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SECTION A: STRENGTH OF MATERIALS
Answer at leasy TWO guestiony from this secrion.

State three factors which affect the maximum siress developed in a cylindrical

pressure vessel, L3 marks)

A cylindrical pressure vessel has a diameter of 1.2 mw and the shell thickness is 3.6 mm.
The vessel stores a gas at a pressure of 400 EN/m®. From fiest principles; determine the
following:

(i) circumferential stress in the vessel;

i) Tomgmtudinal strain in the vessel;

{ili)  efficiency of the circumferential joint if the maximum permissible stress al the

joind is <) MNm’
Take E =210 GN/m*. {17 marks)
Define the following terms:
(il Poisson s ratio;
(i), modulus ofsgidi > {4 matics)

Figure 1 shows a steel cantilever beam, made from a solid circular bar of 120 mm
diameter. Determine the following:

(1) shear force af point A
(i) bending moments 8l point Al

{iti) maximum bending stress. { 10} marks)
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A uniform cantilever beam, 300 mum long, is subjected to a concentrated load of 5 kN af
its free end. The deflection of the beam at the free end was found to be 0285 mm. Given
thal the second momentof area of the section i 502 K 107 m® about its neutral axis,
determine the modulos of elasticity of the material. {6 marks)

State three parumeters which affect the sngular twist of a shaft when transmitting
power, {3 marks)

Working from first prmeaples, show that for a solid shaft ransmitting power:
L EE g

Whiers:

T = torgoe transmitted.

T = maginun shear stress

] = polar second moment of arca.

r = shaft radius. {7 mrarks)

Acsolul cireular steel shalt, 1.5 m long, has its dinmcler tumed down From 45 mom 1o
35 mm diameter, over a lemgreh of 0.5 m. Itis IJ:-;E::I o tram=mit RO LW of power af
1400 rev/min. Determine the following: bl

A

) cmmasamen siress developed 10 the 45 mm diameter section;

(i} lotal angular twisl in degnees,

Toke =80 GN/m-". (10 marks)
With the ad of sketches, distinzuish between:

] close caibed and open coiled helical springs;

(i1} semi cliiptic and quarter elliptic leaf springs. [8 marks)
Three helical springs X, Y and Z have spring rates of 2. 4 and 6 kN/m respectively,
Working from fivst principles, determine the spring rate of the composite spring formed
by arranging the three springs in:

il SCTICH,

(ii}  parallel. (12 marks)
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SECTION B: MECHANICS OF MACHINES
Answer af least TWO guestions frome this section.

| % {1} State four factors which detenoiine the masimiam power transmitted by a belt drave,
(b marks)

(b}  An open belt drive has pulley diameters of 400 mm and 600 mm, with their centres
1,200 mpe apart, The drive oses two fat belts each of cross sectionad arca 8 mm’. The
maximum permissible stress in the belt material is 15 MN/m® and the coclicient of
friction between the belts and pulleys 15 0,55, The 40 mm diameter pulley muns at

200 pevimin. Determine the power transmitted by the dnve. {16 marks)

6. (a)  State three types of gear rains used in mechanical sysiems. (3 miarks)

(b1 Fipure 2 shows 4 gear train. The mput shaft P transmits 80 kW at 2 400 revimin, The
numbers of teeth on (he gear wheels are A=40, B=100. C=50, D=120, E=60 and F=130.

I the efficiency of the gear train s 92%  determine the following:
(1) spred 0f the outpnt skall Ox

(i1} power outpil;

[iEi) fomgoe requitea o fid the gear casin, (17 marks)
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State two comcliions which must be fulfilled for complete balance o a system of
rOLAting masses.

(2 marks)

Table 1 shows the ecoentncities and angnlar dispositions of masses PO R and 5 o0

a rotating shaft. The system is to be balanced by fixing two balance masses

each at an eccentrcity of 300 mm., Ope mass s i be atached w the plene of Q and the
other to the plane of R. The distances of the planes of masses Q. R and 5 from Pare
LK v, 200 i and 400 mm respectively. Determine the magnitudes and angular
dispositions of the balance masses.

Table |
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{18 marks)
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g, Avehicle has a mass of 20 tonnes and road wheels of 700 mm diameter. The track resistance is
13 Néonne. The engine produees 72 KW of power at s maxamum speed of 2,800 rew!
mun, and dnves the axle through a gear bog, The snging lomgee 18 constant. Delermine
the foliowine

{ah
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tmme taken to reach full speed from rest on level track wiven the gear ratie 15 12071 and
the ransmassion efficieney 15 W%,

{15 marks)

eear ratio required o priduce an acceleration of 0.12 mis® on an up gradient of 1 in

100, assuming a geanng efficiency of 945,
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