3.  Longitudinal acceleration 
The details of a braking  car are shown in Table 1.1 below

	Height of CG of sprung mass above ground 
	H’
	0.46 m

	Height of CG of unsprung mass 
	r
	0.25 m

	Wheelbase 
	L
	2.45 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)
	Musr
	52 kg

	Coefficient of friction for  tyre/ road 
	µt
	1.0

	Distance from front  axle to CG for total car mass 

	b
	To be found 

	Height of the CG of the total car mass  

	Hc
	To be found 

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



a) Calculate  the longitudinal  load transfer under 9.8 m/s2  longitudinal deceleration  ax
4  marks 

b) Determine vertical  loads  Wf b    and   Wr b     acting on front and rear axles   when braking at 9.81 m/s2   assuming the static side to side  load distribution is symmetrical   	3 marks
	
c) Find the maximum braking force Ff b   and Fr b    that can be applied by front and rear axles and hence the ideal brake effort distribution for this car. 			3 marks

d) Find the maximum rate of deceleration that could be achieved if the braking were distributed 47% front and 53% rear rather than the optimum distribution for this car on a µt of 1. 
You can do this by calculation or graphically. 
Comment on the implications for vehicle  stability  when braking of using this 47/53 distribution. 			                                                          	      	6 marks 
e) The maximum achievable acceleration of a rear wheel drive vehicle is given by : 

                                                                                                                              
If the car were made front wheel drive with exactly the same load distribution and CG height.  calculate  the maximum rate of acceleration achievable.                                                        
Remember : You will need to adapt this equation for front wheel drive and  calculate the  CG height for the total vehicle mass and the distance of the CG of the total vehicle mass from the front axle.                                                                                                                                    4 marks 

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

	Front  track
	Tf
	1.45 m

	Rear track 
	Tr
	1.51 m

	Wheel base 
	L
	2.5 m 

	Height of CG of sprung mass above roll axis
	H
	To be found 

	Total front sprung mass
	Msf
	480 kg

	Total rear sprung mass 
	Msr
	540 kg

	Front wheel rate
	Kwf
	65000 N/m  

	Rear wheel rate 
	Kwr
	85000 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 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 ay  of  10.3 m/s2   in terms of H  the height of the centre of gravity of the sprung mass  above the roll axis.						    							     2 marks
c) When cornering, the car achieves 1.2 deg  ( 0.02095 rad)  roll angle at a lateral acceleration ay  of 10.3 m/s2 . Find the height of the centre of gravity of the sprung mass  above the roll axis that would have caused this roll angle to be produced.  
     2  marks 
d) Assuming that the  centre of gravity height of the sprung mass above the roll axis is 0.329m calculate the load  transfers that would be produced at the front and rear of the car .due to the sprung mass acting about the roll axis at  a lateral acceleration ay  of  10.3  m/s2  (NB : Ignore the effect of tyre stiffness and weight transfers produced by other mechanisms)  
										       4 marks
e)  Find the front and rear load splits for the car, due to weight transfer  caused by the  
 sprung  mass acting about the roll axis, at a lateral acceleration ay  of  10.3 m/s2 .
    										       2 marks
f) With the aid of a sketch of a typical  tyre performance characteristic   suggest whether  the result obtained  indicates that the car would  be likely to oversteer or understeer ( assuming all  other   weight transfers   and suspension factors were  equal)  
       4 marks

g) Find the Ackerman steer angle required  for this car to negotiate a corner of 100 m radius and define the terms oversteer and understeer in terms of the ackerman steer angle.
        2 marks



Formulae  required for question 3
    Longitudinal weight transfer                        

WT due to unsprung mass  



WT due sprung mass





Formulae  required for question 4

Lateral Weight transfer 

Kφf = (Tf2  x Kwf )  		
               2 

Kφr= (Tr2  x Kwr )  		
                2 

 
 = Mot / Kφ total 
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