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ABSTRACT

The reported work points up two important effects that govern the spring and damping characteristics of free surface oleo-pneumatic spring-dampers used for vehicle suspension. Firstly, the aeration and thermal effects are analyzed. It is shown that the spring function is highly influenced by the amount of entrapped gas and by the mean temperature. The shock absorber is modeled taking into account the oil to ambiance and gas to oil heat exchanges. It is assumed that the aeration is completely established and the gas-to-oil mass ratio is constant. The second part is concerned with the damping effect that is governed by oil flow through orifices under entrapped gas conditions. The fluid is examined as an equivalent, moderate compressible fluid, incorporating the influence of the flow number on the discharge coefficient. Finally, the simulation of the global model is proved to be consistent with experimental data.
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I INTRODUCTION

It is known that the stiffness and damping characteristics of oleo-pneumatic spring-dampers can produce a lot of benefits for vehicle suspension applications. Unfortunately, their design is much more difficult then in the conventional case 


combining a metal spring and a hydraulic shock absorber. Moreover, it is made harder when no blade separates the gas and the oil, in order to improve the high frequency behaviour. So, the design of high performance suspensions requires a good knowledge of the different phenomena that govern the working of oleo-pneumatic dampers. The reported work contributes to this objective.

The component on study (figure 1) is born form a linear differential jack design. The chambers A, B and C are connected together by fixed and variable orifices and filled up with oil and gas without any separation. When the piston moves, the chambers volumes are changed. This is compensated by the gas compression or extension and by the fluid exchanged with other chambers through the restrictions.

The spring function can be derived from the gas compressibility (Maré and Berthe, 1994) that generates a non-linear stiffness as a main advantage. Near the extension stop-end, the low stiffness enables efficient motricity when the road profile unloads the unsprung mass. On the other hand, the stiffness increases rapidly before the piston reaches the compression stop-end, avoiding bumping and improving the passengers ride quality.

The damping effect is given by energy dissipation at orifices. The combination of fixed and variable orifices set the damping curve shape. The fixed orifices (1 and 2) ensure the pressure balance at rest and determine the damping shape for very low speed tube motion. The compression and rebound damping characteristics are made different using check valves that select the working passages (Berthe and Maré, 1997).
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Figure 1. Oleo-pneumatic spring damper


This original design provides an independent setting of the spring and damping effects.

Experimental data shows that the device characteristics are influenced by various effects.

1.1 Aeration

Endurance, compact design and high dynamics requirements have led to remove the blade separating gas and oil....

1.2 Thermal effects

Energy dissipation at orifices heats the oil-gas mixture increasing the mean gas pressure. The combination of aeration ...

1.3 Flow through orifices

The discharge coefficient of orifices is subject to important variations due to aeration, transient flow and elastic poppet valves (Berthe and Maré, 1997)....

II aeration - thermal effects

Around the null speed, the chambers pressures are equal. The pressure common value 
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 depends on the actual tube stroke that fixes the total volume offered to the fluid. A basic model has been written (Maré and Berthe, 1994) neglecting the oil dilatation and the gas dissolution effects. The gas temperature evolution is fixed introducing the equivalent polytropic coefficient k. In that manner, the position depending pressure force and the local stiffness are given by equation 1 and 2.
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Experiments have shown that this is highly affected in various ways due to both mean working conditions and excitation dynamics...

CONCLUSION

Some theoretical and experimental results have been reported in order to improve the design of vehicle suspension using free surface oleo-pneumatic spring-dampers. It has been shown that the spring characteristic can be predicted more accurately taking into account the combination of gas dissolution and oil thermal expansion. The damping analysis has pointed up......
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NOTATIONS

Variables and parameters

	R
Perfect gas constant = 287 (J/kg/°)

	S
Orifice section (m2)

	Sd
Tube differential section
(m2)

	t
Time (s)

	T
Temperature (°C)

	V
Volume (m3)

	W
Work (J)

	z
Tube stroke (m)
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