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Study on feature identification of oil debris induced voltages

Luo Jiufei'”,Zheng Rui', Wang Xinyu®, Chen Ping’,Feng Song'

(1. Advanced Manufacturing Engineering School, Chongqing University of Posts and Telecommunications, Chongqing 400065,
China; 2. College of Mechanical and Vehicle Engineering, Chongqing University, Chongqing 400044, China)

Abstract : The accurate sensing of the size and distribution of wear debris in lubricating oil is an important method for evaluating service
condition and remaining using life prediction of mechanical equipment. However, in practical application, the output of inductive debris
detection sensor is often contaminated by a variety of noise and interference, which makes a challenge to identify the characteristics of
debris signals. Therefore, an adaptive method for induced voltage feature identification is proposed in this article. Firstly, the detection
signal is multi-filtered by low-pass filter with different cut-off frequencies. Based on the significant difference between multidimensional
filtered data, the target signals are located and segmented. Finally, according to the established mathematical model, the signal
numerical features are extracted to realize the identification, counting, as well as quantitative analysis of wear debris. Experimental
results show that the proposed strategy successfully extract the induced voltage generated by a 70 wm ferromagnetic debris with little
distortion of morphological characteristics, which provides a basis for improving the detection performance of the sensor and accurately
evaluating the wear state.
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Fig. 1 Inductive debris detection sensors
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Fig. 2  Filtering results with different cut-off frequencies

2.2 ETREMEEMNESIRE

Pl 2 e 5 R 20 0 e 9 LR R B s B R
JERLAR 5 AT SRR AS 22 e A 0 38 g, Rl — A B
WIETZAR S, A [ 8 L A0 =R 8 30 I f) BB AL IR P 38 4 20
RIUH W R22 524 . WS RV RIS 5 7E 2 JUE I8 I

I AR B A2 P AT LAE b B A 5 BRI AR
P o PRI, AR St R FH 22 RUBE D iple SR et 3 ok B8 4 3 IR
REBISE f,=f, f,=2f,~3f,, /=3 f,~4 f, Tkl
T ) RS R S B (S 5 BEAILIE A (R BRI

IDEEREY SVER i gy

B PRSI, R DA o B e R () ) P R o
BV ICAURR E SR Al I 8 M LA 38 S g
W55 5 BEALME S A X R E P i PR R AR AR AR
00 308 04 i A M s A A B S R IR R AR B T DA
B S RLAE S S REALME A AEARUE B K 2 fdt HTAR L
PR, W A e A 9% 3k LT X Jaccard &R B
Pearson G REESE T X Jaccard REOETE L B AH
IR, B 1 3RAEPIE 5 BB BT FEEE | [R) it %5 & T
PR BT ARE AR > A R T B R S B, X T
Wil a Ay, T~ X Jaccard REUE XN .

[x,y]

"7+ Iy - [y @
A [x,y] FoRmi AR, | -, #om 2- 6%, AT
X Jaccard ZRELA]HE—25 2 X [a] AR RSUE PEFE R

i, ¢>0

g_{m ¢<0 (5)
A, CBUETERIA[0,1], PifE 511 Jaccard R B0 ©
B, HE TR S =1,

2) BRI S AR e 5

FEAN [ A L 0 23 P A1 30 O 205 L o S J N P
G5 HEHPNIESRHE, AR RE R T 1, '
Z A E T Z AR ML, R B B (5 5 1R A AT B2
e B 7 NE 2 QU Y e e 1| S WA ek 6 s i M S A
{59 Z AT, L 3 YRS ) RUEE ()1 38 908 0 445 S 9 7
HATIHRAF R 3 AR EEITEM s s, X FR—RAE
AT 3 Al R IMEAE A B AR DU O 2 R
A RLE

FERGE M BE A (R SR Atk L R FH B R AR - R 7 Y X
53 BE TNV AR (R SR, L R AR 5 AT PR i, B, R
SEAR A B BIES, , W 55 T BB A 3 20 B 10 A 8RN L R A
S IR T BRE A B 0, % R B RN FL R 2 AT
A2 v (A RE X R P, DRL I T PR UK 38 R TS, ) O 2 [ (L
S, MPhRic s A IERN; H e BEEA T R B AWK o
FirAs i B B K AB /N TS, AT LA 3% F BT R 1 1Y)
fF 5 HAEERAFS .

HAAEREN S, FES, MS, BYBEHX T k55 i
WA EHEMR, BRNEEERE S BiRESE
AFRIE A B ZR, 055 W B b A 5 ] RE 2 B s T
Pomi ik, SRR H BE /N, TR St R 2 1
FEBERAE S, A T SRR R A5 0 2 Ak
PHAE S, WA, BYBUE ATLE 0. 6 BT, MiiS, AYHBUE G Fl nT




176 %A R % M

43

1£0.8~0.9, 1T Jaccard ZECEA H— L0 EE X
RTRV ARG I35 5, T L4 30 R 5 A A0y 0B HE A i A
GrE], I AR T B R S AT 4 ) T
T 3 143 ) S W X R % ) R P TN, A
SRR f R
3 ERESEESTESREIHI
3.1 (ES4ERK

Zoiod BT R ME R RS SLIARIT A IR Ak
JE AT XA S I A S R B — HEAT LA B
EAERRIC IR B A 2 ol JBE 7= A B SR L 15 5, W
I3 5550 (3) 0 R0 A 3 1 R A 5 A — B, LA
AT LT R 1 ORT AR AR E 0T OE %, B — AT 1
n =[n(0), n(1), ~ n(K - 1)] K55 M w8E
R B T 0 1E 8% 15 5 B0 R AE T A RN L T B
(EWP

a = (max{n| - min{n})/2 (6)

IR, 355 Zocied 3 00 o, G 378 20 O 25 Ak 3, R T 3k
T A —E 1 BRI E: B, FER/INTT LA

B = (max{n| +min{y})/2 (7)

PAJE B IE 5% A5 5 00 5 A 5 98 BE AR OG5 5 0 %
R R /. KRR (3) MO RO PR £ 5
B T LA P SIS S LTS n, B n, SR

2=2(n, -n,) (8)
[ B BN F R 7 1) v o7 BT Ak TR
7A'=(ne+n0)/2 (9)

3.2 EERASERREIHE S8
A 805555 1 BT F £ L, T L oy B
5 JLARTISUHIHS B I HE B ok o 5 A M 7 ), 5k 240 5
R 2 A L R
1) ICRUEASH C,
St at(3) BRI 135 5 OO 5 0 i 4R 0 R
sy

AR5 IR {H | 52 5 SE AR AR5 2, AT A 2 55 5 7 516 i
RPN TR RS
7A7(n)=&sin(2ﬂn;27) +[3 (10)

K BB RIS 5 55 52 B A5 5 A0 L, E SCIE
BLEEFEDR €, M

CP=|:1 —2arctan(n_nw):| (11)

™ Il lnl,
Hep, g = [900),7(1) (K = 1)1, [+, 70
I [, 435275 i A TE S5 TR 1- 358, i FSe bRy
1) ) {255 23t T ARSE E D O AL B, L GORRE T R
RS R TR E RS A A A R (10) B %

% 1/8 IX[A], 4 rp A F e e F AR A S (1) THR L i
FE, ZAGPREUETE 0~ 1 Z[], B8 o s — 4 UL e B
A, M T e M R VE R R R 1,

2) XFFRMEFERR €,

P E A OUT RS 5w B AL, 55 S A
B EL N B R BN, o E S MBS RS Bk
AT REAFTE — 2 I B, {HL I 38 /)N TN, F R A 5 e
{E, AR X R ] E S5 X R MEF AR .

Cp=—t (12)

a+ [Bl2

X Bk B A5 B 2 B A 5 LA e v 1 i
JF 3 2 B AR B R AR 5 F B T g A

3) FEREESEHR C,

TR TR A] B I LT, AN R /0N B o 3 o vy =X
FRIRER I RIAH 22 A K, PR R S 9Bl T —3, i
W 7 e 41) A v e 4 o 5 BRIV AR 5 B RS I TR R
F5 T L SUE S S AR oA

02 -0
Cr=1-—0p (13)
BT I e ETRAR €, BT T 1, W B4r B0 i 5
SR B A A R P A SOV L

MUCECEERE AR RBREEFE bR, Y8 e — & Y IR
FAEET (B4n 0. 85) , AR5 R Br RIVaT 90y H BB AL = A=
HIENAES . 2, B HOT 5N HERR . — HL5E i 4y
E B HER T AR, BBl T R RS R TR, B, 58
B HRR B INER 1 PR,

=1

x1 BryniEERE
Table 1 Flowchart of the debris identification algorithm
i LIRS
1SRG BRI AR I A& It ih B
2 R RS I B R 3 LR T 2 N R

3 FIIT X Jaccard ZRETE Ik 2 REUE P T (5 S FENE, =%
FP i) e/ IMELIT B BRI , 74 30 e 20 ORGP TR JEE R 28

4 HUEFENEEE LR X BERUERAR S AT R A 43
5 REBUFE T B E SRR R LU @ IR B R
6 HEETHBEW C,.C,.Cp ZAER

7 BCESEAR A AT BRI

4 BEMERERST

I (2) P2 A 4 AN BEERLRR AR 1S 507 57 51
d(n) ,BARSENE 2 Fror, H 7 ERE SRS G
A Z [l 05 EAG Sl & 4 A kTR R 0,



8

BR KSR IR B R RN L R AE AT I 177

FHERO0. 4 BEH A S LR — K5 a0 T3, &
S RFEEIT ] A 10 s, SREESIEE 5 000 Hz, 4 R A 5 %L
50 000, feZ AL AL IR a0 i R AR 5 AN 81 3 (a) FTR,
5B 4 A ERE S 58 2l rE T,

R2 HEBHBEBERFSSH

Table 2 Simulation parameters of debris signals
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Fig.3 Simulated signal and segmentation results
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Table 3 Features of debris signals and pulses
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Table 4 Characteristics of residual noises
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Table 5 Features of debris signals and residual noises

=2 I I il| v \ #1 #2 #

Cp 0.97 0.96 0.98 0.94 0.95 0.01 0.01 0.01
cp 0.99 0.99 0.99 0.99 0.99 0.67 0.67 0.67
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a/mV 131.1 12.1 24.1 5.7 451 - - -
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