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Application of ultrasonic total focusing method in the detection of
grained materials based on a horizontal dual linear array setup
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Abstract: Ultrasonic testing is difficult to detect flaws in grained materials because of the low flaw signal-to-grain noise
ratio. In this paper, an ultrasonic imaging method based on a horizontal dual linear array (HDLA) setup is proposed.
The two linear arrays are arranged on both sides of the surface of the area to be detected. One of the transducer arrays
excites the ultrasonic wave, while the other records the data of each channel, and finally focused imaging is performed.
Compared with the single array and the one-side dual linear arrays (DLA) setup modes, this method effectively reduces
the interference of strong backscattered signals in grained materials and improves the signal to noise ratio (SNR) of
images. The imaging experimental results on grained copper samples show that the imaging SNR of the proposed
method is improved by about 5~10 dB compared with the other two modes of single array and DLA, when the flaw is
close to the array. When the flaw is far away from the array the single array mode and DLA mode fail, however, the
HDLA method can still identify the flaw. This method provides a possible scheme for ultrasonic testing of grained materials.
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Fig.1 Schematic diagram of ultrasonic scattering of
grained materials
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Fig.3 Schematic diagram of DLA ultrasonic testing model
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53

FEFETEE: FT K0 BN R A1 ()5 7 4 T A BB T i AE R i A R AGHI 1) 2T 361

X/mm
(a) D;,=6 mm

x/mm
(b) D;,=20 mm

x/mm

(c) D;,=30 mm

x/mm

(d) D;,=40 mm

Bl 10 ik B, HDLA B545
Fig.10 HDLA imaging results of Specimen B

R {f/dB

R 3 TREIEBFEWRNSGXHIRIR B BGEkEEL
Table 3 Imaging signal to noise ratios of specimen B for
different ultrasonic testing modes

Kol gk {5 LL/dB
D,=6 mm D, ,=20mm D,=30mm D, ,=40 mm
Ll 12.9 7.7 <3 <3
DLA 13.5 9.5 4.2 <3
HDLA 21.2 12.4 11.0 10.6

9.5dB, DLA HHELHEEFIBALE —EfEE Likm T
fEWE L . HDLA () EMRAE M EL 53 7 A 21.2dB.
12.4 dB, BHAFEZIFT DLA (KR40 5 7K FEAK .
* D,=30 mm H! D,,=40 mm K}, FFEFIAG NG
ML LIS 3 dB BLR, DLA tHIJEvkiRAISkEE,
KB e AG MR T LR BRI , (5 M L 43 38 11,04
10.6 dB.

3 45 18

A Se g KT oy B 2 M U 51 (HDLA) A%,
GRS MR RN B9, T 5 7040 d A B 20l
BT T HRPES L Ze MU (DLA) AT HDLA f 5k
3, 1HE TR BRI PR (SR, W58
sERRI.

(1) =Fh 7356 A R0t 4T b 4R 5 R o ()
R FLER AT HER I RIS . 7EBRBE AT FE I 2%
N, EROTERRIRE A . IR PR LK APT L
AR IR o I R e AR T 37 KT P S 1 in (R A R
WK, BAFETI AR DLA SRR Al Yh1a) 434
R APL 35 A TS MBI, HDLA FI9h IR 0 HER
WA A, (BB R 405 F0 APT PRMIG™ & .

(2) SPRHERATARE, 24 R B e BE 2% BH B BT
FAREB| ARG AT DLA B8 0] CLIR SRS, (A5 mELL
B 5 S A R AL, T2 A e B B iz
(FAFER) MBS . HDLA RAR 045 W HL AE AR [R] A B
B i BIIE T B PETI AR R DLA Bifg, TESRFEAL
BRI A AR AT LLR BB .

g FRTIR, Ak, ORI X IR B 5
BT, RS AR AT DA 2 — 2 1 T AS I 7
Ko 2 dn R E AR X I B B B iz i, KT
53 BB AG G I o] CAE S — R 3 1%

HDLA FE 75 A& I 77 V60K A8 A R A% A5 1 b
BAFESF DLA kA i, 3 ER R RE
BIFE K77 1) ISR 2 B AR T SRS, B
TS S A S BB M b o R B A i Ik [ g B
W GINETE TN TEAEAS A 55O 2 P SR e e



362

Ao

%

VN 2022 4F

ReEE, Y T RISREE S 5B E BRI AR, B
Dy B TAEAG I b o S Al A SR AR T 0
— AP E R VE BRI SR B, BRILANATHRGE S Rr A
MR, HHPEERE . &R E 5
IR 2 A% 07 5.

[1]

[2]

[3]

[3]

z2 £ X W

LTIH. KRB A BRI S5IPNRAR R R IR, HUR T #E%%
1%, 2017, 53(12): 1-12.

SHEN Gongtian. Development status of nondestructive testing
and evaluation technique for pressure equipment[J]. Journal of
Mechanical Engineering, 2017, 53(12): 1-12.

BRI, A SIS BRRT]. MR, 1992, 20(6): 29-32.
QIAN Xinyuan. The ultrasonic inspection of titanium alloy[J].
Journal of Materials Engineering, 1992, 20(6): 29-32.

SR, R, RS, L R ERORE AN T ) JE L S A
HI). hEYE T, 2005, 16(3): 212214,

LUO Bin, LUO Hongjian, LIU Yizhou, et al. Non-linear signal
processing in ultrasonic testing of coarse grain material[J]. China
Mechanical Engineering, 2005, 16(3): 212-214.

BB, F T B BRI B R 8 U R A R 5 R I Y R
R[], AR SR, 2007, 28(11): 2108-2112.

MAO Bingyi. Application of adaptive band-pass filter in ultrasonic
inspection based on split-spectrum processing technique[J]. Chi-
nese Journal of Scientific Instrument, 2007, 28(11): 2108-2112.
P, ke, SRREAE, S /MBS BRI E 2 AR S bR R
W BRI, BIFFE2E, 2003, 22(3): 1-6.

LU Chao, ZHANG Wei, WU Guanhua, et al. De-noising in ul-
trasonic detection of coarse-grained materials by wavelet transform

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

soft-thresholding[J]. Applied Acoustics, 2003, 22(3): 1-6.

EEE, E5B, WIEN, % HICERBEAIRLEHE S 8l I 5 BT
BLIBERALIE[T]. F2EHIR, 2017, 36(3): 252-256.

GONG Sifan, WANG Qiang, XIE Zhengwen, et al. Matching
track process of ultrasonic echo signal in austenitic stainless steel
welds[J]. Technical Acoustics, 2017, 36(3): 252-256.

A, WP, SRARNE, . JREERRIS B IR RN IR 4
MR BARBER(T). HUR TR2244R, 2012, 48(4): 12-20.

LIN Li, YANG Pinghua, ZHANG Donghui, et al. Review of
phased array ultrasonic testing for thick wall cast austenitic stain-
less steel pipeline welds[J]. Journal of Mechanical Engineering,
2012, 48(4): 12-20.

HOLMES C, DRINKWATER B W, WILCOX P D. Post-processing
of the full matrix of ultrasonic transmit-receive array data for
non-destructive evaluation[J]. NDT & E International, 2005, 38(8):
701-711.

CAMACHO J, BRIZUELA J, FRITSCH C, et al. Grain noise
reduction by phase coherence imaging[C]//AIP Conference Pro-
ceedings. Kingston (Rhode Island). AIP, 2010: 855-862.
CAMACHO J, FRITSCH C. Phase coherence imaging of grained
materials[J]. IEEE Transactions on Ultrasonics, Ferroelectrics, and
Frequency Control, 2011, 58(5): 1006-1015.

ZHANG J, DRINKWATER B W, WILCOX P D. Comparison of
ultrasonic array imaging algorithms for nondestructive evalua-
tion[J]. IEEE Transactions on Ultrasonics, Ferroelectrics, and
Frequency Control, 2013, 60(8): 1732-1745.

VELICHKO A. Quantification of the effect of multiple scattering
on array imaging performance[J]. IEEE Transactions on Ultrason-
ics, Ferroelectrics, and Frequency Control, 2020, 67(1): 92-105.
ANDRE L, Improved Inspection of CRA-Clad Pipe Welds with
Accessible Advanced Ultrasonic Phased-Array Technology[C]/
19th World Conference on Non-Destructive Testing 2016.



