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< SUMMARY >

Purpose &
Contents

Analysis of latest trends in non-destructive inspection technology
Analysis of vulnerabilities and damage types of steel structures and welds
Optimal Design of Portable Magnetic Sensing Hardware Structure

PCB design for portable hardware

Portable Leakage Flux (MFL) measurement system using Hall sensor

Optimal design of magnetization part for magnetization of test specimens

H / W for steel structure inspection (Consideration of portability)
Production of compact type data acquisition device

User-friendly monitoring Ul construction

Development of signal processing algorithm for machining and character
extraction of magnetic signal

Development of automatic damage diagnosis based on statistical techniques
Development of Compensation Algorithm for Vibration, Temperature, Humidity
and Inspection Speed during Operation

3D Damage Location Detection and Damage Visualization Algorithm Development
Construction of damage information recognition / notification system
Selection and consultation of actual structure test bed for field test
Preparation of Magnetic Sensing Based Steel Structure and Welding Inspection Manual
Welding Inspection Guidelines for Magnetic Sensing Based Steel Structure
and Welding

Mock-up production

Establishment of DB and system stabilization through indoor experiment and
verification of target performance

Field test and report of inspection result

Results

Development of portable magnetic inspection equipment for steel structure diagnosis
Development of Magnetic Based Steel Structure and Welding Damage Detection
Algorithm

Analysis of diagnosis result and development of collected signal data
visualization system

Establishment of maintenance manual for steel structure and welded parts damage

Expected
Contribution

Development of Portable Magnetic Inspection System

- Improved the limited safety checks of steel structures and welds due to
time and space constraints

- Suggestion of A new safety inspection method that can be applied to all
steel structures

Diagnosis result analysis and visualization system Ul development of
collected signal data

- Immediate response to steel structure and weld damage

- Reduced safety inspection costs through the use of magnetic-based
equipment

Impact of technology development

Expected steel structure maintenance
- Expected to reduce the cost of nondestructive inspection during safety inspection

Full safety checks of steel structures possible

Decreased man power and time when checking steel structures

Keywords

Magnetic Damage detection Portable Steel Welding
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AtztEl 2 F(yoke) & Chatxoff =0| £

Bi(bar)E cHatAloll Zot AF7|&E FX(induction)?l= & S0l UCH.
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Mljok
AL
rir
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I
3
RS
ne
}_n
rir

o QITHANZIE AbZ|Ee| wEk2 Aol sASkA shE Aol wdAtLel FV|E FIHAZI=H welst
Ch. tHetxof @ato| SEe dole st gHoz = Zgtstn Aol datg S5 et
g 2Tt oo LG ofdto| UM FH= Folo F28 (i 0e) AVIEE AVMZ|7| ZEtet
47t Bt o] 29 S5 nRet ARAI|IEES MYSHH St dejol XU|EHE AT
= 2% Urct

o LHMOo=Z APY|FE ASHMo=Z QUIeh dEjoM FHXES 5= LS ALESHLE, ol
et e ZHFRAZ| gHE ALESH|E etot. tadE A7 [Eol =&AIZ S0l RE7|Zol Af2EX| 7|
20l CHAHA 2 ok FRAZIZF A =32, olZdof| 2fs ZEEel

@
D
=)
<
o <
|'EI
ot oju
lo
ne

ks FHEol 9l 7ol S22 ¢lof Exol T % FH|JL ARsioz AlAH0| FHYA|
£ THEol Qlch e okgMo=z NEXI|EES FYMsUlof B0|F ATAAMZS o8 AP At
Hog Z Apr|Ee LHAIFIXls Zsx|e Hr g 22 Zde A2 0|85 =W vut
Atoll & Jhset SEet Zxol ATFs FHAE = en, MAMus =2 HEo M0
LR5IX| glot AlA”O0l ZHEtsi XD T2 F40| JhsSict
« ITAME 0|82t 23(yoke)ollE E2 EAE JHX= =F(Nd-Fe-B, Al-Ni-Co &&E S)2 M
B2 g AMg ol8ste, Zeks flsl AlEol HA=HE W AV|HoE HEZS YH4E =
TZEZ 238 Hzetet. 2 AFolM= U2 E(Neodymium) ETAM S 0[50 Atet 23

mu

T4kt
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UM o2 ofF A2 FEEo| AJ|ZH E(magnetic moment)= FI|of Hl2stE2, thel R Ee|
A7 2HEE Xtstel M7|2 LIERd 5 UCt.

AtrsZt oM 2 fX7|Eo| AZ|2ZHME pol| JeiX|H £E32| 37| t=p xB 7t &t I8
oz ApJ|IRHE

= ofzf A1 Zo| Fo{zict.

|ﬂ|=l (2.1)
|B|sin® '

of7lollM ©& p<et B2 AtolZfolct. 1Am2e| APZ|RHMET} 1T AP|FEof 53 ez ZEX|
std 2 tf37] INme| ESE Ze=rh A 2] Zol= up=plo|l ECt. ps AnZ LIEHH X5
o Mzlolx |2 2FAtolel Helolct, Xt=Fel M7|= At7|&=(magnetic monopole)ollA L2+=
ALH(A7|dE)el & o2 HeolEct ol p=¢/u02 FOiX|0] w2t ch5of HAAS Hert

M= (2.2)
Ky

uo
C}. DFEHX}MOHA-Iol x} |5 |E HE poll&= Boll I—PE&é T8 EJV} 28t
=]

o F AbZ|Foll thet 1ol SEE Helsty| shME Atzlets MER2 & M2 Ao cheMAHE
AZ|EHER ctgnt Zo| Mol shot.
m=* (2.3)
14

L= Atolel Zo|7}F 10|11 THHA AE JHX|D U=, SHAMe AELETE ol A2 AT
H o

7b u=o1/p02 FOX|LL B=0/A 0|22 32| 42 S + ULt

ZHE
B
M=—¢ =— (2.4)
J2%
b XE7| sk Mok HOF RANEE gRIo 2 AT|RTol JES olFe steld = Aot gret x5t
ot 9| FAP7|Fo| St EMEictH £ JHE et Zol XIREol J|oisks grol Ect ARI2ho|
Aol Xk?lxmﬂ ot AZ|F=E poH ol =&l Xi|stol| o/F AZ|REE poMolct. wakA A
JIREE Ol F gef #WH Yoz ol 1t ot
B=u,(H+M) (2.5)

2 Aol M X}&t B= SHe|7F TOl XD HeF M2 A/mOICt. O SITh{AHel ES{Alolo] CGSTH AIOA =
ofzi el Zto| Esl=lct,

B=u,H +4rxl (2.6)

olufe| Ixof s2& AHF LUE= B=H+n |17t =of olmf X7|&el ZE HeE Oe(ol2AEl)0[0d,
A% 2z Bo| ch?|+= Gauss(G)olCk.

2| Almp Zo| RistEl AlELiS| RISLUE BE B=pHo| #AZE JIXA =&H ue A&kg =5 §F
Xt2(permeability)ol2t 3stof, o2 RAtztel M7|et dmje| o £Xt7|&(Xhata]) Atole| d|O|
of, MXMFALE EEXME A= A2 Ee| MZ[2F AL ele 22 17l ASo|X|gh, ZHAFM A
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ol M= Ap7| &2l MZ[et Atatatdoll w2l 2 gLol
O™ ZRME B2 olFN ZAYA o|22 Halsts Xt
At7lole s4Mg w2t Xketot o| F Ect

Bsat4- - - - - -

Magnetization (B)

P H
A

@ Applied Magnetic Field (H)
H=0

o

<X}7|0|= (B-H loop)>

T3 AdE JHRIR|
Al st Aets
HelolM = oietE e 2ol X71Eel M7k Ao
Ol ol ol2™ X=tit 543 S7tsta(A—
M O o|&2 Atebyt TE
XMA=Mol2tal 5tod

o}
s

=

=
2|
T

gt Atete fleF #2 A7 o

Knee point

ikl

oY rr N o4m rr e
A
Mo

BEX71% HE
=, M30=
H|34|3P04 At=tot
B), AVI&E O &35t5t0d
A7 | Z5tatef (C—oo) ol O] ECt.

ZEX| 2 ofofl w2} otz 2t

7tst oA

SR ERE

)(|_7|xl-
ol
ol 2t

ZA
=
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=

712712M LiEt o] ofzf et &

pAX=3
=

AERE M|
ZI|XtetE pig 7=
9| A1I7|7F
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(a) under saturation (b) ideal saturation (c) over saturation

Aol wE ApLol Fax

O (a)ot o] Xtstd=7t FEMECH ¥3 Z<(under saturation) Atsb7} 2ksto{ &40 25
AtEo| HMstoiE FMo| =X ol MMM ZX|5H7|7F &0 It € (b) et 2ol FEH
o| AetHAE 2 Alsh ideal saturation) SHAl =™ EHo| E23| Ast=AYX|2t EHZ= AIH0|
HO{2X| 2 &aFoMTt =dXE0| WS = flste FAXE AT 2 MSESH|
(S/N ratio)2 &5gt 5= ct
stk J8 (c)of &ol FEHS Hol =Z3kAtet FAoA Xt=t(over saturation) SHAl =H M=
= AtEo| A2 FEHOAM X3 e o 2ot HXA =t SHX|gE &4to] LM SEX] k2 FEH
ME APZ|Eo| O 2 doles 2HXE 59 ctE 202ldl ost Aol HEE0f FRe A5
A SESHZF LKA = o2t ER A2 FAMXETIHe V=7 == gl AARHD Xt
TEAHE R EHe &4T0HE A= AR D AH2o| &M4FoMeE 2ol Aol &
Cho] Mso 2 &2 o|F7| 2o FEHS XSZEoM HAtsteE 20| Z235HUCE.
SHX|EF APV|HMAME 0|88 FAMXIERH UM = Astdzel MHo| sHo w2t 2l 5+ U
Ct. cH&t £xje| ZHIts EAst= Zo| ofuz2l EHMsRe Zets EAStIA & e HYs|
2 AUIEE 2N EHERE 85| ZSNA AV|FAES daAl7|= o, 5ot
FolM= A7|&o| Zaghol wz2l X[ FXg0] MYs| Z gio|l Al He 2N MEMoz ®Fst
Fo| gl 2st #xE s F A2, 0|F Sl FM WFe &0l HE 2 £ Ao =4
A7 |dkel A2 FctHol 2 2M2 S5 B2 = Uch £ XEEMIE 22l MMt
22 AZIMME ASSH Mse MSESHI7F M2, MESH MSHEE &6l To|=E ZaA
7|0 FMXE AMSEE BRole 7 E0| ME IJtsstct. o3t 7=H sHZuEel EXet W
SHEo| £MZICho| Z7hsst &Fe| o|RZE, 22 dAFEE FAXEIHe A EZSHKE AKX
st BEE =04 AE2l W - 2R E Xctste A7F Bt
ZEM AlHe| XV EH Y
AZIEM 5 2H
- XIS MM E XtstRe| zMstEl MAE 215H0d B-H loop 5 AlAES 0|&5t0] ZEXY A
Ho| XV EME St
- ZXtEAH 2 B-H loop=2 F&stzA™ AlHEHo| AV|EE Qlotste Atat T (1A Z) 1t AlHS| X5
U E SH5H| fIst MR ZY(2x ZY)S AMsSIo{of stod, O|E <lsf O 72 &€= ZY =
ME MsIch MAE ZHE 3715 W 12 mo, 20Z 25 mo, 20| 40 mols| HZE of
322 AtEstct.
- HztEl 3 ZHol| 1xXF 22 2Zol 0.6 mmd 2| oLtH SMES 131 5 FMIFeH, 2 X =
&S 2Zo| 0.3 moe| oLt SMS 230 5| HMSIUCEH




- XF7| HZFZ= (magnetic closed loop) EAME QA RIAE HEE. 23 A
5t0d Z 44 mm, =0| 25 mm, Z!Ol 45 mm, FH 13 mm 2 = X} HEl2 F IHE M ZESHE |
Edtd 10 mmZ 2Ao|{HE (wire cutting) HHSZ HM=EStD ofcclo|d

rlo
j[d

of Este &
S

M M2 E

—

- B-H loop & FAXg &H™o| X=3tE M= Xt=Hmagnetizing) 2lEE DA converterE 0|25}
Mo XMzl EEoM EYHEE= MSE

0of T2 Moz "M A|F|D AD converterE 0| &5t

1 B,
of ClIX|E AMs2 Hests A[AEO0

22 =

ro

- 2t mxlzkel SIsHAl NI ALS| BNC-2000A Efold 222 A8SIYT, 13 8

- £x8 % A7j0|HF o b ®=3| o= o{xokst
ch. AlHSl EIRIE SlsiA Aol T7|0F 0% Sof MY UMBICIE AEEE A2TES HFEEof

E
L 2=l DA convertoroll M S A[Z{ M2 ZZ7|(power amplifier) 2 MEst Mz SE7
= 1 A Lo MFE 2SI AlHO| AZ|H o2 EAF AtEl(demagnetized state)7b = ES S)

0=
>

ict.

- EfXpL 2b2E & B-H loop XS A|ZISHH DAQ system| DA HEt7|olA Xist AMSE M BF
7|2 Elfn M3 ZEJ|= o] AMSE ol 1X} Zo| MFE QIJIEIH T, Shunt fche| Mets
AL T E E5| AMS SEZS S F DAQ systeme| AD HEV|E S5l AREZ 714} =l Xt
7|& @ks A dtstdct.

o LEXN AlHe X7| EN
z m@l 25 A|Z22| B-H loopE &SH™st Az, E

- ofeh aEe 5% FxE
K 16 kG Olof, 217} AF7|%H 50 Ol Al Zats|7| Al
o

A2 2 13.63 0e (1.08
Zt5101 70 Oe & Ol M

10
- il
G) 7 4
=, Fg i
5 b /,/ 7
g ‘,-"'
5 o J /
) ,
e / / B=516kG
g / /  H=108kA/m
5r / ) =13.63 Oe
/I e
SRt H__=536kAm
10 i 1 Il :\673 C\)e

1
80 B0 40 20 0 20 40 80 80
Magnetic field [Oe]

<ZEXM AlHE2| B-H loop>
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- ofgt OEl2 §Xg =™ Az =l EXE(nax)2 25 AF7|F 29 0eg mf 222 (cgs unit) LS

2401519 Ch,

Magnetic induction [kG]

s H=290e
T // e = 222

ol L L L L I I I
0 10 20 30 40 5 60 70 a0

Magnetic field [Oe]

(5) ZEAN AlEHe XIZIEM £H

AT M REstE 9| =22 UEs AKX (Neodymium magnet)

= ZH(carbon steel)2 0|23 23 (yoke) HENZ HMZEI5I0] UZAIAMSES @
Stete 2 A7\ Eo| #MEA SHCE.

4 0
o 0z
rlo
(@]
&
M
ou
B
my
°
w
O
=

AASI= B

(AT =R
o

Steel plate

™~ Meodymium magnet (Nd35) o

<Kzt 3 MAHok

e ANSOFTAFS| Maxwel | Z2IE 0|25I0] AMAHE XI5 32| RI7|AEEZ

= |[Mdoi= Zxt,
2R AlHo| 2x|stA 2 StetE S4lolAM 186 0e2l &=E8H At7|Fo| dMEg =elsti i, o

.

il
<M ZHE Atet 23>

rr
o
i
mjo
°
V)
o
£
[0

S 25l 5mm A2l 7I2 90mm x A2 100mm LHH|SE 7K

of, ZEel ok Zol Ztzk 2ol 100mm x LHH|[ 10mm x =0| 20mme| U 2E|S AHAM S R =St 5t
AE M}, ol ¥=2 JHX|= sStrtel 2 Y=XM L 22 HEls 7

AMHEE 0|835t01 ole] ZME XIZ|ZEMTIE FH5IF D ZEM AlHS Z3HAE A

=
717l S2%F 160 0e 37|12 At7|Zo| Atzt 39| StehRo| HMES el = ALUCH,
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Aol At EH |2l
& T 3H(Hall effect)= 1879 0|=Z2| Z2[=tAt o =@l &(E. H. Hall)ol 2lsiAM LHAE 32,
A21& o TAHOM XT|Ee Aztgtagoz MFIF E2H, AY|EI dF FIH| ZFo £33
St Wee 2 MY|EOo| LiEtt= #ato|ct
J8 o Zo| xteke2 MR Iyt S2&= sttt 25 £ gtEA mo| Ao =2 XA BzE &
EAl7|H, 2El=2| E(Lorentz force)oll 2laf MZ7|E Rutst= H2l0i7F M F/LE XA = 2fel
gato =2 230 = XA Ect. o|2 2lafl Bz, Iyol F2lQl Wakez J[Ma Ex7t LA S0
MFet Xtzbof| ==&/t dbgko| fcto| MSHE WA =, WRol= M0l gMECE ol 2=
of lnt FME ™A 2lsto] 2= o] Wy S ofFA =M Lctof]l MME MA2 AR v
st Elch, olds Egn e MREAV|En2tn Shot
Bu
N0
I
v
<E 21

HRIL AlRe| 2HOAM QLEHLRE 521 ARo| Aoz XI|Fo| ZHJAL, AR Ho HF
2 38 7 Uc Tst2AM kel MAHG nfel thel MStrt Aok, KT Eol|l olsi &St charge) =
2= Bl(Lorentz force)2 &1 MFet AT 250l 2{ch ofef Yoz HH =27 &t
SHAARZE A7 | oM 2= . MI1Ee| MZIE E, AZ[HUSLEE B, TAe| Mt &
EE ZZt e, vt 5tH MAPF Eh= 2 Xo| © F= o2 A Ip ZHof LtEHACH

— o o o
(Hall) Mgtolatn REch A7|&o| Ze+2 MRS 82 of %ol i =3 weid 2ol
Same MUAE O AHANCH HB E25 AIZF (10-6710-11 sec)ol X|L@ M|z x|
—
2 ge 3|0 "W Aleiy} Sk "WE AlejolM F=0 o H22 A (2.7)2 ot Zo| o

y y (2.8)
E =v B
y 7z
ol AlZe| FHE d, &2 b, Z0|E c2} 5tH MF= ch=2h 2ot
I=nevdb (2.9)

ojmf ™eIxt= ErAO[2] H2[of H|SIEZ 5| MetAol Hels MU= V=EDo| =1 2[F
A7l et deknel A V=ovbB 2 FOZCLH = 2F A% 2o v|HSE £ dAS =
auE Sol ¥2 = AUct




1 _ 1
047|M V= E]B olEz EXee MFe Xp7|Fof vl stct. ol ———2 [w/Clel Et
ce nee
1€ 7tXl= ZAH $(Hall coefficient)olnd et o=z R, =2 ¥E7| St ofmf 2 [m/Ccle

nee

el E 7= ZA5(Hall coefficient)oln YEtMo=z Ry2 #J| gtot. £ok 0| & Heol S

=
_ f 171 = o] EMS = oy
2 L= = Mz Kyolod 2dAMel EME HEfl= glol Elct.
EMME= oler & g1E 0|85 XHAle] &Eko|Lt ZEE SX™SH| st Aok, ApEF
EHE EAKXNEE YEX oz EXMA0| & BEA I T2 AIRED o0, E5 2EAH T} H|
™ =2 olgnt otE|E9| StetE(InSh), ZE3 H|Ao| 3EE(GaAs)s= ALEs0 XM Zh=[od,
EEE FHIF A2 Husoz ohECL. 2808 0|25t0] YEtd oz EME = Y= KEe| B
9l 1 x 10-5~30T MTolod, Eajs5e 1 x 10-7T ¥Tolch E4AHe Mol Solstn, &
EtElel 37|71 27| 2ol &2 H2oM FHo| Falstct
MExol 2MM= 4709 Eo|UZ sIRA=O 7| Xgel 2 AIBEct 2MAMe S7t82& 08
152t 20| WAtz HAZE XMetnt &3 Holdo AMNE=Z F el Meelol dAZE gejolct, HA
FE Hoisty| 91E 2702 Eo|d2 ZHAEE Eold(control terminal)E =2l 1 M2 HEE
XM Ri 2l sttt 2719 Efo|ld2 E2HMUS SHSH= XtsE(differential output) E{ol4
0|0y X& RO= Xt=& X &o|ct.
2 OEdM SHAMe| UHCEAL g-pZtol| LAXSH HHEF IHE =2F™ &Z2HE c-d7ztdl= Z7|™H0|
gtdisto] otz et 2ol RS E Bofl HlEsh= VHel = FMeto] HMEICH 2MME RiEel £=3M
22 E™5H| 222 X9 ol cose & H5ho] =AM RIS Hhdsic)
od
VH
E MU= VH[V], MFE IH[A], AIBLEZE B[Wh], & AFE RH[m3/As], HF=EA mo| FHE
dim]l2t stM, = MY VH[V]E ClS AleZ BA|I=CH
R, m x ! x[A]x Vs [V] (2.10)
V,=—"-1,-Bcosf — = )
g A-s m m’
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st MMl T N2 WY 2MAMel XSS DEstol ofgfAlmt Zol 7E £ Ut
WH
N> 2 (2.11)
Rh,
of7|M R,e MM stitel Fet JHs WelE LiERACE 2ako] 9Ix|JF BHIMolM 1/2R,2HE
Hulel whatoz "ol US of ZAXE 5 Us Eof HAS LiEhdACE
2 A FAE MEECl MEE A7E Sof MM B HZ2 Sl tomm olF 2abyix| A
x| JbsEhe SIS watA 100m Eof ZEME SAZCSY| siMe, BHAM stitel
ch Heol 16mE VIESE A 774 olMe BMAMIE SZHHo=Z sjE=[ojok Bk ofo 2 oA
ol M 100mmel HH|E JiXlE MAME=el MAZS s, Ul Laoz 10742 SMME off I
2

/ =
g2t ol "ASHA vjAdsto, 12]2f Fctez ZF Al 100mm HE| F2+2 SAlof Zcte = U

ATFoA = St{HollA MAE[= InSb = MM (HN300A) 107HE 2[2t &0 1omme| ZHH2Z Hj
Fich. HW300AS| A< HT™F (constant current), MM (constant voltage) +&0| 7HsshH
F 7F3A = 38 MF= 20 mAo|{ @3 E3 QluEAE= 550 Ohmo|ch, B2 & oo
= = A3

Mol E L& MMl ®M7IN Abgolct.

5t

> 03 1R T

l
=
S

(e

Electrical Characteristics(T;=25°C)

Item Symil Conditions Min. | Typ. | Max_ | Unit
Hall Vi v Const. Voltage Drive 122 420 v
QuiputBall oltage | Vi | psgm vy m
)‘::::‘/ Input Resistance | Rin | B=0mT, lc=0.1mA | 240 550 | @
Output Resistance |Rout| B=0mT, Ic=0.1mA 240 550 | @
Offset Voltage | Vos | B=0mT, V=1V 7 57 | v
004 Temp. CosfliGent ol |V, | B=50mT, Ic=5mA 18 %'
Temp, Coeficentoifiy |oRn| B=0MT, Ic=0.1mA -8 %G
Dielectric Strength 100V D.C 10 Mg
= =
<HW300A =MIA{> <HW300AS| M7|& 4>
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EHMMERH ASEHE AFMsE , et 2 Cteksh 20l 2|5t =o[|=5 =Zglst
AUCH o[HTF o= 2ls & J|HolAM &EStAt st= FAAS MESIF AEEX #E T,
Lo|=7t A NS 2 2204 2 Jtsde 7P &4Echol 2 g2 o|x|Al ot oldl o]
Hoh LO|=E z[2stst= SAlof, Zicho| 78t ATo =8 LHAIF|IX] &= MsHeE 1HY
ol Estct.
oteff OElol EHMZRE = E LIS (Raw signal)E LIEIH} D LFFZH250~400mm) & =HCH
st &% T8 (b)oll et 2ACE.
14 52
ol Raw signal ot Raw signal
10+ 5
S s
x ><4‘9
3 6 2
w i b W 48
s 4)"~*»m»ﬂu«~_» s
g ol 24
g s
= 0r =
2F 45
4+ 44
E 0 g K.)U 260 3(.)0 400 5[‘)0 Eéﬂ 7[‘)0 800 QY.)U 1000 4‘% 00 150 200 2;)0 3[30 350 400
Location (mm) Location (mm)
(a) ™A 2z (b) 250-400mm T2+ ZhCH
<EHMMZRE FHE A4S (Raw signal)>
MY (a)ollM HEHEMH MSHAHIE 9 4V -2 LEMO| 5P D, AZEDE 7 Aol
ca|=est =xstct olS2 ol HolM olofE Alsel HYstE 93 Msxal ¥ el

FE Z=2M2of FEsS o|Zct

EESH (b)ollM 2 Zd[o] MI|H 2lof olet nFnt wo|=JF ZEN AUASS =l & = U
Ct. Ool= FAHXLHZ o|3ct olAlet &4 ZX| Al o|= ASTF &atez 29204 & JtsHo| &
Asto AAGLS Mk AZIA =11, o|2 Qlall &atRItte| CIZAEE Xsliste 2¢lo| ot

olg{st 1Fu LOo|=E HMAHstLA & AFOoM= 1XH2SZ Low pass f||ter|ngg Tl stct.
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o = AFAM= EHEBSH(Hilbert transform)2 Sall T©ZtxZS ALtstl, o|E ol st ==t
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your application will affect the performance

re Ratings

(Please note -

Temperatu
available

)

Max. Working

Rev.Temp. Coef. of
Intrinsic Coercivity

Rev. Temp. Coef. of
Induction (Br), a,

%/"C (20-100°C)

Temperature
(based ona High

(He), B,
%/"C (20-100°C)

P
1
il
o
.09
0050

Magnet Type Suffix

VH/AH

* Please note that N52, N50, and N50M are rated to a maximum of 60°C

(140°F).
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Bt A% AEE PCB AA

E(Hall) dM S22 MAA

o 2 AFAME= X F(constant current)Hez = HMME T35t OlE /50| OP amp. &
225 HMF 4o = 2t2351%Ct. 0P amp.2l H|HFM Qladcto| MAQY

= 235 Lord M Histof A0l Lorddl= &

o 22 FQto| 2oty & AR TR/ Aol Z2o| Eot¥E|X|7| meo 2 dFoM= National
Semiconductor®| voltage reference LM336-5& &-35t01 5ve| oFH Mol MUAE RIS L EZ|
H XN&es 0| &st01 voltage dividerE TFAst = 0P amp. & &&35+0{ voltage fol lowerE A st

HMOF o20 3 Mooz #85t0] & Mol ebE ol

(constant current source)E =
o

—

5
mAe| MJ{It IVt =5 St & MAMel &3 MY = =
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offset ZH2| o{2{F0| AL OP amp. Ml 7HE At8St= AZSSE7|el 49 2 AF9 =23 I
% ottel ctafd o|HA Asel FEZ32E CIXtelst=0 of ZAtgto| U0 OP amp. F 7HE &8
st AESE7|E FH6Ict ASSE7|e] £3H2 o|5 =H 1} 1st order LPF(Low Pass Filter)
£ M zE £ S E EH SiQct otz 282 AFMAM ALEeE 2 MM FES3| 20|t

<Circuit diagram for hall sensor driving>
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M == el
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EtAi=lof QUch. o] wEtErAl Mel ZZAX|= AC 220VE DC +12VE HIHF= Aste stoh. wst
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TN EUCE
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<FUE oladE 84 HW 28 AlE>

Ct. Prototype M= X AXAE S S$t Portable®H| =& (oH =&

o 1A} HE AIXMES XHAAIY st Zob ZAjof| 2dst 242 HESIQCH 2&F UEs ZF=8 &
MZHE ZH|o| HAXMES fld Clust stFolM A|EE AAlg Bl QUct. w2t 2R A|EHE
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(2) MFL Prototype M|Zt
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<MFL Prototype head % upper>

AMYE 2> HHYE 4>

<MFL Prototype AFMZUE>
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e 5mm, 10mm, 20mm2| & AMA|HO| CHEF MFL Prototype A7H AlgADlo|ct. St XM U ZoA A|H
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Lt H/W o

(1) H/W 74
olJ4 E Z|HF Portable ZTZ=& &4

o
ot ASRE AHA

Tt Moz FEE

= AAAZ
o (Sensor Head)2t o|E 1H™st= MAMX|O

(Magnetic)2 =M A (Hall Sensor)2 TFME MA3
(Sensor Jig), MolFet HAZ == FH4E(Connector), HAEFE(Body) 22 FAMEICEH
 HoiF= EMAMFSE 2 (Hall Sensor Driving PCB), CIOIE{=%&ZX[(DAQ), User Interface(Ul),
Battery2 TAME=IC.
<ml1d g 718k Portable Z72E E4HE Al~" 743>
A5 Al o] -
A& = (Sensor Head) Z A 53] 2 (Hall Sensor Driving PCB)
AA A 7L (Sensor Jig) dl ol B =3 A (DAQ)
User Interface(UlD)

(2) A=E
(7} M M3 =(Sensor Head)

A 49E (Connector)
Battery

AS5EE (Body)

7. User Interface 5. Hall Sensor Driving PCB 2. Sensor Jig

M (Hall sensor)® FAME0{, 23

MA 5| =(Sensor Head)= LTAME 0|88 23 (Yoke) 2t =4
EHol Xp7|ES HMEIH MAMEE ol AxIst EMMIE SRl SMXFE(MFL)

o yPxE
=53t walolc,

=
H2LClE H+AHd (neodymium magnet)
HMEICEH

2Z(Carbon steel)ES 0o|&75}0d

=2
=
o
Il

=
LA el of X7 Eol

A (Yoke)>
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MM F(constant current), T (constant
| o

o
S Al ZHf 58 MF= 20mA, /& o

Hall Sensor

<ZMA (Hall Sensor)>

<EMAM HW300AS| M7|XM 5|F HCUX|>
[ tem Symbol Conditions Limit Unit
Max. Input Current lc Const. Current Drive 20 mA
Operating Temp. Range Topr . - -40 to +110 °C
Storage Temp. Range Tstg. - -40 to +125 °C
<EMAM HW300AS| M7|H AHM| At2k>
[tem Symbo | Conditions Min Typ. Max . Unit
Const. Voltage Drive
Output Hall Voltage VH B = 50nT, Ve = 1V 122 320 mV
Input Resistance Rin. B =0mT, Ic =0.1mA 240 °C
Qutput Resistance Rout B =0mT, Ic =0.1mA 240 °C
Offset Voltage VOS. B = 0OmT, Vc = 1V -7 +7 mV
Temp. Coefficient of VH aVin. B = 50mT, lc = 5mA -1.8 %/° C
Temp. Coefficient of Rin | aRin. B=0mT, Ic =0.1mA -1.8 %/° C
Dielectric Strength 100V D.C 1.0 M
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AL Y
<10ch Hal |l Sensor>

(Lh) MAX|2(Sensor Jig)
WM K 2 (Sensor Jig)= HMMs| =2 A ==& (Body)

2 15t o
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or
ol

8¥el &dHE0| It

Fal gtz 83 MA X 1>
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08!
re

<HMX2 HE 2>
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|

(ch) ZH4E{(Connector)

o FHUYE{(Connector)= HIZHE2| PCBel Mo{&E
stz A&tz 2k 1mel Hol22 AIEsSI] AEFe

MAX 7, FHUE7} 22
ste uimiel extol2 Hx

2 E0lstil & = UAESF

(3) Me2|F
(7}) EMAMF=3|2(Hall Sensor Driving PCB)
e EdMTIEZE 1 dudac] zMA FH MAS flstod F oMol AMEET|(Operation
Anpifier) & 25t AESE3 22 FA=ECE HMF(Constant current)el gHoZ MMIL &
EE7|e| & £ AMS= Gain gt =&} LPF(Low Pass Filter)E AN SHECE.




(LF) ©ololei 47 & (DAQ)
. EBHAMZRE

£
92055 ArEsSIct 2

I

[OlE{E =Z35t7| fIst HIo|E{=&ZXIZ National InstrumentAl2| NI
2Z 5 40 ° ColAM 70 ° colod 1672 Xt=/32709 Y ZEohs ez

i
ATl
n
2
1
i

Al <0..31> CMRR
140 a‘;
120 i - ‘
™~ 4
3 100 < ‘
3 I
g o \\-
= [T~
& \\\
ol L L P
40
>
60 100 10K 100 k

Frequ;nléy (Hz)
<=2E&E 2= H7HH|(CMRR; =
N o , <cflolg] %% kx| (DAQ)> <Z247|0]=(20ch) >
Common-Mode Rejection Ratio)>

<H|O|Ef =TI ZHX| NI 92052| AbM| ALE>

| tem
Numner of channels 16 differential /32 Single-ended channels
Input Vol tage(Max) £30VDC
ADC resolution 16 bits
Input coupling DC
Nominal input ranges £10V, x5V, £1V, £0.2V
Maxinun working vol tage Each channel must remain within +=10.4 V of COM

for analog inputs

Operating temperature

(IEC 60068-2-1, IEC -40 © Cto 70 ° C
60068-2-2)
Input impedance (Al-to-COM)
Powered on >10 GR in parallel with 100 pF
Powered of f/over load 4.7 kK minimum
Input bias current +100 pA

« EMMFSIZZ2FH EHE 109 otz HAYHOIHE L= 2 2= ct3nt 2ot

<Flat cable (20 Pin)> \

e P e e N ]

7

Al3
Al
ARG

Analogue
Channel
(10 Pin)

Al
Al
A3

All4
Als
Al24

AlZ5
A2
ART
AlzB
Alzs
AISD
Al
AISENSE

Com/AISENSE/GND |, ‘

Rl
|'O
N
.y
2z
\%

<EHMMTSER - oole 5
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o DZL{EO| ZEA|EE= User Interface(Ul)e &

(Ch) User Interface(Ul)
1S Labview 7|2t 2 HMZEtEQlen{, o|E 0|35t0{ &
HE M 2 7235l AZSE HOlEHE AAZHoZ Els = )

|
User Interface

(2}) Battery

=oHe=E T

- ololgl A NI 92059 MHATEMee| Wels +30VDCERM Wl het PAD W
HMUAZIE SIt01 12 v IC BHE{ZIB elvtsich, BMAMTEER o ANSE7|e AW SAE

215k +12 V/DC2F -12 V/DC2| LT HiEZ|E 2

(DAQ) HHEl2]>  <EMATE3|Z (PcB) HiEIZ>
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oloff S¢tst ZGh 2 EMNNYECHs MAXAH 2t YEOtE g o2 MY JtsEH, AE
At ozlsts me|X 2UEY VIS JiestnAL st D, 2w MAXLe| AMAIZE ofaudlE F=F Al
S Eolg fIst 2UEHE ZzJ# M ESkYct

MztE A |

T
T~

LabView 718HO 2 Hetsigiont, olauEl M4 AlARe 2/ Hojot ot
Herstiont, 10 Lol SAl $25E ofadE A% ololeel o

olst N 752 SAsIcH
(o)

ol BM Aa ZX| Al Mg elciAolee] MH U 22 YIS S AN} MAze=z &
Mg X = ATS A

HMZS U 7l5E BoR TEEoN MUY LHXSMS ClaZol | LY M% A
- 0 2 ~ Ul THelolE MY
o &

A7 x=E HAE S/W atd A

(7h S/W +=2 25 DAQ & Controller o4&
etz AP =E MFL Ret A|lAR2 Ho 2 M =22 25 LAN ¢4Z 2 0|23t Ethernet &4
S 0o|23l22 HAEER 9 A2 st= PC2 NetworkeS ofefe} Zto| o 2 MH 3sliF0{of St}
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@ Controller 2t NI cDAQE OIHH #HolE2 ¢ O8 T Zo| M2 AATHC},
@ POWER® , ‘STATUS , CACTIVE’ o FE24 Ho| S0{2H ZE dZo| A== Uct= FAOlY
CtS A2 do{otH Ecoh
(Lh) S/w 32 st 4 34 &Y
Pususa - o %
+ ¥ HERS 853 L1
U oy ya * @ s B 7
e [ W
.
Pvs EF HENI0 AFSO UK WS
PvE T3 YEYIY FFEO UK B
OjCj0y AMER MNET
AZH 00:01:07
L= 100.0 Mbps
e
2 ‘-:! o
e
107,775 488,045
QuE o BD) 2EHG) .
271
<HE®Z A4 HdHE>
@ [HOE] —»> [HESZ & 2d-Ull] > [HEHT dZ] 4YEdAM ol S HEEE o
@ o|fl Aefj MHEFMAM M HES =8 S4ES Z 2.
U oo %4 X ®
4= zg
20 ST AL tIP RS *E”g 7|.==. Rgae p 40| HEoS BugCe
& Realtek PCle GBE Family Controller = ZELNA RES P EEUS
TEQ.
9
= - - ]
™ E'I\a'1|crc>sc\'ti-1 1-1391} = &
[T & Microsoft LIEH3 "1‘;"E1 HESEM ZEES
W 5 Microsoft LLDP EE£F CEI[H
M 5 SIEQ SRES HH 60CP/PVE] N @®ASZE DNS AH T 27IE)
g i = T > (O THS DNS AfHf Z2= AE(E)
ERIQ].. [ 1Y) = HR
23
THEHMAM Microsoft IEHI0] Qe 2LAE BMAT 5
=UCH
A=)
= = =0l s
<HE=2F IP MHE>
® UEHYD SYES Fof ‘e TREIHM 4(TCP/IPv4) S MESTD &4 HES =
=2 MY st
® SMFAM RZOE IP T2 B MF F ol mES F20)
® ToolO| Z3t=0f A= EHE =22 28 sto] otels Masict,




(ch) s/ +=

2 flet

NI MAX & H

¥ 15 M2 - Measurement B Automation Explorer - 2 %
BEE =AM SFm E8TM) (2)
ed £ P [ 58w 7
9
i @sz v
MAY Y |
«d National |
5 2ZEg0 =AE 08 DESKTCP-66NTGH Instruments
-‘l"" _D":f" DNS 018 DESKTOR-B6NTGH Measurement
B2 83 N=g RESH LG Electronics & Automation
ES TSUDTEO-PHSEK Explorer
Measurement 8
A g S 80TPGWR102297 Autornation Explorer
2 = (MA)= METE
oL AT 15076705 National lnstumes T
BEAO AT 10 ag LR HEY
o5 Microsaft Windows 10 Education S
" ¢alele ol
A8 AR Al -1 4
A2E AR A 2020-01-08 2% 145 _.;.919“_'»”
=, iV ES SR T [VES
AT ET @ B2 SR0MD ¢
Fgfl Mational
nstruments 4% Eg)
- I
PECEFYN HiOl A°
HE 159G8 B OIAEROED|
ME 108 68 ZH% 83
R 183 G8 gﬁiﬂgﬂ
4g 12268 CIHI0LA
2 23268 E&'!
as se LE guyzs
il 2508 CHiOlS 52 2
CPUEg InteliR} Core(TM] i5-8250U CPU @ 1.60GHz =QLICL BUE
sime
CPU TR 2C 1% | 6% | 6% | 0% | e | 12% | e% | 0% E,S, "é'ihﬁo.
chysEEE 2E 16% | 6% | 6% | o% | 0% | 2% | 6% | 0% 5'"”' Lkt
MAX ALS WEtH 2O
AHEH EEE EREH
RIO MH|2 3% wHlA clSEls SER
ol mesi 8
AfEf B Fro ] XM\!?J N
Byam e FYERS Y i
<NI MAX Measurment & Autimation Explorer>
2 Alslls olo| =X C= ¢ I ’ o S 2 =3
@ NI MAXE AdlstH (2| Fol cl Clutolaet QI olx” Rl > & 2
ofo A E Ml E X = — of— 0O e ==
@ ghek A[A” ME Fof| offF AL HOo|X| §=ctH, M2 1S FErt
w NI cDAQ-9191 "cDAQIT91-1D14C4A8™ - Measurement & Automation Explorer = [m] x
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Imaging Magnetic Flux Leakage based Steel Plate Damage for Steel Structure
Diagnosis
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Low-Voltage EM(Elasto-Magnetic) Sensing Technique
for Tensile Force Management of PSC(Prestressed Concrete)
Internal Tendon
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Analysis of Magnetic Flux Leakage based Local Damage Detection Sensitivity
According to Thickness of Steel Plate
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ABSTRACT To diagnosis the Jocal damisges of the siee) plaies, magnetic lux leakage (MFL) method dist is known as o aidaplible
non-destructive evaluation (NDE) mehod for continwam fermomagnetic members was applied m this study. To analysis the
sensitivity according to fhickness of siccl plaic in MFL metiod based damage diagnoss, scveral stecl plate specimens that
ave different thickness were prepared and theee depths of artificial damage were formed 1o the each specimens. To me
sured she MFL signals, & MFL sensor head thit ave a constant magnetization inensity were fibicated using a hall sensor and a
‘mugnedization yoke using permanent mugnets. The magnetic flux signals ohtsined by using MFL sensor head were impeoved
thrmugh  serics of sfgmal processing methods. The capability of local damage detection was verified from the messured MFL sig-
nals from each dumage points And, the peak to peak vilucs (P-P value) extrcied from the detected MFL signals from each
thickness specimen were compared each other to analysls the MFL based local damage detestion sensitivity mesarding
the hickness af steel plate.

KEYWORDS Magnetic flux leaknge, Steel plue NDE, Local damage detection, Sensing sensitiviry, Thickness
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1. Introduction:

Steel eable is an important member used fo fully
suppart loads motractures and tansmuit power, and it s
wdely wed becsuse of itz high strength and
flexability Steel rods have also been used to comnect
and fix suchures as well asmsimtam tsnsion to swpont
3 losd Becamse theze menchers fillly support fhe load
cnthe structure, their health s duectly related to the

suth 3 comosion caused by the external envisonment.
cracking due to unexpectsd mechanical movement,
38z crsed by long tam weand menl loss G ©
Hiction Th T d quickly due fo

fension on fhe cable.such fhat defects inthe cheal bar
orcable can lead to sipmificantsccidents, such 2
structural fiilure (Abdullah et 21 2015).

Some steal rodz and cable: are uzed in sifu in very
daneerous condifions Such defectsme not eaaly
datected due to the characferisticsof the steel rods and
cables, such as theirconplex cross-sections and long
lengths; defects we offen fmvisible and occwr in
imaccessible locations(Weischedal. 1985).

For thete reason:, mamenc sercinghased non-
destuctive evaluation (NDE) methods can be an
affective approach  fordefect dafsction by faking
sdvantage  of thecharacrenicties
‘members which are confinuows in 2 cress section and
compozed of 2 faomagmenic maenalihat i
eauily(Shi et al, 2015; Wang st 2l 2005:

awthor. Ph D Associate Professor.

Weischedel and Chaplin. 1951 Yimet ol 2013).
In fhis study. = magoetic sensmg-based NDE
mﬂ:nﬂwaspphedmmhﬂalﬂuL Amons the
s magnetic sencing mefhods(Lenz, 1990; Wang
2oL, 2006), the maagnenc: o leakes g (MFL) mahod
wa: applisd becawse it iz swtable for comtinuons

"Mots: Copied from the manuscript submitted to "Sman Structures and Systems, An Infemational Joumnal”

for the purpose of presantation at ACEM18/Structures18
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