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Question 1 (20 marks)

Derive an equation for the power specific speed of a hydraulic turbine. Select the
required parameters and then the primary parameters. Determine the dimensions of
the parameters and apply Dimensional Analysis to obtain the power specific speed
as a dimensionless ratio.

Question 2 (24 marks)

A circular cam as shown in Figure 1 has a radius of 36 mm and an eccentricity of
10 mm. The cam rotates at 6000 RPM and is in contact with a flat-ended follower.

Calculate the maxima of the follower displacement, -velocity and -acceleration during
one revolution of the cam, from first principles.



Figure 1:  Circular cam with flat-ended follower

Question 3 (25)

The torque of an engine vs crank angle is given by:

T(9)=2100sin6+900sin28 for 0<h<rx
7()=375sin6 for 7<@<2x

This is repeated for every revolution of the engine.

The resisting torque is constant and the speed is 850 RPM. The total moment of
inertia of the rotating parts of the engine and the driven member is 270 kgm?.

Determine:

(i) The work done by the engine per revolution (5)

(ii) The engine power (3)

(i)  The resisting torque (3)

(iv)  The maximum instantaneous angular acceleration of the engine and the value
of &where it occurs (14)

Question 4 (20)

Consider the epicyclic gear system shown in Figure 2. A is the annulus, L is the
arm, S is the sun wheel and P are the planet wheels. The diameter of S is 300 mm
and that of P is 100 mm. If S is the input and A is the output, calculate the overall
ratio of the gearbox when L runs at 500 RPM and S runs at 800 RPM.
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Figure 2:  Epicyclic gear system

Question 5 (11 marks)

Derive an equation for the natural frequencies of a thin linear uniform homogeneous
beam with both ends guided / sliding and express the first three natural frequencies
in terms of the beam properties

Various formulae

x=(R+r0)sec9—(R+r0) v=x=o(R+r)sechtand
f=5é=a)2(R+r0)(2sec39—sec9) tan B = (dsina)/(R +7,)
x ={dcosg + (r +r0)cosy}—(R +1,) dsing = (r +r,)siny
siny = (sing)/n n=+r)/d
cosy = +/1—sin’y x=d{cos¢+1/n2—sin2¢}—(R+r0)
v =—ad sin¢+——Lin2(ﬁ f= —mzd{cos¢+ sin4¢+-nlcosf22¢}

2n’ —sin’ ¢ (”2 —sm2¢)3
f=-0’d{l+1/n} x=(dcosg+r)-R
v=-wdsing [ =-w’dcosg
f:_wzd % :d(l—cos@)
v=wdsing f =w'dcosd
P=mf Fcos@ =mf +S(x+y)
Fa={mf+S(x+y)}(R+r0)sec9tan9 F=mf +S(x+y)
Fa=F(p—R)sin® Fa={mf +S(x+y)}p—R)sin@
F. = mrQ’ . aQ{cos€+ 00529]
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