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ABSTRACT: A method and apparatus for rolling steel materi-
al into steel products having flanges such as rails and H-shaped
products by use of a universal rolling mill wherein the cross
section along the direction of axis of the vertical roll of the
universal rolling mill has a convex shape. Therefore, the
rolling by such vertical roll gives a reduction of nearly V-
shaped concentration to the part of the steel material contact-
ing said vertical roll and to be made into a flange.

S

AR

\ QAR ARG RBIL



Patented Aug. 10, 1971 3,597,954

4 Sheets-Sheet 1

FIG. | Prior ART

e ) | I
i IPM4
v K !
3 N\
A»€9T.~ ! %
5 7\‘?§\j |
R T
2)*~§;;::;;;__;;_ l\

1
F1G. 2 PrIOR ART
8- IRy
= \\“L
_ DN
| /.
9t " N
~_—¢"~ - - -] KOE NAKAJIMA,

HISASHI NAOI, o
KANICHI KISHIKAWA,
HIDEHIKO ABE and
KAZUNARI TANAKA,

INVENTOR.

BVl dusth Al inn o

Attorneys



Patented Aug. 10,1971 | 3,597,954

. 4 Sheets-Sheet 2

FIG. 3ArrioR AhT

tuvwxyz

FI1G. 3B PRIOR ART

- ® QoOooaqg

FIG. 4B

tuvwxyz

b
- d
f

N X~

~

KOE NAKAJIMA,
HISASHI NAOI,
KANICHI KISHIKAWA,
{ITDEHIKO ABE and
. KAZUNARI TANAKA,
INVENTOR. 5

BV dussth AP cho

Attorneys



" Patented Aug. 10, 1971 3,597,954

4 Sheets-Sheet 3

S

VWAL LA RR RV R

N\

AMVBAMERLERRLD R RPN IR Sy

KOE NAKAJIMA,

HISASHI -NAOI,

KANICHI KISHIKAWA, §
HIDEHIKO ABE and INVENTOR. s
KAZUNART TANAKA,

BY e dirstt, X d o /Pt

Attorneys



Patented ‘Aug. 10, 1971

3,597,954
! .Sheets-_Sheet 4
FIG. Il |
(8.D) (\"D)) (V2) EN). v3)
= d ] = T I .
—— . - l L IL b} (]
- N
e
(Ev) ‘ (Vs) :
(F) (E3) - (v4)(E2)
IOJ L]
% A\ 7R\
7 a4 S \\
(F) (Es) (Va)
o KOE NAKAJIMA,
HISASHI NAOL,
KANICHI KISHIKAWA,
HIDEHIKO ABE and
KAZUNARI TANAKA, 'INVENTOR.s '
BYA)&.‘J&JM{%J vonack

Attorneys



3,597,954

1

METHOD AND APPARATUS FOR ROLLING STEEL
MATERIAL AND RAILS OR SIMILARLY SHAPED
PRODUCTS )

BACKGROUND OF THE INVENTION

I. Field of the Invention

The present invention relates to a method and apparatus for
rolling a steel material into rail or similarly shaped product
such an H-shaped steel product or an I-shaped steel product
by the universal rolling mill.

2. Description of the Prior Art

It is widely known that the rolling of steel material into
products having flanges such as rails, H-shaped steel products,

I-shaped steel products and T-shaped steel products by the

conventional pass rolling methods, becomes more difficult as
the cross section of such products becomes larger.

In order to overcome difficulties arising from the size of the
rolled products, particularly when large as mentioned above,
the conventional methods have been superceded by a rolling
method using the universal rolling mill having vertical rolls as
well as horizontal rolls.

The rolling by such universal rolling mill has the merit of
forming the head, particularly of a rail which requires forging
to a great degree, concentrically by the vertical rolls. That is,
the surface of the head of the rail which contacts wheels, is
required to meet the most severe conditions, compared with
the other parts, and therefore, the concentrated forging of the
surface of the head of rail is an important factor for the pro-
longation of the life of the rail as well as for the prevention of
breakage which might cause accidents.

Also, concerning H-shaped steel products and I-shaped
steel products of the ordinary type, increased forging of
flanges is required the in view of the demand for increased
strength as construction material. Though, as mentioned
above, the universal rolling mill can concentrically forge the
head of rail, even such concentrated forging leaves certain
parts unforged (hereafter referred to as the “‘unforged zone™).
This causes poor quality of product and the resulting compli-
cations, which constitutes an unavoidable problem in making
rails and similarly shaped products by the universal rolling
mill.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a method
and apparatus for rolling a steel material into steel products
having flanges such as rails, H-shaped steel products and I-sh-
paed steel products by the universal rolling mill, without the
formation of the unforged zone on the flanges of the products,
such as the head of the rail.

The special characteristic of the present invention lies in the
improvement of the method for rolling steel material into a
shaped steel product having flanges such as a rail or an H-
shaped steel product by the universal rolling mill and also the
improvement of the universal rolling mill per se, whereby the
cross section along the direction of the axis of the vertical roll
of said universal rolling mill has a convex shape, Therefore,
the rolling by said vertical roli gives a reduction of V-shaped
concentration to the central part of the steel material contact-
ing said vertical roll.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 illustrates the rolling of a rail according to the con-
ventional method using the universal rolling mill; FIG. 2 illus-
trates the operation of edger rolls set before and behind the
universal rolling mill of FIG. 1; FIG. 3A and B illustrate metal
flow during the rolling of a rail according to the conventional
rolling methods of FIGS. 1 and 2: FIG. 3A shows metal flow
while rolling a roughly preformed steel piece and FIG. 3B the
condition of the metal after the rolling of the method of FIG. 1
is finished; FIG. 4A and B show metal flow during the rolling
of a rail according to the present invention; FIG. 4A illustrat-
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ing metal flow while rolling a roughly preformed steel piece of
the same source as the piece of FIG. 3A, and FIG. 4B the con-
dition of the metal after the rolling is finished; FIG. 5 illus-
trates the operation of the vertical rolls of the universal rolling
mill on the head of rail according to the present invention;
FIG. 6 illustrates the rolling according to the rolling method of
FIG. 1; FIG. 7 exemplifies the modification of the rolling ac-
cording to the present invention, showing the distribution of
the same pressure when the vertical roll has only one convex
part; FIG. 8 to FIG. 10 illustrates the rolling by the universal
rolling mill according to the present invention, of which FIG. 8
shows that at first stage, FIG. 9 that at the middle stage and
FIG. 10 that at the last stage; and FIG. 11 is a sketch of the
overall process according to the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

The following is the. description of the preferred embodi-
ment of the present invention using as an example of the
rolling on a rail according to the present invention, compared
with the conventional method.

FIGS. 1 and 2 illustrate the rolling of a rail using the univer-
sal rolling mill, as carried out conventionally.

By passing through a predetermined space between a pair of
the horizontal rolls 1 and 2 and a space between the vertical
roll 3 having the rolling pass shaped similarly to the head of
the rail and the vertical roll 4 rolling the material from the
direction of the part of the material to be made into the foot of
the rail, the to-be-rolled material is reduced in the thickness of
the head 5, of the web 6 and of the foot 7. In next step, as
shown in FIG. 2, the material passes through a predetermined
space between the horizontal rolls 8 and 9 (the so-called
“edger rolls™); which passage is for the formation of the
widths of the head and of the foot; the combination of the
above rollings being carried out repeatedly until the desired
sizes of the final product are obtained.

However, the rolling carried out by the conventional
method, as mentioned above, is found to cause certain compli-
cations resulting in a poor quality product, which complica-
tions arise from the formation of an unforged zone in the sur-
face of the head. This is due to the clinging of the object rolled
by the hot rolling mill. The unforged zone does not contribute
to extension or deformation of the material, even though a
great reduction overall is obtained by such method.

FIGS. 3A illustrate the formation of the unforged zone,
presenting the. observation of metal flow of product when
rolled by the rolling method of FIGS. 1 and 2, using an as-
sumed network on the cross section of the roughly preformed
steel piece. By this observation it is found that, compared with
the central part, the surface part has some squares the height
of which remain as high as before rolling, proving that the sur-
face part was scarcely extended. Such zone is shown with
oblique lines in FIG. 3B though it does not exist actually with
such a distinct boundary. The area of the oblique lines varies
according to ratios of the thickness and the width of the
material, reductions, etc.

The presence of such unforged zone causes complications
during rolling operations, resulting in poor quality or breakage
of product, as follows:

1. The presence of such unforged zone necessitates a great
reduction in load. More in detail, when comparing the
reductions H of thickness H of the material with and
without the presence of the unforged zone having a
thickness I, the reduction rate of the latter case is
represented by AH/H, and that of the former by AH/H —1.
Such comparison makes it clear that in order to obtain a
reduction of AH, the former case required a greater
reduction rate, and a correspondingly greater reduction
load than the latter case.

2. Distortion of the to-be-rolled material may occur due to
the difference in extension rate between the surface part
containing the unforged zone and other parts.

3. Defects may be produced.
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4. As it is impossible to quantitatively determine the in-
fluence of the presence of the unforged zone on the ex-
tension rates of the head, web and foot, it is difficult to
balance reductions among them.

5. As the extension rate of the surface partis small, uneven
deformation tends to occur from one place to another of
the same cross section, producing residual stress.

6. Also due to the above-mentioned uneven deformation,
shearing stress is produced on the boundary line, causing
such difficulties as crack and breakage of the product by
impact while in use.

The present invention is based on the finding that the
modification of the shape of the rolling pass of the vertical roll
can eliminate the unforged zone.

FIG. 5 shows the head of rail deformed by the vertical roll of
the universal rolling mill according to the present invention,
the part A of the vertical roll 10 corresponding to the centryl
part of the head of rail § having a convex shape.

Thus, the unforged zone produced in the head of the rajl is
subjected to concentrated reduction by said convex part of the
vertical roll, resulting in enforced rolling of the unforged zone.

This operation condition js clearly illustrated jn FIG. 4A
and B. In this case was used a roughly preformed steel piece of
the same source as that used in the rolling of FIG3A. FiG. 4A
shows metal flow while rolling said steel piece into the head of

the verti-
cal rolls each having a convex shape according to the present
invention; and FIG. 4B shows the so rolled finished product.
When comparing metal flow shown in FIG. 4A with that of the
rolled product of the conventional method shown in FIG. 3 B,
the product of the Present invention contains 4 much smaller
unforged zone, by which it can be seen that the present inven-
tion provides an improved effective tolling method. If 4 rai)
having a very broad head is to be
be provided with two or more convex parts, so as to eliminate
the unforged zone more effectively.

However, for complete elimination of the unforged zone as
shown in FIG. 4B, restriction in the direction of width of the
rail must be considered, as well as the provision of one or
more convex parts.

In the rolling of a rail by the universal rolling mill, particu-
larly for the strong forging of the corner part B of the head of
the rail FIG. 5, it is reportedly important that the vertical roll
of the universal rolling mill and the edger rolls set before and
behind it should maintain contact with sajd corner part B dur-
ing the entire rolling operation. This, of course, causes the ex-
tension of the material in the direction of the width to be
restricted.

However, it has been found that the restriction of extension
in the direction of the width during rolling by the universal
rolling mill is contradictory to the above mentioned elimina-
tion of the unforged zone. Since the extension in the direction
width is restricted during such rolling, even if a concen.-
trated reduction with the convex part of the vertical rolj is
given to the head of the rail, the unforged zone is not
completely eliminated, but part moves toward the corner part
B as shown by C in FIG. 6. That is, as the curved part FG of
the vertical roll of the conventional type contacting the corner
part B is usually so sharp as to effect forging of the corner part
B, the extension in the direction of the width is restricted par-
ticularly by the part H.

On the contrary, as shown in FIG. 7, a vertical roll having a
convex shape in the center but without any device to restrict
extension in the direction of the width
method is effective for the elimination of the unforged zone,
but there may occur from time to time misalignment of the
convex part of the vertical roll with the central part of the
head of the rail when the extension in the direction of the
width is not restricted. This is caused by the action of the
lower horizontal rol) of the universal rolling mill which is
generally positioned above the surface of the rol table, and
pushes up against the tip of the 10-be-rolled material as carried
vver by the roll table and charged into the rolling mill.

made, the vertical rol) may 3
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Therefore, in order to avoid such misalignment taking place
when the rolls contact the  material,

sharper than the curve of the corner part B of the fina)
product. Thus, the extension of the corner part (B) of the rail
is partly restricted, but care must be taken not to give exces-
sive restriction to the extension of the material in the direction
of the width.

According to the present invention, it is desirable to provide
such universal rolling mill at as early stage of the process as
possible, since the rolling pass used at the middle stage should
take a profile as nearly resembling the shape of the fina)
product as possible. This s true since the formation of a con-
cave partin the central part of the head anew at thig stage con-
stitutes an additional process, which addition is not effective;
since rolling has progressed to a considerable extent, making it
impassible to provide a convex part large enough to eliminate
the unforged zone.

Another reason, other than that above-mentioned is, that
wrinkles may be produced from time to time at the next stage
for making up the concave part provided to eliminate the un-
forged zone. FIGS. 8 10 19 illustrate the rolling into of a rail at
each stage: FIG. 8 shows that at the early stage, FIG. 9 shows
that at the middle stage, and FIG. 10 shows that at the final
stage.

According to the present invention, there are provided
edger rolls of the ordinary type before and behind the univer-
sal rolling mill, as illustrated in FIG. 11.

The vertical roll 10 of the universal rolling mill used at the
early stage of rolling has the rolling pass shaped like the letter
“W." which concentrically reduces the whole of the part of
the to-be-rolled material 6—1 to be made into the head. At
the same time, the thickness of the part to be made into the
web and of the part to be made into the foot are reduced
respectively by a pair of the horizontal rolls I and 2 and the
vertical roll (11).

At the middle stage, the material which has passed through
the previous stage, is subjected to reduction on the part to be
made into the head by the vertical roll 12 having a rolling pass
for smoothing said part.

An important thing regarding the rolling at this stage is that
the part of the material to be madc into the head has been sub-
jected to the reduction of V-shaped concentration but since
has been sufficiently forged, and the tip D, of the concave part
corresponding to the corner part of the head of the final
product forms a sharp angle against its skirts, forging is
achieved at the same time a5 the smoothing operation.

operation, that is, at the middle stage (FIG. 9) and the final
stage (FIG. 10), by gradually making greater the above-men-
tioned restriction ofextensio\nin the direction of the width; for
example, if the taper for D|E, is 1/2, that for lﬁ2 is made
1/2—1/1.5 and that for D,E, 1/1.

FIG. 11 shows one cxample of the overajl rolling apparatus

the material is carried out by the universal rolling mill [V,]
and the edger rolls [E,], which stage constitutes the above-
mentioned carly stage of rolling,

Having been discharged from the edger roll, the material js
charged into the universal rolling mili [ V3], the rolling which
constitutes the middie stage. After one pass by [V,], the
material is contacted by the edger roll [E;] and the universal
rolling mill [V,], such rolling constituting the final stage, and



3,597,954

5

then for rolling the part to be made into the head, the material

is charged into the edger roll [E;) having the vertical roll and

finished by the finishing roli [F).

The processes of rolling by respective rolls are shown in
FIG.11. ‘

As mentioned above, the present invention makes possible
stable rolling operations. for making such shaped steel
products as rails by adjusting the profile of the rolling pass of

5

the vertical roll, thereby overcoming such difficulties as men-

tioned above in connection with rolling operations, and giving
strong forging to the part of the material to be made into the
head, particularly of a rail which is required to meet severe
operating conditions.

I claim:

L. In a method for rolling by the universal rolling mill steel
material into shaped steel products having flanges such as rails
and H-shaped articles, the improvement comprising subject-
ing the part of said material to be made into a flange to a first
rolling operation by a first vertical roll concentration of feduc-
tion force to the center of said part while preventing substan-
tial restriction of extension of said part in the width direction

thereof, thereby preventing the formation of an unforged zone-

of said part; subjecting said part to a second rolling operation
by a second vertical roll of said universal rolling mill including
imparting a smoothing reduction force to said part while in-
creasing the restriction of extension of said part in the width
direction thereof; and subjecting said part to a third rolling:
operation by a third vertical roll of said universal rolling mill

to
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including jmparting a further smoothing reduction force to
said part while further increasing the restriction of extension
of said part in the width direction thereof. .

2. In a universal rolling mill for rolling steel material into
shaped steel products having flanges such as rails and H-
shaped articles, the improvement comprising a first vertical
roll adapted to contact that part of said material to be made
into a flange, said first vertical roll having a convex portion
around the periphery thereof adapted to impart a concen-
trated V-shaped reduction force to the center of said part, and
concave portions on either side of said convex portion, the
outward extensions of said concave portions forming curves
having a lower rate of curvature than the corners of said part
when finished, said curves adapted to prevent substantial
restriction of extension of said part in the direction of the
width thereof.

3. In 2 universal rolling mill as claimed in claim 2 the further
improvement comprising a second vertical roll adapted to
contact said part, said second vertical roll having curves
similar to but having a higher rate of curvature than said
curves of said first vertical roll.

4. In a universal rolling mill as claimed in claim 3, the
further improvement comprising a third vertical roll adapted
to contact said part, said third vertical roll having curves
similar to but having a higher rate of curvature than said
curves of said second vertical roll.



