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COMPREHENSIVE EXAMNATION

Year: 1} Date: 26.12.2010
Course Code: ME C312 Maximum Marks: 40
Course Title: Design of Machine Elements Weightage: 40 %
Duration: 3 Hours
Note:
__Use appropriate charts and fables wherever necessary.

QL.

Q2.

Answer any EIGHT questions: (8 x 5 = 40 Marks)

Fig. Q1 illustrates the connection of a cylinder head to a pressure vessel using 10 bolts
and a confined gasket seal. The effective sealing diameter is 150 mm. A=100, B=200,
C-300, D=20, E=20 (all in mm). The cylinder is used to store gas at a pressure of 6 MPa.
ISO class 8.8 bolts with a diameter of 12 mm have been selected. Find the load factor n.
Take Kyeot = 4722 MN/M® and Keagt.iron = 2248 MN/m?.
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A 10 mm by 100 mm rectangular cross-section bar carries a static load of 107 kN. It is
welded to a gusset plate with an 8 mm filet weld on both sides with an E70XX electrode
as shown 1n Fig. Q2. Unsymmetrical weld tracks can compensate for eccentricity such
that there is no moment to be resisted by the welds. If the design has a satisfactory weld
metal strength, specify the weld track lengths /| and /4 if /; is 50% more than /;. Use the

welding code method.

el 2 17 RN

Fig. Q2

A helical compression spring 1s needed for food service machinery. The load varies from
a minimum of 20 N to 90 N. The outside diameter of spring is 20 mm. Using a wire
diameter of 2 mm, determine fatigue design factor ny and endurance strength using the
Gerber-Zimmerli fatigue failure criterion. Material used is A313 stainless steel wire. The

spring is unpeened, and squared and ground.




Q4.

Q6.

Q7.

8.

Q9.

A certain application requires a ball bearing with an inner ring rotating with a design life
of 30000 hours at a speed of 300 rev/min. the radial load is 1.898 kN and application
factor of 1.2 is appropriate. The reliability goal is 0.9. Find the multiple of rating life
required, xp, and the catalog rating Cyo for 02 series deep groove ball bearing and
estimate the reliability in use. Make use of Weibull parameters for SKF bearings.

A full journal bearing has a shaft diameter of 25 mm with a unilateral tolerance of -0.01
mm. The bushing bore has a diameter of 25.04 mm with a unilateral tolerance of 0.03
mm. The I/d ratio is unity. The bushing load 1s 1.25 kN, and the journal rotates at 1200
rev/min, Analyze the minimum clearance assembly if the average viscosity is 50 mPa.s to
find the minimum oil film thickness and the maximum load the bearing can withstand.

A parallel shaft gearset consists of an 18-{ooth helical pinion driving a 32 tooth gear. The
pinion has left hand helix angle of 25°, a normal pressure angle of 20°, and a normal
module of 3 mm. Find (a) the transverse and axial circular pitches, (b) the transverse
module and the transverse pressure angle, (c) the pitch diameters of two gears.

A stock spur gear is available having a module of 3 mm, a 38-mm face, 16 teeth, and a
pressure angle of 20° with full-depth teeth. The material is AISI 1020 steel in as-rolled
condition. Use a design factor of ng = 3 to rate power output of the gear corresponding to
a speed of 20 rev/s and moderate applications. Take form factor as 0.296.

a. Mention any two types of belt drives used in conveying systems.

b. What is ABS referred to in Automobiles?
c. The allowable gear wear load for a worm gear is 6 kN. Find the worm gear pitch
diameter and the effective face width if the ratio of the pitch diameter to the face width is

given to be 7. Take the worm-gear load factor as 0.7.

a. A shaft is loaded by a torque of 5 KN-m. The material has a yield point of 350 MPa.
Find the shaft diameter using maximum shear stress theory. Take factor of safety as 2.5.
b. Find the maximum stress developed in a stepped shaft shown in fig. Q9 (b) when it is

subjected to a bending moment of 150 Nm.

=8 mm

d = 30 nyn
D= 40 mm

Fig. Q9 (b




Useful Tables and Charts
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#d

Variation of theorelical stress concentration factor with 1/d for a stepped

shatt subjected to a bending moment
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Varfation of theoretical stress concaniration factor with v/d for a Stepped
shaff subjacted fo torsion
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Tuble 8-1

Diameters and Areas of
Coorse-Pitch and Fine-
Pitch Metric Threads *

2 0.40 2.07 1.79 ‘
25 045 3.39 2.98
3 0.5 5.03 4.47 J
35 06 6.78 6.00 Jr
4 0.7 8.78 7.75 }
5 0.8 14.2 12.7 1
6 1 20.1 17.9 . J
8 1.25 36.6 328 39.2 360 |
10 1.5 58.0 - 523 . 125 61.2 563
12 1.75 84.3 763 .25 92.1 86.0

14 2 15 104 1.5 125 116 5
16 2 157 144 1.5 167 157
20 2.5 245 ¢ 225 1.5 272 259 i
24 3 353 324 2 384 365
30 3.5 561 519 2 621 596 ]
36 4 817 759 2 913 84 " |

42 45 1120 1050 2 1260 1230 i

48 5 1470 1380 2 1670 1630 :
56 55 2030 1910 2 2300 2250

64 6 2680 2520 2 3030 2080

72 6 3460 3280 2 3860 3800

80 6 4340 4140 1.5 4850 4800

90 6 5560 5360 2 6100 6020

100 & 6990 6740 2 7560 7470

110 - 2 9180 9080

 *The squations and dato used o davelopﬁis-tubla hiove been abtuined from ANS! B1.1-1974 and B18.3.1-1978, The minor
diameater was found from the equation o = d ~1.226 889, and the pitch diameter fom g, = d ~ 0.649 519p. The megn of

te pitch diomater end the minar digmater was used to computa ths fansiesrass grea,
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l Tabie 8-7

f . 10
| Suggested Procedure for Finding Fastener Stifnass
i

()
Given fastensr dicmeter d ;

and gitch p or number of threads Efective grip

Grip is thickness | = { iiféﬁ' ;2 i j
YWasher thickness from ro2=
Table A-30 or A-23

Threaded length {;

Inch series:

2d+4tin,  L=<bin
r= 2d+{;in, I>&in

Melric series:
2d+émm, L<125d=<48mm .

=324+ 12mm, 125 <1< 200 mm

2d+25mm, [ > 200 mm N
Fastener length: [ > h + 1.5d

| ustener length: 1> [+ H
Round up using Table A-1 5"
length of useful unthreaded

length of useful unthreaded

portion: {; = [ — iy ’ porfion; ;= L —I; _
length of threaded portion: ' ' length of useful threaded
h=1-1 poriion: = 1"~ I,

Area of unthreaded porfion:
Ad =7 d2/4
Area of threaded portion:
A, Table 8~1 or 8-2
Fastener slifiness:

. b Aa’h + Af"d

*Bolts and cap serews moy not be rvadoble in of the preferred lengths fisted in Tabla A~15. Lorge fosteners may not be ovailable in fractional inches or i millmeter lengths ending in

o nonzerg digih. Check with your beft supplier for availability.
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Table 8~11

Metric Mechanical-Property Classes for Steel Bolts, Screws, and Studs*

Low ar medium carbon

4.8 M1.6-M14 310 420 340 Low or medium carbon
5.8 M5-M24 380 520 420 Low or medium carbon
2.8 MI&-M3S &00 830 560 Medium carbon, G&T
2.8 M1.&-M16 650 Q00 720 Mediuvm carbon, GQ&T
]O.Q M5-M36 830 1040 Q40 tow-carben martensite,
QAT
129 MI1.6-M36 970 1220 1100 Alloy, G&T

*Ths threud length for belts and cap straws is

2d+ 6 1< 125
IT...[Qd—i-lQ 125 <1 =200
2d+25 1>200

where L is the holt length. The threod length for shuctural bals i shghtiy sherter ﬁlun given ahove.
TMlmmum strengtﬁs e s?rengrh exceeded by 99 percent of fustaners -

Table 8~8

Stiffness Parameters

Steel - 0.291 207 078715 0.628 73

of Various Member : R

Materials? Aluminum 0.334 7 0.796 70 0.638 16
*Source: . Wilemon, M. Copper 0.326 119 . 079568 063553
Choudury, and I. Green, GFC!- ‘east iron 0211 ' l
*Computalion of Member y s ’ 100 077871 061616
Shiffness in Boled - General expression _ 0.789 52 . 0.629 14

Connections,” Trons. ASME,
J. Mech. Design, vol. 113, o '
December 1991, ' et
pp. 432-437, - o
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| Figure 10-2

T, pas of ends for comprassion
sorngs: Ia) beth ends ploin;

L ]
i both ends squared; [c} both

ends :3c;uor-:-zd and gmund; (@) Plain end, right hand () Squared and ground ead
teft hand

i} both ends plain and
ground.

. {d) Plain end, groued,
right hand feft hand

(#) Syuared or closed end,

Table 10-1

“Fermulos for the

Di..ensional

[ Characterisfics of End cails, N, ¢ ] -
Compression-Springs. Total coils, N, N, N, + 1 N+ 2 N+ 2
(N, = Number of Active Free length, Iy pN, + d olN, + 1) N, + 3d P’:/ + 2d
{ __C“Oﬂs} Solid lengfth, [, diN, + 1) dN, diN, + 1) ON,G
Pitch, p lo~ Ny AN, + 1}l — 3dUN, Ly — 2d}N,

| Source: From Design
Hendbock, 1987, p. 32,
Courtesy of Associated

Spring..
Table 10-2
End-Condition Spring supported between flat parallel surfaces (fixed ends) 0.5
Constanis & for Helical Ore end supporied by flat suface perpendicular to spring axis ffixed|;
Compression Springs” other end pivoted [hinged) - 0,707
Both ends pivoted {hinged)- 1
. 2 .

Cne end clamped: other end free

»Ends supgorted by flat surfaces must he squored and ground.

According to the Zimmerli data, the endurance
strength components for infinite life for springs

S, =379 MPa

Unpeened - S_, = 241 MPa
S., =398 MPa S., = 534 MPa

85{) 0.6 780

Peened -




i ‘fab!e 10-4 :

Constants A ard mof S, = A/d" for Estimating Minimum Tensile Strength of Common Spring VWires
esign Handbook, 1987, p. 19. Coutesy of Ascociated Spring.

Fom ©

22

I

e T, x
Sysic wire

OQRT wire' A229  0.187 0.5-12.7 1855 1.3
Honckdrown wira! A227  0.190 0.7-12.7 1783 10
Friomevanadium wire®  A232 0.168 0.8-11.1 2005 3.7
Chomessilicon wired A4CT 0,108 1.6-9.5 19074 40
407 Sicrinlass wire? A313 0.146 0.3-2.5 1867 7611
0.263 2.5-5 2065
0.478 5-10 2011
?hosp%'acr—brcnze wire**  B15% o 2.1-5.6 1000 80
0.028 0.6-2 913
G.064 2-75 9372

«Surfaca is smooth, ree of dafects, and has o bright, lustrous fivish,

- Hos o slight heattranfing scale which must be removed before plating.
. ¥Sufaceis smooth and bright with no visibie marks.
- Yicroftquality tempered wirs, con clso be obtained canealed.
 STompered to Rockwell C49, but may be obtained unfempersd.
j;_i_;" Type 302 stainless stee.
-~ Tamper (A510.

Mechanical Engiresring Design

Table 180-3

Maximum Allowable

Siresses for ASTM = Cyc :

A228 and Type 302 10° 34 34 5]

Stainless Steel Helical 108 33 30 A7
107 30 28 45

Extension Springs in
Cyclic Applications

Source: From Design
Handbook, 1987, p. 52.
Coulesy of Associated

Spring.

This informatian is based on the fofiowing condfions: not shat-peened, no sorging and ambient
environment with a low femperature hegt reatmant applied. Stress fafio = C.




Table 11-2
Dimensions and Load Ratings for Single-Row 02-Series Deep-Groove and Angular-Coniact Ball Bearings ™~

30
35
40
45
50
55
&0
65
70
75
80
85
90
95
100
110
120
130
140

100
170
120

125

130
140
150
160
i70

104
110

109
114
ne
127
136
146
156

~

52

&2
72
80
85
90
100
110
120
125
130
140
150

160 -

170
180
200

215
230
250

16.8
22.4
31.9
418
44.0
457
56.]
64.4
76.5
79.2
93.1
106
119
142
165
183
299
260
270
319

8.8
12.0
176
24.0
25.5
27.5
34.0
43.1
51.2
51.2

632
89.4

78.3
100
112
125
167
183
193
240

62
72
80
0
100
110
120
130
140
150

160

170
180
190
200

215

240
260
280

300

17
19
21

23
25
27
29
31

33
35
37
39

41

43
45
47
50
55
58
62
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' Figure 12-1 3

chart in

Viscosity—temperature

Sl uniils. {Adopled from

J

Fig. 12-12.

Temperature {°C)
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Figure 12-16

Chart for minimum film4hickness variable and eccentricity ratic. The left boundary of the zone defines the ootimal i for minimum friefinn: -
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Figure 12-19 | : :
/ L

Chart for flow varable. Noke: 6
Not for pressuredfed bearings. :
[Raimondi and Boyd } :
] i
j A
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. Bearing characteristic number, § = (5) MT
Figure 12-20
Chart for determining the ratio
of side flow to total flow,
Raimondi and Boyd. )
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| Figure 12-22

i Chart for finding the terminafing position of the lubricant film and the position of maximum &ilm pressure. {Raimondi and Boyd. )




Mechanical Enginesring Design

Table £~18

Deterministic ASTM Minimum Tensile and Yield Strengihs for Some HotRolled [HR) and Cold-Drawn [CD} Steels

[The sirengths listed are estimated ASTM minimum values in the size range 18 10 32 mm (3 fo 1

7 in}. These

strengths are suitable for use with the design factor defined in Sec. 1-10, provided the materials conform fo
ASTM A6 or A568 requirements or are required in the purchase specifications. Remember that o numbering

system is not a specificafion.]  Source: 1986 SAE Handbock, p. 2.15.

Mpa

G10060 HR 300 (43) 170 (24) 30 55
: cD 330 (48} 280 {41] 20 45 @5
= 10100 1010 HR 320 (47 180 (28} 28 50 Q5
CD 370 (53] 300 (44) 20 40 105
G10150 1015 HR 340 {50 190 (27.5) 28 50 101
cD 390 (5¢] 320 (47) 18 40 111
G10180 1078 HR 400 {58) 220 (32) 25 50 116
D 440 (64] 370 (54) 15 40 126
G10200 1020 HR 380 (55) 210130 25 50 I
<D 470 (68] 390 (57} 15 40 131
G10300 1030 HR 470 (68) 260 137.5) 20 42 137
CD 520 [76) 440 (64) 12 35 149
G10350 1035 HR 500 (72) 270 139.5] 18 40 143
CD 550 {80) 460 (67) P2 35 163
G10400 i040 HR 520 [76] 290 (42) 18 40 149,
Cb 500 (85) 490 171) 12 35 170
G10450 1045 HR 570 (82) 310 (45} 16 40 163 .
i ch 630 (91) 530 (77) 12 35 179
G10500 1650 HR 620 {90) 340 {49.5] is5 35 17¢
CcD 690 (100 580 (84) 10 30 197
G10600 1060 HR 680 (98) 370 (54) 12 30 201
G108C0 1080 HR 770 (112 420 161.5) 10 25 229
G10950 1095 HR 830 (120) 460 (66] 10 25 248




| Table A-29

Dimensions of
Hexagonal Nuts

Useful Tatles

,.-.: R RN
1 Z 2 2 3
2 15 37 32 3z
ISR 1 1z 21 A
o) 2 &4 &4 14
3 2 21 i3 7
3 ) &4 37 37
Z il 3 2 1
i6 6 F] Y 3
1 3 Z A S
2 4 16 16 I¥e]
2 z 3l 3© 3
156 & &4 &4 14
5 15 5 23 3
] ) &4 32 g
3 11 Al i3 27
4 2 Y| iA il
Z 12 3 29 31
8 6 4 kY &4

1 35 33

3 ] 2 B 1 &
! 1 31 3 3%

! 3 ] i) 32 Tsz ¥
1 7 ! 1 23
'3 5 l3e [ 5
3 €1 i 3 23
] 3 2 ) IM ] 8 32
1 ! 9 1 27

I 2 24 lﬁ : }2 3z

M5 8 47 5.1 2.7

Méb 10 5.2 57 372

M8 13 6.8 7.5 4.0

M10 16 8.4 9.3 5.0

M12 18 10.8 12.0 5.0

M4 21 12.8 14.1 7.0 -
M16 24 14.8 16.4 8.0

M20 30 8.0 20.3 10.0 .
AM24 3 21.5 23.9 12.0

M30 46 25.6 28.6 15.0

M36 55 31.0 34.7 18.0

- ~ e Tables

foble A-15 .

Prefarred Stzes and
Renard [R-Seres
Numbers

[When a choice can be
made, use one of these
{ sizes; however, not all
parls or lems cre
avoiiable in off the sizes
shown in the fable. |

0.05, .06, 0.08, 0.10, 0.12, 0,38, 0:20, 0.25, 0.30, 0.40, 0.50, 0.60, 0.70, 0.80,.
000,10, 1.1, 1.2, 14, 1.5, 16, 1.8, 20,22, 25, 28, 30, 3.5, 40,45, 50,55,
60,6.5,7,80,90. 10, 11,12, 14, 16, 18,20,22, 25, 28, 30,32, 35, 40,45, 50,
60, 80, 100, 120, 148, 160, 180, 200, 250, 300 °
b ReordNumberst
Tef choles, R5: 1,418,235, 4, 63,70
2d ehoics, R10: 1.25,2, 3.5, 5,8 .
3d choies, R20: 1.12, 1.4, 1.8, 2.28, 28, 385,45, 5.6,7.1,9
4 chilce, R40: 106, 1,78, 132, 1.5, 17,19, 212, 236, 2.6%, 3, 2.35, 375,

. 425,475,53,6,67,75,85,95

T —




BITS, PILANI - DUBAI

Dubai International Academic City, Dubali
FIRST SEMESTER 2010 - 2011
TEST ~ 2 (Open Book)

Year: n Date; 21.11.2010
Course Code: ME €312 Maximum Marks: 20
Course Title: Design of Machine Elements Weightage: 20 %
Duration: 50 minutes

Note:

1. Answer all the questions.

2. Use appropriate charts and tables from the text book wherever necessary.

3. Prescribed text book and handwritten class notes are allowed.
Ql. A 15 mm by 50 mm rectangular cross-section bar carries a static load of 100 kN. It 1s

Q2.

Q3.

Q4.

welded to a gusset plate with an 8 mm filet weld 50 mm long on both sides with an
E80XX electrode as shown in Fig. Q1. Use the welding code method and check if the
design has a satisfactory weld metal strength. [4 M]

- 7 = 100 kN

A helical compression spring is made of music wire 2mm in diameter and has an outside
diameter of 24 mm. The ends are squared and ground, and there are 10.5 total coils. The
spring is to be used with a static load of 65 N. Perform a design assessment if the spring
closed to solid height. Find free length, pitch, force required to compress the spring to
solid length and spring rate. [5 M]

Fig. Q3 shows a geared countershaft. Select an angular contact ball bearing at O and a
straight roller bearing at B. The shaft is to run at 500 rpm. Forces at the bearings are:
Ro=1698] + 2127k N, Rg = 1702j - 7286k N. Use an application factor of 1.2, a desired
life of 60000 h and an individual reliability goal of 0.94. Use SKF rating. [6 M]

A full journal bearing has a shaft diameter of 35 mm with a unilateral tolerance of -0.01
mm. The bushing bore has a diameter of 35.06 mm with a unilateral tolerance of 0.03
mum. The V/d ratio is unity. The bushing load is 2.15 kN, and the journal rotates at 1800
rev/min. Analyze the minimum clearance assembly if the average viscosity is 50 mPa-s
to find the minimum oil film thickness, power loss and side flow rate. [5M]




Year:

Course Cede: ME C312
Course Title: Design of Machine Elements Weightage:

BITS, PILANI - DUBAI

Dubai International Academic City, Dubai
FIRST SEMESTER 2010 - 2011

TEST - 1 {Closed Book)

i Date: 10.10.2010

Maximum Marks; 25
25 %
Duration: 50 minutes

Note:
1.
2.

Q1.

Q2.

Q3.

Answer all the questions.
Refer to the appropriate charts and tables attached with the question paper wherever

LJIBCESSAIY. e

Among the decisions a design engineer must make is selection of the fatlure criteria that
is applicable to the material and iis static loading. A hot rolled metal rod, has a yield
strength of 225 MPa and true strain at fracture & = 0.45. The load on the rod consists of
an axial pull of 10 kN together with a transverse shear force of 5 kN. Find the diameter
of the rod taking factor of safety as 2.5. Given below are two failure theories. Select the
appropriate failure theory, citing proper justification based on the material properties for
your design calculations: [8 M]
a. Distortion energy theory

b. Maximum principal stress theory

A stepped steel shaft is shown in figure Q2. The tensile axial stress on the shaft
fluctuates between 25 MPa to 100 MPa. The ultimate tensile strength and yield strength
for the material are 450 MPa and 350 MPa respectively and the component has a
machine finish. Find the factor of safety. For the fatigue failure analysis use Soderberg

criterion. Take the reliability goal as 0.998. [9 M]
r= G

d =40 mm Figure Q2

= b} mm

A single threaded power screw as shown in figure Q3 is 30 mm in diameter with a pitch
of 6 mm. A vertical load on the screw reaches a maximum of 9 kN. The coefficients of
friction are 0.04 for collar and 0.08 for the threads. The frictional diameter of collar is 45
mm. Find the following: [8 M]
a. torque required to raise the load

b. torque required to lower the load

c. overall efficiency

d. power input for a speed of 60 pm
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Variation of theorelical streas concentration factor with w/d for a plate

with filets subjected to a uni-axial loading

Varfation of theoretical stress concentration factor with v/d of a stepped

shaft for differant vatuss of D/d subjected to uni-axial foading




Wariaticn of theorefical stress concentrafion Jactor with rd for a stepped

shaff subjected fo g bending moment

Chart C

C2 =1 (reversed bending

2
h

Rafiabiiiy %

= (.85 (reversed axial load)

load) Ci=1(d £7.6mm)

> 1’ =0.78 (reversed torsional load)
40 0397
99.89 0.7%2 Table 1

=0.85 (7.6=d < 50mm)
=0.75 (d =z 50mm)

Chart D

#id

Variation of theoretical siress concentration factor with 1 for a stepped

shafi subjected to forsion

Steel
GCe = 0.5 Out Cut < 1400 MPa

o, = 700 MPa Gy > 1400 MPa
Cast Iron

O-e = 035 Gu[
Non Ferrous metals and alloys

Ge = 0.3 O-ut

Table 2
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1. Spur gears have teeth to the axis of rotation. [0.5M]
a. Offset at 14.5°
b. Inclined at 20°
c. Parallel
d

. Inclined

2. is the larger of the two mating gears. [0.5 M]
Gear :

Pinion

Worm

All of the above

a6 o

[0.5 M]

3. All the calculations of gears are based on the
a. Circular pitch
b. Pitch circle
¢. Pitch diameter
d. Base circle

4. Bevel gears are used to transmit motion between shafts. [0.5 M]

a. Non-intersecting
b. Intersecting

¢. Parallel

d. None of the above

5. Diametral pitch s defined as the [0.5 M]

a. ratio of number of teeth on gear to the pitch diameter
b. ratio of the pitch diameter to the number of teeth

c. ratio of tooth thickness to the width of space

d. ratio of clearance to the fillet radius




is the radial distance between top land and the pitch circle.

[0.5 M]

is the amount by which the width of a tooth space exceeds the

thickness of the engaging tooth measured on the pitch circle.

8.
a. Dedendum
b. Pitch
¢. Clearance
d. Addendum
7
a. Backlash
b. Module
¢c. Filet radius
d. Bottom land
8.

a.

O

a.
b.
C.
d. Cold rolling

10. The AGMA allowable bending stress equation is

b.
C.
d. 22

14
16
18

. Thermoplastic gears are manufactured by

Injection molding
Sand casting
Powder metallurgy

5.1,
all SF Yg YZ
a _ S[ ZN ZW
all SF YH YZ
S T
all SF Kgyz
L5 T,
all SF YN YZ

[0.5 M]

For a 20° pressure angle full-depth tooth the smallest number of pinion teeth to mesh
with a rack is

[0.5 M]

[0.5 M]

[0.5 M}




11. A stock gear having a pitch diameter of 50 mm runs at a speed of 1000 rpm
transmitting a load of 2.5 kN. The power that can be obtained by this gear is

a.
b.
C
d

[1M]

392700 W
261800 W
15700 W

. 6550 W

12. For the following data of a steel worm gear: worm gear load factor = 35, gear pitch
diameter = 200 mm, worm gear effective face width = 30 mm, the allowable gear

wear load (W'e)ay is
a.

b.
C.
d

[1 M]

525 kN
233 kN
210 kN
172 kN
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Q1. When a nut is tightened by placing a washer below it, the bolt will be subjected to
stress. [0.5 M]

Q2. A helical compression spring is wound using 3 mm diameter wire. The spring has an
outside diameter of 30 mm with plain ground ends and 12 total coils. What force is
required to compress this spring to closure? [1.5 M]

Q3. An extension spring has 84 coils and is close wound with preload of 80 N. The shear

modulus and the elastic modulus are 80 GPa and 200 GPa respectively. If the normal

force on the hook is 350 N find the spring deflection. Take d = 3 mm and D = 25 mm.
[1.5 M]




Q4. A screw is specified by its diameter.  [0.5 M]

Q5. Identify the type of ends for the two compression springs shown below: {1 M]

Q6. A cylinder head is connected to a pressure vessel using 12 bolts. The effective
sealing diameter is 150 mm. The cylinder is used to store gas at a pressure of 7 MPa. 1SO
class 8.8 bolts with a diameter of 12 mm have been selected. Determine the load factor of
the bolt. Take the proof strength of 600 MPa and the thread area of 85 mm”*. The

clamping force is 40 kN and the percentage of external load carried by the bolt is 20%
[1.5M]

Q7. A steel bar is welded to a vertical support as shown. What is the shear stress in the
throat of the welds if the force F is 1770 kN? [1.5M]
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Q1. A steel bar is welded to a vertical support as shown. What is the shear stress in the

throat of the welds if the force F is 770 kN7 {1.5 M]
/ 1258
Fd —
Fre
Fa
70 ﬁ}i:{l
Q2. Identify the ’fype-of ends for the two compression springs shown below: {1 M]

Q3. A screw is specified by its diameter. 8.5 M]

Q4. When a nut is tightened by placing a washer below it, the bolt will be subjected to
stress. (6.5 M




5. A helical compression spring is wound using 3 mm diameter wire. The spring has an
outside diameter of 33 mm with shear yield strength of 800 MPa. What force is required
to compress this spring to closure? [1.5 B4]

(6. An extension spring has 85 coils and is close wound with preload of §0 N. The shear
modulus and the elastic modulus are 80 GPa and 200 GPa respectively. If the normal

force on the hook is 300 N find the spring deflection. Take d = 3 mm and D = 25 mrm.
11.5 B4}

Q7. A cylinder head is connected to a pressure vessel using 14 bolts. The effective
sealing diameter is 150 mm. The cylinder is used to store gas at a pressurs of 7 MPa. ISO
class 8.8 bolts with a diameter of 12 mm have been selected. Determine the load factor of
the bolt. Take the proof strength of 800 MPa and the thread area of 85 mm®. The

clamping force is 40 kN and the percentage of external load carried by the boit is 20%
[1.5 3]




