4545E . THS7S FH4%59:10363
T & AT ¥ £:2210120137
z ) of?
Z f?. } 7

Anhui Polytechnic University

it F{rit X

B0 B s duai o 51 Sk B B R

RAG 5
it X 1 & XI| 5552
BE A &SI RE R
B W & I 2N R TR
g | 4t b 3] WL
MRAR (SR IR TE AR

HTIRE AN 2024 &£ 5 F 24 |




TR R R A A 2 18 S

B AT 10363
225 2210120137

e S TS AR SR B e it 5 R B T 9T
IMPEDANCE DESIGN AND DEFECT IMAGING FOR
HIGH-FREQUENCY ECT ARRAY PROBES

A IEES

RS VIR % B
TARSTF PO m P TR
Lk Btk

W58 77 1A) A we A LRI
WS FE H 2024 45 H 24 H




TR R R A A 2 18 S

ZHIEXRFZMR R 1R

ARNFEFE Y] PARFEARTEME, /™2 X re K
W, RANESIMEFES T, ML HATH R TAETBUS R ECR . BR
SCHE L BERE AN S R R N AN, AR SO S AR HeAl A A R4
C2 kR B R T M MRS . IOV ANREES, 35t
TS I AN DT, e iR BIA R WA A A R A &I,

SRS (ER A ;ujé\%g
H#. 20244 5 H 24 H



23 W YN 2 TR R TAS'S

ZWIEXRFZMMRE AR RB

SRR A T R R SR B SRS,
B R AR 10 5 S0 T BHUR 2 S S ED AL TR A
VSO B ] A AR TR T DU A B A
SRS B N SR AIATI R TR AIBAED . 4 EN S
547 ] BRI 2 A (L1 5L
KRR T
R O, 76 ERERERABRCR.
i B

P
siwcraes: X §30 mewnnea. Fi%
HHEA: 20244 5 H 24 H HHA: 2024 4 5 H 24 H



TR R R A A 2 18 S

SRR MRS R LR 5 BE RS 5

mE

IR IC A N SR O AE TC A il 3 A7 25 2 e s A,
HEGARERE, ATERREH, AR, AR AR A
B Z N HARERIAL I . RdiFES] (Eddy Current Array, ECAD
PR RSN B2 (R HR 73 3¢, e Il i A A% S A 254 Y R R e
i IBHHIRA R GEARMECTE T AR, SEOU AR Z 5
BRI ARSI, OO = A IR TSI 50 AR AR S 5 AR Hh ) E
RIETT IR DI, ASSCE AR JZ SR 1 B 1A U e 1 4 1 it
7t TAE:

C1 3a 3 73 A7) iy T 453G I I AR 10 22 e 30 =15 P JR ML S
AL RS A BAE R, SEE6 S A4 P BBk e i Uil , I AL
R FL AR S R0 FL G, DT T it LRI AR SR IS PR SR O 1 T
RIAEZE o UL, A A% lBkas (1 414 7 I I 22 A 2R B8l X i [R) AR,
S AR ANAERA I, 28506 A FH T KT AR 1 i R sl e s
1117 22 s 233 4 7 2 LR GRS 0 N 3 AN R K B A5 04k 5 i 2%
Bl

(2) Wit—FEdi PCB w83k, il FHHT o B A esAE v
B AC B B 7 A REE IR AR, SBR[ 3R 52 5 g fofe e e o 00 M SR
B KA R AL, FEx i PCB [ 41 26 Bl (1) A B #4728 A,
AL FRRY, W £ P A S IS S, B A BEA 0 B 30K v
PCB [ 31 2 [ [t FLE A [ 2R B e S5 2 I AT BH BT 70 M7, I FEL B 4
B, RIS IR )N o



TR R R A A 2 18 S

(3) Wit il i — P51 e Pl L F e L5 i PCB 5112
I A 4t 3 LM AR 7 15 4, R BELT 0 AT A LB AE P
2L Pl e BN = ARAR A A% G JERGEK, AR R e I & &R G S
T ) B SIS AL, FEARYE LR Ir RIS, DA R
DA FHEREE ) H Y o

(4) E1%f w4 PCB 41 28 el i i R SR R AT I T 4 R &
FABIAN [F)R B2 DA R TR SR B PR BSARAIT 58 R0 SI2 56 56 AIF o G0 I AN [] ) 2k
T AT RN, 20 Pl 7K ~F- 0 0 5 4 TR 08 T 32 9 1 T8 L OB T R
R IRCR G, MR B 1A 33 I P 2 A L5 il LE AR A0
PCB [ 41 2% Bl (£ 3% 1% RLC HLHS I R ARG B9 wei iR J2= sk e (R s il A
T, JF HASIZBAA G S5 M Lk s, Bl e HIAS IR FE 70 /= E
— I IAIE PCB F51) 2% Bl 75 7% 42 RLC HL B TR A R I B8 /1 %5
WENIEE .

KBRS A PCB FRAILIE; FHPT s ARTo
Brs BB AR



TR R R A A 2 18 S

IMPEDANCE DESIGN AND DEFECT IMAGING FOR
HIGH-FREQUENCY ECT ARRAY PROBES

ABSTRACT

Eddy current nondestructive testing technology has played a pivotal
role in the field of non-destructive testing, because of its non-contact, no
need for couplant,fast detection speed, low detection cost and other
characteristics, it is widely used in the detection of materials. Eddy Current
Array (ECA) technology is an important branch of eddy current testing
technology, which is an important development direction in the current
eddy current detection technology and sensor technology through the
special design of the detection sensor structure, the use of embedded
system technology and digital signal processing technology, and the
realization of fast and effective detection of materials and parts. Therefore,
the following research work is carried out for the array detection of deep
defects in materials:

(1) By analyzing Maxwell's law of electromagnetic induction and the
interaction between the induced current and the magnetic field, which is
relied on for the eddy current nondestructive testing of the array, the
sensitive detection of internal defects in the conductor is realized, and the
circuit model is equivalent to the circuit, which provides a clear framework
for the study of the operation mechanism of the eddy current testing system.
In addition, the scanning method of the array eddy current sensor improves
the inspection efficiency and accuracy by working together with multiple
coils, the absolute scanning method is suitable for large-area planar defect
detection, and the differential scanning method is excellent for fine

inspection and adaptation to different shapes of the measured object.
Il
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(2) Design a high-frequency PCB eddy current array probe, adjust the
resonant frequency by impedance analysis and changing the cable length,
realize the detection of hidden defects at different depths and obtain the
maximum detection sensitivity, and analyze the parameters of the working
principle of the high-frequency PCB array coil, establish a simulation
model, determine the parameter values of the coil, and finally use the
impedance analyzer to analyze the impedance of the high-frequency PCB
array coil and its connection to different types of cables, and find that the
longer the cable, the smaller the resonant frequency of the coil.

(3) Design and manufacture a special fixture for the array coil and
build a high-frequency PCB array coil detection system, through the
program construction of several modules, the impedance analyzer,
electromagnetic relay, coil fixture and three-coordinate displacement table
are connected to form an efficient eddy current scanning system to realize
the automation and integration of eddy current testing, and flexibly adjust
the parameters according to the use sequence to achieve the purpose of
detecting material defects.

(4) Imaging research and experimental verification of carbon fiber
composite materials at different depths and shape defects for the high-
frequency PCB array coil eddy current probe detection system. Through
different coil connection methods, it can be seen that the detection effect
of coil horizontal channel connection is better than that of inclined channel
connection in vertical defect scanning, and the advantages and
disadvantages of the two can complement each other in vertical scanning.
When the high-frequency PCB array coil is connected to the RLC circuit,
the detection signal of deep defects can be well improved, and the longer
the cable, the better the signal-to-noise ratio of the detection signal.

KEY WORDS: Eddy current array inspection, High-frequency PCB sensor,
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4.5 RGEBIMREARRIT L
4.5.1 BEBIER BRI 125

A PCB & B2 1 20 /> B2k Bl 5 HE A /2 PCB AR L, A 1 Refs A8 A I
FIRFARE 7, ST BN R P AT R W NI, 2R mT LR R sRad e, [
BEIRATTGION 36 % ER 11/RSA485 4k Rt ds AT £ Pl A Wi . 36 iK% FR [11/RS485 4k
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BNFe R o X L IR A P SR AR R, A RR A% R b S AN [ S
A 25K o
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il 4k PR3 T 1A% 03B 43, B RS — A for FEIR, G T 2 AT IE T A,

39



74 GREIN 2R S VAT
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SEhrERAE, 2 BSR4k B AR, AR B8R A AT R S, RN IERE R
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ﬂ-ﬁ Instr 5
Bytes at Porth

Serial Settings:Number of Bytes at Serial Port 3
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R
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JH & G R AEE T FSEE, DAV BRI e 75 i (5.2) Fiow:
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PRI B (W) AT A0EE, RSB (g, y)). lE, XA 4
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1, WEITEM (5.2) Fis:
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W FRATTRE 6 S HE A3 VR 0 AT 8 AL BRET 4k RSP BRI o BRI, X AN [F) 4k
B Dy Rz ) CR BEAT THEREAN LR, BRATTRT BAVPAG e b8l A R e, IR0 S e A
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75 IR AE G I EUE AT e 2 M IAR BRI AR IR . (b) B Z REEEE,
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