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Inclined-rolling method and inclined-rolling apparatus.

@ An inclined-rolling apparatus for piercing and
rolling a tube material by the use of a pair of
piercing rolls (1R,1L) and a pair of disk rolls
(10U,10D), wherein rolling operation is exec-
uted with the disk rolls being positioned such
that a skew angle (8) opposite to the revolving
direction of the tube material (6) is added to the
outlet sides thereof and their shaft center lines
(12) are inclined. In order to get rid of the
interference between the piercing rolls and the
disk rolls, there is provided a circular groove at
the periphery of a side face of each disk roll.

Jouve, 18, rue Saint-Denis, 75001 PARIS
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The present invention is regarding an inclined-rolling method for manufacturing pierced shells and similar
products and an apparatus for use therewith.

Description of Related Art

Fig. 1 is a plan view showing an arrangement of a pair of piercing rolls in an inclined-rolling/piercing
appalatus, and Fig. 2 is a cross section taken along the line ll-ll in Fig. 1. Fig. 3 is a plan view showing an
outlet face angle a of each piercing roll without a feed angle being given. The pair of cone-shaped piercing
rolls 1R, 1L are axisymmetrically disposed in such a manner that their axes respectively make a cross angle
vy to a pass center m.

The piercing rolls 1R, 1L are respectively inclined at a feed angle f , being in a twist positional relation. A
plug 7 for piercing a billet 6 is so disposed between the piercing rolls 1R, 1L that its center axis corresponds
to the pass center m, and its tip portion is located in the vicinity of the gorge portions of the piercing rolls 1R,
1L. The position of the plug 7 is firmly by means of a mandrel 8 which is placed onto a mandrel support device
(not shown in the drawings).

The piercing rolls 1R, 1L are coupled to driving power sources 3R, 3L by means of driving shafts 2R, 2L
respectively, so that the piercing rolls 1R, 1L rotate around their axes in the direction as shown in Fig. 1. The
revolutions of the piercing rolls 1R, 1L in the direction indicated by the arrow in Fig. 1 allow the billet 6 to be
entangled in the piercing rolls 1R, 1L so that the billet 6 is pierced while rotating around the pass center m
clockwise when viewing from the outlet side. The billet 6 is accordingly pierced by the plug 7, while being press-
ed from both sides by the central portions of the piercing rolls 1R, 1L, whereby a pierced shell 9 is formed.

The billet 6 being thus pierced vibrates in the vertical plane because the piercing rolls 1R, 1L give work
to the billet 6 from both sides. In order to prevent the vibration, the following attempt has been made: a pair
of disk rolls are provided between the piercing rolls 1R, 1L so as to have the billet 6 therebetween (i.e., the
disk rolls are aligned in the direction orthogonal to the plane of Fig. 1).

Fig. 4 is a plan view showing the structure of the above-mentioned inclined-rolling/piercing apparatus, and
Fig. 5 is an elevation of the apparatus shown in Fig. 4, when viewing from the outlet side. There are provided
a pair of disk rolls 10U, 10D for preventing the vibration of the billet 6 from occurring, the disk rolls 10U, 10D
being vertically symmetrically arranged with the billet 6 between, in the vicinity of the piercing rolls 1R, 1L.
The disk rolls 10U, 10D are in the form of a disk of which outer circumferential face is concaved, and are rotated
about by the disk roll shafts 12U, 12D respectively in the rolling direction. This prevents the vibration of the
billet 6 from occurring, and therefore the rolling operation is smoothly performed.

The above described apparatus, however, has a problem in that: since each of the piercing rolls 1R, 1L
has the outlet face angle a and makes the cross angle y to the pass center m, as pointed out above, during
the time the piercing rolls 1R, 1L rotate and the billet 6 proceeds rotating around the pass center m, the metal
of the pierced shell which is in contact with the surfaces of the disk rolls 10U, 10D is fed toward the gaps G1,
G2 formed between the disk rolls 10U, 10D and the piercing rolls 1R, 1L, toward the same direction as the
rotating direction of the billet 6, with the result that the metal is entrapped into the gaps G1, G2, thereby causing
the peeling phenomena.

One proposal to solve this problem is disclosed in Japanese patent Application Laid Open No. 63-90306
(1988). This teaches the following technique. Fig. 6 is a plan view showing the structure of the inclined-roll-
ing/piercing apparatus disclosed in the above application. In Fig. 6, the parts indicated by the same reference
numerals as used for those in Figs. 4 and 5 are substantially identical to the latter. There are the piercing roll
1R on the right side and the piercing roll 1L on the left side to the outlet side for the billet 6, with their axes
being in a twisted positional relation. The piercing roll 1R is inclined with its inlet side at an upper position and
its outlet side at a lower position, while the piercing roll 1L is inclined with its inlet side and outlet side positioned
in the opposite way.

More specifically, the disk roll 10U is positioned over the billet 6 whereas the disk roll 10D is under the
billet 6 so that they are symmetrical each other. The diskrolls 10U, 10D are so arranged that the angles formed
by their respective side faces with respect to the pass line are equal to their respective outlet face angles. The
disk roll 10U has a skew angle of disk roll 8 against the pass center m and, likewise, the disk roll 10D has a
skew angle of disk roll 3 in the opposite direction.

When the piercing rolls 1R, 1L are rotated in the direction indicated by the arrow in the drawing, the billet
6 is rolled, rotating clockwise when viewing from the outlet side. At that time, the disk rolls 10U, 10D prevent
the metal from being caught into the gaps G1, G2, and therefore the entrapping of the metal can be avoided.

It has, however, turned out that when the billet 6 was pierced using such an inclined-rolling/piercing ap-
paratus, the billet 6 was somewhat entrapped into the gaps G1, G2. Although the respective gaps look zero
when viewing from above in the case where the disk rolls are arranged in parallel with the outlet faces of the
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piercing rolls, each piercing roll forms a feed angle p and therefore the practical gaps G1, G2 are not zero. In
fact, the above-described method is based on the two-dimensional concept derived from viewing of the in-
clined-rolling/piercing apparatus from above.

SUMMARY OF THE INVENTION

When the disk rolls 10U, 10D are arranged without a skew angle being added (see Fig. 4), the gaps G1,
G2 into which the billet 6 will be forced and entrapped are the clearances defined between the disk rolls 10U,
10D and the piercing rolls 1R, 1L. This will be explained, taking the gap G1 defined between the piercing roll
1R and the disk roll 10U for example. Since the piercing roll 1R is inclined with the inlet side at an upper position
and the outlet side at a lower position, the peripheral edge of the piercing roll 1R that forms an outlet face
angle is located lower than the disk roll 10U. This fact allows the skew angle for the disk roll 10U located at
an upper position than that of the peripheral edge to be greater than the outlet face angle o . Further, the disk
roll 10U is allowed to be closer to the piercing roll 1R than the case where the disk roll 10U is arranged in
parallel with the outlet face of the piercing roll 1R.

One of the objects of the invention is to provide an inclined-rolling method and inclined-rolling apparatus
that are capable of making the gaps between the piercing rolls and the disk rolls close to zero, thereby pre-
venting the tube material from being entrapped into the gaps.

Another object of the invention is to provide an inclined-rolling method and inclined-rolling apparatus
wherein the possible set range of the effective roll length, (i.e., the possible set range of the distance from the
opposite gorge portion at which piercing/drawing is performed) can be made as wide as possible so that the
amount of processing per unit length of the effective roll Length can be reduced, thereby enabling a stable
piercing operation for thin-wall materials.

A further object of the invention is to provide an inclined-rolling method and inclined-rolling apparatus that
are capable of preventing the interference from occurring between the piercing rolls and the disk rolls, thereby
making the gaps therebetween close to zero as much as possible.

According to the invention, a tube material is rolled in such condition that the respective images of the
shaft center lines of a pair of disk rolls projected on the plane which includes the roll shafts of a pair of piercing
rolls to which no feed angle is given are not orthogonal to the pass line, and the respective shaft center lines
intersect the plane. Such rolling using the piercing rolls and the disk rolls arranged as described above enables
the gaps between the piercing rolls and the disk rolls to be substantially zero, and therefore stable piercing/roll-
ing operation can be performed.

Furthermore, each diskroll is provided with a circular groove at the peripheral edge of one side face thereof
so that the side face can avoid contacting to the piercing roll. This arrangement enables the disk rolls to be
inclined at a greater angle, thereby making the gaps between the piercing rolls and the disk rolls close to zero
as much as possible.

The above and further objects and features of the invention will more fully be apparent from the following
detailed description with accompanying drawings.

Fig. 1 is a plan view showing an arrangement of piercing rolls in a conventional inclined-rolling/piercing

apparatus;

Fig. 2 is a cross section taken along the line -1l in Fig. 1;

Fig. 3 is a plan view showing the respective outlet face angles of piercing rolls to which no feed angle is
given;

Fig. 4 is a plan view showing an arrangement of piercing rolls and disk rolls in a conventional inclined-roll-
ing/piercing apparatus;

Fig. 5 is an elevation of the conventional inclined-rolling/piercing apparatus when viewing from the outlet
side;

Fig. 6 is a plan view showing an arrangement of piercing rolls and disk rolls in a conventional inclined-roll-
ing/piercing apparatus;

Fig. 7 is in elevation of an inclined-rolling/piercing apparatus according to the present invention when view-
ing from the outlet side;

Fig. 8 is an elevation of the inclined-rolling/piercing apparatus to which an inclination angle of disk roll alone
is given, when viewing from the outlet side;

Fig. 9 is an elevation of the inclined-rolling/piercing apparatus to which a skew angle of disk roll alone is
given, when viewing from the outlet side;

Fig. 10 is a plan view showing a mechanism for giving a skew angle of disk roll;

Fig. 11 is a plan view showing another mechanism for giving a skew angle of disk roll;

Fig. 12 is a plan view showing still another mechanism for giving a skew angle of disk roll;
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Fig. 13 is an elevation of a mechanism for giving an inclination angle of disk roll, when viewing from the

outlet side of rolling;

Fig. 14 is an elevation of another mechanism for giving an inclination angle of disk roll, when viewing from

the outlet side of rolling;

Fig. 15 is an elevation of still another mechanism for giving an inclination angle of disk roll, when viewing

from the outlet side of rolling;

Fig. 16 is an elevation of a mechanism for giving a feed angle of piercing roll, when viewing from the outlet

side of rolling.

Fig. 17 diagrammatically illustrates the length of a gap and the magnitude of indentation of a side face of

the disk roll into the piercing roll in the case where the skew angle of disk roll § is 0° ;

Fig. 18 diagrammatically illustrates the length of a gap and the magnitude of indentation of a side face of

the disk roll into the piercing roll in the case where the skew angle of disk roll § is 2° ;

Fig. 19 diagrammatically illustrates the length of a gap and the magnitude of indentation of a side face of

the wisk roll into the piercing roll in the case where the skew angle of disk roll 8 is 4° ;

Fig. 20 diagrammatically illustrates the length of a gap and the magnitude of indentation of a side face of

the disk roll into the piercing roll in the case where the skew angle of disk roll § is 6° ;

Fig. 21 is a diagram illustrating the arrangement of the piercing roll and the disk roll, using coordinates;

and

Fig. 22 is a cross section of a disk roll according to another embodiment of the present invention.

Referring now to the drawings, preferred embodiments of the invention will be described hereinbelow.

Fig. 7 is an elevation of an inclined-rolling/piercing apparatus according to the invention, when viewing from
its outlet side. Fig. 8 is an elevation of the same apparatus to which an inclination angle of disk roll alone is
given, and Fig. 9 is also an elevation of the same apparatus to which a skew angle of disk roll alone is given.
In all these figures, the parts that are substantially equivalent to those in the examples of prior art are indicated
by the same reference numerals as used for the latter.

Similarly to the prior art, there are provided the pair of piercing rolls 1R, 1L which are respectively placed
at the feed angle B. The piercing rolls 1R, 1L are axisymmetrically arranged with their axes each forming the
cross angle y to the pass center m (see Figs. 1 and 2). Their outlet face angles are represented by a (see Fig.
3). The disk rolls 10U, 10D, each of which has different edge diameters on the right and left, are respectively
disposed over and under the billet 6 to be pierced. Specifically, the disk roll 10U is located over the billet 6
with its edge of a smaller diameter on the side of the piercing roll 1R while the disk roll 10D is under the billet
6 with its edge of a smaller diameter on the side of the piercingroll 1L, so that at the upper stream of the rotation
of the billet 6 is provided to the smaller-diameter edge and at the lower stream of the rotation of the billet 6 is
provided to the larger-diameter edge. Alternatively, the arrangement may be made, unlike the above embodi-
ment, such that the smaller-diameter edge of the disk roll 10U is on the side of the piercing roll 1L and the
smaller-diameter edge of the disk roll 10D is on the side of the piercing roll 1R. In addition, the disk rolls 10U,
10D may be respectively formed such that both edges have the same diameter.

As shown in Fig. 8, the disk roll 10U is inclined at an angle of k (inclination angle of disk roll) towards the
piercing roll 1R. Likewise, the disk roll 10D is inclined at k towards the piercing roll IL.

As shown in Fig. 6, the disk roll shafts are arranged horizontally with respect to the center of the disk rolls
and a skew angle of disk roll § is given to make the disk rolls inclined at their outlet side in a direction opposite
to the rotating direction of the billet 6.

High efficiency of inclined-rolling/piercing apparatus as shown in Fig. 7 can be achieved by adding the in-
clination angle of disk roll ¥ and the skew angle of disk roll 5 .

In the case where the piercing rolls 1R, 1L rotate in the direction indicated in Fig. 7, the billet 6 to be pierced
is rolled while rotating around O in a clockwise direction when viewing from the outlet side. The billet 6 is pierced
by a plug, while being pressed from both sides by the gorge portions of the piercing rolls 1R, 1L. In this way,
a pierced shell is formed. This rolling operation is the same as that of the prior art.

Examples in which piercing is carried out using the above-described apparatus will be hereinafter descri-
bed with concrete numeric values.

Piercing rolls having a gorge diameter of 410mm were arranged under the following conditions: the outlet
face angle a = 4°, the feed angle p = 12°, and the space between the opposite gorge portions = 62mm. Disk
rolls having a disk edge diameter of 1,200mm (on the upper stream side of the rotation of the billet) were spaced
35mm (disk edge half spacing) apart. In each of the cases where the cross angle y = 10° and where the cross
angle y = 30°, the skew angle of disk roll 8 was varied to 0°, 2°, 4° and 6° . Then, with the inclination angle
of disk roll k¥ being varied to 0°, 10° and a maximum inclination angle «, the billet 6 was pierced in each case
so as to have an outer diameter of 90mm and a wall thickness of 2mm. Note that the maximum inclination angle
K is specified by the value k of a limit beyond which the disk roll is brought into physical contact with the side
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face of the piercing roll. Accordingly, piercing was carried out and the distance from the opposite gorge portion
to the position at which the gap G1(G2) exceeds 2mm was measured in each case. The results are shown in
Table 1.

Table 1: (unit/mm) .1h8

Y ) k = 0° x = 10° K = K4
0° 23 25 33(k , = 15° )
2° 32 34 38( 4« = 15° )

10° 4° 50 55 66(x p, = 15° )
6° 86 115 134(x 5 = 14° )
0° 25 28 28(x 5, = 13° )
2° 34 38 38(x , = 13° )

30° 4° 60 75 90(x , = 13° )
6° 160 190 190( « , = 10° )

In the case that a pierced shell having a wall thickness of 2mm is formed, the entrapping of metal takes
place when the gaps G1, G2 are 2mm or more. Therefore, the above distance is equal to the distance from
the opposite gorge portion after the plug 7 has started to pierce the billet 6 until the formation of a pierced
shell is completed, i.e., the possible set range of the effective roll length. As the effective roll length is shorter,
the amount of processing per unit effective roll length becomes larger and the load on the billet 6 increases
so that stable rolling/piercing operation cannot be easily performed.

It is understood from the results shown in Table 1 that with the skew angle of disk roll 3 being fixed, the
greater the inclination angle of disk roll x , the wider the possible set range of the effective roll length. However,
when « is too large, the disk rolls come into contact with the piercing rolls, and therefore the inclination angle
of disk roll  is preferably not more than 20° .

The greater the skew angle of disk roll 3 , the wider the possible set range of the effective roll length, and
the greater effects can be obtainable by adding the skew angle of disk roll § that is not less than the outlet
face angle a (= 4° ). However, it should be noted that when 3 is too large, the disk rolls come in contact with
the piercing rolls, and therefore the preferable skew angle of disk roll 8 is not more than 1.5 times the outlet
face angle a (see Fig. 3) of the piercing roll.

The greater the cross angle y, the wider the possible set range of the effective roll length. By increasing
the cross angle y with the outlet face angle a fixed, the gorge diameter and the outlet diameter of the piercing
roll can be increased so that the outlet face of the piercing roll becomes closer to a flat surface. Since the gap
becomes more unlikely to expand towards the outlet as the outlet face is closer to a flat surface, the possible
setrange of the effective roll length can be made wider. Practical considerations of the diameter of the piercing
roll require that y should be approximately in the range of 5° to 30°.

It is also understood that the piercing result (i.e., 75mm) of the case where the cross angle y is 30°, the
skew angle of disk roll § is 4° and the inclination angle of disk roll « is 10° is much higher than the value obtained
by simply adding 3mm (= 28-25mm)(this value represents the effect which can be expected when only the
inclination angle of disk roll « = 10° is added.) to the result (i.e., 60mm) of the case where only the skew angle
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of disk roll 3 = 4° is added. A great effect which cannot be expected by a simple algebraic addition is obtainable
particularly when the skew angle of disk roll 8 is not less than the outlet face angle a . In is obvious from the
above fact that multiple effects for preventing the entrapping of the billet from occurring can be expected by
giving both the skew angle of disk roll 8 and the inclination angle of disk roll « .

The wall thickness/outer diameter ratio in this embodiment is approximately 2.2% which is a considerable
improvement over the limit ratio of thin-wall tubs (= 3.6%) disclosed in "Developments in the Field of piercing
Billets for Seamless Tubemaking" (TPT-USA, March-April, 1991 p.20-p.32). The wall-thickness has been im-
proved by 39% (2.2 + 3.6 = 0.61) by this embodiment.

Now, there will be explained a mechanism for giving the skew angle of disk roll 8 and the inclination angle
of disk roll « . By the use of the same mechanism, the skew angle & and the inclination angle « can be given
to both the upper disk roll 10U and the lower disk roll 10D, and therefore the following description will be based
on only the case where the skew angle & and the inclination angle « are given to the upper disk roll 10U.

Fig. 10 is a plan view of a mechanism capable of giving the skew angle 8 of a desired value with the screw
method. The vertical direction in the drawing is the direction of the pass line. The upper part is the inlet side
of rolling and the lower part is the outlet side of rolling. In Fig. 10, 13R and 13L denote casings for the disk roll
10U, within which chocks 14R, 14L each having a face in the form of a spherical seat are supported on spherical
seat supporting tables 18R, 18L. Passing through the chocks 14R, 14L is the disk roll shaft 12U. Provided
within the casings 13R, 13L are screws 16R, 16L, 17R, 17L for setting a skew angle, and their traveling direction
is the same as the direction of the pass line. The respective tips of the screws 16R, 16L, 17R, 17L are in contact
with the chocks 14R, 14L. There are also disposed, within the casings 13R, 13L, screws 15R, 15L for adjusting
the right-to-left position of the disk roll 10U, in such a manner that the tips of them are in contact with the
spherical seat supporting tables 18R, 18L. The positions of the screws 16R, 16L, 17R, 17L can be adjusted
manually or non-manually, thereby giving the skew angle 8 of a desired value the vertex of which is the center
A of the disk roll 10U.

Fig. 11 is a plan view showing a mechanism for giving the skew angle 8 of a desired value with the liner
exchange method. In Fig. 11, the parts indicated by the same reference numerals as used for those in Fig. 10
have the same functions as those of the latter. There are provided liners 19R, 19L, 20R, 20L for setting a skew
angle, being fitted between the chocks 14R, 14L and the inner walls of the casings 13R, 13L. The plurality of
pairs of liners having different face configurations (angular configurations) are thus prepared and either pair
is selectively used, whereby the skew angle & the value of which is arbitrarily determined to some extent can
be given to the disk roll 10U.

Fig. 12 is a plan view of a mechanism for giving the fixed skew angle 8 with the fixed method. In Fig. 12,
the parts indicated by the same reference numerals as used for those in Fig. 10 have the same functions as
the latter. Chocks 21R, 21L of a specified shape are securely fitted within the casings 13R, 13L. In this case,
the fixed skew angle § is given to the disk roll 10U.

The degree of freedom for setting the skew angle § is the highest in the screw method shown in Fig. 10,
and the lowest in the fixed method shown in Fig. 12. The medium degree of freedom is obtainable in the liner
exchange method shown in Fig. 11. One of the mechanisms for giving the skew angle & to the disk rolls may
be arbitrarily selected or alternatively, a plurality of mechanisms selected from those may be used in combin-
ation.

Fig. 13 is an elevation of a mechanism for giving the inclination angle « of a desired value with the screw
method, when viewing from the outlet side of rolling. The direction of the pass line corresponds to a direction
orthogonal to the plane of the drawing. The front side of the plane is the outlet side of rolling and the rear side
of it is the inlet side of rolling. In Fig. 13, the parts indicated by the same reference numerals as used for those
in Fig. 10 are substantially identical to the latter. 22R and 221 denote housings within which screws 23R, 23L
for adjusting the opening of the disk roll 10U are so disposed as to be in contact with the casings 13R, 13L.
Provided within the casings 13R, 13L are screws 24R, 24L, 25R, 25L for setting the inclination angle. Those
screws 24R, 24L, 25R, 251 are disposed in such a manner that their traveling direction is vertical and their
tips are in contact with the chocks 14R, 14L. The positions of the screws 24R, 24L, 25R, 25L are manually or
non-manually adjusted, thereby giving the inclination angle x of a desired value to the disk roll 10U.

Fig. 14 is an elevation of a mechanism for giving the inclination angle k of a desired value with the liner
exchange method, when viewing from the outlet side of rolling. In Fig. 14, the parts indicated by the same ref-
erence numerals as used for those in Fig. 13 are substantially identical to the latter. Liners 26R, 26L, 27R, 27L
for setting an inclination angle are fitted between the chocks 14R, 14L and the inner walls of the casings 13R,
13L. Similarly to the case shown in Fig. 11, one pair of liners is used being selected from the above plurality
of pairs, whereby the inclination angle k of a desired value can be given to the disk roll 10U.

Fig. 15 is an elevation of a mechanism for giving the fixed inclination angle k with the fixed method, when
viewing from the outlet side of rolling. In Fig. 15, the parts indicated by the same reference numerals as used
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for those in Fig. 13 are substantially identical to the latter. Chocks 28R, 28L of a specified shape are firmly
fitted in the casings 13R, 13L. In this case, the fixed inclination angle « is given to the disk roll 10U.

Like the skew angle & , the degree of freedom for setting the inclination angle « in the screw method (Fig.
13) is the highest, with the liner exchange method (Fig. 14) and the fixed method (Fig. 15) following in that
order. A desired mechanism may be selected from those in accordance with situations, or alternatively a plur-
ality of mechanisms may be used in combination.

The skew angle & and the inclination angle k are given to the disk rolls by the use of the above-described
mechanisms, whereby the positional arrangement of the piercing rolls and the disk rolls as shown in Fig. 7
becomes feasible. As to the inclination of the disk rolls, the positional relation with the piercing rolls is only a
significant matter, so that the arrangement shown in Fig. 7 can be also achieved by giving a feed angle «’ to
the piercing rolls whereas the disk rolls are not inclined and giving the skew angle & to the disk rolls.

Fig. 16 is an elevation of a mechanism for giving the feed angle «’ of a desired value to the piercing rolls
with the screw method, when viewing from the outlet side of rolling. The direction orthogonal to the plane of
the drawing is the direction of the pass line, and the front side of the plane is the outlet side of rolling and the
rear side of the plane is the inlet side of rolling. In Fig. 16, 31R and 31L denote cradles for the piercing rolls
1R, 1L. Within the cradles 31R, 31L, yokes 33R, 33L are supported by spherical seat supporting tables 32R,
32L, either face of the respective yokes 33R, 33L being a spherical seat. The cradles 31R, 31L are provided
with screws 29R, 29L, 30R, 30L for setting a feed angle which are so disposed that their traveling direction is
avertical direction and their tips are in contact with the yokes 33R, 33L. Also, the cradles 31R, 31L are provided
with screws 34R, 34L for adjusting the openings of the piercing rolls 1R, 1L, the tips of the screws 34R, 34L
being in contact with the spherical seat supporting tables 32R, 32L. The positions of the screws 29R, 29L,
30R, 30L are manually or non-manually adjusted, thereby giving the feed angle «’ of a desired value to the
piercing rolls 1R, 1L.

Apart from the above mechanism-adopting the screw method, other mechanisms, i.e., the mechanism
adopting the liner exchange method as shown in Figs. 11 and 14, or the mechanism adopting the fixed method
as shown in Figs. 12 and 15 may be selectively used for giving the feed angle «’ to the piercing rolls 1R, 1L.
It is also possible to use a plurality of mechanisms selected from them in combination.

The above-described arrangement of the disk rolls and the piercing rolls allows the gaps between the
piercing rolls and the disk rolls to be narrower, thereby preventing the bulged-out metal of the pierced shell
from being entrapped into the gaps. As the skew angle of disk roll 8 and the inclination angle of disk roll « are
increased, the gaps will be narrower. However, it is also true that since the piercing rolls are in the form of a
cone, those angles cannot be set more than their respective angle limits (i.e., a maximum skew angle of disk
roll 3;, and a maximum inclination angle of disk roll k) beyond which the side faces of the disk rolls come in
contact with the side rolling surface of the piercing rolls.

One solution to make the side faces of the disk rolls avoid the contact with the expanded portions of the
piercing rolls would be the provision of a circular groove formed on the periphery of a side face of each disk
roll. Such a proposal is disclosed in another embodiment of the present invention. The following is a descliption
on this embodiment.

The size of the circular groove to be formed is dependent on the magnitude of indentation of the side face
of the disk roll into the piercing roll. This magnitude of indentation, however, varies according to the inclination
of the disk roll, namely, the skew angle of disk roll 8 and the inclination angle of disk roll ¥ . Here, various gap
distances and various magnitudes of the contact of the side face of the disk roll with the piercing roll, those
variations being caused by changes in the inclination of the disk roll, will be explained in detail.

First, the parameters for the piercing roll and the disk roll were set as follows. The piercing roll having an
outlet face angle a of 4° and a gorge diameter of 410mm was disposed with a gorge spacing of 62mm, a cross
angle y of 30° and a feed angle B of 12°, while the disk roll having an edge diameter of 1,200mm was spaced
with a disk edge spacing of 70mm. In such a condition, the skew angle of disk roll 3 was varied to 0°, 2°, 4°
and 6° and the inclination angle of disk roll k was varied to 0°, 10° and 20° . In each case, the length of the
gap between the piercing roll and the disk roll measured from the gorge portion of the piercing roll as well as
the magnitude of indentation of the side face of the disk roll into the piercing roll was calculated. Those results
are shown in Figs. 17 through 20. Fig. 17 diagrammatically explains the case where the skew angle of disk
roll 8 = 0°, Fig. 18 explains the case where the skew angle of disk roll § = 2°, Fig. 19 explains the case where
the skew angle of disk roll 8 = 4° , and Fig. 20 explains the case where the skew angle of disk roll 8 = 6°. In
each case, the length of the gap and the magnitude of indentation of the side face of the disk roll with the
piercing roll are calculated with the inclination angle of disk roll « being varied to 0°, 10° and 20° .

Fig. 21 is a diagram illustrating the arrangement of the piercing roll and the disk roll, using an orthogonal
coordinate system. In the coordinates, the piercing point by the gorge portion of the piercing roll is represented
by the origin, although the origin in Fig. 21 is illustrated differently from this definition for the convenience of
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illustration, the direction towards the center of the gorge portion of the piercing roll by the X-axis, the perpen-
dicular direction by the Y-axis, and the direction of the pass center by the Z-axis. Another piercing roll sym-
metrically disposed to the above piercing roll is located in the plane in the negative direction of the Y-axis. The
piercing direction corresponds to the positive direction of the Z-axis.

The graphs of Figs. 17 through 20 show the value of the gap between the piercing roll and the disk roll in
the rolling direction. Symbol [ denotes the case where the inclination angle of disk roll k = 0° , symbol e denotes
the case where the inclination angle of disk roll « = 10°, symbol x denotes the case where the inclination angle
of disk roll k = 20° . In the case shown in Fig. 14, when the skew angle of disk roll § = 6° and the inclination
angle of disk roll « = 20°, the length of the gap has a negative value. This indicates that the edge of the disk
roll is in contact with the piercing roll.

The side face of the disk roll comes into contact with the piercing roll only when the inclination angle of
disk roll k = 20° . In each of Figs. 17 through 20, the hatched part indicates the contact area of the side face
of the disk roll with the piercing roll when the inclination angle of disk roll « = 20° , and the abscissa represents
the rolling direction while the ordinate represents the perpendicular direction. Symbol © denotes a position at
where the amount of indentation has a maximum depth, and the numeric value in the symbol O is the maximum
depth of indentation. The position of the disk edge is plotted in the same coordinates.

In the above setting examples of the skew angle of disk roll 3 and the inclination angle of disk roll « , one
of the most effective setting examples for narrowing the gaps to prevent the peeling phenomena from occurring
is the case where 8 = 4° and « = 20° . From the magnitude of the contact of the side face of the disk roll with
the piercing roll when & = 4° and k = 20°, the size of the circular groove to be formed in the periphery of the
side face of the disk roll, the side face being on the side of the piercing roll, is obtained.

Fig. 22 is a cross section of the disk roll 10U(10D) according to another embodiment. The hatched part
represents a circular groove 40. The side face of the disk roll 10U(10D) is circular and has edge diameters of
1,200mm and 1,240mm. The thickness, i.e., the distance between the two side faces is 55mm. The periphery
of the side face of smaller diameter (i.e., 1,200mm) is provided with the circular groove 40 having a width of
100mm (the groove extends by 100mm from the edge towards the center of the side face). The groove 40 has
a maximum depth of 6mm and its bottom takes the form of a circle.

As shown in Fig. 19, when the skew angle of disk roll 8 = 4° and the inclination angle of disk roll « = 20°,
the location and amount of indentation is a distance of about 75mm from the pass center in the perpendicular
direction. In the case of the actual disk roll surface, this corresponds to a distance of about 80mm from the
pass center in the perpendicular direction. The maximum depth of indentation is 5mm. It is understood from
the above facts that the circular groove 40 of the above-described embodiment is formed at a position where
the contact with the piercing roll takes place and has a size large enough to acommodate the indentation
amount.

Using the disk rolls each having the above circular groove in the inclined conditions as described above,
a carbon-steel billet with a diameter of 70mm was rolled and pierced so as to have an outer diameter of 72mm
and a wall thickness of 2mm. With such an inclined-rolling apparatus, the gap exceeded 2mm at a position
140mm apart from the gorge portion of the piercing roll in the rolling direction so that the rolling/piercing op-
eration was performed without the occurrence of the peeling phenomena. On the other hand, using a con-
ventional inclined-rolling apparatus with the skew angle of disk roll § = 4° and the inclination angle of disk roll
k¥ = 10°, the same rolling/piercing operation was effected. The gap exceeded 2mm at a position 75mm apart
from the gorge portion of the piercing roll in the rolling direction and the peeling phenomena occurred at the
position of 80mm. It is appreciated from the above tests that the provision of the circular groove 40 is able to
further narrow the gaps so that rolling/piercing can be performed without occurring the entrapping of the
pierced shell into those gaps.

This embodiment is also effective when wide tube piercing operation is effected, in which the ratio of outer
diameter after the piercing operation to outer diameter before the operation is 1.3, 1.5, 2.0 etc.

Although a horizontal type piercer has been described, the invention is not necessarily limited to the par-
ticular apparatus shown herein, and the alternatives to the horizontal type may be vertical type piercers or
rolling apparatus of their combination.

A rolling/piercing apparatus for billets has been described hereinabove, but it is also possible to apply the
invention to a drawing/rolling apparatus for elongating hollow shells.

Further, the description has been made taking cone type piercing rolls for example, but other types such
as the barrel type may be used as far as the piercing rolls have an inlet face angle and an outlet face angle
with respect to the pass line.

As this invention may be embodied in several forms without departing from the spirit of essential charac-
teristics thereof, the present embodiment is therefore illustrative and not restrictive, since the scope of the in-
vention is defined by the appended claims rather than by the description preceding them, and all changes
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that fall within metes and bounds of the claims, or equivalence of such metes and bounds thereof are therefore
intended to be embraced by the claims.

Claims

10.

An inclined-rolling method for piercing a tube material traveling along a pass center or enlarging the di-
ameter thereof by the use of a pair of piercing rolls and a pair of disk rolls, comprising the steps of:
positioning said piercing rolls and said disk rolls in such a manner that images of shaft center lines
of said respective disk rolls projected on the plane including roll shafts of said piercing rolls to which no
feed angle is given are not orthogonal to the pass line and the shaft center lines intersect said plane; and
rolling the tube material with said piercing rolls and said disk rolls positioned in said manner.

An inclined-rolling method according to Claim 1, wherein the projection images of the shaft center lines
of said diskrolls are arranged so as not to be orthogonal to the pass line and the shaft center lines intersect
said plane, in such a direction that a gap between an outlet face of each of said piercing rolls and an edge
of each of said disk rolls is narrowed, the edge being on the side at which the tube material for grooves
of said disk rolls revolves and proceeds at the outlet faces of said piercing rolls.

An inclined-rolling method according to Claim 2, wherein the angle between each of the projection images
of the shaft center lines of said disk rolls and the pass line is 1.5 times an outlet face angle of said piercing
rolls to which no feed angle is given.

An inclined-rolling method according to Claim 2, wherein the angle between each of the shaft center lines
of said disk rolls and said plane is not more than 20 degrees.

An inclined-rolling apparatus for piercing a tube material traveling along a pass center or enlarging the
diameter thereof by the use of a pair of piercing rolls and a pair of disk rolls, wherein said piercing rolls
and said disk rolls are positioned in such a manner that images of shaft center lines of said respective
disk rolls projected on the plane including roll shafts of said piercing rolls to which no feed angle is given
are not orthogonal to the pass line and the shaft center lines intersect said plane.

An inclined-rolling apparatus for piercing a tube material traveling along a pass center or enlarging the
diameter thereof, comprising:

a pair of piercing rolls disposed with the pass center between;

a pair of disk rolls disposed with the pass center between;

means for rotating said disk rolls on planes parallel to the planes including roll shafts of said piercing
rolls to which no feed angle is given; and

means for inclining said disk rolls such that shaft center lines of said disk rolls intersect said plane
including the roll shafts of said piercing rolls.

An inclined-rolling apparatus according to Claim 6, wherein the periphery of a side face of each of said
disk rolls is provided with a circular groove.

An inclined-rolling apparatus for piercing a tube material traveling along a pass center or enlarging the
diameter thereof, comprising:

a pair of piercing rolls disposed with the pass center between;

a pair of disk rolls disposed with the pass center between;

means for rotating said disk rolls on planes parallel to the plane including roll shafts of said piercing
rolls to which no feed angle is given; and

means for rotating a rolling system except said disk rolls such that shaft center lines of said disk
rolls intersect said plane.

An inclined-rolling apparatus according to Claim 8, wherein the periphery of a side face of each of said
disk rolls is provided with a circular groove.

An inclined-rolling apparatus for piercing a tube material or enlarging the diameter thereof by the use of
a pair of piercing rolls and a pair of disk rolls, wherein the periphery of a side face of each of said disk
rolls is provided with a circular groove.
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