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General instructions
1) Read allinstructions carefully before answering the questions

2) This question paper consists of 07 questions. All questions carry eaual marks.
3) Answers any 06 questions only.

Question 01.

Fig Q1 shows the turning moment diagram of a single cylinder engine running at a speed of
2400 rpm. The turning moment diagram repeats at 27 radians. Areas above and below the mean
turning moment line are given in mm?. If the fluctuation of speed of the engine is 0.02.

Determine the moment of inertia of the flywheel.

oY

FigQ1

Scale Vertical axis (Turning moment): Imm = 5 Nm

Horizontal axis (Crank angle) : 1mm = (7/90) rad
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Question U2,

(a). Starting from fundamentals show that the inertia force (F1) produced by the reciprocating

parts of a crank mechanism is given by
F = mrow® [COSQ + G) COSZB]

Where,

m- Mass of reciprocating paits

r - Crank Radius

L - Length of the connecting rod

w - Angular speed of the crank shaft

6 - Angular displacement of the crank shaft from the outer dead centre

The following data are available for a vertical single-cylinder engine and it’s crank mechartism

Length of the connecting rod - 855 mm
Stroke Length - 360 mm
Cylinder Bore Diameter - 175 mm
The effective mass of reciprocating parts - 150 kg

Speed of the engine - 300 rpm
Maximum gas pressure on the piston -1.2 MPa

Considering the crankshaft has turned through an angle of 45°from the top dead center position
By using the data given above, determine the

(b).Inertia force acting on the piston
(¢).Gas pressure acting on the piston

(d).Effective turning moment on the crankshaft

Question 03.

(a).Name two of each advantages and disadvantages of Disc Brakes over Drum Brakes

(b).What are the main components of a Drum brake system and describe their technically
relevant functions.

(c).In a disc braking system, the distance between the centre of pressure of the pad and the
centre of rotation of the disc is 0.12 m and the coefficient between rubbing surfaces is 0 35,
determine the clamping force required to produce a braking torque of 84 Nm.

(Hint -braking torque T, is given by, To = 2uNR,)
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Question 04.

(a). Briefly explain the crumple zones in a modern automobile
(b). Discuss the three types of crumple zones and it’s function during a crash

(c). Briefly explain the Stiff cage structural concept in modern automobile

Question 05.

(a). Show that maximum torque (T) transmitted through a clutch having n number of plates
of contacting surfaces under uniform pressure conditions is given by,

T_Z P[rf—rf]

Where i — Coefficient of friction between the plate surfaces
P — Axial force
r; — Outer radius of the plate
1, — Inner radius of the plate

(b). A single plate clutch (both sides effective) is required to transmit 60 kW at 2400 rev/min.
The outer diameter of the clutch plate is 3 times larger compared to the diameter of the inner
diameter. The coefficient of friction is 0.3. Assume uniform pressure, determine the inner

diameter of the clutch plate if the axial pressure is limited to 0.06 N/mm?.

Question (6.

An engine of a motor car with a total mass of 1500 kg was tested on an engine dynamometer
and typical data obtained are given in Fig Q2 .The testing revealed that the rolling resistance

(R) and aerodynamic drag resistance (Ra) are given by

Ry = (155+035V) N and Ry = (0.11VEN
Where V is the speed of the vehicle in km/h. The road wheel diameter is 0.8 m. The vehicle
was tested in the top gear and the maximum speed reached was 145 km/h.
Determine
(a). Overall gear ratio
(b). Overall transmission efficiency

(c). Acceleration at the maximum torque condition
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Figure 2
Question 07.

(a). Describe the boundary layer of a moving fluid by drawing it’s velocity gradient.

(b) Discuss the following two vehicle body improvements used in high-speed vehicles to
increase the aerodynamic downward force. Draw sketches where necessary.

(1). Using an inverted wing (a spoiler)
(2). Positive rake
(¢).With the aid of a sketch of tire threads, describe the following technical issues,
(1). Camber wear
(2). Excessive Toe in, Toe out

(3). Over inflation and Under inflation of the tire
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Data Sheet

L Wear Tooth Load for pears
W=D, b.Q K
where W, = Maximum or lituiting load for wear in newtons.
Dy Pitch circle diameter of the pinion in i,
b = Yace width of the pinion in mm,
Q = Ratio factor ’
2xVR . 21
= - , Tor external gears
VR+1 Tg+Tp
. 2xVR _ ZTG *

, for internal gears.

TVR-1 Tg+Tp

VR, = Velosity ratio="Tg /Ty,
W = load-stress factor (also known as material combination factor)
in N/mm?®,
2. The thickness of 2 cylinder wall

“The thickness of & cylinder wall (1) is usually obtained by using a thin cylindrical formula, i.e.

t=2254C
20,
where
o} = Maximum pressure inside the cylinder in Nfmm?,
- ‘D= Iside diameter of the-cylinder or eylinder bore-inimm, Co SR
Ge = Permissible circumferential or hoop stress for the cylinder
material in MPa or N/mm?.
C = Altowance for re-boring.

The allowance for re-boring (C ) depending upon the cylinder bore (D) for L C. engines is given in the

following table:
D] 75 |1en | 150. 72000 | 250 7| 300 350 |.400 | 450 -} 500
| Ceum | 15 j24 |40 | 63 80 95 |10 125 (125|125
3. Design of Cylinder Head

The cylinder hicad m.ay be approximately taken as a flaf circular ptale whose thickness (tn) may be determined from

the following rclation:

C.
C

Ay



whers

1> Cylinder bore in mm,
p- Maximuin pressure inside the eylinder in N/mm?,
G ~ Altowable circumferential stress in MPa or N/ I may be taken as 30 to 50 MPa,
C- Constant whose value is {aken as 0.1,
4. Design of the Piston Crown

The thickness of the piston head for strength
The thickness of the piston head (tw), according to GrasholFfs fornmla is given by

2

(in mm)
t

P Maximuin gas pressure or explosion pressure in Nfnm?,
D = Cylinder bore or outside diameter of the piston in mun, and
Permissible tensile stress for the material of the piston in MPa or Nfmm?2

H

a
u

Design of piston head for heat transfer
On the basis of second consideration of heat transfer

H .
iy = (in mn1)
1256k (T - Tg) .
3, - Design Against fatiguc

Gerber method

LN N 2
_!_ - UJ FS. Ov X_J'if;
FS (o, o,

The Goodman criteria
1 o o, xK
=—m v TE

FS o, G,

The Soderberg criteria
I Om , OvxKe

FS o, o,
where F.S. = Faclor of salely,
Om = Mean stress.
G = LJltimate stress,
o, = Variable stress. .
Ge = Endurance limil for reversed Joading,
K¢ = Faligue siress concentration faction
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