H45% 53 &/ L F O M Vol. 45 No. 3
2024 4F 3 H Chinese Journal of Scientific Instrument Mar. 2024

DOLI: 10. 19650/j. cnki. ¢jsi. J2312147

KEENNEEERSRESHRZIMHR"

A ARER kg TR LR
(1. BRI SA RS EIT 361005; 2. MERBEE AL 6T 110007)

W E O TSR RS E R SIS s R AT A B IT R A b T TR R A At e I S e, R
L(0,2) BEAS W FIIRIAE, BT T —A 0 2K3Z 30 MPa J& H BB K+ 4 , %48 18 1 B0 (R IR s b AT 5 . 2035 T By
K 5 4 B0 785 18 AT B R EAT TR IR I, B I 7E 0~30 MPa Z A4k, 4T /R i A H SR A2 TR 105 B 5% T 40 i 45 i 8
FRWAR S, TR EE T3 PGS AR, SCIR A RR I X B K 4 B B B B K R R PR B, K 30 1% 1.(0,2) B
WA IREREA BEEm,

SEHEIR ;. EIH R R K EUE T BT A TR OT

hE 4 %S TB559 THS78 XEEFRIAFED: A ERirEFR>ERE, 460. 40

A study of the effect of waterborne pressure on ultrasonic
guided wave signals in pipelines
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Abstract: In order to study the effect of water-loaded pressure on the ultrasonic guided wave signals, the dispersion curve and wave
structure of guided wave in the pipe are analyzed by using the semi-analytical finite element (SAFE) method. The 1.(0,2) mode guided
wave is selected in the detection experiment. A waterproof clamp that can withstand a pressure of 30 MPa is designed to encapsulate the
piezoelectric transducer on the pipe. The encapsulated pipe is placed into a pressure chamber for the pressure cycle test, where the
pressure varies between 0 MPa and 30 MPa. The guided wave signals of the heathy pipe and the damaged pipe with 5% area loss are
collected during the pressure cycle experiments in order to analyze the effect of the water-loaded pressure on the guided wave signals. The
experimental results show that the waterproof clamp has good waterproof and pressure-resistant properties, and at the same time, the
water-loaded pressure does not have a significant effect on the amplitude of the 1.(0,2) modal waveguide signal.

Keywords : pipe ; ultrasonic guided wave; water load pressure; semi-analytical finite element

o — [ ) A T P D0 A M/ W 0 2 e P A
PR AR — b A B e R A B AT 52 BURH K VE [ N A
T P SR RN , AT INE TE H A dy R EEI A RO

AR ARl AT R UV S R L URARTT (R b A A A TR
AR A Gs A TR A R, S [ TR K AR B R DR R o 0 A T A I 7 A — S Y Y
OB P A BB S5 R g BRI ( structural health W PRLHG,  SEAIF R 10 T 4500 1) e e A DU 8 75, O HL
monitoring, SHM) HANS 4 AR SEAT S F sl S IVESE X RR A T A A 0 el 9 2225 R K SR B X A6 T 245 SR
WP A R T IR R T B, R Tk R,

il

0 3l

Wk H 4.2023-11-13 Received Date; 2023-11-13
w JEATH L B FE S AT H (2023YFF0716602,2019YFC0312404 ) 35 H %8 1)



53

BRIGEIRE 25 K A3 T 0 4 TR P A 5 IS R Y 207

BEXTLA LR, — SB[ ]y Ah 2= 04T T A A RIS
BEXS KO R S AR I sE 2R L T
BRRY AT IS 44T, 1212 1 25 R A T - [ - 2 g 3
Gt A AL, St 1 38 /K A8 T8 rh R TR AR G ) A2 T D
PR P S 93 AT FHRE 485 48], DT 328 6 s A U A 38, R AR 4R
A3 A BB ST T T I O - R A R, & TR
FUMRAEIE L(0,2) BT 5 e (E R 13 5 25 A o L
AP, Yan %1 3 F 5 RS BE, 00T TRUZ 5T
W T AR R B - R AR O A 1 AR R R - R
FRZ IR G FR , Ryl P S P R I B 43t 1 B AR B . X1
HRAET AT T O AR S R P K BRI K B P AL 4
P SIS, 45 AR, 7E TSNS A A 5 A 2 g F
TR B R AR S G RRARAE . X T 45 S S50 2 TR 780
I PR PR R T B8 2 ) TR A A T O Y B
JFR LT L(0,2) B2 A E 2 B A5 6 FE /K B I P iy
BTN, Aristegui 55 S # HFFE T 4538 P9 /MR TF]
AR O S AL R 52, X L T AR N A R s
SUEIEREN W EIMNRIEE N TR ENINY R
IR E AN RS N R B RRIN A 5 RSB 0948 E A I
SRR DR N 2, 30 e ML oo 55285 5 D A v AN A 4 R I
FE NIz, T BAEK AR 1 A F 47 F% BE
0 A PN BE A B S AR RO, Vogelaar 250 A FH 5%
WS R AT S5, e AR T4 AN A BT, A N AR AS
[ A BT (Tig s EK, 2K 52 R) N AR
I

X 7K AL R X6 TR P A A AR 4 5 g ) g A
SFUUR BB BT BT O B T AR R A
TE A5 B SRR BBk A IE TR Ol 305 kHz Y
L(0,5) B 00 H 7832 5 A Ot i St R P Ak . Ju
SV R PR R £ v R R 0 A S R (AR AR A R O
2 — S TR R 8 Oy TR A TAMEE . Qu AE P i
ST AR S I S K T P AR R 1A BR T B AL 15
B 7 R e 1 oA OF BAEK A e R BRI
AR B MRS .

KT IKEE TR B S T AF = B R 3 T ) B
GE LA D | JE IR X BRI PR BT I i o R A A B
FRHEIRIGAFSY . Dubue 0 B3 T —Fh R A R
THERE F0 K B AE PN B E U e R R AR A Y S e, TR
ST TG = GBI A 3R TR ) 5 | R P MR e U8 ) e R B AR
b, 5B EE AHAT & 0 I, AR S 3 A K U T
W,

AL R R AT VR i 7 A R PR S AR U R B
9% 3000 KK IRFREE T 48 18 75 - P AL HE Ak, B T K 4K
WG N AN S oK SR T 2 i A R T
(semi-analytical finite-element, SAFE) Z3#T T S0 45 18 By
AR 2 R S5 4, Ay G 00 A28 RT3 il A 2% 3 B 4 AR

5 KU BT Bl A T P B 2
SR HEATT R S0, TR T M S, S 3B AT 1
SERITCAR R AR 4T 38 i 8 R ] 04T I Wt 77
I, AHHT T (5 B SRS R

1 EE AN 2 N 454

LA A FRIC T 1k (SAFE) 8% )12 F TR i AT =4
T 5 P B DAL RE R SAFE J7 VR FH A B T A% o 25
I S AT, AR S A A% 1 D ) b LT 3 i A X
'™ AR L, SAFE B9 3 B 5 e R
X BT AR ) B AT R AT A R G A ) 4 HE D
YA ) TR A S — Yl Bl A () R, B R B R Ak
i,

TR 1 7R A3 0 = GRS (R BIE R T, U
F OX, ek, Wb iR aal IRR R

u,(%,,%,,%5,1) =Ui(x],x2)e’(kx3w')[= V=1 (1)

X

Bl =Y R
Fig. 1 Three-dimensional piping model

Hod b I, 0 = 2mf AR FOIER 1 Rt Ia]
AhE, TR =1,2,3, W F— a4 AR shF
B USRI T RER r=1,23Kp, g=1,21
e,

U, ic c a(kU,)
— 4 + -
vt g+ 1(Can + €)=
sz3r3(kUr) +pw285rU7 (2)

FHC,,, RN EER XT3 alOoRs B A4, 23501
WO RS2 R, DT R (2) e e 4% — 3 L £
o ME SRPEL k BRE(E, fE— @ BT N, il ik
Fe BRI AUE FBLOR AT X I AT S 14 B 3o B2 DA S A B2, AT T
DXEE TR S LT GHE
B IIAR A AL AT LU R 20K
w

Cph =? (3)



208 & L £ ¥ W

a5k

FE R AT DU T 2GR
Aw

Co=3p (4)

Bocchini 7' FH 2 i M A3 PR oG 28 S8 I B 15 4%
Fepk B ES B EINE 1 R, WK 2 i b F
DL SHGTEAR ]9 200 kHz DL PN 955 38 90 ) AL 5
AR e P AT R 2 A A R 2 8] 2 () TR
T RE AU 2 an P 2 (b)) TR o A 2T LA
Fil, 78 200 kHz DL T, &8 pg 90 1) B S &
L(0,1) M L(0,2) PIBEES . X FOhm B, B2 4 %
B LTS A S B S 2 X R S R AR
FoHERAE S LRV B 2RI 0 RS SRS, X
X5 BT A4S 1 A5 502 T AR, [T, #E 50 kHz
DU, L(0,2) B2 A AH 188 IR 1o B AR AR | R B
JEATHL , BCFE S 56 B Hp N ok A 3 R B B 5 S
AT 5 1L R A A S 0 D A R 2 G B, XK
AWM S E R 2 8 T o B, K0T LR IS
W A BE I, A [ ) ASE 25 30 A7 A AN T A B ) s 0, DA e
4 3 R v BRI 0 38 T 3 P s 0 A i
FErpRE A MR =K BI R, T T(0,1) B
FEREAIR B AR . o T AR R 7R 2% 89 17
71, T(0, 1) &AM TR EA SRR WA SR
ARG

®1 EEMRSEIRE

Table 1 Pipe material parameter settings

E 24 {E
R 304 REEH
B/ (kg/m’) 7930
HPERE/ Gpa 194. 02
4MZE/mm 48
M4/ mm 41
KJE/mm 500
201
——10,1)
1
sp - - -L02)
]
2 T(0,1)
£ :
< ot .
= i
bl '
z ‘o
5 j """"""""""
0 0.05 0.10 0.15 0.20
i /MHz
(a) MHIHE

(a) Phase velocity

7 4
g
B [ —
g o —L0D)
- - -L(02)
T(0,1)
0 005 0.10 0.15 0.20
Bi#/MHz
(b) BEHE

(b) Group velocity
2 A TE SRS A AR 2
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