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Application of New Developed Techniques for Ultrasonic
Nondestructive Testing for Advanced Composite Materials

ZHOU Zhenggan, SUN Guangkai, MA Baoquan, LI Yang
School of Mechanical Engineering and Automation, Beihang University, Beijing 100191, China

Abstract The applications of the ultrasonic phased array technique, the air—coupled ultrasonic technique and the laser ultrasonic
technique for the non—destructive testing for advanced composite materials are reviewed. For the problems of the non—destructive
testing for composite parts of aeronautical and astronautical sophisticated equipment in manufacture and service stages, such as the
testing of the complex profile parts, the noncontact testing, the fast testing, the on—site testing, a series of self-developed novel
ultrasonic testing systems are developed. The effective detection of the porosity and the delamination located at the corner of the 1.—
shaped carbon fibre reinforced plastic (CFRP) composite parts is realized by using the ultrasonic phased array technique. The
detection of the interface debonding in honeycomb sandwich composite parts is realized based on the air— coupled ultrasonic
technique. The detection of the porosity, the impact—damage and the drilling—induced delamination in CFRP composite parts and the
detection of the delamination in refractory composite parts are realized by using the laser ultrasonic technique. The key technical
problems, the application scopes and the future development of these novel ultrasonic testing techniques are analysed. It is shown that
the new ultrasonic testing techniques can be used for the complex profile detection, the noncontact detection, the fast detection and
the on=site detection for composite parts.
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Fig. 1 Arrangement of linear array transducers (a) and
full coverage scanning of the R-region (b) for the
detection of the L—shaped composite components by
using ultrasonic phased array technique
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Table 1 Steering angle and focus depth of emission beam
AT T K fas(e) RAEHE /mm
1 45.0 15.2
2 42.5 14.8
3 39.8 14.4
4 36.9 14.0
5 33.7 13.7
6 30.3 13.3
7 26.6 13.0
8 22.6 12.8
9 18.4 12.6
10 14.0 12.4
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Table 2 Delay time for the first aperture

R KAHIER ns HMGER /ns
1 0 0
2 195 175
3 385 345
4 575 505
5 755 685
6 930 885
7 1100 1080
8 1265 1270
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Fig. 3 Scanning of the L-shaped CFRP specimen
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Fig. 4 Results of the L-shaped specimen inspection
(the 35" position in mechanical scanning direction)
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Fig. 5 C-scan image of the L-shaped CFRP specimen
with ultrasonic phased array technique
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Fig. 6 Transmission signal of air—coupled ultrasonic wave

in honeycomb sandwich composite material
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Fig. 7 The layout of the air coupled ultrasonic
testing system
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Fig. 8 Honeycomb sandwich composite specimen (a) and
its C—scan image with air—coupled ultrasonic technique (b)
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Fig. 9 Layout of the laser ultrasonic testing system
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Fig. 10 Carbon fiber reinforced plastic specimen
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Fig. 11
with laser ultrasonics for the detection of porosity defects
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C—-scan testing of carbon fiber reinforced plastics
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Fig. 12 Carbon fiber reinforced plastic specimen with
several drilling holes
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Fig. 13 C-scan testing of CFRPs with laser ultrasonics for
the detection of drilling—induced delamination
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C-scan image by using laser ultrasonics

4 %ip

1) ABF P P R D T AL e R WL $
3, 3 2 s il B I A A9 2 MACRSE T S B 75 5 A 45 B i R
Ffl AT AR LAV O R X T2 25 (R AT G ]
T AT RS DX ) K, I T BN o BT AR M
AR G B 52 A7 o B A 2 T R ARG 1) Sk 1) R, 1F
GBI LA B AR 5 2% P 01 44 12 SR B R AE M R B R
() & )5 1] o

2) HEMABA AR USSR NE ST, A
SEL IO AN FH AR 7 18] 2 1 R R a5, 1T AT e 3 e
AR AT AR R Ak X A, o ] TR RS R P
TR AN ISR . B8 5 25 SRR P e AL ORI P e g
TRV A KA 5 A B RS T IR AT Y S
T B, % A 5O M {5 5 A BEPA T Y 1 Bl DR AG T 2
JERARM L I,

3) WO BR LIS R MO8 75 % , B TeiR
i RS ROREEE R AR AR, AT UK CFRP Y
FLBR VR B AL A3 2 T C/SIC 1 3 )2 BRI | 3 PR o I 28 1 42
ZRIG KA, I BT ABIA N o R & A ARk
e TEAB IR ) R AR AE 50 2 TR R A
FEMOCHE )L, SR BT S 38 M R R A
BRI A SRS B AR W R T 1]

19



—t

2,

www.kjdb.org

RS 2014,32(9)

SCIENCE & TECHNOLOGY REVIEW

5% 30k (References)

[1] A3 S et E A MR S MR 24 HR2EdR, 2007, 24(1): 1-
12.
Du Shanyi. Advanced composite materials and aerospace engineering
[J]. Acta Materiae Compositae Sinica, 2007, 24(1): 1-12.

[2] kh3E S, DR, B R B ALSEHE L G BORHEA N S g B 25 ().
AR, 2008, 25(1): 1-10.
Du Shanyi, Guan Zhidong. Strategic considerations for development of
advanced composite technology for large commercial aircraft in China
[J]. Acta Materiae Compositae Sinica, 2008, 25(1): 1-10.

[3] BKoRA:, K53, s TR HAR K e gl 25 K i s i kAL, JEH s
M, 2002, 24(1): 1-5.
Geng Rongsheng, Zheng Yong. Prospective view on the application of
nondestructive testing in air industry and possible challenges|]].
Nondestructive Testing, 2002, 24(1): 1-5.

[4] XURAF, XUFESE, PRI, 45, POd e 7 ik Sk et ). fiiss
il A, 2005, 11: 40-43.
Liu Songping, Liu Feifei, Guo Enming, et al. Fast NDT methods and
the development tendency[J]. Aeronautical Manufacturing Technology,
2005, 11: 40-43.

(5] % HEp, WRERRE. B T ARG 1% 2 S 3. TEAUGI, 2005, 27
(3): 148-152.
Luo Xiongbiao, Chen Tiequn. Development Trends of Ultrasonic Testing
[J]. Nondestructive Testing, 2005, 27(3): 148-152.

[6] Drinkwater B W, Wilcox P D. Ultrasonic arrays for non- destructive
evaluation: A review[J]. NDT & E International, 2006, 39(7): 525-541.

(7] 5 521, ST EE . AH4E B R 75 AR I (M. FEat: & 5520 Hh A,
2010: 15-25.
Shi Keren, Guo Yumin. Phased array ultrasonic imaging and testing[M].
Beijing: Higher Education Press, 2010: 15-25.

[8] il B, M AEAL. B P AR MR B 4 Jie K D). etz N, 2002,
24(2): 69-71.
Zhong Zhimin, Mei Desong. Development and application of ultrasonic
phased array technique[J]. Nondestructive Testing, 2002, 24(2): 69-71.

[9] M, P4, TRANE, 55, JELRE S 1 B I MO B O T A4 M P AR A
PRGN E ARMEIART]. FUB T 2253, 2003, 39(2): 1-9.
Lin Li, Yang Pinghua, Zhang Donghui, et al. Review of phased array
ultrasonic testing for thick wall cast austenitic stainless steel pipeline
welds[J]. Journal of Mechanical Engineering, 2003, 39(2): 1-9.

[10] Wooh S C, Shi Y. Optimum beam steering of linear phased arrays[J].
Wave Motion, 1999, 29(3): 245-265.

[11] Spies M. Efficient optimization of single and multiple element
transducers for the inspection of complex— shaped components[J].
NDT & E International, 2004, 37(6): 455-459.

[12] Blomme E, Bulcaen D, Declercq F. Air— coupled ultrasonic NDE:

Fik

SCIENCE & TECHNOLOGY REVIEW

Bl 20

Experiments in the frequency range 750 kHz—2 MHz[J]. NDT & E
International, 2002, 35(7): 417-426.

[13] Green Jr R E. Non—contact ultrasonic techniques|J]. Ulirasonics, 2004,
42(1): 9-16.

[14] Luukkala M, Heikkila P, Surakka J. Plate wave resonance—a contactless
test method[J]. Ultrasonics, 1971, 9(4): 201-208.

[15] JATE T, BUAR. 25 Rl OB AR B TC UGB A (4 & JRE ()], HUAR T
27412, 2008, 44(6): 10-14.

Zhou Zhenggan, Wei Dong. Progress of air—coupled ultrasonic non—
destructive testing technology[J]. Chinese Journal of Mechanical
Engineering, 2008, 44(6): 10-14.

[16] JAIET, B4R, 1) 1. 28 SRl P R v s R SR I RS ). TP
UM T AL, 2010(19): 2350-2354.

Zhou Zhenggan, Wei Dong, Xiang Shang. Research on attenuation
factor of air-coupled ultrasonic testing[J]. China Mechanical
Engineering, 2010(19):2350-2354.

[17] BAR, JIE+. SOtk p ARtk Ak v F 4 5 v AE 28 SO A
WP R AUR T RR2=4], 2012, 48(16): 8-13.

Wei Dong, Zhou Zhenggan. Application of non— linear frequency—
modulation based pulse compression in air—coupled ultrasonic testing
[J]. Journal of Mechanical Engineering, 2012, 48(16): 8—13.

[18] JAIET, Shff4s, PR, &5, AL bk w4 7 270 28 SO
FERTINAE S AL B A ). HUBCT AR A4, 2014, 50(2): 48-54.
Zhou Zhenggan, Ma Baoquan, Sun Zhiming, et al. Application of phase
coded pulse compression method to air— coupled ultrasonic testing
signal processing[J]. Journal of Mechanical Engineering, 2014, 50(2):
48-54.

[19] TAF . OGS HAR B HR HIFSED]. Jbat: Ak, 1995.

He Cunfu. Laser ultrasonic techniques and applications[D]. Beijing:
Tsinghua University, 1995.

[20] Dubois M, Drake Jr T E. Evolution of industrial laser— ultrasonic
systems for the inspection of composites[]J]. Nondestructive Testing
and Evaluation, 2011, 26(3/4): 213-228.

[21] XUFAF-, SR, XUSETE, 55, OGRS R B LT 4 s R 55 &
FEEHABBE A ABFSEL)]. JEBREN, 2007, 29(7): 396-398.

Liu Songping, Guo Enming, Liu Feifei, et al. Evaluation of defects in
carbon fiber— reinforced composites by laser ultrasonic technique[J].
Nondestructive Testing, 2007, 29(7): 396-398.

[22] JEIET, $M7 T, 2R, S5, OGS K HORTESZ S AR I Y

IEFAT. M RIEEE T K224, 2012, 17(6): 119-122.
Zhou Zhenggan, Sun Guangkai, Li Zheng, et al. Application of laser
ultrasonic testing technique on the detection of composite structures|J].
Journal of Harbin University of Science and Technology, 2012, 17(6):
119-122.

(5w

(ISR “EHiIE" Bt
“RAHBEBEHPBF LT EHFRE AP
IRRRERERARAR FH, AR FHREHS
P A FHRIRE SR T F RS BELEEAAGRL
M E ARk, KRB R EES, BELFY
2000 5, B B g 2 AR S R 0 TAEREAn 25 4 & T
LAY, #4513 4 : kjdbbjb@cast.org.cn.



