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GUJARAT TECHNOLOGICAL UNIVERSITY

Diploma Engineering — SEMESTER - 6 (NEW) - EXAMINATION - Winter-2025

Subject Code: 4361903

Subject Name: Design of Machine Elements

Time: 02:30 PM TO 05:00 PM

Instructions:
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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.

(@)
()
(b)

(A1)

(©)

(5)

(©)

(5)

Enlist and explain types of design.

SILOetell USLR L) Aol AHosd).

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

40 mm etlellMi ollell cAlA el 128 mm HI2IHI H12) Ul "Rlddl 29
U1l 6 221555 Ale 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

(ii) Spigot collar diameter

(iii)Spigot collar thickness

A5 5122 W62 UR 45 kN <ll dlS @1l 8. lee2sil @120 30C8 HlRlUdsil
Wadl B, Wil Y(&d (1Y 2 40 MPa, 2e415E 24 60 MPa el 5(2021
A 120 MPa 8. 82 HIall ol Astl HIU) AN,

4. qd1le o) el 2. Adldlle slERedl el 3. 1dlalle 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?2. 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 241654 €lS E1d) 8. UllUdefl 2e116d o2l
240 N/mm?, S11{ld 2281 400 N/mm?2 2l (2142 22e8l 140 N/mm? 8. 20\4ll:
ol 5522 2l A6l 4 Ad M 41 dl <156 W Ge2 UL oflAstl HIY e,

q) ASell 1Y R) o154 Ulst «ll 1y 3) [Ridld 218 il Uy,
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Explain factors effecting the value of Factor of safety
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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?2. Determine the permissible
axial load for the pipe.

ANALSIR 21Gsil Ulesuedl 60 HIH] o116l culy e asLe 3 HIHL 8. ) ulsy
HI2 Ul 2o Le56 A 60 N/mm? €1 ol ULeY HIS o501 W ey 4lS 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 HIH] cldell Rdeetl Gualal s3la 12 HIH] sIEedl Wea suid 1des
SWd sdR w2 el Alsaldi widd 8. %) HilludHd] wedlie A
2511856, (21U Wl $[021Hi #eisN 400 N/mm2, 320 N/mm? sl 640 N/mm?
Sl dl 162 ofl YA el defl 20 gl{lu] 2lell. 3se: s Asel 4 4l

OR
Explain stress concentration

Y SlodeRlel 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?2. The allowable compressive
stress for the punch is 900 N/mm?.

12 mm sl W@eui Alell slledldi otisl AISAell Sld Uy s3] sl Aedl
Al ga. Weefl (12 Wl 300 N/mm?2 el Ul s1nlud 28 900
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. oc = 120 N/mm? ot = 90 N/mm? and t = 70 N/mm?,

15 mm oSL8eil Wea Ridg d2s au g2 d5 lsdl Hi2 ldesi
staHleR Q). Wloee ol Uld 60 mm 8, o2 «il Slulal, (uu3laL, dal

5(2001 A slflue] 2Nd). ulflud R {1 yosot

6= 120 N/mm2 ot = 90 N/mm? 34e] £ = 70 N/mm?.

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

ABs dlshlel cuual w4l AB2ls dls dldldl €ld ddl 16Ul AR
Helot A (@Hoetl ol 1Y),

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.

A s Halld Juell w158 oAy B, Bul dell uslae d«ll Glslesil 1/3
1oL B2l 8. Fueil 3Nl 5d uledl 170 mm el vid2 40 kN il €S @13l
8. % 4 U2l U1 Adldud SHLSE 2 100 N/mm? €14 dl FH]
2158 AL,

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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A slead dldeiell Ad 35 dldetl ddlsd el (oile v41H) dodle 12 cm
el SlRlpleded wiHell doils 10 cm B. dell olld M UR 1.5 KNeil
A2lsyld 51 ald . eflaR wa dsfl sasH Ylstell Slsisel 520, dlar
H21R1uE U2 SALEE A 70 N/mm2. Uleietl o4l 4Ie A2l VAR 30 N/mm?
e Ulot Y12 201U 24 40 N/mm? €). €ldRell M1SBE IS h = 2b sl \lst
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 (c) Hollow Circular
Cross Section

ol Astl WLISAE HILoll HISYEH w15 AsAel 4LS[d L alidl.

() GURARY 51U ASRAeL (64) URKYAR S1H ASAL (5) €ldl URKYAR 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.
H{letell A1dlS uilosdell culy 2l slay H2lud 12 HdlHd U184
24 65 Mpa 8. WA2|s vid? 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 1Aef] (A1) uell 250l dls [Ridtell ulalefl uslonLe wa assie Al

[R3021 U2 dlold) HedH dlS = 150kN, €ls [Ridlel 2wl = 5, 31e R =
600N/mm?, (Ridlsl]l Lol = 1000 mm, HEdH SlsAsel = 80 mm, §€ €l 5ol
AL = 12 ¥4 E = 200 KN/mm2.

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

Differentiate between shaft, axle and spindle.

21152, W5AG e (RUsee{l Aol dglad 41Ul

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?2. Determine the wire
diameter, number of turns and the stiffness of spring.

WS dled (Bidlst]l viest]l Ul 40 mm O wal detl HedH €S 500 N UR 40
mm Slsase iy 8. (Ridl Ui Wdldmd 21U 24 300 Mpa, (B2l 8§58 6
el {15y s ABSIEl 82 KN/mm? €l R SR, AUséld sl
Aull ¥a (B2l Resay 204l

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

209lel [RIAHI2 o1 Aetl 2Hofl cutul 1Y),

Aldls dey, gl del wal (RidL Hed5.

Explain the failures of key by shovrving resisting area with sketch.
Sl el 3R {1221 W RUL euld] wLs(dus uHdl.

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 6; = 80 N/mm?, t = 50 N/mm?
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For Bolt T = 40 N/mm?, o, = 100 N/mm?

A5 ALEl sdo sUEldl 200 rpm U 15KW UldR 2liile 52 8. 215 §d dlS
5d1 20% B4l du R 813 (1) L& SluL HleR (2) tlle2 ofl Auul Wa A6
U1t Yol YR, 21§ UL o = 80 N/mm2, = 50 N/mm?

olle2 HI2 = 40 N/mm?, o = 100 N/mm?
State application and classification of pressure vessels.

VIR dude] 452 e detl GUALIN L),

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 Hleflos Bell 40 cm 2iestl I A 10 cm 2SLE O.
AsUSR{UE 224 60 N/mm2 el ot d8 d 2 Ri[Eeseil viee] o1l A8l

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 =
12, K=3,V=1andS=1.2.

Adlef] (33l @legell culul WL A <{lA We Ao HiR AAbls
SIdA s 3U1E] Al efl U212 ELESS 5000 S€EULS ©:

A5 Sluyd ollg Aol GU S1UE €S 10 KN dell 9 1S 4 KN dldl 8
dell dsfl &2 21 1000 rpm &l 62 . X =056, Y =1.2, K=3, V=14 S
=1.24\.

OR
State main considerations for the design of pressure vessels.

YR Audefl Sldlesel HIS Hud A LHIR 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.

s A0SR YR dudell Hidls cald 150 HLHL wa ans1e 15 HlLAL 8.
Axi wid?ls £1Ql 5 N/mm?2 8. gU, 41292Sle1d 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=1andS=1.
Wxls SiuaAMs 3UULELAl caluil UL wa <A 1410d QAo 12 33l
4les Wal URU 918§ salSHL 218

As sluyd g W32t 1500 rpmedl 62 8. % 8500 Neil 514 ElS 1A 5500
Neil 2122 dlS Usel 52 9. 2llse Ul Adlefl 9ol 36U 83 V. AITa1s]
SIS 5012 41500 N © 3al A3l Udd duRpA . X =0.56, Y = 1.3, K
=3, V=1%dS=1 4l
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