
 

 

 
 

Fourth Semester 
Mechanical Engineering 

ME 6401 — Kinematics of Machinery 

1. Write Grashaffs law for 4 bar mechanism. 
 Grashaff’s law states that the sum of the shortest and longest links cannot be      

    greater than the sum of the remaining two links lengths if there is to be continuous      
    relative motion between two members. 

s + l ≤ p +q 
Where, 
s and l be the lengths of the shortest and longest links respectively, and 

    p and q be the length of the other two lines. 
 
2. Differentiate machine and structure. 
 

Sl.No Machine Structure  

1. Relative motion exists 
between its 
parts.  

No relative motion exists between its 
members. 

2. It transforms available 
energy into 
useful work.  

It does not convert the available energy into 
work.  

3. Links are meant to 
transmit motion 
and force. 

Members are meant for carrying loads 
having action.  

4. Examples: scooter, car 
bus 

Examples: roof trusses, bridges 

 
3.What is the significance of grashof’s law for a four bar mechanism? 
     i)Grashof’s Law specifies the order in which the links are connected in a kinematic     
       chain. 
     ii)Grashof’s law specifies which link of the four bar chain is fixed. 
     iii)(s+l)≤(p+q) should be satisfied,if not,no link will make a complete revolution relative    
         to another. 

Where      s= length of shortest link 
                l=length of longest link 
            p&q are the lengths of the other two links. 
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4. Define ‘Mechanical Advantage’.  

The mechanical advantage is defined as the ratio of output torque to the input 

torque. 

 It is also defined as the ratio of the load to the effort. 

 5. Define degree of freedom and give the DOF for a cam with follower .  
               It is defined as the number of input parameters which must be controlled    
        independently in order to bring the device into a particular position. 
 The degrees of freedom of a mechanism (n) is given by  
  n = 3(L-1)-2j-h 
  L = Number of links 
  j = Number of joints 
  h = Number of higher pairs. 

6. Define number instantaneous centre. 
       Instantaneous centre: instantaneous centre of a moving body may be defined   
     as that centre which goes on changing from one instant to another. 
                Number of instantaneous centres, N = n(n-1)/2 
                               n=number of links. 

7. What is the Expression for coriolis component of acceleration. 

            aC
BC = 2vᾠ 

ᾠ=Angular velocity of ‘OA’ 

v=Linear velocity of ‘B’ 

8. Write about rubbing velocity.  

    The rubbing velocity is defined as the algebraic sum between the angular velocities of 

the two links which are connected by pin joints, multiplied by the radius of the pin. 

Rubbing velocity at pin joint when the two links move in same direction     = (ω1 -ω2 )r 

Rubbing velocity at pin joint when the two links move in opposite direction= (ω1 +ω2 )r 

 

9. What is a configuration diagram? What is its use?  

     Configuration diagram is a line sketch of a given mechanism drawn to a suitable 

scale. 

The configuration diagram forms the basis for the construction of both velocity and 

acceleration diagrams. 
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10. Draw a sketch to explain how total acceleration of a link is obtained.  

                                              
 

 
 

The total acceleration of point B with respect to A is the vector sum of its radial 

component and tangential component . 

                              aBA =ar
BA+atBA 

11. Define tangent cam. 

       When the flanks of the cam are straight and tangential to the base circle and    
   nose circle, the cam is known as tangent cam. 

12. What are the different  motions of follower?  
          1) Uniform motion. 
 2) Simple harmonic motion. 
 3) Uniform acceleration and retardation. 
 4) Cycloidal motion. 

13. Define pressure angle.  
        It is the angle between the direction of the follower motion and a normal to   
   the pitch curve. This angle is very important in designing a cam profile. If the   
   pressure angle is too large, a reciprocating follower will jam in its bearings. 

14. Define angle of dwell.  

          Angle of dwell is angle through which the cam rotates while the follower remains     

    stationary at the highest or the lowest position. 

15. Define undercutting of cam mechanism.  
         The cam profile must be continuous curve without any loop. If the curvature of the     
      pitch curve is too sharp, then the part of the cam shape would be lost and thereafter  
      the intended cam motion would not be achieved. Such a cam is said to be undercut. 
 
 Undercutting occurs in the cam because of attempting to achieve too great a   
      follower lift with very small cam rotation with a smaller cam. 
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16.Define the following terms used in gear :a)Pressure angle b)Module.  
Pressure angle: The angle between the common normal to two gear teeth at the 
point of contact and the common tangent at the pitch point. 
Module: It is the ratio of the pitch circle diameter to the number of teeth. 
 

17. What is the role of idlers In gear trains?  

            An idler gear is a gear wheel that is inserted between two or more other gear     

            wheels. The purpose of an idler gear can be two-fold. Firstly, the idler gear will    

           change the  direction of rotation of the output shaft. Secondly, an idler gear can    

           assist to reduce the size of the input/output gears whilst maintaining the spacing     

           of the shafts. 
 
18. Define gear ratio.  

      The gear ratio of gear train is the ratio of the angular velocity of the input gear 
to the angular velocity of the output gear. 
 

19. Write short notes on differentials.  

The function of a differential gear of an automobile is: 
 i)To transmit motion from engine to rear wheels, 
ii)To rotate the rear wheels at different speeds while the automobile is taking a    
   turn. 
 

20. Define the term “arc of contact”?  

The arc of contact is the path traced by a point on the pitch circle from the 

beginning to the end of engagement of two meshing teeth. 

 

21. What is meant by self-locking and self-energised brake?  

The frictional force helps to apply the brake.Such type of brakes are said to be 

self energizing brakes. 

When the frictional force is great enough to apply the brake with no external 

force,then the brake is said to be self locking brake. 

 
22. State the functional difference between a clutch and a brake.  

The functional difference between a clutch and a brake is that a clutch connects 
two moving members of a machine ,where as a brake connects a moving member 
to a stationary member. 
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23. What are the advantages and disadvantages of V-belt drive over Flat belt   

     drive?  

       Advantages: 

       1.The V belt gives compactness due to the small distance between the centre of    

           Pulleys. 

       2.The drive is positive ,because the slip between the belt and the pulley groove is     

          negligible. 

       3.It provides longer life ,3 to 5 years. 

      Disadvantages: 

       1.The V belt drive cannot be used with large centre distances . 

       2.The V belts are not so durable as flat belts. 

       3.The construction of pulleys for V belt is more complicated than pulleys for flat     

          belts. 

 

24. What do you mean by self-locking screws?  
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PART B 

 

1. Sketch and explain the four inversions of single-slider crank chain.   
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2.Sketch and explain any three kinematic inversion of four bar chain.  
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3.(i) Describe various inversions of double slider crank-mechanism with sketches.  
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   ii)What are straight line mechanisms?Sketch the peaucellier straight line motion     
     mechanism and prove that the generating point moves in straight line.  
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4. A cam is designed for a knife edge follower with the following data : 

   i)Cam lift =40 mm during 90o of cam rotation with SHM 

   ii)Dwell for the next 30o 

  iii)During the next 60o of cam rotation ,the follower returns to original position   

      with SHM 

  iv)Dwell for the remaining 180o 

    Draw the profile of the cam when the line of stroke is offset 20 mm from the 

axis of cam shaft. 
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5.Draw the profile of a cam operating a roller reciprocating follower with the 

following data :Minimum radius of cam=25 mm, Lift=30 mm and roller diameter =15 

mm.The cam lifts the follower for 120o with SHM followed by a dwell period of 

30o.Then the follower lowers down during 150o of the cam rotation with uniform 

acceleration and deceleration followed by a dwell period.If the cam rotates at a 

uniform speed of 150 rpm.Calculate the maximum velocity and acceleration of the 

follower during the descent period.  
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6. (i) State and prove the law of gearing
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ii) Derive an expression to determine the length of path of contact between two    
    spur gears of different size. 
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7.   i)A Screw jack has a square thread of mean diameter 60 mm and pitch 8 mm.The   

     co-efficient of friction at the screw thread is 0.09.A load of 3 KN is to be lifted    

     through 120 mm.Determine the torque required and the work done in lifting the   

     load through 120 mm .Find also the efficiency of the jack. 
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ii)Derive an expression for the centrifugal tension in a belt passing round a pulley    

    rim. 
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  iii)A leather belt is required to transmit 7.5 KW from a pulley 1.2 m in diameter,     

     running at 250 rpm.The angle embraced is 165o and the coefficient of friction    

     between belt and pulley is 0.3.The safe working stress for the leather belt is 1.5     

     Mpa ;the density of leather is 1000 Kg/m3 and thickness of belt is 10 mm. 

     Determine the width of the belt taking centrifugal tension into account.   
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