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CBCS Regular Examination May - 2014
2MC804 - Design of Mechanical Systems

[Time:3 Hourl _ trotal Nrarks:_zol

Instructions:
(1) Attempt all questions.
(2) Assume suitable data if necessary.
(3) Figures to the right indicate full rnarks
(4) Only scientific calculator is allowed,
(5) Design data book is not allowed.

SBCTION. I
Que: I Atternpt the followings.

!_") Explain procedure for selection of bearing from manufactLiring catalogue.
(b) A machine having a basic static capacity of 3000 N. A constani k is of 0.4. Diameter of the

roller is of 30 mm and length of roller is of 50 mm. Find the number of rollers used in the
bearings.

(e) Determine the dynamic load capacity for a taper roller bearing if the desired life for 90?'o of I4l
the bearings is 8000 hr and the speed is 300 rpm. T'he equivalent radial load of the bearing is
5854.1 6 N.

oR.
Que:  I

(a) Explain the taper roller bearing r,vith neat sketch using usual nonrenclature. t3l
(b) A belt drive system having the foilor,ving configr:ration: I9l

Shaft diameter : 25 mm, diameter of the puiley : 300 mm, power transmitted : 7.5 kW,
rotational speed : 72A rpm, ratio of belt tensions : 3:1.
Select a suitable radial deep-groove ball bearing for a lifu of 10000 hrs. Assume the pulley to
be placed centraliy with the belt tenslons acting vertically clownwards. The service factor can
be taken as 3.

Que.2
(a) Explain utilify of Weibul! distributicn. Explain three paranieter Weibul! distribution. i3j
(b) Derive the equation firr pressure clistribution on annular area antl load carrying capacity of iqj

hydrostatic bearing with neat sketch.

OR
Que" 2

(a) A single row deep groove ball bearing is subjectecl to the c1''clic loading. The bearing run for i31
36.90,324,and72mi l l ionrevolut ionsforsequent ia lq ,orkcvc lesfor1.8.3.9096.7.5.and2.4
kN respectively. Find the equivalent dynarnic ioad and rating"lifb of the bearing.

{b) A ball bearing operates on a work cycle consisting of threi parts: a radial load of 3000 N at I9l"/20 tpm for 30 percent of the cycle, a radial load of 7000 N at ruA} rpm for 40 percent of the
cycle and a radial load of 5000 N at 900 rpm for the rernaining part of the cycle. The basic
dynamic capacity of the bearing is 30700 N. Caiculate:
(i) The ratinglife of thebearing in hours, (ii) The average speeci c,t'foi*ticn, and (iii)'The life
of the bearing rvith 95 percent reliability.

14l
I4l

Que.3
(a) Attempt the followings (Any one).

(i) Explain working principie of hydrodynamic bearing
applications, advantages. and lirnitalions.

l4l
with neat sketch and also write their
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(ii) Explain pressure distribution in hycirodynamic journal bearing with neat sketch.
(b) The following data is given for a hydiostatic step blaring of a vertical turbo generalor: l7l

'fhrust load = 500 Kil, shaft speid = 1000 rpm, supply pressure : 6 MPa, ratio of recess

diameterto shaftdiameter= 0.6, oil film thickness = 0.15, viscosity of lubricant= 170 SUS,

specific heat of lubricant = 2.09 kll kgoC, and specific gravity of lubricant : 0.86. Calculate:

1i; snan and recess diameter, (ii) now rate of lubricant in lit/min, (iii) frictional power loss,

(iv) pumping power loss, and (v) temperature rise,
Assume itluittt. total porver loss in the bearing is converted into frictional heat.

SECTION -- II
Que:4 Attempt following.

(a) Explain the PDE and SDE related to Johnson's methqd of optimurt design.
(b) tn a tight weight equipment, a shaft is transtnitting a torque of 900 Nm and is to have a rigidlU

of 90 Mn/d*g*r"r. A*rr*r a factor of safety of i.5 based on yield stress. Design the shaft with

minimum *iigitt. What will be the change in design for minimum cost. Assume maximunt

shear stress thory of failure. Use the following data for the material.

Material Mass densify
(ks/m')

Material cost
(Rs / N weieht)

Yield strength
(MPa)

Shear rnodulus
(GPa)

SteelAllov 8500 t6 130 80
Aluminum Allov 3000 JZ 50 26.7
Titanium Allov 4800 480 90 40

Maenesium Allov 2t 00 32 20 t6

oR.
Que:4

(a) Explain Johnson's method of optimum design.

(b) Find the volume of the spring, ignoring the effect of stress concentration and curv'ature"A

spnng supports an initial load of 244 N. T'he coil diameter is 6 mm and space_ limitations

indicate tlat ttre maximum rnean ,.liameter of the coil should be 50 mm. When the spring is

furtfuer dcflected by 1l mm, thc torsional shear stross mtist ttot exceecl 505 MPa' Also suggest

an optimum rvire diameter ancl number of active turns for minimum volume of the spring

material. Determine the volume ratio of the two springs. Assume modulus of ri$idity as 79

GPa.
Que.5 Attempt following.

(a) Explain factor affecting on pitting failure.
(bi It ii required to desigri u puir ofrpur gear with 200 full deptlr involute teelh based on ],.ylt

equation. The velociiy f'actor is to be used to account for dypamic load. 
'Ihe piriion shaft is

connected to a l0 l{P, 1440 rpm rnotor. 
'fhe starting torqite of the motor is i50% of the rated

torque. T'he speed reeluction is 4.:1. The pinion as lvell as the gea.{ arc made of plain carbon

steel 40c8 (S", = 600 N/mm2). 
'Ihe factor of safety can lre taken as 1 5. Design the gear,

specified their dimension and suggest suitable surf-ace hat'cltiess tbr the gcar.

OR
Que.5

(a) Explain at least four application of worm gear box.

{!) A planetary gear train is shown in Fig.l.-'fhe sun gear A rotates in a olocki,r'ise direction and

transmit 7.5kW powor at 1440.p* to the gear train.'fhe number of teeth on sun gear A"

planet gear B and the fixed ring C are 4A,80 and 1 80 respectively. T'he module is 4 ntrn and

ih. p."irure angle 200 . Draw a free bod,v diagram of forces acting on each gear atrd calculate

the torque that the arm D can deliver to its output shafi.

Que:6 Attemptfollowing.
(a) Explain four application of rimmed gear.

13l
lel

t3l
19I

l3l
t8l

[3]
t8l
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(b)

(c)

A steel spindle of a machine tool transrnits 5 kW power at 880 rpm. The angular deflection
should not exceed 0.23o per meter of the spindle. If ihe modulus oirigidity foithe material of
the spindle is 85 GPa" Find the cliameter ofithe spindle.
Explain following:

l. Face width of gear and its important
2. Module of gear and its important

RTNE 'C'

"""---i----''"
I

Fig. 1

Table l: Radial and thrust factors for sincle ball bea

Table 2: Di bearing

Table 3: Value of Lewis Form Factor

END OF PAPER

nd

F1/Cs F"/Co (F,/VtF . )>e
X Y X Y

0.025 I 0 0.56 2.0 4.22
0.04 1 0 0 .56 t .8 4.24
0.07 I 0 0.56 t .6 4.27
0 .13 n 0.56 1 .4 0.31
4.25 0 0.56 1.2 437
0.5 1 0 0.s6 l n 0.44

menslons ano Dasr{ acities ol'singlc-row dcep-sroove ball
Bearing
Number

Principal Dimensions Basic Capacitv
Bore od'

mIn
widrh

tB t  Inm

Stat ic 'Co '
KN

Dynamic
.C 'KN

600s 25 l z 6.55 11.20
6245 t f 7,80 14.00
63U5 25 l -

t l r r.60 22.50
b4u5 25 21 19.3 35.80

Z Y z Y z Y 7r Y Z Y ry
I) Y

t6 0.295 2A 0.320 ^ /z+ 4337 28 0.352 a a
J J 4367 40 0.389

l 1r t 0302 21 0.326 25 0.340 29 U . J  ) ) 35 0,37345 0.39e
18 0.308 22 0.330 t o 0.344 30 0.358 . 1 -

J ! 0.38050 0.408
19 0.314 0.333 27 0.438 0.364 39 0.386
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