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Important Instructions to examiners:

WINTER- 16 EXAMINATION
Model Answer Subject Code: 17553

1) The answers should be examined by key words and not as word-to-word as given in the model answer
scheme.

2) The model answer and the answer written by candidate may vary but the examiner may try to assess the
understanding level of the candidate.

3) The language errors such as grammatical, spelling errors should not be given more Importance (Not
applicable for subject English and Communication Skills.

4) While assessing figures, examiner may give credit for principal components indicated in the figure. The
figures drawn by candidate and model answer may vary. The examiner may give credit for any equivalent
figure drawn.

5) Credits may be given step wise for numerical problems. In some cases, the assumed constant values may
vary and there may be some difference in the candidate’s answers and model answer.

6) In case of some questions credit may be given by judgement on part of examiner of relevant answer based
on candidate’s understanding.

7) For programming language papers, credit may be given to any other program based on equivalent concept.
Q. |Su Answer Marking
No | b Scheme

Q.
N.
1 Attempt any FIVE of the following: 5X4=20
a) | Design data book:- 2m
When a designer wants to design & develop a product he requires lot of information such as
material specifications, physical & mechanical properties of materials, standards, different
manufacturing processes, empirical relations, tool data etc. so a book which contains all this
information is called data book.
Use:-
1) The standard dimensions of nut, bolts, shafts, bearings etc. are available in the design om
data book.
. . . (any 2)
2) Use of design data book makes easy for a designer engineer to collect the above data
from a single book.
3) Also it saves the time of a designer, so the design process becomes simple & easy
b) | Causes:- It may occurs due to- 2m
1) Change in cross section such as stepped axle, grooves, keyways, threaded holes etc. (any2)
2) Concentrated load applied at minimum areas of machine parts such as contact
between gear teeth.
3) Variation in mechanical properties of materials from point to point due to cavities,
cracks etc.
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4) Surface irregularities or poor surface finish.
Remedies:-

1) By fillets, undercutting & notches

2) Additional notches & holes

3) Reducing stress concentration in threaded members

2m

(any2)

*Keyway is a slot machined either on the shaft or in the hub to accommodate the key.
* It is cut by vertical or horizontal milling cutter.
* The keyway cut into the shaft reduces the load carrying capacity of shaft.

* This is due to stress concentration near the comers of the keyway and reduction in the cross
sectional area of shaft.

* In other words, the torsional strength of shaft is reduced.

* The following relation of reduction factor is used to analyze the weakening effect of keyway
is given by H. F. Moore.

e=1-0.2 (w/d) - 1.1(h/d)

Where, e = shaft strength factor = Strength of shaft with keyway/Strength
Of shaft Without keyway

w = Width of keyway, d = Diameter of shaft

h = Depth of keyway = 112 x thickness of key = 1/2 x t

4dm
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« It is usually assumed that strength of keyed shaft is 75% of solid shaft.
* Thus, after finding out dimensions of key, the reduction factor 'e' is

Calculated and for safe design, its value should be less than 0.75.

d) | Caulking:- 2m
Caulking tool
Caulked rivet
- -
= ¢
% Q/I X
I
B I
In order to make the joints leak proof or fluid tight in pressure vessels like steam boilers, air
receivers and tanks etc. a process known as caulking is employed.
In this process, a narrow bunt tool called caulking tool about 5 mm thick and 38 mm in
breadth is used. The edge of the tool is ground to an angle of 80°.
Fullering:- om
Fullering tool
vl B
7
| U
N\
A more satisfactory way of making the joints staunch is known as fullering which has largely
superseded caulking.
In this case, a fullering tool with a thickness at the end equal to that of the plate is used in
such a way that the greatest pressure due to the blows occur near the joint, giving a clean
finish, with less risk of damaging the plate.
e) | following stresses are induced in a bolt, screw or stud when it is screwed up tightly 4m
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1. Tensile stress due to stretching bolt

Since none of the above mentioned stresses are accurately determined, therefore bolts are
designed on the basis of direct tensile stress with a large

Factor of safety in order to account for the indeterminate stresses. The initial tension in a bolt,
based on experiments, may be found by the relation Pi = 2840dN

Pi = Initial tension in a bolt, and
d = Nominal diameter of bolt, in mm.
2.Torsional shear stress caused by the frictional resistance of the threads during its tightening

The torsional shear stress caused by frictional resistance of the threads during its tightening
may be obtained by using the torsion equation. We know that

T/ =Tdr
T=THXr ={ TI@32) x d* I x { d. 12} = 16 T/ n(d.)®
Where T = Torsional shear stress,

T = Torque applied, and

dc= Minor or core diameter of thread

3.Shear stress across the threads. The average thread shearing stress for the screw( Ts) is
obtained by using the relation:

Ts=p/(md:Xbxn)

Where b = Width of the thread section at the root.
The average thread shearing stress for the nut is
Th=p/(mdxbxn)

Where d = Major diameter.

4. Compression or crushing Stress on threads. The compression or crushing stress between
the threads (6.) may be obtained by using the relation :

6= p/ n[d*— (do)*]n
Where d = Major diameter,
dc = Minor diameter, and
n = Number of threads in engagement.

5. Bending stress if the surfaces under the head or nut are not perfectly parallel to the bolt
axis.When the outside surfaces of the parts to be connected are not parallel to each other, then
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the bolt will be subjected to bending action. The bending stress (6p) induced in the shank of
the bolt is

given by

6p = x.E/2I

where

where x = Difference in height between the extreme corners of the nut or
head,

| = Length of the shank of the bolt, and

E = Young's modulus for the material of the bolt.

f) | Advantages:- 2m
1. The welded structures are usually lighter than riveted structures. This is due to the reason (any2)
that in welding, gussets or other connecting components are not used.

2. The welded joints provide maximum efficiency (may be 100%) which is not possible in
case of riveted joints.
3. Alterations and additions can be easily made in the existing structures
4. As the welded structure is smooth in appearance, therefore it looks pleasing.
5. In welded connections, the tension members are not weakened as in the case of riveted
joints.
6. A welded joint has a great strength. Often a welded joint has the strength of the parent
metal itself.
7. Sometimes, the members are of such a shape (i.e. circular steel pipe) that they afford
difficulty for riveting. But they can be easily welded.
8. The welding provides very rigid joints. This is in line with the modern trend of providing
rigid frames.
9. It is possible to weld any part of a structure at any point. But riveting requires enough
clearance.
10. The process of welding takes less time than the riveting.
Disadvantages:- 2m
1. Since there is an uneven heating and cooling during fabrication, therefore the member may (any2)
get distorted or additional stresses may develop.
2. It requires a highly skilled labour and supervision.
3. Since no provision is kept for expansion and contraction in the frame, therefore there is a
possibility of cracks developing in it.
4. The inspection of welding work is more difficult than riveting work.
g) | Perfect frame: 2m

A pin-jointed frame which has got just sufficient number of members to resist the loads
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without undergoing appreciable deformation in shape is called rigid or perfect frame. The
perfect frame obeys the following condition viz.

n=2j-3

where, n= no. of links and j= no. of joints

Deficient frame:

A frame is said to be deficient if the number of members in it is less than that required for a 2m
perfect frame. Such frames can’t retain their shape when loaded.
2) Attempt any TWO of the following: 2x8=16
2) Lel 6M
J, - offective diomeder of Crvcle douching bolt halee ;prOCEd“re

d; = diomedey of &oll hole
Jp = pitch clvele diom efer
$) = :f)f - d,
- FQ'{(‘(’ (b\((\ﬂ&/f\': GQ})Q?ICJ‘( 4o qﬂ./wa\e(f
FSLZ():)?P v._@

td
M= Numbey of bolte

de = Cove diameter of the bolte
(- Permissible Sheow AY doll makmad
> Resistance of Ravnd, balto
:J;'—CJC)L Ty ]

the vodue of 1 May be 0btetn) ed by F}}Ml%@ FO
kﬂ_t— TT Dp

R'(Qw!\ﬂ& QW?W,‘Q&Q W(Q:/\@ku

Nomiol dia of bolte d= 0.26L 410 mm
Ne of balle M= 00278 D4 ) ¢
’[’h“(\}w)wv 0%’/1()@“0\? t/t {‘-5{ % mm\
L

pufside dia of /MMH‘P Do = Jf 2.4 128 m
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(W] oz

2m dia

b)

The general procedure of machine design is as follows:

1. Recognition of need: First of all, make a complete statement of the problem, indicating the
need, aim or purpose for which the machine is to be designed.

2. Synthesis (Mechanisms): Select the possible mechanism or group of mechanisms which
will give the desired motion.

3. Analysis of forces: Find the forces acting on each member of the machine and the energy
transmitted by each member.

4. Material selection: Select the material best suited for each member of the machine.

5. Design of elements (Size and Stresses):Find the size of each member of the machine by

considering the force acting on the member and the permissible stresses for the material used.

It should be kept in mind that each member should not deflect or deform than the permissible
limit.
6. Modification: Modify the size of the member to agree with the past experience and
judgement to facilitate manufacture. The modification may also be necessary by
consideration of manufacturing to reduce overall cost.
7. Detailed drawing: Draw the detailed drawing of each component and the assembly of the
machine with complete specification for the manufacturing processes suggested.
8. Production: The component, as per the drawing, is manufactured in the workshop.
Velocity Factor:-

This factor is considered in design of gears . It depends upon velocity of operating geras
It is represented by C,,
Permissible working stress is obtained as follows.
Gwp= Op x Cv
Where,
owp = permissible working stress
op= permissible stress

4dm

2m
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cy= Velocity factor

Service Factor:-

It is the ratio of maximum load (torque) to the average load (torque)
Tmax = Service factor X Taverage

2m
o) T TUOT)
d= S0 ™mm
e & N[ ™
é(h o 70 /\’/m’mo“’
|>To Find Torque Transmittd by Shaft 2m
a A 3
o e [ o
=0 3
e X4ax &a
(T = h63R|af N-m”n)7
1> Thf([w\ed‘cr of fC*/y o & o Sé— - \%9, = B s 18 vrims
WidH o bfy Bl el o -
9 i = :fX'Ci‘/ﬁm’ﬂ) 2m

\%) @(m’@ic?efﬂ‘ﬂ% Gheay failurt of ey
T= JKWx 7x ¢

o3 nab= Jx 14x gax =

| L= 7v00mm & 92 mm |
3) Cony Sid exvingy CAM«SBH%OQW\[“” of Jeey
T dw b ow fo o

hod®in€ = Lx T/%X70X§§

> i
Dt =7 2 50w

—————

g 2m
Tokeing, farger Valu ¢ }Jl“ ) 2.a90m
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3) Attempt any TWO of the following: 2x8=16
a) , Given 1m
Gt
T= 200N = 200x]od N
Me 3So N~W)C QSs X[QJ N-™Mm
Tyfetd = 300 N/mm*
Fo§ = 8
hmz 2 {Qt: ,3/\
) Io Find worbing Sheay §hrss om
s oDyig 0 o
e LR
LT = fos N/mmﬂ
’9 Teo E—ﬁfz ,A;Z;w\\)qﬁ&ﬂL{ Tw‘s{»‘ﬂ%'mm@u&
= JRK (350 %189t 15 % (20 x109) =
= @M/S'%(Mm@
(T{ c SEI. I Int /\/-ma
We aloo /brmw that
7 : I 3 for dia -2m
; [© T
3
S 526 o= J/;f; /GOXQ{G
d = 891 o)
[ d & 35 wm ]
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b)

d = dieomer of Shatt

D= diamedey of hub =24

o = Na 7 el dio of -bolt

D« cdhametey of bald Cirele = 3d
Gy e = e S S e

tf = thickneoy of Honge = o-sd

T, To, $%e - Allowasle Shear Strevues foy Ghaf L Sell § key,

Te = Albwable Sheov Sheve AY Hange maferial
ek $lco = Pllowalle Crushing Shes o Ay bolt 4 Jeoy
) Desigm of hub
g gl SR O o
WHW }:': %2_
here 3 = 2 % L i 54
Fom  equakon () the diameter ¢f hub Com &¢ checked
P Ted Tgiemn dedl&n ro Safe
2) Jesign of koy
W = d
C’
t -
<
Ho= s
) desigm A flomge
To= frrdx ke T el
her t4= 0-54d.
T abou= eq}mmqu e T< < T&JWA df’dl&’n Safe

‘9_

4) Desyn o boltv
load on each Lol = %“x(d,)lx s

SO Taded Clwaid - ey balle TR
= % (Al)lxrb

Tordwe  Aan smitted
Vs NRINE X T
Fem abeve ejuehen d, Com he Cafonlafed.
C‘ﬁeobfﬂ& O0f bolt Wndex rushing,
o= Y\Xd;x«bxgcbxg{

il g('b < g(‘},g\fgcl-\ d@dlg‘l,x) e Safe

Design of
hub 2m

Design of
key 2m

Design of
flange 2m

Design of
bolts 2m
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Sometimes unsymmetrical sections such as angles, channels-sections etc., welded on the
flange edges are loaded axially as shown in Fig. In such cases, the lengths of weld should be
proportioned in such a way that the sum of resisting moments of the welds about the gravity
axis is zero. Consider an angle section as shown in Fig.

Let I, = Length of weld at the top,

I, = Length of weld at the bottom,

| = Total length of weld = la + I,

P = Axial load,

a = Distance of top weld from gravity axis,

b = Distance of bottom weld from gravity axis, and
f = Resistance offered by the weld per unit length
Moment of the top weld about gravity axis
=l,xfxa
and moment of the bottom weld about gravity axis
=l,xfxb
Since the sum of the moments of the weld about the gravity axis must be zero, therefore,
loxfxa-l,xfxb

orl Xa=lyxb........ (1)
We know that
=1+ 1y ....... (i1)

From equations (i) and (ii), we have
l.=Ixb/a+band I, =Ixal/a+h

Fig 2m

Derivation
6m
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Attempt any TWO of the following:

2x8=16

Givtn)

W= 8o mm

t=38= lamm

6{? 7a N/'Y")'TT)L

T= & NJmm”~

W= Sskn: SsxppdN.

DTO Fd len gt o Simhle drandvtrse Alled weld
= Wafae o 80ffﬂ(ff
Jy e 675 mm

2) Load Corrred & SMgle Tramows se Allefweld
.w(\t : Wy e 0‘707X@X<Q/X {{{

070770 ox %6 % g
S)Lﬁctc} Cogried by dQ(LM’ Pasallel Allef weld

Wr s Wee 2re707% drdex T
= &R0 909% fox dek o
e bow fhel ol load Qoatred b plaf¢
U‘) = l}‘)f’wa
ssudd = adoxie® + 707 Jo

&E03 - 33 4oR[08 = T07 Jo
A0 R = 700 do

19 B ]

iL’@% 65YT)77) W’Oj

R dfm% ! @%@pf% of weld owny pg mm Showld be adde d

Given Im

Im

2m

2m

2m
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b)

Failure of & Rivelded doimt

) Teariny of fhe Ptc of 99 dge-

A domd Moy fai| due o
'Hfl'T"ﬂ% 0] Hhe Nﬁe at an
edje Shawn i 4y
Thie Can be ayoided by

keeping the mary

M = 5d
Where d 1y the diametor of
the yivet hole,

2) Teavig of the laf ac3060 g o of Tieds:-

The Yesislance offcd by the
f?louke agangt "%Gumy) I's bnodn av
vy Tesistance of the platt

Led po= PHC‘« af T{W{u/‘

d = diameter of Tivet hale

{= ‘H\I‘C(Wﬂeo"a o ?{"i‘{

{{ = Permidsible dngile Speue

Lo ‘
d = diameder .04 Hhe Yived hole
T = Safe poymissible MU«

/\S%_»;D N = Numbev 0-/ rivelo

Shearmy MSiglance offed by Plafe
fo = nx g Rd ez 81‘%1?&5%1

r

: hmx_}rxﬁm,,gom Sheay

Failure 6m

(any 3
types)
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T i of e ok

Gomelinee the yivde do 1ot Artually

tmsile Gheow bt am ewshed o Ghan .

Yhd becames oo Q?M?GJ 5§ hemce dhe doid become loase,

dehl\ﬂg) TeoIance of fhe vivet
tef o= d[o\mgﬁﬁ of yivet hale
1= Hhicknese of Plofe
b= Cuahing gfeoe
M Mo of Thede Per plich

E%‘d%@ of Tivttted Jund: -
M= Raotof fy, B and Pe
Actual Gfrenith of Plafe

Px{xg,t -

Whert :
o PHeh 0f Tivee

t = Ahicpnecs of f’(W
([t ~ pamissisie FNGIle Oheos of fhe Plafs

Shear off under
dJue & dhie

2m

2m

(dia)
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1>7hfc!cﬂe(m of boller S hell
L
\ 2 6L RNy
t = thicbneco of boiler Shely
P2 Steam Preosury 1) boffey
d= Pteyma diameter of borler Shels
(1= Pevmissible Hmale Shegy
T = Eqﬂrffm‘efncf of the Jomi
2) Dlamedy of Tivtiv
d= §€Jt -~ Whemy £ D 8™mm
Ji < 8™ them “’7)‘“*%@) fis = P
b el FIRI
Ps = m x%ﬁ JdER T
9) Piich of Rivetv

Y] < = j)! i ‘“1
P
Pi Cam be obtoined Adom thig vefadang hrp

§ Jrax < Cxd £ 4128 mm
t=thicknewy of Shell plafe

A+ | ™

C: Comdtamt
@Am,‘@{&mce between WW« of Vitde. .
0:33pP + 067d - - Zuf Zep Riveddn
vt s 2%4 C}]CU\?’) Qfmﬁ}i?]%
6) mfﬂiz:nf, ‘
o o= I (\2

6m
derivation
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5) Attempt any TWO of the following: 2x8=16
a) | Advantages:- 2m
1) Screwed joints are highly reliable in operation. (any2)
2) Screwd joints are convenient for assembling & dissembling.
3) A wide range of scred joints may be adopted to various operating conditions.
4) Screws are relatively cheap to produce.
Disadvantages:-
2m
1) The main disadvantage of the screwed joints is the stress concentration in the threaded
portions. (any2)
2) It becomes loose because of machine vibrations.
3) lIts strength can not be compared with other joints.
Bolts of Uniform strength:-
If the shank of the bolt is turned down to a diameter equal or even slightly less than the core am

diameter of the thread (D) as shown in Fig. (b), then shank of the bolt will undergo higher
stress. This means that a shank will absorb a large portion of the energy, thus relieving the
material at the sections near the thread. The bolt, in this way, becomes stronger and lighter
and it increase shock absorbing capacity of the bolt because of an increased modulus of
resilience. This gives us bolts of uniform strength. The resilience of a bolt may also be
increased by increasing its length.
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b)

de = 28 MM
J = 430 mMmm
Pz B-6S N/m’“)l
il 20 Nt

D Cove diamefer of 6ol

de - O‘8§Cﬁ°
(L2 {

2) Totad v et foad ety omy the Cylinder
Wy = ?x§3<f\

T 8688 TZ,FX ({300)1,

B G594 R19N |

3) L9 od Qc{w‘ﬂ% a1y €ach balt

AR = {)\"T) Rl e ¥
L cs, (3
41) Wre g fnow Hhot
é{ = 71;] =
?(c}c)L

b e gt L o™
B
BT o
Equoding o4 » 4+
¥ - Idmy 0 m B

L3 498 K199

Therefore n=12

Given Im

Im

2m

2m

2m
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Stresses in Pipes:

The stresses in pipes due to the internal fluid pressure are determined by Lame's equation.
According to Lame's equation, tangential stress at any radius x

6t ={[p (ri)’] / [(ro)* ~(ri)’] } {1 +[(r0)* / x°I}

And Radial stress at any radius x

6r ={[p (ri)’] / [(r0)* —(ri)*] } {1 - [(ro)* / ']}
where p = Internal fluid pressure in the pipe,

ri = Inner radius of the pipe, and

ro = Outer radius of the pipe

The various types of pipe joints are as follows.

1. Socket or a coupler joint.

\ Socket

2. Nipple joint.

04
marks

for stresses

04

marks for
sketch any
2 joints
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- Nipple
Nipple joint.
3.Union joint.
T Couplet nut
7
7
b/
/,
7
Union joint

4. Spigot and socket joint.
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Spigot and socket joint

5. Expansion joint.

—— e T 2

N AU ‘l’_“{’“ ———
@ ®)

Expansion joints
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Attempt any TWO of the following:

2x8=16

Plastic Region

c
B D

Yield Pomt

Stress

Elastic Region

TMhmate Stress
or
Fracture Foint

Stram ——=

Description:-

Region O-A:- Proportional Limit
Point B:- Elastic Limit

Point C:- Upper yield point
Point D:- Lower Yield Point
Point E:- Ultimate stress point
Point F:- Breaking stress point

2m

(dia)

2m

S-N curve:-

$ S-N curve (fatigue limit)

Siress N

Cyeles of siress | N

www sithstech com

Consider a standard mirror polished specimen rotating in a fatigue testing machine &

1m dia
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loaded in a bending. im
The specimen is subjected to completely reversed stresses. A record is kept of number of
cycles required to produce a failure & results are plotted on Stress-cycle graph as shown in
fig.
Endurance Limit:- 2m
Endurance or fatigue limit is defined as the maximum value of completely reversed
bending stress, which a standard specimen can withstand without failure for infinite number
of cycles of loads.
b \ FBD 1m
) QD“faw)'ﬂ(;Lj FB8D of am emntiye duoco
4o kN 3okN
PO L e
e AAA € €3 Support
HA \ I ) reactions
Sl Meseeani 6 e
2m
Vi
Takmng, &fx =0 Takmy, &fy=0
Ha - lo=o \)H—4o~69«23+-ﬁe:»o . )
A = o kN (Va+Re ~@o Kkt 7. . orces in
L' L] _AtRe =Gorn |- - D any five
Todking £ M=o members
Goxt-8) +(39%48) ~( §&Re) ~ (Pox 269 +(20x 3 =0 5m
[Re-s3ickm]  Fom ex @ [V 3lsakn] (1m for
each)

:_fi?jgii':@‘\ Joing .A

PR Toking &fc<o
- Fx F%BSN)(YD +Vp -0 fag cosa the +M4 =0
PeoMes s -3igg "985 Cues e o <o

|Ps= -sersk]e  [Pc = 8o nn] T

Tcth% $fy=o ‘ T@k'\ﬂc% Eheo
e i e e + Recosso - g Cosga=0
" Go-fBeSings +3167 Singamo B ~14.5Gue +3F )00 <

L‘E;g 7 ‘_' 14 @EN] = [feo = ¢ ‘f‘{ff’ﬂ <
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The Method of Sections In the method of sections, a frame is divided into two parts by taking
an imaginary “cut” (shown here as a-a) through the frame. Since frame members are
subjected to only tensile or compressive forces along their length, the internal forces at the
cut member will also be either tensile or compressive with the same magnitude. This result is
based on the equilibrium principle and Newton’s third law.

Steps for Analysis

1. Decide how you need to “cut” the frame. This is based on:

a) Where you need to determine forces, and, b) where the total number of unknowns does not
exceed three (in general).
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2. Decide which side of the cut frame will be easier to work with (minimize the number of
forces you have to find).

3. If required, determine the necessary support reactions by drawing the FBD of the entire
frame and applying the COE.

4. Draw the FBD of the selected part of the cut truss. You need to indicate the unknown
forces at the cut members. Initially we assume all the members are in tension, as we did when
using the method of joints. Upon solving, if the answer is positive, the member is in tension
as per your assumption. If the answer is negative, the member must be in compression.
(Please note that you can also assume forces to be either in tension or compression by
inspection as was done in the figures above.)

5. Apply the COE to the selected cut section of the truss to solve for the unknown member
forces. Note that in most cases it is possible to write one equation to solve for one unknown
directly.
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