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Eddy Current Inspection for Continuously Casted Slabs
in a Production Line
Tatsus HIROSHIMA, Akito NAKANISHI, Takahide SAKAMOTO and Akioc TAKAHASHI
Synopsis :

Eddy current inspection methods for continuously casted slabs under hot stage have been developed. In
order to suppress the signal caused by oscillation marks, several signal processings are discussed. A new
signal processing combined with multifrequency eddy current testing and signal pattern analysis can detect
fine transverse cracks at the bottom of oscillation mark.

An eddy current testing system with a spot scarfer for the detection of subsurface cracks is operating in
Kashima Steel Works of Sumitomo Metals. The scarfing nozzel is used for both smoothing the surface
before eddy current inspection and removing cracks by the inspection results.

These methods can detect cracks whose depth is 2mm, and will greatly contribute to the expansion of

hot charge rolling process (HCR).
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Fig. 1. Detectability of eddy current probe
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Fig. 2. Temperature dependence on detectability.
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Fig. 4. Relation between test frequency and
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(247 (a), (b)) CHLESEEILKEL ), [
BRI R LIS 2mm D ATHHES <2 —v & O
FIAREEL /s, EEAS TREETAH S » VL — g
V=R DOBEIN—ETI & 1T (¢) HA—RgH
THHIEND, Ay v—va V- FETTOE
HCik, REIRBFLETFT 5 LHMEI LS.

—HRIZ Y 7 oA 7S O AL R E S e T
Bt X¥hT\w39, Fig. 4 AR OIRE L 72
V7 b A7ESERGBESDMMEAEY T L. Mg
BT EBR R UEECE E U EIR AU I AT RE T
HbH. A5 VLA TRAHEAZTNEL, SEOER
MR I AR AN TH D L HEIhSE. oz &
NoFdy Y=V vV OFETIHEEAT TEE
BIERER CRBECRE T L, &y v —va v
~— 7 ESEAHTHFH U ETUEESBE L 5.

probe coil

[

Mixer Bridge {

(@) Block diagram

Oscillator
(f1)

Oscillator
(f2)

Differential
omplifier

Amplifier

differential v

amplification

amplification
and rotation

7, /’
"2 r:D

(b) Conventional signal transformation method

Fig. 5. Multifrequency eddy current test system.

3. WuNFREXREEOBKLE

BIREERBRONR & 10D DO VUEhD X 5 7
INRMGTH D . BOOENRD A S 7R L TOREIR
IR OB Az — VIARIFT A L vbhTw B, T
bbZORENER ORI IRIOBEDMECRE X5
BADE . F RS HEMECIS CEREIRIG S A BER
KR TR 2 BELDD. BEOBREEIKECY
Th, AETCRBIERREhEYF v 51 v (EiRIEE
B CERECRHT 5 oI BR L R
EOBEE, ToBAMSRTOWTHENS.

31 —RRBREEE

IR TR KB R T Ak, Ay v
Vv Ve — 2G5 ERIBESEFHNTAELE DS
ZERENC RN, T HINE ER T A DI EE DI
T RANRWEREE O BHE Y R L.

3.1.1 JE®E

R R LE TR AR RS OmEE D 181
(In-Service Inspection)®19 TZDEFLB H D b R
to. TREBEEKRD X5 FETRERES ¥ M 3
A.

(1) FA—Da1rcRissEAERORSRERYEA

LCHIMmL

(2) HRABEBAIC OB A BN LR L
(3) BohARKBAEBENORS /AL THELL
T A= 2 CRATHESRRETS.

—RGEREESROME Y Fig. 5(a) RL. &
DHE TR BB (3) HoRTAETH 5.
EBEDONFE= 1 A1 X b ISI CiETERcE X+
55 oM ZRERHEGEI I AV Tw5. &
HAEOBRXMEI T HFIGEBRCHEELIHE, BAR
SHZERG S OEEL 5 TRE % EEMICIHET X /g

— 220 —



HgE A s S o MEREE 1205

WD Th5D.

XFEWRES oL Fig. 5(b) i3 HMiEE
ROBESEAENBHIATWA., BRI RS & &
s XEWRES (A) PRAEE S, fo TR0 E59E
18, AR s X5 EE - MIEERIEL TV, WED~2
PABEYERLTEE UL W ES GLERES (A))
I 5.

3-1.2 FE5wEL

BN 2 1 VR PR LT 5 9 = A A3 Tl
TREGFEFE, BHCIFET HHHROESTH oK.
TERES D Z L S EREZN L TR X h 555 T3,
ERBTREROBESLMEBAOThAVEL, THNES
DIRE - (L& SRBRARERC Lo KE LR s. Lo
THIRCOBMEE AR X 0, ZFRESYMNEL, X
Fafs 5 o 2 x i+ 2% o L atafgechor.

LU 7 e — 7 a1 % v dighsh i o EifR G 8K
HE2HACE, 4o v rv—va v=—7 L REXRMRIL
EB T - TCHCKACHFAET D L0 b, Thb
Bos —VIekEhERITNETEINRS. FEE,
Fig. 6 iRt X5, F,vrv—vaiv~—7EFSL
REXMEES O HAZ, IREL S L RBREEECH <
KT RE—E L 5. ThIBEMEER T, &
V=Y a V=G5 %RHETLE, RGESHELH
EIhDZEXFRT 5. I o THMEERIL S = —
72 A MBI R B BRKX OB HCE B Trgu &
L, fBoESHEBEEY B L.

P = A % e RIS CE S B S
Do, a4 e R ILTRET D L SR T 521
NOFBICERLIES % L MHT2HEE LT, B
DA RIS A V- 2 S ERIEEEARE IR THL 51,
L LZOHETCEAREREMHT 2 EE = 2, 74
LN IR ThWisw. A it e -7 2

3
.
g'00 artificial nofch (2 min)
g SUS 304
D sof- T
) S
g 60 S/N 2
- \\ o ~O. noise Z
§ 40 o o227 >
5.l o 11
g zor \/.\—-"‘ ------- -e
A LN

0 L

0 100 200 300

Frequency (kHz)

Fig. 6. Frequency dependence on separation
angle and S-N.

ANETIRIEHTREEEN R b, Tr—F
A WETH y YV —v a Ve FERIMEIL, Bk
B KRR BRET 5 0CE LSS mEkokay
2ot AHIFIREFEGEAy v v—vav~—IFE
DHIRE L, ZEREL TR ZEMAL L 52 E R
FREER L. ST THy YL —va v
< — 7 ESRIIHT Db OBEELMT OV T BT L
7.

i 5 % 'R oMK Y Fig. 7(a) wrd.
TOHEEEADBEETHE LR L E S REREREL
7, FRBEEO X EHTlEbhs <27 + L FE (X,
X,) TRSEZHHER L CAERES L RIRES AT
HHDTHS.

ZOHKTCHMHEAED/PNIN2ODEFES%, MR
AR X D I HWCEAT 5B ERT 51D OMEE
4 RDH. @HES% Fig. 8 WRTHEBESZ b
CHEME LAY ET L. BEE A 357 b

Gde )

(b) Result of signal transformation

Fig. 7. Improved signal processing
(multirotation method).

Yi ., Y2
Al Y2 E;>92
= «
Bi B xg
$
Xl X2
oI -

frequency fi frequency f2

Fig. 8. Calculating model for signal
transformation.

— 221 —



1206 B & H

# 70 45 (1984) #9 =

- =
WEE (X, Yy CoES 4, B ofififgEy 0, &
T5E,
9 ~
igl:Al)’
B,=B,sin 6, %,+ B, cos 8, 5,
Lins. &, J 3O ==, VR FATHS. A
—>
B o B FTHR27 P AEH (Xy, Vo) TORET 4,
—> -
B, Dfiffi%E%R 0, Y, ik 4, Ot Ay a LT3
&
e A
A;=4d,sin a x,+ 4, cos a 9,
2
B,=B, sin (a+0,) %,+ B, cos(a+6,) 5,
BROhD. (X, Yy) SPHEx AR § 220 EEREE L
O —
(X3, Y3) FHCkIT2 4;, By 3@ L b
—>
Ai—Aysin (a+ §) £+ 4, cos(a+t §) 54 }
s=Bysin (a+ § +0,) %3+ Bycos(a+ § +6,) 53

s, (Xo X)) FHETO 4, BRO®X LD

£=A2 sin(a+ §)4;

B =B, sind,%,+ B, sin(a+ § +8,) %,
CHHEMD, AL BrEATHEMEA-B=0 &b

§=—a HLIL §=—(a+0,)
5. §=—a nHBEERAE 4 % Y, B RET
BT ECHEL, §=—(a+t0y) OEHEEFAL B2 Y,
B RET S 2 L eRET 5.

éf%%j,Eka-Sni¢;5kEﬁ&9b»
TRRERT, 8FH <x—v (Fig. 7(b)BHE) &
Bz, KEDWHHERL TS =—a, §=—(a+0,)
DEEBIEROBERME R T > s o v — 45+ Fig. 7
(b) DZrL %, §f=—a ORERFTCIESYE
B P ATEM LT FADBE, OX L0 A0
BLIHD, 8F % —VEFATRRE e bFRAR
UGB &3 b, §=— (a+60y) YL
ECHRAELY RIFCHITE 5. LoCHlSL®EE S
R CRBREOHASLG AL L & L1

3-1-3 3 WIHEES 7 A b ER

TR TR O EE N RS RO BE A e+
HNFERDL. v —v g 77“7{5—'%&9(5@%%
AT B, T OMMMENRK L 725 A R
EFTNETHSH. FEOIERMEMERC 2mm EX o A
TRMGERE Imm OF , v v—v gy ve—rx 5 0
LU, HERE®ESOMMBAENEA L L EYE
B fopr DBRE RO, #E% Fig. 9 i B
MBI 7T v 3 =9 4, 88, A5 v LR (SUS 304),
=7vATHY, WTHORA S MHAALORAEILI0

500 -
Nichrom
notch depth i
200r1 2mm SU%/
100} //
= Pb
I 501 I
i
5 20+
> oL Al
/
2 I L ! 1 1 !
I 2 5 10 20 50 100 200
Resistivity (un-cm)

Fig. 9. Relation between resistivity and optimum
frequency (Fopt) for phase discrimination.

Yl X2

-~ .
notch signal

<oy
>

Xl

Z

\ ¥
X
!
AN
! ' .
' oscillation mark
signal

(a)Single frequency (b) Dual frequency fi1=128kHz
f=256kHz (multirotation)  f2=256kHz

Fig. 10. Difference of signal pattern between
single frequency method and dual frequency
method.

~20° THOt.

EEER O HLEHULFY 120 Q2 -cm (JRJE 1000°C) T
HoHilc, Fig. 9 X v 250 kHz BEOFEE CR A
ENRBRAKICIL S EHE SRS, I OTFEEETIL 256
kHz » o HEHOMREGHEE T A b L.

ATV VAR DOF v v —v g V= — 2B AT
REaEHl, v v v—vave—2E5LRBESD
A& — By, Fig. 10 b @M - §5 4 &0
MBI Xy, Fig. 7(b) CEHUDES 5 - v
e, KR THEA y v v—va ve— 2655 EXRM0E
GDAZ - vOENER IR, BREECELEFESO
FRBES LT s.

32 #5457

EREBFAPFUEEEIT No. 3 @ik v v 5w — LY
il cHEOUEh oK * B RS e E o EM
a7 A L. BOOEhoRBENTFHBIhZRAS S
=y FEEE 200mm DR EYEERERL 5, A5
FIEFEC 60mm ., S CREIRCIEO S —F

— 222 —



Bk A 5 7 o BB TG

1207

EATT B 10° HIFTEET S HRLEH L 7.
BB AR S LERE XY v, KL
B D XA 15 5 IRIE Ot 5 A 3EM L 7.

BT+ — r o—f% Fig. 11 (a) &, RIpEIL
FESHNOBEFRE Fig. 11(b) WiRL%. HX lmm
BUTFoxryvv—vav~—7E50RBIIEL, BEX
2mm [ EOBOOERE RFFICBRETE . L LIE
LLSmm oty vv—v g ve— 70T HE
BEHOBSREIIRE /Y, ZhbESOMENRTt
BTHHZ ERRLTNWAE. ThHESORFBERRDOWL

CC slab
J [ scanning

Eoe

_probe holder

discharging direction

artificial notch(l.5md)

SR B

4 1 T T T {7
. /
2 3| o O o -
]
= * 7
B sl o |
g 2 . 8o
- L /x -0~ artificial notch{2:7mm)
IS} v
51 F /x -@—tronsverse crack |
w ’
x_/x —-x=oscillation mark
0 ! L i L
0 | 2 3 4 5

Flaw depth (mm)

(b) Relation between flaw depth and
signal amplitude

TIESETERTS.

4. RRTRBEO#HKH

KAE MCHFAET B0 0ER L EER X D LKk
LB bonE <, ToBEE LS. BREGE T
WERDOREZHRC X b, RETRMOBHIIHEETH
5. RS BRSBTS 5 T ciliE S h % digh
R TRECER FRMEE D 2 ENBEIRTWA.
I THEEC Xy EEEYBRELEmRME LTHRHT%
HREBH L.

41 BEAR

BHE T RAOBEAN %Y Fig. 12(a) ©rRd. ZoFR
TR R THEYE T

(1) HgEgEREEOL » Y v~ a v — 7 % HH

CEhBRELFEEEHY B L L2 LTS, &
D EEA y Vv —v g VY — 7 EEOIMENAETH
HIEHENRTS.

(2) BHW XY A7 7RBBOBRELEATS. B
HIE#H C1EE T 1mm OEE LRI 250°C T H
D, TOZ AT ITRARE EEREER T B > T
b, ShiEET sz EMARERZ EERLTV 5.

(3) #BEoORAUEICAV BRI ERBOFAR
CHTEHTEETH 5.

Iy Y U— g v — 7B 1.5 mm Tix F Bk
FATRE TR0 OB BB _ Lo RHEE & /e 5. Fig. 12
(b) CFEHIH EOBOC &l h, =2 —r —EheziRil
Lit—fl% Rl Ao v v—vave—20KEIH
TR T BRB I TR AN (A 64kHz) TF X
TOXRMEPRIFCHEH I N S.

42 RHKBEOMR

JEWRIA 5 7D+ » b Fy — PHRY BRI B3
FTEM L8 - nBYR AR B0 O Elh ofE - F AR
) B v SR e AT RE 7 26 1B & RR B L 720

OO EhORER A 7 TS MOFEEMBICRE S
NAELD, A2V —20N2A 5 TIRFROEEDMBEICEE
B~y FRERETEXHBL L. BEOMRY Fig.
13(a) wmr$. BE - FARIKOFIHTITHRS.

Fig. 11. Result of on-line test.
Jir cyli scarfi fine 1 K
air cylinder scarfing torch '"en '“"5";"58 crac scanning position T
7mmX 3mm
[ a) }
1 ry ( e
— Tt 1 7
e L e L e
QJ) l:j é) \\\AA !nl i." 50 O R 5 W O o Y ER B D
7 7 /I ST 4 g g o y V 7 v Y
probe coil scarfing surface T+

12. Detection of subsurface crack.

(a) Inspection method

T Fig.

(b) Example of recording chart

— 223 —



1208 oL o@m w7

0 4 (1984) 9=

_“_ I scanning car
gos P
controller E
=
scarfer
” _—=a) pull

1/ gr'gﬁe JEpit

CC slab ,
L

(a) Layout

transfer

I

electrical
controller

L J ‘ T
= ef ]
Q
©
3
= 4t . .
Q. L]
£ . .

4 L ]
© 2 -:o *
5 33 -
» R noise level |
o . bl ;
o} 2 4 6 8

Depth of transverse crack (mm)
(b) Detectability

Fig. 13. Eddy current system combined with scarfer for detection of

subsurface crack in CC slabs.
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Type(l) (1) (m)
oscillation mark artifical notch  oscillation mcrk(2mr%)

model (2 mb) (2m) + notch(2md)
b G 77, 7

T
: & f

R

(0) Single frequency method (256 kHz)

* h
<< YI1-
T Y
—JXm
% 1
(b) Dual frequency method (128, 256 kHz)
(multirotation)

——

<4

T

o<

Single freq.

dual freq.
128 kHz 956 kHz (multirotation)
X/ X: 1.4 1.3 2.2
_ (Xny/Ynp 1 1.1 4.0

(X1/ Y1) .
Fig. 14. Signal patterns of artificial notch at
the bottom of oscillation mark.
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BB RSP AR EEGESoHEEY BB E Licost
L, RS ERNESRITREESXHET IO TR
ANEESERMES D2~ vEXBRTL L A
HELD. LOTUET 4~ vEYBINTL 52 —4
YHEUCEETL L Xy RPERHETS. Fo—
B4 Fig. 14 @R A o v v—vav=—V22F 1 O
FRTRLUT-.
SEBEARCOWTIL 3-1-2 TR X 51 2 &

BHOTRESOMECREIhHETHY, 6HDM
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Iy V=Yg Ve 2 F5OMEBRITOWTIEES
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Va V=2 F50LNAHONE LI BT, 3
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FHARD TENME RS EBbhs.
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