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(54) Method and apparatus for adjusting rolling positions of rolling rolls constituting three-roll

mandrel mill

(57)  According to a method and an apparatus of the
present invention for adjusting the rolling positions of the
rolling rolls constituting a three-roll mandrel mill, a wall
thickness of a rolled material is measured at a position
corresponding to a groove bottom portion of each rolling
roll, a deviation between each measured wall thickness
and atarget wall thickness determined by a rolling sched-
ule is computed, and the rolling position of each rolling
roll is adjusted based on each computed deviation.
Therefore, the rolling position can properly be adjusted.
The wall thickness of the rolled material is also measured
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at both positions corresponding to portions extended to-
ward both flange portion sides from the groove bottom
portions of the rolling rolls, and the rolling position of each
rolling roll is adjusted based on the deviation between
both measured values. Therefore, even if the rolling po-
sition of each rolling roll is considered to be apparently
proper, actually the rolling position can be properly ad-
justed. Accordingly, the method and the apparatus of the
present invention are widely adopted as means for ad-
justing the rolling positions of the rolling rolls constituting
the three-roll mandrel mill.
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Description
TECHNICAL FILED

[0001] The present invention relates to a method and an apparatus for properly adjusting rolling positions of rolling
rolls constituting a three-roll mandrel mill in the mandrel mill used to produce the seamless tubes and pipes.

BACKGROUND ART

[0002] Inthe production of the seamless tubes and pipes (hereinafter, referred to as tubes) by a Mannesmann-mandrel
mill method, firstly, a round billet or a square billet which is of a raw material is heated in a range of 1200 to 1260 °C
with a rotary hearth type heating furnace, and then a piercer pierces and rolls the round billet or the square billet to
produce a hollow shell by using a plug and rolling rolls. Then, a mandrel bar is inserted into the bore of the hollow shell
in a skewered manner, usually the hollow shell is elongated by the mandrel mill comprising five to eight stands while an
outer surface of the hollow shell is constrained by the caliber rolling rolls, and thereby the hollow shell is reduced to a
predetermined wall thickness. Then, after the mandrel bar is extracted, the tube material whose wall thickness is reduced
is subjected to a sizing process, whereby the tube material is formed and rolled in a predetermined outer diameter to
obtain a product by a reducer mill.

[0003] Conventionally, a two-roll mandrel mill is often used as the mandrel mill. In the two-roll mandrel mill, a pair of
caliber rolling rolls facing each other is arranged in each stand, and the rolling rolls are arranged so that the reduction
orientation of the rolling rolls is alternately disposed out of phase by 90° between adjacent stands. There is also partially
applied a four-roll mandrel mill in which the four caliber rolling rolls are arranged in each stand so that an angle formed
by the reduction directions is 90°. There is also proposed a three-roll mandrel mill. In the three-roll mandrel mill, the
three caliber rolling rolls are arranged in each stand so that the angle formed by the reduction directions is 120°, and
the rolling rolls are arranged while the rolling positions of the rolling rolls are alternately out of phase by 60° between
the adjacent stands.

[0004] In order to secure wall thickness accuracy of a rolled material (tube material) to suppress the wall thickness
eccentricity in the mandrel mill, it is important to control the rolling position of each of rolling rolls constituting the mandrel
mill at a proper position.

[0005] Therefore, inthe two-roll mandrel mill, there is used a rolling position control method, in which the flange portions
of the caliber rolling rolls facing each other are brought into contact with each other once and the rolling position of each
rolling roll is set at a zero point at this point (for example, see Japanese Patent Application Publication No. 9-174118).
However, in the case of the three-roll mandrel mill or the four-roll mandrel mill, since there are a lot of relative relationships
among the rolling positions of the rolling rolls, the zero point cannot correctly be adjusted by the method used in the two-
roll mandrel mill. Therefore, there is a problem that the rolling position of each rolling roll cannot be controlled at a proper
position.

[0006] In the four-roll mandrel mill, there is proposed a method, in which a wall thickness measuring device with a
radiation beam is arranged on an exit side of the mandrel mill, the wall thickness (added value with the wall thicknesses
at the opposite portions in the rolled material through which the radiation beam passes) of the rolled material is measured
by the wall thickness measuring device, and the rolling position of the rolling roll is adjusted based on the measurement
value (for example, see Japanese Patent Application Publication No. 8-71616).

Fig. 1 is a view explaining an arrangement relationship of the rolling rolls in the three-roll mandrel mill. As shown in Fig.
1, in the case of the three-roll mandrel mill, the portion of the rolled material opposite from the position corresponding
to a groove bottom portion of each rolling roll becomes the position corresponding to the flange portion of another rolling
roll, and generally the wall thickness of the rolled material tends to be easily influenced at the position corresponding to
the flange portion depending on the rolling conditions. Therefore, it is difficult to estimate the relationship between the
wall thickness and the rolling position of the rolling roll.

Accordingly, it is difficult to adjust the rolling position of the rolling roll based on the measurement value, even if the
added value with the wall thicknesses at the opposite portions of the rolled material through which the radiation beam
passes is measured by the radiation wall thickness measuring device described in Japanese Patent Application Publi-
cation No. 8-71616, namely, even if the added value with the wall thicknesses at the opposite portions to each other in
the rolled material through which the radiation beam passes (the added value of the wall thickness at the portion corre-
sponding to the groove bottom portion of each rolling roll and the wall thickness at the position corresponding to the
flange portion of another rolling roll) is measured by the radiation wall thickness measuring device.

DESCLOSURE OF THE INVENTION

[0007] Asdescribed above, in the three-roll mandrel mill, unlike the two-roll mandrel mill and the four-roll mandrel mill,
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there is not currently proposed an effective method in which the wall thickness accuracy of the rolled material is secured
and the wall thickness eccentricity is suppressed by controlling the rolling position of each of rolling rolls constituting the
mandrel mill at a proper position.

[0008] In view of the foregoing, it is a task of the present invention to provide a method and an apparatus for properly
adjusting the rolling positions of the rolling rolls constituting the three-roll mandrel mill.

[0009] In order to achieve the above task, as a result of earnest studies, the present inventor completes the present
invention by finding the fact that the rolling position of each rolling roll can properly be adjusted while the wall thickness
accuracy of the rolled material is secured and the wall thickness eccentricity is suppressed, when the wall thickness of
the rolled material is measured at the position corresponding to the groove bottom portion of each rolling roll, where the
relationship with the rolling position of the rolling roll can be estimated, and when the rolling position of the rolling roll is
adjusted based on the measurement value, unlike the conventional method in which the added value of the wall thickness
at the portion corresponding to the groove bottom portion of each rolling roll and the wall thickness at the position
corresponding to the flange portion of another rolling roll are measured.

That is, the present invention provides a method of adjusting the rolling positions of the rolling rolls constituting a three-
roll mandrel mill, the method characterized by including a first step of measuring a wall thickness of a rolled material at
a position corresponding to a groove bottom portion of each rolling roll; a second step of computing a deviation between
each measured wall thickness and a target wall thickness; and a third step of adjusting the rolling position of each rolling
roll based on each computed deviation.

[0010] According to the present invention, the wall thickness of the rolled material is measured at the position corre-
sponding to the groove bottom portion of each rolling roll, the deviation between each measured wall thickness and a
target wall thickness is measured, and the rolling position of each rolling roll is adjusted based on each computed
deviation. The deviation corresponds to a position displacement of the zero point, which comes to be a position adjustment
reference of each rolling roll, that is planned in a rolling schedule. Therefore, when the rolling position is adjusted based
on the deviation such that the deviation becomes zero, the rolling position can properly be adjusted for each rolling roll.
[0011] For example, a multi-beam radiation measurement method disclosed in "IRON AND STEEL" (1970 No. 9, pp
1139-1145) may be applied in order to measure the wall thickness of the rolled material at the position corresponding
to the groove bottom portion of each rolling roll. In the multi-beam radiation measurement method, the radiation beams
are arranged so as to intersect one another at the position (the middle of the wall thickness at the position corresponding
to the groove bottom portion) corresponding to the groove bottom portion of each rolling roll of the rolled material.
[0012] Actually, in the mandrel mill, sometimes a misalignment generates between a center position of the rolled
material (the alignment center of the rolled material) and a gravity center position got with each position (the radiation
beam intersecting position in the case that the multi-beam radiation method is adopted) where the wall thickness of the
rolled material is measured.

Fig. 2 is a view explaining an apparent wall thickness eccentricity which generates when the center position of the rolled
material deviates. When the misalignment generates, sometimes the apparent generation of the wall thickness eccen-
tricity is observed even if the wall thickness eccentricity does not actually generate in the rolled material. Although Fig.
2 shows the wall thickness of the whole circumference of the rolled material for the sake of convenience, actually only
the wall thickness at the position corresponding to the groove bottom portion of each rolling roll is measured. Such an
error of the wall thickness measurement occasionally results in an adjustment error of the rolling position of each rolling roll.
[0013] Accordingly, the method of adjusting the rolling position of the rolling roll preferably includes a step of measuring
a center position of the rolled material; and a step of computing a deviation between the measured center position and
a gravity center position got with each position where the wall thickness of the rolled material is measured in the first
step, wherein each measured wall thickness is corrected based on the computed deviation and then a deviation between
the corrected wall thickness and the target wall thickness is computed in the second step.

[0014] According to the presentinvention, the center position of the rolled material is measured, the deviation between
the measured center position and the gravity center position got with each position where the wall thickness of the rolled
material is measured is computed, each measured wall thickness is corrected based on the computed deviation, and a
deviation between the corrected wall thickness and the target wall thickness is computed. Then, the rolling position is
adjusted based on each corrected wall thickness, so that the higher-accuracy adjustment method can be realized.
[0015] For the measurement of the center position of the rolled material, for example, the outer diameter of the rolled
material is measured in directions orthogonal to each other, and a center position coordinate can be computed based
on the center position of the outer diameter measured in one direction and the center position of the outer diameter
measured in the other direction (the direction substantially orthogonal to one direction). In order to correct each measured
wall thickness based on the deviation between the measured center position and the gravity center position got with
each position where the wall thickness of the rolled material is measured, a correlation between the deviation and the
error of the wall thickness measurement (apparent amount of the wall thickness eccentricity) is brought about by exper-
iments or the like in advance, and each measured wall thickness may be corrected based on the correlation.

[0016] Fig. 3 is a view illustrating rolling rolls in the three-roll mandrel mill that are made to adjust a zero-point. As
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shown in Fig. 3, although the zero-point adjustment is performed in a state that the flange portions of rolling rolls R1,
R2 are in contact with each other and at the position where the flange portions of the rolling rolls R1, R3 are in contact
with each other in the three rolling rolls R1, R2, R3 (the rolling position of each rolling roll is moved only by the equal
distance from the zero-point position in rolling the rolled material), sometimes the wall thickness of the rolled material is
measured as the substantially same value at the position corresponding to the groove bottom portion of each rolling roll.
Therefore, the rolling position of each rolling roll is assumed to be proper.

However, even if the wall thickness of the rolled material is measured as the substantially same value at the position
corresponding to the groove bottom portion of each rolling roll, in the case shown in Fig. 3, the wall thickness of the
rolled material at the position corresponding to the portion extended toward the flange portion side from the groove
bottom portion of each rolling roll is different from the wall thickness at the position corresponding to groove bottom
portion of each rolling roll. The difference results in the generation of the wall thickness eccentricity in the rolled material.
[0017] As aresult of earnest studies on the method of being able to properly adjust the rolling position of each rolling
roll even in the above situation, the present inventor completes the present invention by finding the fact that the rolling
position of each rolling roll can properly be adjusted while the wall thickness accuracy of the rolled material is secured
and the wall thickness eccentricity is suppressed, when the wall thicknesses of the rolled material are measured at the
positions which are extended toward both flange portion sides from the groove bottom portion of each rolling roll respec-
tively, and when the rolling position of each rolling roll is adjusted based on the measurement values.

That is, in order to achieve the above task, the present invention provides a method of adjusting the rolling positions of
the rolling rolls constituting a three-roll mandrel mill, the method characterized by including a step of measuring a wall
thickness of a rolled material at a position corresponding to a portion extended toward one flange portion side from a
groove bottom portion of each rolling roll while the wall thickness of the rolled material is measured at a position corre-
sponding to a portion extended toward the other flange portion side; a step of computing a deviation between the
measured wall thickness at the position corresponding to the portion extended toward one flange portion side and the
measured wall thickness at the position corresponding to the portion extended toward the other flange portion side; and
a step of adjusting the rolling position of each rolling roll based on each computed deviation.

[0018] According to the present invention, the wall thickness of the rolled material is measured at a position corre-
sponding to the portion extended toward one flange portion side from the groove bottom portion of each rolling roll while
the wall thickness of the rolled material is measured at the position corresponding to the portion extended toward the
other flange portion side, and the rolling position of each rolling roll is adjusted based on the deviation between the
measurement values. Accordingly, even if the rolling position of each rolling roll is considered to be apparently proper
since the wall thickness of the rolled material is measured as the substantially same value at the position corresponding
to the groove bottom portion of each rolling roll, the rolling position can be adjusted at the actually proper position.
[0019] An adjustment amount of the rolling position of each rolling roll based on the deviation between both the
measurement values may be determined such that the deviation between both measurement values becomes zero
based on a geometrical condition of the measurement positions of both the measurement values and the groove bottom
positions.

[0020] In order to achieve the above task, the present invention provides an apparatus which adjusts rolling positions
oftherolling rolls constituting a three-rollmandrel mill, the apparatus characterized by including awall thickness measuring
device which is provided with a plurality of the radiation sources and a plurality of the detectors, the plurality of the
detectors being arranged while facing the radiation sources through a rolled material respectively, the wall thickness
measuring device measuring a wall thickness of the rolled material at a position corresponding to a groove bottom portion
of eachrolling roll; and a rolling position control device which computes a deviation between each measured wall thickness
and a target wall thickness, the rolling position control device controlling each rolling roll drive device based on each
computed deviation.

[0021] Preferably, the apparatus which adjusts the rolling position of the rolling roll includes a center position measuring
device which measures a center position of the rolled material by measuring an outer diameter of the rolled material in
directions substantially orthogonal to each other, wherein the rolling position control device computes a deviation between
the center position measured by the center position measuring device and a gravity center position that is an intersection
point of radiation beams from a plurality of radiation sources constituting the wall thickness measuring device, the rolling
position control device corrects each measured wall thickness based on the computed deviation, and then the rolling
position control device computes a deviation between each corrected wall thickness and the target wall thickness.
[0022] In order to achieve the above task, the present invention also provides an apparatus which adjusts rolling
positions of the rolling rolls constituting a three-roll mandrel mill, the apparatus characterized by including a wall thickness
measuring device which is provided with a plurality of the radiation sources and a plurality of the detectors, the plurality
of the detectors being arranged while facing the radiation sources through a rolled material respectively, the wall thickness
measuring device measuring a wall thickness of a rolled material at each position corresponding to a portion extended
toward one flange portion side from a groove bottom portion of each rolling roll while measuring the wall thickness of
the rolled material at a position corresponding to a portion extended toward the other flange portion side; and a rolling
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position control device which computes a deviation between the measured wall thickness at the position corresponding
to the portion extended toward one flange portion side and the measured wall thickness at the position corresponding
to the portion extended toward the other flange portion side, the rolling position control device controlling each rolling
drive device based on each computed deviation.

[0023] According to the present invention, the wall thickness of the rolled material is measured at the position corre-
sponding to the groove bottom portion of each rolling roll, the deviation between each measured wall thickness and the
target wall thickness determined by the rolling schedule is computed, and the rolling position of each rolling roll is adjusted
based on each computed deviation. Since the deviation corresponds to the position displacement of the zero point,
which comes to be the position adjustment reference, that is planned in the rolling schedule in each rolling roll, when
the rolling position is adjusted based on the deviation such that the deviation becomes zero, the proper rolling position
can be adjusted for each rolling roll while the wall thickness accuracy of the rolled material is secured to suppress the
wall thickness eccentricity for each rolling roll.

Further, according to the present invention, the wall thickness of the rolled material is measured at the position corre-
sponding to the portion extended toward one flange portion side from the groove bottom portion of each rolling roll, the
wall thickness of the rolled material is measured at the position corresponding to the portion extended toward the other
flange portion side, and the rolling position of each rolling roll is adjusted based on each of the deviations of the both
measured values.

Therefore, the rolling position can be properly adjusted at the actually proper position, even if the rolling position of each
rolling roll is considered to be apparently proper since the wall thickness of the rolled material is measured as the
substantially same value at the position corresponding to the groove bottom portion of each rolling roll.

BRIEF DESCRIPTION OF THE DRAWINGS
[0024]

Fig. 1 is a view explaining a positional relationship among the rolling rolls in a three-roll mandrel mill;

Fig. 2 is a view explaining an apparent wall thickness eccentricity which appears to generate when a center position
of a rolled material is deviated;

Fig. 3 is a view illustrating the rolling rolls in the three-roll mandrel mill that are made to adjust a zero-point;

Fig. 4is aview showing a schematic configuration of a rolling position adjustment device of the rolling rolls constituting
a three-roll mandrel mill according to the first embodiment of the present invention;

Fig. 5is a view showing a schematic configuration of a wall thickness measuring device according to an embodiment
of the present invention;

Fig. 6 is a view explaining a measuring point of a wall thickness measuring device according to an embodiment of
the present invention;

Fig. 7 is an explanatory view showing an arrangement relationship among the rolling rolls in the three-roll mandrel mill;
Fig. 8 is a view showing an example of a relationship between a center position deviation amount of the rolled
material and an amount of the apparent wall thickness eccentricity;

Fig. 9is aview explaining the measuring point of a wall thickness measuring device according to another embodiment
of the present invention; and

Fig. 10 is a view showing a schematic configuration of a rolling position adjustment device of the rolling rolls con-
stituting a three-roll mandrel mill according to the second embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0025] Preferred embodiments of the present invention will be described below with reference to the accompanying
drawings.

1. The First Embodiment

[0026] Fig. 4 is a view showing a schematic configuration of a rolling position adjustment device of the rolling rolls
constituting a three-roll mandrel mill according to the first embodiment of the present invention. As shown in Fig. 4, a
rolling position adjustment device 100 according to the first embodiment is a rolling position adjustment device of the
rolling rolls constituting the three-roll mandrel mill including six stands in total. In the three-roll mandrel mill, each of the
three rolling rolls are arranged in each stand in order to stretch and roll the outer surface of a rolled material T while a
mandrel bar B is inserted into the bore of the rolled material T.

More specifically, the rolling position adjustment device 100 according to the first embodiment is configured to adjust
the rolling positions of the rolling rolls R5 and R6 arranged in the last two stands (the fifth stand and the sixth stand) of
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the mandrel mill.

Although Fig. 4 shows that the two rolling rolls R5, R6 are arranged in each stand respectively for the sake of convenience,
actually three rolling rolls R5, R6 are arranged while the angle formed by the reduction direction of each rolling roll is 120°.
[0027] The rolling position adjustment device 100 includes a wall thickness measuring device 1 and a rolling position
control device 2. The wall thickness measuring device 1 is arranged on the exit side of the mandrel mill, and the wall
thickness measuring device 1 measures the wall thickness (hereinafter appropriately referred to as "groove bottom wall
thickness") of the rolled material T at the position corresponding to the groove bottom portion of each of the rolling rolls
R5, R6. The rolling position control device 2 computes the deviation between each groove bottom wall thickness measured
by the wall thickness measuring device 1 and the target wall thickness determined by the rolling schedule at the position
corresponding to the groove bottom portion, and the rolling position control device 2 controls the rolling drive devices
P5, P6 of the rolling rolls R5, R6 based on the computed deviations respectively.

Although Fig. 4 shows that each of the rolling drive devices P5, P6 is arranged in each stand for the sake of convenience,
actually the rolling drive device is arranged in each of the rolling rolls R5, R6 arranged in each stand.

In a preferable mode, the rolling position adjustment device 100 according to the first embodiment includes a center
position measuring device 3 which measures the center position of the rolled material T by measuring the outer diameter
of the rolled material T from the directions substantially orthogonal to each other.

[0028] Fig. 5 is a view showing a schematic configuration of a wall thickness measuring device according to an
embodiment of the present invention. As shown in Fig. 5, a wall thickness measuring device 1 includes a plurality of the
radiation sources 11, 12, 13 and a plurality of the detectors 14, 15, 16. The plurality of the detectors 14, 15, 16 are
arranged while facing the plurality of the radiation sources 11, 12, 13 through the rolled material T, respectively. The
wall thickness measuring device 1 is a so-called multi-beam radiation measuring device in which the radiation beams
BE1, BE2, BE3 radiated from the radiation sources 11, 12, 13 are arranged so as to intersect each other at the position
(the middle of wall thickness at the position corresponding to the groove bottom portion) corresponding to the groove
bottom portion of each rolling roll of the rolled material T.

More specifically, in the fifth stand and the sixth stand, the groove bottom portions of the rolling rolls R5, R6 differ from
one another in the position (out of phase by 60°), so that the wall thickness measuring device 1 is configured as shown
in Fig. 5. Further, the devices whose intersecting points of the radiation beams differ from each other (out of phase by
60°) are arranged in two stages along the axial direction of the rolled material T, the groove bottom wall thickness of the
rolling roll R5 is measured at one stage, and the groove bottom wall thickness of the rolling roll R6 is measured at the
other stage.

Fig. 6 is a view explaining a measuring point of a wall thickness measuring device according to an embodiment of the
present invention. As shown in Fig. 6, the groove bottom wall thicknesses B1- B3 in the fifth stand are measured at one
stage, the groove bottom wall thicknesses B4 - B6 in the sixth stand are measured at the other stage, and the wall
thickness measuring device 1 is configured to measure all the groove bottom wall thicknesses B1 - B6 as a whole. Since
the specific wall thickness measurement method by the multi-beam radiation measuring device adopted in the first
embodiment is in public domain, the detailed description of the wall thickness measurement method will be omitted.
[0029] As shown in Fig. 4, the rolling position control device 2 computes the deviation between each of the groove
bottom wall thicknesses B1 - B6 measured by the wall thickness measuring device 1 and the target wall thickness,
determined by the rolling schedule, at the position corresponding to the groove bottom portion, and the rolling position
control device 2 can control the rolling drive devices P5, P6 of the rolling rolls R5, R6 based on the measured deviation,
respectively.

More specifically, when the measured groove bottom wall thickness is smaller than the target wall thickness, the rolling
drive device can be controlled so as to be moved toward the direction in which the relevant rolling roll is opened (the
direction in which the relevant rolling roll recedes from the center of the rolled material T). On the contrary, when the
measured groove bottom wall thickness is larger than the target wall thickness, the rolling drive device can be controlled
so as to be moved toward the direction in which the relevant rolling roll is closed (the direction in which the corresponding
rolling roll is brought close to the center of the rolled material T). Regarding a movement amount of each of the rolling
rolls R5, R6 (the position correction amount), it is necessary to correct the position such that the deviation becomes
zero. Therefore, the movement amount of each of the rolling rolls R5, R6 is set to the same degree as the deviation.
[0030] However, as described above, the rolling position control device 2 according to the first embodiment includes
the center position measuring device 3, the rolling position control device 2 can adopt the configuration in which the
measured groove bottom wall thicknesses B1 - B6 are corrected based on the center position of the rolled material T
measured by the center position measuring device 3.

[0031] Fig. 7 is a schematic configuration of a center position measuring device according to an embodiment of the
present invention. As shown in Fig. 7, the center position measuring device 3 according to the embodiment includes a
bar-like light source (for example, the high-frequency fluorescent lamp) 31, a line sensor (for example, the CCD line
sensor) 32, a bar-like light source 33, and a line sensor 43. The bar-like light source 31 illuminates the rolled material T
from one direction, and the line sensor 32 is arranged while facing the bar light source 31 through the rolled material T.
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The bar-like light source 33 illuminates the rolled material T from the direction substantially orthogonal to the illumination
direction of the bar-like light source 31, and the line sensor 34 is arranged while facing the bar-like light source 33 through
the rolled material T. Therefore, the center position measuring device 3 is configured to measure the outer diameter of
the rolled material T (the shadow length of the rolled material T) from the directions substantially orthogonal to each other.
The center position coordinate of the rolled material T is computed by a center position X of the outer diameter measured
by the combination of the bar-like light source 31 and the line sensor 32 and by a center position Y of the outer diameter
measured by the combination of the bar-like light source 33 and the line sensor 34.

[0032] As described above, in the case of the adoption of the configuration in which the measured groove bottom wall
thicknesses B1 -B6 are corrected based on the center position of the rolled material T measured by the center position
measuring device 3, firstly, the rolling position control device 2 computes the deviation between a center position (X,Y)
measured by the center position measuring device 3 and the gravity center position of the intersecting point of the
radiation beams from the plurality of the radiation sources 11, 12, 13 constituting the wall thickness measuring device 1.
Fig. 8 is a view showing an example of a relationship between the deviation amount of the center position of the rolled
material and an amount of the apparent wall thickness eccentricity. At this point, the correlation between the deviation
and the measurement errors (the apparent wall thickness eccentricity amount) of the measured groove bottom wall
thicknesses B 1 - B6 is brought about by experiments or the like in advance. For example, the correlation shown in Fig.
8 is obtained. A horizontal axis of Fig. 8 indicates a ratio of the deviation (the deviation amount of the center position of
the rolled material) to the rolled material radius, and a vertical axis indicates an apparent wall thickness eccentricity
component expressed by the following formula (1).

[Formula 1]

' . 12 24172
apparent wall thickness AR+ 1)
itricity component Ecc _
eccentricity comp ve

x 100[%) ==+(1)

where,

R= 15 { ercpsekri—V:Tk+1 cos 8 k+1 x(em_ek)}
27 g=q

= - { WTk:cos @ k+WTk+1-cos O k+1 xwkﬂ_ek)}
2% |t 2

T+ N WTKk+WTk+1 1 _averagewall
Wiave= -7 kf', 2 (8 "*‘"9")} =thickness [rm]
WTn+1=WTI
Onti=0142n

n: the number of measuring points
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WTk: measured wall thickness at kth measuring point [mm]
6,. measured position at kth measuring point (angle of polar coordinate with respect to an origin of rolled material
center) [rad]

The formula (1) indicates a general formula in the case that the number of the measuring points of the wall thickness is
n. In the embodiment, n=3 since the number of the measuring points in each of stages constituting the wall thickness
measuring device 1 is three.

[0033] Then, the rolling position control device 2 corrects each of the measured groove bottom wall thicknesses B1 -
B6 according to the following formula (2) based on the computed deviation (the apparent wall thickness eccentricity
component).

[Formula 2]

— 1 Eece . 4. o X
A — S e - 'y — * l ) LE AN 2
WTk—W'fl‘k-i-——2 100 cos{Ok—arg(R+1i)) (2)

where,

WTk: measured wall thickness at kth measuring point [mm]

i: imaginary number unit

arg(): function for determining phase angle of complex number [rad]
WTK, Ecc, 6k, R, I: the same definition as formula (1)

[0034] Then, the rolling position control device 2 computes the deviation between the target wall thickness and each
groove bottom wall thickness corrected according to the formula (2), and the rolling position control device 2 controls
the rolling drive devices P5, P6 of the rolling rolls R5, R6 based on each computed deviation.

[0035] Thus, the rolling position control device 2 according to the embodiment is configured to be able to adopt the
configuration in which the measured groove bottom wall thicknesses B 1 - B6 are corrected based on the center position
of the rolled material T measured by the center position measuring device 3. The rolling position control device 2 has
an advantage that the rolling position can be adjusted with higher accuracy by adopting the above configuration.
[0036] In the embodiment, the wall thickness measuring device 1 is configured to measure only the groove bottom
wall thicknesses B1 - B6. However, the presentinvention is not limited to the embodiment. For example, the wall thickness
measuring device 1 includes other plurality of the radiation sources and other plurality of the detectors which are arranged
while facing the relevant radiation sources through the rolled material T, respectively, and the wall thickness of the rolled
material T is measured at the position corresponding to the portion extended toward one flange portion side from the
groove bottom portion of each of the rolling rolls R5, R6, while the wall thickness of the rolled material T is measured at
the position corresponding to the portion extended toward the other flange portion side.

Fig. 9 is a view explaining the measuring point of a wall thickness measuring device according to another embodiment
of the present invention. As shown in Fig. 9, for the fifth stand, the wall thicknesses B11, B12 of the rolled material T
are also measured at the positions corresponding to the portions each extended toward the flange portion at both sides
from the groove bottom portion in which the groove bottom wall thickness B1 is measured, the wall thicknesses B21,
B22 of the rolled material T are also measured at the positions corresponding to the portions each extended toward the
flange portion at both sides from the groove bottom portion in which the groove bottom wall thickness B2 is measured,
and the wall thicknesses B31, B32 of the rolled material T are also measured at the positions corresponding to the
portions each extended toward the flange portion at both sides from the groove bottom portion in which the groove
bottom wall thickness B3 is measured.

Then, for the sixth stand, the wall thicknesses B41, B42 of the rolled material T are also measured at the positions
corresponding to the portions each extended toward the flange portion at both sides from the groove bottom portion in
which the groove bottom wall thickness B4 is measured, the wall thicknesses B51, B52 of the rolled material T are also
measured at the positions corresponding to the portions each extended toward the flange portion at both sides from the
groove bottom portion in which the groove bottom wall thickness B5 is measured, and the wall thicknesses B61, B62 of
the rolled material T are also measured at the positions corresponding to the portions each extended toward the flange
portion at both sides from the groove bottom portion in which the groove bottom wall thickness B6 is measured.
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[0037] Inthe case that the above configuration is adopted in the wall thickness measuring device 1, the rolling position
control device 2 computes the deviation between the measured wall thickness (for example, the wall thickness B11) at
the position corresponding to the portion extended toward one flange portion side and the measured wall thickness (for
example, the wall thickness B12) at the position corresponding to the portion extended toward the other flange side,
and the rolling position control device 2 can be configured to further control the rolling drive devices P5, P6 of the rolling
roll R5 (R51, R52, R53), R6 based on each computed deviation.

More specifically, for example, when the wall thickness B12 is larger than the wall thickness B11 corresponding to the
rolling roll R51, the rolling drive device P5 can be controlled such that the rolling roll R52 adjacent to the measuring
position of the larger side (the wall thickness B 12) is moved in the direction in which the rolling roll R52 is opened (the
direction in which the rolling roll R52 recedes from the center of the rolled material T), and the rolling drive device P can
be controlled such that the remaining two rolling rolls R51, R53 are moved in the direction in which the rolling rolls R51,
R53 are closed (the direction in which the rolling rolls R51 and R53 are brought close to the center of the rolled material T).
Similarly, the deviations between B21 and B22, B31 and B32, B41 and B42, B51 and B52, as well as B61 and B62 are
computed, respectively, and the rolling drive device of the corresponding rolling roll is similarly controlled according to
the extent of the positive or negative (large or small) deviation.

Regarding the movement amount (the position correction amount) of each of the rolling rolls R5, R6, it is necessary to
correct the position such that the deviation becomes zero. For example, in the case that a straight line connecting the
caliber center of the rolling roll and the wall thickness measurement position extended toward the flange portion side
from the groove bottom portion forms an angle of 20° with respect to a straight line connecting the caliber center of the
rolling roll and the groove bottom portion, the movement amount of the rolling roll is expressed by the following formula (3).

the position correction amount (the absolute value) of the rolling roll

= the wall thickness deviations on both sides x 1/sin(20°) )]

[0038] The groove bottom wall thicknesses B1 - B3, and B4 - B6 of the rolling rolls P5, P6 are measured as the
substantially same value by adopting the above configuration, respectively, so that the rolling position can be re-adjusted
atthe actually proper position, evenif the rolling positions of the rolling rolls P5, P6 are considered to be apparently proper.

2. The Second Embodiment

[0039] Fig. 10 is a view showing a schematic configuration of a rolling position adjustment device of the rolling rolls
constituting a three-roll mandrel mill according to the second embodiment of the present invention. As shown in Fig. 10,
similarly to the first embodiment, a rolling position adjustment device 100A of the rolling rolls constituting the three-roll
mandrel mill according to the second embodiment is a rolling position adjustment device constituting the three-roll
mandrel mill including six stands in total. In the three-roll mandrel mill, three rolling rolls are respectively arranged in
each stand in order to stretch and roll the outer surface of the rolled material T while the mandrel bar B is inserted into
the bore of the rolled material T.

More specifically, the rolling position adjustment device 100A according to the second embodiment is configured to
adjust the rolling positions of the rolling rolls R5, R6 arranged in the last two stands (the fifth stand and the sixth stand)
of the mandrel mill.

Although Fig. 10 shows that two rolling rolls R5, R6 are respectively arranged in each stand for the sake of convenience,
actually the three rolling rolls R5, R6 are respectively arranged while the angle formed by the reduction directions is 120°.
[0040] Similarly tothe firstembodiment, the rolling position adjustment device 100A includes awall thickness measuring
device 1A and a rolling position control device 2A. The wall thickness measuring device 1A is arranged on the exit side
of the mandrel mill, and the rolling position control device 2A controls the rolling drive devices P5, P6 of the rolling rolls
R5, R6 based on the measurement result of the wall thickness measuring device 1A, respectively.

Although Fig. 10 shows that each one of the rolling drive devices P5, P6 is arranged in each stand for the sake of
convenience, actually the rolling drive device is arranged in each of the rolling rolls R5, R6 arranged in each stand.
[0041] However, unlike the first embodiment, the wall thickness measuring device 1A according to the second em-
bodiment does not measure the groove bottom wall thickness of the rolled material T. The wall thickness measuring
device 1A includes the plurality of the radiation sources and the plurality of the detectors which are arranged while facing
the radiation sources through the rolled material T, respectively, and the wall thickness measuring device 1A is configured
to measure the wall thickness of the rolled material T at each position corresponding to the portion extended toward one
flange portion side from the groove bottom portion of each of the rolling rolls R5, R6 and the portion extended toward
the other flange portion side.
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Referring to Fig. 9 used in the first embodiment, the wall thickness measuring device 1A will be described. The wall
thickness measuring device 1A is configured not to measure groove bottom wall thicknesses B 1, B2, B3, B4, B5, and
B6, but to measure the wall thicknesses B11, B12, B21, B22, B31, B32, B41, B42, B51, B52, and B61, B62 of the rolled
material T at each position corresponding to the portion extended toward the flange portion at both sides from the groove
bottom portions of the rolling rolls.

[0042] Therolling position control device 2A according to the second embodiment is configured to compute the deviation
between the measured wall thickness (for example, the wall thickness B11 shown in Fig. 9) at the position corresponding
to the portion extended toward one flange portion side and the measured wall thickness (for example, the wall thickness
B12 shown in Fig. 9) at the position corresponding to the portion extended toward the other flange portion side, and the
rolling position control device 2A is configured to control the rolling drive devices P5, P6 of the rolling roll R5 (R51, R52,
and R53), R6 based on the computed deviations.

More specifically, for example, when the wall thickness B12 is larger than the wall thickness B11 corresponding to the
rolling roll R51, the rolling drive device P5 can be controlled such that the rolling roll R52 adjacent to the measuring
position of the larger side (the wall thickness B12) is moved toward the direction in which the rolling roll R52 is opened
(the direction in which the rolling roll R52 recedes from the center of the rolled material T), and the draft device P can
be controlled such that the remaining two rolling rolls R51, R53 are moved in the direction in which the rolling rolls R51,
R53 are closed (the direction in which the rolling rolls R51, R53 are brought close to the center of the rolled material T).
Similarly, the deviations between B21 and B22, B31 and B32, B41 and B42, B51 and B52, as well as B61 and B62 are
computed, respectively, and the rolling drive device of the corresponding rolling roll is similarly controlled according to
the extent of the positive or negative (large or small) deviation. Regarding the movement amount (the position correction
amount) of each of the rolling rolls R5, R6, it is necessary to correct the position such that the deviation becomes zero.
For example, in the case that the straight line connecting the caliber center of the rolling roll and the wall thickness
measurement position extended toward the flange portion side from the groove bottom portion forms an angle of 20°
with respect to a straight line connecting the caliber center of the rolling roll and the groove bottom portion, the movement
amount of the rolling roll is expressed by the following formula (3).

the position correction amount (the absolute value) of the rolling roll
= the wall thickness deviations on both sides x 1/sin(20°)
3)

[0043] The groove bottom wall thicknesses B1 - B3, and B4 - B6 of the rolling rolls P5, P6 are measured as the
substantially same value by adopting the above configuration, respectively (this means that the substantially same value
is obtained if the measurement is performed, since the groove bottom wall thicknesses B1 - B3, and B4 - B6 are not
actually measured in the second embodiment), so that the rolling position can be re-adjusted at the actually proper
position, even if the rolling positions of the rolling rolls P5, P6 are considered to be apparently proper.

EXAMPLES
[0044] The features of the present invention will become more clearly by showing examples. The production test was
performed by using the rolled material and the mandrel bar having the sizes shown in Table 1. In the production test,

each of the 30 seamless steel tubes was rolled under the conditions described below.

Table 1

Mandrel mill hollow shell size | Outer diameter of 205 mm X wall thickness of 15 mm

Mandrel mill finishing size Outer diameter of 168 mm X wall thickness of 5 mm

Mandrel bar diameter Outer diameter of 158 mm

The test was performed for the four conditions. (1) Conventional method (the method in which the flange portions of the
rolling rolls are brought into contact with each other, and the rolling position of each rolling roll is set at the zero point at
that time to control the rolling position), (2) Example 1 (the method of adjusting the rolling position based on the groove
bottom wall thickness measurement value), (3) Example 2 (the method in which the groove bottom wall thickness
measurement value is corrected by the center position deviation amount of the rolled material and the rolling position is
adjusted based on the correction value), (4) Example 3 (the method in which, after the adjustment by Example 2, the
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rolling position is re-adjusted based on the deviation of the wall thickness measurement value on the flange portion side
of the rolling roll), and (5) Example 4 (the method of adjusting the rolling position based on the deviation of the wall
thickness measurement value on the flange portion side of the rolling roll).

[0045] Table 2 shows the test result. As shown in Table 2, when compared with the conventional method, the average
values of the wall thickness eccentricity ratio and the frequencies in which the wall thickness eccentricity ratio exceeds
5% are decreased from Example 1 to Example 4. This is largely attributed to the fact that the present invention enables
the rolling positions of the rolling rolls constituting the three-roll mandrel mill to be properly adjusted.

Table 2
. Average value of wall thickness Frequency of over 5% wall thickness
Production test method g . . q Y V7o e
eccentricity ratio eccentricity ratio
Conventional method 6% 50%

Example 1 (rolling position
adjustment by groove bottom wall 3% 30%
thickness measurement value)

Example 2 (Example 1 + correction
by center position deviation amount 1% 7%
of rolled material)

Example 3 (Example 2 + rolling
position re-adjustment by flange
portion-side wall thickness
measurement value)

0.1% 0%

Example 4 (rolling position
adjustment by flange portion-side 3.5% 30%
wall thickness measurement value)

INDUSTRIAL APPLICABILITY

[0046] According to the present invention, the wall thickness of the rolled material is measured at the position corre-
sponding to the groove bottom portion of each rolling roll, the deviation between each measured wall thickness and the
target wall thickness determined by the rolling schedule is computed, and the rolling position of each rolling roll is adjusted
based on each computed deviation, which allows the proper rolling position adjustment in which the wall thickness
accuracy of the rolled material is secured to suppress the wall thickness eccentricity for each rolling roll.

Further, according to the present invention, the wall thickness of the rolled material is measured at the position corre-
sponding to the portion extended toward one flange portion side from the groove bottom portion of each rolling roll, the
wall thickness of the rolled material is measured at the position corresponding to the portion extended toward the other
flange portion side, and the rolling position of each rolling roll is adjusted based on the deviation of both measured values.
Therefore, even if the rolling position of each rolling roll is considered to be apparently proper, actually the rolling position
can properly be adjusted. Accordingly, the method and the apparatus of the present invention are widely adopted as
means for adjusting the rolling positions of the rolling rolls constituting the three-roll mandrel mill.

Claims

1. A method of adjusting the rolling positions of the rolling rolls constituting a three-roll mandrel mill, the method
characterized by including steps of:

measuring a wall thickness of a rolled material at a position corresponding to a portion extended toward one
flange portion side from a groove bottom portion of each rolling roll while the wall thickness of the rolled material
is measured at a position corresponding to a portion extended toward the other flange portion side;
computing a deviation between said measured wall thickness at the position corresponding to the portion ex-
tended toward one flange portion side and said measured wall thickness at the position corresponding to the
portion extended toward the other flange portion side; and

adjusting the rolling position of each rolling roll based on said each computed deviation.
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2. Anapparatus which adjusts the rolling positions of the rolling rolls constituting a three-roll mandrel mill, the apparatus
characterized by including:

a wall thickness measuring device which is provided with a plurality of the radiation sources and a plurality of
the detectors, said plurality of the detectors being arranged while facing said radiation sources through a rolled
material, respectively, the wall thickness measuring device measuring a wall thickness of a rolled material at a
position corresponding to a portion extended toward one flange portion side from a groove bottom portion of
each rolling roll while measuring the wall thickness of the rolled material at a position corresponding to a portion
extended toward the other flange portion side; and

arolling position control device which computes a deviation between said measured wall thickness at the position
corresponding to the portion extended toward one flange portion side and said measured wall thickness at the
position corresponding to the portion extended toward the other flange portion side, the rolling position control
device controlling each rolling drive device based on said

each computed deviation.

3. A method of adjusting the rolling positions of the rolling rolls constituting a three-roll mandrel mill, the method
characterized by including:

a first step of measuring a wall thickness of a rolled material at a position corresponding to a groove bottom
portion of each rolling roll;

a second step of computing a deviation between said each measured wall thickness and a target wall thickness;
and

a third step of adjusting the rolling position of each rolling roll based on said each computed deviation.

4. A method of adjusting the rolling positions of the rolling roll constituting a three-roll mandrel mill according to claim
3, characterized by including steps of:

measuring a center position of the rolled material; and

computing a deviation between said measured center position and a gravity center position formed by each
position where the wall thickness of the rolled material is measured in said first step,

wherein said each measured wall thickness is corrected based on said computed deviation and then a deviation
between the corrected wall thickness and the target wall thickness is computed in said second step.

5. Anapparatus which adjusts the rolling positions of the rolling rolls constituting a three-roll mandrel mill, the apparatus
characterized by including:

a wall thickness measuring device which is provided with a plurality of the radiation sources and a plurality of
the detectors, said plurality of the detectors being arranged while facing said radiation sources through a rolled
material, respectively, the wall thickness measuring device measuring a wall thickness of the rolled material at
a position corresponding to a groove bottom portion of each rolling roll; and

a rolling position control device which computes a deviation between said each measured wall thickness and
a target wall thickness, the rolling position control device controlling each rolling drive device based on said
each computed deviation.

6. An apparatus which adjusts the rolling positions of the rolling rolls constituting a three-roll mandrel mill according to
claim 5, characterized by including a center position measuring device which measures a center position of the
rolled material by measuring an outer diameter of the rolled material in directions substantially orthogonal to each
other,
wherein said rolling position control device computes a deviation between the center position measured by said
center position measuring device and a gravity center position of an intersection point of radiation beams from the
plurality of the radiation sources constituting said wall thickness measuring device, said rolling position control device
corrects said each measured wall thickness based on said computed deviation, and then said rolling position control
device computes a deviation between each corrected wall thickness and the target wall thickness.
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