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Table 1 Material parameters of finite element model

Components Material Density (g/cm®) Elastic Modulus (GPa) Poisson’s ratio (0~1)
Liquid valve TC4 4.5 120 0.33
Tooling block Gray cast iron 7.7 135 0.27
Coil Brass 8.65 106 0.324
Tooling base Aluminum 2.78 72 0.33
Air valve Stainless steel 7.7 196 0.29
Spool Stainless steel 7.7 196 0.29
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Table 2 Natural frequency test results and simulation results

Mode order  Simulation result (Hz)  Test result (Hz)  Error(%)
1 2787.0 2745.4 1.52%
2 2874.1 2869.5 0.16%
3 35429 3365.7 1.25%
4 4083.7 3874.2 5.26%
5 4272.9 4120.9 3.69%
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Spool locked state

Spool Kinetic energy (J)

Potential energy (J) Locked state

Table 3
Working condition Spool velocity (m/s)
Standard response spectrum 0.359
Lower bound 0.179

Upper bound 0.715

1.55e-3 4.29e-3 Lock
3.84e-4 4.29e-3 Lock
6.13e-3 4.29¢-3 Unlock
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Fig.7  Self-locking valve impact test
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Table 4 Comparison of theoretical and experimental results of valve core opening and closing state

Working condition Spool velocity (m/s) Kinetic energy (J)

Potential energy (J)

Locking state (prediction) Test result

Test 1 0.202 4.90e-4 4.29¢-3 Lock Lock
Test 2 0.337 1.36e-3 4.29¢-3 Lock Lock
Test 3 0.428 2.20e-3 4.29¢-3 Lock Lock
Test 4 0.741 6.59¢-3 4.29¢-3 Unlock Unlock
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RESEARCH ON LOCKING CHARACTERISTICS OF
SPACECRAFT ELECTROMAGNETIC SELF-LOCKING VALVE IN
SHOCK ENVIRONMENT *

JU Zhen—hao' YAN Han' YOU Gang® ZHANG Wen-ming'"
(1.The State Key Laboratory of Mechanical System and Vibration , Shanghai JiaoTong University , Shanghai 200240, China)
(2.Shanghai Institute of Space Propulsion ,Shanghai 201112, China)

Abstract Electromagnetic self-locking valves are widely used in spacecraft, such as satellites, launch vehicles, and
spaceship. In strong impact environments, such as engine ignition, explosion of pyrotechnic devices, and separation of
rockets, locking failures of self-locking valves may occur, which can affect the safe operation of the spacecraft. Aiming
at the locking reliability of the electromagnetic self-locking valve under impact load, the paper studied the locking fail-
ure mechanism of the self-locking valve. A finite element model for the tooling and self-locking valve was established,
the correctness of which was verified through modal tests. Based on the modal superposition theory, the shock response
characteristics of the self-locking valve were studied, and the locking state of valve spool was judged according to the
shock response results and the energy analysis of valve spool. In order to verify the accuracy of the analysis results, a
pendulum impact platform was used to carry out impact tests. The locking state of the valve spool obtained was in good
agreement with the theoretical results, indicating the effectiveness of the analysis method. The research in this article

can provide theoretical foundation and technical support for the anti-shock design of electromagnetic self-locking valves.

Key words electromagnetic self-locking valves, shock environment, finite element analysis, locking state
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