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Answer any five questions

It is required to design a spur gear speed reducer for a compressor running at 250 rpm
driven by a 10 kW, 1000 rpm electric motor. The centre distance between the axes of
the gear shafts should be exactly 250 mm. The starting torque of the motor can be
assumed to be 150% of the rated torque. The gears are made of carbon steel (5,, = 680
MPa). The pressure angle is 20 degree. The factor of safety is 1.6 for preliminary design
based on the use of velocity factor. {i) Design the gears and specify their dimensions.
(ii) Calculate the dynamic load by using Buckingham’s equation assuming gears are
manufactured in such a way that the error between the two meshing teeth is limited
to 26 pm. (iii) Calculate the effective load. (iv) What is the actual factor of safety against
bending failure? (v) Using the same factor of safety against wear failure, specify
suitable surface hardness for the gears.

It is required to design a chain drive to connect a 12 kW, 1400 rpm electric motor to a
centrifugal pump running at 700 rpm. Assume variable load with moderate shack, drop
lubrication and 4 mm reduction in center distance to accommodate initial sag. The
relevant design data is furnished in Tables 1 - 4. Design the chain drive and provide a
proper roller chain along with its dimensions, determine the pitch circle diameters of
driving and driven sprockets, the number of chain links and the correct centre distance

between the axes of sprockets.
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3. A pair of helical gears consists of 24 teeth pinion rotating at 5000 rpm and supply 2.5
kw power to a gear. The speed reduction is 4:1. The normal pressure angle and helix
angle are 20 degree and 23 degree respectively. Both gears are made of hardened steel
{Su: = 750 MPa). The service factor and factor of safety are 1.5 and 2 respectively. The
errar between the two gears is 8 um.

Calculate (i) the normal module assuming b = 10 m and pitch line velocity being 10
m/sec. (ii) The main dimensions of the gear (iii) Dynamic load using Buckingham
equation and find factor of safety fore bending (iv) Calculate surface hardness for gear
assuming a factor of safety of 2 for wear consideration

4. A pair of straight bevel gears is mounted on shafts, which are intersecting at right
angles. The number of teeth on the pinion and gear are 30 and 45 respectively. The
pressure angle is 20 degree. The pinion shaft is connected to an electric motor
developing 15 kW rated power at 500 rpm. The service factor can be taken as 1.5. The
pinion and gears are made of steel(S,, = 560 MPa) and heat treated to a surface
hardness of 340 BHN. The gears are manufactured in such a way that the error
between two meshing teeth Is limited to 20 pym. The module and face width are 6 mm

and 50 mm respectively. Determine the factor of safety against bending and pitting.

5. a) What is Wiebull distribution?

b) A single row deep groove ball bearing is subjected to a radial force of 6 kN and a
thrust force of 2 kN. The shaft rotates at 1200 rpm. The diameter of shaft is 40 mm.
Estimate (i) the life of bearings with 90 % reliability.(ii) the reliability for 6000 hours of
life. {iil) the system reliability.

6. (a) A ball bearing is operating on a work cycle consisting of three parts — a radial load of
3000 N at 1440 rpm for one quarter cycle, a radial load of 5000 N at 720 rpm for one
half cycle, and radial load of 2500 N at 1440 rpm for the remaining cycle. The expected
life of the bearing is 10000 hours. Calculate the dynamic load carrying capacity of the
bearing.

{b) Derive Stribeck equation for ball bearing with its assumption.



7. (a) A ball bearing is subjected to a radial force of 2500 N and an axial force of 1000 N.
The dynamic load carrying capacity of the bearing is 7350 N. The shaft is rotating at 720
rpm. Calculate the life of the bearing.

(b) Write a short notes on different types of lubrication.

Table 1 Dimensions and breaking loads of rofler chains

Transverse Bresking foud

SOchan  FCNS  gamee WD b pichp,  for single sitund
i (0] dy (mm) {mn) (mm) chain (kN»
06 B 9525 635 5.72 10.24 10.7
08 B 1270 851 7.75 1392 182
10 B 15.875 10.16 9.65 16.59 27
128 1905 1207 1168 19.46 29.5
16 B 540 1588 17.02 31.88 650
20 B 31.75 19.05 19.56 36.45 98 1
24 B 38.10 25.40 25.40 48,36 1089
38 B a4.4s 2794 30.99 59.56 1315
28 50.80 2021 30.99 58.55 1724
4 B 63.50 39.37 38,10 X 2722

Table 2 Power rating for simple rolier chain

Pinion speed Power (kW)

(rpm) 6B  uxB 108 12 B 1613
50 o1e w34 0o 107 2.59
100 025 0.64 1.18 201 4.83
200 0.47 118 219 375 894
300 0.61 170 315 543 1306
500 1.09 272 5.01 853 2057
700 .48 3,66 671 1163 2773
1000 203 500 897 1565  I4K9
1400 273 6.81 167 1815 3847

1800 3.4 B10 1303 1985 -

2000 3.80 67 1349 2057 =




Table s
F IF <e FIF >e Table3  Service factor (K
Type of driven load
F.-: /'C[] X Y X ¥ e . .
Type of input power ] Modetate Heave
Smooth shock shock
0.025 1 0 0.56 20 | o022
{i) 1.C. Eogine with hydraulic drive 1.0 12 14
0.040 1 a 0.56 18 | 0.24 '
. 1.5
(i) Eleciric motor 10 1.3
0.070 1 a 0.56 16 0.27 (i) 1.C. Engine with mechanical drive 12 14 i:_
0.130 1 0 0.56 14 [031 _
Tabie 4 Power rating for simple rolier chain
0.250 1 0 0.56 12 |037 - -
Pinion speed Power (kW)
T.p.m.
0.500 1 ° 056 (10 | 044 R 0613 08 B 10B 12B 16 B
50 .14 0.34 (Lo4 1.07 2.5%
Table 6 Values of the Lewis forin factor Y for 20° 100 Q.25 0.04 118 201 4.33
full-depth involute system
- 200 047 1.18 219 375 LAY
L Z ¥ z 4
o 27 P G0 (1.61 1.70 . 3.15 543 13.06
28 60 500 1.09 272 5401 8.53 2057
29 65 700 148 3.66 6.7 163 272.73
30 70 .
- 4% 1000 203 509 8.97 15.65 34.89
33 80 1400 2.73 6.81 11.07 1815 3847
35 @7 90 1800 344 810 1303 1985 -
37 0.380 100 2000
39 0386 150 : L -
40 0389l 200
45 300 0471 |
50 Rack 0484




