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1. Please read the instructions given in the question paper CAREFULLY.
2. This question paper is printed on both sides of the paper.
3. Please write your answers on the answer booklet provided.

4.  Answer should be written in blue or black ink except for sketching, graphic and
illustration.

5. This question paper consists of TWO (2) sections. Section A and B. Answer all
questions in Section A. For Section B, answer two (2) questions only.

6.~ Answer all questions in English.

7.  Formulae are appended.
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L)




JULY 2010

SECTION A (Total: 60 marks)

&

INSTRUCTION: Answer ALL questions.

Please use the answer booklet provided.

Question 1

Named the gear types in figures 1 (a) to 1 (d) below.

z

EXTERNAL PINION

Figure 1 (a)

CONFIDENTIAL

Figure 1 (c)

-
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Figure 1 (-d))

(10 Marks)
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Question 2
Sketch a simple Adjustable Speed Drives and explain briefly on the mechanism.

(10 marks)

Question 3

Referring to figure 3 (a) below, describe the Shaft Alignment by using Feeler Gauge and
Straight Edge methods.

FEELER GAUGE 5T RAIGHT EDGE
A \ FEELER
~— GAUGE
ANGULAR PARALLEL
MISALIGNMENT MISALIGNMENT
Figure 3 (a),

(10 marks)

Question 4

Named both coupling on Figure 4 (a) and 4 (b) below and describe briefly the advantage of
both. '

Figure 4 (a) Figure 4 (b)

(10 marks)

Y
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Question 5

Given below Single Plate Clutch in Figure 5 (a) and Multiple Plate Clutch in Figure 5 (b).

Describe briefly 3 main comparisons of these clutches.

i

Figure 5 (a) ' Figure 5 (b)

(10 marks)

Question 6

~

“Equipment overloads can occur for many different reasons and are particularly likely
to occur when extra output is required. Increased speeds, feed rates, operating
temperature and pressure can all create overload conditions which lead to machine
elements such as bearing to perform above the design limits.”

Describe briefly symptoms on a plain journal bearing that has undergone an overload
operation as described above. ' :
! (10 marks)

-
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SECTION B (Total: 40 marks)

INSTRUCTION: Answer Two (2) of (3) Questions ONLY.

Please use the answer booklet provided.

Question 7

A fan is belt driven by an electric motor running at 1500 rpm. The pulley diameters for the
fan and motor are 500 and 355mm, respectively. A flat belt has been selected with a width of
100mm, thickness of 3.5mm, coefficient of friction of 0.8, density of 1100 kg/m® and
permissible stress of 11MN/m? The centre distance is 1500mm. Determine the power
capacity of the belt. ;

a) What is the arc of contact of larger pulley?
. (2.5 marks)
b) What is the arc of contact of smaller pulley. .
(2.5 marks)
¢) What is the maximum tension of the tight side of the belt.
. ' (2.5 marks)
d) What is the velocity of the belt.

(2.5 marks)
e) What is the mass per unit length of the belt?

(2.5 marks)
f) What is the centrifugal Force that react on the belt?

' 'A (2.5 marks)

g) What is the centrifugal load?

(2.5 marks)
h) What is the power capacity of the system?

(2.5 marks)

@
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Question 8

Select a wedge belt and determine the pulley diameters for a reciprocating compressor

driven by a 28kW two-cylinder diesel engine. The engine speed is 1500 rpm and the

compressor speed is 950 rpm. The proposed distances between the engine and compressor

shaft centers are approximately 1.5 m. The system is expected to be used for less than 10

hours per day.

a)

b)

“

What is the speed ratio?

(1 marks)
What is the service factor?(please refer to the appendixes)

(1 marks)
What is the design power?(Please refer to appendixes)

(1 marks)

What is the minimum pulley suits the drives? (Please refer to appendixes)
. (1 marks)

What is the actual pulleys diameter of driver and driven, the exact center distance
of the pulleys, the belt length and the arc correction factor? (Please refer to
appendixes)

(8 marks)

What is the rated power per belt? (Please refer to appendixes)
- (1 marks)

What is the additional power for the belt? (Please refer to appendixes)
' (2 marks)

What is the corrected power for the belt? (Please refer to appendixes)
g ' (2 marks)

What is the number of the belt to be used? |
(3 marks)

FMD 11102 MACHINE ELEMENTS 5
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Question 9

A chain drive is required for a gear pump operating at 400 rpm driven by a 5.5 kW electric

motor running at 1440 rpm. The centre distances between the motor and pump shafts is

approximately 470mm.

y

a)

b)

c)

d)

f)

9)

What is the desired reduction ratio?
(2 marks)

What is the application ratio? (Please refer to the table given in the appendix.)
(2 marks)

What is the nearest sprocket ratio available and give the size of driver and driven
sprocket. (Please refer to the table given in the appendix.)

(6 marks)
State the tooth factor.
(2 marks)
Calculate the selection power.
’ (2 marks)

Using the BS/ISO selection chart given in the appendix, state the best chain
types to be used. °

(2 marks)
Calculate the length of the chain in pitches.
(2 marks)
Calculate the exact center distance of the sprocket.
’ (2 marks)

END OF QUESTION

FMD 11102 MACHINE ELEMENTS -6
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APPENDICES

¢

Formulae:

\

Service factor of the belt table.

Table 8.2 Service factors

CONFIDENTIAL

Type of prime mover

Soft starts
Elactnc motors:

AC, star delta siat
D, shunt wiourd

iC engines with four cr

more cplindars

Prime movers fittad with
centnfugal cutches, dry or

Heavy starts
Electric motors:
AC, star delta start
DBC. shunt wound
IC engires with less than
four cyfinders
Prime movers not fined
with soft start drives

fluid couplings or electronic
soft start drives
*
- Duty {hours per day)
Types of driven machine <10 10-16 >16 <10 10-16 >16
Lignt duty, 2. agitators (undform density), blowers, 10 14 12 1.1 1.2 1.3
exhausters and fars {up to 75KW}. centnfugal
cormpressors, rotodynamic pumps, undormly
ioadedbelt conveyors
Medium duty, eg. agitators {\G_séablé dersity), blowers 11 12 13 ¥ 13 14
extausters and fars {over 75 kW), rotary compressers
and pumps {other than centrifugal), noauniformly
toaded comveyors. generatoss, machine tools,
printing machinery, sawrmit machinery
Heavy duty, eg. brigk rrachinery, bucke! elevators, 12 13 14 14 15 14
reciprocating compressors nd purmps, heavy duty
Wewees, hosts, pulvenzers, punc
festie machinery
Exerz heavy duty eg crushars 13 1.4 15 1.5 14 18
Afer Fenner Power Transmissian LK
Table 8.3 Minimum recommended pulley diameters for wedge belt drives
Speed Minimum puliey diameters (mm)
of
faster Design power (kW)
shaft -
{rpm) <1 30 40 50 150 200 25 30 40 50 &0 75 90 110 130 150 200 250
00 56 90 100 312 Wo 00 N2 236 50 280 280 315 450 475 506 540
£C 56 85 S0 10C 152 140 180 200 212 224 250 265 260 500
723G %6 80 BS 90 GG 132 150 160 170 200 236 250 65 569
950 56 75 BL 85 95 100 1tz 132 150 180 180 200 224 250 450
0G0 B85 7t 8D 80 9% SR 04 118 132 150 140 180 200 236 355
440 56 63 75 80 B BL 0C 112 125 140 160 170 190 12 335
56063 71 75 BC 8% 95 186 12 125 150 146G 17D 19D 335
6 &0 &7 &7 BC O BC 8% %0 120 M2 125 40 W0 170

Courtesy of Fennar Power Tranenizsion UK.
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Table 8.4 Centre digtances for selected SPB wedge bels

Combinad arc and beit length
correction faczor aBs

Pitch diemeter  Poweer per

of pulleys belt (KW} Belx length for SPB belt type
Spead 1440 960
7100 8000

ratio  Driver Driven rpm  rpm 1250 1400 1800 2000 2240 2500 2800 3150 3550 4800 4500 S500¢ 54C0 6300

35 403 2456 1787 -
8150 637 458 N4
15 160 774 338 401
180 £ 553 3
' 4M 8% 378 367
A
1w 0 €31 467 30
1) 780 1203 861 7159
O 350 8% 713 30
150 136 88%  &37 319
00 315 1405 1005 -

158 224 ERLY 14654 1186 ~
158 15 500 2481 1809 ~
140 135 200 749 533% 363
160 140 224 795 57 33%
160 250 40 1902 1368 -

1RS O 1E) 355 1337 842 -
182 22 400 1537 1100 -

189 138 136 743 335 337
183 112 212 558 413 367

189 112 50 436 335 30

170 355 11211 802
150 3% EAR T $-X)
190 400 1336 546 -
12 736 557 430 HME

217 1B %0 677 481 4D
L d

Table 8.4 Continued
Combined arc and belt length §
correcton facter 0.83 0.90 105

Prtch dlameter  Power per -

of pulleys belt (kW) Belt length for SPB belt type
Speed 1440 960

ratic  Driver Driven rpm rpm 1250 1400 1600 2000 2240 323500 2800 3150 3550 4000 4500 35000 5600

6300

274 506 Thad 1132 = A6T6 1526
125 80 759 h42 237 374 (e
140 ELES 04 578 252 I Wer 214
2080 &30 MEr 1RE 2% 188
175 GC 1121 8L2 1799 049

i 1353 14688
1701 1952

ns éC 7481 1815
150 50¢ 1326 948

i

150 40c 11 £53 - - Wt

118 31E L72  481 267 6 i

236 &30 17% 1 1409

736 ¢ 1786 1282 1662 1266

183 630 1231 58 1850 252
32 el HOe A34 i -

140 SO &1 542 198% 229

2 806 1671 1187 1671 197

B0 iexs 1450

130 1857

Pav 1679

131 « 5

165 1023 1865 3367

1553 14%6 1895
1023 1716 202%
1434 1304
1333 1511
G1E 1723

PR
B0

41

38

2414
w1

2337

519

2162

1M

mn
2178
382

- 3429

Y

J- 3281

3550

115

4 3455

3564

1314

B
- 3356

3493
43

2973
RRI]
92
an

022

;ae

26 303

38
3233
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Table 8.5 Power ratings for SPB wedge baitz

9 SpeeB of Racted power (k¥V) per belt for small puliey pitch diameter {mm}
faster chaft
{rpmj 140 150 150 17 180 130 200 2 Y24 138 250 0 2R 35
100 Q73 oE2 o5l 1 10 120 1% 1400 1t 143 1.74 i 233
0 1.33 151 14 187 Fia 122 233 1él P27 I S 3 178 437
300 18% 115 241 167 293 318 344 374 404 43% 475 544 6.30
41 A2 74 3% 38 3 A0 443 483 532 sad &£07 £04 815
53 353 333 37 416 437 4Bd A3% 847 636 €34 135 £58 9394
400 340 389 430 487 53 583 & 683 74 BO? g6 1086 11466
o0 V3B 443 499 555 L1 &66 128 a4y BRI BA7 551 1150 1332
70 395 453 o1 545 &3 82 73F BG6  BTI 3% 1014 1R 1345
203 431 485 CRZC I 7 &84 F47  8DR 0 882 BRR 038 117 1250 (483
= 30 475 546 & LB 75 825 B¥3  S¥ W 1136 12ET 0 1A% 1447
60 500 575 &80 F4 7er T %43 1028 1118 1237 1503 1¥37
1000 547 585 &71 749 BIs S04 936 1085 1153 1343 555 173
ERiLA LER £42 ¥ ORI BS®Y 9¥5 1Gh6 1152 1148 1452 168G 1533
1200 8% &B3 TPF 0 OBEE RRE 046 M3 1137 1340 1357 1801 207%
1300 635 734 B3 BRIV W3 1116 120% 1319 14328 1859 197 2305
1432 673 137 €81 2A3 1084 1184 12BI 1399 1814 1457 3338 138
14 3521 795 200 W6 Y108 12100 1351 M3C 1547 643 U860 IR 237%
1500 imo 430 231037 14 1145 1353 1476 I8FF 1A% 1851 -H33 0 2443
1630 744 867 975 0S50 1202 1312 142t 1850 1474 19.4% 2333 3551
1750 FAE B0 1021 1140 1238 1373 14BF A1 1983 202¥ 0 33IT WM
‘ 1800 811 933 106k 1150 1312 1432 155 1685 1835 2108 3MAS 0 2743
’ 1900 BA3 576 1108 1237 1344 1488 1871 1354 1RW B BT 287
200 BFI 1033 1148 1EE2 M T1B43 1665 1R16 1940 2257 3573 B3
2190 202 1044 11BE 1326 £ 1R%8 17 187F 2032 2333 Msr 1967
3300 T3P O079 0 123 1248 1R0F Lt 1776 1931 B0 7JLE FIL3 20322
300 57 1113 261 1408 3551 1450 1835 1983 L3S 3447 FI57 3048 .
- 2400 . FEI 14T 123% 46 K82 1834 1872 2032 2188 2993 IBE5 314
- 2503 0 1008 MY 1328 480 a3 1RFE 19%% 3077 i n 2538 2844 -
I 031 NMEF 135 1R14 1648 IR19 1854 19 1373 g PR TS
0 1053 1223 1388 1547 170G 1850 1953 7156 I3t |59 -
1800 WA 1247 4k 1BFT 0 1733 18E3 2027 1180 13a G
28582 108% 1245 435 189S 1FEF 1507 2051 21214 2347 - -
s L 1053 12469 1440 16 1763 1813 2057 22206 3R
3.2 4] TG 1220 14463 W30 1TEY 1940 2084 2346 FE%

Courtesy of Fareser Powsr Trarsmisna LA

FMD 11102 MACHINE ELEMENTS _ 10
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Table 8.6 Additioral power increment per SPB belt

S Addrional power (kW) per belt for cpeed ratio
Speed of 1.00 1.02 1.06 112 1.19 127 1.39 1.58 1.95 3.39
fagvar shaft =1 1o 0 we to 0 w to © and
{rpm} 101 1.05 111 1.18 1.26 1.38 1.57 1.94 338 over
100 ca0 oo Gz Qo 004 A oo7 agd C.o8 ans
260 God o G4 o a0 FEE] G132 Q15 Gk a7
30 Qo2 0oz 004 aic a14 17 30 [ G24
A0 (s 003 o7 Q13 019 23 G246 3% 237
50 . 00D 004 [s2e) 27 223 .8 £33 Q37 G40
&00 Y000 fal ] 0z Q30 028 G334 040 Q45 C.48
700 80 el ch 12 024 033 039 046 ' 032 .57
TI0 003 005 014 a5 433 041 42 054 G50
80 Gon 0.04 C.16 Q28 237 045 053 Qel 065
900 C00 a7 18 a3t a42 05 040 Q&4 oz
€0 000 oaz7 019 032 044 (12 ¥ a7ec .77
10C0 (el 007 o1e Q34 04é (8379 323 oy .31
110G G 008 622 am 451 G463 072 081 089
1200 o e G623 af Q56 68 073 Qa3 057
1306 000 s CFs 044 0£0 073 086 08¢ 1.05
14CC R ¢34 3 Q1o c2e 348 265 079 093 109 113
1440 Go0 o1e cze Q43 04é 07 Gsg 106 115
1560 {628 01s a7 51 Q63 cB4 o 111 1.2%
1600 000 o €33 254 Q7 05g 105 119 1.2%
1700 (814 4] a2 O34 258 . 47 GRS 1.42 126 137
18C0 G0 Q13 03s 061 Q84 14 139 134 1.45
1500 00 013 a7 Q45 088 147 135 141 154
O 000 014 033 (48 053 143 1.32 148 167
2100 ate ] 01a® Gty 272 a58 1.38 135 156 1.6%
2200 003 Qi B3 o5 1w 1.24 1.45 143 1.78
2300 . 1y até 045 978 104 1.29 151 1.71 1.84
2400 ey or 47 282 N 1.35 158 179 1.%4
2500 3 18 043 2 114 1.43 145 186 202
plans 185149 018 051 88 121 . 1.46 172 192 213
2700 003 Q1S b3 ag? 13 152 178 193 18
28C0 . 00 03¢ 054 Q%5 125 157 184 ic7 220
2880 G003 036 A 17 957 132 140 -1.82 i1 . 231
290C 6XE3] 031 CS57 199 134 1.63 131 215 234
3000 0X) 032 053 102 138 162 128 223 247
Courtesy of fenner Power Trvermssan UK
. DriverRPM
SpeedRatio= —————
DrivenRPM

DesignPower =GivenPower x Service Factor

Corrected value for the power = (rated power + additional power) X arc length correction
factor

DesignPower

TotalNumber of Belts =
Corrected Value for Power

FMD 11102 MACHINE ELEMENTS 11
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Table 8.10 Application factor

CONFIDENTIAL

- 3

Driven machine

Driver characteristics

Smooth running, e.g. electric
motors, IC engines with

Shight shocks, e.g. IC
engines with more than six
cylinders, electric motors

Heavy shocks, e.g. IC
engines with less than

characteristics hydraulic coupling with frequent starts six cylinders
Smooth running, e.g. fans, 1 11 13

PUMPS, COMPressors, printing

machines, uniformily loaded

comveyors \

Moderate shocks, e.g. conarete 14 15 1.7

mixing machines, non-uniformly

loaded conveyors, mixers

Heavy shodks, g planass, 18 1.9 2.4

presses, driling ngs

Table 8.9 Chain reduction ratios as a function of the
standard sprockets available

Mumber

of teeth in
the driveft
sprocket Ny - 15 17 19 21 23 25

MNumber of teeth in the drive sprocket N,

25 - m owom 100
.38 153 200 180 152

57 - 380 300 271 228

- 76 5.07 400 362 304

95 633
114 £.60

5.00
6.00

452

543

380

O L B b b
md LY B Lad PeJ

e I 1 QRN A o
0wk Lot By D

T N
o D T W

Reproduced from Renold 1996,

N, + N. 2C N, =

2 op 2m

e L

C g_ﬁ — N, — N,

[

| . -
. + )‘\;(ZL - il\\'z - i\j}) _

v W2
: (1\}' 5 T 3‘\; z) -
388
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&5 X w

g 3 g DRIVER SPROCKET SPEEDS - (min-1)

£ 3 & :

BBE cconessrsm g oposnEmm  § g §aaEm
l% 1
w0
200
ax medcnmblmnq'iaﬂhs
0 108, Ceasul Ronos £n3n0dts 10 skean
A0 -~ riomatica co gptrmem dns

e 510 pavicrmance.

7

7

230 370 1090
223 953 9
200 136 80
¥S 19 o
150 102 o

123 86 &0
100 &8 40

D
{4

SELECTION POWER (KW)

/| N

. For cver sprocket spocds W han
1OTpm, MY tansmsies powal by 19
T re3d ¥om 10mpm ooiama *
{’ N PInace n - Ay srocaot spoed

2580 s 10
225 15 a2
220 13 Q3
1S 13 02

150 1 o

N [ TN
//& \\ \\

~
N

126 ¢86 0%
100 048 g@a

075 051 03

050 64 032

N

8 & 8gsesE § % 888888

2250017 Q1

1 Kilowatt = 1.34 hp.

Figure B.15 British Standard chain drives rating chart using 19 tooth drive sprocket (courtesy of Renold Chain).

4
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04 :n—2sinl(D_d]

(—)D:n+25in‘(D_dj

2¢

b =0y A
y-rpM-2~.94

60 2
m=p-A
F =m-V? -
FI—F(:A :eAue
FZ——FC
P=(K-F)V
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