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Scattering characteristic for L(0,1) mode guided wave at

elbow in small diameter tube

GENG Haiquan, WANG Yuemin, CHEN Le, DENG Wenli
(College of Power Engineering, Naval University of Engineering, Wuhan 430033, China)

Abstract; The experimental and finite element simulation methods were used to investigate the mode conversion, the reflection and the

transmission phenomenon at the elbow in small diameter tubes. Excitation signals of different frequency were used to inspect tubes involve elbows of

different bending radius. The results show that the mode conversion phenomenon occurs at the elbow and the L(0,1) guided wave converts to F/(1,

1) guided wave. The orientation of F(1,1) is identical to the extrados-intrados direction of the elbow. With the increase of the inspection

frequency and bending radius, the reflected F (1,1) mode decreases monotonically while the transmitted F (1, 1) mode changes non-

monotonically, the reflected L(0,1) mode decreases while the transmitted L(0,1) mode increases. When the inspection frequency and bending

radius increase to some extent, the change of inspection frequency or bending radius has little influence on the reflected F(1,1) mode, reflected

L(0,1) mode and transmitted L(0,1) mode. The experimental results agree with the simulation results well which validates the truth of the

simulation results. The conclusion will provide theoretical guide for the inspection of small diameter tubes involve elbows.
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Fig.1 Finite element model of guided wave inspection
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Fig.2  Group velocity dispersion curves for the stainless

steel pipe (20 mm outer radius, 3 mm wall thickness)
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Fig.3 Extracted mode signals
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change with frequency and bending radius
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change with frequency and bending radius
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elbows change with frequency

BRAUSERAT SLRR A R R 2E Al RE LA R LA
07 ThG 3 JRCF) - CORSEAL HR 5 9 BB 2 80T g5 5
PR RFS R DR 22 s QL PR A8 TE 745 Sk th SN L
A, 25 Sk AL BE S A R RE T BE A LR AL , TS
UK BEJELRIRT R RER & R84 ; @S2 Brom I
BRI PRI A BERUEIESF D 100 mm, 1 i
IS SR A B 22 5 s @R R
AT RE S AF TR 1R 22 s @S A I 2o 7 P A7 A
AR BRI AE R S RN S RATAE IR 2
R IR ZEAE A AR VF OSSN, F L L B T A
[l ) AR AR 3, DR AT A RS SRR AR Y

5 #ig

AR T P S A I A /N B4R 5 2 3k
EEREATRN . AP BERAT 35S T L(0,1)
B PP I 2 Sk AL MBS 4 S gt B
PG, I FHSE 50 7 I BE 1 R E A A AR L
GER NN o

1) L(O, 1) 535 5 A B 18 725 Sk b e AR A
At A F (1, 1) B, OF B F (1, 1) B
SPUHA —E W7 [, To1e 2 S A ik S i3 B
(g F (1, 1) AR 0, oA IR 077 1 ot 5 25k 4t
51— 2

2)) RGBT 4 025 Sk 75 A AR R B M B A
B EEN R R D SRAL, HE R
A AN AR G, B F (1, 1) RS 5
SRV AR AR KT 80 mm BUR
KT 35 kHz W], 53 5 A 25 il =~ 4 14 22 A %) B 5
F(U D) BRI AN K o A0 A5 25 g~ A2 %
I F (1, 1) B2 S P i R e S B R e, 9 HL

AR BR F (1, 1) B P A R, 22
P 2 IE 52 2 i — B, BAT AN R YA AL o

3) PREF— SR, B PR A2 A2
3R, L(0, 1) S I8 O 28 B 2 F T /N
s BH AR BCR PR TGS AR 2 o
PRI R BN —E RN , ISR A xT L(0, 1) f
AU B AHNE S R B A K

4) YR AER GHAULE R & R, Sk T
SRV TE AR 1 , DRI el A5 400 45 SR A 281 g L
AR o

22 37k ( References)

[1]  Aristegui C, Cawley P, Lowe M. Reflection and mode
conversion of guided waves at bends in pipes [ J ]. AIP
Conference Proceedings, 2000, 509 209 -216.

[2] Demma A, Cawley P, Lowe M J S. Mode conversion of
longitudinal and torsional guided modes due to pipe
bends[J]. AIP Conference Proceedings, 2001, 557
172 - 179.

[3] Demma A, Cawley P, Lowe M J S. Guided waves in curved
pipes [ J ]. AIP Conference Proceedings, 2002, 615;
157 - 164.

[4] Hayashi T, Kawashima K, Sun Z, et al. Guided wave
propagation mechanics across a pipe elbow [ J]. Journal of
Pressure Vessel Technology, 2005, 127(3) ; 322 -327.

[5] Eddy N O, Odiongenyi A O. The effect of bends on the
propagation of guided waves in pipes[J]. Journal of Pressure
Vessel Technology, 2005, 127(3) ; 328 —335.

(6] EFE, X, VR, 5. T8 S B RE R

HBE 5T [J]. db 50 Tk K % % fie, 2006, 32 (9):
773 -771.
WANG Xiuyan, LIU Zenghua, SUN Yaxin, et al. Research
on the propagation characteristics of ultrasonic guided waves in
curved pipes[ J]. Journal of Beijing University of Technology ,
2006, 32(9): 773 =777. (in Chinese)

[7]  Furuhashi S, Sorimachi K, Sugiura T. Change in mode
configurations and propagation velocity of guided waves
through an elbow section of a pipe[ C]//Proceedings of IEEE
International Ultrasonics Symposium, 2010 2211 —2214.

[8]  Sanderson R M, Hutchins D A, Billson D R, et al. The
investigation of guided wave propagation around a pipe bend
using an analytical modeling approach [ J ]. Journal of the
Acoustical Society of America, 2013, 133(3) . 1404.

(9]  DEA, WA, fol, 2. L(0,2) B35 S P 25

PR EUER IR SZ BB 5E [ T]. g R B AR
iz, 2014, 45(9) : 3029 -3036.
LUO Gengsheng, TAN Jianping, LU Chao, et al. Numerical
simulation and testing research for defect detection in bend
pipes using longitudinal mode L (0,2) [J]. Journal of
Central South University: Science and Technology, 2014,
45(9): 3029 -3036. (in Chinese)

[10] Qi M X, Zhou S P, Ni J, et al. Investigation on ultrasonic
guided waves propagation in elbow pipe [ J]. International
Journal of Pressure Vessels and Piping, 2016, 139/140;
250 - 255.

[11] Catton P. Long range ultrasonic guided waves for the
quantitative inspection of pipelines [ D ]. UK. Brunel
University,, 2009.



