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T all 1whone i noay concern

fin effect to act ninety degrees apart in re-

Be it known that 1. Raven Cuarees ispect to the metal of the billet or tube. Kven
Srigren, o citizen of -the Tnited States, I with these provisions, in such processes the

and resident of Ellwood City, Pennsylvania,
have invented certain new and useful Twm-
provements in Continuous Tube-Rolling
Processes and Apparatus Thevefor, of which
the following is a specification, accompanied
by drawings.

The inventicn relates primarily to the
cross rolling of steel and other tubes and
tubular billets in a heated state in the manu-
facture of sennless tubes. ,

The chjects of the invention in its most

¢ complete and preferred embodiment ave to

accomplish by cross rolling rapidly and
easily the elongation of the tube or billet
and the reduction of its wall thickness, do-
ing this in such a manner that the process
shall be independent of specially designed
apparatus or grooved rolls for each con-
siderable difference in size of tube to be

made, and in such a manner that the fric-

tion and wear and tear on the mandrel bar
and rolls shall he slight as compared with
longitudinal rolling processes employing
grooved volls which circumferentially em-
brace the tube.

It has heretofore been a comumon’ practice
in the rolling of seamless tubes in continu-
ous rolling mills 1o roll the tubes longitudi-
nally between a plurality of successive sets
of grooved rolls having grooves which form
a circular or elliptical pass and embrace the
billet or -tube circumferentially for the
greater portion of its circumference and
which roll the billet or tube longitudinally
on the mandrel bar, elongating and stretch-
ing the metal, causing it to grip the mandrel
bar so tightly that special devices are fre-
quently necessary for loosening the billet
upon the mandrel bar before it is stripped
therefrom. If the roll axes of such grooved
rolls are perpendicular to the axis of the
pass, neighboring pairs of rolls are usually
placed at right sngles, so as to act at ninety
degrees or a quarter turn on the billet and

‘not all to act along the same sides of the

billet, but in lieu of this the pairs of rolls
are sometimes slightly inclined or skewed,
so as to give a quarter turn to the billet
itself in passing between neighboring pairs
of rolls and allow the roll pairs to be ali
conveniently placed in like positions rela-
tivelv to the pass, the guarter turning of
the billet or tube causing the successive rolls

“flow of the metal and the rolhing action is

necessarily different at different points in
the circumference of the billet, whereas in
the cross rolling process such is obviously
not the case. Moreover the process of lon-
gitudinal volling in grooved rolls necessi-
tates different sets of rolls with different
sizes of grooves for every considerable dif-
ference in the diameter of the tubes rolled
with consequent loss of time and increase of
expense in changing the rolls,

Under the present improvement, the bil-
let is subjected to cross rolling action be-
tween successive pairs of cross rolling bodies,
which treat the billet alike upon all sides;
and preferably 1 also simultaneously sub-
ject the metal to a longitudinal tension~while
so cross rolling it,"and I do the rolling be-
tween rolling faces which ave preferably
short and convex longitudinally of the pass
and cause the metal to yield and flow out

beneath them longitudinaily, and preferably

at or toward the rear end of the series of
rolls, I subject the billet to cross rolling be-
tween rolls which have rolling faces which
are flat in the longitndinal direction and are
approximately parallel with the pass and
which smooth the billet or tube and also
slightly enlarge it upon the mandrel bar.
In the drawings, Figure 1 is a diagram-
matic longitudinal sectional view of one pre-
ferred arrangement of rolling bodies for
carrying out the present invention, Fig. £
is a diagram of the same arrangement of
rolling bodies in elevation, showing the cir-
cles corresponding to the central lines or
mean diameters of the rolling contact sur-
faces of the rolls and showing the directions
and speeds of the rolling motion and the
transverse and longitudinal speed compo-
nents of the same, Fig. 8 shows in plan
view a modified arrangement of rolls for
carrying out the invention, Fig. 4 is a cor-
responding diagram of the mean diameter
circles thereof 1n elevation, Fig. 5 shows an
elevation of another type and arrangement
of the rolls for operating the process, Fig.
6 shows in plan view, four of the roll pairs
of Fig. 5, and Fig. 7 is a section through a
pair of disk rolls, presenting angular con-
vex faces, instead of curved convex faces, to
the pass. L
The roll bearings, housings, guides for
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_the billet, driving connections and other
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parts not necessary te the understanding
of the invention are omitted for clearness
from the drawings. :
In Figs. 1 and 2, the rolling bodies are
four pairs of overlapped disk-shaped rolls,
having horizontal axes raised above the

plane of the axis of the pass, so as to give

a feeding effect in addition to the cross roll-
ing action; as well understood. The axes
of each pair are parallel and the faces of the
rolls overlapped. The rolls are slightly but

sufficiently inclined to the axis of the pass |

in order to allow clearance for the billet or
tube. The rear portion of roll A acts oppo-
site the forwdrd portion of roll B, and the
other pairs of rolls C, D and E, I and G, H
are overlapped to act similarly. '

For convenience in explaining the process,
the section for each roll in Fig. 1 is talken,
as follows: The roll A is sectioned .hori-
zontally from its axis toward the lefthand

side in the plane of the axis 3—4, Iig. 2.

On the active side, or righthand side, of the
axis the section plane runs from the axis
through the central point of the surface of
contact at the instant between the roll and
the billet, as shown by the section line 4-—5
in Fig. 2. Similarly, the other rolls are
each sectioned, one half horizontally, and
the other half through .the inclined plane
passing through the axis and the central
point of the surface in contact with the
billet. This gives the slightly one-sided
appearance (o the sections whicly may be
noticed in Fig. 1. Circles a, 0. ¢, d, e, f, g, I
in Tig. 2 are paths of the motion of revolu-
tion of those points in the faces of the re-
spective rolls which pass through the cen-
ters of the surface in contact with the billet.
Consequently, the speed and direction of
motion and the approximate longitudinal
and cross effect of the roll upon the hillet
may be graphically determined from these
circles, which correspond to the mean work-
ing diameters of the working or contact sur-
faces. 'The correction for the slight ob-
lignity of the roll axes may be neglected.
The arrows on these circles show the direc-
tion of rotation. The axial line through
the pass is marked j—j. A portion of the
mandrel bar is shown at J. and the billet
or tube at K. The first pair of disk rolls,
A, B, give the least feeding effect, becanse
their axes are least raised above the axis of
the pass, as shown by the height of the line
3—1 in Fig. 2 above the axis of the pass.

Let the tangent mp be drawn through the
© center of contact m of the disk on the billet

2]

and of length and direction corresponding
to the speed of the roll surface at that
point. T.et lines mq and m» be drawn to
represent- the components of cross rolling
motion and longitudinal feeding motion at
the point m, by means of the familiar par-

1,055,388

allelogram of forces and motions, as shown.
The ratio of the feeding effect to the eross

rolling, determined by the degree of raising . ‘

the axig of the roll, should be small, as is
shown. The contact surfaces of the rolls
should be convex and short longitudinally
of the pass, so that they roll transverse and
slightly oblique spirally overlapping depres-.
sions or shallow grooves in the surface of
the heated billet, and facilitate the spread-
ing and flow of the metal longitudinally
from beneath the rolling surfaces, so as to
elongate the billet upon the mandrel bar
and reduce its wall thickness. The succeed-
ing pair of rolls, C, D, which act progres-
sively and simultaneously with the rolls A,
B, upon the billet during the greater por-
tion of its length, may be of the same shape,
but with preferably slightly less convexity,
s0 as to span and not fit the previously made
spiral grooves. The cross rolling compo-
nent of motion of the rolls C, D, may be
made less than that of the preceding rolls

by an amount proportional to the differing

diameters of the billet under the respective
rolls in order that the rolls may elongate

the metal without twisting it. Twist, how- .
- ever, may be imparted in making tubes for

special uses, by varying the cross rolling
components. '

The longitudinal component m’ 7’ is in-
ereased preferably by an amount sufficiently
in excess of that corresponding to the elon-
gation of the tube by these rolls to produce
a longitudinal -tension upon the billet be-
tween these.rolls and the preceding pair.
This tension or pulling on the billet not
only lessens the tendency of the billet to be
expanded or enlarged upon the mandrel by
the cross rolling, but also assists the pre-
ceding pair of rolls in elongating the billet.
Tt will be understood that the longitudinal
or feed component of the speed depends on
both the roll speed and the angle corre-
sponding with »” m” ¢’ and that an increase
of either the roll speed or the angle will give
an increase of the feed component. Simi-
larly, several succeeding pairs of rolls may.
be nsed, with the same or varying cross
rolling speed and with increasing longitu-
dinal feed component, and preferably with
increasing length and decreasing curvature
of the convex rolling surface, and, of course,
diminishing width of pass corresponding to
the desived reduction of thickness and di-
ameter of the tube. .

Tt will be seen, as shown in Fig. 1, that
a pair of shallow spiral ~depressions or
grooves are rolled in the billet or tube by
each of the succeeding roll pairs except by
the last. The last pair, G, H, have the
greater portions of their working faces sub-
stantially flat and parallel with the pass, as
viewed in cross section along the pass.. Be-
tween these last rolls therefore, the metal is
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subjected to cross rolling with but little op-
portunity and tendency to flow longitudi-
nally from beneath the flat and relatively

‘wide faces, the wavy or groaved surface is

rolled “otit to a smooth cylindrical surface
and the tube is loosened from the mandvrel
bar if it were tight thereon and can he
readily drawn therefrom. It will
yeadily be seen that for rolling widely dif-
ferent diameters of billets the same process
may be followed, merely separating the rolls
to change the width of the pass by adjust-
ing the rolls along their respective axes, in-

~ stead of requiring, as in the case of grooved

15

rolls, a change of the rolls themselves. It
will also be seen that by successively dimin-
ishing the convexity of the rolling surfuces,
the tendency of the rolls to fit into the spiral

_groove made by the previous rolls 1s
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lessened. Instead of curved convex work-
ing faces, substantially straight line com-
ponents, forming & V-shaped section, as
illustrated in Fig. 7, and giving an angular
form of convexity, may be used, and I use
the termn convex to include angular forms.
In either form the pass between ihe two
volls of the pair is rapidly convergent. and
then rapidly divergent in order to aid in
forcing the metal to flow endwise. .

Although it is preferable to effect the
cross rolling by means of rolling surfaces
which are both convex and short longitu-
dinally of the pass and which give pro-
gressively greater feeding action and pro-
duce the pulling or tension in the billet,
nevertheless it is possible, for example, to
use convex faces of very considerable length
along the pass or to use faces that are nar-
row or short in the divection of the pass
with very little or no degree of convexity,
but in such cases the tendency to expand the
tube is relatively greater and the elongating
effect of the rolls even with great pulling
action due to increasing feeds 1s leszened.
The successive roll pairs are placed as close
to each other as convenient, in order that
they may. act simultaneously on the billet
for a longer portion of its.length than 1f
they were farther apart. Manifestly, a
greater or less number of roll pairs than
that shown may be employed, but T prefer
to use at least three or more pairs besides
the last, or smoothing rolls, making at least
four pairs, as shown.

In the process just described. it will be

seen that the tubular billet while in the

heated state upon a mandrel bar is subjected
simultaneously to cross rolling pressure in
a manner to spread out the metal endwise
trom beneath the convex rolling sarface,
and to a simultaneous pulling or tensile
stress longitudinally. Where the pulling or
tensile stress 1s not emploved, the cross roll-
ing tends to loosen and to enlarge the tube
upon the mandrel, but by combining the

now’

cross rolling and the pulling with a mod-
erate reduction of wall thickness between
each roll pair, the tube may be kept substan-
tially circular and just loose enough upon
the mandrel bar to facilitate its elongation
thereupon. In addition to the other advan-
tages, the wear and tear upon the mandrel
bar is greatly reduced by this process as
compared, for example, with longitudinal
volling where the bar 1s very tightly em-
hraced by the tube and therefore heats more -
rapidly. o

The process is in no wise limited to the
arrangement of apparatus shown in Fig. 1.
Thus, in Figs. 3 and 4, there are illustrated
opposed pairs of disk-shaped rolls, the rolls
of each revolving in opposite directions and
placed opposite each other, as shown, in-
stead of being overlapped, as in Tig. 1. As
will be understood, the feeding effect in this
case is produced between such disk rolls by
raising of one and lowering of the opposite
voll, as plainly shown in Fig. 4, where the
civeles corresponding to the mean diameters
of the working faces of the respective rolls
are shown. In Figs. 1 and 2, the smaller
diameter of one roll is opposed to the larger
diameter of the opposite rell. In Figs. 3
and 4, the larger diameters of each roll pair
ave opposed to each other, which -conse-
quently produces a tendency to twist the
metal of the billet while hetween a pair of
volls. In Figs. 1 and 2, the rolls all re-
volve in like direction and feed by reason
of their axial elevation above the axis of
the pass. Obviously all or any pair could
be below the axis and revolve in the appo-
site direction. In Figs. 5 and 6, barrel-
shaped rolls with crossed axes are illus-.
trated, arranged to give approximately the
same ¢ross rolling and feed components as
in Fig. 1. The first rolls, A”, B, have the
oreatest degree of convexity, as before. The
intermediate rolls are of decreasing convex-
ity. while the smoothing and loosening rolls,
G/, H’’, in order to give a substantially
flat_ contact surface in the longitudinal di-
rection, have a slightly concave hyper-
boloidal curve. In cases where it ‘is not
necessary that the tube be made substan- 118
tially smooth and even by the last rolls, the
convex-faced rolls may be the last rolls used.

It will be seen that the improved process
will not be materially interfered with by
even a considerable wearing away of the 180
rolling surfaces of the disks or rolls em-
ployed in carrying it out, although corre-
sponding wear upon grooved rolls for a lon-
gitudinal rolling process would be prohibi-
tive of their further use.” So there are many 185
other incidental advantages that arise, di-
rectly or indirectly, from the improved
process in addition to its prime advantage
and importance in giving a more uniform
and better treatment to the tube or billet. - 130
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I employ the terms billet and tube inter-
changeably to incliude the tubular billet or
tube at any part of its manufacture.

What I elaim is: TR

1. In a gprocess.of rolling tubes the im-

provement whick comprises subjecting a tu-’

bular billet to cross rolling action on a man-
drel bar simultaneously and progressively
between a plurality of pairs of cross rolling
bodies and at the same time subjecting ‘the
billet to progressively increasing feeding
components of movement of the rolling sur-
faces, the length of contact of the cross roll-

ing bodies being so restricted that the metal-

flows mainly longitudinally, elongating the
tube upon the mandrel, and subjecting the

- metal to a stretching action while so being

20

25

cross rolled by increasing the difference be-
tween the feeding components in excess of
that corresponding to the elongation of the
billet. ,

2. In a process of rolling tubes the im-
provement which comprises subjecting a tu-
bular billet to cross rolling action on a man-
drel bar simultaneously and progressively
between a plurality of pairs of cross rolling
bodies and at the same time subjecting the

~ billet to progressively increasing feeding

30

components of movement of the rolling sur-
faces, the length of contact of the cross roll-
ing bodies being so restricted that the metal
flows mainly longitudinally, elongating the
tube upon the mandrel, and toward the exit

. end of the pass subjecting the billet to cross
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rolling pressure between bodies having rela-
tively long and substantially flat faces lon-
gitudinally and thereby smoothing the billet.

3. In a process of rolling tubes the im-
provement which comprises subjecting a tu-
bular billet to cross rolling action on a man-
drel bar simultaneously and progressively
between a plurality of pairs of cross-rolling
bodies and at the same time subjecting the
billet to progressively increasing feeding
components of movement of the rolling sur-
faces, the length of contact of the cross roll-
ing bodies being so restricted that the metal
flows mainly longitudinally, elongating the
tube upon the mandrel.

4. Improvement in processes for rolling
tubes which comprises cross rolling and
elongating a tubular billet on a mandrel
bar simultaneously between a plurality of
pairs of cross rolling bodies acting obliquely
on the billet and thereby rotating and ad-
vancing. the billet and mandrel, and simulta-
neously subjecting the billet to a longitudi-

‘nal tension in the interval between two suc-

“tubes which comprises cross rolling and

ceeding roll pairs.
5. Improvement in processes for rolling

elongating a tubular billet on a mandrel bar
simultaneously between a plurality of pairs
of cross rolling bodies acting obliquely on

5 the billet and thereby rotating and advanc-

-

11,055,368

ipg;“t'hq billef,. anid' handrel; and progreé-
swely_mcr%’fgmgv the ‘longituamnal feeding

action ofssucceeding pairs of bodies without

. 'the-increase of crosswise action. -

- 6. Improvement in processes for rolling
‘tubes which comprises cross rolling and elon-
gating a tubular billet on a mandrel bar

simultaneously between a plurality of roll -

pairs, and restricting the expanding effect of
one or mpre of the roll pairs by increasing
the feeding effect of the succeeding pair in
excess of that corresponding to the elonga-

tion of the billet, thereby producing a lon--

gitudinal-stress in the billet. -

. 7. Improvement in processes for rolling
tubes which comprises cross rolling and elon-
gating a tubular billet on a-mandrel bar
simultaneously between a plurality of roll
.pairs, and restricting the expanding effect
of one or more of the roll pairs by increas-

.| ing the feeding effect 6f the succeeding pair

in excess of that corresponding to the elonga-
tion of the billet, thereby producing a longi-
tudinal stress in the billet, and later in the
progress smoothing the tube between sub-
stantially parallel cross rolling surfaces.
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8. Improvement in the art of rolling and
elongating tubes which comprises subjecting .

a tubular billet to cross rolling on a mandrel
bar between a plurality of pairs of oblique-
-acting cross rolling surfaces which are con-
vex but are progressively flatter and longer
longitudinally of the pass. .

9. Improvement in the art of rolling tubes,
which comprises subjecting a tubular billet
to cross rolling action on a mandrel bar
simultaneously and progressively between a
plurality of pairs of cross rolling bodies, the
length of contact of the cross rolling bodies
upon the billet being so restricted in longi-
tudinal direction that the metal flows or is
forced 'out' mainly longitudinally, elongating
the tube upon the mandrel, and toward the
exit end of the pass further subjecting the
billet to cross rolling pressure on contact
areas that are relatively long and, substan-

tially flat longitudinally of the billet,,

thereby smocdthing the billet.

10. Improvement in the art of rolling
tubes which comprises cross rolling a tu-
bular billet on a mandrel bar progressively
and simultaneously at a plurality of differ-
ent portions of its length between a plurality
of pairs of rolling bodies and causing longi-
tudinal flow and relatively great elongatinn
of the billet in the earlier roll pairs by roil-
Ing surfaces making contact areas relatively
narrow and convex longitudinally, one of
the Tater roll pairs making contact areas
relatively flat longitudinally, forming an
approximately parallel-sided pass.

11. Improvement in continuous. mills for
rolling tubes comprising a plurality of co-
acting pairs of cross rolling rolls, one or
more of the earlier roll pairs having rolling
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surfaces convex and relatively short in the
longitudinal direction of the pass, and one
of the succeeding roll pairs having rolling
surfaces relatively long and substantially
flat in the longitudinal direction of the pass.

12. Improvement in apparatus for elon-
gating tubes and billets by cross rolling,
comprising a plurality of separate successive
pairs of cross rolling rolls having convex

‘rolling faces, the directions of the rolling

motion of successive pairs at their points of
contact with the billet being progressively
and substantially more inclined to a plane
perpendicular to the axis of the pass, and
the endwise or feeding components of the

-motion being progressively increased, where-

by the endwise components of the rolling
motion and also the ratip of the endwise
components to the crosswise components of

the motion are increased progressively in the
successive roll pairs.

13. Improvement in apparatus for elon-
gating tubes and Dbillets I:)y cross rolling,
comprising a plurality of separate successive
pairs of cross rolling rolls, said rolls being
disk-shaped rolls set with their axes substan-
tially crosswise to the axis of the pass with
progressively increasing eccentricities of the
rolls, that is to say, increasing distances be-

tween the axes of the rolls and the axis of.

the pass where they cross.

In testimony whereof I have signed this
specification in the presence of two subscrib-
ing witnesses this 8th day of March, 1912.

RALPH CHARLES STIEFEL.

Witnesses: -

Harowp BinNgey,
Aveusta PSCHIERER.
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