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UNITED STATES

PaTENT OFFICE.

MAX MANNESMANN.AND REINHARD MANNESMANN, OF REMSCHEID,

GERMANY; SAID MAX MANNESMANN

HARD MANNESMANN.

ASSIGNOR TO SAID REIN-

ART OF AND MACHINE FOR ROLLING SEAMLESS METALLIC TUBES.

SPECIFICATION forming part of Letters Patent No,. 542,801, dated July 16, 1895,

Application filed Apri 28, 1894,

" To all whom it Mmay concern:
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. Be it known that we, MAX MANNESMANN
and REINHARD MANNESMANN, of Remscheid,
Germany, have invented: cerfain Improve-
ments in the Art of and Machines for-Rolling
Seamless Metallic Tubes, of which the fol-
lowing is a specification, . ‘

These improvements embrace a method of
and apparatus for progressively reducing suc-
cessive sections of a relatively thick-shelled
hollow ingot into integrally-united lengths of
relatively thin-shelled tubing and the produe-
tion thereby, when desired, of the new article
of manufacture hereinafter described.

The method consists in rolling down the
hollow ingot step by step upon a mandrel

into integrally united lengths of tubing, the.

internal cross-area of which is greater than
the.cross-area of the mandrel.

The apparatus by which the result is ac-
complished consists of intermittently-acting
rolls, the reducing-faces of which are pro-
vided with longitudinally-tapering and later-
ally-flaring grooves which are approximately
semielliptical in cross-section, whereby, dur-
ing the rolling actions, the roll-pass, while
gradually dininishing in width and more ex-
tensively diminishing in height, affords room
for some outward lateral movement of the
compressed metal at the opposite sides of the
mandrel, and hence during each action of the
rolls there is produced a short length of tub-
ing of elliptical shape in cross-section. The
rolls are made to act intermittently during
preseribed portions only of their revolutions,
either by the provision of cavities or flat places

" in their peripheries, or by the positive bodily
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removal of one roll from the other when the
working faces have concluded their action.
During the remaining portion of each revolu-
tion the ingot is turned ninety degrees (90°)

more or less upon its’ longitudinal axis, and.

is fed forward endwise to the extent requisite
for appropriately presenting to the rolls the
section of the unacted-upon part of the ingot
which is next to be attacked. . The working
face of each of the rolls embraces a reducing-

Serial No, 508,609, (No model)

segment consisting of the flaring and longi-
tudinally -tapering groove, previously men-
tioned; and a finishing-segment, the groove in
which is not tapered. » S
It it be desired to produce a’ eylindrical
tube the groove in the finishing-segment is
deepened and transformed into semicircular
shape in c¢ross-section. When the groove in
the finishing-segment is not thus transformed,
but is a mere continuation, without material

change in shape of the narrow end of the-

groove in the reducing-segment, the resulting
product will consist of integrally united short

{ lengths of tubing, each of elliptical shape in

cross-section, but with its longitudinal plane
-of greatest diameter intersecting a prolonga-
tion of the longitudinal plane of greatest di-
ameter of each adjoining length, the angle

of such intersection being determined by the

extent to which the ingot is turned upon
its longitudinal axis while being fed. The
resulting produet, which may for present
convenience be called a“tube” composed of
integrally-united staggered elliptical lengths,
constitutes in itself a new and useful article
of manufacture, because it possesses the ad-
vantage of an elliptical tube in respect of ca-
pacity of yielding slightly to internal press-
ure withont bursting, while also in a large
degree possessing the capacity of resisting
compression, which an ordinary elliptical

~tube is deficient in as respects pressure ap-

plied to its flatter sides. The mandrel is
loosely contained within the ingot, the dif-

ferencebetween the cross-area of the mandrel.

and the internal cross-area of the ingot be-

‘ing greater or less, according to the size of

the ingot and of the tube sought to be pro-
duced. In allcases the cross-area of the man-
drel is made sufficiently less than the inter-
nal cross-area of the ingot to provide for
the formation of elliptical lengths of tubing,
which are of such greater internal cross-area,
than the cross-area of the mandrel, that they
can cool down without shrinking fast to the
mandrel, so that as the lengths of tubing are
successively formed they can slide forward
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on the mandrel and beslipped off its forward
end when the ingot receives its longitudinal
feeding motion.

The accompanying drawings, illustrating
the invention, are as follows:

Figure 1 is a transverse section of the rolls
and a central longitudinal section of the in-
got taken through the plane indicated by the
dotted line « x on Fig. 4 and illustrating the
commencement of the first action of the rolls
upon the ingot. Fig. 9 is a similar section
illustrating the concluding part of the first ac-
tion of the rolls and the partial reduction of
the end of the ingot. Fig. 3 is a similar sec-
tion illustrating the stage in the rotation of
{he rolls during which the ingot is turned
upon its longitudinal axis. Fig. 4 is an ele-
vation showing the faces of the rolls and
showing the end of the ingot as it appears
after it has been turned upon its axis to
properly present it for the second action of
the rolls. Figs. 5 and 6 are sections, respect-
ively,illustrating the commencement and the
conclusion of the second action of the rolls
upon the ingot by which the reduction is
completed and the first length of finished
tube produced. Fig. 7 is a section illustrat-
ing the commencement of the operation of
the transversely - concentric finishing parts
of thegrooves in transforming the previously-
produced length of oval tubing into eylin-
drieal form Fig. 8 is an elevation showing
the faces of the rollsand illustrating the final
effect upon the tube of the transversely-con-
centric finishing parts of the grooves. Fig. 9
is a longitudinal section of a tube composed
of integrally-united staggered oval sections.
Fig. 10 is a transverse section taken through
the plane indicated by the dotted line 7y ¥ on
Fig. 9. Fig. 11 is a transverse section taken
through the plane indicated by the dotted
line z z on Fig. 9.

Asrepresented in the drawings, the step-by-
step rolling operations are performed by a
pair of segmental rolls A and B, working in
conjunction with a mandrel C, which is of
prescribed smaller cross-area than theinterior
of the hollow ingot D. Theworking faces of
{he rolls are each provided with a laterally-
flaring and longitudinally-tapering reducing-
groove @, which mergesintoa finishing-groove
5. The middle part of the reducing-groove
has in its eross-section the form of a circular
curve or arc concentric with the axis of the
mandrel, the said ar¢ o’ not varying more
than thirty degrees either way from ninety
degrees in length. The remaining parts or
sides a2 a?of the reducing-groove extend tan-
gentially from the are a',so thatin cross-sec-
tion the reducing-groove may be regarded as
semielliptical in respect.of having its great-
est width rather more than twice its greatest
depth. It hence follows that the lateral di-

mension of the pass formed by the conjune- '

tion of two rolls provided with such flaring

r

reducing:grooves is approximately equal to
twice the vertical dimension.

The tranverse sections of the rollsexhibited
in the drawings are taken through planes in-
tersecting the middle of the grooves., lence
the line a® representing the centerline of the
bottom of the reducing-groove in each roll is
not concentric with relation to the axis of ro-
tation of the roll, but hasthe form of a parab-
ola, because at its heel a* the reducing-groove
increases in radias rapidly and then more
gradually increases in radius to its point a’

The ingot is so presented that the heels o
ot of the reducing-grooves in attacking the
previously unacted-upon part of the ingot
quickly and deeply impinge upon its opposite
sides at short distances back of -its forward
end d. After the attack the effect of the ro-
tation of the rolls, the directions of which are
indicated by the arrows A’ and B, is to force
the ignot backward, while the bunches or
waves of metal d’ d’in front of the reducing-
grooves are squeezed more or less converg-
ently toward each other as they are foreed to-
ward the mandrel by the ensuing gradual re-
duction in the vertical dimensions of the roll-
pass. Usually the first action of the roils will
only partially reduace the forward end of the
ingot, as illustrated in Iig.2. When the work-
ing faces of the rolls have cleared the ingot,
the ingot is turned ninety degrees, more or
less, on its longitudinal axis, as indicated by
the sinuously-curved arrow D’ in Fig. 3.

When the finishing-grooves b are mere pro-
longations without change of the points a® of
the reducing-grooves, a length of tabe is pro-
duced whieh is of elliptical shape in cross-
section with its major axis parallel with the
axes of the rolls. This result ensues because
of the smaller cross-area of the mandrel as
compared with the internal cross-area of the
ingot and because the flaring side walls of the
grooves in the working faces of the rolls per-
mit some lateral movement of the compressed
metal. The cross-section of the elliptical
length d?, produced by the first action of the
rolls, is somewhat irregular in contour, usu-
ally having its shell indented, as shown in
Fig. 4, in which it is represented as having
been turned ninety degrees to present it for
the second action of the rolls. The complete
reduction to the ultimate extent required may
necessitate several preliminary actions of the
rolls; but it willof course be seen that one or
more of such preliminary actions may be ren-
dered unnecessary by casting the ingot with
a chamfered forward end of a shape corre-
sponding to the shape given to the forward
end by the preliminary actions of the rolls.
For example, the ingot might be cast with its
forward end of the shape in which it is illus-
trated in Fig. 2, in which case one less pre-
liminary action would be required.

Assuming that two preliminary actions are
necessary, Fig. 5 shows the commencement
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and Fig. 6 the conclusion of the action by
which there is produced the first length of
symmetrically-shaped elliptical tubing of thé
finished size required. Thereafter each suec-
cessive action produces an additional length
of tubing, which is integral with the length
next previously nroduced

When the produet instead of being finished
in the form of staggered short lenvths of.
elliptical tubing is to be finished in eylindri-
cal form, the finishing-grooves are gradually
deepened and the flare of their side walls is
gradually diminished until their cross-section
becomes semicircular and of such radius that
the shell of- the original elliptical tube when
com pressed upon its majoraxis, as illustrated
in Fig. 7, just fills the circular ﬁmshmo pass
b, as 1llustrated in Fig. 8.

The mandrel employ ed need not necessarily
be eylindrical, but may be prismatic in form,
in which case the reducing-grooves will be of
corresponding form in cross-section, but so
proportioned and having such flare at their
sides that opportunity will be afforded for
some movement of the compressed metal out-
ward away from the mandrel toward the part-
ing lines of -.the roll-pass, so that, as herein-
before explained, the lengths of tubing sue-
cessively produced by the reducing-grooves
will have such greater internal cross-area
than the cross-area of the mandrel that they
will not bind upon the mandrel. This is of ]
the essence of that part of the invention
which resides in the method of operation.

It is not less essential that the desecribed
segmental rolls and the mandrel shall be so
proportioned with relation to the size of the

" ingotin cross-section and that the ingot shall
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be so presented that the heels or attacking
ends of the reducing-grooves will make their
attack by so deeply impinging upon the pre-
viously unacted-upon part of the ingot as to

‘form a wave of ‘metal’ in front of the rolls,

which wave of metal, as the ingot is forced
backward, will be detained and squeezed

downward toward the mandrel by reason of

the gradually-increasing radiusof the reduc-

ing-groove, or, in other words, the gradual

reduction in the height of the roll-pass.-
‘What is claimed as the invention is—

50

1. Segmental rolls each provided with are- -

.ducing groove which is laterally flaring as

herein described, and gradually diminishes -

in width and depth and merges into a finish-
ing groove, in combination Wlth a suitably
proportioned mandrel interposed between
said rolls, as and for the purposes set forth.

2. In apparatus for step bystep rolling, the
combination of two appropriately mounted
eccentric rolls, the working faces of which
areeach provided withalongitudinally taper-
ing groove semi-elliptical, or approximately
semi-elliptical, in cross section, as herein de-
scribed, and increasing in radius from one
end to the other, in combination with a suit-
able mandrel appropriately interposed be-
tween the said rolls, as and for the purposes
set forth.

3. The improvement in the art of rolling
seamless metallie tubes into integrally united
lengths of tubing of oval cross section, which
consists in placing a mandrel loosely within
a hollow ingot, introdueing the mandrel and
ingot to rolls having a pass of elliptieal or
approximately elliptical contour as herein
described, and turning the ingot ninety de-
grees more or less as the rolls act step by
step to reduce the same, substantially as set
forth.

4."As a new article of manufacture, the
seamless rolled metal tube herein described,
the same composed of integrally united stag-
gered oval sections substantially as setforth.

MAX MANNESMANN.
REINHARD MANNESMANN.

. Witnesses as to Max Mannesmann:
Fr17Z KOEGEL,
C. MANNESMANN.
Witnesses as to Reinhard Mannesmann:
W, E: QUIMBY,
A. M. JONES,
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