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the introduction of the surface detector and the results 
after introduction.

3. Outline of Fukuyama 3TMP Equipment 

Fukuyama 3TMP is a 4 High-2 Stands (4Hi-2Std) 
mill, in which a pair of work rolls and backup rolls are 
stacked in a straight line. The basic line specifi cations 
and product specifi cations are shown in Tables 1 and 
2, respectively, and a schematic diagram of the line is 
shown in Fig. 2.

4. Necessary Performance 
in Roll Mark Detection 
and Content of Development 

4.1 Realizing High Speed Processing/
High Resolution

As mentioned previously, 3TMP is a high speed line 
with a maximum line speed of 1 500 m/min. On the 
other hand, the size of roll marks, which are the defect 
to be detected, is on the order of 0.5 mmφ. To enable 
surface inspection on this type of high speed line, high 
speed defect signal processing and, at the same time, 
improved camera resolution are necessary. 

Because conventional defect detectors, represented 
by all-purpose CCD-type defect detectors, had a slow 
processing speed (frequency), conventional detectors 
could not satisfy resolution requirements in both the 
cross-web (strip width) and down-web (strip longitu-
dinal direction), and therefore could not be applied to 
high speed lines. However, remarkable progress has 
been achieved in CCD-type defect detectors in recent 
years1), and their processing speed has increased greatly. 
Although the conventional frequency was 10–20 MHz, 
the frequency of the most recent cameras is 40 MHz. 
This means that processing at a rate of 40 � 106 pixels/s 
is now possible.

For example, with a line-scan sensor camera 
(1-dimensional scanning) with 1 024 bit performance, 
scanning by 40 � 106 pixels/1 024 � 39 062 scans/s is 
possible. Because of 1 500 m/min equal to 25 m/s, one 
scan is equal to 0.64 mm. This is the down-web resolu-
tion.

Cross-web resolution is improved by increasing the 
number of camera units and the number of bits. Because 
the maximum strip width at 3TMP is 1 270 mm, the cov-
erage per camera with a 4-camera system is 1 270 mm/4 
cameras � 317.5 mm. If the number of camera bits is 
1 024, 317.5 mm/1 024 � 0.31 mm as cross-web resolu-
tion. Considering the size of the roll marks which were 
the object of detection in this development project, a 
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Fig. 2  Fukuyama No. 3 TMP
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obtained.
For roll marks with heavy defect grades, the detec-

tion rate was 97% or higher, satisfying the development 
target. A detection rate of 85% was also secured for roll 
marks with light defect grades.

6.2 Transition of Reject Rate for Roll Marks

The introduction of this surface detector made it 
possible to take early countermeasures when a defect 
occurs, resulting in a large reduction in both the reject 
rate and reject amount (Fig. 8). Before installation, the 
reject rate was approximately 0.4%, but after installa-
tion, this was reduced by half, to 0.2%, amply demon-
strating the effect of the surface detector.

As the background to this improvement, application 
of this device enabled early discovery of defects, and 
thus made it possible to obtain a quantitative grasp of 
the position of occurrence, line speed, and other factors 
at the time when the defect occurred, which had been 
impossible with the conventional technology. As a result, 
effective operating methods for preventing the occur-
rence of defects have been discovered.

Information is fed back not only to the 3TMP process 
itself, but also to upstream processes, depending on an 
analysis of the defect origin, and thus is also benefi cial 
in concerted efforts to eliminate roll marks by all con-
cerned.

7. Conclusions

The content of this report may be summarized as fol-
lows.
(1) Separation of defect signals and noise was greatly 
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