Seat No. / Enrolment No.:

GUJARAT TECHNOLOGICAL UNIVERSITY

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

Subject Code: 4361903 Date: 14-05-2025
Subject Name: Design of Machine Elements

Time: 10:30 AM TO 01:00 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) | Define standardization along with its importance. 03
Usl1 | () | ¥5SI8% el dotl Hecd U1 cdluAlds?l. 03

(b) | A shaft has minimum speed 224 r.p.m. and maximum speed 710 r.p.m. find 04
out six speeds of shaft.

(W) | 2UseslagdHdlld 224 r.p.m WMol HEAHUNSSU 710 rp.m. lseell 6 Ald | oy

QL4
(¢) | Discuss factors affecting the design of machine element. 07
(5) | Hellot w2l RUstlA WS U Rl YU[ 53). 09
OR

(¢) | Explain any seven properties of engineering material. 07

(5) | 5% H21R1ud «il S1SURL Ald A1EH] Yued). 09

Q.2 | (a) | Enlist uses, advantages and disadvantages of cotter joint. 03
UsL2 | () | 5122 A1oe2sil GUALLL, Slael el s (] 1yl 52, 03
(b) | Explain types of riveted joints. 04

(W) | RA2s Aiblell USR] Yl oY

(c) | A suspension link of the structure is subjected to maximum load 300 kN. If 07

thickness of the outer link is 15mm.
Determine the following dimensions:
1.  Width of the link.
2. Diameter of knuckle pin.

ot=120 N/mm2t= 80 N/mm21.

OR
Q.2 | (a) | Enlist uses, advantages and disadvantages of knuckle joint. 03
U2 | () | sl5a9%18e20il GUALILL, SlAEL el ARSI A] olleQ] 2. 03
(b) | Explain terminologies used in riveted joint. 04
(W) | RA2sA&e2u | dulcdl URMINIHA] UHoxd). oY
(¢) | Thickness of the plate of a single riveted lap joint is 16 mm. Determine rivet 07
diameter using Unwin’s formula.Also find out the pitch of the joint.

oc = 2(1)

t=0.8 ot
Q.3 | (a) | Define spring with important functions of spring. 03
Ugl3 | 1) | [Ridletl Hscdetl 11 A1 [Ridlel culuvlRld 521 03
(b) | Explain flexible coupling with neat sketch. 04
(W) | YaS 35U A18 sA[sumd 5U(Ed] yymdl oY

(¢) | Apulley is fixed on 100 mm diameter shaft with the help of 100 mm long key. 07
The shaft is required to transmit 6000 Nm torque with the help of key.
Determine the dimension of the key for:




Oue = 500 N/mm?t,= 250 N/mm?
Desired factor of safety = 5.

(5) | 100 H{1Ml dio{l Sls{l Heeel 100 HIHl sl 2uLse U AR3AS (Af&ld | 09
sAH 441 . 2182 A Slefl Heeell 6000 Nm 215 2let[He 5ol e
8. WL HLR Sl o URHIYL 1551 521
ouc = 500 N/mm?tu = 250 N/mm?
A4 dle] ©R9d URuwn =5,
OR
Q.3 | (a) | Enlist types of spring with brief explanation. 03
U3 | (1) | AleH AUl 418 iDLt UsiRlell iyl 5. 03
(b) | Explain keys with a brief classification. 04
(o)) | dletH 9oflsL 418 8] AHomd). oY
(¢) | A muff coupling is used to contact two shafts transmitting 55 hp and rotating 07
at 300 rpm. Assume permissible stress for shaft and key is 42 N/mm? and for
cast iron sleeve is 15 N/mm?.
1. Diameter of shaft
2. Outer diameter of sleeve
3.Lenght of coupling.
(5) | 55 QU] 2l M2 sl 24 300 MR U 53] Aellseedl Aus sdl | o9
HI2 4§ sU[Galell GUALIL Al 8. HIRl 5 2lLse W S| HIZ WaHld Ul
dlld 42 N/mm? 8 4a 51R23d(¥st 2eflau (2 15 N/mm? 8.
1. QllgReledly
2. ldellodlpleally
3.5u(ddle{ld oL,
Q.4 | (a) | Explain various types of loads acting on bolts. 03
UL | () | ¢le2 UR @l [qfdy UsiRetl lsuHdl. 03
(b) | A hollow column of a drilling machine as shown in figure 1, Has outer 04
diameter 125 mm and inner diameter 85 mm. The distance between the
column and its axis is 300 mm. calculate the maximum stresses induced in the
cross section of the column for the thrust load of 3000 N acting on the spindle.
(W) | #1sld 1 Hi ddledl w18l (S(Ea1 U ileladl elal S1qu, %ol slllcdld 125 | 0¥
{11l Wl HidRscui 85 HIHL 8. 26t wal Aeil 1l de] vid2 300 H1Hl
8. RUSEUR SIH 511 3000 N ol YRS HI2 STaHeAL 514 AsAAHI W Rel
HetHdL8le{l A ld] 521,
(c) | A bell crank lever is to be designed to lift the load of 10 KN acting at the end 07
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
material 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.
() | AddesdldR o dlareil 251 sleleil 85 W(HAY 5l 10 KN ol GUlsdl | 09
HI2 [SAL8el 5] 241dQl. g5l wal dldl L] 1 MeisH 500 mm
Ua 750 mm 8. GldR 1A [UaAHMA] UL WU dula 2MlUR2Y w4
2[4 24 W s 60 N/mm? ¢l 80 N/mm? 8. (Usd41H] H1e HIK R3]
€181 8 N/mm?8). 654 [Ustell URHII «155] 831
[UeAL/d = 1.25 HI2.
OR
Q.4 | (a) | Prepare sketches for the two situations given below when the bolt joint is 03
subjected to eccentric loading.
1. When load is parallel to bolt axis.
2. When load is perpendicular to load axis.
U4 | (M) | IR olle2 Y sl A1 [Sa1a Lded Sld AR oflA w10 AURRAAB]L | 03

HI2 U AUR 53,




1. 213 G112 6l uelefl YHidR €U 8.
2. 90R Els W U dul elU 8.

(b)

In a steam engine, the cross section of the crank arm is of rectangular shape
having cross section of 210 mm x 100 mm as shown in figure 2. At the dead
centre position of the crank, the arm is subjected to maximum compressive
force of 70 kN having the line of action at distance of 120 mm from the centre
line of the arm section. Determine the maximum compressive and tensile
stress in the arm section.

04

(“)

RIHA [2gotH 35 wHoAl 512 AsAd GuRRYMISRAL Sl1A B Bui
15[d 2 Ui Gdlcdl UHIQ 210 mm x 100 mm el $I4ASRAA 1Y 8. Soseil
550022 UlAlalel UR, &lel 70kN ol HedH ASRd woal H|fds .
slel(deiolefl Heudugiefl 120 HIH el dd3(sulefl Judl yldd). 2
A5AAH | et A SR o dIRIYS dBlld «155] 5.

oY

(©)

Determine the width and thickness of leaf spring for a truck from 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 spring = 1000 mm

Maximum permissible deflection = 80 mm

Young modulus = 2 x 10° N/mm?

Total number of leaves =10.

07

(%)

o[ Aef] (aa1d) uell 25 i dls [Ridls{l uslnnle wWa SIS 1551 5.
dAHIH (R U HEAHMIR = 140 kN

AUl [Rdlef] vl =4

st Hl2Rud = 51 A [suHRld

U+l (14 dLl dBlld = 600 N/mm?2

[Ryja1101101) = 1000 H1H1

HedH URHIARIWE (audet = 8o HlH]

AAHISYEY =2 x 10° N/mm2

dleialefl §6 24ul = 10.

09

Q.5

(&)

Classify pressure vessels.

03

U5

(A)

Y21 dud o dd{[51L 53

03

(b)

A steam boiler shell having an internal diameter of 1.2 m is subjected to
maximum steam pressure of 0.7 N/mm?. Assuming factor of safety of 5 and
efficiency of riveted joint of 70%. Determine the thickness of the boiler shell.
Ultimate shear stress for shell material is 400 N/mm?.

04

(“)

1.2 Hlewll AidRsculy dlddl RIHAULEER e USdH 0.7 N/mm?
RIHNARA HUfdet B. 5 oil AUl URMO e 70% <l RS Uit
sil&HdL HIR] 281l 1. W52 el onSLE «1ss] s A|UIHA HI2
el 21UR 11 400 N/mm? 8.

oy

(©)

Compare journal bearings and Rolling contact bearings.

07

(€)

ofeld (39 ula (G Sl 52 AZ[IYeA] HAWIHE 530

09

OR

Q.5

(@

Classify bearing.

03

UAL.S

)

QA Role] {5201 530

03

(b)

Define following terms related to antifriction bearings.
1. Life

2. Rating Life

3. Average Life

4. Dynamic capacity.

04

(“)

W[o2 §l521st AU QAL of[ Aol A6 culuALRId 5.
1. ¥)dsl

oY




2. (2%t
3. YULAW sl
4. 21[dla&HdlL.

(©)

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

2. longitudinal stress

3. Maximum shear stress in the cylinder.

07

(%)

150 mm g0l Ul A 15 mm @eeil HSLE wldd] (U5 5 N/mm?
ol WidRS eIl w1(eet B,

o1 55153

1. &Udsllg

2. w2l dullg

3. (UlEesH i HedH AU .

09

\\‘ i 85
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Marks
Q.1 | (a) | Define Following Terms:- (1) Strength (2) Ductility 03
(3) Hardness.
USLT | () | ellAetl vel culuAlRld 520:- (1) 228 2) 5521(a2l 03
(3) 5(6sidl.
(b) | Explain Stress Concentration. 04
(Od) | 2 slRLSUel YAl oY
(¢) | Determine the six standard spindle speeds of the machine having 07
minimum speed of 250 rpm and maximum speed of 750 rpm.
(5) | MO A1 250 rpm Wl HETH 750 rpm HSU H2lddl HR{letell | 09
&9 2155 (RUssd »SU 2.
OR
(¢) | Determine the standard sizes of six round bars having smallest 07
diameter of 20 mm and largest diameter 64 mm. also determine the
section modulus of each round bar.
() | Alell ellell el 20 {1l w4 Alell Hle) Uiy 64 HlHl eR1ddL & | 09
UGS WIRe1L 22183 5¢ M. €35 UGS Gi1Re] As2Ael HISYAH URL
e
Q.2 | (a) | List the applications of Knuckle joint. 03
USL2 | (W) | olsd o2 oll GUALL quil. 03
(b) | Define machine design. Explain factors affecting the design of 04
machine element.
(W) | Hellel (SHLoel culvAullRld 520 Heild wdlHe ol Welld AU | oY
5l URejoll yuexdl,
(¢) | Two rods are to be joined axially with cotter joint to take 30 KN axial 07
load. If permissible stresses for rod material are [ot | = 70 MPa ,[1] =
40 MPa and [ocr]=110 MPa, Determine the following dimensions
while designing a cotter joint. a) diameter of rod b) diameter of spigot
c¢) diameter of spigot collar.
(5) | 30 KN 4gfld ®12 Aol HI2 Bl 1S 4 5122 sl Ul weflu Ad | o9
15dlell 8. %) S ol AHA Hie UMAlME 24 [ot] = 70 MPa
J[t] = 40 MPa ¥4l [ocr] = 110 MPa &3, dl 5122 a2 [S3Leel




5l dwld «{1Astl URHIGL o155] 52U a) AS il Ul b) [RudNe-il
1A ¢) ULl SslaRsil Ul

OR

Q.2

(2)

List the applications of Cotter joint.

03

U2

()

5122 %12 ol GUUdL qul.

03

(b)

Explain the failure of riveted joint with neat sketch. Also state the
application of riveted joint.

04

(M)

YES Y A8 RAes wlHe <l [cidsnidl YUl RAeS %16 «il
GUA12L Yl sBlicil.

oY

(©)

Two 12 mm thick plates are joined with single riveted lap joint using
15 mm diameter rivet. If the pitch for the rivet is 50 mm, determine the
strength of the joint. [cc ] = 160 MPa ,[t] = 90 MPa. Take (6t)=100
N/mm?

07

(5)

o] 12 HlHl st w@ela 15 HIH] culyetl Rdesd) Gualal s34 Rialg
[RA2s QU o2 U1 \sdlHi 1A 8. %) [Rde Hle (U 50 HlH]

8, dl W92 ol HwdLE 1551 $2). [oc ] = 160 MPa,, [1] = 90 MPa.
Take (6t)=100 N/mm?

09

Q.3

(@)

Define Following Terms:- (1) Mechanical advantage (2) Leverage
(3) Load arm.

03

V3.3

()

oﬂil:u uel cqullld sU- (1) M3eilsa dlet 2) dlaes (3) dls
Y.

03

(b)

Define Shaft and name different types of Shatft.

04

(“)

L& ULUALRA 53] ol ULEell [y UsIRL il otlH 1YL

oY

(©)

A semi elliptical spring with 900 mm span and 55 mm width of leaves
is fixed in the centre using 50 mm wide band. If the thickness of each
leaf is 5 mm, determine the number of leaves to sustain S500N load in
the centre. Maximum permissible bending stress is 490 N/mm?. if the
first two leaves have the full length of the spring, find out the deflection
of the spring. Take E=210KN/mm?.

07

(5)

50 H1H] uslol Aesell GuAlaL 530 Heai 900 HIH] Lot w4e 55
Y] uslaugalal A4l odlllsd (Rioe Heai (4(&dd sdIui
wLd . %) 35 dlcysfl ansLe 5 HIHL €1y, d) SegHi 5500 N dlsal
esldl Awdl Ul dledsdl vl o155l 5. Hedd WHAlwd
Q591 R 490 N/mm? 8. ) uelH & efley 4yel dudles «f] (Rl
t21d 8, dl Rl of ([dudst 11t). E=210KN/mm? €.

09

OR

Q.3

(@)

State the application of leaf spring and materials of leaf spring used for
automobiles.

03

V3.3

()

dls (al ol GUALIL Ao WlHlW LS HI2 duldl ls (Rl Hi
KL H2ZIUG o) GUALIL ALY & d wLldl.

o3

(b)

Define Key and name different types of Key.

04

(“)

Sl culuALRId 520 W Sl etl [alay UsiR) «il oild A1)

oY

(©)

A shaft is required to transmit 1200 N.m torque to the pulley through
the key. Determine the dimensions of the key and shaft diameter. For
both, shaft and key, permissible stresses are [cc ] = 100 N/mm? ,[1] =
50 N/mm?

07




(5)

Sl IR0 YElHi 1200 Num 215 UdLRd Sdl HI QUis2eil e uS
8. 51 Wal 2152 ALl URHILI o155] 5. L8 wal 51 ofa UL,
WHAlug R 8.

[oc ] =100 N/mm?, [t] = 50 N/mm?

Q.4

(@)

Differentiate between shaft, axle and spindle.

03

Usl4

(4)

L&2, W5 Aol [RUeSE d) of] dsldd AU

o3

(b)

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

04

(“)

AA[2s qlSa1 cdlvAlRld s XA [2s dllSo @19 uSdl Uil
clecilefl YR wietidl,

oY

(©)

A knuckle joint withstands a tensile force of 8 kN. The material of the
joint has a tensile strength of

70 N/mm?.Compressive strength is 50 N/mm?,

shear stress=45 N/mm?. Decide the following dimensions while
designing a knuckle joint. Calculate : (1) rod diameter (2) diameter of
the knuckle pin.

07

(%)

WS o156 %1oe2 8 kN oll dlll Wl AlHsll 52 8. o2 ol
AHA ] 1l B2 70 N/mm? 8. s1{ld 222 50 N/mm?2 8, (4R
RWU=45 N/mm? 8. «sd %2 [SHIoel 5cdl dwd Al
URHLRL o551 5] 24 IARLAZ] 5\ : (1) AS oll UL (2) o159 [Ustst]
QLY.

09

OR

Q.4

(@)

Write complete design procedure for lever.

03

U4

()

cflaR HI2 UYLl (SHLoet UlsL cu),

03

(b)

The frame of C clamp has rectangular cross section of 60mm x 30mm.
A maximum clamping load of 30kN is acting at a distance of 100mm
from the inner edge of the frame. Find maximum stress and minimum
stress.

04

(“)

C $A1s{] FHHI 60mm x 30mmell GuARY S1U Vsl V. 30kN
ol HedH $A (R0 |1S FHell viged] gieil 100mm «il widR 51U 52
8. Y U Wal RYeldy 12y 20l

oy

(©)

Determine lever dimension of a Rocker arm lever is used to lift the
load of 3 kN. acting at the end of short arm of the lever. The length
of short arm 1s 150 mm and long arm is 200 mm. The angle between
two arm is 140 degree and allowable stress [cb] = 80 N/mm?.Take h

=2.5b. Pb=8 N/mm? and [T]=40 N/mm? .

07

(%)

(G0l 2l I oil 2id 3 kN ol ¢12 GULSdL HI2 52 B
cflars] lar SluReRlst o551 521, 2112 WIH ol edlE 150 mm vl
clol A1 ofl Godls 200 mm 8. A w1 dRsi) W 140 SIA B
Wl WElAHE dRlld [ob] = 80 N/mm?2 h = 2.5 b &l. Pb=8 N/mm?
and [T]=40 N/mm? .

09

Q.5

(@)

Give the classification of pressure vessel.

03

U5

(1)

YAAUY of 2[5 34U,

o3

(b)

A cylinder with 160 mm inside diameter and 15 mm plate thickness
is subjected to internal pressure of 8 N/mm?. Determine: (i) Hoop
stress (i1) Longitudinal stress (ii1)) Maximum shear stress in the
cylinder.

04

(“)

160 mm vigRell U1 el 15 mm W@esil SLE dlddl (452 8
N/mm? ol HidRSs exlQa wifdd B () U dQld (i)
Qe RYSleAd dBlld (jii) [Rleesu ] HedH a2 24 Q114

oY




(©)

Following data refers to a pillar crane of a capacity 50 KN:
Pillar flange diameter = 2.2 m

Bolt circle diameter = 1.8 m

Eccentricity =4 m

No of bolts = 6

Allowable tensile stress = 60 MPa

Determine the size of the foundation bolt.

07

(5)

o{|dell 321 50 KN &Hdlefl (UeR Jotell el 2410 O
UaR sdoy el = 2.2 Hler

wlez adn iy = 1.8 HleR

pA21{12] =44l

ole2of] 2wl = 6

AGldnE dl8l dlld = 60 MPa

51652101 W€2q] 1892 o155] 5.

09

OR

Q.5

(@

Compare journal bearing with anti-friction bearing.

03

U5

()

W] ey AR2L Y12 ogetd AR ddell 5.

03

(b)

A deep groove ball bearing is subjected to radial load of 12KN and
thrust load of 6 KN. The inner ring of the bearing rotates at 1200
rpm. For the average life of 4500 hours determine the basic dynamic
capacity of the bearing. Take X =0.56, Y = 1.2 ,K=3,V=land S=1.2

04

(“)

Slu Yd old W33 12KN «il ASUE 415 el 6 KN «il U2 dlSa
ULl 8. ARl vigeil o1 1200 rpm UR 82 8. 4500 5d15eil
URULL el Ul AR Yaed aAldild &Hdl «1ssl s X =
0.56, Y = 1.2 K=3,V=1 3 S=1.2 €]

oY

(c)

A simple flange coupling has to transmit 500 kW at 360 RPM. .
Assume torque to be 20 % more than the full load. Calculate (a) Shaft
diameter (b) Key Dimensions and

(c) number & size of Bolts. The safe stresses are as follows, For Shaft
& Key [oc ] = 110 N/mm?, [t] = 50 N/mm? and

For Bolt [t] = 45 N/mm?

07

(%)

A5 AN §4% 5U[E21A 360 RPM UR 500 kW 2l (M2 5239 uS 8.
Ayl dls sdi 215 20% ay €. (a) 2lLse ALl 2A8Ld3] 52
(b)S] el SIAHRLeL Wal (c) tlles{] AuAL Wal LB, AGIHd dll
1A Y 8, LSS A4l Sl HIe

[oc] = 110 N/mm?, [t] = 50 N/mm? 3

ole2 YI2 [1] = 45 N/mm?

09




