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Metering valve abrasion life prediction
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Abstract: Given the complicated traditional abrasion computing process. the opposite
direction to model the abrasion loss of the metering valve was studied. Three ways to com-
pute the abrasion loss were found. The result of some model of the aero-engine fuel control
unit’s metering valve test data shows that, the model of the differential equation of first or-
der based on the time series can accurately calculate the abrasion loss of the metering valve,
with the relative error less than 5%. This had the practical meanings to the life prediction of

abrasion in the fuel control unit metering valve, providing a basis for the useful life of the fu-

el control unit.
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Table 1 Valve wear test data

A 56 s} ] /h JEE 5 5/ pm XA/ pm
500 0~1 0.5
1000 1~2 1.5
1500 1~3 2
2000 2~4 3
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Table 2 Calculation and validation of Miner linear

cumulative damage

L
BFiE /b BEH/ pm pm WE/ %

500 0.5 0.7 28.5714  BREMH

1000 1.5 1.4 7.1429  RIF{A

1500 2 2.1 4.7619  RUEMH

2000 3 2.8 7.1429  BIF{H
7142.8 10 G

2.2 EXRPHITELERRERIE
b A B 1 PR e R BR R AT £tk Il 03, T L)
XN AEIEY Y o]

w = 0. 0021, an
b g SRy i ] ALl h.
TR IENA TR
w=0.0012¢ —0.5 (18)

A (4) . (5, A Miner 261 Rl
it B R S AR (. =7142. 8, 3R K
Bffal k7142, 8 h B EE R & 09 IR . FBRAE. 2R )5

P IE S E bR 2, 2 B w =
11. 18, 45 7EFZ 6,=1. 0357, Al L fE K

|

0o [
—_—
-
Sl=
|~
~N =

o
N

~
| I—
—

Y
—exp| —
1. 0357V 2n

100% = 87.3% (19

MR IE A 40 A 145 L, Miner 260 B4

Pt s Ry T SEE Ol 87. 3%, A WL Miner £k 1
FIH O RS R AE W] R 22

fBsE X4 R=100 Y6 B, 500 25 5L 0] 15 B2 o e

254y [ A UE I S 4 A 3R TR AT AR X R =

4681. 6, fC AR TR w =724, bpifE £
6, =0. 708, Al &EF N



1978 it = 3 hh % R 55 30 &
. L £4 GM(1,1)HBHEERRBIT
R = J 1 exp [* 1 u] ]dw = Table 4 Calculation and validation of GM(1,1) model
e, V2w 2 Ow

10 iy BN THRE Y .

{ J ;exp[f 1 [MJ ’ ] }>< BEL BB sy T

J.0.708/2% 2 1 0.708

100% = 100% 200 700 00 00 ‘

B E S0 A5 T 45 5L (— 4681, 6 ], s 1000 1.5 1.4261  4.9267 B4
PR A F T 10 pm, 53 XF E A R 56 45 2R 0 1500 2 2.0363  —1.815  HiEfH
# 3. 2000 3 2.9075  3.0833  IGiE(H

£3 ESHHERBHHERERIE 3500 8.4638 B i
Table 3 Calculation and validation of normal distribution 4000 12.0849 T

5 S THEAE/ AH P
WHE /b B/ pm pm WE/%

500 0.5 1.135  55.9471  ERE(H

1000 1.5 2.195  31.6629  HIUE(H

1500 2 3.255 62.75 Lisanic]

2000 3 4.315  43.8333 IR UF(H
1681.6 10 o

2.3 REEBELHELRRRIE

B T o 1 o DAL IHG o 20 0 o 8 i 110 B B LR BR
B B GM(L, D) R R AT Y R A
Xt 1 B M E I TR AR 1 AT B
T A W S A A 1) B K H B ()R] BE R 500 h. D)
AJ g

X© = {0.5,1.5,2,3)
XY =1{0.5,2,4,7) 1)
Zv = {1.25,3,5.5)
WIS~ A0 HAETH
a=—0.3562 b=1.0091 (22)
CEINSEIAyp
(@D)
dgt —0.35622" = 1.0091 (23)
SR At Ak 5
(D . (D 1-0091] 0.3562t ___
(D) = [l (D40 3562.¢
1.0091 _ 0.3562t __ _
S aces = (0-5+2.833)e 2.833
3. 333e%%952 — 2. 833 (24)

MR A7 R W] LIS B GM(L, 1) BRI 5
{E . 73 % B A B8 B0 R 25 2R WL 3% 4.

MFE 4T UFL.GM, DHHEHSE M
T 50 HHE AR B30 AR 22 /N T 500, AT AR & 11
KR W &5 5 om0 317 F] 3500~4000h
2Z (BB B A Ao 38 B R E (Y 10 pm.

LG 3 FOrEIF A BT A K e
8 SR I0 VI F R X 15 2 e/ N N B i, L AMHE Y T
AR AT 15 B 458 v (H R 2 T R 2 K 0 B B AF
FE — 7 138 TG R e 5

MNEEFG A3 AT, L 5 1 500 112U 4 1
KR A IS GM (1, 1) B FF i B 451 75 iy 115
L5 I AR T R 1 . A R B 2 S B IE.

AR SCR 50 5 Ak S S ] B O L A B
S A A5 (8] 5 AR L ok FH AT 9 GM(L, D) AR 4T
TR 23 e KR 25 . 7 R AR E GM(1, 1)
BEAL AT AR BT A 6 A0 BR AR SCBR T i R AN 78
R R GM(T, 1) AR 328 56 250 9 9t 47 7
T BT e 22 B

3 & it

=A

1) R A iy B B e Ak SF 2 07 ik ik A w0
I 1D VR 40 7 i o G TUINONS J3E | ] S R AR A T R
P T ARG B AH fhy 3 2 P 24 05 3% B 7 1 K
B AR LR ZORA S SR A RA — 2
2% 5L

2) RMIEZ A7 6 R L IR o A Al
P E TSR N I R L A R R P AR B fR i
R A0 i B T LA A B O S L AR AT LA R B B AE
B 2 AR POIDRS B2 HAR.

3) SRAK @ BT, 45 R R, K 6 S
GM1, DI SRG EEAE 3 Fh 735 fe i, ol LA
FRRS T B9 1) B0 A D0 AT 9 B, LA R 3
B4 SR X AR 16 0 TN 4 T BE A L AR — R
TR KT RIS 1] 89 18 4 75 A BUI A 5 PR Y =



58 M X1

FAF TR T B A TR

1979

vy
IS

ST

.

SEH:

(1]

[2]

[3]

(7]

[8]

[9]

[10]

S5 IR AL L A S DR AR I A S i 7 A A
(T, BUBRBET 5 5 . 2012(8) - 234-236.

WU Liang, YANG Shudong, LIU Shuyin, et al. Wear life
prediction for a large diameter slide valve[ ]]. Machinery
Design & Manufacture,2012(8) :234-236. (in Chinese)

XA L, B AR, SR, AR W I e A 5 G A i BR R
st ()] RS 5, 2012(5) :90-94,

LIU Shuyin, YANG Shudong, WU Liang, et al. Optimiza-
tion design of the valve body strength and fit clearance for
a large diameter slide valve[J]. Chinese Hydraulics and
Pneumatics,2012(5) :90-94. (in Chinese)

VR, B, BERE A E B M. 3 . db . 15 AR KA R
#t,2008.

AT H T R B B 9 55 A7 ik SRS B 1 1 56 F Y
(1], HUBERE 2000, 22(3) 1 206-209.

ZHAO Shaobian. Study on the accuracy of fatigue life pre-
diction by the generally used damage accumulation theory
[J]. Journal of Mechanical Strength,2000,22(3) : 206-209.
(in Chinese)

TR R R L S5 2R VRS 55 B0 R B S 1 BF 5T
(I W ZR B Tl R 222412, 2003, 35(3) : 608-610.

FENG Sheng.CHENG Yanping,ZHAO Yali,et al. Linear
fatigue damage cumulation theory[]]. Journal of Harbin
Institute of Technology »2003,35(3):608-610. (in Chinese)
KA. T IE 25 530 J7 B0 RE S B gE v 4 B L) 1. KRR
H5Z7%,2012,18(4) :63-65.

ZHANG Jian. Analysis and statistics on roughness data by
using of normal distribution method[]]. Water Conservan-
cy Science and Economy,2012,18(4) :63-65. (in Chinese)
TR TR R 9 i 6 vk L) ). B
AR .2007(1) :18-20.

WANG Jinxing, YU Xinfang. Wear test to prolong product life
[J]. Angang Technology »2007(1) :18-20. (in Chinese)
BHEA BT RGR ) % F) 2 a T M. B SR, %
63 [ B ol s hiAt, 1989.

XV K R G e KRR M. b 50 B2 A
2004.

/NG BRER = o 8 D, O TR G 2 iy Sin A iR [T,
RO TR 55, 2002,22(11):121-125.

TONG Xiaojun, CHEN Mianyun, ZHOU Long. On AGO
effect of the grey model[ J]. Systems Engineering-Theory

[11]

[12]

[13]

[14]

[16]

[17]

[18]

and Practice,2002,22(11) :121-125. (in Chinese)

ERL BORH ROLA. B TR OIS SEMECA S SR
A1 3 BT 9 BN L] A% T, 2009, 41(4) - 77-79.

E R TR0, G R R R I U
170 B BT . 02 30 1248, 2014, 29(2) : 314-320.
YAN Yutao, LI Xuejian, HU Guangyang, et al. Friction/
wear behaviors and prediction of graphite seal material un-
der high temperature[ ] ]. Journal of Aerospace Power,
2014,29(2):314-320. (in Chinese)

YT B8 PG, 28 [ 7. B T BB RR €8 S 16 43 BT 1) B
FHOLIL 3l 7 g0 B0 ik D0 O ik [T ). M= 8 ) AR,
2011,26(3):716-720.

CHENG Zhe, HU Niaoqing, QIN Guojun. Quantitative de-
tection approach for trasmission system of helicopter based
on physical model and gray relational analysis[ J]. Journal
of Aerospace Power,2011,26(3):716-720. (in Chinese)
XUGEAL, BB PIRADLICRLD S 4 K T [ ], e 5 %
+.2009,34(3) :78-80.

LIU Xiaoxu, CHEN Min. The grey forecasting for cylinder
line wear of internal combustion Engine[]]. Lubrication
Engineering,2009,34(3):78-80. (in Chinese)
XUEEE R Te. GM(L, D BERGE HE ()], R TR
45 52 ,2000,20(5) : 121-124.

LIU Sifeng, DENG Julong. The range suitable for GM(1,
1)[J]. Systems Engineering-Theory and Practice, 2000, 20
(5):121-124. (in Chinese)

PR LA, SE I R 5, S IR S 19 LSS H 9% 57
Tt B, B ZS AR 2240, 2011, 28(1) 1 23-27.
CUI Jianguo. GONG Junjie, DONG Shiliang. et al. Fatigue
life prediction of aero-plane structures based on grey theo-
ry[J]. Journal of Shenyang Aerospace University.2011,28
(1).:23-27. (in Chinese)

WS R, AR R GM A, DR ARSI ] &
4; TR HLIR 5 95, 2005, 25(9) :89-93.

DAI Wenzhan, LI Junfeng. Modeling research on non-equi-
distance GM(1,1) model[ J]. Systems Engineering-Theory
and Practice,2005,25(9) :89-93. (in Chinese)
AR, ARSI GM(L, DA S 7k 5
BE L], AR R 2240 FARB 22 I 2007, 47(S2)
1729-1731.

LI Cuifeng, DAN Wenzhan. Determinator of the back-
ground level in the non-equidistant GM(1,1) model[ J].
Journal of Tsinghua University: Science and Technology .,

2007,47(S2) :1729-1731. (in Chinese)

(.t )



