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An inductive sensor based on the high-gradient static magnetic field for
full flow debris monitoring

Xiao Hong, Zhou Wei, Luo Jiufei, Tan Feng, Feng Song

(Advanced Manufacturing Engineering School, Chongqing University of Posts and Telecommunications, Chongqing 400065, China)

Abstract . It is difficult to achieve full-flow lubricant monitoring by using the traditional single excitation wear debris sensor. Hence, this
paper designs an inductive wear debris monitoring sensor based on the multi-excitation structure. Multiple excitation structures are placed
in the circumferential direction of the flow channel, which expand the detection range. In this way, the debris detection within the whole
diameters can be realized. By formulating a three-dimensional finite element model, the static magnetic field and transient characteristics
of the induction coil are analyzed. The relationship between the number of excitation structures and the uniformity of the y-z plane
circumferential magnetic field has been revealed. Meanwhile, the magnetic pole shape of the sensor is optimized. By using the generated
signal,, experimental results show that intensity and direction of excitation current, and the number of excitation structures have directly
influence on the inductive signal. Results verify that the number of excitation structures is an important influencing factor on the effective
detection range of the sensor. And the results of inputting wear debris experiment show that the 13 pm ferromagnetic debris in a 40 mm
diameter flow channel under the condition of lubricating oil circulation can be detected.
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Fig. 1 Sectional view of the excitation structure
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Fig.2  Structure of the sensor
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Fig.3 Schematic diagram of the sensor

AR L 2 R R RO R, JRR N £ P i S ) SRRV L

JEA RN
_ e Qe

u —N&gr[} Al (1)
oA, VRN 2R BB B A S B R 51 A BY R 8 AR
1k, RS R AR AR AT F R A

2FF mu,sinB(1 - 1/w)

S ”lf - (2)
. FRRTESE L, R d AR u, Al 535 B2
SERRE R AT L TR, TR « 7 12 5
Al = 1) ARAEC (L) FN(2) B 4 B A i 1 F AT
PIFIR A

u = 4NFriau,( 1 _14“)32(;$£) Y

Ag

2 iRt SHES R

2.1 HERFIREIIEAL

BRI TAR R W, i T % SERR T i 15 3 18 =2 1)
AP R S A A 250 05 TRE A BE A , S BR
BRI, 4 o) i B S RE R IR B, DR AR SO SE X AR
EAS Y REBIE AR IEAT T U4, EBRAR AN 4 P #%

T R Py i v T T G , 55 B0 G 2 0 75, AT Ok /N i
e 55 I 2 P = [B) A OB, 4 A B R 2R SRITTED
24 20 mm (8RN 2 P A T 4510 G, PN R 1Y) ) o
JEN 5 BE AR A AN 5 B SERIERERAR L, SR FHIIOE
TR ) A7 St T LA A B v 1 A I 5 3, e R JR o
SRR T 20.63%

BRI

o y-BH

A30°
Iy
1 v
I
@y \

o’
ﬁ%ﬁf&ﬂ 5 ;;m 5 JlmD*W%W*K
-1 1.>=
4 FERIBAR

Fig.4 Schematic diagram of the magnetic pole shape
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Fig. 5 The circumferential magnetic field on pipe inner wall
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