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Abstract

Manufacturing equipment of electric resistance welding
pipes is provided, in which lateral edges of a strip for an
electric resistance welding pipe is shaped with appropriate
tapering immediately before electric resistance welding so
that welding quality is kept excellent. (1) Cuttingor shaving
means 3 is provided after a leveler 2. (2) At least one finpass
forming stand 4 is provided, which includes a fin having
tapering having at 1least 2 stages. The manufacturing
equipment of electric resistance welding pipes satisfies at

least one of the above (1) and (2).
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Description

Manufacturing Equipment of Electric Resistance Welding

Pipes Having Excellent Characterization of Welded Seam

Technical Field

The present invention relates to manufacturing
equipment of electric resistance welding pipes required to
have toughness of weld such as line pipes for oil wells,
or pipes required to have strength of weld such as casings

for oil wells.

Background Art

Generally, pipes are roughly classified into welding
pipes and seamless pipes. An electric resistance welding
pipe as one of the welding pipes is manufactured by
rounding a sheet by roll forming or the like, and then
confronting each edge and welding. In the welding pipes,
toughness and strength of weld are generally bad compared
with those of a mother strip. Thus, in use of the pipes,
it is an inevitable problem to ensure certain toughness
and strength of weld for each application.

For example, since a line pipe for transporting crude
0il or natural gas is often laid in the cold latitudes,
low temperature toughness is essentially concerned.
Moreover, strength is importantly concerned with casings
for protecting mining pipes in oil wells for mining crude

oil.
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Among the welding pipes, the electric resistance welding
pipe is formed by welding without using weld metal, therefore
a configuration of manufacturing equipment thereof includes
at least an apparatus for supplying a strip, apparatus for
reforming a shape of the supplied strip, apparatus for
roll-forming the reformed strip, apparatus for inductively
heating lateral edges of the roll-formed strip, and apparatus
for pressure-welding the iﬁductively heated, lateral edges.
Furthermore, the manufacturing equipment often includes an
apparatus for performing heat treatment of weld of the welded
pipe, and an apparatus for shaping a profile of the pipe.

The apparatus for roll-forming the strip typically
includes a break-down roll stand for arcuately bending a strip,
cage roll stand for rounding the strip being arcuately bent
into a pipe shape, and finpass forming stand for shaping the
pipe that has been rounded.

Such conventionally used, manufacturing equipment of
electric resistance welding pipes is shown in Fig. 7. The
manufacturing equipment is configured by an uncoiler 1 for
supplying a strip 20; a leveler 2 for reforming the strip 20
to be flat; a roll forming machine 5 for graduallyvrounding
the reformed strip 20; an induction heater 6 for inductively
heating right and left, two lateral edges of the rounded strip
20; a squeeze roll (electric resistance welding section) 7 for
contacting by pressing the inductively-heated lateral edges
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of the strip so as to be formed into a pipe 21; a bead cutter
8 for cutting a weld bead portion of the pipe 21; a sizer 9
for adjusting outer diameter of the pipe 21 after cutting; and
a pipe cutter 10 for cutting out the pipe 21 being adjusted
in outer diameter into a predetermined length. The roll
forming machine 5 has a predetermined number (herein, two) of
finpass forming stands 4 in a last stage. A fin shape of the
finpass forming stand includes a one-stage tapering shape.

Typically, a hot-rolled sheet to be a mother strip of
a pipe is subjected to composition design or heat treatment
in consideration of properties of the mother strip after being
formed into the pipe in order to secure properties of the mother
strip such as toughness and strength.

However, since characterization of welded seam 1is
severely affected by a welding method rather than the
composition design or heat treatment of the mother strip,
development in welding technique is particularly important in
the case of electric resistance welding.

As a cause of problems for electric resistance welding,
oxides called penetrators are given, which are generated on
a lateral edge of a strip to be welded. In many cases, the
penetrators are not discharged from the edge along withmelting
steel during electric resistance welding and remained thereon,
and the remained penetrators cause reduction in toughness,

leading to insufficient strength.
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Thus, to remove the penetrators from weld as a main cause
of the detects in electric resistance welding, earnest
investigation has been made sb far on an active discharging
technique of melting steel from lateral edges of a strip to
be welded.

For example, patent document 1 or patent document 2
describes an example of investigation oﬁ a shape of each lateral
edge of a strip to be welded. That is, in the example, it is
intended that right and left, lateral edges of a strip to be
welded, which are typically formed in an approximately
rectangular shape by slitting or edge shaving, are tapered
before roll forming, and the tapered shape of the lateral edges
improves discharge of melting steel during electric resistance
welding.

For example, patent document 3 or patent document 4
describes an example of investigation on a shape of each lateral
edge of a strip. In the example, it is intended that each
lateral edge of a strip, which is typically formed in an
approximately rectangular shape by slitting or edge shaving,
is processed in shape before electric resistance welding so
that the processed shape of the lateral edge improves discharge
of melting steel during welding.

Patent document 1: JP-A-2001-170779

Patent document 2: JP-A-2003-164909

Patent document 3: JP-A-57-031485




Patent document 4: JP-A-63-317212

Disclosure of the Invention

However, in the conventional method described in the
patent document 1 or 2, since a hole-shape rolling roll, cutting
bite, and shaving roll are introduced as tapering means by a
simply listed manner, there have been various problems for
specifically using the method for a manufacturing process of
electric resistance welding pipes, and therefore further
detailed investigation has been needed.

That is, strips having various kinds of thickness are
formed into electric resistance welding pipes in an actual
manufacturing process of electric resistance welding pipes,
and, for example, when the hole-shape rolling roll is used to
shape the tapering on right and left, twoc lateral edges of a
strip, different hole-shape rolling rolls must be prepared for
each kind of strips having different thickness and the
hole-shape rolling roll must be changed for each kind of the
strips, therefore manufacturing efficiency of the pipes has
been problematically reduced. Moreover, when the lateral
edges of the strip are shaped with tapering by the cutting bite
or the shaving roll before roll forming, since most of the
tapering is crushed by finpass rolling using finpass forming
stand, it has been significantly difficult that the lateral

edges are shaped with the tapering by the cutting bite or the
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shaving roll in consideration of such crushing.

The inventors investigated the method described in the
patent document 3, as a result, it was clarified that even if
the amount of upset in finpass forming was greatly changed,
it was significantly difficult to contact only a part of each
lateral edge of the strip 20 to the fin of the finpass hole-shape
roll. This is because since the lateral edge of the strip 20
was slightly work-hardened in a previous forming process, the
whole lateral edge of the strip is easily deformed along the
fin so as to perfectly fill the fin portion, consequently a
shape of the fin is printed to the lateral edge of the strip.
As a result, the lateral edge of the strip 20 is not in a desired
shape immediately before electric resistance welding.

Moreover, the inventors investigated the method
described in the patent document 4, as a result, they confirmed
the following. That is, to shape the tapering on the whole
lateral edge of the strip 20 using the edger roll 11 in the
middle of roll forming (at the upstream side of the finpass
forming stand), since the edger roll, of which the diameter
is gradually increased from a pipe outer-surface side to a pipe
inner-surface side, needs to be used for forming as described
in the patent document 4, a lateral edge to be an edge at the
pipe inner-surface side is shaved by the edger roll, which may
problematically induce pads called “whisker”. Furthermore,

since large reaction force that opens the pipe-shaped strip
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20 outward is exerted in a cross section direction of the
strip 20 to be roll-formed, pressure between the edger
roll 11 and the lateral edge of the strip 20 is
necessarily reduced. As a result, as in the patent
document 3, the strip is hardly work-hardened through
reduction of the lateral edge by the edger roll, and even
if the amount of upset is reduced in subsequent finpass
forming, the strip substantially fills the fin portion,
therefore it is difficult that the lateral edge of the
strip 20 is shaped as described in the patent document 4.

The invention was made in the light of the above
circumstance, and it would be advantageous if at least
preferred embodiments of the invention provide
manufacturing equipment of electric resistance welding
pipes, in which a lateral edge shape can be made into an
appropriate shape immediately before electric resistance
welding, thereby melting steel is sufficiently discharged
during electric resistance welding so that penetrators are
securely removed, consequently an electric resistance
welding pipe having excellent characterization of welded
seam can be obtained.

The invention was made in the light of the above
circumstance, and it would also be advantageous if at
least preferred embodiments of the invention provide
manufacturing equipment of electric resistance welding
pipes having excellent characterization of welded seam, in
which each lateral edge of a strip is shaped with
appropriate tapering immediately before electric

resistance welding, so that
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welding quality can be kept excellent, in addition, reduction
in manufacturing efficiency can be suppressed.

The inventors made earnest investigation on a method of
shaping the appropriate tapering on each lateral edge of a strip
without a reduction in manufacturing efficiency even if strip
thickness is changed, as a result, they conceived an idea that
an upper surface side and a lower surface side of the lateral
edge of the strip were preferably separately shaped with the
tapering.

That is, when a lateral edge at one surface side is shaped
with the tapering, then another lateral edge at the other

surface side is shaped with the tapering, even if strip

thickness is variously changed, it is enough that a vertical

position of each apparatus that shapes the tapering on each
lateral edge is finely adjusted, therefore manufacturing
efficiency is not reduced.

Since most of the tapering shaped by the cutting bite
or the shaving roll before roll forming is crushed through
finpass forming, significantly large tapering having a length
more than half the thickness of the strip is necessary to be
shaped. However, a plurality of apparatuses for shaping the
tapering are provided, thereby large tapering is shaped on a
lateral edge at one surface side of the strip so that
sufficiently large tapering can be remained after finpass

forming, and another lateral edge on the other surface side
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can be shaped with tapering by another apparatus.

Since the strip is approximately flat in a roll forming
entrance side, a lateral edge on one surface side is preferably
shaped with the tapering by cutting or shaving. The apparatus
for shaping the tapering by cutting or shaving requires a
certain installation space because of its comparatively large
size, therefore it is hardly installed in a place during or
after roll forming since the strip is rounded and therefore
a space between edges is reduced. Moreover, since an apparatus
that performs cutting or shaving is hard to vertically
constrain the strip only by the apparatus itself, high
positioning accuracy is required for installation of the
apparatus in conjunction with installation of an apparatus for
holding a position through which the strip passes. Therefore,
a station of each apparatus needs to be increased in stiffness,
and consequently a wider installation space is required. Thus,
the cutting or shaving apparatus is preferably installed in
a place before roll forming.

At that time, to efficiently shape the tapering on the
right and left, lateral edges, it is preferable that the cutting
or shaving apparatus is configured to include a cutting or
shaving roll, and the cutting or shaving roll is used with being
inclined to a vertical edge in a thickness direction.

To shape the tapering on the lateral edge at the other

surface side, a finpass forming stand is preferably used in
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the middle of roll forming. Since a finpass roll is filled
with the strip in the finpass forming stand, the lateral edge
is strongly pressed. Therefore, in the finpass forming stand,
it is preferably that a fin shape is formed to be a two-stage
tapering shape, and the fin shape is printed to the strip by
using the strong pressing of the lateral edge of the strip.

As described before, in the prior art described in the
patent document 3 or 4, a part of the lateral edge of the strip
is pressed against the fin of the finpass hole-shape roll to
shape the tapering on each lateral edge of the strip. However,
according to the investigatioﬁ of the inventors, it was
understood that even if the whole circumference of the strip
in a circumferential direction did not £fill the finpass
hole-shape roll, when the strip was loaded into the finpass
hole-shape roll, the lateral edge was strongly pressurized by
the fin, so that the fin portion was perfectly filled with the
lateral edge. That is, it was understood that when the strip
was loaded into the finpass hole-shape roll, a lateral edge
of the strip being contacted to the fin and a laterally central
portion of the strip (portion of a bottom of the pipe-shaped
strip) situated at a side approximately 180 degrees opposite
to a side of the lateral edge were in a beamdeflection condition,
so that reaction force of the strip, which acted to bend the
cross section of the strip into an arcuate shape, was greatly

exerted, consequently even if the stripdidnot £ill the finpass
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hole-shaped roll, large compression force was exerted on
the lateral edge of the strip in the circumferential
direction, as a result, the lateral edge of the strip was
strongly pressurized by the fin, and consequently a shape
of the fin was directly printed to the lateral edge of the
strip.

Thus, the inventors noticed a phenomenon that each
lateral edge of the strip was strongly pressurized by the
fin in the finpass forming, and conceived a method of
shaping the predetermined tapering on the lateral edge of
the strip by actively using the phenomenon. That is, they
found that when the fin was shaped with two or more stages
of tapering, even if the amount of upset was small in
finpass forming, the lateral edge of the strip was able to
be shaped with desired tapering, thereby the lateral edge
of the strip was able to be shaped with appropriate
tapering immediately before electric resistance welding.

The invention is based on the above consideration,
and has the following features.

1. Manufacturing equipment of electric resistance
welding pipes having excellent characterization of welded
seam characterized by including at least an apparatus for
supplying a strip, an apparatus for reforming a shape, an

apparatus for performing roll forming, an induction
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heater, and a contacting apparatus of strip edges by
pressing, and having a finpass forming apparatus for
imparting grooves to both of a pipe outer-surface and a
pipe inner-surface side, the finpass forming apparatus
incorporating a fin having at least two stages of tapering
in the middle of the roll forming.

2. Manufacturing equipment of electric resistance
welding pipes having excellent characterization of welded
seam characterized by including at least an apparatus for
supplying a strip, an apparatus for reforming a shape, an
apparatus for performing roll forming, an induction
heater, and a contacting apparatus of strip edges by
pressing, and having an apparatus for cutting or stone-
grinding the strip edges or a hole-shape roll after the
apparatus for reforming the shape, and a finpass forming
apparatus incorporating a fin having at least two stages
of tapering in the middle of the roll forming.

3. The manufacturing equipment of electric
resistance welding pipes having excellent characterization
of welded seam according to the previous section 1 or 2
characterized in that an apparatus that shapes the
tapering on edges at an inner diameter side of a strip and
an apparatus that shapes the tapering on edges at an outer
diameter side of the strip are separately provided.

2307920_1 (GHMatters) 15/10/10
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4. The manufacturing equipment of electric
resistance welding pipes having excellent characterization
of welded seam according to the previous sections 1 to 3
characterized in that the tapering of the strip
immediately before electric resistance welding is made
such that an angle from a surface of strip edge toward
vertical direction is in a range of 25 degrees to 50
degrees, and length of a perpendicular from a starting
position to an end position of the tapering at one side is
20% to 45% of strip thickness.

Also disclosed herein is a manufacturing equipment of
electric resistance welding pipes having excellent
characterization of welded seam characterized by including
at least an apparatus for supplying a strip, an apparatus
for reforming a shape, an apparatus for performing roll
forming, an induction heater, and a contacting apparatus
of strip edges by pressing, and having an apparatus for
cutting or stone-grinding the strip edges or a hole-shape
roll after the apparatus for reforming the shape.

The manufacturing equipment of electric resistance
welding pipes having excellent characterization of welded
seam described above may be characterized in that the
cutting apparatus is designed such that cutting blades are
disposed in a roll shape for cutting the strip edges.

The manufacturing equipment of electric resistance
welding pipes having excellent characterization of welded
seam described above may be characterized in that the
grinding apparatus is designed such that a grinding stone
is disposed in a roll shape for stone-grinding the strip

edges.

Brief Description of the Drawings
Fig. 1 is an explanatory diagram of the manufacturing
equipment of electric resistance welding pipes according

to an embodiment of the invention;
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Fig. 2 is a diagram along an arrowed line A-A in Fig.

Figs. 3A and 3B are partial detail diagrams of Fig. 2
respectively;

Fig. 4A is a diagram along an arrowed line B-B in Fig.

Fig. 4B is a partial detail diagram of Fig. 4A;

Fig. 4C is an explanatory diagram of tapering at a strip
edge;

Fig. 5A is a diagram along an arrowed line B-B in Fig.
1 according to another embodiment of the invention;

Fig. 5B is a partial detail diagram of Fig. 5A;

Fig. 5C is an explanatory diagram of tapering at a strip
edge;

Figs. 6A to 6F are explanatory diagrams of the
manufacturing equipment of electric resistance welding pipes
according to another embodiment of the invention respectively;
and

Fig. 7 is an explanatory diagram of the manufacturing
equipment of electric resistance welding pipes according to
the prior art.

1 uncoiler

2 leveler

3 cutting or shaving means
3a cutting roll
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3b shaving roll

3c motor

4 finpass forming stand

4a finpass forming first stand
4b finpass forming end stand

5 roll forming machine

6 induction heater

7 squeeze roll (electric resistance welding section)
8 bead cutting bite

9 sizer

10 pipe cutter

20 strip

21 pipe

Best Mode for Carrying Out the Invention

Hereinafter, a preferred embodiment of the invention is
described.

Fig. 1 shows the manufacturing equipment of electric
resistance welding pipes according to an embodiment of the
invention. The manufacturing equipment has a basic
configuration including an uncoiler 1 for supplying a strip
20; a leveler 2 for reforming the strip 20 to be flat; a roll
forming machine 5 for gradually rounding the reformed strip
20; an induction heater 6 for inductively heating right and

left, two lateral edges of the rounded strip 20; a squeeze roll

15




(electric resistance welding section) 7 for contacting the
inductively-heated lateral edges by pressing so as to be formed
into a pipe 21; a bead cutter 8 for cutting a weld bead portion
of the pipe 21; a sizer 9 for adjusting outer diameter of the
pipe 21 after cutting; and a pipe cutter 10 for cutting out
the pipe 21 being adjusted in outer diameter into a
predetermined length. The roll forming machine 5 has a
predetermined number (herein, two) of finpass forming stands
4 in a last stage.

In addition to the basic configuration, the
manufacturing equipment of electric resistance welding pipes
according to the embodiment has cutting or shaving means 3 for
shaping the tapering on right and left, two lateral edges at
a top side of the strip 20, the means 3 being provided between
the leveler 2 and the roll forming machine 5. As shown in Fig.
2 showing a diagram along an arrowed line A-A in Fig. 1, and
Figs. 3A and 3B showing partial detail diagram of Fig. 2
respectively, the cutting or shaving means 3 rotates by a motor
3c a cutting tool 3a including cutting blades disposed in a
rbll shape (Fig. 3A), or a shaving stone 3b in a roll shape
(Fig. 3B), and the cutting surface or shaving surface of the
means is parallel to a roll axis. The cutting blades may be
inclined with respect to a roll axis. A pair of the cutting
or shaving means 3 are disposed right and left in a lateral

direction of the strip 20, and each roll axis is inclined by
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a predetermined angle a with respect to a vertical direction,
thereby right and left, two lateral edges at a top side of the
strip 20 are shaped with the predetermined tapering (the slope
angle from the lateral edge to the top is a, and a distance
in a strip thickness direction from the top to a start position
on the lateral edge is P). Hereinafter, the cutting tool 3a
including the cutting blades disposed in the roll shape is
called cutting roll 3a, and the shaving stone 3b in the roll
shape is called shaving roll 3b.

Furthermore, as shown in Fig. 4A showing a diagram along
an arrowed line B-B in Fig. 1 and Fig. 4B showing a partial
detail diagram of Fig. 4A, the manufacturing equipment of
electric resistance welding pipes according to the embodiment
is designed such that an end stand 4b of the finpass forming
stand 4 has a fin shape including two-stage tapering (a
second-stage tapering angle is o, and second-stage slope
vertical-length is B), and such a shape is printed to the
lateral edges of the strip 20, thereby right and left, two
lateral edges at a bottom side of the strip 20 (an outer surface
side of a pipe 21) are shaped with the predetermined tapering
(a slope angle from a lateral edge to a bottom is a, and a
distance in a strip thickness direction from a start position
on the lateral edge to the bottom is ).

In the manufacturing equipment of electric resistance

welding pipes configured in the above, in the case that strips
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20 having different thickness are successively threaded, when
the predetermined tapering is shaped on right and left, two
lateral edges at the top side and on those at the bottom side
of each strip 20, the right and left, two lateral edges at the
top side of the strip 20 are cut or shaved while the cutting
roll 3a or the shaving roll 3b is inclined by the predetermined
angle a, and a position in a height direction of the roll 3a
or 3b is finely adjusted, so that the right and left, two lateral
edges at the top side of the strip 20 are shaped with the
predetermined tapering, and the fin shape is printed to the
right and left, two lateral edges at the bottom side of the
strip 20 by the end stand 4b of finpass forming, so that the
right and left, two lateral edges at the bottom side of the
strip 20 are shaped with the predetermined tapering. Thus,
since the hole-shape rolling roll needs not be changed for each
of strips having different thickness unlike in the prior art,
the right and left, two lateral edges of the strip 20 can be
shaped with the predetermined tapering depending on strip
thickness without reducing production efficiency.

As hereinbefore, in the manufacturing equipment of
electric resistance welding pipes according to the embodiment,
the right and left, two lateral edges of the strip 20 can be
flexibly shaped with the appropriate tapering in response to
change in thickness of the strip 20 before electric resistance
welding. Therefore, welding quality can be excellently kept,

18




and reduction in production efficiency can be suppressed, and
consequently an electric resistance welding pipe having
excellent characterization of welded seam can be efficiently
manufactured.

The tapering shaped on the right and left, two lateral
edges of the strip 20 is preferably made such that an angle
from a vertical edge in a strip thickness direction (a slope
angle from a lateral edge to a top or bottom of the strip 20)
o is 25° to 50°, and length in a thickness direction from a
starting position to an end position of the tapering (distance
between the tapering starting position and the top or bottom
on the lateral edge of the strip 20) B is 20% to 40% of strip
thickness.

That is, when the slope angle a is less than 25°, melting
steel is insufficiently discharged from the central portion
in strip thickness, and penetrators are defectively remained,
resulting in reduction in toughness or strength after electric
resistance welding, and when the slope angle a is more than
50 degrees, the tapering is problematically remained as a flaw
on a product pipe still after electric resistance welding.
Moreover, when the distance B is less than 20% of thickness,
melting steel is insufficiently discharged from the central
portion in strip thickness, so that the penetrators tend to
be remained, and when the distance P is more than 40% of

thickness, the tapering is problematically remained as a flaw
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on a product pipe still after electric resistance welding.

Fig. 1 shows a basic configuration of the manufacturing
equipment of electric resistance welding pipes according to
another embodiment of the invention. The manufacturing
equipment has a basic configuration including an uncoiler 1
for supplying a strip 20; a leveler 2 for reforming the strip
20 to be flat; a roll forming machine 5 for gradually rounding
the reformed strip 20; an induction heater 6 for inductively
heating right and left, two lateral edges of the rolled strip
20; a squeeze roll (electric resistance welding section) 7 for
contacting the inductively-heated lateral edges by pressing
so as to be formed into a pipe 21; a bead cutter 8 for cutting
a weld bead portion of the pipe 21; a sizer 9 for adjusting
outer diameter of the pipe 21 after cutting; and a pipe cutter
10 for cutting out the pipe 21 being adjusted in outer diameter
into a predetermined length. The roll forming machine 5 has
a predetermined number (herein, two) of finpass forming stands
4 in a last stage.

In the manufacturing equipment of electric resistance
welding pipes according to the embodiment, while a fin of the
finpass forming first stand 4a has typical one-stage tapering,
as shown in Fig. 4A showing a cross section diagram and Fig.
4B showing a partial detail diagram of Fig. 4A, a fin of the
end stand (here, second stand) 4b has two-stage tapering (a
second-stage tapering angle is o, and second-stage slope

20




vertical-length is P), and such a shape is printed to right

and left, two lateral edges of the strip 20, thereby as shown
in Fig. 4C, right and left, two lateral edges at a side to be
an outer surface side of a pipe are shaped with the
predetermined tapering (a slope angle from a lateral edge to
a surface to be the outer surface of the pipe is a, and a distance
in a thickness direction between a start position on the lateral
edge and the surface to be the outer surface of the pipe is
B) .

The tapering shaped on the right and left, two lateral
edges of the strip 20 isxnade such that an angle from a vertical
edge in a strip thickness direction (a slope angle from a
lateral edge of the strip 20 to a surface to be an outer surface
of a pipe) a is 25° to 50°, and length in a strip thickness
direction from a starting position to an end position of the
tapering (distance between the tapering starting position on
the lateral edge and the surface to be the outer surface of
the pipe in a strip thickness direction) B is 20% to 40% of
strip thickness.

This is because when the slope angle a is less than 25°,
melting steel is insufficiently discharged from the central
portion in strip thickness, and penetrators are defectively
remained, resulting in reduction in toughness or strength after
electric resistance welding, and when the slope angle a is more
than 50 degrees, the tapering is problematically remained as
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a flawon a product pipe still after electric resistance welding.
Moreover, when the distance B is less than 20% of thickness,
melting steel is insufficiently discharged from the central
portion in strip thickness, so that the penetrators tend to
be remained, and when the tapering starting distance B is more
than 40% of strip thickness, the tapering is problematically
remained as a flaw on a product pipe still after electric
resistance welding.

As described above, in the embodiment, the fin shape of
the finpass forming end stand 4b is made to include the tapering
having two angles, and the fin shape is printed to the right
Aand left, two lateral edges of the strip 20, therefore a shape
of each lateral edge of the strip 20 can be shaped with
appropriate tapering immediately before electric resistance
welding. As a result, the melting steel is sufficiently
discharged during electric resistance welding, and the
penetrators are securely removed, and consequently an electric
resistance welding pipe having excellent characterization of
welded seam can be obtained.

In the above, right and left, two lateral edges at a side
to be a pipe inner-surface side can be also shaped with
predetermined tapering by changing a shape of the two-stage
tapering.

The manufacturing equipment of electric resistance

welding pipes according to still another embodiment of the
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invention also has the basic configuration as shown in Fig.
1.

In the manufaéturing equipment of electric resistance
welding pipes according to the embodiment, while a fin of the
finpass forming first stand 4a has typical one-stage tapering,
as shown in Fig. 5A showing a cross section diagram and Fig.
5B showing a partial detail diagram of Fig. 5A, a fin of the
end stand (here, second stand) 4b has three-stage tapering
(first-stage slope vertical-length is &, a second-stage
tapering angle is y, a third-stage tapering angle is a, and
third-stage slope vertical-length is ), and such a shape is
printed to right and left, two lateral edges of the strip 20,
thereby as shown in Fig. 5C, right and left, two lateral edges
at a side to be an outer surface side of a pipe are shaped with
the predetermined tapering {(a slope angle from a lateral edge
to a surface to be the outer surface of the pipe is a, and a
distance in a strip thickness direction between a start
position on the lateral edge and the surface to be the outer
surface of the pipe is B), and right and left, two lateral edges
at a side to be an inner surface side of the pipe are shaped
with the predetermined tapering (a slcope angle from a lateral
edge to a surface to be the inner surface of the pipe is vy,
and a distance ina strip thickness direction between a starting
position on the lateral edge and the surface to be the inner
surface of the pipe is ¢). However, when one of the angles
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of the three-stage fin is larger than an angle in a vertical
direction of the finpass roll, a lateral edge of the strip is
shaved by the fin, which may induce pads called "“whisker”,
resulting in generation of a flaw during finpass forming, or
causing spark in electric resistance welding. Therefore, the
fin angle is preferably not more than the angle in the vertical
direction of the finpass roll.

The tapering shaped on the right and left, two lateral
edges of the strip 20 is made such that the slope angle o from
the lateral edge of the strip 20 to the surface to be the outer
surface of the pipe, and the slope angle y from the lateral
edge to the surface to be the inner surface of the pipe are
25° to 50° réspectively, and the distance B in the strip
thickness direction between the tapering start position on the
lateral edge and the surface to be the outer surface of the
pipe, and the distance ¢ in the strip thickness direction
between the tapering start position and the surface to be the
inner surface of the pipe are 20% to 40% of strip thickness
respectively.

This is because when the slope angle a or y is less than
25°, melting steel is insufficiently discharged from the
central portion in strip thickness, and penetrators are
defectively remained, resulting in reduction in toughness or
strength after electric resistance welding, and when the slope
angle o or y is more than 50 degrees, the tapering is
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problematically remained as a flaw on a product pipe still after
electric resistance welding. Moreover, when the tapering
starting distance P or ¢ is less than 20% of thickness, melting
steel is insufficiently discharged from the central portion
in strip thickness, so that the penetrators tend to be remained,
and when the tapering start distance B or ¢ is more than 40%
of thickness, the tapering is problematically remained as a
flaw on a product pipe still after electric resistance welding.

As described above, in the embodiment, the fin shape of
the finpass forming end stand 4b is made to include the tapering
having three angles, and the fin shape is printed to the right
and left, two lateral edges of the strip 20, therefore a shape
of each lateral edge of the strip 20 can be shaped with
appropriate tapering immediately before electric resistance
welding. As a result, the melting steel is sufficiently
discharged during electric resistance welding, and the
penetrators are securely removed, and consequently an electric
resistance welding pipe having excellent characterization of
welded seam can be obtained.

The manufacturing equipment of electric resistance
welding pipes according to still another embodiment of the
invention also has the basic configuration as shown in Fig.
1. |

In the manufacturing equipment of electric resistance

welding pipes according to the embodiment, as shown in Fig.
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6A showing a cross section diagram and Fig. 6B showing a partial
detail diagram of Fig. 6A, a fin of the finpass forming
first-stand 4a in a former stage has two-stage tapering
(first-stage slope vertical-length is & and a second-stage
tapering angle'is y), and such a shape is printed to right and
left, two lateral edges of the strip 20, thereby as shown in
Fig. 6C, right and left, two lateral edges at a side to be an
inner surface side of a pipe are shaped with predetermined
tapering (a slope angle from a lateral edge to a surface to
be an inner surface of the pipe is y, and a distance in a strip
thickness direction between a starting position on the lateral
edge and the surface to be the inner surface of the pipe is
¢). In addition, as shown in Fig. 6D showing a cross section
diagram and Fig. 6E showing a partial detail diagram of Fig.
6D, a fin of the finpass forming end stand (here, second stand)
4b in a latter stage has two-stage tapering (a second-stage
tapering angle is o and second-stage slope vertical-length is
B), and such a shape is printed to right and left, two lateral
edges of the strip 20, thereby as shown in Fig. 6F, right and
left, two lateral edges at a side to be an outer surface side
of the pipe are shaped with predetermined tapering (a slope
angle from the lateral edge to a surface to be the outer surface
of the pipe is a, and a distance in a strip thickness direction
between a starting position on the lateral edge and a surface
to be the outer surface of the pipe is B).
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When each lateral edge at a side to be the inner surface
side of the pipe is shaped with the tapering by the finpass
forming first-stand 4a, the shaped portion is significantly
work-hardened by strong pressure, thereforeeven if the lateral
edge is further shaped with tapering by the finpass forming
end stand 4b, the tapering shaped by the first stand 4a is
relatively hardly crushed. Therefore, the lateral edges of
the strip can be shaped with the predetermined tapering in
either of the inner and outer surface sides of the pipe after
finpass forming is finished.

The tapering shaped on the right and left, two lateral
edges of the strip 20 is made such that the slope angle a from
the lateral edge of the strip 20 to the surface to be the outer
surface of the pipe, and the slopé angle y from the lateral
edge to the surface to be the inner surface of the pipe are
25° to 50° respectively, and the distance B in a strip thickness
direction between the tapering starting position on the lateral
edge and the surface to be the outer surface of the pipe, and
the distance ¢ in the strip thickness direction between the
tapering starting position and the surface to be the inner
surface of the pipe are 20% to 40% of strip thickness
respectively.

This is because when the slope angle a or y is less than
25°, melting steel 1is insufficiently discharged from ﬁhe
central portion in strip thickness, and penetrators are
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defectively remained, resulting in reduction in toughness or
strength after electric resistance welding, and when the slope
angle a or y is more than 50 degrees, the tapering 1is
problematically remained as a flaw on a product pipe still after
electric resistance welding. Moreover, when the tapering
start distance B or ¢ is less than 20% of thickness, themelting
steel is insufficiently discharged from the central portion
in strip thickness, and the penetrators tend to be remained,
and when the tapering start distance P or ¢ is more than 40%
of thickness, the tapering is problematically remained as a
flaw on a product pipe still after electric resistance welding.
As described above, in the embodiment, finpass forming
is performed such that the fin shape of the first stand 4a in
the former stage and the fin shape of the end stand (here, second
stand) 4b in the latter stage are made to include the tapering
having two angles respectively, and the respective fin shapes
are printed to the right and left, two lateral edges of the
strip 20, therefore the lateral edges of the strip 20 can be
shaped with appropriate tapering immediately before electric
resistance welding. As a result, the melting steel 1is
sufficiently discharged during electric resistance welding,
and the penetrators are securely removed, and consequently an
electric resistance welding pipe having excellent
characterization of welded seam can be obtained.

In the above embodiment, the reascn why the lateral edges
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at the pipe inner-surface side or the pipe outer-surface side
ofthestripareshapedwiththetaperimgbythefinpassforming
end stand (here, second stand) 4b is because since electric
resistance welding is performed immediately after that, the
electric resistance welding can be performed with the excellent
tapering being kept. However, it is also acceptable that the
lateral edges of the strip are shaped with the tapering by a
finpass forming start stand or finpass forming middle stand,
but not shaped with the tapering by the finpass forming end
stand. Once the lateral edges of the strip are shaped with
the tapering, the lateral edges are significantly
work—hardenedknzstrongpressure,thereforeeven¢rfthelateral
edgesaresubjectedtofinpassformingthereafter,thetapering
1s relatively hardly crushed, and consequently a state where
the lateral edges are shaped with the tapering can be kept still

after finpass forming is finished.

Example 1

A strip (steel strip) 1920 mm in width and 19.1 mm in
thickness was used to manufacture electric resistance welding
pipes 600 mm in diameter, and then a strip (steel strip) 1920
mm in width and 11.3 mm in thickness was used to manufacture
electric resistance welding pipes 600 mm in diameter.

Test pieces were cut out fromthe weld of the manufactured

electric resistance welding pipes, and subjected to a Charpy
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test to evaluate performance of the pipes. Charpy test pieces
were sampled by one for each of ten different points in a pipe
length direction in a manner that a longitudinal direction of
the test piece was parallel to a pipe circumferential direction,
and a longitudinal center of a notch corresponded to a central
position in thickness of the weld. The test pieces were formed
as JISS5 2 mm-V-notch impact test pieces, and subjected to an
impact test at -46°C, and Charpy impact values and brittle
fracture surface ratios were measured. A Charpy impact value
of 125 J or more, and a brittle fracture surface ratio of 35%
or less were specified as an allowable range of performance
respectively.

(Example of the invention)

As an example of the invention, the manufacturing
equipment of electric resistance welding pipes according to
an embodiment of the invention as shown in Fig. 1 was used to
manufacture the electric resistance welding pipes. At that
time,thecuttingroll3ashowninEig.ZNXwasusadasthecﬁtting
or shaving means 3 for shaping the tapering on the right and
left, two lateral edges at a top side of a strip. The slope
angle o of the tapering was made to be 30° in either of the
top side and a bottom side.

(Prior art example)
As a prior art example, the manufacturing equipment of

electric resistance welding pipes as shown in Fig. 7 was used
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to manufacture the electric resistance welding pipes.

Measurements were made on Charpy impact values and

brittle fracture surface ratios of the weld of the electric

resistance welding pipes manufactured according to the above,

and results of the measurements are shown in Table 1.

Table 1
Means of Means of Tapering angle Charpy Brittle
shaping the shaping the immediately impact fracture
tapering at tapering at | before electric value surface
top side bottom side resistance ratio
welding
Example of the | Cutting roll Finpass 30° 350 g 15%
invention forming roll’
Prior art Not provided | Not provided No tapering 20 g 58%
example

From Table 1, in the example of the invention, the weld
has high impact strength and a small brittle fracture surface
ratio, that is, toughness is excellent, and reliability of
products is high. In contrast, in the prior art example, the
weld has low impact strength and a large brittle fracture
surface ratio, that is, toughness is reduced, and reliability
of products is low.

Example 2

A strip (steel strip) 1920 mm in width and 19.1 mm in

thickness was used to manufacture electric resistance welding

pipes 600 mm in diameter. Test pieces were cut out from the
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weld of the manufactured electric resistance welding pipes,

and subjected to a Charpy test to evaluate performance of the
pipes. Charpy test pieces were sampled by one for each of ten
different points in a pipe length direction in a manner that

a longitudinal direction of the test piece was parallel to a

pipe circumferential direction, and a longitudinal center of
a notch corresponded to a central position in thickness of the
weld. The test pieces were formed as JIS5 2 mm-V-notch impact

test pieces, and subjected to an impact test at -46°C, and Charpy
impact values and brittle fracture surface ratios were measured.
A Charpy impact value of 125 J or more, and a brittle fracture

surface ratio of 35% or less were specified as a performance

allowable range respectively.

(Example of the Invention)

As an example of the invention, the manufacturing
equipment of electric resistance welding pipes according to
another embodiment described above was used to manufacture the
electric resistance welding pipes. Either of the slope angle
o at a side to be a pipe outer-surface side and the slope angle

y at a side to be a pipe inner-surface side was made to be 25°.

(Prior art example)

As a prior art example, the prior-art manufacturing
equipment of electric resistance welding pipes as shown in Fig.
7 was used to manufacture the electric resistance welding
pipes.
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Measurements were made on Charpy impact values and

brittle fracture surface ratios of the weld of the electric
resistance welding pipes manufactured according to the above,
and results of the measurements are shown in Table 2. Moreover,
lateral edges of the strips immediately before electric
resistance welding were cut out and sampled, and shapes of the

lateral edges were observed, and results of such observation

are also described.

Table 2
Target value of Measured value of Charpy Brittle
tapering in finpass | tapering immediately impact fracture
forming before electric value surface
resistance welding ratio
Example of the 25° at pipe 25° at pipe 370 g 15%
invention outer-surface side outer-surface side
25° at pipe 25° at pipe
inner-surface side inner-surface side
Prior art Not set Not set 200 58%
example

From Table 2, in the example of the invention, the weld

has high impact strength and a small brittle fracture surface

ratio, that is, toughness is excellent, and reliability of

products is high. 1In contrast, in the prior art example, the
weld has low impact strength and a large brittle fracture

surface ratio, that is, toughness is reduced, and reliability

of products is low.
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It is to be understood that a reference herein to a
prior art document does not constitute an admission that
the document forms part of the common general knowledge in

the art in Australia or any other country.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. Manufacturing equipment of electric resistance
welding pipes having excellent characterization of welded
seam, characterized by including:

an apparatus for supplying a strip,

an apparatus for reforming a shape,

an apparatus for performing roll forming,

an induction heater, and

a contacting apparatus of strip edges by pressing,
and having a finpass forming apparatus for imparting
grooves to both of a pipe outer-surface side and a pipe
inner-surface side, the finpass forming apparatus
incorporating a fin having at least two stages of tapering
in the middle of the roll forming.

2. Manufacturing equipment of electric resistance
welding pipes having excellent characterization of welded
seam, characterized by including:

an apparatus for supplying a strip,

an apparatus for reforming a shape,

an apparatus for performing roll forming,

an induction heater, and

a contacting apparatus of strip edges by pressing,
and having

an apparatus for cutting or stone-grinding the strip
edges or a hole-shape roll after the apparatus for
reforming the shape, and

a finpass forming apparatus incorporating a fin
having at least two stages of tapering in the middle of

the roll forming.

3. The manufacturing equipment of electric
resistance welding pipes having excellent characterization
of welded seam according to claim 1 or 2, characterized in
that:

an apparatus that shapes the tapering on edges at an
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inner diameter side of a strip and an apparatus that
shapes the tapering on edges at an outer diameter side of

the strip are separately provided.

4, The manufacturing equipment of electric
resistance welding pipes having excellent characterization
of welded seam according to any one of claims 1 to 3,
characterized in that:

the tapering of the strip immediately before electric
resistance welding is made such that an angle from a
surface of strip edge toward vertical direction is in a
range of 25 degrees to 50 degrees, and length of a
perpendicular from a starting position to an end position
of the tapering at one side is 20% to 45% of strip

thickness.

5. Manufacturing equipment of electric resistance
welding pipes having excellent characterization of welded
seam, substantially as herein described with reference to

Figures 1 to 6.
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