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· Question 1 

For a problem of your choice, outline the Engineering Design stages you would undertake to 

fulfil the stated need. The stages must include: 

(a) Background [5] 

(b) Problem statement 

(c) Aim 

(d) Objectives (state 4) 

(e) Methodology 

Question 2 

[3] 

[2] 

[8] 

[7] 

(a) Discuss the application of rope drives in any two (2) industries of your choice. [5] 

(b) Select a wire rope for a vertical mine hoist to lift a load of 50 kN from a depth of 150 

metres. A rope speed of250 metres per minute is to be attained in 10 seconds. Show all the 

steps. [20] 

Question 3 

Design a chain drive to actuate a con1pressor from 15 k W electric motor running at 1 000 rpm, 

the compressor speed being 350 rpm. The minimum centre distance is 500 mm. The 

compressor operates 16 hours per day. The chain tension may be adjusted by shifting the motor 

on slides. [25] 

Question 4 

(a) A brake is a device by means of which artificial frictional resistance is applied to a moving 

machine member in order to retard or stop its motion. By means of well labelled diagrams, 

explain the principle of operation on brakes. [1 0] 

(b) A differential band brake is shown in Fig Q4 (on page 3). It has an angle of contact of225°. 

The band has a compressed woven lining and bears against a cast iron drum of 350 mm 

diameter. The brake is to sustain a torque of350 Nm and the coefficient of friction between 

the band and the drum is 0.3. 
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Fig Q4: A differential band brake 

Find: 

(i) The necessary force (P) for the clockwise rotation of the drum. [9] 

(ii) The value of OA for the brake to be self-locking, when the drum rotates clockwise. 

[6] 

Question 5 

(a) Define a friction clutch and explain its role in transferring torque between the engine and 

the transmission system. [5] 

(b) A cone clutch is to be designed to transmit 7.5 kW at 900 r.p.m. The cone has a face angle 

of 12°. The width of the face is half of the mean radius and the normal pressure between 

the contact faces is not to exceed 0.09 N/mm2. Assuming uniform wear and the coefficient 

of friction between the contact faces as 0.2, find the main dimensions of the clutch and the 

axial force required to engage the clutch. [20] 

Question 6 

Describe the following types of conveyors, clearly outlining their working principles, 

applications, advantages, and limitations. 

(a) Gravity conveyor 

(b) Bucket conveyor 

(c) Belt conveyor 

(d) Roller conveyor 

(e) Screw conveyor 
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List of Formulae 

Chain sprocket outside diameter: 

Chain links: 

Chain centre distance: 

Chain power: 

Chain power: 

Rope bending stress: 

Rope direct stress: 

Rope modulus of elasticity: 

Equivalent bending load : 

Rope direct load: 

Rope load due to acceleration: 

Spring de flection : 

Spring index: 

Shear stress factor: 

Wahl's stress factor: 

Spring constant: 

Max shear stress in wire: 
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' Table 1: Load, lubrication and rating factors for chain drives 

Load factor {Kt) Lubrication factor (K2) Rating factor (KJ) 

1, for constant load 0.8, for continuous lubrication 1, for 8 hours/day 

1.25, for variable load with mi ld shock 1, for drop lubrication 1.25, for 16 hours/day 

1.5 for heavy shock loads 1.5, for periodic lubrication 1.5, for continuous service 

Table 2: Characteristics of roller chains 

. 
ISO Pitch RoJlsr WidtTr bstw6.m Tra».n'BT.&'B Br811king lot~d (kN) 

Cluzm (p)' :mm dim~Mt-u inn81' plattJS piJcfr Minimum 
number (d-Jmm ~) mm (p 1)mm Simple Dupba. Triplsr 

L 
Marimunr !{aximum 

05 B 8.00 5.00 3.00 5.64 4.4 7.8 11.1 
06 B 9.525 6J5 5.72 10.24 8 .. 9 16.9 24.9 
08 B 12.70 8.51 7.75 13.92 17.8 31.1 44.5 
lO B 15.875 10.16 9.65 16.59 22.2 44.:5 66.7 
12 B 19.05 1.2.07 ll.68 19.46 28.9 57.8 86.7 
16 B 25.4 15.&8 17.02 31.88 42.3 84.5 126.8 
20 B 31.75 19.05 19.56 36.45 64.5 129 193.5 
24 B 38.10 25.40 25.40 48.36 97.9 195.7 293.6 
28B 44.45 27.9'4 30.99 59.56 129 258 387 
32 B 50.80 2921 30.99 68.55 169 338 507.10 
40 B 63.50 393 7 38.10 7229 262.4 524.9 787.3 

48 B 7620 4:8.26 45.72 91 2 1 400.3 8®0.7 1201 

Table 3: Number of teeth on the smaller sprocket 

' ' 

'JYpe of chain Numbur of taeth at v€loctty ratio '' . ~ • 

1 2 3 4 5 6 
' 

Roller 3 1 27 25 23 21 17 
" 
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• Table 4: Factors of safety (n) for bush r oller and silent chains 

' 

Typsof Pitch of Speed qf the .rprocbtpiltiOR in TJJ. m. ". 

dram chain (mm) 
so 200 400 600 800 1000 1200 1600 2000 

Bush 12-15 7 1.8 8.55 935 10.2 11 11.7 13.2 14.8 
roller 20 - 25 7 &.2 935 10.3 1t7 12.9 14 16.3 -
chain 

30-35 l:c 
1 8j5 10.2 13.2 14.& 16.3 19.5 - -

Silent 12.7 - 15.&7 20 21.2 24.4 28.1 29.0 31.0 33.4 37.8 42.0 
chain 19.05 - 25.4 20 23.4 26.7 30.0 33.4 36.8 40.0 46.5 53.5 

Table 5: Power rating (in kW) of simple roller chains 

Speed of ! 
Power(kW) 

- ! 

smaller 

sprocket or pinion 
06 B 08 B 10 B 12 B 16 B 

-. 
(r.p.m.) I·· .• ' ·t ' . 

I, 

100 0.25 0.64 l.l8 2.0 I 4.83 
I' 200 0.47 1.18 2.19 3.75 8.94 

300 r~ 0.61 1.70 3.15 5.43 13.06 

500 1.09 2.72 5.01 8.53 20.57 

700 I ' 1.48 3.66 6.71 11.63 27.73 

1000 2.03 5.09 8.97 15 .65 34.89 

1400 I, 2.73 6.81 11.67 18.15 38.47 

1800 3.44 8. 10 13.03 19.85 -

2000 3.80 8.67 13.49 20.57 -• 

Table 6: Diameter of wire and area of wire rope 

. ljJpe ofwire 
I 6x8 6 X 19 6 x37 & X 19 

70f)€ 

JJm diameter 0.106d 0.063 d 0.045 d 0.050 d 
. 

(dl4) 

Area of wire rope 
1 

0.38 cP 0.38 d2 0.38 cP 0.35 cP 
(A) . 
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• Table 7: Steel Wire Ropes for General Engineering Purpose 

~· 

Average tensile strength (N) 
-

Type of rope Nom'inal diamef{!T 
-

Average weight Tensile strength (N) -

(mm) (Nim) 
• 1600-1750 1 75~1900 

i MPa MPa 

6 X 19 8. 9, 10, 11, 12, 13, 14, 0.0375 cfl 540 d2 590d2 

16, 18,. 20, 22, 24, 26, 

28, 32, 36, 38, 40 

6 X 37 8, 9, 10, 11, 12, 13, 14 0.038 tP 510 d2 550d2 

16, 18, 20, 22, 24, 26, 

28, 32., 36, 40. 44, 48, 

52,56 

End of Examination Paper 
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