2501202 25087202

25027202 2509/202

2503302

STRENGTH OF MATERIALS AND
MECHANICS OF MACHINES
etdMNoy. 2022

Time: 3 hours

THE KENYA NATIONAL EXAMINATIONS COUNCIL

DIPLOMA IN MECHANICAL ENGINEERING
{(PRODUCTION OPTION)
DIPLOMA IN MECHANICAL ENGINEERING
(PLANT OPTION)
DIPLOMA IN AUTOMOTIVE ENGINEERING
DIPLOMA IN WELDING AND FABRICATION
DIPLOMA IN CONSTRUCTION PLANT ENGINEERING

MODULE II

STRENGTH OF MATERIALS AND MECHANICS OF MACHINES

J howrs

INSTRUCTIONS TO CANDIDATES

¥ shengld have the following for this examinazion:

Answer booklet:

Markematical tabler ! Scientific calculator;

Drrawing Instrinnents. y
This paper consists of EIGHT questions in TWO sections; A and B
Answer FIVE questions, laking at least TWOuestions from each section.
All guestions carey eqgual marks.
Maxtrmurm marks for eqch part of a guestion are indicoated.
Candidates should answer the gueestions in English.

This paper consists of 5 printed pngu

Candidates should check the gquestion paper to ascertain that
all the papges are printed as indicated and that ne guestions are missing.
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SECTION A: STRENGTH OF MATERIALS

Ansiwer af least TWO guestions from this section.

L. {a) Define the following terms as applicd to strength of matenials:
Y] 5LrEss;
(i) oeirain. . {4 marks)

() A hollow steel member has an inside diameter of 30 mm. a wall thickness of 5 mm,
a length of 1500 mm and a modulus of elasticity of 210 GNfm". If the member
is subjected to a tensile load of 5 KN, determine each of the following dimensional
changes:
(i elongation;
(iiy  change in thickness.
Take Poisson’s ratio 10 be (4. 8 marks)

{c) Fizure 1 shows a simply supported beam.
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Fig. 1

Determine for the beam, the:
(i) meactions at the supports;
(ii)  shear force and bending moment at a point 2 m from A. (8 marks}

74 {a}  State four assumprions made when deriving the equation for purc bending
- {4 marks)

(51 A timber camil;;wer has a lengthof 1.5 m and carries a uniformly distributed load of
5 kMN/m over its full span. The width and depth of the beam are #0 mm and |50 mm
respectively. The deflection at the free cnd of the beam is 5 mm. Working from first

principles, delermine Me modulus of elasticity of the imber. : {10 marks)
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A cylindrical pressure vessel is to be designed to store 3800 litres of a gaseous fuel at a
pressure of 400 kN/m®. The cylinder length is 1o be 1.8 times its diameter, and

the ultimate strength of the shell plate is 480 MN/m?. If a factor of safery of 1015 to be
used, determine the required:

(i} cylinder diameter;

()  cylinder length;

(iii)  plate thickness. (6 marks}
3 (&) Distinguish between proof resilisnce and medulus of resilience of an engincering
y material and state their respective $.1 units. {4 marks)
‘b A hollow circular shaft hag its outside diameter three imes the inside dizmeter. Show
rhat the resilience of the shaft is given by:
Resilience = ?5 z,
LT 1R i
Where T = maximum stress in the shafl
G = modulus of rigidity (% marks}
(e} A solid circular shaft of 40 mm diamegér transmits 100 kW at speed of T200 rev/min.
If the modulus of rgjdity of the shaftis 85 GN/m’, determing the:
(i) maximum shesr sn'r:s,g‘-_i]:'i:‘th-s shaft;
(i) angular twist i radians per metre length, ; (7 marks)
- - |
4 (a}  With the aid of sketches, distinguish between closed and open coiled helical SPRNES.
= {4 marks)
by A semielliptic leaf spring carmics a central load w. Show that the maximum bending
stress () in the spring is given by:
— _duwl
T bt
Where:
L = Length of the spring;
b = breadih of the plates,
n = number of plates;
t =rthickness of each plate. ;
(& marks)
IUTAL 13819 3 Torn over
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(e} A semi-elliptic leal spring is fo be designed to camy a load of 6 kN, The stsess
in the sprng i5 not o exceed 141 MN/m? and the spring length is to be ‘34-[‘! |Iu1|_
The 1.1'11::1-:.:11:3.-&- ard hrEEn:lﬂ! of the available plates are 3 mim and 90 mm
respectively and the modulus of elasticioy s 410 ﬁ"ﬂ.m ‘Dretermine the:

[

(i) number of plates reqrred,

(i1} radius to which the plates should be formed. {# marks)

SECTION B: MECHANICS OF MACHINES

Armswer ab least TWO questions from this section.

B (2} Show that for a fiat belt drive using two pulleys of equal diameters, the ratio of the
tensions in the two reaches of the belt is given by:

E=
= 2340

Where;
T1. Tz = Tensions on the tight and slack sides respectively;

= coefficient of frictigntbetween the beltand pulleys. :
& ] : (10 marks)
(1 An open V-belt dnve is r&qu:redkiﬂ transmit 52 kW from an electric motor running at
1600 e v/ nin to a pump running at 200 rev/min, The maximum permissible fension in
the beltis 1.8 N and-the available pulley on the motor shaft hias a diameter of 200 mm.
The angle of groove 15 407 and the coethcient of foction between the beli and pulleys
iz 44, “The centre distance between the pulleys 18 1400 mm and the mass of each bell
iz 0.6 kgm. ﬂtﬂ::n-nin-: the:

i) diameter of the puile:*-' mquuwi for the pump shaft,

{ii} TiLEm I:H:r DE' he][& quut!'td i 1{F miarks)
3. (a) The velocity L"'-"} thfmpﬂdu El!'llEJ 1 seconds from the start « of matjon is given by [ht.
eguation ".-' #t% = 6t , where Vi :s-.n m-a and t is in seconds. Delermine he:
'-"""""-H-\"'\-\. :
(1) velocity aml accelerafion .:.r the body during the fouwrth second;
- b ¥ . il L
: o L-
(i)  distance moved by the torpeda between the thifd and eighth seconds.
. (7 marks)
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(b

Amine cape of mass S00 kg i3 to be mised from » depth of 120 metees o the ground
lexel, using & hofst drom of npass P20 kg and o rading of gyration of 0.6 mh. The drum
diameter is 1.4 m and ke Speed reduction gear ratio iz 12/] with an efficiency of 859
A bakince mass of 100 KB i5 1o be uzad

T oz and madiys of E¥Tation of the motor fotor are 20 ke and 0.4 m Tespectively.

mi's and 8.8 m)/i? respectively. {13 'mﬁlﬂ}

With the aid of diagrams, distinguish between simple and com pound pear trains,
(4 marks)

I a simple epicyolic gear train, the sun wheel bas &0 teeth and each of its g planet
wheeks has 40 teath. The wun wheel camies the input shaf which transmits 100 KW at
A rokational speed of 1600 Tevimin, The planet carrier s miegral with the outpuL
shaft and the overai] efficiency of the train is 9o The annules is fixed. Skeroh the
gear rakn, hence déterming the:

{1} velocity ratio:;
Lt} mechanical advants Be;

{ail)  magnitede and dicecrion of the topdue required 1 fix the annulus
] {16 marks)

X
QS

N
& bif,
Drefing angular momentum and (sau;fé s 5.1 umits, -2 marks)

%)
An engine flvwhes] of mass B kg and radis of extation 400 mm rotates at :
L& revimin, The Oyvwheel js sildenly connected a3 Mationary shaft of mass 35 kg
ind madivs of pymtion 200 mn by means of a'cluteh. Do rimine the;

{i} final rokationgl speed of 'the syarem:
(i)  Kinetig energy lossdue tothe eoupling, (8 marks)

A2 milong shaft i supporied on two bearings: A and B g its two ends. The shafy
LaITies two gesr wheels Papd () ar distances of 0.4 m and 006 m respective] v, from
bearing A. The masses of Pand Qarc 8 kgand 6 kg Fespectively and the angular
disposttions between them 15 120°. The eccentricities of Piand G are 10 cin and 15.cm
respectively. Determine the dvnamic load on bear ng B at 3 shaft speed of

2400 resimin, {10 marks)
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