
1.  Longitudinal acceleration 
The details of a car undertaking a braking test are shown in Table 1.1 below

	Height of CG of sprung mass above ground 
	H
	0.42 m

	Height of CG of unsprung mass 
	r
	0.24 m

	Wheelbase 
	L
	2.35 m

	Total front sprung mass
	Msf
	425 kg

	Total rear sprung mass 
	Msr
	475 kg

	Total  front unsprung mass  ( 2 wheels)
	Musf
	48kg

	Total rear unsprung mass ( 2 wheels)
	Musf
	52 kg

	The suspension is fully independent and utilises an unequal length double A arm arrangement at each corner. Tyres sizes are equal 




Only the FRONT brakes are functioning when the test is undertaken.  The car is braked to the point where the front wheels are slipping at the optimum rate for maximum grip.  


a) Calculate  the longitudinal  load transfer under 8 m/s2  longitudinal deceleration 
4 marks 

b) Determine vertical  loads  Wf b  acting on each individual front wheel, assuming the static load distribution is symmetrical   
3 marks
c) Determine longitudinal  load fyf  acting on each  individual front wheel,  assuming the static load distribution is symmetrical left to right.  
3 marks 

d) Calculate  the coefficient of friction µtf between tyre and road    for the front  tyres  
2 marks 

e) Sketch  typical load slip curves for a tyre under a range of vertical loads. By reference to it explain why you should expect to see that the  maximum rate of deceleration of the vehicle would slightly exceed  the value of   µtf   ( as calculated in 1 d) * 9.81 m/s2  if  all the brakes are working correctly and accurately proportioned front to rear for the rate of deceleration achieved. 
4 marks 

Cont.


f) Demonstrate that the maximum achievable acceleration of a rear wheel drive vehicle is: 


                                                                                                                                   

Where:
ax  = Longitudinal acceleration of the vehicle 
g = acceleration due to gravity
b = distance from front axle to CG
H = height of CG above ground
µtr = coefficient of friction between rear tyre and road
  
4 marks 
 Hint: 
To simplify the solution, combine  the sprung and unsprung masses of the car as a single value  M  and combine  the sprung and unsprung  static vertical loads as a single value  W.

Use  the relationships  f= Max   and   f = µtr Wra   

Where   Wra   =  Static rear wheel load + load transfer under acceleration
 

2. Lateral Weight Transfer 
The details of a car are shown in Table 2.1 below

	Front track
	Tf
	1.35 m

	Rear track 
	Tr
	1.38 m

	Height of CG of sprung mass above roll axis
	H
	0.32 m

	Total front sprung mass
	Msf
	380 kg

	Total rear sprung mass 
	Msr
	440 kg

	Front wheel rate
	Kwf
	75000 N/m  

	Rear wheel rate 
	Kwr
	95000 N/m

	The suspension is fully independent and utilises an unequal length double A arm arrangement at each corner.  No anti-roll bars are fitted. Tyres sizes are equal 



a) Calculate  the front and rear roll stiffnesses  and hence total roll stiffness of the car
      4 marks 
b) Calculate  the overturning moment produced by the sprung mass acting about the roll axis of the  car when it is cornering at a lateral acceleration of 8.1m/s-2 
       2 marks
c) Calculate the roll angle that would be produced by the car when cornering at a lateral acceleration of 8.1m/s-2
     2 marks 
d) Calculate the weight transfer that would be produced at the front and rear of the car .due to the sprung mass acting about the roll axis when cornering with a lateral acceleration of  8.1 m/s-2.  Ignore the effect of tyre stiffness and weight transfers produced by other mechanisms 
										       2 marks
e) Determine the difference between front and rear load splits and explain how this difference could be used to help predict the effect of suspension setup changes on handling balance
        4 marks
f) Define the terms oversteer and understeer in the form used by the SAE  which  refers  to Ackermann steer angle.
        2 marks
g) A car negotiates a specific corner.  Assume you have a data set with channels for  lateral acceleration, velocity and steered road  wheel  angle and that the car’s wheel base is known. Explain in detail how you would determine  the level  of  oversteer /understeer for the car as it takes the corner. 
      4 marks 




Formulae  required for question 2 

Kφf = (Tf2  x Kwf )  		
               2 

Kφr= (Tfr2  x Kwr )  		
                2 

 
 = Mot / Kφ total 
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