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Answer three questions from Section I and three questions from Section I1.

Answers to the two Sections should be written in separate answer books.

Figures to the right side indicate full marks.

Neat diagrams must be drawn wherever necessary.

Use of Electronic Pocket Calculator is allowed.

Assume suitable data, if necessary, and mention it clearly.

SECTION - 1

A one work cycle consists of following parts

Part | Part I1
Duration (seconds) 40 s 20 s
P_(Radial load) 600 N 300N
P_(Axial load) 200N 120N
speed 1440 rpm 720 rpm

Static load and dynamic load carrying capacities are 695 N and 1430 N,
respectively, for the bearing. Calculate the life of bearing in hours. Consider
that the inner race of the ball bearing is rotating [Refer Table - 1] [14]

What is preloading of bearing? Explain any one with sketch. [4]

OR

PT.O.



Q2) 2)

Select a single row deep groove ball bearing with the operating cycle

listed below, which will have a life of 15000 hours. [12]
Fraction| Type ofload |[Radial |Thrust |[Speed(rpm) | Service
of cycle (N) (N) factor

1/10 Heavy shocks | 2000 | 1200 400 3

1/10 Light shocks 1500 | 1000 500 1.5

1/5 |Moderate Shocks | 1000 | 1500 600 2
3/5 No shock 1200 | 2000 800 1

b)

03) a)

b)

04) 2)
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Assume radial and axial loads to be 1.0 and 1.5 respectively and inner
race rotates.

Write a short note on selection of bearing type.

[6]

The following data is given for a full, hydrodynamic bearing;: [12]

Journal speed: 1440 rpm, Journal diameter: 60 mm, Bearing length: 60
mm, radial clearance: 0.06mm, radial load: 3 kN, viscosity of lubricant:
30 cP.

Assume that total heat generated due to friction in bearing is carried by
the total lubricant flow. Calculate:

i)  Coefficient of friction

i)  Minimum oil flim thickness

Flow requirement

Temperature rise

v) Power lost in friction. [Refer- Table - 2].

Write a short note on additives for mineral oils. [4]
OR

Following data is given for a full hydrodynamic bearing:

[10]

Radial load: 22 kN, journal speed: 960 rpm, Unit pressure in bearing: 2.4
MPa, 1/d = 1:1, viscosity of lubricant = 20 ¢P, Ratio of h /c = 0.2 =
(Minimum oil thickness)/(radial clearance) [Refer Table - 2]

2



b)

05) a)

b)

Q6) a)

b)

[4758]-16

Determine:

i)  Dimensions of bearing

i)  Minimum film thickness
i) Requirements of oil flow.

Explain properties and selection of bearing material in sliding contact
bearing. [6]

What are different modifying factors? Write in details of any three
modifying factor and its selection. [6]

The work cycle of a shaft subjected to completely reverse bending
stresses consists of the following three elements: [10]

i) 4350 N/mm? for 85% of time,
i) +400 N/mm? for 12% of time, and
i) + 500 N/mm? for remaining time.

The material for shaft is 50C4 (S, = 660N/mm?®) and the corrected
endurance limit of shaft is 280 N/mm?. Determine life of shaft.

OR
Explain in brief bolted joint under fluctuating load. [6]

A machine component is subjected to two-dimensional stresses. The
tensile stress in the X direction varies from 40 to 100 N/mm? while the
tensile stress in the Y direction varies from 10 to 80 N/mm?. The frequency
of variation of these stresses is equal. The corrected endurance limit of
the component is 270 N/mm?. The ultimate tensile strength of the material
of the component is 660 N/mm?. Determine the factor of safety used by
the designer. [10]



Q7) a)

b)

08) a)
b)

09) a)

b)
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SECTION - 11

List desirable properties of good friction lining materials for clutches.
Also list the different materials. [4]

Explain self energizing and self locking brakes. [4]

A single plate clutch consisting of two pairs of contacting surfaces is
required to transmit 35 kW at 1440 rpm. The coefficient of friction between
the contacting surfaces is 0.3 and intensity of pressure is limited to 0.38
N/mm?. The outer diameter of friction disc is limited to 290 mm. If
service factoris 1.25, determine: [8]

i)  Inner diameter of friction disc.
i)  Axial force required to engage the clutch.

OR
Draw a neat labeled sketch of internal expanding shoe brake. [4]
Differentiate between single plate and multiplate clutch. [4]

A caliper disk brake is to design for sport car. The required braking
capacity of each brake is 450 N-m. The inner and outer radia of friction
pad are 100 mm and 150 mm resp. The coefficient of friction between
the pads and rotating disc is 0.4. While the limiting intensity of pressure
is 1.1 N/mm?. Determine, the required no. of pads if the pads are annular
segment with subtended angle 60° per pad at centre of disc. Draw the
sketch showing disc and annular pads. [8]

What are effect of increasing and decreasing pressure angle in design of
gear pair. [4]

A spur gear pair 20° full depth involute gear profile consist of 18 teeth
pinion meshing with 36 teeth gear. The pinion and gear are made of steel
with § - 600 N/mm? and 510 N/mm? resp. The module is 5 mm while
the face width is 10 x m. The surface hardness of pinion and gear are
330BHN and 280 BHN resp.



010)a)

b)
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Calculate:

i)  Beam strength

i)  Wear strength

i) Rated power that the gear can transmit

iv) Maximum static load on gear.

Assume service factor & factor of safety 1.5 & 2 resp.
Use following data:

*  Pinion speed - 1440 rpm

. Y=0.484—ﬁ
Z

y__ 56
5.6 +\V 114]

OR

What is formative no. of teeth in helical gear. Derive the expression for
it. [4]

A helical pinion 14 teeth made of alloy steel with S _- 800 N/mm?* mesh
with gear made of plain carbon steel with S - 720 N/mm?. The gear is
required to transmit 30 kW power from an electric motor running at 720
rpm to machine at 225 rpm. The application factor and load concentration
factor are 1.3 and 1.1 resp. While the factor of safety is 2.0. The face
width is 10 x normal module & tooth is 20° full depth involute. The
deformation factor is 11000 x e N/mm. Design the gear pair by using
velocity factor and buckingham’s equation for dynamic load. Also suggest
the surface hardness for gear pair. Use following data:

e Y= 0.484—&
Z

5.6
. V="
5.6+\/v
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for grade 7-e=11+0.9[Mn +0.25./4] ym.

K =0.16 [BHN/100]?

. 21V (bccos®y + Pt ) cosy
*  Buckingham’s eq" - Pd = 21V+\/bccosz WPt
*  Standard module - 1, 1.25, 2, 3,4, 5,6, 8, 10, 12 [14]

What are different types of mountings of bevel gear. Explain any one
with sketch. [4]

A pair of bevel gear with 20° full depth involute tooth profile consist of
24 teeth pinion meshing with 48 teeth gear. The axes are right angle to
each other. The module at large end of tooth is 6 mm while the face
width is 50mm. The gear pair is made of gray cast iron FG 220. The
teeths are generated, the surface hardness of gear pair is 250 BHN. The
application factor and factor of safety are 1.5 and 2.0 resp. The pinion
rotates at 300 rpm. Assume velocity factor accounts for dynamic load.

Determine: [12]
i)  Beam strength
i)  Wear strength
i) Maximum static load on gear
iv) Rated power that the gear can transmit
OR
Derive the equation for efficiency of the worm gear. [3]

A worm gear pair 2/30/10/18 consist of worm gear made of phosphor
bronze with S _- 245 MPa and worm is made of hardened steel with S -
700 N/mm?. The coefficient of friction between worm and worm gear is
0.04 while normal pressure angle is 20°. The wear factor of worm gear
teeth is 0.825 MPa. The fan is used for which overall heat transfer
coefficient is 22W/m*°C. The permissible temperature rise for lubricating
oil above the atmospheric temperature is 45°C. The worm rotates at 720
rpm. Assume service factor 1.25. Determine the input power rating based
on:



i)  Beam strength
i)  Wear strength
iii) Thermal consideration
Also suggest input power that worm gear can take.

Use following data,

Y=0.484—ﬂ
Z

9

6

C. =
Vo6+V,

Area of housing — A =1.14 x 10 x al’m?

where, a is centre distance in mm. [13]

Table 1 Single-row deep-groove ball bearings

fi £ <e ( P" ]>e
C, VP Iz
X Y X Y e

0014 230 019
0.028 1.99 0.22
0.056 v 1.71 0.26
0.084 1.55 0.28
0.11 1 0 0.56 1.45 030
017 1.31 034
0.25 120 037
0.28 115 038
042 104 042
0.56 : 100 044
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Table 2 Various pavrameters of journal bearing

-y

Loog ke g fﬂf g .(gﬂ.
d ¢ Ll e e e o et rcnjl 1)
o 10 e . e
.01 0.9 0240 6910 480 303 0
0.2 08 0123 6726 . 257 283 0
0.4 06 0.0636 6194 152 226 Vo
0.6 04 0.0389 5431 1200 156 0
08 0.2 0.021 42.22 0961 0760 0
097 0.03 - - - R o
10 0 0 0 0 0 0
10 10 o 85 . n 0
01 0.9 133 - 795 26.4 337 . 0150
0.2 0.8 0.631 74,02 128 359 . 0.280
04 06 0.264 6310 579 399 0497
0.6 04 0121 5058 322 433 " 0,680
0.8 0.2 0.0446 3624 170 462 0842
09 01 00188 2645 105 474 0919
0.97 003 . 000474 1547 .- 0514 .. 482 . 0973
10 - 0 e o o o 0
% 0 1.0 o 88.5 o " R T
0.1 0.9 431 8162 856 343 00473
0.2 08 203 74.94 40.9 372 - 0308
0.4 06 0.779 6145 170 429 0552
06 04 0319 48.14 8.10 485 0730
0.8 02 0.0923 3331 3.26 541 . 0874
09 01 00313 2366 160 - 569 . 0939
097 0.03 000609 1375 0620 588 0980
10 0 0 0. 0 - 1.0
% o 10 = 89.5 = n o
0.1 09 162 8231 3220 345 . 0180
02 0.8 757 7518 1530 376 . 0330, .
04 0.6 283 6086 611 437 0567
06 0.4 1.07 4672 267 499 0746
08 02 0.261 31.04 88 5.60 0.884
0.9 0.1 0.0736 21.85 3.50 591 10,945
0.97 0.03 0.0001 . 1222 0922 612 10984
1.0 0 0 0 0 - 10.
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