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Abstract : It has been recognized that the compressibility of hydraulic fluid, which is characterized by the value of its
bulk modulus, heavily affects on the system behavior and performance. In practice, the value of the oil bulk modulus
varies by the operational and structural characteristics of the hydraulic system.

This study presents the theoretical derivation of the effective bulk modulus and describes an experimental impulse

technique that allows accurate measurement of oil effective bulk modulus with pressure variation in a hydraulic system.

Experimental and analytical results show that the value of the effective bulk modulus varies a lot in low pressure region

by the effect of entrained air, while the effective bulk modulus can be estimated just using the oil and container bulk

modulus on the other high pressure region.
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Nomenclature
a : pressure wave propagation speed, m/s
¢ : sonic velocity, m/s
d,,d : outer and inner diameter of tube
respectively, m
E : Young's modulus, MPa
P : pressure(gage), Pa
T : elapsed time, sec
W : thickness of tube, m
Ve, Vi, Vi : volume of entrained air, liquid

oil, and total volume respectively, m’
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V 4 :volume of entrained air at atmospheric
pressure, m’

@ : compressibility of oil, m’/N

Be, Ber B, B. : container bulk modulus, air

bulk modulus, liquid oil bulk modulus, and
effective bulk modulus respectively, MPa

A : partial derivative symbol
7 . gas constant
x : air disolution ratio constant
y : poisson's ratio
o : oil density, kgn/m’
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Fig. 1 View of experimental apparatus
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Table 1 Specifications of major components

Component Model Specification
Pressure range :
0~250 kg,/ cm®
Pressure | Sensys, PMSK | Accuracy : 0.5%
transducer 0250 KAIA | Built-in amplifier
Output range :
0~10 VDC
LING Max. disp.:25.4 mm
Vibrator Electronics (Peak-Peak)
LMT-100 Max. freq.:8,000Hz
Hand Daelin Hyd. Max. pressure :
and pum
pump THP A 700 kgylcm®
Pressere range : 0~150
Pressure gage Hyupsung 2
kg/em
ZONIC Input : § channel
FFT 1
anatyzer Medallion Output : 1 channel
) XANTREX DC power supply
Power supplY|  y1R 2030 | 0~20 v, 0~30 A
AM
Notebook SAMSUNG CPU : celeron 300 MHz
Sens 670
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Fig. 2. An example of experimental data
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