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Synopsis :

Recently, seamless tube has been expanding its application fields. Accordingly
customers want further improvement in accuracy of tube dimensions. In order to
improve the wall thickness accuracy of small-sized seamless tube, an on-line wall
thickness gauge has been developed right after the stretch reducing mill as a finishing
rolling mill. This wall thickness gauge is a full-automatic measuring system requiring
no size change. A measuring principle has been established for tube as three
dimensional material using y-rays. This development has also made clear an optimal
signal processing method on the statistical noise of y-rays. Now, the wall thickness

gauge 1s in smooth operation and is useful to rolling control by operators.

(c)JFE Steel Corporation, 2003

The body can be viewed from the next page.




KAWASAKI STEEL TECHNICAL REPORT No. 25 September 1991

Development Of On-line Wall Thickness Gauge
for Small Size Seamless Tubes

ol
Tadashi Okumura
Staff Manaper,
Equipment &
Engineering Sec.,
Equipment Dept.,
Chita Works

Norio Konya
Equipment &
Engineering Sec.,
Equipment Dept.,
Chita Works

Hiromu Oka
Staff Assistant Deputy
Manager, Smail
Seamless Pipe Sec.,
Manufacturing Dept.,
Chita Works

Toshiaki Kasuya
Staff Assistant
Manager, Pipe
Technology Sec.,
Manufacturing Dept.,
Chita Works

1 Introduction

In recent years, seamless tubes have been used in
increasingly diversified applications, and higher dimen-
sional accuracy has become necessary. At Kawasaki
Steel's Chita Works, a multibeam type on-line wall
thickness gauge" using y-ray projection onto medium-
diameter seamless tubes (16" plug mill) was developed
in 1981 to meet the requirement for higher dimensional
accuracy.

Small-diameter seamless tubes (7" mandrel mill) were
no exception. The development of an on-line wall

* Qriginally published in Kawasaki Steel Gino, 22(1990)4, 266-
270
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Synopsis:

Recently, seamless tube has been expanding its applica-
tion fields. Accordingly customers want further improve-
ment in accuracy of tube dimensions. In order to improve
the wall thickness accuracy of small-sized seamless tube,
an on-line wall thickness gauge has been developed right
after the siretch reducing mill as a finishing rolling mill.
This wall thickness gauge is a full-automatic measuring
system requiring no size change. A measuring principle
has been established for tube as three dimensional material
using y-ravs. This development has also made clear an
optimal signal processing method on the siatistical noise
of y-ravs. Now, the wall thickness gauge is in smooth
operation and is useful to rolling control by operators.

thickness gauge that can measure the wall thickness of
the smali-diameter seamless tubes immediately afier
rolling was strongly desired as it would attain their
higher wall thickness accuracy. The technique for the
multibeam type on-line wall thickness gauge was
improved, and a parallel-beam type on-ling wall
thickness gauge using gamma (y) ray projection was
developed. By positioning the gauge immediately
behind the stretch reducing mill used for finish-rolling
of small-diameter seamless tubes, the desired on-line
development was attained.

Unlike the y-ray projection type thickness gauge for
plate and sheet, this paraliel-beam type on-line wall
thickness gauge required research and development on
the fundamentals of size measuring technigques by y-ray
projection. The new on-line wall thickness gauge is now
operating smoothly in the stretch reducing mill for
small-diameter seamless tubes.

This paper describes the development of a general
measuring principle for deformed three-dimensional
materials, and reports the mechanism of high-accuracy
measurement of the wall thickness of tubes traveling
freely at high speeds, as well as the signal processing
method adopted for the measurement.

2 Purpose of the Development and Specifications

As shown in Fig. 1, the stretch reducing mill used for
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Fig. 2 Longitudinal wall thickness profile of tube
after stretch reducing mill

finish-rolling of small-diameter seamless tubes finishes
the shell to specified sizes by gradually reducing its out-
side diameter. When the outside diameter is reduced,
metal flows in the wall thickness direction and longitu-
dinal direction of the tube and, therefore, the wall
thickness increases. To prevent this, a stretch tension is
applied in the rolling direction to the tube while the
rolling is underway and wall thickness is being reduced.

However, the reducer designing makes it unavoidable
that the top and bottom of the shell receive less tension
than the rest of the shell which come under normal
rolling force. This results in the wall thickness profile as
shown in Fig. 2, making the lop and bottom portions
worse. To obtain a dimensionally stable product, it is
very important to know during rolling the starting point
of the wall thickness increase.

Conventionally, a greater stretch is applied to the top
and bottom of the shell than to the middle, and off
gauge is reduced by a programmed control of the rota-
tional speed of the rolls that produce this wall thickness
deformation. With the conventional method, however,
it may sometimes be impossible to sel the optimum
rotational speed of the rolls for all conditions of mill
operation, because on-line measurement of the wall
thickness profile immediately after rolling cannot be
made in real time. The off gauge portions at the top
and boltom are cropped off by the cold saw that cuts
the rolled tube to the specified lengths. However, this
crop length is based on figures obtained by previous
operation or experiment, so that the possibility of the
finished product containing off guage-error portions

Table 1 Specifications of on-line wall thickness gauge
Itemns Specifications
Diameter (mm) 21.0~177.8
Wall thickness (mm) 2.0~ 35.0
Length (m} 6~ 67
Tube speed {m/s) 2~ 8
Tube temperature (°C) 606 ~950
Tact time (s) Min. 15
Respaonse 0.01 s or 100 mm
Accuracy +C.1mm 100 mm¢x 10 mm {
Allowance of swing {mm) +10
Wall
thickness From mandrel
HAUge Reheating | mill
Wi furnace
. Stretch
Cooling bed reducing mill
1 To automatic storage
equipment
Cold saw

Fig. 3 Location of on-line wall thickness gauge after
stretch reducing mill

cannot be completely eliminated.

To solve the foregoing problems, Kawasaki Steel has
developed an on-line thickness gauge for small-diameter
seamless tubes. The specifications of the equipment are
shown in Table 1, and its location in the strech reducing
mill is shown in Fig. 3.

3 Development of the Measuring Method

On-line wall thickness gauging presently in practical
use apply the radiographic method and the electromag-
netic ultrasonic method. The stretch reducing mull at
Kawasaki Steel produces rolled products in a wider size
range than those of other rolling mills. In addition, a
large number of steel grades are used and, as given in
Table 1, the rolling temperature range is also wide. Fur-
thermore, minute osciliations of rolied tube on the
delivery side of the stretch reducing mill may possibly
hinder measurement. The authors reached the conclu-
sion that to meet the specifications of measurement
required for these operating conditions, it was decided
best to apply the y-ray projection method with which
the company has technical experience in the manufac-
ture of medium-size seamless {ubes.

The authors therefore examined the specifications
shown in Table 2 to apply the y-ray projection method
for gauging small-diameter seamless tubes. The multi-
beam method is capable of measuring the wall thickness

39



Table 2 Comparison and selection on measuring
methods using y-rays

Multi-beamn Fan-beam i IParallel-beam
method method method
For 16"seamless! For plate
tube Radiation Detector
Detector saurce
o
Methods o
L. —
Radiation Detector Radiation source
B source
Points of . Partial seclion Cross section
3 ponts mean wall mean wall
ent ! ;
measuremen thickness thickness
Allowance of - feai
! + Not permissive £
swing *1.0mm pe Up to £ 10 mm
Selection Rejection Rejection Adoption

of the cross-section of a tube in multiple places. There-
fore, when the relationship between the y-ray beam
width and measuring accuracy determined for the mul-
tibeam method" was applied to small-diameter seamless
tubes, it was found that a y-ray beam of not more than
2 mm in width would be necessary. The exposing power
of y-ray beams of such a small beam-width is low, and
sufficient y-ray transmissivity cannot be obtained for
heavy-wall sizes of the same wail thickness as found in
medium-size seamless tubes. Since transmissivity is
inversely proportional to accuracy, the required accuracy
could not be obtained if the multibeam method was
applied to small-diameter seamless tubes. The fan-beam
method is structurally simple, and the techniques for
thickness gauging of flat-rolled products can be applied.
With this method, however, the average wall thickness
of only part of the tube can be measured and the aver-
age wall thickness in the middle of the tube cannot
always be measured when the tube oscillates. However,
if y-rays are projected onto the tube by approximating
them to parallel beams, it is possible to measure the
average wall thickness in the whole cross section of a
small-diameter fube even if the tube oscillates. There-
fore, the wall thickness measuring method by parallel
beams of p-rays was adopted for the on-line wall
thickness gauging of small-diameter seamless tubes.

In developing this on-line wall thickness gauge, con-
sideration was given to the equipment so that the gauge
itself would be suitable for FMS (flexible manufacturing
system) by atlowing the calibration of the gauge, size
change, etc., to be completely automated or unneces-
sary.
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4 Measuring Principle

As with thickness gauges for plate and sheet, it was
possible to apply Eq.(1), which represents the basic
principle of thickness measurement by y-ray projection,
to the multibeam method for medium-diameter seam-
less tubes.

I = fyexp(—p1)

where [ is the transmissivity of a y-ray, I, is the expo-
sure of the y-ray, g is the absorption coefficient, and ¢ is
the thickness.

With the parallel-beam method for small-diameter
seamless tubes, however, y-rays are distributed and not
ooncentrated as shown in Fig. 4. Therefore, the attenua-
tion characteristics involve outside diameter D and wall
thickness ¢ as parameters, as shown in Fig. 5. Although
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Fig. 4 Measuring principle of thickness
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Fig. 5 Characteristic function between thickness and
p-rdy transmissivity
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this characteristic function is given by Eq.(2), it is
necessary {o calculate by Eqs.(3) and (4) the geometrical
projection of the y-rays, which depends on the position
of the y-rays that penetrate the cross section of the
tube.

r—1

I = LD idy +S jzdy:|]0 ............ (2)
r
r—t [H

i = cXp(—Zy]f 2 _yZ) .................. (3)

iy = exp{=2u(y r* —y' =V {r - ' =y))- (@

where 7, and j, are the relative transmissivity values of
y-rays in the cross-section of the tube, and r is the
radius of the tube.

As is apparent from Eq.(2), there are a very large
number of possible diameters, wall thicknesses and steel
grades for the tube and, therefore, it is impossible to
calculate them beforehand for tabulation purposes. Con-
sequently, a system was adopted in which calculations
are made each time the diameter, wall thickness or steel
grade is changed.

As already mentioned the wall thickness gauge for
tubes measures the transmissivity of y-rays that pene-
trate three-dimensional materials and, therefore, for
complex calculations compared with these for thickness
guages plate and sheet are required.

5 Mechanism for y-Ray Measurement

The most critical aspect in developing the p-ray mea-
suring system by the parallel-beam method was the
method used to generate parallel beams. The measuring
principle requires the space distribution of the y-rays to
be uniform and parallel in the areas where the y-rays
penetrate the tube. However, because y-rays radiate in
all solid-angle directions, it is necessary to approximate
the radiation to be uniform and paraliel. Furthermore, a
margin of 10 mm in measuring range is given to the
maximum outside diameter measured, as shown in Fig.
4, in order to allow for minute oscillations of the tube
and margins of measuring range of the measuring
equipment. Therefore, those y-rays that do not contri-
bute directly to measurementi must also be measured so
that their effect can be allowed for.

On the delivery side of the stretch reducing mill, the
rolling speed of the tubes is 8 m/s, as given in Table 1.
To accurately measure the off-gauge lengths at the top
and bottom of the tube, measurements should be taken
at least at 100-mm intervals from the top of the tube.
Therefore, it was necessary to develop a high-speed y-
ray sensor that could measure the transmissivity of y-
rays at about 10-ms intervals.

Generally speaking, the radiation source of measuring
equipment using y-rays should have a low intensity in
consideration of safety. For a seamless tube, however,
the y-rays have to penetrate the cross section of the
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tube, therefore, the exposure of the y-rays is equivalent
to that required for plate and sheet, so that a high radia-
tion source intensity is required. To most effectively use
the radiation source, therefore, a method was adopted
in which the radiation source is expanded and contract-
ed according to the diameter of the tube. An illustration
of the mechanism for the sensor is shown in Fig. 6.
In conventional y-ray sensors, the positional relation-
ship between the scintillator and the photomultiplier
tube is horizontal. In the present senser, however, they
are vertically arranged to make the detection character-
istics uniform, as shown in Fig. 7. The regulating colli-
mator for y-ray distribution shown in Fig. 6 was used to
control the space distribution of the y-rays, making il
possible 10 obtain the uniform space distribution shown
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in Fig. 8. This uniformity was verified by output signals
from the sensor, which were obtained by horizontally
moving a steel tube 26 mm in diameter and 7.5 mm in
wall thickness.

6 Improving the Measuring Accuracy

6.1 Calculation Accuracy of the Relative
Transmissivity of y Rays

The relative transmissivity of y-rays is calculated by
Egs. (2) to (4). Initially, the tube was divided equally in
the cross-sectional direction, as shown in Fig. 4, and the
distance over which each y-ray penetrates the cross sec-
tion was calculated. As is apparent from the cross-sec-
tional shape of the tube, however, those y-rays penetrat-
ing the tube near its two sides had markedly different
transmissivity over very small changes in horizontal
position. In contrast, those y-rays peneirating the center
of the tube had much more gradual transmissivity
changes according to the horizontal position. In order
to improve the calculation accuracy of the relative trans-
missivity for the y-rays, the tube was divided in the
cross-sectional direction as shown in Fig. 9, the zones
near the two sides being divided finely and that around
the center being divided coarsely. This enabled the cal-
culation accuracy for heavy-wall sizes to be improved
from several percent to less than 0.1%.

6.2 Reduction of Statistical Noise

The generation of statistical noise cannot be escaped
in the measurement of y-rays. Statistical noise is gene-
rated because y-rays have the characteristics of particles,
a y-ray sensor counting the number of these particles.
When penetrating a steel material, it is apparent from
Eg. (1) that the longer the distance over which a par-
ticle penetrates the material, the greater the attenuation
of the particle and the smaller the number of particles
that reach the sensor. It is known that when the count-
ing rate of y-rays per unit time decreases, the statistical
noise increases inversely to the square of the counting
rate. Since the measuring accuracy decreases as statisti-
cal noise increases, it s necessary to reduce this statisti-
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cal noise by some means.

It is apparent from the wall thickness profile in Fig. 2
of a tube rolled by a stretch reducing mill that the
counting rate for y-rays changes quite abruptly per unit
time. In normal practice, a method for signal processing
that can handle an abrupt change in the counting rate
of y-rays is not applied. However, in our system a Kal-
man digital filter” was applied to the y-ray sensor,
which is an optimum digital filter capable of varying the
gain in signal processing as the counting rate for the y-
rays changes with time.

6.3 Verification of the Overall Accuracy

Figure 10 gives a comparison between measured
values of a tube that was experimentally rolled to verify
the measuring accuracy, these values being obtained
with a manual ultrasonic thickness gauge, and those
obtained by using the on-line wall thickness gauge. It is
apparent that the measuring accuracy initially aimed at
was achieved, and thal the wall thickness profile at the
top and bottom of the tube was correctly reproduced.

An example of the CRT screen used for operator
guidance is shown in Fig. 11, the top and bottom of a
{ube being indicated in detail so that their positions
from the tube ends is known. Information on six pieces
of tube is simultaneously indicated so thal the wall
thickness profile in the same tube lot can be correlated.

KAWASAKI STEEL TECHNICAL REPORT
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Comparison of data measured by on-line wall thickness gauge with manually measured data
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7 Conclusions

The on-line wall thickness gauge for small-diameter
seamless tubes was developed at Chita Works and put
into successful use after introducing the measuring sys-
tem for medium-diameter seamiless tubes.

The following results were obtained from the devel-
opment of this on-line wall thickness gauge:

(I) This FMS-oriented on-line wall thickness gauge
does not require size changes for all sizes of small-
diameter tubes.

(2) A general measuring principle for wall thickness by
using y-rays was established for steel tubes as three-
dimensional materials.

(3) The optimum signal processing method for measur-
ing the size of sieel products by using y-ray radia-
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Operator guidance of wall thickness information by VDT

tion was clarified.

At present, this on-line wall thickness gauge is being
used on the delivery side of the stretch reducer in the
small-diameter seamless tube mill to control the rolling
operatton. .

The authors extend their sincere thanks Lo those staff
of Fuji Electric Co., Lid. who cooperated with them in
the development of the hardware, etc. of this on-line
wall thickness guage.
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