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My invention relates to an apparatus for
expanding blanks by rolling, more particular-
ly by means of inclined rollers. It is an ob-
ject of my invention to reduce the stress ex-

8 erted. on the material in rolling down its
sections, which in the process as performed
heretofore often became excessive so that the
blanks were broken.

To the end of reducing the stress I design

10 my apparatus in such manner as to impart
the same velocity of feed to the blank at all
points where the blank is in contact with the
rollers, and to rotate the blank at the same
angular velocity - throughout the process.
This is accomplished by so determining the
ratio of the outer radius (») of the blank to
the distance (a) of the central point of the
circle having the radius (r), from the point
(Py) where the extension of the radius (r)
intersects the axis of the roller, that it is &
constant throughout the process. :
~ In other words, the distance line (@) which
extends at right angles to the axis of the
blank and ends at the axis of the roller, is
divided by the point of contact between the
blank and the rolls at the same ratio for.all
positions of the point of contact.

The modern tendency in the art of rolling
and more particularly in the manufacture of
seamless tubes by rolling is to reduce the
weight of the tubes per unit of length by:
reducing the wall thickness, the object being
to render seamless tubes more marketable as
compared with welded tubes, but, as men-
tioned above, the expedient of reducing the
wall thickness involves the-risk of failure.

Besides in the process as heretofore per-

15
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35

~ formed it was not practicable to roll the tubes’

of large size having about two feet outside
diameter and more, in great lengths. By
designing the existing rolling mills- for the
Perrin’s process and other processes in sizes
corresponding to such large tubes the walls
of the tubes would become so thick and their
weight per unit of length would become so
high as to be uncommercial.

The difficulty encountered in the process
of expanding comparatively thick-walled
tubular blanks by means of inclined rollers

40
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was that the material was stressed beyond
its ultimate strength on account of unfavour-
able conditions of velocity and friction be-
tween the rollers and the blank and that the
requirements under which the expanding
should be performed were not considered.
Therefore the expanding of tubes at a high
rate (100 per cent or more) and rolling thin-
walled tubes were impracticable.

According to my invention the require-
ments for expanding blanks as outlined above
are reduced to practice. Expanding a tubu-
lar blank means increasing its outer and in-
ner diameters and reducing its wall thick-
ness while the length remains constant. With
constant length, however, the cross-sectional
area of the blank will also remain constant
as the volume remains constant. As the con-
dition that the product of the sectional area
Q and the feed velocity V, i. e. the volume, 70
should be constant, applies also to mills hav-
ing inclined rollers, and as the cross-sec-
tional area Q is-constant if the blank is only
expanded without altering its length, it fol-
lows that with the product Q . V constant, 75
and one of the factors a constant, the other
factor must also be a constant, i. e. V, the
velocity which the rollers impart to the blank
in the direction of its axis, must be the same
at all points where the rollers are in contact
with the blank. K ,

T will now proceed to explain my inven-
tion by the aid of suitable diagrams but I
will first describe and illustrate & rolling mill
embodying my invention. In-the drawings
affixed to this specification and forming part
thereof stich rolling mill is illustrated dia-
grammatically by way of example.

My invention will be described as applied to
a mill in which a tubular blank is placed on
a mandrel but it may also be applied to mills
in which a solid blank is made into a tube,
and the tube is then expanded by my process.

In the drawings o <

Fig. 1is a plan view of a rolling mill hav-
ing three inclined rollers, the gearing being
not shown,

Fig. 2 is an elevation of the mill, in sec-
tion along the axis of the blank,
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2
Fig. 3 is an end elevation of the mill viewed

from the left in Fig. 2,
Fig. 4 is a perspective illustration on a

- larger scale showing a mill having two roll-
“ers instead of three as illustrated in Figs.

1—3,

Figs. 5,6 and 7 are sections on the corre-
sponding lines in Fig. 4 showing various
stages of the rolling process, '

Figs. 8,9 and 10 are the diagrams referred
to,

Fig. 11 is a diagram of ‘velocities.

Referring now to the drawings and first
to Figs. 1, 2 and 3, 1 and 2 are circular hous-
ings which are supported on suitable founda-
tion bars 3 and 4, 5, 6 and T are three tapered
and inclined rollers supported in the hous-
ings 1, 2 and adapted to be rotated through
the medium of shafts 8, 9 and 10 from any
suitable gearing, not shown. The shafts are
connected to the roller shafts by knuckles 11,
12 and 13. :

14 is a mandrel, 15 is a boss or collar at its

.inner end, 16 is a bracket by which the man-

drel is held against axial displacement, 17
is the blank on the mandrel 14, and 18 is a pipe
for the reception of the finished blank. a
Each roller is provided with a short taper
20 at its front end, the apex angle of which is
larger than that of the body of the roller so
that the blank is drawn in between the roll-
ers automatically and feeding appliances are
not required. : ,
Referring now to Fig. 4, this illustrates a
mill having two rollers 21 and 22 instead of
the three rollers 5, 6 and 7 in Figs. 1-8, and
it is understood that I am not limited to a
definite number of rollers. The figure also
shows the mandrel 14 and the blank 17, as in
Figs. 1-3, the blank being drawn in between
the rollers at the feed velocity V in the direc-
tion of the axis of the mill as indicated by
the arrow. The two rollers 21, 22 are

equipped with tapers 20 with the object set-

out above. :

With rollers designed in this manner the
clearance (S) between the rollers is gradually
decreased while the blank is engaged by the
tapers 20 .and this exerts the desired axial
thrust on the blank by which it is drawn au-
tomatically in between the rollers.

. In accordance with the object of my inven-
tion it is necessary ‘that the clearance (S),
Figs. 5, 6 and 7, between the rollers 21, 22,

and the mandrel 14 should be such at any giv-
en section that the inner area of the blank is
equal to or slightly larger than the corre-
sponding area of the mandrel. In Figs. 5, 6
and 7, S, S’ and 8’/ are the clearances corre-
sponding to the several sections. The section-
al area () of the blank 17 is a constant and if
the sections of the blank are to be circular or

; approximately so throughout the process, the

1,778,111

gaps S, 8’, 8" must be calculated in con-
formity with this condition, as follows:

| »S=r‘—\/r2—‘vg- -

In this equation 7 is the corresponding outer
radius of the blank at the point of contact.

Referring now to Figs. 8, 9 and 10, a co-
ordinate system is illustrated having the axes

X, Y, and Z with the origin O. The blank

17 is supposed to be rotating about the
Y—axis. The axis of one of the rollers is sup-
posed to extend at an angle «p to the horizon-
tal plane X—Y. Risthe radius of the roller
at a given point of contact B, the coordinates
of which are #, ¢, and 2. The horizontal dis-
tance of the roller axis from the origin O is p,
Fig. 8. This distance and the angle «p are
fundamental data for any given roller posi-
tion. '

The point B is rotating about the centre
P;, Fig. 8, at the end of the radius R. The
circle which the point B described about the
center P; is defined by the equation of a
sphere with the point P; as its centre and the
section of the sphere with a plane P; B’ at
right angles to the roller axis.

Equation of sphere: .

(z—p)*+ (y—p:)*+ (2=~ y1tgap)*=R* (1)
Equation of plane:

g,
1

costap - yﬁ sinap. cosap=1, (2)
) 1
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The distance of any point on the circular

path about P; from the Y-ordinate is exclu-
sively a function of # and 2z and by combining
Equations (1) and (2) by elimination of
“y” the projection of the circle in the X—Z
plane is an ellipse having the equation

(z—y"tgap)® =Rz (3

— ;)2
(@=p)*+ cos®ap

The position of the point of contact B is de-

105

110

fined by the fact that at this point the normal .

O Py passes through Y coordinate, that is
through the origin O in Fig. 8. .

Let 2, ¥ and 2 be the coordinates of B, the
equation of the normal is

V==

cos ap(p—a) @)
The normal through ‘B intersects the axis of
the roller at P;;. In order to demonstate this,
it must be shown that the line PyB’ in Fig.
8isequal tothe line P’;;B’ in Fig.9. -
From the theory of the ellipse:

xz

PB = F= =27,
In Fig. 9:
2 —_— )2
I o L N

cos ap

120
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The inclination of the normal, Fig. 8, is de-
fined by the equation : '

i9e=_="Rp" ~o-9 (6)
From Equation (4)
E= '\/Rz_ (P"CU)Z (7)

x cosap(p—1)

From a combination of (6) and (7) it fol-
lows that ' '

A
PyB =" pess (8)
and from (5) and (8)
P,HB’=PHB'

This shows that the point of contact B of
the roller and the blank is on the connecting
line O—P;; which has been téermed the dis-
tance a, between the axes of the blank and the
roller which connecting line or distance is at
right angles to the axis of the blank and is
the extension of the radius » referred to in
the introduction. .

After the point of contact B has now been
found, the transmission of the feed velocity V
to the blank as a component of the peripheral
velocity U may be calculated.

Referring to Fig. 10, the feed velocity V is
related to the peripheral velocity U as fol-
lows:

V="U.cos ¢.sin ap=27;£'n-éos Y.sin ap
cos ¢=p————R? z

» V= gg-(p— Z).8in ap

The_équation for V shows that the feed ve-
locity is a constant when the only variable in
the equation, to wit «, is a constant, and  will

be a constant if the said ratio r:e of the-
3 radius 7 of the blank to the extension of the
radius as far as the intersection Py with the-

roller axis is a constant.

As mentioned in the introduction, this
means that the straight line @ which is erected
at right angles on the axis OP—Y of the
blank and extends as far as the axis of the
roller, is divided at a constant ratio for all
positions of the point of contact.

The radius R of the rolls results from the
condition that @ should be a constant, or that
the ratio »: @ should be a constant, and is cal-
culated from the equation:

R= 2—;—? Vp*+y* sin’op

This equation yields the radius R of the
rolls for all sections, the position of each sec-
tion being defined in the system by y. All
factors except y are constant in the equation,

3

The possibility of rendering constant the
feed velocity has thus been demonstrated.

My process ox expanding blanks at constant
feed velocity involves another considerable
advantage, to wit that torsion is not exerted
on the blank during the process and the blank
is rotating at uniform angular velocity. Uni-
form angular velocity of the blank means con-
stant number of revolutions of the blank dur-
ing the entire process. The number of revolu-
tions N of the blank at the several points of

contact with the rollers is a function of two.

factors, to wit:

(1) Therotary velocity D which the rollers
tend to transfer to the blank, this velocity be-
ing the component of the peripheral velocity
U, Fig. 11, at right angles to the axis Y of
the blank.

(2) The perimeter of the blank,

The rotary velocity D is found from Figs.
8-11 to be :

_2an(p—a)r
D= 60z cos ap

in which # is the velocity of the roller.

Under normal conditions the radius of the
outer diameter of the blank is equal to the
distance of the point of contact B between the
roller and the blank from the axis of the
blank, i. e. r, Fig. 8. '

Consequently

o N = D=_2_’£7L(£LE?" ,
60z cos dp
and

- -2

" 60z cos ap

where 7 is the number of revolutions of the
roller,

Obviously N will be a constant when the
only variable @ is a constant and this was al-
ready established as the principal require-
ment in connection with my invention.

Referring now to Fig. 4, the axes of the

rollers 21 and 22 are inclined to the axis Y

of the blank at the angle ap, Fig. 9, and the
distance of their axes from the axis Y of the
blank is p, as in Fig. 8. The rollers are so
sized throughout and in such a position that
at all points in the effective part of the roll-
ers, 1. e. the principal part having the slighter
taper as compared with the smaller part hav-
ing the strong taper 20, the ratio of the
outer radius » of the blank to the said ex-
tensions ¢ of the radius » is a constant. If
7", " and 7”’* are radii of the blank at three
distinct points and e’, a’’ and ¢’’’ are the
corresponding vertical distances, this condi-
tion is expresed by the equation:

In order to perform the expanding process
successfully, it is necessary that normal con-
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ditions should prevail, that is, as assumed
above, the outer radius 7 of the blank should
be equal to the distance of the point B from
the origin O. The perimeter of the blank is
a function of its wall thickness at any given
point as the sectional area Q is constant in

‘accordance with my invention, as expressed

in the paragraph of the introductory state-

“ment relating to the requirements for ex-

panding blanks, and consequently the perim-
eter is a function of the clearance S, Figs.
5, 6 and 7, between a roller and a mandrel
14. If the clearance is too small the wall will
become too thin, the perimeter of the blank
will become too large for the given point
of contact, and the section of the blank
will become oval, i."e. the blank is detached
from the mandrel. Moreover, the velocity
that is actually absorbed by the blank is dis-
torted with respect to the velocity which the

rollers tend to transfer to the blank and

therefore the conditions of friction between
the rollers, the blank and the mandrel under-
go very unfavourable variations with the re-
sult that the stress on the blank is excessive.

Conversely, if the clearance S becomes too
large the whole blank will be rolled too thick,

" with too small a perimeter on the inside of
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the section, and the feeding of the blank is
interfered with at the larger diameters of
the mandrel.

All these drawbacks are overcome accord-
ing to my invention by determining the clear-
ance S between the roller and the mandrel at
all points so that a wall thickness as cal-
culated above from the equation

:S’=r-—\/r2—-g
N

is obtained which renders the inside area of

the blank either equal to or slightly larger

than the corresponding mandrel area so that
the feeding of the blank is performed with-
out trouble and favourable conditions of co-
operation between the roller, the blank and
the mandrel will permanently prevail. It is
obviously that by S the radius of the mandrel

14 is also given by subtracting S from the out- -

side diameter of the blank. ,
I wish it to be understood that I do not

“desire to be limited to the exact details of

1,778,111

mandrel, said mill being characterized there-

by that a vertical erected on the axis of the
hollow blank and ending in the axis of a

roller is divided by the point of contact be-

tween said blank and said roller at the same
ratio for all positions of said point of con-
tact. :

‘2. A rolling mill as claimed in claim 1,
characterized in that the diameter of the man-

‘drel is determined for all sections of the pass

by the conditions that the cross-sectional area
of the hollow blank should remain constant
throughout the pass and that the inner perim-
eter of the hollow blank should be substan-
tially equal for all cross-sections to the cor-
responding . perimeter of the mandrel.

In testimony whereof I affix my signature.

FRITZ KOCKS.
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construction shown and described, for obvious . -

modifications will occur to a person skilled in

the art. :

In the claims affixed to this specification
no'selection of any particular modification of
the invention is intended to the exclusion
of other modifications thereof and the right
to subsequently make claim to any modifica-
tion not covered by these claims is expressly
reserved. ' - '

I claim:—

1. A rolling mill for the expanding of

hollow blanks, having inclined rolls and a
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