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Abstract: [Objective] Predictive maintenance is recognized as one of the core approaches to improving the reliability and operational
efficiency of centrifugal pumps. A crucial component of implementing this strategy lies in the health status recognition of these pumps.
However, traditional methods for health status recognition primarily depend on machine learning techniques that require a substantial amount
of labeled data. This dependency often leads to their limitations in effectively and clearly representing relationships between monitoring data
and health status, thus constraining their application effect in real-world conditions, which are typically complex. Therefore, it is urgently
needed to develop health status recognition methods that are more accurate, efficient, and adaptable. [Methods] This paper presents a health
status recognition method for electrically driven centrifugal pumps, utilizing a cascade configuration of the Self-Organizing Map (SOM)
neural network and the Back Propagation (BP) neural network. First, the SOM neural network was employed to preprocess the life-cycle

vibration data of centrifugal pumps, focusing on extracting various statistical characteristics and entropy features in the time, frequency, and
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time-frequency domains, to fully characterize their operating states. Next, the extracted bearing vibration signal features were subjected to
dimensionality reduction and integration using Principal Component Analysis (PCA). This facilitates the reduction of redundant
information and computational complexity, the optimization of the pattern of input parameters, and the enhancement of modeling efficiency.
Finally, a health status recognition model was established for electrically driven centrifugal pumps based on cascaded SOM-BP
neural networks, leveraging the advantages of both neural networks. [Results] Based on the health status monitoring dataset of an
electrically driven centrifugal pump, a comparison was conducted between the SOM-BP model and common machine learning techniques,
such as random forest and XGBoost models, to evaluate their accuracy in health status recognition of the pump, using R’, MSE, and RMSE
as evaluation metrics. The results indicated that the R*, MSE, and RMSE values generated by the proposed model were 0.901, 0.8 X 10 °m’/s",
and 9.12X10* m/s’, respectively. These results were significantly superior to those obtained from traditional machine learning
methods, demonstrating enhanced robustness and adaptability. [Conclusion] The proposed method has demonstrated effectiveness
in enhancing the accuracy of health status recognition for centrifugal pumps. Additionally, it provides valuable data support for fault
diagnosis and residual life prediction of these pumps. The results of this study present a novel perspective on health status management and
diagnosis that can be applied to other rotating machinery. (5 Figures, 2 Tables, 25 References)
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Fig.1 Flow chart of SOM neural network algorithm
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Fig.4 Flow chart of health status recognition for centrifugal pump based on cascaded SOM-BP neural networks

yqcy.paperonce.org 355




iB{T 5% | Operation & Management

202543 A 44 % E 3 W THLAHE

WY 2 I b (R IR IR B B RIEARIREL 60 T, 7300
NEE 2 B B BP #2028 I b )k AR, R
EARREG EsNE 2 Bt BP A MR E; e N
e 22 W AED (1 B AR H P RN O 1 F B SOM #
28 W 2% I S, A FE A AE TG I B B 0 AT R £
WS W 2. S5 S N B 4a B 2 4 b 2088 ik
ITH— A2, J5 1 B SOM W 4% [ 240, 3K 51k
RS FEAGEAT I 533, FRAR 95 FE A 2 4f 525 SOM
IR 25 PR AU A o I B Bl o o B IR R R A o 3K
JHE R 28 T, HEAT AR R I BCE R R, B 3B I 2R B
15 B T8 B B KRB T, B 2 R 22 BRI Il 2552
Be. @5 2B B BP M4 M 2 I 2, K B 1 I B
SOM i 28 W 2% Il Z5 (1 45 R AF 9 BP 1 28 (4 25 1) 4y
ANFEAR, FH T HE 8 R 0 550 22 1 {@ FRIRZS - BP #if
2 W 2% SE AT IR AR R U5, R AR S H AR
TSR 72, I 8 I S e A% B SR BUE, 3E 5 R AL
“%, BERZE Es /DT W€ BB ¢ BUX 25 KI5
UHL T, B 2558 B
1.3.4 & EZFMAE4R

ToOI A B M B AT AT 75 2R 2 VAN FR A R
BEAT VR, SR E R E R B RS Y712 % (Mean Squared
Error, MSE). #J J7 #R i% Z (Root Mean Square Error,
RMSEME A AL PPN Fa bR o R F T VP Al 1 28 9 2%
BRI A FERE, UGN [0, 1], 24 R=1 I, £oR
A SE SR AU A 7 E s, B BTNAE 5 52 B M 52 4
— 8 Y R=0 I, RoRBALEAT W IR BT T4 FH K15
S, Y R T 2k SR 5 1 K B L 1 9 2
I RCRAIR, B R K, U WA HE 1 i & 72
SRR AT, TR 5 S A . MSE RMSE 1] 7 B A5 784 Tl
Mgt K5 TS gh B2 (A 1) 2 5%, MSE fH Bk /), o5
R TR0 25 BRI, A 1K) 32 4K BE 778k 3% ; RMSE {8 B
71N, Ut B AR 2R ) o N R A

2 S

T AT T IR 0 AR A B AR UL
G, FE WL R 0. BAKEE. dE)
RIS GRS IR R MR RS T AE
I JRCRIEIR K, BT FH B O ZE A E B 8 1485 t/min.
TE B DI Ttk F AT E T 4 N0 A, TR
IR . LT IER B AT BT AP O R

356 yqcy.paperonce.org

P Bl 5 R 1 B A L e R B R A el A
Bl R R R 7 RS, AT 6 4RI TR T R
432N 743 r/min. 1 485 r/min L& F#E4T, 55 7 4R
B AV AE B T4 9 1 485 t/min T R 4T . B4R
36 4 AN R A EOCREAT DN B, I P A R SRR 2R
4 32 768 Hz, H AN s ISt 4R 400 AR A, K
FE 1024, B IGAS 3] )& A S0 N EE U8 — 4
400X 1 024 HIFERE

SR TG AR IR 2 P IB WSU AR 21 1) B2 FRL K 00 R
J5R 4 g e s A 5 AT 0 3 LA B, ek % 4R 15 5
TEAERI R P (5 B . SR T, X TR 4 i e B 15 5 2047 05
— AR AR R, BR B BN B SUR RS . B
¥ 80 % I AE R 2R dE, 10% FIEURAE i iE 4k,
10% I E G AR AR, JT R J5 22 iR AU B 5256 .
£ T Pytorch IR B2 5% > HE ZE#4 B, SO0 IR B8
RTX GeoForce 2080ti. Pytorch2.0.1. Python3.9. Fi#
PR (8 S R0 A 30 R 48 B b AT 3, DUARIE AR AL ik
FIRARHISE . NHEFTHE H ) SOM-BP I i 22
28R AE B 00 5 A8 R AS R0 o 1 M e R A, X
ELBEHLAR AR XG-boost Sz SOM-BP 4 ik i £ X £ 455 7
FEA A S 4 B AR, Rl R, MSE. RMSE 1
i Am 2 AT B M R ) 2R A VAR (3R 2D TT L, SOM-
BP 2 k1 48 W 2% 4 R 1) R fe 23 1, H 3L MSE,
RMSE 4 3 Fisi Al /s
%2 BUORBRKIIRS 3 MERINRS MR FHER

sFEE 3R
Table 2 Comparison of evaluation results for vibration

acceleration predictions of centrifugal pump across three
health status recognition models

TR R®  MSE/(m*s™*) RMSE/(m's™)
BEHLARAR 0.758 7.1X10°  2.6189X10"
XG-boost 0.831  45X10°  1.5792X107

SOM-BP ZBHIZ ML 0901  0.8X10°  9.1200X10™

AR5 3 o 7R oF 18 4 R i AR 28 TR 31 00 45 2R
AT B CIEL SR BEALARMAR A 1 38T I R T 1%
55 TR e 05 5 D 7 T L VR 50 10 AR A BRSO AR AL,
) A B W A Pt P A o, TR U 45 R S B
s I E A B B — k. SR, AR S R
55 PR A5 5 b, BENLARAMR B (1 T HE 6 BE 45 BT B
B o #A B A — 28 R X R, BE AL AR AR Y
FERCBRBON B 2% B 22 OB I, AT BEAT A — 52 [ il
TR 2, U A AR HE A BN 2% (K X 3, Tl




LB, 55 FET SOM-BP I £ 00 45 1) Fi 3K 0 S £ IR S UM O ik

Operation & Management | iE{T 5 &I

T 4325
ok
TRPH 0 0 2 0 4 0 16.0
HigRs kR 1 0 0 2 0 0 18
HEEE 0 1 6 0 7 0 2
9.6
WhAsNE 3 0 0 8 0 0 0
s 0 6 6 0 5 0 2 6.4
BRSO 9 2 0 0 0 0 19

iﬁhéﬂﬁlﬁl.o 0 6 0 0 0
0

WK BIROIEW MUK REEE Rk T

N fazh BT AhE Wik AT
(a) BENLARAMAE A
TR 439
i)
HrATrE 1 0 0 16.0
skEEE 0 0 0 s
fiEE 0 0 1
9.6
H&sE 0 0 1
ERiEF 0 1 9 0 1 0 4 6.4
kRAE) 0 5 0 0 0 1 32
R A e 0 0 2 0 0 0
0
Wk R OOEE R OREEE HK fT
Wl azh B4 AhE I NN
(b) XG-boost #& 7
TG 4328
B
T AT A 16.0
AR B -
il A&
9.6
iR A1
E#iEs 64
kA 0
h A A Pl

Bk HROIEW BUK O REEE Bk BT

W Fazh asAiT AME LN N ]
(¢) SOM-BP ZR I £ [ 455 1 77
El5 3 #EENEORERIRSIRATUNLGERRHE

Fig. 5 Heat maps of prediction results for health status
recognition of centrifugal pump by three models
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