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Abstract

In this paper, an active vibration control with the use of an air-cell seat for passenger cars is investigated.
The roles of the air-cell inserted between the polyurethane foam of the seat and seat cover are first to extend
the seat’s capability to adopt various shapes of human body and to improve the ride-comfort against road
disturbances. The air-cell seat is modeled as a 1-d.o.f. spring-damper system. Because an exact modeling of
the air-cell itself is alomost impossible, its dynamic characteristics are analyzed through experiments. A road-
adaptive gain-scheduled sky-hook control for the air-cell seat system is proposed. The skyhook gains are
scheduled in such a way that the acceleration level transmitted to human body on various road conditions is
minimized. Simulations and experimental results are provided.
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kp | Passive spring constant 22,000 N/m
k, Tire spring constant 300,000 N/m
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Zrk= Z zr(m)'e_J(znkm/NS)=A,k+jBrk, k=0,1,~",NS~1a (24)
714
Ng-1
A -2 z,(m)- cos Z”km, k=1,2’...,ﬂ5_
Ns m= NS 2
N -1
B =2 , (m) -sin 2rkm o1, Ny
N, =~ N, 2

ojth. 4 (24)9 FF BHTL 1/(ArxN,)Hz (=
2 Hz)olw), AAAFo2 AGHE IFAHEY A
WA RS AAAF) FAFHS,Y A5AF
o) FAFuolA LA Table 18] HolHE
AbgstE AH B} AFe FAFIFE 4 15
Hz ¢ 11 Hz7} Evh 23, 439 F35 29
%—% 133ty FAFHAFE 247 2 Hz9 10 Hz

g ZA @

A A E A4 FAFASE 5, (=2 H)%
L(=10Hz)9 3F9 712 7HAsHE g 2o

Afp)=vAL+BY , Af) =y 4] +B).

A @25yl AATAR A 27 Af)E ®
@9 JlEgez B o, A& g iy, ©
Afp) st T oA A= Bdsojof dny,

(25)

ff)

A= l(fu) (26)
(AR
(1.5,1.5), for 27 fr >V,
Ny, N)=4(2, 1.5), for 2z f; <v, <2z f,,

(2,2), for 2n-f, <v,,

A (26)2 1SONA HolE road profile®] mean
square displacement spectral densityZ2%E FXZE o
Ak 4 258 4 (26)2] A FelA & ol =
el A2 GESI] e wRAF Lt o
53 Zo] Hodnt
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Table 2 Optimal sky-hook gains for various road rypes.

Ficat Road Damping | Optimal
Classification | yngex (1;) | ratio(¢) | Gain(egy)
High-speed | 025¢2,) | 0.848 2,155
road
Shaped road | 047(43) 0.707 1,690
Country-road | 1.00(A3) | 0.5656 1,224
i
47 ms = 0.25889

e
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(a)Floor acceleration data on a high-speed road (60 km/h).
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(b) Floar acceleration data on a shaped road (60 m/h).
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{c) Floor acceleration data on a country road (40 km/h).

Fig. 12 Comparison of the floor accelerations: inputs

for simulation
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Fig. 13 Estimation of road types: high-speed road,
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(b) Convergence of the road indices on three ISO roads

Fig. 14 Estimation (road index) of three ISO road

profiles
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Fig. 15 Desired control force vs. applied control force:

high-speed road
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Fig. 16 Desired control force vs. applied control force:
shaped road
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Fig. 17 Desired control force vs. applied control
force country road
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Fig. 18 Comparison of vertical acceleration z,: high
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Fig. 22 FFT results of vertical accelerations: shaped
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