Seat No. / Enrolment No.:
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Subject Code: 4361903

Subject Name: Design of Machine Elements

Time: 02:30 PM TO 05:00 PM

Instructions:

1.

2
3.
4.
5

Q.1
VEIR

Attempt all questions.

Make Suitable assumptions wherever necessary.
Figures to the right indicate full marks.

Use of simple calculators and non-programmable scientific calculators are permitted.
English version is authentic.

(@)
(A)
(b)

(A)

(©)

(5)

(c)

(5)

Enlist and explain types of design.
SlLOetell USLR LA Aol AHosdl.

Determine the standard sizes of 6 round bars having smallest diameter of 40 mm
and largest diameter of 128 mm.

40 mm elleflHi otleil ALY A 128 mm HI2IHI Hl2l Iy HRlddl Al
ALl 6 22155 ALeH AL,

A cotter joint is subjected to a maximum load of 45 kN. The joint parts are made
of 30C8 for which the safe stresses are 40 MPa in shear, 60 MPa in tension and
120 MPa in crushing. Determine the following dimensions of the joint.

(i) Spigot diameter

(i1) Spigot collar diameter

(ii1)Spigot collar thickness

U5 5122 W2 UR 45 kN «ll d1S @19 8. A\ &e2ail 1L 30C8 HElRlUdqil
Wadl B, Bl Y(&d (RIUR 24 40 MPa, 24ITE A 60 MPa ¥l 5[0l
A 120 MPa 8. %\ &2 U2l oflAstl HIUL 218,

4. d1le o) el 2. Adldlle slERedl Ly 3. 1dlale slaRef] sty

OR

A knuckle joint is subjected to a tensile force of 40 kN. The material of the joint
has a tensile strength of 240 N/mm?. Compressive strength is 400 N/mm?, shear
strength 140 N/mm?. Calculate the following safe dimensions with factor of
safety 4, while designing a knuckle joint.

(1) Rod diameter

(2) Diameter of the knuckle pin

(3) Diameter of single eye.

WS o159 152 U 40 kN ol 241656 1S E1d) 8. HllUdell 2o116d o2l
240 N/mm?, $134ld 2281 400 N/mm? ol (2142 28l 140 N/mm? 8. 211¢:
o 5522 2l A6l 4 AdHi 41 dl <156 W Ge2 UL oflAstl HIY e,

q) ASell LY R) o154 Ulst o1l i1y 3) [Ridld 21 il Uy,
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Q.2

(@

Explain factors effecting the value of Factor of safety

Usl2 () 3522 vils Asla AR sdi Uleunl quendl.

Q.2
WEID)

Q.3

U3

(b)

(“)

(c)

(5)

(@)
(A)
(b)

()

(c)

(5)

()

(b)

(A1)

(c)

A circular steel pipe has outer diameter of 60 mm and thickness of 3 mm. If
allowable tensile stress for the pipe is = 60 N/mm?. Determine the permissible
axial load for the pipe.

ANALSIR 21Gsil Ulguedl 60 HIH] odlel culy 3 asLe 3 HIHL 8. ) ulsy
H[2 Ul o4 1656 A 60 N/mm? €1 ol ULsY HIS o501 we{|Y 415 o151
5.

12 mm thick plates are to be joined by double riveted double cover butt joint
using 20 mm diameter rivet. If the ultimate stresses in tension, shearing and
crushing are 400 N/mm?, 320 N/mm? and 640 N/mm? respectively. Determine
the pitch of the joint. What will be the efficiency of the joint? Take factor of
safety 4.

20 HIHl culdell Rdeell Gualal s3la 12 HIH] nsLe-(l wWea swd des
SHd sdR w2 el st widd 8. %) Hilludsd]l wedlie A
2541856, (21U Wl [021Mi AisN 400 N/mm2, 320 N/mm? sl 640 N/mm?
SlU dl 1852 ofl Ul 24el defl 21 sl1ae2] 2ulell. 3522 2ils Asel 4 dl.

OR
Explain stress concentration

Y SledeR Lol yHd).

Determine the smallest size of a hole that can be punched in a 12 mm thick plate,
having an ultimate shear strength of 300 N/mm?. The allowable compressive
stress for the punch is 900 N/mm?.

12 mm %15l W@eui dlell el clofl ARl Eld Uy s3] AsA Al
A3l ga. Weofl (2142 R 300 N/mm? Hal Us{l SllyAd 228 900
N/mm? 8.

Determine rivet diameter to join 15 mm thick plates by single riveted lap joint.
The pitch of the joint 60 mm. Also determines tearing, shearing and crushing
efficiency of joint. o¢ = 120 N/mm? ot = 90 N/mm? and t = 70 N/mm?>.

15 mm SIF{l Wea (Ridd Ades au #lpe dS oslsdl Hi2 ldesil
staHleR Q). Mloee ol Uld 60 mm 8, ee2 «il Slulal, (uu3laL, del

(2001 A slflus] 2Nd). u{lflud R {1 yosot

oe= 120 N/mm? ot = 90 N/mm? ¥l t = 70 N/mm?.

Define eccentric loading. Give at least four names of machine elements subjected
to eccentric loading

ABs dlshlel cuual Ul Ad2ls dls dldldl €ld ddl 16Ul AR

H2{lel A (@R el ol 1H 3.

A machine frame having a rectangular cross section in which width is 1/3 of
depth. 40 kN load is acting 170 mm away from the machine geometrical axis. If
allowable tensile stress is 100 N/mm? for frame material then find frame cross
section.

A5 Uellot Fuell w158 dullRU B, FUL dell uSlouy Asil Glsioeil 1/3
@191 B2l 8. Fueil 3Nl 5d uledl 170 mm el ¥id2 40 kN il €S @13l
8. % 4 UllRlud Ui Aeldud SHLSE 21 100 N/mm? 14 dl FHo]
2158 2llel.

The length of vertical arm (Ball Arm) of a bell crank lever of a Hartnell governor
is 12 cm and the length of horizontal arm is 10 cm. 1.5 KN centrifugal force is
acting on the ball arm. Design the lever including fulcrum pin. Allowable tensile
stress for lever material 70 N/mm?. Permissible bearing pressure for the bush 30
N/mm? and permissible shear stress for the pin 40 N/mm?. For rectangular cross
section h = 2b and L= 2d for pin.
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U3

Q.4
usl.4

Q.4

U4

(5)

(@

(A)

(b)

()

(c)

(5)

(@)
()

(b)
(“)

(©)

(%)

()

(b)
(“)

(c)

A s slead dldeiell Ad 35 dldetl d2lsd el (odle 241H) L 12 em
el SlRlpleded wiHell dGodls 10 em 8. dell olld M U 1.5 KNeil
A2lyld sl ald . eflar wa dsfl sasH Ylstell Slsisel 520, dlar
H21R1uE U2 SALEE A 70 N/mm2 Uleietl o4l 41 A2l VAR 30 N/mm?
el Ulot Y12 201U 24 40 N/mm? @), €ldReil M1Se HIS h = 2b sl \let
Yl2 L=2d @l

OR
State the modulus of section with neat sketch for the following cross sections.
(a) Rectangular Cross Section (b) Circular Cross Section (¢) Hollow Circular
Cross Section

ol lAstl WLISAE HILoll HISYEH w15 AsAel 4L5[d Ll alidl.

() GuARY 51 ASAet () USYAR S1A ASAL (5) €lal UKYAR 51
AsUel

A spindle of drilling machine is subjected to a maximum load of 22 kN during
operation. Determine the diameter of solid column. If the safe tensile stress for
column material is 65 Mpa. The eccentric distance is 340 mm.

sleflar Heiletell aflesd U 31Ut e lel 22 kN oIl HedH dls w1d B.
He{lelatl Alels uilosael culy bl slay U2lud Ui ddMd Sulsd
R4 65 Mpa 8. WA2|S vidR 340 HLH]. B.

Determine the width and thickness of the leaves of the leaf spring for the truck
from the following details:

Max. load on spring = 150kN, No. of springs = 5, Allowable tensile stress =
600N/mm?. Span of the spring = 1000 mm. Maximum deflection = 80 mm. Total
no. of leaves = 12 and E = 200 KN/mm?,

o 1ol (A1) uell 250l dls [Ridtell ulalefl uSlonLe wa assie Al

[R321 U2 dlold) HedH dlS = 150kN, €ls [Ridlel 2wl = 5, 2186 R =
600N/mm?, (Ridlsl]l el = 1000 mm, HEWH SlsASAel = 80 mm, §€ €l 5ol
AWl =12 4 E =200 KN/mm?.

State requirement of good couprlings.
AR sudle] a3Uld) eQLldl.

Differentiate between shaft, axle and spindle.

Ls2, WsAE ua [RAUSHs{]l dReA] dsldd 4.

A valve spring having inner diameter of coil as 40 mm, deflects for 40 mm at the
maximum axial load of 500 N. Allowable shear stress for spring is 300 Mpa,
spring index 6 and modulus of rigidity 82 KN/mm? Determine the wire
diameter, number of turns and the stiffness of spring.

WS dled (Bidlst]l v{est] Ul 40 mm 8 wal detl HEdH €S 500 N UR 40
mm S1§A52 Al V. R U2 Ma1dud R 24 300 Mpa, [R391 8581 6
el H1syay s ABSIE] 82 KN/mm? €l AR SluRleR, AUséld sl
Aull ¥a (Bd1(] Resay 20l

OR
Define the following term for tension spring.
Solid length, free length and spring index

2oRlel (AU «flAel 2Hedl clul w1,
Aldls de, gl do uia (R S5,
Explain the failures of key by showing resisting area with sketch.

S| ell 3012 UL R2a1 W RAUL e2Uld] A1s[dus yHomA).

A simple flange coupling has to transmit 15 KW at 200 RPM. Assume torque to
be 20 % more than the full load. Calculate (a) Shaft diameter (b) number & size
of Bolts. The stresses are as under, For Shaft o; = 80 N/mm?, T = 50 N/mm?
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QS5
VA5

Q.5
U85

(%)

()
(b)

(“)

(©)

(%)

(C))
()

(b)

(“)

(©)

(%)

For Bolt t = 40 N/mm?, 6. = 100 N/mm?

A5 ALEl sd% sUEldL 200 rpm UR 15KW UlAR 2liHle 52 8. 215 §a dlS
531 20% B4l du R I3l (1) L& StuL HleR (2) tlle2 ofl Auul Wa A6
2U1el]. Yol YR, 21§ UL o = 80 N/mm?, 1= 50 N/mm?

1€ H[2 1 =40 N/mm?, o, = 100 N/mm?
State application and classification of pressure vessels.

VIR dude] 452 e detl GUANDN i),

A cylinder of hydraulic press has internal diameter of 40 cm and thickness of 10
cm. calculate the internal pressure in the cylinder so that the circumferential
stress do not exceed 60 N/mm?.

A5 SIUNELS Ytell Hlelos Bell 40 cm iest] I U 10 cm 2SLE O.
UsUER{UE 223 60 N/mm? &l ot 48 d 3 Ri[Eeseil iee] o1l 18l

Define rating life of bearing and determine the basic dynamic capacity of the
following bearing for the average life of 5000 hours:

A deep groove ball bearing is subjected to radial load of 10 KN and thrust load
of 4 KN. The inner ring of the bearing rotates at 1000 rpm. Take X =0.56, Y =
1.2, K=3,V=1andS=1.2.

AaLefl A3aL 1eseil Ul L wel oflA wile Aol 12 AAls
SIS FU1E] b =il U121 €18S 5000 S€LS B:

A5 Sluyd olg Aol GU S1UE €S 10 KN dell 9 @lS 4 KN dldl 8
dell dsfl 12 21 1000 rpm &l $2 8. X =0.56, Y=1.2,K=3, V=134 S
=1.24dl.

OR
State main considerations for the design of pressure vessels.

YR Audefl Slylesel HIS Hud wLHIR Rlidl.

A cylinder with 150 mm inside diameter and 15 mm plate thickness is subjected
to internal pressure of 5 N/mm?. Determine hoop stress, longitudinal stress and
maximum shear stress in the cylinder.

AS AGISR YA dudell Widls cald 150 HLHL A nste 15 HLHL 8.
Axi wWid?ls £W1Ql 5 N/mm? 8. gU, 4122Sle1d wa HedH U2 R 204l

Define basic dynamic capacity of bearing and find the rating life and average life
of the following bearing in hours.

A deep groove ball bearing is rotating at 1500 rpm. The bearing is subjected to
radial load of 8500 N and thrust load of 5500 N. The inner race of the bearing
rotate with shaft. The dynamic capacity of the bearing is 41500 N and the bearing

is in continuous service .Take X =0.56,Y =13, K=3,V=1and S= 1.
WAAls siuaAms 3UAELAl calual AU 24 «{1A A G321 1 3l
4les Wal URU 9LES salsHL 218

As sluyd g A3T21 1500 rpmell 62 8. % 8500 Neil 51U ELS 1A 5500
Nefl 22 dls Usel 52 8. 2lse Ul Aatefl 9ol 36U 82 8. AITals]
SIIAMS 50121 41500 N © el A2l Udd dugA 8. X =0.56, Y = 1.3, K
=3,V=1uaAS=1.4L
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Subject Code: 4361903 Date: 25-11-2024
Subject Name: Design of Machine Elements

Time: 02:30 PM TO 05:00 PM Total Marks: 70
Instructions:

1. Attempt all questions.

2. Make Suitable assumptions wherever necessary.

3. Figures to the right indicate full marks.

4. Use of simple calculators and non-programmable scientific calculators are permitted
5. English version is authentic.

Marks
Q.1 (a)  List Factors affecting design of machine elements. 03
ustl ) Heild 3 dell @Llell (Sl GUR HUR sl Yud URWUH] dl€]l sl 03
(b) Explain stress concentration. 04
(O U Sled2Ust [AQ) UMl oY

() What are preferred numbers? Write down Advantages and Applications of 07
Preferred numbers.

(5)  [UsS o164 32q 912 Astl SLAEI) Vel GUANIL U, 09
OR
() Determine the standard sizes of 6 round bars having smallest diameter of 10 mm 07
and largest diameter of 32 mm. Also determine the section modulus of each
round bar.

(5) 10 mm dgtiH AR dell 32 mm HEdH Rl HIUudlal 6 A0 Huill 09
HI2efl @SS ULDRH osSl 5 dell dedl Heedll €35 YollUl HI2 Asyat

H1syAY k.
Q.2 (a) Compare Knuckle joint and Cotter joint. 03
usl2 () e154 W2 Wal 512 Wl AR HWIHR 2. 03
(b)  Explain applications, advantages and limitations of Cotter joint. 04
(@) 5l 182 oil GULDLL, SIUEIML v BHAIA] UMl 0¥
() Design a spigot and socket type cotter joint to connect two similar rod subjected 07

to 75 KN axial load in both the direction.

[t] = (4/5) o,

[o¢] = 50 N/mm?
[oc] = 100 N/mm?

(5)  Aldle dal Alde usRRedl slex sl (SHLoed $A 5 B A Uil 09
1AL S %S B dell 75 KN aefld 8IRe deet 52 8. 5122 dal Q1S
yeldug Hre
[t] = (4/5) o
[6]] = 50 N/mm>
[6e] = 100 N/mm?

OR
Q.2 (a) Draw neat sketch of double riveted lap joint with chain riveting. 03

VEIR) (1)  swWd RA2s QU Aleee Aol RAZTale(l a9 w1s(d 1?1 03



VgL3

Q.3

V&3

(b)
(W)
(c)

©)

(@)

()

(b)

(“)

(©)

(%)

(@

()

(b)

()

Explain terminology used in Riveted Joint.

(RA2S A\ e2Hi duldi Yua Uel yHdl.

For a single riveted lap joint, the plate thickness is 18 mm. Determine rivet
diameter using Unwin’s formula. Also find out the pitch of the joint.

For the rivet, assume
[t] = 0.8 [o(]
[oc] =2 [1]

(Ridg RA2s QU leeeui Wesil 21518 18 mm 8. ‘Unwin® «ll Yatoil Heeell
(RAesll culd A1l duey Yl 204l

Rde UL

[t] = 0.8 [o1]

[oc] =2 [1] 4I3] @,

Define eccentric loading. List out the various machine elements subjected to
eccentric loading.

AUsA|s QlSTalell cuu] W) 15821s dlSlol dldldl el ddl (afdy
He{lstel2 sl ALE] votidll.

20 kN vertical load is acting on the end of the ‘C’ clamp having a rectangular
cross section. The perpendicular distance between the load axis and the neutral
axis of the cross section is 150 mm. find the dimensions of the cross section of
the clamp for the permissible stresses of 100 N/mm?.

Take depth of the section as twice of its width.
(h=2b)

GURRY 1LSDSALULL WS “C’ AL DSL GUR 20 kN «il alsd €ls @l
8. w15DSeil dls Welld del yed Wefly ds uuidR 150 mm 8. saxY
Y[ HEdH AEIHd R4 100 N/mm2 48 dell w15DSeli HIU el 4415Se{l

BlULY, Aetl USlLY $di WMl ).
(h=2b)

A Dbell crank lever is to be designed to lift the load of 10 kN acting at the end
of short arm of the lever. The length of short and long arm is 500 mm and 750
mm respectively. Allowable shear stress and tensile stress for lever and pin
materials is 60 N/mm? and 80 N/mm? respectively. Allowable bearing pressure
for pin material is 8 N/mm?. Determine the dimensions of the fulcrum pin. For
pin, L/d = 1.25. .
A1) dugloalonl wHa 83 10 kN «il allsd dls Glusdl Ui Ws Ad Fes
(Gaefl [SLeet S2dlefl B, Qell stloil W Hl2l wiHeAl duile weisd 500
mm ¥ 750 mm 8. €ldeil dell Uld H2llUg Hi fluR dell 2-etHi
A Idud 2 WeisH 60 N/mm? A 80 N/mm? 8. dell Ulst GUR Ndldmg
Ao UHR 8 N/mm? 8. §&$H Yleteti HIU 0L Yl HIS L/d = 1.25 @l

OR
Draw a neat sketch of following machine elements subjected to eccentric
loading like Bracket, Column and ‘C’ clamp
A 5AELs dlSIaL dldlddl S1d ddt «{1A aauaq (alau Hel-teesl Bal 3 vibe,
Sy A «C’ A UL 2126 215(d 13,
A hollow column of a drilling machine has outer diameter of 125 mm and inner
diameter of 85 mm. The distance between the column axis is 300 mm. Calculate
the maximum stressed induced in the cross section of the column for the thrust
load of 3000 N acting on the spindle.

Slelor Helletall As Yldl dduilsik SlaHel WSkl clld 125 mm dal
vieRell UlY 85 mm B, Wlesds{l Aefluell slay Aefld a2« 2idr 300
mm 8. dl SlaHell WISASHI GeMddl HeH 24 2114, 1ile5d GUR @lold)
HetH 8 @1S 3000 N dIR] €.
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Determine the width and thickness of a leaf spring for a truck from the following
details.

Maximum load on all the springs = 140 kN

Number of springs used = 4

Spring material = Chrome vanadium steel

Permissible tensile stress = 600 N/mm?

Span of the spring = 1000 mm

Maximum permissible deflection = 80 mm

Young modulus = 2 x 10° N/mm?

Total no of leaves = 10

(1A e21ldae Wells13elstdloll A5 25 HIdsll el Ridletl Ulelef] ostsLe dell
yelaigel aQldil s

(R U2 HsdH MIR = 140 kN
(o1l ul = 4

(o1 u2lRlud slHluH dasluy 2ld
WRHR{lwd 24186 A = 600 N/mm?
(Rid1st] AWlel = 1000 mm

WH{lwd (S5asuel = 80 mm

2L HISYEY = 2 x 105 N/mm?

(a1 ygluilefl HedH Avul = 10
Classify different types of shafts.

G2 WG| US[RelL AL52Ne] A5 52,

A hollow shaft having 230 mm and 310 mm internal and external diameter
respectively rotates at 120 rpm and transmits 3000 hp. Determine the stresses
induced in the shaft.

230 mm ¥{&2ell dell 310 mm “&2ell AUl A5 Ul 2182 120 rpm &l
3000 €1 Ulde] AR 5 B dl AMi Geetddl 201U Ruefl Avld?] 52,
A closed coil helical spring operates for the load range of 2000 N to 2500 N.
The deflection of the spring for the given load range is 6 mm. Mean diameter of
coil is 36 mm and spring index is 6. Take G = 0.83 x 103 N/mm?.
Determine,

(1) Wire diameter

(i1) Number of active coils

(1ii) Free length

(iv) Pitch of the coil.
2000 N &l 2500 N dlse{l Ui A5 sellns slod (Rl (53101 sal-(l 8.
WG qlSeil 3 HI2 (Ridle] (S5A5Uel 6 mm 8. Hlet SIu{l2R 36 mm dell
(Rl 9381 6 8. G = 0.83 x 10° N/mm? tlI3] «{lAet1 HIY 2L,

@) dljR SR

(ii) A52ld slds] vl

(i)  sldwle

Gv)  sledaslly

OR

Classify different types of keys.
@] W2l UsIRell 51 of ad(ls8l 520,
A pulley is fixed on a 100 mm diameter shaft with the help of 100 mm long key.
The shaft is required to transmit 6000 N.m torque with the help of key.
Determine the dimensions of the key.
For key material,
Take
Gue = 500 N/mm?
=250 N/mm?
FOS=35
100 mm U 1ell 2152 GUR AS Yl 100 mm G 1©(] A5 352962 A5 S|
¢l 421134 8. 6000 N.m <1l 215 21152 GUell 2lele sdlell B, dl A Hiesil
sl ol Hiy 2lld).

EARTEIRARIICRITER
Gue = 500 N/mm?
™ =250 N/mm?
FOS=5
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Define term Coupling. Classify different types of coupling and draw neat sketch
of Sleeve or Muff Coupling.

suclolsfl catual A MGl AEdL Uslel sulole] a5l 520 wa
g Wedl Hs sudldlel 2are9 w1s(d IR
Explain design of thin spherical shell.

eflo ¥y(R54 Adefl (SHLeel Y.

A cylinder with 150 mm inside diameter and 15 mm plate thickness is subjected
to internal pressure of 5 N/mm?.

Determine:
(1) Hoop stress
(i1) Longitudinal stress and
(iii) Maximum shear stress in the cylinder

150 mm {gRetl AL 15 mm Wesil 21S18aloll (RAEleSMI 5 N/mm? of
poeeld VAR 413 B. dl Rieflosui Geetddl «f1Aeil 221 ).

0 Uy

(ii) leRYSleld 24

(i)  HedH luR 2
Explain construction of Antifriction Bearing with its advantages and
disadvantages.
AW [2[g521et ATTo1efl 2Uell detl SlUEL 24 ARSLAULEL A[Ed UM,

OR

Explain important properties of Bearing materials.
Q321 1A UGeL WAL RLaHT YHosd).
Compare Antifriction Bearing and Journal Bearing.
A2 5520l AR W etd AR q2 AW ME 2.
Explain classification of pressure vessels and main considerations for the design
of pressure vessels.
VAR Aude] 9ofl520 5 AHoy VR duds(l (S»Leeiui et Adid] Yul
w04l AHdl.
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