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Analysis and Alternative Circuit Design of Pneumatic Circuit for
An Automotive Air Suspension
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Abstract : This study presents an analytical model of the pneumatic circuit of an air suspension system to
analyze the characteristics of vehicle height control. The analytical model was developed through the
co-simulation of Simulink(air spring) and HyPneu(pneumatic circuit). Variant effective area of air spring and
flow coefficients of pneumatic valves were estimated experimentally prior to the system test, and utilized in
simulation. One-corner test apparatus was established using the components of commercial air suspension
products. The results of simulation and experiment were so close that the proposed analytical model in this
study was validated. However the frictional loss of conduit and heat dissipation which were ignored in this
study need to be considered in future study. As an application example of proposed analytical model, an
alternative pneumatic circuit of air suspension to conventional WABCO circuit was evaluated. The comparison of
simulation results of WABCO circuit and alternative circuit show that proposed analytical model of

co-simulation in this study is useful for the study of pneumatic system of automotive air suspension.
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Fig. 3 Air spring model
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Table 1 Specification of major components

Component Model Specification
Air Rev speed: 1130rpm
KOHANDS |Max pressure: 10bar
COMpPressor .
Volume: 40 liter
Pressure range:
- G 0 ~ 10bar
essure TeEeN—Sensor
1 059
transducer P-150 ACf:ur'acy 5./(.)
Built-in amplifier
output range: 4 ~ 20V
il AALBORG | Maximum: 500Psi
OW sensor GFC47 Flow range: 0 ~ 50lpm
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Table 2 Simulation sequence

WABCO Circuit Alternative Circuit
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10~13 | off off off off off
13~30 | off off on off on

A EH o] A= Fig. 179 2t} Fig. 179 1 B
o] dAZZE WABCOS 29 fA3E A5 &t
AT 7 U+E & F Utk FU2=ZHY 0}7J 2
A& Uigh Hale diAZEY Aawuel &

7187 w3l s Sy 2 dAEE 4

3/2 solenoid valtve

Dyyer

Check vaive {7 TE -
" L_j_ _____________ ; é}

Pressure source

Fig. 16 Alternative circuit

Comparison MOBIS with WABCO

—

~

o
5
Y

o

Spring Pressure(bar)

o
n

N KR
= o @
jon] Q23

Spring Height(rrim)

]

=

3
Y

! SDO 5 10 15 20 25 30
Time(sec)

Fig. 17 Simulation results of WABCQO circuit and
alternative circulit

5.8 E

2 droie %%x}% /A2 s
£ 8 3i43l7] A% Simulink$} HyPneu]

o & Fetaa sAnde A s

e T éEE‘Q] frawas Aojyre &
o E3 AZsgon AEdolA)

F2 ol Fzol AFEE 2-C 4



o A A

1-C H34xs TH85em,
Hlaste] sl 2

Algdold dake T"r

oA xﬂ*l?‘z el B

U AlEE ol At Fo]7] s J&i

= ﬂﬂ%t‘& F7h Ak agEy A

F3 =2l WABCO3 2e] tAlsj2g A

=

o
rlr
>
i
ol
£
2rd
m}L
2|
49

o ¥ oo
oo o
iy, of

>
Lo
ofr
2 (4 rf o
o

ok b
>

off X 8
>,
i
e i/
0, o
oo HU
o S

)

2
2 Rl B0 9
1

mE 41 O N oo FN

=

o] A e ANAAR BT N 7)E
At A8 A4 RE Ao
ol o7 AYYTh

H7Hd AH
HAME Y A

mp

o

A0
ra

1) H  Wallentowitz, “Vertical/Lateral  Vehicle
Dynamics”, Intitute fure Kraftfahrwesen, 1st Ed.
IKA Verlag Aachen, 2002.

2) Q. Giuseppe and S. Massimo, “Air Suspension
Dimensionless Analysis and Design Procedure”,
Vehicle System Dynamics, Vol. 35, No. 6, pp.
443~ 475, 2001.

3) R. A Williams, “Automotive Active Suspension
Part 20 Practical Considerations”, Proc.
Institution of Mechanical Engineers, Part D: J.
Automobile Engineering, Vol. 211, No. 6, pp.
427~ 444, 1997.

4) 9, A4 “Rubber Tubed] ¥ 2 3=
Aol o AlI' Suspension g%l #I AT,

raAbEAE o2 EASETi3], Vol 6, No. 4
pp. 2211 ~2219, 2006.

) ZApA & “HAA}A| o] 2] FIEIFEA
ol WH B5 WY SAtsabEets] F
8t 3)) Vol. 6, No. 2, pp. 708~714, 2006.

6) A3Y9- 9 “UYFEZ cabin air suspension
System«] [e] .Tr_c?;- Utéa] 1:11 3]]/&4' U]-E,LX]—Ex]»
83 FAsEWS, Vol 7, No. 2, pp. 568~
573, 2007.

7 AAT 9 “F9E 48 Air Spring Modeling
g o Eﬂﬂ 1, A8 FA%te 3,
Vol. 8 No. 1, pp. 370~375, 2008.

8) C. J. Cha, P. G. Kim and S. ] Lee,
“Development of An Analytical Air
Model with Hysteresis Characteristics”,
AEEE FAENS], Vol 6, No.
1964~1969, 2006.

9) H. Leu and J. C. Lee, “An Investigation on the
Hysteresis Characteristics of an Automotive

19 &9

Spring
a2l
3, pp.

Air Spring”, 4th Intemational Conference on
Mechatronics and Information Technology,
Gufu, Japan, Vol. 6794, No. 6794-53, 2007.

10) HyPneu User’s Manual, BarDyne Inc., pp. 16
6~167, 2003.
o]Z|#, Ing T. Hong, “HyPneus} &8 )4
zzode) BF ABYolde] @ A £
4 FW, FEA 2 WA A2, ALS,
10~17, 2005.

_25,



