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Using gas spring instead of planar spring in compressor or Stirling generator is an effective way to improve the reliability of engines. In this paper, rotation vector decomposition method
and system resonance method to test the equivalent stiffness of a gas spring system are introduced and experimentally compared. The results show that the gas spring stiffness measured
by the two methods is basically the same, with a maximum difference of less than 10%. In addition, the effects of initial pressure and piston amplitude on the stiffness and damping
characteristics of the gas spring system are analysed, it is found that initial pressure is proportional to the stiffness of the gas spring and damping component of the gas force, while piston
amplitude has little effect. The study provides a reference for the structural design of gas springs.

Influence of initial pressure& piston amplitude

Methods of gas spring stiffness

AMPa Lo —— * The values of gas spring
+ "
1.5ystem resonance method 180 20— 3MPa | e . force are different at the
1 | Method 1 -~ 2MPa 0.8 same position
. . —o— Method 2 ol —#— Component Damp .
W = f Fdx = EBL” ldx]| cos(l, dx) 160 - o = 100} tMPa s | —e— Component Spring | ¢ [nitial pressure o Stiffness
l gmo - % : TZ 0.6 of the gas spring
. = oL 2 * Component_spring is
Find f when cos(l,dx) = 1 2 120 L o 0 g B otmp ->PTing
3 a2 | S 04 | higher than
l' E 100 1 g o0l g | '//k Component_damp at the
kg = mQ2nf)* — ky, g f N L same initial pressure.
o S0 * Initial pressure o Damping
2.Rotation vector decomposition method & _ | =0T component of the gas force
B , . | . , . , . | . , . \ 0.0 I . \ s | . I . \ : | . I

ApA = Fga5_x + Fgasv - 35 36 37 38 39 40 41 0 15 20 25 30 35 40
40 xp (mm) Initial pressure (MPa)
l' 1?0 | 1f5 | 2fo | 215 | 370 | 315 | 410 Figure 5 (a). Gas spring force changes with initial pressure; (b). Gas force Proportion Variation
I dEgas—x d(ApA COS(p, X)) Initial pressure (MPa) via initial pressure
9 dx, dx, Figure 1. Comparison of two methods 300 P . . . + The AC power source
. —— 1.2mm i ¢ : : T
« Both methods can be used to calculate the gas spring, and the maximum error is less than 10%. 0 }.gmm | —=— Component Damp pr;)v1des dlﬁferen; exc1tat1(})1n
However, method 2 can not only measure the stiffness of the gas spring in the non-resonance 2 ' o g 081 —e— Component Spring | VO tages that ¢ .ange the
state, but also obtain the dynamic stiffness of the gas spring in different motion states. g = amplitude of the piston.
S S 07  The change of piston
S 2 . .
] ! = | 2 amplitude has little
Establishment of experimental system o 2 ol 206 | influence on the stiffness
Data acquisition system O S o
Pressure Sensor % . - characteristics of the gas
- - 0.5 F . .
The AC power source supplies c3 @ L.l_.—li 200_ o _ - spring a.nd the proportion of
power to the linear motor, drives T 2z ool oal - the spring component and
the reciprocating movement of the 36.0 365 370 375 380 385 390 395 400 0.8 1.0 1.2 1.4 1.6 1.8 the damping component.
. Laser digplacement sensor xp (mm) Piston Amplitude (mm)
piston, and changes the volume X . . L . .
d £ th . ®_ ®_ Figure 6(a). Gas spring force changes with piston displacement; (b). Gas force Proportion
and pressure ob the gas spring Variation via piston amplitude
space. X AC power source
The pressure of the gas spring D ]
space is recorded by the pressure O L Conclusion
sensor, the laser displacement . " .
>P vacuum pump A~ (1) The rotation vector decomposition method and system resonance method are used to test the gas spring
sensor records the displacement 4) " q | , b s <h hat th | oo 1 b th bod
of the piston, and the dynamic _ Current clamp stiffness and experimentally compare. The results show that the gas spring stiffness measured by the two methods

is basically the same, with a maximum difference of less than 10%.

(2) The initial pressure of the gas spring chamber is proportional to the damping component of the gas spring
stiffness and gas force.

Figure 3. Experimental system diagram (3) The piston amplitude has little effect on the stiffness of the gas spring and the proportion of each component.

change of the current is recorded Helium
by the current clamp.
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Calculate: F,;s = (p — po)Ap
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