
$tudent I tXam No. i_' 
GANPAT UNIVERSITY

B. Tech Sem. VII Mechanical Engineering
CBCS Regular Examination Nov/Dec. 2015

Instructions:
fl) Aftempt a1l questions
(2) Assume suitable data if necessary.
(3) Figures to the right indicate full marks.
(4) Use of scientific calculator is allowed.

Que. I Attempt the followings.
(a) Attempt the followines:

SECTION - I

(l) Which one is incorrect for ball bearins.
(a) Co = p.M (b) C" : kdLz/s (.) C" I kdzzt| (d) C" : pzl5

(2) What is the ratio of t/d for needle bearins?
(a )>a  (b )<4  ( c )<4  (d )>+

(3) what is.'k'in the equation, p = kd2 and it depends on what parameters?
(4) Average..lft 

9f bearing is 60 million ,.uolutions and it is running at 1000 rpm. Findaverage life ofbearing in hours.
(b) classify the bearings in ihe form ofchart. show the designation ofrolling contact bearingswith neat sketch and explain it with its meaning.
(c) A set of taperroller bearing having face to facJa*angement in which F,1 : g00 N, F12 : r 000N and F" : 650 N. Assume bearing pairs to be 32007*.,having C : 4020b N, o : 0.46 and y =i '3 and K^ = l. carcurate the equivaient load for the jiurn n"u.ing,

OR
Que. I Attempt the followings.

(a) Explain different types of the ball bearings with their loacl carrying capacities using neatsketches.
(b) A single row deep groove ball bearing operates for extra light load having the 15 mnrdiameter' The bearing subjected to an axial ihrust of 1000 N and radial load of 2200 N. Findthe expected life that 50% of the bearings will compiei. uno"1. this condition.

Que.2 Attempt the fol lowings.
(a) Explain the causes of bearing fairure and their remedies.
(b) The following data is given ior a hydrostatic thrust bearing:

Thrust load :400 KN, shaft tp*ei = 700 rpm, shaft diameter = 480 mm, recess diameter =
240 mm' oi l  f i lm thickness:0.15 m*, ui icosity of lubricant:160 SUS, specif ic heat of 'lubricant : 1.76 KJ/kg oc, and specific gravity of lubricant = 0.g6, calculate: (i) supptypressure' (ii) flow required in litlmin,.liii; frictional power loss, (iv) pumping power loss, and(v) temperature rise. Assume that the ioal power loss in thL 

'bearing 
iI converted intofrictional heat_

OR
Que.2 Attempt the followings.

(a) Enlist the type of power losses in hydrostatic step bearing and Explain the porver loss whichis inversely proportional to the f-luid film thickness.
(b) A ball bearing.working under cyclic load. For first cycle bearing operates for 0.01296 L116million revolutions under a radial load of 3000 N, ior second cycle 0.03456 Lr,ro millionrevolutions under a radial load of 7000 N and for third cycle 0.0162Ia.,1s million revolutionsunder a radial load of 5000 N respectively. The basic dynamic capacity of the bearing is 30.7KN and the total equivalent dynamic loai is 6066.89 hi. Determine the followings: (i) life ofbearing in million revolutions foreach cycle (ii) average speed of bearing rotation (ii) life ofbearing in hours with 95 % reliability.
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Que.3 Atternpt the following.
(a) Explain the design of Jpindle on the basis of torsional and lateral rigidity'

(b) Explain the clJssification of clesign paranleters related to optimum design with their

characteristics.

t3l
t3l

I5I(c) A tensiie bar of length 20[qq is qubjecle! t-o lhe gons!a!! tenslfe fgrce of 
J000 

N: Il]l:

factor of safety is 3, derive eqwdtion for the objective of minirnizing the mateFialcost' 
- -- 

--

SECT'ION-II

Que.4 AttemPtfol lowing.
(a) Define the interfeience and undercutting in involute gears' Enlisi and explain the methods to t3l

eliminate interference.
(b) ;;il;;0" inuorut* fuli depth spur gears is to be d^esigned to transmit 100 kw from a t8l

- . -  -  - - ^ L : ^ -  : ^  : - + ^ - - : i i a n f

;;"i;; ;;i"s ; t;g-i; ih. g*u'. sp"eed is to be i50 rpm. rhe operation is intermirtent.
-r  -  . -  -  --  -  -  l i *  i+ f^- n+aol

iil'l';.iir rl, 
-ziJi"""r"f" 

tlt orp,n invotute system. surface endurance limit for steel

mav be obtained by (2.8 x BHN - 70) N/mm2. Yottngos modulus for the material of pinion

;;;;r'h;:f ; l'0f N/*m1 and 1.05 x 105 N^nm2 rlspeotivelv' Face width of gear : l0m

(m:module). Followin if ications are available'

Que.4
(a)

(b)

Assuming Kr: 1.5, f ind:
(i) Mod-ule, face width, and number of teeth on pinion and gear'

(ii) Check the gears for dynamic load and wear load

Take ), = 0.154 - $ A Jt;, = 
Jn.rh, 

k. =1, Take minimum number of teeth on pinion as

20' 
oR.

Attempt fol lowing'  .  .  ̂ r l^r :^^r  ̂ ^^-, . , ;*h ^oor crrernh t3l
[xplain force analysis of helical gear with neat sketch'

A pair of parallel helical gears consisting of a 20 teeth pinion meshing with 100 teeth gear' t8l

The pinion rotstes ot 7?0 rpm: The nornral pr€ss\rre 4ng1e is 209, while the helix angle is 25"'

The face widrh is 40 mm and the normal module is 4 mm' The pinion as well^as.gear are

m a d e o f s t e e l 4 0 C S ( S u t = 6 0 0 M P a ) a r r t i l r e a t t r e a t e d t o a s u r f a c e h a r d n e s s o f 3 0 0 B H N . T h e
service tactor and the lar;lor ot' safety are 1.5 arrcl 2 respectivcly' Assumc that thc velooity

factor accounts for the dynamic loai and calculate the power transmitting capacity of the

gears.
Attempt following.
Explain the design procedure for determining thickness of piston head based on strength and

heat dissipation criterions.
ihe cylinder of a four-stroke diesel engine has the following specifications:

cylinder bore = 150 mm, maximum gas pressure : 3.5 MPa, cylinder material = Grey cast

iron FG 200 (s,r : 2dlildti, i"",* oi safety = 5, poisson's ratio = 0.25. Determine the

thickness of the cylinder *uil. Alro calcutrati the apparent and net circumferential and

longitudinal stresses in the cylinder rvall'
OR

Attempt following.
Explain the guideline for design of piston rings. show figures wherever necessary'

me fottowirig data is given for a four stroke dieselengine:

cylinder bore :250"mm, length of stroke : 300 mm, speed = 500 mm, indicated mean

effectir,e pressure : 0.6 MPa, rnechanical efficiency = 800/0, rnaximum gas pressure = 4 MPa'

fuel consumption = O.is tg per BP per h, higher calorific value of fuel : 44000 kJ/ke'

Assume that So/oof the total heat develop.j in th. cylinder"is transmitted by the piston' The

piston is made of gray cast iron FG 20b (S,r : 20dNlmm2 and k = 46'6 Wm/"C) and the

Allowable stress, MPa

Que .5
(a)

(b)

t4l

tat@

Que.5
(a)
(b)

l4l
l8l

Pinion: forced steel, C - 30
Gear: C.l. grade 35
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;:"#' ;' ff ?i: a;' j il. fi l['';: T#JJll T'"'1ffi1" ;ff 1; : il: Ji: ::fl:'ffi;#' i?t
calculate the thickness of the piston head by thermal consideration (iii) which criterion
decides the thickness of piston head? (iv) state whether the ribs are required? (v) If so,
calculate the number and thickness of piston ribs. (vi) state whether a cup is required in the
iop of the piston head. (vii) if, so calculate the radius of the cup.

Que .6
(a) Attempt following@ny one). t4l

(1) Derive the equation for effbrt requires to raise the load for pulley system,
(2) Explain factors for the selection of material handling equipment.

(b) In oil drilling rig a 6 x 37 rvire rope with pulley tackle is used for providing a lifting capacity I8I
of 10 tonnes. The tackle has thrce pulleys at the top and same at the bottom. The ultimate
tensile strength of the rope is 1600 MPa and E,= 1.05 x 105 MPa. Design the rope. Assume
l0% overload. Take C = 1.Q5, factor of safbty as 4. Also design pulley using empirical
formulas. Refer Fig. 1 and Fig. 2,

able l :  Eouivalent loads with taper rol ler bearinq mountl
Load Case Equivalent axial loads

Frt ) Frz
F u > 0

I ra r  :  I :Fa l?y
Fs2 : F6 1-I

Frt < Frz

Fu>0 .5 (F ru 'F , . r )
F a r = l = F . , 1 1 2 y

Fu2 : Fo *l

Frt < Fr:
F u < 0 . 5 ( F ' z - F ' r )

Fuz: I  :Fr2l?y

F a r = I - F a

dee ball beari

Table 2: Radial and thrust factors frrr sinele -row deep groove ball
FlCo FJtr/F,) < C (F"/VF) > e

e
,\ Y )t Y

4.025 0 0.56 2.0 Q.22
0.04 0 0 .56 1 .8 0.24
0.07 0 0.56 r .6 4,27
0 .13 0 0 .56 1 . 4 0 .31
0.25 I 0 0.56 1.2 0.37
0.5 0 0.56 1.0 0.44

Table 3 Dimensions and basic o srnEle-row roove
Bearing
Number

Princinal Dimensions tsasic Capacity
B o r e ' d '

m m
Outside

Diameter
tD t  mm

width
t B ' m m

Sta t ic 'Co '
KN

Dynamic
'c 'kFl

6Q02 l5 32 9 2.5 5.59
6202 l 5 3s I I 3.7s 7.80
6302 15 A. \

A L l 3 5.40 I  1 .40

a le 4: Selection o
No. of
bands

D,ninld
No. of
bands

D,n1n/d
No. of
bands

D-in/d
No. of
bands

D'in/d

I 16 5 26.5 I 1 a t3 36
a
L 6 28 t0 1 n

J J
1 A
l l J I

n
J 7 30 I I 34 I J 37.5
a 25 8 3 l 12 35 t6 38
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Wherc d is in mm and also )
UH,

of dif,ferent wire

Table 8: Value of 'C' in N/mm

pe
j
i!
ii

able 5: Cha:acteristics

Rope
Ultimate
'strengih

Wire
ola.

dr" mm

Area
, (A)

mm-

Recommended sheave
dia. (D)

Annlications
Minimum

Inm

AdvisablO
mm

6 x 7 480d' 0 .1 l d 0.38d' 45d 77d Mines, haulage TramewaYs

6x19 510d2 0.07d 0.4d2
100d

30d

30d
60d

20d

I{oisting roPe
Cargo cranes, Ore, Dock

Quaries, Mines hoist
Derricks, elevators, well drilling

6x37 480d2 0.045d 0.4d2 l 8 d 1 1 4
Cranes, I{igh speed Elevators

and small shears

8 x 1 9 440d" 0.05 0 .35d zld J t o Extra flexible hoisting roPe

al I ,
U - tl. i = No. of wires in ro

able 6: Standard rope diameter ( lS:

8 l0 t z l 4 16 18 20 22 24 26

28 30 5 L 36 38 40 44 48 52

Table 7: Expected error 'e '  in tooth prof i le m
Module

mm
Class - I Class - 2 Class - 3

Conrnrercial gears Carefu cut rS Precision gears

U n t o 4 0.0s 0.02s 0.0125

5 0.056 0.025 0.0125

6 0.064 0.030 0.01s0
7 0.072 0.035
I 0.080 0.038 0.01e0
9
1 0

0.085-* *-0.090 0.041
0n44

0.029s
U.U')zt)

l / .

r6
0  r 0 0 0.050 0.0250

0 . 1 1 0 0.055 0.0230
?5 0.1 20 0.060 0.013u

Tooth profi lc Material of pinion and
gear

C
N/mm

l 4 ;

Involute

C I & C I
Steel& CI

Steel and Steel

56 l0e
1700e
ll220e

20" Full depth
lnvolute

CI&CI
Steel & CI

Steei and Steel

5 8 1 5 e
7990e
I 1630e

20" stub
Involute

C I & C I
Steel & CI

Steel and Steel

6030e
8285e
12060e
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END OF'PAPER
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