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DETAILED EXPLANATIONS

1. (a)

1 |k
f= -

2n\'m

1 [k
= (i)

12 ﬂm

¢ = 1 k=800 N
= o - ...(ii)

Divide equation (i) by equation (ii),

) _ k
~ Vk-800
£ =4
k-800
3200
= 3k = 3200,k=T N/m
3. (b)
path of contact
Arc of contact = ——___—
cos
_ 24 0.94074
cosdp = 57 =0
¢ = cos71(0.94074)
¢ = 19.8°
4. (d)
Damping coefficient, ¢ = = =125N
amping coefficient, ¢ = —=5r =1. /m/s

Critical damping coefficient,
c. = 2JmK =1897N/m/s

c 125
Damping ratio, § = PR 0.658 ~0.66
o L
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5. (c)

74
o

©®

By Grubler’s criterion
F=31-1)-2-h
=3(10-1)-2x12-0=27-24

F=3
6. (o
2ho
v 4
tho = —
— oL
2y
7. (d)
Given, AE = 18 K]
N; = 100 rpm
N, = 98 rpm
1 1 1
We know that, AE = E( 032)—5([0)%)=51(0)% —w%)
L _ 1 |(2nrx100 2 (2nx98Y
X = — -
1810 2 60 60
36x10° x 602

" 4n2 (1002 - 982)
[ = 8289.915 kgm?

2nmx 140

1 1 >
Kinetic energy at 140 rpm, E = 51(02 = E><8289-915 X( ) = 890909.088 J

Kinetic energy at 140 rpm, E = 890.91 k]
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8. (a)
2nN _ 2nx200
Angular speed, ® = o0 60 - 20.944 rad/s
. 300
Crank radius, r = BN =150 mm

Mass to be balanced at the crank pin = (¢ x m ) + (m,,) = (0.6 x 50) + 60 = 90 kg

rev.

Now, m.xr, = mr
90 x 0.15 = m x 0.25
m = 54 kg
10. (d)

Coriolis component of acceleration will only be zero if either angular velocity of slotted lever is
zero or the velocity of slider is zero. The possible 4 conditions are
e Two at the extremes of slotted lever.

Wyotted lever = 0

* Two when the driving crank and slotted lever are vertical because at that position, velocity
of slider will be zero.
{]

wi

a ]

11. (b)
Given: d = 10 x 16 = 160 mm
D = 10 x 50 = 500 mm
o = 20°

d
Ty = E + addendum = 80 + 12 = 92 mm

D
R, = E + addendum = 250 + 8 = 258 mm
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Path of approach
Path of approach

Path of recess

gear

(Dpinion

«/RIZA —(Rcoscl))2 —Rsin¢

2582 — (250 c0520°)2 — (250in20°) = 21.15 mm

2

rg —(r cosQ))2 —rsing

V922 — (80c0s20°) ~ (80sin 20°) = 25.67 mm

21x 800
0 =83.77 rad/s
T 50
t_G X Ogear =7 83.77 =261.799 rad/s
P

Maximum sliding velocity = (o, + ®,) x 25.67
Maximum velocity of sliding = (83.77 + 261.799) x 25.67 = 8870.756 mm/s = 8.87 m/s

12.  (b)
T, =72
T, = 32
N, = 18 rpm
N ret 2rg
T, = T+ 2T,
72 = 32+2T,
40
TB = ?=2O
Condition GUAEl Gear C (32) | Gear B (20) | Gear A (72)
Arm fixed _32 .32, .20
e 0 +1 20 20 72
Gear C rotates byj _32 _32
x revolutions 0 X 20 g 72 *

32 32
add+]/. y x+y Y=>59 " Yy=—>r
revolutions to all

y = 18 rpm
Gear A is fixed —%x =0
ear A 1s fixed, VY 7 =
o2
= Y= 7
72xy
= X = 30
18x72 B
3 7
x = 405

www.madeeasy.in
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32
Speed of ‘B' N, = y—Ex
= 18—2x 40.5
20
Ny = -46.8 rpm

13. (¢)
Given, m =1 tonne = 1000 kg
Logarithmic decrement of n cycles is given by

1 xo
= —log,—
8 n Be X,
n=4
1 5
= —1 ——=0.916
5 = 1'%8ch18
21
§ = 2 5 or  0916= _27%
V1-¢ 1-¢2
£ = 0144
Given, T, = 0.64 seconds
27
w; = ﬂ:m =9.817 rad/s
wd = 1_é2 (Dn
9.817 9.92 rad/
W = ———— =992 rad/s
" J1-0.1442
k
— =992
m
k = 9.922 x 1000 = 98406.4 N/m = 98.406 N/mm
14. (b)

F = pA-F +mg
2 o
= 200x10° xg(O.S)Z —250x0.3x(%] (cos40°+$]+ 250 x 9.81

= 100531 - 59917.6 + 250 x 9.81
= 43065.5 N

F .
F, = F_sin (8 +B) = cosBSln(e+B)

B = sin”! ( sin @ ) =sin~! [ sm440 ] =9.247°
n

43065.5
_ 0090 i (40°+9.047°) =
cos9.247° S ) = 33053 N

T = F,xr=233053 % 0.3
= 9916 N-m = 9.916 kN-m
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15. (a)
m = 120 kg, E = 200 x 10° N/m?
I = 0.7m, d = 0.04m
a = 025m, b=07-025=045m
[ = Zxd* =L x(0.04)"
64 64
= 0.1256 x 10~ m*
N mga’b®  120x9.81x(0.25)° x (0.45)°
© BEIP 3x200x10° x0.1256x107° x(0.7)°
= 648 x 105 m
f- L\/g )
2n VA 2m\6.48%x10
16. (d)
® = 2”20240 =25.13 rad/s
4he?  4x30x(25.13)
@ uniform (during ascent) = 2 = 2
Va 70%x- T
180
= 50,771 mm/s? = 50.77 m/s?
4ho?  4x30%(25.13)
Ayniform (during decent) = 2 2
Va 80x -1
180
= 38,871.5 mm/s? = 38.871 m/s?
Difference = 50.77 - 38.871
= 11.89=11.9 m/s?
17. (a)
I,;-B = 09m
AB = 15m
LA = J(AB? ~(I45B) = J1.52 (0.9 = v225-081 =12m

Vs LB 09
Vi = LA 12
09 9
= Vyx—=3x— =
Vg AXTS B 225m/s
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18. (b)
E, = E
E, = E+280
E, = E+280-600=E -320
E; = E+280-600+100=E -220
E, = E+280-600 + 100 - 400 = E - 620
E, = E+280-600 + 100 - 400 + 890 = E + 270
Eg = E+280-600+ 100 - 400 + 890 - 270 = E
5n
AE = (E+280)—(E—620)=900x750x@
= 58904 N-m
AE = IwzCS
2
580048 = 60x242 x| 2XTxX15007,
60
= C, = 0.60 x 1073 or 0.69%
19. (d)
20. (d)
o = D1
max Ccos QL
O i = 0, COSQL
Variation of speed, O~ O, = @1 |:COSOL - COSO‘}
Permissible variation of speed = +4 % of mean speed
1
or, 031[ _COSOC} = 0.08 w,
cos o
or, cos2 o+ 0.08cosaa-1=0
cos o = 0.96
= o =16.1°
21. (o) o

h =GO =GH + HO = AE cos0 + EHcot0 35?/\'4
h = 400c0s35° + 25c0t35° = 363.4 mm /
h’ = 400c0s30° + 25¢cot30° = 389.7 mm

i and h’ = g

Now, h

o _ ,/363 = 0.966
o Vi V3897

Percengage Decrease in speed = (1 - 0.966) x 100 = 3.44%
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22, (a)
As per given data, I = 1.5 kg-m?
The angular velocity of spin of the disc,
_ 2mx500 _ 1007

W= T rad/s
The angular velocity of precession ,
o
W, = 5 ra /s
Gyroscopic couple, T = Iww,
2 2
= 1.5x 100z XE =10m? = 20m” kg-m?/s?
5 2
23.  (d)
24. (c)
Disturbing force, F = (1 - ¢) mrw’cosf
= (1-0.4) x 6 x0.10 x 152 x cos60 = 40.5 N
25.  (a)
[ =200 mm=02m
[ 200
Crank length r= 5=, = 100 mm = 0.1 m
N = 600 rpm, L =500 mm = 0.5 m
mp = 150 kg
o = 2N _2mx600 50 62830 rad/s
60 60
L 05
- —_= = 5
! 0.1
2 cos?20
Inertia force, F, = mrwr cos6+ "

- 150X(62-832)2XOJ(“’%O%%)

- 59.2176><103(0.5—0;55)

= 23.687 x 10° N = 23.687 kN

www.madeeasy.in © Copyright: MADE EASY



[ MADE EASY B - Theory of Machines | 15

Indig’s Best Institute for IES, GATE & PSUs

26. (c)
(i
Tmeaﬁ_ _______________
A
41t
o —»
B 2NT 1 ean
~ 60
3
= 1, = LAY oo5g45Nm
mean 2xmx130
= Energy produced = T _ 4% = 36923.076 N-m

Now, work done during the power stroke
= 1.5 x Energy produced per cycle
= 1.5 x 36923.076
= 55384.615 Nm

Now, from similar triangles ABC, ADE;

AF _ BC
AG  DE
1
Emeaxxn = 553846
= T__ = 35258.93 Nm = AG
N 35258.93-2938.245  BC
ow, 35258.93 T n
- BC = 2.879 rad

1
Now, maximum fluctuation of energy = = AFxBC

%X (35258.93 — 2938.245)% 2.879

46525.62 N-m =~ 46.53 kNm

27.  (b)
For the Hartnell governor
spring stiffness is given by

. z
b —7'2

L = of 8 (1500-100
b S 20-15

k = (T) 560 N/cm (*+ a and b are same)
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28.  (¢)
T = -mglsin0
T = -mgl6 [. sin® >~ 0 as 0 is very small ]
T = Ilo.=-mglo
I = ml?
-g0
o = % ()
and we know o= §=-0b ...(ii)
Comparing (i) and (ii)
oo~ 8
" l
So, ®, \/g
_ 8Earth
EMoon — 6
((‘On)Moon = ngO =

1
((‘On)Moon - ﬁ 1
(®,)voon = 0-4082[w, ]

29. (b)
(i)  Controlling force, F = 3r - 60
At lower extreme radii, F, = 3 x 120 - 60 = 300 N
Controlling force at maximum speed, F; = 300 + 30 = 330 N
Controlling force at minimum speed, F, = 300 - 30 = 270 N

Coefficient of insensitiveness,= 2
’ N mean 2xN mean

N?-N3 F-F 330-270
- N2 2F 2x300

mean

{F o< @? < N?}

60
Coefficient of insensitiveness = @ =01=10%

(ii) At upper extreme radii:

www.madeeasy.in © Copyright: MADE EASY
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F =3r-60=3x190-60=510N
Controlling force at maximum speed, F, = 510 + 30 = 540 N
Controlling force at minimum speed, F, = 510 - 30 = 480 N
F -F, 540-480 60
2F  2x510  2x510

Coefficient of insensitiveness at upper extreme radii = 5.88%

Coefficient of insensitiveness,= =0.0588 = 5.88%

Coefficient of insensitiveness at lower extreme radii = 10.00%

_\/E_ 981 o
O = \a T o2x102 T70mad/s

30. (a)
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