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SNR

Answer Key

PartA
1) D’Alembert’s Principle
It states that the inertia forces and couples and the external forces and torques on a body
together give statical Equilibrium

F =-m*f;
C=l*a
2) Expressions
i i . sin20
Velocity of the slider (v,) Vp =TI [sme + ( -~ )]
Acceleration of the slider (a,) a, = ro? [cos 0+ (COZZG)]
. . _ wcosH
Angular velocity of the connecting rod (wpc) ~ Wpe = —’_nzz—sinze.
w*sin®

Angular acceleration of the connecting rod (apc) 0pc = -

3) Difference between static and dynamic force analysis

In static equilibrium the body is either at rest or moving with a constant velocity, its mean that
body should have a zero linear acceleration, while in dynamic equilibrium body is rotating at a constant
angular velocity or its angular acceleration would be zero.

4) Piston Effort
Force acting on the Piston:
F = F,-Fp-Fs
Crank Effort
Ft = F/cos B * (sin (6+p))
Part B
Problem 1

In a slider crank mechanicsm the length of the crank and connecting rod are 150mm and
600mm respectively. The crank makes ana angle of 60° with the IDC and revolves at a uniform speed of
300 r.p.m. Find
Velocity and Acceleration of the slider
Angular velocity and Angular acceleration of the connecting rod

Given Data:
Length of the crank (r) =150 mm
Length of the connecting rod (1) =600 mm
Angle (0) =60°
Speed (N) =300 rpm
To Find:

Velocity of the slider (vp)

Acceleration of the slider (ap)

Angular velocity of the connecting rod (wpc)
Angular acceleration of the connecting rod (o)
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Solution:
21N

®=7%60
w=31.4rad/s
n=1/r =600/150
n=4

Velocity of the slider (vp)

Vp =T [sine + (Si:je)]

=(0.15*31.4) (sin 60° + (sin 120°/2*4))
=4.71*0.974
=4.58 m/sec

cos260
ap = rw? [cosG + ( )]
n

=(0.15*31.42) (cos 60° + (cos 120°/4))
=147.89 *0.375)
=55.46 m/sec?

Angular velocity of the connecting rod (wpc)

Acceleration of the slider (ap)

wcos 0
vn? — sin?26.
=15.7/3.91
=4.02rad/s
Angular acceleration of the connecting rod (a)
w?sin@

Wpe =

(06 =
pc n

= 853.87/4

=213.47 rad/s?
Problem 2

A Petrol engine has a stroke of 120mm and connecting rod is 3times of crank length.the crank

rotates at 1500 r.p.m clockwise,determine:
a. Velocity and Acceleration of the slider

b. Angular velocity and Angular acceleration of the connecting rod
When the piston has travelled 1/4t of its stroke from IDC

Given Data:
Stroke Length (L) =120 mm
Length of the crank (r) =L/2 =60 mm
Length of the connecting rod (1) =3r =180 mm
Speed (N) =1500 rpm

To Find:

Velocity of the slider (vp)

Acceleration of the slider (ap)

Angular velocity of the connecting rod (wpc)
Angular acceleration of the connecting rod (o)

Solution:
_ 21N
“= 60
w=157.08rad/s
n=3
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1/4t of its stroke = ¥4 * 180°
0 =45°

Velocity of the slider (vp)

. sin26
Vp =T [sme + ( o~ )]
= (157.08*.06) (sin 45° + (sin 90°/2*3))
=8.235 m/sec

Acceleration of the slider (ap)

a

cos20
= rw? [c059+( - )]

p
= (.06*157.082) (cos 45° + (cos 90°/3))
=1046.83 m/sec?
Angular velocity of the connecting rod (wpc)
wcosB
w = — k-
P€ " VnZ Zsin2e.
=38.1rad/s
Angular acceleration of the connecting rod (a)
w?sin 0
Upe = =

=5815.75 rad/s?

Problem 3

A horizontal steam engine running at 240 r.p.m has a bore of 200mm and stroke of
360mm. The piston rod is 2Z0mm in diameter and connecting rod length is 900mm. the mass of
the reciprocating parts is 7Kg and the frictional resistance is equivalent to a force of 500N.
Determine the following when the crank is at 120° from the IDC, the mean pressure being
5000N/m?2 on the cover side and 100N/m? on the crank side.

Thrust on the connecting rod, Thrust on the cylinder walls

Loads on the bearings Turning moment on the crankshaft
Given Data:
Speed (N) =240 rpm
Bore diameter (d) =200 mm =0.2m
Stroke Length (L) =360 mm =0.36 m
Piston rod diameter (d) =20 mm =0.02m
Length of the connecting rod (1) =900 mm =09 m
Mass of the reciprocating Parts =7kg
Frictional Resistance =500 N
Angle (0) =120°
Pressure on cover side (P1) =5000 N/m2
Pressure on crank side (P2) =100 N/m?2
To Find:

Thrust on the connecting rod (F.),
Thrust on the cylinder walls (Fy)
Loads on the bearings (F:)

Turning moment on the crankshaft (T)

Solution:
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=25.13 rad/s

r=L/2
=.18m
n=l/r
=.9/.18
=5
sinf = % =0.173
B=9.96°
Force acting on the Piston:
F = Fp-Fu-F¢
Force due to Gas Pressure (Fp) = P1A1-P2A;
= (5000*(mt/4)*(0.22))-(100*(1t/4)*(0.22-0.022))
=157.08-3.11
=153.97 N
Inertia Force (Fy) = mrw? [COS 0+ (corslze)]
= 7*0.18%*25.132(cos 120° + (cos 120°/5))
=795.71 * (-0.6)
=-47743N
Frictional Resistance =500N
F = Fp-Fp-F¢
=153.97+477.43-500
=131.4N
Thrust on the connecting rod (F.),
F.=F/cos
=131.4/cos 9.96
=131.4/0.98
=134.08 N
Thrust on the cylinder walls (Fp)
Fc=Ftan
=131.4 *tan 9.96°
=131.4/0.18
=730N

Loads on the bearings (F;)
Fr=(F/cosB) (cos (6+f))
=134.4* (-0.64)
=-84.1N

Turning moment on the crankshaft (T)

Fr = (F/cospB) (sin (6+B)) r
= (134.4) (0.77) (0.18)
=18.63 Nm

Problem 4

The crank and connecting rod of a vertical petrol engine, running at 1800 r.p.m are 60mm and
270mm respectively. The diameter of the piston is 100mm and the mass of the reciprocating parts is 1.2
kg. During the expansion stroke when the crank has turned 20° from the TDC, the gas pressure is
650KkN/m2. Determine the

e Net force on the piston

e Netload on the gudgeon pin
e Thrust on the cylinder walls
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e Speed at which the gudgeon pin load is reversed in direction

Given Data:
Speed (N) =1800 rpm
Crank radius (r) =60 mm =0.06 m
Connecting rod Length (1) =270 mm =0.27m
Diameter of Piston (d) =100 mm =0.1m
Mass of reciprocating parts (m)= 1.2 kg
Angle (0) =20°
Gas Pressure = 650kN/m?

To Find:

o Net force on the piston (F)

e Netload on the gudgeon pin (F.)

e Thrust on the cylinder walls (Fy)

e Speed at which the gudgeon pin load is reversed in direction (N)

Solution:
n=1/r
n=0.27/0.06 =4.5
_ 21N
® =760
=188.5rad/s
sin,B — sin @
B=4.36°

Force due to gas pressure:F,
Fp = Area * Pressure
= (m/4) (d?) *P
=(m/4) (0.12) * 650*103
=5105N

) cos20
mrw [c056+( " )]

=1.2*0.06*(188.5)2 (cos 20° +(cos 40°/4.5))
=2840N
Net force on the piston (F)
F = Fp-Fp+mg
F=15105-2840+1.2%¥9.81
=2276.8N
Net load on the gudgeon pin (F.)
Fc=F/Cos 3
=2276.8/ cos 4.6°
=22834N
Thrust on the cylinder walls (F,)
Fc=Ftan
=2276.8 *tan 4.6°
=173.5N
Speed at which the gudgeon pin load is reversed in direction (N)
F = Fp-Fp+mg =0
= 5105-1.2%0.06 *w? [cos 20° + (227 )[+1.2#9.81

Inertia Force (Fb):
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0.07991w? =5116.8
w = 253.04
N =2416.3 rpm
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