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INSTRUCTIONS TO CANDIDATES

You should have the following for this exarminagion -
Answer booklet:
Scientific calculator Mathematical tabies:
Dirawing Instruments.
This paper consists of TWO sections: A and B.
Answer FIVE questions, taking at least TWO questions from each section.
All questions carry equal marks.
Mercimam marks for each part of a question are shovwn.
Candidates should answer the guestions in E mglish,

Thiz paper consists of T printed pages.,

Candidates should check the question paper to ascertain that all the
pages are printed as indicated and that no questions are missing,
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SECTION A: STRENGTH OF MATERIALS
Answer at {east TWO guestions from this secifon,
Distinguizh between close coiled and apen coiled helical springs. {2 marks)

Show that the spring rate of a close coiled helical spring S is piven by:

A
= 8D'n
where,

d = wire diameter

I = coil dismeter

n = number of coils

G = modulus of rigidity

(8 marks)
The following data refers to an open coiled helical spring:
rod diameter = 8 mm
coil diameter = B mm
pitch = 50 mim
nummber of coils =1
axial load carried =5ke
Young's moduies = 200 GN/m?
medulus of ngdity = B0 GNfm®
Determine the: <
(i) helix angle;
{ii}  length of the spring rod;
{ilil  maximum bending stress;
[f¥]  aximam shear siress. (10 mvarks)
xfine: the following tenms:
(1) modulus of elasticity;
{ii)  Poisson’s ratio, (4 marks)
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A solid rectanpular steel bar has cross sectional dimensions 25 mm by 15 mmamd a
length of 800 mim. The bar is subjected to a compressive load of 5 kN, The moduolus of
elasticity of the steel 15 204 GMN/m® and the Poisson s ratio 15 0,36,

Determine the :

(2] change in length of the bar;

(1) increment on the 25 mm side of the cross section:

(1) strain energy stored in the har, ) (9 marks)

Figure | shows a simply supported beam.
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Determine the:

(i) value of the concentrated lowd W if the two support resctions are to be
equal;

(i} sbear force and bending moment at the midspan of the uniformly distnibuted
load for the value of the concentrated load m c(1) {7 marks}

State Castigliano’s theorem for deflection. (2 marks)

Show that the strain energy U stored in a member of length L, which is subjected to a
bending moment M, is piven by:

ML
S
Where EI = Nexural ngidity. (6 marks)
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Figure 2 shows a loaded cantilever steel bar ABC, made from 10 mm dizmeter solid
rodd. A venical rod of 25 N acts at the free end C.

i__ 30 mm e |
A ij l B R300 mm
= |
25 M
Fig. 2
Determine the vertical deflection at C.
Take E =200 GN/m®. (12 marks)

State three factors which alfect the anpular twist of a power transmission shaft.
(3 marks)

A hollow circular shaft has an outside diameter which is twice 15 inoner dimeter. Show
that the stram-energy per unit volume U of the shaft is given by:

3T
V=G
where ¢ = maximum siress in the shaft
(G = modulus of rigidity. (7 marks)

Ahollow circolar shaft is to be designed to transmit 80 KW of power at & speed of
1500 rew/min. The outside diameter is to be twice the inside diameter and the stress in
the shaft is not to cxceed 60 MN/m*. If the angular twist of the shafi 15 not to exceed
1.5 per metre length, determine the minirmom permissible diﬁg}&ir_s for the required
shafi.

Take G = 80 GN/m. (U k)
= E’ W
12w
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SECTION B: MECHANICS OF MACHINES

Answer at least TWO guestions from this yection.

5 (&) State the following theorems of moments of inertia:
(1] perpendicular axes:
(i1} paratlel axes. (4 marks)
(b} Show that the mass moment of inertia | of a circular ring of radios B and mass M, is
miven by;
_ MR*
=5
(T marks)
(¢} Figure 3 shows a T-section.
120 mm
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Fig, 3
Determine the:
(i) moment of incrtié about an axis passing through the centoid G and parallel to
1he 1op of the Mange;
(i)  radiusof pyration. {9 marks)
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List four factors which affect the power trmsmitted by a plate chutch assembly.

(4 marks)
Assuming uniform wear, show that the torque T transmitted by a plate clutch is given
k> Pl foice = PR 2910w
T= uWh Tolal drica W
w=an{ Prdr
where g= coefiicient of fncton i
W = axial spring force _ _:ﬁpyﬂ_ﬂ'uff*“'

R = mean radius of the fiction surfaces. Mﬂ el
(% marks)

Lnf-;gn & !""‘“’*5 = UJ'-"'J r
J =020 X

The fullowing data refers wa conc clutch;

{]rutsme diﬂmﬂﬂ' nf Ji;imiq:-n ring = 300 mm,

S e
ﬁ%ﬁ 750 revimin, Moy ctuss iﬂj {’vdv
ml EL);J..E 35 kN,
Determine the ]JL’i:.’-fE-t_trﬂIlH]TIiHl.'L! by the assembly, assuming unifurm 7 40 EF‘ k
{dy  wear E LJ“'-?ﬂr['r“L ¥

{m}  pressure. i ﬂn
W=2ne [ﬁ“‘; e
{1} Diefine the term linear momentum aed state 1= 5.1 umt,

U=Me (v - y* ],J:ﬂ
(i} Show that 1111.. force apphed to a body equals its mte of change of momenium. F*.:""’: s
7 marks)

A locomotive of mass 25 tonnes moving at %0 km'h collides head-on w1ﬂ:ﬁfj‘*v )
Jucomotive of mass 20 tonnes, ravelling at 60 km/h. Determine the energy loss due 1o

impact, if; J‘szﬂw?&j*
(i) the locomotives move together after impact; T= m ; L‘ Jvr

i) the 25 tonnes, locomolive comes o rest on impact, Al { 'fl-ﬁ_

i M2y
.--T__ w it ﬁ‘[L E‘Jﬁ'ﬁw ~‘|._.,..1'It|-fl;_i;t?1
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. (m} State two conditions which mist be fulfifled for complete balance of 4 system of
rOMafing Mmasses. (4 marks)

ih) A shaft carries four eccentric loads A, B, € and Dy, of masses 1 kg, 1.5 kg, 1 Kg and
M kg respectively, and cccentricities 10 cm, 10 cm, 15 cinand 12 em, The
distamces of B, C and D from the plane of A are 300 mm, 500 am and 300 mm
respeciively.
Determine, for complete balance:

{i} angular inclinations of masses B, C, and D from mass A3

({)  walueof M. {10 marks)
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