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UNIT - 1 

Static Force Analysis 
 

1. Define equilibr ium with respect to two force members and three force members.  
 
 
 

Moment equilibrium requires that FA and FB share the same line of action, which can 

only happen if they are directed along the line joining points A and B. 

 
 
 
 
 
 
 
 
 

Therefore, for any two-force member to be in equilibrium, the two forces acting on the 

member must have the same magnitude, act in opposite directions and have the same line of 

action, directed along the line joining the two points where these forces act. 
 

ii) Three-Force Members: 
 

If a subjected to only three forces, it is called a three-force member. 
 

Moment equilibrium can be satisfied only if the three forces form a concurrent or parallel force 

system. 
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2. A four bar mechanism under the action of external force is showm in Fig. Ql(b). 
Determine the torque T, and var ious forces on links for the equilibr ium of the system 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Step: 1 
 
Draw the given figure to scale I : 5. It is shown in Fig. 
 
Step: 2 
 
To find the forces and couple, draw the free body diagram of each link as shown in Fig: 1.53 
 
Step: 3 
 
Consider link : 4 
 
It is a three force member. They are F = 2000 N,Fl4 and Fu . 
 
F is known in magnitude and direction, for FJ4 direction known and magnitude is unknown. 

The direction of Fu is found as shown in Fig: 1.54 [For explanation refer analysis of 4 bar 

mechanism] 
 
Step: 4 
 
Draw the force polygon for link. 4 as shown in Fig. 1.55 [for explanation refer analysis of 4 

bar mechanism] 
 
From force polygon 
 
FJ4 = ab x scale == 2.4 x 500 = 1200 N 
 
FI-I = ob x scale = 1.8 x 500 = 900 N 
 



ALPHA COLLEGE OF ENGINEERING 

                                               DEPARTMENT OF MECHANICAL ENGINEERING        SANDEEP T R 

DYNAMICS OF MACHINES 10ME54 
  

 
 

 

Step: 5 
 
Consider link:  3 
 
It is a two force member i.e., F43 and F23 For equilibrium these two forces are equal and 

opposite and acts along axis of BC. But since F43and F34arte equal and opposite. F34 = 

F43= F23 = 1200 N 
 
Step: 6 
 
Consider link:  2 
 
It is a two force member i.e., F32and F,~ and a torque T2 . 
 
F3~and F23 are equal and opposite Also for equilibrium F)2 and FI2 are equal and opposite as 

shown in Fig Fl.I=F32=FI2=  1200N 
 
Now. Torque, T1 = FJ2 h, where h = 3.96 x5 = 19.8 em = 198 mm 
 
= 1200 x 198  
 
= 237600 N mm  
 
= 237.6 Nm(cw)  
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3. State the conditions for  static equilibrium of a body, subjected to a system of i) two 
forces ii) three forces. (04 Marks) 
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4. A four bar mechanism under the action of two external forces is shown in the Fig. Ql(b). 
Determine the torque to be applied on the Iinl cAB for static equilibrium. The dimensions 
of the links are AB = 50 mm, BC = 66 mm, CD = 55 mm, CE = 25 mm, CF = 30 mm, 
AD=100 mm, angle BAD = 60°, P = 500N and Q = 600N  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



ALPHA COLLEGE OF ENGINEERING 

                                               DEPARTMENT OF MECHANICAL ENGINEERING        SANDEEP T R 

DYNAMICS OF MACHINES 10ME54 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5. Give significance of static force analysis of mechanisms. 
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6. Explain the procedure for static force analysis of slider-crank mechanism 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Steps in the static force analysisof slider-crank mechanism 
 
i) configuration diagram is drawn to scale. F is the input force on link 4  
 
ii)  Link 3 is a member with two forces. Free body diagram of link 3 is drawn showing 

forces F:3 and F43 along line AB.  
 
For equilibrium of link 3, F:3 = F4J  
 
iii)  Applying Newton's third law, we have  
 
F34 = F43 
 
iv) Free body diagram of link 4 is drawn. F is the input force, F34 is parallel to link 3 and F14is 

perpendicular to the sliding surface.  
 
v) Force polygon is drawn to a suitable scale. From force polygon findout the value afforce F34  
 
Therefore, F23 = F43 
 
and F12= F23 from Newton's III l aw 
 
vi) Free body diagram of link 2 is drawn. force FJ2 is parallel to link 3 ad FI2 is an equal and 
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7. Explain principl e of virtual work applic ation to static force analysis 

 

Another approach to force - analysis is based on the principle of virtual (imaginary) work. This 
method is based on an energy balance of the system, which requires that the net change in 
internal energy of a system during small  displacement must be equal to the difference between 
the work input to the system and the work output including the work dine against friction, if 
any, Therefore if a system which is in equilibrium under the action of difference forces, is 
given a small displacement from equilibrium, then the net change in the internal energy will be 
equal will be equal to the work done on the system. In short the principle of virtual work can be 
stated as "The work done during virtual displacement from the equilibrium is equal to zero. 

 

8. Explain the procedure for static force analysis of four bar mechanism. 
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9. For the static equilibrium of the mechanism shown in Fig. Ql(b), find the required 
input torque T2Å The dimensions are AB=150mm, BC=AD=500mm, DC=300mm, 
CE=100mm, and EF=450mm. (14 marks) (June 2013) 
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10. For a mechanism shown in Fig. Ql (b), find the required input torque, for the static 
equilibrium. The l engths OA and AB are 250 mrn and 650 mm respectively. F = 500N. 
(15 Marks) (Jan 2014) 
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F32= F23= 477.5N 
From BD of link 2 
x=144mm  
Torque on link 2 

T2 = F32X X = 477.5144=68.76 N-m 

 

11. A four bar mechanism shown in Fig.Ql(b) is acted upon by a force P =100 N at 120° 
on link CD. The dimensions of var ious link s are AD;'"  40 mm, BC = 60 mm, CD = 50 
mm, AD = 30 mm, DE = 20 mm, Determine the input torque on link AB for static 
equilib rium. (16 Marks) (june 2014) 
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From FBD of link 3 F23= 
F43 From force polygon  
'F'4 ~ 96.2N  
F34= 27.7N F43= 
F34= 27.7N 
and F23= Fn = 27.7N 

From FBD of link 4 x = 38.5 mm 

Torque on link 2, T2 = F32X X = 27.738.5 = ·1066.45 N.mm(cw) 
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UNIT ï 2  

Dynamic Force Analysis 
 
 

1.  Derive an expression for 'size of fly wheel'. (6 Marks) (June 2015) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Size of flywheel 

Dimensions of the Flywheel Rim  
Consider a rim of the fl ywheel as shown in Fig 
Let D = Mean diameter of rim in meters,  
R = Mean radius of rim in meters,  
A = Cross-sectional area of rim in rn", 
p = Density of rim material in .kg/rn', 
N = Speed of the flywheel in r.p.m.,  
0) = Angular velocity of the flywheel in 
rad/s, v = Linear velocity at the mean radius 
in m/s = 0). R = n D.N/60, and 
0' = Tensile stress or hoop stress in N/m2 due to the centrifugal force.  
Consider a small  element of the rim as shown shaded in Fig. Let it subtends an angle 09 at 
the centre of the flywheel  
Volume of the small element 

=A x R. 09 

Mass if the small element 

dm = Density x volume = pA.R.09  
and centrifugal force on the element. acting radially outwards, 
dF = dm.0)2.R = pA.R". o)".b9  
Vertical component of dF 

= dF.sin 9 = pA.R2. 0)2.b9.sin 9  
Total vertical upward force tending to burst the rim across the diameter X 
Y =p.A.R.w2 2 J sm. 1(.7).de =p.A.R.w2 2 [- cos Ell0 'it  
o 

........ (i) 
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This vertical upward force will produce tensile stress or hoop stress (also called centrifugal 
stress or circumferential stress), and it is resisted by 2P, such that  
2P = 20'A (ii)  
Equating.equations (i) and (ii),  
2.pA.R2Å 0)2= 20'A  
O'=- p.A.R2. 0)2= p.v' (v = 
O).R) V =if (ii '1  
We know that mass of the rim, m 
= Volume x density = 1tD.A.p 
A=~ 

71.D.p ....... (iv)  
From equations (Ui) and (iv), we may find the value of the mean radius and cross-
sectional area of the rim. 

 

2. A punching machine is required to punch 5 holes per minute of 50 mm diameter in 40 
mmthick plate. The ultimate shear strength of plate material of 22 5 MPa. The punch 
hasastroke of 100 mm. Find the power of motor required of mean speed of   
flywheel is 18 mls. 
If flywheel. 

 
coeffi cient of fluctuation of speed is 4%, find mass of the 

 
s = 100 mm 't = 225 Nzmm? u  
d = 50 mm t = 40mm v = 18 m/sec 
K =4% s  
(i) Power of motor  
shearing force F = shearing stress x sheared area 
= r x ndt 
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3. Define coefficient of fluctuation of speed and coefficient of fluctuation of energy.  

 
Coefficient of fluctuation of speed ct> : The ratio of the difference b/w smallest angular 
velocity and the largest angular velocity to the mean angular velocity <I> = (0,)2 - 0,)1) / 0,) 
Coefficient of fluctuation of energy (J3) : The ratio of greatest fluctuation in kinetic energy 
to the work done is called coeffi cient of fluctuation of energy.  
Maximum fluctuati on of speed : The difference between smallest angular velocity and 
the largest angular velocity is called max fluctuation of speed.  
Maximum fluctu ation of energy: The difference between minimum and maximum variation 
Å.of energy is called maximum fluctuation of energy. 
 

 

4.  What is the function of a flywheel? How does it dif fer from that of a governor? 
Ans. The function of a flywheel is to reduce the fluctuation of speed. It stores the energy in the 
form of kinetic energy. When the speed of the shaft increases above the mean speed the extra 
energy is stored in the flywheel and when the speed falls below the mean speed, it gives out 
energy, thus smoothening the variation. A governor controls the speed by varying the amount of 
fuel supply to the engine, but flywheel does not have control over the mean speed. 
 
 
 

 

5. The turning moment diagram of a multicylinder engine has been drawn to a scale of 
Imm= 500 Nm torque and 1 mm to 6° crank displacement. The intercepted areas 
between output torque curve and mean resistance line, taken in order from one end, 
in millimeter ar e: -30, +410, -280, +320, -330, +250, -360, +280 and -260. If the mean 
speed is 800rpm and fluctuation of speed is not to exceed 2% of mean speed 
determine   
i) mass of theflywheel ii) mean diameter of the flywheel, if the centrifugal stress 
in the flywheel rim is limited to 8N/mm2. Hi) Dimensions of the rectangular cross-
section of the rim by taking the width of the rim as 5 times the thickness. The 
density of cast iron is 7200 kg. Neglect the effect of hubs and arms of the flywheel. 
(15 Marks) (Dec 2014)  
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6.The turni ng moment diagram for four  stroke gas engine may be assumed for a simplicity 
to be represented by four tri angles. The areas of which from the line of zero pressure are 
as follows: suction stroke = 0.45 x lO-3m2, compression stroke = 1.7 X 10-3 m', expansion 
stroke = 6.8 x 10-3 m" , exhaust strole = 0.65 x 10-3 m? each m' of area represents 3 MN-m 
of energy. Assume the resisting torque to be uniform find the mass ofthe rim of a flywheel 
required to keep be speed between 202 and 198 rpm. The mean radius of the rim is 1.2m.  
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7.Explain turni ng moment diagram of 4 stroke Ie engine and multi - cylinder engine.  
The TMD for an IC engine is as shown in the Fig.3.1 As the pressure inside the cylinder is less 
than atmospheric pressure during the suction stroke, a negative loop is formed as shown in Fig. 
2.33 During compression and exhaust stroke, work is done on the gases and hence a negative 
loop is formed. During expansion stroke, the work is done by the gases. WD is the product of 
TM and angle turned, area ofTMD represents WD/Cycle. From this power can be calculated. 
AF - represents mean resisting torque. Area above this line is excess energy, using, excess 
energy mass of the flywheel can be calculated. 
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