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Broken Wire Identification in Bridge Cables
Based on Magnetic Flux Leakage Examination
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Abstract: A damage-identification method based on effective
short-time cross-correlation (STCC) was proposed to identify
wire breakage, in the case of low signal-to-noise (SNR) ratio
with the magnetic flux leakage (MFL) detection of bridge
cables. The corresponding signal fragment from repeated tests
of the cable was extracted for effective STCC analysis. The
effective STCC was renormalized to combine with the
Then, the double

threshold method was used to identify the broken wire

characteristics of short-time energy.

damage. A full-scale cable model with various kinds of wire
and the
experimental results were used to verify the proposed

breakage was made for MFL examination,

method. The results show that the proposed method improves
the damage-recognition accuracy by about 15. 7% ~ 16. 9%
compared with the existing methods, and obtains high
identification accuracy even with low SNR ratio.
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Fig.1 Schematic diagram of magnetic

flux leakage examination
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Fig.2 Flow chart of damage identification method based

on effective short-time cross-correlation
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examination experiment
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Fig.4 Location of wire defects in the cable and simulation method of wire breakage (unit: mm)
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Tab.1 Gap width between broken ends of

wire in the cable

Grpagns  WTHBER/mm || BREA4S W 0 52 B2 /mm
o1 0 M5 4.0
02 0.5 Ms 8.0
03 1.0 M7 10.0
O4 2.0 M8 20.0
05 4.0 M9 30.0
06 8.0 M10 40.0
o7 10.0 C1 1.0
08 20.0 C2 2.0
09 30.0 C3 4.0

010 40.0 C4 8.0
Ml 0 C5 10.0
M2 0.5 C6 20.0
M3 1.0 c7 30.0
M4 2.0 C8 40.0
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Fig.5 Measured magnetic flux leakage signal
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Tab.2 Damage identification results from three methods
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M1 55.6 44. 4 0 77.8 22.2 0 92.9 7.1 1.2
M2 55.6 44, 4 0 44, 4 55. 6 0 59.5 40. 5 0
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C8 88.9 11.1 0 77.8 22.2 33.3 95.2 4.8 42.9
SE#MH 77.0 23.0 6.3 75. 8 25. 4 6.3 90.1 9.9 3.7
R 20. 3 20. 3 10. 2 26. 7 26. 3 13.0 16. 8 16. 8 12.1

T IR A A R R B B R A R,

XF H A E BB TN, AR SO X FAMNE R R A
PR BT 22 () S8 4 1 38 43 51 ok 97. 426,94, 106 I
76. 2% K ) R B BRFE ST R AR O T L X —
FUAEE R R AR A T oA I O ik . X 22 438 PR 3K

B, X BT R 88. 9% .71, 7% 1 69. 5% ; X FAE AT
RERR YL, W R B M 96. 7% .71, 1% 01 55. 6%. Xt T
B IEWT 22 , AR ST R B R H R,

225y RBRR B | S s R B VA R AR SO B A
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IR, 4 BT IR BRI A B 2 hr R T 22 151 465

B B AG: HE SRSE (B 4 90 R 77. 096,75, 8% #1190, 1%,
K H SRR 224351k 20, 3%.26. 7% 1 16. 8%, %
K RS E 3R 6. 3%.6. 3%0.3. 7%. AR, AL
MRS .

WAL ARG R RE RS, HEEES
B Can 8D ] — 25 R A 3R, (H R B d S 1R
ZRF. FR KRS 2k R 2ok 8 R )
PR BE , T 225048 FR AR | 4 i BB a2 vk AR S ¥k
BRI A B 43901 K 70. 7 %.69. 5% 1 86. 4%, 43
7 B 50k B 4 KGR TR B R R, AR SO
M A IR BN LRI B & S T 15, 7% ~
16.9%.

3.3 WiZEMER

K FA =00 ¥k BEAT B 45 0 0, W] A8 B0 & A 7E
PLR Y] (5L B T 22 5718 BR B0 R 5 53 A B B
— AT 22 438 PR P A i P e LI 7D, AR
R ik DO B it R 2 B8 B R 5% Y R AR K AELAE Ry
PG E. e IR ZES TS EN R 3 Fs. B
= 3AHL, NENRZEFHEN AR, & T ERNE
fiiRZE P E R RE A R/ A SO R 22 4 BR
BkmoR, mREREHE S 518 16. 6 mm, 20. 6 mm
A1 39. 7 mm. B IE £ 1R 25 7E 1T AT BB AE 4K
TH » ST 8 o 1R 22 B XHE PSR - 38, UUAR B B9 734
{E} 26.5 mm,34. 7 mm £ 48, 7 mm,

R3 ZSMAENBRGEMIRE

Tab.3 Error of damage localization by three methods mm
Bk 2y iR R Bk SR RER S AT
5 FHE PRz T HE PR FHE PR
01 59.5 43.3 1.7 36.7 24.3 32.1
02 6.2 52.8 17.1 19.4 17.5 13.3
03 —17.3 26.2 8.2 9.4 13.7 10. 2
04 —29.4 16. 3 6.0 7.0 11.8 10. 4
05 —39.0 11.9 —0.7 7.0 11. 3 9.4
06 —29.3 12. 3 10. 4 16.2 16. 3 8.0
o7 —14.3 27.9 —2.9 7.4 3.9 9.3
08 —26.3 13.5 —2.9 7.4 0.1 4.0
09 —40.7 9.2 —7.3 6. 6 —9.2 10.0
010 —42.3 26. 8 —17.3 8.3 —5.4 8.8
M1 —66.5 17.7 —29.4 16. 8 —29.8 20.7
M2 —48.7 55.6 —44, 2 47.7 —37.6 36.9
M3 —89.6 10. 2 —25.3 22.5 —17.1 10. 6
M4 —21.9 29.7 —2.8 23.3 —1.3 18.5
M5 —58.4 65. 8 —48.3 13.5 —45.5 8.2
M6 —52.9 45.8 —36.9 14.9 —38.9 15.3
M7 —58.7 47.2 —39.0 10.1 —28.9 15.1
M8 —40. 0 126. 2 —56.2 24.9 —63.2 18.0
M9 —101. 4 46. 1 —60.7 13.4 —63.0 15.5
M10 —88.2 30.9 —65.7 18.5 —58.5 13.4
Cl —94.7 46.5 —38.0 68. 5 —68.4 17. 3
C2 —54.4 46.7 —27.5 46.0 —64.7 24.5
C3 —80.3 73.8 —79.5 60. 7 —90.0 61.6
C4 2.9 79.2 18. 4 55.8 55.5 55.4
C5 45,3 77.7 68. 2 80. 4 44, 2 106. 0
C6 11.9 104. 7 8.5 96. 9 —98.2 131. 0
C7 —86.6 59.8 —25.3 59.2 —39.2 76. 2
C8 —56.4 30.1 —4.1 19.1 —15.2 37.9
-y —39.7 44,1 —16. 6 29.2 —20.6 28.5
—Té@i;(d{ﬁ 48.7 44,1 26.5 29.2 34.7 28.5

X EE A [R] R I B4 R A2 DR 22 AT, R IR WT 22 /9
fRER/N PREBZRZ AR ZIRER K. X
S ph DT 22 T 0 PO DR ) T 3 LA R g o
o 1) S R TR 0B PAY V2 BT 242 PR 0 W L /N

LRI BB R » 90 405 R o e B 5 52 MR 7 90 SR, IAE
PR Z WBUE L&, & 07 iR i A e RS BE S B L
1R » AT FE AR A Y S PR K.
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(DRI PR Uy 22 () R R 5] 4 5 DRy 22 ) 35 45 F
W 1 FE A k. WY 22 EE T A1 2 W O B R R, 7R
A WIS 5 00 , BREGERZS 2 R0 k. 7EVEAS
R 22 5495 W TR BRI B WA 01 78 o0 25 ST 22 BT or
55 W A S8 BE A .

(FEAICRE H, W 1 98B KT 0. 5 mm #y4h
JZ AR Wy 22 W] B 8 N IR REAE 5 IR e X5 iz Fr
AT AR o AR A 2 T R 0. 83 %6, YR R AS: T X F
A Z W22 B B AR iR R .

AR ERME T A M E MK S HE o &M
FREFAE , X F 25 2 W 22 iR B B8 1 39 Brig 7, 1 2
N2 W 22 R S Re IR AR L B3 AR A5
W LA ERAS T AR B O TR IR . R B
AL FENBBASEELRRE FERS T
15. 7% ~16.9%.

(AR SCTT ¥R 2T F W 22 #E R ARk 1) 1) SF- 39 8 o2
RELH 3.5 cm, FEASH AT BRI A S BR R )
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