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Abstract : This paper presents the effects of cylinder shell elasticity on effective bulk modulus of oil( K ,) in
automotive hydraulic dampers. A theoretical model of cylinder shell bulk modulus( K ) based on the elasticity theory

of thick-walled cylinder incorporating not only radial but longitudinal deformation is proposed. In a cylinder, values of
K . by the new model and traditional models are computed and the discrepancies among them are discussed. In a

twin-tube type automotive damper, the variation of K , under different pressure values in chambers of the damper
cylinder, based on different theoretical models for K . is computed. Through these computations, it is shown that
remarkable discrepancies in computed values of K , might occur according to the K, models in connection with K

models.

Key words : Effective bulk modulus(3-&. A 2 gtA] Al<), Effective bulk modulus of cylinder(d # ] o] A A gt
#157), Automotive hydraulic damper(<}-5-3}H-& 59 244 7])

Nomenclature

(Ko, (Ko, K,atpressure Oand p
E : Young's modulus of cylinder wall (Ko (Ko, K,atpressure 0and 2p
F,F, :forces described in Fig. 2 ! : axial distance of cylinder inside
K. - bulk modulus of container or cylinder L + axial length of cylinder inside
K, K 4 :defined in eq.(6) and (7) e +mass of gas
K, : effective bulk modulus of oil " + polytropic index

, P : pressure(gauge), pressure(absolute

K, :bulk modulus of oil, defined in eq.(A4) ? pressure(gauge), pressure( )

Db : described in Fig. 2
K, : isothermal secant bulk modulus of oil L. . .

' bibo : inside and outside pressure of cylinder

*To whom correspondence should be addressed. APy : pressure difference in cylinder inside
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P : atmospheric pressure(absolute)
r : radial distance in cylinder
r»7, :inside and outside radius of cylinder
v, : radius of piston rod
R, : gas constant
T : temperature(absolute)
V. : volume of container (or cylinder) inside
Ve : gas volume
Va : gas volume when P= P, T=293K
8, : radial displacement of cylinder wall
A : increment of a value
& : strain in cylinder wall
&4 : ¢ in longitudinal direction
& : ¢ in tangential direction
&4 Leat r=v;
v : Poission's ratio
0 .: degree
g : stress in cylinder wall
050,0; . o in longitudinal, radial and tangential
direction
LME
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Table 1 Evaluation of effective bulk modulus by researchers

Authors : A. L. Audenino et al.[1995] "
« K, described as

VK. =1/K+V J/VA/K,~1/K)
+ K, isaconstant, 2x10°® Pa.
* V, changes according to pressure under isothermal state.
© Vil V. is25%.

Authors : 8. Cafferty et a1.{1995]? ‘
* K described as K, with a constant, K .= 1x10 °Pa

Author : K. Lee[19971%
= K, described as K, with a constant {the value was not

clarified.]

Author : H. H. Lang[1997] ®
* K.describedas 1/K,.=1/K +1/K.

+ K, treated as a constant [the value was not clarified.]
* K. computed from K = E(»,—7)/2r;

Authors : W. N, Patten et al. [1998] *
* K described as

VK . =lK+V,/V/K~1/K,
« K,isaconstant, 1.38x10 °Pa.
« V. changes according to pressure under isothermal state.
© Vol V.is 5.26%.
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Table 2 Physical parameter values of a cylinder
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Fig. 3 Computed results of K, [eq.(5)] for the cylinder in
Fig. 1 according to p ; variation
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Table 3 Physical parameter values of the twin-tube cylinder

27 27 mm, 27,29 mm, 27 5:35 mm, 27 »: 37 mm,
2r o 10mm, [ =L/2, V,/V.:05% FgiO0N,
(K,)» E. v, L, n, T :the same values as those in table 2
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