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Abstract: Air suspension has been widely used on heavy vehicles for its extraordinary merits, such as light mass, ad-
justable stiffness, adjustable body height, etc. Air suspension has two main functions: ride comfort guarantee and vehicle
body adjustment, however these two functions are realized by the same technique, namely regulating the air pressure in
the air chamber, which results in conflictions and restrictions between ride comfort control and vehicle body regulation. At
present, the research on vehicle body regulation by air suspension focuses on the control accurateness and stability, neglect-
ing the ride comfort, while the research on ride comfort control hardly considers the effects on body height. According to
the aforementioned motivation, a heavy vehicle height robust control method for air suspension considering ride comfort is
proposed in this paper, realizing the accurate tracking to reference body regulation curves with the ride comfort guaranteed,
which improves the whole performance of air suspension for heavy vehicles. The numerical simulations with real heavy
vehicle parameters demonstrate the priority of both rice comfort and height regulation performances.
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Fig. 1 Physical model of air suspension

AR BT PR Wy BR AR, S ST T [ 4 i A R AR
B SR SRR A S A
PasAas + Cs('éw - zs) + Fs = mséw (1)

o P A R i iR, Ans 97 SR A 0
THAR, o B 5 CanANE e M. Horp 2 Jy 38 30 o & 3
A, R R s s I S8 R R
o B R IR ST, SR R I e s . AR
VAT 5 P A 1] R A s e A O B B &, (H
Pl HARA— 30 ZEm R B bRy U R IR R
Z2EAE, PR H ROV E S0 & T ) 0%
E, BRI PEAAAERI2) 5 ek,
AR BT R B A Ny
kw(2ze — 2w) + Cw (e — 20) — PasAas—
cs(2 — 25) + Fyy = mgZ,,, )

P F o B CATE I R U RS
ALy

PasAas(ZaO + Zs — Zw) =

— KPy A (3, — 2,) + KRTQ + Fp,  (3)
N 200 N AFREN I =, K285, R
AR, TR, Fpy B CAATE .
DM <S IR



1004 B oW H w5 M OH 3948
e = KRT 0- 5 i, FAEGB/T 13442-92 \ A4 4> B 1R 5y
T Aas(za0 20— 2w) 2 B B 3 U 5 BT A ) o 2 1 D 5 3
_ BPa sy 7 I IRBNINEFE 0 HO B T S IR BB (R )
Za0 2 o A1, Y EEFRI I — 2, 5 S IRENIR AL T 4~8 Hzht,
A (ZO+PZ — T TSR 1 27 3 R 0 Il B WA 5™ s L2 R
o e F (4) I 924 hiE, 72 K R 4R 20 I PR A B b, A
% = m Pas + i(éw — %) + o 0.04 m/s?. I, 7675 i AT AR AR, I 3R 25 it
N T, ‘ T, T LAZ 36 12 2 2 2 3 P R
o= (mma) (= A - SET AR AVHT, bl i BT A& o: il
A N Q. 1615 2 BB B HL B (H 2., HLYE R B P PR AT
o e ) A G £, I TR I KR

K1 Z % (B R0 E 5K 5 #) I A Ao iR B ag, 94T & P TR TR AUA

Table 1 The comfort reduction limit value of vibration acceleration ay in the Z-axis (foot or hip to head

direction)
B0 E/(m-s~2)
B .
o P
Hz
24 h 16 h 8h 4 h 25h 1h 25 min 16 min 1 min
1.00 0.09 0.14 0.20 0.34 0.44 0.75 1.35 1.35 1.78
1.25 0.08 0.12 0.18 0.30 0.40 0.67 1.19 1.19 1.59
1.60 0.07 0.11 0.16 0.27 0.36 0.60 1.06 1.06 1.43
2.00 0.06 0.10 0.14 0.24 0.32 0.54 0.95 0.95 1.27
2.50 0.06 0.08 0.13 0.21 0.29 0.48 0.84 0.84 1.13
3.15 0.05 0.08 0.11 0.19 0.25 0.42 0.63 0.75 1.00
4.00 0.04 0.07 0.10 0.17 0.23 0.37 0.57 0.67 0.89
5.00 0.04 0.07 0.10 0.17 0.23 0.37 0.57 0.67 0.89
6.30 0.04 0.07 0.10 0.17 0.23 0.37 0.57 0.67 0.89
8.00 0.04 0.07 0.10 0.17 0.23 0.37 0.57 0.67 0.89
10.00 0.06 0.08 0.13 0.21 0.29 0.48 0.71 0.84 1.13
12.50 0.07 0.11 0.16 0.27 0.36 0.60 0.89 1.06 1.43
16.00 0.09 0.14 0.20 0.34 0.44 0.75 1.13 1.35 1.78
20.00 0.11 0.17 0.25 0.42 0.57 0.95 1.43 1.68 2.25
25.00 0.14 0.21 0.32 0.54 0.71 1.19 1.78 2.13 2.86
31.50 0.18 0.27 0.40 0.67 0.89 1.51 2.37 2.70 3.56
40.00 0.23 0.34 0.51 0.84 1.13 1.90 2.86 3.37 4.44
50.00 0.29 0.42 0.63 1.06 1.43 2.38 3.56 4.19 5.71
63.00 0.36 0.54 0.79 1.35 1.78 3.02 4.44 5.40 7.11
80.00 0.44 0.67 1.00 1.68 2.25 3.75 5.71 6.73 8.89
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Table 2 Quarter vehicle parameters
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Fig. 2 State curves for the vehicle body height
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Table 4 Performance indices for height regulation
(Sinusoidal excitation road surface)

Ei=7 PIDF#IE  Boitamlay  MEEERT)
€1pms/m 2083 x 107% 7.126 x 1077 99.66%
Terms/(Ms™2)  9.919 x 1072 9.922 x 1073 90.00%
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Fig. 8 Vertical input for A-class rough road surface
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Table 5 Performance indices for height regulation
(Random excitation road surface)
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