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Complex stress degradation test design and stress influence
analysis of airborne fuel pump
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Abstract : Aiming at the characteristics of high reliability, long service life, complex working environment, and single test stress factor of
airborne fuel pump, a fuel pump degradation test platform under complex stress conditions was designed and built. And the influence of
stress factors was analyzed. Firstly, through the analysis of the failure mechanism of the fuel pump, the electrical stress and mechanical
vibration which affect bearing wear were selected as the main stress to study its performance degradation. Secondly, the degradation test
platform and vibration test device of fuel pump were built based on the selected stress. And the pressure sensor and flow sensor were
selected. The signal acquisition and control system was introduced, the fuel pump clamping device was designed and its dynamic
performance was analyzed. Finally, the experimental scheme was designed based on the orthogonal experimental idea, and the test
results were analyzed through range analysis and variance analysis. The number of tests was reduced by 2/3. It was concluded that
voltage has more significant influence on the reliability of fuel pump and the confidence level was up to 99%.
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Fig. 1 Structure of fuel pump
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Fig.2 Physical diagram of fuel pump
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Table 1 Failure mechanism analysis of fuel pump
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Fig.3  Structure diagram of degradation test platform for

airborne fuel pump
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Fig.5 Schematic diagram of degradation test platform for airborne fuel pump
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Fig.7 Layout of turbine flowmeter
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Fig. 8 Signal acquisition and control system
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E 10 Prshids &

Fig. 10 Vibration test device

2) R E BT 5 SRR T

DL 5 5 B0 e e 452 5 T 1 I 2y 162
MRS G b B IR A 11 R AN SO
AN P A o WA T ZH R T S 2R AP 1
(SR 878 Sy | 72 78 %) N D) B K (ST 2 <Y AN
230 mmx130 mmx20 mm,ifzﬁﬁﬂ‘ﬁﬂ 250 mmx*200 mmX
10 mm, JEFFREE b WA I AR AR SR A v e 24 m
TR AU, AU T8 8 mm , FEFI# 20 mm

s D

\ /S -

N

Bl 11 ek ssERE
Fig. 11

Diagram of clamping device



21060000014001 EEmE 27 NIZIK. fbd
i
554 INEEIR A AL AR &2 2 1B AR R 5 N R A 213

N 12 Fr7R 38 S SRETRE Je e i v e Hk 3l 75 T
AIRSL I, i T AL A BT B B — 2 BOAR B2, DAt m]
A PR 0 i 9 T A T L R AL S 2 8 T A
BN,

K12 SRR BRI
Fig. 12 Assembly diagram of clamping device

Wi 13 FroR Ak sh il e B R 3 15 1 4 1K
BfF, T SLBIREh 5 T R Bl R A i, AR
EJeRphe B 08 T ) BoA R4 R Sh 2 PERE, By 1k A &

F14 S RAR I D PR T % IR 3 65 AR B O Bl 1 23 7 AR 5
VASE GRAE T30 ) A T, O T i e 45 i 3 Ak
AE , FIHA BRIT O FLAR R Ansys X Je R4 8 AT RE5 45
Br | %o e 4520 IR T A 11 7 20O, S 2 45 2L P [ R
FHYB5E e fi , FLRT 6 B Hr R sl 14 fros . B
XASTEAERAELT T 100 FEHOR, MBS B2

K13 g Re A
Fig. 13 Assembly diagram of test piece

() 1FriEzs

(a) First-order mode

(b) 2\

(b) Second-order mode

(c) 3HMiszs
(¢) Third-order mode

(D A4S
(d) Fourth-order mode

(e) SHia
(e) Fifth-order mode

) M
(f) Sixth-order mode

L

Bl 14 ey B b P A2 4]

Fig. 14 Frequency response deformation diagram of the clamping device
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Fig. 17 Degradation curve of outlet pressure
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Fig. 18 Influence of various test factors on fuel pump failure life

F 22T 07 5 R0 1R 25 5 22, SR e B4 &
18 i 27 5 3 6 15 2 57 R EA T B, DT 4 4%
PR 2R 5 M ) d 5 B 2 — T 98 S R R AR 2 8 2%
D R R L o p S =
WEASIRG 1 T 22 T AR R AT
(1) TSI 1 S D 255 1 Q

Qa=2WﬂV (4)

Fobt, 0, MBI R0 R AR ALy,
WAL AT 5 A R RS LT L4
Bh

y:%iyi (5)

i=1

(2) AN R 2T T Q, FIREFIT A Q,

R BN 2EF 7 FQ, RARIELR A i 51 AR
AT L ) 22 , R 25FJ5 1 Q, R iR 2285 | ik
D22 o AT A O 221 7 R O 3 T 2

Qs =20 +0. (6)
EEP A i Bw 2 ek =8 .

Z (¥, Zy,
Q=" n (7)

Apey, = Zy FORHE ( LEACF r T A R 2SR Y

i, Mﬁl?—i (K%, Lo R 2 0 B4 — KR G 45
TfE,

MR 225 AT R R

0.0y - 20 (8)

() I AE R E W07 iR B HE SR EF M
f 1 FR

SR 2255 A R AR

fo = IESCIREBRE -1 =n -1 (9)

PZ i (22 07 Y [ Rk

WA F oA k5 5, B2 M 36K R a (G o B
0.01,0.05 F10.1) K F, 5 F 434 3& o X B (4 s 18
F.(f, f) BHATIEE S F > Fo o (f, f) BE, FRNE
MR E R, B p=99%, i« s 2
Fou(fis /o) S F, < Foo(f, f) B FRNER 8 R FE
KR, HEFE p=95%,1c 8 =& 29 F, < Fy (f,, f.)
Bf, FoR R i VIR EENE, HEEE p=90%

HRAE R 2 3, AL MR 2B A 6 b 45 I Y O
ZATTEE SRR 9 s,

K9 AENWER

Table 9 Results of variance analysis

25 fiJs A %ﬁi F BE R
ZH A O
U 81323.9 2 40 662 149.38 ™ 99
PSD 53 878.6 2 26939.3 98.97  **  95%
F 26.6 2 13.3 0.05 —  90%
W2 544.4 2 272.2

Fo0(2,2) 99 Fy05(2,2) 19

HIZ 9 AIH, Fy > Fo,(2,2) BEHTHL XA IT A AT 5E
PERY I B F, (2,2) < Foy < Fo o (2,2), 358
Ty 3 R A nT S E M I B 2 T F, < Fy 1 (2,2),
URPAATR AT 5 AT S 0 5 ) AN Jd 2 %l%xﬂf’k{m
AT SR L EEHEF A U > PSD > F, X S5 2200r
MIEEFIE—30

4 % i

DIk SIS RS THER WO -3 2i N T §
FLPERE RGP KAL) AT L AR UL 55 B S8, S8
MHLEAR A TS e T i<, TARSREE A 2%, Rl
A A 2R SEBn T A R LA I A AR A, T BA 1)
PRI 2R IR XS AT FE R 2 AR T HL I ) 3K — B — i
TR ASREAR L3 S W LS BaB AR, RO Jie 142
ZRN T A T HLEAA M AR AR A RIS, B SE A 1



21060000014001 %ﬁ 27 INEIK. fbd
%5 INEGE A HLER I A 52 A B AR I e T+ 5 1 ) 52 3 BT 217
BLERBRIMZE IR LR | R 5 #8517 FH it Jon e, 17 7 f1 prediction of airborne fuel pump based on combination of
HUAEHR sh A 2R B AL 5 & MR AR 2S5, 52l T degradation data and life data[ C]. 2018 Prognostics and
ENSHEAERSNER MR TESRESER RS, System Health Management Conference ( PHM-

B FIEAMAT T J TR S0 00 9 FS T, IR 26 T 4 Chongqing) , 2018 ;664 668,
ﬁtgﬁﬁg%ljﬁ&if?*ﬂa}jw%{mﬁlgﬂciﬁgﬁﬁ%,ﬂ:ﬁﬁﬂi [ 6] KUMAR V, MISHRA R K. Finite element analysis of
LTI T AT T R R U0 A0 BT R T quill shaft of an aero engine fuel pump for structural
R XA 25 AT SE0E T o B RS UL BRSE I A I integrity[ J]. Journal of Failure Analysis & Prevention,
ST T LRI A BB, LA R B 2020,2009) 348352, i i
LR BRI T3 058 B, L iy L7 TR AL EOOR, S REER LR A R
HF A SN FAEE I RS A [ 1], AR+, 2019,

40(7) .64-72.
XU W, KONG J Y, WANG X D, et al. Simulation and

optimization of factors influencing the weight of zinc

ARSCHE R T EL S ) AHUARIR B 7 7 Aof A 2R ) 58
BE T LA I A B AR, I X ) R AT T
I3 AR R RN A SE PR ARG S 22 278, N A& J7 X
ZRE A SO N A AT Rt — 2D R BN 2 1Y
IL 3 75 30T AR AR AL BT TR R T — 2P B S I

coating in continuous hot-dip galvanizing line [ J ].
Chinese Journal of Scientific Instrument, 2019,40(7) :

64-72.
Tt [8 ] e, AL U, . B B RO 1
S5 3k A RBIRFER SR [ ] L S AR A, 2018,
D17 ZEHR, B, DRI % 5 TREAC A RO M HLERA T 32(11) :202-208.
TR PR S R AR BB B S AR ()], S e, LUO Y Y, LIANG H, LIU X Y, et al. Effects of
2016,37(9) :2851-2863. structure parameters of electrical connector contactson the
LI J, JING B, QIANG X Q, et al. Fault states feature vibration of connector [ J ]. Journal of Electronic
extraction and experimental study for airborne fuel pumps Measurement and Instrumentation, 2018, 32 (11 ):
based on sample quantile [ J ]. Acta Aeronautica et 202-208.
Astronautica Sinica, 2016,37(9) :2851-2863. [9] WANG ZH F, WAGN H. Inflatable wing design
[ 2] 4EREHE F1H, 2518, 45. 5T ADEGWO-SVM FYHLEEBA parameter optimization using orthogonal testing and
MR BT [ T]. A B Fe 244, 2018,39(8) ; support vector machines [ J ]. Chinese Journal of
43-52. Aeronautics, 2012,25(6) :887-895.
JIAO X X, JING B, LI J, et al. Research on remaining (107 ARV B/, 3T 13S0 )42 3h H An iR B Sk
useful life prediction of fuel pump based on adaptive BEVFN[J]. THEML T A2 ,2020,46(3) :254-260+266.
differential evaluation grey wolf optimizer-support vector XI R P, XUE SH H. Performance evaluation for moving
machine[ J ]. Chinese Journal of Scientific Instrument, target tracking algorithm based on orthogonal test[J].
2018,39(8) :43-52. Computer Engineering, 2020,46(3) :254-260+266.
[3] 20,5l fEmeHE, 5. 3T LSTAR MHLEMR IR £ (11] R AL 55, Wi, HURGBORE 1% J s £ 8l 2 00
WrBOBAL AL [ )], JEHU i 28 B R K27 22 4k, 2017, SR [ )], W I 5 AU 4, 2020,
43(5) :880-886. 34(1) :10-16.
LI J, JING B, JIAO X X, et al. Multi-stage degradation CHEN H, WANG L Y, CHEN T. Influence of coil
modeling for airborne fuel pump based on LSTAR[J]. parameters on magnetic field uniformity of inductance
Journal of Beijing University of Aeronautics and abrasive sensor[ J]. Journal of Electronic Measurement
Astronautics, 2017,43(5) :880-886. and Instrumentation, 2020,34(1) :10-16.
[ 4] SKIEMT, 2508k, 6, 55, BT Wiener 23 72 (19 i 25 #A (12 XUBEAR, SR8, £ 8, A5 MR ALk B2 W il 620 e
A iy FUM [ 1], 028 B2 80K, 2017, 28 (11) - Wy B A [T]. JR 30 Wk 5 2 Wi, 2017,
47-53. 37(6) :1187-1194.
ZHANG X H, LI SH L, CHANG F, et al. Life LIU X D, JING B, SHI H, et al. Optimized design of
prediction of aviation fuel pump based on wiener fuel pump fault diagnosis experimental device and test
process[ J]. Aeronautical Science & Technology, 2017, program [ J ]. Journal of Vibration, Measurement &
28(11) :47-53. Diagnosis, 2017,37(6) ;1187-1194.

[5] SUNM, JING B, JIAO X X, et al. Research on life [13] E@%iﬁi,%f@,ﬁﬁu%,% FLT /N 4L BP_AdaBoost 5



21060000014001 Qe 27 INEIK. fbd
=
218 i & % M Fa2%

[14]

[15]

[16]

[17]

[18]

[19]

IEBIBLEAR M A S RS WIS [ 1] AR AR 24l
2016,37(9) :1978-1988.

JIAO X X, JING B, HUAG Y F, et al. Research on fault
diagnosis for airborne fuel pump based on wavelet package
and BP _ AdaBoost algorithm [ J]. Chinese Journal of
Scientific Instrument, 2016,37(9) :1978-1988.
PN, SRl B DU A% HLARMA I AL TR RE R AL g T
FELI). KIS, 2020,45(2) :175-179.

SUN M, JING B, HUANG Y F, et al. Research on
performance fuel
pump[ J]. Fire Control & Command Control, 2020,
45(2) :175-179.

i) N R S A . AT R S S IR O
GIB899A-2009[ S]. dbat: BB A TR 745 Hy UK AT EE,
2009.135.

The General Armament Department of the People’s Liberation
Army of China.
production acceptance: GJB 899A — 2009 [ S ]. Beijing:
General ~ Armament Standard
Publishing and Distribution Department, 2009 135.

o N RS A5 R A5 T AR A PR IR T 1 IR
BRI . GIB150. 16-1986[ S|, At 5T . a4k 4 IR 4245 Hy
A ATHE , 1986.

The General Armament Department of the People’ s

degradation testing for airborne

Reliability testing for qualification and

Department ~ Military

Liberation Army of China. Environmental test methods for
military equipment, Vibration test: GJB150.16—1986[S].
Beijing: General Armament Department Military Standard
Publishing and Distribution Department, 1986.
SHEPNES O & st 3 5 M RSN S T8 A s
Jrik 16 W 0Y AR EAK : GIB150. 16A-2009( S]. b
AU AR TR AU A TR, 2000.

The General Armament Department of the People’ s
Liberation Army of China. Laboratory environmental test
methods for military materiel-part 16 Vibration test:
GJB150. 16A—2009 [ S]. Beijing: General Armament
Department Military Standard Publishing and Distribution
Department, 2009.

TR, ST, DG TR Sl A 12X 56 o (BRI 45 22 6 ) 7 7%
AIFIE [ )] Bz RS T, 2003 (5) :36-41.

XU M, MA SH. Discussion on the method of value and
duration of vibration endurance test [ ] ].
Standardization & Quality, 2003(5) :36-41.
HONGE KT, kAR PO ERIIG R
%t . b3, CN205861316U[ P]. 2017-01-04.

CAO X B, ZHANG Q SH, ZHANG K H, et al. A
centrifugal table
CN205861316U[ P]. 2017-01-04.
HANSL, LIZY, GAO Y, et al. Numerical study on

Aeronautic

electric  shaking system: Beijing,

die design parameters of self-pierce riveting process based
on orthogonal test [ J]. Journal of Shanghai Jiaotong
University (Science), 2014,19(3) :308-312.

EW AR B A BT IR AR Y e AL B —
R T A [T]. i 244k, 2015,36(3) :889-897.
WANG H W, XU T X, WANG W Y. Test method of
failure mechanism consistency based on degradation
mode[ J].
2015,36(3) :889-897.

VER, R DU, S RS SRS G AT
AR AR KRB S8 55 A e A [ J]. 7oAl
2017,45(7) :1613-1619.

TANG W, JING B, HUANG Y F, et al. Analysis of

failure modes and life of solder joints under coupling of

[21]

Acta Aeronautica et Astronautica Sinica,

[22]

vibration and thermal loads[ J]. Acta Electronica Sinica,

2017,45(7) : 1613-1619.
fEE '

HNEIL GEISTER) 2013 4E T 2B
PAFeEtop i, o s TR R T 5T
Az, WP 16 R RGN 5 (R B
E-mail : honda_sun@ 163. com

Sun Hongda ( Corresponding author )
received his B. Sc. degree in 2013 from Anhui
M. Se. Air

His main research interests include

University, now he is a candidate at Force
Engineering University.
intelligent detection and health management.
» 18,1996 45 T8 TR R # ARG 1
B, 2000 4F T AL Tk AR A
IO TR Bk, RSy )
S RSO 5 B B R T A% IR
ez S 1E SR,
E-mail ; jingbo_sensor@ 163. com

Jing Bo received M. Sc. from Air Force Engineering University
in 1996 and Ph. D. from Northwestern Polytechnical University in
2002, respectively. Now she is a professor in Air Force
Engineering University. Her main research interests include
prognostics and health management, design for testability, sensor
network and information fusion.

F G, 1995 4 T2 B4 % AT BEAR

P i, 2004 AR T 28 4 TR ARATAR
A0, B LN R AR AR 95939 #RBAIE
PR O TR, S BT 7 18] A s 1K
E-mail : xx008star@ 163. com

Wang Guanglin received his B. Sc. degree
in 1995 from Air Force sixth Flight Academy and M. Sc. from Air
Force Engineering University in 2004, respectively. Now he is a
senior engineer in Unit 95939 of PLA. His main research interests

include aeronautical test.



