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Detection of metal particles based on micro-fluidic resonant chip

Yu Zilei Zhang Hongpeng Zeng Lin Teng Huaibo

(Marine Engineering College, Dalian Maritime University, Dalian 116026, China)

Abstract: Most of the abnormal wear in the hydraulic system is caused by the metal particles in the hydraulic oil. By detecting these
metal particles, the fault can be predicted on time and the loss can be reduced. A simple and effective hydraulic oil micro-metal particle
rapid detection system is designed. Based on the principle of LC resonance for metal particle detection and the feasibility of experiment is
analyzed theoretically. Design and manufacture of micro-fluidic detection chip, the diameter of micro-channel in the experiment is
300 wm. The metal particle counting test is carried out on the detection system. The experiment results show that the signal-to-noise
ratio of LC resonance detection chip is better than the single coil detection chip when all parameters are the same. When the excitation
frequency is higher than the resonance frequency, the ferromagnetic particles passing the detection area will produce an upward pulse.
When the excitation frequency is lower than the resonance frequency, the ferromagnetic particles passing the detection area will produce
a downward pulse. And the non-ferromagnetic metal particles are the opposite. The micro-fluidic chip and its system can be achieved to
distinguish the detection of metal particles. In the experiment condition, a minimum of 50 wm of iron particle and 110 wm of copper
particle can be achieved to distinguish the detection.

Keywords : metal particle detection; micro-fluidic chip; resonance circuit; signal-to-noise ratio

DE s FE T AN 23 )32 o FEMSAR T AR AT,
RGN REL HEDE R ST R BT £ B A
PRy o P, SRR R G R BARU N EE ., W’
WE ARG AT E R 3% RO m TR TR RE R SR A I, B 75% B WU 2R 4 il e

0 3

T

Wi F91:2017-04  Received Date: 2017-04
w LI HR QAR (51679022) | L EACHEARIIR I 55 3 L 1% 4 (3132017013 ) B ) 1 H



-1628-

RIS R e R

%31 %

Heh FHEMIE R s RN . YR RS TR, R
THXER 2 BN Fh A FE TS e Hovp | [ 4 s ik 15
P RS e ) B, AUE Bon  RUE RS
TR AR, b B A o B R R/ INS Ay T, A 3
10 ~20 pm, Y5 E EH BLA, T b R RL Y Uk B
Han, ok A2 B 1 K & 50 ~ 100 um, B A W TE I
faE,

BRI AT H R 2 B L o ik g AT
2 BEFESIHTIE U8 WIBHJE 3 DL SR T Ek . Herp,
RET TR SR XY O 30 o Gy 0 2B g e A Bk o, AR Sk
A0 RTINS L %) A /N X Y R o A JRE 4R 27 145 T8 1
BRI RS I S, % VR . R 96 ) S 400 AR O A S E R 1Y) S
B R R AT LA S B AE LR W SR % 4% 13
ATIRAS HEA T SIS0 , ¥ G 15 4% 58 ke M e, sk /5 B LAty
KBTI,

FEF RO TR0 1) 4 T SRS I A 3 AR AR B T R
R R, E LS 7R G B DN v | 75 A I ik | A J s
A F, BEL A 0 92 R 2 R I, e, L A
VU B2 B4y B A S A S, T R BELAS: 00 9 TG 1
X 4 R HEAT IX A0, S SRR kO T L ) R
HEAT DX A3 A, LA I0KG B2 A5 5, AR R IV ) R A 3%
TR, VAR LR v P R YRGS S T o R A s AR K.
2RI AT A U TR EL X RSE KN T W, 5 )
Z BRI LA M S S s, A LRI
SRR 925 X6} 4 R S DN Fsf 08 o g P A [) 1) 4 i
BT X8, B2 sl K BRSE 52 ), 30 H T
4 OB AN

FL TR 2 A 5 Y e T R = R
AL AR  (HX AL SRS 2 2LE XK T 100 wm 1) 428
FORE ., FEMT AR B A Y e 4 A B T — R T
P JE T i L8 Rk B XA St | 3 A% St T ARG DU
100 wm LA b A9 4% 0Kz A1 500 wm DL b 60 R 0kz, T
B AR SCARGR T — P IR B AS B3 PR Ao 45 R s F , g
b Xt 4 Ja PR AT DX oA, 7R DR UE T S 80— B
SOREAH R A AR B4 =08 1 A e e SR A 00 1
e LA T o P R I R M B TE SN A
PFF  Be/NAT X 50 m (R R BURE AT 110 pom (7% 4 J50R 32
AT K43, A b B2 P8 00 R, xR N BRAA T 25
T

1 EigHH

T P A A AIF 7 IR, 7 A 1 B 4 i
PO INLE A BRI L, 580 T — A/ N, DRI
Ji T AR I R B, PR T SR T e A e
(PDMS) iz, tnigl 1 pirzs o o, S T2k Bl o

DA RGN DX, 204 % A FL B3 S I P I, £ 2
AT HBRLZE R LRI Ok W REAL , B8 A B
T R 5 JBE M A 5 ) N, UL A 23 77 A T U, T8 TS
SRR AT B, 0 Tl S W SRS e P A o Bk
PERIURE ( LRR A 9] ) B ARG i 5 361, DAL Y B e P
22 ik 24 Pl I (0 5 37 ) i VB8 8 K, il 2R B 11
PR BL 2 H N = R 1 o SR ( LA Ao 18] ) ) A X i
AR 0.999 1, P Y BRmE 1 4 Jm UL 22 46 el i)
TR LB B2 W) T 39 A 1) 25 2 DR 3R 3 Pl Je o
FEE 23 AR, W B O L JRR A S PR AR

ety

3 O £ = W TRl

Fig.1 Resonance oil detection chip
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Fig.2 Schematic diagram of resonance oil detection chip
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Fig.3 Manufacturing process of resonance oil detection chip
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