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Vibration Analysis of a Valve Model
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Abstract

In this study, nonlinear stiffness characteristics of a discharge valve in a small
hermetic compressor was considered. It was approximated with piecewise-
linearity, and cubic or quintic nonlinearity by the static load-displacement
experimental results. Based on the fluid-structure interaction effects and mass
flow rate, the derived 1-DOF equation of motion for the valve model was
analyzed. Finally, the dynamic response of the discharge valve was studied with
parameters such as the ratio of the running frequency of the compressor to the
linear natural frequency of the valve.
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Fig. 2 Simplified 1-DOF valve model
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Fig. 3 Experimental data for the valve stiffness
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Dynamic response of the valve with the
piecewise-linear stiffness model

Fig. 5

Displ. [mm]
2

[RH]

L5

128

1

05

05

0.25

? 2 HE v

? 7
Fig. 7 Dynamic response of the valve with the
quintic nonlinear stiffness model
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Fig. 9 Dynamic response of the valve with the
cubic nonlinear stiffness model (p=0.14)
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Fig. 4 Curve fitting results for nonlinear stiffness
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Fig. 6 Dynamic response of the valve with the
cubic nonlinear stiffness model (p1=0.047)
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cubic nonlinear stiffness model (u=0.12)
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Fig. 10 Dynamic response of the valve with the
cubic nonlinear stiffness model (u=0.38)
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