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Abstract: The impact load stresses of the straight impact and the leaning impact of the valve plate against the valve seat and the valve guard in the working process of the ring valves in the reciprocating compressors are analyzed by means of ANSYS/LS-DYNA, which is a large-scale explicit dynamics finite element analysis software. The results show that the stress of the leaning impact is higher than that of the straight impact. The stress of the leaning impact is the main reason for the failure of the valve plate. The higher the amplitude of the leaning motion is, the higher the impact load stress of the valve plate is. And the thicker the valve plate is, the higher the impact load stress is at the same impact velocity and amplitude of the leaning motion.
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1. INTRODUCTION

It is unquestionable that the frequent impacts of the valve plate against the valve seat and the valve guard in the compressor ring valve cause the failure of the valve plate. Generally, the impacts are regarded as straight impacts while the impact load stresses and the rupture way are analyzed. The results obtained this way are not very identical with the actual conditions. Actually, the impact load stresses of the valve plate against the valve seat and the valve guard are higher than those in the straight impact way. The radial fatigue rupture and local fracture are the main failure of the valve plate. In this paper, the straight and leaning impact stresses of the valve plate in the working process of the ring valve in the reciprocating compressors are analyzed by means of ANSYS/LS-DYNA, which is a large-scale explicit dynamics finite element analysis software. Thus, the analysis results correspond to reality even more. The amplitude of the leaning motion and the thickness of the valve plate are regarded as the important factors influencing the impact load stresses. 

2. CALCULATION MODELS OF THE IMPACT LOAD STRESSES
In normal situations, the velocity of the valve plate against the valve guard is higher than that against the valve seat, and therefore the impact load stresses of the valve plate against the valve guard are higher. In this paper, the impacts of the valve plate against the valve guard are analyzed. The same method can be adopted while the impacts of the valve plate against the valve seat are analyzed [1].
The impact of the ring valve plate against the valve guard is simplified as that against the ring valve guard. The solid impact model is shown as Fig. 1. The bottom of the ring valve guard is fixed in Fig. 1. The plate collides with the guard at a certain speed. After many impacts, the valve plate is forced tightly on the guard. In the calculation model of this paper, the internal diameter of the valve plate is 110mm, and its external diameter is 130mm. The material of the valve plate is 3Cr13 stainless steel. The internal and external diameters of the ring valve guard are the same as those of the valve plate, and its thickness is 20mm. The material of the valve guard is 20 carbon steel. The impact velocity of the valve plate is assumed to be 2m/s. There is an acceleration of the valve plate during the course of the impact. The acceleration is generated by the gas force and the spring force, and it points at the valve guard in general during the impacts of the valve plate against the valve guard. The acceleration is assumed to be 800m/s2. 
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   Fig.1 Simplified solid model of the impact of the valve plate against the valve guard
While the impact stresses are analyzed by means of ANSYS/LS-DYNA, both the valve plate and the valve guard are considered to be away from yield and destruction. Besides, their materials are considered to be isotropic and linear elastic. The element type adopted in this paper is solid164. It is discovered during the process of calculation that the element dimension in the thickness direction affects the results considerably. Therefore, the mesh generated in this paper is fine in the thickness direction and rough in other directions. The contact type is determined to be NTS. NTS stands for nodes to surface [2]. The end-time for the analysis is specified to be 8×10-3s. The store step of the analysis results is 8×10-5s. APDL stands for ANSYS parametric design language, which can be used to automate common tasks or even build the analysis model in terms of parameters. APDL is adopted in this paper for the convenient and quick analysis of the impact load stresses in the compressor ring valve[1].
3. CACULATION RESULTS AND INFLUENCING FACTORS OF THE IMPACT LOAD STRESSES

Under ideal conditions, the impacts of the valve plate against the valve guard are straight impacts. In fact, there is the leaning motion of the valve plate caused by such factors as non-uniform flow through the valve, uneven spring forces acting on the valve plate, and various errors in the course of machining and assembling. The amplitude of the leaning motion can be measured by the inclination angle θ. The angle θ is defined as follows:
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Where, Δh is the maximum difference of the distance from the plate to the guard or the seat before the impact, and d is the external diameter of the valve plate. 
When θ is 0, the impact of the valve plate against the valve guard is the straight impact. The greater θ is, the higher the amplitude of the leaning motion is. It is obvious that the impact load stresses of the valve plate vary with the amplitude of the leaning motion. While the influence of θ on the impact load stresses is analyzed, the thickness of the valve plate in Fig. 1 is assumed to be 1mm. The impact load stresses of the valve plate against the valve guard are calculated by the above-mentioned ways. The results are listed in Table 1. The equivalent stresses in Table 1 are the von Mises stresses. 
Table1 Maximum equivalent stresses of the valve plate with the different inclination angle
	inclination angle ( ° )
	0
	0.25
	0.5
	0.75

	equivalent stress ( MPa )
	52.8
	83.2
	111
	193


Table 1 shows that the maximum equivalent stresses achieve the minimum when θ is 0. Besides, the impact stresses increase rapidly with the increasing amplitude of the leaning motion. The results are explained as follows. When θ is not equal to 0, the impacts are leaning impacts. In this case, the maximum impact velocity in the working process of the valve is not the velocity of the first impact but of the second impact[3]. The velocity of the second impact increases with the increasing amplitude of the leaning motion. 
The stresses of the leaning impact are the main reason for the failure of the valve plate. Therefore, measures should be taken to reduce the amplitude of the leaning motion in the design of compressors and valves. For example, more flow passages in the valves should be designed to decrease the lift[4] .
While the influence of the thickness of the ring valve plate on the impact load stresses is analyzed, the impacts of the valve plate against the valve guard are regarded as leaning impacts, and θ is assumed to be 0.5°. The impact load stresses of the valve plate against the valve guard are calculated by the above-mentioned ways. The results are listed in Table 2.
Table2 Maximum equivalent stresses of the valve plate with the different thickness
	thickness of the valve plate ( mm ) 
	0.5
	1.0
	1.5
	2.0

	equivalent stress ( MPa )
	97.4
	111
	155
	185


Table 2 shows that the impact stresses increase rapidly with the increasing thickness of the valve plate when the valve plate is in the leaning motion. The explanation for the results is that the impact momentum increases with the increasing thickness. The thinner valve plates should be adopted in the design of the valves in the reciprocating compressors with high speed of rotation. 
4. CONCLUSION

1) In the working process of the valve, the stresses of the leaning impact are higher than those of the straight impact.
2) In the working process of the valve, the impact stresses increase rapidly with the increasing amplitude of the leaning motion.
3) The impact stresses increase rapidly with the increasing thickness of the valve plate when the valve plate is in the leaning motion.
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