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DETAILED EXPLANATIONS

1. (c)
Because shortest link is coupler.
2. (b)

Path of contact in involute profile is a straight line, which is common normal to the involute profiles of
mating gears.

3. (o)
A governor in said to be sensitive if the displacement of the sleeve is high for a given fractional change of
speed.
4. (d)
5. (c)
We know that minimum number of teeth required on pinion,
2Am
‘= 1( 1
G/1+—| =+2]|sin?¢ -1
\/ a(G ) \
2x1
- 1( 1 5
3,1+ =+2|sin“20° -1
313
2
= ——=15.04 ~
0.133 15
6. (b)
7. (a)
Given, N, = 1000
Ny + N,

Coefficient of steadiness = 2(N; = Ny)

N, — maximum speed
N, — minimum speed

1000 + N,
0 = 2(1000-N,)
= N, = 980.19
maximum fluctuation of speed = N, - N, =19.80 rpm
8. (d)
Let energy at A be E unit
E, = E
Eg = E+50
E. = E+50-20=E+30
E, = E+30+10=E+40
Er = E+40-30=E£+10
E.. = E+50
E.. = E+10
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AE(max. fluctuation of energy) = £, —E .
= (E+50)-(E)
= 50J

9. (c)
.
€ = — 35—

() -

6.403

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

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

: :

Vs]ider =0

o
| —

and

www.madeeasy.in © Copyright: MADE EASY



3 MADE EASY BEZAR - Theory of Machines | 9

Indig’s Best Institute for IES, GATE & PSUs

11.  (b)
Absolute acceleration of Bwill be vector addition of centripetal acceleration, tangential acceleration due to
rotation of link OA and Coriolis acceleration due to sliding motion of block B.

ac = wr(towards centre)

42 x 4 = 64 m/s?

—

ar ro. (tangential in direction of o)

= 4 x9=236m/s?

Coriolis acceleration, 8o = 2 VSliding )
= 2x9x%x4=72m/s?
Direction of Coriolis acceleration — Rotating direction of sliding velocity which is inwards through 90° in
the direction of the angular velocity which is counter clockwise.
Therefore direction of Coriolis acceleration is opposite and collinear to the tangential acceleration.
N
36’77/82

lh/,g 2

QQ)J

|aavs| = 642 + 367 = 73.43 m/s?

12. (c)
T = —mglsin®
T =-mgl6 [.sinB~06as6isvery small]
T = Io=-mglo
I = mil?
-gb
a = Tg (i)
and we know o= §=-wp (i)
Comparing (i) and (ii)
o, = 9
n /
So, o, o< \/5
Gtarth
gMoon = grt
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9m
(wn)l\/loon - lo o

1 Gean ]

(wn)l\/loon = \/6 I - %(wn)Earth
0'4082[mn] Earth

(wn)l\/loon

13. (b)
In a locomotive, the ratio of the connecting rod length to the crank radius is kept very large in order to
minimize the effect of secondary forces.

14. (c)
(24)
AB = 60% + 240
AB = 247.386 mm i L3
AB = .247m
wnp - 0P i
anv = %40 " 247.386 | ”
P = 61.8465mm L 247386 ““““““ :
P = 0.06184m ; 14ate
By Keneddy’s theorem, 'B
W, (g Iyp) = Vy= 0, (1 11)
= V, = 10(0.06184)
vV, = 0.618m/s
15. (b)
Fo
Xmax =
J(k = mo?)? + (cw)?
0.04 = 10
(6250 —10x 252)2 + (C x 25)°
0.04 = 10
= YT Cxes
C = 10Ns/m
16. (b)
arm A BIC D E
Arm a rotates at 210 rpm clockwise, . 1 ~0 |40 o70r] 7 40
y = 210 30 |30 HaoH 3 60
—40 7 14
Gear Dis fixed,thusy+% =0 o |« |55 3 5
40x 7x —14x
y y*x e Y+ y
or 210+% orx = -90 30 3 9
Speedof A = y+x
210-90 = 120rpm (clockwise)
14x 2 x
Speedof E = y—-——— = -
p =75 y =

= 350 rpm (clockwise)
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17. (a)

4 KN/m 4 KN/m 4 kKN/m
QOO

U

4 KN/m 2 kKN/m

U

6 kKN/m

" _\/E_ [6x10°
" \m 60

J100 = 10rad/s

18. (d)
Average cutting velocity = L.N(1 + M)
M — Quick return ratio
L — Stroke length
= 30 x 250 (1 +0.6)

= 12m/min
19. (b)
_ 2 c0s20
Funbalancedforce = mro |:COSG+
2
2 mro cos 20
| mro cos 6 | I - |
Primary unbalanced Secondary unbalanced
force force
20. (c)

nat
1 x 40 x 15 = 1885 mm?

Sheared area per hole

Energy required to punch a hole

E, =

Energy required for punching work/s.

6 x 1885 = 11310 Nm

Energy required o No. of holes
hole S

= 11310x% = 5655 Nm/s
60

y
-+ Punching takes 0 of a second,
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y
Energy supplied by the motor in ﬁ

1
= E, = 5655x—5 =565.5Nm

Maximum furcation of energy of flywheel
AE = E, - E,=11310-565.5 = 10749.5 Nm

Ny+N,  160+140

Mean speed, N = 5 = 5 =150 rpm.
Now, AE
712 2
= 107445 = %Xml N(N1—N2)
1'52
= 107445 = ——xmx1 x150(160 —140)
900
= m = 327kg
21 (b)
r=51.5mm
R = 64.2mm
r, = 57.5mm
Ra = 71.2mm
Arc of contact
CR Circular pitch
{\/Fw’f —~R?cos® ¢ —/—?sin¢}+{ r? +r2cos’o —rsinq)}
B cosd
n(2x64'2)
20
{J71 22 _64.22 cos? 20° - 64.2sin200}+{J57.52 —51.5? cog? 20° - 51 .5sin20°}
~ cos20°
- 20.169
_ 15.8568 +13.4384 _1545
18.95
22. (b)
23. (c)
! anG
7—mean = E.([

g

- lj(1000+ 400sin26 - 500c0826)x.d
71:0
= 1000 Nm

mean
At any instant, AT = T=T. can
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. ATis zero, when

(1000 + 400 sin 2 6 — 500 cos 2 6) — 1000
400sin26-500cos26

400sin26-500cos260 = 0
5
tan20 = 7
20 = 51.34° or 231.34°
115.67
e = | (400sin20-500c0820)xd0
max
25.67
€rax = 0640.312Nm
O + O 12
6. = ’kS[M}
640.312 = 500 x .35° x k x 10 x 10%
k = 0.01059
k% = 1.059 %
24, (a)
Energy supplied by the motor is 1s = 5000 Nm
Energy supplied by the motor is 1.5s = 7500 Nm
Energy required/hole = 10000
Energy supplied by flywheel
e = 1000 - 7500 = 2500
1
also, e = E((Df —w22)
2
1 2 21 x 350 2
- —x200x0.5° x| | ——| -
2500_2>< X (( 60 ) 00]
= o, = 35.25rad/s
25. (a)
M _To_,5 Ns_Ta_
N> T Ny Ts
ry+r, = ry+r,=160
= m, T, +m,T, = 320
= T, + T, = 100
T, = 2857, T,=28
I, =172
= myTy+m,T, = 320
T,+ T, = 160
I, = 32
T, = 128
.7, 72 128
' 0o = =——=—x——=10.29
Exact velocity ratio T, 28 32
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26. (b)
Xq _ Ty, _ 0.02
X9
Take In of both sides
5xEx 2n - ln(ij
& = 0.12357
MF !
) o V ’ o V
(Dn (Dn
o
Atresonance, ®, = 1
1i__ 1
MF = 58~ 2x012357
MF = 4.0463
27. (c)
KP = R% - R%cos®¢ — Rsin¢ = 12.65 mm
PL = r2 —+*cos?¢ —rsing = 11.49 mm
KP + PL
_ —————=25.69mm
= Arc of contact = 050
. Arc of contact
Contactratio = —————— =1.635
m
For one pair of teeth in contact, arc of contact
269 15.712
= 1635 >femm

Angle turned by pinion for one pair of teeth in mesh

_ 15712 180 15712 180 oo

r T 50 T

28.
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So o < sin 10 | _ g0
! 50 + 200

Case IlI: When the slider is closest to O,

So, B = sin’! 10} _ 5005
200-50

Angle covered by the crank in backward stroke, 6, = 180 — o + 8
0, = 181.5301°

So, angle covered by the crank in forward stroke, 6,= 360 -0,
0, = 178.4699°

t 6, 1815301
Now, tr = 0p 1784699 =1.0171

29. (a)

ZFx_net =0
Xmrcos® = 0
2 x 50 cos30° + 3 x 70 cos120° + 4 x 30c0s240° + m, x 60cosO, = 0
mycosb, = 1.3066 ()
ZF et = O
Zmrsin® = 0
2 x 50sin30° + 3 x 70sin120° + 4 x 30sin240° x m,, x 60sin®,, = 0
mpsin@, = —2.1324 (i)
Using (i) and (ii)
my = 2.5Kkg
0, = 301.49°
Angle from A = 301.49-30 =271.49°
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30. (d)
XO
2200 _ BT,
Xy ~ ¢
k  [40x10°
= == o = 1414,
“n \ﬂ V" 200 ads
50 = 022 x 1414 x (NTg)
= NT, = 1.26s
Total time = 1.26s
HEER
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