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gxknswer

(a)
Sprung mass acceleration — relates to the discomfort felt by the occupants of the
vehicle.

Suspension working space — working space is important because of body styling
requirements, ground clearance, or articulation limits on the suspension linkage and
driveshafts. Working space is usually a constraint rather than something to be
minimised. The conflict diagram shows only the working space centred on the static
suspension deflection. Braking and cornering manoeuvres can require additional
working space, particularly if the suspension is soft.

Dynamic tyre force — fluctuation in the normal force between the tyre and the road
reduces the cornering and braking forces that can be generated. In heavy vehicles, the
dynamic tyre force can contribute to road damage.

(b)
Note that damping contours are not shown in the conflict diagram for clarity.
Damping increases when moving along the stiffness contours from right to left.

The minimum dynamic tyre force occurs at B, with k=20kN/m. However minimum
acceleration 1s achieved with less damping, at point D. In moving from B to D the
working space increases, but this is probably still within the acceptable range for a
passenger car. Points between B and D represent optimum designs for this value of
suspension stiffness; moving the damping outside of this region causes both the
acceleration and the tyre force to increase.

The acceleration can be reduced further by decreasing the stiffness to say 10kN/m,
point C, with no significant increase in tyre force or working space. However, the low
value of stiffness may cause problems with large suspension deflection under the
action of cornering or braking manoeuvres. Further reduction in acceleration can be
achieved by a further reduction in damping, to point E, but with increases in tyre force
and working space.

Point A is more appropriate for a racing car. The stiff suspension, 80kN/m, limits the
deflection due to braking and cornering manoeuvres, which compensates for the
dynamic tyre force not being the minimum available (point B). Note that at point A
one value of damping minimises tyre force and acceleration simultaneously.

An active suspension can provide an infinite static stiffness and thus allow the conflict
between acceleration and tyre force to be resolved without concern for suspension
deflection due to braking and cornering manoeuvres.
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(i) Use Newton’s 2nd law on the two masses to derive the equations of motion.
mgZg = k(zu —Zy )+ C(Zu - Zs)

myz, = k(Zs “Zu)+c(z"s _Zu)+kt(zr —zu)

(i) Take Laplace transforms and replace s with j@ to derive the transfer function
between z, and z;. Then convert to a transfer function H between 2, and Z|
by multiplying by jar

o 2:00)_ . 20) (e ek, ok
Vo) e 7% Ga)" Do)

D(ja))z (jw)4msmu +(ja))3(ms +mu)c+(ja))2(ms (k+k,)+ kmu)+(ja))ckt + kk;

(ii)) Evaluate the mean square response of Z; to a white noise velocity input 2z,
of spectral density S using:

E [232]: j:):_ww Sz, (w)dw = E::olH (a)XZSO (0)do

A closed-form solution can be obtained by using the expression

[n IH ]a)) dw = ~1E(AOA1A4BZ + Ay A3 A4 Bj )
A0A4 (A0A3 +A1 A4 A1A2A3)

where the 4s and Bs are the coefficients of the transfer function H.
The resulting expression for the mean square acceleration is:

2 2
E[2s2]=nS0[(m"+mS)k +ksc ]

2
mgc
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QZ’ answer

(a)

The bounce and roll inputs arising from parallel tracks on a randomly rough road are
uncorrelated. In the vehicle model the bounce response depends only on the bounce
input, whilst the lateral and roll responses depend only on the roll input. (The matrix
equation of motion can be partitioned.) Hence the bounce and roll accelerations of the

sprung mass Z; and 6, are uncorrelated. The acceleration % p s related to the

accelerations at the centre of the sprung mass by %, (t)=2,(c)+ pd,(t). Because z,

and 93 are uncorrelated the mean square spectral density of Z p 1s given by

St, (@)=S8;, (0)+ stg‘s (@).

(b)
V=30nvs, f=0Hz to 5Hz: The wavelengths (V/f) are very long, and so the inputs from
the left and right tracks are highly correlated and in phase. The consequence is

negligible roll response &, and the acceleration Z p 1s due entirely to bounce

acceleration Z; of the sprung mass.

V=30m/s, f=5Hz to 25Hz: With an increase in frequency the wavelengths are shorter
and the left and right tracks are less correlated. The proportion of roll excitation
increases. Both bounce and roll acceleration of the sprung mass contribute to the

acceleration Z p-

(c)

V=1m/s, f=5Hz to 25Hz: The wavelengths (V/f) are very short and so the inputs from
the left and right tracks are uncorrelated. Thus there is bounce and roll excitation from
the road, and the bounce and roll response of the sprung mass contribute approximately
equally to the acceleration Z .
V=Im/s, f=0Hz to 5Hz: Again the wavelengths are short and there is bounce and roll
excitation. One bounce resonance of the sprung mass is seen, at the same frequency as
the bounce resonance at the higher speed. Two resonances of the sprung mass are

evident in the és response at low speed, whereas at the higher speed no resonances in
6, are apparent. This is partly because of the minimal roll excitation at the higher
speed, but also because of the effect of speed on cj,,. At low speed the ¢j,, term is

very large and effectively locks up. At high speed the ¢j,, term is very small and

provides little restraint. The effect is to make the natural frequencies of the sprung mass
roll-lateral modes lower at the higher speed and thus less likely to contribute to the

acceleration Z o



	
	
	
	
	
	
	
	

