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Research on the curved-surface components array ultrasonic frequency-domain
reverse time migration imaging method

Zhu Tiantian' ,Zhou Zhenggan',Zhou Wenbin',Zhao Yongfeng”,Li Chao’

(1. School of Mechanical Engineering and Automation, Beihang University, Beijing 100191, China;
2. State Grid Henan Eleciric Power Company Electric Power Science Research Institute, Zhengzhou 450052, China)

Abstract : Curved-surface components are commonly utilized in the aerospace industry due to their unique structural and mechanical
properties. However, the irregular shapes of these components pose challenges in accurately calculating ultrasonic propagation delays
during array ultrasonic testing, which can impact defect detection precision. This article proposes a novel frequency-domain reverse time
migration imaging technique for array ultrasonic testing of curved surface components that eliminates the need for relying on ultrasonic
propagation delays. The method involves utilizing the total focusing method to create an image of the curved surface component, followed
by threshold segmentation and curve fitting to reconstruct the surface shape and create a two-dimensional acoustic property distribution
model. Subsequently, frequency-domain reverse time migration is used to correlate the forward and backward propagation wavefields,
resulting in an internal image of the curved surface component. Experimental results on curved samples show that this method
successfully enables internal defect imaging of curved-surface components. Compared with the traditional ultrasonic full-focus method,
the imaging quality is improved by more than 66% , and the average quantitative error of defects are reduced by more than 37. 04%.

Keywords : curved-surface component; phase array ultrasonic testing; frequency-domain reverse time migration
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Fig. 1 Diagram of aluminum alloy curved surface sample

ASZIE ] OEMPA64-128 [ 51 8 7 #8105 A A ik
R AR A FBE SR B 0T 5 230 R T2 PR [ 4 4 R 4 2
BN 1 iR,

3.2 TFM G EHEBEER

o A i T R A T X R 4R FMC B0, 5 A
Matlab R\ HEAT 5 AL BRALG , Ry T 5 8 LU AR A5 3L, %
] — FMC %08 A4 i TRM B8 e (0 — Ak I F 44k R dB
B, TFM BLAGE5 RN 2 B, UG b A7 A 7™ 5 e 75
AT, 3 26 T4 5 SO & S0 18 1T R 805 A



55 6 1 ORI 45 - b TR 9 70 P At i B A5 20 72 159

x1 ZKHEIIHREESESHE PCI J7 BT LA R TFM [E4G v 0 Ph A% R e s 4

Table 1 Parameters of ultrasonic array transducers P UG e, g s B AanE 3 s,
WETTH 64 AR PCI-TEM BUGEE SR, S A6 EHR BEA T 19 (6 4
T I/ MH, 5 #, TR IR AR R A RS 2 B i G B RLR:
P oo FE—SOHERL A 2SR I 2 A0 L 4004 0 R 43
e . R R AT TN 2R OF 15 FL52 I TR AR 277 01

L, ZR AN 4 s P b 2R g R e DA R 23 1 s B )
BRAE,

-6 dB 7 95/ MHz 2.4~7.6

z/mm

0 5 10 15 20 25 30 35 40 0 3 10 15 20 25 30 35

x/mm (dB) X/mm
(a) BRFEL (b) WFE2
(a) Sample #1 (b) Sample #2

K2 TFM s &4
Fig.2 The imaging results based on TFM

=20
g g
£ =25 E
w N
-30
-35
-40
-45
B0 s 10 15 20 25 30 35 40 40 B0 s 10 15 20 25 30 35 40 )
X/mm (dB) X/mm (
(a) WHE1 (b) kFF2
(a) Sample #1 (b) Sample #2

E 3 PCI-TFM Bif%45 5
Fig.3 The imaging results based on PCI-TFM

M 4 FP AT RUE ST 2 sl AT I e B i, UIE AL, R B, R R IS O vk mT LB
P TR T A — BRI, B RS DN  SER P AL HRIREIRIR, P, A L S O i XA R S
BOTERI AT LI fh 2 AR e kE 1 b AT AR BEAT LA 4 2R AN 1AL 5 B
Lot Tl A 2 2%, th PTBOR R A2 1 R IR



160

45 %

z/mm

40
= 0 5 10 15 20 25 30 35 40
X/mm
(a) IRFE

(a) Sample #1

=
£
W 25
0 o °%o
| T BEGE
......... gﬁ%%ﬁmg
m——— IS
O WaEnna
BeT5 10 15 20 25 30 35 40
Xx/mm
(b) BFE2
(b) Sample #2

K4 ANy S 5 45 R0 1L

Fig.4 Comparison of surfaces fitting results in different methods
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Yz TFM FRTM FER B4 T/ %
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Table 3 The quantification of defect sizes at different

locations in different samples
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