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INSTRUCTIONS AND INFORMATION

1. Answer all the questions.

2. Read all the questions carefully.

3. Numper the answers according to the numbering system used in this

question paper.

4, Start each question on a new page.

5. Only use a black or blue pen.

6. Write neatly and legibly.
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QUESTION 1: CLUTCHES

1.1 Differentiate between uniform wear theory and uniform pressure
theory. * (2 x 1%%)
1.2 220 kW of power is transmitted at 900 r/min by a single-plate clutch with contact

surfaces on each side. The coefficient of friction is 0,3 and the outside diameter
is 450 mm. Assume uniform surface pressure of 260 kPa.

Determine the following:

1.2.1 Torque per contact surface
1.2.2 Inside diameter
QUESTION 2: BRAKES *

FIGURE 1 below shows a block brake of 400 mm diameter with a torque of 200 N-m
being generated at 600 r/min. The coefficient of friction is taken to be 0,3. The block is
made of wood and the drum is made of metal.

2000 mm |F

1000 mm

Yo
7 40 mm

FIGURE 1
Determine the following:
2.1 Reaction force
2.2 Force applicable at the lever *
2.3 Power transmitted by the brake

2.4 List any TWO types of brakes other than block brakes.
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QUESTION 3: LINE SHAFTS

A shaft is supported by two bearings at both ends. The distance between the bearings
is 200 mm. The shaft is rotating at 300 r/min and transmitting 20 kW of power. A pulley
with a diameter of 450 mm and a mass of 95 kg is mounted 50 mm from the right-hand
bearing, and this pulley is used in a horizontal belt drive. A flywheel with a mass 150 kg
is mounted 20 mm from the left-hand bearing. The angle of contact between the belt and
the pulley is 180° and the belt tension ratio is 2,5:1.

Determine the following: *

3.1 Tensions T1 and Tz in the belt. (3)
3.2 The vertical reaction on the left bearing. (3)
[6]

QUESTION 4: FLYWHEELS

A punching machine has a flywheel with an outside diameter of 1 200 mm, inner
diameter of 900 mm and width of 150 mm. The density of the flywheel is 7 500 kg/m?3.
The machine performs punching operations and during these operations, the speed of

the flywheel drops from 6 r/s to 4,5 r/s. ﬁ
NOTE: Ignore the moment of inertia of the hub and spokes of the flywheel.

Determine the following:

4.1 The moment of inertia of the flywheel (2)
4.2 The kinetic energy absorbed during the deceleration period of the flywheel (2)
4.3 Motor power required for 25 pressings/min * (2)

[6]

QUESTION 5: REDUCTION GEARBOXES

An electric motor drives a reduction gearbox which consists of a worm wheel and a two-
start thread worm. The worm has a mean diameter of 80 mm and a pitch of 15 mm. The
worm is driven at 1 680 r/min and the end thrust is taken up by a collar of 75 mm
diameter. The worm wheel has an output power of 28,5 kW. The coefficient of friction
between for the collar and the worm is 0,045.

Calculate the following: *

5.1 The efficiency of the worm (4)

5.2 The power transmitted by the worm )

5.3 The end thrust on the worm wheel 3)

54 The frictional torque on the collar : (S}
1
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QUESTION 6: RAIL TRACTION AND VEHICLE DYNAMICS

6.1 A vehicle with a mass of 3 ton travels round a banked curve at a maximum
speed of 31 km/h. The superelevation on the curve is 100 mm, the track width
Is 1,2 m and the centre of gravity of the vehicle is 800 mm above the road level.

Calculate the foIIowing:*

6.1.1 The angle 6 at which the curve is banked (2)
6.1.2 The radius of the curve in metres (3)
6.1.3 The side thrust between the outer wheel and the track at a speed of
72 km/h 4)
6.2 Explain the meaning of the following terms:
6.2.1 Locomotive tractive effort
6.2.2 Draw bar puII*
(2x1) (2)
6.3 A vehicle shown in FIGURE 2 below has a wheel base of 3,2 m and its centre

of gravity is 720 mm above road level. The centre of gravity is 1,5 m in front of
the rear axle. The vehicle travels at a constant speed of 97,2 km/h on a level
road. The coefficient of friction between the wheels and the road is 0,35.

NOTE: Neglect load transfer. *
15m motion
/
Cle ——
\
mg 0,72 m
O\ n
- F
3,2m
FIGURE 2
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Calculate the minimum distance in which the vehicle can be stopped when
brakes are applied under the following circumstances:

6.3.1 Only on the front wheels (3)
6.3.2 Only on the rear Wheels* (3)
6.3.3 On both front and rear wheels (2)
6.3.4 Find the ratio of the front axle reaction (Nr) to the rear axle reaction

(NRr) when all four wheels brake [NF:NR]. [2%%

QUESTION 7: STATIC AND DYNAMIC BALANCING *

Two bodies of masses m; = 20 kg and m, = 26 kg respectively are attached firmly to a
rotating face plate on a lathe. Mass m, is attached at a radius of 120 mm and
mass m, at a radius of 150 mm from centre O of the face plate. The eccentricities of the
two masses are at an angle of 150°. Mass m; = 30 kg is to be placed on the face plate
to balance the two masses.

7.1 Draw a space diagram for the arrangement of the masses. (4)
7.2 Determine the distance and position where m; must be placed to balance the
system.
NOTE: Use a scale of 1 kg.m = 20 mm. (11)
[15]

QUESTION 8: KINEMATICS

The position shown on the four-bar chain in FIGURE 3 below indicates the angular *
velocity of 5 rad/s and the angular acceleration of 19 rad/s?. The lengths of the links are
AB =30 mm; BC =45 mm; CD = 35 mm and DA =50 mm.

C

FIGURE 3
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8.1 Draw the velocity diagram of the mechanism to determine the angular velocity
of links BC and CD.

NOTE: Use a scale of 0,1 m/s:50 mm. (11)
8.2 Draw the acceleration diagram to determine the angular acceleration of links
BC and CB. *
NOTE: Use a scale of 0,75 m/s?:75 mm. (14)
[25]

TOTAL: 100
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FORMULA SHEET

L m_PCD
- M= 2. DO=mx (T +2)
3. c=".(TA+TB)
' 2 4, Kezlmv2
2
TA
5. VR=——
B 6. R:PCDof gear
PCD of pinion
NB
T VR=1 8. NAxTA=NB xTB
9. Ft:2XT
PCD

10. Fr=Ftx Tang
11. Fn=Ft x Sec¢
12. le=1A+ (VR)? IB + (VR)? IC + (VR)? ID

_ 14. Ta=TA+(NB)TBC (ND) TD
13. T¥=1le x VA (NA) 71 (NA) 512

NB B oB IA

15, — =2 _%_1~1 16. T =T x GR x

NA oA oA IB OUTPUT = 'INPUT
17, p-ZxPCD 18. Ti+ To+Th=0

n
10. TA = TS + 2TP 20 Input speed  Teeth on driven gears
SRS " Output speed  Teeth on driving gears

21 v=rxx (d+t) x N 22. P=Texv

T1
23— =e 24. T1= %x A
25. Tc=m x 2 26, TE=TC _ jutcoseca

T2-TC
2
+
27. L:zx(D+d)+M+ZC
2 4xC

28. Tg=mx g xsing 29. v=Txr
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30. v=4Juxgxr 31 v /gxbxr
"\ 2xh

32. v= grLane
' 1— uTan 6 hTan@ +b/ 2
3. v=_[gf —————
h—b/2tand

n
T1 1+ uTan @
39, 11 _|1xuTano 0 Rt
T2 |1- uTané 35. Cos —=
2 C
36, Cos 2 = RET
2 C 37. m=wxtxLxA
38. Tl=wxnxft
| 39. P=Pg+Pu
40. t= ;“’
a1 I:):2><7r><N><T
60
42. T=Fxr

43. w =do + 3d - 1,5155P

44. do = de + 0,65P _zxm

45. w= > (cosze)

46. h= m{l - % (sino Cos@)}

2 2
47. L1+ﬂ+ ghl—p_2+&

- + gh2
Rho 2 Rho
gx°
48. Vw(Va) = % 49. v=C+/mi
f x 0 x 02
2 51, hf =—— =
50, hf = 4> fx0xVv7 3,026 x d°
2xgxd
Cd x Ax ax./(2gh
52. Q- 2 (200) 53, 0 Cd x Ax V2O
V(A2 —a?) (m? -1)
mxs
= 55. Vol. bucket =
54. V =.J(g x RxCos6) u XV
2
56. L=2C + D 57. Se|f-Weight= M
8xh
_ m2xgxS
°8. Oneload = — "\ — 59. T (acc load) = (T1 - T2)R
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60. T (acc drum) = Ixazmkzx%

61. P=TxT 62. T=27zxN
63. Ke= 1I x @° 64. Ke = Wor_k_done
2 efficiency
65. P = Ke x operations/sec 66. (11 + )73 = L Ti + 1o T
Tan 6
67. p=Tan @ 68 p—_ NG
" 7 Tan (6 + ¢)
70, T = #xF xRe
69. T=uxFxRexn sing

72. Fc=mx T?x y
71. T=uxnx(Fc-S)R

mv?

i

73. Fc=

74. Tractive effort = mass on driving wheels x p % g

75. Side thrust = FcCosé# — mg Sinéd

_ FcCosé — mgSing
# = mgCosé + Fesing

76.

77. B =CmgL + mgh
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