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Abstract : Thispaper is concerned with deformation and static characteristic andyss of air ring for automobile supen-

son. Asan exanmple, the type of EQ6111 air ring has been anadyzed in its performance characteristics of deformation

with variationsin cord elastic modulus and cord angle. FEA resultson theload vs. the digplacement and the interna pres

sure vs. the digplacement are compared with the test results, which agree with the FEA results. The analyss method can

play an important role in the desgn of ar ring.
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Anair ring serves as a ring component with
the elagtic effect of compresson and expandon of air
in a compodte rubber bag. It has high carrying ca
pacity and low natura frequency , 9 that it can great-
ly enhance stability and comfort of vehicles. It has
been more and more widely used for automobile sus
penson in advanced countries. However , it’ s not a
long history dnce an air gring came to China, and
there exis me difficultiesinits desgn and manufac-
ture. Therefore, research and development of an air
ring with high performance isin exigent demand.

Stiff ness is an important performance parameter
of an air gring. The traditiona desgn method is
based on thermodynamics theory i. e. PV" = conr
stant.
tions, the empirica formulas of various air rings-*
can be deduced. But the accuracy of this method is
too low to reflect the influence of the inner structure
on the giffness. Currently, the siffness of an air

Usng a graghica method and related assump-

ring isobtained primarily through experiment. Al-
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though the accuracy of experimental method is high,
it" s &ill at the expense of time and money , and it is
too difficult to optimize the structure.

In recent years, the finite element method has
been used to caculate and andyze the air gring due
to the limitation of traditiona caculation meth
ods!?*!. Based on the research on the dynamical per-
formance smulation of the radia tirel®® and the
characteristicsof large deformation of the air ring,
we andyzed EQ6111 air ring. The influence of the
cord angle and the Young' s moduluson the deformar
tion of the inflated air gring has been studied as the
follows.

1 Simulation of air spring

1.1 Sructureanalysis

An air ring is dmilar to a tire in structure.
The bag for general useis made up of rubber materia
in the outer part and fiber-reinforced rubber compos
itein theinner part (asshownin Fig.1). Whenit is
inflated with compressed air, the load on the air
ring isprimarily born by the cord fabric. The sted
wire ring and the ing de rubber layer play the function
of saling. The mechanica behavior of an air Pring
presents not only geometry nonlinearities, materia
nonlinearities and load nonlinearities but contact non-
linearities.
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(b) Materid digribution of the air spring section
Fig.1 Sketch magp of an automobile air ring

1.2 FEM model

1.2.1 Materid properties Compared with a tire,
an air gring behaves very large deformation. Rubber
in aworking air ring has an exceeding linear defor-
mation range. Therefore the Mooney- Rivlin constitu-
tive model is adopted for the study of rubber materiad
in the structure with large deformation. Cip and Cp;
are achieved by a Smple tenson tes , aplanar tenson
test and a biaxia extendon test. The feature of the
fiber-reinforced rubber composte is norrlinear, vis
coelagticity and anisotropic. According to the theory
of compodte materia , the cord-rubber composte is
usualy assumed as a combination of two elasic mater
rials, which can be conddered isotropic regectively ,
and the visooelasticity can be neglected!”’. Therefore,
the fiber-reinforced rubber composte can be assumed
as an eladticity , orthotropy and homogeneous materi-
al.

1.2.2 The changing of the interna pressure Due
to the large deformation of the air bag, the volumeis
changing, and as a result the internal pressure is not
In the calculation, an iterative method is
used to dmulate the change. Conddering PV = con-

congtant.

gant in a static analyss, we can deduce the trangent
pressure in each step ater the volume is caculated,
then the next step of the caculation proceeds continu-
oudy.

Usng CAD sftware, we can get the numeric
outline of an air sring. The fiber-reinforced rubber
compodte is defined with an element lid46 in AN-
SYS oftware. The inner rubber layer , outer rubber
layer and the trigonal rubber are defined with an ele-
ment hyper58 , the steel wire rings are defined with
lided5. The oontact area is defined with targel70
and contal73. There are 987 nodes defined in an axi-
a cross sction, 256 eements for the compodte lay-
er, 58 eements for the sted wire ring and 495 de
mentsfor the rubber. The bead plate and piston are
fixed. And, the pressure load isput on theinner sur-
face. At first, the inflated shape is calculated as the
originad gstate. And then the total diplacement of +
90 mm is added with an increment of 10 mm in each
step. The changed pressure can be caculated. There
fore, the relation curve of the internal pressure with
the displacement can be obtained.

1.3 Analysisresults

1.3.1 Results of inflated deformation
condition: fix the plate and pison in the desgn
height , inflate the air bag with 0. 3M Pa pressure un-
til the system is balanced

Analyds

(1) Effect of cord angle on the maximum outer
radius

The cord angle isone of the most important pa
rameter. From the calculated results, Fig. 2 and 3
show that the outer radius notably changes with the
cord angle. The outer radius will increase dramatical-
ly when the cord angle is small. On the contrary , the
increment of the outer radius will be smdl if the cord
angle islarge. The cdculated resultsturnout that the
outer radiusis sendtive within a range of the cord an-
glefrom 30 degree to 60 degree.

(2) Efectsof Young' s modulusof thefabricre-
inforced rubber composte on the outer radius

Except that the cord angle strongly &fects the
performance of an air spring, the materid property of
the fabric composte is a9 quite an important factor.
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Fig.3 Increment of diameter with regpect to a cord angle
From the analyss resultsin Fig. 4, it can be conclud-
ed that the diameter of the air oring will increase and
the stressesin the sted wire ring are quite large when
the Young' s modulus of the cord fabric materia is
small , vice versa. But when the Young’ s modulusin-
creaxes up to acertain degree, the diameter of the air
ring will change mildly.
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Fig.4 Increment of radius with repect to a cord modulus
1.3.2 Anaydssresult of giffness Analyds Condi-
tion: fix the plate and piston in the desgn height , in-
flate the air bag with 0. 5M Pa pressure until the sys
tem is baanced , then compress the plate with 90 mm
diglacement , be back to desgn height , next , extend
the plate with 90 mm diglacement , and at last be
back to the origina podtion. In this process, the
force on the upper cover plate and the interna air
pressure will be calculated in each step of 10 mm dis
placement.

Characterigtic curvesof the air ring include the
load vs. the digplacement curve, the interna pressure
vs. the diglacement curve while the siff ness charac-
teristic curveis described by the load vs. the diglace
ment curve. The resultsof the finite dement analyss
are shownin Fig.5:
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Fg.5 FEA results with the static characters
on an ar ring
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2 Experimental results

2.1 Equipment and Method

The gatic characterigtic test was carried out ac
cordingto GB/ T 13061 - 91 of China. Ingtal the air
sring on aload diglacement tester to give a vertica
digplacement to the air fring, which is shown in
Fig. 6. Set the air gring at standard height , and

A%

Fig.6 Experimenta equipment for EQ6111 air $ring
then supply compressed air into the air ring. Mea
sure and record the load and the internal pressure in
the air ring under this condition, and then compres
the air gpring down to a possible maximum compres
gon, measure the load and find the relation between
the pressure and the deformation. Furthermore ex-
tend it up to a posible maximum length, give again
the digplacement up to the standard height , record
the load and the interna pressure for every 10 mm
digplacement.

2.2 Experimental resultsand discussion

(1) Experimental results

Usdng the above method, the static characterigtic
tests were done at different interna pressures, which
is0.3, 0.5 and 0. 7 M Pa regectively. The load vs.
the digplacement curve and the interna pressure vs.
the digplacement curve are shown in Fg.7.

(2) Discusson

The experimenta results demonstrate that the
air gring can provide varied loads by adjusting the in-
ternal pressure, and the siffness of the air gring
varies with the load, which will lead to a constant
natura frequency. Those advantages make the air
sugpenson more comfortable and smoother than a

sted ring.
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Fig.7 Satic characterigtic tested results with
EQ6111 air fring
In condition of 0.5 MPa interna pressure, the
tested results and Finite Element Anadyss results
were compared in Fig. 8. Obvioudy there is a good
correlation between them.
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FHg.8 Comparison between tested results and FEA results

3 Conclusion

The anadyss was carried out for the deformation
behavior and the gatic giff ness characterigtics of an
ar ring with fiber-reinforced rubber compostes.
The analyd's results demonstrate that the cord angle
and the fabric elastic modulus have a great effect on
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the deformation, and consequently those factors will
have a great effect on the static characteristics of the
air gring.

The gpplication of Finite Element Method to the
air pring has broken the limitation of the traditiona
experientia formula, which can be used to anadyse
the structure are manufacture parameters of an ar
gpring. And agpplication of FEA to an air ring will
play a more and more important role for the desgn
and manufacture in the future.
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Application of multilayer fuzzy synthetic eval uation
to analysis of injury

Wang Ming-ming Sui We-ying
(College of Economy and Management , Beijing Universty of Chemicad Technology , Beijing 100029, China)

Abgtract : A new modd to evaluate anti-dumping injury and the injury degree by multiplayer fuzzy synthetic e
va uation was proposed for injury research on anti-dumping cases. In this modd , injury indexes were quantified
and clasdfied stientificaly and reasonably , and then the injury and injury degree were evaluated by multiplayer
fuzzy synthetic evaluation, 0 that higher scientific evaluation of injury and injury degree and more trangarent
and fair adjudge to anti-dumping injury research were obtained. This model can offer an assstance to govern-

ment departmentsfor the find judgment of dumping and anti-dumping cases.
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