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Design sensitivity analysis and reliability

research on sliding pairs of solenoid valve
SHI Qiu-ming, XIE Rong-hua
(Shanghai Institute of Space Propulsion, Shanghai 201112, China)

Abstract: Based on the analysis of the function and composition of the solenoid valve, four mis-
sion phases of the valve were presented, and the functional structures affecting the reliability signifi-
cantly were discussed. The method of design sensitivity analysis was presented, and the result shows
that the clamping of moving parts was caused by the obvious enhancement of friction with debris. To
improve the reliability of sliding pairs, the fatigue and scuffing must be eliminated. On the basis of the
design sensitivity analysis, the rules of designing a sliding pairs were established. The applicability of
solenoid valve sliding parts' structure for space propulsion system was studied. The manufacturing
method and corresponding process quality control point of the sliding parts' structure are offered in
this paper.

Keywords: solenoid valve; sliding pair; design parameter sensitivity; reliability; QFD

WRE AR 2013-01-25; fEE B 2013-02-26
BN, SRR (1975—), B, ARITEN, BRSESUR R K G R S AR T EEAR



F39% FE3W

SERKE, S5 FREARRINE ShEI BT S BR BUE o 5 T AT 73

0 5|

Tt

2 )4 9 26 45— S e, R 2 A R o
REWRERAES , R R LB
REBR I PITOLR , ELA ARV, DR A4S A,
ERTFERBEN RS, N7 RS SRS K
WIATSE TARMIEDR, % BRI ] Al Stk
WEZ, S-SR SRR —,

M 20 fH4E 60 AEATFEE, B SBOR HUES
B R B ES MR R T, HHEEE
B RGeS TR, SR EAR dnsh, B
b | ASIEME RS E R LR REMAL) AR TR
HEEMSE, BTN ST HFRNE
WRREE, AN RHERRE S R ALY, TR
MAEGHHEHE, TR BARx T 25w
S5, PR FRIE T, QRARRIASER K
B RAERBNT ) RS FRASSHK
(K735 Al R 3 B I R A R 0, PR A R T B
VBT FhL 0 B S0t 43 Hh R P AL R,

FRIAEEE (QFD) ¥k B i 2 /M
IR RIBM B RAL R R, BZKHAR
AV I i £ ) A O A AN TS, R QFD 7
VBl AR SRS 7 R T SR, (RSEHEE
PR AU AR R W TR . RIS
B AR R T SR %, X e E

QFD HEHa it A 18 1EM.

AI0K REBE NS QFD HEE /R,
M REEAES AT, AREESTHEHR
2 X R REIRIE s Al T MR EE, A QFD
FE R BRI SRS, 1]
HBARE R, &8RN T S,

1 FERYHBEE SR

2 U BRI B SSHs B LA 1, AR
AERWAR 1, JCHp RS A B A A e ik 9 L BE T
HR T A

#E AW
% \

41U

< X
|
[

\/ S
AN SIS EE
// ZAN\B

4
i SSX =
% 1k \@ﬁ

B 1 R R B

Fig. 1 Structure diagram of solenoid valve
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Tab. 1 Composition and functions of solenoid valve

S LT bl TN Hathy
Fetk EATHERE T ER T AR AL B35 SR B B A R VAR R
[0S HNTREEE TR B E 5 AR w5 B S AR
e LR R T 2277 w5 %A
bUR:% i/ e uR: I MR R
1 e 2] B A A5 LA S
5 LR HEES #ish RS
S RUEIE T EE S S L ¥




74 KOFE K

201346 H

SR, B E R R %
MR R, ATEAL 4 AMESRIE N T REAE B
(B2, Hp, BEERTREMIRBED,

{@m%%
M
=== %&H
i
E
|
W & #E AT 4
f%m%%
' #
2] [z#] [me
L LS f:ﬁﬁﬁﬂ
i A
[om P27
B R R AL %

B 2 BOHrIhBER BB EER . WAl ki, 1
S-Te ki SR RIS BUR & MRS 1EAE
55 B R ] - 208 P s HHE 55 19 R

AIE AR | (B
4k 1 PR e
i
(e 2
A %
% 1k
% fr | s fir % fr e
lom — ws W B
#H T e
& [
ﬁﬁ£ﬁ| W A 2
: (C:iP)
& HAL %

K2 rmERR 4 MES BIm B DI REHE R

Fig. 2 Function block diagram of four mission phases of solenoid valve
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Fig. 3 Forces schematic of valve core—shell sliding
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Tab. 2 A segment of planning matrix of solenoid valve
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Tab. 4 Process planning matrix of valve core—shell sliding pairs
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Tab. 5 A part of quality control matrix of valve core
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