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Testing and characteristics analysis of

proportional solenoid valve

WANG Xiao-gang, CHEN Wen-qu, TANG Mei-fang, WEI Qing
(Shanghai Institute of Space Propulsion, Shanghai, 200233, China)

Abstract; Variable thrust LREs (Liquid-Propellant Rocket Engines) which can be used for thrust
modulation is an ideal choice for space propulsion. Flux controlling technology which is the core
technology of variable thrust LREs is also the emphases and difficulties on the research of variable
thrust LREs. Based on the conclusions of variable thrust LREs's technology, the pivotal technology re-
lated to proportional solenoid actuator, valve port and dynamic characteristics are analyzed. It proves
the feasibility of the technology through the comprehensive research, and will provide an important
technical support for future application.
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Fig. 1 Structure of proportional solenoid actuator
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Fig. 2 Magnified diagram of part magnetic path
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Fig. 4 Influence of initial gap on suction characteristic
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Fig. 5 Influence of side gap on suction characteristic
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Fig. 6 Influence of different chamfers on suction characteristic
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Fig. 7 Diagram of testing equipment
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Tab. 1 Adjustment of voltage stabilization

BV 18 20 2 24 26

30 32 34 36 38 40

LMfE/jpm 240 410 550 670 750

FEM/um 380 560 700 850 950

920 990 1040 1080 1120 1150

1040 1130 1200 1270 1320 1370 1430

#®2 EERERT

Tab. 2 Fixed adjustment of voltage stabilization

BV 18 20 22 24 26

30 32 34 36 38 40

LWfE/m 310 490 660 770 860

{EfE/um 380 560 700 850 950

1050 1110 1170 1230 1310 1380

1130 1200 1270 1320 1370 1430

#£3 BREAEY
Tab. 3 Adjustment of stable current
BUEH /A 0.43 0.48 0.53 0.58 0.63
EREIE NV 18 20 22 24 26
T L IE /e m 390 510 660 810 950
KM SEHHE / o m 380 560 710 830 950
FEfE /pm 380 560 700 850 950
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Fig. 8 Structure of proportional solenoid valve
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Fig. 9 Magnified diagram of part valve port
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Fig. 11 Diagram of liquid drive in valve
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proportional solenoid actuator 2.
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Tab. 4 Response time at different voltages
SRR E/ _ _ e ok TS FEEEN EH R
HLHE/V = BEAN FEmm ialey : o
(N/mm) i iEl/ms  ZhEtE/ms  AEHE/ms B Al/ms
19 3 7.77 1.06 19 55 74 5
24 6 1.77 1.04 12 33 45 4
30 8.95 1.77 1.03 8 21 29 4
R 5 AFIBETE J1 T W R (8] X R
Tab. 5 Response time under different spring pre-loads
BN/ WA fih WA [ AW FIESRED
i 7N BENV 718/ N .
(Njm) TR s ZE s &M Fms s
8.95 3 19 1.03 7 46 53 5
8.95 6 24 1.03 9 29 38 5
8.95 7.77 30 1.03 8 21 29 4
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Tab. 6 Response time with different masses
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WA R BEER

BAEW B R

kg (N/mm) REDN  REV ms A [8)/ms & FEl/ms []/ms
0.006 8.95 7717 30 8 26 34 5
0.012 8.95 1.77 30 8 24 32 4
0.018 8.95 7.77 30 8 21 29 4
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