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ABSTRACT OF THE DISCLOSURE 
Seamless tubes are produced, from hollow blanks ob 

tained by continuous casting, and the blanks have a ratio 
of outer to inner diameter of about 2:1 to about 5:1 and 
a wall thickness of at least 150 mm. and an inner diameter 
of at least 80 mm., by stretch rolling the blanks, heating 
them and further rolling them. A rolling machine includes 
a three-roll diagonal rolling mill, and each roll has a 
shoulder calibration, and a hollow nozzle carrying man 
drel rod that is capable of receiving and spraying a 
pressure water. 

al-mountim 

The invention relates to seamless metal tubes, and re 
lates more particularly to methods of and to machines for 
producing such tubes. 
Methods and machines are known today to produce 

seamless metal tubes; they are, however, deficient therein 
in that they do not permit an economically efficient pro 
duction of seamless tubes. Furthermore, present methods 
and machines are deficient therein that for maintaining 
certain required qualities in the production, they have led 
to the adoption of expensive steps. 

It is accordingly among the principal objects of the 
invention to provide for the efficient production of high 
quality seamless metal tubes without the aforesaid draw 
backs of the prior art. 

Further objects and advantages of the invention will be 
set forth in part in the following specification and in part 
will be obvious therefrom without being specifically re 
ferred to, the same being realized and attained as pointed 
out in the claims hereof. 

Broadly speaking, the instant invention provides for the 
rolling of hollow blanks obtained by continuous casting; 
the hollow blanks have a ratio of outer diameter to inner 
diameter of from about 2:1 to about 5:1 and have a wall 
thickness of at least 150 mm, and an inner diameter of at 
least 80 mm. The length of the hollow blank is suitable 
and such that greater lengths of seamless tubes can be pro 
duced with the subsequent rolling operation than is possi 
ble by rolling hollow blanks which had been obtained 
either by pressing or by rolling or by diagonal rolling. 

In accordance with one embodiment, the instant inven 
tion provides for a controlled cooling of the inner and/or 
outer surfaces of the hollow blank during the continuous 
cast, so as to place the line of segregation into a region of 
cross section of the wall which is spaced from the external 
or internal wall surface for at least one-fourth of said wall 
thickness. 

In accordance with a further feature of the instant 
invention, the line of segregation within the aforesaid 
region is placed as far inwardly as possible if the subse 
quent forming of the hollow blank or casting section pri 
marily applies to the exterior zone of the cross section 
and, conversely, is placed as far outside as possible if the 
subsequent forming is primarily applied to the inner zones 
of the cross section. 
The instant invention also provides for a descaling of 
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2 
the internal surface of the hollow blank after the con 
tinuous casting and prior to the subsequent forming; and 
the descaling may be accomplished by directing steam or 
pressure water to the still hot inner surface. 
The descaling may, however, also be carried out during 

the first forming operation performed on the hollow 
blank, namely by the forming itself, thus, by means of the 
forming means themselves. 
For the forming after the continuous casting, various 

possibilities apply. In accordance with one embodiment 
of the invention, the hollow blank is formed by means of 
diagonal rolls over an inner tool, such as a mandrel or 
mandrel rod, by means of a diagonal rolling mill that has 
three or more rolls. 

In accordance with another embodiment, the aforesaid 
forming, such as stretch rolling may be carried out in sev 
eral thrusts, for instance after a severing and following a 
Subsequent heating or a re-heating of the intermediate 
product; and the forming may be carried out during the 
second thrust by the inner tool, or, if desired, during sub 
Sequent thrusts with or without the internal tool be con 
tinued in successive rolling frames, or in reversing oper 
ation, in one or in several rolling frames. 

In accordance with a preferrel embodiment, the first 
stretch rolling results either in a retention of the original 
internal diameter of the hollow blank, or in but a slight 
increase of that internal diameter, or in a reduction 
thereof. 
The following examples of the rolling after the continu 

ous casting are given below: 
(a) The hollow blank, after a stretch rolling and heating, in succession is subjected to a diagonal rolling and 

a reciprocating rolling process (also known as Mannes 
mann process) and thereafter, perhaps following a sever 
ing and a heating, is expanded by diagonal rolling over a 
conical flaring mandrel and, after that expansion, is sub jected to a sizing rolling operation. 

(b) The hollow blank may, however, after the stretch 
rolling and heating subsequently be subjected to a di 
agonal rolling and a plug mill rolling operation, which 
is followed by reeling, heating and sizing rolling. For this 
method there may be used a tensile stressed stopper rod 
that carries a mandrel plug. 

(c) A further combination provides that the hollow 
blank after a stretch rolling and heating, is subjected in 
Succession to a diagonal rolling, a collision operation, or a 
combined collision and drawing operation, which is fol 
lowed by reeling, heating and stretch reduction rolling. 

(d) A further combination provides in accordance 
With a modification, that the hollow blank after the 
stretch rolling and re-heating, is subjected, in Succession, 
to a diagonal rolling, a continuous rolling over a man 
drel rod, a heating and a stretch reduction operation. 
The hollow blank which has been obtained by con 

tinuous casting, or by other means, may be stretch rolled, 
by means of three diagonal rolls over a follower mandrel 
rod the length of which is attuned to the length of the 
finished tube, to a tubular bloom; and the tubular bloom 
will immediately subsequently, after the diagonal rolling, 
be rolled into the tube continuously on the mandrel rod 
that has remained on the interior of the tubular bloom. 
The mandrel rod is inserted into the hollow blank before 
the diagonal rolling; and during the insertion of the 
mandrel rod into the hollow blank, the scale on the 
interior of the hollow blank may be removed by spraying 
with pressure water. 

In accordance with a preferred embodiment, the instant 
invention provides that the tubular bloom together with 
the mandrel rod disposed on the interior thereof, is sub 
jected prior to the continuous rolling to an intermediate 
heating, preferably an inductive heating. 
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In accordance with a further feature of the invention, 
the product emerging from the rolling mill is stretch re 
duced either warm or cold, and either with or without 
any internal tool, and that during the forming of the tube 
by stretch reducing without internal tool following the 
continuous rolling over a mandrel rod, there will follow 
a disconnecting rolling with or without rotation of the 
tube. 
A machine for the method described under (d), above, 

comprises a three-roll diagonal rolling mill, and each 
of the three rolls is provided with a shoulder calibration. 
The mandrel rod is hollow and has spray nozzles near 
its forward end, and is rearwardly connected to a feed 
water conduit for a pressure fluid, such as pressure Water, 
and that conduit is automatically disconnectable from the 
mandrel rod. 

(e) Furthermore, a further feature may be provided 
for producing seamless tubes with a diameter larger than 
800mm. and a wall thickness larger than 15 mm.; in 
accordance with which the hollow blank is first rolled, 
by means of drum rolls, to an external diameter which is 
slightly larger than the final diameter of the finished 
seamless tube, and is rolled to a wall thickness which is 
larger than the wall thickness of the finished tube; and 
subsequently, the hollow blank is stretch rolled by means 
of diagonal rolling that proceeds simultaneously inwardly 
and outwardly of the hollow blank, and proceeds to roll 
the hollow blank to the final dimensions of the seamless 
tube, in point of external diameter and wall thickness. 
The diagonal rolling may proceed in accordance with 
several thrusts, in reversing operation. 
The instant invention offers the advantage to produce 

in an economically efficient manner seamless tubes with 
a diameter in excess of 800 mm. and a wall thickness 
larger than 15 mm., and to utilize the Well-known tech 
nical advantages of seamless tubes as compared to welded 
tubes; this applies also to steel tubes of the aforesaid 
dimensions. This is of particular importance for tubes 
and other hollow bodies which are composed of steels 
that are difficult to weld or which are maintained under 
very high internal pressures. 

For a fuller understanding of the nature and objects 
of the invention, reference should be had to the following 
detailed description, taken in connection with the accom 
panying drawings, in which: 
FIG.1 is a pictorial schematic representation of a Series 

of steps in accordance with the instant invention; 
FIG. 2 is a pictorial schematic representation of a heat 

ing step following the steps of FIG. 1, and followed by 
a series of steps in accordance with an embodiment of the 
invention; 

FIGS. 3-5 are pictorial schematic representations simi 
lar to FIG. 2, but embodying modifications; 
FIGS. 6-11 are schematic views, partly in section, in 

dicating various process steps of the method of FIG. 5; 
FIG. 12 is a fragmentary elevational view, partly in 

section, of a hollow mandrel rod with an insertion device; 
FIG. 13 is a large scale elevational view, showing tongs 

for the automatic engagement and disengagement of the 
pressure water feed conduit, showing the tongs in open 
position; 

FIG. 14 is a large scale fragmentary elevational view 
of the tongs of FIG. 13, but showing them in close 
position; 

FIG. 15 is a fragmentary sectional view of a hollow 
blank; 
FIG. 16 is a schematic elevational view of a drum roll 

ing arrangement; 
FIG. 17 is a schematic elevational view, similar to 

FIG. 16, but showing the position of the parts near the 
end of the rolling operation; 

FIG. 18 is a fragmentary sectional view, similar to 
FIG. 15, but showing the blank after the rolling operation 
of FIGS. 16 and 17; 
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4. 
FIG. 19 is a fragmentary evelational view, partly in 

section, of a multiple roll diagonal rolling mill; and 
FIG. 20 is a fragmentary sectional view, similar to 

FIGS. 15 and 18, and showing the seamless tube. 
Referring to FIG. 1, there are illustrated from left 

to right a continuous casting machine 1 of any Suitable 
well-known conventional construction. A flaming device 2 
is positioned near thereto, and proceeding further from 
left to right, a saw 3 is provided for severing the casting 
into blanks. Before the blank is further worked upon, it 
will be heated in a furnace 4, and subsequently be stretch 
rolled by means of a three-roll diagonal rolling mill 5 
that operates with an internal tool of suitable construction 
and in a conventional manner in order to stretch the 
blank without imparting thereto any oval shape. After this 
stretch rolling, the blank may again be severed into 
parts, with the aid of a saw 6. 

During the further operation, the hollow blanks pro 
duced as shown in FIG. 1 usually are subjected to a re 
heating, for instance in a rotational furnace 7 (FIG. 2). 

In accordance with the embodiment of FIG. 2, the hol 
low blank that emerges from the furnace 7 is subjected to 
a diagonal rolling in a diagonal rolling mill 8. The work 
piece is then subjected to a reciprocating rolling process 
(also known as Mannesmann process) in an appropriate 
rolling mill 9, is then severed by a saw 10, is then heated 
in a heating device 11, and is then enlarged in an en 
larging rolling mill 12 with flaring mandrel 13; and lastly 
is subjected to the action of a sizing rolling mill 14. 

In the modification of FIG. 3, the action on the work 
piece of the furnace 7 is followed by a diagonal rolling 
mill 8 that has two rolls and a mandrel. The bloom that 
emerges from the diagonal rolling mill 8 is thereafter 
subjected to plug mill rolling in an appropriate roll 
ing mill 15, that has a tensile stressed stopper rod that 
carries a mandrel plug; in the rolling mill 15 the work 
piece is rolled to a tube, and thereafter it is subjected to 
the action of a reeler 16, a heating furnace 11, and a sizing 
rolling mill 14. 
In accordance with the modification of FIG.4, the work 

piece that emerges from the furnace 7 is subjected to 
the action of a stretch rolling mill 17 that has three rolls, 
then to the action of a push-bench 18, a reeler 16, a heat 
ing furnace 11, and a stretch reducing device 19. 
In accordance with FIG. 5, the workpiece emerging from 

the furnace 7 is subjected to the action of a stretch roll 
ing mill 17 with three rolls, to a Konti rolling mill 20, a 
heating furnace 11, and a stretch reducing device 19, in 
SCCSSIO 

In accordance with the illustration of FIG. 6, the hol 
low blank 21 has thick walls and is disposed in advance of 
the three-roll diagonal rolling mill 17. The rolls of that 
rolling mill 17 have shoulder calibrations 17a, and behind 
the same there is arranged the Konti rolling mill 20. The 
mandrel rod 22 is ready to be inserted on an insertion 
device that includes an endless chain. 23. 

FIG. 7 illustrates how the hollow blank in the diagonal 
rolling mill 17 is rolled on the mandrel rod 22 into a 
tubular bloom 24. 

In FIG. 8, this rolling step is completed. The bloom 
24 proceeds with the mandrel rod 22 immediately follow 
ing the diagonal rolling, into the Konti rolling mill 20. 

FIG. 9 illustrates the continuous rolling the bloom 
24 into the tube 25. 

FIG. 10 illustrates how the finished tube 25 with the 
mandrei rod 22 is disposed behind the Konti rolling 
mill 20. 

FIG. 11 illustrates schematically how the mandrel rod 
22 is removed off the tube 25, with the aid of tongs 26. 
Thereafter, the mandrel rod 22 is transported back to the 
insertion device 23. The tube 25 may, however, alterna 
tively, be removed off the mandrel rod 22 behind the Konti 
rolling mill 20, by means of a disconnecting roll mill (not 
shown). 
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In accordance with the illustration of FIG. 12, the 
mandrel rod 22 may be hollow; the mandrel rod 22 is 
disposed on the insertion device 23. The mandrel rod 22 
has near its front end spray nozzles 27, and rearwardly 
is provided with a flange 28, and a recess 29; these serve 
for the removal of the mandrel 22 off the tube 25. 
A lug 30 is connected to the insertion device 23, and 

has bores 31 as well as a sealing piston 32 that is disposed 
near the end of the mandrel rod 22. The pressure water 
is fed through the conduit connection 33. Near the end 
of the lug 30, there is provided tongs 34, that serves for 
the automatic connection and disconnection of the pressure 
water feed conduit 33 to the mandrel rod 22. The tongs 
34 is mounted on a bolt 35. During feeding of the pres 
sure water, the sealing piston 32 is pressed against the 
mandrel rod 22, so that the pressure water will pass 
through the hollow interior of the mandrel 22 and emerges 
therefrom through the nozzles 27 thereof. 
On the legs of the tongs 34 there are mounted bolts 

36 which press against a dog 37 during the forward move 
ment of the mandrel rod 22. By this engagement, tongs 34 
will be opened, and at the same time the pressure water 
feed be interrupted. The mandrel rod 22, having been dis 
connected from the tongs 34 will continue to travel with 
the hollow blank 21 to the three-roll rolling mill 17. 
The tongs 34, as best shown in FIGS. 13 and 14, will 

near its final position be opened by means of rolls 38, 
which act against the power of a compression spring 39. 
During forward movement, however, the tongs 34 will be 
closed, by means of the pressure of the compression spring 
39, about the flange 28 of the mandrel rod 22. 

In FIGS. 15-22, there are shown the combination of 
machinery and steps for producing seamless tubes that 
have a diameter larger than 800 mm. and a wall thickness 
larger than 15 mm. FIG. 15 shows the hollow blank 40 
obtained by continuous casting. The internal diameter of 
the blank 40 must be large enough so that the blank may be 
mounted on a drum rolling mill for further expansion. 
Such a drum rolling mill is shown at 41 in FIG. 16, and 
illustrates how the blank 40 is mounted therein. In FIG. 
16, where is shown the rolling operation near its start. 

In contrast thereto, in FIG. 17, the rolling operation 
is shown near its end. The diameter of the blank 40 has 
been increased and now forms the product 42, illustrated 
in fragmentary sectional view in FIG. 18. 

Thereafter, the hollow product 42 will be mounted in 
a multiple diagonal rolling mill 43, as shown in FIG. 19. 
This rolling mill 43, comprises external rolls 44 and in 
ternal rolls 45 that are disposed opposite and cooperate 
with the external rolls 44. All the rolls show on both 
sides shoulder calibrations, so that the rolling mill may 
operate in reversing operation, and the hollow product 
42 may be subjected to several thrusts in opposite recip 
rocating direction, in a single heat. In the rolling mill 43, 
the hollow product 42 is rolled into the final seamless 
tube 46; the final seamless tube is shown in fragmentary 
cross section in FIG. 20. 
We wish it to be understood that we do not desire to be 

limited to the exact details of construction shown and de 
scribed, for obvious modifications will occur to a person 
skilled in the art. 

Having thus described the invention, what we claim as 
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6 
new and desire to be secured by Letters Patent, is as 
follows: 

1. In a method of producing a seamless tube, the steps 
comprising forming by nonrotatably continuously casting 
a hollow blank having a ratio of outer diameter to inner 
diameter of from about 2:1 to about 5:1 and having a 
wall thickness of at least 150 millimeters and an inner 
diameter of at least 80 millimeters and a suitable length, 
thereafter stretch rolling said blank, severing said blank, 
descaling the inner surface of said hollow blank 
after it has been continuously cast, heating and further 
rolling it free of oval shape. 

2. In a method, as claimed in claim 1, and controlling 
the cooling during said continuous casting along the ex 
ternal and internal surfaces in such a manner that the line 
of segregation will be placed within a region of the cross 
section of the wall of the blank which is spaced from the 
inner and outer wall surface, the step of placing said line 
of segregation within said region as far inwardly as pos 
sible if during the subsequent rolling operation the form 
ing is primarily applied to the external cross sectional 
Zone and, conversely, placing said line of segregation as 
far outwardly as possible within said region if the sub 
sequent forming pertains primarily to the inner Zone if 
said cross section. 

3. In a method, as claimed in claim 1, said descaling 
being carried out with the aid of steam or pressure water 
applied to the still hot internal surface of the hollow 
blank. 

4. In a method, as claimed in claim 1, and descaling 
said hollow blank during the first forming, by the form 
ing itself. 

5. In a method, as claimed in claim 1, said stretch 
rolling comprising lengthening said hollow blank by 
means of diagonal rolling with the aid of at least three 
rolls, and with the aid of an internal tool. 

6. In a method, as claimed in claim 5, said stretch 
rolling comprising a series of thrusts with or without 
severing and with an intermediate heating of the inter 
mediate product, said forming with internal tool being 
carried out during the second thrust and during subse 
quent thrusts with or without said internal tool continu 
ously or in reversing operation. 

7. In a method as claimed in claim 1, said descaling 
being carried out with the aid of flaming. 
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