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B.E.(First/Second Semester) EXAMINATION, Feb.,2005
(Common for all Branches)

BASIC MECHANICAL ENGINEERING
(BE-204)

Attempt any  five questions. Use of Steam tables and Mollier’s chart is 
permitted. Write composition, properties and uses of the following:
1. (a) White Cast Iron (ii) Mild Steel 
(ii) White Cast Iron - White cast iron is obtained by the presence of relatively 
large quantities of manganese, a very small amount of silicon and by rapid cooling. 
White cast iron contains carbon exclusively in the form of cementite.

Composition - The approximate chemical composition of white cast iron is given 
as follows 

Material
Carbon
Silicon

Manganese
Sulphur

Phosphorus

Percentage
1.75  -  2.3
0.85 - 1.20
0.10 - 0.40
0.12 - 0.35
0.05 - 0.20

Properties of White Cast Iron -
(a) White cast iron possesses excellent abrasive wear resistance.

(b)  It is very hard (the hardness ranges from 400 to 600 BHN).

(c) White cast iron delivers its name from the fact that its freshly broken surface 
shows a bright white fracture.

(d) White cast iron under normal circumstances is brittle and not machinable.

(e)	 The	solidification	range	of	white	cast	iron	is	2550	-	2065°F.

Uses of White Cast Iron -
(a) It is widely used in manufacture of wrought iron.

(b) For producing malleable iron castings.

(c) For manufacturing those components which require a hard and abrasion 
resistant materials.

Mild Steel -	Mild	steel	contains	0.05	to	0.3%	carbon.	It	is	further	classified	into	
three types -



8

(a) Dead mild steel 0.05-0.15% C

(b) Mild steel 0.15-0.2% C

(c) Mild steel 0.2 - 0.3% C

Properties - Various properties of mild steel are given as follows -

(a) It can be easily forged and welded.

(b) It can be magnetized permanently.

(c)	 It	has	fibrous	structure.

(d) It cannot be hardened and tempered easily.

(e) It cannot be easily affected by hard water.

(f) It is ductile and malleable.

(g) It rusts readily.

(h) Its ultimate compressive strength is about 80 to 120 kN/cm2.

(i)	 Its	specific	gravity	is	7.80.

(j) It is tougher and more elastic than wrought iron.

(k) Its ultimate tensile and shear strengths are about 60 to 80 kN/cm2.

(l)	 Its	melting	point	is	about	1390°C.

Uses of Mild Steel - The uses of mild steel are as follows -

(i) Mild steel containing 0.05 to 0.15% carbon is used for making stampings, 
wires, rivets, sheets, screws, pipes, thin plates, automobile body, nails and chain.

(ii) Mild steel containing 0.15 to 0.20% carbon has a tensile strength of 420 MPa, 
is used for making camshafts, sheets and strips for fan blades, universal beams, 
welded tubing, forgings, drag lines etc.

(iii) Mild steel containing 0.20 to 0.30% carbon has a tensile strength of 555 MPa 
and hardness of 140 BHN. It is used for making gears, valves, connecting rods, 
crankshafts,	railway	axles,	fish	plates,	small	forgings	etc.

2.(a)  Describe the construction and use of a sine bar. How will you measure 
taper of a job with the help of a sine bar ?
Ans. The high degree of precision available for linear measurement in the form 
of slip gauges can be utilized for measurement of angles with the aid of a simple 
but elegant piece of apparatus known as sine bar. The bar is essentially a hardened 
steel beam mounted on two hardened cylinders at a known distance. The holes are 
drilled to make it lighter.
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Construction - Sine bar consists of a lapped steel bar. An accurate cylinder is 
attached at the each end of sine bar. The axis of cylinders is mutually parallel to 
each other and parallel to upper surface. Cylinders are attached at an accurately 
known distance. This distance is usually from 100 mm to 250 mm. Sine bar having 
cylinders distance 100 mm is known as “100 mm sine-bar.” A sine bar is shown in 
fig.	2.41.

Sine bar is basically used for precise measurement of angles of any component 
whose surface is accurately smooth Sine bar is used in conjunction with slip gauges, 
dial gauges and surface plate etc.

Principle - The principle of sine bar is based on the trigonometry. In right angled 
triangle	ABC	shown	in	fig.	2.42,
BC
AC

or BC
AC

= = 







−sin sinθ θ 1

Length BC is generally adjusted by the slip gauges and length AC is length of sine 
bar. Therefore by calculating the ratio of BC to AC, the value of  can be determined.

Accuracy Requirements of a Sine Bar -

(i) The rollers must be of identical diameters and round to within a close tolerance.

(ii) The axes of the rollers must be parallel to each other and the centre distance of 
rollers must be precisely known.

(iii)	The	upper	surface	of	the	sine	bar	must	be	flat	and	parallel	to	a	plane	connecting	
the axes of the rollers.

Use of Sine Bar - Sine bar is used for the following purposes -

(i) To Calculate the Angle of a Component - Sine bar is used in conjunction with 
surface plate, slip gauges and dial indicator. Firstly, the component whose angle is 
to	be	measured,	is	mounted	on	sine	bar	as	shown	in	fig.	2.43,	then	one	side	of	sine	
bar is raised by means of slip gauges until the work surface is parallel to the datum 
surface. To check the parallelism of work surface, the dial gauge is used.

Therefore

θ = −sin 1 H
L
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where H = Total height of slip gauges 

           L = Sine bar length.

(ii) To Calculate the Angle of Large Component - When the component is so 
large that it cannot be mounted on sine bar, the sine bar can be mounted on the 
component	as	shown	in	fig.	2.44.	The	height	of	the	rollers	is	measured	by	means	
of vernier height gauge. Therefore,

θsin− −







1 1 2h h
L

(iii) To Calculate the Angle of Taper Plug Gauge - Arrangement for measurement 
of taper plug gauge is shown in Fig. 2.45.
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The taper angle of the taper plug gauge will be given as

2θsin− −







1 1 2h h
L

where	2θ	=	Cone	angle	of	taper	plug	gauge

    h1 = Height of the slip gauge pile at one end 

           h2 = Height of the slip gauge pile at other end.

Enlist the main parts of a Lathe. How is a lathe specified ? Give operations 
which can be performed on a lathe.
Ans:-		The	lathe	machine	as	shown	in	fig.	2.51.
The bed is the base or foundation of the lathe. It supports the other parts, i.e., 
headstock, tail stock and carriage etc. The bed is the main guiding member of the 
tool. The lathe bed must satisfy the following conditions for accurate machining -

It	 should	 be	 sufficiently	 rigid	 to	 prevent	 deflection	 under	 tremendous	 cutting	
pressure.

It	must	be	massive	with	 sufficient	width	and	depth	 to	absorb	vibration.	 It	must	
resist the twisting stress etc.

The bed should be seasoned naturally to avoid distortion that may develop when it 
is cooled after the bed is cast.

The top of the bed is planed to form “guides” or “ways”. Ways are accurate rails 
which support carriage and the tail stock.

The cast iron alloyed with nickel and chromium forms a good material suitable for 
lathe bed.
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Headstock - The headstock assembly is permanently fastened at the left hand 
end	of	the	lathe	bed.	It	serves	to	support	the	first	operative	unit	of	the	lathe,	i.e.,	
the spindle. The spindle revolves on two large bearings, one at each end of the 
headstock. The spindle is rotated by a combination of gears and cone pulleys or 
by gear alone. A hole extends through the spindle so that a long bar may be passed 
through the bore. The front end of the hole is appeared for holding centres and 
other	tools	having	a	standard	morse	taper	shank.	A	taper	sleeve	fits	into	the	taper	
hole	and	a	live	centre	which	supports	the	work	and	revolves	with	the	work	fits	into	
the sleeve that acts as a bush.

Tail stock or Loose Headstock - The tail stock is located on the inner ways at the 
right hand end of the bed. It serves to support the other end of the work at to hold 
a tool for performing operations such as drilling, reaming, tipper etc. The tail stock 
can be moved along the bed and clamped to the bed at theories desired locations to 
suit the length of the work piece. Tail stock cons: s of two main parts. The lower 
part rests on the bed ways and the upper art rests on the lower part. The upper part 
can be moved towards or away from the operator to offset the tail stock for taper 
turning and to realign the tail stock centre for straight turning. The body of the tail 
stock has a bore for the hollow cylindrical sliding member, known as a “quill”. 
This quill holds the cutting tools such as drills, reamers, taps etc., and feeds to the 
work piece.

Carriage -	 It	 is	 fitted	 on	 the	 bed	 and	 slides	 along	 the	 bed	 guide	ways	 and	 its	
purpose is to hold the cutting tool and to impart either longitudinal or cross feed. 
It	has	five	major	parts	-

Saddle - The base of the carriage is the saddle which slides along the ways between 
the headstock and tail stock.

Cross-slide -The cross-slide is mounted on the saddle. It provides cutting tool 
motion which is perpendicular to the centre line.

Compound Rest- It is mounted on top of the cross-slide. It has a circular base 
graduated in degrees. It is used for obtaining angular cuts and short tapers as well 
as convenient positioning of the tool to the work. The compound rest is operated 
by hand. It is equipped with a micrometer dial to assist in determining the depth of 
the cut.

Tool Post - The tool post is mounted on the compound rest and slides in a T-slot. 
Cutting	tool	or	tool	holder	is	firmly	held	in	it.	The	tool	can	be	swivelled	as	well	as	
tilted by means of a rocker and a concave ring collar.

Apron - The apron is fastened to the saddle and hangs over the front of the bed. 
It contains the gears, clutches and levers for operating the carriage by hand and 
power feeds.

Feed Mechanism - The movement of the tool relative to the work is termed as 
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“feed”. A lathe may have three types of feed, i.e., longitudinal, cross and angular. 
In longitudinal feed, the tool moves parallel to the lathe axis. In cross feed, the tool 
moves at right angle to the lathe axis. In angular feed, tool is swivelled at an angle 
to the lathe axis. The feed mechanism has different units through which motion 
is transmitted from the headstock spindle to the carriage, such as - feed gear box, 
feed rod and lead screw, apron mechanism, quick change gear box and half nut 
mechanism.

Screw Cutting Mechanism - The rotation of the lead screw is used to transverse 
the tool along the work to produce screw thread. The half¬nut mechanism makes 
the carriage to engage or disengage with the lead screw.

Lathe Specification -	The	Lathe	is	specified	including	the	following	specifications	
(a) The height of the centres (b) Length between centres     (c) Type of bed.

(a)  Swing diameter over bed (b) Swing diameter over carriage (c) Swing in gap 
(d)  Width of bed

Depth of bed.
(a) Spindle nose diameter (b) Range of spindle speed

(c) Spindle nose type       (d) No. of spindle speed.

(a) Pitch value of lead screw (b) Metric thread pitches

(a) Cross feeds (d) Longitudinal feeds.

(a) Tool used (b) Top slide travel

Cross-slide travel.
(a) Tail stock sleeve travel  (b) Taper in sleeve bore.

(a) Speed in r.p.m.  (b) Motor horse power.

An	example	of	lathe	machine	specification	is	given	as	follows	-

Specification	of	Lathe	Machine
S.N. Name of Specification Dimensions in mm
(i) Capacity

Height of the centre
Swing diameter over saddle
Length of bed
Width of bed

165
190
1370
225

(ii) Headstock
Hole through the centre
No. of spindle speed

40
8
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Range of spindle speed
Spindle nose type and size

49 to 950 rpm

60 × 8 TPI
(iii) Tail stock

Sleeve travel
Sleave diameter
Tool shank capacity
Compound slide travel
Compound slide swivelling

115
38
20
us
45-0-45

(iv) Feeds
Cross feed
Longitudinal feed

0.0007 to 0.22
0.05 to 1.25

(v) Thread Pitch
Metric thread
Whit worth Threads

M 1 to 6
2 TPI to 24 TPI

(vi) Lead Screw
Diameter
Threads

25.4
4 TPI

(vii) Drive
‘V’ belt section
Motor drive capacity

B-52
1 H. P.

Lathe Operations -
The most common operations which can be carried out on a lathe are given as 
follows -

(i)   Facing   (ii)  Plain turning

(iii)  Step turning  (iv)  Drilling

(v)   Reaming   (vi) Boring

(vii)  Undercutting  (viii) Threading

(ix)   Knurling.

(i) Facing - Facing operation is necessary for all works. In this, the work piece 
is held in the chuck and the facing tool is fed from the centre of the work piece 
towards the outer surface or from the outer surface to the centre, with the help of a 
cross-slide. This operation is shown in

(ii) Plain Turning - In this, the work is held either in the chuck or between centres 
and the longitudinal feed is given to the tool either by hand or power. It is an 
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operation of removing excess amount of material from the surface of the cylindrical 
work	piece.	Plain	turning	is	shown	in	fig.	2.53.

(iii) Step Turning- It is an operation of producing various steps of different 
diameters	in	the	work	piece.	It	is	shown	in	fig.	2.54.

(iv) Drilling - Drilling is the operation of producing a cylindrical hole in a work 
piece by the rotating cutting edge of a cutter known as drill. In this, the work piece 
is held in a chuck and the drill is held in the tail stock. The drill is fed manually, into 
the rotating work piece, by rotating the tail stock hand wheel. Drilling is shown in 
fig.	2.55.

(v) Reaming -	It	is	an	operation	of	finishing	the	previously	drilled	hole.	In	this,	
a reamer is held in the tail stock and it is fed into the hole. Reaming operation is 
shown	in	fig.	2.56.

Earing - Boring is the operation of enlarging a hole produced by drilling, punching 
etc. It is really internal turning. A work piece containing a drilled hole is rotated 
while	the	cutting	tool	moves	in	a	straight	line.	It	is	shown	in	fig.	2.57.

Undercutting or Grooving - It is the process of reducing the diameter of a work 
piece over a very narrow surface. In this, a tool of appropriate shape is fed into the 
revolving work u pto the desired depth at right angles to the centre line of the work 
piece.	It	is	shown	in	fig.	2.58.
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