= 50, will be treated as malpractice.

ning blank pages.

, appeal to evaluator and /or equations written eg, 42+8

compulsorily draw diagonal cross lines on the remai

2. Any revealing of identification

Important Note : 1. On completing your answers,
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Fifth Semester B.E. Degree Examination, Feb./Mar. 2022
Design of Machine Elements - |

o= | £ ~ ‘Max. Marks: 100
ote: 1. Answer any FIVE full questions, choosing ONE full question fron
2. Use of design data handbook is'pérmitted. g kadeai o
} St =, Module-1
a. [Explain the factors which influence the selection of engineering materials. (05 Marks)

b. Explain codes and standards. List'any four organizations who have established specifications
for standards and codes. /%, ° (05 Marks)

c. A machine memtlaer 60mm diameter is subjected _tt‘)'combincd loading as shown in
Fig.Q1(c). Determine tl}e..maximum principal stress and maximum shear stress at point P.

r Y 3kn
e — - 1o
Ted KAlm
e
(N Fig.Ql(c) (10 Marks)
\.j_ “ % OR o

a. Explain even and uneven materials:with the help of Mohr’s’circles. (04 Marks)
b. State and explain the following theories of failure: 4 Aoy

(1) Maxm_um normal s&g@?theory @i) Maximum shca'rf's”t;éé’s theory

(iii) Distortion energy thgpny‘(liencky Von-Mises theory) hd (06 Marks)
c. A flat bar as shown in Fig.Q2(c) is subjected>to an axial pull of 100 kN. Calculate its

thickness if allow%le tensile stress is 180 MPa. Al

¢ AT —
_e." 19 ¥e 5 __,’
Qb ' E;S; Fig.Q2(c) ./ (10 Marks)
%  Module-2 *

a. 5btﬁn an expression fo%act stress induced in'a member subjected to axial load.
Y 4 L (05 Marks)
0 steel rod 1.5m to resist longitudinially an impact of 2.5 kN falling under gravity at
a velocity of 0. m/s. The maximum computed stress is to be limited to 150 MPa.
Determine theidiafneter of the rounds od. Take E =210 GPa. (07 Marks)

c. A beam of<l-section 250mm def:g‘l)has a moment of inertia of 60x10® mm®. It is simply
supported {3& ends at a distance of 3m apart. A weight of 3 kN falls at its middle from an
unknown height. Determi@'e safe height ‘h’ taking the allowable stress as 90 MPa. Take
E =210 GPa. c-) (08 Marks)

OR
a. Obtain Soderberg’ relation for a member subjected to fatigue loading. (05 Marks)
b. A steel connecti of rectangular cross-section having depth twice that of the width is
subjected to a etely reversed axial load of 18 kN. The endurance stress is 300 MPa gnd
yield stress is 420 MPa. Determine suitable cross-sectional dimensions of the connecting
rod. T ize factor = 0.9, Load factor = 0.7, Surface factor = 0.85, Stress concentration
factoré)% Notch sensitivity = 1. Factor of safety = 1.8. Neglect column effect. (07 Marks)
1of3
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&



= ircular cross-section shown in
c. A steel rod (Oy = 400.1 MPa and G-1 = 3452 MPa) of circu
Fig.Q4(c) is guly)jected to load varying from 3F to F. Determme the value of F. Use a factor
of safety 3. Take stress concentration factor = 1.4_3, q5 1‘;

L

-, if
109‘;;(——Aé’ 200 .

+Fig:Q4(c)

Load factor = 1.0, Size factor = 0.85‘,’5‘Surface factor = 0.85. ' (08 Marks)

e ———— . y . .
A commercial steel shaft'1m long supported between: ‘Bearings carries a pulley of diameter
g and receives

600mm weighing 1 KN“located 400mm to the right of the right hand bearin .
25 kW at 1000 rpm by.2 horizontal belt drive. The power from the shaft is transmitted by 2
spur pinion of 2()f‘fpr‘¢ssure angle having pitch circle diameter 200mm to a spur gear such
that the tangential force on gear acts vertically upwards. The pinion is keyed t0 the shaft at a
distance of 200mm to the right of the left bearing. Taking the ratio of belt tensions as 3,

-

determine ‘the diameter of the shaft required. Use maximum shear stress theory. Take
T4 =40 Nimm”. (20 Marks)
OR
a. Select a rectangular sunk key to/transmit 9 kW at 300.rpm. The yield stress for the steel used
s 310 MPa. Take factor of safety as 2.5 e ¥ (06 Marks)
b. Design a rigid flange co;;lf;iihg (Un-protected)}o.,ﬁtfﬁh‘émit 18 kW at 1440 rpm. The allowable
shear stress for CI flange-is 4 MPa. The shﬁﬁ?,;keys and bolts are’made of annealed steel
having allowable shear’stress of93 MPa. Take ‘allowable cmshiﬁg stress = 186 MPa for key.
Take key way fadf%n —0.75 forshaft, ® o C (14 Marks)

‘Module-4 __

a. Designa ngitudinal joint for aboiler of 2m diametersubjected to a pressure of 1 MPa. The
joint 1 %le riveted butt jg' t with equal covetsl;&g\x}d'efﬁciency of 85%. The pitch of the
outer twice the pitc e& #er rows. The arrangement is of chain type. Take allowable
stress in tension = 117. ok’ in shear =0.6 N/mm” and in crushing = 176.50 N/mm’.

& coefficient ki = 6 an ‘corrosion allowance of 2 mm. (12 Marks)

b racket attached tﬂ‘ﬁeﬂical column byymeans of four :dentical rivets, is subjected to an
ccentric force 0 as shown in gig.Q7(b). Determine the diameter of rivets, if the
permissible shear stress is 60 N/

lRes %

K100 95 kn

& Fig.Q7(.b)‘ (08 Marks)

2 of 3
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4-;:4,»:,,.
0, R
N\ g

OR N

=

Qisa A welded connection as showp in Fig.Q8(a) is subjeé’f to an eccentric force of 60 kN in
the plane of the welds. Determine the size of the vgeld%,? the permissible shear stress for the

weld is 100 N/mm’. Assume static conditions. &
;f"}i"‘g, 60KA

Fig.Qs(a) Q) (12 Marks)

b. Determine the load carrying < ity of a welded joint lodded as shown in Fig.Q8(b). The

allowable shear stress fo

9 a. Itisrequired to design a cottor joint to connect two ste eI'tods of equal diameter. Each rod is

subjected to axial tensile force,of 50 kN. Designthe int and specify»main dimensions.

(08 Marks)

Take permissible stresses g rods in tension = %, Crushing= N/mm” and for
cottor in tension = 100 5 ;&' gg) (08 Marks)
b. Explain self-locking n Mr SCIEWS. ® Vs (02 Marks)
c. A bracket is bolted assshown in Fig.Q9( e bolts are @me size and are made of
steel having all tensile stress of a and allo@
Determine the @ the bolts to be u% o

shear stress of 52 MPa.

o

22

BN

' ,—)
1

kivg) elgt
(10 Marks)
OR
ed to raise the load in power SCIEWS. (08 Marks)
*knuckle joint. (02 Marks)

ised by a single start square threaded screw rod of
, i d of 6 m/minute. If the coefficient
the power required to raise (lift) the machine. The
st collar are 30 and 60mm respectively. The

$ (10 Marks)



18MES2 - Design of Machine Elements- 1 Feb 2022
Answer key

Module 1
la. The choice of materials depends upon the following factors
a. Availability of the materials.
b. Suitability of materials for the working conditions in service
c. The cost of materials.

1b. Codes and standards:

Codes are a set of specifications for the analysis, design, manufacture and construction of something.
The main purpose of code is to achieve a specified degree of safety, efficiency and quality.

Standard is the set of specifications for parts, materials or processes intended to achieve uniformity
and specified quality.
Some organisations for codes and standards include American Gear Manufacturers Association (AGMA),
American Society for Mechanical Engineers (ASME), Society of Automotive Engineers (SAE) and
American society of Metals (ASM).

Ic.
gy ' 300 mm 3kN
3iven data: Axial load, F; = 18 kN = 18000 N / < 1
Transverse load, F, = 3 kN = 3000 N Amem e 18 kN
Torque, M, = 1.2 kNm = 1.2 x 10° N-mm. = \/1.2 M
' Bending moment due to transverse load, M, = F;'! ' P :
: 0
M, = 3000 x 300 = 900 x 10° N-mm ks
YA Fig. 1.36
Direct tensile stress, 6, = —- = = 6.37 MPa
. A (R~ 2
(5
4
This is tensile both A and B.
e ki M,-C
Bending stress due to transverse load, 65 =
c=2-9 _30mm
2 2
4 4
- T _TX60 _ 3617 x 10° mm?*
JBE .
3
oy = 2010 %30 _ 4544 MPa
636.17 x 10
This is tensile at A and compressive at B.
- Total tensile stress at A. : :
0, =0,+ 0 =637 +4244 =0,
o, = 48.81 MPa
M;r
Shear stress, T= Ty, = i
4 4
a_0 LA O
re g e T e

6
b T 12_><10_><_£6%)_ = 28.29 MPa
ol (n(60)

32



Maximum principal stress,

juy

o) = —[G h/ﬁ]
-1-[4881+ 48,817+ 4(28.29) ]

I\J

2
= 61.77 MPa
: i 03 o 2
Maximum shear stress, Coicot = 3 o +47,
%,/48 812+ 4(2829)° = 37.36 MPa
2a.
y A
1 + oy
2 i -\?\--,—. I
Tmax | failure line /'/. ."v 2 ."::-\L..___ ulore lin
’ ..,' '.'-. y P ; ._.,\::»\\.-. na
f 4\ | I & \/ /. x s,
sy g } S e [ R | [0 Ao
compression L,Nk } » | compression - "'_) l:| \lhu ~‘~—I0 - —- - =
test o/ fest _/" I‘," test v ,". test \ ____._.--"-'
: g A:;_."_'_,,_-""':_. flure line
¢ _;/ 75
(@l An even material — S, Sut S

B) Anuneven material — 15,1 > IS,

Brittle materials can be classified into two classes: even and uneven brittle materials. Even brittle materials
generally have compressive strengths equal to their tensile strengths. (Most ductile materials, which we’ve
discussed earlier, are also even materials.) This can happen with wrought materials, like some tool steels, or
other metals which have undergone hardening. (Many ductile metals can be worked to increase their
hardness - this frequently leads to them becoming less ductile and more brittle.) Even brittle materials can be
evaluated for failure by comparing their maximum normal stress to their tensile strengths.

Uneven materials have compressive strengths greater than their tensile strengths. This is typical of many
materials which are cast. These materials normally contain microscopic voids due to the casting process.
When they’re subjected to tension, these voids can produce stress concentrations and lead to rapid fracture.
However, when they’re subjected to compression, the flaws of the casting are pushed together and their faces
can support each other, allowing the material to survive much more force before failing.

The Mohr’s circle on the left hand side shows the stresses seen in tension and compression tests for an even
material. The one on the right shows the same two tests for an uneven material. The important takeaway
from this is that, for uneven materials, their normal and shear strengths are interdependent.

2b.
1. Maximum Principal Stress Theory (Rankine’s Theory)

According to this theory failure of a component takes place if the maximum principal stress
at any point exceeds the ultimate or yield point stress.

If the principal stresses acting in the three directions are oy, 0, and 05 and if 6; > 6, > 03,
then the design equation is:

Oy

~Fos

(o, = Yield point stress)



1
and o) = ) [(o, + o)) + \/(ax - ay)2 + 41’3y

o,
or o) = = o, = Equivalent stress or Allowable stress
1 FOS
S0, = ) [(6, + o)) + \/((rx - 6),)2 + 47%. (5.20)

2. Maximum shear stress theory

Condition for failure,
Maximum shear stress induced at a critical > Yield strength in shear under tensile
point under triaxial combined stress test

T T

Y
Tmax < FOS Of Tpax = FOS

S; Oy Oy
incer,=—, 7, A = ————
Yoo MY FOS

= 0, = Equivalent or Allowable stress.
This theory is mostly used for ductile materials.
3. Maximum distortion Energy or Hencky and Mises Theory

According to this theory the cause of failure is not total strain energy. Part of the strain
causes uniform extension and the remaining part causes shearing action, known as shear energy or
energy distortion.

Thus this theory states that failure occurs when the strain energy of distortion per unit
volume at any point in the machine element becomes equal to the strain energy per unit volume in a
standard tension test specimen, when yielding start.

In tension test,

0,=0,=0,;0,=03=0.

yt 2
(a) For Bi-axial Stress state:
Oy 2 2
(FOS) =0 t+05, — 010
(b) For Tri-axial Stress,
Oyi 2 2 2
(FOS) = 0 + 05 + 65 — 010, — 6,03 — 030,
2

\ d “'/J_—\Qr__
2o
Joo %) |
7\ /
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Module 2

3a. .
IMPACT STRESS FROM AXIAL LOAD

Ref Fig 5.1
W = weight of the falling object, N

h = height of fall, mm

I = length, mm
A = area of ¢/s, mm '
8., = maximum instantaneous deflection under impact, mm

8s; = static deflection (deflection under static load W), mm
E = modulus of elasticity, MPa

Vol = volume = A.l, mm® )
= maximum stress under impact or maximum instantaneous stress or impact stress

2

Gmax
' o = static stress = L.
2
U = resilience or energy stored.
Figure 5.1 shows a weight W falls form a height of ‘i on to an element of cross sectional are;

A and length |
8,,.ax = Max instantaneous deflection under impact.

Potential energy, PE = mg(h + 8a) = Wk + 8)
Equate this resilience, U = unit resilience X Vol

2irf T . : 50
For axial loading,” U ="2'gE -vol

6 iriin 0'2 .
For impact, U = —2"1'5& -Al
gz“l"l Al =W(h + 8,,,)
2k ‘

Gmax

=W (14 800

ut E =0
P_ A ST
For axial loads, deflection = Change in length
s _ ol
AE E
' O ax !
Spnax = ‘“E"

Substituting, 62, = 20§TE (h + Omax 1)
E

0_2 - ZGSTEh

R0aX 1 T 2000,
G'Znax - 20570 = 205;- Eh
Add 6572 on both sides
2641 Eh

: .
020 = 2657 Opay + O2p = O2p + ;

- {0 2]
osrl



3b.

Taking square root on both sides

= 1+ L

Omax = OsT = Osr GSTI
: 2Eh
Opmax = Ost + Ost 1+6511

W,
Again substituting A ST

= 2

and 8= " = Ggl st

1+£’1 :
Gpmax = OsT| 1+ Sy

Givendata: | =15m=1500mm, = W =25KN=25xW'N
=09925m/s, - Gpmax = 150 MPa
Findd =?
To find height of fall ‘¥

We know that v* - u? = 2as
For falling under gravity, u=0, a=g, s=h

V2 _ 09925°
V=2gh=h=— = = 0.0502
Bl 2g., 2x9.81  o02m
height of fall, h = 50.2 mm
Assume, E = 210 x 10° MPa
| . W 2hAE
Impact axial stress, 6., = a (1 +. 1+ W)

[ 2n
90 = 4.6875( 1 ‘/1
° 5( ’ +0.1339]
9

e J1+14.93(h)

h=2212 mm.

VI G e




3c. 2. Ead
T
‘ 1/2

1/2 P
I=3m

LA
=
o

Fig. 5.7

d = 250 mm

I =60 x 10° mm*

1=3000 mm

W=3kN=3x10°N

E = 210 x 10° MPa
Opmax = 90-MPa

For bending, irhpact stress, O max = O'bsr[l + fl + 81}1) : wsl
: ST

_ MmC
st

For simply supported beam with central load (T 2-8/F
) 3
M, = 21 - 300 3000-=2.25><_106N-mm

siven data:

4 4
i 250
Comtle o X e
2 2 mm
9 g . '
- 2D XID o iPa

Opop = —m—
o 60 x 10°

13

. : Wi o
Static deflection, 8¢ = 28EL for simply supported beam with central load

(T 2-8/P2
3000 x 3000°
= = 01339 mm
ST 48x210x10° x 60 x 10°
4a.
- A Soderberg's
44 DERIVATION OF SODERBERG'S RELATION o failure Fine
Safe Soderberg's

line

Figure 4.3 shows a graph drawn for o, V; G, Line AB is T‘ 014
Soderberg's failure line. Line CD is safe Soderberg’s line. &
Consider any point P(c,, k.0, on line CD. Drop a =

perpendicular PE from P.
Als COD and PED are similar 6} E u B
y G,
PE _DE o ’
oC OD Fig. 43

But DE =0D - OE



PE _OD-OE_. OE

e e e,
oc OD ~ OD
PELOE
, oc 0D
where PE =y coordinate of P = kG,

OC = c—ld ’

OE = x-coordinate of E = G,

OD = Gyd

Substituting
kea , Oy g
G-1 O
where, 6, = M, 6. = Omax* Omin
2 B 2
Glqy™ O_1kiksk, = o,
FOS - HOB
FOS = Factor of safety.
4b.
Given data: - Rectang_uiar cross-sectiond =2b
Completely reversed load of 18 kN = 18000 N
F,, =+18,000 N
Fpin =-18,000 N
o_; =300 MPa o, =420 MPa

FOS = 1.8 Size factor, k, = 0.9

For axial loads, load factor, k; = 0.7
Assume surface factor, k, = 0.85
Stress concentration factor, k; = 1.5

Since notch sensitivity is not given, k;; = k; = 1.5

o 420
=Y
= ——=—— =233,
%= F0s 18 .33 33 MPa
oy, = Stk _ 300X 07X085X09 _ g9 55 vpa
FOS 18
‘ ial load, ¢ = L
For axi . 0
o = Fmax _ +18x10°
C.. = Pmin = "18)(103
O max + O min :
Mean stress, G, = =0
: 18x103'_[—18x103j
Amplitude stress, 6, = cmax—;omin_ = A [ A
. 2
_ 18x10°

A



Applying Soderberg's relation
ksOs , Om -
614 Oy

18 x 10°

x————+0=1
Ax89.25

1.8

, A =363.025=bd=bx2b
width, b =13.47 = 14 mm

}( depth, d =2b=28 mm.

4c.

e v

=+3P _
Fun = - P (opposite direction)
] = 200 mm (upto change of ¢/s)
D=60mm, d=30mm r=6mm
c,=6208MPa, ©,= 4001 MPa, o©_=3452MPa
FOS =3 ' ' : "

Jiven data: Frrax

For bending load,
Load factor, k; =1

Assurﬂe size factor, k, = 0.85
Surface factor, k, = 0.85

. 620.8 _ 506.93 MPa
FOS 3

_ o, 4001 _
Oy = o=y = 13357 MPa

_ O-1kiksk; 3452x1x0.85%0.85
FOS ‘ 3 .
Mimax = Foay-1 = 3P x 200 = 600 P
My min = Frin I = P x 200 = 200P
C=4d/2 and I=nd*/64
For bending loads stress, ¢ = MC
1

=83.14 MPa

O.1q

o My, 600px2
) S 1t304 = 0.2264P
64
Oy, = MomaC._=200p 0

=2 =
' T M -0.0755P
) 64



Mean stres, G, - Oaus O _ (02264 ~0.755)P

2
O,n = 0.0755P

Amplitude stress, 6, = Omas ;om - [02264 - (- 0.0755)]p
2 .

6, =0.1509P '
From Fig. 3.13 stress concentration factor .(Fig. 4-21 A
r_ 6 D _60
E - %=0.2, E=3—0=2, kc =143
Since notch sensitivity factor is not given,
ke =k,=143
From Goodman’s relation

q=1

k.0, ©
M.;._m:l

O_.14 Oy

1.43 x0.0755P  0.1509p A
- 8314 206.93
P=49314N

Module 3

» diameter is
) . i i d torsion and hencethe shaft
o e is subjected to combined bending an
is sul
.The shaft 1
- = [ E(14.12)
’
D= = {(Kbe)2 +(K,M,) }2
% ] E code
0 MPa, for commercial steel according to ASM.
= 4 s
Ted
Where ’
K, =15, K, =1
To find M, the torque
Consider the pulley

T 8 0.3)<180X118:0 =2.57
: _l_eg¥=e
Ratio of belt tensions 7-,2

Hors Tll = Tmax = 3000N

T, _3000 _1167.32N
Therefore, T= oMo ' 2.57..



Hence torque, M, = (1 - T, ) pulleyt

600
= (3000-1167.32)——

2
= 549804 N-mm
To find M,, the maximum bending moment on shaft
Consider pulley 1
’ Horizontal load on pulley 1 = 0.

Vertical load on pulley 1~ =(H+T3+ w,)d
=(3000+1167.32+ 800) 4
=4967.32N {

Consider pulley 2

Horizontal load on pulley 2 = (T/+T3) =
To find T{ and T;

A TI
Ratio of belt tensions i‘L’ =2.57
: 2

Note: Torque transmitted by both pulleys is 'the same.
-Therefore, M, )Pulleyl =M, )Pulley2
549809 = (T} ~ T3t

- (2571 - T3) 20
T,=875.5N
Ty =2626.48 N
Horizontal load on pulley 2 =3501.98N —

Vertical load on pulley 2 = Wp, L =1000N |

Vertical load diagram :
RAV + RBV = 4967.32+ 1000

=5967.32N T

anti Taking moments about A, and equating the sum of clockwise moments to sum of
ticlockwise moments, ‘



Pulley 2

_ Pulley 1 ]
Bearing 4 =] Bearing B
X D
| 300 mm —=f=—— 400 mm —=}=— 300 mm~l
l4967.32 N 11000 N
A
Ry=3TT1.12N Ryy=21902N
{
3777.12 X 300 2190.2 % 300
= 1133136 N-mm = 657060 N-mm
B |
0 3501.98
4 | |
Ryy=1050.59 N Rpy=245139N
245L3Jx300
105059 x 300 X
B
My, = My, =
11761521Nmm 985187.6 N-mm

Rpy x1000 = 4967.32 x 300 +1000 x 700
RBV = 2190.2 N
. Byy =3777.12N

Therefore,

Vertical BMD
Bending moment M, =0 at bearing A and B

M, at pulley 1

M, at pulley 2
Horizontal load diagram

RAH + RBH = 3501.98 N
Taking moments about A,

Ry x1000 = 3501.989 x 700

3000N

Vertical
load diagram
(VLD)

Vertical
bending moment
diagram (VBMD)

Horizontal
load diagram
(HLD)

Horizontal
bending moment
diagram (HBMD)

Resultant
bending moment
diagram

=38777.12x 300 N-mm = 1133136 N-mm
=2190x 300 N-mm = 657060 N-mm

Therefore, Rpy =2451.39 N
B R,y =1050.59 N
M,), puteys = M1 =1176152.1 N-mm
M,),. putieyz = Mss = 985187.6 N-mm
Therefore, M, = My, =1176152.1 N-mm (The maximum value)
Therefore, D= [ = {a5x1176152.1)" + (1% 549804)2}% ’
n x40
=61.74 mm
Adopt D=65mm



(0
Gven data: Power, P =9 kw,

. Speed, n = 300
4= 310 MPa, e

FOs =25

: c
le stress, 6 = —¥_ = 310 _
Allowable stress, ¢ =35 " 124MPa= g

assume T= 0.50 = 62 MPa = Tk
ith key way in the shaft assume, 1, = 0,751

T,=0.75 X 62 = 465 MPa.
955%10°P _ 955x10°%9

1: Torque, M, = K
Step q e 300 = 2865 x 10* N-mm
. 1/3
step2: Dia of shaft, d = [16M']
TTg
1/3
16x 2865 x10°
—\1 %465 ] —.31.54—-32mm
Step 3: Ref to Table 7.1, select standard key ...(Table 17-1/P 17.10)

For shaft dia, d = 32
Select, b = 10 mm
h =8 mm

Step4: To find length of the key

. _2M;
@ . Width, b T |
3
M = ]=12888
32xIx62 -

4AM

. = _.——t
(b) Thickness, 1 1o,

10 =

‘ 3
L qu— = 36.1 mm
32%x1x124

Reéommendéd length, [ =361 = 37 mm (bigger value).

. 955x10°P _ ~ )
Step 1: - Torque, M, =__n_—— =119.4 x 10> N-mm \‘
. ‘ 1 : 371/3
: 16Mt 3 _[16x119.4x10 _
Sfep 2: Diameter of shaft, d = ———nms d= ——’—n <075x93 .| " 2058 »
Step 3: No. of bolts, i = 0.02d + 3 = 3.44 = 4 bolts
Step 4: Bolt circle diameter, D; = 2d + 50 = 94 mm
Step 5: Bolt diameter, d; = Qj—fi— =55 mm
i

Standard diameter from table, 4, = 6 mm (M6 bolt)



Step 6: Check for shear stress in bolt:

D
Torque capacity of bolts, M, = ( d )tb 21

=t
1194 x 10° = 4(— 62] W
4 2

: T, = 22.46 < 1, allowable (93 MPa) safe.
Step 7: Design of hub: TR

(@) Hub diameter, D, = 1.5d + 25 »
D, =15x22 + 25 =58 mm
(b) Hub length, I = 1.25d + 18.75 = 46.25 =~ 47 mm "

Step 8: Design of ﬂange:
‘(@) Outside diameter of flange, D = 2.5d + 75 = 130 mm
(b) - Flange thickness, ¢ = 0.25d =55 ~ 6 mm

Step 9: Check for shear stress in ﬂange

Torque capacity of ﬂange, - M, =HnD,) @{&)
' 2

1194 x10° = ¢ (n X 58)‘tf X (528)
Shear stress in flange,

y =377 < X
7 T¢ allowabl
Step 10: Design of key f e (4 MPa) safe.

(a) Length of key = Length of hub 1 = 47 mm
) Width of key, p = 2N
dl‘l.'k

b = 2X1194>(103
2x47x93 ~248=3mm

 Thickness of key, 1 = 3M, _ 4x119.4x 103
(C) dlo'b 22><47x186 =2.48:3mm

oelect gtandard key from Table 7.1

b =3 mm, h=3mm

Module 4

Ta. .
Given data: Inside diameter of boiler, D; = 2 m = 2000 mm

Internal pressure, py=1 MPa
Efficiency, n = 0.85
Yield stress, 6, = 353 MPa
FOS = 3 for tension
=5 for shear and

= 2 for crushing
' 353
- ¥y -
._—_._=1
Gt 17.67 MPa
c 353
Y.
1=—L =22 =706 MP
R85 B T MEa
c 3
o, = — =—53—1765M]°a



Triple riveted double cover butt joint wi
pitd‘ of inner rows. _
The joint is shown in Figure 11,25,
im e
L =
@we OO0
L=0 1221121172
ip=1+2+2=5 ? ‘1.“1 OO
WY Sl VaVer
D
OO0
Sleleeiele
LT ol
Fig. 11.25
From Fig. i, = 0 (o signal shear)
i,=1+2+2=5 rivet/pitch
N prl +C
Step1: Thickness of the plate 7= 5;1—0:,

ance, C =2 mm .
h=__}1%‘l°°,—+2=11.998:12m :
2085 x117.67

Assume corrosion allow

Step 2: Diameter of the rivet :
P 4= 6Jh to 63vh

d= 6J1'f to 6312

= 2075 to 21.82.

rivet, d = 22 mm and rivet hole diameter,

: ter of the
From Table: 11.1, select standard diame

dh =23 mm.
S . Pi
pr 3: Pitch I 1875 X 5)1[ X 222 % 70.6 +23= 201.18 mm

(0+18
875iy)md’ +d,.-'( 2x12x117.67

_ (i +1 £
(a) P 4h0'9

(b) p = Kh + 40 for double cover butt joint with 5 rivets/ pitch,

From Table 11.2, K=6, -. ~ . i ?
p=6x12+40%112mm

Pitch, p = 112 mm

Step 4: Transverse pitch, p, =2.25d = 295 x 22 = 49.5 = 50 mm

Step 5: Margin m=15d =15 x22=33 mm

Step 6: Thickness of cover plates,

For equal covers, hy = hy = 0.625h = 0.625x 12 = 75 =~ 8 mm

Step 7: Efficiency

_pdy _112-23 _ (7946 = 79.46%

a) For the plate,
(a) For the plate e bt =

_(h+ 1.875i,)nd’1

For the rivet in shear,
(b) shear, M, P

2
= (0+1.875x5)m x 22 x70.6 _ 1.5909 = 159.09%
4x112x12x117.67

(iz +1; h—hz)cc

i+iﬁo+o
217 [0 T O

(c) For the rivet in crushing, n.= (

(5+0)176.5

Ne= 5+0)1765+117.67 08824, 520k
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8b.

given data: Size of weld w =10 mm

t=wx0.707 = 10 x 0.707 mm
e =900 mm '
d =50 mm
T =50 MPa

length of the weld = 4 = n(50)

step 1: Direct load/unit length of weld

- = 6366 x 10°P
47 x50

Step 2: Normal load/unit length of the weld

Ref. Fig. 12, Table 12.3,

Z_T=T= 1963.5 mm®/mm
P x900

= = 0.4584P

Pr 1963.5 il

Pr=P? +P2 = [(6366 10~ P)?+(0.4584P)2
Py = 04584 P

0y R
stress

Step 4:  Thickness of the weld - t=

7.07

_ 0.4584p
50

Load capacity, P = 771.16 N.
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%. Self locking and over hauling of screws

The torque required to lower the load

dy
M, = W.T.tan ()

In the above expression., if ¢p < a, then the torque required to lower the load

will be negative i.e the load will start moving downward without the application of
any torque, such a condition is known as overhauling of screws.

If ¢ > a, then the torque required to lower the load will be positive i.e., an
effort is applied to lower the load, such a screw is known as self locking screw.

9¢. Bolted Joint
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10a.

-5

n.d,

If one complete turn of the screw three be, unwound from the body and developed,

it will form an inclined plane as shown.

l
ﬂ.dz

tana =

Since the working principle of screw jack is similar to that of an inclined plane.,

From above figure.,

Ry = Normal reaction
URy = Frictional force

For equilibrium of horizontal forces.,

F =uRy cosa + Ry sina
For equilibrium of vertical forces.,

W = Rycosa — uRy sina

Equation (—.,
2

F  pucosa +sina

W  cosa — usina

cosa + sina
oW, [ﬂ—]
cosa — usina

F=Wlﬂ + tana]
1 — utana

Torque required to raise the load.,

-> (D)

-> (ii)

(Equation 18.27 DDB)

Also., U = tang

M, = Wﬁ tang + tana
s 2 |1 — tangtana

d,
M, = W.T.tan(¢+a)



10b. Applications of Knuckle joint
1. The joint between the tie rod joint of a roof truss.
2. The joint Tension link in bridge structure.
3. Tie rod joint of the jib crane.
4. Link of roller chain, bicycle chain, and Chain straps of watches.

10c.

Solution: .
To calculate power required (N)

N
Torque Ml = 9550)(; N-m

_Mpn
Therefore, 9550

Where M, isin N-m

n = Speed inrpm

N = Power in kW oot B
For square threads, torque required to raise load W is given by

-wl% taha+uJ+ucdc]
M'_W[2 l1-ptana) 2

Where W = load = 20 kN = 20x10°N

—_—

dy = Mean diameter of screw = 3
For square threads,
d=d, +p . .
i 50=d,+8 ‘
d, =42mm
Therefore, Mean diameter

=-5£;—4—2=46mm

lead
tano = ——

ndy
Lead = pitch since single start thread) = 8 mm

; 8
= =0.05536
Therefore, tano %46 :

u = Coefficient of thread friction = 0.2
u. = Coefficient of collar friction = 0.1
d, = Mean diameter of collar '

_% outside + % Jinside

2
=45 mm

~ 60+30
B .2
46( 0.055356+0.2 | 0.1x45
M, =20x103| = :
. Therefore, jod N o : [2 (1—0.2x0.05_536) 2 ]
=163780 N-mm. - i
=163.78 N-m




