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Abstract

In this paper, a magnetic flux leakage(MFL) based steel bar damage detection was first researched to quantify the signals from
damages on the wire rope. Though many researches inspecting damages using a MFL method was proceeded until the present, the
researches are at the level that diagnose whether damages are or not. This has limitation to take measures in accordance with the
damage level. Thus, a MFL inspection system was modeled using a finite element analysisS(FEM) program dealing with
electromagnetism problems, and a steel bar specimen was adopted as a ferromagnetic object. Then, an experimental study was also
carried out to verify the simulation results with a steel bar which has same damage conditions as the simulation. The MFL signals
was nearly not affected by the increase of the inspection velocity, and the magnitudes of the signals are not identical according to
the change of the defect width even the defects have same depth. On the basis of the analysis, the signal properties from the
damages were extracted to classify the type of damages, and it could be confirmed that classification of damages using extracted
signal properties is feasible.
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Fig. 1 Cross section of wire rope(left) and Steel bar(right)
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Table 1 Simulation cases

Parameter Depth Width
Defect Level (Width=1mm) (Depth=1mm)
#1 0.5 1
#2 1 3
#3 1.5 6
#4 2 9
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Fig. 5 Magnetic flux density due to defect depth change
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Fig. 6 Magnetic flux density due to defect width change
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Table 2 Simulation results

Velocity 1 m/s
Parameter peak to peak |distance between
value(mT) peaks(mm)

0.5 0.037 3.4

depth 1 0.082 3.0

(mm) 1.5 0.146 2.8

2 0.214 2.6

1 0.082 3.0

width 3 0.100 4.4

(mm) 6 0.089 7.2

9 0.069 10.2
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Fig. 7 Change rate of peak to peak value compared to
the case of v=1m/s

UH] Adte] %9 peak to peak valued W3}&o] Zlo]
Asgto] ALET} 22 & § o, g A9} 2folrt
5% vwre® mAds &4 4 Q. ole AlEdelA9

FHMATEEEE =228 H30H M15(2017.2) 65

e




PRSI

o]-&-&t

f
o
of
©
rpr

>

X
o
S

dlole] AlZ o] £=o] 7il BAgle] I 74153171
wEoln], AlEeelde] sl ke e Aoz ddEn

4. MElN o7

o] el AAl e AlHE ol gste] &
A

Algdol s} TLE Alolxz

A8-g WePsigich
4.1 28 A4
Al B ol Aela £ake] MR Aysid o] &

N
B

T

>,
i
e
tlo
2
Og{:,"
ol

2
&

=~
wER AFHD PAHDG. Mol EAEYA

AelEd] 9P £E2 sRET, AN
FAREAEE =

SR £09 dole: AsAY HES F

A=), MM =(841), dlolElFH
g Bz, agln s

24 9
9 A}

Ee ol

=g, HolHdA s SHE HolHE

sto] A=,

np o 2 X2l HlolHE mER 7A5FE FHoR M3l
[e]

AR & % gl

| l — linear moving machine controller
o

Compact DAQ & Terminal board

Linear moving machine

Fig. 9= AlA3]

=]
=

(¢

&
Heplo] sithe] F-3eta
AFT Ao w RaE 2 olA
WO AAe =g o)

AL 2 9 A
Table 4] Yeht e &4
£} 7HEEisith zlo] 3oy

e A4

A ¥aE

R
2431

Apsh gol 4uAZ FRIGOM, AMA=e] $Ho]

Table 3 Experimental cases for ‘depth’

bar#1-1 bar#1-2
Location 100mm Location 250mm
Depth 0.5mm Depth Imm
Width Imm Width Imm

bar#1-3 bar#1-4
Location 400mm Location 550mm
Depth 1.5mm Depth 2mm
Width Imm Width Imm

Table 4 Experimental cases for ‘width’

bar#1-1 bar#1-2
Location 100mm Location 250mm
Depth Imm Depth Imm
Width Imm Width 3mm

bar#1-3 bar#1-4
Location 400mm Location 550mm
Depth Imm Depth Imm
Width 6mm Width 9mm
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Fig. 10 MFL Voltage due to depth change(v=1m/s)
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Fig. 11 MFL Voltage due to depth change(v=2m/s)
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Table 5 Experiment results

Velocity 1m/s
Parameter peak to peak distance between
value(V) peaks(mm)
0.5 0.586 15.3
depth 1 1.988 15.7
(mm) 1.5 7.191 15.8
2 12.280 15.8
1 2.250 6.4
width 3 3.115 7.0
(mm) 6 3.932 9.4
9 3.411 11.6
Velocity 2m/s
Parameter peak to peak distance between
value (V) peaks(mm)
0.5 0.717 5.6
depth 1 2.314 6.8
(mm) 1.5 8.481 7.2
2 14.571 7.2
1 2.188 6.8
width 3 3.043 7.0
(mm) 6 3.847 9.4
9 3.389 12
Velocity 3m/s
Parameter peak to peak distance between
value (V) peaks(mm)
0.5 0.678 5.4
depth 1 2.129 6.8
(mm) 1.5 7.961 7.2
2 14.274 7.8
1 2.040 6.6
width 3 2.855 7.2
(mm) 6 3.609 9.4
9 3.193 12.8
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