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B.E./B.TECH. Degree Examination, December 2020 
Seventh Semester  

AE16704 - VEHICLE DYNAMICS 
(Regulation 2016) 

Time: Three hours                                                                                                      Maximum : 80 Marks 
Answer ALL questions 

PART A - (8 x 2 = 16 marks) 
1. Critical damping is identified as the 

(a) largest amount of damping for which no oscillation occurs in free vibration 
(b) smallest amount of damping for which no oscillation occurs in free vibration 
(c) largest amount of damping for which the motion is simple harmonic in free vibration 
(d) smallest amount of damping for which the motion is simple harmonic in free vibration 

2. The longitudinal tyre force generated by each tyre depends on 
(a) Slip ratio 
(b) Normal load on the tyre 
(c) Frictional coefficient of the tyre-road interface 
(d) All of the above 

3. The active suspension differs from semi-active suspension system by        
(a) Variable stiffness 
(b) Variable damper 
(c) Force control 
(d) None of the above 

4. The magnitude of applied gyroscopic couple is evaluated from  
(a)  
(b)  
(c) +  
(d) None of the above 

5. The damping ratio of a single degree of freedom spring-mass-damper system with mass of 1 kg, 
stiffness 100 N/m and viscous damping coefficient of 25 Ns/m is _______ 

6. With a suitable expression, briefly discuss the effect of hydroplaning speed of tyre in wet surface. 
7. Identify the reason why air suspension is preferred in a vehicle? 
8. Find the maximum tractive effort for a vehicle having maximum engine torque of 50 Nm, wheel 

diameter as 500 mm and overall gear reduction as 12:1. 
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PART B - (4 x 16 = 64 marks) 
09. (a) Determine the natural frequencies for the vehicle model shown in Fig. Take M = 1200 

kg; k1= 55 kN/m;  l1= 1.35 m; I = 1500 kg-m2; k2= 60 kN/m;  l2= 1.15 m. 

 

(16) 

(OR) 
 (b) Find the natural modes of frequencies for a mass coupled system having m1 = m, 

m2 = 2m, k1 = k, k2 = k and k3 = 2k. Draw the arrangements and plot the mode shapes. 
(16) 

 
10. (a) (i) Describe how the tractive effort is influenced by the longitudinal slip of 

pneumatic tyre with a suitable expression. 
(8) 

  (ii) Describe how the rolling resistance influence the performance of a tyre. (8) 
(OR) 

 (b) A truck tyre with vertical load of 24.15 kN is moving on a dry pavement with nominal 
coefficient of road adhesion 0.85. The cornering stiffness is 133.3 kN/rad and the 
longitudinal stiffness is 186.82 kN/unit skid. The side slip angle is 4°. 
Calculate the cornering force at low forward speed,  
Calculate the cornering force and braking force when the truck travels at 80 kmph 
assuming longitudinal skid of 10% and adhesion reduction coefficient as 0.0031. 

(16) 

 
11. (a) A vehicle of total weight 39240 N is held at rest on a slope of 10°. It has a wheel base 

of 2.5 m and its centre of gravity is 1.5 m in front of the rear axle and 1.25 m above 
the ground level.  
What are the normal reactions at the wheels?  
Assuming that sliding does not occur first, what will be the angle of slope so that the 
vehicle will overturn?  
Assuming all the wheels are to be braked, what will be the angle of the slope so that 
the vehicle will begin to slide if the co-efficient of adhesion between the tyre and the 
ground is 0.3? 

(16) 

(OR) 
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 (b) (i) Discuss the factors which are used to predict the performance of a vehicle and 
explain any one of them. 

(8) 

  (ii) Discuss how the Antilock brake systems and Traction control systems influence 
the braking performance of a vehicle. 

(8) 

 
12. (a) A passenger car weighs 20.02 kN and has a wheel base of 2794 mm. The centre 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 cornering stiffness of 33.13 kN/rad are installed in the 
rear. Determine whether the vehicle is understeer or oversteer. Also calculate the 
critical speed of the vehicle as appropriate. What would happen to the steady state 
handling characteristics of the vehicle, if the front and rear tyres are interchanged? 

(16) 

(OR) 
 (b) A car of total weight 29430N runs at 108 kmhr round a curve so that its centre of 

gravity moves in a circle of 120 m radius with its wheel axes at an angle of 10° to the 
horizontal. The centre of gravity of the cars is 1.5 m above the ground and is midway 
between the axles. The diameter of the wheels is 0.9 m, the wheel track is 1.5 m and 
each pair axle weights 2943 N with a radius of gyration of 0.375 m. Determine the 
normal reactions on each wheel taking into account centrifugal and gyroscope effect. 

(16) 

 


