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@ A method for forming an electric resistance weided steel pipe.

@ The invention provides an improvement in the method
of forming a skelp into a rounded tubular form in the
preparation of an electric resistance welded steel pipe.
Different from conventional methods, the skelp in bent in the
initial and intermediate forming stages within a limited re-
gion alone along the centerline thereof to have a U-shaped
forming flower. Thereafter, the edge portions of the bent
skelp are bent in the upstream fin pass rolls to have a
curvature of at least 80% of the final curvature with simul-
taneous overbending in the boundary regions on both sides
of the side portions of the rounded skelp. Finally, the round-
ed skelp is pressed down in the direction to decrease the
vertical diameter to bulge out in the transverse direction
with simultaneous unbending the overbent portions into the
final curvature.

Al
(D

ACTORUM AG



10

15

20

Kawasaki Steel J@‘ﬂ 393 2@5

Corporation K 5624-EP

Y

A METHOD . FOR FORMING AN ELECTRIC
RESISTANCE WELDED STEEL PIPE

BACKGROUND OF THE INVENTION

The present invention relates to a method for forming
an electric resistance welded steel pipe in which a flat
skelp 1is continuously formed by rolls into a rounded skelp
of which, after passing through fin pass rolls, both
marginal edges are welded together into a finished steel
pipe.

In the method for forming an electric resistance welded
steel pipe having a seam line running in parallel with the
longitudinal axis of the pipe, it is usual that a flat skelp
trimmed in a width corresponding to the unfolded
circumferential 1length of the desired pipe is first formed
into a semicircular rounded skelp by successively passing
through several forming rolls for the initial and
intermediate forming stages followed by the stable forming

of the edges through fin pass rolls at the finishing stage

. to finish the rounded skelp to have the predetermined shape

25

and dimensions which is then subjected to the upset welding
of the marginal edges to form the seam by means of a squeeze
roll. .Proper selection of the roll-forming process of the
skelp before welding is very important because it is the
determining factor for the quality of welding, yield in the
forming, productivity Aand the operating rate of the mill,

investment for the facilities, cost for rolls and the



1 like.

The above described forming method of the electric
resistance welded steel pipe is essentially a combination of
the selected cross-sectional configuration pf the skelp,

5i.e. forming flower, in the forming process as a software-
like technology and the actual selected type of the forming
process in the forming facilities as a hardware. The forming
flower here implied means the patterns by which the
successively changing cross sectional configuration of the

10 skelp 1is expressed along the line of the sequence of the
rolls at each of which the running skelp is deformed.

In respect of the forming flowers in the initial and
intermediate forming stages in the prior art method, the
flat skelp undergoes a bending formation over the whole

15 width thereof with an object to reduce the working amount
and forming load in the succeeding fin pass forming. _The
forming in these stages is of course performed in several
different ways including the circular bending, combination
of the circular bending and edge bending, combination of the

20 W-bending and circular bending and combination of circular
bending, edge bending'and centerrbending. Each of these
forming processes, however, has several problems such as
the increased number of rolls in the initial and
intermediate forming stages, increase in the length of the

25 forming 1line, increased time taken for the adjuétment and
exchange of the rolls, decreased compatibility of the rolls

with different pipe being formed, and the like.
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The forming flowers in the above mentioned initial and
intermediate forming stages may be of the center bending
type which is, however, rarely undertaken in practice for
the reasons described below and technically not well
established. 1In the forming by center bendiné, the’bending
work of the skelp is started from the center line thereof
toward the edge portions and the bénding work at the initial
and intermediate forming stages is limited to the center

portion of the skelp and thereabout so that the bending

work in these stages is easier than those in other forming
processes. The marginal edge portions of the skelp are,
however, left unformed in the initial and intermediate

forming stages so that the succeeding fin pass forming must
accompany the edge bending which.is a very difficult matter
with increased load in the fin pass forming. Furthermore,
the space-path length of the skelp edges in this case is the
longest in comparison with other types of forming procegses
with increased appearance of the edge stretch and the
resistance of the skelp against buckling is low because the
edge portions have not vyet been bent. Therefore, a
disadvantage is sometimes wunavoidable that edge wave
frequently takes place between the roll stands.

In connection with the finish-forming stage, i.e. fin
pass forming stage in the prior art methocd for forming an
electr;c resistance welded steel pipe, two types of forming
processes are known with different fin pass forming flowers.

One 1is a forming process with the so-called Yoder-Mckay

forming flower in which the nearly rounded skelp is formed



1 with successively decreasing width so as to increase the
roundness of the bent skelp as a whole. The other 1is a
forming process with the so-called Etna-type forming flower
in which the lower half of the skelp is.bent in the initial

5 and intermediate forming stages to have the final curvature
of the finished pipe with the upper half bent to have 50 to
70 % of the final curvature followed by the fin pass forming
in which the wupper half of the skelp is formed into the
final curvature thus to form the marginal edge portions

10 ready to be welded.

Accordingly, the conventional fin pass forming process
can be considered as a reduce-type forming method mainly
directed to the curvature increasing bending of the nearly
rounded skelp. |

15 In the above described Yoder-Mckay forming flower, each
fin pass roll must serve to the bending of the rounded
skelp over the whole width so that the load on the fin pass
forming is relatively large. In addition, roll slip marks
are sometimes unavoidable because the width decrease is

20effected on the side portions of the rounded skelp and the
gap between the ﬁérginal edges of the rounded skelp is
successively decreased resulting in a small edge gap after
the final fin pass roll. Accordingly, the V-shape angle in
the welding portion is too small to cause several problems

25including the occurrence of weld defects, generation of
sparks at the V-shaped edge portion, appearance of edge

waves and the like. A further problem is the increase in the
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thickness of the marginal edges due to the relatively large
fin angle at the upstream-side fin pass rolls.

In the Etna-type forming flower, on the other hand, the
load in the fin pass forming is decreased and occurrence of
the roll slip marks is reduced in comparison Qith the Yoder-
Mckay forming flower. In this case, howéber, difficulties
are encountered in the forming at the initial and
intermediate forming stages because the forming work in
these stages must include bending over thg whole width of
the skelp or, in particular, finish bending of the skelp
portion corresponding to the lower half of the semicircular
bent skelp. Moreover, some of the problems in the Yoder-
Mckay forming flower remain unsolved in this case such as
the narrowing of the V-shape angle at the welding portion as
a result of narrowing of the edge gap aftér the final f£fin
pass roll, the trend of the thickness increase at the marginal
edges as a result of the increased fin angle at gthe
upstream-side fin pass rolls and the like and the tendency of
the thickness increase at the marginal edges is even larger
than in the Yoder-Mckay forming flower.

U.8. Pat. No. 4,339,938 discloses a rounded skelp
forming method combined an edge crimping forming process
with a sequential O-forming process thereafter. The edge
crimpipg process comprises outermost edge bending and
subsequent bending of the inward portion adjacent thereto by
means of horizontal edge bend rolls. The circular O-forming
process 1is performed by means of cage rolls disposed along

the skelp. The method has such disadvantages as necessity in
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employing large breakdown rolls, occurrence of roll slip
marks, and difficulties in integrated arc configuration in
the upstream stages and in adjustment of separately disposed
cage rolls.

Pipe manufacturing process composed of Uing, ©ing and
Expanding is well-known as the two dimensional discontinuous
press forming process, which can not be utilized for the
three-dimensional caliber roll pipe forming process because
the former process is subjected to quite different plastic
working technology from the latter with entirely different
deforming behavior. In addition, UOE process can not be
employed in complicated work such as over-bend forming and
the 1like.

In short, the conventional methods practically
performed for +the forming of electric resistance welded
steel pipes wutilize the circular bend forming or- a
combination of the circular bend forming and another forming
flower as the t§pe of the forming fiower in the initial and
intermediate forming stages and utilize the Yoder-Mckay or
Etna-type forming flower in the fin pass forming stage,
while these forming flowers are actually obtained in a
particular forming process such as the step-roll forming,
vertical-roll forming, cage-rocll forming and the like as is

described later with reference to the accompanying drawings.

25 These conventional processes, however, involve numbers of

problems including; increase in the number of the forming

roll stands as a result of the forming work by bending the
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skelp over the whole width in the initial and intermediate
forming stages; decreased compatibility of the rolls with
different kinds of pipes; increase in the length of time
taken for the adjustment and replacemept of rolls;
unacceptable cross sectional form of  the rounded skelp;
increases in the load in the fin pass forﬁing; narrowing of
the V-shape angle at the welding pdrtion as a result of the
decrease in the final fin width; thickness increase in the
edge portions of the skelp; necessity of_adjustment of the

fin pass reduction in accordance with the wall thickness or

the grade of the product ; increase in the residual stress
in the circumferential direction of the rounded skelp; and
SO on.

SUMMARY OF THE INVENTION

The object of the present invention is to providé a
novel forming method of a skelp for the preparation of an
electric resistance welded steel pipe with improved forming
performance not only in the initial and intermediate forming
stages but also in the fin pass forming stage in which the
yvield of the product is increased and the steel pipe product
is 1imparted with improved form and accuracy of size as well
as excellent quality of welding.

Aﬁother object of the invention is to provide a method
of forming for the preparation of an electric resistance
welded steel pipe in which the advantage of the process 1is

greatly increased with increase in the operating rate of the
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mill, reduction of the investment for the mill facilities,
decrease in the cost for the rolls and enlargement of the
versatility of the process to a wide variety of products.
Thus, the method of tﬁe present invention for forming a
skelp in the preparation of an electric resistance welded
steel pipe comprises the steps of;
(1) bending a skelp by roll forming the <center portion
thereof alone into a bent skelp having a U-shaped forming
flower leaving both side portions of the skelp unbent by use
of holding rolls for successively holding and restraining
the marginal edge portions of the skelp and a plurality of
center-bend 1rolls for restraining and forming the skelp
along the centerline;
(II) forming the marginal edge portions of the thus bent
skelp by upstream fin pass bending to give a curvature of
at least 80 % of the final curvature of the finished pipe
and simultaneously forming the boundary regions between the
side portion and edge portion of the roundcd skelp and

between the side portion and bottom portion of the rounded

20 skelp to give each region a curvature larger than the final

curvature of the finished pipe while the side portions of
the skelp are restrained from bending; and
(II1) forming the side portions of the rounded skelp, which

have been restrained from bending in the step (I1}, to

25successively bulge out in the transverse direction to

increase the transverse diameter of the rounded skelp by

reducing with the succeeding fin pass rolls mainly in the
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1 direction +to decrease the vertical diameter of the rounded
skelp, whereby the bulge-out forming having forming effects
of bending of the side portions of the bent skelp and un-
bending of the over-bent portions formed in ﬁhe step (II)
5 along the becundary regions between the side pértion and edge
portion of the rounded skelp and between the side portion

and bottom portion of the rounded skelp.
BRIEF DESCRIPTION OF THE DRAWING

10 FIGURES 1la to 1d are each an illustrétion of a forming
flower in the prior art method of forming;
FIGURES 2a and 2b are each an illustration of a fin
pass forming flower in the prior art forming method;
FIGURES 3a and 3b are each a graph showing the path of
15 the projection in the skelp forming stages according to the
prior art method for fin pass forming;
FIGURES 4a to 44 are each a roll map chart showing‘the
prior art forming method;
FIGURES 5a and 5b each illustrate a forming flower in
20 the center forming step according to the present invention;
FIGURE 6a 1s a forming flower in the center forming
process in the initial and intermediate forming stages
according to the present invention and FIGURE 6b is a
typical forming flower in the forming stages of edge bending
25 of thé rounded skelp and bulge-out of the rounded skelp
according to the present invention;
FIGURE 7a 1is a schematic illustration of the formed

state of the rounded skelp and thekforces acting on the
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1 rounded skelp in the first fin pass roll forming according
to the present invention and FIGURE 7b is a corresponding
illustration for the prior art forming method;

FIGURE 8 is an illustration of the forming process in

5 or after the second fin pass roll forming according to the
present invention;

FIGURE 9 1is a graph of the path of the projection
showing the formed state of the rounded skelp in the fin
pass forming process according to the present invention;

10 FIGURE 10a is a schematic cross sectional view of the
welded pipe formed according to the present invention
showing the residual bending moment in the circumferential
direction and FIGURE 10b is a corresponding illustration for
the prior art forming method;

15 FIGURE 11 is a typical roll map chart illustrating a
forming process according to the present invention; -

FIGURE 12 1is a diagram showing an example of +the
caliber profile of the fin pass roll usable in the fin pass
forming process according to the present invention; and

20 FIGURE 13 is a graph showing the distribution of the
wall thickness 1in the edge portion of the rounded skelp
after the fin pass forming according to the prior art method

or the inventive method.

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

As 1is mentioned before, the initial and intermediate

forming stages in the prior art skelp forming are performed
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to give either one of the forming flowers illustrated in
FIGURES 1a to 1d which illustrate each the circular-bend
forming, a combination of the circular-bend forming and
edge-bend forming, a combination of the W—bénd forming and
circular-bend forming, or a combination of the circular-
bend forming, edge-bend forming and ceﬁter—bend forming,
respectively. Each of these forming p&ocesses has its‘ own
advantages and disadvantages described before.

Further, +the fin pass forming in the prior art to
follow the above mentioned initial and intermediate forming
stages 1is performed to give either one of +the forming
flowers illustrated in FIGURES 2a and 2b. FIGURE 2a
illustrates the Yoder-Mckay forming flower and FIGURE 2b
illustrates the Etna-type forming flower.

The path of the projection of the edge portion and side
portions of the rounded skelp in the stage of the fin pass
forming is shown in the graphs of FIGURES 3a and 3b for‘the
Yoder-Mckay forming flower and the Etna-type forming flower,

respectively. According to these figures, the projection of

20 the side portions of the rounded skelp indicates a

decreasing or constant width in the transverse direction
while the lateral projection of the edge porticn indicates
decreasing height in the vertical direction.

The 1roll map charts for the above described several

25types of skelp forming are illustrated in FIGURES 4a to 44 .

The roll map chart here implied is a diagram showing the

progress of forming in the transverse direction of the skelp
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1 under bending at each of the forming rolls.

FIGURE 4a is a roll map chart for the application of
the combination of the edge-bend forming and circular-bend
forming and the Yoder-type fin pass forming to the step roll

5 forming. FIGURE 4b is a roll map chart for the application
of the combination of the edge4bend forming and circular-
bend forming and the Etna-type fin pass forming to the step
roll forming. FIGURE 4c is a roll map chart for the
application of the combination of the edge-bend forming and

10 circular-bend forming and a mixed fin pass forming with the
Yoder-type and Etna-type to the step roll forming. FIGURE 44
is a roll map chart for the application of the combination
of the edge bend forming and circular-bend forming and the
Yoder-type fin pass forming to the cage roll forming.

15 In the following, the features of the inventive method
is described in detail by way of examples illustrated in the
accompanying drawings.

FIGURES 5a, 5b, 6a and 6b schematica;ly illustrate the
forming flowers obtained in practicing the method of the

20present invention. The forming flowers illustrated in FIGURE
5a, 5b, 6a are respectively obtained in the center forming
processes of thg center portion of the skelp in the initial
and 1intermediate forming stages and the forming flower
illustrated in FIGURE 6b is obtained in the forming process

250f thé bent skelp in the stage of finish-forming or the fin
pass forming. The three forming flowers illustrated in
FIGURE 6b correspond each to one of the caliber profiles of

the roll stands in the case of the 3-stand fin pass forming.
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1 In the first place, description is given of the forming
process according to the invention in the initial and
intermediate forming stages.

In the initial and intermediate forminé stages, the

5> skelp is formed by bending the center porFion alone thereof
to give a curvature of at least 80% of the final curvature
of +the finished pipe by use of a cage roll serving as a
holding roll to successively hold and restrain the marginal
edge portions of the skelp and a plurality of center-bend

10 rolls successively installed along the progressing line of
the forming and acting to restrain and bending the center
portion of the skelp. The other portions of the skelp apart
from the centerline 1in the transverse direction are
intentionally left unformed including the marginal edge

15portions of the skelp each having an about one-third width
of the skelp from the edge. This is a type of center forming
by means of a cage roll in which the skelp is imparted with
a U-shaped forming flower at the inlet of the fin pass
forming stage corresponding to the finish forming.

20 The above described forming process in the initial and
intermediate forming steps is characteristic in the omission
of the circular forming as is conventional in the prior art
forming processes to form the side portions and vedge
portions of the rounded skelp.

25 In the above described center forming according to the
invention, the center portion imparted with the specifed

curvature should preferably cover from 25 to 50% of the
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overall width of the skelp in the transverse direction.

The above mentioned step of center forming 1in the
inventive method can be performed in several different ways
without particular limitations. For example, the bending
work 1is started along the centerline of the skelp followed
by the gradual increase of the width of the ©bent portion
until the above mentioned percentage of the width has been
covered to complete the center forming. In contrast thereto,
alternatively, the bending work is started along the lines
remotest from the centerline within the above mentioned
region for bending followed by the successive shift of the
bending 1lines toward the centerline to complete the center
forming. FIGURES 5a and 5b respectively illustrate the
forming flowers in the former case and the latter case. It
is of course possible to combine these processes so that the
forming flower may be as illustrated in FIGURE 6&.

At any rate, the first step of the inventive methoa is
the center forming within a limited bending region on both

sides of the centerline of the skelp leaving the portions of

20 the skelp outside the bending region unformed.

The types of the roll and apparatus for the above
mentioned center forming of the skelp are not particularly
limitative and rolls and apparatuses having various forms

and structures can be used provided that the above described

25 conditions of bending are satisfied. When the skelp has a

down-hill pass line in practicing the inventive method, the
chance of occurrence of edge waves can further be decreased

even when the thin wall thickness skelp is employved.
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In the above described forming process in the initial
and intermediate forming stages according to the invention,
the edge forming rolls used in the conventional cage forming
and the inside rolls for working on the side éortions of the
skelp are no longer required and the initial apd
intermediate forming stages, i.e. the~cage roll fbrming, cén
be greatliy shortened in comparison with the prior art
methods. -In this case, there may be a tendency of edge wave

formation due to the increased edge stretch accompanying the

increase in the amount of the width reduction of the skelp
edges while, in the inventive method, occurrence of edge
waves can be prevented because +the skelp edges are

continuously restrained in the cage roll forming process
with further control of the path of width reduction of the
skelp edges. According to the experiments undertaken by thé
inventor, the line length for the initial and intermediate
forming stages «can be as small as 15 to 20 times of the
largest outer diameter of the pipe to be manufactured, that
is, the line length can be only about 50 to 70 % of that in
the conventional cage forming process.

In the next place, description is given of the forming
process in the finish forming step, i.e. £fin pass forming
step, according to the invention.

In the forming of the bent skelp having the U-shaped

25 forming flower as formed in the preceding initial and

intermediate forming stages, the first fin pass roll’(lF) in

the fin pass forming step serves to perform the following
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forming process. That is, the bending work on the side
portions of the skelp under bending is intentionally limited
such that the radius of curvature is not smaller than twice
of the radius of the finally finished ,pipe agd the
transverse diameter, i.e. width, of the side ﬁortions of the
rounded skelp is not smaller than the transverse diameter of
the U-shaped skelp before the first fin pass roll. 1In this
limited working, the edge portions of the skelp are bent and
imparted with a curvature of at least 80% of the curvature
in the finally finished pipe and over-bend fofming is
effected in the boundary regions between the side portion
and edge portion of the rounded skelp and between the side
portion and bottom portion of the rounded skelp to be
imparted with a curvature larger than that in the finally
finished pipe.

In the above described forming process through the
first fin pass roll (1F), the edge portions of the rouﬁded
skelp are readily formed by bending with a smaller fin pass
reduction and the load in the fin pass forming is decreased.

Following is the reason for the essential requirement
in the first fin pass roll (1F) that the edge portions of
the rounded skelp are formed by bending to be imparted with
a curvature of at least 80% of that in the finally finished

pipe. According to the extensive investigations undertaken

25by the inventor, the above mentioned curvature in the edge

portions is essential in order to prevent peaking of the
edges by welding leading to unacceptable bead cutting and

defective upset welding. In other words, the forming by edge



b - 0133245

1 bending in the 2F and 3F to follow cannot be sufficient with

10

15

20

the curvature of edge bending in 1F smaller than 80%
resulting in deficiency in edge bending.

FIGURES 7a and 7b are each a model illus£ration showing
the state of the formed skelp and the forces acting on the
rounded skelp in the first fin pass roll according to the
inventive method and the prior a?t forming process,
respectively. Assuming that the reduction force F 1is the
same in these two processes, the reaction force f3 is larger
in the inventive method than in the prior art method as a
result of the restrained bending on the side portion C of
the rounded skelp. In the inventive method, furthermore, the
boundary region B between the side portion C of fhe rounded
skelp under restrained bending and the edge portion A of the
rounded skelp is formed by overbending to be imparted with a
curvature larger than that in the edge portion A of -the
rounded skelp so that the edge is inclined lower than in the
prior art method and the fin angle eF of the first fin pass
roll can be smaller. Therefore, the circumferential force fl
as a component force of the fin pass reduction force F is
decreased and the component force f2 in the radial direction
is increased. The thickness increase at the edge is smaller
as a result of the decrease of the component force f1 in the

circumferential direction while bending of the skelp edge

25 portion can readily be performed as a result of the increase

of the component force f2 in the radial direction and the

reaction force f3 from the roll to produce an increased
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1 bending moment action on the edge portion. Thus, the first
fin pass forming process according to the invention has
advantages of the smaller thickness increase at the edges
and the decrease of the fin pass reduction force in

5 comparison with the prior art forming method.u

The above described first fin pass roll (1F) is
followed by the second fin pass roll (2F) and the third fin
pass roll (3F) which serve to reduce mainly in the
direction of decreasing the vertical diameter of the rounded

10 skelp so that the side portions C of the rounded skélp under
restrained bending in the above mentioned first fin pass
roll (1F) are formed by successively bulging out in the
transverse direction to effect forming of the rounded skelp
in the direction of increasing the transverse diameter. This

15 forming step by bulging out is a process in which works are
successively performed for forming the side portions of the
rounded skelp by bending and unbending of the bounéary
regions B between the side portion and edge portion of the
rounded skelp héving been formed by over-bending in the

20 first fin pass roll (1F).

FIGURE 8 1is a schematic illustration showing the
forming process "after the above mentioned second fin pass
roll.

Seéveral different ways may be followed in the bulge-out

25 forming of the side portion of the roundéd skelp in the
second fin pass roll. For example, it is of course possible

to work on the side portion of the rounded skelp wunder
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1 restrained bending in the first fin pass roll as a whole
which is successively formed by bending until the
predetermined curvature‘is obtained. It is also possiblé,
alternatively, to first restrain the side portion of the

5 rounded skelp from forming by bending in a si&ilar manner to
the forming process in the first fin pass”roll followed by
successive decrease of the width of thé region under
restrained forming by bending to complete the forming
process for the bulge-out bending.

10 Although the above description is givén for thé 3-stand
fin pass roll forming taken as an example, it is of course
that the method of the present invention is applicable to
the fin pass roll forming with any number of the stands.
Further, the applicability of the inventive method is not

15 limited to any division type, i.e. 2-roll type, 4-roll type
and so on, of the fin pass rolls.

FIGURE 9 1is a diagram showing the paths of vthe
projection of the rounded skelp in the £fin pass forming
process according to the inventive method. When the fin pass

20roll forming is performed according to the invention, the

edge distance (W,_) in the final fin pass roll can be larger

3F
owing to the gradual increase in the transverse diameter of
the rounded skelp and the V-shape angel (ev) at the welding
portio? can be also be larger. Accordingly, the welding at

25the squeeze roll can be performed with stability to ensure
high quality of the products.

As is understood from the comparison of FIGURES 10a and

10b, the direction of the residual circumferential bending
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T moment in the rounded skelp after completion of forming is
in favor of rounding up of the skelp in the inventiﬁe method
illustrated in FIGURE 1l0a in clear contrast to the prior art
method illustrated in FIGURﬁ 10b so that thé finished pipe

5 products after welding are imparted with further improved
roundness and size. This advantage is a result of the un-
bending in the second fin pass roll and thereafter on the
portions formed with over-bending in the first £fin pass
roll.

10 In the above given description, it is assumed that no
edge forming of the skelp is undertaken in the initial and
intermediate forming stages. It is of course alternative to
undertake edge bend forming of the skelp in the initial
forming stage to impart the skelp before the fin pass

15forming with a forming flower similar to that obtained in
the combination of the edge bend forming and the center bend
forming followed by the finish forming in the step of the
fin pass formiqg according to the inventive method. This
latter process 1is advantageous, in particular, in the

20fo§ying of a skelp of a relatively 1large thickness with
further improved formability of the edge in addition to the
decrease of the load in the fin pass forming. That is, the
method of the present invention may be practiced by
comprising the step of edge bend forming added to the

25initial and intermediate forming stages in the forming
process. Quite different from the center bend forming in

the prior art methods, the step of the center forming by the
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cage rcll forming in the initial and intermediate forming
stages according to the inventive method can be undertaken
only with the precondition of the fin pass forming step
according to the inventive method. .

The cage roll forming mentioned in thé above given
description is not an only way for the process of center
forming in the initial and intermediate forming stages
according to the inventive method but any one of the known
forming processes is applicable to the inventive method.

FIGUGRE 11 is a roll map chart to illustrate aﬁ example
of the forming process according to the inventive method.

FIGURE 12 is a diagram to illustrate an example of the
caliber profile of the fin pass roll with which the process
of the fin pass forming can be performed according - to the
method of the invention. As is shown in this figure, each
fin pass roll along the line of the proceeding fin pass roll
forming <should have successively modified values for the
form and size of the roll caliber profile Ri and Gi, where
i is 1 to 5, as well as the vertical diameter H, transverse

diameter W, fin width W_ and f£in angle © As an example,

F F*

the caliber profile may have successively decreasing values
of H, WF’ eF, R3 and 63 and successively increasing values
2 20 R4 and 94.

The caliber profile of the squeeze roll used in the
inventive method is not limited to a true circularity but it
is' also possible to utilize a polygonal caliber profile of

the squeeze roll as is illustrated in FIGURE 12 with

extenstion of the process of fin pass forming according to
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1 the inventive method. 1In this éase, the progress of the fin
pass forming in the inventive method is moderated to retain
the side portions of the rounded skelp under the restrained
bending as such in the squeéze roll forming o£ the following

5pull-ocut roll forming and the works on these portions are
left to the sizer forming in the succeeding steps.
Application of the inventive method in this manner to the
zones of fin pass forming and squeeze roll forming has an
effect to reduce rotation of the bent skelp around its own

10 axis and consequently to prevent twisting of the welding
line on the skelp in the circumferential direction. As a
consequence, stabilization can be obtained in the bead
cutting and seam annealing as well as the condition of
welding and thé product of the electric resistance welded

15steel pipe is imparted with an excellent quality in respect
of the condition of the welded portion.

Needless to say, the applicability of the forming
process according to the inventive method is not subject to
the limitation by the dimensions of +the skelp but the

20 inventive method is applicable to the manufacture of
electric resistance:  welded steel pipes of any desired
dimensions including the diameter and wall thickness.

" In the following , an exemplary description is given
cf thé results obtained in practicing the method of the

25 invention.

The forming process according to the inventive method

and the prior art forming process by the cage roll forming
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1to give the forming flower illustrates in FIGURE 44 were
practiced each‘er the manufacture of two kinds of electric
resistaheenwelded‘stee; pipes; one of the grade API 5LX-X60
haQing an outer dlameter of 24 inches and a wall thickness
50f 16.0mm and the other of the graae APl 5LX- X56 having an
outer diameter of»26”1nehes‘and a wall thickness of 6.35 mm
specified in phehstandafds of steel pipes. Comparisons were
made befpeen ﬁhevpfocesses for the increase of thickness at
the marginai edge, fin pass total reduction, load in the
10first‘ fin pass formlng and number of V- shape sparks taking
place in the weldlng to give the resulis shown in Table 1.
As is clear from the results shown in Table 1, the roll
pressure in the fin pass ferming was smaller according to
the inventive method than in the prior art method to achieve
15a‘ 50bto 70% decrease in‘fhe_fin pass total reduction and a
35 to 50% deereasefvinrfhe fin pass forming locad. In
addition, the thickness; increase at the edge 1in the
inventive method was SQ% or smaller of the value in the
p;ior arf mefhod o) thaf the bead cutting on the inner
20surface could bepstabilized‘and occurrence of unacceptable
products‘ could be pfevented in respect of the Cross
‘sectional‘ configuration duepto the wall thickness increase
at the marginaledges in theycase of the thick skelp.
FIGﬁRE »l3 is a graph show ing the thickness increase at
25the edge portion in the prepara_ion of the above described
24-inch pipes making comparison between the prior art method
and inventive method. It is clear that the inventive method

is effective to greatly decrease the thickness increase at
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T the edge portion.

In addition, the inventive method was effective in
decreasing the open length at the front énd rear ends of the
skelp due to incomplete forming by about, 50% and the

5acceptablé products could be increased by agbut 5¢ in the
ultrasonic inspection on the welded portions.

Furthermore, spring-back of the rounded skelp could be
decreased in the inventive method as a consequence of the
improvement iﬁ the direction of the residual bending moment

10 within the circumferential direction of the rounded skelp
after the £fin pass roll forming and the finished welded
pipes could have very exact forms and dimensions.

The method of the present invention has a wide
versatility or applicability to the manufacturing processes

15 for the welded steel pipes which can hardly be manufactured
by the prior art forming methods for the reasons 1in the
formability of the skelp and the strength of the forming.
facilities. For example, the inventive method was
reproducibly suécessful in the manufacture of welded steel

20 pipes of 26 inches x 6.0 mm (X60) corresponding to the value
of t/D (wall thickness / outer diameter) of 0.9% and 20
inches x 22mm (X52) corresponding to the t/D value of 4.3%
while welded steel pipes of such grades can be manufaétUred

in the prior art method with great difficulties.

25
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As 1is shown in Table 2, number of stock rolls can be
greatly decreased for the initial and intermediate forming
stages in the manufacture of 6 grades of weldea steel pipes
each having an outer diameter in the range £rom 16 to 26
inches. Thus, the number of the stock rolls iA the inventive
method can be as small as 43 while the prior art method
requires 87. 1Indeed, the edge forming roll and the inside
forming roll indispensable in the prior art method can be
omitted in the inventive method.

Accordingly, the 1line length of the iniﬁial and
intermediate forming stages can be as short as 15 to 20
times of the maximum outer diameter Dm which is only 50 to
70 % of the line length in the prior art forming process.
Further, the time required for the replacement of the rolls
and adjustment of the rolls can be decreased by about 40% in
comparison with the prior art method in.the change of the
pipe diameter under manufacturing.

It should be noted that the applicability of the
inventive method is not limited to the manufacture of pipes
having a circular cross section but the inventive method is
applicable also to the manufacture of pipes having a

rectangular cross section.

The improvements provided by the above described novel
method include stabilization and easiness of the rounded
skelp forming in the initial and intermediate forming
stages, shortened 1line length as a result of the decreased
number of the forming rolls, enlarged versatility of the

rolls for a combined use and decrease of the length of time
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taken for the adjustment and replacement of the rolls. The
edge portion of the rounded skelp can be formed by Dbending
in the fin pass forming with prevention of the increase of
wall thickness in the edge portions and thé load in the
forming can be reduced due to the decrease fin pass re-
duction. The adjustment of reduction can be omitted in the
grade change for the thickness of the skelp. Furthermore,
the V-shape angle at the welded portion can be increased and
the residual stress of the rounded skelp in the circum-
ferential direction can be decreased as a result of the
increase in the fin width at the rearmost fin pass roll
consequently with an increased yield rate and improvments in
the form and size of the pipes and quality of the welded
poftion of the final products manufactured with increased
operating rate of the mill and decreased investment for the
facilities and cost for the rolls as well as an enlarged
range of the manufacturable grades of the products 1in a

mill.
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1. A method for forming a skelp in the preparation of the
electric resistance welded steel pipe by forming a skelp
successively into a tubuiar form and leaéing the thus
rounded skelp to fin pass rolls to effect a finishing work
followed by welding together the oppositely facing
peripheris of the marginal ecge portions of the rounded
skelp which comprises the steps of;

(a) bending a skelp by rell forming in a region along
the centerline alone into a bent skelp having a U-shaped
forming flower leaving both side portions. of the skelp
unbent by use of holding rolls tor successively holding and
restraining the edge portions of the skelp and a plurality
of center-bend rolls fér restraining and forming the skelp
in the region along the centerline;

(b) forming the edge portiomns of the thus bent skelp by
bending to give a curvature of at least 80% of the final

curvature of the finished pipe while the side portions of

20 the skelp are restrained from bending by means of the

upstream-side fin pass rolls and simultaneously forming
over-bent portions each having a curvature larger than the
final curvature of the finished pipe along the boundary

regions between the side portion and edge portion of the

25 rounded skelp and between the side portion and bottom

portion of the rounded skelp; and
(c) forming the side portions of the rounded skelp,

which have been restrained from bending in the step (b) to
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successively bulge out in the transverse direction to
increase the transverse diameter by reducing mainly in the
direction to decrease the vertical diameter of the rounded
skelp, whereby the bulge-out forming having korming effects
of bending of the side portions of the rounded skelp and
unbending of the over-bent portions formed in the step (b)
along the boundary regions between the side portion and edge
portion of the rounded skelp and between the side portion

and bottom portion of the rounded skelp.

2. The method for forming a rounded skelp as claimed in
claim 1 wherein the region along the centefline of the skelp
in which the skelp is bent to have a U-shaped forming flower
in the step (a) has a width which is from 25 to 50% of the

width of the skelp.

3. The method for forming a rounded skelp as claimed in
claim 1 wherein the U-shaped forming flower formed in the
step (a) has a transverse width not larger than the
transverse diameter of the roll caliber profile in the first

fin pass roll.

4. The method for forming a skelp as claimed in claim 1
wherein bending of the skelp in the step (a) to have a
U—shaped forming flower is started along the centerline of
the skelp with successively increasing the region under
bending from the centerline toward the edge lines 1in the

transverse direction of the skelp.
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15. The method for forming a skelp as claimed in claim 1 °

5]

wherein bending of the skelp in the step (a) to hav
a U-shaped forming flower is started along +the lines
remotest from the centerline within the region to be  hent
5 followed by successive shift of the bending lines toward the

centerline of the skelp.

6. The method for forming a skelp as claimed in claim 5
wherein bending is simultaneously started along the
centerline of the skelp followed by successive.expansion of

10 the bending region in the transverse direction of the skelp.

15

20

25
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