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Research on microwave detection of slits in medium to
long distance pressure pipes
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Abstract: This article explores the microwave non-destructive testing technology for slit defects in medium to long distance pressure
pipes. The characteristics of microwave transmission in bent pressure pipes and methods for slits detection were theoretically analyzed.
The feasibility of detecting slit defects in straight and bent pipes was verified by simulating the transmission of microwave in medium to
long distance pipes and the changes in microwave mode after passing through bend. Straight and bent pipes with a length of more than
5 m and a diameter of 8 cm were constructed and microwaves were introduced into the pipes using a vector network analyzer and a spiral
antenna to detect axial, circumferential, and oblique slits, and the amplitude of the S,, parameter was varied in the case of slitless, slit,
and even multiple slits to determine the location of the slits. For axial, circumferential, and oblique slits detection in straight pipes, the
errors are 0. 047% , 0. 018%, and 0. 298% of the total pipes length, respectively. For axial, circumferential, and oblique slits detection
in bent pipes, the errors are 0. 074%, 0.065%, and 0.203% of the total pipes length, respectively. This indicates that an effective
remote detection method for medium to long distance pipes slits has been established.
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TR 24 S TURAR RE A EORBIVEIT . IR )48 3E
FLAE RAR U T 5 A A i SV SR — E R
FH Tk SO W B BAT AT IR | 5 48 S A AR

B Tl pO U S i, B AL S A P BN, e AR AR R R 22 2 Bk 1 A A A5 AR Y
FE RSSO Bz e AL D R A R AR AT BB A R R4

0 5

il

Wik H . 2023-05-30  Received Date: 2023-05-30
w LA T H WA B A 25 0F 58RI H (LGF19F010003 ) ¢ Bl



- 42 - LSRR R e o

937

BRI, AT K S BRI P B SRR R o S R I
i, SR — BV IME PRI, AR SR AGE I A A5 e
TR B AIBAT B s A8 S AT IR 2 O PR IR I
TR EIBAT R 2R BT B 8 A Bl A I AR
A RERASIN P A S LA I e AN A Rk AR
I X R R RL EA T 1 A Ak B 0 ARG I A A A R
Ak A B T G S ) 2 A R SR BRI %07 4k T LA W R
ANGRFE AL E AR AR R FR BR T BRmg b RL, B4R
TE AR R PSR FERAER T P R0 e P 7 e 1
T AL, ARSI A T ) AR A A B e R SRS ik
B, G AR i , TS B S ARG, 5 P T 24 T Y
BERF® o S ERAS B A 5528 K 365 B ARG X 5 e, )
PR IARANE A, BEAE EDULAGLIN H R R/ N B 2545 R
EAEAG IS e v A B TR R B 4, DA SR b e X A MR IS
F L W TR e T e SRR, DB S o A ) %
G NN AL ) 728 A, AT A BRAGR I, 36 Y ARG T R A PR
M R R A, LS A el T 2R T A S A,
EE T ARG DN AR L A R, EL 7 004 ) 2 T 2k
AL B RGN (4 VR S 6 TR R R

T TEAGAGHIN PR TCA 45 50 AF e fik | T B 5 i 5 45
FRTZ B2 RTE  ZER I R, R BB A
Ie] 4 JR A I A IR F G . eI, 48 R A AT AR S felis
Wt T LA R B B RN AN T
FUHIAL SR L, S e B B R EE , Glo L 2 2 B
Wi, ELA BT 5 A P R I A 5 A B R A I A BE R
W NSRRI AT DS P S R R AL TE,
BRI 4 T8 AT ) s RS TE RS h,
A TE A I A B I C A PR TE,, B
SF RGN A T 25 i b B BB T T T i T i
Ak 2 I B A SR B AT T A/ . 0P T BAR KT 6 em
LB B PR A7 1) SR R A B — A5 Y ol e 0t
R FER/IN, AR LUK B 2258 e A, % T R 4
ZERYREIN AW

ASCEAEN ELE T FLAT S A0 T e A i 1) R4 |
i i) ZREE LA Ko 1) ZRAE HEAT Sl TE A I RO AE T,
S 7 ECEA B E SO AR K RS 5 m AR
8 em MY EAETE 5 HA 90° 25 iy 1ty 45 38 P9 % i LA B A
AR B Y T REME , e A O] O i 4 0 A AUAE O 1
B A e R, 3l R B 2 T AR R £k f
3~6 GHz MR Bl A 1 B 5 A DR TR 0 483 v, o
I 2 AR e O A L b AR e B IO
Br Sy, S8, XA [R1 R LK AN [R] T 16 1) 288 48tk [ i#E £ 7
R, J X5 HAGH I R HEAT PP A7 | L T — i i 280 A A6
M

1 FEESHF

L1 BEESITHEERK
XFIBIIE He 3 4 18 A7 ARG mf ml R R A [ 9
[ p I PR F R U E P R fnge 1 R, o a ok
B o HEERAR,
F1 EBEIRSHYREMEERK
Table 1 Cutoff Wavelength of Partial

Waveform in Circular Waveguide

il TE T™,, TE,,
A, 3.41a 2.6la 2.075a

WA TEq, , TM, TE;, ™,
A, 1. 640a 1. 496a 1.223a

FAEAR £ @) IR .

fc=;_ (1)
K e I,
1.2 HFETHAEXFER

TE PR T8 A9 iR AL, Sl AL i =0Ks 2 AR B e 3K
ek (2) R,

N
d == B A — Z rC(m'n')(mn)Amn
(63 mn
dA~ (2)
m'n' . - . + m
da B Ay ] 2 rC oy () A
(63 mn

Hop A AR EIRIE, C 2GR B 21
R RTINS o B 50530 51
AMERE R ET S 105 A, monom' oo/ 2B R, FHh
8, E“J%%ﬂ?ﬁ‘]it(.?)) :

X,
B =1k =k, —r [k = W (3)

HT C BT &I R4 r FiEWNE D LI
R H AL H BT D FLf (e A A% 1 25 A ot
BRI 4 AN E BB ik (4) FiR .

Mnmaﬁ=F«éT%ﬂ) (4)

PL M, B ), e s g el & & AR s 1 R
(F aw s
1.3 EREER#H

X T~ i F 2% BN S R X R A(5)
/T’E)Z:

b, =S,a, +S,a,

b, =S,a, +S,a, (5)
X ca, TR 0 — A B, a, 2R 0 0 A



HRR P s A R B TR A I 5 - 43 -

559
First conversion: —) TMo1, TEi, TE, TMu,...
TMo—TEu,TE2, TMu,...
e TMo, TEi1, TE2,, TMi,....

\ Second conversion:

TMu—TEu, TEx, TMu,*
TEu—=TMoi, TExu, TMuy,

TMa t

‘ TMo, TEn. TE2, M.

BT TM,, BE7E B AR R

Fig. 1 Mode conversion at the bend of mode TM,,

MU, b, 7R H — 1SS L e, b, 7R s 1 ) S 5
HUE,
TR S, 2 S0 6 1) 280 S 1 — 9 S5 R 4L
S, = (6) Fim,
bl
Su="1, (6)
a,
1.4 GRBETENL
IR ) 2 R B B P AT e e W B S 2 A
WA 3 B T A A8 T PP A I O R R o, (7))
F7R o
v, =2, /T, (7)
APl NTCEEE B, T, N 18 R i i X R 1)
]
B HE R S, TR A i g i, il (8)
Bz
l,=v,T/2 (8)
bl NGRS T, S RAE 7 TS L s R]

2 LEAHRE

2.1 fHE

T ol HFSS BPFFg a3 FhAi TR | 4045 Josk
BIE  JCHERS S S e e 2 i A T, DUSRIE SO 7F
TG 5 A A T PR A A i DA A s U ek s | O
Xop ELAG il 1) S48 ()45 i AS TE ) S,, S80S 55 SRR S TE
PEAT g, S0 A T 25 i A 3 A R A P REE, N T
TFE Ja 25250 v i P4 10 S B 4 T8 BB, b A 1) LA I
KK 5 305 mm, P42 80 mm , #4825 i A2 S AR Y R
J¥ 4 5 345 mm, 424 80 mm, 90° 25 5 7E 930 mm AL, it
Ah A AR R S A B T AE 3 455 mm &b BT
Hil 1 — 251K 105 mm B 7 mm {5 % 1) 4 4% AR R N
3~6 GHz, & 2~4 43l R fioisl 76 LA T 245 i 45 18 D %
Al e SR e S A T PN A i s ) L S R R A A R, LA
PR RO A O AR B0 | e ELA St 4508 AR e

ATLAW] S W58 B 0 A A R A R A T — E
E&QO

€ Fredty_pern
!2.492 2x10?

1.713 5x10*

H‘) 347 1x10

'l 559 5x10"
K2 EAEE N AR e A v S i B 1

Fig.2 Electric field intensity diagram of microwave

transmission in a straight pipe
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Fig.3 Electric field intensity diagram of microwave

transmission in a bent pipe
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Fig. 4 Electric field intensity diagram of microwave

PN

transmission inside the bent pipe with axial slits
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Fig. 8 Schematic diagram of the experimental platform
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detection of straight pipe with an oblique slit
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