
GANPAT UNryERSITY
B. fech. VII Sern. Mechanicel Engineering
CBCS Regular Examinatio$r N n \,'?Xla
ZM.ElgZ - Design of Mechanical Systems

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

$ECTION.I
Que: I Attempt the followings.

{a) Explain factors to be considered for selection of material handling equipment.
(b) Explain the Howser laid rope and cable laid rope with suitable sketch.
ic) A wire rope used to lift the cage of a verticai mine hoist 400 m deep is 6 x 19. The weight of

cage is 1200 kg and it has to lift 3000 kg of ore at a speed of 15 m/s which is to be attained in
10 seconds. Take D*in/d : 75. Assume tactor of safety of 5 and F = 8 * 104 Nimmz. Weight of
rope/metre = 0.003+d? kg. Cross-sectional areu of ,oie = 0.38d2. Ultimate stress for ropJwire
is 1800 N/mm'. Determine diameter of rope. Take wire diameter as 0.0063d m.

OR
Quc: I

(a) Expiain following:
(i) Fatigue lif'e of rope with suitabie graph.

t4I
t4l
t4l

14l

t8l
(ii) Stresses in hoisting rope.

(b) Design the pulleys and drum required for an overhead traveling crane with a rope diameter of
I6 mm. Take Lifting height = 8 ffi, Breaking stength per rope =^127 x l0' N, Limiting value
of normal stress and combined equivalent stress = 110 Nimm', Limiting value of bending
stress = 80 Nimm', Permissible shear stress = 42 N/mm', Free space betlveen drum = 100 rnm,
Permissible crushing stress = 80 N/nnm2, Total effort required to raise the load = 18640 N,

t - r l G  - ,
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Que.2
(a) Draw the FBD of a spur gear pair and derive the relation for the various force acting on them.

15t A pair of parallel tteiicaigeais consisting of a 20 teeth pinion-ttqT-g with a 100 teeth gear'

The pinion rotates at770-rpm. The normal preszure angle is 20o, while the helix angle is 25o'

The face width is 40 m and the normal module is 4 mm. The pinion as well ail gear are made

of steel 40C8 (Su. = 600MPa) and heat treated to a surface hardness of 300 BHN. The service

factor and the factor of safety are 1.5 and 2 respectively. Aszume that the velocity factor

accounts for the dynamic load and calculate the power fransmifiing capactty of the gears.

OR
Que.2- 

(a) Derive a relationship for the wear strength of a helical gear pair.
('b) A pinion having 20ieeth is to mesh with a gear having 43 teeth. The-pinion is made of carbon

steel having a iensile strengh of 600 tvtpa and the steel gear material has tensile shengdr of

400 MPa. The pinion is driven by a reversible three phase motor having a wo*ing ryeed of

1440 rpm and lb kW rating. Starting torque of the motor is twice the working torque- fne f1
drives a roiling mill. For the standard 20" full depth involute gears, evaluate module and

specify the mijor dimensions. of the gears. Specify the hardness of the gears. Pitch line

velociiy is 5 m/s, t'ace width is 10 times module.

Que.3
(a) A steel spindle transmits 4 kW at 800 rpm. The angular deflection should not exceed 0.25'per

metre of spindle. If the rnodulus of rigidity for the material of the spindle is 84 GPa' find fte

diameter of the spindle and the shear stress induced in the shaft.
Explain the interference and under cutting with respect to the gear design'
Count the number of bends for the following systems of fig. -2,3 and 4'

t4l
t8l

:
a L a
I .  I J

L4l
t3l

(b)
(c)

Fig. - 2 F'ig. * 3 Fig. - 4

SECTION.- X{
Que:'*,A,tf*mp* fol lowitrg"

{a} il:<plain basie stati*c *apa+ity, hasie d;inarnii; e*iraci:,v, equive.ie:nt *lvnantic-ltla.<i a*'.1 rating Xife '

itl) A .cinFie row cleep grocve bali brari:ig is suL,jeii*d t* a radiali f+rc*',;f I itl{ anci as ihrust fcri:*

ol' -1 kl.J. Tlls shaft rsrates af i2{}{i rpin. Tlie e:xp*cted iif'-" ot'tire bearirlg is 20*C0 irrs"fne

mirrirnurn accer:table eiiameter ai the shaft is 75 rnm. Seiect a suitable bal! bearing for this

application.

oH.
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Que:4
{a) Derive the equation of equivalent dynamic load for bearing under cyclic loads with neat

sketch.
(b) A single-row deep-groove ball bearing is subjected to the following work cycle:

Element
No.

Element
Time o/o

Radial
Load
tFrt

KN

Thrust
Load
'Fat

Kl{

Radial
Factor

,xt

Thrust
Factor

,Y'

Race
rotating

Serryice
Factor

Speed
R.P.M

t 55 3.0 I .0 0.56 t .4 Inner 1.5 730
,, 25 2.5 1 .0 0.56 t .6 Outer 2.0 1440
3 Remaining No

Load
No

Load
Outer 734

If the expected life of the bearing is 16000 hours with a reliifitiry of lS"Z', catcutate ttre Uasic
dynamio load rating of the bearing so that it can be setected from the manufacturer's catalogue
based on 90% reliabilitv.
If there are six such bearing in the system, what is the probability that all
for 16000 hours?

Que.S Attemptfollowing.

bearings will survive

(a) Explain the construction otdifferent types of cylinder liners. Write the qualities of a good liner
and enlist liner materials.

(b) Design a piston head, made of cast iron, for a single acting four stroke engine for the
lbllowing specifications:
Cylinder bore = 100 mm, stroke = 120 mm, maximum gas pressure = 5 N/mm2, Brake rnean
effective pressure = 0,65 N/mm2, fuel consumptiop = O,iZl lrgl<Whr, .p".J = iZta,O..ol*in,
allolvable tangential stress lbr C.I. = 37.5 N/mm2, HCV of the fuel rnay be taken as 41870
KJ&g, Take k = 46.6 and (T' ' Tr) = 220'C for C.I. and C = constant representing that portion
of the heat suppiied to the engine which is absorbed bythe piston, approxirnateiy 0,05. Only
find the thickness of the piston head on the basis of strength and on the basis of heat
dissipaticrn through the piston head.

OR
Qere.5

{a) Enlist the main functions of the piston. Explain the construction of trunk type piston with neat
sketch.

(b) Design only I - section of a connecting rod for an I.C. engine running at 1800 rpm and
developing a maximum pressure of 3.I 5 N/mm2. The diameter of the piston is 100 mm, rrlass
of the reciprocating parts per cylinder 2.25 kg, iength of connecting rod 380 mm, stroke of
piston 190 mm and ccmpression ratio 6:1. Take factor of safety of 6 for the design. The rod is
to be I-section for which B = 4t and H = 5t. Use Rankine formula for which the numerator
constant may be taken as 320 N/mmz and the denominaror constant ll?500. Draw a neat
dimensional sketoh.

Que:6 r\ft€mfrt following.
{a) E.rplain 3 parameter and 2 parameter Weibuil dishibution.
{b) Define oplimum desigri and adequate design. Explain the three pararneters which are

considered in the design equation of mechanicai elements €xpress functional requirements.
ici Siate the functions of the ioiiowing for an LC. engine.

ii) Ribs, (ii) Pisti:n ring, iiii) Piston skirt, (ivi Piston pin

j Si::e oi i.ior.ninal
Table l: Norninal diamefer of
T l + * - _ T - * - T _

l4l

t8I

t3t

18l

13l

IB]

f  I  * l

LLA ]

. r ) i r  i  mrn

Uilimate tensiie

19 zsizc
I

19640 | 24630
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Fnpe 4-i*

b. )

Standard Deep groove
r l

35
S1 Cr Sz tz tz

7 1 9 4.5
4.0 8 n ) . ) 1.4

,.: ]
' ; -

.t:^i 
*

5.0 1 t
t l 3 l 3 6.5 8.0

1.4 t3 a
J t7 8.5 10.0

8.0 l5 4 19 9.5 l l

9.0 t7
'r) l 1 13

11 .5 22 5 27 13.5 16.5
,1"+ r3.5 27 6 31 l6 18.5

28 t ) . ) 31 8 36 18 20.5

34.5 t9 38 l 0 4 l )) ) \

39 2l 42 t2 50 24.s 28

Table - 3:

Table - 4

Table 2: Dimensions of

END OF'PAPER

ball bearing

ball bearings

Radial and thrust factors for single row
FlCo FJCn (F,,/YF,) > e

e
X Y x Y

0.02s I 0 0.56 2.4 a.22
0.04 I 0 0.56 1.8 4.24
0.07 I 0 0.56 1.6 0.27
0.13 I 0 0.56 1,4 0.31
4.25 I 0 0.56 1.2 0.37
0.5 I

t 0 0.56 1 .0 4.44

: Easic capacities of singlelow deep groove Pall
Benring
ilumber

Static capncify
in KN

Xlynnmic
capacity
ln KN

60 i+ 31,00 37.74
62 A+ 45.00 60,50
53 i4t 68.00 104.00
64 A 104.00 143"00
60 33.50 39.74
62 5 49.44 6634
63 5 76"50 112.00
64t5 I  r4.00 153.00
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