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My invention relates to rolling mills and
particularly te mills for rolling sheet ma-
terials. ’ -

When rolling hot or cold metal sheets, it
has been found that, within certain limits, the
smaller the diameter of the working roll in
contact with the work, the greater the reduc-
tion that may be made in a single pass for a
given expenditure of power. However, in

rolling mill practice, high pressures are en-

countered, so it is usual, when employing
working rolls of comparatively small diam-
cter, particularly when rolling relatively
wide thin sheets, to back or support the work-
ing rolls by separate rolls of Iarge diameter
to prevent excessive springing of the work-
ing rolls and provide the required strength
and rigidity.

It should be understood that in order to

obtain a sheet of uniform thickness and to

prevent wrinkling or buckling of the work,
it is necessary to accurately control the shape
of the roll pass, and compensate for the spring
in the rolls occasioned by the working pres-
sure and for any variation in the diameter of
the rolls which may occur throughout their
length due to heating. Even though at the
outset of the rolling operation the mill re-
duces the work uniformly, it is very difficult
to maintain this condition for several rea-
sons. For instance, one important reason is
that, whether or not the work is hot or cold,
the rolling operation causes the rolls to heat
up and expand irregularly.

In the attempt to ameliorate the latter con-
dition it has heretofore been the practice in
hot rolling to shape the profile of the rolls
so that, when they are heated up in the stand
preparatory to the actual rolling operation,
they will expand to form a pass that will pro-
duce a usable sheet. However, with this prac-
tice, the shape of the roll and the amount of
preliminary heating necessary to form the de-
sired pass is more or less empirical and is
predicated on the experience of-the mill op-
erators and is not sufficiently aceurate when
rolling thin material. Tt is almost impossi-
ble to predict the changes which ocecur to the
shape of the pass in the rolling operation.
Apart from the irregular wear, which may

occur to the rolls, the shape of the pass may
change due to several factors, some of which
are the heating up of the roll necks and the
flexing of the rolls under the working pres-
sure. The pressure developed at the roll
necks generates heat and expands the bodies
of the rolls irregularly and thus affects the
shape of the pass. The amount of variation
to the pass due to such causes cannot be ac-
curately predicted in advance. : ,

It is one of the objects of my invention to
provide 2 backing means for the working roll
of a rolling mill which is so shaped and ad-
justable to control the shape of the pass be-
tween the working rolls.

Another object of my invention is the pro-
vision of a novel means for supporting the
upper roll of a rolling mill adapted to main-
tain the working rolls in spaced relation.

In its broader aspect my invention com-
prises working rolls, a backing roll which

" has its exterior surface curved longitudinally

for supporting the working roll, and means to
adjust the. axis of the backing roll obliquely
to the axis of the working roll in the direc-
tion of the path of the work.

The novel features of my invention will be
more fully understood from the following
description and claims taken with the draw-
ings in which; :

Fig. 1is a side elevation of a four high mill
embodying one form of my invention;

Fig. 2 is a cross section taken on the line
2—2 in Fig. 1, showing the rolls in elevation;

Fig. 8 is a cross section taken on the line
3—3 in Fig. 1, showing the backing rolls in
elevation and disposed in its middle support-
ing position;

Fig. 4 is a partial cross section taken on the
line 4—4 in Fig. 1, showing the working roll
in elevation; :

Fig. 5 is a plan of the working roll super-
posed on the backing roll illustrating vari-
ous positions to which the latter may be ad-
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justed relatively to the axis of the working 95

roll:

Fig. 6 is an end view of the rolls of a three
high mill illustrating a further embodiment
of my invention; -

Fig. 7 is a conventional front view of the
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rolls of a four high mill embodying my in-
vention illustrating the backing rolls in its
end support position, that is, they support the
working rolls at their ends;

Fig. 8 is a conventional end view of the
rolls shown in Fig. 7;

Fig. 9 is a similar view to Fig. T; except

that the backing rolls are shown adjusted.

to their full support position, that is, they
support the working rolls throughout their
length; T

Fig. 10 is a cross section taken on the line
10—I10 in Fig. 95 -

Fig. 11 is a cross section taken on the line
11—I1 in Fig. 105 :

Fig. 12 is a similar view to Fig. 7, except
that the backing rolls are adjusted to their
center support position, that is, they support
the working rolls at the midpoint of their
length; ' S

Fig. 13 is a cross section taken on the line
13—18 in Fig. 12; ,

Fig. 14 is a cross section taken on the line
1414 in Fig. 12;

Fig. 15 shows the contour of a sheet rolled
between the working rolls when the backing
rolls are positioned as shown in Fig. 7;

Fig. 16 shows a sheet of uniform thick-
ness as rolled between the workirig rolls
when the backing rolls are positioned as
shown in Fig. 9; and

Fig. 17 shows the contour of a sheet rolled
between the working rolls when the backing
rolls are positioned as shown in Fig. 12.

Referring to the drawings: 20 and 21
designate, respectively, a pair of spaced hous-
ings rigidly connected together by the bridge
member 22.

Mounted in suitable bearings within the.

windows 23 of the housings and extending
therebetween is a pair of working rolls 24
and 925, respectively. Also mounted in suit-
able bearings within the windows of the
housings is a pair of backing rolls 26 and 27;
respectively, which have their surface con-
caved longitudinally and are adapted to sup-
port the working rolls 24 and 25, respec-
tively, in a manner hereinafter set forth.

I preferably positively drive the working
rolls 24 and 25 through the medium of the
spindles 28 and 29, respectively, in a man-
ner well known in the art and allow the
backing rolls 26 and 27 to revolve by fric-
tional contact

drive the backing rolls and cause the work-
ing rolls by frictional contact to operate on
the work without departing from the spirit
of my invention. ’
The bearings which engage each of the
nécks of the backing rolls 26 and 27 are pref-
erably of the anti-friction type and are desig-
nated generally by the numerals 30 and 31,
respectively. Each of the bearings 30 and

31 are similar and the manner of mounting

‘up end play in the working rolls.

with the working rolls. It is-
of course understood that I may positively -

1,860,081

each of them in the housing is the same, so
a description of one bearing and the means
of securing it in the housing will suffice as
descriptive of each of the bearings 30 and 31.

The bearing 30 comprises a casing 32 con-
taining an inner race member 33 closely fit-
ting the roll necks, an outer race member 34
closely fitting the casing, and rollers 35 in-
termediate said race members, a construction
well-known in the art.

Extending vertically up each side of the .

¢asing 32 is a convex rib member 36, which®
is curved transversely and each engage the
concave face of a shoe member 37 which is
rotatably secured at the inner end of a trans-
verse adjusting screw 38, which is threaded

70 .

76

80

to a nut secured in the housing in a well- -

known manner. _

The arrangement is such that the necks
of the backing rolls 26 and 27 may be ad-
justed a desirable amount in a plane paral-

lel to the path of the work by rotating the .

adjusting screws 88. 'The casing 82 is rigid-
ly held by the latter in the direction of its
adjustment, but, nevertheless is free to move
in the direction.at right lines'to the direction
of adjustment, for the purpose hereinafter
set forth. ' :

The adjusting serews 38 have threaded en-
gagement with the housings so -that when
they are rotated in the desired direction by
means of a wrench or other suitable means,
they are caused to move axially and the cas-
ing 32 may thus be adjusted in a plane par-

“allel to the path of the work passing through

the mill.

After the casing 32 is adjusted to the de-
sired position each of the screws 38 are
locked in position by means of a nut 39.
Each neck of the working rolls is journaled
in boxes 40 and 40" for the upper and lower
working rolls respectively of the ordinary
type, which is slidably mounted in the hous-
ing. _

The boxes 40 are retained in the housings
by means of the adjustable clamp members
41, carried by studs 42, which are adjustable
by the nuts 43 threaded on said studs to take
Similar
clamps and fastening means are provided
for the casings 32, as at 44, to take up end
play in the backing rolls 26 and 21.

The casings 32 supporting the lower back-

ing roll 27 at each end are supported on the

housings at the bottom of the windows. The
lower working roll 25 is supported on the
lower backing roll 27 and is not ordinarily

90
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adjusted vertically to form the different

passes of the mill. A S
The upper working roll 24 and its. backing

125

roll 26 are adjustable to permit the rolling .
of sheets of different thicknesses. This ad-

justment is
serews 45 and 46 which are in threaded en-’
gagement with the housing and are operated

effected by a pair of adjusting

130
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by the screw-down mechanism 47 in a man-
ner well known to the art. Intermediate the
end of each of the adjusting screws 45 and
46 and the bearings 30 at the ends of the up-
per backing roll 26 is a bearing block 48 and
the upper rolls are constrained to their up-
per position against said adjusting screws by
means of the lift mechanism indicated gen-
erally by the numeral 49. S :

The lift mechanism comprises a cylinder
90" mounted in the bridge member 22. A
ram 51 is operatively mounted in said cylin-
der and is provided at its upper end with a
cross member 52. Depending at each end
of the latter is a link 53 to support the beam
members 54 and 55, respectively, which ex-
tend through the windows of the housings
and at the sides of the adjusting screws 45
and 46. :

A chain 56 is fastened at each end of the
beam members 54 and 55 beyond the hous-
ings, and each. chain, at its lower end, is
linked to a lever member 57, which is inter-

posed between the superposed boxes 40 and -

40" at the ends of the working rolls. The
lower surface of each box 40 has formed

thereon a pair of spaced parallel ribs 58-

rounded at their extended edges and having
therebetween a groove 59 which is concaved
transversely and of substantially semi-cylin-
drical formation. The lever member 57 has
formed on its upper face, at a distance from
its inner end, a pair of spaced parallel
grooves 60 receptive of the ribs 58, and inter-
mediate_said grooves is a convex ridge 61
which pivotally fits the groove 59. The low-
er edge at the inner end of the lever mein-
ber 57 is radiused, as at 62. .

It will be easily seen that a constant fluid
pressure admitted to the cylinder 50 exerts
a pressure on the ram 51 to cause the chains
to exert an upward pull at the outer end of
each of the lever members 57. 'The inner
end of the latter acts as fulerum against
the upper face of the box 40’ at each end
of the lower working roll and applies a pres-
sure on the underside of the box 40 at each
end of the upper working roll at the point
where the ridge 61 engages the groove 59.
Any tendency of the lever 57 to slip is pre-
vented by virtue of the interlocking engage-
ment of the ribs 58 with the grooves 60,

In this manner the upper working roll is
constrained against the upper backing roll
which in turn is constrained against the ad-
justing screws 45 and 46, and the lower work-
ing roll is forced against its respective back-
ing roll; by rotating the adjusting screws
45 and 46 the opening between the working
rolls, which constitutes the pass of the mill,
may be increased or decreased depending
upon the direction of rotation of said screws,

As stated above, due to certain factors be-
ing present during the operation of the mill,
the rolls expand irregularly which tends to

3

change the contour of the pass and it is nec-
essary to provide means to counteract this
tendency so that the contour of the work
will not be adversely affected. To this end,
I concave the surface of the backing rolls
26 and 27 longitudinally, that is, the rolls
gradually increase in diameter from the mid-

point of their length in opposite directions

toward their ends, so that when the axes of
said rolls and the axes of the working rolls
24 and 25 are in a common plane, as shown
in full lines in Fig. 5 and in Figs. 7 and
8, the working pressure on the sheet passing
through the mill will deflect the latter rolls
at the midpoint of their length against their
respective backing rolls and thus produce a
sheet which ‘is convexed laterally on both
faces. Under normal conditions the amount
of such convexity depends upon the amount
of longitudinal curvature of the surface of
the backing rolls and the spring of the work-
ing roll is maintained during the entire pas-
sage of the sheet through the mill. For con-
venience this position of the backing roll
with respect to the working will hereinafter
be referred to as the end support position.
The backing rolls may be adjusted in a
horizontal plane obliquely to the axes of the
working. rolls to support and maintain the
latter rolls throughout their length in a
horizontal plane when the sheet is being re-
duced in the mill. The backing rolls are

¢0

80
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%8

swung obliquely to the axis of their respec- -

tive working roll by advancing one or the
other of the adjusting screws 88 and retract-
ing the oppositely disposed adjusting screws

'38 the same amount at each end of the rolls

and in either direction as indicated by broken
lines in Fig. 5, whereby the vertical planes
passing through the axes of the working rolls
and the backing rolls intersect at about the
midpoint of the rolls. The degree of ad-
justment to the backing rolls required to af-
ford support to the working rolls through-
out their length more or less depends wpon
the longitudinal curvature of the backing
rolls. The amount of longitudinal curva-

ture given to the surface of the backing rolls

is determined more or less by size of the mill
and the kind of work rolled, and is based
more or less on the experience of the opera-
tors.

In order to support the working roll
thronghout substantially its entire length the
backing roll is swung about.a transverse axis,
in the horizontal plane, obliquely to the axis
of the working roll until at any distance along
the rolls a line joining their axes and normal
thereto will intersect the surfaces of -both
rolls at a common point of tangency, as shown
in Figs. 9, 10 and 11. By way of illustra-

100
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115

120

125

tion, Fig. 11 is a conventional cross section

taken at any distance along the working roll
when the backing roll has been adjusted to
support the former throughout its length; a
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radial line X joins the axes of the rolls and
a line Y ‘drawn at right lines to the line X
will be approximately tangential to the sur-
face of both rolls. To avoid prolixity this po-

sition of the rolls will be hereinafter re--

ferred to as the full support position.

In order to provide a wide range of adjust-
ments to control the pass of the mill, the back-
ing roll may be swung obliquely to the work-
ing roll past the full support position, so

that the working roll is normally supported -

solely at the midpoint of the length of the

backing roll, as illustrated in Figs. 12, 13

and 14; the latter position will be for con-
venience, hereinafter referred to as the cen-
ter support position. When the backing roll
is at its center support position the working
pressure on 'the sheet passing through the
mill ‘will deflect the ends of the working rolls
against their respective backing rolls and
produce a sheet which is concavo-concave in
cross section.

Assuming that thebacking rolls are ad-
justed in the end support position, as illus-
trated conventionally in full lines in Fig. 5
and in Figs. 7 and 8, the working pressure on
the work will cause the working rolls to bow
against the backing rolls an amount approxi-

mately corresponding to the longitudinal.

curvature of the surface of the latter rolls,
and the work emitted from the pass between
the working rolls will be convexed transverse-
ly on both faces, as illustrated in Fig. 15.
The amount of spring in the roll and the re-
sulting convexity to the work may be con-
trolled by adjusting the backing rolls to or
beyond their full support position. ‘When

the backing rolls are in their full support’

position, asillustrated conventionally in Figs.
9, 10 and 11, the work émitted from the pass
will be substantially of uniform thickness
throughout. Theoretically when the backing
rolls are set in their full support position, the
work would-be reduced uniformly; however,
due to the springing .of the rolls under the
working pressure, the irregular expansion of
the rolls and other causes, the work may be
reduced a greater amount at one point than
at another, and thus increase the length more
along one line than another. Ina long sheet,
such as, a strip, the result of increasing the
length more along one line than another tends
particularly at the finishing passes, to twist
or buckle the piece. If the reduction is great-
er at the middle than at the edges, the surface
of the strip will be concave transversely and
elongated more at the center than at the sides,
which will result, in most cases, particular-
ly when the strip is thin, in. buckling the
work. Heretofore it has been impossible to

_ remedy this during the rolling operation, but

with a rolling mill, embodying the princi-
ple of my invention, the backing rolls may be
adjusted by the operator toward the end sup-
port position a sufficient amount to allow the

_pass

1,860,981

working rolls to spring at their midpoint
against the backing rollsa determined amount
under the working pressure whereby the re-
duction is uniform throughout the width of
the strip.

Then again, supposing that the strip or
sheet is being reduced a greater amount at
the edges than at the middle, the surface of
the strip will be convexed transversely and it
will be elongated to a greater extent in the
line along the edges than the line along the
middle, which will result in the piece being
distorted. With my rolling mill the dele-
terious effect may be easily eliminated by ad-
justing the backing rolls ‘toward the center
support position a sufficient amount to allow
the working rolls to spring at their ends from
the middle a determined amount under the
working pressure whereby the reduction is
uniform throughout the width of the strip.

“In a mill, provided with means embodying

70

80

85

my invention for controlling the working

of the mill, the working rolls may be
shaped before they are mounted in the mll to
anticipate irregular expansion which may
oceur to them when they become heated.

My invention is useful in the mills practic-
ing the so-called continuous process. In this
practice several stands of mills are placed in
series,
mill is varied so that the transverse shape of
the strip or sheet changes gradually as the
work proceeds through the rolling process
and it is important that in any stand the
sheet must be formed to the proper shape for

and the contour of the pass of each

90

95

100

the-succeeding stand. This variation in the

shape of the several passes of the series may
be easily effected in mills embodying the prin-
ciple of my invention by adjusting the back-
ing rolls of each of the stands so as to pro-
vide the correct contour to the work as it is

rolled progressively through the series of

stands. .7 -
While I have described my invention with

relation to a four high mill, the principle
thereof may be applied to mills having more
than two backing rolls, or a mill with only
one backing roll. In Fig. 6, I illustrate an

105

110

embodiment of my invention applied to a mill -

having an upper working roll of large di-
ameter and a lower working roll of com-
paratively small diameter supported by a
backing roll. The latter has its exterior sur-
face curved longitudinally and is supported
and adjusted in the same manner as the back-
ing rolls of my four high mill hereinbefore
deseribed. In this mill the work is rolled
between the large and the small working rolls
and the contour of the pass is controlled by
permitting the small working roll to flex
under the working pressure an amount and in
the manner governed by the position and
shape of the backing roll which affords the

suﬁ)ort. -

will be seen from the foregoing descrip--

115
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125
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tion that I have devised a novel sheet rolling
mill which is easily adjusted to control the
contour of the work.

While I have shown my invention in two
forms, it will be obvious to those skilled in
the art that it is not so limited, but is sus-
ceptible of various other changes and modi-
fications without departing from the spirit
thereof, and I desire, therefore, that only such
limitations shall be placed thereupon as are
imposed by the prior art or as are specifically
set forth in the appended claims.

Having thus described my invention what
I claim as new and desire to secure by Letters
Patent is:

1. In a rolling mill, a working roll, and a
roll having its surface curved longitudinally
for supporting said working roll, said curved
surface throughout substantially its length
engaging the working roll during the passage
of the work through the mill.

2. In a rolling mill, a housing, a lower
working roll, an upper working roll, a back-
ing roll having its surface curved longitudi-
nally for supporting the lower working roll,
a backing roll having its surface curved lon-
gitudinally for supporting the upper work-
ing roll, journal bearings mounted in said
housing for engaging said working rolls,
anti-friction bearing members mounted in
said housing for engaging said backing rolls,
each of said bearing members comprising a
casing having transversely curved ribs at
each side thereof, shoe members having
curved faces adapted to engage said ribs, and
adjusting screws mounted in said housing
for backing up said shoe members.

3. In a'rolling mill, a housing, a lower
working roll, an upper working roll, a back-
ing roll having its surface curved longitudi-
nally for supporting the lower working roll
in a vertical direction, said curved surface
substantially throughout its length engaging
the roll during the passage of the work
through the mill, a journal member engag-
ing said backing roll, and means mounted
in said housing %or adjustably securing said
journal, member from movement in a hori-
zontal direction. .

4. In a rolling mill, a housing, a working
roll, a backing roll having its surface con-
cavely curved longitudinally for supporting
said working roll, and means supporting said
backing roll in a position to support said
working roll at substantially the midpoint
of its length when the work is not passing
through the mill. E

5. In a rolling mill, a housing, a working
roll, a backing roll having its surface curved
longitudinally for supporting said working

roll and adapted throughout substantially

its length to engage the working roll during
the passage of t]gae work through the mill, and
means to support said backing roll in a posi-
tion to support said working roll at its ends

5

when the work
mill. ‘

6. In a rolling mill, a housing, a working
roll, a backing roll having its surface curved
longitudinally for supporting said working
roll, a journal member at cach end of the
working roll mounted in said housing, a bear-
ing member at cach end of the backing roll,
and means adjustably mounted in said hous-
ing pivotally engaging said bearings for ad-
Justing said backing roll in a direetion trans-
versely to the radial direction of the working
roll. o ,

7. In a volling mill, a working roll, a back-
ing roll having its surface curved longitudi-
nally for supporting said working roll in a
vertical direction, and means to adjust said
backing roll obliquely to said working. roll
in a horizontal direction.

8. In a rolling mill, a working roll, a back-
ing roll having its surface curved longitudi-
nally for supporting said working roll trans-
versely to the direction of rolling, and means
to adjust the backing roll in the direction of
rolling,

9. In a rolling mill, a housing, a pair of
superposed working rolls mounted in said
housing, a backing roll having its surface
curved longitudinally supporting each back-
ing roll in a vertical dirvection, a journal mem-
ber at each end of said working rolls, the jour-
nal members on the upper working roll slid-
ingly engaging said housing, a bearing mem-
ber at each end of each backing voll, oppo-
sitely disposed horizontal adjusting screws
mounted 1n said housing pivotally engaging
the sides of each of the bearing members at
the end of the lower backing roll, a pair of
oppositely ‘disposed horizontal adjusting
screws mounted in said housing pivotally and
slidingly engaging the sides of each of the
bearing members at the end of the upper
backing roll, vertical adjusting serews mount-
ed in the housing and pivotally engaging the
upper side of each of the bearing members
at the ends of the upper backing roll, a lever
member intermediate said journal members
adapted to force the latter apart, a support-
ing means, means connecting the latter to said

is not passing through the

lever members, and a lift means supporting -

said supporting member. .

10. In a rolling mill, a housing, a pair of
superposed working rolls mounted in said
housing, a backing roll having its surface
curved longitudinally supporting each work-
ing roll in a vertical direction, a journal mem-
ber at each end of said working rolls, the

o
75
80
85
90
95
100
105
110

115

120

journal members on the upper working roll .

slidingly engaging said housing, a bearing
member at each end of each backing roll, op-
positely disposed horizontal adjusting screws
mounted in said housing pivotally enpaging
the sides of each of the bearing members at
the end of the lower backing roll, a pair of
oppositely ‘disposed - horizontal ~adjusting

V125

150
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serews mounted in said housing pivotally and

slidingly engaging the sides of each of the
bearing members at the end of the upper back-

ing roll, vertical adjusting screws mounted
in the housing and pivotally engaging the
upper side of each of the bearing members at
the ends of the upper backing roll, and a
lifltl means supporting the upper working
roll.

11. In a rolling mill, a housing, a pair of

superposed working rolls mounted in said

housing, a backing roll having its surface
curved longitudinally supporting each back-
ing roll in a vertical direction, a journal mem-
ber at each end of said working rolls, the
journal members on the upper working roll
slidingly engaging said housing, a bearing
member at each end of each backing roll, a
pair of oppositely disposed horizontal adjust-
ing screws mounted in said housing pivot-

- ally engaging the sides of each of the bearing

members at the end of the lower backing roll,
oppositely disposed horizontal adjusting

_serews mounted in said housing pivotally and

25

30

35

40

slidingly engaging the sides of each of the
bearing members at the end of the upper
backing roll, vertical adjusting screws mount-
ed in the housing and pivotally engaging the
upper side of each of the bearing members
at the ends of the upper backing roll, a lever
member intermediate said journal members
adapted to force the latter apart, a beam
member, a link connecting the beam member
to the lever members,
beam member, and a source of constant pres-
sure supporting said ram.

12. In a rolling mill, a housing, a pair of
superposed working rolls mounted 1n said
housing, a backing roll having its surfaee
curved longitudinally for supporting one of
said working rolls in_a vertical direction,
a journal member at each end of said work-

.ing rolls, a bearing member at each end of

45

50
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‘ the backing roll, means engagin%

gaid bear-
ing members for adjusting said acking roll
horizontally, adjusting screws for limiting
the vertical movement of one of said work-
ing rolls, and means to constrain the latter
roll toward the adjusting screws.

'13. In a rolling mill, a housing, a pair of
superposed working rolls mounted 1n said
housing, a backing roll having its surface

. curved, longitudinally, for 'supporting one

of said working rolls in a vertical direction,
a journal member at each end of said work-
ing rolls, a bearing member at each end of the
backing roll, vertical adjusting screws for
limiting the vertical movement of one of
said working rolls, a lever member inter-
mediate said working rolls to force the lat-
ter apart, a lift means, and a link connecting
said lift means to said lever member.

14. In a rolling mill, a pair of working
rolls, a backing roll having its surface
curved longitudinally for supporting one of

a ram supporting said

1,860,981

the working rolls in a vertical direction, and
means to horizontally adjust the backing roll
obliquely to the working roll whereby the
latter may be normally supported at its
middle or at its ends or fully along its length.
15. In a rolling mill, a working roll, and
a backing roll having its surface curved
longitudinally snd disposed obliquely to said
working roll to support the latter through-
out its length. ,
16. In a rolling mill, a working roll, a
backing roll having its surface curved longi-
tudinally for supporting said working roll
in a vertical direction substantially through-
out its length during the passage of the
work through the mill, a bearing means at
each end of said backing roll, and means en-
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gaging said bearing means to rotate said .

packing roll in a horizontal direction about
its transverse axis.

17. In a rolling mill, a working roll, and a
backing roll baving its surface curved longi-
tudinally and disposed obliquely to ‘said
working roll to support the latter at sub-
stantially the midpoint of its length.

18. In a rolling mill, a working roll, and
a backing roll having its surface curved
longitudinally and disposed obliquely to
said working roll to support the latter at
its ends. -

19. In a rolling mill, a housing, a pair of
working rolls, a backing roll having its sur-
face concave in the longitudinal direction
supporting one of said working rolls, jour-
nal members at each end of said working
rolls adapted to slide vertically in said hous-
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ing, bearing men Yers at eéach end of said

backing roll mounted in said housing so as
to allow the backing roll to swing obliquely
to the working roll in the horizontal direc-
tion and means to adjustably secure said
backing roll against horizontal movement.

'90. In a rolling mill, a working roll, a
backing roll increasing in diameter from
the midpoint of its length outwardly for
supporting said working roll in a vertical di-
rection, and means to adjust said backing roll
obliquely to said working roll in a horizontal
direction.

21. In a rolling mill, a working roll. a roll
varying in diameter along at least a por-
tion of its length for supporting said work-
ing roll, and means to adjust and secure said
rolls in oblique relation to each other.

99. In a rolling mill, a  working roll, a :*

backing roll therefor, one of said rolls hav-
ing its surface curved longitudinally, and
means for varying the angular relationship
of the axes of the rolls. ’

23. In a process of rolling sheet material, -

the steps of rolling a blank between forma-
tive rolls, applying backing pressure to at

least one of said rolls, and varying the posi-

tion of application of such backing pressure
to vary the shape of the pass.
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24. In a process for rolling metal, the
steps of passing the metal between formative.
rolls, at least one of which rolls is backed by
a supporting roll, and varying the horizontal
angular relationship of the axes of said sup-
porting roll and the formative roll supported
thereby, to control the shape of the pass be-
tween. the formative rolls.

25. In a process for rolling metal, the
steps of passing metal between formative
rolls, at least one of which rolls is backed by

.a supporting roll with a surface curved

longitudinally thereof, and varying the
angular relationship of the axes of said back-
ing roll and the formative roll supported
thereby, to control the shape of the pass be-
tween the formative rolls. ~
In testimony whereof I hereunto affix m

signature. :
ALBERT T. KELLER.




