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Reliability evaluation of circulating pumps in extreme environments
based on vibration signal analysis
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Abstract: Reliability assessment is an important technical means to ensure the safe and normal operation of mechanical equipment.
Circulating pumps used in aerospace equipment need to experience extreme environments during the rocket launch phase and the
spacecraft in orbit phase. In order to study the reliability of the circulating pump in extreme environments such as rocket launch and
spacecraft in orbit, a complete set of Reliability test system, several simulation experiments have been carried out, and relevant data
have been collected. This paper uses time-domain characteristic parameter analysis and wavelet denoising-Hilbert envelope analysis to
analyze and process the vibration signals collected during the simulation experiment. According to the analysis results, the reliability of
the circulating pump is evaluated. The results show that the reliability of the circulating pump meets the requirements for use of
aerospace equipment in extreme environments.
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Fig. 1 Circulation pump picture
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Fig.2 Assembly effect drawing

TER SR L 2 W B rh AL S5 5 b 3
ARG IR SNE 5 1 W B AR AE R R AT I SRR AE 43 BT,
T UL B I SRR PE SO S A I B AR AR KR
[k e | T A bR RN TR B A A TR A *H?é’%ﬁ
ZHUE , HENTS W S R i i BERC . B E 42 1ie
TR R, T SE AR A BT — A 5 A BT T I, ﬁl]
Wigner-Ville ﬁ}?ﬁ\Hilbert-Huang AR NIE AR A AT L
ARG IR A0 55 22 RUBE AR 1 52 245 5, a2 100 Jaly 7 i
ARBCASH BT 4 T IEA

A5 AL BE A5 5 A BH 5 3 AR A2 il e B
FEPIA T AT HEAT XS L, 56 J5 38 5 2R T B SRR 2
BT AT R /DN B MR - Hilbert £ 26 0 BT 325 X 52 56 Sl 7 11
e FRARGLHEA TIZ W, 328 100X B8 s 458 7 0 B 25 %) T Sk
R PG

1 B ESEGE

RS A B i 4R 35 5 BUAL 315 47 e
THEL 30 S B A5 T B (2 75 TE 5 S 10Tt R 2 i
FEAR DL T2 W AT
1.1 BXE

FRAERFR R HRAE (RMS) |, 1T DL R R Ik 3h
AN R i A 127 7 AR, 365 T Tt s 0 ) AR 400
Fikx Ll

1S,
Ko, x, R REMNGE TN R RS SR
1.2 I&E

WEAE R R IR SN E 5 3 — i 20 A8 B K AEL, 38 FH T4l A
F ARG, R G T 0 n B, BB R
— Y B R IR AR S AR W, AR5 8 n AN SR
Ty, Rk,

:%2 X, (2)

Ho, 41X, (=1 ~n) Eamn BERFESTH 0
AN
1.3 I§EHFR

IEEEFE bRl i — N H— 1L A9 4 By AERE RN, R
TAR S W AR | 38 F TR S sk S5 00, W - F

it 7RSSR, AT RSB AGLIN Al A FROBR 28 Bl R I
AR R — AR T 37 Fikalh:

ii (xi _;7)4
n =

Xpws = (1)

= - > (3)
{%; (xi _;C>2}
A w, FRRENE SH; « R RERE ;0

TR R
1.4 BkiEHR
K i bR A MR (2 18] 19 U AL, 0K 00
X

= (4)
X

1.5 KEF

K K7 3R 73A SUE 5 (8 2 8] i 3 £, BE AT H T4
It B A, ST A bR R w4 A . Rk

K=Xps* X, (5)
1.6 TE

IEH TAERES MR EEMERL R 1.6, HEEME
AR Bl 2R I e A ) 8, SRR h

S, = 2 ‘x ‘ /NXRMS (6)

2 N BERE-Hilbert €148 53T iE

2.1 /INEFERRS AT

MG AL B 1 BEF, /MDA 25 T 5 B I (AR
REEEE EAT YA ARGE IR U ) | I HAEREMR)S i REff B
R RE, HIEIRANIE 3 s,

— A AR SRR R R

S(x) =f(x) +& - e(x) (7)



5 8 3]

B TIRSNF T R IREE B R FRAE 0] FE T4l - 95 -

LN gy
il )

JEEFRY

P13 /Nl e i

Fig.3  Schematic diagram of wavelet noise reduction
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Fig.4  Circulating pump structure drawing
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Fig.7  The first vibration signal was reconstructed in the X direction
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Fig. 10  Envelope spectrum in X direction

of the third vibration signal
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