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Failure analysis and improvement of the ball-end wear

for pressure reducing valve

XU Dengwei, ZHU Jianguo, LUO Daliang, ZENG Weiliang
(X?’an Aerospace Propulsion Institute, Xi’an 710100, China)

Abstract; Aiming at the problem of the wear of the ball-end of the main spring seat of the pressure
reducing valve, the failure mechanism of the ball-end of the pressure reducing valve was analyzed by the
method of combining simulation and experiment. Stress and strain of the steel 2Cr13 ball-end with differ-
ent hardness combinations were calculated, and results indicate that the existing structure has the problem
of super high stress. The wear of paired metal materials was studied, from the improvement ideas of reduc-
ing contact stress and avoiding adhesion wear, the improvement measures were proposed. Through the ver-
ification of wear comparison test, the final improvement plan of the pressure reducing valve was deter-
mined. After large numbers of the pressure reducing valve test, the problem of ball wear has been com-
pletely solved, which verifies the effectiveness of the improvement measures. Under the premise that the
contact stress does not exceed the yield strength of the material, wear is closely related to the crystal
structure of the material. The titanium alloy has certain advantages as the friction pair material.
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Fig.1 Structure diagram of ball socket and ball-end
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Fig.2 Assembly process diagram of pressure reducing valve
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Fig.3 Photos of worn(left) and exfoliated metal bars ( right)
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Fig.4 Fracture tree of pipeline
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Fig.5 Computational model of contact site
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Fig.6 The stress and strain of contact site
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Tab.1 Mechanical properties of steel with different hardness ( experimental measured values)

. ﬁ}%ﬁrﬁ/ Eﬁiﬁﬁi/ /% Iiﬁ?ﬁi/ui%‘% #j&gﬁ%
610 C 1]k 60 C/K¥% (FHFF A4 36.5)  1.065 0.918 21.5 65.0 404. 536
580 °C [n Jk (1N 39) 1.160 1.025 21.0 64.5 406. 496
550 °C[nl k (RHEEH 46.5 ~47) 1.505 1.275 18.5 56.0 447.749
230 °C [m] K (fHEEE A 49.5) 1.710 1.365 17.5 58.0 543. 584
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Tab. 2 Stress results of different combinations of ball-end and ball socket

L \ . W 1/ MPa
TSR IR R RS A (AN - - -
3 kN #%5H 3.5 kN @448 4.2 kN #55H
BRk 930. 1 934.2 937.9
36.5 36.5
BRaw 922.3 922.9 921.4
ERk 1034.0 1035.0 1038.0
39 36.5
BRar 926. 3 926. 5 927.8
BR3k 1 370.0 1371.0 1373.0
49.5 36.5
Bk 931.4 933.4 935.5
ER3k 934.3 938.6 943. 8
36.5 49.5
BRax 1297.0 1324.0 1315.0
BR3k 1390.0 1394.0 1397.0
49.5 49.5
BRaT 1378.0 1 380.0 1382.0
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Tab.3 Strain results of different combinations of ball-end and ball socket

RS
FIRF KRR R AR i
SREERRGREE  TRaERRES B (DAL 3N FE ) 35 KN HE ) 42 KN )

36.5 36.5 ﬂ%i 0. 020 26 0. 025 46 0. 030 91

B 0.010 38 0.0109 0.011 22

39 36.5 Rk 0.015 48 0.017 26 0.023 53

’ R 0.014 02 0.014 98 0.016 24
49.5 36.5 Bk 0. 004 99 0. 005 386 0. 006 249

' ’ R 0.021 44 0. 024 37 0. 027 42

36,5 49.5 }jﬁf 0.028 35 0.031 83 0.039 4

B 0. 001 181 0. 001 209 0. 001 215

49.5 49.5 Ij?i 0.014 52 0.017 06 0.018 97

R 0. 008 673 0. 009 568 0.010 67
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Tab. 4 Stress results of different combinations of ball-end and ball socket after improvement
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Fig.7 The stress and strain of contact site after improvement
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Tab.5 The wear comparison test of ball-end and ball socket of pressure reducing valve

R Fo R (Bkk) JE s (BkE) 45 R
1 B
9Cr18 (FifiEF 7 50 ~55)
2 A5
J3 TCEEH
TC4M 2CrI3 (RN 32 ~38)
14 R

"o
9Cr18 (KEE K 50 ~55)
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