
AT 2402 – VEHICLE DYNAMICS – QUESTION BANK 

 

UNIT I: INTRODUCTION TO DEGREE OF FREEDOM 

TWO MARK QUESTION: 

1) Define: Degree of Freedom (April 2012) 

2) What is Damping ratio (or) Damping factor (Nov 2011) 

3) Define: Damped natural frequency 

4) Define: Transmissibility ratio (Nov 2012) 

5) What do you mean by modeling and Simulation? (April 2012) (Nov 2011) 

6) Define: Damped Vibration 

7) What is Magnification factor (or) Dynamic Factor (April 2010) 

8) Write about the Sources of Vibration? (Nov 2012) 

9) What is Whirling (or) Whirling of Shafts (April 2009) 

10) What is transmissibility ratio (or) isolation factor (April 2010) 

11) What is resonance? (April 2009) 

12) What is Critical damping and logarithmic decrement? (April 2013) 

13) What do you mean by modeling and simulation? (Nov 2012) (April 2013) 

14) An unknown mass ‘m’ is attached to one end of a spring of stiffness ‘k’ having natural 

frequency of 6 Hz. When 1 kg mass is added to the system, the natural frequency is lowered 

by 20%. Determine the value of ‘m’ and k of the system. (Nov 2012) 

15) What are the various sources of vibration in a vehicle. (Nov 2013) 

16) What do u understand by modeling and simulation. (Nov 2013) 

17) How vibrations cause a human discomfort? (May 2014) 

18) Draw the general coordinate system of a vehicle. (May 2014) 

16 MARK QUESTIONS 

1) Discuss the concept of vibration absorber with a suitable expression and show 

mathematically how the system is completely absorbing the vibration? (Apr 2011)  

(Nov 2010) 

2) What do you mean by Magnification factor? Derive a suitable expression for calculating the 

magnification factor for a single degree of freedom? (Apr 2012) 

3) Derive the equation for free and forced vibration for two degree of freedom? (Apr 2010) 

(Nov 2011) 

4) Derive the expression to calculate the Magnification factor when a single degree of freedom 

system is subjected to an external force. Also draw the Magnification factor vs frequency 

ratio. Mention your observation from the curve. (Nov 2012) 

5) Derive the equation for free and forced vibration for single degree of freedom for i) Under 

damped conditions ii) Over damped conditions iii) Critically damped conditions (Apr 2011) 



6) Compute the ratio between the maximum forces transmitted to the ground vs maximum 

force applied with respect to single degree of freedom system. Plot this ratio against 

frequency ratio and provide your observations. (Nov 2012) 

7) a) Briefly explain about the derivation for transmissibility ratio of a vibration system?  

       b) Briefly explain about the Modelling and Simulation? (April 2010) 

8)  Describe briefly the free vibration of a vehicle with single degree of freedom.      (April 2013) 

9)  Discuss the concept of vibration absorber with example. (Nov 2013) 

     10) Derive a suitable expression for magnification factor. Also draw the Magnification factor vs  

frequency ratio and mention its importance. (Nov 2013) 

     11)  Derive a suitable expression for transmissibility ratio. Also draw the Magnification factor vs  

frequency ratio and mention its importance. (May 2014) 

     12)  For the system shown in figure, compute the damping ratio, state whether the system is 

critically damped, underdamped or overdamped. Determine x(t) for the initial condition 

given. (May 2014) 

                                                        
 

 

UNIT II: STABILITY OF A VEHICLE 

TWO MARK QUESTIONS 

1) Discuss the weight distribution of a three wheeler? (April 2012) (April 2010) (Nov 2012)        

                                                                                                                                (Nov 2013) 

2) Discuss the weight distribution of a four wheeler? (April 2010) (April 2013) 

3) Write about the stability of a vehicle on a slope? 

4) A vehicle of total  weight 50 kN is held at rest on a slope of 10 deg. It has a wheel base of 

2.25 m and its CG is 1.0 m in front of the rear axle and 1.5 m above the ground level. Find 

the normal reaction at the wheel. (April 2013) 

5) What do you mean by ‘Limiting Angle’? (Nov 2012) 

6) What is gyroscopic couple? (April 2009) 

7) Define: Tractive effort and traction? (Nov 2012)  

8) Define: Drawbar pull (April 2009) 

9) Define the term Gradability? (Nov 2011) 

10) Write about Gyroscopic effect? (April 2010) 

11) Write about Gyroscopic couple? (Nov 2012) (April 2012) 

12) What is axis of precession? (Nov 2011) 

13)  What do u mean by limiting and overturning speed? (Nov 2013) (May 2014) 

14) What do u mean by gyroscopic couple and state its effect in a vehicle. (May 2014) 

16 MARK QUESTIONS: 



1) i. a) Explain about the distribution of weight of a three wheeled vehicle? (Apr 2009) 

   b) Explain about the distribution of weight of a four wheeled vehicle? (Apr 2009) 

ii. Illustrate the vehicle stability on a banked track? (Apr 2009) 

2) Discuss the stability of the vehicle when negotiating a turn. (Nov 2012) 

3) Derive an expression to find the normal reactions at the front and rear wheels considering 

the stability of a vehicle on a slope of θ, to the horizontal. Also discuss, the limiting value for 

θ, if it is increased gradually (i) either the vehicle is about to overturn (ii) the vehicle is about 

to slide down the slope.  (April 2010) 

4) Derive the suitable expression to find out the reaction forces, Maximum tractive effort and 

maximum forward acceleration for 

(i) Four wheel drive 

(ii) Front wheel drive 

(iii) Rear wheel drive (April 2010) (April 2013) 

5) A vehicle of total weight 49050 N is held at rest on a slope of 10°. It has a wheel base of 

2.25 m and its centre of gravity is 1.0 m in front of rear axle and 1.5 m above the ground 

level. Find i) What are the normal reactions at wheels ii) assuming that sliding does not 

occur first, what will be the angle of sloe so that the vehicle will overturn? Iii) Assuming all 

the wheels are to be braked what will be the angle of slope so that the vehicle will begin to 

slide if the co-efficient of adhesion between the tyre and the ground is 0.35? (Nov 2010) 

6) A vehicle of total weight 50 kN. is held at rest on a slope of 12°. It has a wheel base of 2.25 

m and its centre of gravity is 1.0 m in front of rear axle and 1.5 m above the ground level. 

Compute the following a) Normal reactions at the wheels b) Assuming that sliding does not 

occur first, what will be the angle of slope so that the vehicle will overturn? C) Derive the 

formulae used for above. (April 2012) 

7) A motor car with total weight of 40 kN and wheel base of 2.75m with CG of 0.85m above 

the ground and 1.15m behind the front axle. If coefficient of adhesion is 0.6, Compute the 

maximum possible acceleration and the normal reactions when the vehicle is i) Driven on 

front wheels only ii) Driven on rear wheels only iii) Derive the formula used for the above. 

(Nov 2012) 

8) A car of total weight 20kN runs at 80 km/hr round a curve so that its C.G. moves in a circle 

of 82m radius with its wheel axes at an angle of 12° to the horizontal. The C.G. of the car is 

1 m above the ground and is midway between the axes. The wheel track is 1.2 m. 

Determine the normal reactions on each wheel taking into account the centrifugal effect. 

(April 2011) 

9) A car of total weight 20 kN runs at 70 km/hr round a curve so that its C.G. moves in a circle 

of 80m radius with its wheel axes at an angle of 10° to the horizontal. The C.G. of the car is 

1 m above the ground and is midway between the axes. The diameter of the wheels is 0.6 

m, the wheel track is 1 m. Each wheel weighs 1800 N with radius of gyration of 0.25 m. 

Determine the normal reactions on each wheel taking into account the centrifugal effect 

and gyroscopic effect (Nov 2010) 

10) A car of total weight 20kN runs at 80 km/hr round a curve so that its C.G. moves in a circle 

of 82m radius with its wheel axes at an angle of 12° to the horizontal. The C.G. of the car is 



1 m above the ground and is midway between the axes. The wheel track is 1.2 m. 

Determine the normal reactions on each wheel taking into account the centrifugal effect. 

(April 2011) 

11) A car of total weight 19620 N runs at 72 km/hr round a curve so that its C.G. moves in a 

circle of 80m radius with its wheel axes at an angle of 10° to the horizontal. The C.G. of the 

car is 1 m above the ground and is midway between the axes. The wheel track is 1 m and 

the diameter of the wheels is 0.6 m and each pair of axle weighs 1962 N, and the radius of 

gyration is 0.25 m. Determine the normal reactions on each wheel taking into account the 

centrifugal and gyroscopic effect.(Nov 2011) (April 2013) 

12) A motor car takes a bend of 30.5 m at a speed of 64 km/hr. Determine magnitude of the 

centrifugal and gyroscopic couples acting on the vehicle and state the effect that the road 

has on the road wheels. Assume that (i) Each road wheel has a moment of inertia of  19.62 

N-m
2
 and effective road radius of 0.4 m (ii) The rotating parts of the engine and 

transmission are equivalent to a flywheel weighing 637.65 N with a radius of gyration of 0.1 

m. the engine turns in a clockwise direction when viewed from the front. (iii) The back axle 

ratio is 4 to 1, the drive through the gear box being direct. The gyroscopic effects to the half 

shafts at the back axle are to be ignored. (iv) The car weighs 11281.5 N and its centre of 

gravity is at 0.6 m above the road wheel. (Apr 2012) 

13) Discuss the stability of vehicle on a slope and running on a curved track. (Nov 2013) 

14) Compute the reaction forces, maximum acceleration and tractive effort for vehicle driving 

on front wheel drive, rear wheel drive and all wheel drive. (Nov 2013) 

15) Discuss the stability of vehicle on a slope. (May 2014) 

16) Two cars similar in all aspects excepting the one has rear wheel drive and the other has 

front wheel drive. If the engine power does not limit the ability to climb grades, state which 

car can ascend steep grades. (May 2014) 

 

UNIT III: MULTI DEGREE OF FREEDOM 

TWO MARK QUESTIONS: 

1) What do you mean by modal decomposition? (April 2012) (May 2014) 

2) What is orthogonality of mode shape? (Nov 2011) (April 2011) (Nov 2012) (April 2013) 

3) What is modal analysis? 

4) What do you mean by closed coupled system? (April 2012) (April 2010) 

5) What do you mean by far coupled system? (Nov 2011) 

6) What are the assumptions to be made in modal analysis? 

7) Define ‘influence coefficient’ applicable to far coupled system? (April 2010) 

8) What do you understand by the term mathematical modeling and simulation? (April 2011) 

9) What do mean by dynamic mode decomposition? 

10) What does eigen value and eigen vector represents? (Nov 2012) 

11) Define close couple and far coupled systems. (Nov 2013) 

12) State the importance of eigen value and eigen vector. (Nov 2013) 

13) Define semi definite system with an example. (May 2014) 

 



16 MARK QUESTIONS: 

1) Find out the Modal matrix for the following system? (April 2010) 

  

2) The figure shows a locomotive, driving two fright cars, one of which has a loading. The 

loading is attached to the car body with two springs each of stiffness K3.  

The following data are given:  m1 = 72 tonnes; m2 = m4 = 28 tonnes; m3 = 8 tonnes 

K1 = K2 = 0.8 MN/m, K3 = 0.3 MN/m Write the equations of motion in matrix form.  

(Apr 13) 

 

3) Find out the natural frequency and amplitude ratio in terms of ‘m’  and ‘k’ for the system 

shown below. Take m1 = m; m2 = 2m; k1=k2=k3=k. (Nov 2012) 

 

4) Write the system of equation for the system shown below and compute the natural 

frequency of the system. Take m1= 200 kg; m2=50 kg; k1=100 kN/m; k2=20 kN/m; (Nov 12)   

 

 

 

 

5) The figure shows the quarter car model. Find the natural frequency  

Take Ms = 1200 kg; Mvs = 352 kg; Ks = 68.22 kN/m; Kt = 49.74 kN/m (April 2013) 



 

6) For the given multi degree of freedom Compute the natural frequency for each mass:  

Take m = 1000 kg, k = 80 kN/m (Nov 2011) 

            

7) Find out the natural frequency for  a given system, assume the following data 

m1 = m2 = m3 = 1500 kg,  k1 = k2 = k3 = 100 kN/m (Nov 2011) 

              

8) The fig given below shows a locomotive engine with three fright cars. Take following data 

m1=72 tonnes, m2=m4=m3=28 tonnes, k1=K2=k3=0.8MN/m. (April 2012) (Nov 2013) 

Write down the equation of motion in matrix form and also find the dynamic Matrix for    

the above system. 



9) Explain in detail the step by step procedure to calculate the frequency and mode of 

vibration for a far coupled system? (April 2011) 

10) State the step by step procedure to compute the modal matrix. Also state the importance 

of modal matrix. (Nov 2011) 

11) Derive the characteristics equation for the following system 

 

 

12) The front suspension of a motor car is having an equivalent weight of 11.5KN carried on 

spring stiffness 90kN/m. Calculate the frequency of vertical natural vibration with 

dampers removed. If the dampers are adjusted to give total damping force 4.5KN/M/S. 

Calculate the frequency of damped vibration and the ratio of second downward to 

downward. (Nov 2013) 

13) A wheel with weight W attached to it through a spring is rolling along a wavy surface with 

a constant speed of V is 18.25m/s. The static deflection of the spring under the load W is 

0.098m and the wavy surface is given by y=Ycos(2πV/l)t. Determine the amplitude of 

forced vibratioin if length of wavy surface is 1.83m and Y=0.025m. (May 2014) 

14) Write the system of equation for the system in matrix form. (May 2014) 

 

                         

  

 

UNIT IV: SUSPENSION AND STEERING CHARACTERISTICS 

TWO MARK QUESTIONS: 

1) Compare radial ply and bias ply tyre (Nov 2011) 



2) Define cornering stiffness and cornering coefficient? (April 2010) 

3) Define Wheel wobbling and shimmy. (April 2012) 

4) Write the expression to calculate the tractive effort. (April 2011) 

5) Justify why under steer is preferred over oversteer vehicle. (April 2013) 

6) Define slip angle and cornering force of a tyre (April 2010)  

7) Define static stiffness of tire. (April 2013) 

8) Define camber and camber thrust (April 2012) 

9) How will you compute the effective spring rate for the given vehicle? (April 2011)  

(Nov 2012) 

10) What do you mean by overturning speed and sliding speed? (Nov 2011) 

11) Briefly discuss the effect of camber angle. (Nov 2012) 

12) List out the requirements of good suspension system. (April 2013) 

13) Define yaw velocity gain with respect to steady state cornering. (April 2013) 

14) How will you compute the effective spring rate of given vehicle. (Nov 2013) 

15) What do u mean by steady state and transient state in cornering. (Nov 2013) 

16) Define static stiffness, dynamic stiffness of tyre. (May 2014) 

17) Define lateral acceleration gain with respect to steady state cornering. (May 2014) 

16 MARK QUESTIONS 

1) Write short notes on: (April 2012) 

a) Yaw velocity gain 

b) Lateral acceleration gain 

c) Curvature response gain for over steer, neutral steer and under steer. 

2) Explain in detail i) Under steer  ii) Over steer and iii) neutral steer applicable steady state 

handling characteristics of a vehicle (April 2010) 

3) Discuss the following: (April 2013) 

a) Effect of braking torque 

b) Effect of driving torque 

c) Effect of camber thrust 

4) Discuss the following: (April 2010) 

a) Effect of braking torque 

b) Camber and Camber thrust 

c) Slip angle and Cornering force 

5) a) Explain in detail the directional stability of a vehicle. (Nov 2011) (April 2013) 



b) Write short notes on steady state cornering. 

6)     a) Discuss in detail the transient effect of cornering. (April 2011) 

b) Discuss the effect of camber during cornering of a vehicle.  

7) Derive the suitable expression to calculate the under steer coefficient with that expression 

compute the characteristics speed of an under steer vehicle. Describe briefly the free 

vibration of a vehicle with single degree of freedom. (April 2013) (May 2014) 

8) Briefly explain with various parameters about the ride characteristics of tyre. (April 2012) 

9) List out the various causes for ‘wheel wobble’ and ‘wheel shimmy’ (Nov 2011) 

10) Derive an expression for the relationship for the Tractive effort and longitudinal slip of tyres 

(April 2013) 

11) Write short notes on: (April 2011) 

a) Factors affecting rolling resistance 

b) Vehicle suspension in fore and aft direction. 

12) Write short notes on: 

a) Requirements of suspension system 

b) Ride characteristics of tyre. 

13) Discuss the effect of roll axis and side forces acting on the vehicle. (Nov 2012) 

14) A passenger car weighs 20 kN and has a wheel base of 2.8m. The center of gravity is 1270 

mm behind the front axle. If a pair of radial ply tyres, each of which has a cornering stiffness 

of 45.88 kN/rad, are installed in the front and a pair of bias ply tyres each of which has a 

conrnering stiffness of 33.13 kN/rad are installed in the rear. 

(i) Determine whether the vehicle is understeer (or) oversteer. Also calculate the 

critical speed of the vehicle as appropriate. 

(ii) What would happen to the steady state handling characteristics of the vehicle, if 

the front and rear tyres are interchanged. 

(iii) Derive the formula used. (Nov 2012) 

15) Derive an expression to compute the steer angle required to negotiate the given curve 

under steady state condition. With that explain under steer, neutral steer and over steer.   

                                                                                                                     (Nov 2013)   



16) Explain the following: (i) vehicle subjected to side forces. 

                                    (ii) Gough’s tire characteristics.   (Nov 2013)   

17) Write notes on (i) Influence of roll axis 

            (ii) Vehicle suspension in fore and aft direction. 

      (iii) Effect of camber and camber thrust      (May 2014) 

 

 

UNIT V NUMERICAL METHODS 

TWO MARK QUESTIONS: 

1) List out the different numerical methods to estimate the natural frequency of the system 

(April 2012) (Nov 2013)   

2) What do you mean by Rayleigh’s coefficient? (April 2011) (April 2013) 

3) Write the equation to find the frequency of multi degree of freedom system using 

Rayleigh’s upper bound approximation method. (Nov 2011) 

4) What is branched system? (April 2010) 

5) State the importance of using numerical methods in finding the fundamental frequency of 

the given system (Nov 2012) 

6) What is closed system? (April 2011) 

7) Write out the Dunkerley’s formulae to find out the natural frequency? (Nov 2011) 

8) Write out the Rayleigh’s formulae to find out the natural frequency? (April 2011) 

9) Which one gives more accuracy the Dunkerley’s lower bound or Rayleigh’s upper bound? 

10) Write out the defects of Holzer’s method to find out the natural frequency of a system. 

(April 2011) 

11) Differentiate close coupled system and far coupled system. (Nov 2012) 

12) List out the advantage of numerical method over matrix method. (Nov 2013)  

13) What do you mean by Rayleigh’s coefficient? (May 2014) 

14) How finite element procedure can be applied in vehicle dynamics? (May 2014) 

 

 

16 MARK QUESTIONS 

1) Find out the fundamental natural frequency for the following system by Dunkerley’s lower 

bound method? 



         

2) Find out the fundamental natural frequency for the following system by Dunkerley’s lower 

bound method? (April 2011) 

 

3) Find out the fundamental natural frequency for the following system by Dunkerley’s lower 

bound method? Take E = 19.6 X 10
6
 N/cm

2
 and I = 40 cm

4 
(April 2011) 

 

 

4) Find out the fundamental natural frequency for the following system by Dunkerley’s lower 

bound method? Take E = 1.96 X 10
11

 N/m
2
 and I = 4X10

-7
 m

4  
 (Nov 2011) 

 

7) Find out the fundamental natural frequency for the following system by Rayleigh’s upper 

bound method? (April 2010) 



                                          

8) Find out the fundamental natural frequency for the following system by Rayleigh’s upper 

bound method?(April 2010) 

                                                 

9) Find out the fundamental natural frequency for the following system by Rayleigh’s upper 

bound method? (Nov 2011) 

                                       

10) The vibration of a cantilever is given by y = A {1 – COS (ΠX/2L)}. Calculate the frequency 

of the cantilever using Rayleigh’s methods. Cross section of the beam is circular of 

diameter of 50 mm, length of beam as 3 m. Take Young’s modulus as 200 GPa, Mass of 

the shaft as 50 kg. (April 2012) 

 

11) Explain in detail the step by step procedure to calculate the natural frequency using 

Rayleigh’s upper bound method, for a three degrees of freedom system. (Nov 2011) 

 

12) Derive the Dunkerley’s formula to compute the fundamental frequency of the given 

system. (Nov 2012) 

 



13) Explain in detail Holzer method to calculate the fundamental frequency of close coupled 

and branched system. (April 2011) (Nov 2012)  

 

14)  A steel bar 22 mm wide and 45 mm deep is freely supported at two points 800 mm apart 

and carries a load of 180kg midway between them. Determine the natural frequency of 

transverse vibration. Neglecting the weight of the bar. Also find the frequency of 

vibration if an additional load of 180 kg is distributed along the length of the bar. Take E 

as 210 GPa. (April 2010) 

 

15) A shaft 50mm diameter and 3m long is simply supported at the ends and carries three 

loads of 1000N, 1500N and 750N at 1m, 2m and 2.5m from left support. The youngs 

modulus for shaft material is 200Gpa. Find the frequency of transverse vibration.                                             

         (Nov 2013) 

16) With aid of an example 

explain the step by step procedure to compute the fundamental frequency using holzer 

method. (Nov 2013) 

17) Explain the Rayleigh 

method and Dunkerley method to compute the natural frequency. 

                                                                                                                             (May 2014) 

 

 

18) Compute the natural 

frequency for the given shaft. Take flexural rigidity as EI. Neglect mass of the shaft. (May 

2014) 

 

         


