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Abstract

The vibration acceleration of the screw pump at different center frequencies deviates from the
normal range, which will cause abnormal vibration of the screw pump. Therefore, the screw pump
needs to set different measurement points to detect its vibration acceleration before leaving the
factory. For this reason, based on the vibration acceleration of different measurement points of
the screw pump under normal operation, this paper applies the Apriori algorithm to obtain the
conclusion that there is no significant difference in vibration acceleration between different mea-
surement points of the screw pump and that there is a strong positive correlation. The multi-order
fitting method is used to establish the functional relationship between the center frequency and
the vibration acceleration of the screw pump. The coefficient vector corresponding to the normal
operating parameters is used as a template, and calculate the coefficient distance between the
coefficient vector constructed by the operating parameters of the measurement points of the
equipment to be diagnosed and the template, then apply statistical methods to design an appro-
priate threshold to compare with it, and determine the sample to be diagnosed as a fault if and
only if the coefficient distance is bigger than the threshold. After practical application, the method
in this paper can find the abnormal vibration of the screw pump in time, so as to achieve the pur-
pose of fault diagnosis.
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Figure 1. Location of vibration acceleration measurement point
of pump set feet
E 1. REBANBEMREN IR BN 2 B

Ak LR R A B I ok I S MR I A S B AT, (R, A SO B VR T B A RS
AR N AN p IR BN SE s F5 I R A (5] O 502 iy o 2 P 24 AN A AR AR sl s i, o3l 40 50l
Z L% 1.

Table 1. Some data sources

=1 BOBIER

SIVYIES Wi W2 i3 Wi 4
10 65.4 66.7 66.8 66.9
125 72 721 715 73.9
16 728 719 70.7 75
20 72.8 723 73.6 74.3
25 90.6 90.1 815 835
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Figure 2. Curve: applying measurement point 1 to the elbow method
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Figure 3. Flow chart of association rule analysis based on Apriori
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Table 2. Association rules

= 2. XERH

SRIHN B
Wrid= “Zg” > Wh2= “=4g” 0.91
Wri2= “Zg” > Wha= “=4g” 0.92
Wria= “Zg” > WHl= “=g” 0.92
Wril= “Zg” > WH3= “=g” 0.79
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Table 3. Correlation coefficient between each measurement point

2 3. A ST ARG R E

a1 s 2 A3 W 4
e 1 1 0.921425 0.952137 0.95748
2 0.921425 1 0.94047 0.9367976
s 3 0.952137 0.94047 1 0.9462497
i 4 0.95748 0.936798 0.94625 1

4. BHUETE

= ol £7 T S DN 1 B 5 e = 2 O s N Y TR L E A TP DY R T S e 322
UG Y082 i P VAEE E A Vi 1P SEpr S MV WS VIR SO IE bl BU A PSR4 S S W D S - qTTR {1 o] Y Sav R
VENZ Wi ikds, A5 508 2 (0 BRELAT BRI 73t e Fei2e i 46 2R
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FEMEAT R IE R IBAT AT T, MSm e E 2R, kel AR — I R R s AL
AR, AR RN B R A, RO RATEAT, Hd x Rt g, o &
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Table 4. Mean square error and R? of different orders

F A NFEMBIB TR R R?

(58 97713 % (RMSE) R?
1 12.04 0.23
2 9.6 0.51
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3 7.41 0.71
4 6.29 0.79
5 8.97 0.57
6 11.04 0.35
7 1254 0.16
8 13.24 0.06
9 13.59 0.01
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Figure 4. Fitting curves of center frequency and measurement
Point 1 under different orders
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Table 5. Fitting coefficient vector of each measurement point

F 5 ARG R E

ES{m)s
WAL 1 (—2.532 x 10", 4.304 x 10°°, —2.37 x 10°°, 0.04688)
W R 2 (—2.655 x 107", 4.552 x 10°°, —2.524 x 10°°, 0.04967)
Wi 3 (—2.244 x 107", 3.95 x 10°%, —2.248 x 10°°, 0.04566)
Wi 4 (—2.334 x 10", 4.065 x 10°°, —2.301 x 10°°, 0.04688)

WRIEA R RERE 0,1 =123 4 AR, Hedx N i FIFFIIE.
2 (% =% )2
— k=1
: n-1
BE RS 30 B, BIE AN —ANIEH A E 99.73%ME R 1 B A5 X 8 1) 30 IEAS /il kv, H
AR ARIR .

6 =|30,,30,,30;.,30,,

MR ARG BIBRE RN 0.0051. AR LR BMEHEAT SRS T, R 2 BRI A A BE—
IEH AR RIS A R A x SRA2 s S o RIS BB R y , =3 2 AR
Distance 5 REIFLLEL, KT BME BRIyl

Distance = /(x - y)" (x—- )

BRIk, AR AT BB PG Distance 19K/ 73— MR IEH AR N I G pret B A0 65 2
B i B (] AR E Y B R
5. BT Z M SERIEEREISH

N T RAEZ B EFAT AR, ATl 7 725, IR AR FHs T IREs, sl = 4
EERR E IS E gl e Ty (AR RN 7 SIS VAR E M wb o W Ry i W S vl £ i N M D8 L = P P I o
A DA R AR N AR — T i A AR A, AR P X B PRI HUL & 2R B R OB R B,
THEARR A K B B £ b T BE R I R AR R AR IR B, B 45 Rk 6 For .

Table 6. Calculation results of template data and test set data

6. RIRBIBESMREBIENITELSR

EX (ks PR S BRbRAE TR bR
(-2.66E-13, 4.55E-09, —2.52E—05, 4.97E-02) 0.00278971 EH EH
(-2.24E-13, 3.95E-09, —2.25E—05, 4.57E-02) 0.00121811 EH EH
(-2.33E-13, 4.07E-09, —2.30E—05, 4.69E—-02) 1.07E-06 EH EH
(—4.98E-13, 8.22E-09, —4.34E—-05, 8.83E—02) 0.00533182 EW T
(-3.91E-13, 4.01E-09, —8.95E—06, 2.75E—03) 0.04412941 g T ps
(-1.61E-12, 2.24E-08, —9.00E—05, 1.03E-01) 0.05620737 Al s
(2.95E-13, —3.92E—09, 1.41E—05, —1.92E—02) 0.06605891 [ AR
(5.53E-13, —7.07E—09, 2.51E—05, —2.69E—02) 0.07382046 [ s
(3.29E—-13, —4.93E—09, 1.83E-05, —1.43E-02) 0.06114535 [ B
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Table 7. Confusion matrix of fault diagnosis by multi-order fitting method
7. NRZMELERHI TS BTRR B

IEH I b Il 5
IEH I 41 9
AR 1 49

T IREFHEFET R a2 Wk 8, 2T UG IE NSRS Wik =ik 0.9, wt F 1E(0.89)
MH, BERNEHEEIER T RIFH-Fd. B, AR K20 aikBA RIFHR AT,
HA LR E Lo

Table 8. Evaluation index of multi-order fitting
8. ZMBLEERITMNIERR

A AR b1 F-Score

0.9 0.98 0.82 0.89
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