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(57) Abregée/Abstract:

A process for reducing a raw steel pipe obtained by a solid phase bonding pipe manufacturing method or a welding pipe
manufacturing method Is carried out by heating the steel pipe to a temperature in excess of 100 °C and lower than 800 °C before
It Is reduced, restricting the temperature of the steel pipe during a rolling operation to a level in a specific range, controlling the
temperature difference of the steel pipe In the circumferential direction thereof at the inlet side of a reducing mill to be In a
specific range, and also controlling the temperature of the steel pipe between the stands of the reducing mill. This enables the
steel pipe to be reduced with a low load with the work hardening effect minimized without deteriorating the properties of the
surface thereof, and the dimensional precision of the product pipe to be maintained at a high level.
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(87) Abstract

A process for reducing a raw steel pipe obtained by a solid phase bonding pipe manufacturing method or a welding pipe
manufacturing method is carried out by heating the steel pipe to a temperature in excess of 100 °C and lower than 800 °C before it is
reduced, restricting the temperature of the steel pipe during a rolling operation to a level in a specific range, controlling the temperature
difference of the steel pipe in the circumferential direction thereof at the inlet side of a reducing mill to be in a specific range, and also
controliing the temperature of the steel pipe between the stands of the reducing mill. This enables the steel pipe to be reduced with a low

load with the work hardening effect minimized without deteriorating the properties of the surface thereof, and the dimensional precision of
the product pipe to be maintained at a high level.
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SPECIFICATION

A METHOD OF PREPARING A STEEL PIPE, AN APPARATUS THEREOF

AND A STEEL PIPE

Technical Field

This invention relates to a method for reducing a
steel pipe, an apparatus for carrying out the method, and
steel pipes prepared.by the method and more particularlf, to
a method for reducing a steel pipe which is made by
subjecting both edges of an open pipe to butt welding, an

apparatus for carrying out the method, and the steel pipe.

Background Art

As a method for preparing a steel pipe with a
relatively small diameter from a steel strip, two processes
are known including a solid phase welding pipe-making process
(i.e. a solid phase pressure-welding pipe-making process)
such as a butt-welding process wherein an open pipe formed
by continuously forming a steel strip in the form of a plpe
1s entirely heated to high temperatures and is
pressure-welded at both edges thereof, and a welding
pipe-making process wherein an open pipe is welded at both
edges thereof such as by electric resistance welding, laser
welding or the like.

The solid phase welding process is usually adapted
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for mass production of small diameter pipes with an outer

diameter of 115 mm or below. However, this process is

temperatures from the outer peripheries thereof, a scale loss

becomes so great that the resultant product becomes poor in

surface texture. On the other hand, with the welding
process, only both edges of the open pipe are heated to
temperatures higher than the melting point at the time of the
welding. The portions other than the edges are in a cold
condition of 100 °C or below. Thus, the problem of the
surtface roughening as experienced in the solid phase welding
process does not arise. However, this process 1is a cold
process, so that it is necessary to prevent the occurrence
Of slip defects as will be caused between pipe-making tools,
such as a caliber roll, and the open pipe, and to take a
measure for suppressing a forming load. Thus, the production
efticiency becomes poor. 1In addition, because the use of
caliber rolls which are in contormity with the dimension of a
product steel pipe is essential, the welding process is not
suited for the small lot and multikind manufacture of steel
plipes.

In order to overcome the disadvantages involved in
the steel pipe-making method using the solid phase

butt-welding process or the welding process, methods of the

cold reducing of a steel pipe by welding processes have been

proposed as disclosed such as in Japanese Patent Unexamined
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Publication Nos. 63-33105 and 2-187214.

When, however, a steel pipe obtained by a welding
process 1is subjected to the cold reduction, a great rolling
load is required. This, in turn, inevitably requires the
installation of a lubricating rolling device for preventing
galling or seizing defects with the roll, or the installation
Oof a large-scale mill which can stand use under the great
rolling load. Moreover, when a steel strip is formed into a
stock pipe (i.e. an open pipe), the strain of the formihg 1S
established, to which the work strain caused during the
course of the cold reduction is added. Hence, the steel
suffers a considerable degree of the work strain, with the
attendant problem that after the making of the plipe, a
thermal treatment step has to be added.

rurther, as disclosed in Japanese Patent Examined
Publication No. 2-24606 and Japanese Patent Unexamined

Publication.No. 60-15082, there have been proposed methods

However, after the steel pipe formed by this welding
process has been hot reduced, the mother pipe 1s agailin heated
to 800 °C or above in a reheating furnace. The brings about
a fresh scale loss, coupled with another problem that when
reduced, scale inclusion is induced.

An object of the invention is to solve the problems

of the prior art and to provide a method and apparatus for
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reducing a steel pipe wherein a steel mother pipe prepared

according to a sglid phase joint or weldling process o0r a

welding process is reducible at 1low load and while

suppressing work hardening without worsening the surface

properties and wherein the dimensional accuracy of a
product steel pipe can be maintained at a high level.
According to the present invention, there 1is

provided a method for preparing a steel pipe comprising the

steps of:
forming a steel strip to form an open pipe;

subjecting both edges of the open pipe to butt

welding; and
reducing the welded gteel pipe with a plural-

stand reducer having caliber rolls;

wherein the steel pipe prior to the reducing step
igs heated to a temperature between 100°C and 800°C and then

reduced.
Preferably, the making of the pipe through the

butt welding is intended to mean the following weldings.

(1) Butt-welding where an open pipe 1s entirely

heated and both edges portions are pressure welded.

(2) Moderate temperature solid phase pressure-

welding wherein both edges alone of an open pilipe are

heated.
(3) Moderate temperature solid phase pressure-

welding wherein an open pipe 1s entirely heated and both

edges alone are further heated and subjected to solid phase

pressure welding.

(4) Electric resistance welding, laser welding

P
—

or a combination of the weldings at both edge of an open

u—

plipe.
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Preferably, the pipe manufacture can be performed

by measuring steel pipe temperatures at an inlet side and

an outlet side of a reducer and also at interstand position

or positions and heating or cooling the steel pipe prior to

or on the way of the reduction so that the measured wvalues

are, respectively, coincident with a preset value.

It is preferable that the steel pipe prior to the

reduction 1igs heated to 725°C or below and reduced 1n a

P

temperature range of 375°C or above. Moreover, 1t 1s

preferred to socak the steel pipe prior to the reduction 1in

such a way that a temperature difference along the

g

circumferential direction of the pipe is within 200°C. More

preferably, the steel pipe prior to the reduction is soaked

so that a temperature difference along the circumferential

direction of the pipe is within 100°C. In this case, 1t 1s

more favorable to measure the pipe temperatures at the

grbm

inlet and outlet sides of the reducer and at 1nterstand

positions and to heat or cool the steel pipe prior to and

on the way of the reduction so that the measured values are

coincident with a preset value.

According to the present invention, there 1s also

provided an apparatus for ©preparing a steel Dpipe,
comprising:

a welding device;

an inlet side heater;

a reducer having a plurality of stands, the inlet

side heater located between the welding device and the

reducer;

thermometers for measuring a steel pilipe tempera-

ture located at inlet and outlet sides of the reducer; and
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an arithmetic control unit for controlling the

inlet side heater based on the measured wvalues from the

thermometers;

wherein the 1nlet side heater 1s an 1inlet sgide

soaking device capable of both heating and COOling

thermometers are provided between the stands of  the

F
—p—

reducer, an interstand soaking device capable of both

heating and cooling 1s provided between the stands of the

reducer and the arithmetic control unit controls the inlet
10 side soaking device and the interstand soaking device based

on the measured wvalues from the additional thermometers

between the stands.

In this apparatus, it 1is preferred that heating

means of the inlet side and interstand socaking devices are,

respectively, constituted of a heating furnace or an

induction coil, and cooling means therefor, respectively,

consist of a coolant jetting nozzle.

The product steel pipe according to the invention

pr—

is characterized in that the pipe consists of a seam butt-

20 welded steel pipe and that a surface roughness, Rmax, is 10

um or below as reduced. Thus, the ©pipe has good

characteristics.

Brief Description of the Drawings

Fig. 1 is a schematic view of an installation

arrangement for carrying out the invention.

=T A b AN M AT LT s AL T AR e B A A o I Y R AT S i VI A et AP A AL & & o o e Ak A ke
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Fi1g. 2 is a schematic view of another installation

arrangement for carrying out the invention.

Fig. 3 is a schematic view of a prior art method of
the cold reduction of a steel pipe.

Fig. 4 is a schematic view of a prior art method of
the hot reduction of a steel pipe.

'1g. 5 1is a graph showing the relation between the
heating temperature for a mother pipe and the surface
roughness, Rmax. of a product steel pipe.

F'1g. 6 is a graph showing the rolling temperature
dependency of a vield point and an elongation of a product
steel pipe.

F1g. 7 1s a graph showing the relation between the
temperature difference of a mother pipe along the
circumferential direction of the pipe and the -thickness
deviation.

Fig. 8 is a schematic view of a control system used
in a conventional reducing temperature control.

'1g. 9 1is a schematic view showing an example of a
reducer for steel pipes used in Example of the invention.

F1g. 10 is a graph showing the total value of
rolling loads at each of stands in Example.

Fig. 11 is a graph showing the number of galling
defects on the surfaces of each of product steel pipes in
Example.

Fig. 12 is a graph showing the total value of
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loads at each of stands in another Example.

F1g. 13 is a graph showing the number of galling

on the surfaces of each of product steel pipes in

Example.

F'1g. 14 is a graph showing the relation between

temperature and the surface roughness, Rmax, in

Fig. 15 is a graph showing the relation between

temperature at a final stand and the elongation

F1g. 16 is a graph showing the relation between
temperature and the surface roughness, Rmax, in

Example.

Best Mode for Carrying Out The Invention

Reference is now made to the accompanyling drawings to

the

the

in

the

the

1n

1llustrate a prior art technique. An open pipe obtained by

continuously forming a steel strip is formed into a pipe by

solid phase butt-welding or by welding.

The manufacture of a pipe by solid phase butt-welding

has the drawback that the scale loss is so great that the

surface

texture of a product becomes poor. With the

manutacture of a pipe by welding, no problem on the surface
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roughness arises, but the production efficiency is so low
that this manufacturing process is not suited for the
manufacture of multikind steel pipes.

Fig. 3 is a schematic view showing a method for the

cold reduction of a steel pipe obtained by a welding process,

in which designated by 1 is a steel strip, by 2 is a mother
plpe prior to reduction, by 3 is a product pipe, by 4 is an
uncoiler, by 5 is a welding device for different lots of the
steel strip 1, by 6 is a looper, by 7 is a pipe forming
machine, by 8 is an induction heater, by 9 is a squeeze
stand, by 11 is a reducer, and by 15 is a coiler. In this
technique, the rolling load is so great that it is essential

to install a large-scale mill. Moreover, work hardening of

pipe, an additional thermal treatment is necessary.

Fig. 4 is a schematic view showing a method for the
hot reduction of a steel pipe obtained by a welding process,
in which indicated by 21 is a preheating furnace for a Steel
sStrip 1, by 22 is a heating furnace for the steel strip 1, by
23 is a reheating furnace, by 12 is a cutting machine, and by
14 is a cooling bed. Like reference numerals as 1n Fig. 3
lndicate like members and their explanations are omitted.

when the steel pipe obtained by the welding process
1s hot reduced, the mother pipe 1is heated in a reheating
furnace, during which a fresh scale loss generates and the

scale inclusion is induced at the time of the reduction.



According to the method of the invention, the
temperature of a steel pipe prior to reduction (1.e. mother
pPipe) 1is regulated within a range of higher than 100° C and
lower than 800° C, by which the surface roughness of a
product pipe can be suppressed. Favorable conditions
capable of suppressing both surface roughness and work
hardening include a mother pipe temperature of 725° C or
below and a rolling temperature of 275° C or above.

In the practice of the invention, butt-welding may be

either solid phase pressure welding of both edges after

heating of the entirety of an open pipe to high temperatures
(butt welding), or solid phase pressure welding of both edges
heated to high temperatures after heating of the entirety of
an open pipe to moderate temperatures. Alternatively,
electric resistance welding by application of an electric
current or through induction heating or laser welding may be
used provided that an open pipe is welded at both edges
thereot.

Fig. 1 is a schematic view of an installation
arrangement, with which the invention is carried outf In
Fig. 1, indicated by 1 is a stee] strip, by 2 is a mother
pipe, 3 is a product pipe, by 4 is an uncoiler, by 5 is a
welding device for different lots of the steel strip 1
(welding between the tail end of = preceding strip and the

tip end of a subsequent strip), by 6 is a looper, by 7 is a

1 O
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stock pipe forming machine, by 8 is an induction heater, by O
1S a squeeze stand, by 10 is a induction heating coil, by 11

1s a reducer, by 12 is a pipe correction device, by 15 is a

coiler, and by 16, 17 are thermometers.

As shown in Fig. 1, the steel strip fed out from the
uncoiler 4 is formed into a pipe by means of the stock pipe
forming machine 7. After heating both edges to a temperature
lower than the melting point by means of the induction heater
8, the pipe is subjected to solid phase butt-welding (éolid
phase pressure welding) in the squeeze stand to provide the
mother pipe 2 prior to reduction. This mother pipe is heated
by means of the induction heating coil 10 over the whole
circumferential region of the pipe, followed by reduction in
the reducer 11 constituted of plural stands to a given outer
diameter to provide a product pipe 3. After correction in
the pipe correcting device 12, the pipe is wound up with the
coiler 15 and cooled.

The installation arrangement of Fig. 1 may be applied
for the reduction of a welded steel pipe 1f the arrangement
1s altered in such a way that both edges which has been
neated to a temperature higher than the melting point can be
welded in the squeeze stand 9.

ig. 2 is a schematic view of an other installation
arrangement with which the invention is carried out. 1In Fig.

2, 13 denotes a cutting machine, and 14 denotes a cooling

bed. Like reference numerals as in Fig. 1 indicated like

1 1



members and their explanations are omitted.

As shown in Fig. 2, the steel strip fed out from the
uncoiler 4 is formed into a pipe by means of the stock pipe

forming machine 7, followed Dy heating both edges to a

temperature higher than the melting point by means of the

induction heater 8 and welding in the squeeze stand 9,
thereby obtaining the mother pipe 2 prior to reduction. The
mother pipe 2 is heated in the induction heating coil 10 over
the whole region of the pipe circumference. The pipe 2 is
reduced to a given outer diameter by means of the reducer 11

constituted of plural stands to provide a product pipe 3.

After cutting to given lengths by means of the cutting
machine 13, the pipe is corrected in *he plpe correcting
device 12 and cooled in the cooling bed 14.

It will be noted that the installation arrangement
of Fig. 1 may be applied for the reduction of a solid phase
welded steel pipe if the arrangement is altered in such a way
that both edges which has been heated to'a temperature lower
than the melting poiht can be welded in the squeeze stand 9.

We made a detailed study on the surface texture of a
product pipe, mechanical properties of plpes prior to and
atfter rolling, and a rolling load by use of the installation
arrangement of Fig. 1 wherein a carbon steel pipe for piping
(outer diameter: 60.5 mm, thickness: 3.8 mm) which had been

made according to the solid phase butt-welding process was

reduced by 30 % at a temperature ranging from normal

1 2
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temperatures to 1000 C . Likewise, using the rolling

installation arrangement of Fig. 2, a carbon steel pipe for

piping (outer diameter: 114.3 mm, thickness: 4.5 mm), similar
studies were made. The invention has been accomplished based
on the knowledge which was obtained from the above studies

as set out below.

F'1g. > 1is a graph showing the relation between the
heating temperature of the mother tube and the surface
roughness, Rmax, of a product pipe. (a) is for the solid
phase butt-welded steel pipe and (b) is for the welded steel

pipe. The surface roughness, Rmax, of a product steel

heating temperature of the mother pipe is 800 °C or above,
or owing to the slip defects with a roll ascribed to the
increase in rolling load and the generation of heat when the
temperature is 100 °C or below. Thus, the surface roughness
becomes great. Accordingly, it is preferred that the heating
temperature of the mother pipe exceeds 100° C but is lower
than 800 *C . It will be noted that in view of Fig. 5, a
more preferable heating temperature of the mother pipe
ranges 200 - 725 °C 1in order to permit the increment between
the values of Rmax prior to and after the rolling to be
within 0.5y m.

Fig. 6 is a gfaph showing the dependency of the

rolling temperature on the vield strength (Y.S.) and the

1 3
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elongation ( EQ .) of a product steel wherein (a) is for the
solid phase butt-welded steel pipe and (b) is for a welded
steel plipe. According to Fig. 6, when the rolling temperature
is 300 °C or below, the vield strength increases and the
elongation decreases owing to the work hardening caused by a
rolling strain on comparison with those determined prior to
the rolling. In the range of 300 °C to 350 °C , the restoring
rate of the rolling strain becomes so great that the yield
strength rapidly drops with the sharp increase of the
elongation. Over 375°C , both the vield strength and
elongation are stabilized within £ 10% of the values prior
to the rolling. In this sense, in order to perform the
reduction without involving any work hardening, the rolling
temperature should preferably be 375 °C or above;

It is to be noted that the temperature of a rolling

st

.

ock generally depends on the generation of heat during the

work and the removal of heat with rolls. Where the rolling
temperature is 200 °C or above in the reduction of a steel
pipe to which the invention is directed, the removal of heat
with rolls becomes predominant, so that the temperature ot
mother pipe drops during the rolling. Accordingly, 1t 1is
recommended to preliminarily assess the temperature drop
caused by all stands and to set a heating temperature.of a

mother pipe at a temperature level which is determined by

a

gl

adding a value corresponding to the temperature drop tc

target value of a reduction finishing temperature.

1 4
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In the practice of the invention, it is preferred to
control a difference in temperature along'the circumferential
direction prior to the reduction of a mother pipe is within
200 C . It is more preferred that the difference in
temperature along the circumferential direction is more
severely within 100 °C . By virtue of this, the dimensional
accuracy of a product pipe can be maintained at a high level
as 1s discussed below.

Fig. /7 is a graph showing the relation between :the
temperature difference along the circumferential direction of
the mother pipe checked with respect to the steel pipe from
which the data of Figs. 5 to 6 were obtained and the
thickness deviation of a product steel (i.e. a value (%)
obtained by dividing the difference between the maximum and
minimum thicknesses by an average thickness). When the
temperature difference along the circumferential direction of
the mother pipe exceeds 200 C , the deformation along the
circumferential direction becomes non-uniform during the
reduction, with the likelihood to cause a deviated thickness
of a product pipe. Within a temperature range ot exceeding
100 °C Dbut not higher than 200 °C , the degree of the
deviation becomes small while decreasing the temperature
difference along the circumferential direction. At
temperatures below 100°C , the thickness deviation ascribed to
the temperature différence 1s substantially completely

suppressed. It will be noted that where no temperature

1 O
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difference exists, a thickness deviation which is caused by
'angled corners" (e.g. a phenomenon where when n caliber
rolls are used for the reduction, a 2x nth polygon 1is
formed) inherent to the reduction using a plurality of
caliber rolls is left. The seamed portion of the mother pipe
1s heated to a temperature higher than the other portions.
For instance, where the temperature difference along the
circumferential direction is not reduced only by application
of heat with the induction heating coil 10 of Fig. 1, it is
pretferred to soak the mother pipe prior to the reduction by
combination of heating-cooling (cooling may be effected only
on the seamed portion) thereby making a uniform temperature
along the circumferential direction.

In the method of the invention, it is favorable to
measure the steel pipe temperature at the inlet and outlet
sides of the reducer and at the interstand positions and to
control the steel pipe temperature being reduced based on the
measured values.

Fig. 8 is a schematic view of a control system
ordinarily used to control a reduction temperature. In the
figure, 31 denotes an arithmetic unit and 32 denotes a heat
input control unit. Like reference numerals as in Fig. 2
indicate like members and their explanation is omitted. The
control system is so arranged that the arithmetic control
unit 31 is inputted Qith the measured values at the inlet and

outlet side thermometers 16, 17 (a temperature measured at

1 b



side to obtain a target temperature at the inlet side.
oubsequently, information is transmitted to the heat input
control unit 32 for the induction heating coil 10 so that the
measured temperature at the inlet side is in coincidence with
the target temperature at the inlet side. With the
conventional control system, where an error is caused 1in the
prediction of the steel pipe temperature within the reducer
11 by the influence of some disturbances such as variations
of caliber rolls and an ambient temperature and a variation
in cooling water in the caliber rolls, there is the
possibility that the inlet and outlet side temperatures are
outside the proper control range depending on the intended
quality of a product pipe.

In contrast, since the steep temperature is measured
not only at the inlet and outlet sides, but also at the
interstand position or positions of the reducer 11, such
measured values are also transmitted to the arithmetic device
31 as a control parameter. If a disturbance appears in the
reducer 11, the temperature can be instantaneously corrected,
not permitting the inlet-outlet side temperatures to be
outside the proper control range.

The apparatus of the invention is one which enables

one to smoothly carry out the method of the invention. The

17
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apparatus comprises a solid phase butt-welding device or a
welding device, an inlet side heating furnace, and a reducer
composed of a plurality of stands sequentially located in
this order, thermometers for measuring a steel pipe at inlet
and outlet sides of the reducer, and an arithmetic controi
device for controlling the inlet side heating furnace based
on the measured values from the thermometers, wherein an
inlet side soaking device capable of both heating and cooling
1s provided in place of the inlet side heating furnace,:
thermometers and an interstand socaking device capable of both
heating and cooling are, respectively, provided between the
stands of the reducer, and the arithmetic control device
controls the inlet side soaking device and the interstand
soaking device based on the measured values from the
thermometers between the stands.

It the inlet side neating furnace is replaced by an
inlet side soaking device, the socaking of the mother pipe
prior to the reduction can be performed without any trouble.
Since the interstand soaking device is additionally provided,
it is more efficiently performed to control the rolling
temperature when the reduction is effected by use of the
reducer provided downstream of the solid phase butt-welding
device or the welding device.

The heating means and the cooling means of the
interstand soaking dé&ice may be provided at different

interstand positions provided that such positions are within

1 8
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the reducer.

In the practice of the invention, it is preferred to

coolant jetting nozzle as cooling means. The heating furnace
1s favorably a infrared reflection-type furnace which has a
good heating efficiency. The coolant may be water or low
temperature air. If limitation is placed on the installation
space ot the reducer, it is more preferred to adopt an
induction coil as the neating means in the interstand soaking

device. If the heating efficiency-economy is comparable to

that of the induction coil, various types of energy beams
such as of plasma, electron and laser may be adopted.

Fig. 9 is a schematic view showing an example of a
reducer arrangement of a steel pipe according to the
lnvention. In Fig. 9, indicated by 10 is a coolant jJetting
nozzle, by 18 are interstand thermometers, by 33 is a flow
rate control unit, by 34 is a flow control valve, by 35 is a
coolant source, by 41 is an inlet side soaking device, by 42
1s an interstand soaking device. Dy 43 1is an arithmetic
control device consisting of an arithmetic unit 31, a heat
input control unit 32 and a flow control unit 33. It will be
noted that in Fig. 9, like reference numerals as in Fig. 8
indicate like members and their explanations are omitted and
that at the upstream-side of the induction heating device 8

(at the left side of Fig. 8), the same installation

1 9
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arrangement as in Fig. 8 is furnished. 1In this instance,
water is used as a coolant. The inlet side and interstand
soaking devices 41, 42 are, respectively, constituted of a
coolant jetting nozzle 10A for jetting a coolant from the
coolant source 35 through the flow control valve 34
controlled with the flow control unit 33, and the induction
heating coil 10 whose power is controlled by means of the
input heat control unit 32. Aside from the inlet and outlet
Side thermometers 16, 17, the thermometers 18 are located
upstreamly and downstreamly of the interstand soaking device
42 in the reducer 11. The measurements from these
thermometers 16, 17 and 18 are inputted to the arithmetic

unit 31, from which information is outputted to the input

order to, respectively, keep the measurements of the
temperature at the inlet side, the lnterstand positions and
the outlet side within target ranges, thereby controlling the
quantity of the input heat and the flow rate of the coolant.
In view of the standpoint of reducing the
temperature difference along the circumferential direction
of the mother pipe 2, it is preferred that the coolant
jJetting nozzle 10A of the inlet side soaking device 41 should
be so designed as to jet against only the seamed portion,
especially with the case of a welded steel plipe wherein the
temperature of the ééamed portion is high.

(Examples)

2 0
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(Example 1)

Using the installation drrangement shown in Fig.1l
(provided with a reducer 11 constituted of 8 stands each
having three caliber rolls), a carbon steel pipe for piping
corresponding to that described in JIS G 3452 was made in the
tollowing manner. A stee] Sstrip 1 was formed into a mother
Pipe 2 having an outer diameter of 27.2 mm and a thickness of

2.3 mm according to a solid phase welding process. The

(a) [Changed in the heating temperature] Using the
induction heating coil 10, the heating temperature was
changed in the range of 200 to 900 °C to heat the pipe,

followed by immediate rolling at a constant speed (150

m/minute) at the outlet side.

by means of the induction'heating coil 10, followed by
immediate rolling while changing the rolling speed in such a

way that the outlet side temperature of the reducer 11 was

changed in the range of 150 - 500 T .

Fig. 14 is a graph showing the relation between the

heating temperature and the surface roughness, Rmax, of the

steel pipe obtained under conditions (a). ¥1g. 15 is a graph
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showing the relation between the final stand rolling

temperature and the elongation (El.) of the stee] pipe

obtained under conditions (b).

invention. At temperatures nigher than 725 C , it degrades

to a level of several tensy m. The elongation of the reduced

Product pipe 3 is good at 33 & or above when the rolling

temperature is 375 °

the invention. When the temperature is lower than 375 C

elongation does not arrive at 30% and is thus poor.

(Example 2)
Using the installation darrangement shown in Fig. 2

(provided with a reducer 11 constituted of 6 stands each

having four caliber rolls), a carbon steel pipe for piping

corresponding to that described in JISG3452 was made in the

following manner. A steel strip 1 was formed into a mother

Pipe 2 having an outer diameter of 101.6 mm and a thickness

of 4.2 mm according to a welding process. The mother pipe 2

was subjected to tandem rolling under the following two
conditions (c) and (d) to obtain product pipes 3 of a given
length having an outer diameter of 76.3 mm and a length of

5.5 m wherein 50 pipes were made relative to each level of

the respective conditions.

(a) [Changed in the heating temperature] Using the

2 2
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induction heating coil 10, the neating temperature was
changed in the range of 400 - 1000 ‘C to heat the pipe,
followed by immediate rolling at a constant speed (100
m/minute) at the outlet side.

(b) [Changed in the outlet side temperature] The
pipe was heated at a constant heating temperature (650 °C )
by means of the induction heating coil 10, followed by
immediate rolling while changing the rolling speed in such a

way that the outlet side temperature of the reducer 11 was

changed in the range of 200 - 500 < .

F'1g. 16 is a graph showing the relation between the

heating temperature and the surface roughness, Rmax, of the
steel pipe obtained under conditions (c). Fig. 17 is a graph
showing the relation between the final stand rolling

temperature and the elongation (El.) of the steel pipe

obtained under conditions (b). The surface roughness, Rmax,
ot the reduced product pipe 3 is as good as less than 10y m
when the heating temperature for the mother pPipe 2 is not
nigher than 725 C which is within the scope of the
invention. At temperatures higher than 725 °C , it degrades

to a level of several tensy m. The elongation of the reduced

product pipe 3 is good at 36% or above when the rolling
temperature is 375° C or above which is within the scope of
the invention. When the temperature is lower than 375°C , the

elongation does not arrive at 30% and is thus poor.

As will be apparent from bxamples 1 and 2, according

2 3
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to the invention, work hardening can be suppressed only by
controlling the number of the stands of the reducer 11, which
l1s irrespective of the solid phase welding process and the
welding process. Moreover, the product pipes 3 with
different outer diameters can be obtained from one kind of
mother pipe 2 without involving any worsening of the surface
texture as will be caused by scale inclusion. Thus, small lot

and multikind steel pipes can be readily manufactured.

Industrial Utility

According to the invention, the steel mother pipes
manutactured according to the solid phase butt-welding
process or the welding process can be reduced into product
pipes with different outer diameters at low load or while

suppressing work hardening without worsening the surface

properties.
This enables one to readily manutfacture small lot and

multikind pipes. Moreover, product pipes whose dimensional

accuracy 1s at high level can be effectively obtained.

2 4
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WHAT IS CLATMED I1S:

1. A method for ©preparing a steel pipe

comprising the steps of:

forming a steel strip to form an open pipe;

subjecting both edges of the open pipe to butt

welding; and

reducing the welded steel pipe with a plural-

stand reducer having caliber rolls;

wherein the steel pipe prior to the reducing step

is heated to a temperature between 100°C and 800°C and then

reduced.

2 . A method for preparing a steel plpe

rivier

according to claim 1, wherein the butt welding consists of

butt welding which comprises heating the entirety of the

open pipe and subjecting both edge portions to solid phase

pressure welding

3. A method for preparing a steel plpe
according to claim 1, wherein the butt welding consists of

moderate temperature solid phase welding which comprises

heating both edge portions alone of the open pipe and

subjecting to solid phase pressure welding.

4, A method for preparing a steel pipe

according to claim 1, wherein the butt welding consists of

electric resistance welding of both edge portions of the

open pilpe.

25
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5. A method for preparing a steel plipe

according to claim 1, wherein the butt welding consists of

laser welding of both edge portions of the open pipe.

6 . A method for ©preparing a steel pipe
according to claim 1, further comprising measuring the
temperatures of said steel pipe at 1inlet and outlet sides

of said reducer and at interstand positions and heating or

cooling said steel pipe prior to the reducing step and
during the reducing step so that the resultant measurements

are 1in colncidence with a preset temperature, resgpectively.

7 . A method for ©preparing a steel pipe
according to claim 1, wherein the steel pipe prior to the

reducing step 18 heated to a temperature no greater than

725°C and reduced in a temperature range no less than 275°C.

8. A method for preparing a steel pipe

according to claim 7, wherein the steel 'pipe prior to the

reducing step 1s heated such that a temperature difference

along the circumferential direction of the pipe 18 within

200°C.

9. A method for preparing a steel pipe

according to claim 7, wherein the steel pipe prior to the

reducing step 1s heated such that a temperature difference

along the circumferential direction c¢f the pipe is within

100°C.

10. A method for preparing a steel pipe

=

according to claim 7, wherein the temperature of the steel

pipe 1s measured at inlet and outlet sides of the reducer

N
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and at interstand positions and the steel pipe prior to and
during the reducing step 1s heated or cooled so that the

resultant measurements are coinclident with a preset

temperature.

11. An apparatus for preparing a steel pipe,
comprilising:

a welding device;

an 1lnlet side heater;

a reducer having a plurality of stands, the inlet

side heater located between the welding device and the

regqucer;

thermometers for measuring a steel pipe tempera-

ture located at inlet and outlet sides of the reducer; and

an arithmetic contrcl unit for controlling the

iniet side heater baséd on the measured wvalues "*"rom the

thermonometers;
wherein the 1inlet side heater 1s an 1nlet side

soaking device capable of both heating and cooling,

e

additional thermometers are provided between the stands of

the reducer, an interstand socaking device capable of both

heating and cooling 1is provided between the stands of the
reducer, and the arithmetic control unit'controls the inlet

side socaking device and the interstand soaking device based

on the measured values from the additional thermometers

between the stands.

12. An apparatus according to claim 11, wherein

said inlet side soaking device comprises heating means

consisting o©f a  heating furnace and  cooling means
consisting of a coolant jetting nozzle, and said interstand

soaking device comprises heating means consisting of a

27
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heating furnace and cooling means consisting of a coolant

jetting nozzle.

13. An apparatus according to claim 11, wherein

said 1nlet side soaking device comprises heating means

consisting of a heating furnace or an 1inductlon coil and

cooling means consisting of a coolant jetting nozzle, and
salid i1interstand socaking device comprises heating means

consisting o©of an induction coi1l and cooling means

consisting of a coolant jetting nozzle.

14. An apparatus according to claim 11, wherein

said 1inlet side soaking device comprilises heating means

consisting of an induction coil and cooling means

consisting of a coolant jetting nozzle, and said interstand

soaking device comprises heating means consisting of a

heating furnace and cooling means consisting of a coolant

Jjetting nozzle.

15. An apparatus according to claim 11, wherein
said inlet side socaking device comprises heating means

consisting of an 1nduction coil and cooling means

consisting of a cooclant jetting nozzle and said 1nterstand

soaking device comprises heatling means consisting of an

induction coil and cooling means consisting of a coolant

jetting nozzle.

16. A seam butt-welded steel pipe, having a

surface roughness, Rmax, that 1s 10 pm or less as reduced,

made by the method of claim 1.

28
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17. An apparatus according to claim 11, wherein

the welding device is a solid-phase butt welding device.

18. A steel pipe made by the method of claim 1.

29
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