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(54) METHOD OF ROLLING BALLS

(57) A method of rolling balls, especially from feet of
scrap railway rails, characterized in that a blank (30) in
the shape of a section of a railway rail foot is heated to
the temperature appropriate for hot forming, after which
the heated blank (30) is placed in grooves (2a) and (2b)
of feeding rollers (1a) and (1b), then the feeding rollers
(1a) and (1b) are set to rotate at the same speed (n1)
and the blank (30) is moved towards a front guide (3) at
a constant speed (V1), thereafter, grooved rolls of a first
stand (5a) and (5b) are set to rotate at a constant speed
(n2) in opposite directions, and grooved rolls of a second
stand (11a)and (11b) are settorotate ata constantspeed
(n3) in opposite directions, and grooved rolls of a third
stand (17a)and (17b) are settorotate ata constantspeed
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(n4) in opposite directions, and grooved rolls of a fourth
stand (13a)and (13b) are settorotate ata constant speed
(n5) in opposite directions, at the same time, guide rollers
(27a) and (27b) are set to rotate at a constant speed (n6)
in the same direction, and, at the same time, helical rolls
(31a) and (32b) are set to rotate at equal speeds (n7) in
the same direction, thereafter the blank (30) is guided
into a guide hole (4) of a front guide (3) of the first stand
and the blank (30) is moved towards the grooved rolls of
the first stand (5a) and (5b), and the blank (30) is guided
into trapezoid-shaped grooves (6a) and (6b) located on
the surface of the grooved rolls of the first stand (5a) and
(5b), which have a depth (h1) less than half the height of
the blank (30).
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Description

[0001] Theinventionrelatestoamethod ofrollingballs,
especially from feet of scrap railway rails.

[0002] A number of methods for manufacturing balls
intended for grinding media for ball mills have been
known and used so far. The most common ones include
casting, die forging and rolling. The balls are cast from
cast steel which is cast into permanent moulds made of
metal, the so-called casting dies. Die forging of balls is
typically carried out on friction presses, with the use of
billets in the form of bars made of steel with increased
carbon and manganese content. Immediately after the
forging process, the flash is trimmed on eccentric press-
es. The highest efficiency in the production of balls is
achieved using the skew rolling process. Information on
the skew rolling of balls has been presented in a book
by W. Dobrucki, "Zarys obrébki plastycznej metali" ("Out-

line of plastic forming of metals"), Wydawnictwo "SI4 sk",
Katowice, 1975. The process described in the book en-
ables shaping of a single ball forging during one rotation
of the rolls. During one minute, 160 balls with a diameter
of about @ 30 mm or 40 balls with a diameter of about &
120 mm are obtained. The balls are rolled in skew rolling
mills equipped with two rolls with helically cut single
grooves, typically 3.5 turns in length. The axes of the rolls
are inclined obliquely to the axis of the billet - a bar, at
an angle of 3° to 7°. During rolling, the rolls rotate in the
same direction, while the billet rotates in the opposite
direction. To obtain good rolling results, the diameter of
the billet should be about 0.97 of the diameter of the
finished balls, while the diameter of the rolls should be 5
to 6 times greater than the diameter of the rolled balls.
Also known and used are methods of processing scrap
railway rails, which allow for management of the railway
scrap and obtaining a valuable consumable material from
it. The most common methods include die forging of
blanks from sections of heads of scrap railway rails and
longitudinal rolling of bars from heads cut off from worn
rails. The processes of longitudinal rolling of circular
cross-section bars from the heads of scrap railway rails
are described in detail in abook by Z. Pater, J. Tomczak,

"Walcowanie srubowe kul do m$ ynow kulowych" ("Hel-
ical rolling of balls for ball mills"), Wydawnictwo Politech-
niki Lubelskiej, Lublin 2012. Depending on the diameter
of the bars, the rolling process presented in the book is
carried out between two or four pairs of rolls with parallel
axes that rotate in opposite directions. The surfaces of
the rolls have oval and circular groove cuts. In the first
pass, a section of the head of the scrap railway rail is
rolled in an oval cut, then the blank in the form of an oval-
shaped bar is transferred to the second - circular cut,
where the bars with a circular cross-section are rolled.
In the case of forging rolling, the length of billets used for
rolling is limited by the possibility of feeding them into the
workspace of the rolls and by their weight. Most often, in
such a process, the billet is fed manually and is held in
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the tongs throughout the shaping process. The afore-
mentioned limitation does not occur in the case of met-
allurgical rolling, which allows for shaping bars with a
length of up to several meters. The authors indicate that
it is also possible to roll bars with circular cross-section
in skew rolling mills. In the skew rolling process, the rolls
are arranged symmetrically around the blank, and their
axes are twisted atequal angles to the rolling axis. During
the rolling process, the tools rotate at constant speeds
in the same direction, grabbing the blank and pulling it
into the workspace, where the bars are rolled as a result
of flow formation of the blank. The use of the skew rolling
process to produce a round bar from the rail head re-
quires that its end is shaped into a cone, which is nec-
essary in view of a smooth introduction of the material
between the rolls. In order to initiate the rolling process,
itis also necessary to use a pusher, which is used to feed
the blank between the rolls, which then, while shaping
the bar, will automatically pull it into the space between
the rolls.

[0003] Polish patent PL 225772 discloses a method of
skew rolling of bars with circular cross-section from the
heads of scrap railway rails. The method consistsin shap-
ing bars between two rolls, which in the initial part have
flanges, gradually flow forming the material during the
rotation. The method disclosed in the patent requires the
use of two rolls with a complicated shape, further it is
necessary to guide the material in the workspace be-
tween two strips, which significantly reduces the stability
of the process. Another limitation of the technology is the
need to use different sets of rolls depending on the di-
ameter of the bars to be shaped.

[0004] Polishpatentapplication No. P.423386 disclos-
es also a method of rolling bars from webs of scrap rail-
way rails, which consists in two- step rolling of bars. In
the first step, a preform with a nearly hexagonal cross-
section is rolled longitudinally in a groove cut. Subse-
quently, in the second step, such a blank is rolled in a
skew rolling mill between three tools into a bar of circular
cross-section. This method allows for manufacturing of
geometrically and dimensionally accurate bars with a cir-
cular cross-section from webs cut off from worn railway
rails in a fairly wide range of diameters. The limitation of
this technology may be a relatively low efficiency of such
rolling.

[0005] A characteristic feature of the currently known
and used methods of rolling ball forgings is the need to
use blanks in the form of bars with high geometrical and
dimensional accuracy. As a result, it makes it necessary
to use metallurgical bars as billets. However, no proc-
esses of skew rolling of balls are available, which would
be carried outin a small number of cuts immediately after
the longitudinal rolling of scrap elements.

[0006] The objective of the invention is to provide roll-
ing of ball forgings directly from feet cut off from worn
railway rails.

[0007] The essence of a method of rolling balls, espe-
cially from feet of scrap railway rails according to the in-
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vention, is that a blank in the shape of a section of a
railway rail foot is heated to the temperature appropriate
for hot forming. After that, the heated blank is placed in
grooves of feeding rollers. Then, the feeding rollers are
set to rotate at the same speed and the blank is moved
towards a front guide at a constant speed. Thereafter,
grooved rolls of a first stand are set to rotate at a constant
speed in opposite directions, and grooved rolls of a sec-
ond stand are setto rotate ata constant speed in opposite
directions, and grooved rolls of a third stand are set to
rotate at a constant speed in opposite directions, and
grooved rolls of a fourth stand are set to rotate at a con-
stant speed in opposite directions. At the same time,
guide rollers are set to rotate at a constant speed in the
same direction, and, at the same time, helical rolls are
set to rotate at equal speeds in the same direction. After
that, the blank is guided into a guide hole of a front guide
of the first stand, the blank is moved towards the grooved
rolls of the first stand, and the blank is guided into the
trapezoid-shaped grooves located on the surface of the
grooved rolls of the first stand, which have a depth less
than half the height of the blank and a width greater than
the thickness of the blank, and the inclination angle of
the side walls of the grooves of the grooved rolls of the
first stand greater than the inclination angle of the blank
walls. And the diameter of both grooved rolls of the first
stand is the same, wherein the axes of both grooved rolls
of the first stand are located in a horizontal plane, and
the distance between the axes of both grooved rolls of
the first stand is equal to the diameter of the grooved rolls
ofthefirststand. The blankis then gripped with the groove
surfaces of the grooved rolls of the first stand and the
blank in the shape of the railway rail foot is flow formed
into arhombus-shaped blank. The height of a cut formed
by the trapezoidal grooves of the grooved rolls of the first
stand has a depth which is greater than the width of the
cut formed by the trapezoidal grooves of the grooved
rolls of the first stand, wherein the rhombus-shaped blank
is held in a rolling axis behind a rolling gap of the grooved
rolls of the first stand in a rhombus-shaped hole of a rear
guide of the first stand. After that, the blank is moved
towards the second rolling stand, which consists of two
identical grooved rolls of the second stand, which have
the same diameter and trapezoidal grooves on their sur-
faces, the depth of which is less than the depth of the
trapezoidal grooves of the grooved rolls of the first stand,
and the width of the trapezoidal grooves of the grooved
rolls of the second stand is greater than the width of the
trapezoidal grooves of the grooved rolls of the first stand.
The axes of the grooved rolls of the second stand are
horizontal and are spaced apart by the diameter of the
grooved rolls of the second stand, then the end of the
blank is guided into a hole of an entry guide of the second
rolling stand, where its position is held, then the end of
the blank is guided into the trapezoidal grooves, which
are located on the cylindrical surfaces of the grooved
rolls of the second stand, and the blank with a rhombus-
shaped cross-section is flow formed into a blank with a
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nearly rhombic cross-section. The height of the cross-
section of the blank is less than the height of the cross-
section of the blank after rolling in the trapezoidal grooves
of the grooved rolls of the first stand. Behind a rolling gap
of the second stand, the rolled blank is guided in a rhom-
bus-shaped hole of a rear guide of the second rolling
stand, then the blank is guided into a guide hole of a front
guide of the third stand and the blank is moved towards
the grooved rolls of the third stand and the blank is guided
into the oval-shaped grooves located on the surface of
the grooved rolls of the third stand, which have a depth
less than half the height of the blank and a width greater
than the thickness of the blank. The diameter of both
grooved rolls of the third stand is the same. The axes of
both grooved rolls of the third stand are located in a ver-
tical plane, and the distance between axes of both
grooved rolls of the third stand is equal to the diameter
of the grooved rolls of the third stand. The radius of the
oval-shaped grooves is the same for both grooved rolls
of the third stand. Then, the blank is gripped with groove
surfaces of the grooved rolls of the third stand and a
rhombus-shaped blank is flow formed into an oval-
shaped blank, the vertical axis of an oval cut formed by
the grooves of the grooved rolls of the third stand having
a length that is greater than the height of the rhombic
cross-section of the blank rolled in the trapezoidal
grooves of the second stand. The oval-shaped blank is
held in the rolling axis behind a rolling gap of the grooved
rolls of the third stand in an oval-shaped hole of ta rear
guide of the third stand. After that, the blank is moved
towards the fourth rolling stand, which consists of two
identical grooved rolls of the fourth stand, which have the
same diameter and the surfaces of which have concave
grooves with a radius equal to half the diameter of the
rolled ball. The axes of the grooved rolls of the fourth
stand are located horizontally and spaced apart by the
diameter of the grooved rolls of the fourth stand. There-
after, the end of the blank is guided into a hole of an entry
guide of the fourth rolling stand. Then, the end of the
blank is guided into circular-shaped grooves, which are
located on the cylindrical surfaces of the grooved rolls of
the fourth stand, and the blank with an oval-shaped cross-
section is flow formed into a bar with nearly circular cross-
section, with the diameter of the bar being greater than
the diameter of the rolled ball. After that, the rolled bar is
moved in grooves of the guide rollers in the direction of
skew rolls and the bar is guided into a hole of a guiding
sleeve, in which the correct position of the bar is main-
tained. Then, using the guide rollers, the bar is guided
into a workspace of a skew rolling mill, consisting of two
helical rolls and two guides. Both helical rolls have the
same working diameter, and their axes are twisted in
opposite directions relative to the rolling axis by the same
value of the twist angle of the rolls. The guides are located
parallel to the rolling axis, and the distance between the
working surfaces of the guides is greater than the diam-
eter of the rolled bar. After that, the end of the bar is
gripped with conical surfaces located in an entry zone of
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two helical rolls, which rotate with equal speeds in the
same direction, the bar is set to rotate ata constant speed
in the direction opposite to the direction of rotation of the
helical rolls, and the cross-section of the bar is flow
formed using conical surfaces and the cross-section of
the bar is calibrated to a diameter smaller than the diam-
eter of the rolled ball using two cylindrical surfaces locat-
ed behind the conical surfaces of the helical rolls. Sub-
sequently, helical protrusions located on the surfaces of
the helical rolls are sunk into the cylindrical surface of
the earlier calibrated bar. The helical protrusions of the
helical rolls have concave side surfaces, the radius of
which is equal to half the diameter of the rolled ball. Then,
annular grooves with spherical side surfaces are gradu-
ally formed on the bar, the blank being held in the work-
space during rolling by two guides, located opposite each
other, between the helical rolls. Then, as a result of the
action of the helical protrusions with concave side sur-
faces located on the helical rolls, the depth of the annular
grooves increases until the ball is formed and completely
separated from the bar. As a result, the ball with a diam-
eter smaller than the diameter of the bar is obtained.
[0008] The advantageous effect of the invention is that
it allows for plastic shaping of balls directly from a blank
in the shape of a section of foot cut off from worn railway
rails. As a result, it is possible to roll ball forgings with a
minimum number of longitudinal stands. The invention
is characterized by a high efficiency of ball production as
compared with that achieved in the die forging and cast-
ing processes. Further, the use of bar calibration imme-
diately before rolling of the balls shortens the rolling time
and reduces the sensitivity of the process to the geomet-
ric accuracy of the blanks.

[0009] The invention is presented in an embodiment
in the drawings, wherein Fig. 1 shows an isometric view
of the rolling process in the initial stage, Fig. 2 shows an
isometric view of the process during rolling of a bar in
longitudinal stands, Fig. 3 shows an isometric view of the
process after rolling of a bar, Fig. 4 shows an isometric
view of the process during rolling of balls, Fig. 5 shows
a side view of tools and rolled balls, fig. 6 shows the A-
A section through the axis of the first stand, Fig. 7 shows
the B-B section through the axis of the second stand, Fig.
8 shows the C-C section through the axis of the third
stand, Fig. 9 shows the D-D section through the axis of
the fourth stand, and Fig. 10 shows the E-E section
through the rolling axis in the skew stand.

[0010] A method of rolling balls, especially from foot
sections of scrap railway rails, consists in that a blank 17
in the shape of a section of a railway rail head was heated
to the temperature appropriate for hot working, whichwas
1200°C. Then, the heated blank 17 was placed in the
grooves 2a and 2b of the feeding rollers 1a and 1b. After
that, the feeding rollers 1a and 1b were set to rotate at
the same speed n1 of 60 rpm, and the blank 17 was
moved towards the front guide 3 at a constant speed V1
of 100 mm/s. Subsequently, the grooved rolls of the first
stand 5a and 5b were set to rotate at a constant speed
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n2 of 12 rpm in opposite directions. At the same time,
the grooved rolls of the second stand 11a and 11b were
set to rotate at a constant speed n3 of 15 rpm in opposite
directions, and the grooved rolls of the third stand 17a
and 17b were set to rotate at a constant speed n4 of 16
rpm in opposite directions, and the grooved rolls of the
fourth stand 13a and 13b were set to rotate at a constant
speed n5 of 20 rpm in opposite directions. At the same
time, the guide rollers 15a and 15b were set to rotate at
a constant speed n6 of 35 rpm in the same direction and
at the same time the helical rollers 31a and 31b were set
to rotate at the same speeds n7 of 45 rpm in the same
direction. Then, the blank 30 was guided into a guide
hole 4 of the front guide of the first stand 3, and the blank
17 was moved towards the grooved rolls of the first stand
5a and 5b, and the blank 30 was guided into the trape-
zoid-shaped grooves 6a and 6b located on the surface
of the grooved rolls of the first stand 5a and 5b. The
grooves 6a and 6b of the grooved rolls of the first stand
5a and 5b had adepth h1 of 50 mm, which was less than
half the height of the blank 30, and a width b1 of 42 mm
which was greater than the thickness of the blank 30,
and the angle of inclination y1 of the side walls of grooves
6a and 6b of grooved rolls of the first stand 5a and 5b
equal to 32°, which was greater than the angle of incli-
nation of the blank 30 walls. The diameter D1 of both
grooved rolls of the first stand 5a and 5b was the same
and was 500 mm. The axes of both grooved rolls of the
first stand 5a and 5b were located in a horizontal plane,
and the distance between axes of both grooved rolls of
the first stand 5a and 5b was equal to the diameter D1
of 500 mm of the grooved rolls of the first stand 5a and
5b. Then the blank 30 was gripped with the groove sur-
faces 6a and 6b of the grooved rolls of the first stand 5a
and 5b and the blank 30 in the shape of a railway rail foot
was flow formed into a rhombus-shaped blank 30b, the
height of the cut formed by the trapezoidal grooves 6a
and 6b of the grooved rolls of the first stand 5a and 5b
had a depth h1 equal to 50 mm, which was greater than
the width b1 equal to 42 mm of the cut formed by the
trapezoidal grooves 6a and 6b of the grooved rolls of the
first stand 5a and 5b. The rhombus-shaped blank 30b
was held in the rolling axis behind the rolling gap of the
grooved rolls of the first stand 5a and 5b in the rhombus-
shaped hole 8 of the rear guide of the first stand 7. Then
the blank 30b was moved towards the second rolling
stand, which consisted of two identical grooved rolls of
the second stand 11a and 11b, which had the same di-
ameter D2 of 500 mm, and surfaces with trapezoidal
grooves 12a and 12b with a depth h2 of 32 mm which
was less than the depth h1 of the trapezoidal grooves 6a
and 6b of the grooved rolls of the first stand 5a and 5b,
and a width b2 of 52 mm of the trapezoidal grooves 12a
and 12b of the grooved rolls of the second stand 11a and
11b which was greater than the width b1 of the trapezoi-
dal grooves 6a and 6b of the grooved rolls of the first
stand 5a and 5b. On the other hand, the axes of the
grooved rolls of the second stand 11a and 11b were lo-
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cated horizontally and spaced apart by the diameter D2
of the grooved rolls of the second stand 11a and 11b,
equal to 500 mm. Thereafter, the end of the blank 30b
was guided into a hole 10 of the entry guide 9 of the
second rolling stand, where its position was maintained.
Then, the end of the blank 30b was guided into the trap-
ezoid-shaped grooves 12a and 12b, which were located
on the cylindrical surfaces of the grooved rolls of the sec-
ond stand 11a and 11b, and the blank 30b with a rhom-
bus-shaped cross-section was flow formed into a blank
30cwith nearly rhombic cross-section, wherein the height
2h2 of 64 mm of the cross-section of the blank 30c was
less than the height 2h1 of 100 mm of the cross-section
of the blank 30b after rolling in the trapezoidal grooves
6a and 6b of the grooved rolls of the first stand 5a and
5b. Behind the rolling gap of the second stand, the rolled
blank 30c was guided in a rhombus-shaped hole 14 of
the rear guide 13 of the second rolling stand, then the
blank 30c was guided into a guide hole 16 of the front
guide of the third stand 15 and the blank 30c was moved
towards the grooved rolls of the third stand 17a and 17b.
Atfter that, the blank 30c was guided into the oval-shaped
grooves 18a and 18b, located on the surface of the
grooved rolls of the third stand 17a and 17b, which had
a depth h3 equal to 16 mm, which was less than the half
the height of the blank 30c, and a width b3 equal to 74
mm, which was greater than the thickness of the blank
30c. The diameter D3 of 500 mm of both grooved rolls
of the third stand 17a and 17b was the same. The axes
of both grooved rolls of the third stand 17a and 17b were
locatedin a vertical plane, and the distance between axes
of both grooved rolls of the third stand 17a and 17b was
equal to the diameter D3 of the grooved rolls of the third
stand 17a and 17b and was 500 mm. The radius R3 of
the oval-shaped grooves 18a and 18b, equal to 75 mm,
was the same for both grooved rolls of the third stand
17a and 17b. Then, the blank 30c was gripped with the
groove surfaces 18a and 18b of the grooved rolls of the
third stand 17a and 17b and the rhombus-shaped blank
30c was flow formed into an oval-shaped blank 30d,
wherein the vertical axis of the oval cut formed by the
grooves 18a and 18b of the grooved rolls of the third
stand 17aand 17b had a length b3 equal to 68 mm, which
was greater than the height 2h2, equal to 70 mm, of the
rhombic cross-section of the blank 30c rolled in the trap-
ezoidal grooves of the second stand 12a and 12b. The
oval-shaped blank 30d was held in the rolling axis behind
the rolling gap of the grooved rolls of the third stand 17a
and 17b in an oval-shaped hole 20 of the rear guide of
the third stand 19. After that, the blank 30d was moved
towards the fourth rolling stand, which consisted of two
identical grooved rolls of the fourth stand 23a and 23b,
which had the same diameter D4, equal to 500 mm, and
the surfaces of which had concave grooves 24a and 24b
with a radius R4 of 21.5 mm, equal to half the diameter
dk of the rolled ball 36. The axes of the grooved rolls of
the fourth stand 23a and 23b were located horizontally
and spaced apart by a diameter D4 of the grooved rolls
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of the fourth stand 23a and 23b, equal to 500 mm. There-
after, the end of the blank 30d was guided into a hole 22
of the entry guide 21 of the fourth rolling stand. Then, the
end of the blank 30d was guided into the circular-shaped
grooves 24a and 24b, which were located on the cylin-
drical surfaces of the grooved rolls of the fourth stand
23a and 23b, and the blank 30d with an oval-shaped
cross-section was flow formed into a bar 30e with nearly
circular cross-section, wherein the diameter dp of the bar
30e was 43.5 mm and was greater than the diameter dk
of the rolled ball 36 equal to 42 mm. After that, the rolled
bar 30e was moved in the grooves 28a and 28b of the
guide rollers 27a and 27b towards the skew rolls 31a and
31b, and the bar 30e was guided into a hole of the feeding
sleeve 29, in which the correct position of the bar 30e
was maintained. Then, using the guide rollers 27a and
27b, the bar 30e was guided into the workspace of the
skew rolling mill, consisting of two helical rolls 31a and
31b and two guides 35a and 35b. Both helical rolls 31a
and 31b had the same working diameter D of 340 mm,
and their axes were twisted in opposite directions relative
to the rolling axis by the same twist angle of the rolls v,
which was 3.5°. The guides 35a and 35b were parallel
to the rolling axis, and the distance between the working
surfaces of the guides 35a and 35b was greater than the
diameter dp of the rolled bar 30e, and during the rolling
was equal to 45 mm. Then, the end of the bar 30e was
gripped with conical surfaces 32a and 32b located in the
entry zone of two helical cylinders 31a and 31b, which
rotated at the same speeds n7 in the same direction, and
the bar 30e was set to rotate at a constant speed n8 of
180 rpm in the direction opposite to the direction of rota-
tion of the helical rolls 31a and 31b, and the bar 30e was
moved at a speed V2 of 50 mm/s, and using the conical
surfaces 32a and 32b the cross-section of the bar 30e
was flow formed, by shaping a transitional conical surface
with an opening angle o of 4°, and then the cross-section
of the bar 30e was calibrated using two cylindrical sur-
faces 33a and 33b located behind the conical surfaces
of the helical rolls 31a and 31b to a diameter of 41 mm,
which was smaller than the diameter of the rolled ball dk,
which was 42 mm. Subsequently, helical protrusions lo-
cated on the surfaces of the helical rolls 31a and 31b
were sunk into the cylindrical surface of the earlier cali-
brated bar 30e. The concave side surfaces 34a and 34b
of the helical protrusions of the helical rolls 31a and 31b
had concave side surfaces 34a and 34b, the radius Rk
of which was 21 mm and was equal to half the diameter
dk of the rolled ball 36. Then, annular grooves with spher-
ical side surfaces were gradually formed on the blank
30e. During the rolling, the blank was held in the work-
space by two guides 35a and 35b, located opposite each
other, between the helical rolls 31a and 31b. Then, as a
result of the action of the helical protrusions with concave
side surfaces 34a and 34b of the helical rolls 31a and
31b, the depth of the annular grooves was increased until
the ball 36 was formed and completely separated from
the bar 30e. As a result of the action of the helical pro-
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jections with concave side surfaces 34a and 34b, a ball
36 with a diameter dk equal to 42 mm, smaller than the
diameter dp of the bar 30e, equal to 41.5 mm, was

formed.

List of reference signs

[0011]
1a, 1b
2a, 2b
3
4
5a, 5b

6a, 6b

10
11a, 11b

12a, 12b

13
14
15
16
17a, 17b

18a, 18b

19

20

21

22

23a, 23b

- feeding rollers

- grooves on feeding rollers

- front guide of the first stand

- guide hole of the front guide

- grooved rolls of the first stand

- trapezoid-shaped grooves

- rear guide of the first stand

- rhombus-shaped hole

- entry guide of the second stand

- hole of the entry guide of the second stand
- grooved rolls of the second stand

- trapezoid-shaped grooves of the grooved
rolls of the second stand

- rear guide of the second stand

- hole of the rear guide of the second stand
- entry guide of the third stand

- hole of the entry guide of the third stand

- grooved rolls of the third stand

- oval-shaped grooves of the grooved rolls
of the third stand

- discharge guide of the third stand

- hole of the discharge guide of the third
stand

- entry guide of the fourth stand

- oval hole of the entry guide of the fourth
stand

- grooved rolls of the fourth stand
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24a, 24b

25

26

27a, 27b
28a, 28b
29
30
30b
30c
30d
30e
31a, 31b
32a, 32b
33a, 33b
34a, 34b
35a, 35b

36

D1

D2

D3
D4
dk
dp

h1

h2

h3

10

- grooves of the grooved rolls of the fourth
stand

- rear guide of the fourth stand

- square-shaped hole of the rear guide of the
fourth stand

- guide rollers

- grooves of the guide rollers

- feeding sleeve

- blank in the shape of a railway rail foot
- bar after rolling in the first stand

- bar after rolling in the second stand

- blank after rolling in the third stand

- bar after rolling in the fourth stand

- helical rolls

- conical surfaces of helical rolls

- cylindrical surfaces of helical rolls

- concave surfaces of helical protrusions
- guides

- rolled balls

- diameter of helical rolls

- diameter of grooved rolls of the first stand

- diameter of grooved rolls of the second
stand

- diameter of grooved rolls of the third stand
- diameter of grooved rolls of the fourth stand
- diameter of rolled ball
- diameter of rolled bar

- depth of trapezoidal grooves of the grooved
rolls of the first stand

- depth of trapezoidal grooves of the grooved
rolls of the second stand

- blank width
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b1 - width of trapezoidal grooves of the grooved
rolls of the first stand

b2 - width of trapezoidal grooves of the grooved
rolls of the first stand

b3 - blank width

Rk - radius of concave side surfaces of the hel-
ical protrusions

R3 - radius of concave grooves of the grooved
rolls of the third stand

R4 - radius of concave grooves of the grooved
rolls of the forth stand

n1 - speed of guide rollers

n2 - speed of grooved rolls of the first stand

n3 - speed of grooved rolls of the second stand

n4 - speed of grooved rolls of the third stand

n5 - speed of grooved rolls of the fourth stand

n6 - speed of guide rollers

n7 - speed of helical rolls

n8 - rotational speed of the bar

V1 - speed of blank movement

V2 - speed of bar movement

o - opening angle of conical surface

Y - twist angle of the axes of helical rolls

11 - angle of inclination of side walls of the
grooves of grooved rolls of the first stand

¥2 - angle of inclination of side walls of the
grooves of grooved rolls of the second stand

Claims

1. Amethodofrolling balls, especially from feet of scrap

railway rails, characterized in that a blank (30) in
the shape of a section of a railway rail foot is heated
to the temperature appropriate for hot forming, after
which the heated blank (30) is placed in grooves (2a)
and (2b) of feeding rollers (1a) and (1b), then the
feeding rollers (1a) and (1b) are set to rotate at the
same speed (n1) and the blank (30) is moved to-
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wards a front guide (3) at a constant speed (V1),
thereafter, grooved rolls of a first stand (5a) and (5b)
are set to rotate at a constant speed (n2) in opposite
directions, and grooved rolls of a second stand (11a)
and (11b) are set to rotate at a constant speed (n3)
in opposite directions, and grooved rolls of a third
stand (17a) and (17b) are set to rotate at a constant
speed (n4) in opposite directions, and grooved rolls
of a fourth stand (13a) and (13b) are set to rotate at
a constant speed (n5) in opposite directions, at the
same time, guide rollers (27a) and (27b) are set to
rotate at a constant speed (n6) in the same direction,
and, at the same time, helical rolls (31a) and (32b)
are set to rotate at equal speeds (n7) in the same
direction, thereafter the blank (30) is guided into a
guide hole (4) of the front guide (3) of the first stand
and the blank (30) is moved towards the grooved
rolls of the first stand (5a) and (5b), and the blank
(30) is guided into trapezoid-shaped grooves (6a)
and (6b) located on the surface of the grooved rolls
of the first stand (5a) and (5b), which have a depth
(h1) less than half the height of the blank (30) and a
width (b1) greater than the thickness of the blank
(30), and the inclination angle (y1) of the side walls
of the grooves (6a) and (6b) of the grooved rolls of
the first stand (5a) and (5b) greater than the inclina-
tion angle of the blank (30) walls, while the diameter
(D1) of both grooved rolls of the first stand (5a) and
(5b) is the same, wherein axes of both grooved rolls
of the first stand (5a) and (5b) are located in a hori-
zontal plane, and the distance between the axes of
both grooved rolls of the first stand (5a) and (5b) is
equal to the diameter (D1) of the grooved rolls of the
first stand (5a) and (5b), then the blank (30) is then
gripped with the groove surfaces (6a) and (6b) of the
grooved rolls of the first stand (5a) and (5b), and the
blank (30) in the shape of a railway rail foot is flow
formed into a rhombus-shaped blank (30b), wherein
the height of a cut formed by the trapezoidal grooves
(6a) and (6b) of the grooved rolls of the first stand
(5a) and (5b) has a depth (h1) which is greater than
the width (b1) of the cut formed by the trapezoidal
grooves (6a) and (6b) of the grooved rolls of the first
stand (5a) and (5b), wherein the rhombus-shaped
blank (30b) is held in a rolling axis behind a rolling
gap of the grooved rolls of the first stand (5a) and
(5b) in a rhombus-shaped hole (8) of a rear guide
(7) of the first stand, after which the blank (30b) is
moved towards the second rolling stand, which con-
sists of two identical grooved rolls of the second
stand (11a) and (11b), which have the same diam-
eter (D2) and trapezoidal grooves (12a) and (12b)
on their surfaces, the depth (h2) of which is less than
the depth (h1) of the trapezoidal grooves (6a) and
(6b) of the grooved rolls of the first stand (5a) and
(5b), and the width (b2) of the trapezoidal grooves
(12a) and (12b) of the grooved rolls of the second
stand (11a) and (11b) is greater than the width (b1)
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of the trapezoidal grooves (6a) and (6b) of the
grooved rolls of the first stand (5a) and (5b), and
axes of the grooved rolls of the second stand (11a)
and (11b) are horizontal and are spaced apart by the
diameter (D2) of the grooved rolls of the second
stand (11a)and (11b), thereafter the end of the blank
(30b) is guided into a hole (10) of an entry guide (9)
of the second rolling stand, where its position is held,
then the end of the blank (30b) is guided into the
trapezoidal grooves (12a) and (12b), which are lo-
cated on the cylindrical surfaces of the grooved rolls
of the second stand (11a) and (11b), and the blank
(30b) with a rhombus-shaped cross-section is flow
formed into ablank (30c) with a nearly rhombic cross-
section, wherein the height (2h2) of the cross-section
of the blank (30c) is less than the height (2h1) of the
cross-section of the blank (30b) after rolling in the
trapezoidal grooves (6a) and (6b) of the grooved rolls
of the first stand (5a) and (5b), wherein behind a
rolling gap of the second stand, the rolled blank (30c)
is guided in a rhombus-shaped hole (14) of a rear
guide (13) of the second rolling stand, then the blank
(30c) is guided into a guide hole (16) of a front guide
of the third stand (15) and the blank (30c) is moved
towards the grooved rolls of the third stand (17a) and
(17b), and the blank (30c) is guided into oval-shaped
grooves (18a) and (18b) located on the surface of
the grooved rolls of the third stand (17a) and (17b),
which have a depth (h3) less than half the height of
the blank (30c) and a width (b3) greater than the
thickness of the blank (30c), while the diameter (D3)
of both grooved rolls of the third stand (17a) and
(17b) is the same, wherein the axes of both grooved
rolls of the third stand (17a) and (17b) are located in
a vertical plane, and the distance between axes of
both grooved rolls of the third stand (17a) and (17b)
is equal to the diameter (D3) of the grooved rolls of
the third stand (17a) and (17b), whereas the radius
(R3) of the oval-shaped grooves (18a) and (18b) is
the same for both grooved rolls of the third stand
(17a) and (17b), then the blank (30c) is gripped with
groove surfaces (18a) and (18b) of the grooved rolls
of the third stand (17a) and (17b) and the rhombus-
shaped blank (30c) is flow formed into an oval-
shaped blank (30d), wherein the vertical axis of an
oval cut formed by the grooves (18a) and (18b) of
the grooved rolls (17a) and (17b) of the third stand
having a length (b3) that is greater than the height
(2h2) of the rhombic cross-section of the blank (30c)
rolled in the trapezoidal grooves of the second stand
(12a) and (12b), wherein the oval-shaped blank
(30d) is held in the rolling axis behind a rolling gap
of the grooved rolls of the third stand (17a) and (17b)
in an oval-shaped hole (20) of a rear guide (19) of
the third stand, after which the blank (30d) is moved
towards the fourth rolling stand, which consists of
two identical grooved rolls of the fourth stand (23a)
and (23b), which have the same diameter (D4) and
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the surfaces of which have concave grooves (24a)
and (24b) with a radius (R4) equal to half the diam-
eter (dk) of a rolled ball (36), and the axes of the
grooved rolls of the fourth stand (23a) and (23b) are
located horizontally and spaced apart by the diam-
eter (D4) of the grooved rolls of the fourth stand (23a)
and (23b), and after that the end of the blank (30d)
is guided into a hole (22) of an entry guide (21) of
the fourth rolling stand, then, the end of the blank
(30d) is guided into circular-shaped grooves (24a)
and (24b), which are located on the cylindrical sur-
faces of the grooved rolls of the fourth stand (23a)
and (23b), and the blank (30d) with an oval-shaped
cross-section is flow formed into a bar (30e) with
nearly circular cross-section, with the diameter (dp)
of the bar (30e) being greater than the diameter (dk)
of the rolled ball (36), and after that the rolled bar
(30e) is moved in grooves (28a) and (28b) of the
guide rollers (27a) and (27b) in the direction of skew
rolls (31a) and (31b) and the bar (30e) is guided into
ta hole of a guiding sleeve (29), in which the correct
position of the bar (30e) is maintained, then, using
the guide rollers (27a) and (27b), the bar (30e) is
guided into a workspace of a skew rolling mill, con-
sisting of two helical rolls (31a) and (31b) and two
guides (35a) and (35b), wherein the both helical rolls
(35a) and (35b) have the same working diameter
(D), and their axes are twisted in opposite directions
relative to the rolling axis by the same value of the
twist angle of the rolls (y), while the guides (35a) and
(35b) are located parallel to the rolling axis, and the
distance between the working surfaces of the guides
(35a) and (35b) is greater than the diameter (dp) of
the rolled bar (30e), then the end of the bar (30e) is
gripped with conical surfaces (32a) and (32b) located
in an entry zone of the two helical rolls (31a) and
(31b), which rotate with equal speeds (n7) in the
same direction and the bar (30e) is set to rotate at a
constant speed (n8) in the direction opposite to the
direction of rotation of the helical rolls (31a) and
(31b), and the cross-section of the bar (30e) is flow
formed using conical surfaces (32a) and (32b) and
the cross-section of the bar (30e) is calibrated to a
diameter less than the diameter (dk) of the rolled ball
(36) using two cylindrical surfaces (33a) and (33b)
located behind the conical surfaces (32a) and (32b)
ofthe helical rolls (31a) and (31b), and subsequently,
helical protrusions located on the surfaces of the hel-
ical rolls (31a) and (31b) are sunk into the cylindrical
surface of the earlier calibrated bar (30e), wherein
the helical protrusions of the helical rolls (31a) and
(31b) have concave side surfaces (34a) and (34b),
the radius (Rk) of which is equal to half the diameter
(dk) of the rolled ball (36), and then, annular grooves
with spherical side surfaces are gradually formed on
the bar (30e), with the blank (30e) being held in the
workspace during rolling by two guides (35a) and
(35b), located opposite each other, between the hel-
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ical rolls (31a) and (31b), then, as a result of the
action of the helical protrusions with concave side
surfaces (34a) and (34b) located on the helical rolls
(31a) and (31b), the depth of the annular grooves
increases until the ball (36) is formed and completely
separated from the bar (30e), and as a result, the
ball (36) with a diameter (dk) smaller than the diam-
eter (dp) of the bar (30e) is obtained.
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