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Instructions:
(1) All questions are compuisory.
(2) Right figure indicate full nrar.ks.
(3) Assume suitable clata if necessai-v.
( ) Only scientific calcularor is allowed.

SECTION-I
Que.l Artempt the followings.

(a) Prove that the basic static capacity of the ball bearing is proportional to rhe sqnare of balldiameter and numbei cl balls. Also mention the assumptions taken fbr the prove. startequation in '"r'hich the basic static capacity of ball bearing ir pt"or.i of radial loacl and thevalue of M as per usual notations.
t'-}(b) select a suitable radial cleep groove ball bearing for a life of 10000 hours. The followingdata are given for a belt drive systern in which the pLrlley is placed centrally with the belttensions acting vertically ciown 

lvord The tight side teniion ln the belt is three tirnes thetension in the belt of slack side. Diameter of it e pulley : 0.3 m, shafi diameter: 0.025 m.power transmitted : 7.5 KW, speecl :720 rpm, loacl faltor: 3. Iiyou reduce the load factorto hal{ then write conlment on your-answer reganling the change in bearing selection.

OR
Que.l Attempt the followings.

(a) with neat sketch explain the boundary h-rbrication, urixed lubrication, and hydrodynamiclubrication
Use the following data given for a hydrostatic thrust bearins.
shaft speed = 726 r.u/*irr. supply pt"r#.": ;'^:;#:'r#o radiris :0.2 m,recess radius : 

t8l
0'125 m' oil fiim thickness:-b.iitnn', viscosit-v of lubricant = 30 cp, specific gravity oflubricant = 0'86' calcuJate: (i) load carrying capacity of the bearing (ii) flow required inlit/min, (iii) frictional power loss. (iv) puiirpi'g po*., loss, and (v) temperature rise.Assume that the total porver loss in the bearing'is Jonuerted into frictional heat.

(b)

[Total marks: 70]

Attempt the followings.
Derive the equation for equivalent dynamic load for bearing in wirich the bearing operateunder the periodic load.
A single

t4l
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(a)

(b) SI row ve ball bearing o !qs-_ry{h the following ,uvork cycles:
)r. lblement
No. I time. %

Radial
load,
KN

Thrust
load,
KN

Radial
factor

Ihr-ust
factor

Race
rotating

Service
factor

Speed
in rpm

50 3.0 1 .0 0.s6 t .4 Inner 1.5 720z 20 2.5 1.0 0 .56 r .6 outer 2.0 1 LLn
3 remaining No load load outel 720

| ^ 
:--T

i ) r .  l
lNo. I
l l

I
I

if 
,the desired. *t*g tG ot'il'.G*iug f,m00 ffi,'

calculate the basic dynamic load ratin! of the bearing so
with a reliability of 9J p*, *"t,
that it can be selected irorn themanufacturer's catalogue based 'n 90 

-per 
cent reriabilitv.
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If there are six such bearings in



ihe systern, what is the probability that all bearings rvill survive for 15000 hours?

OR

Que.2 AttemPt the followings.
(a)Expla incausesofbear ingfa i lw.eandthei r remedies.
(b) A ball bearing working under cyclic load. For first cycle bearing operates for 0.01296 Lr'ro

million reoolitions, fo-r second cycle 0.03456 Ll,ro miliion revolutions and for third cycle

0.0162 Lr,ro million revolutions respectively. The basic dynamic c4pacll-y-al+he-beari[$1s

30.7 KN and the total equivut"nt Jylru*ic toaO is 60o6'89 N. Determine the average speed of

bearing ancl life of bearing with 95 % reliability'

Que.3
(a)

(b)

Attempt the followings' 
uations trsed in 'lohnson's methocl

Define optimum design. Explain three ditferer.rt fonns of eq

of optimum design in brief'
Design a tensile bar of length L = 200 n-itn to carry a tensile load of 5000 N fbr nrilimum

cost. out of the following rn4!e1g]s:
:"__- 

- -:: --- r -

Matcrial I Mass densitY i Y'ltl?Materiai cost
(Keim3) | (R. nq rv"igtrt) -

t -
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SECTION - II

Que:4 Attempt the followings.
(a) A pair of bevel gearJwith 20o pressure angle consists of a 20 teeth pinion rneshing with a

30 teeth gear. The module is 4 mm while the tace width is 20 mnr. The material for pinior-i

and gear is steel 50C4 (S,,r: 600 N/n'im2). Ti-re gears are machined to meet the specifications

of grade g and the surface hardness is 350 BHN. The pinion rotales at 600 rpm and receiveis

power from the electric motor. The starting torqlle of the motor is 150% of the raied tolque'

AssLrming a minimnm factor of safety u, 2, d.t.trnine the rated power that the gear can

transmit. For Grade 8, e = 16 + 1.25O.

(b)Expla inadvantage'd isadvantageandappl icar ionsofwormgear.
OR

Que:4 At tempt the fo l lowings.  r  ^^^ ^  , r  i  - r  : . -_ ,^r_-+^ +^^+L L.^-oz l  nn T er  .

(a) It is required to clesigria pair of spr-rr gear rvith 20' full depth involute teeth based on Lewts

equarion. The velocity factor is io be used account for dynarnic load. The pinion shaft is

connected to a l0 kW, 1440 rprn motor. The starting torque of the motor is 150% of the

rated torque. The speed reduction is 4:1. The pinion ut tuill as the gear are *uqt of plain

carbon steel 40cg (su, = 600 N/mml;. Th. f acior of safety can be taken as I '5. Design the

gears, specify their dimensions and suggest sLritable surface hardness for the gears'

(b) Explain gear tooth failure.

Que:5 AttemPt the followings.
(a) It is required to desigi a pair of spur gear with 20' full depth involute teeth consisting of a

20 teeth pinion meshing with a Sb teetl'r gear. The pinion shaft is connected to a 225 kW '

1440 rpm eiectric motoi. The starting torq-ue of the motor can be taken as 150% of the rated

torque. The material of the pinion is ptain carbon steel Fe4l0 (Su,= 410 Nimm2), while the

gear is made of grey cast iron FG20O(S,,r : 200 N/mm2). 
'fhe factor of safety is 1'5' Design

the gear based on Lewis equation and using velocity factor to account for the d.vnamic load'

(b) Explain advantage of gear drive compare with othe' drive' .

OR
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nS A.ttempt the followings.
.(a'S . A 35 kW motor running ai 1200 r.p.m. drives a compressor at 780 r.p.nr through a 90o bevel [11]

gearing arrangement. The pinion has 30 teeth. The pressure angle of teeth is I4.5'. The

wheels are capable ot'withstanding a dynamic stress, or,:l+OH*j MPa, Where v is

the pitch speed in rn/min. The form factor for teeth may be taken as CI.1?+- -:,

Where Ts is the number of teeth equivalent of a spur gear. The face width may be taken as

% of the slant height of pitch corre. Determine for the pinion, the module pitch- face width,

addendum, dedendum, outside diameter and slant height.

Que:6 Attempt the followings.
(a) A pair of parallel helical gears consists of a20teeth pinion rneshing.'vith a 50 teeth gear'

The pinion rotates at 1000 rpm. The normal pressure angle is 20o. while the helix angle is

25". The face width is 40 mm and the normal rnodule is 4 mnr. The piniorl as well as gear

the gear are made of steel 40C8 (S,,r :660 Nl/mnr') and l-reat treated to a surface hardness of

350 BHN. The service factor andthe factor of safety are 1.5 and 2 respectivel,v. Assume tkrat

the velocit,v factor accounts for the dynamic load and calculate the po'wer transmitting

capacity ofgears.
(b) Distinguish between parallel and crossed helical gear.

Table 1: Ra ball bearingdial and thrust factors tbr single --row deep groove ba

F,/CO {FlY
X

1 g (r',lvF,) > e e

Y X Y
0.025 0 0.56 2.0 0.22
0.04 0 0.56 1 .8 0.24
0.07 1

I 0 0.56 1 .6 0.27
0 . t3 1

I 0 0.56 1 .4 0.31
0.25 I 0 0,56 1 .2 0.37
0.5 I 0 0.56 1 .0 0.44

[10]

t21

Table 2: Dimensions and basic cnpacit ies of si

o D ' m m

6305

oove ball bearin

75
'r$
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Basic Capac
Dynamic

.C ' I \

85 i  19
100 |  25

Table 3: Value of Lervis Form Factor
Z Y Z Y Z Y z Y Z Y Z Y
l 6 4.29s20 0.320 24 4337 28 0.352 33 0.367 40 0.389
1 7 0.302 /. 1 0.326 Z5 0. i40 29 0.355 35 0.373 45 0. i99
t8 0.30822 0.33026 0.34430 0.3s837 0.38050 0.40B
l 9 0 .314 L ) 0.333 27 0.438 ) z 0.364 39 0.386


