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To all whom it may concern: .

Be it known that I, JoHN H. FLAGLER, of
New York, in the county of New York and
State of New York, have invented a new and
useful Improvement in the Manufacture of
Wrought-Metal Tubing; and I do hereby de-
clarethe following to beafull, clear, and exact
description thereof.

My invention relates to the manufacture of

tubing, and more especially seamless tubing—

that is, tubes produced without welding—its
object being to provide apparatus for produc-
ing thin seamless tubes in which the interior
surface is highly finished and the fibers of
the metal arranged spirally both on the inte-
rior and exterior surfaces, as well as the
strength of the finished tube increased, and
the tube itself straightened. | |
To these ends my invention consists gener-

ally of the combination of a set of diagonally- |
' the preliminary treatment set forth above.

acting converging-rolls, and a set of concave
cross-rolls having a mandvrel interposed be-
line with and adapted to receive the blankor
tube coming from the first set; and the in-
vention also consists in so arranging these
concave cross-rolls that the space between the
surface of the mandrel and the working-faces
of the rolls gradually decreases, so as to ef-
fect a reduction in thickness of the walls of
the tube and elongate the same; and the in-
vention further consists of certain other 1m-
provements, all of which will be more fully
hereinafter set forth. |

To enable others skilled in the art to make
and use my invention, I will desecribe the
same more fully, referring to the accompany-
ing drawings, in which—

Figure 1 shows a view, partly in section, of

my improved apparatus. Fig.2isaviewof my

improved apparatusg, showing thesecondset of
rolls in section and their operation on the
tube produced by the first pair of volls. Ifig.
3 is a similar view showing a modified form
of rolls, and Fig. 4 is an axial section of the
form of rolls shown in Kig. 3. -

The gections shown in Figs. 2 and 3 are not
such as would be obtained by a vertical lon-
gitudinal plane passed through the central
portion of the pass formed by the rolls, but

are so shown for the purpose of bringing out .

tween them, the latter set of rolls being in

more clearly the nature of the pass formed
by these rolls. | -

Like letters refer to like parts in each of
the ficures of the drawings.

In practicing my invention,a hollow ingot or
blank is cast or otherwise formed of a length,
diameter, and thickness of wall in propor-
tion to the finished tube to be made. Itis gen-
erally preferable to cast an ingot of homoge-
neous iron or low-grade steel,and then reheat
and rollitto the desired diameterthroughrolls
having a series of reducing passes, whereby
the ingot is brought to the proper diameter,
the metal is compacted, and a fiber produced,
as well as all imperfections or porosity of the
metal removed. After this rolling operation
the hollow bloom is cut into proper lengths
for the manufacture of the finished tube.
The ingot may, however, be fed directly to
the apparatus hereinafter described without

In the apparatus which forms the subject-
matter of the present application two oOr
more diagonally-acting rolls, a ¢, having con-
verging faces, are mounted in suitable hous-
ings, the rolls shown in the drawings being

what are termed “conoidal” rolls, and being
‘so mounted that the ingot or blank may be

passed hetween the working-faces of the rolls
over a suitable mandrel held between them.

I have not shown in detail the housings or
the manner of driving the rolls, as they are
well known to those skilled in the art, and
form no part of my invention.

The axes of the rolls ¢ ¢ are mounted in
parallel horizontal planes, while the vertical

‘planes passing through the same are at an

angle to each other, which varies more orless
according to the effect desired. By thus ar-
ranging the axes of the rolls and having the

working-faces of the latter converging toward -

each othera reducing pass is formed in which
the metal of the ingot or blank as it passes
through is subjected to the action of work-
ing-faces that are moving in opposite direc-

tions and at an angle to the line of move-

ment of the blank, and which gradually con-
verge toward each other and move at an In-
creased rate of speed. The effect on the
metal with a pass of this nature is to gradu-
ally reduce the diameter of the blank and at
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the same time draw or force the metal for-

ward by a spiral movement which is greatest
on the exterior surface of the blank, and as
the blank turns with the rolls the ingot or
blankisgradually drawn outintoatube of less
external diameter and thinner walls than that
of the blank and with the fibers of the tube
arranged spirally around the same. This
,splrfﬂ arrangement of the fibers which is
greatest on the exterior of the tube is ob-
tained by the increased speed of the roll-sur-
faces proportionately to the surface speed of
the blank as it passes through the rolls, the
blank decreasing in diameter and surface
speed, while the diameter and surface speed
of the rolls at the point of discharge is
greater or at least as great as at the point
where the blank engages therewith. To sup-
port the blank under the pressure of the rolls
and prevent the decreasing of the internal di-
ameter, as well as to facilitate the reduction

- of metal and in some cases slightly increase
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1ts internal diameter, I prefer to employ a
mandrel, b, between the wor king-faces of the
rolls. This mandrel may be csupported from

the forward end of the roll—that is, the enter-

ing end for the ingot—in which case the sup-
port for the mandrel-rod ¢ must be so con-
structed that the rod can be removed there-
from and be thrust through the heated blank
and again secured to its holder, when the blank
1s fed to the rolls. In some cases, however,

the mandrel may be supported from the op—
posite or delivery end of the rolls by the same
shaft or rod that carries the mandrel for the
second set of rolls, hereinafter described.
The mandrel 0 is arranged to enter the blank
before it is reduced to any great extent, and
its forward end is ﬂ‘enemlly formed Shﬂhtly
tapering to direct the blank onto the parallel
portion thereof, and tospread the metal of the
blank where it is increased in internal diame-
ter. It is also desirable in some cases that
the surfaces of the rolls ¢ a have formed
thereon a series of ribs or corrugations, e, as
the rolls obtain therefrom a better grip on the
metal and their drawing action is increased,
and at the same time a series of ribs is pro-
duced on the tube formed, which facilitates
the action of the second set of rolls, herein-
after described. The tube or tubular blank
thus produced passes along a suitable guide-
way, f, to a set of concave cross-rolls, ¢ ¢, the
pass of which 1s directly in line with the di-
ogonally-acting rolls a a, and the distance be-
tween these two sets of rollsbeingso arranged
that the concave cross-rolls catech and begin
to act on the tubular blank just as its rear
end leaves the pass of the diagonally-acting
rolls. These concave cross - rolls are rolls
which have their working-faces concave and

their axes in parallel horizontal planes, and
in vertical planes which are at an angle to
each other, or they may be in parallel verti-
cal planes and in different horizontal planes.
By this disposition of the axes of the rolls the
working-faces of the rolls are in contact with
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the tube from the time it enters the rolls until

1t leaves them, and at points on each roll,

“which are diagonally opposite those on the

otherroll, giving a passof considerablelength,

70

as indicated 1n Figs. 2 and 3. The sectional

portion of the (,ross-—rolls shown 1in these fig-
ures 18 intended to indicate the nature of the
pass to which the metal is subjected in pass-
ing through the rolls,

but as a matter of

75

fact the line of contact of the working-faces

of each roll is a spiral one and not straight,
as shown in the figures. In some cases where
the amount of reduction of the thickness of
the tube coming from the first set of rolls is
not great, and the interior diameter of the
tube 18 to be slw'htly increased, the form of
cross-rolls shown in Fig. 2 is employed In

this case the area of the pass formed by the

working-faces of the rolls remains substan-
tially the same throughout, and a mandrel, A,
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1s supported in this pass, which mandrel has

a tapering face, i/, to form a gradually-de-
creasing space between the surface of the
mandrel and that of the rolls, so that as the
tube passes into the bite of the rolls it will be
gradually forced along over the tapering sur-
face of the mandrel by the spiral rolling ac-
tion of the rolls, and compressed against SEle

mandrel by the pressure of the 10113 reducing

the thickness of the metal of the tube and
still further increasing the spiral arrange-

ment of the fiber obtained from the first 1'011-

Ing operation or set of rolls, and slightly in-
creasing the internal diameter of the tube.
This reducing is effected almost entirely by
the first half of the rolls, as the mandrel pref-
erably does not extend rearwardly much be-
yond the middle of the rolls, the last half of
the latter being intended more to bring to
true eylindrical form and straighten the t-ube
produced and draw it along than to effect any
reduction thereof.

The mandrel /i may be positively rotated
in a direction opposite to that of the rolls or
at a slower rate of speed, or it may be loosely
mounted on the mandrel-rod, so that it may
simply turn with the tube as the latter is ro-
tated by the spiral action of the rolls them-
selves. When, however, the amount of re-
duction of the thickness of the tube coming
from the first set of rolls is considerable, and
the internal diameter of the tube is not to be
increased, or, perhaps, is to be slightly de-
creased, 1 prefer to employ the form of con-
cave cross-rolls shown in Fig. 3.. In -this the

concave rolls are mounted similarly to those

heretofore deseribed, but the pass produced

by them decreases in area from the entering

end to about the middle, from which point it
remains of substantially constant area to the
exit end of the rolls, as shown in Fig. 3. To
produce a pass of this nature by the rolls, the
first half of the roll from about the mlddle g
1s turned off an .;memt gradually increasing
toward the end ¢* of the roll, giving one of
the longitudinal sections shown in Fig. 4. A

| eylindrical mandrel, 2, having a tapering or
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conical end, is supported in the pass formed
by the first half of the rolls, the mandrel ¢
preferably net extending rearwardly much
beyvond the middle of the pass, as there is no
reduction of the metal produced by the latter
part of the rolls, their action being more that
of bringing to true cylindrical form and
straightening of the tube coming from the first
half. This gives from the entering end /& of

this set of rolls to about its middle [ a space

for the passage of the tube, which gradually
decreases, in consequence of which, when the

- end of the tube coming from the first set is

20

30 tively rotated, or it may be simply loose on
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seized by the conecave rolls, it 1s gradually
forced along over the surface of the mandrel
by the spiral action of the rolls and the metal
drawn forward and the thickness of the tube
decreased by the pressure of the converging
working-faces of the rolls,imparting an addi-
tional spirality to the fibers of the tube from
that obtained by the first set of rolls. The
latter half of the pass formed by the concave
rolls being uniform throughout serves 1o
smooth the surface of the tube and straighten
it and bring it to true cylindrical form, so
that it leaves the rolls perfectly straight and
does not require any further manipulation.

As in the form of cross-rolls previously de-

seribed, the mandrel in this case can be posi-

its rod, so that it turns with the tube in the
latter’s passage through the rolls. |
When the diagonally-acting rolls ¢ a have
the corrugated surfaces e ¢, and spiral ribs or
corrugations are formed by them on the ex-
terior surface of the tube produced, theseribs
are drawn out by the concave cross-rolls and
the surface of the tube made smooth. The
ribs also afford metal for a considerable elon-
gation of the tube by the second set of rolls,
and assist these rolls in obtaining a firm grip
on the metal to force it through the rolls and
over the mandrel supported between them.

- By my improved apparatus I am enabled
to take a hollow ingot or blank, and by a
continuous operation reduce the thickness of
the walls of the same and produce a tube of
the desired length, in which the fibers of the

metal of the tube are arranged spirally

around the same and the tube smoothed and
straightened, so that no further manipulation
of the fube 1s necessary.

Having now described my invention, what
I claim 18— .

1. In an apparatus for the manunfacture ot
tubing, the combination of a setof diagonally-
acting converging rolls, with a set of concave
cross-rolls having an interposed mandrel be-
tween them, said latter set of rolls being in
line with and adapted to receive the blank
from the first set, substantially as and for the
purpose set forth. |

2. In an apparatus for the manufacture of
tubing, the combination of a setof diagonally-
acting converging rolls, with a set of concave
cross-rolls having a rotating mandrel inter-
posed between them, said latter set being in
line with and adapted to receive the blank
from the first set, substantially as and for the
purpose set forth.

3. In an apparatus for the manufacture of
tubing, the combination of a set of diagonally-
acting converging rolls, with a set of concave
cross-rolls having a portion of ifs pass gradu-
ally reducing in area, the latter set of rolls be-
ing in line with and adapted to receive the
blank or tube coming from the first set, sub-
stantially as and for the purposes set forth.

o
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4. In an apparatus for the manufacture of

tubing, the combination of a setof diagonally-
acting rolls, with a set of concave cross-rolls
having a mandrel interposed between them
and having the space between the surface of

the mandrel and the working-faces of the

rolls gradually decreasing in size, the second
set of rolls being in line with and adapted to
receive the blank coming from the first set,
substantially as and for the purpose set forth.

5. In an apparatus for the manufacture of
tubing, the combination of two or more con-

cave cross-rolls, the pass formed by which

oradually decreasesin area throughout a por-
tion thereof and remains constant during the
remaining portion, substantially as and for
the purpose set forth.

+In testimony whereof I,the said JOHN H.
FLAGLER, have hereunto set my hand.

JOHN H. FLAGLER.

Withesses:
SAMUEL P. BELL,
WALTER B. TUFTS.
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