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Abstract This paper formulates the active suspension control problem as a disturbance
attenuation problem with time-domain hard constraints. In the framework of multi-objective
control, this paper suggests a mixed Ha/generalized H2 control strategy based on LMI opti-
mization for the disturbance attenuation problem with constraints: the generalized H2 norm
is adapted to capture requirements of satisfying time-domain hard constraints and the H»
norm is used to minimize the performance output. The control problem with hard constraints
is converted to an LMI based semidefinite programming problem. Analysis and simulation
results for a half-car model are presented. Finally, integrative real-time experiments of RCP

and HILS were made to validate the proposed control approache.
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Table 1  Parameters of the half-car model

S8 (FF5) 5 S8 (FF5) 5

BHEAE (m.) 690kg EHHYRE (1,) 1222kg - m*
RIBZEEE (Ca) 1000N - s/m JE BB (Caz) 1000N - S/m

HOPRTRIAIEE R (1) 1.3m HORERES () 1.5m

RTEREREERE (mu) 40kg JEBRERERE (mu2) 45kg
AR IENE (kur) 200000N/m JERIENIE (ku2) 200000N/m
RTRZENIBE (ks1) 18000N/m Ja BN (ko) 22000N/m

BREITE (Smax) 0.08m BRIED ST (Finax) 1500V

ﬁm%ﬁrﬂ% Ty = [(zs - zu)T Z;F (zu - zr)T ZE]T S RS, EE (2) %ﬂ (3)7 [E ﬁ EEJE
EB B ERPR T 2 B A N -
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o 2. BHEFE ms = m(1 +40%), EHE#EHBRE I, = I,(1 + 40%), H iGN E
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Fig. 3 Frequency responses of the body acceleration: active suspension (—), passive suspension (— - —)
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BE; PITC FR- % ST ANEEBE; SSF M SSR /73R /R BT, J7 &2 31T RDF il RDR 43
FRHET S5 RGBS EAT L ACCHI ACR 23 BIRRHT. JE &R EI . SH3hER (PS)
FE, ToRMR— S ROER O, BRI E A a4k, T H R LR A%
B EN 2.

#2 EHEBRELHL RMS {H
Table 2 RMS values of variables

)
HEAV [2] PITC [C27] SSF[m] SSR[m] RDF RDR ACF [KN] ACR [KN]
S S

AS 0.7357 0.5834 0.0115 0.0099 0.3723  0.3739 0.1640 0.1354
! PS 1.1110 0.8738 0.0098 0.00937  0.2793  0.3201 / /

AS 0.3552 0.2813 0.0140 0.0127 0.2121  0.2166 0.1835 0.1624
2 PS 0.5888 0.4620 0.0143 0.0133 0.1613  0.1905 / /

AS 0.4707 0.3731 0.0128 0.0114 0.2628 0.2670 0.2605 0.2238
3 PS 0.7498 0.5886 0.01227  0.01157 0.1989 0.2324 / /
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Fig. 4 Bump responses: active suspension (—), passive suspension (— - —), bound of constraints (— —)
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Fig. 5 Structured singular value (u) plots for robust stability
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Fig. 6 Structured singular value (1) plots for robust performance: active suspension (—), passive

suspension (— - —)

5 RCP k& HILS —& 14k 525

N — K5 B4R 7 1 Y 2tk BT BT A T L P R AL (RCP) A
TE 8] 05 B (HILS) 9 — R4k S2ds. RCP IR A TE — A SL b gy i (2 pk LS8l T
HILS J& i 320 05 B R GORMEM BN Gl 3 5E. ARG, RAEERR AL
RIRESERL HILS. MRAEA I e, Hah W% mrRaT

. 1 . .
Zc :m_[_(csl + CSQ)ZC + (lfcsl - lrcs2)¢ COS(b - ksl(zsl - Zul) - ks2(zs2 - Zu2)+

S

Csléul + Cs22u2 + fal + fa2]

.1 .
¢ :E [—(ljzvcsl + 13052)(25 cos? o+ (lfcsl —lrcs2)Z cOS P + lika (251 — 2u1) COS p—
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lrks2(2552 - zu2) COS¢ - (lfcslzul - erSQéuQ) COS¢ - lffal COS¢ + lrfa2 CcOos ¢]
M a1 = Cs1(Ze — Lpdcos @ — 2u1) + (ks1 + k1) (21 — 2u1) — kr12e + Lk sin g + kg 201 — fan

My22y2 = 052(20 - lf§£COS¢ - 2112) + (ks2 + kt2)(zs2 - Zu2) — kioze — lrkeo Sin¢ + kiozro — fa2

X FLA AN H K S AR Yy S
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g R A 7 ME 8, WIUUEE], RCP A HILS —R{LSLHm B E T 5 &L Kk
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Fig. 7 Output response of the first experiment
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Fig. 8 Output response of the second experiment
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