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01(a).
Sol: Given forces are
20 kN, 50 kN, 20 kN, 50 kN
. Resultant force Fr = 20 + 50 + 20 + 50
F, =—140k (kN)
Moment of the force system about origin,

+T, xF, + T, xF, + T, xF,

'I'Il

M, =T x

=(4I+3j) 50K +10 x —20k +11jx ~20K
+ (107 +13])x ~50k

=200j—1501 + 200 j— 2201 +500 j— 650 i

M, =-10201i +900 ]

M, = (xf+y])>< ~140k

—1020 1 +900 j =140x j—140y i

Equating i & j components,

weget y=729m &Xx=6.43m

01(b).

Sol: The reaction at the support B and C are
given as
Rg=Rc = W(Ll +%j

wL?
2

at Lﬁ% maximum positive bending

moment occurs and is equal to

2
LYL w L

—--(1)
and maximum negative moment occurs at C

at distance L; from D,

wlL?
Mmaxz :( 2 1}

Equating (1) and (2)

2 2
w L1+L Ll w L1+L _ WL,
2 \ 2 2 2 2
L L2
W |_1+£ L L L wh,
2)2 2 4 2

2
ﬂ(l—l"'kj L_Ll :WLl
2 2\ 2 2

(o8]

|
TR —l—

Applying Equilibrium conditions
T=Ta+Tg—> (1)

OAB:O

L L
nz) 1) ne

2) . 2) Ty(L X):O
Glp, Glp, Glg,

If, TA=Tg=>Ta=Tg=T/2 [ given]

| ACE Engineering Academy Hyderabad | Delhi | Bhopal | Pune | Bhubaneswar | Lucknow | Patna | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata | Ahmedabad |




N . Engineering Academy :3: ESE-2019 Mains Test Series
at) o]
= X—-|—|-L+x _Gxx+cyy G ny 2
2, 2 _0 O3 > t \/( > +1
IPa IPb
3 )2
L ZX_(ZJL o, 915240 i\/(91.52 oJ (503
L-}—— =0 2 2
IPa IPb
c,; =45.76 £68.00
(3 e (L
2X (2)"_ log 2) o, =113.76 MPa
2x=§L—|ﬂ(£j o, =—22.24MPa
27 1, \2
P c,=0
oy 5{3_5, The maximum shear stress theory
4 Pa
N=—2v - 280 = 2.06
c,—0, 113.76—(-22.24)
01(d). The distortion energy theory
Sol: In such problem, first determine the stresses G
. . . N = Y
for each loading condition. Using the \/(01 —02)2 4 (02 —03) 4 (03 c51)2
principle of superposition, determine the 2
combined stresses and hence state of stress N 280
on the most critical section. \/(113.76 ~0) +[0—(-22.24)F + (- 22.24 -113.76)
Stress due to axial load F = 30 kN 2
280
N=——=222
o, = 2 _4x30000 _ g g63N/mm? 126.4
nd ntx 45
Due to bending moment M = 650 Nm
32M  32x650x10° OLE).
X X
o, =—7 = —— =72.657 N/mm’ Sol: Given:
nd nx(45)
Fmax = 250 kN, F., =100kN,
Due to torque T =900 Nm
s S, =225MPa, c, =280 MPa,
. 16T 16x900x10 5030 N/ mm?
Y oomd® ax(45f factor of safety N = 1.8, w =120 mm.
Combined stress on an element is Let the plate thickness be t,
This is a plane stress case, Cross sectional area of plate A = w.t
— 2
G, =9152MPa G, =G, =0 =120 tmm
3 3
T, =50.3MPa T, =T, =0 Crax = Frox _ 290107 _ 2.083x10
A 120t t
The principal stresses are o F, 100 «10° ) 0.833x10°
A 120t t

| ACE Engineering Academy Hyderabad | Delhi | Bhopal | Pune | Bhubaneswar | Lucknow | Patna | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata | Ahmedabad |




SR ACE
‘1.‘ | b;‘EngmeenngAcademy

MECH _TEST - 2 _Solutions

Mean stress is

1

Onm = E(Gmax + Gmin)

1 (2.083 x10° 0833 ><103J ~ 1.458x10°

o=
mo2 t t t

Variable stress is
1

G, = _(Gn’ax _Gmin)

2

. _1[2.083><103 ~ O.833><103j _ 0.625x10°
*2 t t ot

Using soderberg design criterion

O, On_1
Se o, N
0.625x10° 1.458x10°

1
+ R
225t 280t 1.8
Solving , we get
t=14.37 mm = 15 mm

02(a).
Sol: Let the block of mass m hangs from the

point P by a string attached to the hinges of

the two ladders.

Newton’s second law gives the tension T in

the string as T = mg. By symmetry, string

tension pulls down each ladder by a force.
T/2 = mg/2

By Newton’s third law, the reaction forces
acting on the two ladders at the hinge point
P are equal and opposite. These are shown
by R; and R; in the figure. By symmetry, the
normal reaction N at A and B are equal, the
friction forces f at A and B are equal in
magnitude but opposite in direction. Another
force acting on both the ladders is their
weight Mg which pass through their centre
of mass. In equilibrium, the resultant forces

on the two ladders are zero i.e.,

N+R;—Mg-mg/2=0 .. (D)
f=Ry, .. (2)
N-R;,-Mg-mg/2=0 ...(3

The equation (1) and (3) give R, = 0 and
N = (M + m/2)g. In equilibrium, the net
torque about any point is zero. Thus, the
torque about the point P for the left ladder is
Mg(L/2) cosb + fL sin6 —N L cos6 =0 ... (4)

Substitute N = (M + m/2)g in equation (4)
and simplify to get

f:(M;mchote

02(b).

Sol: To find the reactions Ra and Rg.
To find the reaction Rg, taking moments
about A.

RBx8=4x3xg+6+4x6

RB=6kN
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Similarly, to find the reaction Ra, taking

moments about B

Rax8+6=4%x2+(4x3)5+1.5)
Ra=10kN

To plot the shear force diagram

4 KN/m 4 kN
N eim |
AA:—X—»l D |C 4 E B
Ra =10 kN =6 kN
i (a)
10 kN |
i
|« [T

25m 2!

I 6 kN

i (b) SF.D

Shear force at any section at a distance X

from A is given by

SF, =+10-4x
SFat A|_ =+10kN

SFatD| , =+10-4x3
i.e., =2 kN
shear force decreases gradually due to
uniformly distributed load, changes its sign
from A to D, and becomes zero when
(10-4x)=0 ie,atx=25m.

From D to E, the S.F. remains constant = 2 kN

SF_=10-4x3-4=-6kN

SFatsupport B=6kN T

The shearing force diagram is as shown in
figure.
To plot bending moment diagram

Consider a section xx at a distance x from A.

BM| = [+10x 4> } hox - 2x2]0<x <3

BM| =

BM]|_, =(+10-2)=8kNm
BM|,_, =+20-2(2) =12kNm
BM|,_, =+10x3-2(3)° =12kNm

To find the position of maximum B.M.,
differentiate the equation and equate to zero
(in the portion AD)

ie., M,

=10-2(2x) =0

- X =2.5m form support A.

Hence, B.M is either maximum or minimum

when shear force changes its sign, unless

and until it is not acted by external B.M.

Magnitude of maximum B.M.
=+10x25-2(2.5)*=12.5 kNm

BM|_yeror o) = T10x 4~ 4x3(1.5+1)
=+40-30 =10kNm
BM|,_ i orc) = T10x 4 —4x3(1.5+1)+6
=16kNm
BM =6x2=12kNm

x=2mfromB
From the BMD the maximum bending

moment occurs at ‘C’ and is equal to 16

kNm.
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02(c)(i).

Sol: F.B.D of brake lever is shown below.

Thus, t > 2 sec.

Hence, our assumption is correct.

R

“«—3A

y

For equilibrium of brake lever,

XMa=0

Nx0.6 -0.3Nx0.2-Px0.3=0
N=056P

f=0.17P

Let t be the time needed for disk to come to
rest (let us suppose t > 2 sec)

We know that,

Torque = Rate of change of angular
momentum

f=0.17P

.%. )mizloo rad/s

dL
T=——

dt
tdt =dL

mr?

J0.17 P x 0.15 x (dt) = lo — lo; {I :T}

t
0.0255 | Pdt=—(~0.45x100)= 45

jot Pdt=1764.7

%xsoo x2+500(t - 2)=1764.7

= t=4.53sec

02(c)(ii).
Sol: . | |
fe—2 sty
' = 2
Jr o VL P
*‘/\'T
Assuming,
La>b

(2) clockwise rotation

Taking moments about 'O’

2My=0

Pxl + Tra=Tyxb ----- (1)
L)

TZ

In the above equation the moment due to T,
IS in the same direction as that of moment
due to P about O.

Hence, less force is required for braking
action. These brakes are known as self-
energizing brake. i.e. whenever additional
moment is present in the direction of applied
The Dbrake

energizing.

moment. is said to be self
From the above equations (1) and (2) even if
operating load P is absent, T; and T, exists.

Hence braking can be obtained. i.e. even
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without the application of force. Brakes will o, — u(csy + cz) 1)
= 8)( -
be automatically applied. Such a situation is E
known as self locking. G, — M(GX +GZ) R @)
Self-locking is an extreme condition of self E ’
energizing brakes. °, - “(‘E’x +c,) P T— 3)
.. The condition for self lockingis P <0
. Adding egn. (2) and (3)
.. from equation (1)
T xb-Ta (ozt0y) = 2u(ox) + w(oyto,)
1 2
=0 (0:+0y)[1-1] = 2u0,
Tib—Tra<0 (6, +0,)= 2% o (a)
1< E
T, Db When only oy is acting and lateral
when drum rotates in ccw direction contraction is completely restricted
*m, =0 Ey= &=
PxI + Tixa= T2Xb Veff = 0 [ &y = € = —|leff Oy ]
Hence, it leads to self energizing ot
P<O0 Ox+—1 " Ox
Toxb-Tyxa<0 I .
Substituting eqn. (4) in egn. (1)
To,b<Tia
T _ b £|:0—2M26:|—8—GX
1> E| * (@-p) | ™ E,
T, a ( H) i
o T b &FPM)—ZMT: o,
Limiting case T, =7 which is not true. E 1-p) E..
Hence, the drum when rotated in new . :% and e =0
direction only behaves as self energizing but TR
not as self-locking.
03(a)(ii).
03(a)(i) Sol: Poisson’s ratio: It is defined as the negative
Sol- oy ratio of lateral strain to longitudinal strain in

P

X

e

Gy

the member. It is dimensionless quantity.

gt = lateral strain

| ACE Engineering Academy >Hydembad | Delhi | Bhopal | Pune | Bhubaneswar | Lucknow | Patna | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata| Ahmedabad




[ 2]

PR, ACE
V@l Engineering Academy MECH _TEST - 2 _Solutions
€iin = linear strain In auto frettage, pre-stressing develops a
i ranges from 0.25 to 0.33 for general residual compressive stress at the inner
engineering materials. surface. When the cylinder is actually loaded
in operation, the residual compressive stress
03(b)(i). at the inner surface begin to decrease,
T o becomes zero and finally become tensile as
Sol: d = 14mm, A= —(14) =154 mm? , .
4 the pressure is gradually increased. Thus
For the maximum load that can be dropped autofrettage increases the pressure carrying
the corresponding extension is , capacity.
6
Al = Mx 2=3mm
20010 03(c).
Work done by load =P(h + A7) Sol: T =250 N-m, u=0.35,
= P(100+3)x10° =103 x10° P
( ) r1:@:125mm, rzzﬁ:87.5mm,
Strain energy of the bar 2 2
o2 4 =5mm,
= —x volume of bar i i
2E Load on each spring, w =800 N /spring
6 ) No. of springs = 9
_ 300x10°f. (154 %107 )x 2 Pring
2x200x10 Total load, W = 800x9 = 7200 N
! 6 !2 No. of contacting surfaces, n = 2
_ 1300x10 —x(154x10° )x 2 J T
2x200x10 (i)  When the clutch is new, uniform pressure is
=69.3Nm applied
Equating work done to strain energy 2 3 .3
T=Spw| 22 |up
103x10°° P = 69.3 3t e
69.3
=————— =672.8N 2 125° -87.5°
-3 T=—x0.35x7200 x| ——— |X
10310 3 (1252 —87.52J
. =541.058 N-m
03(b)(ii).
541.058
Sol: Auto — frettage: FOS= =2.164
It is a process of pre-stressing the cylinder (i) When initial wear occurred, applying

before using it in operation.

When cylinder is subjected to internal
pressure, the circumferential stress at the
inner surface limits the pressure carrying

capacity of the cylinder.

uniform wear theory.

T= uW(%)x n
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-1 — _ — 2
0,35 % 7200 X(125 +87.5j > Area-1: A, =(200—20)x 20 =3600 mm
Area - 2: A, =150 x 20 = 3000 mm’
=535.5N-m . : . :
Position of the centroidal axis is obtained as
535.5
FOS=—-=2142 o Aax100 +A, x10
. . . A, +A,
(iii) The spring force required to transmit a
torque of _ 3600x110+3000 <10
3600 + 3000
250 — uw{%jx 2 b = 64.545 mm
a=200—-b =200 - 64.545 = 135.454 mm
=0.35x W'x (%jx 2 The maximum load that can be carried by a
single fillet weld is given by
W' =3361.34 N
F=0.707 hl Tall
- W'/spring = 3361.34 _ 373.48N , F (i)
= ... i
0.707ht,,

If x = wear of the plate

. ) If loads shared by weld A and B are F, and
compression of spring, J,,, =5—X

Fy, respectively, then force in the weld A is
373.48

stiffnessof spring = Sx F =0.707h/, 1,
800 Force shared by weld B is
stiffness of spring is also given by = —
5 K, =0.707h¢, t,,
...3573-48 _800 _ 567 mm Taking the moment of the forces about the
—X

CG of the weld and equating both (As they

When the wear is more than 2.68 the slip are equal but opposite to each other)

will occur.
We have, F, xa=F xb
03(d) Substituting forces and simplifying
Sol: . 0.707h¢, 1, xa=0.707h/ 1 ,,xb
T @ ¢, b 64545 )
£— = g = 135 454 = 0476 ......... (")
200 mm b :
l,=04767
! @ IZO mm ’
- From equation (i)
150 mm F
(=0, +0)=———— .. (iii )
As the weld is unsymmetrical, the CG of the 0.707ht,,

weld area is to be determined.
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The maximum load that can be carried by
the steel angle is

F=Ac, =(A,+A,)c
F = 818400 N......... (iv)
From equation (ii), (iii) and (iv)

818400
0.707 x15x 94

£, =556.212 mm

= 6600 x124

all

04760, +1¢,

¢, =0.476 x556.212 = 264.757 mm
12.5 mm additional length should be added

for the end correction.

2kg

Let us take X — Y axes as shown above.

Let the velocity of sphere after collision is vy
along y-axis and vy along x-axis.

Let the velocity of carriage be v (m/s)

Now, along x-direction there is no force on
the sphere, so its velocity remains constant

along x-direction.

Vx=10cos60=5 ... 0]
Also coefficient of restitution,
_veos30+v,
10cos30
Vy+vCc0s30 = 0.6x10 cos30 =5.2 ........ (i)

Also by using linear  momentum
conservation along the direction of motion
of carriage.
2x10 = 2xvyxc0s60-2xVvy,c0s30+10v

20 = 5-1.732vy+10v
1.732vy—10v =-15
From (i), (ii) and (iii), we get

vy=3.4m/s and v=2.08mls

Thus, v/ = (v, +(v, f

/52 +3.42 =6.04m/s

o= tan—lﬂv—X] ~55.78

Vy
= 0 = ¢+55.78 = 30+55.78 = 85.78°
Again by using conservation of mechanical

energy of ‘carriage + spring’ system

1><10><V2 :£><k><82
2 2

%x10x2.082 =%><1600><82

= 0=164 mm

04(b).

Sol:

P=7.5KkW, Speed =300 rpm
Pressure angle ¢ = 20°,
Pitch circle diameter of the gear

Dp =150 mm

Torque is obtained as follows

_ Px9550  7.5x9550

T -
speed 300

=238.75N—-m

From the gear dimension, torque that gear

can transmit is given by,

D
T=Fx—*%
2
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13183.33 N

'y A

ale a
100mm 100 mm
R,y = 1591.665 N R,y = 1591.665 N

(Horizontal Force diagram)

M = 1591.665 x 100
=159166.5 N-mm

(Horizontal Bending moment diagram )

. _ACE
iy Engineering Academy :11: ESE-2019 Mains Test Series
Hence, the tangential force acting on the The resultant bending moment is
gear Is M = \/(MH)Z + (Mv)z
2T 2x238.75x1000
F=—"-= =3183.33N 2 2
D, 150 = /(159166 5) +(57932)
Radial load on the shaft is given as =169381.965 N-mm
F =Ftand =3183.33xtan20 =1158.64 N The equivalent torque,
The line diagram of the shaft and loading is T, =vM?+T?
shown. = /(169381.965)* + (238750
Separately this forces along with reactions at T =292731 639N — mm
. :
the bearing is shown in figure below. Erom torsion relation
Reactions are obtained from force and |
T . 16T, 16 x 292731.639
moment equilibrium conditions. Tl = e = d=3 x 45
|115884N — d=32.116 mm
100 mm 0 100 mm
Ryv =579.32 N Ry =579.32 N 04(c)(i).
(Vertical Force diagram ) Sol:
MV = 57932 X 100 h/3 ...................
=57932 N-mm oh/3
(Vertical Bending moment diagram ) T= FAY
AW

Where, w = width of the section

w3 3G

4

Ay = — bh?
Y =81
bh® 2
la=—, W==b
NAT 36 3
4
FAY :anbh _8F
" lwxw  bh® 2 3bh
36 3
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04(c)(ii). 5 LE
Sol: F=_6El
L™ CD=h 3El EA
p 5x50x10° x 2000°
BA C ‘
4 5, 6 x 24 x10"
o 2x2000° 5000
F’ 12 + 3
3x24x10 200x10° x 300
d = elongation of CD = 454545 N
Deflection/Displacement compatibility FL® 45454 5x 2000°
L o, = = ' =5.051 mm
conditions is §; — 8, = § 3EI 3x 24 x10"
Difference in deflection of beams at C and D
is equal to the elongation of steel rod CD. 05(a).
Sol: VE
0]

ail%l

L 4F o (P
5, F

_F
'O3El

A\N

C
mipua
v/

/ o
(2PL-FL)

El

Using moment area method

8, = moment of shaded area about C

PL® 1(PL-FL), 2L
S, = = L—
2El El 3
_5PL° _F_I_3
6ElI  3EI
Elongation of steel rod due to tensile force F
IS :F—h
EA
3 3 3
82—61=6:>5PL _FL" FL° _Fh

6EI 3EI 3ElI EA

r

I 77777777 > f
The situation is shown in figure. As the
force F rotates the sphere, the point of
contact has a tendency to slip towards left so
that the static friction on the sphere will act
towards right. Let r bet the radius of the
sphere and a be the linear acceleration of
centre of sphere. The angular acceleration
about the centre of the sphere is o = a/r, as
there is not slipping.
For the linear motion of centre,
F+f=ma .. (1)

and for the rotational motion about the

Fr—fr=lo= (gmrzj(ij
5 r

.. (ii)

centre,

or, F—fzgma
5
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from (i) and (ii),

10F

2F=Zma (or) a=
5 7m

05(b).
Sol: Given data:
P=300kPa, d=200mm, t=7mm
Case (I): Hoop stress,
op = Z‘: 300 ;23; 200 _ 4.29x10°Pa
Longitudinal stress, oL=0

As top end of the cylinder is not constrained,

there will not be any longitudinal stress in

the wall.
Ch
] —
Case (I1): Hoop stress,
op = PA _ 429x10° Pa
2t
Longitudinal stress,
o =P9_% _514.10°Pa
4t
"
] —c:
05(c).

Sol: The weld is subjected to direct shear and

bending stresses.

Throat Area,
A=0.707h¢=0.707 xhx 2t xr
A =0.707 xh x 2t x 40
A =177.69 h mm?
Direct shear is

_ F_ 15000 _ 84.42

A 177.69h h

Bending moment is
M = Fx =15000 x 200 = 3x10° N.mm
For circular section, the section modulus is

ntD?
4
_ mx0.707h x(80)°

7=

=3553.769 hmm®

Bending stress is,

_M_ 3x 10°  844.174
~Z 3553.769h

According to maximum shear stress theory

2
2N 2 2

143 _ |(844.174)" (84.42Y
2 2h h

Solving, we get

= h=6.02 mm
05(d)(i)
Sol: P =5kN, —380N/mm (f.)=3
=X PX,
1
r Ps”
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Step 1: Permissible shear stress, At upper most layer from neutral layer the
S 0.5s bending stress as well as direct stress are
r=y 2 05x380 _ 63 25N/ mm? 9 ,
(fs)  (fs) tensile in nature hence they will get added.
Step 2: primary and secondary\ shear forces. G \Y/ .Y +E
The centre of gravity of three bolts will be at ™ | A
the centre of bolt - 2 _10 x10° x 75 s 40x10°
3
The primary and secondary shear forces are (50“50] (150 x 50)
12
shown in figure.
o b P 5000 166667 N = 53.33 MPa + 5.33 MPa = 58.66 MPa
12 s g g ' The state of stress at the critical element and
po_ p (pe )(rl) (5000 % 305)>< 75 corresponding Mohr’s circle is shown
R () I VO below.
=10166.67 N i
Step 3:- Resultant shear force m
The resultant shear force on the bolt 3 is ) " Omax u s
maximum
Py=P+Py 1, = 2m — 29 33MPa
max 2
=1666.67 +10166.67 =11833.34 N
Step 4:- Size of bolts
633 3 05(e).
P 11833.34
1=—2=6333="—— Sol: ox= 110 MPa,
A EdZ
4 ° At 0 = 32°, 6,0 = 37 MPa (tension)
Solving, we get d, =15.42 At 6 = 48°, 65, =12 MPa (compression)
As we know that, c,+06, O©,—-C )
Gy = Y + Y c0s(20) + 1, Sin(20)
d. 1542 2 2
=—¢="—"=19.260r20mm
0.8 038 For 6 = 32°, 641 = 37 MPa
The standard size of the bolts is M20. 110+ 110-o
37MPa = Y + Y
2 2
05(d)(i). xcos(64°)+ T, SiN (640)
Sol: The critical section is the section at support

where bending stress is maximum. The
maximum bending moment is given by
Mumax = 30x10°x600 — 40x10°%x200

=10x10° N.mm ()

0.28081 o, + 0.89879 1, = -42.11041 MPa

For 6 = 48°, ox1 =12 MPa
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110+o0, 110-o
—12= Y 4+ Y
2 2

><cos(96°)+ T,y SIN (960)

0.55226 oy + 0.99452 1,y = —61.25093 MPa

----- ()
Solve eq. (1) and (2), we get
oy =—60.7 MPa,
Ty = —27.9 MPa..
06(a).
Sol:
qO q = q ﬂ
: Yy v B >
X
i |
’ L R
yy |

We know that
a9y __y
dx®
Fourth — order differential equation of the

deflection curve (load equation)

dly
EIdT_q
d y qo[Lz X ]

Integrating w.r.to x on both sides we get

3
Elj{ ng{LZ 3}+c N

Again Integrating w.r.to x on both sides we

get

2,2 4
Eljg ng{Lz —:—z}tcxjtc —(2)
X

3
From (1) = d ¥:d—M
dx® dx

At X =L = Load =0 = shear force =0

3
~.0= ng{B I:‘J C,

=shear force

-2
ClzquL
2
From (2) = d—}zl :M
dx° El

At x = L = bending moment is zero

4 4
_% {L_L}qumc

22 12
2 5
c, ==, ——q,L°
2 3% 12%
oGl
"CZZOT
2 2,2 4
Ed—¥:q—g Lx X —quLX-i-qo
dx* L' 2 12| 3 4
Again Integrating w.r.to x on both sides, we
get
dy q,| % x°| 2 Lx* q,’x
" El g — |-=Q,—+—2>—+cC, —> (3
dx L2{6 0| 3% g 70
| U'x* x° | qLx* q,L’x°
El(y)=— - |- +C,X+C, > (4
v) L{M s g e
From (3)

Atx=0=dy/dx=0

O0=c3=>c3=0

From (4)
Atx=0=y=0
.'.C4:0
2,4 6 3 22
.'.El(y) qg L°x X _qOLx +qoLx
2| 24 360 9 8
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Atfreeend,x=L, y=Vp

Ei(y, ) - qo{ Lﬁ} QL , QoL

12| 24 360 9 8
1 1 11
El(y,)=q,L*| —————-=+=
(v5) =3 {24 360 9 8}
19q,L"
® " 360El
From (3)
2 3 5 2 2
dx) 2| 6 60 3 4

At free end x = L, dy/dx = 0,

5 5 3 3

3 4
1 1 1 1
EI(0,)=q. L} =—-—_= ot
(0,) =2 [6 60 3 4}
gL’
® 15EI

06(b).

Sol: The joint is shown in figure.

@
@

©00s
loool

As the plate thickness is less than 8mm, the
diameter of rivet can be obtained by
equating shearing strength to crushing
strength.

No. of rivets for pitch, n = 3.

Shearing resistance: As it a lap joint, the
rivet will be in single shear,

Shear resistance is

Crushing resistance is
F =dto,n =dx7x150x3........... (ii)

equating (i) and (ii)
%xdz x90x3=dx7x150x3

Solving , we get d = 14.86 ~15 mm

Taking hole size as 15 mm, diameter of the
rivet will be 14.0 mm.

Pitch of the point: Pitch of the lap joint is
obtained by equating tearing to shearing or
crushing resistance.

Equating tearing to shearing resistance , we
get

(p —d)tct = %dzcsn

(p—15)x7x10=%><152><90><3

Solving, we get
p =76.96 mm ~77mm
Tearing efficiency of the joint:-

_p-d_77-15

_p-d_ — 80.5%
L 77 °

Which is acceptable as per design code
Back pitch is given as

P, =0.33p+0.67d =0.33%x 77 + 0.67 x15
p, =35.46 ~ 36mm

Marginal distance,
m=1.5d =1.5x15=22.5mm
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Failure Analysis, 06(c).
To perform the failure analysis, we should Sol:

calculate the strength against each failure
separately. The combined failure mode is
then analyzed considering the possible
moles of failures.
Tearing strength,
f.=(p—d)to, = (77 —15)x 7x110 = 47740 N

shearing strength,
T 2 T 2
F :Zd o,n :ZX:LS x90x3=47713N

Crushing strength,
F =dtoc.,n =15x7x150x3=47250 N

Strength of the unpunched plate,
F = pto, =77x7x110 =59290 N

As the tearing strength is highest among all
the three, the possible mode of failure may
be due to the shearing and crushing. Hence,
all such possible modes are analyzed.

Shearing along 1-1 and crushing along 2-2

and 3-3 or reverse

F o :%dzcskns +dto,n,

S

:%x152x90x1x1+15x7><150><2

= 47404 N

If any combination, the strength will be

more than the visual failure i.e tearing,

shearing or crushing. Hence, efficiency of
the joint is

_ 47250

n= = 79.69%
59290

(@) Stresses:

y
| P=4.80 kN

My =192 N-m

The given eccentric load is replaced by an
equivalent system consisting of a centric
load P and two couples My and M;
represented by vectors directed along the
principal centroidal axes of the section. Thus
M, =(4.80kN)40mm)=192N—m

M, =(4.80kN)60mm —35mm)=120N—m
Compute the area and the centroidal

moments of inertia of the cross section:
A =(0.080m)0.120m)=9.60x10°m?

I, :%(0.120 m)0.080m)’ =5.12x10 °m*

l, = %(0.080 m)0.120m)’ =11.52x10°m*

The stress 0 due to the centric load P is
negative and uniform across the section:

P —4.80kN
%= A 9605107
.60x107°m

The stresses due to the bending couples My

=-0.5MPa

and M; are linearly distributed across the

section with maximum values equal to
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s Mz stresses across the section is shown in
L =

_ (192N -m)(40mm)

- =1.5MPa
5.12x107°mg4
M, X
G, = 2|
_ (120N -m)(60mm) _ 0,625 MPa

11.52x10°m*

The stresses at the corners of the section are

G, =0, to,to,
Where the signs must be determined from
Fig 4.57 b. Noting that the stresses due to
My are positive at C and D and negative at A
and B, and the stresses due to M, are
positive at B and C and negative at A and
D, we obtain
o, =—0.5-1.5-0.625 =-2.625MPa
oz =—05-1.5+0.625=-1.375MPa
o, =—05+1.5+0.625 = +1.625 MPa

cp =—0.5+1.5-0.625=+0.375MPa

(b) Neutral Axis: The stress will be zero at a
point G between B and C, and at a point H
between D and A. Since the stress

distribution is linear,

BG 1375
80mm  1.625+1.375

BG =36.7 mm

HA 2625
8omm  2.625+0.375

HA =70 mm
The neutral axis can be drawn through
points G and H. The distribution of the

figure.
(+0.375) (+1.625)
D C
N__|
H
0] X
N ol 0.0 -
E\A
B
A
(2625) (-1.375)
Z
tan® = L_BG
AB
tan® — 70-36.7
120
= 0 =155 w.r.t x-axis
07(a).
Sol: Ma=MRo
30° MRo?
30°
30°
Mxg
IN:28.82N
When 6 = 30°
>T=la
2
~M xgx%xsin 30= ML X o
o =3x081x N30 _ 5620
2 S
Using ZFy =0

.. Mxg=N+MR»* xcos30 + MRa xsin 30
4x9.81 = 28.82+4x1x »*xc0530+4x1x3.68xsin30
- ©®=0.94 rad/s
using conservation of energy between 6 = 0,

and 6 = 30°
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AKE = APE

%xlx[@z —0]: M><g><%><{cose0 —c0s30}

2
l>< ML X = M><g><£><{cos()0 —c0s30}
2 3 2
2
%x 4x2 x 0.94% :4x9.81x§x {cos8, —cos30}
-0, =2217°
07(b).
Sol: N=110rpm, P =30kW
2nNT 60 x 30 x10°
P = > l=—
60 2t x110
T =2605.67 N-m
17:16—-2280
nd
¢ = 16 x 2605.67 x10°
7 x 80

d =54.95 mm ~ 55 mm
If this shaft replaced by hollow shaft
Dsok=La_gs
2 Dl
16T

T aD-KkY)

D? 16 x 2605.67 x10°
' n{l-0.5)x80

D; =56.14 ~ 57 mm
D, =28.5 mm

Weight of solid shaft (W) = p%DZLxg
Weight of hollow shaft
T
(W) = Pz(Df —D§)L><g

Wi=W, 100 =9 saving

1

D? - (D2 - D?)

% saving = o x100

[ 572 ) _
% saving = 1—g(1—o.5 )[x100 =19.44%

07(c).
Sol: Assumptions:
e The Shaft is concentric
e Bearing carrier very small load, that the
clearance space is completely filled with oil.
¢ No leakage

¢ Velocity profile is linear.

Busting (bearing)

Journal (shaft)

w1 ir
c

I
tw

I

Let r = radius of shaft

c = radial clearance

| = length of bearing

n = speed of shaft in rev/s

u = dynamic viscosity
shearing stress in the lubricant, t= H.E
y

But surface velocity u=2nr.nm/s

ST=L 2mrn (1)

.. Shear force acting over the surface
F=tA,

2nn _Ar’r’un/

c

=L 27l
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Frictional torque due to lubricant

2.3
T:&r:M ............ 2)

Let W be the load acting on the bearing

.. Bearing pressure P = ﬂ
2r¢

W =P.2r/
But frictional force due to loading against
the resistance of lubrication.
Fe=f.W=f2r/.p
where f is coefficient of friction
frictional torque T, =F, xr
T=f2r%P...... (3)
Equation (2) and (3) we get

4r®.r’un./
c

=f 2r2./P

After rearranging the terms, f = 2n2.“—;.£
c

This equation is called Petroff equation.

n r
If we observe carefully % and — are have
C

no units.

.. fdepends on 2 dimensional numbers,

r
and —
c

Generally for the surfaces in contact,

coefficient of friction remains constant.

BN and L should

c

Hence the combination

be constant for a given bearing. Hence lead

to the discovery of sommerfeld number.

2
Sommerfeld number (S) = “—Pn(ij
C

07(d)(i).

Sol:

Using conservation of energy,

Change in potential energy of ball = Change
in potential energy of springs + Change in
potential energy of beam

Simply supported beam can be considered as
a spring of stiffness k, which is in series

connection with two supports springs of

stiffness k
2K
Ko
48E|
Ko = =55
48 x 200 x10° x 0.05*
K, = 3
1° %12
= 5x10° N/m
111
K, K, 2K,

_ 2KK, _2x300000 x5x10°
° 2K, +K, 2x300000 +5x10°

Ke = 535714.3 N/m
W(h+8) = %KESZ

K82 — 2WS — 2Wh =0

2W +,/4W? + 8WhK
5= \/ +8 .
2K

8=ﬂ 1+, /1+ 2hK,
K., w

= 0=6.78 mm
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07(d)(ii).
Sol: Wahl factor :
_4c-1 N 0.615
Y 4c-4
where,

. D
¢ = spring index = 4

D = mean coil diameter,

d = wire diameter

The objectives of series and parallel

combinations are as follows :

e To save the space

e To change the rate of spring at a certain
deflection

e To provide a fail- safe system

08(a).
Sol:
W
| N
c— (@)
® . zz
3L/4
} . |
Vlv B T Ak
Cl /ﬁﬁ (b)
R .
X X
R X
C
i 7
X X

The deflection at B of the top bar can be
found using Maxwell’s reciprocal theorem.
The downward deflection at B due to W at C
is the same as the deflection at C due to a
load W at B.

(3 WG

_ L
Ve 3EI 2EI 4
3
- 2TWL duetoWatB
128EI
The upward deflection at B due to R is
3
3
W =L
[4 j _9RL®
3El 64EI

Hence the net deflection of the upper bar at
Bis

3 3 3
2TWL R O fay o]
128El  64El 128El
Also downward deflection of the lower bar
3
duetoRatB = IRL
64EI
If the beams are in contact at B
3 3
9RL _ 9L 1oy 5R]
64El 128EI
= EW
4

Hence deflection at C

3 ) 3V
R| —L Rl —L
_wee b-j_ @-jg

3El 3EI 2ElI 4
W1 27 27 269 WL
El |3 256 512| 1536 EI

To find the maximum gap between the bars
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It is first necessary to derive the deflection
equation of each beam for the range AB. A
section xx at a distance x from A will be
considered even though moments due to
forces to the left of x are caused. By this
procedure, the constants of integration will

all be zero. For the upper beam

dZ
1=y —_w(L-x)

o)

=~ Lwi+Lwx
16 4
2
Y T twX g,
dx 16 4 2
At x=0,d—y=0
dx
C1:O
a1 T wixs Wy
dx 16 8
2 3
EIy:—7WLX +Wx +C,
32 24
Atx=0,y=0
C2:O
7 » WxE
- El = ——WLxX? +
Yupper = =35 24

For the lower bar

2
gdy_3 E|_—xj:—3W|_+§Wx
x> 4 \4 16 4
2
a9 wixs 2w g,
dx 16 4 2
Atx =0, OI—y:O
dx
" C1:0
a1 — 2 wixs 3wy
dx 16 8

EIy:—%WX—;+§WX§+C2
At x=0, y=0
C,=0
9WLX? . 3Wx°
32 24

" ElYiower = —

.. The gap A between the bars is given by

EIA = EI (YIower - YUpper)
1 1

= — — WLx? +—Wx®
16 12

For maximum gap aA =0
dx

. WLx  Wx?
l.e., 0=- +
8 4
L
X=—
2
2 3
El(Amax)z—iWL L WL
16 4 12( 8
3
BRVVE PR L
64 96 192El
L3
Maximum gap =
gap 192EI
08(b).
Sol: PowerP=T.®
Torque T =E
(O]

But torque (T) = Tangential force x radius

T=Fxrxt
TP
r rw

But, module, m =

d_a
z Z

where z = no. of teeth.
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mz

r=—
2
e
mzo

3
Tangential force(F, ) = 2 Xl_f <19
1.25x107° x54 x132
=3367 N

Lewis equation for the design of gear is used
to find safety factor.
F =oc,.mby

When design correction factors are

considered the equation becomes.

by

Where,

op = maximum bending stress in gear teeth
km = load distribution factor

k, = dynamic factor

F: = tangential force

m = module

b = face width of teeth

y = Lewis form factor

o _12x1.32x3367
®1.25%x60x0.475

=149.71MPa

failure stress

Factor of safety (f;) = -
operating stress

_ 380 ~2.54

T 149.71°

08(c).
Sol: s, =660 N/mm?,

s, =280 N/mm?®

Step 1: Construction of S-N diagram
0.9s, = 0.9x 660 =594 N/ mm?

log,,(0.9s,,) = log,,(594) = 2.7738
log,,S, = log,,(280)=2.4472
log,, 5, = log,,(350) = 2.5441
log,, 5, = log,,(400) = 2.6021
log,, 5, = log,,(500) = 2.6990

The S-N curve is shown in figure

Step 2: Calculation of N1, N2 and N3
== DBxAE
AD

_ (6-3)(2.7738log, o) 0
(27738 _ 24472) .............

And, log,, N=3+EF.............. (ii)
From (i) and (ii)

log,, N = 3+9.1855(2.7738 — log, , &)
log,,(N, ) =39.1855(2.7738 — 2.5441)
N, =128798

log,,(N, )=3+9.1855(2.7738 — 2.6021)
N, = 37770
log,,(N,)=3+9.1855(2.7738 — 2.6990)
N, = 4865

Step 3: Fatigue life of component

o 0 oy 1
Nl N2

N, N
085 012 003

+ + _L
128798 37770 4865 N
N = 62723 cycles
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