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Total No. : of Questions—12] - : [Total No. of 'Printed Pages—18
N Seat ”
| No. [4162] 119

‘S.E. (Mechanical) EXAMINATION, 2012
(Common to Mech. SIW Sem. I and Mech Branch Sem II)
. STRENGTH OF MACHINE ELEMENTS
| - (2008 PATTERN) | . |
. Time : 'I-.‘hi_'e'e I-Iqurs | R | Maximum Marks : 100
[ NB .—- @ -Answef three 'ques'tion',s ifrom.Sectmn I and three questmns '
o from Section II. , | | | |
| (ii) Answers to the two Sectlons should be written in separate
answer-books, | -
_ r(i_ii-:-) Neat d1agrams must be drawn wherever necessary.
’ | | (-z'v) Figﬁr_es_ to the right iﬁdicate: ‘full -marks.-
| (v) Use of Iogariﬁhniic tables, slide rule, Mellier.charts, electronie ‘

pocket calculator ‘and steam table is allowed

| (vi) 'Assume sultable data, 1f necessary

SECTION I
UNIT I _

1. @ A uniform rod .of cross-sectlonal area ‘A’ length L’ is held
vertwally and ﬁxed at top Denve expressmn for strain energy |

| due to self-weight. Assume_ _Y.oung’s modulus of elasticity ‘B’

~and mass density . ,. . 8]

P.T.0.
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-(b') In a-,tensile ‘_:‘.cést on steel tube of eitemal diameter 18 mm .
and internal d:igmeter 12mm, an. axial pﬁll qf 2 kN produAces .
étretch of 6.72 x 103 mm- in a'-Iength- of 100' mm .a_n'd' |
lateral contractlon ;Slf 3. 62 X 10‘4 mm in a outer dlameter
. Calculate the values of three Modu]u and Pmssons ratlo of
I_natenal.‘ . : FEaE . o | ; | (6]
(e) ﬁ three bar-"a'ssemblyf s;ht)wnrin Fig. 1 'isujaports vertical -
'lc;ad"‘P* B'éfé"—'AB and BD ai‘e:'ident’icai each of length L’ .
and cross- sectmna] area ‘A Vertma] rod BC is also of length
‘L’ but havmg are;a ‘A All bars are “having same modulus
of elast;mty ‘E’ and pmned at A, B, C and D. Determme a;pal

b

fdrﬂe-__in .e'ach'_rdd.r‘_- R . [l

' /? _/_/(é'./f /-
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2. (a)

~ [4162]-119

www.sppuonline.com

Or

A vertical steel bar ABC is pin supported at its upper end

as shown in Fig. 2 and loaded by 10 kN force at its lower

end. A horizontal beam BDE is pinned to vertical bar at
p_oinf B’ and su.ppoi‘ted at po’int ‘D’. Beam carries load of
25 kN at end K. ‘AB’ is having length 500 mm and cfs area |
160 irnmz_. BC has length 750 mm and ¢/s aréa 100 mm?2, Modulus
of elasticity E is 200 GPa. Cal'culate- vertical displacement of

point ‘C’ negle‘cfing weight of bar and beam. . 6]

VAT A AP

A

625 mm

F00 . TH™ )t
e
|

o ;zsm .'

‘_b‘x_‘

e
IHJKN

3 . _PTO.




www.sppuonline.com

®) A hollow steel tube of 75 mm diameter and 2.5 mm thickness
encloses centrally a solid copper bar of 40 mm diameter. The
bar and tube are rigidly connected together at ends at 25°C.
Find stresses in each metal when heated to 165°C. Also find

increase in length if original length of assembly is 325 mm.

Take
a, = 1.08 x 10-3 per °C
E, = 200 GPa :
o, = 1.7 x 107 per °C
E. = 100 GPa. : (6]

c

(¢) A composite bar is subjected to forces as shown in Fig. 3.
Small end diameter of tapering bar and big end dia_metér
are 12.5 mm and 40 mm respectively. Determine magnitude
of force P such that net deformation in the bar does not °

excéed 1.5 mm. Take :

Eéteel = 200 GPa, EAI = 70 GPa ‘ [6]
.

r_/’ + L' i mm 200 mmg-

-—: -
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AL, Steel gtee)
feoomm‘ Toomm  S00mW™D
Fig. 3
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UNIT b1
The overhanglng beam is 1oaded as shown in Fig. 4. Draw
'shear force and bendmg moment d1agram Indicate all
important pomts on diagram and find point of contraflexture
if any. | Lo o - 8]

s kM BN,

L am Fe am  am
. Fig. 4
Determine - slope at point ‘C’ and deflection _;at points ‘C’
and ‘D’ for the beam as shown in Fig. 5. Take EI =
10t -kN-mZ." o o | o (8]
N . B0KRN [ 4 60 N

B

Fig. b
5 P.TO.
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4. (a) Derive expresswn for slope and deﬂectmn at free end of cantﬂever

beam of length ‘L’ _ carrymg Uvl as shown in Fig. 6. [6]
uj ;m)'m

.
Pl !

>
Moo\

A

| L Fig. 6 - | .
() Shear force diagram for'.béam- is as shown in PFig. 7. Identify
location and naturé bf support. Draw loading and bending
moment dlagram indicating all 1mp0rtant points.. Also indicate

point of contraflexure if any - . o [10]

35“ ] - . ., . J- ' ' E

L | Fig. 7
[4162]-119 o 6
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| - UNIT I

5. (a) An element m plane stress is subjected to stresses as shown
in Fig..S. Determiné. pﬁ;jlciﬁal s-t;fesses .énd shpw thénﬁ .on sket.ch
of properly oﬁentéd el‘exﬁent.. ]jetermjne maximum sheﬁr stress

-and show them on properly oriented element. (8]

i | ~ p4——p= 84MPa

{ Yo =32MPa

Fig. 8
(b) '. Stresses induced at critical point in a m/c ‘component m‘;a.de
of sté_el are as follows |
o, = 120 MPa

o, = —40 N/mm?

| 7, = 80 N/mm?, | '
[4162)-119 R . . PTO
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Calculate - factor of safety by : H

(1)  Max. Shear: stress theory -

‘. '(2)' Max ‘Normal stress theory o

(3) Max D1stort1on energy theorjr, _ | _ ‘
Take Sy, = 380 Nmm? s

Or
6 (@ . At a pomt in stramed matenal stress pattern is as shown
in Fig. 9 by using Mohr s c1rc1e, determme : .,
'(1)'- Norma] and shear stresses on plane AC as shown
~in ﬁgure | |
- (2) 'Magmtude a.nd nature of prmc1pal stresses
3 Onentat;lon of pnnc1pal_ planes. |
4 _Max.gsh'eer _'stres,s. .- | | - [8 -

o]

50 N/mm?

4620196 8
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(b) Explain Maximum strain energy theory and Maximum distortion

energy theory. [6]
(c) Define principal plane and principal stress. (2]
SECTION 11
"UNIT 1V

7. (&) | Derive the Aexpression for shear stress induced at a distance
Y’ from neutral axis in the cross-section of a beam subjected

to shear force. | [6]

(b) A simply supported beam with overhang is loaded with point

load as shown in Fig. 10. The cross-section of beam is I-section.

The allowable bending stresses in tension and compression are

6, = 150 MPa and o, = 100 MPa. Find the safe load w’ on

the overhang. [10]

J _ somm *

_lN

200mM

2opom covm 2000
r g 20 MM

j— eeumm“—“',
1o ——

Fig. 10
[4162]-119 9 . P.T.O.
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8. () A simply qui?oﬁeﬁ bea.m'_' carries anudl of' 25 kN/m over the
entire span. ,:Th_e cf-oss;‘éectioé of thé-Beam is as sho'wn‘
'ip F.ig. 11. If th-e\ maxlmum ‘beﬁding stress 1s 60 MPa, | find
the spanl of the bea_m.: Alsol fir_id _'t'1.1e_. -@aximum,_s_heaf stress
developed in .tfh.e section, DI“aW the shear stress distribution
diagram. | R _ [8l

roroe

A= 1

;’womro

] - J | oo
| | Fig. 11
[4162]-119 S L
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(b') The cross-section of _béam is as shown in Fig. 12. Determine
..fnaximum_ .teﬁ.s'ile‘_ and éo?ggr;éssive Sti‘.ésses ‘when the beam
is §ubje(;téd 1_:_0‘ udl of 2kN/m aﬁd lengfh_ of span is 3 m
.foi' .: | | |

G) cantilever

(i) simply .supportéd.“g; D | -
The béani_ résisté bendm.g moment .about neutral horizontal

axis. o - o (8l

fpDMIYD

e

wiel1y o ' PTO.
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UNIT V-
9. (a) Bar ABC fixed at b'oth' ends consi_sf of ' solid circular- portion
| AB and hollow circular poi'tion BC as shown in Fig. 13. Derive
* (a/L) ratio for which reactive torque at A and C are of equai

magnitude. - _ - | . - [4]

Y
la-a
Holidw | (L ) *
geckion + |
Sovd : _
sectIon S
- TTIT A l
- Fig. 13 |

(b) A composite shaft consists of a sfegl i:md of 60 mm diameter
_surrpundéd by a closely ﬁtting. tube of brass. Find the outside
diameter of the brass tube, when a torque of 1 kN-m is applied
on the composite shaﬂ: and shared equally by the two material.'
Take Gy = 84 GPa and Gy = 42 GPa.

Also‘d.etermine the co_mmbn ang]e. of twist in a length
of 4m . 6]
[4162)-119 -~ o 12 |
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Derive Euler’s formulae for buckling load for -column with

- hinged ends. I . | )

10, (a)

b)

Or.

A “solid steel’ shaft 1s subjected {o- a torque of 46 kN-m If

.the angle of tvvlst is 0.5° per ‘meter length of shaft and shear-_

streas is not to exceed 90 N/mm ﬁnd :

(;)  Suitable di'ameter of shaft.

(i) Final maximum shear st_ress rand angle of twist for the
| dianieter of ahaft selected. |

(iii) Maximum sheai' é.train in .sh'af’c_..'

'I“a'ke. ﬁlédulu‘s of rigidit_y as 80 GPa. - (8]

Compare the crippling load lgiven by Euler’s and Rankine’s

formula for a tabular steel strut 9.3 m long having external

diameter is 38 mm and mternal dlameter is. 33 mm. Strut

s ﬁxed at one end and hmged at other end Take O, = 335 MPa,

[4162]-119

B = 2‘05'GPa, o = 17500, o 18]

13 - P.T.O




www.sppuonline.com

UNIT VI
'11. {(a) Explain j:he term ‘.product life cycle'. , [4]
(b) Explain various steps in the process of designing a machine
component. | . | | 18]
(¢) A bracket shown in Fig. 14 is subjected to a pull of 5 kN
- acting at an angle’ 0f245'° to vertical. The bracket has a  -
rectangular section whose depth is two times its thickness. -
If the permissible téﬁéiie _sfress is 55 N/mm2, determine the

cross-section of the bracket. l[8]

Jeormm

[4162]-119 14
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(b)
(c)
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Or

Design a cotter joint to transmit a load of 90 kN in tension
or compression. Assume fhe following stresses for socket,
spigot and cotter. Assume thickness of cotter is 40% of rod
diameter :

Allowable tensile stress = 90 MPa

Aliowable crushing stress = 120 MPa

'Allowable shear stress = 60 MPa. [10]
Explain —the term design synthesis. | (4]

Explain brieflywthppwonisideration of energy requirement.  [4]
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