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Synopsis :

In steel production lines such as pickling lines, cold rolling mills and coil processing
lines, the needs for on-line continuous measurement of surface quality and property of
products and on-line inspection of surface defects have become strong. This is because
user requirements for the surface quality of various products have become siverer than
before and besides, expectations are running high on the side of manufacturers for
higher speeds of production lines and higher quality by the adoption of automatic
inspection. As for the measurement of surface quality, continuous measurements along
the full length of a steel strip are required in order to overcome problems derived from
off-line, batch measurements that cannot satisfy user's demands for quality assurance.
As for surface defects detection, various kinds of methods have been practically applied
to production lines. However, it is the matter of fact that performances of these methods

are not satisfactory under the present situation. This is because the following high



performances of inspections are required; (1) a small defect has to be detected
(minimum size: 0.2 mm in diameter), (2) automatic classification of the detected defects
into several defect types and severities, (3) few over detections at a high speed of
production lines (maximum speed: 1 000 m/min). Against the above background, on-line
continuous measurements and inspection technologies have been put to practical use by
developing various kinds of quality measuring instruments. This paper describes recent
technologies on surface quality measurements utilizing laser beams for measuring
roughness and oil film thickness and on surface defect detection utilizing laser

diffraction, image processing and an eddy current distancemeter.

(c)JFE Steel Corporation, 2003
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Synopsis:

In steel production lines such as pickling lines, cold rofling mills and coil processing lines, the needs for on-line contin-
uous measurement of surface quality and property of products and online inspection of surface defects have become
strong. This is because user requirements for the surface quality of various products have become siverer than before and
besides, expectations are running high on the side of manufacturers for higher speeds of produetion lines and higher
quality by the adoption of automatic inspection. As for the measurement of surface quality, continuous measurements
along the full length of a sleel strip are required in order to overcome problems derived from oftline, batch measure-
ments that cannot satisfy users’ demands for quality assurance. As for surface defects detection, various kinds of methods
have been practically applied to production lines. However, it is the matter of fact that performances of these methods are
not satisfactory under the present situation. This is because the following high performances of inspections are required;
(1) a small defect has to be detected (minimum size: 0.2 mun in diameter), (2) automatic classification of the detected
defects into several defect types and severitics, (3) few over detections at a high speed of production lines (maximuin
speed: 1000 m/min). Against the above background, onrline continuous measurements and inspection technologies have
been put lo practical use by developing various kinds of quality measuring instruments. This paper describes recent tech-
nologies on surface quality measurements utilizing laser beams for measuring roughness and oi! film thickness and on
surface delect detection utilizing laser diffraction, image processing and an eddy current distancemeter.
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Table 1 Category of measuring methods for surface properties

Meﬁsuring method ‘ Measured items

} Surface texture

: Roughness
Glossiness
Whiteness
Oxide film thickness
Oil film thickness

Spacial distribution

Spectrum Color
Cleanliness
Image clarity
Image Surface pattern

Defect

Il R N S R RN R & BRI B A E ORI 2 Tk
BT R 2 PN 2 ka8 e i Th 5,

3 RERE ORI

Table 1 12,5 L A= # iR e Qonlia o | {CAMAHDR Ml LT,
F LTl & & il s L — AT L A v 3 4
WASH T 20T F ORI B & MR A h e B

31 SRR & RHRIR

31 HROEZEAM
IR & LT SR 5.80 25T, MRS Lo
R TR DR A A A e 0 T SRR (S, B,
T7 4 -NgE) #{T5I&hE0MNPTHEZNAT, X ILRT
D& - PP A T B A DO LBl E B S0 E LT
BELEEN TS, 227, S ORI E RS+ Tz k3
MHROFT 771 P T, #0742 TRT 4L, Rk
DS XM Ziro, AN TN L ~La i L ea T
EEUNELTH Y I 4 VA ERRLAY,
312 REFE-EERER
HEESMNE L — OB 4 sl L & D TEHED | AWM i
VR SR A U4 Beckmann QLY {2 TLW A, 2 5
::;iﬁjﬁbfc’;}fﬁ’c (& (D bR L AwEINm o i & AL B Tk 4
LT, T, B R O 0 & or AT S o, AICHNIY L
TThENS Gauss 5 1255 FRCLRIZ, PIEA DL —F A
BEE 0 TR E MBS Fig 11200 L — e E Sy
Is i,

Z Seattered light
. | distribution
Incident laser | Is
beam |

Rough surface

LA

Smooth surfacese——— - Rough surface

Fig. 1 Reflected light distribution from a steel surface

_Gf



AT A A A G 1 P § iR 237 1} 207

[ = (4, 8, (7, T oe v (n

L LT#HENSD, Beckmann OMGE SO & Lo &5 A
TP el ST LT PRAR I AT & 47 - oG . EROMRIE s A
5 TIZEGT g & +3% DAORIETRS 517 KD ffFrom
THhBHBIEHNL M7

£= (a0 cos O/ o vvamee (2)
B o )]
T8T A= gk, AMTRLE kORINE R0 & E RIS
mf@ad:w%ﬂwmtéhét.mhéuMTm.&mmL
Ra & o ®IC
5 O T R (4)

GEENR ST EONT, () BT @) AFNNEITET Is ol
fEiA 5 Ra HEHIRIE & 1 B9,

TR 5 L - FOEIT T3 MR & LT B ik &
WHOALE Ra A4 02~12um T H I & o[l NED 5 Rhbkle
BRIZ BT LEMISREDTRECH D, BTG K E &, Wt e,
ikt HABAMWIZTEML - ) 25 @) KOOGS MY RITE
B oL — PR THIN L2850, P ERLE 23 0.4 um BA B OO

TUEPELE 0.78um O3 1AL — A FAPLE A 04~12um
ORI TR LA 3239 um OAFF HeNe b —F & U0 A THN
FAHILELA, £/, BUAOMWELNE RO Tl A
EXESMLT, ARNME6RT0° &Lk, HRENTOHF T
W imT, ThEor —FIC kB FEHLE & RGOS & o e
AL CH B E & MGEL .

— i A A T, MR TrE S anio E 720 & Ll
W MIRAYVE U ORI R G s 2 2R T E AV EhA B
E, IOFES. FAFROL —FLOKBETETEHrELT
RSV FLOTLAMBENE A, W PEFTSEIET,
AT CAIE oy ¥ — S A FEIZRI L, aips E AR Eal LT
WA Fig 2R LAA v 74 v SO RTENTED
Pk L — ¥ E o d He-Ne L — % 1 208~ o FINIZIAE S
HEMEELTWA,

313 RE#RRLFE~OEA

AEE L T SRR No. 4 MREEE 7 4 2R 2
LT TR & SR S VY NPT R Al B bt A o
|ﬂRa=UkﬂJym!4¢Lf,ﬁMhKMLJh-i6*V7WﬂWEM
S LT £10% OMlediE Ao hTna, 4, HIFGHIK
B A TG 7 ¢ = Fovy 2SR a7 —F 7
07 — FHIEEOMOE, SR LRIE RIS 27 A5 HB LA

T AR O
. HE Ol

| Conlrol unit }—I Process computer |

E A/D converter I lr 1/0 interface I

] [
Semiconductor laser
(4 =0.78 qom)

Infrared [He-Ne
laser
L= 3.39 wm) -

Scanning unil

Amplifier
i PhSe array e~

Cold rolled steel slrip

Fig. 2 Schematic diagram of an on-line surface roughness meter
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