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Research on electromagnetic ultrasonic guided wave and eddy
current composite detection method for cracks in aircraft

aluminum alloy thin-wall sheet
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Abstract: During the long—term service of aircraft, aluminum alloy thin-walled plates will generate a large number
of cracks, which requires rapid and effective detection. Based on electromagnetic ultrasound and electromagnetic ed-
dy current technology, an electromagnetic ultrasound guided wave eddy current composite detection method for air-
craft aluminum alloy thin—walled plates is proposed, and the crack composite detection experiments on large—area
aluminum alloy thin-walled plates are studied. The influence of electromagnetic ultrasound guided wave rapid detec-
tion ability and probe characteristics is analyzed, and the effectiveness of eddy current in detecting defects in thin-
walled parts is evaluated. The results show that the proposed detection method can reduce the effective detection ar-
ea to a certain extent, improve the detection efficiency, and achieve all-round and efficient detection of defects in
aluminum alloy thin-walled plates. The changes in the probe lift distance and the number of magnets significantly
can affect the strength and quality of the detection signal. Absolute eddy current detection probes have two good de-
tection frequency ranges. The optimal detection frequency range for differential eddy current detection probes is 500
kHz to 1 000 kHz.
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Fig.1 Electromagnetic ultrasonic guided wave and
eddy current composite testing mechanism for

thin wall components



XX IR 5 RS & 4 T A SR B0 R BB 7R S R — R R A A R I O VR E 5 3
£2 AFIRTEE g5
Table 1 Defect numbers of different sizes
£ REs JF/mm
X1 20X 1%0. 2
] « ” qd -
i Pl X2 30X 1X0.2
i ' Ao on:
Iyl ‘_wﬂmmw§ﬁﬁ& X3 40X1%0.2
I—' AR A D7 1) N X4 40X 2X0.2
N X5 20X 2X0. 2
(a) —k—easik
X6 30X 2X0. 2
X7 20X0.5%0. 2
F1 30 12 X8 30X0.5X0.2
« H X9 40X0.5%0.2

«

R “
Jr i !

7 A4 75 )
(b) 1 ¥ A i X
K2 7 S PRk A 7 50

Fig.2 Layout of ultrasonic guided wave probes

li

W

H

S CIY M
4,%!%«”

20

2 BESHENEMEBESSE-RR
SN XLIEHR

2.1 &t

B 6 AL B T RE R T A 2R OR ST
500 mm X 500 mm X 2 mm (& X 58 X &) iR 5 4
B O B, b BR A e il AR TR AL B
o I ROSF Rk B S 80 R 1R . AR
ez W A LA BB, Q3R 2 Bt R XA [R] R ST B B i
1595 , BREGTEARAT b o0 A a8 3 s o 1l T HL
G ) 5 008 3t K0, X T AR T A TR R A X T
ORUERTE S A RN 7 N g 1 O N M vl S 2 1 W L e ]
TwE.

Fl B RST KBt

Table 1 Size and defects of samples

e AR /mm L RF /mm HE
FERE0. 2
A4 500X500X2 K JF 20/30/40 WREF A

RIE0.5/1/2 (BL%)

(a) A0 Ao 1

gD

(b) B TEAFS L i RS b

P 3 i e ARt 53 A7 1R
Fig. 3 Distribution of defects on the board

2.2 LIS RS

P, T R PRI L R O R S R T e R A T
B & BV DAL RO S R R gl AR, EELf
5 S B RN A S B A R B A 4L M
KBRS & AR TREOK S BT IL D
B E AT PO e A 5 A R ROR #E CR
+ PCEWE S nE 4 FR .



XX &

d1 | d2

btk

P&l 4 r i 7 A ARG DU ZR 8
Fig.4 Electromagnetic ultrasonic and eddy
current testing system

2.3 SRESHERBEERE SN RERNTR

R T GRS A v RE A R REORE S T D D A
WUAE 7, AR A I 25 8 1 R 30 2o BF 5% R Sk AH X Bl
3 /N T) I 25 R0 B 1) 5 ) B 9% 1 R AR 0 AR T R
BORE 8 7 A N TR B 1 ARG RE A H R
for W R 48 0B T RO Ak B 41 DG B AT R, 48 v A T
RGeS .

2.3.1  T-D-R /N [A] # B8 X 46 45 5 52 il

Pl 500 mm X 500 mm X 2 mm 5 4 4 4R 19 X7
(B /NRSEEBG ) SR TF I8 X6 %2, 46 R il 2o i opr A 30F
g YR I B A GE 5% R AR R 1 MHz AR | L RG
A B Sk B SH R o K IRk T 5 IR
SARIEX , WEBE DB MBI HELE®E RN
60 mm, fY A T/RIEES o, IR FR a4k T 7 &
NS R R Sk 45 T/RIEES & M 115 mm,
DL 20 mm Ry 45 #F 2 9 48 i & 235 mm. [F] — BREG
AN TSI D, Bl DRI R, T-D-R Z[H]
PR B R R, S 6 25 A0 5 f s, il LU L B
T-D-R B 2§ 3% K, K W5 5 B8 I B RG I% 15 5
) R 78 A AN R, 361 S D A% 85 R S O, o O
/N R P E T RE RS R U R 8 S B K IR T A R B
PR A I

I i /mV

0 25 50 75 100 125 150 175
I [7]/us

(a) R-T[B#E 115 mm

A /mvV

HHN

- B B B
o 5 8 8 B

gy ePe=e=e======
m[;j

It /mV

{E/mvV

[

EA/mvV

-150

-200

-200
0

-200

La

-50 c

-100

A

. . . . . . )
25 50 75 100 125 150 175
I 1] /us

(b) R-T 6] 135 mm

200
150
100

50

s+

C

-50

-100

-150

-200

25 50 75 100 125 150 175
I [1]/us

(c)R-T A1 155 mm

,QWW

C

50 100 150 200
I} 1] /us

(d)R-T[H]FE 175 mm

. . . )
0 50 100 150 200
I 1] /us

(e) R-T A 195 mm



o5 XX 1 I AR RALES A

< W RE AR R SOE B A S D — R

o R LS 5

200

150

100

It /mV
=l

-50
-100
-150

-200
0

20 40 60 80 100 120 140 160 180
i} [7]/us

(f) R-T [A]#E 215 mm

I i /mV

0 50 100 150 200
I [1)/us

(g) R-T[H#E 235 mm

5

(S
—o— ———o—o o4

[

R B 15 S I8 E/mV
5

N & o ®

180
BB 7 /mm

(h) R=T [ia) 5 fR o % i 1

PSRk TE A [a] 2 1 A6 00 45 24

Fig. 5 Detection results of probe facing different distances
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