’a/V"u/v e TR T g

TR —
Model parameters symbol  values unit
sprung mass ms 320+ 64 kg
suspension stiffness ky 18000 N/m
suspension damping rate b, 1000 N/(m/sec)
Wheel assembly mass Mys 40 kg ,
tire stiffness kus 200000 N/m
normalizing factor Us 1500 N
. TABLE 1
NOMENCLATURE AND NOMINAL VALUES OF THE PARAMETERS IN A

QUARTER CAR MODEL [7]

designs.
In designing the control law for a suspension system, the

ffllowing requirements are taken into consideration:

Fig. 1. active suspension system
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ide Comfort: Ride comfort of a vehicle, also known as
vibration isolation ability, is judged, by the RMS value
of the acceleration, sensed by vehiclé passengers. To
design a system to perform satisfactorily for a wide
range road irregularities, and considering the fact that
there are various uncertainties in the system, calls for
minimizing the He norm of the transfer function from

A. System Description

The nomenclature used and parameter values, taken from
[7], are given in Table I. According to the variables defined
on figure 1, the equations governing the motions of sprung
and unsprung mass are given by:

- . . b
T:;:i;:;sb:_(z; (z'uim—)z)ki(?gi (z,:‘i? z—_.,}ii road disturbance to I?ody acceleration. Recall that Ho
Fhous(Zus — 27) = —u norm of a system is its worst case output energy (RMS
. . value). But the fact that sprung mass resonance frequency
Choosing the set of state variables as: occures around 1 Hz and according to IS0-263] human
z1(t) = zus — 21, body is more sensitive to frequencies near 4-8 Hz in the
Zo(t) = 2us, vertical direction [14], requires more stress on minimizing
z3(t) = 25 — Zu, the acceleration in these frequencies. Hence the weighted
z4(t) = 2 f:nody acceleration is chosen as the first controiled output,
and w = 2, (ground vertical velocity), the state space =l &
description of the system is obtained as: 2 =Wais
(1) = where
() = A=(t) + Biu(t) + Bou(t) m .. _ 0.8(0.95% + 160 + 35)
where 2T TS 1205+ 100
0 1 0 0 This weight has its peak in the frequency range 0.3-10
A ~kus/Mus =bs/Mus  Ks/Mus  bs/Mus ' Hz to emphasize the importance of minimization in this
0 = 0 1 frequency range.
0 bs/ms  —ks/ms —bs/ms @Ride safety: Firm uninterrupted contact of wheels to road
against road disturbances (good road holding) is necessary
Bl =[-1 0 0 0] for vehicle handling and leads to ride safety. Therefore to
ensure ride safety, it is required that the transfer function
=[0 —ug/mus 0 u,/my] from road disturbance to tyre deflection, z,s — z., is kept
y ; . To achieve this goal for all kind i
here C.o.mrol input u is defined as v/ ks ) with us belng ;??,:llnon; is chosen nsgperf(f)?'xrnance ?nes«ggr‘:lsg::i:ﬁ
the normalizing factor and u s actuator real force. The body
) ; . ; second controlled output is conSIdcrcd .as the ratio of
(sprung) mass usually changes with the vehicle load: It is dynamic-to-static tyre load:
considered that sprung mass has a 20% change (=~ 64kg) y )
around its nominal value. _ Hll) = kus(Zus — zr)

B. Derivation of design framework (s + 1Mus)g

In the next sections we will design both static and dynamic
output feedback H, controller for the system described
above. To provide equal conditions for comparison of both
strategies, identical framework (weights) is used for the
designs. Therefore in the following we cast the problem
into standard H, framework, which will be used for both

&, 2P S

To keep controller degree as small as possible, this output
is minimized over all frequencies by adopting a weighting
function of 1, However it is pointed out that one can
consider a frequency-dependent weighting function with
emphasis on minimization of the output at wheel-hop

frequency (11.254 Hz).
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/ @Damage minimization: Due to mechanical structure con- 0/,\)}@ d);

straints, it is important to prevent excessive suspension

r / bottommg Hitting the deflection limit not only results in =

(\ \j f/ deterioration of ride comfort, but also even may cause

)(} ) ’ struclpral damage. Thus it is important to keep Hoo- . ' /7 /
- O norm of the transfer function from road disturbance to ,—-/ Z_

suspension deflection small. Tt implies to choose:

Actuator limits: Considering limited powel and bandwidth
of the actuator, we define: T

z3(t) = z5 — zus = za(t) .
Since suspension deflection is frequency -independent, we ('«, Fj 1/
/// .snmp]y choose unity weight for it. ) o / /

t}) 34(t) = Wuu ‘ /
J where W, is a first order lead term with corner frequen- A . },«//)
cies of 15 Hz and 150 Hz.. The magnitude of weight | =

increases above 15 Hz to emphasize on the importance

of minimization of control signal at higher frequencies. -’ e
Thus the Ho control problem is formulated as in Figure 2 ﬂ, M/
T /
2, where z = (z; 22 23 2z4) . Itis also assumed that 0)/0
suspension deflection (z5 — zus) and vertical velocity of

Sprung mass (zs) are the measured variables (y).

(- j
Now the objective is to find a controller X such that the H - > Q/
norm of closed loop transfer function;. T,w. is minimized.
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\>/ ' : Fig. 2. design framework
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