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The detection method of cracks on the inner wall of thick wall pipes

with inclined beams of SH waves

ZHAO Liang ZHANG Jin DONG Zihua WANG Xin WANG Xuebin

(Army Artillery Air Defense Academy, Heifei 230031, China)

Abstract: Thick-walled pipes are often used in military equipment and other process industries. After long-
term use, the inner wall will produce more cracks, which will become a major hidden danger affecting the safe
operation of components. For this reason, this paper proposes a thick-walled pipeline detection method based
on inclined beams of SH waves for the problem that the cracks on the inner wall of thick-walled pipelines are
difficult to detect, and detects cracks at different depths on the inner wall of thick-walled pipelines. In this
paper, the excitation principle of inclined beams of SH waves is analyzed firstly, the excitation frequency of
sound field model is established, and the action law of inclined beams of SH waves and radial depth of thick
wall inner wall crack is studied. The simulation results are verified by experiments. The results show that the
optimal detection frequency of the inclined beams of SH waves is 1 MHz. With the increase of the radial depth
of the crack, the amplitude of the defect waves increases in a zigzag pattern. The inclined beams of SH waves
can effectively detect micro-cracks with an axial length of 8 mm, a radial depth of 1 mm and a circumferential
width of 1 mm in thick-walled pipelines.

Keywords: Thick-walled pipe; Crack detection; Inclined beams of SH waves; Frequency optimization

2019-11-13 Ytf; 2020-03-31 &/

R R TIE ST H (914A17050312JB91202)

fEHZ TR B3 (1995 ), B3, w@afEm N, B, A &Rt 2 S 4.
TiB{5/E# E-mail: jgxyzhangjin@163.com



748 éﬂj}‘f’

2020 % 9 A

it

0 3

JE B8 5 4 18 AMEREE JR 2 HN T 20
T8, T T alER R A L A A IS A A
s SE, AN TR RS M I FE R, 325 TP R A 152
AR R F3 AEIRISE ST (I, P9 3R T 2 AN T 3R G a7
AR RGC W1 RARE S A RO R EUE AT A
M, G IBH AR AT i MRS, 2E 1
s M B TR 7 2 BAE DR RE P R PR AN 2
TR FEURAMENE R A A R, I E KR 45F
k2,

SH A2 it 75 ¢ BY D) — R 30, B dik 3
T SRR E AT, I 58T 1R E, N SH
WA By e e R SV B Tl B 25 i 31, 7 S8 5 57
AN 52 B AR UR BE B D, {5 5 T BN
Gy, IS SRFE A . SH R AE LA A% ST
WL P 7 AT B, AT B A S A R
{&FEF (Permanent periodic magnet, PPM) [ HE#
8 7 4 it 2% (Electromagnetic acoustic transducer
EMAT) #4780 4, 5@ i ot EMAT 483k Bl
AR SH G AR N BA — € U7 R B S SH
W BT, AALE SV A RS S, AN SH i
BA BRI B, W4 R TR g 800, g
AU 141t B AR AR (20— R I 12 45

F T AR N SR SH 95 A R 00 288 2R 5 il 7 5
DA G, DA I 2 4R K 0 24 3 B RN
SH K BBl 77 sCREAT TR AW JL. 2016 4F, Tsla
A5 13140 gt 7 AN S SHL VBt v 8 75 4R Sk FO 8D
G A ik, (SRR DR T AT Bar w4 45 2 He
Ho 20174, Tsla 55 151 5% 4 R 905D R\ S SHL B
8 iy FLL R 7 AR AR B AR S I RD T AN [ 0 T 2 P
Z B BRI AL T 90 X B R S 14 T i R SR AT T
A XA

SR, KR 73 27 A RT RN SH AR I 7 38
BICAR 0 R P TR A R AR 48 BB RST O R AL, X B
P EEEN RUST ) R S0k I % 4 042 TR L 5 ml 5
F 5 AR AR IF SO AW FL . A SCHE 73 B
NS SH I S B G SR A 1, £ COMSOL Multi-
physics i HE A Hpous RS TEREAT S B e, £
TORIN S SH 5 G A R B IO AR T RLEE, il
Tof S0 B0 R AR S SH 5 S5 BE A5 T8 Py BE R SURL I 7
IR AT VERIRL A

1 EMAT R HREENIE

EMAT # 6 2% 1 52 L i B 14 3% 11 7K 1 % A i
T8 2 B 2H R, G R R R R R 1 2 B A B R A
7 60 18 24 P Hh T8 N A FRL AL, O 2 7E B AR R T
JERAE AR AR [ 5 ) A ) LR S S 3L, T e
W3 Ve R STE AR T =R V8 6 28 71, R
Az JE R AR B, 1K R B AR IR N DA I Ak
&, [F52I 7 EMAT &S SH % 6 il it 72, n
Bl 1 PR

d
KB~ | N S N S

HUE 2RI
S (o]

ROy

K1 AR 2Z RIS SH B TAFEHLER

Fig. 1 Lorentz force inclined beams of SH waves
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