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On-line Measurement of Work Roll Profile in a Hot Strip Finishing Mill

Fumihiko Icuikawa, Makoto Oxuno, Takashi Isuxawa and Toshisada T akecH

Synopsis : An on-line roll profile meter has been developed to measure the surface contour of the work roll in a hot strip finishing
mill. The system consists of a sensor head with twenty ultrasonic distance meters, a sensor head scanner, a signal
processing unit and a computer. The ultrasonic distance meter uses a water column as sound propagation medium. Ten
distance meters measure the distribution of distance between the roll surface and the reference surface of the sensor
head. Other ten distance meters monitor the straightness of the reference surface. A tensioned wire is used as the
reference of the straightness. Each distance meter can measure the sound velocity directly in the water column to
compensate for the error due to the sound velocity variation. The off-line and on-line measurements were carried out
at the No.2 hot strip mill in Chiba Works of Kawasaki Steel. The results showed that the measuring accuracy was less

than £10um.
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Fig.1. Principle of roll profile measurement.
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Fig.2. Ultrasonic distance meter and compensation
for sound velocity variation.
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Fig.3. Schematic diagram of the developed system.

Fig.4. The sensor head attached to the work roll
chock.



Table 1. Specifications of the developed system.

Article Specification
1) Sensor head
Size 2100mmL X 150mmH X 150mmW
Weight 40kg
Number of sensors | 10 pairs
Interval of sensors 190mm
Wire 1.0mm dia. Tension 343N
Scanning velocity 40mm/sec

2) Distance meter

Method Ultrasonic distance meter with water column
Ultrasonic frequency| 10MHz
Resolution 0.1xm
Measurement range | 30 ~40mm
Water flow velocity | 10m/sec
3) Signal processing
Sampling frequency | 5kHz
Resolution of time- | 20psec
interval counter
4)Data processing
Computer HP320
Data averaging 125 data (250 msec) moving averaging
Total processing About 2min.
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Fig.5. Experimental apparatus for basic measure-
ment.
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3:2 EEBEBAFICHTIHAENREN

Fig. 5 THillE v — v % JE#20m/s TR S 272 L & DIl
REMNIERZFig 7TWORT, 22T, BlERze T %
WBEEE Y HC T, 20umTOEMS ¥ T 557, Bl
20— v D200umiIEDORERIT L L 512, 206mOBEAL b &

rT1r17r7 7 1vTid : rrrrruvuor’ IT1 Tri1rr1rrru1rT
[ 1 revolution | ' ]
1 ] .
[~ ] ]
—_ 44T T T T 1T 1T 170" ~"~""~ - Ao m e s —
G I I O [ e s .
E E
—
c
(]
E
8 .
I 34.2= a
[= Y SPUOR, &Y~ USRI R,
@2 r | ]
(& B ! 1 ]
oo v m ]
[ : ! .
34_0Illlll]llllllllllll!llIllllll
—>|200msec"—
Time (sec)
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Table 2. Parameters measured in the on-line test.

Article

Data

Straightness variation of sensor head
Temperature variation of water
Amplitude of vibration of sensor head

Vibration frequency of sensor head
Amplitude of vibration of wire

Vibration frequency of wire
Variation of ultrasonic echo height

+100pxm

3deg.

50#m (at bar to bar)

2mm at impact of plate entrance)
40Hz

10#m (at bar to bar)

400#m (at impact of plate entrance)
65Hz

less than 209%
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Fig.12. Effect of straightness compensation on on-
line measurement of roll profile.
(a) compensated profile (b)no compensated profile
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Fig.13. Center roll crown change durin

one roll

cycle (total 135 coils were rolled).

(a)total roll crown (measured by the developed system)
(b)total roll crown (calculated by model*)

(c) thermal roll crown (calculated by model®)

(d) wear roll crown (calculated by model*)
(e)estimated wear roll crown ((a)-(c))
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Table 3. The change of the measured time interval
(At) and the distance(Ad) due to the
change of echo height (AE,).

AE. (%) At(ns) Ad(um)
10 0.46 0.34
20 1.04 0.78

Table 4. The change of straightness (Ads) of the
tensioned wire due to the temperature
difference (AT) between the wire and the
sensor head frame (Al/lq:elongation ratio,
Ao/ oo change of tension ratio).

AT(C) Al/lo Ac/o, Ads (#m)
1 1.2x10°° 6.7x107° 14
y= (T,/26)cosh(GX,/T) +ererererareremiianiiiininiinin, (13)
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Fig.14. }(;:eometrical error due to twist of the sensor
ead.
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Table 5. The error factor and the estimated value.

Factors Data
Change of echo height 0.8m/209%
Change of wire straightness 0.94m/°C
Twist of sensor head 1.8um/deg.
Velocity of water jet 0.1#m/10%
Compensation for sound 0.44m/3°C
velocity (experiment)
Vibration 1.0#m/50um
Compensation error of 5.04m/100um
straightness (experiment)

A<3 | Ai| =0.840.9+1.8+0.1+0.4+1.0+5.0
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