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Abstract

The mathematical model of semi-active air suspension was built. Adjustable damper, semi-active air
suspension controller and bench test system were designed. On the basis of simulation, adjustable damper
and 1/4 model of semi-active air suspension bench were tested, the influence of semi-active air

suspension and its control system to vehicle dynamic performance were analyzed. Calculation and test

results were basically identical. The ride comfort of vehicles was improved.
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Fig. 1  Structure composition of electronic
pneumatic adjustable damper
LD 2. UALPR 2R 3. T 4. 0EHF 5. B
6. JEFF AL TOWEEAL 8. WK 9. S 10, SR A1
TEk 120 B0 Bl 13 ik AL 14, <= 15 iGN

16. 3%

X3 78 INSTRON 8800 75 &1 3 1 %5 5 Wk JE £ iR
WA & BT, R &t L R A R
B A i AT A A AR R Sk DA R r A
K A/D D/A FAf S il a5 R E 2 K&
1R

s SRS
---- TRk

A

600 -400 -200 0 200 400 600
E /mm-s™!
(@)

At
,,,,,,
33
)

71 KN

<3
%

|
N - S -
)

- -
— i /.

77 /KN

e

L7
-600 -400 -200 0 200 400 600
Y /mmes™!
(b)
B2 AR
Fig.2 Speed characteristics contrast
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Tab. 1

Comparative analysis the simulation and

experimental result of adjustable damper

. ) SR e J1/N FE 2 LI 91/N
U R 2 EERan
L7 fif ¢ i
i 16 45 5543 7085 3682 4498
1 BL25 31 5836 7150 3498 4420
. 25 1/ % 5.28 0.92 -5.00 -1.73
PR 2%
{5 HZ5 9 2 5 887 7317 3526 4638
W2 2/ % 6.20 3.27 -4.24 3. 11
025 R 7 637 12 890 969 1030
{5 BL4E 1 7 831 13 000 1 080 1186
Ji U
2z 1/% 2.54 0.85 11. 46 15. 14
s
{5 FLEE 3 2 7 882 13 432 1105 1210
2 2/% 3.21 4.20 14. 04 17. 48

3£ F Matlab/Simulink 5 i @245 700 | X6 2 3= 8l 25
SR ARG AT 07 553 B, BT 22 B A O 2 80
2 iR

x2 HXBH
Tab.2 Related parameters

wH AEE Rk TSR] Il A1 2 BEL
S8 JB ks W/ all)- e R K/

/kg kg kN-m ™' kN+em ™' kN-s+m ™'
BAH 1010 175 756 100 6.6

B g 50,80 km/h (9 B 4% % 1 iy A AT IS
ST EL O M, BEE D ELIRE ] O 10 s, 98 B4 B i g
BB EATRE IR Sh BT A fE R . 5 H AR
ZERNIA 3 J 3 3 PR

HI 3 B 3 nl i, o 4 s 9 oF 8=
R AR B 7 B o R AR SR S AT R P R ARTE 4
50 km/h (B ¢ B T 00T 2 0 AR T 18.06% |
12. 1% A2 43y 80 km/h | B 2% i T 50 T 7 1 B
iKY 16.8% \18.3% . fEMsE b, il Jo — & e HE
BN T B RS B 1T R

o 3 6 9 12 15
B Mz
#HL —\N 5 1 — ¥EHI
i‘— T 2x10°
=
oo 1x10
=
&
] ) AR
) NS A A . ,
0 3 6 9 12 15
B /Hz

Sy kN2 Hz ™!

SRR R

% /Hz
B3 BT B 45 R AT (50 km/h)

Fig.3 Simulation results contrast of B-level road
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Tab.3 Result of ride comfort simulation
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Tab.4 Bench test results

131 %3 /kmeh ! W S5 B %% D %
12 ~

11

PR 0.9085 1.1472

BN /mes

BiHlfE 0.7560 0.9535

Pl 0.0097 0.0110

| 50 BT /m
PHlJ5 0.0086 0.0095
Bl 4 2R e R 4 s E —

Fig.4 System principle diagram of air spring test B Eh BN PEflh 31454 4032.1
LORHE 2L 3. IRk 4 EHTAE S BEME 6.k BHE 3389.2 42357
WRRRRE TORRAE S MR 9 R ELTEM 103 GHl 13049 15047

i -2
FEOLL A 12 RS 13, ARk TR /m-s SHE L1065 1231
T = . -
: 06T oo sty SHIET 0.0145  0.0235
;l Ty — %gﬂ% 380 E AT AR /m el
g T B 0.0127  0.0202
& 04
5 & BRI 50483 6073.5
8 < 02 BB /N
B4 PG 5222.5 6251.9
w .
' i s 50 km/h B 4% B 1 T F 40 I REAG T 16.7% .
BN 3x107° 11.3% ,Eiiﬁ?ﬂ 50 km/h D 9% & i T 450 K 45 51

& S R
= | ik WIS T 16.8% 13. 6% . 1E % % 80 km/h B %%

Bem TR B A 15.2% (12, 4% , 1E
80 km/h . D 2 m T & T 4 B BEAR T 17.7%
14.04% , 2 BT 09 2k £ sh 25 5B 28 000 4 il

9

X

=
U

=S|

ENAT R Lh 2R i
S pu/m?2-Hz '
X
)

o

' e FYLAE— 5E B HE L Al A A0 7 0 AT P
w05 e T A T 3 1
£ 0 ZERR ‘
t;;—“z 03 5 #Hw
83" (1) FE 9 5 3% B S B IE 9
IR IR 1) P

R T (2) i 0 9 L 0 1 2 3 2 U

KIS B i 50 45 BT LE (50 km/h) BRI 1) 22 GE 4l kg 4 2L, R IO 7 R 00 1 K
Fig.5 Experiment results contrast of B-level road EAR G REAY G,
2 £ x W

U BR—8%, (A, kD4, % ZMEAE ARG UE R s [T]. R PR ,2011,42(6) : 16 ~22.
Chen Yikai, He Jie, Zhang Weihua, et al. Modified skyhook damping control of multi-axial heavy truck suspension system
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2011,42(6) ;16 ~22. (in Chinese)

2 Fox M N, Roebuck R L, Cebon D. Modelling rolling-lobe air springs[ J]. International Journal of Heavy Vehicle Systems,
2007, 14(3) :254 ~270.

3 Yamamoto Hiroshi, Zheng Ying, Okada Jun-Ichi. Optimum design method for a two degree of freedom system supported with
air suspensions[ J]. Japan Society of Mechanical Engineers, 2008, 74(5) :1 129 ~1 136.

4 BRANCE, Wik, ST, A B R RERAR R o S B AR AR SR [T ] AR US4 ,2011,42(5) -8 ~ 13.
Chen Jieping, Feng Wutang, Guo Wanshan, et al. Whole vehicle magnet rorheological fluid damper semi-active suspension
variable universe fuzzy control simulation and test[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2011,

42(5) :8 ~13. (in Chinese)
(T# &% 136 1T1)



136 fe ok HLOM % iR 20124
AT (4) B3 3R = ok AR A il /)N, {H 2 32 R

(3) W5 Wy kE B e A i S D0 R, I SRR AR o 7 AR B A R AT e B,
TECHI S o DN B A B i VR T F 05 8, 4R BGE S RS Y T AR AR S Bk £ IR T

11

12

2 £ x #

BB RN ATE & RO T e R LT ] B A ,2001(6) ¢ 10 ~ 12,
Li Xiuqu. Use of ohmic heating in food industry[ J]. Food Science and Technology,2001(6) :10 ~12. (in Chinese)
AR INER) AR ESE RIS T R SR T]. Rl TR 4R ,2008,24 (12) ;275 ~278.
Li Fade,Sun Yuli, Li Luxing. Electrical conductivity of soybean milk during cooking with continuous ohmic heating device
[J]. Transactions of the Chinese Society of Agricultural Engineering,2008,24(12) :275 ~278. (in Chinese)
Sastry S K, Barach J. Ohmic and inductive heating[ J]. Journal of Food Science,2000,65 ( Supp. 8) :42 ~46.
Ghnimi S, Flach-Malaspina N, Dreschc M, et al. Design and performance evaluation of an ohmic heating unit for thermal
processing of highly viscous liquids[ J]. Chemical Engineering Research and Design,2008,86(6) :626 ~632.
Knirsch M C,Santos C A, Vicente A,et al. Ohmic heating—a review[ J]. Trends in Food Science & Technology,2010,21
(9):436 ~441.
Li FD, Li L T, Li Z,et al. Determination of starch gelatinization temperature by ohmic heating[ J]. Journal of Food
Engineering,2004,62(2) :113 ~ 120.
Stancl J,Zitny R. Milk fouling at direct ohmic heating[ J]. Journal of Food Engineering,2010,99(4) :437 ~444.
INEF. WA HESE MR RERERITFR D], F2 KRRk K¥,2005.
Sun Yuli. Experimental study on continuous ohmic heating system for liquid food [ D ]. Taian; Shandong Agricultural
University,2005. (in Chinese)
2l B 08 LN AR G R R R AR S AR TS e SR RAT ST D). & AR ARL K2 ,2007.
Li Luxing. Experimental study on temperature distribution and electrode fouling in continuous ohmic heating system [ D ].
Taian : Shandong Agricultural University,2007. (in Chinese)
E I R, AA T £ A I R R P R TS G R S R (T] . Rk AR ,2011,1(1) 167 ~71.
Wang Ranran,Zhu Min,Li Fade. Fouling and corrosion of electrode by ohmic heating in food processing[ J]. Agricultural
Engineering,2011,1(1) :67 ~71. (in Chinese)
ZREE, PRI, 2L ES0E IR SR ARTT R R LI PR (] BB ,2010,35(7) 1153 ~ 156.
Li Luxing,Xu Zhenshan, Li Fade. Experimental study on electrode fouling in continuous ohmic heating system[J]. Food
Science and Technology,2010,35(7) :153 ~156. (in Chinese)
QB/T 2132—2008 ¥ & FIKCEE 43 (E3K) RIS POk S]. 2008.
QB/T 2132—2008 Plant protein beverage—soymilk and soy drink[ S]. 2008. (in Chinese)

(L#EEI )

5

FRE, EUE, £3CE. F R TERRAGEBEM S [T]. RALHUH- I, 2009,40(4) 123 ~26.

Wang Dongliang, Guan Jifu, Wang Wenrui. Fuzzy control system for semi-active hydro-pneumatic suspension [ J].
Transactions of the Chinese Society for Agricultural Machinery, 2009 ,40(4) :23 ~26. (in Chinese)

Du Haiping, Kam Yim Sze, James Lam. Semi-active H_ control of vehicle suspension with magneto-rheological dampers [ J].
Journal of Sound and Vibration, 2005, 283(3 ~5) :981 ~996.

Christophe Lauwerys, Jan Swevers, Paul Sas. Robust linear control of an active suspension on a quarter car test-rig[J].
Control Engineering Practice, 2005, 13(5) :577 ~586.

TR AR VLR 5K R4 B ARtk ol B 2R e S 4l [T ] R L HLAR 27 42,2008 ,39.(12) - 14 ~ 17.

Wang Ruochen, Jiang Haobin, Zhang Xiaoliang, et al. Modeling and control of semi-active suspension with nonlinear

damping[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2008,39(12) :14 ~17. (in Chinese)



