig. 2.58 Fig. 2.59

2—-20 DIA HOLES

80
B ;
30 20 A
A <
ok | o ) i gﬂ
T °y Y :; ©
Y ‘1\0
A
2 at 45° 912 4 x 30° 1°¢ 272

ogv
\

606
[
=
|

D) 40

‘A""'é 100 100

A
Y
A
Y

(@]

Fig. 2.60
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ORTHOGRAPHIC
PROJECTIONS

3.1 INTRODUCTION

Any object has three dimensions, viz., length, width and thickness. A projection is defined as a
representation of an object on a two dimensional plane. The projections of an object should
convey all the three dimensions, along with other details of the object on a sheet of paper. The
elements to be considered while obtaining a projection are :
(i) The object

(i) The plane of projection

(zi1) The point of sight

(iv) The rays of sight

A projection may be obtained by viewing the object from the point of sight and tracing in
correct sequence, the points of intersection between the rays of sight and the plane on to which
the object is projected. A projection is called orthographic projection when the point of sight is
imagined to be located at infinity so that the rays of sight are parallel to each other and intersect
the plane of projection at right angle to it.

The principles of orthographic projection may be followed in four different angles or
systems, viz., first, second, third and fourth angle projections. A projection is said to be first,
second, third or fourth angle when the object is imagined to be in the first, second, third or
fourth quadrant respectively. However, the Bureau of Indian Standards (SP-46:1988) prefers
first angle projection and throughout this book, first angle projection is followed.

3.2 PRINCIPLE OF FIRST ANGLE PROJECTION

In first angle projection, the object is imagined to be positioned in the first quadrant. The view
from the front of the object is obtained by looking at the object from the right side of the
quadrant and tracing in correct sequence, the points of intersection between the projection
plane and the rays of sight extended. The object is between the observer and the plane of
projection (vertical plane). Here, the object is imagined to be transparent and the projection
lines are extended from various points of the object to intersect the projection plane. Hence,
in first angle projection, any view is so placed that it represents the side of the object away
from it.

43



44 Machine Drawing

3.3 METHODS OF OBTAINING ORTHOGRAPHIC VIEWS

3.3.1 View From the Front

The view from the front of an object is defined as the view that is obtained as projection on the
vertical plane by looking at the object normal to its front surface. It is the usual practice to
position the object such that its view from the front reveals most of the important features.
Figure 3.1 shows the method of obtaining the view from the front of an object.

Fig. 3.1 Principle of obtaining the Fig. 3.2 Principle of obtaining the
view from the front view from above

3.3.2 View From Above

The view from above of an object is defined as the
view that is obtained as projection on the horizontal
plane, by looking the object normal to its top
surface. Figure 3.2 shows the method of obtaining
the view from above of an object.

3.3.3 View From the Side

The view from the side of an object is defined as
the view that is obtained as projection on the
profile plane by looking the object, normal to its
side surface. As there are two sides for an object,
viz., left side and right side, two possible views from
the side, viz., view from the left and view from the
right may be obtained for any object. Figure 3.3

Fig. 3.3 Principle of obtaining the
shows the method of obtaining the view from the d view frpom the left J

left of an object.
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3.4 PRESENTATION OF VIEWS

The different views of an object are placed on a drawing sheet which is a two dimensional one,
to reveal all the three dimensions of the object. For this, the horizontal and profile planes are
rotated till they coincide with the vertical plane. Figure 3.4 shows the relative positions of the
views, viz., the view from the front, above and the left of an object.

— L _

View from the front Vievy from Ithe left

View from above

(b)

Fig. 3.4 Relative positions of the three views and the symbol

@)

3.5 DESIGNATION AND RELATIVE POSITIONS OF VIEWS

An object positioned in space may be imagined as surrounded by six mutually perpendicular
planes. So, for any object, six different views may be obtained by viewing at it along the six
directions, normal to these planes. Figure 3.5 shows an object with six possible directions to
obtain the different views which are designated as follows:

1. View in the direction a = view from the front

2. View in the direction b = view from above

3. View in the direction ¢ = view from the left
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4. View in the direction d = view from the right b
5. View in the direction e = view from below

6. View in the direction f = view from the rear

Figure 3.6a shows the relative positions of the above
six views in the first angle projection and Fig.3.6b6, the c
distinguishing symbol of this method of projection. Figure d
3.7 a shows the relative position of the views in the third 4
angle projection and Fig. 3.7, the distinguishing symbol
of this method of projection. a

NOTE A comparison of Figs. 3.6 and 3.7 reveals that R T
in both the methods of projection, the views are identical in
shape and detail. Only their location with respect to the
view from the front is different.

Fig. 3.5 Designation of the views

I
b — — _: b
° 1
d a c f c a (d f
1 [ | 1
I
b s -:
]
(a) (@
(b) (b)
Fig. 3.6 Relative positions of six views Fig. 3.7 Relative positions of six views
in first angle projection in third angle projection

3.6 POSITION OF THE OBJECT

It is important to understand the significance of the position of the object relative to the planes
of projection. To get useful information about the object in the orthographic projections, the
object may be imagined to be positioned properly because of the following facts :

1. Any line on an object will show its true length, only when it is parallel to the plane of
projection.

2. Any surface of an object will appear in its true shape, only when it is parallel to the
plane of projection.

In the light of the above, it is necessary that the object is imagined to be positioned such
that its principal surfaces are parallel to the planes of projection.
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3.6.1 Hidden Lines —

While obtaining the projection of an object on to any $ -
principal plane of projection, certain features of the
object may not be visible. The invisible or hidden
features are represented by short dashes of medium

r
thickness. Figure 3.8 shows the application of hidden Q‘\ [
w %\

|

lines in the projection of an object.

Fig. 3.8 Applicati f hidden li
3.6.2 Curved Surfaces '9. 3.8 Application of hidden fines

Certain objects contain curved surfaces,

tangential to other curved surfaces. The *‘*
difficulty in representing the surfaces can be
overcome if the following rule is observed. T

Wherever a tangential line drawn to the curved
surface becomes a projector, a line should be
drawn in the adjacent view. Figure 3.9 shows /4 ) y
the representation of certain curved surfaces,
tangential to other curved surfaces.

No line Line

Fig. 3.9 Representation of tangential
Certain objects manufactured by casting curved surfaces

technique, frequently contain corners filleted

and the edges rounded. When the radius of a rounded corner is greater than 3 mm and the
angle between the surfaces is more than 90°, no line is shown in the adjacent view. Figure 3.10
shows the application of the above principle.

i

Fillet

B

Corner

—— Corner

@) (b)
Fig. 3.10 Representation of corners and fillets

=~
s

—7

If true projection is followed in drawing the view of an object containing fillets and
rounds; it will result in misleading impression. In conventional practice, fillets and rounds are
represented by lines called runouts. The runouts are terminated at the point of tangency
(Fig. 3.11).

3.7 SELECTION OF VIEWS

For describing any object completely through its orthographic projections, it is important to
select a number of views. The number of views required to describe any object will depend
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upon the extent of complexity involved in it. The higher the
symmetry, the lesser the number of views required.
\ |

| ‘
3.7.1 One-View Drawings A
I

Some objects with cylindrical, square or hexagonal features ~
or, plates of any size with any number of features in it may
be represented by a single view. In such cases, the diameter
of the cylinder, the side of the square, the side of the hexagon Tangentj

or the thickness of the plate may be expressed by a note or point Fillet .
abbreviation. Square sections are indicated by light crossed w
LA

diagonal lines. Figure 3.12 shows some objects which may
be described by one-view drawings.

Runout
Fig. 3.11 Runouts

3 THICK
M 20
A 7 2 HOLES,
o A \ DIA 20 | R 12 R 18
© 8L & _ __l [
O = =
Y ' - —-
Y - 38 - Q:bg
_|16| 46 | 58 o | /
. 180 - 35
- 100 '

(@)
(b)

Fig. 3.12 One view drawings

3.7.2 Two-View Drawings R35 -
Some objects which are symmetrical

about two axes may be represented

completely by two views Normally, the A % J k

largest face showing most of the details g T T "y
of the object is selected for drawing the Y *_ = L] Sy
view from the front. The shape of the T B 140 - 8
object then determines whether the © - 180 =

second view can be a view from above < >

or a side view. Figure 3.13 shows the = ¢15 . .
example of two-view drawings. i i . i 7

33 L33
>

Fig. 3.13 Two view drawing
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3.7.3 Three-View Drawings

In general, most of the objects consisting of either a single component or an assembly of a
number of components, are described with the help of three views. In such cases, the views
normally selected are the views from the front, above and left or right side. Figure 3.14 shows
an object and its three necessary views.

(b)
Fig. 3.14 Three view drawing
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3.8 DEVELOPMENT OF MISSING VIEWS

When two views of an object are given, the third view may be developed by the use of a mitre
line.

3.8.1 To construct the view from the left, from the two given views
Construction (Fig. 3.15)
1. Draw the views from the front and above.
2. Draw the projection lines to the right of the view from above.

3. Decide the distance, D from the view from the front at which, the side view is to be
drawn.

4. Construct a mitre line at 45°.

5. From the points of intersection between the mitre line and the projection lines, draw
vertical projection lines.

6. Draw the horizontal projection lines from the view from the front to intersect the
above lines. The figure obtained by joining the points of intersection in the order is the required
view.

Figure 3.16 shows the steps to be followed in constructing the view from above of an
object, from the given views from the front and left.

NOTE These exercises are aimed at improving the practice in reading and developing
the imagination of the student.

<P —}\
I 1 1 1 1 —| |_ L -
- - Mitre
line Dﬂ
L | 3
8D, X
5 @ vite
\ line >
(@) (a) AN
_!\
L] i il
L | §
(b) (b)
Fig. 3.15 Construction of the view from the left Fig. 3.16 Construction of the view from above

3.9 SPACING THE VIEWS

The views of a given object must be positioned on the drawing sheet so as to give a good and
balanced appearance. Keeping in view, (i) number of views, (ii) scale and (iii) space between
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the views, the draughtsman should decide about the placement of views on the drawing sheet.
Sufficient space between the views must be provided to facilitate placement of dimensions,
notes, etc., on the drawing without overcrowding.

3.10 EXAMPLES

NOTE For all the examples given, the following may be noted: Figure a-Isometric projection
and Figure b-orthographic views. Arrow indicates the direction to obtain the view from the
front.

3.1 Figures 3.17 to 3.21 show the isometric views of machine components and their view from
the front, the view from above and the view from the right.

3.2 Figure 3.22 shows how to obtain the view from the front, the view from above and the view
from the left from the given isometric view of a machine component.

15, 39 (15

B 15_ | 20 | 45 | 15
[ [ _ =) 9
B A A
T T 4 i i i i 0
| | | g H H I | il
I I T [
. Y Lo I

60

E

A
Yy
0

A

120

2 HOLES,
DIA 20

_ﬁ}l_

(b)
Fig. 3.17
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[44
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16] 32 [16]

(b)

Fig. 3.18
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(b)

(C)

Fig. 3.19
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Fig. 3.20
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Fig. 3.21
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3.1

3.2
3.3

3.4

3.5
3.6
3.7

THEORY QUESTIONS

What are the elements to be considered while obtaining a projection and what is an orthographic
projection ?

When is a projection of an object called an orthographic projection?

Explain the following, indicating the symbol to be used in each case:

(a) First angle projection, (b) Third angle projection

List-out the six possible orthographic projections that may be obtained for an object in space,
specifying their relative positions.

What is a one-view drawing ? For what type of objects these can be used ?

What is the basis on which the number of views required for an object is selected ?

What are the points to be considered while laying-out the different views of an object ?

3.1
3.2

3.3

3.4

DRAWING EXERCISES

Draw (i) the view from the front and (ii) the view from right of the object shown in Fig. 3.23.

Draw (i) the view from the front, (ii) the view from above and (iii) the view from the right, of the
objects shown in Figs. 3.24, 3.27, 3.28, 3.31 and 3.38.

Draw (i) the view from the front and (ii) the view from above of the objects shown in Figs. 3.25,
3.32, 3.34, 3.36 and 3.37.

Draw (i) the view from the front, (i) the view from above and (iii) the view from the left of the
objects shown in Figs. 3.26, 3.29, 3.30, 3.33 and 3.35.
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Fig. 3.34

Fig. 3.33

Fig. 3.36

Fig. 3.35
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3.5 Draw (i) the view from the front, (i) the view from
the right and (iii) the view from the left of the ob-
ject shown in Fig. 3.39.

3.6 Draw (i) the view from the front and
(i1) the view from the left of the ob-
jects shown in Figs. 3.40, 3.41, 3.42
and 3.43.
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Fig. 3.41 Fig. 3.42

Fig. 3.43

3.7 Isometric views of a few objects are given on the left hand side of Fig. 3.44. The orthographic
views are shown on the right side. Name the views.

3.8 Two views of each object are given in Fig. 3.45. Sketch the missing views of the same.
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VFF — View from the front

VFA — View from above

VFS — View from the side (L or R)

Fig. 3.45 Sketching of missing views
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SECTIONAL VIEWS

4.1 INTRODUCTION

Orthographic views when carefully selected, may reveal the external features of even the most
complicated objects. However, there are objects with complicated interior details and when
represented by hidden lines, may not effectively reveal the true interior details. This may be
overcome by representing one or more of the views ‘in section’.

A sectional view is obtained by imagining the object, as if cut by a cutting plane and the
portion between the observer and the section plane being removed. Figure 4.1a shows an object,
with the cutting plane passing through it and Fig. 4.15, the two halves drawn apart, exposing the
interior details.

Cutting plane

Fig. 4.1 Principles of sectioning

4.2 FULL SECTION

A sectional view obtained by assuming that the object is completely cut by a plane is called a full
section or sectional view. Figure 4.2a shows the view from the right of the object shown in Fig. 4.1a,
in full section. The sectioned view provides all the inner details, better than the unsectioned view
with dotted lines for inner details (Fig. 4.2b). The cutting plane is represented by its trace (V.T) in
the view from the front (Fig. 4.2c) and the direction of sight to obtain the sectional view is represented
by the arrows.

64
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4 T =

(@ (b) (©)
Fig. 4.2 Sectioned and un-sectioned views

It may be noted that, in order to obtain a sectional view, only one half of the object is
imagined to be removed, but is not actually shown removed anywhere except in the sectional
view. Further, in a sectional view, the portions of the object that have been cut by the plane are
represented by section lining or hatching. The view should also contain the visible parts behind
the cutting plane.

Figure 4.3 represents the correct and incorrect ways of representing a sectional view.
Sections are used primarily to replace hidden line representation, hence, as a rule, hidden lines
are omitted in the sectional views.

<
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X=X
(77 27 77 7 v
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Incorrect Correct !
|<— X

Fig. 4.3 Incorrect and correct sections

4.3 HALF SECTION

A half sectional view is preferred for symmetrical objects. For a half section, the cutting plane
removes only one quarter of an object. For a symmetrical object, a half sectional view is used to
indicate both interior and exterior details in the same view. Even in half sectional views, it is a
good practice to omit the hidden lines. Figure 4.4a shows an object with the cutting plane in
position for obtaining a half sectional view from the front, the top half being in section. Figure
4.4b shows two parts drawn apart, exposing the inner details in the sectioned portion. Figure 4.4¢
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shows the half sectional view from the front. It may be noted that a centre line is used to separate
the halves of the half section. Students are also advised to note the representation of the cutting
plane in the view from above, for obtaining the half sectional view from the front.

Fig. 4.4 Method of obtaining half sectional view

Auxiliary view

4.4 AUXILIARY SECTIONS

Auxiliary sections may be used to supplement the
principal views used in orthographic projections. A
sectional view projected on an auxiliary plane,
inclined to the principal planes of projection, shows
the cross-sectional shapes of features such as arms,
ribs and so on. In Fig. 4.5, auxiliary cutting plane
X-Xis used to obtain the auxiliary section X-X.

Fig. 4.5 Auxiliary section
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4.5 EXAMPLES

4.1 Figure 4.6 shows the isometric view of a machine block and (i) the sectional view from the
front, (i7) the view from above and (zii) the sectional view from the left.

Y

(b)

Fig. 4.6 Machine block
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4.2 Figure 4.7 shows the isometric view of a shaft support. Sectional view from the front, the
view from above and the view from the right are also shown in the figure.
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Fig. 4.7 Shaft support
4.3 Figure 4.8 shows the isometric view of a machine component along with the sectional view
from the front, the view from above and the view from the left.

44 Figure 4.9 shows a sliding block and (i) the view from the front, (ii) the view from above
and (ii7) the sectional view from the right.
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Fig. 4.8 Machine component

10
NY 2AA 2 Ak
A %/“v (N |
o 8
77 | M
CrilYg
R 30 // : : 3
/ 2B
DIA 20 C’ BORE +30 o it £<> |
DIA 50 DEEP 10 w | T4, L
:‘s'o‘ ; T
< 85
“45 20
Y it
A By e

70
d

(@ (b)

Fig. 4.9 Sliding block
4.5 Figure 4.10 shows the orthographic views of a yoke. The figure also shows the sectional
view from the front, the sectional view from the right and the view from above.

4.6 Figure 4.11 shows the orthographic views of a bearing bracket. The sectional view from
the right and view from above are developed and shown in the figure.



70

Machine Drawing

~_ $55
1935 R10
—— 2 =
| | J | | j
1 1 1 1 N
F----1 P o do —
i ] o
L 1 ] ]
w| R4 [ | [ ]
o Y B
25| 25 20 60
o 75 - - 1 160 -
View from the right View from the front
@) ,
S Y [
Q 7,
I — |
' %
|
Sectional view Sectional view from the front
from the right
View from above
(b)
Fig. 4.10 Yoke
DIA3 CSK DIA 5 ¢ 20
| 1
A i i
0 N J /
=
Y 15
Lo
<Al A ~l o p14 R10\ R10
- 55 21 | N
/| / D < 75 ol 1
T T ‘ 1 | 1 = _ 1 I 1
: I : g‘\ L L L L
| I | Y ‘ 115 o
145

(@)

A

Y

Fig. 4.11 Bearing bracket (Contd.)




Sectional Views 71

DIA3 CSKDIAS

!<—x

X - X $ 20
A
Lo
< - i
=
Y
B 73 24 hof 24 15
/ / J |/ N |
- JEjP————y
) - 115 -
- 145 -
x
T 1
= i i N
Y| LA r
A | i \
- i i AN
0 pol Y 2 HOLES,
Lo 1 I P —
DIA 14
v AN 15 %
bW |
Lo
Ln
Y
(b)
Fig. 4.11 Bearing bracket
THEORY QUESTIONS
4.1 Under what conditions, a sectional view is preferred ?
4.2 Describe the different types of sectional views. Explain each one of them by a suitable
example.
4.3 What is a full section ?
44 What is a half section ?
4.5 How is a cutting plane represented in the orthographic views for obtaining, (a) full section
and (b) half section ?
4.6 What is an auxiliary section and when is it used ?
DRAWING EXERCISES
4.1 Draw (7) sectional view from the front, (i) the view from above and (ii7) the view from the
right of the vice body shown in Fig. 4.12.
4.2 Draw (i) the sectional view from the front and (i7) the view from the left of the sliding

support, shown in Fig. 4.13.
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2 HOLES,

Fig. 4.12 Vice body Fig. 4.13 Sliding support

4.3 Draw (i) the sectional view from the front, (i7) the view from above and (iii) the view from
right of the shaft bracket shown in Fig. 4.14.

44 Draw (i) the sectional view from the front, (i7) the view from above and (iii) the view from
the left and (iv) the view from the right of an anchor bracket shown in Fig. 4.15.

¢ 10

Fig. 4.14 Shaft bracket Fig. 4.15 Anchor bracket

4.5 Draw (i) the sectional view from the front, (i7) the view from above and (iii) the view from
the left of a fork shown in Fig. 4.16.

4.6 Draw (7) the view from the front, (i) sectional view from above and (iii) the view from the
right of a depth stop shown in Fig. 4.17.

4.7 Draw (i) the view from the front, (i) the view from above and (iii) the sectional view from
the left of a centering bearing shown in Fig. 4.18.

4.8 Draw (7) the view from the front and (i7) the sectional view from above of a flange connector
shown in Fig. 4.19.

4.9 Draw (i) the sectional view from the front and (ii) the view from above of a bearing bracket
shown in Fig. 4.20.
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Fig. 4.17 Depth stop
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Fig. 4.18 Centering bearing Fig. 4.19 Flange connector

410 Draw (i) the sectional view from the front and (i7) the view from the left of a shaft support
shown in Fig. 4.21.

4.11 Draw (2) the sectional view from the front, (i7) the view from above and (iiz) the view from
the left of a motor bracket shown in Fig. 4.22.

4.12 Draw (2) the sectional view from the front, (i7) the view from above and (iiz) the view from
the left of a machine block shown in Fig. 3.35.

4.13 Draw (2) the sectional view from the front, (i7) the view from above and (iiz) the view from
the right of a shaft support shown in Fig. 3.37.

4.14 Draw (2) the sectional view from the front, (i7) the view from above and (iiz) the view from
the left of a sliding block shown in Fig. 3.40.

4.15 Draw (2) the sectional view from the front, (i7) the view from above and (iiz) the view from
the left of a vice body shown in Fig. 3.41.

4.16 Develop the sectional view from left, from the orthographic views of a sliding bracket given
in Fig. 4.23.
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4.17

4.18

4.19

4.20

Machine Drawing

Fig. 4.21 Shaft support
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Fig. 4.22 Motor bracket Fig. 4.23 Sliding bracket

Develop the sectional view from left, from the orthographic views of a shaft bearing
given in Fig. 4.24.

Develop the sectional view from the front of the shifter, from the orthographic views
shown in Fig. 4.25.

Develop (i) the sectional view from above and (ii) the view from the left of shaft
bracket, from the orthographic views shown in Fig. 4.26.

Develop the sectional view from the left of a hanger, from the orthographic views
shown in Fig. 4.27.
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Fig. 4.27 Hanger

20

2 HOLES, DIA 20
CSK DIA 40

Fig. 4.26 Shaft bracket

DI | 57
N~
2z S s| = WHE §¢
= 5
= U A
.......... . LA\ 8 g e |
_ [ BN |$||$
Y ( % 5 L < 3 r
.......... | = <) el| i
> - G <| oo
< _ Q o ot | .
2 o T W i .
| 5 2 . 8| i
iC N | i
I 1
1 M | 71 1 g < “ !
| i ‘ ‘ = Ll
® Y |5 - --T
_| Y
<>l vz (78N 9g
o Tgz T ~ 09
Iko@\
0ed zT 9¢ 41
>m= ! _ Ty
Y ! -.L <,
wn T
1 1 N [@)] - —a -
" N oA | R £ 5 -, = ~oor
: '\ \ “_“ % & 7 < ON'
/ o
N ey wia T NG
oz =] Ol 5 N P 71X\ | A
| E=3 L0,
mm N = — | [ F —— 11 Y3
. — — — T —
o < F=F ----- :
5 To)
A = ks) ] T 14 AR~
g i 2 L + FIAD
S 412 = P NZARA
_ Yy 38 @ -
m: AT 3 og Mm mvv
O Y3 o 06
Yy
‘ 0TT o 0s




76  Machine Drawing

4.21 Develop (i) the view from above and (ii) the sectional view from the left of a lever,
from the orthographic views shown in Fig. 4.28.
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SCREWED FASTENERS

5.1 INTRODUCTION
A machine element used for holding or joining two or more parts of a machine or structure is
known as a fastener. The process of joining the parts is called fastening. The fasteners are of two
types : permanent and removable (temporary). Riveting and welding processes are used for fastening
permanently. Screwed fasteners such as bolts, studs and nuts in combination, machine screws,
set screws, etc., and keys, cotters, couplings, etc., are used for fastening components that require
frequent assembly and dissembly.

Screwed fasteners occupy the most prominent place among the removable fasteners. In
general, screwed fasteners are used : (i) to hold parts together, (ii) to adjust parts with reference

to each other and (ii7) to transmit power.

5.2 SCREW THREAD NOMENCLATURE

A screw thread is obtained by cutting a continuous helical groove on a cylindrical surface
(external thread). The threaded portion engages with a corresponding threaded hole (internal
thread); forming a screwed fastener. Following are the terms that are associated with screw

threads (Fig. 5.1).

-
?

_Minor|dia. _
! "Pitch|dia.
' Major|dia.

gy
-

Angle of thread

Fig. 5.1 Screw thread nomenclature

1. Major (nominal) diameter
This is the largest diameter of a screw thread, touching the crests on an external thread or the

roots of an internal thread.

2. Minor (core) diameter
This is the smallest diameter of a screw thread, touching the roots or core of an external thread
(root or core diameter) or the crests of an internal thread.

77
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3. Pitch diameter

This is the diameter of an imaginary cylinder, passing through the threads at the points where
the thread width is equal to the space between the threads.

4. Pitch

It is the distance measured parallel to the axis, between corresponding points on adjacent screw
threads.

5.Lead

It is the distance a screw advances axially in one turn.

6. Flank

Flank is the straight portion of the surface, on either side of the screw thread.

7. Crest

It is the peak edge of a screw thread, that connects the adjacent flanks at the top.

8. Root

It is the bottom edge of the thread that connects the adjacent flanks at the bottom.

9. Thread angle

This is the angle included between the flanks of the thread, measured in an axial plane.

5.3 FORMS OF THREADS
Bureau of Indian Standards (BIS) adapts ISO (International Organisation for Standards) metric
threads which are adapted by a number of countries apart from India.

The design profiles of external and internal threads are shown in Fig. 5.2. The following
are the relations between the various parameters marked in the figure :

The root is rounded and cleared
beyond a width of 0.125P

T
8.125P Lﬁ
SN
AA
‘ H“ Internal 60° < 05P 5 “,_IQ
Tl 4 threads xternal 60° > | Y
‘% threads T S A | Ar
Y S T
I y )
2l 2] ¥ —X| [
S5 SY Al
p * < [ »]0.25H
- > P 5o
Internal thread diameters External thread diameters
D - Major diameter d - Major diameter
D, - Pitch diameter d, - Pitch diameter
D, - Minor diameter d; - Minor diameter
Fig. 5.2 Metric screw thread
P = Pitch dy=d,—2 (H/2 - H/6)
H=086P =d - 1.22P
D =d = Major diameter H, = (D -D,)/2 = 5H/8 = 0.54P
D,=d,=d-0.75H hy = (d —d,)/2 = 17/24H = 0.61P

D, =d, - 2(H/2 - H/4) =d - 2H, R = H/6 = 0.14P
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=d-1.08P
It may be noted from the figure that in order to avoid sharp corners, the basic profile is rounded
at the root (minor diameter) of the design profile of an external thread. Similarly, in the case of
internal thread, rounding is done at the root (major diameter) of the design profile.
5.3.1 Other Thread Profiles

Apart from ISO metric screw thread profile, there are other profiles in use to meet various
applications. These profiles are shown in Fig. 5.3, the characteristics and applications of which
are discussed below :

5.3.1.1 V-Thread (sharp)

This thread profile has a larger contact area, providing more frictional resistance to motion.
Hence, it is used where effective positioning is required. It is also used in brass pipe work.
5.3.1.2 British Standard Whitworth (B.S.W) Thread

This thread form is adopted in Britain in inch units. The profile has rounded ends, making it less
liable to damage than sharp V-thread.

5.3.1.3 Buttress Thread

This thread is a combination of V-and square threads. It exhibits the advantages of square thread,
like the ability to transmit power and low frictional resistance, with the strength of the V-thread.
It is used where power transmission takes place in one direction only such as screw press, quick
acting carpenter’s vice, etc.

5.3.1.4 Square Thread

Square thread is an ideal thread form for power transmission. In this, as the thread flank is at
right angle to the axis, the normal force between the threads, acts parallel to the axis, with zero
radial component. This enables the nut to transmit very high pressures, as in the case of a screw
jack and other similar applications.

5.3.1.5 ACME Thread

It is a modified form of square thread. It is much stronger than square thread because of the wider
base and it is easy to cut. The inclined sides of the thread facilitate quick and easy engagement and
disengagement as for example, the split nut with the lead screw of a lathe.

5.3.1.6 Worm Thread

Worm thread is similar to the ACME thread, but is deeper. It is used on shafts to carry power to
worm wheels.

o
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Fig. 5.3 Types of thread profiles
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5.4 THREAD SERIES

BIS recommends two thread series: coarse series and fine series, based on the relative values of
the pitches. However, it must be noted that the concept of quality is not associated with these
terms. For any particular diameter, there is only one largest pitch, called the coarse pitch and the
rest are designated as fine pitches.

Table 5.1 gives the nominal diameter and pitch combinations for coarse and fine series of
ISO metric screw threads.

Table 5.1 Diameter-pitch combination for ISO metric threads

Nominal diameter Pitch
First Second Fine
choice choice Coarse
1 2 3
2 — 0.4 0.25 —
— 2.2 0.45 0.25 — —
2.5 — 0.45 0.35 — —
3 — 0.5 0.35 — —
— 3.5 0.6 0.35 — —
4 — 0.7 0.5 — —
— 4.5 0.75 0.5 — —
5 — 0.8 0.5 — —
6 — 1 0.75 0.5 —
8 — 1.25 1 0.75 —
10 — 1.5 1.25 1 0.75
12 — 1.75 1.5 1.25 —
16 14 2 1.5 1 —
20 18,22 2.5 2 1.5 1
24 27 3 2 1.5 1
30 33 3.5 2 1.5 1
36 39 4 3 2 1.5
42 45 4.5 4 3 2
48 52 5 4 3 2
56 60 5.5 4 3 2
64 68 6 4 3 2
72 76 6 4 3 2
80 85 6 4 3 2
90 95 6 4 3 2
100 — 6 4 3 2
105
to
300 — — 6 4 3
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5.5 THREAD DESIGNATION

The diameter-pitch combination of an ISO metric screw thread is designated by the letter ‘M’
followed by the value of the nominal diameter and pitch, the two values being separated by the
sign ‘x’. For example, a diameter pitch combination of nominal diameter 10 mm and pitch 1.25
mm is designated as M10 x 1.25.

If there is no indication of pitch in the designation, it shall mean the coarse pitch. For
example, M 10 means that the nominal diameter of the thread is 10 mm and pitch is 1.5 mm.

Following are the other designations, depending on the shape of the thread profile :

SQ 40 x 10 — SQUARE thread of nominal diameter 40 mm and pitch 10 mm

ACME 40 x 8 — ACME thread of nominal diameter 40 mm and pitch 8 mm

WORM 40 x 10 — WORM thread of nominal diameter 40 mm and pitch 10 mm

5.6 MULTI-START THREADS
A single-start thread consists of a single, continuous helical groove for which the lead is equal to
the pitch. As the depth of the thread depends on the pitch, greater the lead desired, greater will be
the pitch and hence smaller will be the core diameter, reducing the strength of the fastener. To
overcome this drawback, multi-start threads are recommended.

Figure 5.4 shows single and double-start threads of V-and square profiles.
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(a) V-threads (b) Square threads

Fig. 5.4 Single and mult-start threads

In multi-start threads, lead may be increased by increasing the number of starts, without
increasing the pitch. For a double start thread, lead is equal to twice the pitch and for a triple
start thread, lead is equal to thrice the pitch.

In double start threads, two threads are cut separately, starting at points, diametrically
opposite to each other. In triple start threads, the starting points are 120° apart on the circumference
of the screws.

Multi-start threads are also used wherever quick action is desired, as in fountain pens,
automobile starters, arbor press spindles, hydraulic valve spindles, etc.

5.7 RIGHT HAND AND LEFT HAND THREADS

Screw threads may be right hand or left hand, depending on the direction of the helix. A right
hand thread is one which advances into the nut, when turned in a clockwise direction and a left
hand thread is one which advances into the nut when turned in a counter clockwise direction. An
abbreviation LH is used to indicate a left hand thread. Unless otherwise stated, a thread should be
considered as a right hand one. Figure 5.5 illustrates both right and left hand thread forms.
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Fig. 5.5 Right hand and left hand threads
5.7.1 Coupler-nut

A coupler-nut or turnbuckle is an example of a machine element, in which both right hand and
left hand thread forms are used. The length of a tie rod, may be adjusted by this device. Referring
the Fig. 5.6a ; out of the two rods operating inside the nut (a long double nut), one will have a
right hand thread at its end and the other, a left hand one. The nut is usually hexagonal at its
outer surface, with a clearance provided at the centre. By turning the nut, the two rods in it may
move either closer together, or away from each other. Figure 5.6b shows a coupler used for railway
coaches. They are also used for fixing guy wires, etc.
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Fig.5.6

5.8 REPRESENTATION OF THREADS

The true projection of a threaded portion of a part consists of a series of helices and it takes
considerable time to draw them. Hence it is the usual practice to follow some conventional methods
to represent screw threads. Figure 5.1 shows the true projection of a screw thread, whereas the

conventional representation of external and internal threads as recommended by BIS is shown in
Fig. 5.7.
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It may be noted from Fig. 5.7, that the crests of threads are indicated by a continuous thick
line and the roots, by a continuous thin line. For hidden screw threads, the crests and roots are
indicated by dotted lines. For threaded parts in section, hatching should be extended to the line
defining the crest of the thread. In the view from side, the threaded roots are represented by a
portion of a circle, drawn with a continuous thin line, of length approximately three-quarters of
the circumference.

The limit of useful length of screw threads is represented by a continuous thick line or a
dotted line, depending on its visibility. The length upto which the incomplete threads are formed
beyond the useful limit, is known as a run-out. It is represented by two inclined lines.

The simplified representation, though it saves time, is not an effective method to convey
thread forms. The schematic representation, used for the purpose is shown in Fig. 5.8. In practice,
the schematic representation is followed for only visible threads, i.e., for external threads and
internal threads in section. From the Fig. 5.8, it may be observed that the crest diameters, both
in external and internal threads, are drawn by thick lines. Further, the crests are represented by
thin lines, extending upto the major diameter and the roots by thick lines, extending upto the
minor diameter, these lines being drawn inclined with a slope equal to half the pitch.

2 72
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Fig. 5.7 Conventional representation of threads
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Fig. 5.9 illustrates the schematic representation of square threads.
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Fig. 5.9 Schematic representation of threaded parts—Square threads

5.8.1 Representation of Threaded Parts in Assembly
Figure 5.10 a shows the schematic representation and Figs. 5.10b and ¢, the conventional
representation of threads in engagement.

Figure 5.10 a represents the internal threaded part in section; however, the external
threaded one is shown unsectioned. In Figs. 5.10b and c, the external threaded parts are
shown covering the internal threaded parts and should not be shown as hidden by them.
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Fig. 5.10 External and internal threads in engagement

5.9 BOLTED JOINT

A bolt and nut in combination (Fig. 5.11) is a fastening
device used to hold two parts together. The body of
the bolt, called shank is cylindrical in form, the head;
square or hexagonal in shape, is formed by forging.
Screw threads are cut on the other end of the shank.
Nuts in general are square or hexagonal in shape.
The nuts with internal threads engage with the
corresponding size of the external threads of the
bolt. However, there are other forms of nuts used to
suit specific requirements.

For nuts, hexagonal shape is preferred to the
square one, as it is easy to tighten even in a limited

:i

Fig. 5.11 Bolted joint

space. This is because, with only one-sixth of a turn, the spanner can be re-introduced in
the same position. However, square nuts are used when frequent loosening and tightening
is required, for example on job holding devices like vices, tool posts in machines, etc.

The sharp corners on the head of bolts and nuts are removed by chamfering.

5.9.1 Methods of Drawing Hexagonal (Bolt Head ) Nut

Drawing hexagonal bolt head or nut, to the exact dimensions is labourious and time consuming.
Moreover, as standard bolts and nuts are used, it is not necessary to draw them accurately. The
following approximate methods are used to save the draughting time :

Method 1 (Fig. 5.12)

Empirical relations :
Major or nominal diameter of bolt =D
Thickness of nut, T =D

Width of nut across flat surfaces, W = 1.5D + 3 mm

Radius of chamfer, R =1.5D
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\ /

Fig. 5.12 Method of drawing views of a hexagonal nut (Method I)

PROCEDURE

1.

© NP oA W

10.
11.

Draw the view from above by drawing a circle of diameter, W and describe a regular
hexagon on it, by keeping any two parallel sides of the hexagon, horizontal.

Project the view from the front, and the view from side, and mark the height equal to D.
With radius R, draw the chamfer arc 2-1-3 passing through the point 1 in the front face.
Mark points 4 and 5, lying in-line with 2 and 3.

Locate points 8,9 on the top surface, by projecting from the view from above.

Draw the chamfers 4-8 and 5-9.

Locate points 6 and 7, lying at the middle of the outer two faces.

Draw circular arcs passing through the points 4, 6, 2 and 3, 7, 5, after determining the
radius R, geometrically.

Project the view from the side and locate points 10, 11 and 12.
Mark points 13 and 14, lying at the middle of the two faces (view from the side).

Draw circular arcs passing through the points 10, 13, 11 and 11, 14, 12, after determining
the radius R, geometrically.

It may be noted that in the view from the front, the upper outer corners appear chamfered.

In the view from the side, where only two faces are seen, the corners appear square.

Method 2 (Fig. 5.13)

Empirical relations :

Major or nominal diameter of bolt =D
Thickness of nut, T =D
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Width of the nut across corners =2D
Radius of chamfer arc, R =15D

Figure 5.13 illustrates the stages of drawing different views of a hexagonal nut,
following the above relations, which are self-explanatory.

Y

5 2 o

|

!

|

@

|

V | |

A A
I

A
o
Y

A
Y

@

(b)

Fig. 5.13 Method of drawing views of a hexagonal nut (Method II)
The above method may be followed in routine drawing work, as it helps in drawing the
views quickly.
5.9.2 Method of Drawing Square (Bolt Head) Nut

A square bolt head and nut may be drawn, showing either across flats or corners. Following
relations may be adopted for the purpose:
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Major or nominal diameter of bolt =D

Thickness of nut, T =D

Width of the nut across flats, W =15D +3 mm
Radius of chamfer arc, R =2D

Figure 5.14 illustrates the method of drawing views of a square nut, in two orientations.

bl

A

B> |

Fig.5.14 Method of drawing the views of a square nut

5.9.3 Hexagonal and Square Headed Bolts

Figure 5.15 shows the two views of a hexagonal headed bolt and square headed bolt, with the
proportions marked.

0.75D L

A
- - - [a)
Y
(a) Hexagonal headed bolt

0.75D L
A
i

(b) Square headed bolt

Fig.5.15
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5.9.4 Washers

A washer is a cylindrical piece of metal with a hole to
receive the bolt. It is used to give a perfect seating for
the nut and to distribute the tightening force uniformly
to the parts under the joint. It also prevents the nut

0.15D

from damaging the metal surface under the joint. T
Figure 5.16 shows a washer, with the proportions J Q
marked.

Figure 5.17 illustrates the views of a hexagonal

D+1
headed bolt with a nut and a washer in position. .
Fig. 5.16 Washer
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Fig. 5.17 A hexagonal headed bolt with a nut and a washer in position

5.9.5 Other Forms of Bolts

5.9.5.1 Square Headed Bolt with Square Neck
It is provided with a square neck, which fits into a corresponding square hole in the adjacent part,
preventing the rotation of the bolt (Fig. 5.18).
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Fig. 5.18 Square headed bolt with square neck



90  Machine Drawing

5.9.5.2 T-Headed Bolt With Square Neck

In this, a square neck provided below the head, prevents the rotation of the bolt. This type of bolt is
used for fixing vices, work pieces, etc., to the machine table having T-slots (Fig. 5.19).
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Fig. 5.19 T-headed bolt Fig. 5.20 Hook bolt

5.9.5.3 Hook Bolt

This bolt passes through a hole in one part only, while the other part is gripped by the hook
shaped bolt head. It is used where there is no space for making a bolt hole in one of the parts. The
square neck prevents the rotation of the bolt (Fig. 5.20).

5.9.5.4 Eye Bolt

In order to facilitate lifting of heavy machinery, like electric generators, motors, turbines, etc.,
eye bolts are screwed on to their top surfaces. For fitting an eye bolt, a tapped hole is provided,
above the centre of gravity of the machine (Fig. 5.21).

f 0.8D

15D

Fig. 5.21 Eye-bolt
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5.9.5.5 Stud Bolt or Stud

It consists of cylindrical shank with threads cut on both the ends (Fig. 5.22a). It is used where
there is no place for accommodating the bolt head or when one of the parts to be joined is too thick
to use an ordinary bolt.

The stud is first screwed into one of the two parts to be joined, usually the thicker one. A
stud driver, in the form of a thick hexagonal nut with a blind threaded hole is used for the
purpose. After placing the second part over the stud, a nut is screwed-on over the nut end. It is
usual to provide in the second part, a hole which is slightly larger than the stud nominal diameter.
Figure 5.22b shows a stud joint.

A
Y

Q Plate
I Y /
: %
5 [
z
|
Y
* A \Main
Slo casting
2< |
n|o
Y

(@) (b)
Fig. 5.22 (a)-Stud, (b)-Stud joint

5.9.6 Other Forms of Nuts

5.9.6.1 Flanged Nut

This is a hexagonal nut with a collar or flange, provided integral with it. This permits the use of
a bolt in a comparitively large size hole (Fig. 5.23a).

5.9.6.2 Cap Nut

Itis a hexagonal nut with a cylindrical cap at the top. This design protects the end of the bolt from
corrosion and also prevents leakage through the threads. Cap nuts are used in smoke boxes or
locomotive and steam pipe connections (Fig. 5.23b).

5.9.6.3 Dome Nut

It is another form of a cap nut, having a spherical dome at the top (Fig. 5.23c¢).

5.9.6.4 Capstan Nut
This nut is cylindrical in shape, with holes drilled laterally in the curved surface. A tommy bar

may be used in the holes for turning the nut (Fig. 5.23d). Holes may also be drilled in the upper
flat face of the nut.
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Fig. 5.23 Other forms of nuts

5.9.6.5 Slotted or Ring Nut

This nut is in the form of a ring, with slots in the curved surface, running parallel to the axis. A
special C-spanner is used to operate the nut. These nuts are used on large screws, where the use
of ordinary spanner is inconvenient (Fig. 5.23¢).

5.9.6.6 Wing Nut

This nut is used when frequent removal is required, such as inspection covers, lids, etc. It is
operated by the thumb (Fig. 5.23f).

5.9.7 Cap Screws and Machine Screws

Cap screws and machine screws are similar in shape, differing only in their relative sizes. Machine
screws are usually smaller in size, compared to cap screws. These are used for fastening two
parts, one with clearance hole and the other with tapped hole. The clearance of the unthreaded
hole need not be shown on the drawing as its presence is obvious. Figure 5.24 shows different
types of cap and machine screws, with proportions marked.
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Fig. 5.24 Types of machine and cap screws
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Cap screws are produced in finish form and are used on machines where accuracy and
appearance are important. As cap screws are inferior to studs, they are used only on machines
requiring few adjustments and are not suitable where frequent removal is necessary. These are
produced in different diameters, upto a maximum of 100 mm and lengths 250 mm.

Machine screws are produced with a naturally bright finish and are not heat treated. They
are particularly adopted for screwing into thin materials and the smaller ones are threaded
throughout the length. They are used in fire-arms, jigs, fixture and dies. They are produced in
different diameters upto a maximum of 20 mm and lengths upto 50 mm.

5.9.8 Set Screws

These are used to prevent relative motion between two
rotating parts, such as the movement of pulley on shaft.
For this, a set screw is screwed into the pulley hub so
that its end-point bears firmly against the shaft (Fig. 5.25).
The fastening action is by friction between the screw and
the shaft.

Set screws are not efficient and so are used only
for transmitting very light loads. For longer life, set
screws are made of steel and case hardened. Further,
for better results, the shaft surface is suitably machined
for providing more grip, eliminating any slipping
tendency. Figure 5.26 shows different forms of set
screws.

0.25D

Fig.5.25
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5.10 LOCKING ARRANGEMENTS FOR NUTS

The bolted joints, though removable in nature, are required to stay firm without becoming
loose, of their own accord. However, the joints used in the moving parts of a machinery,
may be subjected to vibrations. This may slacken the joint, leading to serious breakdown.
To eliminate the slackening tendency, different arrangements, as discussed further, are
used to lock the nuts :

5.10.1 Lock Nut

This is the most commonly used locking device. In this arrangement, a second nut, known
as lock nut is used in combination with a standard nut (Fig. 5.27a). The thickness of a lock
nut is usually two-thirds D, where D is the major diameter of the bolt. The lock nut is
usually placed below the standard nut. To make the joint, the lock nut is first screwed
tightly and then the standard nut is tightened till it touches the lock nut. Afterwards, the
locknut is then screwed back on the standard nut, which is held by a spanner. The threads
of the two nuts become wedged between the threads of the bolt.
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Fig. 5.27 Lock nut



Screwed Fasteners 95

When the lock nut is first screwed into its position, the top flanks of it press against
the bottom flanks of the bolt (Fig. 5.27b). Figure 5.27¢ shows the condition between the
flanks of the nuts and the bolt, when the second nut is locked in position. It may be observed
that in this position, the top flanks of the top nut, press against the bottom flanks of the
bolt, whereas, the bottom flanks of the lock nut press against the top flanks of the bolt.

5.10.2 Locking by Split Pin

A split pin, made of steel wire of semi-circular cross-section is used for locking the nut. In
this arrangement, the split pin is inserted through a hole in the bolt body and touching just
the top surface of the nut. Then, the ends of the pin are split open to prevent it from
coming out while in use (Fig. 5.28).

5.10.3 Locking by Castle Nut

A castle nut is a hexagonal nut with a cylindrical collar turned on one end. Threads are cut
in the nut portion only and six rectangular slots are cut through the collar. A split pin is
inserted through a hole in the bolt body after adjusting the nut such that the hole in the
bolt body comes in-line with slots. This arrangement is used in automobile works (Fig. 5.29).
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Fig. 5.28 Locking by split pin Fig. 5.29 Castle nut
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5.10.4 Wile’s Lock nut
It is a hexagonal nut with a slot, cut half-way across it. After tightening the nut in the usual
manner, a set screw is used from the top of the nut, compressing the two parts. For this

purpose, the upper portion of the nut should have a clearance hole and the lower portion
tapped (Fig. 5.30).

5.10.5 Locking by Set Screw

In this arrangement, after the nut is tightened, a set screw in fitted in the part, adjoining the
nut, so that it touches one of the flat faces of the nut. The arrangement prevents the loosening
tendency of the nut (Fig. 5.31).
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Fig. 5.30 Wile’s lock nut Fig. 5.31 Locking by set screw

5.10.6 Grooved Nut

It has a cylindrical grooved collar, integrally provided at the lower end of the nut. This
collar fits into a corresponding recess in the adjoining part. In this arrangement, after
tightening the nut, a set screw is inserted from one end of the upper part, so that the end
of the set screw enters the groove, preventing the loosening tendency of the nut (Fig. 5.32).

5.10.7 Locking by Screw

In this, a cap nut with an integral washer and with a threaded hole in the cylindrical cap, is
used. A corresponding tapped hole at the top end of the bolt is also required for the purpose.
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In this arrangement, a set screw fitted through the cap and through the bolt end, prevents
the loosening tendency of the nut, when the pitches of the main nut and the set screw are
different (Fig. 5.33). This type of arrangement is used for fitting the propeller blades on
turbine shafts.
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Fig. 5.32 Grooved nut Fig. 5.33 Locking by screw

5.10.8 Locking by Plate

A locking plate is grooved such that it fits a hexagonal nut in any position, at intervals of
30° of rotation. It is fixed around the nut, by means of a machine screw, as shown in Fig.
5.34.

5.10.9 Locking by Spring Washer

In this arrangement, a spring washer of either single or double coil is placed under the nut
and tightened. The spring force of the washer will be acting upwards on the nut. This force
makes the threads in the nut jammed on the bolt threads; thus preventing the nut from
loosening (Fig. 5.35).
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5.11 FOUNDATION BOLTS

Foundation bolts are used for fixing machines to their foundations. Foundation bolts are
made by forging from mild steel or wrought iron rods. The bolt size depends upon the size
of the machine and the magnitude of the forces that act on them when the machine is in
operation.

For setting the bolts in position, their positions are marked and then suspended in
the holes made in the ground. Afterwards, cement concrete is filled in the space around in
the bolts. Once the concrete sets; the bolts are firmly secured to the ground.

5.11.1 Eye Foundation Bolt
This is the simplest form of all foundation bolts. In this, one end of the bolt is forged into

an eye and a cross piece is fixed in it. Figure 5.36 shows an eye foundation bolt that is set
in concrete.

5.11.2 Bent Foundation Bolt
As the name implies, this bolt is forged in bent form and set in cement concrete. When
machines are to be placed on stone beds, the bolts are set in lead. Figure 5.37 shows a bent

foundation bolt that is set first in lead and then in cement concrete, resulting in a firm and
stable bolt.

5.11.3 Rag Foundation Bolt

This bolt consists of a tapered body, square or rectangular in cross-section, the tapered
edges being grooved. Figure 5.38 shows a rag foundation bolt that is set first in lead and
then in cement concrete.
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Fig. 5.36 Eye foundation bolt

Fig. 5.38 Rag foundation bolt

5.11.4 Lewis Foundation Bolt

This is a removable foundation bolt. The body of the bolt is tapered in width on one side. To
use this bolt, a pit is produced in cement concrete, by using a (foundation) block. Once the
concrete sets-in, the bolt is placed in it so that the tapered bolt surface, bears against the
tapered face of the pit. A key is then inserted, bearing against the straight surfaces of the
pit and the bolt. This arrangement makes the bolt firm in the bed. However, the bolt may
be removed by withdrawing the key (Fig. 5.39).



100  Machine Drawing

y

/ Key

Fig. 5.39 Lewis foundation bolt

This type of foundation bolt is not commonly used for fixing machines. However, the
principle is advantageously used for lifting huge stones. For this, a groove, similar to the
pit is chiselled in the stone and the bolt is fitted in. The top end of the bolt may be forged
into an eye and used for lifting purposes.

5.11.5 Cotter Foundation Bolt
It is used for fixing heavy machines. It has a rectangular slot at its bottom end, to receive a
cotter. For putting the bolts in position, the foundation bed is first made, providing holes

for inserting cotters. Figure 5.40 shows a cotter foundation bolt in position. A cast iron
washer (W) placed as shown, provides bearing surface for the cotter (C).

32 o
-+104p| | S1.2p, |0.4Df:k

N N _THICK 0.25 D

Hand Hole
Fig. 5.40 Cotter foundation bolt
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THEORY QUESTIONS

What is a fastener and what is meant by fastening ?
What are the various applications of screwed fasteners ?

Define the following terms with respect to screw threads : (a) pitch (b) pitch diameter, (¢) major
diameter, (d) minor diameter, (e) lead, (f) crest, (g) root and (k) thread angle.

Distinguish between the following : (a) metric and BSW threads, (b) square and ACME threads,
(c) left hand and right hand threads and (d) pitch and lead of a thread.

What is a multi-start thread and how it differs from a single start thread ?
Where are multi-start threads used and why ?

What is the pitch and lead in the case of a double start thread ?

What type of thread is used for the screw jack and lathe lead screw and why ?

How are the following threads designated as per BIS : (@) metric thread with coarse pitch, (b)
metric thread with fine pitch, (¢) square thread, (d) ACME thread and (e) worm thread.

Why hexagonal shape is preferred to square one for nuts ?

Why are washers used in bolted joints ?

What is a T-bolt and where is it used ?

What is an eye-bolt and for what purpose is it used ?

What is a stud bolt and where is it used ?

Differentiate between the following:

(a) Bolt and screw, (b) machine screw and set screw, and (c¢) cap screw and machine screw.
What is a set screw ? What is its function ?

What are locking devices ? Where and why are they used ?

What are foundation bolts and where are they used ?

DRAWING EXERCISES

5.1

5.2

5.3
5.4
5.5

5.6

5.7

5.8
5.9

5.10
5.11

Sketch the internal and external ISO metric thread profile of nominal size of 25 mm and pitch of
3 mm.

Sketch the following thread profiles for a nominal diameter of 25 mm and pitch 3 mm and give
their applications:

(a) BSW thread, (b) Buttress thread (¢) Square thread,

(d) ACME thread and (e) Worm thread.

Sketch a double start square thread of pitch 5 mm and nominal diameter 50 mm.

Sketch the half sectional view of a coupler, connecting two rods, each of 25 mm diameter.
Sketch the conventional representation of the following:

(a) external threads, (b) internal threads,

(c) thread in section and (d) assembled threads in section.

Give the proportions of a hexagonal nut, in terms of the nominal diameter of the bolt. Answer
with respect to the various methods followed in practice.

Draw the three views of a hexagonal headed bolt of nominal diameter 25 mm and length 100
mm; with a hexagonal nut and washer.

Sketch any two types of bolts, mentioning their applications.

Sketch the following forms of nuts, with proportions marked:

(a) flanged nut, (b) cap nut, (¢) dome nut,
(d) capstan nut, (e) wing nut and (f) ring nut.
Sketch any three types of machine screws of 10 mm diameter.

Sketch any three types of cap screws of 25 mm diameter.
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5.12
5.13
5.14

5.15

Machine Drawing

Sketch the various forms of set screw ends of size 16 mm diameter.
Sketch the two views of a castle nut, with proportions marked.

Sketch the following locking devices in position, with proportions marked, taking the bolt di-
ameter as 25 mm:

(a) locking with pin, (b) locking by castle nut,
(c) locking by a nut, and (d) locking by a set screw.

Sketch neatly, giving proportionate dimensions; the following foundation bolts of diameter
25 mm:

(a) eye foundation bolt, and  (b) Lewis foundation bolt.



KEYS, COTTERS
AND PIN JOINTS

6.1 INTRODUCTION

Keys, cotters and pin joints discussed in this chapter are some examples of removable
(temporary) fasteners. Assembly and removal of these joints are easy as they are simple in
shape. The standard proportions of these joints are given in the figures.

6.2 KEYS

Keys are machine elements used to
prevent relative rotational movement
between a shaft and the parts mounted
on it, such as pulleys, gears, wheels,
couplings, etc. Figure 6.1 shows the parts
of a keyed joint and its assembly.

For making the joint, grooves or
keyways are cut on the surface of the
shaft and in the hub of the part to be
mounted. After positioning the part on
the shaft such that, both the keyways are
properly aligned, the key is driven from
the end, resulting in a firm joint.

For mounting a part at any
intermediate location on the shaft, first
the key is firmly placed in the keyway of DN 1100 W

the shaft and then the part to be mounted
is slid from one end of the shaft, till it is i E
fully engaged with the key. NN\
Keys are classified into three A

types, viz., saddle keys, sunk keys and ) o
round keys.
6.2.1 Saddle Keys

D

These are taper keys, with uniform width
but tapering in thickness on the upper
side. The magnitude of the taper provided Fig. 6.1 Keyed joint
is 1:100. These are made in two forms:

hollow and flat.

103



104  Mmachine Drawing

6.2.1.1 Hollow Saddle Key SLOPE, 1:100

A hollow saddle key has a concave
shaped bottom to suit the curved surface

of the shaft, on which it is used. A ?
keyway is made in the hub of the
mounting, with a tapered bottom
surface. When a hollow saddle key is
fitted in position, the relative rotation
between the shaft and the mounting is
prevented due to the friction between

the shaft and key (Fig. 6.2).

6.2.1.2 Flat Saddle Key

It is similar to the hollow saddle key,
except that the bottom surface of it is
flat. Apart from the tapered keyway in
the hub of the mounting, a flat surface
provided on the shaft is used to fit this
key in position (Fig. 6.3).

The two types of saddle keys
discussed above are suitable for light
duty only. However, the flat one is
slightly superior compared to the hollow
type. Saddle keys are liable to slip
around the shaft when used under SLOPE, 1:100
heavy loads.

6.2.2 Sunk Keys

These are the standard forms of keys
used in practice, and may be either
square or rectangular in cross-section.
The end may be squared or rounded.
Generally, half the thickness of the key
fits into the shaft keyway and the
remaining half in the hub keyway.
These keys are used for heavy duty, as w

Fig. 6.2 Hollow saddle key

the fit between the key and the shaft is
positive.

Sunk keys may be classified as:
(i) taper keys, (ii) parallel or feather
keys and (iii) woodruff keys.

6.2.2.1 Taper Sunk Keys

These keys are square or rectangular
in cross-section, uniform in width but
tapered in thickness. The bottom
surface of the key is straight and the
top surface is tapered, the magnitude Fig. 6.3 Flat saddle key

of the taper being 1:100. Hence, the

keyway in the shaft is parallel to the axis and the hub keyway is tapered (Fig. 6.1).
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A tapered sunk key may be removed by driving it out from the exposed small end. If this
end is not accessible, the bigger end of the key is provided with a head called gib. Figure 6.4
shows the application of a key with a gib head. Following are the proportions for a gib head:

If D is the diameter of the shaft, then,

Width of key, W =0.25D + 2 mm

Thickness of key, T = 0.67 W (at the thicker end)
Standard taper =1:100

Height of head, H =175T

Width of head, B =15T

Fig. 6.4 Key with gib head

Table 6.1 gives the dimensions of taper sunk keys, for various shaft sizes.

Table 6.1 Proportions of taper sunk keys for various shaft sizes (contd.)

Shaft diameter (mm)

QOver Upto and Width, W Thickness, T
including (mm) (average value)
(mm)
6 8 2 2
8 10 3 3

10 12 4 4
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Table 6.1 Proportions of taper sunk keys for various shaft sizes

Shaft diameter (mm)

Over Upto and Width, W Thickness, T
including (mm) (average value)
(mm)

12 17 5 5
17 22 6 6
22 30 8 7
30 38 10 8
38 44 12 8
44 50 14 9
50 58 16 10
58 65 18 11
65 75 20 12
75 85 22 14
85 95 25 14
95 110 28 16

6.2.2.2 Parallel or Feather Keys

A parallel or feather key is a sunk key,
uniform in width and thickness as well.
These keys are used when the parts
(gears, clutches, etc.) mounted are
required to slide along the shaft;
permitting relative axial movement. To
achieve this, a clearance fit must exist
between the key and the keyway in
which it slides.

The feather key may be fitted
into the keyway provided on the shaft
by two or more screws (Fig. 6.5) or into
the hub of the mounting (Fig. 6.6). As
seen from Fig. 6.6, these keys are of
three types: (i) peg feather key, (ii)
single headed feather key and (iii)
double headed feather key.

Peg Feather Key

05T

Fig. 6.5 Parallel sunk key

05T

In this key, a projection known as peg is provided at the middle of the key. The peg fits into a
hole in the hub of the sliding member (Fig. 6.6 a). Once placed in a position, the key and the

mounting move axially as one unit.
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Single Headed Feather Key

In this, the key is provided with a head at one end. The head is screwed to the hub of the part
mounted on the shaft (Fig. 6.6 b).
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Fig. 6.6 Feather keys

Double Headed Feather Key
In this, the key is provided with heads on both ends. These heads prevent the axial movement

of the key in the hub. Here too, once placed in position, the key and the mounting move as one
unit (Fig. 6.6 c¢).

6.2.2.3 Splines

Splines are keys made integral with the shaft, by cutting equi-spaced grooves of uniform cross-
section. The shaft with splines is called a splined shaft. The splines on the shaft, fit into the
corresponding recesses in the hub of the mounting, with a sliding fit, providing a positive drive
and at the same time permitting the latter to move axially along the shaft (Fig. 6.7).

Fig. 6.7 Splined shaft and hub

Table 6.2 gives the proportions for splined shafts of various sizes.
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Table 6.2 Proportions for splined shafts of various sizes

Nominal (major) Number of Minor (root) Width of spline,
diameter, D, (mm) splines diameter, D, (mm) W (mm)
14 6 11 3
16 6 13 3.5
20 6 16 4
22 6 18 5
25 6 21 5
28 6 23 6
32 6 26 6
34 6 28 6
38 8 32 7
42 8 36 7
48 8 42 8
54 8 46 9
60 8 52 10
65 8 56 10
72 8 62 12
82 10 72 12
92 10 82 12
102 10 92 14
6.2.2.4 Woodruff Key

It is a sunk key, in the form of a segment of a circular disc of uniform thickness (Fig. 6.8 a).
As the bottom surface of the key is circular, the keyway in the shaft is in the form of a circular

b

S

(@ (b)
Fig. 6.8 Woodruff key
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recess to the same curvature as the key. A keyway is made in the hub of the mounting, in the
usual manner. Woodruff key is mainly used on tapered shafts of machine tools and automobiles.
Once placed in position, the key tilts and aligns itself on the tapered shaft (Fig. 6.8 ). The
following are the proportions of woodruff keys:

If D is the diameter of the shaft,

Thickness of key, W =0.25D
Diameter of key, d =3W
Height of key, T =135W
Depth of the keyway in the hub, T; = 0.5 W + 0.1 mm
Depth of keyway in shaft, T, =0.85 W

6.2.2.5 Round Keys

Round keys are of circular cross-section, usually tapered (1:50) along the length. A round key
fits in the hole drilled partly in the shaft and partly in the hub (Fig. 6.9). The mean diameter of
the pin may be taken as 0.25 D, where D is shaft diameter. Round keys are generally used for
light duty, where the loads are not considerable.

+= 150

Fig. 6.9 Round key

6.3 COTTER JOINTS

A cotter is a flat wedge shaped piece, made of steel. It is uniform in thickness but tapering in
width, generally on one side; the usual taper being 1:30. The lateral (bearing) edges of the
cotter and the bearing slots are generally made semi-circular instead of straight (Fig. 6.10).
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This increases the bearing area and permits drilling while making the slots. The cotter is
locked in position by means of a screw as shown in Fig. 6.11.

Cotter joints are used to connect two rods, subjected to tensile or compressive forces
along their axes. These joints are not suitable where the members are under rotation. The
following are some of the commonly used cotter joints:

]

- e

Fig. 6.10 Cotter and the bearing slot Fig. 6.11 Locking arrangement of cotter

04D[| 13D 0.1D 01D | L39,. 94D

25D
3

(©
Fig. 6.12 Cotter joint with sleeve
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6.3.1 Cotter Joint with Sleeve

This is the simplest of all cotter joints, used for fastening two circular rods. To make the joint,
the rods are enlarged at their ends and slots are cut. After keeping the rods butt against each
other, a sleeve with slots is placed over them. After aligning the slots properly, two cotters are
driven-in through the slots, resulting in the joint (Fig. 6.12). The rod ends are enlarged to take
care of the weakening effect caused by the slots.

The slots in the rods and sleeve are made slightly wider than the width of cotter. The
relative positions of the slots are such, that when a cotter is driven into its position, it permits
wedging action and pulls the rod into the sleeve.

6.3.2 Cotter Joint with Socket and Spigot Ends

This joint is also used to fasten two circular rods. In this, the rod ends are modified instead of
using a sleeve. One end of the rod is formed into a socket and the other into a spigot (Fig. 6.13)
and slots are cut. After aligning the socket and spigot ends, a cotter is driven-in through the
slots, forming the joint.

Socket end
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Fig. 6.13 Cotter joint with socket and spigot ends

6.3.3 Cotter Joint with a Gib

This joint is generally used to connect two rods of square or rectangular cross-section. To make
the joint, one end of the rod is formed into a U-fork, into which, the end of the other rod fits in.
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When a cotter is driven-in, the friction between the cotter and straps of the U-fork, causes the
straps to open. This is prevented by the use of a gib.

A gib is also a wedge shaped piece of retangular cross-section with two rectangular
projections called lugs. One side of the gib is tapered and the other straight. The tapered side
of the gib bears against the tapered side of the cotter such that, the outer edges of the cotter
and gib as a unit are parallel. This facilitates making of slots with parallel edges, unlike the
tapered edges in case of ordinary cotter joint. Further, the lugs bearing against the outer
surfaces of the fork, prevents the opening tendency of the straps.

Figure 6.14 shows a cotter joint with a gib. For making the joint, first the gib is placed in
position and then the cotter is driven-in.

Cotter

Gib
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Fig. 6.14 Cotter joint with a gib

6.4 PIN JOINTS

In a pin joint, a pin is used to fasten two rods that are under the action of a tensile force;
although the rods may support a compressive force if the joint is guided. Some pin joints such
as universal joints, use two pins and are used to transmit power from one rotating shaft to
another (the universal joint is discussed under Chapter 7). A pin joint permits a small amount
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of flexibility or one rod may be positioned at an angle (in the plane containing the rods) with
respect to the other rod, after providing suitable guides.

Unlike in cotter joints, the pin in a pin joint is not driven-in with a force fit, but is

inserted in the holes with a clearance fit. The pin is held in position, by means of a taper pin or
a split pin provided at its end.

6.4.1 Knuckle Joint

A knuckle joint is a pin joint used to fasten two circular rods. In this joint, one end of the rod is
formed into an eye and the other into a fork (double eye). For making the joint, the eye end of
the rod is aligned into the fork end of the other and then the pin is inserted through the holes
and held in position by means of a collar and a taper pin (Fig. 6.15). Once the joint is made, the
rods are free to swivel about the cylindrical pin.

Knuckle joints are used in suspension links, air brake arrangement of locomotives, etc.

Taper pin
Knuckle pin
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Fig. 6.15 Knuckle joint

THEORY QUESTIONS

6.1 What is a key and what for is it used?
6.2 What is the amount of taper usually provided on the face of a key?
6.3 What is the difference between a saddle key and a sunk key?
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6.4 What is the purpose of providing a head at the end of a taper sunk key ?

6.5 Give the proportions of a gib head, in terms of shaft diameter.

6.6 Where and why the woodruff key is used?

6.7 What is a feather key and what are its uses?

6.8 What is a cotter and when is it used? What is the purpose of using a gib along with a cotter in a
cotter joint?

6.9 What is a knuckle joint and where is it used? What is the difference between the eye end and fork
end of a knuckle joint?

6.10 Why clearances are provided in cotter joints ? Differentiate between cotter joint and pin joint?
DRAWING EXERCISES

6.1 Sketch the various methods of fitting a feather key in position.

6.2 Sketch the following types of keys in two views, as fitted in position between a shaft and the
mounting. Choose the shaft diameter as 30 mm and the hub diameter of the mounting as 60 mm:
(a) hollow saddle key, (b) flat saddle key,
(c) taper sunk key, (d) single headed feather key,
(e) splines and () woodruff key.

6.3 Draw the sectional view from the front, and view from the side of a cotter joint with sleeve used
to connect two rods of 50 mm diameter each.

6.4 Draw the half sectional view from the front, with top half in section and the view from the side of
a cotter joint with socket and spigot ends, to connect two rods of 50 mm diameter each.

6.5 Two square rods of side 50 mm each, are connected by a cotter joint with a gib. Sketch the

following views of the assembly :
(a) half sectional view from the front and (b) view from the side.



SHAFT COUPLINGS

7.1 INTRODUCTION

Shaft couplings are used to join or connect two shafts in such a way that when both the shafts
rotate, they act as one unit and transmit power from one shaft to the other. Shafts to be
connected or coupled may have collinear axes, intersecting axes or parallel axes at a small
distance. Based on the requirements, the shaft couplings are classified as: (i) rigid couplings,
(i1) flexible couplings, (iii) loose or dis-engaging couplings and (iv) non-aligned couplings.

7.2 RIGID COUPLINGS

Rigid shaft couplings are used for connecting shafts having collinear axes. These are further
sub-classified into muff or sleeve couplings and flanged couplings.

7.2.1 Sleeve or Muff Couplings

This is the simplest of all couplings. It consists of a sleeve called muff, generally made of cast
iron, which is fitted over the ends of the shafts to be connected. After properly aligning the
keyways in the shafts and sleeve, a sunk key is driven-in; thus making the coupling. Instead of
a single key running the entire length of the sleeve, it is desirable to use two keys, which may
be inserted from the outer ends of the sleeve; thus overcoming the possible mis-alignment
between the keyways. The following are the types of muff couplings:

7.2.1.1 Butt-muff Coupling

In this, the ends of the two shafts to be coupled butt against each other, with the sleeve keyed
to them, as discussed above (Fig.7.1).

7.2.1.2 Half-lap Muff Coupling

In this, the ends of the shafts overlap each other for a short length. The taper provided in the
overlap prevents the axial movement of the shafts. Here too, after placing the muff over the
overlapping ends of the shafts, a saddle key(s) is(are) used to make the coupling (Fig. 7.2).

7.2.1.3 Split-muff Coupling

In this, the muff'is split into two halves and are recessed. A number of bolts and nuts are used
to connect the muff halves and the recesses provided accommodate the bolt heads and nuts.

For making the coupling, a sunk key is first placed in position and then the muff halves
are joined by bolts and nuts (Fig. 7.3). This type of coupling is used for heavy duty work, since
both the key and friction grip transmit the power (torque).
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Fig. 7.2 Half-lap muff coupling
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Fig. 7.3 Split-muff coupling

7.2.2 Flanged Couplings

These are the standard forms of couplings, most extensively used. In a flanged coupling, flanges
are either fitted or provided at the ends of shafts. The flanges are fastened together by means
of a number of bolts and nuts. The number and size of the bolts depend upon the power to be
transmitted and hence, the shaft diameter.

7.2.2.1 Flanged Coupling with Detachable Flanges

In this, two flanges are keyed, one at the end of each shaft, by means of sunk keys (Fig. 7.4).
For ensuring correct alignment, a cylindrical projection may be provided on one flange which
fits into the corresponding recess in the other.

In the design shown in figure, the bolt heads and nuts are exposed and liable to cause
injury to the workman. Hence, as a protection, the bolt heads and nuts may be covered by
providing an annular projection on each flange. A flanged coupling, using these flanges is
called a protected flanged coupling (Fig. 7.5).

7.2.2.2 Solid Flanged Coupling

Couplings for marine or automotive propeller shafts demand greater strength and reliability.
For these applications, flanges are forged integral with the shafts. The flanges are joined
together by means of a number of headless taper bolts (Fig. 7.6).
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SUNK KEY, W x T
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Fig. 7.5 Protected flanged coupling
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Fig. 7.6 Solid flanged coupling
7.3 FLEXIBLE COUPLINGS

Perfect alignment of two shafts is impossible to achieve and difficult to maintain, because of
inevitable bearing wear and other reasons. To overcome the trouble, flexible couplings are
employed. These permit relative rotation or variation in the alignment of shaft axes within
certain limits. The following are the types of flexible couplings:

7.3.1 Bushed Pin Type Flanged Coupling

It is the modified version of a protected flanged coupling. In this, bolts are replaced by bushed
pins. The smaller ends of the pins are rigidly fastened by nuts to one of the flanges, while the
enlarged ends are covered with flexible material like leather or rubber bushes, in the other
flange (Fig. 7.7). The flexible medium takes care of mis-alignment, if any, and acts as a shock
absorber. These couplings are used to connect prime mover or an electric motor and a centrifugal
pump.
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Fig. 7.7 Bushed pin type flanged coupling (Contd.)
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Fig. 7.7 Bushed pin type flanged coupling

7.3.2 Compression Coupling
This consists of a compressible steel sleeve which fits on to the ends of the shafts to be coupled.
The sleeve corresponds to the shaft diameter and its outer surface is of double conical form.
The sleeve has one through cut longitudinally and five other cuts, equi-spaced, but running
alternately from opposite ends to about 85% of its length; making it radially flexible.

The two flanges used have conical bores and are drawn towards each other by means of
a number of bolts and nuts, making the sleeve firmly compressed onto the shafts. Here, the
friction between the shafts and sleeve assists power transmission and the bolts do not take any
load. Because of the presence of flexible sleeve, the coupling takes care of both axial and angular
mis-alignment of shafts (Fig. 7.8).

7.4 DIS-ENGAGING COUPLINGS

Disengaging couplings are used when power transmission from one shaft to another is
intermittent. With this, the shafts can be engaged or disengaged as and when required, even
during rotation. A dis-engaging coupling in general consists of one part firmly fixed to the
driving shaft and another one mounted with provision for sliding over the driven shaft.
The part that is mounted on the driven shaft, can be made to slide at will to engage or dis-
engage from the rotating driving shaft. The following are the examples of dis-engaging
couplings.

7.4.1 Claw Coupling

In this, each flange has a number of identical claws which engage into the corresponding
recesses in the flange. One flange is firmly fitted to the driving shaft by means of a taper sunk
key. The other one is placed over the driven shaft by two feather keys, so that it can slide
freely on it. The sliding flange has a groove on the boss, into which the forked end of a lever
fits. By operating the lever, the sliding flange may be moved so as to engage with or dis-
engage from the fixed flange (Fig. 7.9). This type of coupling is generally used on slow
speed shafts.
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Fig. 7.8 Compression coupling
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7.4.2 Cone Coupling

In this, two shafts may be coupled together by means of two flanges with conical surfaces (on
the inside of one and on the outside of the other) by virtue of friction. Here too, one flange is
firmly fitted to the driving shaft by means of a taper sunk key, whereas the other slides freely
over a feather key fitted to the driven shaft. The sliding flange may be moved by means of a

Fig. 7.9 Claw coupling
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forked lever fitted into the groove provided on it. (Fig. 7.10).
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7.5 NON-ALIGNED COUPLINGS

Non-aligned couplings are used to transmit power between two shafts which are not coaxial.
The following are the examples of non-aligned couplings:

7.5.1 Universal Coupling (Hooke’s Joint)

It is a rigid coupling that connects two shafts, whose axes intersect if extended. It consists of
two forks which are keyed to the shafts. The two forks are pin joined to a central block, which
has two arms at right angle to each other in the form of a cross (Fig. 7.11). The angle between
the shafts may be varied even while the shafts are rotating.
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Fig. 7.11 Universal coupling
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7.5.2 Oldham Coupling

It is used to connect two parallel shafts whose axes are at a small distance apart. Two flanges,
each having a rectangular slot, are keyed, one on each shaft. The two flanges are positioned
such that, the slot in one is at right angle to the slot in the other.

To make the coupling, a circular disc with two rectangular projections on either side
and at right angle to each other, is placed between the two flanges. During motion, the central
disc, while turning, slides in the slots of the flanges. Power transmission takes place between
the shafts, because of the positive connection between the flanges and the central disc (Fig. 7.12).

(b)

Fig. 7.12 Oldham coupling
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7.5.3 Cushion Coupling

One of the most commonly used flexible couplings now-a-days is the cushion coupling. The H.P
rating of these couplings for various speeds, range from 0.2 to 450.

The tyre of the coupling is made of natural and synthetic rubber, impregnated with

canvas or rayon. The hubs are made of C I or steel (Fig. 7.13).
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Fig. 7.13 Cushion coupling
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THEORY QUESTIONS

What is a shaft coupling?

Name different types of shaft couplings. What is the basis, on which shaft couplings are classi-
fied?

Name three types of rigid shaft couplings. State why they are called rigid.

State where and why split-muff coupling is used in preference to solid muff coupling.
What is a flange coupling and why is it so named ?

Why are the annular recesses provided at the side of flanges in a protected flange coupling?
How flanges are made in a marine coupling?

What are the uses of a flexible coupling ?

What is a universal coupling? Why it is so named?

Describe how a compression coupling transmits power from one shaft to another.
Differentiate between:

(a) Butt-muff coupling and half-lap muff coupling,

(b) Rigid coupling and flexible coupling,

(c) Flange coupling and flexible coupling,

(d) Bushed pin type flange coupling and cushion coupling, and

(e) Cone coupling and claw coupling.
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DRAWING EXERCISES

7.1

7.2

7.3

7.4

7.5

7.6

7.7

7.8

Sketch the sectional view from the front and view from the side of a butt-muff coupling; indicating
proportions for connecting two shafts, each of diameter 30 mm.

Draw (a) half sectional view from the front, top half in section and (b) half sectional view from
the side, left half in section, of a split-muff coupling, indicating proportions to connect two shafts,
each of diameter 50 mm.

Draw (a) half sectional view from the front, top half in section and (b) view from the side of a
rigid flange coupling to connect two shafts, each of diameter 30 mm. Sketch the above views for
the protected type of flange coupling.

Sketch the required views, indicating the proportions of a solid flange coupling used in marine
engines to connect two shafts, each of diameter 60 mm.

Draw (a) half sectional view from the front, top half in section and (b) view from the side of a
bushed pin type flange coupling, indicating proportions to connect two shafts, each of diameter
30 mm.

Sketch the required views, indicating proportions of (@) compression-muff coupling, (b) cone
coupling and (¢) claw coupling, to connect two shafts, each of diameter 30 mm.

Draw (a) sectional view from the front and (b) view from the side of a universal coupling, indicating
proportions, to connect two shafts, each of diameter 40 mm.

Sketch the required views of (@) oldham coupling and (b) cushion coupling, indicating proportions,
used to connect two shafts, each of diameter 30 mm.



PIPE JOINTS

8.1 INTRODUCTION

Pipes are used for carrying fluids such as water, steam, gas, oil, etc., from one place to another.
As pipes are made in standard lengths, the desired length of a pipe may be obtained by joining
them. The type of joint used depends upon the material of the pipe and the purpose for which
it is used.

Generally, pipes are made of cast iron, wrought iron, steel, brass or copper. The material
selection is based on the nature of the fluid to be conveyed, viz., pressure, temperature, chemical
properties, etc. Now-a-days PVC pipes are extensively used with ease for various purposes.

In practice, a pipe size is designated by its bore diameter, called as nominal diameter.
Figure 8.1 shows the details of standard pipe thread and Fig. 8.2, the conventional representation
of pipe threads.

L1 L, L2

s |
P
T
3 /]
a Taper shown Taper not shown
] External thread
P — Pitch

Y [z 2
/ \
\\ /I T T
i Lz
T —Taper 1:16 measured on dia. /

EO — Pitch diameter at end of pipe Side view Sectional view
E1 — Pitch diameter at large end
of internal thread

EO
E1l

L1 — Effective thread
L2 — Imperfect thread
L3 — Normal engagement by hand

Internal thread

Fig. 8.1 Standard pipe threads Fig. 8.2 Conventional representation
of pipe threads

8.2 JOINTS FOR STEAM PIPES

These joints are used for the pipes carrying fluids under high temperature and pressure. Based
on the pipe materials, these are classified into cast iron pipes, copper pipes, steel pipes, etc.
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8.2.1 Joints for Cast Iron Pipes
Cast iron pipes are produced with flanges, integral with the pipe ends. To ensure alignment
and seating, the flange faces are machined. Further, to make the joint air tight, a thin disc of
packing material, such as rubber or leather, is placed between the flanges and are joined by
means of a number of bolts and nuts (Fig. 8.3a).

If greater strength is required for high pressure duty, the thickness of the pipe may be
slightly increased near the flange (Fig. 8.3b). For larger diameter pipes, under high pressures,
the flanges are strengthened by means of cast ribs. (Fig. 8.3c).
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Fig. 8.3 Cast iron pipe joints (Contd.)
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Fig. 8.3 Cast iron pipe joints
8.2.2 Joints for Copper Pipes

Copper pipes are usually solid drawn. Separate flanges, made of gunmetal for smaller pipes
and steel or wrought iron for larger pipes are attached to the pipe ends by brazing. The joint is
obtained by means of a number of bolts and nuts (Figs. 8.4a and b).

4 BOLTS, M9

f 112

Fig. 8.4 Copper pipe joints
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Copper pipes are used as feed and drain pipes in steam engines, as steam pipes in
marine engines and also for refrigeration coils.

Figure 8.4¢ shows the joint, with flanges strengthened by providing hubs, ensuring better
hold on the pipes.

8.2.3 Joints for Wrought Iron and Steel Pipes

In the simplest form of a joint, as shown in Fig. 8.5a, flanges are formed at the end of each
pipe, which are fastened by means of bolts and nuts. This joint is similar to a cast iron flanged
joint.

In the other form of a joint, flanges made of cast iron or cast steel are screwed onto the
ends of solid drawn wrought iron or steel pipes. The flanges are fastened by means of bolts and
nuts (Fig. 8.50).

Wrought iron pipes are made in relatively smaller sizes, which are usually galvanised

all over. Solid drawn steel pipes have greater strength and are used for carrying fluids under
high pressure.
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Fig. 8.5 Wrought iron and steel pipe joints

8.3 JOINTS FOR HYDRAULIC PIPES

Hydraulic pipes are used to carry liquids such as water, oil, sewage, etc., under pressure but at
normal temperatures. Depending upon the purpose, these pipes may be laid either above the
ground or beneath it. The following are some of the common types of hydraulic joints:
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8.3.1 Socket and Spigot Joint
This type of joint is used for underground pipelines of large diameters. In this, one end of a
pipe is made into a socket and the other end into a spigot. After placing the spigot end into the
socket, the space between them is filled-in, partly by rope (jute or coir) and the remaining by
molten lead (Fig. 8.6).

Because of the flexible nature of the joint, it adapts itself to small changes in level due to
settlement of earth.

Lead
Socket end a Rope

Spigot end

-

100

f 150
f 180

f 280
f 185
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f 240
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Fig. 8.6 Socket and spigot joint

8.3.2 Flanged Joint
This type of hydraulic joint is used extensively, where fluids under high pressures are to be
conveyed. In this, oval shaped flanges are cast integral with the pipe ends. The flanges are
joined with bolts and nuts.

For proper alignment of the pipes, a spigot or projection is formed in the centre of one
flange and is made to fit in a corresponding socket or recess provided in the other flange. A
gasket, made of rubber or canvas is compressed between the spigot and socket ends (Fig. 8.7).

8.4 SPECIAL PIPE JOINTS

In addition to the various types of joints discussed above, there are certain pipe joints which
are used only in special cases. Two such joints, viz, union joint and expansion joint, are discussed
below.

8.4.1 Union Joint

This is a special joint used on small pipes, which cannot be connected using a coupler (refer
article 8.5.1 for particulars), when they are fixed in position or when they are too long to
rotate.

In the union joint shown in Fig. 8.8, the nut A, with both external and internal threads,
is screwed on to the end of one pipe. Another nut B, with a step on its external diameter, is
screwed on to the end of the other pipe. The two nuts and pipes are drawn together by the
coupler nut C. A packing ring inserted between ends of the two pipes, makes the joint air tight.
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Fig. 8.7 Flanged joint

The special characteristic of this joint is, that it facilitates making and breaking of the

joint without disturbing the pipe layout.
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Fig. 8.8 Union joint

8.4.2 Expansion Joint
Long pipes, carrying steam and other hot fluids may undergo axial expansion and contraction
due to variations of the fluid temperature. Expansion joints are used to accommodate such
expansions or contractions.

Corrugated copper fitting (Fig. 8.9a) or a loop made of copper pipe (Fig. 8.956) may be
placed between two pipes at suitable intervals, to act as an expansion joint.

(a) (b)
Fig. 8.9 (a)-Corrugated fitting, (b)—Loop

For better results, an expansion joint, a gland with stuffing box is used. In this, the
sleeve B can have free axial motion in the stuffing box A. The pipes to be joined are connected
to the sleeve B and stuffing box A, at their ends, through flanged joints.

Leakage through the joint is prevented by the asbestos packing D, stuffed in the box
and compressed by the gland C, as the nuts E are tightened. The flanges of the sleeve and the
stuffing box are connected by bolts F. When the pipes experience expansion or contraction,
either the sleeve or the stuffing box or both move axially. The nuts used with the bolts F, may
be adjusted to permit the axial movement (Fig. 8.10).

When an expansion joint is used in a pipe line, it is advisable that the pipes are not
rigidly clamped but are suspended on hangers or supported on rollers (Fig. 8.11).
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Fig. 8.10 Gland and stuffing box expansion joint

Fig. 8.11 Pipe supports (a)-Hanger, (b)—Roller

8.5 PIPE FITTINGS

Pipe fittings, such as bends, elbows, tees, crosses, etc., are used with wrought iron and steel
pipes of relatively smaller sizes, so that they are either connected or branched-off at right
angle. The following are some of the commonly used pipe fittings:
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8.5.1 Gl Pipe Fittings

8.5.1.1 Coupler
For making-up the length, in general, wrought iron and steel pipes are joined by means of a
socket or coupler. It is a small pipe with internal threads throughout, used to connect the pipes

having external threads at their ends (Fig. 8.12a).

8.5.1.2 Nipple
A nipple is a small pipe, threaded throughout on the outside. For making up the length, the
nipple is screwed inside the internally threaded ends of the pipes (Fig. 8.12b) or pipe fittings.
This type of joint, causes restriction to the fluid passage.

/_ Socket Pipe /— Pipe
A

\/ I
(|

R

© (d) (e

. P

g4 -
J
|
® (@) (h)
a — Socket joint b — Nipple joint ¢ - Bend
d — Elbow e —Tee f— Cross

g — Reducing socket h - Plug
Fig. 8.12 Gl pipe fettings
8.5.1.3. Bendss, Elbows, Tees and Crosses
These fittings are used either to connect or branch-off the pipes at right angle (Figs. 8.12 ¢ to f).

8.5.1.4. Reducing Socket
It is used to connect two pipes of different diameters (Fig. 8.12g).

8.5.1.5. Plug

It is used to close the end of a pipe with internal threads (Fig. 8.124). For the same purpose, a
plug with internal threads can also be used to close a pipe end with external threads.
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8.5.2 Cl Pipe Fittings

For small size cast iron and steel pipes upto 2.5 inches size and less, the fittings are threaded.
Cast iron pipe fittings of greater diameter are provided with flanges (Fig. 8.13).
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(a) 90° Elbow (b) 90° long radius elbow (¢) 45° Elbow (d) Side outlet 90° Elbow

(e) Tee (f) Cross (g) Side outlet tee (h) 45° Lateral () Reducer () Tee reducer

8.5.3 PVC Pipes and Fittings

Fig. 8.13 ClI pipe fittings

Plastic pipes and pipe fittings made of polyvinyle chloride (PVC) are extensively used for
agricultural, industrial and domestic use. These pipes are made in sizes varying from 20 mm
to 315 mm diameter as per IS 4985:81.
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Fig. 8.14 PVC pipe fittings (contd.)



Pipe Joints 137
19, .6
-~ A 1 A
1. 818 4——
I H 1 S T N
[Te) N ! oY Te] " - > \ 8
| 4o e —— | N Y \
=1l Y- )
Y H Y o
. Y Y
4—5122 _f25
-0 5 32

d-Male thread

adapter 25 x 25 e-Elbow 25 x 25

- 64 _ - 64 .
B 32 32
A 72 Y, A Y )/‘ 7
A A A i A
slal | L Q 8] _ _ 9
- “'" 18| A 18|~ bl el A S - <8yl
<= - y ' ,
! ! X
A al B
YL Y Y
f25 20
R f 32 o f 32
- f-Tee 25 - g-Tee female thread

adapter 25 x 25 x 20
Fig. 8.14 PVC pipe fittings

8.5.3.1 Salient Features
PVC pipes exhibit the following salient features:

1. Smoother bore in comparison to CI, GI and also cement pipes, thereby better flow
characteristics.

2. Seemless, strong and resilient.

3. Light weight, offering total economy in handling, transportation and installation.

4. Resistance to chemical, electrolytic and galvanic corrosion.

5. Odourless and hygienic for transporting potable water, as they do not subject to
contamination.

6. Maintenance free.

7. Long-lasting-PVC is free from weakening by scale formation, rusting, weathering
and chemical action and hence more durable for rated working conditions.
8.5.3.2 Properties
The following properties are expected from pipes made as per BIS specifications:

1. Thermal conductivity — 4 x 10~* cal/hr — cm/°C/cm?

2. Co-efficient of linear expansion — 5.0 to 6.0 x 10~ mm/°C

3. Specific gravity — 1.41 gms/cm?

4. Combined flexural and compressive strength — 600 kg/cm?

5. Impact strength at 20°C—3 kg/cm?
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6. Electrical resistance — 10 ohms cm
7. Modulus of elasticity — approximately 30,000 kg/cm?

8. Vicat softening point — 81°C.

Dimensions of PVC pipes as per IS 4985-1981 are given in Table 8.1. It may be noted
that the pipe size indicates the outside diameter of the pipe. However, the sizes of the fittings
indicate the inside diameter. The dimensions of commonly used PVC pipe fittings are shown in

Fig. 8.14, for 25 mm pipe.
The description of the fittings and their technical data are given in Table 8.2.

Table 8.1 Dimensions of PVC pipes

All dimensions in millimetres

Wall thickness for working pressures

Outside Tolerance Class 1 Class 2 Class 3 Class 4
diameter on outside 2.5 kgflem? | 4 kgf/cm? 6 kgf/cm? 10 kgf/cm?
diameter Min. Max. Min. Max. Min. Max. Min. Max.
20 +0.3 — — — — — — 1.1 1.5
25 +0.3 — — — — — — 14 1.8
32 +0.3 — — — — — — 1.8 2.2
40 +0.3 — — — — 14 1.8 2.2 2.7
50 +0.3 — — — — 1.7 2.1 2.8 3.3
63 +0.3 — — 1.5 1.9 2.2 2.7 3.5 4.1
75 +0.3 — — 1.8 2.2 2.6 3.1 4.2 4.9
920 +0.3 1.3 1.7 21 26 3.1 3.7 5.0 5.7
110 +04 1.6 2.0 25 3.0 3.7 4.3 6.1 7.0
140 +0.5 2.0 2.4 3.1 3.8 4.8 5.5 7.7 8.7
160 +0.5 2.3 2.8 3.7 4.3 5.4 6.2 8.8 9.9
180 +0.6 2.6 3.1 42 4.9 6.1 7.0 99 11.1
200 + 0.6 2.9 3.4 46 5.3 6.8 7.7 11.0 123
225 + 0.7 3.3 3.9 52 6.0 7.6 8.6 124 13.9
250 +0.8 3.6 4.2 57 6.5 8.5 9.6 13.8 154
280 +09 4.1 4.8 64 7.3 9.5 10.7 154 172
315 +1.0 4.6 5.3 7.2 82 10.7 12.0 17.3 19.3
Table 8.2 PVC pipe fittings—technical data (contd.)
Description size in mm Inch Applications
1.D equivalent
1. Coupler 20 0.50 These are used for joining two
25 0.75 PVC pipes.
32 1.00
40 1.25
50 1.50
63 2.00
2. 90° Elbow 20 to 110 0.5 t0 4.0 These are used for short turns of 90°.
3. 90° Bend 20 to 315 0.5 to 12.00  These are used where long turns of

angle are required. They do not cause
any losses due to friction.
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Table 8.2 PVC pipe fittings—technical data

Description size in mm Inch Applications
1.D equivalent
4. Equal tee 20 to 160 0.5 to0 6.0 These are used for bypass and taking
big service line out of main line.
5. Reducer tee 20 to 160 0.5 t0 6.0 These are used for reduced tapping
from main line
6. Male threaded 20 to 140 0.5 to 5.00 These are used to connect the GI pipe
adapter (MTA) line/metal line and all types of valves,
taps, etc., through a male portion of
PVC threaded adaptors.
7. Female threaded 20 to 90 0.5 to0 3.0 These are used to connect a PVC pipe
adapter (FTA) line directly to a metal pipe.
8. Reducing FTA 25 x 20 0.75 x 0.5 These are used to connect a PVC
to to pipeline directly to a metal pipe of
90 x 75 3.0 x 2.50 lower diameter or vice-versa.
9. Reducer 25 x 20 0.75 x 0.5 These are used to convert the service
to to line, into a small line.
160 x 140 6.0 x 5.0

8.5.3.3. Applications
The following are the typical applications of PVC pipes:

1.

©®N® U WD

—
= o

12.

1.

2.

Agricultural and lift irrigation

Rural and urban drinking water supply
Industrial/chemical effluent disposal

Acids and slurries transportation

Telecommunication cable ducting

Bio-gas (Gober-gas)/Natural gas, and oil distribution lines

Tube well casings

Under-ground or open pipe line/drainage

Domestic plumbing and drainage

Sewage and drainage

Air conditioning/industrial ducting
Main line in sprinkler/drip irrigation
8.5.3.4 Joining

Threaded PVC pipe fittings should not be over-tightened, as the threads may get damaged.
PVC pipes should never be threaded, and they are joined by a solvent cement or by suitable
threaded fittings. The steps followed for joining the PVC pipes are:

The pipes are cut as square as possible. The pipe and socket should be clean and dry.
The surface is cleaned with emery paper before joining.

Thick coat of solvent cement is applied on the outer surface of the pipe and also on the

inner surface of the socket.

The pipe is inserted into the socket and turned through 90° for even distribution of

cement.
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4. The joint is held firmly without slipping for 2 minutes and allowed to dry.
5. After 24 hours, the pipe lines are ready for use.

8.6 PIPE LAYOUT

Pipe layout is a kind of drawing, that shows how the various pipes are fitted together, to make-
up a piping system. It shows the location, size and orientation of the pipe fittings and valves.
As the components of a system are standard ones, it is sufficient to show simplified
representation of the components.

Figure 8.15 shows the layouts of cast iron and GI pipe line, incorporating most of the
pipe fittings.

Plug Union / Lateral

Globe valve
Cross Gate valve Cap

7/
45° Elbow
Flanged Check Transition
Joint Valve Piece
(a) Cl pipe layout
Full way
Valve Half way valve

:lﬁ

i H |

o Union /
Pipe nipple Bend

1Tl
ﬁ
Cock valve

Plug jir

Reducer elbow
N,
P

ipe
(b) Gl pipe layout
Fig. 8.15 Pipe layout
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THEORY QUESTIONS

8.1
8.2
8.3

8.4
8.5

8.6

8.7
8.8
8.9
8.10
8.11
8.12

What is the criteria for selecting the pipe material?
How are pipe joints classified?

What are the methods of strengthening a cast iron steam pipe joint so as to withstand higher
pressures?

Differentiate between the joints for CI pipes and joints for copper pipes.

What is the purpose of providing a packing of compressible material, between the flanges in a
flanged pipe joint?

Explain how the flanges are provided at the ends of the steam pipes, used for joining wrought
iron and steel pipes.

Name the different types of joints used for hydraulic pipes.

Where and why a socket and spigot pipe joint is used?

What is the special feature of a union joint?

What is the purpose of providing an expansion joint in the pipe line, carrying hot fluids?
Explain the working of an expansion joint.

Describe any three types of pipe fitting, used in the pipe layout, made of (a) Gl, (b) CI and (¢) PVC
pipes.

8.1
8.2

8.3

8.4

8.5

8.6

8.7
8.8

8.9
8.10

DRAWING EXERCISES

Sketch the conventional representation of pipe threads.

Draw (a) sectional view from the front and (b) view from the side of different forms of flanged
joints used for cast iron steam pipes of diameter 100 mm.

Sketch any one method of strengthening cast iron steam pipe joints so that it will withstand
higher pressures.

Indicating proportions, sketch any one method of joining (a) copper steam pipes and (b) wrought
iron or steel pipes of diameter 100 mm.

Sketch a suitable pipe joint to connect two pipes, each of diameter 250 mm. The pipes are to be
laid underground. Indicate proportionate dimensions of various parts of the joint.

Draw (a) sectional view from the front and (b) view from the side of a hydraulic pipe joint of
flanged type, to connect two pipes, each of diameter 50 mm.

Sketch a union joint and mark the proportions on it, by choosing suitable value for the pipe size.

Draw (a) sectional view from the front and (b) view from the side of a gland and stuffing box type
of expansion joint, to connect two pipes, each of diameter 100 mm.

Sketch any three types of (a) GI, (b) CI and (¢) PVC pipe fittings, indicating proportions.
Sketch (a) CI and (b) GI pipe layouts, incorporating most of the fittings.



PULLEYS

9.1 INTRODUCTION

Power transmission between shafts is achieved either through gear or belt drives. In the latter
case, pulleys are mounted on shafts, over which a belt runs, transmitting the power. Generally,
pulleys are made of cast iron or wrought iron; but at times, from steel plates also, by welded
construction. Depending upon the application, a pulley may be of a single piece or split type.
The latter one is used, where a pulley has to be mounted at an intermediate location on a shaft.
Pulleys are mounted on shafts, by using sunk keys.

9.2 BELT DRIVEN PULLEYS

Flat and V-belts are used for power transmission between shafts. A flat belt operates on a
pulley with a smooth surface; whereas pulleys with wedge shaped groove(s) is (are) used with
V-belt(s).

9.2.1 Flat Belt Pulleys

These pulleys are of different sizes and shapes, the designs of which are based on the functional
requirements. A flat belt drive uses a flat belt of rectangular cross-section; the width of which
is appreciably larger than the thickness. The belt operates on the surface of a pulley. The
following are the main types of pulleys used with flat belts:

9.2.1.1. Armed Pulley
The main parts of a pulley are the hub or boss, rim and arms or spokes. Figure 9.1 shows an
armed pulley with the proportions marked. It may be noted that the arms of a pulley are either
straight or curved; the cross section being elliptical in shape.

Rims of cast iron pulleys are often provided with slight convexity, known as crowning.
This prevents the axial slipping of the belt during operation.

9.2.1.2. Pulley with a Web

When the diameter of a pulley is relatively small, the hub and rim of the pulley are connected
with a web, which is in the form of a disc. Figure 9.2 shows a pulley with a web. To make the
pulley light in weight, holes may be provided in the web.

9.2.1.3. Cone Pulleys

Step cone pulleys are mounted on both the driver and driven shafts in opposite directions to
provide different speed ratios between them for a constant speed of the driver shaft. The
diameters of the steps in the two pulleys are such that the same belt can operate on any pair of
steps. These pulleys are used in machine tools, such as lathe, drilling machine, etc. Figure 9.3
shows a step cone pulley with four steps.
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Flat belts are used when the centre distance between the two shafts is more. However,
V-belts are preferred when the shafts are located closer. The V-belt drive is relatively slip free.
It is used for transmission ratios upto and above 15:1 without tension pulleys. The contact
area between the belt and pulley can be increased and thus the power transmission can also be

enhanced.
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9.2.1.4. Fast and Loose Pulleys

When a number of machines are operated from a single power source, each machine is provided
with a fast and loose pulley arrangement. With this arrangement, any machine may be started
or stopped at will, while the lay shaft is running continuously.

Figure 9.4 shows the arrangement of a fast and loose pulley. In this, the fast pulley is
mounted on the shaft with a keyed joint, whereas the loose pulley runs freely on the shaft. The
diameter of the loose pulley is slightly less than that of the fast pulley so that when the belt is
shifted on to the loose pulley, its tension is reduced. Power is transmitted only when the belt is
on the fast pulley. Loose pulley takes care of the idling time of the machine and does not
transmit any power.

R 215

Y

f 64
ly
J45c
f 84

Fig. 9.4 Fast and loose pulleys

9.2.2. V-belt Pulleys

When a V-belt is used for power transmission, the pulley rim is modifide by providing wedge
shaped groove(s) so that the V-belt(s) can run in the groove(s).

Figure 9.5 (a) shows a V-belt pulley that operates with a single V-belt and Fig. 9.5 (b),
pulley with three V-belts. In multiple V-belt drive; even if one belt fails, the ramaining belts
continue the drive until it is convenient to shut down the machine for repairs. This drive, on
account of wedging effect of the belt in the groove, causes less pull on the shaft than flat belt of
the same general characteristics.
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9.2.2.1. Step Cone Pulley (for V-belt)

The principle and the purpose for which a step cone pulley for V-belt drive is used are the same
as those associated with the step cone pulley for flat belt. Figure 9.6 shows a cone pulley for
V-belt with four steps.
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Fig. 9.5 V-belt pulleys
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Fig. 9.6 Step cone pulley for V-belt drive

9.2.3 Rope Pulley

A rope drive is used for transmission of power over large distances. Ropes of cotton, manilla or
hemp, fitting into circumferential grooves on the pulleys are used for power transmission. The
drive may use either a single or multiple ropes.

A rope pulley is similar to V-belt pulley in construction, except for slight changes in the
grooves as shown Fig. 9.7. This drive is preferred for transmission of power between shafts
located at different elevations and at varying distances. Steel ropes are used for higher power
transmission and in cases such as winch drives, rope ways, overhead cranes, etc.
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THEORY QUESTIONS

9.1 What is the use of a pulley?
9.2 How are pulleys mounted on shafts?
9.3 Name different types of pulleys?
9.4 What is “crowning” and where and why it is applied?
9.5 When is a flat belt pulley recommended?
9.6 What are the various types of flat belt pulleys?
9.7 What is the difference between an armed pulley and a pulley with a web?
9.8 What is meant by fast and loose pulleys? Explain its working principle.
9.9 What is the difference between a flat belt and a V-belt?
9.10 What are the various types of V-belt pulleys?
9.11 Where and why a step cone pulley is used?
9.12 Where do you recommend a rope drive?
9.13 Differentiate between a V-belt drive and a rope drive.
9.14 What are the materials used for the ropes?

DRAWING EXERCISES

9.1 Sketch the following types of flat belt pulleys, providing necessary views; with proportionate
dimensions marked:



9.2

9.3

9.4

9.5
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(a) armed pulley,

(b) pulley with a web.,

The pulleys are to be mounted on a shaft of diameter 50mm.

Sketch the necessary view of a step cone pulley with four steps, operating with (a) flat belts and
(b) V-belts.

Assume that the pulleys are to be mounted on shafts of diameter 50 mm.

Sketch (a) sectional view from the front and (b) view from the side of a fast and loose pulleys.
Assume that the unit is to be mounted on a shaft of diameter 50 mm.

Giving proportionate dimensions; sketch the necessary views of a V-belt pulley that operates
with three V-belts.

Sketch (a) sectional view from the front and () view from the side of a rope pulley. The pulley is
to be mounted on a shaft of diameter 50 mm.



RIVETED JOINTS

10.1 INTRODUCTION

Riveted joints are permanent fastenings and riveting is one of the commonly used method of
producing rigid and permanent joints. Manufacture of boilers, storage tanks, etc., involve joining
of steel sheets, by means of riveted joints. These joints are also used to fasten rolled steel
sections in structural works, such as bridge and roof trusses.

10.2 RIVETS AND RIVETING

10.2.1 Rivet

A rivet is a round rod of circular cross-section. It consists of two parts, viz., head and shank
(Fig. 10.1 (a)). Mild steel, wrought iron, copper and aluminium alloys are some of the metals
commonly used for rivets. The choice of a particular metal will depend upon the place of
application.

10.2.2 Riveting

Riveting is the process of forming a riveted joint. For this, a rivet is first placed in the hole
drilled through the two parts to be joined. Then the shank end is made into a rivet head by
applying pressure, when it is either in cold or hot condition.
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Shank 0.97d [ N
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©
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S \
1.6d Clearance
Head before
riveting

(@) (b)
Fig. 10.1 (a) Rivet (b) Riveting
150
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Pressure may be applied to form the second rivet head, either by direct hammering or
through hydraulic or pneumatic means. While forming the rivet head, the shank will bulge
uniformly. Hence, a certain amount of clearance between the hole and shank must be provided
before riveting (Fig. 10.1 (b)).

Hot riveting produces better results when compared to cold riveting. This is because,
after hot riveting, the contraction in the shank length tends to pull the parts together, making
a tight joint.

10.2.3 Caulking and Fullering

Riveted joints must be made air tight in applications such as boilers and other pressure vessels.
Caulking or fullering is done to make the riveted joints air tight.

10.2.3.1 Caulking
The outer edges of the plates used in boiler and other pressure vessels are bevelled. To produce
air tight riveted joints, these bevelled edges of the plates are caulked. Caulking is an operation

in which the outer bevelled edges of the plates are hammered and driven-in by a caulking tool.
The caulking tool is in the form of a blunt edged chisel (Fig. 10.2a).

10.2.3.2 Fullering

Similar to caulking, fullering is also used to produce air tight joints. Unlike the caulking
tool, the width of the fullering tool is equal to the width of the bevelled edges of the plates
(Fig. 10.2 (b)).

Caulking and fullering operations are carried out effectively by applying pneumatic
pressure.

Caulking tool

Fullering tool

Caulked plate

(a) (b)

Fig. 10.2 (a) Caulking (b) Fullering

10.3 RIVET HEADS

Various forms of rivet heads, used in general engineering works and boiler construction and as
recommended by Bureau of Indian Standards, are shown in Fig. 10.3. The standard proportions
are also indicated in the figure.

10.4 DEFINITIONS
The definitions of the terms, associated with riveted joints are given below:
10.4.1 Pitch

It is the distance between the centres of the adjacent rivets in the same row. It is denoted by ‘p’
and usually taken as 3d, where d is the rivet diameter.
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Fig. 10.3 Types of rivet heads
10.4.2 Margin

It is the distance from the edge of the plate to the centre of the nearest rivet. It is usually taken
as 1.5d, where d is the rivet diameter. It is denoted by ‘m’.
10.4.3 Chain Riveting
If the rivets are used along a number of rows such that the rivets in the adjacent rows are
placed directly opposite to each other, it is known as chain riveting (Fig. 10.10).
10.4.4 Zig-Zag Riveting
In a multi-row riveting, if the rivets in the adjacent rows are staggered and are placed in-
between those of the previous row, it is known as zig-zag riveting (Fig. 10.11).
10.4.5 Row Pitch
It is the distance between two adjacent rows of rivets. It is denoted by ‘p,” and is given by,
p, = 0.8p, for chain riveting p, = 0.6p, for zig-zag riveting.
10.4.6 Diagonal Pitch

This term is usually associated with zig-zag riveting and is denoted by ‘p,. It is the distance
between the centre of a rivet in a row to the next rivet in the adjacent row.

10.5 CLASSIFICATION OF RIVETED JOINTS

Riveted joints may be broadly classified into : structural joints and pressure vessel joints.

10.5.1 Structural Joints

Structural steel frames are made by using rolled steel plates and sections of standard shapes,
as shown in Fig. 10.4.

Figure 10.5 shows an angle joint used to connect two plates at right angle. Here, an
(equal) angle is used to connect the plates, by a single row of rivets. Figure 10.5 also shows the
position of the rivets and other proportions of the joint.

Figure 10.6 shows rolled steel sections, i.e., a column and a beam connected to each
other through riveted joints. Figure 10.7 illustrates one design of a built-up girder, also made
of rolled steel sections. In both the figures, proportions of the joints are also indicated.
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400

Fig. 10.7 Built-up girder

However, it should be noted that the length of the joint is decided by the load to be
resisted by the joint.
10.5.1.1 Lozenze or Diamond Butt Joint
This is one kind of butt joint made either with a single or double strap. As the name implies,
the rivets in this joint are arranged in a diamond shape. Figure 10.8 shows a double strap
diamond butt joint. The joint is generally used to connect tie bars in bridge structures and roof
trusses.

10.5.2 Boiler Joints

These joints are used mainly for joining metal sheets used in the construction of boilers, water
tanks and pressure vessels. Obviously, these joints must be made air-tight, as the above vessels
are required to retain fluids and withstand internal fluid pressure as well.

For manufacturing boilers, water tanks and pressure vessels, the edges of the plates to
be joined (in case of lap joints only) are first bevelled. The plates are then rolled to the required
curvature of the shell. Holding the plates together, holes are then drilled and riveting is followed.

Boiler joints are classified as: lap joints, butt joints and combination of lap and butt
joints.

10.5.2.1 Lap Joints
In a lap joint, the plates to be riveted, overlap each other. The plates to be joined are first
bevelled at the edges, to an angle of about 80° (Fig. 10.9). Depending upon the number of rows
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of rivets used in the joint, lap joints are further classified as single riveted lap joint, double
riveted lap joint and so on.
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Fig. 10.8 Double strap diamond butt joint
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Fig. 10.9 Single riveted lap joint

In multi-row riveted joints, rows may be arranged either in chain or zig-zag fashion
(refer articles 10.4.3 and 10.4.4 for explanation), as shown in Figs. 10.10 and 10.11.
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Figure 10.9 shows a single riveted lap joint. The size of the rivet, d is taken as,

d = 6+t mm where ‘¢’ is the thickness of the plates to be joined in millimetres.

Figures 10.10 and 10.11 show double riveted chain, lap joint and double riveted zig-zag
lap joint respectively.

X=X

Fig. 10.11 Double riveted zig-zag lap joint

10.5.2.2 Butt Joints

In a butt joint, the plates to be joined, butt against each other, with a cover plate or strap,
either on one or both sides of the plates; the latter one being preferred. In this joint, the butting
edges of the plates to be joined are square and the outer edges of the cover plate(s) is(are)
bevelled.

These joints are generally used for joining thick plates, and are much stronger than lap
joints. Figures 10.12 and 10.13 show single riveted single strap and a single riveted double
strap, butt joints respectively.
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In a single strap butt joint, the thickness of the strap (cover plate) is given by, ¢, = 1.125¢
If two straps are used, the thickness of each cover plate is given by, ¢, = 0.75¢
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Fig. 10.13 Single riveted, double strap butt joint
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Fig. 10.14 Double riveted, double strap chain butt joint

Figures 10.14 and 10.15 show double riveted, double strap chain, butt joint and double
riveted, double strap zig-zag butt joint.
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Fig. 10.15 Double riveted, double strap zig-zag butt joint

THEORY QUESTIONS

10.1 Name the commonly used materials for rivets.
10.2 Define the following :
(a) pitch, (b) row pitch, (¢) diagonal pitch and (d) margin.
10.3 How are riveted joints made air-tight?
10.4 Name the different types of rivet heads as recommended by BIS : SP-46 : 1988.
10.5 What is a structural joint?
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10.6
10.7

10.8

Machine Drawing

How are boiler joints classified?

Differentiate between :

(a) lap joint and butt joint, (b) chain riveting and zig-zag riveting
What is the function of a cover plate in riveted joints?

DRAWING EXERCISES

10.1

10.2
10.3

10.4

Giving proportionate dimensions, sketch any four forms of commonly used rivet heads, choosing
the rivet diameter as 10 mm.

Sketch any two types of structural riveted joints, indicating proportionate dimensions.

Draw (a) sectional view from the front and (b) view from above, of the following riveted joints, to
join plates of thickness 10 mm:

(i) single riveted lap joint, (i) double riveted chain lap joint, (iii) double riveted zig-zag lap joint,
(iv) single riveted, single strap butt joint, (v) single riveted, double strap butt joint (vi) double
riveted, double strap, chain butt joint and (vii) double riveted, double strap, zig-zag butt joint.
Through sketches, illustrate the caulking and fullering operations.



WELDED JOINTS

11.1 INTRODUCTION

Welding is an effective method of making permanent joints between two or more metal parts.
Cast iron, steel and its alloys, brass and copper are the metals that may be welded easily.
Production of leak proof joints that can withstand high pressures and temperatures are made
possible with advanced welding technology. For this reason, welding is fast replacing casting
and forging wherever possible. When compared to riveting, welding is cheaper, stronger and
simpler to execute at site with considerable freedom in design. Hence, it is widely used in ship
building and structural fabrication in place of riveting.

11.2 WELDED JOINTS AND SYMBOLS
Basic terms of a welded joint are shown in Fig. 11.1 and the five basic types of joints are shown
in Fig. 11.2.

T ———
Groove or included
angle
(0] | .
5‘) Weld size, leg
Bevel angle o°
(]
= Toe /—Weld face
Weld @
; face ; o
quosrll(én /—Fusmn zone %
Toe =
'_
oo A
o|Q
|8 Root
/ Y
N
Base R .
metal |l oot opening Throat

@ (b)

Fig. 11.1 (a) Butt weld (b) Fillet weld

Various categories of welded joints (welds) are characterized by symbols which, in general
are similar to the shape of welds to be made. These symbols are categorised as:

161
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(i) Elementary symbols (Table 11.1),

(i) Supplementary symbols (Table 11.2),
(zit) Combination of elementary and supplementary symbols (Table 11.3) and
(v) Combination of elementary symbols (Table 11.4).

Edge joint

Tee joint Butt joint

\

Corner joint

&

Lap joint

Fig. 11.2 Types of joints

11.2.1 Position of the Weld Symbols on the Drawings

The complete method of representation of the welds on the drawing comprises, in addition to
the symbol (3), the following (Fig. 11.3):

Jointx

Fig. 11.3

(i) An arrow line (1) per joint,

(i) A dual reference line, consisting of two parallel lines; one continuous and one dashed
(2a, 2b) and

(it1) A certain number of dimensions (4) and conventional signs (3).

NOTE The dashed line may be drawn either above or below the continuous line (Fig. 11.8). For
symmetrical welds, the dashed line is omitted.



Welded Joints 163

Table 11.1 Elementary welding symbols

Designation

Illustration

Symbol

Butt weld between plates with raised
edges (the raised edges being melted
down completely)

W /e

Square butt weld

\%

/. N\\\

Single-V butt weld

Single-bevel butt weld

\\
//,A\\\\’
X

\H

Single-V butt weld with broad root face

j

Single-bevel butt weld with broad root face

Single-U butt weld (parallel or sloping sides)

j

Single-U butt weld

7777 NN
. N
T

.

v,

A\
W, NN
\

Backing run; back or backing weld

%. A\\\\\\\’

V/////AE\\\\\\V'

7 X
7, N\
7
/4
/.

7 \
X

10.

Fillet weld

L
/N

11.

Plug weld; plug or slot weld

]

12.

Spot weld

(77 /AN L /

DONVAVNNNIANAN]

!

13.

Seam weld

V77 i L]
AANANwaARRRNY

(7777778 VIIIJ//

AANANLANRNRNY

o




164

Machine Drawing

Table 11.2 Supplementary welding symbols

Shape of weld surface Symbol
(a) Flat (usually finished flush) _
(b) Convex —
(c) Concave ~——

Table 11.3 Combination of elementary and supplementary symbols

Designation

Illustration

Symbol

Flat (flush) single-V butt weld

7, A\

Convex double-V butt weld

/Y

<) | <]

Concave fillet weld

V@%

Flat (flush) single-V butt weld with flat
(flush) backing run

K

Table 11.4 Combination of elementary symbols (contd.)

No.

Designation

symbol
(For number

refer to
Table 11.1)

Illustration

Representation

=e

Symbolization

either

or

Square
butt weld

|2
welded from

both sides
2-2

VI,

Single-V
butt weld

\V&

WM

1
}
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Table 11.4 Combination of elementary symbols
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No.

Designation
symbol
(For number
refer to
Table 11.1)

Illustration

Representation

Symbolization

either

or

and
backing run
NI
3-9

100000399999NINNNN £

Double-V
butt weld

\/ 3
(X weld)
3-3

VI

Double
bevel
butt weld

&

(K weld)
4-4

Double-U
butt weld

kH7

-7

PIIMNWIW

Fillet weld

N\ 10
and fillet
weld
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11.2.2. Conventional Signs

The two conventional signs used for welding as per BIS are a circle at the elbow (1), connecting
the arrow and the reference line to indicate welding all around and, by a filled-in circle (2) at
the elbow to indicate welding on site, as shown in Fig. 11.4a. These are shown, in addition to
the weld symbols of the joint to be made.

Fig. 11.4

Another convention as per International Standards Organisation, indicates the process
of welding. For this, the abbreviation of the welding process is written as a note at the tail end
of the arrow, forming a 90°V as shown in Fig. 11.4b. Here, SAW stands for submerged arc
welding (Table 11.6).

11.2.3. Location of Welds
The location of the welds is specified by the following:
(i) Position of the arrow line,
(i1) Position of the reference line and
(tit) Position of the symbol.
11.2.4. Position of the Arrow Line

The arrow line joins one end of the continuous reference line, such that it forms an angle with
it and is completed by an arrow head. Figure 11.5 shows the relation between the arrow line

Arrow Arrow Other side
s

Other ide side

AN

A N

(a) Weld on the arrow side (b) Weld on the other side

N

Fig.11.5 Arrow side and other side (contd.)

and the joint. The terms ‘arrowside’ and ‘otherside’ (in case of fillet welding) are used with
respect to the continuous plate (Figs. 11.5 ¢ and d). The position of the arrow line with respect
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to the weld is generally of no special significance (Fig. 11.6). However, in the case of edge
preparation (Refer No. 4, 6 and 8 in Table 11.1), the arrow line points towards the plate which
is prepared (Fig. 11.7).

Arrow side
%%

Other side of joint é % 2
of joint A A £ £
Other side - Arrow side
of joint A of joint B
Joint A
omte Other side
Other side of joint B
of joint B
Arrow side AN Arrow side 4
of joint B

of joint A
(©) (d)

Fig. 11.5 Arrow side and other side

s

Fig. 11.6 Position of arrow lines Fig. 11.7 Indication of edge preparation

11.2.5. Position of the Reference Line

The reference line shall preferably be drawn parallel to bottom edge of the drawing and if it is
not possible; then it is drawn perpendicular.

11.2.6. Position of the Symbol

The symbol is placed either above or beneath the reference line as per the following regu-
lation:

It is placed on the continuous side of the reference line, if the weld (weld face) is on the

arrow side of the joint or on the dashed line side, if the weld is on the other side of the joint, as
shown in Fig. 11.8.
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(a) For symmetrical welds only

(b) To be welded on the arrow side

(c) To be welded on the other side

Fig. 11.8 Position of the symbol

11.3 DIMENSIONING OF WELDS

Each weld symbol may be accompanied by a
certain number of dimensions. These dimensions
are written as indicated in Fig. 11.9. It shows (i)
the main dimensions relative to the cross-section,
written on the left hand side of (before) the
symbol and (i7) longitudinal dimension written
on the right hand side of (after) the symbol.

NOTE The absence of any indication fol-
lowing the symbol, signifies that the weld is to
be continuous over the whole length of the work
piece.

11.3.1 Dimensioning Fillet Welds

There are two methods to indicate the dimensions
of fillet welds as shown in Fig. 11.10. The letter
a (throat thickness), or z (leg length) is always 2
placed in front of the value of the corresponding
dimension.

Fig. 11.9. Dimensioning of welds

Y
A

z=af2

Fig. 11.10 Dimensioning-fillet welds

11.4 EDGE PREPARATION OF WELDS

The contours of edge preparation for butt welds are shown in Fig. 11.11.

The method of indicating the main dimensions and the rules for setting down these
dimensions are illustrated in Table 11.5.
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Fig. 11.11 Edge preparation

11.5 SURFACE FINISH
Finishing of welds other than cleaning, shall be indicated M
by suitable contour and finish symbols, viz., chipping C, G
machining M and grinding G. Where a weld is required to
have approximately flush surface without any other =~/ -------------
method of finishing, a straight line should be added below /

Fig. 11.12

the symbol to indicate it (Fig. 11.12).

11.6 RULES TO BE OBSERVED WHILE APPLYING SYMBOLS

1. Symbols for fillet and similar welds should be shown, such that the vertical portion of
the symbols are indicated on the left hand side of the symbol, irrespective of the
orientation of the weld metal.

2. Ifthe welds are to be made on the arrow side of a joint, the corresponding symbol should
be placed either above or below the cotinuous reference line (Fig. 11.8).

3. Ifthe welds are to be made on the other side of a joint, the corresponding symbol should
be placed above or below the dashed reference line (Fig. 11.8).

4. If the welds are to the made on both sides of a joint, the corresponding symbols should
be placed on both sides of the reference line and the dashed line is not shown (Fig. 11.8).



Table 11.5 Dimensioning of welds

No. | Designation Definition Inscription
of welds
|
o V
¥
s : minimum distance from the
surface of the part to the
1. Butt weld W m N bottom of the penetration S ||
ST which cannot be greater
than the thickness of the
thinner part
” s
7Y i
§ § § a :height of the largest iso-
9. Continuous sceles triangle that can be a Il
fillet weld \ inscribed in the section
N N N z : side of the largest isosceles 2 Il
W W triangle that can be
y >’z>/ >’Z>‘ inscribed in the section
[ : length of weld (without end
. L, 1 @, 1 craters) a[\.nx )
3. | Intermittent I e : distance between adjacent
fillet weld 1d el
DN M) weld elements z B nxl(e)
[ { n :number of weld elements
a, z : (see No. 2)
n :(see No. 3)
4. Spot weld - C) C) - (e) :spacing d O n x (e)
d : diameter of spot
(e)
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The arrow of the symbol must point towards the joint which requires welding (Fig. 11.6).
When only one member is to be edge prepared to make the joint, the arrow should point
at that plate (Fig. 11.7).

Dimensions of size are indicated in mm without writting the unit mm. The letter a or z
is placed in front of the value of the fillet size, depending upon whether the throat or leg
and length of the weld is shown on the right hand side. If no length is given, it implies
that full length is to be welded (Table 11.5).

If unequal legs of fillet are to be used, they should also be given on the left hand side.
If a weld is to be made all around a joint, a circle should be placed at the elbow, connecting
the arrow to the reference line (Fig. 11.4 a).

If a weld is required to be made on the site or during erection or assembly, it is represented
by a filled-in circle at the elbow, connecting the arrow and the reference line (Fig. 11.4 a)
If a weld is to have a flush or flat finish, a straight line should be added above the
symbol.

The welding process is indicated, if required, at the end of the arrow (Fig. 11.4 b).

11.7 WELDING PROCESS DESIGNATIONS (ABBREVIATIONS)

In special cases, the technique of welding is indicated along with the welding symbol as a
convention. To avoid lengthy notes, the abbreviations (Table 11.6) are written as a note. In
some cases, code number is given with a foot note on the drawing near the title block.

11.8 EXAMPLES

The assembly drawing of a shaft support fabricated by welding is shown in Fig. 11.13 ¢, using
the conventional weld symbols.

The drawing of the individual components (part drawings) with edge preparation

wherever necessary, before they are joined by welding, are shown in Fig. 11.13 a. The isometric
view of the assembly is shown in Fig. 11.13 5.

Table 11.6 Welding process designations

Designation Welding process Designation Welding process

CAW Carbon arc welding 1B Induction brazing

CwW Cold welding IRB Infra red brazing

DB Dip brazing OAW Oxy-acetylene welding
DFW Diffusion welding OHW Oxy-hydrogen welding
EBW Electron beam welding PGW Pressure gas welding
ESW Electro slag welding RB Resistance brazing
EXW Explosion welding RPW Projection welding

FB Furnace brazing RSEW Resistance seam welding
FOW Forge welding RSW Resistance spot welding
FRW Friction welding RW Resistance welding

FwW Flash welding SAW Submerged arc welding
GMAW Gas metal arc welding TB Torch brazing

GTAW Gas tungsten arc welding UwW Upset welding
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Fig. 11.13 Shaft support (contd.)
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Fig. 11.13 Shaft support

11.1
11.2
11.3
11.4
11.5
11.6
11.7
11.8
11.9
11.10

11.11

THEORY QUESTIONS

173

What is welding and what type of fastesning is it?

What are the advantages of welding over riveting?

What are the materials that can be joined by welding?

By what means, the location of a weld is specified?

Categorise the welding symbols.

How is a weld shown on the drawing?

Explain the meaning of “arrowside” and “other-side”, with reference to welded joints.
Why the edges of various parts to be welded are prepared?

What are the important rules to be observed while applying weld symbols?
Give the welding process abbreviations, for the following:

(a) Explosion welding,

(b) Electro-slag welding,

(c) Forge welding, and

(d) Oxy-acetylene welding.

Explain the following welding process symbols:

(a) CAW (b) GMAW
(c) GTAW (d) OAW
(e) EBW (e) RW

11.1
11.2
11.3

DRAWING EXERCISES

Through sketches, indicate the various types of welding joints.

Sketch and explain the two conventional signs used for welding as per BIS.
Sketch the following welding symbols along with the respective illustrations:
(a) Single V-butt weld,

(b) Single bevel butt weld,
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(c) Single U-butt weld,
(d) Single J-butt weld,
(e) Fillet weld, and
(/) Convex double V-butt weld.
11.4 Explain the meaning of each weld shown in Figs. 11.14 to 11.17 and sketch the part drawings.

2 HOLES,
DIA 10

0

f

R 10

Fig. 11.16 Fig. 11.17

11.5 Suggest suitable welding joints to fabricate the swing bracket shown in Fig. 11.18.

11.6 Indicate appropriate welded joints shown by symbols to fabricate the structural joints shown in
Figs. 11.19 and 11.20.

3

L{

Fig. 11.18 Fig. 11.19
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BEARINGS

12.1 INTRODUCTION

Bearings are supports for shafts, providing stability, and free and smooth rotation. The
importance of bearings may be understood from the supporting requirement of machine tool
spindles, engine crankshafts, transmission or line shafts in workshops, etc. Bearings are broadly
classified into two categories: sliding contact bearings and rolling contact bearings or anti-
friction bearings.

12.2 SLIDING CONTACT BEARINGS

Sliding contact bearings are those in which the rotating shaft has a sliding contact with the
bearing and the friction is relatively high. Hence, these bearings require more lubrication.
According to the direction in which the bearing is loaded, these bearings are further classified
as: journal bearings and thrust bearings.
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12.2.1 Journal Bearings

When the load on a bearing is perpendicular (normal)
to the shaft axis, the bearing is known as a journal
bearing. In fact, the term §ournal’, refers to that part
of the shaft which is in contact with the bearing
(Fig.12.1). The following are some of the types of
journal bearings:
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Fig. 12.1 Journal bearing-representation

12.2.1.1 Solid Journal Bearing

This is the simplest among the journal bearings, and usually made of cast iron. This consists of
a cylindrical block with a rectangular base. The hole in the cylindrical block supports the shaft
and the holes in the base are used for bolting down the bearing. A hole provided at the top of
the body is used for introducing lubricant into the bearing (Fig. 12.2). The drawback of this
bearing is the absence of provision for adjustment in case of wear and hence it has to be discorded.
Hence, this is used when the load on the bearing is small and the wear is immaterial.

12.2.1.2 Bushed Journal Bearing

This bearing consists of mainly two parts, the body and the bush. The body is usually made of
cast iron and the bush of soft materials such as brass, bronze or gunmetal. The bush is press
fitted in the body; preventing relative axial and rotary motion. With this arrangement, to
renew the bearing, it is only necessary to renew the bush. The oil hole provided at the top of
the body and running through the bush is used to introduce the lubricant (Fig. 12.3).
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Fig. 12.2 Solid journal bearing
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Fig. 12.3 Bushed journal bearing

12.2.1.3 Pedastal Bearing (Plummer Block)

This bearing is used for long shafts, requiring intermediate support, especially when the shaft
cannot be introduced in the bearing end-wise. It consists of a pedastal or base, a cap and a
bush, split into two halves, called ‘bearing brasses’. The split parts used in the assembly, facilitate
easy assembly and periodical replacement of the worn-out brasses.

After placing the journal on the lower half of the bush, kept in the base, the upper half
of the bush is placed and the cap is then fixed to the pedastal, by means of two bolts (Fig. 12.4).
Flanges are provided at either end of the bush, to prevent its axial motion. The rotary motion
of the bush is prevented by a snug provided at the bottom of the lower brass, fitting into a
corresponding hole in the base.
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Instead of a snug, the brasses may be provided with square or octogonal seatings to
prevent relative movement. The polygonal shaped seatings provided adjacent to the flages, fit
into the corresponding recesses in the base and the cap. The seatings used are narrow in width
to reduce the amount of machining (Fig. 12.5).

SNUG, DIA 6
LONG 10 LONG 10

Fig. 12.5 Brasses

12.2.1.4 Bracket and Hanger Bearings

Brackets and hangers with bearings mounted, are used to support transmission or line shafts.
However, in some cases, a part of the bearing housing may be cast integral with the bracket or
hanger.

Bracket bearings

Bracket bearing supports a shaft running parallel to and near a wall or near a row of pillars.
The vertical plate of the bracket is bolted to the wall or pillar; the number of bolts used depends
upon the size and shape of the bracket.

Wall brackets

In the case of a wall bracket, the size of the bracket depends upon the biggest size of the pulley
that is to be mounted on the shaft. Fig. 12.6 shows a wall bracket with a pedastal bearing mounted
on it. It may be noted from the figure, that the pedastal is integrally cast with the bracket.
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Pillar brackets

Figure 12.7 shows a pillar bracket, with a pedastal bearing mounted on it; the main body being
integral with the bracket. It may be noted from the figure that this bracket has the minimum
overhang when compared with a wall bracket. This is because, in the case of a piller bracket,
the pulleys mounted on the shaft do not interfere with the pillar.

Hanger bearings

Hanger bearings support a shaft running parallel to a beam or ceiling of a room. The hangers
are suspended by means of bolts and nuts. These are generally named after their shapes; the
most commonly used types being J-hangers and U-hangers.

In the case of a J-hanger, the bearing is supported by a single arm and in the case of a U-
hanger, the bearing is supported between two arms. Figure 12.8 shows the J-type hanger with
the pedastal bearing integral with the hanger body.
12.2.1.5 Thrust Bearings

Thrust bearings are used to support shafts subjected to axial loads. These bearings are classified
into: pivot or foot-step bearings and collar bearings.
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Fig. 12.8 J-hanger with a pedastal bearing

Pivot or foot-step bearing

This bearing is used to support a vertical shaft under axial load. Further, in this, the shaft is
terminated at the bearing. The bottom surface of the shaft rests on the surface of the bearing
which is in the form of a disc. The bush fitted in the main body supports the shaft in position
and takes care of possible radial loads coming on the shaft.
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The disc is prevented from rotation by a pin inserted through the body and away from
the centre. The bush is also prevented from rotation by a snug, provided at its neck, below the
collar (Fig. 12.9). The space between the shaft and the collar, serves as an oil cup for lubricating
the bearing. The bush and the body are recessed to reduce the amount of machining. The base
of the body is also recessed to serve the same purpose.

Collar thrust bearing

This is generally used for supporting a horizontal shaft under axial load. Further, in this, the
shaft extends through and beyond the bearing. The shaft in a collar thrust bearing may consists
of one or more collars which are either fitted to or integral with the shaft (Fig. 12.10). The
collars rotate against the stationary split bearing surfaces.

Collar Oil hole Collars

(b)

Solid bearing

Split bearing

Fig. 12.10 (&) Single collar bearing, (b) Multi-collar bearing

12.3 ROLLING CONTACT (ANTI-FRICTON) BEARINGS

The bearings, in which a rolling friction is present, are known as rolling contact bearings. As
rolling friction is very much less than sliding friction, rolling contact bearings are called anti-
friction bearings.

The bearing consists of four parts: inner race, outer race, balls or rollers and a cage or
retainer (Fig. 12.11). The inner race is fitted tight into the stationary housing. Figure 12.12
shows the mounting of a shaft with a ball bearing. The arrangement also illustrates the method
used to prevent the axial movement of the bearing.
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Outer race

(I

Inner race

Fig. 12.11 Parts of a ball bearing

Locking washer

N

Fig. 12.12 Mounting of a radial ball bearing
Anti-friction bearings are further classified into: radial bearings and thrust bearings.

12.3.1 Radial Bearings
Radial bearings are used to resist normal (radial) loads acting on the shafts. These bearings
are sub-divided on the basis of the shape of the rolling elements used, viz., ball bearings, roller
bearings and taper roller bearings.

Figure 12.13 shows various types of anti-friction bearings, mounted on a common shaft.
From the figure, it may be seen that a single row radial bearing is shown in three different
sizes or series, viz., light, medium and heavy. The selection of a particular size depends upon
the magnitude of the load acting on the bearing. Sometimes, double row ball bearings are used
instead of single row ball bearings, to resist heavy loads.

Manufacturer's use a numbering system to denote the type of series (sizes) of the bearings.
For example 2xx, 3xx, 4xx series correspond to light, medium and heavy series respectively.
The last two digits when multiplied by 5, gives the bore or shaft size in millimetres. Thus 308
bearing signifies medium series bearing of 40mm bore. Additional digits if present, may refer
to manufacturer's details.
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Single row ball bearing

roller bearing

ball bearing

ball bearing
Taper roller
bearing

Medium series
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Angular contact

Needle bearing
Thrust ball bearing
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Fig. 12.13 Types of anti-friction bearings

Figure 12.14 illustrates the application of a self-aligning double row ball bearing in a
plummer block. Students are advised to refer manufacturer's catalogues to know the various
types and sizes, including their load carrying capacities.
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Fig. 12.14 Plummer block with double row self-aligning ball bearing

12.3.2 Thrust Bearings

These bearings are used to support shafts subjected to axial loads. In general,balls as
rolling elements are used in these bearings and rollers only in special cases.

Figure 12.15 shows the mounting of a shaft with a thrust ball bearing.

Figure 12.16 illustrates a foot-step bearing with a thrust ball bearing to resist axial
loads and a radial ball bearing to position the vertical shaft and also to resist the possible
radial loads.

Figure 12.17 shows the application of taper roller bearing, thrust ball bearing and a
double row ball bearing in a revolving centre.
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Fig. 12.15 Mounting of a thrust ball bearing
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THEORY QUESTIONS
12.1 What is a bearing and what is meant by journal?

12.2
12.3
12.4
12.5
12.6
12.7
12.8
12.9
12.10
12.11
12.12
12.13
12.14

12.15
12.16
12.17
12,18

How are bearings classified?

Name the different forms of journal bearings.

Under what conditions, a pedastal bearing is preferred?

Name the various parts of a plummer block.

How the bolts are prevented from rotation in a plummer block?
What are the commonly used bearing materials?

Why collars are provided at the sides of bearings brasses?

What is a snug? What is the function of it in the bearing?

Why countersunk hole is provided at the top of the body of the bearing?
Why elongated holes are generally provided in the base of a bearing?
Why is the base of the bearing generally kept hollow at the bottom?
Why a disc is provided at the shaft end in a pivot bearing?
Distinguish between:

(a) sliding contact bearings and anti-friction bearings,

(b) bracket and hanger bearings,

(c) pivot bearing and collar bearing, and

(d) journal bearing and thrust bearing.

What is a rolling contact bearing?

Why are rolling contact bearings called anti-friction bearings?

What are the different shapes of the rolling elements used in anti-friction bearings?
Explain the specification of a bearing 205.

DRAWING EXERCISES

12.1

Draw (a) half sectional view from the front, with left half in section and (b) view from above of a
bushed bearing, suitable for supporting a shaft of diameter 25mm.
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12.2

12.3
12.4

12.5

12.6
12.7
12.8

12.9
12.10

12.11

Machine Drawing

Draw the following views of a plummer block, suitable for supporting a shaft of diameter 50mm:
(a) half sectional view from the front, with left half in section,

(b) sectional view from the side, and

(c) view from above.

Sketch any two designs used to prevent rotational movement of the bearing brasses.

Sketch the necessary views of a foot-step bearing, for supporting a shaft of diameter 50mm. Give
all important proportionate dimensions.

Indicating proportionate dimensions, sketch the necessary views of the following types of bear-
ings:

(a) wall bracket with a pedastal bearing,

(b) pillar bracket with a pedastal bearing, and

(c) J-hanger with a pedastal bearing.

Sketch a ball bearing and indicate the various parts of it.

Illustrate through sketches, the mountings of (@) radial ball bearing and (b) thrust ball bearing.
Sketch the sectional views of the following:

(a) single row ball bearing, (b) cylindrical roller bearing,

(c) taper roller bearing and (d) thrust ball bearing.

Draw (a) view from the front and (b) sectional view from the side of a plummer block with double
row self-aligning ball bearing, suitable for supporting a shaft of diameter 30mm.

Draw (a) sectional view from the front and (b) view from above of a foot-step bearing with radial
and thrust ball bearings, suitable for supporting a shaft of diameter 60mm.

Indicating proportionate dimensions, sketch half sectional view from the front of a revolving
centre, using thrust ball bearing, taper roller bearing and a double row ball bearing.



CHAINS AND GEARS

13.1 INTRODUCTION

Chain drive consists of an endless chain whose links mesh with toothed wheels known as
sprockets. Shafts centre distances for chain drives are relatively un-restricted. Chains are
easily installed. Chain drives do not slip or creep. As a result, chains maintain a positive speed
ratio and are more efficient because of no slippage. Chain drives are more compact than belt
drives. For a given capacity, a chain will be narrower and sprockets will be smaller in diameter,
thus occupying less overall space. Chains do not deteriorate with age and can operate at higher
temperatures. They are more practical for low speeds.

13.2 CHAIN DRIVES

Power transmission chains have two basic components, link plates and pin and bushing joints.
The chain articulates at each joint to operate around a toothed sprocket. The pitch of the chain
is the distance between the centres of the articulating joints.

13.3 ROLLER CHAINS

These chains are assembled from roller links and pin links (Fig. 13.1). For joint wear life, these
chains should be lubricated. The dimensional details of a few selected roller chains are given
in Table 13.1, as per the BIS.
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Fig. 13.1 Roller chain
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Table 13.1 Roller chain dimensions. Dimensions are in mm

Designation Pitch Roller Pin Width Plate

BIS dia, D, dia, Dp w depth, H

05B 8.0 5.0 2.3 3.1 7.04

06 B 9.525 6.35 3.31 5.9 8.14

08 B 12.7 8.31 4.45 7.85 11.69

10 B 15.875 10.16 5.08 9.85 14.26

12 B 19.05 12.07 5.72 11.7 15.95

16 B 25.4 15.88 8.27 17.1 20.8

13.4 INVERTED TOOTH OR SILENT CHAINS

These are high speed chains used for prime movers, power cranes, machine tools and pumps.
These chains are made-up of a series of toothed links assembled with pins in such a way that
the joint articulates between adjoining pitches (Fig. 13.2).

/—Link plate

<

RN

Fig. 13.2 Silent chain
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13.5 SPROCKETS

These are used for mounting on flanges, hubs or other devices (Fig. 13.3). Although the sprockets
are normally machined from grey iron castings, they are also available in cast steel or welded
construction. Smaller sprockets, known as pinions are of plate type; larger sprockets, known
as wheels, have hub extensions.

13.6 DESIGN OF ROLLER CHAIN DRIVES

The design of roller chain drive consists of the selection of the chain and sprocket sizes. It also
includes the determination of the chain length and centre distance. The limiting factor of
chain drive is based on revolutions per minute of the pinion sprocket. Multiple width roller
chains transmit greater power at higher speeds. They also substantially reduce noice factor
because of their smooth action.

It is a general practice to use a minimum size of sprocket of 17 teeth in order to obtain
smooth operation at high speeds. The normal maximum number of teeth is 120. The practice
indicates that the ratio of driver to driven sprockets should not be more than 6. Centre distances
must be more than one half of the diameter of the smaller sprocket plus one half of the diameter
of the larger sprocket. Eighty times pitch is considered the maximum.

The chain length is a function of number of teeth in both sprockets and of centre distance.
In addition, the chain must consists of integer number of pitches; preferably with an even number.
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@ (b)

Fig. 13.3 Sprockets
13.7 GEARS

Gears are machine elements, which are used for power transmission between shafts, separated
by small distance. Irrespective of the type, each gear is provided with projections called teeth
and intermediate depressions called tooth spaces. While two gears are meshing, the teeth of
one gear enter the spaces of the other. Thus, the drive is positive and when one gear rotates,
the other also rotates; transmitting power from one shaft to the other.

13.8 TYPES OF GEARS

Gears are classified on the basis of the shape of the tooth profile and the relative position of the
shafts between which, power transmission takes place. The pictorial views of some of the most
commonly used gear trains, are shown in Fig. 13.4.

77
iy

Bevel Rack and pinion
worm gear

Fig. 13.4 Types of gears
13.9 GEAR NOMENCLATURE

Figure 13.5a shows the parts of a spur gear and Fig. 13.5b, two spur gears in mesh; indicating
all the terms associated with the gearing. These terms are also applicable to all types of gears.
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13.10 TOOTH PROFILES

Machine Drawing

A number of curves may be used for the tooth profile. However, from a commercial stand point,
cycloidal and involute curves are used. Of these two, involute form is extensively used because
of its advantages from manufacturing and operational points of view.

13.10.1 Involute Tooth Profile

Involute is a curve traced by a point on a straight line when it rolls without slipping, on the
circumference of a circle. Figure 13.6 shows the stages in drawing the involute tooth of a gear.
The following are the steps involved in the construction.
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Fig.13.5 Gear nomenclature
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Line of action
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Fig. 13.6 Method of drawing involute tooth profile

With O as centre and radius equal to the pitch circle radius, draw an arc.
At any point P on it, drawn a line T-T, tangential to the above arc.

Through the point P, draw the line of action N-N, making an angle equal to the pressure angle ¢,
with the tangent line T-T.

From the centre O, draw the line OQ, perpendicular to the line of action (it will make an angle ¢
with OP).

With O as centre and radius equal to OQ, draw an arc, representing the base circle.
With O as centre, draw arcs, representing addendum and dedendum circles.

Starting from any point on the base circle, construct an involute curve, as shown at X.
Trace the curve and a part of the base circle, on a piece of tracing paper, as shown at Y.

On the pitch circle, mark points 1, 2, 3, 4, etc., separated by a distance equal to half of the
circular pitch.

Place the tracing paper, such that the arc AB coincides with the base circle and the curve passes
through the point 1.

Prick a few points on the curve, lying between the addendum and base circles.
Join these points by a smooth curve.

Draw a radial line below the base circle and join it with the bottom land, by means of fillet of
radius r, which may be taken as 0.125 p,.

Reverse the tracing paper, follow the steps 11 to 13 and complete the curve through the point 2;
obtaining one tooth profile.

Repeat the steps 11 to 14 and construct the other tooth profiles.

13.10.2 Approximate Construction of Tooth Profiles

Often it is necessary to draw the teeth on a pair of meshing gears, to understand the problems
involved in the meshing of the mating teeth. Further, the drawings are not used for producing
the teeth in the shop. Hence, approximate constructions may be followed to draw the tooth
profiles. The following are the steps involved in the construction:
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Case 1 Number of teeth is 30 and above (Fig.13.7)

1.

With O as centre, draw arcs representing dedendum, pitch and addendum circles.

2. At any point on the pitch circle, mark a point P.
3.
4. With centre P and radius equal to 0.125x pitch circle diameter (D), draw an arc, intersecting the

With OP as diameter, draw a semi-circle.

semi-circle at Q.

With O as centre and radius OQ, draw an arc. The centres of arcs for the tooth profiles, lie on this
arc and the radius for the arc is 0.125D.

. On the pitch circle, mark points 1, 2, 3, 4, etc., separated by a distance equal to half the circular

pitch.

Add. circle

Pitch circle

Ded. circle

Path of centres
of profile arcs —

R=0.125D

Fig. 13.7 Approximate construction of tooth profile (number of teeth 30 and above)
With each of these points as centres, and radius equal to 0.125D, locate the centres 1’, 2/, 3", 4’,
etc., for arcs, on the circle for centres (passing through Q).

With 17, 2/, 3/, 4/, etc., as centres and radius equal to R, draw arcs, passing through the points 1,
2, 3, 4, etc.

. Add the top lands and join the arcs with the bottom land, by a fillet of radius r, equal to

0.125 p,.

Case 2 Number of teeth is less than 30 (Fig. 13.8)

1.
2.
3.

Follow the steps 1 to 8 as described above.
From O, draw lines, tangential to the above arcs.

Add the top lands and join the above lines with the bottom land, by a fillet of radius equal
to 0.125 p,.
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Add. circle

Pitch circle

Path of centres of
profile arcs

Ded. circle

Tangent to the arc
from the centre

0

Fig. 13.8 Approximate construction of tooth profile (number of teeth less than 30)

13.11 GEARS AND GEARING

13.11.1 Spur Gear

Gears with pitch circle diameters less than 10cms are produced from solid blanks, with uniform
thickness. When pitch circle diameters lie between 10 to 25 cms, gears are produced with a
web connecting the hub and rim. The web thickness (T, ) may be taken as equal to the circular
pitch of the gear. Still larger gears are produced with arms; the number being dependent upon
the pitch circle diameter. The rim thickness T, i.e., the thickness of the metal under the teeth
may be taken as equal to the depth of the tooth. Figure 13.9 shows the views of a spur gear,
following the conventional representation for gear teeth.
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Fig. 13.9 Spur gear
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13.11.2 Spur Gearing

Two spur gears in mesh is known as spur gearing. In all gearings except worm gearing, the
smaller of the two gears is called the pinion and the larger one, the gear or gear wheel. Figure
13.10 shows the views of spur gearing, indicating the required parameters.
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Centre distance

Fig. 13.10 Spur gearing

13.11.3 Helical Gear

Helical gears have teeth inclined to the axis of O
rotation at an angle, known as helix angle. These

are also used to connect parallel shafts. When >§
helical gears are used, the shaft bearings are c
subjected to thrust loads which may be resisted by 4

using a double helicle gear (herring-bone gear). This
is equivalent to two helical gears of opposite hand, —+—5
mounted side by side on the same shaft. This
arrangement, develops opposite thrust reactions
and thus cancel each other. - =

13.11.4 Helical Gearing L W
Two helical gears in mesh is known as helical I i *
gearing. Out of the two gears in mesh, one gear y L j'i)

must have a right hand helix and the other, a left o
hand helix as shown in Fig. 13.11. Helical gearing &<_
is noiseless in operation because of the more
gradual engagement of the teeth during meshing.

13.11.5 Bevel Gear 7

In bevel gears, the teeth are formed on conical Fig. 13.11 Helical gear and helical gearing
surfaces and are used for transmitting power
between intersecting shafts.

Bevel gears may be classified as straight teeth bevel gears and spiral bevel gears. Hypoid
gears are similar to spiral bevel gears, except that the shafts are off-set and non-intersecting.
Bevel gears may be used to connect shafts at practically any angle; 90° being the common one.
Figure 13.12 shows the views of a bevel gear.
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Fig. 13.12 Bevel gear

13.11.6 Bevel Gearing

Two bevel gears in mesh is known as bevel gearing. In bevel gearing, the pitch cone angles of
the pinion and gear are to be determined from the shaft angle, i.e., the angle between the
intersecting shafts. Figure 13.13 shows two views of a bevel gearing.

Fig. 13.13 Bevel gearing

13.11.7 Worm and Worm Gear (Wheel)

Worm and worm gear in combination, i.e., in meshing is known as worm gearing and is used in
speed reducers requiring large reductions. In worm gearing, the driving member is the worm,
which is in the form of a screw, having trapezoidal thread. The worm may have single or
multiple start threads which are left or right hand in nature. The driven member is known as
the worm gear or worm wheel. In one of the designs, the worm gear is in the form of a helical
gear, with teeth cut on a concave shaped periphery and thus enveloping the worm. Figure
13.14 shows the worm and worm gear indicated separately and Fig. 13.15, the same in mesh.
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THEORY QUESTIONS

What is a gear and what is its function?

How are gears classified? Give their applications.

Define the following terms, as applicable to spur gearing:

(a) pitch circle diameter, (b) addendum, (c) dedendum,
(d) pitch point, and (e) pressure angle.

Why a gear drive is called a positive drive?

What are the commonly used tooth profiles and which one is the most extensively used?
Define an involute curve.

Which will run faster; the larger or smaller of the two meshing gears?
What is a rack and what is its purpose ?

What is the difference between a rack and a pinion?

Distinguish between:

(a) spur and helical gear,

(b) single helical gear and double helical gear,

(c) spur and bevel gear,

(d) gear and gearing,

(e) pinion and gear wheel, and

(f) worm and worm gear.

DRAWING EXERCISES

13.1

13.2
13.3
13.4
13.5
13.6

13.7

13.8

A gear has 30 teeth of involute profile, pitch circle diameter of 180mm and pressure angle of 20°.
Draw the profile of four complete teeth for the gear. Also, draw the profile by approximate con-
struction method.

Sketch (a) sectional view from the front and (b) view from the side of a spur gear with a web.
Sketch the views of two gears, a pinion and gear in mesh. Indicate the required parameters.
Sketch a helical gearing, following the conventional representation.

Sketch a bevel gear, indicating the various terms and parameters.

Sketch (a) sectional view from the front and (b) view from the side of a bevel gearing. Indicate
the required parameters.

Through the necessary views, sketch a worm and worm gear separately; indicating the impor-
tant parameters.

Sketch the two views of a worm gearing; indicating the necessary parameters.



JIGS AND FIXTURES

14.1 INTRODUCTION

The requirements of mass production and interchangeable assembly in industry, demand that
the components be machined to identical form and size. For this purpose, devices known as
jigs and fixtures are used for holding, locating the work and guiding the tools while machining.
The use of jigs and fixtures makes possible rapid as well as accurate manufacturing; at the
same time, reducing the production cost.

A jig is a device, which holds and supports the work and also guides the path of the
cutting tool, as the operation is performed. Jigs are used extensively for operations such as
drilling, reaming, tapping and counter-boring. The jig need not be secured to the machine.

A fixture is a device which locates and holds the work securely in a definite position. It
is usually secured to the table of the machine and it does not guide the cutting tool. The cutting
tool is either moved into position for the operation or the table is moved under the cutting tool.
Fixtures are used while performing milling, turning, honing, broaching, grinding and welding
operations.

14.2 PRESENTATION OF WORK PIECE

The drawing of a jig or fixture includes a work piece in position. However, the work piece
should be easily discernible from the jig/fixture. To accomplish this, the work piece is drawn in
a chain dotted line, preferably in colour which will be easily distinguished.

The work piece in a fixture/jig drawing is considered transparent. As a result, locators,
studs or other parts of fixture/jig passing through the work piece are drawn in full lines instead
of dotted, as shown in Fig. 14.1. Similarly, the parts of the fixture/jig placed behind the work
piece are also drawn.

The work piece is drawn mainly to facilitate design of the jig/fixture. The designer can
thus position the locators, clamps and bushes quickly and correctly with respect to the work
piece. It also facilitates tool room and manufacturing engineers to read the jig/fixture drawing
and easily understand the functions and requirements of each part.

14.3 JIG COMPONENTS
14.3.1 Jig body

The jig body is a frame which holds various parts of a jig. It may be a single integral part of
welded construction or an assembled one. The body must be rigid in construction and at the
same time light in weight for easy handing.

200
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14.3.2 Locating Devices

The location should prevent linear and rotary motion of the work piece, along and around
three major axes X, Y, and Z. Depending upon the shape of the work piece, the locating devices
may be either internal or external in nature. Cylindrical, diamond and conical pin locators are
the common internal locators; V-grooves, button stops, supports and dowel pins are used as
external locators. Location system should prevent wrong loading of the work piece in a fool
proof manner.

14.3.3 Clamping Devices

Clamping elements hold the work piece firmly engaged with locating elements during the
operation. The clamping system should be strong enough to withstand forces developed during
the operation and at the same time it should not dent or damage the work piece. Speed of
operation and operator fatigue also are important in selecting the clamping devices.

Clamps are broadly divided based on their construction and principle of operation as:
screw clamps, strap clamps, pivoted clamps, hinged clamps, swinging clamps, quick action
clamps, multiple clamps and power clamps.

14.3.4 Bushings

Drill jigs use bushes to guide drills, reamers and other cutting tools, to the work piece. These
are made of carbon steels with 0.85 to 1% carbon and 0.5 to 0.9% manganese, and hardened to
RC 60 to 64 to minimize wear due to contact with hard, rotating tools. Bushes are generally
finished by grinding inside and outside diameters within 0.01 mm concentricity. The inside
diameter is ground to precision running fit (F7) with the drill/reamer to be guided, whereas
the outside diameter is made press fit (p 6), precision location fit (h6) or precision running fit
(f6) depending upon the function and application of the bush.

14.3.4.1 Press Fit Bush

Of the various types of bushes used, the press fit bushes are the most common type and are
pressed (interference fit) in the jig plates (Fig. 14.2a). These bushes are used in batch production
where the bushes often outlast the life of the jig. Press fit bushes are also used as liners for
renewable and slip bushes.

14.3.4.2 Renewable Bushes

For continuous or large batch production, the inside diameter of bush is subjected to severe
wear due to continuous contact with the hard cutting tool. The guide bushes require periodic
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replacement. The replacement is simplified by making the outside diameter of the bush,
precision location fit (h6). The bush can then be assembled manually without a press. The
renewable bush must be prevented from rotation and axial movement. This is accomplished by
the provision of a flat surface on the collar (Fig. 14.2b). The shoulder screw prevents the bush
from getting lifted with the cutting tool.

14.3.4.3 Slip Bushes

When a hole in the work piece requires two operations such as drilling and reaming, it is
necessary to use two different guide bushes for different tools. The hole is first drilled using a
bush having bore suitable for drill. After drilling, the drill bush is removed and a reaming bush
is used to guide the reamer. For mass production, quick change is accomplished by the provision
of slip bushes (Fig. 14.2¢). There are many variations of slip bushes.

Retaining
screw Slip bush

Liner bush

3 \to release
slip bush
/drill rotation

a-Press fit bush b-Renewable bush c-Slip bush

Fig. 14.2 Types of bushes

14.3.4.4 Special Bushes

Some work pieces or operations require unusual types of bushes which may involve simple
modification of standard bushes. A twist drill tends to slide down inclines and curves; causing
bending and breakage of drill. This problem can be overcome by altering the shape of the drill
bush to provide better support and resistance against bending as shown in Fig. 14.3.

\
N 7 S
%

(@) (b)

Fig. 14.3 Special bushes
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14.3.4.5 Bush Clearance

After fitting the bush in the jig body, there should be sufficient clearance left between the bush
and the work piece to permit the chip flow during the machining operation (Fig. 14.4) and also
burr clearance for ductile materials.
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Work piece POOR //‘/&
Work piece GOOD

Fig. 14.4 Bush clearance

14.4 VARIOUS TYPES OF JIGS
Depending upon the construction and method of operation; drill jigs can be broadly classified
as follows:

1. Plate jigs and channel jigs,

2. Angle plate jigs,

3. Turn over jigs,

4. Leaf or latch jigs,

5. Box jigs, and

6. Trunion type indexing jigs.

14.4.1 Channel Jig
Figure 14.5 shows the assembly drawing of a channel jig with work piece in position.

Bush

L _-A
Work piece—/

Fig. 14.5 Channel jig
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14.4.2 Box Jig

Figure 14.6 shows the half sectional view from the front and the view from above of the
assembled drawing of box jig. This jig is also provided with a latch for clamping and supporting
the work piece when used as a turn-over jig. The use of different types of bushes is also indicated
in the figure.
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Fig. 14.6 Box jig

14.5. FIXTURE COMPONENTS
14.5.1 Fixture Base

It is used to locate the fixture components and the work piece. It is firmly fastened to the
machine table with clamps. In addition, they may be provided with tongues (tenons) that enter
table T-slots for aligning the fixture properly with respect to spindle axis.

14.5.2 Clamps

Fixture clamps, apart from clamping the work piece, are required to resist the cutting forces.
Hence, they must be sized heavily than the jig clamps and must be properly located.
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14.5.3 Set Blocks

Cutter set blocks are fastened to the fixture body for proper positioning of the cutter/tool
(Fig. 14.7). The locating surfaces of the set blocks are off-set from the finished surfaces to be
machined. Feeler guages, in thickness equal to the off-set are used on the locating surfaces of
the set blocks and then the fixture is adjusted until the cutter touches the feeler guage.

Work piece—L Clamp
. |
Thrust bearing R i
!

Movable
! member
| !

/ Setting block

N
N
Y

- -R:\‘
/
7

\\ Locking device Body Z

Indexing device

Fig. 14.7 Milling fixture

14.6 TYPES OF FIXTURES

14.6.1 Indexing Type Milling Fixture

Figure 14.7 shows an indexing type milling fixture, consisting of various components. The
fixture base is fixed on the milling machine table, and is aligned by means of the tenons fitted
to the base. The cutter is set by using a feeler guage and setting block. After making a cut on
the work piece, it is indexed for the next slot, using the indexing mechanism.

14.6.2 Turning Fixture

Figure 14.8 shows a turning fixture to drill and finish a bearing block. The base of the fixture
is clamped to a face plate/back plate of lathe. To compensate for the unbalanced loading over
the lathe spindle, a balance weight is provided on the fixture base.
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Fig. 14.8 Turning fixture

14.6.3 Welding Fixture

Figure 14.9 shows a welding fixture for a pipe fabrication. The pipe fabrication consists of 3
pipes, 2 channels and 1 gusset channel. The pipes are located and supported by blocks containing
semi-circular grooves. They are clamped by strap clamps. The channels and gusset are located
and supported by brackets and aligning pins. Later, the welding operation is carried out.
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Fig. 14.9 Welding fixture

THEORY QUESTIONS

14.1
14.2
14.3
14.4
14.5
14.6

14.7
14.8
14.9
14.10
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What is a jig ?

What is a fixture ?

What are the applications of jigs and fixtures ?

How is the work piece represented in a jig or fixture drawing ?
List the various jig components and their uses.

List different types of jigs and sketch the following :

(a) turn over jig, and

(b) leaf jig.

With the help of sketches, describe the different types of bushes.
What is bush clearance and what is its importance ?

List various fixture components and their uses.

Name the different types of fixtures.



LIMITS, TOLERANCES,
AND FITS

15.1 INTRODUCTION

The manufacture of interchangeable parts require precision. Precision is the degree of accuracy
to ensure the functioning of a part as intended. However, experience shows that it is impossible
to make parts economically to the exact dimensions. This may be due to,
(1) inaccuracies of machines and tools,

(ii) inaccuracies in setting the work to the tool, and

(i11) error in measurement, etc.

The workman, therefore, has to be given some allowable margin so that he can produce
a part, the dimensions of which will lie between two acceptable limits, a maximum and a
minimum.

The system in which a variation is accepted is called the limit system and the allowable
deviations are called tolerances. The relationships between the mating parts are called fits.

The study of limits, tolerances and fits is a must for technologists involved in production.
The same must be reflected on production drawing, for guiding the craftsman on the shop
floor.

15.2 LIMIT SYSTEM

Following are some of the terms used in the limit system :

15.2.1 Tolerance

The permissible variation of a size is called tolerance. It is the difference between the maximum
and minimum permissible limits of the given size. If the variation is provided on one side of
the basic size, it is termed as unilateral tolerance. Similarly, if the variation is provided on
both sides of the basic size, it is known as bilateral tolerance.

15.2.2 Limits

The two extreme permissible sizes between which the actual size is contained are called limits.
The maximum size is called the upper limit and the minimum size is called the lower limit.
15.2.3 Deviation

It is the algebraic difference between a size (actual, maximum, etc.) and the corresponding
basic size.

15.2.4 Actual Deviation

It is the algebraic difference between the actual size and the corresponding basic size.

15.2.5 Upper Deviation

It is the algebraic difference between the maximum limit of the size and the corresponding
basic size.

208
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15.2.6 Lower Deviation

It is the algebraic difference between the minimum limit of the size and the corresponding
basic size.

15.2.7 Allowance

It is the dimensional difference between the maximum material limits of the mating parts,
intentionally provided to obtain the desired class of fit. If the allowance is positive, it will
result in minimum clearance between the mating parts and if the allowance is negative, it will
result in maximum interference.

15.2.8 Basic Size

It is determined solely from design calculations. If the strength and stiffness requirements
need a 50mm diameter shaft, then 50mm is the basic shaft size. If it has to fit into a hole, then
50 mm is the basic size of the hole. Figure 15.1 illustrates the basic size, deviations and
tolerances.

Here, the two limit dimensions of the shaft are deviating in the negative direction with
respect to the basic size and those of the hole in the positive direction. The line corresponding
to the basic size 